


How to Find Product Data in This Databook 
The Databook contains Data Sheets for all products recommended for new designs, lists of Available Products not databooked 
here (data sheets upon request), and a Substitution Guide for products no longer available, plus Selection Guides and a wealth of 
background information. 

THERE ARE TWO VOLUMES 
VOLUME I contains technical data on our integrated circuits and hybrids for data acquisition. 
VOLUME II has all data-acquisition products manufactured in the form of modules, cards, instruments, discrete-assembly 
subsystems and systems. 

DO YOU KNOW THE MODEL NUMBER? 
If you know the model number, turn to the product index on page 1-14 (back of book) and look up the model number. You 
will find the Volume, Section, and Page location of data sheets bound into Volume I and Volume II. 

If you're looking for a form-and-function-compatible version of an integrated circuit or hybrid product originally brought to 
market by some other manufacturer (second source), add our "AD" prefix (or "ADSP", for digital signal processing Ies) and 
look it up in the index. 

IF YOU DON'T KNOW THE MODEL NUMBER 
There are two ways to find a device to perform your function: 

1. FIND YOUR FUNCTION IN THE LIST ON THE OPPOSITE PAGE OR ON PAGE 2-1 
Turn directly to the appropriate Section (or Volume). You will fmd one or more functional Selection Guides at the 
beginning of the Section. The Selection Guides will help you find the products that are closest to satisfying your need, and 
their Volume-Section-Page locations. Use them to compare all products in the category by salient criteria, no matter which 
Volume their technical data resides in. 

2. IF THE FUNCTION IS NOT LISTED BY A NAME THAT YOU RECOGNIZE 
Find it in the diagram (opposite page). It will help you find the Selection Guides for products in that functional category. 
Then use the Selection Guide(s) to find the Volume-Section-Page locations of products that will come closest to satisfying 
your need. 

A RELATED PRODUCT MAY BE WHAT YOU REALLY WANT 
Text in each section often mentions related or complementary product categories having a greater or lesser degree of functional 
integration. 

IF YOU CAN'T FIND IT HERE ... ASK! 
See Worldwide Service Directory, 1-12 and 1-13, at the back of this volume. 
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All Rights Reserved 

Information furnished by Analog Devices is believed to be accurate and reliable. However, no responsibility is as
sumed by Analog Devices for its use; nor for any infringements of patents or other rights of third parties which 
may result from its use. No license is granted by implication or otherwise under any patent or patent rights of Analog 
Devices. 

Specifications and prices shown in this Databook are subjectto change without notice. 

Products in this book may be covered by one or more of the following patents. Additional patents are pending. 
See individual data sheets for further information: 
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1,101,824,1,180,463. Canada: 984,015, 1,006,236, 1,025,558, 1,035,464, 1,054,248, 1,141,034, 1,141,820, 1,143,306, 
1,150,414,1,153,607,1,157,571. Sweden: 7603320-8. 



General Information II 

Contents 

General Introduction 

Contents of Volume II 

Product Families Not Included in the Databook But Still Available 

Substitution Guide for product Families No Longer Available 

Technical Publications 

Worldwide Service Directory 

Alpha-Numeric Product Index 

Contents 
Page 

1-1 
1-2 

(back) 1-3 

(back) 1-9 

(back) 1-10 

(back) 1-11 

(back) 1-12 

(back) 1-14 

GENERAL INFORM A TlON VOL. I, 1-1 



General Introduction 

Analog Devices designs, manufactures, and sells worldwide 
sophisticated electronic components and subsystems for use in 
precision measurement and control. More than six hundred 
standard products are produced in manufacturing facilities located 
throughout the world. These facilities encompass all relevant 
technologies, including bipolar, I2L, CMOS, and hybrid integrated 
circuits-and assembled products in the form of potted modules, 

. printed-circuit boards, and instrument packages. 

State-of-the-art technologies have been utilized (and, in many 
cases, invented) to provide timely, reliable, easy-to-use advanced 
designs at realistic prices. Nearly twenty years of successful 
applications experience and continuing vertical integration insure 
that these products are oriented to user needs. The continuing 
application of present state-of-the-art and the invention of future 
state-of-the-art processes strengthens the leadership position of 
Analog Devices in data-acquisition products. ' 

MAJOR PROGRESS 
Since the publication of our two-volume 1982 Databook and its 
1983 companion update volume, nearly 50 significant new products 
have been introduced. They are identified by bullets (e) in the, 
index and in the table of contents for each section of this Databook. 
Examples of these new products include: The AD7226 Quad 
DAC - 4 bus-interfaced voltage-output 8-bit DACs on a single 
monolithic CMOS chip; the AD670 8-bit "ADCPORT," a 
complete ready-to-go monolithic ~P-compatible 8-bit aid converter 
with, on-chip instrumentation amplifier; the AD667 complete ' 
12-bit voltage-output D/A converter with 2~s voltage-settling 
time; the AD9700 monolithic DAC for raster displays; the ADSP-
1110 single-port 16-bit multiplier/accumulator for digital signal
processing; and the complete, expandable, stand-alone ~MAC-
5000 single-board measurement-and-control system, programma
ble in powerful ~MACBASIC, 

INTEGRATED CIRCUITS 
The list of product-category "bleed tabs" opposite the "How to 
Find It" Guides on the inside front cover of this Volume is a 
functional summary of our integrated-circuit and hybrid compo
nent and subsystem product classes. The complete table of 
contents, starting on page 2-1, provides a detailed panorama of 
products and functions, irrespective of technology, appearing in 
both Volumes of this Databook. 

VOL. I, 1-2" GENERAL INFORM A TION 

TECHNICAL SUPPORT 
Analog Devices offers extensive technical literature, which dis
cusses the technology and applications of products for precision 
m~surement and control. Besides comprehensive data sheets, of 
which there are many outstanding examples in this book, we 
offer Application Notes, Application Guides, Technical Hand
books (at reasonable prices), and several serial publications; for 
example, Analog Productlog, which provides brief information 
on new component products being introduced and Analog Dialogue, 
our technical magazine, which provides-in-depth discussions of 
new developments in analog and digital circuit technology as 
applied to data-acquisition and control. We maintain a mailing 
list of engineers, scientists, and technicians with a serious interest . 
in our products. In addition to data-book catalogs-such as this 
one-we also publish several short-form catalogs, on specific 
product families. You will fmd typical publications described on 
page 1-11 at the back of the book. 

SALES OFFICES 
Backing up our design and manufacturing capabilities and our 
extensive array of publications is a network of sales offices and 
representatives throughout the United States and most of the 
world. They are staffed by experienced sales and applications 
engineers, and many of them maintain a local stock of Analog 
Devices products. Our Worldwide Service Directory appears on 
pages 1-12 and 1-13 at the back of the book. 

PRODUCTS NOT CATALOGUED HERE 
For maximum usefulness to designers of new equipment, without 
unwieldy size, we have limited the contents of the Databook to 
products most likely to be used for the design of new circuits 
and systems. If the data sheet for a product you are interested 
in is not in either Volume turn to page 1-9, at the back of this 
book, where you will fmd a list of older products for which data 
sheets are available upon request. On page 1-10 you will fmd a 
guide to substitutions for products no longer available. 

PRICES 
At Analog Devices, we recognize that accurate, up-to-date prices 
of our products are an, important consideration in making a 
choice among the many available product families. However, 
since prices are subject to change, current price lists and/or 
quotations are available upon request from our sales offices. 

(this section continues at the back of the book) 
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AD382JIKlLlS High Speed, Low Drift FET Operational Amplifier 
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ADLH0032G/CG Ultra-Fast FET Operational Amplifiers 

ADLH0033G/CG High-Speed Buffer Amplifiers . . . . . 

AD OP-07lND/C/E Ultra-Low Offset Voltage IC Op Amp 

-AD OP-27 NB/C/E/F/G Ultra-Low Noise Precision IC Op Amps 

-AD OP-37 NBIC/EIFIG Ultra-Low Noise, High Speed, Precision Op Amps 

HOS-050/050Al05OC Ultra Fast Video Hybrid IC Op Amps . 
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Instrumentation & Isolation Amplifiers - Section 5 
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Selection Guides 
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Voltage References - Section 7 
Selection Guide . . . . . . . . . . . . . . . . . 

Orientation and Definitions of Specifications . . . . . . . . . . . . . . 

AD580JIKlUMlSffIU 2.5V Monolithic IC Positive Voltage References 
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AD584JIKlUSff Pretrimmed 10V, 7.5V, 5V, 2.5V Monolithic IC Multiple-Voltage References 

AD589JIKlLIMlSffIU Two-Terminal IC 1.2V References ............ '. 

ADI403/AD1403A +2.5V Monolithic IC Voltage References in Mini-DIP Package 

AD2700J/L/SIU + 10V Precision Hybrid IC Positive Voltage References 

AD2701]/L/SIU -IOV Precision Hybrid IC Negative Voltage References .... . 

AD2702J/LISIU ± 10V Precision Hybrid Dual Voltage References ........ . 

AD2710, AD2712KJL + 1O.OOOV, ± 10.000 Volt Ultra High, Precision References 
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Temperature Measurement Components - Section 8 
Selection Guides 

Temperature Transducers ......... . 

Temperature Transducer Signal Conditioners 

Voltage-to-Current Converters .... . 

Transducer Signal Conditioners .... . 

Isolated Transducer Signal Conditioners 

Two-Wire Transmitters ...... . 

Signal Conditioning 110 Subsystem 

Alarm Limit Subsystem 

General Information . . . . . . . . . 

AD590I/J/K Two-Terminal Temperature Transducer 

-AD592A1B/C Low Cost, Precision Temperature Transducer 

AD594A1C Monolithic Thermocouple (Type J) Amplifier with Cold Junction Compensation 

-AD595A1C Monolithic Thermocouple (Type K) Amplifier with Cold Junction Compensation 

-AD596 'Thermocouple (Type J) Conditioner and Set-Point Controller 

-AD597 Thermocouple (Type K) Conditioner and Set-Point Controller . . . . . . . . . . . . 
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Digital-to-Analog Converters - Section 9 
Selection Guides 

General Purpose 8-Bit DACs . 

General Purpose lO-Bit DACs 

General Purpose 12-Bit DACs 

High Resolution DACs . . 

CMOS Multiplying DACs 

LOGDACs 

8-Bit ~P Compatible 8-Bit 

8-Bit ~P Compatible DACs . 

12-Bit ~P Compatible DACs 
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Video Speed Current Output DACs 

Video Speed Voltage Output DACs 

General Information . . . . . . . . . . 

Specifications and Terms . . . . . . . 
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AD561 Low-Cost 10-Bit Complete Current-Output DAC ... . 

AD562 High Performance 12-Bit Current-Output DAC .... . 

AD563 High Performance 12-Bit Current-Output DAC Including Reference 
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LOGDAC is a registered trademark of Analog Devices, Inc. 
eNew product since publication of 1982-1983 Databook Update. 
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Digital-to-Analog Converters - Section 9 (continued) 
AD7530 CMOS 10-Bit Monolithic Multiplying DAC . . . . . . 

AD7531 CMOS 12-Bit Monolithic Multiplying DAC ..... . 

AD7533 CMOS Low-Cost IO-Bit Multiplying D/A Converter . 

eAD7534 LC2MOS ~P-Compatible 14-Bit DAC '.' • . 

AD7541 CMOS 12-Bit Monolithic Multiplying DAC .. 

AD7541A CMOS 12-Bit Monolithic Multiplying DAC . 

AD7542 CMOS 12-Bit ~P-Compatible D/A Converter . 
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AD7545 CMOS 12-Bit Buffered Multiplying D/A Converter. 

AD7546 High Resolution 16-Bit D/A Converter •.. 

'. 

eAD7548 LC2MOS 8-Bit ~P-Compatible 12-Bit DAC . . . . . . . . . . 

eAD9768 Ultra High-Speed D/A Converter ........ . 

AD DAC-08 8-Bit Monolithic High-Speed Multiplying DAC 

AD DAC71/72 High Resolution 16-Bit D/A Converter ... . 

AD DAC80 Low-Cost, 12-Bit Hybrid D/A Converter ... . 

AD DAC85 High Performance, 12-Bit HybridD/A Converter. 

AD DAC87 Wide Temperature Range 12-Bit Hybrid D/A Converter 

AD DACl00 10-Bit Monolithic D/A Converter ..... 

HOD Series Hybrid Video Low Glitch D/A Converters 

HDD-1206 12~Bit, Deglitched Voltage Output DAC . 

eHDD-I409 14-Bit, 200kHz D/A Converter ..... . 

HOG Series Hybrid Video 01 A Converters . . . . ... . 

eHDM-121O Ultra High-Speed Multiplying D/A Converter 
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Analog-to-Digital Converters - Section 10 
Selection Guides 

8-Bit AID Converters . 
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12-Bit AID Converters 

High Resolution AID Converters 
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General Information . . . . . . . . 

Specifications & Terms . . . . . . . 
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AD574AJ/AKJAS/AT/AU Fast Complete 12-Bit AID Converter with Microprocessor Interface 

eAD575J/K/S Fast, Complete IO-Bit AID Converter with Serial Output 

eNew product since publication of 1982-1983 Databook Update. 
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Analog-to-Digital Converters - Section 10 (continued) 
AD578JIKIL Fast Complete Hybrid IC 12-Bit ADCs ........ . 

AD579J/Kff Very Fast, Complete 10-Bit AID Converter ...... .. 

.AD670JIKlAlB/S Low Cost, Signal Conditioning 8-Bit AID Converter . 

AD673J/S Complete 8-Bit AID Converter with Microprocessor Interface. 

.AD5010/AD6020 50/100MHz, 6-Bit Monolithic AID Converters .... 
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AD5240KlB Very Fast, Complete 12-Bit AID Converter .... 
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AD7552K CMOS 12-Bit Plus Sign Monolithic AID Converter . . . . . . . . 

AD757lJIKlA/B/S/T CMOS ~P Compatible lO-Bit Plus Sign AID Converter 

AD7545JIKlAlB/S/T CMOS ~P Compatible 8-Bit AID Converter . 

AD758lJIKlLlAlB/C CMOS ~P Compatible 8-Bit 8-Channel DAS 

.AD9000 Series Ultra High-Speed 6-Bit Monolithic AID Converter 

AD ADC71172 Complete, High Resolution 16-Bit AID Converters. 

AD ADC80 Hybrid 12-Bit Successive Approximation AID Converter 

AD ADC84/85 Fast, Complete 12-Bit AID Converters ... 

.AD ADC-816K1B Ultra High Speed lO-Bit AID Converter 

HAS-0802/1002/1202 Ultra-Fast Hybrid AID Converters . . 

.HAS-1201S 12-Bit, 1MHz AID Converter . 

• HAS-1409 14-Bit 125kHz AID Converter ........ . 

Voltage-to-Frequency & Frequency-to-Voltage Converters
Section 11 
Selection Guides 

Voltage-to-Frequency Converters 

Frequency-to-Voltage Converters 

General Informatiqn . . . . . . . . 

AD537 IC Voltage-to-Frequency Converter. 

AD650JIKIS Voltage-to-Frequency and Frequency-to-Voltage Converter ..... . 

ADVFC32KN/BHlSH Voltage-to-Frequency and Frequency-to-Voltage Converter 

Digital Signal Processing Components - Section 12 
Selection Guide . . . . . . . . . . . . . . . . . . . . 

General Information . . . . . . . . . . . . . . . . . . . . . 

ADSP-1008 8 x 8-Bit CMOS Multiplier/Accumulator ... 

.ADSP-1009 12 x 12-Bit CMOS Multiplier/Accumulator . 

ADSP-I01O 16 x 16-Bit CMOS Multiplier/Accumulator 

.ADSP-I012 12 x 12-Bit CMOS Multiplier . 

ADSP-1016 16 x 16-Bit CMOS Multiplier . 

.ADSP-1024 24 x 24-Bit CMOS Multiplier . 

ADSP-1080 8 x 8-Bit CMOS Multiplier ... 

• ADSP-1081 8 x 8-Bit Precision CMOS Multiplier 

.ADSP-lllO 16 x 16-Bit CMOS Single Port Multiplier/Accumulator . 
eNew product since publication of 1982-1983 Databook Update. 
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Synchro & Resolver, Converters - Section 13 
S~lection Guide . ". '. ; .' . -.......... :' .• ".' ........ . 

'General Information . . . . . . . . . . . . . . . . . '. . . . . . . . . 

DRC174S/1746 High Power Output, Hybrid Digit3I-to-Resolver Converters '. 

DRC176S/1766 14- and 16-Bit Hybrid Digital-to-Resolver Converters ..... 

" , 

eIRDC1732 Hybrid~ Tracking Inductosyn ™ Resolver-ta-Digital Converter . . . . . . . . . . . . . . 

: SOCIRD~174O~~741/1742 12-;and 14-Bit Hybrid SynchrolResolver-to-Digital Converters 

'_ . _ elS20/40/60/61 Hybrid, Tracking Resolver-to-Digital Converters ........... . 

~ . . ~.' 

Sample/Track-Hold Amplifiers - Section 14 
Selection Guide . . . . -. . . 

General Information .. ' .. ' . 

DefInition of SpecifIcations . 

AD346J/S High-Speed Sample-and-Hold AmplifIer. . 

eAD389K1B High Resolution Track-and-Hold AmplifIer . 

AD582K1S Monolithic IC Sample-Hold AmplifIer, Low Cost 

AD583K Monolithic IC Sample-Hold AmplifIer, ~gh Speed 

eAD585 Fast, Monolithic Sample-Hold AmplifIer . . . . . ~ 

ADSHC-85 Fast 0.01% Track/Sample-Hold AmplifIers ... 

HTC-0300(AlM Ultra High'Speed Hybrid Track-and-Hold Ampli'fIer .. ,:- ~ " . , . 

HTC-0500AMlSM High Speed Hybrid Track-and-Hold AmplifIer . 

HTS-00I0KlS Ultra High Speed Hybrid Track-and-Hold AmplifIer 

:HTS-002S/M' tJItra High Speed Hybrid Track-and-Hold AmplifIer 

. Data Acquisition Subsystems - Section 15 
Selection ~uide . . . . . . . . . . . . . . . . . . . . . . . . . . 

AD362 Hybrid-IC 16-to-8-Channel DAS Front End, for User~Chosen AID Converter . 

AD363 Hybrid-IC 16-to-8-Channel 12-Bit Complete DAS ....... . 

AD364 Hybrid-IC 16-to-8-Channel 12-Bit Complete ~P-Compatible DAS 

eNew product since publication of 1982-1983 Databook Update. 
Inductosynis a registered trademark of Farrand Industries, Inc. 
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CMOS Switches & Multiplexers - Section 16 
Selecti<:>n Guide . . . '. .'. . . . . . . . . . . 

Gen~ral Information . . . . . . . . . . . . . . 

AD7501 8-Channel Multiplexer, High Enables 

AD7502 4-Channel Differential Multiplexer . 

AD7503 8-Channel Multiplexer, Low Enables 

AD7506 16-Channel Multiplexer . . . . . . . 

AD7507 8-Channel Differential Multiplexer . 

AD7510DI Dielectrically Isolated Quad SPST; Address High Closes Switch. 

AD751lDI Dielectrically Isolated Quad SPST; Address Low Closes Switch 

AD7512DI Dielectrically Isolated Quad SPDT ....... . 

~D7590DI Dielectrically Isolated Quad SPST; Data Latches 

AD7591DI Dielectrically Isolated Quad SPST; Data Latches 

AD7592DI Dielectrically Isolated Dual SPDT; Data Latches 

Monolithic Chips - Section 17 
BIPOLAR INTEGRATED CIRCUIT CHIPS 

General Information ........... . 

AD517 Chips' Low Cost, Laser Trimmed Precision IC Op Amp . 

AD518 Chips Low Cost, High Speed, IC Op Amp 

AD521 Chips Precision Instrumentation Amplifier·. 

eAD524'Chips Precision Instrumentation Amplifier 

AD532 Chips Trimmed IC Multiplier . . . . .'. 

AD534 Chips Trimmed Precision IC Multiplier 

AD536A Chips IC True rms-to-dc Converter . 

AD537 Chips Low Cost IC V-to-F Converter . 

AD540 Chips High Accuracy Low Cost FET-Input Op Amp 

AD542 Chips Precision Low Cost BIFET Op Amp '. . . . . 

AD544 Chips Precision High Speed BIFET Op Amp . . . . 

AD547 Chips Ultra Low Drift BIFET Operational Amplifier 

AD558 Chips DACPORT™ Low Cost Complete 'IlP-Compatible 8-Bit DAC 

AD561 Chips Low Cost, High Speed 10-Bit D-to-A Converter with Reference 

AD570/AD571 Chips Low Cost Complete 8- and 10-Bit A-to-D Converter .. 

AD573 Chips Fast, Complete 10-Bit A-to-D Converter with Microprocessor Interface 

AD580 Chips Precision 2.5 Volt Reference ............. . 

AD5811AD584 Chips Programmable Precision Low-Drift Reference. 

AD582 Chips Low Cost Precision Sample-and-Hold . . . 

AD589 Chips Two-Terminal IC 1.2 Volt Reference ... 

AD590 Chips Two-Terminal IC Temperature Transducer 

eAD630 Chips Balanced ModulatorlDemodulator . . . . 

AD642 Chips Precision Low Cost Dual BIFET Op Amp 

AD644 Chips Dual High Speed Implanted FET-Input Op Amp. 

eNewproduct since pUblication of 1982-1983 Daiabook Update, 
DACPORT is a registered trademark of Analog Devices, Inc. 
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INTR.ODUCTION 
This Ordering Guide should make it easy to order Analog Devices products, whether you're buying one IC op amp, a 

. multi-option subsystem, or 1000 each of IS different items. It will help you:, 

1. Find the correct part number for the options you want. 

2. Get a price quotation and place an order with us. 

3. Know our warranty for components and subsystems. 

For answers to further questions, call the nearest sales office (listed at the back of the book) or our main office in Norwood, 
Mass. U.S.A. (617-329-4700). 

MODEL NUMBERING 
Many of the data sheets in the Databook have an Ordering Guide. Use it to specify the correct part number for the exact 
combination of options you want. I.C. and hybrid part numbers are created using one of these two systems: 

Figure 1 shows the form of model number used for our proprietary standard monolithic ICs and many of our hybrids. It 
consists of an "AD" (Analog Devices) preftx, a 3- or 4-digit model number, an alphabetic performance/temperature-range 
designator and a package designator. One or two additional letters may immediately follow the digits ("A" for second-generation 
redesigned ICs, "DI" for dielectrically isolated CMOS switches, e.g., ADS36A]H, AD7S12DIKD). 

Figure 2 shows the somewhat different numbering scheme used by our Computer Labs Division for hybrid circuits. The . 
number starts with a three-character alphabetic preftx, followed by a hyphen, a three- or four-digit number, and alphabetic 
designators (as applicable) to indicate additional functional designations or options and packaging options. 

AD XXXX A Y Z 

1 OR 2 LETIERS 
PROVIDE ADDITIONAL 
GENERAL INFORMATION 
A: SECOND GENERATION 
01: DIELECTRICALLY 
ISOLATED 
Z: OPERATION ON ±12V SUPPLIES 

PERFORMANCE
TEMPERATURE RANGE 
DESIGNATOR' 

{

I I INCREASING 
J , PARAMETRIC 

o TO + 70'C ~ PERFORMANCE 

M BEST OVERALL 
PERFORMANCE 

.., • {: , ~~~~~~~~~CE 
- 25 C TO + 85 C C BEST OVERALL 

- PERFORMANCE 

T
s PERFORMANCE 

-55'C TO+125'C { 
t INCREASING 

U BEST OVERALL 
PERFORMANCE 

-
PACKAGE OPTIONS: 

o HERMETICALLY SEALED DIP, 
CERAMIC OR METAL 
LEAD LESS CHIP CARRIER 
CERAMIC FLATPACK 
METAL· CAN, HERMETICALLY 
SEALED 

M METAL-CAN DIP, HERMETICALLY 
SEALED-COMPUTER LABS 

N PLASTIC DIP 
a CERDIP 
CHIPS MONOLITHIC CHIP' 

EXAMPLES: 
AD521 KCHIPS 
AD7524AD 
AD75l2DIKD 

'MONOLITHIC CMOS CHIPS IN THE AD75XX 
SERIES WERE FORMERLY DESIGNATED 
AD75XXICOMICHIPS AND AD75XXIMIUCHIPS 
AND MAY APPEAR ON PRICE LISTS WITH 
THOSE DESIGNATIONS. CONSULT ANALOG 
DEVICES FOR CURRENT PRICING OF AD75XX 

L-___________ --' CHIPS. 

Figure 1. Model-Number Designations for Standard 
Analog Devices Monolithic and Hybrid IC Products 

VOL. I, 3-2 ORDERING GUIDE 

xxx - YYZZ W M 

ADDITIONAL FUNCTIONAL 
DESIGNATION OR OPTION 
e.g., E, C, A, ETC. 

EXAMPLES: 

H A S- 12 02 M 

-
PACKAGE OPTION 

M OR H 
HERMETICALLY 
SEALED 
METAL-CASE DIP 

HYBRI;1jD] ~ HERMETIC 
AID METAL CASE 

CONVERTER 2.21'-s 

l2-BIT 

HYBRID ~HwD S- 10 15 E. HDS-1015
EL HERMETIC 

DIA METAL 
CONVERTER CASE 

10-BITS -
15"s TO 0.1% ' 
(VOLTAGE) 

ECL -----------' 

Figure 2. Computer Labs Video Hybrid Product 
Designations 



SECOND SOURCE 
In addition to our many proprietary products, we also manufacture devices that are fit-, form-, .and function-compatible 
(and often superior in performance and reliability) to popular products that originated elsewhere. For such products, we 
add the prefix "AD" to the familiar model number (example: ADDAC85C-CBI-V). 

ORDERING FROM ANALOG DEVICES . 
When placing an order, please provide specific information regarding model type, number, option designations, quantity, 
ship-to and bill-to address. Prices quoted are list; they do not include applicable taxes, customs, or shipping charges. All 
shipments are F.O.B. factory. Please specify if air shipment is required. 

Place your orders with our local sales office or representative, or directly with our customer service group located in the 
Norwood facility. Orders and requests for quotations may be telephoned, sent via TWX or TELEX, or mailed. Orders 
will be acknowledged when received; billing and delivery information is included. . 

Payments for new accounts, where open-account credit has not yet been established, will be C.O.D. or prepaid. On all 
orders under fifty dollars ($50.00), a five-dollar ($5.00) processing charge is required. 

When prepaid, orders should include $2.50 additional for packaging and postage (and a 5% sales tax on the price of the 
goods if you are ordering for delivery to a destination in Massachusetts). 

WARRANTY AND REPAIR CHARGE POLICIES 
All Analog Devices, Inc., products are warranted against defects in workmanship and materials under normal use and 
service for one year from the date of their shipment by Analog Devices, Inc., except that components obtained from others 
are warranted only to the extent of the original manufacturers' warranties, if any, except for component test systems, which 
have a 180-day warranty, and ~MAC and MACSYM systems, which have a90-day warranty. This warranty does not 
extend to any products which have been subjected to misuse, neglect, accident, or improper installation or application, or 
which have been repaired or altered by others. Analog Devices' sole liability and the Purchaser's sole remedy under. this 
warranty is limited to repairing or repiacing defective products. (The repair or replacement of defective products does not 
extend the warranty period. This warranty does not apply to components which are normally consumed in operation or 
which have a normal life inherently shorter than one year.) Analog Devices, Inc., shall not be liable for consequential 
damages under any circumstances. 

THE FOREGOING WARRANTY AND REMEDY ARE IN LIEU OF ALL OTHER REMEDIES AND ALL OTHER 
WARRANTIES, WRITTEN OR ORAL, STATUTORY, EXPRESS, OR IMPLIED, INCLUDING ANY WARRANTY 
OF MERCHANTABILITY OR FITNESS FOR A PARTICULAR PURPOSE. 
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Operational Amplifiers 

Selection Guides 

General Purpose Op Amps 

High Accuracy Op Amps 

Fast/Wideband Op Amps 
General Information 

Selection Principles and Process 

Definitions of Specifications 

Brief Bibliography on Op Amps 

AD101A/201A/301At301AL General-Purpose IC Op Amps 

AD380j/K/L/S Wideband, Fast-Settling FET Operational Amplifier 

AD381j/K/L/S High Speed, Low Drift FET Operational Amplifier 

AD382j/K/L/~ High Speed, Low Drift FET Operational Amplifier 

AD503j/K/S FET-Input IC Op Amps 

AD504j/K/L/M/S High-Accuracy Low-Drift IC Op Amps 

AD506j/K/L/S FET-Input IC Op Amps 

AD507j/K/S Wideband, Fast Slewing, General-Purpose IC Op Amps 

AD509j/K/S High-Speed Fast-Settling IC Op Amps 

AD510j/K/L/S Low Cost, Laser Trimmed Precision IC Op Amps 

AD515j/K/L Electrometer IC Op Amps 

AD517j/K/L/S High-Accuracy, Low Cost, Low Drift IC Op Amps 

AD518j/K/S Fast Wideband IC Op Amps 

AD542j/K/L/S Trimmed Implanted FET (TRIFET) IC Op Amps 

AD544j/K/L/S Trimmed Implanted FET (TRIFET) IC Op Amps 

AD545j/K/L/M Low Bias Current FET IC Op Amps 

AD547j/K/L/S Ultra Low Drift BIFET Operational Amplifiers 

-AD611j/K Low Cost, Implanted FET-Input Op Amp 

AD642j/K/L/S Dual AD542 Trimmed Implanted FET (TRIFET) Op Amps 

AD644j/K/L/S Dual High-Speed Implanted FET-Input Operational Amplifiers 

AD647j/K/L/S Ultra-Low Drift BIFET Operational Amplifiers 

AD7411C/j/K/L/S Internally Compensated IC Op Amps 

AD3554A/B/S Wideband, Fast-Settling FET-Input Op Amps 

AD9685 B Ultra-Fast Single Comparator 

AD9687B Ultra-Fast Dual Comparator 

ADLH0032G/CG Ultra-Fast FET Operational Amplifiers 

ADLH0033G/CG High-Speed Buffer Amplifiers 

AD OP-{)7/AIDIC/E Ultra-Low Offset VoltageiC Op Amp 

-AD OP-27 A/B/C/E/F/G Ultra-Low Noise Precision IC Op Amps 

-AD OP-37 AtB/C/E/F/G Ultra-Low Noise, High Speed, Precision Op Amps 

HOS-{)50/050A/050C Ultra Fast Video Hybrid IC Op Amps 

HOS-{)60S Low Offset, Fast Settling Video Op Amp 

HOS-100AtS Wide Bandwidth, High-Speed Buffer Amplifiers 
eNew product since publication of 1982-1983 Databook Update. 
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Selection Guide 
Operational Amplifiers 

General Purpose 

.. ' 
.; I .' 

Monolithic 
Technology 

Multi-Device 
Technology 

High Open 
Loop Gain 

High CMR 

Low Offset 
Voltage 

Low Offset 
V. vs:Temp -

Low Bias 
Current 

Fast Settling 

Wideband 
(Unity Gain) 

High Slew 
Rate 

Bipolar Input 
J-FET 
Dual J-FET 

Hybrid 
Module 

;;;'100dB 
;;;'140dB 

>100dB 

<:.5jJ.VtC 
<:'ljJ.vfc 
<:'0.6jJ.V/oC 

<:'50pA 
<:'5pA 
<:'0.5pA 

<:'ljJ.s to 0.1% 
<:'5jJ.s to 0.01% 

;;;'lOV/jJ.s 
;;;'30V/jJ.s 
;;;'100V/jJ.s 
;;;'1000V/jJs 

Low Noise (0.1 to 10Hz) 
2jJ.V pop 

High Voltage Out 
High Current Out 
Low Power 

Second Source 

Temperature Range 
o to +70°C 
-25°C to +85°C 
-55°C to +125°C 

Dice Availability 

Volume 
Page 

;;;'100V 
;;;'20mA 
<:'75mW 

• .. 
• 
• 

• 

• 
• 

• 

• 

II 
4-21 
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; . ~:, 

High Accuracy 

/ LOW VOS DRIFT 

/ 

.. 
:''''., ";,' 

LOW BIAS CURRENT 

4.' 
o.i-¥ 

/ FETINPUT 

.. ~'. 

. ," __ .,.'-t . 

/ II . j,e 

j Mf;it~* hI0itit)/ Q l' ~.... l''' ....,,,,,..,, ! ~... 0 0 0 ~.... ~ , ;:, ~ ~ oJ' .;- •• : ' " 
$ $ $ $ $ $ ~ :v $ $ $ $ ~ 

Monolithic Bipolar Input • 
Technology J-FET 

DualJ-FET 

Multi-Device Hybrid 
Technology Module 

High Open ;;;'100dB • . l: -Loop C'ain ';;:'140dB 

High CMR' >100dB • 
Low Offset ';;SmV • 

Voltage ';;lmV 
';;50~N 

Low Offset ';;SpVI C • 
V,vs. Temp ';;1j.lV/oC 

';;O,6j.lV/oC • 
Low Bias ';;50pA 

Current ';;5pA 
';;O,5pA 

Wideband >500kHz 
(Unity Cain) >2MHz 

High Slew ;;;'10V/j.ls 
Rate' ;;;'30V/ps 

;;;'100V/ps 
;;;'1000V/j.ls 

Low Noise (0,1 to 10Hz) 
Qj.lVp-p 
~pVp-p 
';;luVp-p • 

High. Voltage Out ;;;'lOOV 
High Current Out ;;;'20mA 
Low Power ';;7SmW 

Second Source 

Te~~~r~~u~; ~ange • 
_25°C to +8SoC 
-55°C to +125°C • 

Dice Availability 

Volume I 
Page 4-39 

NOTE 
I Chopper Stabilized 

Shading indicates new product since publication 
of 1982-1983 Databook Update, 
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Selection Guide. 
Operational Amplifiers 

FastIWideband 

/ / / /UNITY / 
FETINPUT GAIN 

BUFFER 

j /t /tit /t /t /t~ /t/; ;/!t;{f ~ ~,~ ~ ~ ~ ~~. ~ ~ ~'V ~ ~ 
Monolithic Bipolar Input • • • 

Technology J-FET • 
Dual J-FET 

Multi-Device Hybrid • • • • • • • • • 
Technology Module • 

High Open ~IOOdB • • • • • • 
Loop Cain ~140dB 

High CMR >100dB 

Low Offset ';;SmV G • • • • • • • 
Voltage ";;lmV • • 

";;S0J.lV 

Low Offset E;;SJ.lV/oC • • 
V,vs. Temp E;;IJ.1VtC 
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The amplifiers listed in this catalog are intended to provide 
cost-effective solutions to the bulk of op-amp requirements in 
precision measurement and control, as well as to more-general 
requirements in electronic circuits. The technical data included 
here· cover the properties of some 36 op-amp families, com
prising about 100 distinct types. Some are general purpose, 
others provide near-optimum performance for speCific classes 
of applications. 

They differ in a variety of ways, for example, circuit technolo
gy, circuit architecture, input properties, output properties, 
operating temperature range and in terms of the many per
formance specifications. 

BACKGROUND 
The operational amplifier is today the most-widely used analog 
subassembly. It is safe to say that its basic properties and appli
cations are sufficiently understood by most circuit designers 
and builders. However, the basis for choice, the subtleties of 
using op amps in circuits for best results (especially in preci
sion measurement and control), and the varieties of possible 
applications are less clearly understood by op amp users, in 
varying degrees. 

In these few pages, we shall address the question of making a 
proper choice of op amp type for an application, in relation to 
the extensive array of device properties presented in the data 
sheets that follow. 

For those users requiring basic tutorial material, and detailed 
information on getting the most out of op amps, we have 
provided on page 4-16 a bibliography that should make avail
able up to 99% of information needed now and then, with 
"fanout" to the vast body of literature that - with some re
dundancy - will provide the remainder. It should come as no 
surprise to successful users of Analog Devices op amps that a 
number of the references are to the applications sections of 
data sheets included in this catalog. 

SELECTION PRINCIPLES 

In selecting the right device for a specific application, you 
should have clearly in mind your design' objectives and a 
firm understanding of what published specifications mean. 
Beyond this, you should detail the significant variables that 
are pertinent to your application. The purpQse of this section 
is to put these many decision factors into perspective to 
help' you make the most meaningful buying decisions. 

To properly choose an operational amplifier for any given 
set of requirements, the designer must have: 

1. A complete definition of the design objectives. 
Signal levels, accuracy desired, bandwidth require
ments, circuit impedance, environmental 
conditions and other factors must be well defined 
before selection can be effectively undertaken. 

*In addition to the products listed here, which are recommended for 
new designs, a number of older products are still available; data sheets 
are available upon request. 

Orientation 
Operational Amplifiers 

2. Firm understanding of what the manufacturer means 
by the numbers published for the parameters. 
Frequently, any two manufacturers may have com
parable published specifications, which may have been 
arrived at using differing measurement techniques. 
This creates a pitfall in op amp selection. To avoid 
these difficulties, the designer must know what the 
published specifications mean and how these para
meters are measured and then must be able to translate 
these published specifications in terms meaningful to 
the design requirements. 

There are three fundamental aspects to the rati'onal selection 
of an operational amplifier for a given application: (1) es
tablishing the circuit architecture, (2) defining the per
formance levels, and (3) choosing the amplifier(s). 

1. To obtain a circuit building block to implement a defined 
functional job, the principal choices are either to purchase a 
committed functional device or to design a circuit employing 
op amps to perform the function. For example, to obtain a dif
ference between two voltages, one may either purchase an in
strumentation or isolation amplifier, or design a suitable sub
traction circuit using op amps. If a committed functional 
building block, with appropriate specs and price, is not avail
able, the circuit designer must start by developing schematic 
diagrams of circuits that will perform the function simply 
using "ideal" operational amplifiers. Many commonly used 
circuits can be found in textbooks, "cookbooks", and linear 
circuit books, as well as in application notes and data sheets. 

2. Recognizing that the choice of an op amp depends on both 
the overall circuit requirements and the characteristics of avail
able op amps, the designer should interpret the desired overall 
performance in terms o'f the parameters of op amps, and es
tablish acceptable ranges of parameters, and their variation 
with time, temperature, supply voltage, etc. Examples of the 
key parameters are the input offset voltage, input bias and off
set currents, and the high-frequency performance and transient 
behavior of the op-amp block (and its effect on the closed
loop circuit) for large and small signals. It will be helpful to 
develop an application checklist, which includes such con
siderations as the character of the input signals and their im
pedance, the output load, the desired accuracy - static and 
dynamic - and the environmental conditions. 

3. The designer must then relate acceptable performance of 
the op-amp building block to the specifications and prices of 
available devices from preferred suppliers, bearing in mind a 
firm understanding of the way in which manufacturers define 
their specifications, and how definitions can differ in a way 
that 'may be misleading. A set of definitions used by Analog 
Devices follows the next section. 

APPLICATION CHECKLIST 
By way of an application checklist, the designer will need to 
account for the following: 

Character of the application: The character of the 
application (inverter, follower, differential amplifier, 
etc.) will often influence the choice of amplifier. 
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Accurate description of the input signal: It is 
extremely important that the input signal be 
thoroughly characterized. Is the input a voltage source 
or current source? Range of amplitude? Source imped
ance?Time/frequency characteristics? 

Environmental conditions: What is the maximum 
range of temperature, time, and supply voltage over 
which the circuits must operate (to the required 
accuracy) without readjustment? 

Accuracy desired: The accuracy requirement deter
mines the extent to which the foregoing considerations 
are critical, and ultimately points the way to a device 
(or series of devices) which are acceptable. Accuracy 
must, of course, be defined in terms meaningful to 
the application with regard to bandwidth, DC offset, 
and other parameters. 

SELECTION PROCESS 
In general, the objective of amplifier selection should be to 
choose the least expensive device which will meet the 
physical, electrical, and environmental requirements imposed 
by the application. This suggests that a "General Purpose" 
amplifier will be the best choice in all applications where 
the desired performance requirements can be met. Where 
this is not possible, it is generally because of limitations 
encountered in two areas - bandwidth requirements, and/or 
offset and drift parameters. 

To make it easier to relate bandwidth requirements with the 
drift and offset characteristics, a capsule view of bandwidth 
considerations precedes the DC discussions below. The 
reader is then returned to an expanded discussion of gain
bandwidth considerations. 

Gain Bandwidth Considerations, A Capsule View 
Although all selection criteria must be met simultaneously, 
determination of the bandwidth requirements is a logical 
starting point because: 

A) If DC information is not of interest, a suitable 
blocking capacitor can be connected at the ampli
fier input and all of the "drift" specifications may 
usually be ignored, and 

B) Where high frequency (> lOMHz) characteristics 
are of primary importance, the choice will be limited 
to those amplifiers designated "Wide Bandwidth/Fast 
Settling." 

Where DC information is required and where frequency 
requirements are relatively modest (full power response 
below 100kHz, unity gain of less than 1.5MHz) other criteria 
will probably influence the final choice. It is important, 
however, to choose an amplifier with which an adequate 
value of loop gain is assured (at the maximum frequency' of 
interest) to obtain the desired accuracy. Loop gain is the 
excess of open loop gain over closed loop gain, and is 
responsible for the diminishing error due to fluctuations in 
the open loop gain due to time, temperature, etc. For ex
ample, if the closed-loop gain is 1000, the open-loop gain 
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must be at least 100,000 to yield an error of no more than 
1 %, and 1,000,000 to yield an error no greater than 0.1%. 
Where undistorted response is required, the specifications for 
full linear response and slewing rate should be chosen such 
that they are not exceeded atthe highest frequency of 
operation. 

Offset and Drift Considerations 
In the majority of op-amp applications, final selection is 
determined by the DC offset and drift characteristics. To 
undertake amplifier selection in these cases, it is necessary 
to translate the requirements listed above as follows. (It is 
assumed that bandwidth requirements and temperature range 
have been established at this point.) 

1. What input impedance must the circuit present to the 
signal source?This depends primarily on the source 
impedance, Rs' and the amount of loading error which 
is acceptable. Most amplifier circuits are designed around 
either the inverting or noninverting circuit of Figure 1. The 
choice is often made between the two to accommodate the 
impedance requirement. Input impedance for the inverting 
circuit is approximately equal to the summing impedance, 
Ri and the upper limit on the magnitude of Ri is determined 
by the allo,wable drift error because of input bias current as 
discussed below. The noninverting circuit offers inherently 
higher input impedance than the inverting circuit (due to 
"bootstrapping" feedback) and in this case input impedance 
is approximately equal to the common mode impedance of 
the amplifier Rem. 

2. How much drift error can be tolerated? The question is 
related to the input signal level, es' and the required accuracy. 
For example, to amplify or otherwise manipulate a DC input 
signal of one volt with an accuracy of 0.1 %, the offset 
drift error, V d, must be one millivolt or less. (This assumes 
that other sources of error such as input loading, noise and 
gain error have already been allowed for.) By the same 
reasoning, the allowable drift error for a 1 volt signal and 
0.01 % accuracy would be 100J.tV. . 

When this has been defined, the allowable limits of offset 
voltage (eos)' bias current (ib), and difference current can 
be calculated by t~e equations of Figure 1. 

Figure 1 gives the equations which relate offset voltage 
(eos)' bias current (ib),' difference current (id) and the 

. external circuit impedances to the drift error, V d, for both 
the inverting and the noninverting circuits. From these 
equations it can be seen how the input impedance require
ments of the foregoing paragraphs are related to the drift 
error. 

For example, in the case of the inverting circuit, an offset 
error voltage, ibRi' is generated by the bias current flowing 
through the summing impedance. This error increases for 
increasing Rj. Since Rj also sets the input impedance, there 
is a conflict between high input impedance and low offset 
errors. Likewise, for a given offset error, higher values for Ri 
can be used with an amplifier which has lower bias current. 



eo=-~ [e. + eo. (Rf;f R0 + Ib R;J 
~''-____ ~ ____ -J 

Signal Input Drif; Error = Vd 

Rf r. Rf + R· .1 
eo = - Ai Le• + eo. --R-f-' + id R~ 

'-yJ • 
Signal Input Drift Error = Vd 

Input Impedance RIN '" R; 

% Drift Error = 100Vd 
e. 

·0 

For RC = 0 

and R.« R; 

For Rc = R; RtI(R; + Rf) 

and R.« R; 

Figure 1A. Inverting Configuration 

·0 

R2 + R; [ . 1 eo = --R-;- e. + eo. + Ib R'J for Rc = 0 

~~ 
Signal Drift Error = Vd 

R2 + R; [ . ~ R; R2 eo = --R-' - e. + eo. + Id R. for Rc = R. - ---
, R; + R2 

---- '----y-----' Signal . Drift Error = Vd 

Input Impedance RIN '" RCM 

% Drift Error = 100Vd 
e. 

Figure 18. Noninverting Configuration 

Where it will otherwise function properly, the noninverting 
circuit generally makes a better choice for high input 
impedance circuits. Also, for the same source and input 
impedance requirement, a given amplifier will generate lower 
offset errors for the noninverting circuit than for the inverting 
circuit. This is so because the bias current flows only through 
Rs for the non inverter and this will always be less than the 
input impedance, Ri' of the inverter. Input impedance of the 
noninverter (approximately RCM) is typically 107 ohms 
even for the least expensive bipolar amplifiers and up to lOll 
ohms for FET types. 

Unfortunately, however, the noninverting configuration can- • 
not always be used since it is not convenient to use for many ~ 

circuit functions such as integration or summation. A further 
limitation occurs in high accuracy applications, where com-
mon mode errors may rule. out this circuit configuration. 

Initial offsets can usually be zeroed at room temperature so 
that only the maximum temperature excursion (~T) from 
+2S

o
C need be considered. For example, over the range of 

-25°C to +8S oC, the maximum temperature excursion (~T) 
from +2S

o
C would be 60°C. As a practical matter, offset 

errors due to supply voltage and time drift can generally 
be neglected since errors due to temperature drift are usually 
much greater. 

Current Amplifier Considerations 
Before leaving the subject of offset errors, we shall discuss 
briefly the current amplifier configuration which is shown 
in Figure 2A. The obvious approach to measuring current 
is to develop a voltage drop across a load resistor, Rf, and to 
measure this potential with a high impedance amplifier as 
shown in Figure 2B. 

This approach has several disadvantages as compared to the 
circuit of Figure 2A. First the noninverting amplifier intro
duces common mode errors which do not occur for Figure 
2A. Second, an ideal current meter would have zero 
impedance whereas, Rf in Figure 2B may become very 
large since this resistor determines the sensitivity of the 
measurement. Third, the changes of input impedance, Rcm. 

·0 

eo = -Rf [i. + eo. (R~.+R~·) + ibJ 

~ . 
Signal Drift error = IE 

Input Impedance RIN = (RRf Rd ) ( __ 1_) 
f + Rd 1 + AP 

% Drift Error = 10~ IE 
I. 

Figure 2A. Current Amplifier 

eo = Rf i. + eo. + ib Rf for R. > Rf 

'S;;;i' . Drift' Error = Vd 

Input Impedance RIN '" Rf 

% Drift Error = 1ROO~d 
fl. 

'0 

Figure 28. Voltage Amplifier with Sampling Resistor 
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for the noninverting amplifier with temperature will cause 
variable loading on Rf and hence a change in sensitivity. 

The current amplifier of Figure 2A circumvents all of these 
difficulties and approaches an ideal current meter; that is, 
there is essentially no voltage drop across the measuring 
circuit, since with enough open loop gain, A, the input 
impedance RIN becomes very small. 

In selecting a current amplifier, the most important 
consideration is current noise, and bias current drift. 
Measuring accuracy is largely the ratio of current noise and 
drift to signal current, is. To obtain the drift of error current 

If referred to[t:ee~:p(u~;:e ~:e)fOI~7~nJg expression. 

boI = -- --- +- boT 
€ boT RfRs boT 

Now, to make a proper selection you must pick an amplifier 
with an error current, If' over the operating temperature 
which is small compared to the signal current, is. Do not 
overlook current noise which may be more important than 
current drift in many applications. 

Gain Bandwidth Considerations, Expanded Discussion 
From the previous discussion, it is apparent that most 
general purpose operational amplifiers will usually give 
adequate performance for the DC and audio frequency range 
applications. However, to obtain unity gain bandwidth above 
2MHz, full power response above 20kHz and slewing rate 
above 6V /J1sec, in general, requires special design techniques. 
All amplifiers with wideband, fast response characteristics 
have been listed in the wide bandwidth group to simplify 
the selection for higher frequency applications. 

One factor often overlooked is that stray capacitance and 
impedance levels of the external feedback circuit can be the 
major limitation in high frequency applications. For example, 
in Figure lA, if Rf were one megohm, and stray capacitance, ' 
Cs, were one picofarad then the closed loop bandwidth 
would be limited to 160kHz (l/(21TRFCS» regardless of 
how fast the amplifier is. Moreover, output slewing rate will 
be limited by how fast Cs can be charged which in turn is 
related to signal level, es, and input impedance, Rio by 
deo/dt = -es/RjCs. For these reasons it is usually not 
possible to obtain both fast response and high input 
impedance for an inverting circuit since both Ri and Rf must 
be large to obtain high input impedance. 

Another advantage of the noninverting circuit (Figure 1B) 
is that input impedance, being determined by potentiometric 
feedback, does not depend on the impedance levels for R'l 
and R2. Therefore, a low impedance can be used for R2 so 
that stray capacitance of Cs will not limit the circuit's band
width. In this case the minimum value for R2 is constrained 
only by the output current rating of the amplifier. Again the 
trade-off between the frequency response and input 
impedance of the inverting and noninverting circuits must 
be evaluated in light of the common mode rejection error 
introduced by the noninverter. 
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For greater emphasis wideband applications can be separated 
into two categories - steady state and transient. Since the 
amplifier requirements for the two are somewhat different, 
these categories will be discussed separately. 

A. Steady State Applications 
Steady state applications involve amplifying or otherwise 
manipulating continuous sinusoidal, complex or random 
waveforms. In these applications the significant issues in 
choosing an amplifier are as follows: 
1. Is DC coupling required? If DC information is of no 
consequence, then the offset drift errors are not usually 
important and a capacitor can be·used if necessary to block 
the output DC offset. Your only concern here is that DC 
offset at the output does not become so large, as might be 
the case with a high gain stage, that the output is saturated 
or the dynamic swing for AC signals is limited. One way to 
circumvent the latter problem is to use feedback to limit 
the gain at DC as shown in Figure 3. The gain of these circuits 
can be small at DC but large at high frequencies. 

.;0-'IIIf\ ....... -\ 
-:>----....... -0.0 

1 1 
(R3+R,)C R3 C 

Figure 3. DC Feedback Minimizes Output Offset 
for AC Applications 

2. What closed loop gain and bandwidth are required? 
Closed loop gain, G, is dictated by the application. To a first 
approximation the intersection of the open and closed loop 
gain curves in Figure 4 gives the closed loop bandwidth, 
fc1 (-3dB). For high gain, wideband requirements, it may be 
necessary, or more economical, to use two amplifiers in 
cascade each at lower gain. 

3. What loop gain is required or alternatively what gain 
stability, output impedance and/or linearity are necessary? 
The available loop gain at a particular frequency or over a 
range of frequencies is very often more important than 
closed loop bandwidth in selecting an amplifier. Loop gain 
as illustrated in Figure 4, is defined as the difference, in dB, 
or as the ratio, arithmetically, of the open to closed loop 
gain (A(3 = A/G). You will find in most of the equations 
defining the closed loop characteristic of a feedback 
amplifier that the loop gain (A(3 ) is the determining factor 
in performance. Some of the more notable examples of this 
point are as follows: 



Figure 4. Closed Loop Bandwidth and Loop Gain 

a. Closed loop gain stability = t:.G/G 
t:.G/G = (MIA) [11(1 + AJ3) ] where MIA is the 
open loop gain stability, usually about 1 %/oC. 

b. Closed loop output impedance = Zocl = Zo/(l + AJ3), 
where Zo is the open loop output impedance, 
usually 200 to 5000 ohms. 

c. Closed loop nonlinearity = LcI = Lol/(l + AJ3), where Lol 
is the open loop linearity, usually less than 5%. 

Loop gain of 100, or40dB, is adequate for most applications 
and this is readily achievable at DC and low frequencies. But 
note that loop gain decreases with increasing frequency 
which makes it difficult to obtain large loop gains at high 
frequencies. For this reason it may be necessary to use a 
10MHz unity gain amplifier in order to obtain adequate 
feedback over a 10kHz bandwidth. 

4. What full power response and/or slew rate are required? 
You should examine your expected output waveform and 
select an amplifier whose slewing rate exceeds the maximum 
rate of change of output signal. For a sinusoidal waveform 
with a peak voltage output equal to the rated amplifier 
output the frequency should not exceed fp' the full power 
response of the amplifier. As the output sIgnal voltage is 
reduced below the rated output voltage, the usable maximum 
frequency can be extended proportionately. If you do not 
observe these restrictions you will get distortion and . 
unexpected DC offsets at the output of the amplifier. 

For some monolithic amplifier designs available today their 
frequency response is not a simple 6dB roll-off; the response 
may be shaped with external RC components for improved 
performance. Using feed forward or phase lag compensation 
networks, gain-bandwidth product and/or full power response 
may be shaped to meet varying design requirements. Most in
ternally compensated op amps offer a stable 6dB per octave 
roll-off with specified unity gain-bandwidth and slew rate 
thereby limiting maximum speed and response to those 
published specifications. 

B. Transient Applications 
In applications such as A/D and D/A converters and pulse 

amplifiers, the transient response of the wideband amplifier 4 
is generally more important than the gain bandwidth 
characteristic described above. Slewing rate, overload 
recovery and settling time are the specifications which 
determine the transient response. 

When applying the high frequency amplifier, it is important 
to understand how amplifier performance is affected by 
component selection as well as impedance levels used 
around the amplifier. 

Settling Time 

Settling time is defined as the time elapsed from the 
application of a perfect step input to the time when the 
amplifier output has entered and remained within a specified 
error band symmetrical about the final value (Figure 5). 
Settling time therefore includes the time required for the 
amplifier to slew from the initial value, recover from slew 
rate limited overload, and settle to a given error in the linear 
range. 

ERROR l~~~~~~---f~----~----~~~BAND 

_ SETTLING TIME TO± AE-I 

OR ±~ x 100% 
Eo 

Figure 5. Typical Settling Time Characteristics 

The time and frequency response of a linear, bilateral network 
or amplifier are related by well known mathematics. For ex
ample, the step response for a well behaved, ideally linear, 
6dB/octave amplifier with a closed loop bandwidth of wcl 
is shown in Figure 6. 

However, since settling time is determined by a combination 
of amplifier characteristics (both linear and nonlinear) and 
because it is a closed loop parameter, it cannot be readily pre
dicted from the open loop specifications such as slew rate, 
small signal bandwidth, etc. 

Analog Devices specifies settling time for the condition of 
unity gain, relatively low impedance levels, and no 
capacitive loading. A full-scale step input is used to deter
mine settling time and the step is generally unipolar - i.e.: 
from zero to plus or minus full scale. The settling time 
indicated is generally the longest time resulting from a step 
of either polarity and is given as a percentage of the full 
scale step transition. 

OPERATIONAL AMPLIFIERS VOL. I, 4-9 



'II'..t· 

FINAL VALUE T = -.!... 
~ r-____________ ~:;W~C-I--~----
1. 

2.3T 4.6T 6.9T-T 

Figure 6. Step Response for Linear 6dB/Octave Amplifier 

Settling time is a nonlinear function. It varies with the input 
signal level and it is greatly affected by impedances external 
to t.he amplifier. 

ERRORS DUE TO NOISE 

A maj~r criterion in the/selection of an amplifier for low level 
signals is the amplifier input noise, since this is usually the 
limiting factor on system resolution. In the general case, ampli
fier noise can be characterized by a voltage source in series with 
the summing junction and a current source in parallel with the 
summing jurtction. Whenever high source impedance is encoun
tered, current noise flowing through the source impedance. will 

. appear as an additional voltage noise, combining with the amp
lifier voltage I1oise. The sum of these noise sources will then be 
amplified along with the desired signal. For this reason, selec
tion of a particular amplifier must consider both the amplifier 
noise performance as well as the source impedance. 

Consideration must also be given to noise sources other than 
the amplifier whenever determining total system noise. RF 
noise may be fed into an amplifier through any connecting wire, 
including power supply and output leads. Adequate shielding 
and low-pass filters on all incoming leads will usually prevent 
noise pick-up. 

Thermal noise is generated in any conductor or resistor as a 
result of thermal agitation of the electrons. This noise voltage 
source, sometimes referred to as "Johnson Noise", is generated' 
in the resistive component of any impedance and has a value: 
en =V 4KTBR 
where en = the rms value of the noise volta~e 

K = Boltzman's Constant (1.38 x 10 3 joules/K) 
T = absolute temperature of the resistance, oK 
B = the bandwidth in which the noise is measured 

Since noise is related to the bandwidth over which the meas
urement is made, no noise specification is meaningful unless 
the bandwidth for the specification is given. Although the 
Thermal Noise equation may appear unwieldy for practical 
noise calculations, all that is required to enable rapid approxi
mations is to apply a few simple rules of thumb. 
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Rules of Thumb 
(1) Remember that a 100kS1 resistor generates 40nV rms in· 

a 1Hz bandwidth. The noise voltages generated by other values 
of resistances in other bandwidths can be calculated by remem
bering that the noise is proportional to the square root of the 
resistance and the bandwidth; i.e. 

, en (rl!ls) = (40nV/YHz) ( j--R--(B-W--)\ 
v'iOOkS1 I). 

(2) To convert the rms noise to a p-p value, a conversion 
factor of 6.6J.lV p-plJ.lV rms is applied for less than 0.1 % pro
bability of noise peaks exceeding calculated limits. 

(3) The total rms noise contribution due to several noise 
sources is determined by the square root of the sum of the 
squares: 

e 2 n 

If any noise source is less than a third of anoth~r, it may be 
neglected. The resulting error will be approximately S%. 

(4) Restricting the bandwidth of a system to the minimum 
usable and using the lowest impedances possible are ways to 
reduce noise. 

DESIGN EXAMPLE 
Figure 7 A illustrates a typical circuit with noise calculations 
shown for each noise source. The total of the noise sources is 
obtained by adding each of the individual sources in a RMS 
fashion. 

COMPONENT CAUSE OUTPUT CONTRIBUTION 

RIN Johnson Noise ~IRF/RIN) 

Rs Johnson Noise v'4KTBRS IRF/RIN + 1) 

AF ."oh~~o!l No!~! v'4KT!!Rr 

in, Amp. Cu"ent Noise in,RF 

i", Amp. Current Noise Ii",Rs) IRF/RIN + 1) 

en Amp. Voltage Noise en IRF/RIN + 1) 

TOTAL NOISE =,/leRIN G)' +[eRs IG + 1)]' + e' RF + lin, RF)' +[Ii ... Rs) IG + 19' + [en IG + 1)]' 

Figure lA. Noise Components 

Figure 7B illustrates how the Rules of Thumb may be applied 
in a practical case to approximate the total output noise. In this 
example, ADS04, Qr a low noise type amplifier is being used 
with a SOkS1 source impedance. The two major noise sources, 
in addition to the ADS04M input voltage noise of 0.6J.lV p-p, 
are the Johnson noise (S8J.lV p-p) and current noise (2.SJ.lV 
p-p). 



GAIN -100 
BW - 0.01 TO 10Hz 
RS - 50kn 
RF - 10kn 
RON -loon 

11 RESISTOR NOISE: RF '13nV~ 
RON' (1.3nVVHzjl00 

10kn 

Rs • (28nV/yllill0l • 2.8~V/y'Ri 

TOTAL RESISTOR NOISE IN 10Hz BW' 
(2.8~VIy'HiI (.,/TOHi16.6~V p·p/~V rms· 58~V p.p 

21 AMPLIFIER CURRENT NOISE: (5OpA p·pl (50kl (1011 = 25~V 
(50pA p·pl (lOkI • O.5~V 

31 AMPLIFIER VOLTAGE NOISE: (0.6~V popl (1011 = 6O.6~V pop 

TOTAL OUTPUT NOISE = v'(2521' + (60.61' + (581' '" 265~V pop 

Figure 7B. Design Example 

HOW THE OPERATIONAL AMPLIFIERS ARE CLASSIFIED 
To assist the designer in distinguishing among the many types 
available from Analog Devices, we have provided a Selection 
Guide, in which amplifiers are grouped in terms of common 
properties which have been optimized in order to satisfy the 
needs of specific classes of applications. Once the choice has 
been narrowed to the manageable number of types in any 
group, distinctions can be drawn in terms of other require
ments or considerations. 

Temperature Range and Nomenclature. Analog Devices oper
ational-amplifier nomenclature uses suffixes to permit ready 

. identification of the temperature range for which device 
operation to meet critical specifications has been designed 
or selected. The most popular range comprises the "com
mercial" temperatures from 0 to 70°C; it is designated by 
suffixes such as J, K, L, M, in order of increasingly tighter 
specs (e.g., AD741L). Also popular is the "extended" range, 
_SSoC to +125°C, designated byS, T, U,(e.g., AD51OS); not 
all families have types with specified performance in this 
range. There are a few types designed for operation in the 
·'.'industrial" range, -25°C to +SSoC, designated by A, B. 
Wide-range types will generally meet the sa,me or better 
specs in a narrower temperature range. A few types are 
second-sources for products originally introduced by other 
manufacturers. In those instances, the generic nomenclature is 
used (AD741C) or enlarged upon, if superior selections are 
offered (e.g., AD301AL). 

1. General-Purpose ICs. Amplifiers in this group include our 
lowest-cost devices~ They are best-suited for general purpose 
designs with moderate drift requirements, down to 5IlV/oC 
max (AD301AL), and gain-bandwidth to SMHz (AD301A). 
Typical applications include summing, inverting, impedance 
buffering (followers), and active filtering. They are also use
ful for developing nonlinear transfer functions, with appro
priate external circuitry. 

Bipolar monolithic technology is used for all types. The • 
AD741 is internally compensated; it does not require external ~ 

capacitance for frequency compensation. On the other hand, 
the AD301A's ability to be externally compensated, by either 
lag or feedforward circuitry, permits circuits with a wide range 
of dynamic performance characteristics 'to be handled. Extend
ed-temperature-range equivalents are the ADIOIA, AD201A, 
and AD741. 

2. Low Bias-Current, Higb Input-Impedance, FET-Input ICs. 
These types use the inherently high impedance and low 
leakage current of junction field-effect transistors (FET's) 
to deal with configurations that either provide the mea
surement of low currents or require the use of high-resist
ance circuitry. 

Typical applications range from general-purpose high-im
pedance circuitry to integrators, current-to-voltage converters, 
and log-function generation, to measurements with high-im
pedance transducers, s~ch as photomultipliers, flame detectors, 
pH cells, and radiation detectors. 

The performance range is from the 75fA (75 x 10-15 A) maxi
mum bias current of the AD515L electrometer to the lOOpA 
max of the general purpose, lowest-cost AD611. The AD542 
is a low-cost, laser-wafer-trimmed (LWT) monolithic impianted 
FET input amplifier with low offset and drift. The AD544 is 
similar, but has higher sp~ed. Low bias current does not ne
cessarily imply large voltage offsets; the AD515K combines a 
150fA (O.15pA) max bias current with 1.0mV max offset and 
151lV/C max voltage drift; comparable figures for the 
AD547L are 25pA, O.25mV and IIlVtC . 

The types of amplifiers in this group either are completely 
monolithic or employ matched FET's and a special bipolar 
amplifier chip designed to accommodate the input FET's 
electrically. In nearly all the IC's, thin-film resistors are 
deposited on the chip at critical circuit locations to ensure 
stability; low offsets and drift are achieved by laser-trimming 
of circuit balance. All FET-input op amps from Analog 
Devices are manufactured to meet their published bias-current 
specifications after full warmup (some manufacturers specify 
initial current, which is lower than warmed-up bias current). 
Our published max bias-current specification applies to either 
input (some manufacturers call "bias current" the average of 
the two input currents). Bias current of junction FET's ap
proximately doubles for every 10°C increase of temperature. 

3. FET-Input Dual ICs. The AD642, AD644, and AD647 are 
a single-chip pair of trimmed implanted-FET-input (TRIFET) 
op amps similar to·the ADS42, AD644, and AD547 with low 
warmed-up bias current (35pA max - K, L, S), low offset 
voltage (O.5mV max - L), low offset-voltage drift (2.5Ilvte 
max - L), and excellent Vos matching (O.25mV max - L). 
Besides applications calling for more than one FET-input op 
amp at low cost per function, the AD647 is especially useful 
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in applications calling for matched duals, such as log-ratio 
amplifiers, FET-input instrumentation amplifiers, and buf
fering of differential signals. The AD644, a wideband version, 
was designed for fast DAC amplifiers, sample and hold, filters 
and wideband instrument amplifiers. 

4. Electrometers. This class comprises the lowest bias-current 
devices, the AD515. The AD515L, with its 75fA input bias 
current, lmV max offset, and 25/lV/oC offset tempco, has 
differential inputs, and can be used in voltage measurements 
at high impedance, as a follower, or in current measurements, 
as an inverter, or even differentially. 

5. High-Accuracy Low-Drift Differential-Input ICs. "Chopper
less" low-drift designs with differential inputs, optimized for 
voltage offset and drift, dc open-loop gain, and CMR, should 
be considered for high-accuracy instrumentation, low-level 
transducer bridge circuits, precision voltage comparators, and 
for impedance buffer designs. 

Performance of internally compensated premium amplifiers in 
this group ranges from the ADOP-07 A's 25/lV max offset volt
age and O.6/lV 1° C drift, and the AD5l7L's 50/lV max offset 
voltage and 1.3/lV/oC drift, combined with InA max bias cur
rent (1.5nA max over the temperature range), and CMR of 
110dB min, to the low-cost AD741L's maximum offset of 
0.5mV and max offset tempco of 5/lV t C, with 100nA max 
bias current over the temperature range, and CMR of 90dB min. 

The ADOP-07 is a superior second source to other OP-07 
families; for example, ADOP-07 AH has minimum gain of 
3 x 106 VN compared to 3 x 105 VIV. 
Among uncompensated op amps, the premium range is from 
the AD OP-27 with 25/lV maximum offset voltage, 0.6/lVtC 
max drift, 40nA max bias current over the temperature 
range, and 114dB CMR, to the low-cost AD301AL, with 
max offset of O.5mV, max drift of 5/lV/oC, max bias cur-
rent of 45nA over the temperature range, and minimum 
CMR of 90dB. For applications in which low noise is es
sential, the AD OP-27 has 100%-tested guaranteed maxi-
mum voltage noise of 0.18/lV p-p, for the frequency range 
0.1 to 10Hz, and maximum spot noise of 5.5 and 3.8V/$z 
and 4.0 and 0.6pA/$z, at 10Hz, and 1000Hz, respectively. 

The AD741]IK/L and thc AD301AL are selected from 
production lots of the generic AD741 and AD101A types. 
The AD504, AD510, and AD517 are thermally balanced 
for low drift and high gain (independent of output loading), 
with inputs that are bootstrapped for high CMR and protected 
against overloads to prevent bias-current degradation due to 

reverse breakdown. Thin-film resistors, deposited on the chip, 
are another key to the stability of these amplifiers. The AD ~ 10 
and the AD517 employ super-beta input transistors to achieve 
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low bias current, and they are laser-trimmed at the wafer-probe 
stage (LWT) to achieve their excellent offset-voltage sp'ecifi
cations at low cost. Since the bias currents are always of one 
polarity, they can be nulled at a given temperature with simple 
circuitry; and the change over the temperature range will be 
considerably less than for low-cost FET-input amplifiers having 
comparable specifications. 

Extended-temperature-range equivalents are AD504S, AD510S, 
AD714S, and AD517S. 

6. Wide Bandwidth, Fast-Settling ICs. High-speed op amps 
are characterized by high slewing rates, fast setding time, 
and wide bandwidth. Fast setding time is especially im
portant in applications with rapidly changing or switched 
analog data, in buffers, d/a converters, and multiplexer cir
cuitry; wide small-signal bandwidth is important in preampli
fication and in handling low-level wideband ac signals; high 
slewing rate is associated with fast settling time and is also 
important in handling ac signals having large magnitudes with 
minimal distortion, since the large-signal bandwidth is closely 
related to the slewing rate. 

The products in this category with outstanding specifications 
are models HOS-050, AD3554 and AD380. Setding of the 
hybrid HOS-050 is to within 0.01% in 300ns in the invert
ing connection. Model AD3554 max slewing rate is 1000VI 
/lS inverting, and small-signal unity-gain bandwidth is 70MHz; 
full-power bandwidth is 16MHz, min. In addition, all of these 
devices will deliver ±100mA of output current at ±10V, an 
important factor in video and line-driver circuitry, and in 
driving capacitive loads. For example, the current required 
to sustain 500VI/ls in a 100pF load is I =C dV/dt = SOmA. 
AD380 is optimized for settling time: 250ns maximum to 
0.01 %, inverting or noninverting, with output of ±50mA 
at ±lOV. 

There are three families of monolithic ICs listed in this cate
gory, with slewing rates ranging from 2 5V l/ls min to 1 OOV l/ls 
min. The AD509S is the fastest slewing (lOOVI/ls min) and 
settling (500ns min to 0.1% and 2.5/lsmin to 0.01%). The 
AD507K is the best all-around performer, with small-signal 
bandwidth of 35MHz, slewing rate of 25VI/ls min, and typi
cal settling to 0.1% within 900ns, in addition to open-loop dc 
gain of 105 min, drift of 15/lVtC max, and bias current of 
15nA max. The AD518] is the lowest in cost, yet it slews at 
50VI/ls min, and typically settles to within 0.1% in 800ns, 
with single-capacitor compensation. 

Extended-temperature-range equivalents are models AD507S, 
AD509S and AD518S. 



DEFINITIONS OF SPECIFICATIONS 

Absolute Maximum Differential Voltage 
Under most operating conditions, feedback maintains the error 
voltage between inputs to nearly zero volts. However, in some 
applications, such as voltage comparators, the voltage between 
the inputs can become large. This specification defines the 
maximum voltage which can be applied between inputs with
out causing permanent damage to the amplifier. 

Common-Mode Rejection 
An ideal operational amplifier responds only to the difference 
voltage between inputs (e+ - e-) and produces no output for 
a common~mode voltage, that is, when both inputs are at the 
same potential. However, due to slightly different gains be
tween the plus and minus inputs, or variations in offset voltage 
as a function of common-mode level, common-mode input 
voltages are not eliminated at the output. If the output error 
voltage, due to a known magnitude of common-mode voltage, 
is referred to the input (dividing by the closed-loop gain), it re~ 
flects the equivalent common-mode error voltage (CME) be
tween the inputs. Common-mode rejection ratio (CMRR) is 
defined as the ratio of common-mode voltage to the resulting 
common-mode error voltage. Common-mode rejection is often 
expressed logarithmically: CMR (in dB) = 20 10glO(CMRR). 

The precise specification of CMR is complicated by the fact 
that the common-mode voltage error can be a highly nonlinear 
function of common-mode voltage and also varies with tem
perature. As a consequence, CMR data published by Analog 
Devices are average figures, assuming an end-point measure
ment over the common-mode range specified. The incremental 
CMR about small values of common-mode voltage may be 
greater than the average CMR specified (on the other hand, the 
incremental CMR may be less in theneightborhood of large 
CMV). Published CMR specifications for op amps pertain to 
very low-frequency voltages, unless specified otherwise; CMR 
decreased with increasing frequency. 

Common-Mode Voltage, Maximum 
For differential-input amplifiers, the voltage at both inputs can 
swing about ground (power-supply common) level. Common
mode voltage is defined as any voltage (above or below ground) 
that could be observed at both inputs. The maximum com
mon-mode voltage is defined as that voltage which will pro
duce less than a specified value of common-mode error. This 
establishes the maximum input voltage for the voltage-follower 
connection. 

Drift vs. Supply 
Offset voltage, bias current, and difference current vary as 
supply voltage is varied. Usually, dc errors due to this effect 
are negligible compared to drift with temperature. No infer
ence may be drawn from this low-frequency specification con
cerning the dfects of rapid variation of voltage at the supply 
terminals. 

Drift vs. Temperature 
Offset voltage, bias current, and difference current all change, 
or "drift", from their initial values with temperature. This is 

by far the most important source of error in most precision 
applications. The temperature coefficients (tempcos) of those 
parameters are all defined as the average slope over a specified 

. temperature range. Drift can be a nonlinear function of tem
perature (though it is often quite linear over limited tempera
ture ranges); the slopes generally are greater at the extremes of 
temperature than around normal ambient (+25°C), which gen
erally means that for small temperature excursions in the vi
cinity of +25°C, the specification is conservative. _ 

Analog Deviccs prccision operational amplifiers are specified 
by three- (or more-) point measurements, at 25°C and at the 
high and low extremes of the range (TH, TL>, with the ampli
fier adjusted to zero at room temperature. The sum of the 
magnitudes of the drifts in the two ranges must be less than 
the specified drift rate {J.l.V / C or nAlo C) ~ultiplied by the 
total temperature range (modified "butterfly"), or, in some 
cases, the magnitude of the drifts in both ranges must be less 

True Butterfly Spec Modified Butterfly Spec 

"'eos = I eosH I + I eosL I 
"'T TH -,TL 

t:. ~~s is the max. drift coefficient permissible 

than the specified drift rate multiplied by the respective tem
perature ranges ("true butterfly"). 

The lowest-cost second-source IC amplifiers are specified only 
in terms of the maximum value of the parameter (e.g., offse~ 
voltage) over temperature in the specified range. 

Drift vs. Time . . 
Offset voltage, bias current, and difference current change with 
time as components age. It is important to realize that dri.ft 
with time is random, and rarely - if ever - accumulates lme
arly for healthy devices. For example, voltage drift for a chop
per-stabilized amplifier might be quoted at IJ.LV/day, whereas 
cumulative drift over 30 days might not exceed 5J.LV, or 15J.LV 
in a year (e.g., model 235). A convenient rule of thumb for 
extrapolation is to divide the drift for a stated interval by the 
square root of its ratio to any other interval of interest. 

Full-Power Response 
The large-signal and small-signal response characteristics of 
operational amplifiers differ substantially. An amplifier's out
put will not respond to large signal changes as fast as the small
signal bandwidth characteristics would predict, primarily be
cause of slew-rate limiting in the output stages. Full-power re
sponse is specified in two ways: full linear response and full 
peak response. Full linear response is specified in terms of the 
maximum frequency, at unity dosed-loop gain, for which a 
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sinusoidal input signal will produce full output at rated load 
without exceeding a pre-determined distortion level. There is 
no industry-wide accepted value for the distortion level which 
determines the full-linear-response limitation, but we use 3% 
as a maximum acceptable limit for modules. 

In many applications, the distortion caused by !!xceeding the 
full linear response can be comfortably ignored, but a more
serious effect (often overlooked) is an effect equivalent to a 
dc offset voltage that can be generated when full linear 
response is exceeded, due to rectification of the asymmetrical 
feedback waveform or overloading of the input stage by large 
distortion signals at the summing junction. 

Another frequency response that is often if interest is the 
maximum frequency at which full output swing may be ob
tained, irrespec~ive of distortion. This is termed "full peak re
sponse" and can often be found in a plot of output voltage 
swing vs. -frequency. 

Initial Bias Current 
Bias current is defined as the current required at either input 
from an infinite source impedance to drive the output to zero 
(assuming zero common-mode voltage). For differential ampli
fiers, bias current is present at both the negative and the posi
tive input. All Analog Devices specifications pertain to the 
larger of the two, not the average. For single-ended amplifiers 
(i.e., chopper types), bias current refers to the current at the 
input terminal. 

Analog Devices specifies initial bias current, Ib, as the bias 
current at either input, specified at +ZSoC ambient with the 
input junctions at normal operating temperature (some manu
facturers specify initial bias current at power turn-on. Such 
specifications may be misleading. For example, in FET-input 
amplifiers, bias current is doubled for each 10°C increase; 
since junction temperatures may warm up to ZOoC or more 
above ambient, the "initial bias current" spec used by some 
manufacturers may be met only during a brief interval after 
the power is burned on, and Ib may be quadrupled under 
ordinary operation conditions.) 

Initial Difference Current 
Difference current is defined as the difference between the bias 
currents at the two inputs. The input circuitry of differential 
amplifiers is generally symmetrical, so that bias currents at 
both inputs tend to be equal and tend to track with changes in 
temperature and supply voltage. Therefore, difference current 
is often about 0.1 times the bias current at either input, 
assuming that initial bia:s current has not been compensated at 
the input terminals. For amplifiers in which bias currents 
track, it is often possible to reduce voltage errors due to bias 
current and its variations by the use of equal resistance loads 
at both inputs. 

Input Impedance 
Differential input impedance is defined as the impedance 
between the two input terminals at +ZSoC, assuming that the 
error voltage is nulled or very near ?-ero volts. To a first approxi
mation, dynamic impedance can be represented by a capacitor 
in parallel with a resistor. 
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Common-mode impedance, expressed as a resistance in parallel 
with a capacitance, is defined as the impedance between each 
input and power-supply common, specified at +ZS°c. For 
most circuits, common-mode impedance on the negative input 
has little significance, except for the capacitance which it adds 
at the summing junction (one exception is electrometer cir
cuitry). However, common-mode impedance on the plus input 
sets the upper limit on closed-loop input impedance for the 
non-inverting configuration. Common-mode impedance is a 
nonlinear function of both temperature and common-mode 
voltage. For FET-input amplifiers,' common-mode resistance is 
reduced by a factor of two for each 10° of temperature rise. 
As a function of common-mode voltage, the resistive com
ponent is defined as the average resistance for a common-mode 
change from zero to the maximum common-mode voltage. 
Incremental resistance may be less than the specified average 
value, especially at full-scale for some FET-input amplifiers. 

Input Offset Voltage 
Offset voltage is defined as the voltage required at the input 
from zero source impedance to drive the output to zero; its 
magnitude is measured by closing the loop (using low values of 
resistance) to establish a large fixed gain, measuring the ampli
fied error at the output, and dividing the measured value by 
the gain. 

The initial offset voltage is specified at +ZSoC and rated supply 
voltage. In most amplifiers, provisions are made to adjust in
itial offset to zero with an external trim potentiometer. 

Input Noise 
- Input voltage- and current-noise characteristics can be speci

fied and analyzed in much the same way as offset-voltage and 
bias-current characteristics. In fact, long-term drift can be con
sidered as noise which occurs at very low frequencies. The 
primary difference is that, when evaluating noise performance, 
bandwidth must be considered. Also rms noise from different 
sources is summed by root-sum-of-squares, rather than linear, 
addition. Depending on the amplifier design, noise may have 
differing characteristics as a function of frequency, being 
dominated by "1/f noise", resistor noise, or junction noise, at 
various frequencies. 

For this reason, several noise specifications are given. Low
frequency noise in the band 0.01 to 1Hz (or 0.1, to 10Hz) is 
specified as peak-to-peak, with a 3.30 uncertainty, signifying 
that 99.9% of the observed peak-to-peak excursions will fall 
within the specified limits. Wideband noise is specified as rms. 
For some types, spectral-density plots or "spot noise", at spe-
cific frequencies, in p.V /..jlli. or pA/..jlli., are provided. ' 

Open-Loop Gain 
Open-loop gain is defined as the ratio of a change of output 
voltage to the voltage applied between the amplifier inputs 
to produce the change. Gain is specified at dc. In many appli
cations, the frequency dependence of gain is important; for 
this reason, the typical open-loop gain as a function of fre
quency is published for each amplifier type. See also unity gain 
small-signal response. 



Overload Recovery 
Overload recovery is defined as the time required for the out
put voltage to recover to the rated output voltage from a satu
rated condition caused by a 50% overdrive. Published specifi
cations apply for low impedances and contain the assumption 
that overload recovery is not degraded by stray capacitance in 
the feedback network. 

Rated Output 
Rated output voltage is the minimum peak output voltage 
which can be obtained at rated current or a specified value of 
resistive load before clipping or out-of-spec nonlinearity occurs. 
Rated output current is the minimum guaranteed value of cur
rent supplied at the rated output voltage (or other specified 
voltage). Load impedances less than the specified (or implied) 
value can be used, but the maximum output voltage will de
crease, distortion may increase, and the open-loop gain will be 
reduced. (All models are short-circuit protected to ground, and 
many are safe against shorts to the supplies.) 

Settling Time 
Settling time is defined as the time elapsed from the applica
tion of a perfect step input to the time when the amplifier out
put has entered and remained within a specified error band 
symmetrical about the final value. Settling time, therefore, in
cludes the time required: for the signal to propagate through 
the amplifier, for the amplifier to slew from the initial value, 
recover from slew-rate-limited overload (if it occurs), and set
tle to a given error in the linear range. It may also include a 
"long tail" due to the time required to reach thermal equilib-

rium, or the settling time of compensation circuits. Settling 4 
time is usually specified for the condition of unity gain, rela-
tively low impedance levels, and no (or a specified value of) 
capacitive loading, and any specified compensation. A full-
scale unipolar step input is used, and both polarities are tested. 

Although settling time can generally be grossly inferred from 
the other amplifier specifications (an amplifier that has extra-
wide small-signal bandwidth, extra-fast slewing, and excellent 
full-power response may reasonably - but not always - be 
expected to have fast settling), the settling time cannot usually 
be rationally predicted from the other dynamic specifications. 

Slewing Rate 
The slewing rate of an amplifier, usually in volts per micro
second (VIJ.Ls), defines the maximum rate of change of output 
voltage for a large input step change. 

Unity-Gain Small-Signal Response 
Unity-gain small-signal response is the frequency at which the 
open-loop gain falls to 1 V IV, or OdB under a specified com
pensation condition. "Small signal" indicates that, in general, 
it is not possible to obtain large output voltage swing at high 
frequencies because of distortion due to slew-rate limiting or 
signai rectification. For amplifiers with symmetrical response 
for signals applied to either input, the dynamic behavior will 
be consistent for both inverting and non-inverting configura
tions. However, if feed forward compensation is used, fast re
sponse will be available only on the negative inpu t, restricting 
fast applications of the device to the inverting mode. 
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A BRIEF BIBLIOGRAPHY ON OP AMPS 

BOOKS (Not available from Analog Devices except where 
noted) 

IC Op-Amp Cookbook by Walter Jung, Howard Sams & Co., 
Second Edition, 1980, down-to-earth and practical 
paperback 

Linear Integrated Circuit Applications by George B. Clayton, 
The Macmillan Press Ltd., London, 1975 

Modern Operational Circuit Design, by J. I. Smith, John Wiley 
& Sons, Inc., 1971 

Nonlinear Circuits Handbook, edited by D. H. Sheingold. 
1976. $5.95. Analog Devices, Box 796, Norwood, MA 
02062 

Operational Amplifiers and Linear IC's, by R. F. Coughlin 
and F. F. Driscoll, Prentice-Hall, Second Edition, 1982. 
Practical textbook 

Operational Amplifiers. Theory and Practice. by J. K. Roberge, 
J. Wiley & Sons, 1975. Authoritative book on op amp 
principles and circuitry; contains extensive material on 
compensation to optimize dynam.ic performance 

Transducednterfacing Handbook, edited by D. H. Sheingold. 
1980. $14.50. Analog Devices, Box 796, Norwood, MA 
02062 

ARTICLES AND APPLICATION NOTES (Available Upon 
Request; ask for specific issue of Analog Dialogue) 

"Analog Signal Handling for High Speed and Accuracy" by 
A. P. Brokaw, ANALOG DIALOGUE 11-2 
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"Current Inverter with Wide Dynamic Range" by Barrie 
Gilbert, ANALOG DIALOGUE 9-1, 1975 

"How to Select Operational Amplifiers", Application Note 
Section 20 of Volume I 

"An IC-Amplifier User's Guide to Decoupling, Grounding, and 
Making Things Go Right for a Change," by A. P. Brokaw, 
Application Note Section 20 of Volume I 

"Laser-Trimming on the Wafer, A Powerful New Tool for IC's" 
by R. Wagner,ANALOG DIALOGUE 9-3,1975 

"Simple Rules for Choosing Resistance Values in Adder
Subtractor Circuits" by D. Sheingold, ANALOG 
DIALOGUE 10-1, 1976 

"Specifying and Measuring a Low-Noise FET-Input IC Op 
Amp" by Bill Maxwell, ANALOG DIALOGUE 8-2, 1974 

"How to Test Operational Amplifier Parameters", Application 
Note Section 20 of Volume I 

USEFUL TUTORIAL MATERIAL IN DA TA SHEETS 

Electrometer Circuitry, see AD 515 

High-Speed Amplifiers, see AD518 and Models 50/51 

Low-Drift Differential Op Amp Performance, see AD504 

Low-Level Applications of Chopper-Stabilized Amplifiers: 
Inverting, see Models 234, 235 
Non-Inverting, see Model 261 
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General Purpose Low Cost 
Ie Operational Amplifier 

ADlO1A, AD201A, AD301A, AD301AL I 
FEATURES 
Low Bias and Offset Current 
Single Capacitor External Compensation 

for Operating Flexibility 
Nullable Offset Voltage 
No Latch-Up 
Fully Short Circuit Protected 
Wide Operating Voltage Range 

GENERAL DESCRIPTION 
The Analog Devices AD101A, AD201A, AD301A and 
AD301AL are high performance monolithic operational ampli
fiers. All the circuits feature full short circuit protection, ex
ternal offset voltage nulling, wide operating voltage range, and 
the total absence or "latch-up". Because frequency compensa
tion is performed externally with a single capacitor (30pF 
maximum), the AD101A, AD201A, AD301A and AD301AL 
provide greater flexibility than internally compensated ampli
fiers since the degree of compensation can be fitted to the 
specific system application. 

The AD101A and AD201A have identical specifications in the 
TO-99 package; the former guaranteed over the _SSoC to 
+ 12So C temperature range, and the latter over -2So C to +8So C. 
The AD201A is also available in the mini-DIP package for high 
performance operation over the 0 to +70

0
C temperature range. 

The AD301A is specified for operation over the 0 to +700 C 
temperature range in both the TO-99 and mini-DIP packages. 
The AD301AL is the highest accuracy version of this series. 
Improved processing and additional electrical testing allow the 
user to ac;hieve precision performance at low cost. The device 
provides substantially increased accuracy by reducing errors 
due to offset voltage (O.SmV max), offset voltage drift 
(S.Opvtc max), bias current (30nA max), offset current 
(SnA max), voltage gain (80,000 min), PSRR (90dB min), 
and CMRR (90dB min). The AD301AL is also specified 
from 0 to +700 C and is available in the TO-99 can or 8-pin 
mini-DIP. 

ADIOI SERIES FUNCTIONAL BLOCK DIAGRAMS • 

TO-99 MINI DIP 
TOP VIEW 

SCHEMATIC DIAGRAM 
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SPECIFICATIONS (typical @+25°Cand ±15V dc, unless otherwise specified) 

ABSOLUTE MAXIMUM RATINGS 

Supply Voltage 
AD101A, AD201A 
AD301A, AD301AL 

Power Dissipation· 
TO-99 (Metal Can) 
Dual In-Line (Mini-DIP) 

Differential Input Voltage 

Input Voltage2 

Output Short Circuit Duration3 

Operating Temperature Range 
AD101A 
AD201A (TO-99) 
AD201A (Mini-DIP) 
AD301A, AD301AL 

Storage Temperature Range 

ADIOIA, AD20lA, AD30lA, AD30lAL 
unless otherwise specified 

±22V 
±18V 

SOOmW 
SOOmW 

±30V 

±ISV 

Indefinite 

_55°C to +12S
o
C 

-25°C to +8SoC 
o to +70

o
C 

o to +70
o
C 

Lead Temperature (Soldering, 60sec) 

-6S
o
C to +IS0

o
C 

300°C 

ELECTRICAL CHARACTERISTICS (TA = +25°C unless otherwise specified)4 

ADI OIAl AD20lA 

Parameter Conditions Min Typ Max 

Input Offset Voltage Rs";;50Hl 0.7 2.0 

Input Offset Current 1.5 10 

Input Biz 

Input Bias Current 30 75 

Input Resistance 1.5 4 

Supply Current Vs = ±20V 1.8 3.0 
Vs = ±15V 

Large Signal Voltage Gain Vs = ±lSV, VOUT = ±10V, SO 160 
RL ;;;' 2k11 

The Following Specifications Apply Over the Operating Temperature Ranges4 

Input Offset Voltage Rs";;lOk11 3.0 

Input Offset Current 20 

Average Temp. Coefficient TA(min)";;TA ";;TA(max) 3.0 15 
of Input Offset Voltage 

Average Temp. Coefficient +2SoC";;TA ";;TA (max) 0.01 0.1 
of Input Offset Current TA (min)";;TA ";;+2S°C 0.02 0.2 

Input Bias Current 100 

Large Signal Voltage Gain Vs = ±15V, VOUT = ±lOV, 
RL;;;'2Hl 25 

Input Voltage Range Vs = ±20V ±lS 

Vs = ±lSV 

Common Mode Rejection Ratio RS ";;SOk11 80 96 

Supply Voltage Rejection Ratio RS";;SOk11 80 96 

Output Voltage Swing Vs = ±lSV, RL = 10k11 ±12 ±14 
Vs = ±15V, RL = 2Hl ±10 ±13 

Supply Current TA = TA (max), Vs = ±20V 1.2 2.5 

NOTES 

AD30lA 

Min Typ 

2.0 

3 

70 

0.5 2 

1.8 

25 160 

6.0 

0.01 
0.02 

15 

±12 

70 90 

70 96 

±12 ±14 
±10 ±13 

I The maximum desirable junction temperature of the ADIOIA is +lSOoC; that of the AD201A, AD301A and AD301AL is 
+lOO°C. For operating at elevated temperatures, devices must be derated based upon a thermal resistance of +lSO°C/W, 
junction to ambient, or +4SoC/W, junction to case. The thermal resistance of the Dual In-Line package is +160°CIW, junction 
to ambient. 

2 For supply voltages less than ±lSV. the absolute maximum input voltage is equal to the supply voltage. 
3 For the AD301A and AD301AL continuous short circuit is allowed for case temperatures to +70° C and ambient temperatures 
to +SSOC. 

• Unless otherwise specified, these specifications apply for supply voltages and ambient temperatures of ±SV to ±20V and -SSoC 
to +12SoC for the ADIOIA, ±SV to ±20V and -2SoC to +8SoC for the AD201AH (0 to +70°C for the AD201AN), and ±SV to 
±lSV and 0 to +70°C for the AD301A and AD301AL. 

Specifications subject to change without notice., 
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AD301AL 

Max Min Typ Max Units 

7.5 0.3 0.5 mV 

SO 3 5 nA 

250 15 30 nA 

1.5 4 M11 

rnA 
3.0 1.8 3 rnA 

80 300 VfmV 

10 0.5 1 mV 

70 5 10 nA 

30 2 5 IlV/C 

0.3 0.01 0.1 nAfoC 
0.6 ,0.01 0.1 nAfoC 

300 30 45 nA 

40 100 VfmV 

V 
±12 V 

90 100 dB 

90 100 dB 

±12 ±14 V 
±10 ±13 V 

1.8 3 rnA 



Applying the Ie Operational Amplifier 
ORDERING GUIDE 

MODEL TEMP RANGE ORDER NUMBER" 

AD301AL o to +70
o
C AD301AL 

AD201A -25°C to +85°C AD201A 
AD301A o to +70

o
C AD301A 

ADIOIA -55°C to +125°C ADIOIAH 

·Add package type leter: H = TO-99, N = Mini DIP. 
• ·See Section 19 for package outline information. 

FREQUENCY COMPENSATION CIRCUITS 

C, 

VOUT 

C, .. R~\C~2 
Cs ·30pF 

Figure 1. Single Pole Compensation 

VOUT 

C ;;. R, Cs , Rj+""lf2 

Cs = 30pF 
C2 = lOC, 

Figure 2. Two Pole Compensation 

PACKAGE 
OPTION"" 

TO-99, N8A 
TO-99, N8A 
TO-99, N8A 
TO-99 

C2 

VOUT 

C2-~ 
fo - 3M Hz 

Figure 3. Feedforward Compensation 
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TYPICAL PERFORMANCE CURVES 
120 

'" I 100 
z o 

! 80 

g 60 
::;; 
z 
o 
~ 40 

8 
20 

-
RS -lkH 
TA - t25°C 

'" I 

'" 
I 

VCM "" !10V 

"{ 
Va. .. ,,;;0-

I 
10 100 lk 10k lOOk 1M 

FREQUENCY -Ifz 

Common Mode Rejection 

225 

'" " 80J--+~:---''''' 1--4--'---4180 

Z 

~ 60 

~ 40 J--+--I--t--"i:---'¥-t---I90 

g 20J--+--I--t--t----"t--A--I45 

FREOUENCY - Hz 

Open Loop Frequency Response 

~ 
o 
> .... 
:> 
.... 
:> o 

6 
SI~~lE POLE 
COMPENSATION 

'r'i"IIi'1 

1111 
C,:II JpF 

8 

4 C,· ,~~pF\ \ 
T! ~1!~5!C 
VS' '15V 

~ " 0 
10k lOOk 

FREOUENCY - Hz 

Large Signal Frequency Response 

" Z 

~ 

" .. .... 
g 

-1 

a 
8 

TA '" +2S"C 
Vs'" '1SV 

6 

41- rl-H-
2 ~\ INPUT I I 

:j OUTPUT 
a 

1\ !I 2 
~ I 4 

6 
~ 

SINGLE POLE 
8 COMPENSATION 

IFlgurel) 
a 

o 10 20 30 40 50 60 70 80 
TIME -ps 

Voltage Follower Pulse Response 

VOL. /, 4-20 OPERA TIONAL AMPLIFIERS 

10 100 lk 10k lOOk 1M 10,," 
FREOUENCY - Hz 

Power Supply Rejection 

12 0 
GAIN TA • +25'C 

Vs· !lSV 
C, ·30pF 
C, • 300pF 

100 225 

r\ 
'\ 

80 

~ 
1 80 ~ 

35 ~ 

:5 
90 ~ 

PHASE / 
0 1 

I'-V J 

r\ 
0 

\ 
0 

1"'-o ~~~:~N\EATION 
IF,gu;e21 I 1,\ 

45 ~ 

10 100 lk 10k lOOk 1M 10M 

FREOUENCY - Hz 

Open Loop Frequency Response 

16r--"""'T'""""T'"T"TTT'T".,......T-W.,.Ol-PO'1""I.
l
.,. -EI~ II I"'"" 

I--+++++++f+- COMPENSATION 
IFigure21 

~ 12 

~ I--II-H-I \1-+-+H#-+-++-++l+H 

~ 8~-4--4\\++~f+--+-+++++H-I 
.... 
:> 4 TA = +25 CM-~+--+-+-++1+Hl 
~ Vs'" '15V 
o C,· 30pF H-Nl+--+-+-++1+Hl 

C, • 30?pF t--
OL-~~~~~~~~~ 
10k lOOk 

FREOUENCY - Hz 

Large Signal Frequency Response 

" Z 

~ 
Cl .. 
o 
> 

0 
I 

8 

6 
f- "tl'-

4 
INPUT II 

2 n IIOUTPUT 
0 -, 
2 

1 
4 

6 
TA ' +25· C 

TWO POLE Vs - '1SV 

8 COMPENSATION_ +-I- C,· 30pF 

0 
{Figure 21 C,' 300pF 

o 10 20 30 40 50 60 70 80 

TIME -.• ' 

Voltage Follower Pulse Response 

15r-"'""T-..,....-..,.....-r----r---, 

10 I--+--+---l\---I~--fr---i 

QUTPUT CURR ENT - 'mA 

Current Limiting 

12 0 

~ 
TA ' +25··C 

1 t--.. 0 

I'\. G!'N 

VS' .15V 225 

0 1 

0 ~ ~ 1 35 

!g8 80 

~ 6 
;3 

0 I " ~ t\. 
" ~ 4 

90 

62 
> 

0 

PHAtE 

FEEDFQRWARD 1 
o COMPENSATION I 
o IF,gu;_ 31 I 

-2 

"-
45 

10 100 lk 10k lOOk 1M 10M 100M 

FREOUENCY - Hz 

Open Loop Frequency Response 

> 
I 

16 , FEEDFDRWARD 
COMPENSATION 
(Figure 3) 

~ 1 2 

~ ~ 
8 

1\ 

4 

TA • +25~C I'.... 
VS. t15V r--~ 

0 
lOOk 1M 10M 

FREOUENCY - Hz 

Large Signal Frequency Response 

10 r--r--r-T""",-,-..,.....,-----, 

> >- -_0"" -,- Jrt-t-
~ 2 INPUT I 
~ OUTPUT 

~ -2~ff-+-+-+_+_~+_+_~ 

g -4~~t=t=~~~_i~~~ .... ~~~ .. 
-6 t-::FE:':EO:::-:F~O:::RW~A:-::R~D-t-t-t-t-l-1 
-8 COMPENSATION 

IFtgure31 

-10 a 1 2 3 4 5 6 7 8 

TIME -jlS 

Inverter Pulse Response 



r.ANALOG 
WDEVICES 

FEATURES 
High Output Current: 50mA @ ± 10V 
Fast Settling to 0.1%: 130ns 
High Slew Rate: 330V/tLs 
High Gain-Bandwidth Product: 300M Hz 
High Unity Gain Bandwidth: 40MHz 
Low Offset Voltage (1mV for AD380K, L, S) 

PRODUCT DESCRIPTION 
The AD380 is a hybrid operational amplifier that combines the 
low input bias current advantages of a FET input stage with the 
high slew rate and line driving capability of a fast, high power 
output amplifier. 

The AD380 has a slew rate of 330V/f-ls and will output ± lOV at 
± SOmA. A single external compensation capacitor allows the 
user to optimize the bandwidth, slew rate, or settling time for 
the given application. 

A true differential input ensures equally superior performance 
in all system designs whether they are inverting, noninverting, 
or differential. 

The AD380 is especially designed for use in applications, such 
as fast AID, D/A and sampling circuits, that require fast and 
smooth settling and FET input parameters. 

The AD380 is offered in three commercial versions, J, K and L 
specified from 0 to + 700 e and one extended temperature version, 
the S, specified from - ssoe to + l2Soe. All grades are packaged 
in hermetically sealed TO-8 style cans. 

Wideband, Fast-Settling 
FET -Input Op Amp 

AD380 I 

AD380 FUNCTIONAL BLOCK DIAGRAM • 

12-PIN TO-8 STYLE 
TOP VIEW 

PRODUCT HIGHLIGHTS 
I. The AD380's high output current (SOmA @ ± lOy) makes it 

suitable for driving terminated 200n twisted pairs. 

2. The fast settling output (2S0ns to 0.01%) makes the AD380 
an ideal choice for video AID and DI A converters and sample 
and hold applications. 

3. The settling wave forms are not only fast but are also very 
smooth. The absence of large overshoot and oscillations 
makes the AD380 a very predictable and dependable system 
element. 

4. The high gain-bandwidth product (300MHz) ensures low 
distortion in high frequency applications. 

S. Quick, symmetrical overdrive recovery time (2S0ns) is assured 
by an internal antisaturation diode. This is useful in applications 
where large transient signals may occur. 

6. The precision input (lmV offset, max), along with fast settling 
and high current output make the AD380 an excellent choice 
for: 

• ATE pin drivers 
• precision coax buffers 
• signal conditioning on pulse waveforms 
• high resolution graphics displays. 
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SPECIFICATIONS (typical @ + 25°C and Vs = ± 15V dc unless otherwise specified) 

MODEL 

OPEN LOOP GA1N 
VOUT = ± lOV,noload 
VOUT = ± lOV,RL~200n 

OUTPUT CHARACTERISTICS 
Voltage@RL = 200n, TA = min to max 
Output Impedance (Open Loop) 
Short Circuit Current 

DYNAMIC RESPONSE 
Unity Gain, Small Signal 
Gain-Bandwidth Product, f = 100kHz, Cc = 1pF 
Full Power Response 
Slew Rate, Cc = 1pF, 20V Swing 
Settling Time: loY Step to 1% 

10V SteptoO.1% 
loY SteptoO.01% 

INPUT OFFSET VOLTAGE 
vs. Temperature l

, T A = min to max 
vs. Supply 

INPUT BIAS CURRENT 
Either Input, Initial2 

Input Offset Current 

INPUT IMPEDANCE 
Differential 
Common Mode 

INPUT VOLTAGE RANGE 
Differential3 

Common Mode 
Common Mode Rejection, V IN = ± loY 

POWER SUPPL Y 
Rated Performance 
Operating 
Quiescent Current 

VOLTAGE NOISE 
O.lHztolOOHz 
100Hz to 10kHz 
10kHz to IMHz 

TEMPERATURE RANGE 
Operating, Rated Performance 
Storage 
Thermal Resistance I) lA 

I)lc 

PACKAGE4 

TO-8 Style 

NOTES 

AD380JH 

40,000 min 
25,000 min 

± 12V (± loY min) 
won 
100mA 

AD380KH 

*. 

* 

* 
* 
* 

40MHz * 
300MHz (200MHz min) * 
6MHz * 
330V/l1s (200V/l1s min) * 
90ns * 
130ns * 
2S0ns 

2.0mVmax 
5011 V rc max 
1mVNmax 

10pA (lOOpA max) 
SpA 

101lnl16pF 
101lnl16pF 

±20V 
± 12V (± loY min) 
60dBmin 

±lSV 
±(6t020)V 
12mA (lSmA max) 

2S0ns (400ns max) 

1.0mVmax 
20l1V/oCmax 

* 

* 
* 

* 
* 

* 
* 
* 

* 

* 

3.3I1VP-P(0.SI1Vrms) * 
6.6I1Vp-p(lI1Vrms) * 
4011 V Pop (611 V rms) * 

Oto + 70°C 
-6S0 Cto + 150°C 
IOO°C/W 
70°CIW 

HI2A 

* 
* 
* 
* 

* 

IInput Offset Voltage Drift is specified with the offset voltage unnulled. 
Nulling will induce an additional 3fJ. V/oClmV of offset nulled. 

2Bias Current specifications are guaranteed maximum at either input at 
TeASE = +2SoC. For higher temperatures see Figure 16. 

3Defined as the maximum safe voltage between inputs such that neither 
exceeds ± lOY from ground. 

4See Section 19 for package outline information. 
*Specifications same as AD380JH. 
**Specifications same as AD380KH. 
Specifications subject to change without notice. 
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AD380LH 

* 
* 

* 
* 
* 

* 
* 

* 
* 
* 
** 
** 
10l1V/oCmax 

* 

* 
'* 

* 

* 
* 

* 

* 
* 

* 
* 
* 

* 

AD380SH 

* 
* 

* 
* 
* 

* 
* 
* 
* 
* 
* 
** 
** 
5011 vrc max 

* 

* 
* 

* 
* 

* 
* 
* 

* 
* 
* 

* 
* 
* 

.,- 55°C to + 125°C 

* 
* 
* 

* 
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+ Vs 

Figure 24a. Overdrive Recovery 
Test Circuit 

Figure 24b. Overdrive Recovery 
Response (Symmetrial 20ns 
Version Available) 

Figure 25a. Unity Gain Inverter 
Settling Time Test Circuit 

Figure 25b. Unity Gain Inverter 
Large Signal Response 

Figure 25c. Unity Gain Inverter 
Small Signal Response 

VOUT 

Figure 26a. Unity Gain Buffer Circuit 
Figure 26b. Unity Gain Buffer 
Large Signal Response 

Figure 26c. Unity Gain Small 
Signal Response 

APPLICATIONS INFORMATION 
Compensation Capacitor 
For low gain applications a SpF to 27pF capacitor between the 
frequency compensation input (pin 11) and the output (pin 9) 
will reduce the risk of oscillation by adding phase margin. A 
compensation capacitor is especially needed when driving capaci
tive loads. For gains greater than 30 a IpF compensation capacitor 
is recommended; see Figure 22. 

For unity gain buffer applications it may be necessary to add a 
small (lOpF to 20pF) capacitor between pins 8 and 10 for improved 
phase margin; see Figure 26a. 

Offset Null 
If the initial offset voltage is not low enough for the user's ap
plication offset nulling is required. To null the offset tie a 20kO 
potentiometer between the offset null pins (pins 2 and 8). The 
wiper of the potentiometer is tied to the positive supply. With 
the analog input signal to the circuit grounded, adjust the 
potentiometer for zero output. 

To minimize the effects of offset voltage drift as a function of 
temperature, null the offset at the midpoint of the operating 
temperature range. For example, if the operating environment is 
O°C to 70°C do the offset nulling at 35°C. This will insure a 
maximum offset voltage drift of 3S times the Vas drift specification 
at either temperature extreme. 
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Typical Circuits 

·Optional Differential Input Components Used to Reject 
Noise Between Input Ground and the AID Analog Ground. 

AD578 
12·81T 

AID 

Figure 27. Fast-Settling Buffer 

DIGITAL 
OUTPUTS 

Its quick recovery from load variations makes the AD380 an 
excellent buffer for fast successive approximation AID 
converters; see Figure 27. 

Many high speed AID converters require a wideband buffer that 
can hold a constant output voltage under dynamically-changing 
load conditions that fluctuate at the bit decision rate. 

DIGITAL [ 
INPUTS 

AD565A 
DIA 

10pF 

Figure 28. 12-Bit Voltage Output DAC Circuit Settles to 
112LS8 in 300ns 

The AD565A 12-bit digital to analog converter with an AD380 
output amplifier will give a voltage output that typically settles 
to within 1I2LSB in less than 300ns. Total settling time is the 
root mean square of the DAC current output settling time and 
the output amplifier settling time. 
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DIGITAL 
INPUTS 

INPUT 
DATA 
LATCH 

AD7545 

100pF 

Figure 29. CMOS DAC Output Amplifier 

CMOS DAC output amplifiers require low offset voltage op 
amps. The output impedance of CMOS DACs varies with input 
code. This can cause a code dependent error term at the output 
that approaches the op amps' offset voltage. If the DAC has a 
differential nonlinearity of 1I2LSB, it will require an output 
amplifier with less than 1I2LSB offset error to remain monotonic. 
An LSB for a 12-bit DAC such as the AD7545 is 2.44mV (10 
volts full scale/4096). Thus, the AD380KH, with only ImV 
offset maximum, will contribute less than 1I2LSB to differential 
linearity error. 

VOUT 
RF 

3.45kH 

Figure 30. Video Amplifier 

The high output current capability of the AD380 makes it suitable 
for video speed driver applications. In the circuit above the 
closed loop gain of 70 (37dB) is available over a bandwidth of 
SMHz. Note that a IpF compensation capacitor is required in 
this high gain application. 
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FEATURES 
High Slew Rate 30V/ .... s 
Fast Settling to 0.1%: 7S0ns 
High Output Current: SOmA for AD382 

(10mA for AD381) 
Low Drift (S .... VfC-L Grades) 
Low Offset Voltage (0.2SmV-L Grades) 
Low Input Bias Currents 
Low, Noise (2 .... V p-p) 

PRODUCT DESCRIPTION 
The AD3811AD382 are hybrid operational amplifiers combining 
the very low input bias current advantages of a FET input stage 
with high slew rate and line driving capability of a high power 
output stage. 

The offset voltage (O.25mV maximum for the L gra~es) and 
offset voltage drift (5ILVrC maximum for the L grades) are 
exceptionally low for high speed operational amplifiers. 

In addition to superior low drift performance, the AD381 and 
AD382 offer the lowest guaranteed input bias currents of any 
wide band FET amplifier with 100pA max for the J grades of 
each and 50pA max for the AD382L grade. Since Analog Devices, 
unlike most other manufacturers, specifies input bias current 
with the amplifiers warmed-up, our FET amplifiers are specified 
under actual operating conditions. 

The AD381 and AD382 are especially designed for use in appli
cations, such as precision high speed data acquisition systems 
and signal conditioning circuits, that require excellent input 
parameters and a fast, high power output. 

The AD381 and AD382 are offered in three commercial versions, 
J, K and L specified from 0 to + 70°C, and one extended tem
perature version, the S specified from - 55°C to + 125°C. All 
grades are packaged in hermetically sealed metal cans. 

High Speed, Low Drift 
FET Operational Amplifier 

AD3811AD382 I 
AD381 

PIN CONFIGURATION 

TAB 

OF FSET OFFSET 

~1 ~' 
4 v-

TOP VIEW 

PRODUCT HIGHLIGHTS 

AD382 • 
PIN CONFIGURATION 

OFFSET 
NULL 

(2) 

OFFSET 

'e~ 
TOP VIEW 

I. Laser trimming techniques reduce offset voltage drift to 
5ILVIoC max and reduce offset voltage to only O.25mV max 
on the L grade versions. . 

2. Analog Devices FET processing provides lOOpA max (20pA 
typical) bias currents specified after 5 minutes of warm-up. 

3. Internal frequency compensation, low offset voltage, and full 
device protection eliminate the need for external components 
and adjustments. This reduces circuit size and complexity 
and increases reliability. 

4. The fast settling output (750ns to 0.1%) makes the AD381 
and AD382 ideal for D/A and AID converter amplifier 
applications. 

5. The AD382's high output current (SOmA minimum in ± 10 
volts) makes it suitable for driving terminated (2000) twisted 
pair outputs over the commercial temperature ranges. 

6. The high slew rate (30V/ILS) and high gain bandwidth product 
(5MHz) make the AD381 and AD382 an ideal choice for 
sample and holds and for high speed integrator circuits. 
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SPECIFICATIONS (typical @ +25OC and Vs = ±lSV de unless otherwise specified) 

Model 

OPEN LOOP GAIN 
Vom = :!: IOV,RL;>Zkn(AD381) 
Vom = :!: IOV,RL = ZOOn(AD38Z) 

RL = IOkn(AD38Z) 

OUTPUT CHARACTERISTICS (AD38Z) 
Voltage@RL = zoon 
Voltage@RL = IOkn 
Shon Circuit Current, Continuous 

OUTPUT CHARACTERISTICS (AD381) 
Voltage@RL = Ikn, TA = min to max 
Voltage@RL = Zkn, TA = min to max 
Voltage@RL = IOkn, TA = min to max 
Shon Circuit Current, Continuous 

DYNAMIC RESPONSE 
Unity Gain, SmaIl Signal 
Full Power Response 
Slew Rate, Unity Gain 
Settling Time: IOVSteptoO.I% 

IOV SteptoO.OI% 

INPUT OFFSET VOLTAGE 
vs. Temperature, T A = min to max3 

vs.Supply 

AD38lJH 
AD382JH 

60,000 min 
ZS,OOOmin 
100,000 

± IZV(± IOVmin) 
± I3V(± IZVmin) 
80mA 

± IZV(± IOVmin) 
± IZV(± IOVmin) 
± I3V(± IZVmin) 
ZOmA 

SMHz 
500kHz 
30V/j1s (ZOV/j1s min) 
700ns 
I.Zj1S 

1.0mVmax 
15j1VrCmax 
ZOOj1VNmax 

AD381KH 
AD382KH 

100,000 min 
35,000 min 
150,000 

,* 

I.Zj1s(Z.Oj1smax) 

O.SmVmax 
10j1VrCmax 
100j1VNmax 

AD381LH 
AD382LH 

O.ZSmVmax 
5j1VrCmax 
** 

AD381SH 
AD382SH 

Note I 

NoteZ 

lO","vrCmax 

** 
INPUT BIAS CURRENr 

Either Input ZOpA (IOOpA max) 
SpA 

IOpA(SOpAmaxX*forAD381) **(*forAD381) **(*forAD381) 
Input Offset Current * * * 

INPUT IMPEDANCE 
Differential 
Common Mode 

INPUT VOLTAGE RANGE 
Differential5 

Common Mode 
Common·ModeRejection, VIN = ± 10V 

POWER SUPPLY 
Rated Performance 
Operating 
Quiescent Current AD38Z 

AD381 

VOLTAGE NOISE 
O.IHz-IOHz 
10Hz 
100Hz 
1kHz 
10kHz 

TEMPERATURE RANGE 
Operating, Rated Performance 
Storage 
Thermal Resistance-OJA(AD38Z) 
Thermal Resistance - OJC (AD38Z) 

NOTES 

lO12nl17pF 
lO12nl17pF 

±ZOV 
± IZV(± 10Vmin) 
70dBmin 

±ISV 
±(StoI8)V 
3.4mA (6mA max) 
3.ZmA (SmA max) 

Zj1Vp-p 
3SnV/YHz 
ZZnV/YHz 
18nV/YHz 
16nV/YHz 

Oto +70'C 
-6S'Cto + lS0'C 
100'CIW 
70'CIW 

80dBmin 

'The AD381SH bas an output voltage of :!: 12V(:!: IOV min) fora IkO 
load from Tm .. to +7O"C. From + 7O"Cto + 12S"Ctheoutputcurrent 
i.7mA. 

'Bias Current specifications arc guaranteed maximum It either input 
after S minutes of opention at T A = + 2S"C. For higher tempenturcs, 
the current doubles every IO"C. 

'The AD382SH ha. an output voltage of:!: 12V (:!: IOV min) for 
I 200nIoad fromTmUo to + 100"C. To + 12S"Ctheoutput 
current is 3SmA. 

'Input Offset Voltage Drift is specified with the offset voltage unnulled. 
Nulling will induce an Idditional3 .. vrc for every mV of offset nullcd. 

Model 

AD38lJH 
AD38lKH 
AD38lLH 
AD38lSH 
AD382JH 
AD382KH 
AD382LH 
AD382SH 
NOTE 

'Dermed as the maximum safe voltage between inputs, such that 
neitherexcccd. :!: IOV from ground. 

·Specifications same as J gnde. 
··Specifications same as K gnde. 
Specifications subject to change without notice. 

ORDERING GUIDE 

Initial 
Offset OffsetT.C. Output 

ImV ISj.LVrC IOmA 
O.SmV IOj.LVrC IOmA 
O.2SmV Sj.LV/oC IOmA 
ImV IOj.LVrC lOrnA 
ImV ISj.LVrC SOmA 
O.SmV lOj.LVrC SOmA 
O.2SmV Sj.LVrC SOmA 
ImV IOj.LVrC SOmA 

I See Section 19 for package outline information. 

VOL. I, 4-28 OPERA TIONAL AMPLIFIERS 

-SS'Cto + IZS'C 

Package 1 

H08B 
H08B 
H08B 
H08B 
Hl2A 
Hl2A 
Hl2A 
Hl2A 
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Figure 20b. AD382 Settling Time vs. 
Output Swing and Error (Circuit of 
Figure 23a) 

Figure 21. Settling Time vs. Closed 
Loop Gain (Circuits of Figures 

Figure 22a. AD381 Unity Gain Inverter 
and Settling Time Test Circuit 

22a & 23a) 

Y,N 

Figure 22b. AD381 Unity Gain 
Inverter Pulse Response 
(Large Signal) 
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Figure 23a. AD382 Unity Gain and Settling 
Time Test Circuit 

Figure 23d. AD382 Unity Gain Inverter 
Pulse Response (Small Signal) 

Figure 22c. AD381 Unity Gain Inverter 
Pulse Response (Large Signal 
Error Voltage) 

Figure 23b. AD382 Unity Gain Inverter 
Pulse Response (Large Signal) 

R, 
200n 

Figure24a. AD382 Unity Gain 
Follower 

VOUT 

Figure 22d. AD381 Unity Gain 
Inverter Pulse Response 
(Small Signal) 

Figure 23c. Unity Gain InVlJrter 
Pulse Response (Large Signal 
Error Voltage) 

Figure 24b. AD382 Unity Gain 
Follower Pulse Response 
(Large Signal) 
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Figure 24c. AD382 Unity Gain 
Follower Pulse Response 
(Small Signal) 

Figure 25a. AD382 Overdrive 
Recovery Test Circuit 

Figure 25b. AD382 Overdrive 
Recovery Response 
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Test Circuit 

Figure 27b .. AD381 Overdrive 
Recovery Response 

Figure 26. Slew Ratevs. Input Voltage 
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Figure 28a. AD381 Unity Gain 
Follower 

The AD381 and AD382 have sufficient phase margin to insure 
stability in most applications without compensation. However, 
in applications with capacitive load, very high speed, low gain 
or high resistor values (RIN;;::5kO) the high frequency noise 
rejection will be improved by adding a compensation capacitor. 
The AD381 and AD382 have an input capacitance of 7pF. 
When soldered on a printed circuit board or inserted in a socket 
the total input capacitance could be 10pF. This input capacitance 
can lower the 00 phase margin crossover point from 8MHz, as 
shown in Figure 14, to around IMHz. 

By addirig a small compensation capacitor in the feedback loop 
we can cancel the effects of the input capacitance and reduce 
high frequency noise gain. 5 to lOpF will suffice in most appli
cations. In some current output, digital-to-analog converter 
applications the output capacitance of the DAC may be 200pF 
which would require a large compensation capacitor in the amplifier 
feedback loop. 
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Figure 28b. AD381 Unity Gain 
Follower Large Signal Pulse 
Response 

A scheme for compensating inverting and noninverting circuits 

is shown in Figure 29. Choose CF = CIN ~. 

a. Inverting Amplifier 

b. Noninverting Amplifier 

Figure 29. 



Offset Null 
The AD3811AD382 should not have to be offset nulled for most 
applications because of its low initial offset voltage. If nulling is 
required for very high precision applications, such as an output 
amplifier for 13-bit or better digital-to-analog converters, connect 
a IOkn potentiometer between the offset null pins (pins 1 and 5 
for the AD381 and pins 2 and 8 for the AD382). The wiper of 
the potentiometer is tied to the negative supply. With the analog 
input signal to the circuit grounded, adjust the potentiometer 
for zero outpu·t. 

AD382 Heat Sinking 
A heat sink for convection cooling is required if operating at full 
power and at ambient temperatures greater than 70°C. As shown 
in Figure 5 the free air power dissipation curve for the AD382 
crosses the full power dissipation point (0.75W) at 70°C. The 
power dissipation can be improved by using a heat sink up to 
the case power dissipation curve (also referred to as the infinite 
heat sink power dissipation curve). We recommend connecting 
the heat sink to the AD382 case and keeping the combination 
ungrounded. 

TYPICAL CIRCUITS 
In many digital-to-analog converter applications, including auto
matic test equipment, the load may be large enough to require a 
buffer amplifier. The AD382 can supply ± lOY into a 200n 
load. The AD381 can supply up to ± lOY into a lkn load. 

The AD381 and AD382 are also well suited for CMOS DAC 
output amplifier applications due to their low initial offset 
voltage. 

12-BIT 
DIGITAL 
INPUT 

Figure 30. Buffer Amplifier to a 12-Bit Voltage Output 
DAC 

No external trims are required with 12-bit CMOS DACs. Since 
the output impedance of CMOS DACs varies with input code, 
the output voltage could appear nonmonotonic if the offset 
voltage is greater than 1I2LSB. An LSB for a 12-bit DAC such 
as the AD7545 is 2.44mV (10 volts full scale/4096). Thus the 
AD381 and AD382, with only ImV of offset maximum, assure 
monotonic performance without external trims. 

DIGITAL 
INPUTS 

INPUT 
DATA 
LATCH 

AD7545 

Figure 31. CMOS DAC Output Amplifier 

AD578 
12-BIT 

AID 

·Optional Differential Input Components Used to Reject 
Noise Between Input Ground and the AID Analog Ground. 

Figure 32. Fast-Settling Buffer 

Many high speed AJD converters require a wideband buffer that 
can hold a constant output voltage under dynamically-changing 
load conditions that fluctuate at the bit decision rate. 

Its quick recovery from load variations makes the AD382 an 
excellent buffer for fast successive approximation AJD 
converters. 
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VOUT 

NOTCH FREQUENCY • ~ 

Figure 33. High Q Notch Filter 

The above notch filter will have a notch of - 55dB. To obtain a 
Q of 100 the capacitors should be well matched. Polystyrene, 
Teflon or NPO ceramic capacitors and metal-film resistors are 
recommended. For low frequency filter applications resistor 
values will be large. The 2\D381 is well suited for this application 
due to its low input bias current. It is also good for high frequency 
filtering because of its wide gain bandwidth product. This filter 
is capable of driving lkfl loads over a ± lOY output range. 

Figure 34 shows a fast sample and hold circuit that can acquire 
a sample to 0.01% in 2f.Ls (20 volt swing). The AD381 is well 
suited for fast 12-bit samplelhold amplifier circuits. Rl and R2 
set the circuit gain. R3 is adjusted for minimum ac feedthrough. 
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Potentiometer R4 is set for ininimum samplelhold offset voltage. 
R6 improves the settling time and circuit stability by adding 
phase margin. Bias resistors R7 and R8 insure complete shut-off 
of the D-MOS FET switches at TTL logic zero. Pull up resistors 
R9 and RIO lower the on resistance of the D-MOS switches. 
The SD5000 D-MOS switch is recommended for its fast transition 
speed and low on resistance. 

V'No-------JV'>IY-----, 

5V, .SAMPLE 

OV '-HOLD 

Rl 
+sv 3kll 

RIO 
2.2kll 

+SV 

Figure 34. Fast Sample/Hold Amplifier 

R2 
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WDEVICES 

High Accuracy 
Low Offset Ie FET -Input Op Amps 

FEATURES 
Low Ib: 1SpA max (ADS03J, ADSOGJ) 

SpA max (ADS06L) 
Low Vas: 1mV max (ADS06L) 
Low Drift: 25J1.VfC max (ADS03K, ADS06K) 

10J1.VfC max (ADS06L) 

PRODUCT DESCRIPTION 
The AD503J/AD506J, AD503K/AD506K, AD506L and 
AD503S/AD506S are IC FET input op amps that provide 
the user with input currents of a few pA, high overall per
formance, low cost, and accurately specified, predictable 
operation. The devices achieve maximum bias currents as low 
as SpA, minimum gain of 75,000, CMRR ofBOdB, and a mini
mum slew rate of 3VIJ1.s. They are free from latch-up and are 
short circuit protected. No external compensation is required 
as the internal 6dB/octave rolloff provides stability in closed 
loop applications. 

The AD503 is suggested for all general purpose FET input 
amplifier requirements where low cost is of prime importance. 
The AD506, with specifications otherwise similano the 
AD503, offers significant improvement in offset voltage and 
nulled offset voltage drift by supplementing the AD503 con
figuration with internal laser trimming of thin film resistors 
to provide typical offset voltages below 1mV. 

. The AD503 and AD506 are especially designed for applica
tions involving the measurement of low level currents or small 
voltages from high impedance sources, in which bias current 
can be a primary source of error. Input bias current con
tributes to error in two ways: (1) in current measuring con
figurations, the bias current limits the resolution of a current 
signal; (2) the bias current produces a voltage offset which is 
proportional to the value of input resistance (in the case of an 
inverting configuration) or source impedance (when the non
inverting "buffer" connection is used). The AD503 and 
AD506 IC FET input amplifiers, therefore, are of use where 
small currents are to be measured or where relatively low ' 
voltage drift is necessary despite large values of source resistance. 

All the circuits are supplied in the TO-99 package; the AD503J, 
K and AD506J, K and L are specified for 0 to +70oC tempera
ture rang~ operation~ the AD503S and AD506S for operation 
from -55 C to +125 C. 

AD503, AD506 I 

AD503, AD506 FUNCTIONAL BLOCK DIAGRAM • 

PRODUCT HIGHLIGHTS 

GUARD PIN 

v-

TO-99 
TOP VIEW 

1. The AD503 and AD506 op amps meet their published i~put 
bias current and offset voltage specs after full warmup. Con
ventional high speed IC testing does not allow for self
heating of the chip due to internal power dissipation under 
operating conditions. 

2. The bias currents of the AD503 and AD506 are specified 
as a maximum for either input. Conventional IC FET op 
amps generally specify bias currents as the average of the 
two input currents. 

3. Offset voltage nulling of the AD503 and AD506 is ac
complished without affecting the operating current of the 
FET's and results in relatively small changes in temperature 
drift characteristics. The additional drift induced by nulling 
is only ±0.8pV/C per millivolt of nulled offset for the 
AD506 and ±2.0pV/oC per millivolt of nulled offset for the 
ADS 03 , compared to several times this for other IC FET 
op amps . 

4. The gain of the AD503 and AD506 is measured with the 
offset voltage nulled. Nulling a FET input op amp can cause 
the gain to decrease below its specified limit. The gain of 
the AD503 and AD506 is fully guaranteed with the offset 
voltage both nulled and unnulled. 

5. Bootstrapping of the input FET's achieves a superior CMRR 
of BOdB, while reducing bias currents and maintaining them 
constant through the CMV range. 
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SPECIFICATIONS (typical @+25°C and ±15V dc, unless otherwise noted) 

PARAMETER 

OPEN LOOP GAIN1 

VOUT=±10V, RL ;;;'2kn 
TA = min to max 

OUTPUT CHARACTERISTICS 
Voltage @ RL = 2kn, TA = min to max 

@ RL = 10kn, TA = min to max 
Load Capacitance2 

Short Circuit Current 

FREQUENCY RESPONSE 
Unity Gain, Small Signal 
Full Power Response 
Slew Rate, Unity Gain 
Settling Time, Unity Gain (to 0.1%) 

INPUT OFFSET VOLTAGE3 

vs. Temperature, TA = min to max 
vs. Supply, TA = min to max 

INPUT BIAS CURRENT 
Either Input4 

INPUT IMPEDANCE 
Differential 
Common Mode 

INPUT NOISE 
Voltage, O.lHz to 10Hz 

5Hz to 50kHz 
f = 1kHz (spot noise) 

INPUT VOLTAGE RANGE 
DifferentialS 

Common Mode, TA = min to max 
Common Mode Rejection, VIN = ±10V 

POWER SUPPLY /' 
Rated Performance 
Operating 
Quiescent Current 

TEMPERATURE 
Operating, Rated Performance 
Storage 

ADS03J 

20,000 min (50,000 typ) 
15,000 min 

±10V min (±13V typ) 
±12V min (±14V typ) 
750pF 
25mA 

1.0MHz 
100kHz 
3.0VIp.s min (6.0VIp.s typ) 
10p.s 

50mV max (20mV typ) 
75p.V/oC max (30p.V/oC typ) 
400p.V/V max (200p.V/V typ) 

15pA max (SpA typ) 

10" nn2pF 
1012 nll2pF 

15p.V (p-p) 
5.0p.V (rms) 
30.0nV/y'HZ 

±3.0V 
±10V min (±12V typ) 
70dB min (90dB typ) 

±lSV 
±(5 to 18)V 
7mA max (3mA typ) 

o to +70oC 
-65°C to +150oC 

PACKAGE OPTIONS: 6 TO-99 Style (H08B) AD503}H 

NOTES 
I Open Loop Gain is specified with Vos both nulled and unnuUed. 
2 A conservative design would not exceed SOOpF of load capacitance. 

ADS03K 

50,000 min (120,000 typ) 
40,000 min 

20mV max (8mV typ) 
25p.V/oC max (lOp.V/oC typ) 
200p.VIV max (100p.VIV typ) 

IOpA max (2.5pA typ) 

80dB min (90dB typ) 

AD503KH 

ADS03S 

25,000 min 

50p.V/C max (20p.V/C typ) .. 

±(5 to 22)V 

AD503SH 

'Input offset voltage specifications are guaranteed after 5 minutes of operation at TA .. +2SoC. 
4 Bias current specifications are guaranteed after 5 minutes of operation at TA .. +2SoC. For higher temperatures, the current doubles every lOoC. 
S See comments in Input Considerations Section. 
,'See Section 19 for package outline information. 

·Specifications same as for ADS03}. 
• ·Specifications same as for ADS03K. 
Specifications subject to change without notice. 
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ADs06J ADs06K 

3.smV max (1.0mV typ) l.smV max (O.smV typ) . .. 

40pV (p-p) 
SpV (rms) 
SOnV/.y'Hz 

±4V 

7mA max (SmA typ) 

ADs06JH 

100pV/v max (sOpV/v typ) 

ADs06KH' 

ADs06L 

75,000 min (100,000 typ) 
50,000 min 

1.0mV max (O.4mV typ) 
lOpV/oC max (spV/C typ) 
lOOpV/v max (sOpV/v typ) 

SpA max (2pA typ) 

6pV (rms) 
2SnV/Vfh 

ADs06LH 

+Vs 

-Vs 

Standard Offset Null Circuit 

ADs06S 

25,000 min 

l.smV max (O.SmV typ) 
sOpV/oC max (20pV/C typ) 
lOOpV/V max (SOpV/V typ) 

±(s to 22)V 

ADS06SH 
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APPLICATIONS CONSIDERATIONS 
Bias Curren t 
Most IC FET op amp manufacturers specify maximum bias 
currents as the value immediately after turn-on. Since FET bias 
currents double every lOoC and since most FET op amps have 
case temperature increases of 15°C to 20°C above ambient, 
initial "maximum" readings may be only '4 of the true warmed 
up value. Furthermore, most IC FET op amp manufacturers 
specify Ib as the average of both input currents, sometimes 
resulting in twice the "maximum" bias current appearing at 
the input being used. The .total result is that 8X the expected 
bias current may appear at either input terminal in a warmed 
up operating unit. 

The ADS03 and ADS06 specify maximum bias currents at 
either input after warmup, thus giving the user the values he 
expected. -

Improving Bias Current Beyond Guaranteed Values' 
Bias currents can be substantially reduced in the ADS03 and 
AD506 by decreasing the junction temperature of the device. 
'One technique to accomplish this is to reduce the operating 
supply voltage. This procedure will decrease the power dissi
pation of the device, which will in turn result in a lower 
junction temp~rature and lower bias currents. The supply 
~oltage effect on bias current is shown in Figure 1. 
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Fig.ure 1. Normalized Bias Current vs. Supply Voltage 

Operation of the AD503K and ADS06K at ±SV reduces the 
warmed up bias current by 70% to a typical value of 0.7 SpA. 

A second technique is the use of a suitable heat sink. Wakefield 
Engineering Series 200 heat sinks were selected to demonstrate 
this effect. The characteristic bias current vs. case temperature 
above ambient is shown in Figure 2. Bias current has been 
'normalized with unity representing the' 25°C free air reading. 
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Figure 2. Normalized Bias Currenf vs. Case Temperature 
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Note that the use of the model 209 heat sink reduces warmed 
up bias current by 60% to 1.0pA in the ADS03/AD506K. 

Both of these techniques may be used together for obtaining 
lower bias currents. Remember that loading the ou tput can 
also affect th; power d{ssipation. , 
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Figure 3. Input Bias Current vs. Temperature 

Input Considerations 

70 

The common mode input characteristic is ,shown in Figure 4 . 
Note that positive common mode inputs up to +13.5 volts 
and negative common mode inputs to -VS are permissible, 
without incurring excessive bias currents. To prevent possible 
damage to the unit, do not exceed VCM = Vs. 
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Figure 4. Input Bias Current vs. Common Mode Voltage 

Like most other FET input op amps, the AD503 and ADS06 
display a degraded bias current specification when operated 
at moderate differential input voltages. The AD503 maintains 
its specified bias current up to a differential input voltage of 
±3V typically, while the ADS06's bias current performance is 

. not significantly degraded for Vdiff~4V typically. Above 
Vdiff = ±3V in the ADS03 and Vdiff = ±4V in the AD506, the 
bias current will increase to approximately 400,uA. This is 
not a failure mode. Above ±10V differential input voltage, the 
bias current will increase IOOpA/Vdiff (in volts), and other 
parameters may suffe~ degradation. 



r.ANALOG 
WDEVICES 

FEATURES 
Low Vas: 500J,tV max (AD504M) 
High Gain: 106 min (AD504L, M, S) 
Low Drift: 0.5JlVtC max (AD504M) 
Free of Popcorn Noise 

PRODUCT DESCRIPTION 
The Analog Devices ADS04], K, L, M and S IC operational 
amplifiers provide ultra-low drift and extremely high gain, com
parable to that of modular amplifiers, for precision applica
tions. A new double integrator circuit concept combined with 
a precise thermally balanced layout achieves gain greater than 
106

, offset voltage drift of less than lJ.1V/C, small signal unity 
gain bandwidth of 300kHz, and slew rate of 0.12V IJ.1s. Because 
of monolithi~ construction, the, cost of the ADS04 is signifi
cantly below that of modules, and becomes even lower with 
larger quantity requirements. The amplifier is externally 
compensated for unity gain with a single 470pF capacitor; 
no compensation is required for gains above SOO. The inputs 
are fully protected, which permits differential inpu t voltages 
of up to ±Vs without voltage gain or bias current degradation 
due to reverse breakdown. The output is also protected from 
short circuits to ground andlor either supply voltage, and is 
capable of driving 1000pF of load capacitance. The ADS04], 
K, Land M are supplied in the hermetically sealed TO-99 
package, and are specified for operation over the 0 to +70°C 
temperature range. The ADS04S is specified over the _SSoC 
to +12Su C temperature range and is also supplied in the TO-99 
package. 

High Accuracy 
.Ie Operational Amplifi~r 

. AD504 I 
ADS04 FUNCTIONAL BLOCK DIAGRAM • 

PRODUCT HIGHLIGHTS 

OFFSET NULL 

v-

TO-99 
TOP VIEW 

1. Fully guaranteed and 100% tested lJ.1V /C maximum voltage 
drift combined with voltage offset of SOOJ.1V (AD504L). 

2. Fully protected input (±Vs) and output circuitry. The input 
protection circuit prevents offset voltage and bias current 
degradation due to reverse breakdown, and is of critical 
importance in this type of device whose overall performance 
is strongly dependent upon front-end stability. 

3. Single capacitor compensation eliminates elaborate stabi
lizing networks while providing flexibility not possible with' 
an internally compensated op amp. This feature allows 
bandwidth to be optimized by the user for his particular 
application. 

4. High gain is maintained independent of offset nulling, 
power supply voltage and load resistance: 

5. Bootstrapping of the critical input transistor quad produces 
CMRR and PSRR compatible with t~e tight 1J.1V/C drift. 
CMRR and PSRR are both in the vicinity of I20dB. 

6. Noise performance is closely monitored at Outgoing QC to 

ensure compatibility with the low error budgets afforded .by 
the performance of all other parameters. 

7. Every AD504 receives a stabilization bake (or 24 hours at 
150°C to ensure reliability and long term stability. 

8. The 100 piece price of the AD504 is 1/3 to 1/2 less than 
that of modular low drift operational amplifiers, and is 
competitive with the price of less accurate IC op amps. 

~ 
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SPECIFICATIONS (typical @ +250 C and ±15V dc unless otherwise noted) 

PARAMETER 

OPEN LOOP GAIN 
Vas = ±10V, RL~2kil 
T min'~TA ";;T max 

OUTPUT CHARACTERISTICS 
Voltage at RL~2kil, T min";;TA ";;Tmax 
Load Capacitance 
Output Current 
Short Circuit Current 

FREQUENCY RESPONSE 
Unity Gain, Small Signal, Cc = 390pF 
Full Power Response, Cc = 390pF 
Slew Rate, Unity Gain, Cc = 390pF 

INPUT OFFSET VOLTAGE 
Initial Offset, Rs";;lOk 
vs Temp, Tmin";;TA ";;Tmax , Vas nulled 

Tmirl";;TA ";;Tmax , Vas unnulledt 
vs Supply 
@ Tmin";;TA ";;Tmax 
vs Time 

INPUT OFFSET CURRENT 
@TA = 2S°(: 

INPUT BIAS CURRENT 
Initial 
Tmin to Tmax 
vs Temp, Tmin to Tmax 

INPUT IMPEDANCE 
Differential 
Common Mode 

INPUT NOISE 
Voltage, 0.1 to 10Hz 

100Hz 
1kHz 

Current, 0.1 to 10Hz 
100Hz 
1kHz 

INPUT VOLTAGE RANGE 
Differential or Common Mode, Max Safe 
Common Mode Rejection, VIN = ±lOV 

. POWER SUPPLY 
Rated Performance 
Operating 

, Current, Quiescent 

TEMPERATURE RANGE 
. Operating, Rated Performance 

CTrnin to Tmax} 
Storage 

PACKAGE OPTION:! TO-99 Style (H08B) 

NOTES 
·Specifications same as for ADS04J. 
1 See Section 19 for package outline information. 

Specifications subject to change without notice. 

NOTE 

AD504J 

250,000 min (4 x 106 typ) 
125,000 min (106 typ) 

±lOV min (±13V typ) 
1000pF 
lOrnA min 
25mA 

300kHz 
1.5 kHz 
0.1 2 VIlIs 

2.SmV max (O.SmV tyg) 
s.ollvfc max (O.SIlVI C typ) 
lOIlV/oC max (1.5IlVfC typ) 
2SIlV/V max 
40llV/V 
20IlV'tmo 

40nA max 

200nA max 
300nA max 
300pA/oC 

O.SMil 
100Milll4pF 

1.°IlV (U) 
10nV/y'Hz(rms} 
8nV/VHz(rms} 
SOpA(p-{>} 
0.6pA/yHZ(rms} 
O.SpA/VHz(rms} 

±Vs 
94dB min (120dB typ) 

±lSV 
±(S to 18}V 
±4.0mA max (±1.SmA typ) 

o to +70o C 
-6SoC to +1S0oC 

ADS04JH 

Analog Devices 100% tests and guarantees all specified maximum and 
minimum limits. Certain parameters, because of the relative difficulty 
and cost of 100% testing, have been specified as "typical" numbers. At 
ADI, "typical" numbers are subjected to rigid statistical sampling and 
outgoing quality control procedutes, resulting in "typica1s" that are 
indi~ative of the performance that can be expected by the user. 
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AD504K 

500,000 min (4 x 106 typ) 
250,000 min (106 typ) . 

1.5mV max (O.SmV typ) 
3.01lVfc max (O.SIlV/C typ) 
S.OIlV/oC max (1.SIlV/C typ) 
lSIlVIV max 
2SIlV/V max 
lSIlV/mo 

lSnA max 

100nA max 
lSOnA max 
2S0pA/oC 

1.OMil 

100dB min (120dB typ) 

±3.0mA max (±l.SmA typ) 

ADS04KH 

AD504L 

106 min (8 x 106 typ) 
500,000 min (106 typ) 

O.SmV omax (0.2mV tyg) 
1.0IlVI C max (0.3IlVI C typ) 
2.01lVtC max (1.0IlV/oC typ) 
10llV/V max 
lSIlVIV max 
10llV/mo 

10nA max 

80nA max 
100nA max 
200pA/oC 

1.3 Mil 

1l0dB min (120dB typ) 

±3.0mA max (±1.SmA typ) 

ADS04LH 



ADS04M 

106 min ( 8 X 106 typ) 
SOO,OOO min (106 typ) 

O.SmV omax (0.2mV tyg) 
O.Sp.V/ C max (0.2p.V/ C typ) 
1.0p.V/C max (O.Sp.V/DC typ) 
lOp.V/V max 
lSp.VIV max 
10p.V/mo 

10nA max 

BOnA max 
IOOnA max 
200pA/C 

l.3Mn 

O.6p.V (p-p) max 
lOnV/y'HZ max 
9nV/YHZ max 

SOpA p-p max 
O.6pA/y'Hz max 
O.3pAI\lHz max 

Ii0dB min (120dB typ) 

±3.0mA max (±1.SmA typ) 

ADS04MH 

ADS04S(ADS04S/883 ) 

106 min (8 x 106 typ) 
2S0,OOO min 

O.SmVmax 
l.Op.V/C max (O.3p.V/C typ) 
2.0p.VtC max (1.0p.vtc typ) 
10p.V/V max 
20p.V/V max 
10p.V/mo 

10nA max 

BOnA max 
200nA max 
200pA/C 

l.3Mn 

HOdS min (120dS typ) 

±3mA max (±1.SmA typ) 

-SSOC to +12SoC 
-6S0Cto +ISOoC 

ADS04SH 

• 
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OFFSET VOLTAGE DRIFT AND NULLING 
Most differential operational amplifiers have provisions for ad
justing the initial offset voltage to zero with an external trim 
potentiometer. It is often not realized that there is a resulting 
increase in voltage drift which accompanies this initial offset 
adjustment. The increased voltage drift can often be safely 
ignored in conventional amplifiers, since it may be a small per
centage of the specified voltage drift. However, the voltage 
drift of the AD504 is so small that this effect cannot be 
ignored. 

To achieve low drift over temperature, it is necessary to main
tain equal current densities in the input pair. Unless the ini
tial offset nulling circuit is carefully arranged, the nulling cir
cuits will themselves drift with temperature. The resulting 
change in the input transistor current ratio will produce an 
additional input offset voltage drift. This drift component 
can actually be larger than the unnulled drift. 

Typically, IC op amps are nulled by using an external poten
tiometer to adjust the ratio of two resistances. These resis
tances are part of a network from which the inpu t stage emit
ter currents are derived. Most commercially available op amps 
use diffused resistors in their internal nulling circuitry, which 
typically display larcfe positive temperature coefficients of the 
order of 2000ppml C. As a result of the failure of the external 
potentiometer resistance to track the diffused resistors over 
temperature, the two resistance branches will drift relative to 
one another. This will cause a change in the emitter current 
ratio and induce an offset drift with temperature. 

In the AD504, this problem is reduced an order of magnitude 
by the use of thin film resistors deposited on the monolithic 
amplifier chip. These resistors, which make up the critical bias 
network from which the input stage emitter current balance is 
determined, display typical temperature coefficients of less 
than 200ppmt C, an order of magnitude improvement over 
diffused types. Thus, when the initial offset of th'e AD504 is 
trimmed using a low TC pot in combination with the thin film 
network, the drift induced by nulling even relatively large off
sets is extremely small. This means that AD504 units of all 
three grades (J, K, L) will typically yield significantly better 
temperature performance in nulled applications than an all
diffused amplifier with comparable initial offset. 

Since the intrinsic offset drift of the amplifier is improved by 
nulling, the direct measurement of any additional drift induced 
by differing temperature coefficients of resistors would be ex
tremely difficult. However, the induced offset drift can be es
tablished by calculating the change in the emitter current ratio 
brought about by the differing TC's of resistances. From the 
change in this ratio, the offset voltage contribution at any 
temperature can be easily calculated. 

A simple computer program was written to calculate induced 
offset drift as a function of initial offset voltage nulled. This 
calculation, was made assuming zero TC of the amplifier 
resistors, and TC's of 200ppm/oC and 2000ppmtC for the 
null pot. These results are very nearly equivalent to the case 
where the pot has zero temperature coefficient and the am
plifier resistors drift. The results of these calculations are 
summarized graphically in Figure 1. 

Figure 1 shows the variation of induced voltage drift with 
nulled offset voltage for: 

a. AD504 op amp. 
b. 725. typ op amp. 
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Note that as a result of nulling 1.4mV of offset, the AD504 
induces 30X less offset drift (only O.05/lVI'C) than the 725 
type op amp with its actual diffused resistor values and the rec
ommended lOOk pot to trim the offset. Actual induced drifts 
from this source for the AD504 may be even lower in the prac
tical case when metal film resistors or pots are used for nulling, 
since their TC's tend to closely match the negative TC's of the 
thin film resistors on the AD504 chip. 

725 TYPE OF AMP 
(RECOMMENDED Vos 

NULL POT) 

AD504 
(RECOMMENDED Vas NULL 

POT) 
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Figure 1. Induced Offset Drift vs. Nulled Offset Using Manu
facturer's Recommended Adjustment Potentiometer 

NULLING THE AD504 
Since calculations show that superior drift performance can be 
realized with the AD504, special care should be taken to null 
it in the most advantageous manner. Using the actual values of 
resistors in the AD504. it is possible to calculate, under worst 
case conditions, that the total adjustment range of the AD504 
is approximately BmV. Since the amplifier may often be trim
med to within IIlV, this represents an adjustment of I part in 
BOOO. This type of accuracy would require a pot with 0.0125% 
resolution and stability. Because of the problems of obtaining 
a pot of this stability, a slightly more sophisticated nulling op
eration is recommended for applications where oHset drift IS 
critical (see Figure 2a). 

RP 

Figure 2a. High Resolution, High Stability Nulling Circuit 



NULLING PROCEDURE 
1. Null the offset to zero using a commercially available 

pot (suggest Rp = lOkn). 

2. Measure pot halves R1 and R2. 

3. Calculate: 

R ' - Rl X 50kn R' _ R2 X 50kn 
1 - 50kn-R 1 ' 2 - 50kn-R2 

4. Insert R1' and R2' (closest 1% fixed metal film resistors). 

5. Use an industrial quality 100kn pot (Rp) to fine tune 
the trim. 

For applications in which stringent nulling is not required, the 
user may choose a simplified nulling scheme as shown in Fig
ure 2b. For best results the wip .. !, ':,f !:!!e p~t::~:::~:-;:~t~:- :;!iv ... !d 
be connected directly to pin 7 of the op amp. This is true for 
both nulling schemes. 

Figure 2b. Simplified Nulling Circuit 

INPUT BIAS CURRENT 
The input bias current vs. temperature characteristic is dis
played in Figure 3. 
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Figure 3. Input Bias Current vs. Temperature 

GAIN PERFORMANCE 
Most commercially available monolithic op amps have gain 
characteristics that vary considerably with: 

1. Offset Nulling. 

2. Load Resistance. 

3. Supply Voltage. 

Careful design allows the AD504 to maintain gain well in 
excess of 106

, independent of nulling, load or supply voltage. 

Nulling - The gain of a 741 op amp varies considerably with 
nulling (see Figure 4). 

Vos UNNULLED +l.5mV Vos NULLED 
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Figure 4. Gain Error Voltage Before and After Nulling a 
Typical 741 Op Amp 

The gain of the AD504 is independent o~ nulling. 
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Figure 5. Gain Error Voltage Before and After Nulling 
theAD504 

Load Resistance - The gain of the AD504 is flat with load 
resistance to lkn loads and below. 

lM~~-4-+++--+--r~H 

1001< 1.L..
k 
---'---'-......,.~10k"""""J.........J--L-~loo.k 

LOAD RESISTANCE - n 

Figure 6. Gain vs. Load Resistance 
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Supply Voltage - The gain of the AD504 stays well above 1M 
down to Vs = ±5V. . 

10M r--r----,----,----,----, 

lML..-~'6~-----"9~-~'1~2----~'1~5---~!1·8 

SUPPL Y VOLTAGE - V 

Figure 7. Gain vs. Supply Voltage 
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NOISE CHARACTERISTICS 
An op amp with the precision of the AD504 must have cor
respondingly low noise levels if the user is to take advantage 
of its exceptional dc characteristics. Of primary importance 
in this type of amplifier is the absence of popcorn noise and 
minimum I1f or "flicker" noise in the 0.01Hz to 10Hz fre
quency band. Sample noise testing is done on every lot to 
guarantee that better than 90% of all devices will meet the 
noise specifications. 

Separate voltage and current noise levels referred to the input 
are specified to enable the designer to calculate or optimize 
signal-to-noise ratio based on any desired source resistance. 
The spot noise figures are useful in determining total wide
band noise over any desired bandwidth (see Figure 9). 
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Figure 9. Spot Noise vs. Frequency 
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. The key to success in using the AD504 in precision low noise 
applications is "attention to detail". 

Here are a few reminders to help the user achieve optimum 
noise performance from the AD504. 

1. Use metal film resistors in the source and feedback 
n~tworks. 

2. Use fixed resistors instead of potentiometers for nulling 
or gain setting. 

3. Take advantage of the excellent common-mode noise 
rejection qualities of the AD504 by connecting the input 
differentially. 
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4. Limit the bandwidth of the system to the minimum pos
sible consistent with the desired response time. 

5. Use input guarding to reduce capacitive and leakage noise 
pickup. 

6. Avoid ground loops and proximity to strong magnetic or 
electrostatic fields, etc. 

1or---------r---------r-------~r_--~r_~ 

0.1 t======1=====:::::;...~-.:...---_+---~ 
f· 0.01 TO 100Hz 

0.01 L---------::1~k----:-::10I:-k-----::-:1oo'::k-----~1M. 

SOURCE RESISTANCE-{l 

Figure 10. RMS Noise vs. Source Resistance 

DYNAMIC PERFORMANCE 
The dynamic performance of the AD504, although comparable 
to most general purpose op amps, is superior to most low drift 
op amps. Figure 11 shows the small signal frequency response 
for both open and closed loop gains for a variety of compen
sating values. Note that the circuit is completely stable for 
Cc = 390pF with a -3dB bandwidth of 300kHz; with Cc = 0, 
the -3dB bandwidth is 50kHz at a gain of 2000. 
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Figure 11. Small Signal Gain vs. Frequency 



More important, at unity gain (390pF), full power bandwidth 
is (Figure 12) 2kHz which corresponds to a O.12VIJ,ls slew rate. 
At a gain of 10 (39pF), it increases to 20kHz, corresponding 
to 1.2V IJ,ls, a considerable improvement over "725 type" 
amplifiers. 
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Figure 12. Output Voltage Swing vs. Frequency 

Figure 13 shows the voltage follower step response for 
Vs = ±15V, RL = 2kn, CL = 200pF and Cc = 390pF. 
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Figure 13. Voltage Follower Step Response 
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The common mode rejection of the AD504 is typically 120dB, 
and is shown as a function of frequency in Figure 14. 
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Figure 14. CMRR vs. Frequency 
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The power supply rejection ratio of the AD504 is shown in 
Figure 15. 
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THERMAL PERFORMANCE 
Temperature Gradients 
Most modular and hybrid operational amplifiers are extremely 
sensitive to thermal gradients. The transient offset voltage 
response to thermal shock for a high performance modular op 
amp is shown in Figure 18. 
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Figure 18. Response to Thermal Shock for High Performance 
Modular Op Amp 

The graph shows the transient offset voltage resulting from a 
thermal shock when the amplifier's temperature is abruptly 
changed from 25°C to 50°C by dipping it into a hot silicon 
oil bath. Note the large overshoot (approximately 60pV) and 
long settling time (2.5 minutes). Also note the hysteresis of 
about 30}.lV. 

Monolithic technology affords the AD504 significant improve
ments in this area. Thermal transients in the AD504 are small 
and over with quickly (see Figure 19). 

Ves 
75r------,-------,-------,-------,-------, 

NO OVERSHOOT 
OR REVERSAL 

~~--+---.... 
25'C HEAT·SINK 

/APPLIED HERE 

50r--#---+-------+------~------_+------~ 

25r-~--~-------4------~+_-----+------~ 

o~~ __ _L ______ _L ______ ~ ____ ~~ ____ ~ 

o 30 60 90 120 180 

TIME - SECONDS 

Figure 19. Response to Thermal Shock for AD504 

In Figure 19, a 50°C step change in ambi-ent temperature, ap
plied to the can via a room temperature heat sink, then a 75°C 
thermal probe and back to the heat sink, results in settling to 

VOL. I, 4-46 OPERA TIONAL AMPLIFIERS 

the final value within 30 seconds, for both increases and de
creases in temperature. Note that the offset goes directly' to 
its final value, with no spikes or hysteresis. 

Warmup Drift 
Modular and hybrid op amps have historically been plagued by 
excessive thermal time constants. Figure 20 shows the typical 
warmup drift of a high performance modular op amp. 
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Figure 20. Warmup Voltage Drift for High Performance 
Modular Op Amp 

Note that although warmup drift is low (20pV), it requires a 
long time to settle (>20 minutes). 

Monolithic technology results in significant reduction of ther
mal time constants (see Figure 21). 
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Figure 21. Warmup Voltage Drift for AD504 and 741 Type 
OpAmp 

Note that warmup drift remains low (lOpV), but that the ther
mal time constant decreases significantly to about 2 minutes. 
If a heat sink were used, total settling time would be com
pleted within 30 seconds. Note that the 741 type op amp has 
a significantly longer warmup drift and thermal time constant. 
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Ie, Wideband, Fast Slewing, 
General Purpose Operational Amplifier 

FEATURES 
Gain Bandwidth: 100MHz 
Slew Rate: 20V Ip.s min 
IB: 15nA max (AD507K) 
Vos: 3mV max (AD507K) 
Vos Drift: 15p.vfc max (AD507K) 
High Capacitive Drive 

PRODUCT DESCRIPTION 
The Analog Devices ADS07], K and S are low cost monolithic 
operational amplifiers that are designed for general purpose 
applications where high gain bandwidth and high speed are 
significant requirements. The devices also provide excellent dc 
performance with low input offset voltage, low offset voltage 
drift and low bias current. The ADS07 is a low cost, high 
performance alternative to a wide variety of modular and IC 
op amps; a brief review of the specifications confirms its out
standing price/performance characteristics. 

The ADS07 is recommended for use where low cost and all 
around performance, especiallyat high frequencies, are 
needed. It is particularly well suited as a fast, high impedance 
comparator, integrator or wideband amplifier and in sample/ 
hold circuits. It is unconditionally stable for all closed loop 
gains above 10 without external compensation; the frequency 
compensation terminal is used for stability at lower closed 
loop gains. The circuit is short circuit protected and offset 
voltage noullable. The ADS07] and K are specified over the 
o to +70 C temperature range, the ADS07S over the extended 
temperature range, -SSoC to +12S°C. All devices are 
packaged in the hermetic TO-99 metal can. 

AD507 I 
ADS07 FUNCTIONAL BLOCK DIAGRAM .. 

FREQUENCY 
COMPENSATION 

+

NON_INVERTIN~GV 5 OFFSET 
INPUT NULL 

4 

V-

TO-99 
TOP VIEW 

PRODUCT HIGHLIGHTS 
1. Excellent dc and ac performance combined with low cost. 

2. The ADS07 will drive several hundred pF of output capaci
tance without oscillation. 

3. All guaranteed dc parameters, including offset voltage drift, 
are 100% tested. 

4. To insure compliance with gain bandwidth and slew rate 
specifications, all devices are tested for ac performance 
characteristics. 
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SPECIFICATIONS (typical at +25°C and ±15V dc, unless otherwise noted) 

PARAMETER 

OPEN LOOP GAIN 
RL = 2kn, CL = 50pF 
@ T min to T max 

OUTPUT CHARACTERISTICS 

AD507J 

80,000 min (150,000 typ) 
70,000 min 

Voltage @ RL = 2kn, CL = SOpF, Tmin to Tmax 
Current @ Vo = ±10V 

±10V min (±12V typ) 
±10mA min (±20mA typ) 
2SmA Short Circuit Current 

FREQUENCY RESPONSE 
Unity Gain, Small Signal 

@ A = 1 (open loop) 
@ A = 100 (closed loop) 

Full Power Response 
Slew Rate 
Settling Time (to 0.1%) 

INPUT OFFSET VOLTAGE 
Initial 
Avg vs Temp, Tmin to Tmax 

vs Supply, Tmin to Tmax 

INPUT BIAS CURRENT 
Initial 
Tmin to Tmax 

INPUT OFFSET CURRENT 
Initial 
Tmin to Tmax 
Avg vs Temp, Tmin to Tmax 

INPUT IMPEDANCE 
Differential 
Common Mode 

INPUT VOLTAGE NOISE 
f = 10Hz 
f = 100Hz 
f = 100kHz 

INPUT VOLTAGE RANGE 
Differential, Max Safe 

3SMHz 
1MHz 
320kHz min (600kHz typ) 
±20VI/ls min (±3SVI/ls typ) 
900ns 

S.OmV max (3.0mV typ) 
lS/lV/oC 
200/lV/V max 

2SnA max 
40nA max 

2SnA max 
40nA max 
O.SnA/C 

40Mn min (300Mn typ) 
1000Mn 

100nV/yHz 
30nV/yHz 
12nV/yHz 

Common Mode Voltage Range, Tmin to Tmax 
Common Mode Rejection @ ±SV, Tmin to Tmax 

±12.0V 
±11.0V 
74dB min (lOOdB typ) 

POWER SUPPLY 
Rated Performance 
Operating 
Current, Quiescent 

TEMPERATURE RANGE 
Rated Performance 
Operating 
Storage 

±ISV 
±(5 to 20)V 
4.0mA max (3.0mA typ) 

o to +70°C 
-2SoC to +8SoC 
-6SoC to +lS0oC 

PACKAGE OPTION:! TO-99 Style (H08A) ADS07JH 

NOTES 
·Specifications same as AD507}. 
I See Section 19 for package outline information. 

Specifications subject to change without notice. 
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INPUT 

ov 

+5V - - - - - - - - -

90% --------- 1--, 
OUTPUT I eN 

10% ________ ~-1-
ov I :'-IIT ....lSLEW RATE 

I ! Illv/IIT 

ADS07K 

100,000 min (l50,OOO typ) 
85,000 min 

400kHz min (600kHz typ) 
±2SVI/ls min (±3SVI/ls typ) . . 

3.0mV max (1.SmV typ) 
lS/lV/oC max (8/lV/C typ) 
100/lVIV max 

lSnA max 
2SnA max 

lSnA max 
2SnA max 
0.2nA/oC 

80dB min (lOOdB typ) 

ADS07KH 

Slew Rate Definition and Test Circuit 
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ADS07S 

100,000 min (150,000 typ) 
70,000 min 

±10V min (±12V typ) 
±lSmA min (±22mA typ) 
2SmA 

400kHz min (600kHz typ) 
20VI/ls min (±3SVI/ls typ) 

4mV llJax (O.SmV tyJ') 
20/lVI C max (8/lVI C typ) 
100/lVIV max 

lSnA max 
3SnA max 

lSnA max 
. 3SnA max 
0.2nA/oC 

~5Mn min (SOOMn typ) 

80dB min (100dB typ) 

-SSOCto +l2SoC 
-6S0Cto +lS0oC 

ADS07SH 
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APPLICATION CONSIDERATIONS 
The AD507 combines excellent dc characteristics and dynamic 
performance with ease of application. Because it is a wideband, 
high speed amplifier, care should be exercised in its stabiliza
tion. Several practical stabilization techniques are suggested to 
insure proper operation and minimize user experimentation. 

GENERAL PURPOSE WIDEBAND COMPENSATION 
The following considerations are intended to provide guidance 
in critical wideband applications. While not necessary in all 
cases, the considerations are of prime importance for the user 
attempting to obtain the highest performance from his circuit 
design. 

High Gain Conditions 
The AD507 is fully compensated internally for all closed loop 
gains above 10; however, it is necessary to load the amplifier 
with 50pF. In many applications this minimum capacitive load 
will be provided by the load or by a cable at the output of the 
AD507, making an additional 50pF unnecessary. Figure 1 
shows the suggested configuration for general purpose use for 
closed loop gains above 10. 

The O.l,uF ceramic power supply bypass' capacitors are consid
erably more important for the AD507 than for low frequency 
general purpose amplifiers. Their main purpose is. to convert 
the distributed high frequency ground to a lumped single point 
(the V+ point). The V+ to V- O.l,uF capacitor equalizes the 
supply grounds while the O.l,uF capacitor from V+ to signal 
ground should be returned to signal common. The signal 
common, which is bypassed to pin 7, is defined as that point 
at which the input signal source, the feedback network, and 
the return side of the load are joined to the power common. 

Note that the diagrams show each individual capacitor 
directly connected to the appr,!priate terminal (pin 7 [V+] 
and pin 6 [Output». In addition, it is suggested that all 
connections be made short and direct, and as physically close 
to the can as possible, so that the length of any conducting 
path shared by external components will be minimized. 

OFFSET 
NULL l00kn 

t;:5 OFFSET NULL 

2kn 

7 +V 

'NOT REOUIREO FOR LOAD OR 
CABLE CAPACITANCE "50pF 

OUTPUT 

Figure 1. General Purpose Configuration to Closed Loop 
Gain> 10 

Low Gain Conditions 
For low closed loop gain applications, the AD507 should be 
compensated with a 20pF capacitor from pin 8 (frequency 
compensation) to signal common or pin 7 (V+), This configur
ation also requires a 30pF feedback capacitor from pin 6 
(Output) to-pin 8 (see Figure 2). The 50pF minimum load 
capacitance recommended for uncompensated applications is 
not required when the AD507 is used in the compensated 
mode. This compensation results in a unity gain frequency of 
approximately 10 to 12MHz. 

The excellent input characterisitcs of the AD507 make it 
useful in low frequency applications where both dc and ac 
performance superior to the 741 type of op amp is desired. 
Some experimentation may be necessary to optimize the 
AD507 for the specific requirement. The unity gain bandwidth 
can be reduced by increasing the value of the compensation 
capacitor in inverse proportion to the desired bandwidth a 
reduction. It is advisable to increase the feedback capacitor at 
the same time, maintaining its value about 50% larger than the 
compensation capacitor. Because the AD507 is fundamentally 
a wideband amplifier, careful power supply decoupling and 
compensation component layout are required even in low 
bandwidth applications. 

OFFSET VOLTAGE NULLING 
Note that the offset voltage null circuit includes a 2kn rp~i~tnr 
in series with the wiper arm of the 100kn potentiometer. 
This resistor is not absolutely required, but its use can prevent 
a condition of false null that can be obtained at the ends of 
the pot range. The knowledgeable user should have no trouble 
differentiating between nulling in the pot mid-range and 
erratic end-range behavior when the wiper is connected 
directly to V+. r 

C, -30pF 

Figure 2. Configuration for Unity Gain Applications 

HIGH CAPACITIVE LOADING 
Like all wideband amplifiers, the AD507 is sensitive to capa
citive loading. Unlike many, however, the AD507 can be 
used to effectively drive reasonable capacitive loads in virtually 
all applications, and capacitive loads of several hundred pico
farads in a number of specific configurations. 

In an inverting gain of ten configuration, the internally com
pensated amplifier will drive more than 200pF in addition to 
the recommended 50pF load, or a total of over 250pF. Under 
such conditions, the slew rate will be only slightly reduced, 
and the overall settling time somewhat lengthened. 

In general, the capacitive drive capability of the AD507 will 
increase in high gain configurations which reduce closed loop 
bandwidth. 

In any wideband application, it is essential to return the load 
currents supplied by the amplifier to the power supply with
out sharing a path with input or feedback signals. This con
sideration becomes particularly important when driving capa· 
citive loads which may resonate with short lengths of inter
connecting wire. 

FAST SETTLING TIME 
A small capacitor (CS in Figure 3) will improve the settling 
time of the AD507, when it is used with large feedback 
resistors. The AD507 input capacitance (typically 2 or 3pF), 
together with additional circuit capacitance, will introduce an 
unwanted pole of open-loop response. The extra phase shift 
introduced, for example; by 4pF of input capacitance, and 
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5kn input source impedance, will result in an underdamped 
transient response, and long settling time. A small (1.5 to 
3.0pF) feedback capacitor will introduce a zero in the open
loop transfer function, reducing the phase shift and increasing 
the damping, which will more than compensate for the slight 
reduction in closed-loop bandwidth. 

BIAS COMPENSATION NOT REQUIRED 
Circuit applications using conventional op amps generally 
require that the source resistances be matched at the inputs to 
cancel the effects of the input currents and take advantage of 
low offset current. In circuits similar to that shown in 
Figure 3, the compensation resistance would be equal to the 
parallel combination of RJ and RF, and for large values 
would require a bypass capacitor. The AD507 is specially 
designed to cancel the input currents so as to reduce them to 
the offset current level. As a result, optimum performance 
can be obtained even though no bias compensation is used, 
and the non-inverting input can be connected directly to the 
signal common. 

C.-2pf 

Figure 3. Fast Settling Time Configuration 
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WDEVICES 

FEATURES 
Fast Settling Time 

0.1% in 500ns max 
0.01% in 2.5ps max 

High Slew Rate: 100V/ps min 
Low los: 25nA max 
Guaranteed Vos Drift: 30pV/oC max 
High CMRR: SOdB min 
Drives 500pF 

APPLICATIONS 
01 A and AID Conversion 
Wideband Amplifiers 
Multiplexers 
Pulse Amplifiers 

PRODUCT DESCRIPTION 
The ADS09], ADS09K and ADS09S are monolithic 
operational amplifiers specifically designed for applications 
requiring fast settling times to high accuracy. Other compar
able dynamic parameters include a small signal bandwidth of 
20MHz, slew rate of 100Vlps min and a full power response 
of 1S0kHz min. The devices are internally compensated for 
all closed loop gains greater than 3, and are compensated with 
a single capacitor for lower gains. 

The input characteristics of the ADS09 are consistent with 
0.01 % accuracy over limited temperature ranges; offset current 
is 2SnA max, offset voltage is 8mV max, nullable to zero, and 
offset voltage drift is limited to 30pV/C max. PSRR and 
CMRR are typically 90dB. 

The ADS09 is designed for use with high speed D/A or AID 
converters where the minimum conversion time is limited by 
the amplifier settling time. If 0.01 % accuracy of conversion 
is required, a conversion cannot be made in a shorter period 
than the time required for the amplifier to settle to within 
0.01 % of its final value. 

High Speed, 
Fast Settling Ie Op Amp 

AD509 I 
ADS09 FUNCTIONAL BLOCK DIAGRAM • 

TO-99 
TOP VIEW 

All devices are supplied in the TO-99 package. The ADS09] 
and ADS09K are specified for 0 to +70oC temperature range; 
the ADS09S for operation from -SSoC to +12S°C. 

PRODUCT HIGHLIGHTS 
1. The ADS09 is internally compensated for all closed loop 

gains above 3, and compensated with a single capacitor for 
lower gains thus eliminating the elaborate stabilizing tech
niques required by other high speed IC op amps. 

2. The ADS09 will drive capacitive loads of SOOpF without 
deterioration in settling time. Larger capacitive loads 
can be driven by tailoring the compensation to minimize 
settling time. 

3. Common Mode Rejection, Gain and Noise are compatible 
with a 0.01 % accuracy device. 

4. The ADS09K and ADS09S are 100% tested for minimum 
slew rate and guaranteed to settle to 0.01 % of its final 
value in less than 2.Sps. 
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SPECIFICATIONS (@ +25OC and Vs = ± 15V dc unless otherwise specified) 

Model 

OPEN LOOP GAIN 

Vo= :tIOV,RL 2:2kO 

T min to T ma,,, RL = 2kO 

OUTPUT CHARACTERISTICS 
Voltage@RL = 2kO, T.,untoTmax 

FREQUENCY RESPONSE 

Unity Gain Small Signal 
Full Power Response 

Slew Rate, Unity Gain 

Settling Time 

toO.l% 
toO.01% 

INPUT OFFSET VOLTAGE 

Initial Offset 

Input Offset Voltage T min to T max 

Input Offset Voltage vs. Supply, 

TmintoTmax 

INPUT BIAS CURRENT 

Initial 

T.,un toTmu 

INPUT OFFSET CURRENT 

Initial 

TA = min to max 

INPUT IMPEDANCE 

Differential 

INPUT VOLTAGE RANGE 

Differential 

Common Mode 

Common Mode Rejection 

INPUT NOISE VOLTAGE 

f= 10Hz 

f= 100Hz 

f= 100kHz 

POWER SUPPLY 

Rated Performance 

Operating 

Quiescent Current 

TEMPERATURE RANGE 

Operating, Rated Performance 

Storage 

PACKAGE! 

TO·99 Style (H08A) 

NOTES 
!See Section 19 for package outline information. 

Specifications subject to change without notice. 

AD509J 
Min Typ Max 

75,000 15,000 

5,000 

±10 :t 12 

20 
1.2 1.6 

80 120 

200 
1.0 

5 10 

14 

200 

125 250 

500 

20 50 

100 

40 100 

:t IS 
:t 10 

74 90 

100 

30 

19 

:t IS 
:t5 :t20 

4 6 

0 +70 
-65 + ISO 

AD509JH 

Specifications shown in boldface are tested on aU production units at fmal 
electrical test. Results from those tests are used to calculate outgoing Quality . 
levels. All min and max specifications are guaranteed, although only those 
shown in boldface are tested on all production units. 

AD509K 
Min Typ 

10,000 15,000 

7,500 

±10 :t 12 

20 
1.5 2.0 

80 120 

200 
1.0 

4 

100 

10 

50 100 

:t IS 
:t10 

80 90 

100 

30 

19 

:t IS 
:t5 

4 

0 
-65 

AD509KH 

+Vs 

-Vs 

Simplified Nulling Circuit 
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Max 

8 
11 

100 

200 

400 

25 

SO 

:t20 
6 

+70 

+ ISO 

AD509S 

Min Typ Max Units 

10,000 15,000 VN 

7,500 VN 

:tl0 :t 12 V 

20 MHz 

1.5 2.0 MHz 

100 120 V/fJ.s. 

200 500 ms 
1.0 2.5 fJ.S 

4 8 mV 

11 mV 

100 fJ.VN 

100 200 nA 
400 nA 

10 25 nA 

50 nA 

SO 100 MO 

:t IS V 

:tl0 V 

80 90 dB 

100 nWv'Hi 

30 nV/YHz 
19 nV/YHz 

:t 15 V 

:t5 :t20 V 

4 6 rnA 

-55 +70 ·C 

-65 +150 ·C 

AD509SH 



·I~ _________________________ A_pp_ly_ing __ th_eA_D_50_9~ 
APPLYING THE ADS09 

MEASURING SETTLING TIME. Settling time is defined as 
that period required for an amplifier output to swing from 
o volts to full scale, usually 10 volts, and to settle to within 
a specified percentage of the final output voltage. For high 
accuracy systems, the accuracy requirement is normally 
specified as either 0.1 % (lO-bit accuracy) or 0.01 % (l2-bit 
accuracy) of the 10 volt output level. The settling time 
period is comprised of an initial propagation delay, an 
additional time for the amplifier to slew to the vicinity of 
10 volts, and a final time period to recover from internal 
saturation and other effects, and settle within the specified 
error band. Because settling time depends on both linear 
and nonlinear factors, there is no simple approach to 
predicting its final value to different levels of accuracv. In 
particular, extremely high slew rates do not assure a ;apid 
settling time, since this is only one of many factors affecting 
settling time. In most high speed amplifiers, after the 
amplifier has slewed to the vicinity of the final output 
voltage, it must recover from internal saturation and then 
allow any overshoot and ringing to damp out. These 
definitions are illustrated in Figure 1. 

RECOVERY LINEAR SETTLING 

-SETTLING TIME To.:t.t1E---1 

OR .:t.* x100% 

Figure 1. Settling Time 

The ADS09K and ADS09S are guaranteed to settle to 0.1 % 
in SOOns and 0.01 % in 2.S/-ls when tested as shown in Figure 2. 
There is no appreciable degradation in settling time when 
the capacitive load is increased to SOOpF, as discussed below. 
The settling time is computed by summing the output and the 
input into a differential amplifier, which then drives a scope 

5pF 

Ein O--.-.JV\I\r-'-i 

DECOUPLING CAPACITORS 
OMIITED FOR CLARITY 

SCOPE 

Figure 2. A 0509 Settling Time Test Circuit 

display. The resultant waveform of (Eo - EIN) of a typical 
ADS09 is shown in Figure 3. Note that the waveform crosses 
the ImV point representing 0.01 % accuracy in approximately 
l.S/-ls. The top trace represents the output signal; the bottom 
trace represents the error signal. 

OUTPUT 

ERROR 
SIGNAL 

I 
fl • .0V 

4 

L.... ... 
",. 

I_J>~I-

-t 
m 

41- P~~1-

Figure 3. Settling Time of A 0509 

SETTLING TIME VS. Rf AND Ri. Settling time of an 
amplifier is a function of the feedback and input resistors, 
since they interact with the input capacitance of the amplifier. 
When operating in the non-inverting mode, the source 
impedance should be kept relatively low; e.g., Skn; in order 
to insure optimum performance. The small feedback 
capacitor (SpF) is used in the settling time test circuit in 
parallel with the feedback resistor to reduce ringing. This 
capacitor partially cancels the pole formed in the loop gain 
response as a result of the feedback and input resistors, and 
the input capacitance. 

SETTLING TIME VS. CAPACITIVE LOAD. The ADS09 
will drive capacitive loads of SOOpF without appreciable 
deterioration in settling time. Larger capacitive loads can be 
driven by tailoring the compensation to minimize settling 
time. Figure 4 shows the settling time of a typical ADS09, 
compensated for unity gain with a ISpF capacitor, with a 
SOOpF capacitive load on the output. Note that settling time 
to 0.01% is still under 2.0/-ls. 

OUTPUT 

ERROR 
SIGNAL 

I 
1/ 

t 
.0 

• -Jill- .... 
t 

m 

• 

1-p':1-

r0-

I- ns1-

Figure 4. A0509 with 500pF Capacitive Load 

SUGGESTIONS FOR MINIMIZING SETTLING TIME. The 
ADS09 has been designed to settle to 0.01 % accuracy in 
1 to 2.S/-ls. However, this amplifier is only a building block 
in a circuit that also has a feedback network, input and output 
conneCtions, power supply connections, and a number of 
external components. What has been painstakingly gained in 
amplifier design can be lost Without careful circuit design. 
Some of the elements of a good high speed design are ......... . 

CONNECTIONS. It is essential that care be taken in the 
signal and power ground circuits to avoid inducing or 
generating extraneous voltages in the ground signal paths. 
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The O.lJ.lF ceramic power supply bypass capacitors are' 
considerably more important for the AD509 than for low 
frequency general purpose amplifiers. Their main purpose 
is to convert the distributed high frequency ground to a 
lumped single point (the V+ point). The V+ to V- O.lJ.lF 
capacitor equalizes the supply grounds while the O.lJ.lF 
capacitor from V+ to signal ground should be returned to 
signal common. The signal common, which is bypassed to 
pin 7, is defined as that point at which the input signal 
source, the feedback network, and the return side of the load 
are joined to the power common. 

Note that the diagram shows each individual capacitor 
directly connected to the appropriate terminal (pin 7 [V + ) ). 

INVERTING 
INPUT 

NON INVERTING 
INPUT 

O.1jlF 
CERAMIC DISC 

~ 
TO SIGNAL 

/'::tI'----.... COMMON POINT 

O.1jlF 
CERAMIC DISC 

OUTPUT 

Figure 5. Configuration for Unity Gain Applications 

DYNAMIC RESPONSE OF AD509 
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Figure 6. Open Loop Frequency and Phase Response 

THE ADS09 AS AN OUTPUT AMPLIFIER FOR FAST 
CURRENT-OUTPUT D-TQ-A CONVERTERS 

Most fast integrated circuit digital to analog converters have 
current outputs. That is, the digital input code is translated 
to an output current proportional to the digital code. In 
many applications, that output current is converted to a volt
age by connecting an operational amplifier in the current-to
voltage conversion mode. . 

The settling time of the combination depends on the settling 
time of the DAC and the output amplifier. A good approxima
tion is: 

Some IC DACs settle to final output value in 100-500 nano
seconds. Since most IC op amps require a longer time to settle 
to ±0.1 % or ±0.01 % of final value, amplifier settling time can 
dominate total settling time. And for a 12-bit DAC, one least 
significant bit is only 0.024% of full-scale, so low drift and 
high linearity and precision are also required of, the output 
amplifier. 
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In addition, it is suggested that all connections be short and 
direct, and as physically close to the case as possible, so that 
the length of any conducting path shared by external 
components will be minimized. 

COMPONENTS. Resistors are preferably metal film types, 
because they have less capacitance and stray inductance 
than wirewound types, and are available with excellent 
accuracies and temperature coefficients. 

Diodes are hot carrier types for the very fastest-settling 
applications, but 1N914 types are suitable for more 
routine uses. 

Capacitors in critical locations are polystyrene, teflon, or 
polycarbonate to minimize dielectric absorption. 

CIRCUIT. For the fastest settling times, keep leads short, " 
orient components to minimize stray capacitance, keep , 
circuit impedance levels as low as consistent with the out
put capabilities of the amplifier and the signal source, 
reduce all external load capacitances to the absolute 
minimum. Don't overlook sockets or printed circuit 
board mounting as possible sources of dielectric absorption. 
Avoid pole-zero mismatches in any feedback networks. used 
with the amplifier. Minimize noise pickup. 
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Figure 7. Open Loop Frequency Response for Various Cc's 

Figure 8 shows the AD509K connected as an output amplifier 
with the AD565K, high speed 12-bit IC digital-to-analog con
verter. The 10 picofarad capacitor, C1, compensates for the 
25pF AD565 output capacitance. The voltage output of the 
AD565K/AD509K combination settles to ±0.01% in one 
microsecond. The low input voltage drift and high open loop 
gain of the AD509K assures 12-bit accuracy over the operating 
temperature range. 

Figure 8. A 0509 as an Output Amplifier for a Fast Current
Output o-to-A Converter 



r.ANALOG 
WDEVICES 

Low Cost, Laser 
Trimmed, Precision IC Op Amp 

FEATURES 
Low Vos: 25Jl.V max (AD510L), 1 o 0Jl. V max (AD510J) 
Low Vos Drift: 0.5Jl.VtC max (AD510L) 
Internally Compensated 
High Open Loop Gain: 106 min 
Low Noise: 1Jl.V p.p 0.01 to 10Hz 

PRODUCT DESCRIPTION 
The ADS10 is the first low cost high accuracy IC op amp 
available. Analog Devices' precise thermally-balanced layout 
combined with high-yield IC processing provides truly super
lative op amp performance at the lowest possible cost. The 
device is internally compensated, thus eliminating the need 
for an additional external capacitor. 

A truly precision device, the ADS10 achieves laser trimmed 
offset voltages less than 2SJl.V max and offset voltage drifts of 
O.SJl.V 1° C max (nulled). Bias currents and offset currents are 
-available at less than 10nA and 2.SnA respectively, while open 
loop gain is maintained at over 1,000,000, even under loaded 
conditions. Designed along a thermal axis, the ADS10 is un
affected by thermal gradients across the monolithic chip 
caused by current loading. . 

The ADS 1 0 has fully protected inpu ts, permitting differential 
input voltages of up to ±V s without voltage gain or bias current 
degradation due to reverse breakdown. The output is also pro
tected from short circuits and drives 1000pF of load capaci
tance without oscillation. 

The ADS10 is specifically designed for applications requi~ing . 
high precision at the lowest possible cost, such as bridge instru
ments, stable references, followers and analog computation. 
Packaged in a hermetically-sealed TO-99 metal can, the ADS 10 
is available in three versions of performance (J, K and L) over 
the commercial temperature range, 0 to +70

0
C and one version 

(S) over the extended temperature range, -SSoC to +12SoC. 

AD510 I 

ADSIO FUNCTIONAL BLOCK DIAGRAM 

OFF~ST . NULL 8 

~.v, 

-IN 2<{~6 
'IN 30. NC 

4 

-Vs 

TO-99 
TOP VIEW 

PRODUCT HIGHLIGHTS 

OUTPUT 

1. Offset voltage drift is guaranteed and 100% tested on all 
models with a controlled temperature drift bath with the 
offset voltage nulled. Offset voltage on the ADS10L is 
tested following a 3 minute warm-up. 

2. The ADS 10 offers fully protected input (to ±V s) and output 
circuitry. The input protection circuit prevents offset vol
tage and bias current degradation due to reverse breakdown, 
a critical factor in high accuracy op amps where overall 
performance is strongly dependent on front-end stability. 

3. Internal compensation eliminates the need for elaborate and 
costly stabilizing networks, often required by many high 
accuracy IC op amps. 

4. A thermally balanced layout maintains high gain (1,000,000 
min, K, Land S) independent of offset nulling, p~wer sup
ply voltage and output loading. 

S. Bootstrapping of critical input transistors produces CMRR 
and PSRR of llOdB min and lOOdB min, respectively. 
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SPECIFICATIONS (typical @+25°C and ±15V dc unless otherwise noted) 

MODEL ADSIOJH ADSIOKH ADSIOLH ADSIOSH 

OPEN LOOP GAIN 
Vos = ±IOV, RL > 2kn 250,000 min 106 min 
Tmin to Tmax 125,000 min 500,000 min 250,000 

OUTPUT CHARACfERISTICS 
Voltage @ RL ~ 2kn, T min to T max ±IOV min 
Load Capacitance 1000pF 
Output Current. lOrnA min 
Short Circuit Current 2SmA 

FREQUENCY RESPONSE 
Unity Gain, Small Signal 300kHz 
Full Power Response 105kHz 
Slew Rate, Unity Gain 0.10V/I-Ls 

INPUT OFFSET VOLTAGE 
Initial Offset, Rs ~ 10kn 100llV max S0I-LV max 2SI-LV max 
vs. Temp., T m~ to T max 3.0IlV/C max 1.0IlV/C max O.SI-LV/Cmax 
\'5. Supply 251lV/V max 10IlV/V max ** 
TmintoTmax 40llVIV max ISIlV/V max 20I-LVIV max 

INPUT OFFSET CURRENT 
Initial 5nA max 4nA max 205nA max 
TmintoTmax 8nA max 6nA max 4nA max IOnA max 

INPUT BIAS CURRENT 
Initial 25nA max 13nA max 10nA max 
T min to T max 40nA max 20nA max 15nA max 30nA max 
vs. Temp, T min to T max ±IOOpA/oC ±50pA/C ±40pA/oC 

INPUT IMPEDANCE 
Differential 4Mn 6Mn 
Common Mode 100Mnll4pF 

INPUT NOISE 
Voltage, O.IHz to 10Hz II-LV pop 

f = 10Hz 18nV/$z 
f = 100Hz 13 n V 1v'i1z" 
f = 1kHz 10nV/y'ih 

Current, f = 10Hz O.SpA/v'Hz 
f = 100Hz 0.3pA/yHZ 
f = 1kHz 0.3pA/$z 

INPUT VOLTAGE RANGE 
Differential or Common Mode. 

max safe ±Vs 
Common Mode Rejection, Yin = 

±10V 94dB min llOdB min 
Common Mode Rejection, T min 

to Tmax 94dB 100dB min 

POWER SUPPLY 
Rated Performance ±15V 
Operating ±(5 to 18)V ±(5 to 22)V 
Current, Quiescent 4mA max 3mA max 

TEMPERATURE RANGE 
Operating Rated Performance o to +70°C -55°C to +1'2SoC 
Storage -6SoC to +ISOoC 

PACKAGE OPTIONS: 1 TO-99 Style (H08B) ADSlOJH AD510KH AD510LH AD510SH 

NOTES 
·Specifications same as ADSI0JH. 
··Specifications same as ADSI0KH. 
I See Section 19 for package outline information. 
Specification subject to change without notice. 

VOL. I, 4-56 OPERA TIONAL AMPLIFIERS 



Applying the AD510 
TYPICAL 

NON-INVERTING AMPLIFIER CONFIGURATION 

NULLING THE AD510 
Nulling the AD510 can be achieved using the high resolution 
circuit of Figure 1. 

1. Null the offset to zero using a commercially available pot 
(approximately 10kn). 

2. "Measure pot halves, Rl and R2' 

, Rl x 50kn , R2 x 50kn 
3. Calculate ... Rl = R2 = --"'---

50kn - Rl 50kn - R2 

4. Insert Rl' and R2' (closest 1 % fixed metal film resistors). 

5. Use an industrial quality 100kn pot (rp ) to fine tune the trim. 

Nulling to within 1 microvolt can be achieved using this tech
nique. For best results, the wiper of the potentiometer should 
be connected directly to pin 7 of the op amp. 

<D r< 
IiIW"I t r~: ~.~ ® 

rp 

Figure 1. High Resolution, High Stability Nulling Circuit 

THE AD510L IN A SIMPLE INSTRUMENTATION AMPLIFIER 
The circuit of Figure 2 illustrates a simple instrumentation 
amplifier suitable for use with strain gauges, thermocouples 
and other transducers. It provides high input impedance to 
ground at each of the differential input terminals and excellent 
common mode rejection. 

-15V 

INPUT 

~-------------------~ 

INPUT 
>----...... ----------0 OUTPUT 

+D-----------------------i 

Figure 2. Instrumentation Amplifier 

The configuration shown is designed for a gain of 10, however 
the gain can be varied upwards by adding a gain select 
resistor RS' In operation, amplifier Al provides a gain of 10/9 
for signals at the negative input terminal. This output feeds the 
inverting amplifier A2, which has a gain of 9, resulting in an 
overall gain of 10. For signals at the positive input, the output 
of Al is at ground potential and the amplifier A2 provides a 
gain of 10. Thus, the circuit has a gain of 10 for differential 
signals and 0 for common mode signals; the very high CMRR 
and open loop gain of the AD510L automatically produces 
common mode rejection of at least 25,000 at dc at a gain of 
10 and over 1,000,000 at a gain of 1000. The common mode 
rejection, of course, depends upon the resistor ratios and their 
specified tolerance. Less accurate resistors can be used if the 
network is trimmed. 

For gains of 10 the frequency response is down 3dB at 500kHz, 
for gains of 1000, 2kHz. Full output of ±10V can be attained 
up to 1800Hz. 

The common mode rejection at 60Hz is limited by the finite 
gain bandwidth of Al causing a phase lag on the negative input 
signal. At 60Hz the CMRR measures 72dB at a gain of 1000 
and 62dB at a gain of 10. 
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r.ANAlOG 
WDEVICES 

Precision, Low-Power 
FET -Input Electrometer Op Amp 

FEATURES 
Ultra Low Bias Current: O.075pA max (AD515L) 

O.150pA max (AD515K) 
O.300pA max (AD515J) 

Low Power: 1.5mA max Quiescent Current 
(O.SmA typ) 

Low Offset Voltage: 1.0mV max (AD515 K & L) 
Low Drift: 15J.LVfC max (AD515K) 
I nw Nl\i~,.: 4!-'-V p-p,I}.1 !~ 11}~! 
Low Cost 

PRODUCT DESCRIPTION 
The ADS IS series of FET -input operational amplifiers are 
second generation electrometer designs offering the lowest in
put bias currents available in any standard operational amplifier. 
The ADS IS also delivers laser-trimmed offset voltage, low drift, 
low noise and low power, a combination of features not pre
viously available in ultra-low bias current circuits. All devices 
are internally compensated, free of latch-up, and short circuit 
protected. 

The ADS IS delivers a new level of versatility and precision to a 
wide variety of electrometer and very high impedance buffer 

, measurement situations, including photo-current detection, 
vacuum ion-gauge measurement, long term precision integra
tion, and low drift sample/hold applications. The device is also 
an excellent choice for all forms of biomedical instrumentation 
such as pH/pIon sensitive electrodes, very low current oxygen 
sensors, and high impedance biological micro probes. In addi
tion, the low cost and pin compatibility of the ADS IS with 
standard FET op amps will allow designers to upgrade the per
formance of present systems at little or no additional cost. 
The -l015 ohm common mode input impedance, resulting from 
a solid bootstrap input stage, insures that the input bias current 
is essentially independent of common mode voltage. 

As~with previous electrometer amplifier designs from Analog 
Devices, the case is brought out to its own connection (pin 8) 
so that the case can be independently connected to a point at 
the same potential as the input, thus minimizing stray leakage 
to the case. This feature will also shield the input circuitry 
from external noise and supply transients, as well as reducing 
common mode input capacitance from 0.8pF to 0.2pF. 

The ADS IS is available in three versions of bias current and 
offset voltage, the "J", "K", and "L"; all are specified for 
rated performance from 0 to +70

o
C and supplied in a hermetic

ally sealed TO-99 package. 

AD515 I 
ADSIS FUNCTIONAL BLOCK DIAGRAM 

GUARD PIN (CONNECTED TO CASE) 
TAB 

NON_INVERTIN~3 - 5 OFFSET 
INPUT NULL 

4 

v-

TO-99 
TOP VIEW 

PRODUCT HIGHLIGHTS 
1. The ADS IS provides the lowest bias currents available in an 
integrated circuit amplifier. 

• The ultra low input bias currents are specified as the max
imum measured at either input with the device fully 
warmed up on ±IS volt supplies at +2SoC ambient with 
no heat sink. This parameter is 100% tested. 

• By using ±S volt supplies, input bias current can typically 
be brought below .SOfA. 

2. The input offset voltage on all grades is laser trimmed to a 
level typically less than SOOJ.LV. 

• The offset voltage drift is the lowest available in an FET 
electrometer amplifier. 

• If additional nulling is desired, the amount required will 
have a minimal effect on offset drift (approximately 
3J.LVtC per millivolt nulled). 

3. The low quiescent current drain of 0.8mA typical and 
1.SmA maximum, which is among the lowest available in opera
tional amplifier designs of any type, keeps self-heating effects 
to a minimum and renders the AD51S suitable for a wide range 
of remote probe situations. 

4. The combination of low input noise.voltage and very low in
put noise current is such that for source impedances from much 
over one Megohm up to 10 11 ohm, the Johnson noise of the 
source will easily dominate the noise characteristic. 
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SPECIFICATIONS (@ +25OC and Vs = ± 15V dc unless otherwise specified) 

ADs1sJ 
Model Min Typ Max Min 

OPEN LOOPGAIN1 

Vo = :t IOV,RL~2kO 20,000 40,000 
Vo = :t IOV, RL ~ IOkO 40,000 100,000 
T min to Tma .. RL = 2kO 15,000 40,000 

OUTPUT CHARACTERISTICS 

Voltage@ RL = 2kO, T min to T max ±10 :t12 ±10 
Voltage@RL = 10kO, TmintoTmax ±12 :t13 ±12 
Load Capacitance2 1000 
Short Circuit Current ' 10 25 SO 10 

FREQUENCY RESPONSE 
Unity Gain Small Signal 350 
Full Power Response 5 16 5 
Slew Rate, Unity Gain 0,3 1.0 0,3 
Overload Recover, Inverting Unity Gain 16 100 

INPUT OFFSET VOLT AGE3 

Initial Offset 0.4 3.0 
Input Offset Voltagevs. Temperature SO 
Input Offset Voltage vs. Supply, 

TmintoTmax 50 400 

INPUT BIAS CURRENT 
Either Input4 300 

INPUT IMPEDANCE 
Differential 1013111.6 
Common Mode 1015110.S 

INPUT VOLTAGE RANGE 
Differential :t20 :t20 
Common Mode ±10 :t12 ±10 
Common Mode Rejection 66 94 80 

INPUT NOISE 
Voitage,O.IHzto 10Hz 4.0 

f= 10Hz 75 
f= 100Hz 55 
f= 1Hz 50 

Current,O.IHzto 10Hz 0,003 
10Hz to 10kHz om 

POWER SUPPLY 
Rated Performance :tIS 
Operating :t5 :tIS :t5 
Quiescent Current O.S 1.5 

TEMPERATURE RANGE 
Operating, Rated Performance 0 +70 0 
Storage -65 + ISO -65 

PACKAGE6 

TO·99 Style (HOSB) ADS15JH 

NOTES 
'Open Loop Gain is specified with or without nulling of Vos. 
2A conservative design would not exceed 7SOpF of load capacitance. 
3Input Offset Voltage specifications are guaranteed after S minutes of operation at T A = + 25"C. 
4Bias Current specifications are guaranteed after 5 minutes of operation at T A = + 2Soe. For 
higher temperatures, the current doubles every + lOoe. 

5If it is possible for the input voltage to exceed the supply voitage, a series 
protection resistor should be added to limit input current to O.SmA. The 
input devices can handle overload currents of 0.3mA indefinitely without 
damage. See next page. 

6See Section 19 for package outline information. 
Specifications subject to change without notice. 

Specifications shown in boldface are tested on all production units at final 
electrical test. Results from those tests are used to calculate outgoing quality 
levels. All min and max specifications are guaranteed, although only those 
shown in boldface are tested on all production units. 
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ADslsK 
Typ Max 

:t12 
:t13 
1000 
25 SO 

350 
16 
1.0 
16 100 

0.4 1.0 
IS 

100 

ISO 

1013111.6 
1015110.s 

:t12 

4,0 

75 
55 
50 
0.003 
0,01 

:tIS 
:tIS 

O,S 1.5 

+70 
+150 

ADS 15KH 

ADslsL 
Min Typ Max Units 

25,000 VN 
50,000 VN 
25,000 V/V. 

±IO :t12 V 
±12 :t13 V 

1000 pA 
10 25 SO rnA 

350 MHz 
5 MHz 

0,3 1.0 V/ILS 
16 100 ILs 

0.4 1.0 mV 
25 ILvrc 

200 ILVN 

75 FA 

1013111.6 MOllpA 
.1015110,S MOllpA 

:t20 V 
±10 :t12 V 
70 dB 

4.0 ILVP-P 
75 nV/YHz 
55 nV/YHz 
50 nV/YHz 
0.003 pA(p-p) 

0.01 pA(rms) 

:tIS V 
:t5 :tIS V 

O,S 1.5 rnA 

0 +70 °c 
-65 + ISO °c 

ADS15LH 

Standard Offset Nu/I Circuit 



LAYOUT AND CONNECTION CONSIDERATIONS 
The design of very high impedance measurement systems intro
duces a new level of problems associated with the reduction of 
leakage paths and noise pickup. 

1. A primary consideration in high impedance system designs is 
to attempt to place the measuring device as near to the signal 
source as possible. This will minimize current leakage paths, 
noise pickup and capacitive loading. The AD515, with its 
combination of low offset voltage (normally eliminating the 
need for trimming), low quiescent current (minimal source 
heating, possible battery operation), internal compensation 
and small physical size lends itself very nicely to installation 
at the signal source or inside a probe. Also, as a result of the 
high load capacitance rating, the AD515 can comfortably 
drive a long signal cable. 

2. The use of guarding techniques is essential to realizing the 
capability of the ultra-low input currents of the AD515. 
Guarding is achieved by applying a low impedance bootstrap 
potential to the outside of the insulation material surrounding 
the high impedance signal line. This bootstrap potential is held 
at the same level as that of the high impedance line; therefore, 
there is no voltage drop across the insulation, and hence, no 
leakage. The guard will also act as a shield to reduce noise pick
up and serves an additional function of reducing the effective 
capacitance to the input line. The case of the AD515 is brought 
out separately to pin 8 so that the case can also be connected 

Applying the AD515 
4. Another important concern for achieving and maintaining 

low leakage currents is complete cleanliness of circuit boards 
and components. Completed assemblies should be washed 
thoroughly in a low residue solvent such as TMC Freon or 
high-purity methanol followed by a rinse with deionized 
water and nitrogen drying. If service is anticipated in a high 
contaminant or high humidity environment, a high dielectric 
conformal coating is recommended. All insulation materials • 
except Kel-F or teflon will show rapid degradation of surface 
leakage at high humidities. 

UUT 

Eo = lmV/picoamp 

Figure 2. Picoampere Current-to· Voltage Converter Inverting 
Configuration 

OPTIONAL Rp 

to the guard potential. This technique virtually eliminates poten
tialleakage paths across the package insulation, provides a 

Eo = Vs!1+!!E) 
Rs 

ZIN = 10" mO.2pF 
noise shield for the sensitive circuitry, and reduces common
mode input capacitance to about 0.2pF. Figure 1 shows a 
proper printed circuit board layout for input guarding and 
connecting the case guard. Figures 2 and 3 show guarding 
connections for typical inverting and non-inverting applica
tions. If pin 8 is not used for guarding, it should be connected 
to ground or a power supply to reduce noise. 

O-:T 
6 

~V+ 
(BOTTOM VIEW) 

SAME PATTERN SHOULD BE 
LAID OUT ON BOTH SIDES 
OF P.C. BOARD 

Figure 1. Board Layout for Guarding Inputs with Guarded 
TO-99 Pack age 

3. Printed circuit board layout and construction is ~ritical for 
achieving the ultimate in low leakage performance that the 
AD515 can deliver. The best performance will be realized 
by using a teflon IC socket for the AD515; but at least a 
teflon stand-off should be used for the high-impedance lead. 
If this is not feasible, the input guarding scheme shown in 
Figure 1 will minimize leakage as much as possible; the guard 
ring should be applied to both sides of the board. The guard 
ring is connected to a low impedance potential at the same 
level as the inputs. High impedance signal lines should not be 
extended for any unnecessary length on a printed circuit; to 
minimize noise and leakage, they must be carried in rigid, 
shielded cables. 

Figure 3. Very High Impedance Non-Inverting Amplifier 

INPUT PROTECTION 
The AD515 is guaranteed for a maximum safe input potential 
equal to the power supply potential. The unique bootstrapped 
input stage design also allows differential input voltages of up 
to ±20 volts (or within 10 volts of the sum of the supplies) 
while maintaining the full differential input resistance of 
1013 n, as shown in Figure 10. This makes the AD515 suitable 
for low speed comparator situations employing a direct connec
tion to a high impedance source. 

Many instrumentation situations, such as flame detectors in 
gas chromatographs, involve measurement of low level currents 
from high-voltage sources. In such applications, a sensor fault 
condition may apply a very high potential to the input of the 
current-to-voltage converting amplifier. This possibility neces
sitates some form of input protection. Many electrometer type 
devices, especially CMOS designs, can require elaborate zener 
protection schemes which often compromise overall perfor
mance. The AD515 requires input protection only if the source 
is not current-limited, and as such is similar to many JFET
input designs. The failure mode would be overheating from 
excess current rath~r than voltage breakdown. If the source is 
not current-limited, all that is required is a resistor in series 
with the affected input terminal so that the maximum over
load current is O.5mA (for example, 200kn for a 100 volt 
overload). This simple scheme will cause no significant reduc
tion in performance and give complete overload protection. 
Figures 2 and 3 show proper connections. 
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COAXIAL CABLE AND CAPACITANCE EFFECTS 
If it is not possible to attach the AD515 virtually on top of the 
signal source, considerable care should be exercised in designing 
the connecting lines carrying the high impedance signal. Shielded 
coaxial cable must be used for noise reduction, but use of coax
ial cables for high impedance work can add problems from cable 
leakage, noise, and capacitance. Only the best polyethylene or 
virgin teflon (not reconstituted) should be used to obtain the 
highest possible insulation resistance. 

Cable systems should be made as rigid and vibration-free as 
possible since cable movement can cause noise signals of three 
types, all significant in high impedance systems. Frictional 
movement of the shield over the insulation material generates a . 
charge which is sensed by the signal line as a noise voltage. Low 
noise cable with graphite lubricant will reduce the noise, but 
short rigid lines are better. Cable movements will also make 
small changes in the internal cable capacitance and capaci-
tance to other subjects. Since the total charge on these 
capacitances cannot be changed instantly, a noise voltage 
results as predicted from: bv = QlbC. Noise voltage is also 
generated by the motion of a conductor in a magnetic field. 

The conductor-to-shield capacitance of coaxial cable is nor
mally about 30pF/foot. Charging this capacitance can cause. 
considerable stretching of high impedance signal rise-time, thus· 
cancelling the low input capacitance feature of the AD515. 
There are two ways to circumvent this problem. For inverting 
signals or low-level current measurements, the signal is carried 
on the line connected to the inverting input and shielded (guar
ded) by the ground line as shown in Figure 2. Since the signal 
is always at virtual ground, no voltage change is required and 
no capacitances are charged. In many circumstances, this will 
de-stabilize the circuit; if so, capacitance from output to invert
ing input will stabilize the circuit. 

Non-inverting and buffer situations are more critical since the 
signal line voltage and therefore charge will change, causing sig
nal delay. This effect can be reduced considerably by connect-

. ing the cable shield to guard potential instead of ground, an 
option shown in Figure 3. Since such a connection results in 
positive feedback to the input, the circuit may destabilize and 
oscillate. If so, capacitance from positive input to ground must 
be added to make the net capacitance at pin 3 positive. This 
technique can considerably reduce the effective capacitance 
which must be charged. 

Typical Performance Curves 
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ELECTROMETER APPLICATION NOTES 
The AD515 offe'rs the lowest input bias currents available in an 
integrated circuit package. This design will open up many new 
application opportunities for measurements from very high 
impedance and very low current sources. Performing accurate 
measurements of this sort requires careful attention to detail; 
the notes given here will aid the user iri realizing the full meas
urement potential of the AD515 and perhaps extending its 
performance limits. 

1. As with all junction FET input devices, the temperature 
of the FET's themselves is all-important in determining 
the input bias currents. Over the operating temperature 
range, the input bias currents closely follow a characteristic 
of doubling every WOC; therefore, every effort should be 
made to minimize device operating temperature. 

2. The heat dissipation can be reduced initially by careful 
investigation of the application. First, if it is possible to re
duce the required power supplies, this should be done since 
internal power consumption contributes the largest compo
nent of self-heating. To minimize this effect, the quiescent 
current of the AD515 has been reduced to a level much 
lower than that of any other electrometer-grade device, but 
additional performance improvement can be gained by low
ering the supply voltages, to ±5 volts if possible. The effects 
of this are shown in Figure 8, which shows typical input bias 
current and quiescent current versus supply voltage. 

3. Output loading effects, which are normally ignored, can 
cause a significant increase in chip temperature and there
fore bias current. For example, a 2kn load driven at 10 
volts at the output will cause at least an additional 25 milli
watts dissipation in the output stage (and some in other 
stages) over the typical 24 milliwatts, thereby at least dou
bling the effects of self-heating. The results of this form of 
additional power dissipation are demonstrated in Figure 9, 
which shows normalized input bias current versus additional 
power dissipated. Therefore, although many dc performance 
parameters are specified driving a 2kn load, to reduce this 
additional dissipation, we recommend restricting the load 
impedance to be at least 10kn. 

20\-----i;;;;;;;;o;o--F-
SUPPLY CURRENT 

Figure 8. Input Bias Current and Supply Current Versus 
Supply Voltage 

a.o'l -,...--,---,;----.--,--.,--,---. 
I I I I / o r- REJ::TE~~~I:o~~: ~5fA (TYP) 

V UNITS WARMED UP 
WITH !15V SUPPLY 

o~ 

/ TA - +2S~C 

0 17 
0 

/ 
V 

/ 
0 

/V 
0 

V --V 
100 

ADDITIONAL INTERNAL POWER OISSIPA nON - Milliwetts 
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Figure 10. Input Bias Current Versus Differential Input Voltage 

OPERA TIONAL AMPLIFIERS VOL. I, 4-63 

• 



AD515 CIRCUIT APPLICATION NOTES 
The AD515 is quite simple to apply to a wide variety of appli
cations because of the pre-trimmed offset voltage and internal 
compensation, which minimize required external components 
and eliminate the need for adjustments to the device itself. The 
major considerations in applying this device are the external 
problems of layout and heat control which have already been 
discussed. In circuit situations employing the use of very high 
value resistors, such as low level current to voltage converters, 
electrometer operational amplifiers can be destabilized by' a, 
pole created by the small capacitance at the negative input. If 
this occurs, a capacito'r of 2 to 5pF in parallel with the resistor 
will stabilize the loop. A much larger capacitor may be used if 
desired to limit bandwidth and thereby reduce wideband noise. 

Selection of passive components employed in high impedance 
situations is critical. High-megohm resistors should be of the 
carbon film or deposited ceramic oxide to obtain the best in 
low noise and high stability performance. The best packaging 
for high-megohm resistors is a glass body sprayed with silicone 
varnish to minimize humidity effects. These resistors must be 
handled very carefully to prevent surface contamination. 
Capacitors for any high impedance or long term integration 
situation should be of a polystyrene formulation for optimum 
performance. Most other types have too Iowan insulation 
resistance, or high dielectric absorption. 

Unlike situations involving standard operational amplifiers with 
much higher bias currents, balancing the impedances seen at 
the input terminals of the AD515 is usually unnecessary and 
probably undesirable. At the large source impedances where 
these effects matter, obtaining quality, matched resistors will 
be difficult. More important, instead of a cancelling effect, as 
with bias current, the noise voltage of the additional resistor 
will add,by root-sum-of-squares to that of the other resistor thus 
increasing the total noise by about 40%. Noise currents driving 
the resistors also add, but in the AD515 are significant only 
above 10 11 n. 

+ 

OUTPUT 

(ALL RESISTORS OF SAME NUMBER SHOULD BE MATCHED -0,1%) 

(BUFFER A 1 BOOSTS COMMON MODE Z,N BY DRIVING CABLE SHIELDS 
AT COMMON MODE VOL TAGE AND NEUTRALIZING CM CAPACITANCE) 

Figure 11. Very High Impedance Instrumentation Amplifier 
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- ...... -+-O RESET 
(NEGATIVE PULSE) 

OUT 

Figure 12. Low Drift Integrator and Low-Leakage Guarded 
Reset 

LOW-LEVEL CURRENT TO VOLTAGE CONVERTERS 
Figure 2 shows a standard low-level current-to-voltage conver
ter. To obtain higher sensitivity, it is obvious to simply use a 
higher value feedback resistor. However, high value resistors 
above 109 n tend to be expensive, large, noisy and unstable. 
To avoid this, it may be desirable to use a circuit configuration 
with output gain, as in Figure 13. The drawback is that input 
errors of offset voltage drift and noise are multiplied by the 
same gain, but the precision performance of the AD515 makes 
the tradeoff easier. 

Figure 13. Picoampere to Voltage Converter with Gain 

One of the problems with low-level leakage current testing or 
low-level current transducers (such as Clark oxygen sensors) is 
finding a way to apply voltage bias to the device while still 
grounding the device and the bias source. Figure 14 shows 'a 
technique in which the desired bias is applied at the non-invert
ing terminal thus forcing that voltage at the inverting terminal. 
The current is sensed by RF, and the AD521 instrumentation 
amplifier converts the floating differential signal to a single
ended output. 

I, 
100 n 

Figure 14. Current-to-Voltage Converters with Grounded 
Bias and Sensor 



r.ANALOG 
WDEVICES 

Low Cost, Laser 
Trimmed, Precision IC Op Amp 

FEATURES 
Low Input Bias Current: 1nA max (AD517L) 
Low Input Offset Current: O.25nA max (AD517L) 
Low Vos: 50llV max (AD517L), 150llV max (AD517J) 
Low Vos Drift: 1.3IJ,VfC (AD517L) 
I nternal Compensation 

PRODUCT DESCRIPTION 

The ADS17 is a high accuracy monolithic op amp featuring ex
tremely low offset voltages and input currents. Analog Devices' 
thermally-balanced layout and superior IC processing combine 
to produce a truly precision device at low cost. 

The ADS17 is laser trimmed at the wafer level (LWT) to pro
duce offset volt~es less than SOIlV and offset voltage drifts 
less than 1.31lV I C unnulled. Superbeta input transistors pro
vide extremely low input bias currents of InA max and offset, 
currents as low as 0.2SnA max. While these figures are com
parable to presently available BIFET amplifiers at room tem
perature, the ADS17 input currents decrease, rather than 
increase, at elevated temperatures. Open-loop gain in many IC 
amplifiers is degraded under loaded conditions due to thermal 
gradients on the chip. However, the ADS17 layout is balanced 
along a thermal axis, maintaining open-loop gain in excess of 
1,000,000 for a wide range of load resistances. 

The input stage of the ADS17 is fully protected, allowing dif
ferential input voltages of up to ±Vs without degradation of 
gain or bias current due to reverse breakdown. The output 
stage is short-circuit protected and is capable of driving a load 
capacitance up to 1000pF. 

The ADS17 is well suited to applications requiring high pre
cision and excellent long-term stability at low cost, such as 
stable references, followers, bridge instruments and analog 
computation circuits. 

The circuit is packaged in a hermetically sealed TO-99 metal 
can, and is available in three performance versions 0, K, and 
L) specified over the commercial 0 to +70oC range; and one 
version (ADS17S) specified over the extended temperature 
range, -SSoC to + 12SoC. 

AD517 
ADS 17 FUNCTIONAL BLOCK DIAGRAM 

OFFiET ~ 
NUl~_...J(8 

-IN 2 

+IN 

~+vs 

4 

-VS 

TO-99 
TOP VIEW 

6 OUTPUT 

NC 

PRODUCT HIGHLIGHTS 
1. Offset voltage is 100% tested and guaranteed on all models. 
2. The ADS17 exhibits extremely low input bias currents 

without sacrificing CMRR (over 100dB) or offset voltage 
stability. 

3. The ADS17 inputs are protected (to ±Vs ), preventing offset 
voltage and bias current degradation due to reverse break
down of the input transistors. 

4. Internal 'compensation is provided, eliminating the need for 
additional components (often required by high accuracy IC 
op amps). 

S. The ADS17 can directly replace 72S, 108, and ADSIO am
plifiers. In addition, it can replace 741-type amplifiers if the 
offset-nulling potentiometer is removed. 

6. Thermally-balanced layout insures high open-loop gain inde
pendent of thermal gradients induced by output loading, 
offset nulling, and power supply variations. 
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SPECIFICATIONS (@ +25OC and Vs= ±15V de) 

Model 
MiD 

OPEN LOOP GAIN 
Vo= :!:IOV,RL C'!2kO 10' 
TnU.toT .... ,RL =2kO 500,000 

OUTPUT CHARACTERISTICS 
Voltage@RL=2kn,TnU. toT .... ±10 
Load Capacitance 
OutputCurnnt 10 
Shon Circuit Current 

FREQUENCY RESPONSE 
Unity Gain Small Signal 
Full Power Response 
Slew Rate, Unity Gain 

INPUT OFFSET VOLTAGE 
Initial Offset 
InputOffsetvs. Temp. 
Input Offset vs. Supply 

TnU• toT"". 

INPUT BIAS CURRENT 
Initial 
TaU. toT .... 

VI. Temp, T nUn to T .... 

INPUT OFFSET CURRENT 
Initial 
TaU. toT .... 

INPUT IMPEDANCE 
Differential 
Common Mode 

INPUT VOLTAGE RANGE 
Differential 
Common Mode Rejection 94 
Common Mode Rejection 

TaU. toT .... 94 

INPUT NOISE 
Voltage,O.IHzto 10Hz 

f=IOHz 
f=IOOHz 
f= 1kHz 

Current, f = 10kHz 
f= 100Hz 
f=lkHz 

POWER SUPPLY 
Rated Performance 
Operating :!:5 
Quiescent Current 

TEMPERATURE RANGE 
Operating, Rated Performance 0 
Storage 

PACKAGE! 
TO-99 Style (H08B) 

NOTES 
'See Section 19 for package outline information. 
Specifications subject to change without notice. 

-65 

AD517J 
Typ Max 

1000 

25 

250 
1.5 
0.10 

ISO 
3.0 
25 
40 

5 
8 
:!:20 

1.0 
1.5 

15111.5 
2.0x Ill" 

:!:Vs 

2 
35 
25 
20 
0.05 
0.03 
0.03 

:!: 15 
:!: 18 
4 

+70 
+ 150 

AD5171H 

Specifications shown hI bc!d!:...--e:t.""e t:::ed en :.!! production t!:"..its It f!..fta:! 
electrical test. Results from those tests are used to calculate outgoing quality 
levels. All min and max specifications are JUUIIIteed, although only those 
shown in boldface are tested on all production units. 
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AD517K 
Min Typ 

10' 
500,000 

±10 
1000 

10 
25 

250 
1.5 
0.10 

20111.5 
2.0x Ill" 

:!:Vs 
no 

llO 

2 
35 
25 
20 
0.05 
0.D3 
0.03 

:!: 15 
:!:5 

0 
-65 

AD517KH 

Max 

75 
1.8 
10 
15 

2 
3.5 
:!:IO 

0.75 
1.25 

:!: 18 
3 

+70 
+ 150 

AD517L AD517S 
MiD Typ Max Min Typ Max Units 

10' 10' VN 
500,000 250,000 VN 

±10 ±10 V 
1000 1000 pF 

10 10 rnA 
25 25 rnA 

250 250 kHz 
1.5 1.5 kHz 
0.10 0.10 V/".s 

50 75 ".V 
1.3 1.8 ".vrc 
10 10 ".VN 
15 20 ".VN 

1.0 2.0 nA 
\.5 10 nA 

:!:4 :!: 10 pAI"C 

0.25 2.0 nA 
0.4 10 nA 

20111.5 20111.5 MnllpF 
2.0x 10· 2.0x 10" n 

:!:Vs :!:Vs V 
no no dB 

100 100 dB 

2 2 ".Vp-p 
35 35 nV/v'ih 
25 25 nV/v'ih 
20 20 nV/v'ih 
0.05 0.05 pAlv'ih 
0.03 0.03 pA/v'ih 
0.03 0.03 pA/v'ih 

:!: 15 :!.15 V 
:!:5 :!: 18 :!:5 :!: 18 V 

3 3 rnA 

0 +70 -55 + 125 ·C 
-65 + 150 -65 + 150 ·C 

ADSI7LH AD517SH 
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NULLING THE ADS17 
The internally-trimmed offset voltage of the AD517 will be low 
enough for most circuits without further nulling. However, in 
high precision applications, the ADS17 may be nulled using 
either of the following methods: 

Figure 1A shows a simple circuit using a 10kn, ten-turn poten
tiometer. This circuit allows nulling to within several microvolts. 

The circuit of Figure 1B is recommended in applications where 
nulling to within 1JlV is desired. This circuit has the advantage 
that potentiometer instability effects are reduced by a factor 
of ten. Values of Rl' and R2' are calculated as follows: 

1. Null the offset to zero using a standard 10k pot, as shown 
in Figure lA. 

2. Measure pot halves Rl and R2. 

3. Calculate: 

, R2 x SOkn 
R2 = ----''-----

SOkn-R2 

4. Replace the pot with Rl' and R2' using the closest value 
1 % metal film resistors. 

5. Use a lOOk, ten-turn pot for Rp to complete the nulling. 

1 

A. Simple 

R2' 

~'-------~~v-------~~8 

B. High Precision 

Figure 1. Nulling Circuits 

AN INSTRUMENT INPUT AMPLIFIER USINGTHEADS17L 
The circuit shown in Figure 2 represents a typical input stage 
for laboratory instruments and panel meters. The amplifier is 
non-inverting and offers selectable gains from 1 to 1000 in 
decade steps. 

Applying the AD517 
+15V 

R2 
10k 1% 

INPUT 

R1 
10Mn 
1% 6 

R7 R10 
-.io.IY 

J 1k 1% 90k 0.02"A> 

RS R11 
9.09k 1% 9k 0.02% 

R9 R12 
10k 1% 900n 0.02% 

R13 
100n 0.02"A> 

Figure 2. Stable Instrument Input Amplifier 

Input impedance of this amplifier is 10 megohms, determined 
by resistor R 1 . The offset nulling network comprised of R 3, 
R4 and R5 is the same one described earlier. If a less precise 
adjustment can be tolerated, a single 10k potentiometer can be 
substituted for R3, R4 and R5 . . 

Gain switching is accomplished in the feedback network. The 
divider consisting of RIO' R11 , R12 and R13 determines the 
gain by dividing the output and returning it to the inverting 
input of the amplifier. The ratio tolerances of these resistors 
uniquely determine the gain of the amplifier. The impedance' 
seen by the inverting input is held constant at 10k ohms by 
R6, R7 R8 or R9 depending on the gain selected. Since input 
bias currents flow through equal resistances, the offset voltages 
produced will cancel each other. The input offset currents will 
produce an insignificant offset voltage on the order of 1 micro
volt. If this offset is nulled out at the highest gain selected, it 
will be nulled on all ranges. 

The AD517 offers excellent temperature stability in this cir
cuit. Once the offset has been zeroed, the error produced by 
offset current drift will remain quite low due to the extremely 
low offset current drift of the ADS17. A FET-input op amp 
would not work well in this application, since the input offset 
currents would double for each 10°C increase in temperature, 
soon exceeding the input offset currents of the ADSI7: 
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... ANALOG Low Cost, 
W DEVICES High Speed, Ie Operational Amplifier' 

'FEATURES 
'High Slew Rate: 70V/ps 
Wide Bandwidth: 12MHz 
60° Phase Margin (At Unity Gain Crossover) 
Drives 300pF Load 
Guaranteed Low Offset Drift: 

15pvfc Max (AD518K) 
Pin Compatible With 118-Type 

Op Amp Series 

PRODUCT DESCRIPTION 
The AD518J, AD518K, and AD518S are high speed precision 
monolithic operational amplifiers designed for applications 
where slew rate and wide bandwidth are required, but low 
cost and ease of use are essential. The devices are internally 
compensated for unity gain applications with a 60° phase 
margin to insure stability, a minimum unity gain slew rate of 
50Vlps, and a typical bandwidth of 12MHz. In addition, in 
inverting applications external feed forward compensation 

. may be added to increase the slew rate to over 1 OOV Ips, 
and nearly double the bandwidth. If desired, settling time to 
0.1 % can be reduced to under Ips with a single external 
capacitor. 

The AD518's dc performance is consistent with its precision 
dynamic characteristics. The devices feature offset voltages ' 
below 2mV, maximum offset drifts of 15pV/C, and offset 
currents below 50nA max. 

The high slew rate, fast settling time, ease of use, and low cost 
of the AD518 make it ideal for use with D/A and AID 
converters, as well as active filters, sample-and-hold circuits, 
and as a general purpose, fast, wideband amplifier. The 
AD518 is supplied in the TO-99 package. The AD518J and 
AD5'18K are specified for operation over the 0 to +70°C 
temperature range; the AD518S for operation from -55°C to 
~12SoC. 

AD518 FUNCTIONAL BLOCK DIAGRAM 

BALANCE 
COMPENSATION 2 

BALANCE 
COMPENSATION 1 

-INPUT 2 6 OUTPUT 

.. 

~ J BALAN~E! 
+INPUT ~ COMPENSATION-3 

v-
TO-99 

TOP VIEW 

PRODUCT HIGHLIGHTS 
1. The AD518 offers the user high speed performance and' 

flexibility previously unava.iIable at low cost .... , .... 

• Internal compensation for unity gain applications 
• Capability to increase slew rate to over 1 OOV Ips and 

double the bandwidth by an external feedforward • 
technique 

• Capability to reduce settling time to under Ips to 
0.1 % with a single external capacitor 

• Differential input capability 

2. The phase margin of the AD518, uncompensated at the 
unity gain crossover frequency, is 60° , providing 
unconditional stability for all conditions. This conservative 
phase margin represents a clear improvement over that of 
the 118 series IC op amps currently available. 

3. The static performance of the AD518 is consistent with its 
excellent dynamic performance, providing offset voltage. 
drift under 15pV/C, CMRR of BOdB, and offset current 
below 50nA. . 
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SPECIFICATIONS (@ + 250C and Vs = ± 15V dc unless otherwise specified) 

Model Min 

OPEN LOOP GAIN 
Vo = ±IOV,RL~2kn 25,000 
Tmin toTmax, RL = 2kn 20,000 

OUTPUT CHARACfERISTICS 
Voltage@RL = 2kn, T min to T max ±12 
Output Current 
Short Circuit Current 

FREQUENCY RESPONSE 
Unity Gain Small Signal 
Slew Rate, Unity Gain 50 
Settling Time to 0.1 % 
Phase Margin, Uncompensated at Unity 

Gain Crossover Frequency 

INPUT OFFSET VOLTAGE 
Initial Offset 
Input Offset VoltageorT min to Tmu 
Input Offset Voltage vs. Supply or 

TmintoTmax 65 

INPUT BIAS CURRENT 
Initial 
Tmin toTmax 

INPUT OFFSET CURRENT 
Initial 
Tmin toTmax 

INPUT IMPEDANCE 0.5 

INPUT VOLTAGE RANGEl 
Differential 
Common Mode 
Common Mode Rejection 70 

POWER SUPPLY 
, Rated Performance 

Operating ±5 
Quiescent Current 

TEMPERATURE RANGE 
Operating, Rated Performance 0 
Storage -65 

PACKAGE2 

TO-99 Style (HOSA) 
Plastic MINI DIP (N8A) 

NOTES 
IThe inputs are shunted with back-to-back diodes; ifthe 
differential input may exceed ± I volt, a resistor should 
be used to limit the input current to lOrnA 

2See Section 19 for package outline information. 
Specifications subject to change wi thou t notice. 

AD51SJ 
Typ Max 

100,000 

±13 
±IO 
25 

12 
70 
800 

60 

4 10 
15 

80 

120 500 
750 

30 200 
300 

3.0 

±11.5 
±Vs 
100 

±15 
±20 

5 10 

+70 
+ ISO 

AD518]H 
AD518]N 

Specifications shown in boldface are tested on all production units at final electri
cal test. Results from those tests are used to calculate outgoing quality levels. All 
min and max specifications are guaranteed, although only those shown in 
boldface are tested on all production units. 
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AD51SK 
Min Typ Max 

50,000 100,000 
25,000 

±12 ±13 
±IO 
25 

12 
50 70 

800 

60 

2 4 
6 

SO 90 

120 250 
400 

6 50 
100 

0.5 3.0 

± 11.5 
±Vs 

SO 100 

±15 
±5 ±20 

5 7 

0 +70 
-65 + 150 

ADS18KH 
ADSI8KN 

ADS ISS 
Min Typ Max Units 

50,000 100,000 vrv 
25,000 vrv 

±12 ±13 V 
±IO rnA 
25 rnA 

12 MHz 
50 70 V/p.s 

800 ns 

60 Degrees 

2 4 mV 
6 mV 

SO 90 dB 

120 250 nA 
400 nA 

6 50 nA 
100 nA 

0.5 3.0 Mn 

± 11.5 V 
±Vs V 

SO 100 dB 

± IS ±IS V 
±5 ±20 V 

5 7 p.A 

-55 + 125 °C 
-65 + 150 °C 

ADSI8SH 



STABILITY & PHASE MARGIN 
. Perhaps one of the most meaningful ways to express the 

relative stability of a closed loop amplifier is in terms of phase 
margin. Phase margin is measured at that frequency where the 
open loop gain of the amplifier becomes unity or OdB. It is 
the additional amount of phase shift that, if introduced in the 
loop, would make the loop unstable. 

At very low frequencies the gain of most operational 
amplifiers is generally large. Moreover, the amplifier output 
signal is very nearly in phase with the differential input signal. 
This output is, therefore, nearly 180° out of phase with the: 
feedback signal applied to the inverting input. At sufficiently 
high frequencies the gain of the amplifier begins to decrease as 
a function of frequency, with the resulting consequence of a 
lagging phase characteristic. That is, as the gain falls with 
increasing frequency, the phase of the output signal at a given 
frequency will lag the phase of the input signal. The phase 
shift depends most critically on the slope of the gain curve 
with respect to the logarithm of the frequency at the 
frequency where the phase is measured. If the gain changes 
more rapidly than 12dB/octave over a substantial frequency 
range, the minimum resulting phase shift may exceed 180°. 

To insure amplifier stability, it is necessary that the phase 
shift near the unity gain frequency (12MHz in the ADS18) is 
less than 180°. Moreover, it is generally required that the 
phase shift be substantially below the critical stability point 
to insure proper system performance. If the unity gain phase 
shift approaches 180°, the system will be on the verge of 
oscillation. As a result, there will be a large peak in the closed 
loop response near the unity loop gain frequency. This 
sharply peaked frequency response generally causes an 
undesirable small signal transient response with a poorly 
damped overshoot. 

The term phase margin refers to the difference between 180° 
and the actual frequency-dependent phase shift at the system 
unity gain frequency. It is the margin between the actual 
system phase shift and the critical phase shift at which 
oscillation will occur. Not only does it indicate the relative 
immunity to oscillation, but it also gives some indication 
about the peaking and overshoot that can be expected. 

The simple pole or frequency response of a single R-C network 
has a gain slope of 6dB/octave. This response has an 
associated phase shift which is asymptotic to -90°. Linear 
systems which are dominated by this characteristic in their 
open loop response are stable. They show no overshoot or 
ringing in their small signal transient response. Additional 
poles, either above or below the unity loop gain frequency, 
will add phase shift. As phase shift increases up to a lagging 
phase of about 120°, representing a 60° phase margin, little 
or no peaking will result. As the unity gain phase shift 
increases, peaking becomes more and more evident. For 
example, as the phase shift reaches 160° (20° of phase 
margin), between 9 and lOdB of peaking will occur. 

The ADS 18 has been designed for a 60° phase margin at the 
unity gain crossover frequency, for absolute stability and 
absence of ringing and overshoot. (Note the transient response 
of the ADS18 in Figure 1.) Note also in Figure 2 that the 
phase shift at 12MHz, the unity gain crossover frequency, is 
120°, representing 60° of phase margin. 

CRD 

\ 
100pF I 

I 1\ 1 
j \ J 

Figure 1. Transient Response of the AD518 
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Figure 2. Amplitude and Phase Response of the AD518 

THE FLEXIBILITY OF THE ADS 18 
MINIMUM SETTLING TIME APPLICATIONS 
For applications where a minimum settling time is desired, the 
settling time of the AD518 may be reduced significantly by 
employing the compensation scheme suggested in Figure 3. 

5pF 

10k 
INPUT Q-..JII'>!V---=1 

OUTPUT 

5k 

Figure 3. Minimum Settling Time Compensation 

Using the O.lpF capacitor from Pin S to V+ (Pin 7), the 
settling time to 0.1 % is reduced from 2ps to 800ns. 
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HIGHER BANDWIDTH OR 
HIGHER SLEW RATE APPLICATIONS 
For applications where higher bandwidth is desired, the 
bandwidth of the ADS18 may be increased to nearly 
2SMHz by using the feedforward technique shown in 
Figure 4. 

Sk 

3k 

OUTPUT 

2.Sk 

Figure 4. High Bandwidth Configuration 

For applications where higher slew rate is desired, the slew 
rate of the ADS18 may be nearly doubled using the technique 
shown in Figure S. 

5k 

5k 
INPUT O-Jy\,f\r--+-.".t 

OUTPUT 

lk 

Figure 5. High Slew Rate Configuration 

Note that the techniques of Figures 4 and 5 may be used in 
conjuncdon with each other to both double the bandwidth 
to 2SMHz and increase the slew rate to 1 00-140V IJ,Ls. 

USING THE ADS18 
The connection scheme employed when using the ADS18 is 
considerably more important than for low frequency, general 
purpose amplifiers. The primary purpose of the O.IJ,LF bypass 
capacitors shown in Figure 6 is to convert the distributed 
high frequency ground to a lumped single point (the V+ point). 
The V+ to V- O.IJ,LF capacitor equalizes the supply grounds, 
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while the O.IJ,LF capacitor from V+ to signal ground should be 
returned to signal common. This signal common, which is 
bypassed to pin 7, is defined as that point at which the input 
signal source, the feedback network, and the return side of the 
load are joined to the power common. 

When using the ADSI8, this decoupling configuration should 
be used in conjunction with the configuration of Figures 3, 
4 and S, depending on the specific application. 

Note that the diagram shows each individual capacitor directly 
connected to the appropriate terminal. In addition, it is 
suggested that all connections be made short and direct, and as 
physically close to the can as possible, so that the length of 
any conducting path shared by external components will be 
minimized .. 

INVERTING 

I O.l~F (CERAMIC DISC) 

... TO SIGNAL COMMON 

~&>--t---'O OUTPUT 

NON·INVERTING O.lIlF 
(CERAMIC DISC) 

Figure 6. General Purpose Connection Diagram 

NULLING THE ADS18 

r."\ ~~~k 17'1 
~ 

. l200k . 

~V+ 
OTHER IC HIGH SPEED AMPLIFIERS A V AILABLE 

ADS07 

ADS09 

3SMHz Gain Bandwidth 
Slew Rate of 2SVIJ,Ls min 
Bias Current of ISnA max 
Offset Voltage Drift of ISJ,LVtC max 

Settles to 0.01 % in IllS 
Settles to' 0.1 % in 200ns 
Slew Rate of 100VIIlS min 



r.ANALOG 
WDEVICES Precision Low Cost BIFET Op Amp 

FEATURES 
Low Bias Current: 2SpA max, warmed-up 

(ADS42K,L), SOpA max (ADS42J) 
Low Offset Voltage: O.SmV max (ADS42L), 

1.0mV max (ADS42K) 
Low Offset Voltage Drift: SJ.l.VfC max 

(ADS42L), 1op,vfc max (AD542K) 
2op,vfc max (AD542J) 

Low Quiescent Current: 1.SmA max 
LOW Price 

PRODUCT DESCRIPTION 
. The ADS42 is a precision, monolithic FET-input operational 
amplifier fabricated with the most advanced BIFET and 
laser trimming technologies. The ADS42 offers bias currents, 
significantly lower than currently available BIFET devices: 
2SpA max, warmed-up for the ADS42K and L, 50pA max for 
the AD542]. In addition, the offset voltage is laser trimmed to 
less than 0.5mV on the AD542L and 1.0mV on the AD542K 
utilizing Analog's exclusive laser-wafer-trimming (LWT) proc
ess. When combined with the AD542's low offset voltage 
drift (Sp,vtc max for "L", lOp,V/oC max for "K"), these 
features offer the user IC performance truly superior to exist
ing BIFET op amps - and at low, BIFET pricing. 

The key to BI-FET technology is the ion-implanted ]FET. 
Ion-implantation (as opposed to diffusio'n) permits the fab
rication of precision, matched ]FETs on a monolithic bipolar 
chip. Analog Devices optimizes the BIFET process to produce 
bias currents lower than other popular BIFET op amps and 
specifies each device, for the maximum value at either input in 
the fully warmed-up condition. Additional benefits of this op
timization include low voltage noise (2p,V pop, 0.1 - 10Hz), 
and low quiescent current. 

The ADS42 is recommended for any operational amplifier 
application requiring excellent dc performance at low and 
moderate costs. Precision instrument front ends requiring 
accurate amplification of millivolt level signals from megohm 
source impedances will benefit from the device's excellent 
combination of low offset voltage and drift, low bias current 
and low 1/f noise. High common mode rejection (SOdB, min 
on the "K" and "L" versions) and high open-loop gain-even 
under heavy loading-ensures better than "12-bit" linearity 
in high impedance buffer applications. Additionally, band-

AD542 I 

ADS42 FUNCTIONAL BLOCK DIAGRAM 

TAB 

TO-99 
TOP VIEW 

width and slew rate are much increased over presently.avail
able precision, bipolar op amps. 

The AD542 is available in three versions: the "]", "K" and 
"L", all specified over the 0 to +70

o
C temperarure range and 

one version, "S", over the -55°C ~o +12S
o
C extended oper

atingtemperature range. All devices are packaged in the 
hermetically-sealed, TO-99 metal can. . 

PRODUCT HIGHLIGHTS 
1.. Improved BIFET processing on the ADS42 results in the 

lowest bias current available in a BIFET op amp. 

2. Analog Devices, unlike some manufacturers, specifies each 
device for the maximum bias current at either input in the 
warmed-up condition, thus assuring the user that the 
ADS42 will meet its published specifications in actual use. 

3. Laser-wafer-trimming reduces offset voltage to as low as 
0.5mV max (AD542L), thus eliminating the need for ex
ternal nulling in many situatio~s. 

4. If offset nulling is required, the additional offset voltage 
drift induced will be minimal. (Offset voltage drift can 
increase an additional 3p,VtC permV of offset nulled.) 

S. Low voltage noise (2p,V, pop), and low offset voltage drift 
enhance the AD542's performance as a precision op amp. 

6. The l.SmA max quiescent current enables th~ device to be 
used in numerous portable applications where low battery 
drain is essential. This is achieved without sacrificing open 
loop gain or the ability to drive up to a lOrnA load. 
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SPECIFICATIONS (@ +25OC and Vs= ±15V de) 
Model AD542J 

Min Typ 

OPEN LOOPGAIN 1 

Vo= =IOV,RL ;,,2kO 100,000 

TnUn toT mn,RL= 2kO 100,000 

OUTPUT CHARACTERISTICS 

Voltage (i' RL = 2kO, T nUn to T max ±10 = 12 
Vollage@RL=IOkO,TnUntoTmax ±12 = 13 
Short Circuit Current 25 

FREQUENCY RESPONSE 
Unity Gain Small Signal 1.0 
Full Power Response 50 
Slew Rate, Unity Gain 3.0 

INPUT OFFSET VOL TAGE2 

Initial Offset 
Input Offset Voltage vs. Temp. 
Input Offset Voltage vs. Supply, 

TmintoTmax 

INPUT BIAS CURRENT 
Either Inputl 

Offset Current 5 

INPUT IMPEDANCE 
Differential 1012116 
Common Mode 1012116 

INPUT VOLTAGE RANGE 

Differential =20 
Common Mode ±10 = 12 
Common Mode Rejection 76 

INPUT NOISE 
VoltageO.IRzto 10Hz 2 

f= 10Hz 70 
f= 100Hz 45 
f= 1kHz 30 
f= 10kHz 25 

POWER SUPPLY 
Rated Performance = 15 
Operating =5 
Quiescent Current 

TEMPERATURE RANGE 
Operating, Rated Performance 0 

Storage -65 

PACKAGE' 
TO·99 Style (H08B) AD542]H 

NOTES 
'Open Loop Gain is specified with Vos both nulled and unnulled. 
2Input Offset Voltage specifications are guaranteed after 5 minutes 
of operation at T A = + 2S'C. 

lBias Current specifications are guaranteed at maximum at either 
input after 5 minutes of operation at T A = + 2S'C. For 
higher temperarures, the current doubles every 100C. 

ADS42K ADS42L 

Max Min Typ Max Min Typ 

250,000 250,000 

250,000 250,000 

±10 = 12 ±10 =12 
±12 = 13 ±12 =13 

25 25 

1.0 1.0 
50 50 
3.0 3.0 

2.0 1.0 
20 10 

200 100 

50 25 

2 2 

1012116 1012116 

1012116 1012116 

=20 =20 
±10 = 12 ±10 =12 
80 80 

2 2 
70 70 
45 45 
30 30 
25 25 

= 15 =15 

= 18 =5 = 18 =5 
1.5 1.5 

+70 0 +70 0 

+ 150 -65 + 150 -65 

AD542KH AD542LH 

"Defined as voltage between inputs, such that neither exceeds 
= 10V from ground. 

'See Section 19 for package outline infonnation. 
Specifications subject to change without notice. 

Max 

0.5 
5 

100 

25 

= 18 
1.5 

+70 
+ 150 

Specifications shown in boldface are tested on all production units It fmal 
electrical test. Results from those tests are used to calculate outgoing quality 
levels. All min and max specifications are guaranteed, although only those 
shown in boldface are tested on all production units. 
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ADS42S 

Min Typ Max Units 

250,000 VIV' 
100,000 VIV 

±10 =12 V 
±12 =13 V 

25 mA 

1.0 MHz 
50 kHz 
3.0 V/",s 

1.0 mV 
15 ",vrc 

100 ",VIV 

25 pA 
2 pA 

1012116 MOllpF 

1012116 MOllpF 

=20 V 
±10 =12 V 
80 dB 

2 ",Vp.p 

70 nV/v'Hz 
45 nV/v'Hz 

30 nV/v'Hz 

25 nV/v'Hz 

= 15 V 

=5 = 18 V 
I.S mA 

-55 + 125 'c 
-65 + 150 'c 

AD542SH 
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Figure 21 b. Unity Gain Follower 
Pulse Response (Small Signal) 
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r.. ANALOG HigH'Speed 
W DEVICES, ·Implanted FET-Input Op Amp 
1~~ __ ~"': ______________ A_D5_44~1 

'FEATURES 
Low Bias Current: 25pA max, warmed·up 
Low Offset Voltage: 500pV max 
Low Offset Voltage Drift: 5pvfc max 
Low Input Voltage Noise: 2pV p.p 
Low Quiescent Current: 2.5mA max 
High Slew Rate: 13V/ps 
Fast Settling to ±0.01%: 3ps 
Low Total Harmonic Distortion: 0.0015% at 1kHz 

PRODUCT DESCRIPTION 

AD544 FUNCTIONAL BLOCK DIAGRAM 

TAB 

TO-99 
TOPYIEW 

PRODUCT HIGHLIGHTS 

, \ 

, ./'1':' 

• 

The AD544 is a high speed monolithic FET-inpur operational 
amplifier fabricated with the most advanced bipolar, JFET and 
laser trimming technologies. The AD544 offers bias currents 
significantly lower than currently available monolithic FET
input devices: 25pA max, warmed-up for the AD544K and L, 
50pA max for the AD544J, In addition, the offset voltage is 
laser trimmed to less than 0,5mY on the AD544L and 1.0mY 
on .the AD544K utilizing Analog's laser-wafer-trimming(LWT) 

1. Improved bipolar and JFET processing on the AD.544. ' 
results in the lowest bias current available in a high,~p~e9 ""'~':<::" 

:process. When combined with the AD544's low offset voltage 
drift (5/1Y /C max for "L", 10pY/C max for "K"), these 
features offer the user IC performance truly superior to exist
ing FET-input op amps-and at low, monolithic pricing, 

The key technology required for monolithic JFET-input op 
amps is the ion-implanted JFET, Ion-implantation (as opposed 
to diffusion) permits the fabrication of precision, matched 
J FET.'s on a monolithic bipolar chip. Analog Devices optimizes 
the process to produce bias currents lower than other popular 
FET-input op amps and specifies each device for the maximum 
value at either input in the fully warmed-up condition, Addi
tional benefits of this optimization include low voltage noise 
(2pY POp, 0,1-10Hz), and low quiescent current. 

The AD544 is recommended for any operational amplifier 
application requiring excellent ac and dc performance at low 
cost, The 2MHz bandwidth and low offset of the AD544 make 
it an excellent choice as an output amplifier for current out
put D/A Converters such as the AD7541, 12-Bit CMOS DAC. 
High common mode rejection (BOdB, min on the "K" 
and ilL" versions) and open-loop gain ensures better than 
"12-bit" linearity in high impedance buffer applications. 

The AD544 is available' in four versions: the "J", "K" and 
"L" are specified over the 0 to +70

o
C temperature range and 

the "s" over the -55°C to +125°C operating temperature 
range. All devices are packaged in the hermetically-sealed, 
TO-99 metal can. 

monolithic FET op amp. :' .. v. 

2, Analog Devices, unlike some manufacturers, specifies each 
device for the maximum bias current at either inpu,t in the 
warmed-up condition, thus assuring the user that the 
AD544 will meet its published specifications in actual use, 

3, Laser-wafer-trimming reduces offset voltage to as low as ' 
0,5mY ma;x (AD544L), thus eliminating the need for ex
ternal nulling in many situations, 

4. If offset nulling is required, the additional offset voltage 
drift induced will be minimal. (In some devices, offset 
voltage drift can increase an additional 3pY / C per mY 
of offset nulled.) 

5. Low voltage noise (2pY, pop), and low offset voltage drift 
(5pY/C) enhance the AD544'sperformance as a precision 
op amp. 

6. The high slew rate (13.0Y Ips) and fast settling time to 
0.01 % (3.0ps) make the AD544 ideal for D/A, AID, sample
hold circuits and high speed integrators. 

7. Low harmonic distortion (0.0015%) makes the AD544 an 
ideal choice for audio applications. 
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SPECIFICATIONS (@ +25OC and Vs= ±15V de) 
Model AD544J 

Min Typ 

OPEN LOOP GAIN I 

Vo = :': IOV, RL 2: 2kO 30,000 

T min to T rna., RL = 2kO 20,000 

OUTPUT CHARACTERISTICS 

Voltage@RL=2kH,TmintoTmax ±10 :': 12 
Voltage@' RL = 10kH, Tmin toT max ±12 :': 13 

Short Circuit Current 25 

FREQUENCY RESPONSE 

Unity Gain Small Signal 2.0 
Full Power Response 200 
Slew Rate, Unity Gain 8.0 13.0 

Settling Time toO.OI% 3.0 
'Total Harmonic Distortion 0.0025 

INPUT OFFSET VOL TAGE2 

Initial Offset 

Input Offset Voltage vs. Temp. 

orTmin toT max 

Input Offset Voltage vs. Supply, 

Tmin toT max 

INPUT BIAS CURRENTl 

Either Input 10 
Offset Current 5 

INPUT IMPEDANCE 

Differential4 1012116 
Common Mode 1012113 

INPUT VOLTAGE RANGE 

Differential :!:20 
Common Mode ±10 ±12 
Common Mode Rejection 74 

INPUT NOISE 

VoltageO.IHzto 10Hz 2 
f= 10Hz 35 

f= 100Hz 22 
f= 1kHz 18 
f= 10kHz 16 

POWER SUPPLY 

Rated Performance =: 15 
Operating :':5 
Quiescent Current 1.8 

TEMPERATURE RANGE 

Operating, Rated Performance ° Storage -65 

PACKAGEs 

TO-99 Style (H08B) AD544JH 

NOTES 
1000n Loop Gain is specified with Vas both nulled and unnulled. 
'Input Offset Voltage specifications are guaranteed after 5 minutes 
of operation at T", = + 25'C. 

lBias Current specifications are guaranteed at maximum at either 
input after 5 minutes of operation at TAo = + 25°C. , For 
higher temperatures, the current doubles every 100C. 

4Defined as voltage between inputs, such that neither exceeds ± 10V 
from ground. 
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AD544K 
Max Min Typ Max Min 

50,000 50,000 

40,000 40,000 

±10 :': 12 ±10 

±12 :,:13 ±12 

25 

2.0 

200 
8,0 13.0 8.0 

3.0 
0.0025 

2.0 1.0 

20 10 

200 100 

50 10 25 

2 

1012116 
1012113 

:!:20 
±10 =: 12 ±10 

80 80 

2 

35 
22 

18 
16 

:!: 15 
=: 18 =:5 :': 18 =:5 

2.5 1.8 2.5 

+70 0 +70 0 

+ 150 -65 + 150 -65 

AD544KH 

'See Section 19 for package outline information, 

Specifications subject to change without notice. 

AD544L 
Typ Max 

:':12 
:,:13 

25 

2.0' 

200 

13.0 
3.0 

0.0025 

0.5 

5 

100 

10 25 

2 

1012116 
1012113 

:,:20 

:': 12 

2 

35 
22 

18 
16 

=:15 

=: 18 

1.8 2.5 

+ 70 
+ 150 

AD544LH 

Specifications shown in boldface are tested on all production units at final 
electrical test. Results from those tests are used to calculate outgoing quality 
levels. All min and max specifications arc guaranteed, although only those 
shown in boldface are tested on all production units. 

AD544S 

Min Typ Max Units 

50,000 VN 
20,000 VN 

±10 :': 12 V 
:!:12 =13 V 

25 rnA 

2.0 MHz 
200 kHz 

8,0 13.0 V/fLS 
3.0 fLS 
0.0025 % 

1.0 mV 

15 fLVI'C 

100 fLVN 

10 25 pA 
2 pA 

1012116 MHllpF 

1012113 MHllpF 

:,:20 V 
±10 =: 12 V 

80 dB 

2 fLVP-P 
35 nV/ H 
22 nV/ H 

18 nV/ H 

16 nV/ H 

=:,15 V 
=:5 =: 18 V 

1.8 2.5 rnA 

-55 + 125 'C 
-65 + 150 'C 

AD544SH 
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Figure 21b. Unity Gain Follower 
Pulse Response (Small Signa/) 

Figure 22b. Unity Gain Inverter 
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r.ANALOG 
WDEVICES 

FEATURES 
Low Offset Voltage: 0.5mV max (AD545L), 

0.25mV max (AD545M) 
Low Offset Voltage Drift: 51lVfC max (AD545L), 

31lVfC max (AD545M) 
Low Power: 1.5mA max 
Low Bias Current: 1pA max (AD545K, L, M) 
Low Noise: 31lV POp, 0.1 to 10Hz 

PRODUCT DESCRIPTION 
The AD545 is a precision FET-input operational amplifier with 
overall performance far superior to the general purpose IC 
FET-input op amp. The device is fabricated using a low leakage 
FET paired with a low power op amp. Bias current is specified 
as 2pA max for the AD545} and IpA max for the AD545K, 
Land M. Offset voltage is laser trimmed to 0.5mV max for the 
AD545L, O.25mV max for the AD545M. All devices also 
feature low voltage noise and power consumption. The AD545 
is internally compensated, short circuit protected and free of 
l~tch-up. 

The AD545 series offers a broad combination of performance 
features previously unavailable from a single device. For pre
cision applications the AD545M specifies a 0.25mV max offset 
voltage, 3IlV/oC max drift and IpA max bias current. The 
AD545}, with a ImV max offset voltage, 251lVtC max drift 
and 2pA max bias current, is the best price performance choice. 

These devices' are recommended for a variety of general 
purpose and precision applications requiring low bias currents 
and high input impedance such as pH/pIon sensitive electrodes, 

- photo-current detectors, biological microprobes, long term 
precision integrators and vacuum iongauge measurements. The 
versatility of the AD545 is further enhanced by its excellent 
low frequency noise (3IlV pop, 0.1 to 10Hz) and low power 
consumption (1.5n1A max) for portable applications. 

As with previous electrometer amplifier designs from Analog 
Devices, the case is guarded thus minimizing stray leakage. 
This feature will also shield the input circuitry from external 
noise and supply transients, as well as reducing common mode 
input capacitance from 0.8pF to 0.2pF. 

The AD545 is available in four versions of bias current and 
offset voltage, the "}", "K", "L", and "M". All are specified 
from 0 to +70

o
C and supplied in a hermetically sealed TO-99 

package. 

Precision, Low Drift 
FET -Input Op Amp 

AD545 I 
AD545 FUNCTIONAL BLOCK DIAGRAM 

GUARD PIN {CONNECTED TO CASE I 
TAB 

OFFSET ~ NONINVERTING 3 ' 5 NULL 
INPUT 

4 

V-

TO-99 
TOP VIEW 

PRODUCT HIGHLIGHTS 
. , 

1. The offset voltage on the AD545 is laser trimmed to a level 
typically less than 2501lV. Offset voltage drift is signifi
cantly lower than previously available FET-input devices 
(3IlV/oC max for the AD545M). If additional external 
nulling is desired, the effect on drift is minimal (approxi
mately 31lVtC per millivolt, nulled). 

2. Bias current is specified as the maximum measured at either 
input with the device fully warmed up on ±15V supplies 
at +25°C ambient. 

3. The low quiescent current drain of 0.8mA typical, and 
1.5mA max, is among the lowest of any IC op amp and 
keeps self heating to a minimum. 

4. The combination of low input noise voltage and very low 
input noise current is such that for source impedances from 
much over one megohm up to 1011 ohm, the} ohnson noise 
of the source will easily dominate the noise characteristics. 
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SPECIFICATIONS (typical @+25°C with Vs = ±15V dc, unless otherwise specified) 

MODEL 

OPEN LOOP GAIN I 
VOUT = ±IOV, RL ~ 2kn 

RL~ IOkn 
TA = min to max RL~2kn 

OUTPUT CHARACTERISTICS 
Voltage ® RL = 2kn, TA = min to max 

® RL = IOkn, TA = min to max 
Load Capacitance2 

Short Circuit Current 

FREQUENCY RESPONSE 
Unity Gain, Small Signal 
Full Power Response 
Slew Rate Inverting Unity Gain 
Overload Recovery Inverting Unity Gain 

INPUT OFFSET VOLTAGE 3 

vs. Temperature, TA = min to max 
vs. Supply, TA = min to max 

INPUT BIAS CURRENT 
Either Input4 

INPUT IMPEDANCE 
Differential 
Common Mode 

INPUT NOISE 
Voltage, O.lHz to 10Hz 

f = 10Hz 
f = 100Hz 
f = lkllz 

Current, 0.1 to 10Hz 
10Hz to lOkllz 

INPUT VOLTAGE RANGE 
Differential 
Common Mode, TA = min to max 
Common Mode Rejection, VIN = ±lOV 
Maximum Safe Input VoltagesS 

POWER SUPPLY 
Rated Performance 
Operating 
Quiescent Current 

TEMPERATURE 
Operating, Rated Performance 
Storage 

PACKAGE OPTION6 

TO-99 Style (H08B) 

·Specifications same as AD54SJ. 

NOTES 

ADS4SJ 

20,OOOV/V min 
40,OOOV IV min 
IS,OOOYIV min 

±IOV min (±12V typ) 
±12V min (±13V typ) 
SOOpF 
lOrnA min (2SmA typ) 

700kHz 
SkHz min (16kHz typ) 
O.3VIJIs min (1.0VIJIs typ) 
lOOJIs max (16JIs typ) 

1.0mV max 
2SJIV/oC max 
400JIVIV max (SOJIVIV typ) 

2pA max 

1.6pFIIlOl3 n 
O.8pFlIlOls n 

3.0JIV(p-p) 
S5nV/y'Hz 
45nV/yHz 
35nV/yHz 
O.OlpA (p-p) 
O.03pA rms 

±20V min 
±lOV min (±12V typ) 
66dB min (80dB typ) 
±VS 

±15V typ 
±5V min (±18V max) 
l.SmA max (O.SmA typ) 

o to +70
o

C 
-65 u C to +150u C 

AD54SJH 

I Open Loop Gain is specified with or without nulling of Vos. 

ADS4SK 

40,OOOV/V min 
SO,OOOV/V min 
2S,OOOV/V min 

1.0mV max 
lSJIV/oC max 
200JIVIV max 

lpA max 

70dB min 

ADS45KH 

'A conservative design would not exceed SOOpF of load capacitance. 
'Input Offset Voltage specifications are guaranteed after 5 minutes of operation at TA = +2S·C. 
4 Bias Current specifications arc guaranteed after 5 minutes of operation at TA S +25°C. For higher 

temperatures, the current doubles every +lO°C. 
'If it is possible for the input voltage to exceed the supply voltage, a series protection resistor should 
be added to limit input current to O.SmA. The input devices can handle overload currents of O.SmA 
indefinitely without damage. 

• Sec Section 19 for package outline information. 
Specifications sUbject to change without notice. 
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+Vs 

-Vs 

Standard Offset Null Circuit 

ADS4SL 

40,OOOV/V min 
SO,OOOV/V min 
40,OOOV IV min 

O.SmV max 
SJIVfCmax 
200JIV/V max 

lpA max 

76dB min 

ADS45LH 

ADS45M 

40,OOOV IV min 
SO,OOOV/V min 
40,OOOV/V min 

O.2SmVmax 
3JIV/oC max 
200JIVIVmax 

lpAmax 

~JIV (p-p) max 

76dB min 

AD545MH 



LAYOUT AND CONNECTION CONSIDERATIONS 
The design of very high impedance measurement systems intro
duces a new level of problems associated with the reduction of 
leakage paths and noise pickup. 

1. A primary consideration in high impedance system designs 
is to attempt to place the measuring device as near to the 
signal source as possible. This will minimize current leakage 
paths, noise pickup and capacitive loading. 

2. The use of guarding techniques is essential to realizing the 
capability of the low input currents of the AD545. Guarding 
is achieved by applying a low impedance bootstrap poten
tial to the outside of the insulation material surrounding the 
high impedance signal line. This bootstrap potential is held 
at the same level as that of the high impedance line; there
fore, there is no voltage drop across the insulation, and 
hence, no leakage. The guard will also act as a shield to 
reduce noise pickup and serves the additional function of 
reducing the effective capacitance to the input line. The 
case of the AD545 is brought out separately to pin 8 so 
that it can also be connected to the guard potential. This 
technique virtually eliminates potential leakage paths across 
the package insulation, provides a noise shield for the sensi
tive circuitry, and reduces common-mode input capacitance 
to about 0.2pF. Figure 10 shows a proper printed circuit 
board layout for input guarding and connecting the case 
guard. Figures 2 and 3 show guarding connections for typi
cal inverting and non-inverting applications. If pin 8 is not 
used for guarding, it should be connected to ground or one 
of the amplifier's power supplies to reduce noise. 

3. Printed circuit board layout and construction is critical in 
achieving low leakage performance. The best performance 
will be realized by using a teflon IC socket for the AD545 
but at least a teflon stand-off should be used for the high
impedance lead. If this is not feasible, the input guarding 
scheme shown in Figure 10 will minimize leakage as much 
as possible and should be applied to both sides of the board. 
The guard ring is connected to a low impedance potential at 

Figure 1. Picoampere Current-to-Voltage Converter 
Inverting Configuration 

the same level as the inputs. High impedance signal lines 
should not be extended for any unnecessary length on a 
printed circuit; to minimize noise and leakage, they must be 
carried in rigid, shielded cables. 

APPLICATION NOTES 
The AD545 offers one of the lowest input bias currents availa
ble in an integrated circuit package. Performing accurate 
measurements with this device requires careful attention to 
detail; the notes given here will aid the user in realizing the full 
measurp.ment potential of the AD545 and extending its per
formance limits. 

1. As with all junction FET input devices, the temperature of 
the FET's themselves is all-important in determining the in
put bias currents. Over the operating temperature range, the 
input bias currents closely follow a characteristic of doubling 
every 10°C; therefore, every effort should be made to mini
mize device operating temperature 

2. The heat dissipation can be reduced initially by careful in
vestigation of the application. First, if possible, reduce the 
required power supplies, since internal power consumption 
contributes the largest component of self-heating. The ef
fects of this are shown in Figure 7, which shows typical in
put bias current and quiescent current versus supply voltage. 

3. Output loading effects, which are normally ignored, can 
cause a significant increase in chip temperature and there
fore bias current. For example, a 2kn load driven at 10 volts 
at the output will cause at least an additional 25 milliwatts 
dissipation in the output stage (and some in other stages) 
over the typical 24 milliwatts, thereby at least doubling the 
effects of self-heating. The results of this form of additional. 
power dissipation are demonstrated in Figure 9, which 
shows normalized input bias current versus additional power 
dissipated (it doubles every lOoC); we recommend restricting 
the load impedance to be at least 10kn. 

Eo =Vs (1 +!!£, 
. Rs 

ZIN = 10" nIIO.2pF 

Figure 2. Very High Impedance Non-Inverting Amplifier 
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Figure 8. Input Bias Current Versus 
Differential Input Voltage 

Figure 9. Input Bias Current Versus 
Addition Power Dissipation 
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Figure 10. Board Layout for Guarding Inputs 
with Guarded TO·99 Package 
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FEATURES 
Ultra Low Drift (1J.LVfC-AD547L) 
Low Offset Voltage (O.25mV-AD547L) 
Low Input Bias Currents (25pA-AD547L, K) 
Low Quiescent Current (1.5mA) 
Low Noise (2J.LV pop) 
High Open Loop Gain (110dB-AD547K, L, S) 

PRODUCT DESCRIPTION 
The ADS47 is a monolithic, FET input operational amplifier 
combining the very low input bias current advantages of a 
BIFET op amp with offset and drift performance previous
ly available only from high quality bipolar amplifiers. 

The exclusive Analog Devices laser wafer trim process trims 
both the input offset voltage and offset voltage drift to levels 
far lower than any competing BIFETamplifier (lmV, SJ.LV/C
ADS47JH, O.2SmV, IJ.LV/oC-ADS47LH). 

In addition to superior low drift performance, the ADS47 
offers the lowest guaranteed input bias currents of any BIFET 
amplifier with SOpA max for the J grade and 2SpA max for 
the L grade. Since Analog Devices. unlike most other manu
facturers, specifies input bias current with the amplifiers 
warmed-up, our BIFET amplifiers are specified under actual 
operating conditions. ' 

The ADS47 is especially designed for use in applications, 
such as instrumentation signal conditioning and analog 
computation, that require a high degree of precision at low 
cost. 

The ADS47 is offered in three commercial versions, J, K and 
L are specified from 0 to +70

o
C and the S is specified from 

-55°C to +12S
o
C. All grades are packaged in hermetically 

sealed TO-99 cans. 

Ultra Low Dri'ft 
BIFET Operational Amplifier 

AD547 I 
AD547 FUNCTIONAL BLOCK DIAGRAM 

NU~L T:B v+ 
1 7 

~ 
INY~~J~NG 2 

PRQDUCT HIGHLIGHTS 

v-

TO-99 
TOP VIEW 

1. Advanced laser wafer trimming techniques reduce offset 
voltage drift to IJ.LV / C max and reduce offset voltage to 
only O.2SmV max on the ADS47L. . 

2. Analog Devices BIFET processing provides 2SpA max 
(lOpA typical) bias currents specified after 5 minutes of 
warm-up. 

3. Low voltage noise, high open loop gain and outstanding 
offset performance make the ADS47 a true precision 
BIFET amplifier. 

4. The low quiescent supply current, typically1.1mA, en
ables the ADS47 to bring a new level of precision to appli
cations where low power consumption is essential. 

5. A further benefit on the ADS47's low power consumption 
and low offset voltage drift is a minimal wa~m-up drift after 
power is applieJ (typically 7J.LV shift for the ADS47L). 
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SPECIFICATIONS (@ +25OC and Vs= ±15V de) 

Model AD547J 
Min Typ 

OPEN LOOPGAIN I 

Vo= = 10V,RL 2: 2kO 100,000 

T min toTm ... RL =2kO 100,000 

OUTPUT CHARACTERISTICS 

Voltage (II RL = 2kO, T min to T mn ±IO = 12 
Voltage (Ii RL = 10kO, T min to T mn ::t12 :!: 13 

Short Circuit Current 25 

FREQUENCY RESPONSE 

Unity Gain Small Signal 1.0 
Full Power Response 50 
Slew Rate, Unity Gain 3.0 

INPUT OFFSET VOLTAGE' 
Initial Offset 

Input Offset Voltage vs. Temp.' 
Input Offset Voltage vs. Supply, 

TmintoTmax 

INPUT BIAS CURRENT 

Either Input' 10 
Offset Current 5 

INPUT IMPEDANCE 
Differential! 1012116 
Common Mode 10"116 

INPUT VOLTAGE RANGE 

Differential =20 
Common Mode ±IO ±12 
Common Mode Rejection 76 

INPUTNOISE 
Voltage O. \Hz to 10Hz 2 

f= 10Hz 70 
f= 100Hz' 45 

f= 1kHz 30 
f= 10kHz 25 

POWER SUPPL Y 
Rated Performance :!: 15 
Operating :!:5 

Quiesce,nt Current 1.1 

TEMPERATURE RANGE 

Operating, Rated Performance 0 
Storage -65 

PACKAGE' 
TO-99 Style (H08B) AD547JH 

NOTES 
IOpen Loop Gain is specified with Vas both nulled and unnulled. 
'Input Offset Voltage specifications are guaranteed after 5 minutes 
of operation at T A . = + 25°C. 

'Input Offset Voltage brift is specified with the offset voltage 
unnulled. Nulling will induce an additional 3fL V/"ClmV of 
nulled offset. 

4Bias Current specifications are guaranteed at maximum at either 
input after 5 minutes of operation at T A = + 25°C. For 
higher temperatures, the current doubles every 10°C. 

VOL. I, 4-88 OPERA TIONAL AMPLIFIERS 

AD547K ADS47L 

Max Min Typ Max Min Typ 

250,000 250,000 
250,000 250,000 

±10 = 12 ±IO =12 
±12 :!:13 ::tl2 ::t13 

25 25 

1.0 1.0 

50 50 

3.0 3.0 

1.0 0.5 

5 2 

200 100 

50 10 25 10 

2 2 

1012116 10"116 

10"116 10"116 

:!:20 =20 
::tIO :!: 12 ::tIO = 12 
80 80 

4 

70 70 

45 45 

30 30 

25 25 

:!: 15 =15 

= 18 :!:5 :!: 18 =5 
1.5 1.1 1.5 1.1 

+ 70 0 +70 0 

+ 150 -65 + 150 -65 

AD547KH AD547LH 

!Defined as the maximum safe voltage between inputs, such that 
neither exceed = lOY from ground. 

'See Section 19 for package outline information. 

Specifications subject to change without notice. 

Max 

0.25 

1.0 

100 

25 

4 

= 18 
1.5 

+70 

+ 150 

Specifications shown in boldface are tested on all production units at final 
electrical test. Results from those tests are used to calculate outgoing quality 
levels. All min and max specifications are guaranteed, although only those 
shown in boldface are tested on all production units. 

Standard Null Circuit 

AD547S 

Min Typ Max Units 

250,000 VIV 
100,000 VIV 

::tIO :!: 12 V 

::tl2 :!:13 V 

25 rnA 

1.0 MHz 

50 kHz 

3.0 V/fLS 

0.5 mV 

5.0 fLV/oC 

100 fLVIV 

10 25 pA 

2 pA 

10 12116 MOllpF 

10"116 M!lllpF 

:!:20 V 

±10 .:!: 12 V 

80 dB 

4 fLVp-P 
70 nVI H 
45 nVI H 
30 nVI H 
25 nVI H 

= 15 V 
:!:5 = 18 V 

1.1 1.5 rnA 

-55 + 125 °C 

-65 + 150 °C 

AD547SI1 
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Figure 21b. Unity Gain Follower 
Pulse Response (Small Signal) 

Figure 22b. Unity Gain Inverter 
Pulse Response (Large Signal) 
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FEATURES 
Low Offset Voltage: O.SmV max (AD611K) 
Low Offset Voltage Drift: 10 ... VrC max (AD611K) 
Low Bias Current: SOpA max (AD611K) 
High Slew Rate: 8V/JLS min 
Low Supply Current: 2.SmA max 
Fast Settling Time: 3JLS 

PRODUCT DESCRIPTION 
The AD611 is a precision monolithic BIFET operational amplifier 
designed and manufactured to offer offset voltages of 0.5mV 
max and offset voltage drifts of 10/LVrC max, yet is priced in 
the same range as lower performance devices. Analog Devices 
precision BIFET fabrication technology and proprietary laser 
wafer drift trimming process are combined with years of experience 
in manufacturing precision analog integrated circuits to insure 
consistently high performance at low cost. The offset vol~ge 
specifications mentioned above, coupled with the lowest input 
bias current of any general purpose BIFET amplifier, l00pA 
max guaranteed after five minutes of operation, make the AD611 
the most precise BIFET amplifier in its price range. 

In addition to the excellent dc specifications, the design of the 
AD611 is optimized to deliver 13V1/Ls slew rate, 2MHz unity 
gain bandwidth and a 0.01% settling time of3/Ls. This combination 
of performance makes the AD611 ideal for any FET application 
where excellent performance at low cost is required. Its wide 
bandwidth, low offset voltage and fast settling time make this 
device ideal as an output amplifier for current output D/A con
verters of all types. 80dB of CMRR and 94dB of open loop gain 
ensure "12-bit" performance in high speed buffer circuits. The 
devices' excellent low frequency noise performance and low 
supply current requirements will benefit any general purpose 
BIFET application. 

Low Cost 
Implanted FET-Input Op Amp 

AD611 I 
AD611 FUNCTIONAL BLOCK DIAGRAM 

NC 

INVERTING INPUT 2 

NON-INVERTING INPUT (3) __ (5) OFFSET NULL 

. -~-
V-

NOTE: PIN 4 CONNECTED TO CASE 

TO-99 
TOPYIEW 

The AD611 is available in two grades rated over the 0 to + 70°C' 
temperature range; the general purpose AD611J and the high 
precision AD611K. Both grades are available in hermetically 
sealed TO-99 packages. The AD611 is pinned out in standard 
operational amplifier configuration to facilitate low cost upgrading 
of existing designs using older, less accurate amplifiers. 

PRODUCT mGIH.IGHTS 
1. The AD611 is laser wafer drift trilnmed to offer offset voltages 

of O.5mV max and offset voltage drifts of 10/LVrC. 
2. Analog Devices BIFET processing results in maximum in

put bias currents of SOpA, guaranteed after 5 minutes of . 
operation. 

3. The high slew rate (8V//Ls min.) and fast settling time (3/Ls 
to 0.01%) make the AD611 ideal for use in D/A, AID, sample
hold circuits and precision high speed integrators. 

4. Monolithic construction, along with advanced processing and 
manufacturing technologies result in extremely high perform
ance at very low cost. 
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SPECIFICATIONS (typical @+25°C and ±15V dc, unless otherwise noted) 
- - -

AD611J AD611K 
Model Min Typ Max Min Typ Max Units 

OPEN LOOP GAIN J 

VOlIT = ± IOVRL ?:2kn 30,000 80,000 50,000 80,000 VN 
T A = min to max R L?:2kn 20,000 50,000 40,000 50,000 VN 

FREQUENCY RESPONSE 
Unity Gain, Small Signal 2 2 MHz 
Full Power Response 200 200 kHz 
Slew Rate, Unity Gain 8 13 8 13 V/IlS 

Total Harmonic Distortion f = I kHz 
~ 

0.0025 0.0025 % 

INPUT OFFSET VOL TAGE2 0.25 2.0 0.25 0.5 mV 
vs. Temperature 5 20 5 10 Ilvrc 
vs. Supply 50 200 50 100 IlVN 

T A = min to max 70 200 70 100 IlVN 

INPUT BIAS CURRENT 
Either Input3 25 100 10 50 pA 
Input Offset Current 10 50 5 25 pA 

INPUT IMPEDANCE 
Differential 1012nll6pF lO J2nl16pF 
Common Mode lO J2nll3pF IOJ2nl13pF 

INPUT VOLTAGE RANGE 
Differential4 ±20 ±20 V 
Common Mode ±10 ± 12 ±10 ± 12 V 
Common·ModeReiection, V1N = ± 10V 74 80 dB 

POWER SUPPLY 
Operating Range ±5 ±IS ±5 ±IS V 
Quiescent Current 1.8 2.5 1.8 2.5 mA 

VOLTAGE NOISE 
O.I-IOHz 2.0 2.0 IlV p-p 
10Hz 35 35 nV/v'Hz 
100Hz 22 22 nV/v'Hz 
1kHz 18 . 18 nV/v'Hz 
10kHz 16 16 nVv'Hz 

TEMPERATURE RANGE 
Operating, Rated Performance 0 +70 0 +70 °C 

. Storage -65 + 150 -65 +150 °C 

PACKAGE OPTIONS5 AD611JH AD611KH 
TO-99 

NOTES 
1000n Loop Gain is specified with Vos both nulled and unnulled. 
2Input Offset Voltage specifications are guaranteed after 5 minutes of operation at T 1\ = + 2S·C. 
3Bias Current specifications are guaranteed maximum at either input after 5 minutes of operation at T 1\ = + 2S·C. For higher temperatures, the current doubles 
every IO·C. 

4Defmed as voltage bCtween inputs, such that neither exceeds ± IOV from ground. 
5See Section 19 for package outline information. 

Specifications subject to change without notice. 

Specifications shown in boldface are tested on all production units at final 
electrical test. Results from those tests are used to calculate outgoing quality 
levels. All min and max specifications are guaranteed, although only those 
shown in boldface are tested on all production units. 
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Figure 13a. Unity Gain Follower 
Pulse Response (Large Signal) 
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Figure 14a. Unity Gain Inverter 
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10k NOTES: 

1. RJ/R4 MATCH 0.05% OR BETTER. 
2. Rl. R2 USED ONLY IF GAIN 

ADJUSTMENT IS REOUIRED 

R21k 

v-

Figure 13b. Unity Gain Follower 
Pulse Response (Small Signal) 

Figure 14b. Unity Gain Inverter 
Pulse Response (Large Signal) 

Figure 13c. Unity Gain Follower 

Figure 14c. Unity Gain Inverter 
Pulse Response (Small Signal) 

Figure 15a. AD611 Used as DAC Output Amplifiers Figure 15b. Large Signal Response 

Figure lSa illustrates the lO-bit digital-to-analog converter, 
AD7S33, connected for bipolar operation. Since the digital 
input can accept bipolar numbers and V REF can accept a bipolar 
analog input, the circuit can perform a 4-quadrant multiplying 
function. The photos exhibit the response to a step input at 
'V REF. Figure ISb is the large signal response and Figure 1 Sc is 
,fhe small signal response. 

The output impedance of a CMOS DAC varies with the digital 
word thus changing the noise gain of the amplifier circuit. The 
effect will cause a nonlinearity the magnitude of which is dependent 
on the offset voltage of the amplifier. The AD611 with trimmed 
offset will minimize the effect. The Schottky protection diodes 
recommended for use with many CMOS DACs are not required 
when using the AD611. 
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r.ANALOG 
WDEVICES 

FEATURES 
Matched Offset Voltage 
Matched Offset Voltage Over Temperature 
Matched Bias Current 
Crosstalk-124dB at 1kHz 
Low Bias Current: 35pA max Warmed Up 
Low Offset Voltage: 500}lV max 
Low Input Voltage Noise: 2}lV pop 
High 0!lp.n Loo!l Gain 
Low Quiescent Current~ 2.8mA max 
Low Total Harmonic Distortion 
Standard Dual Amplifier Pin Out 

PRODUCT DESCRIPTION 
The AD642 is a pair of matched high speed monolithic Bi
FET operational amplifier fabricated with the most advanced 
bipolar, JFET and laser trimming technologies. The AD642 
offers matched bias currents that are significantly lower than 
currently available monolithic dual FET input operational 
amplifiers: 3SpA max matched to 2SpA for the AD642K 
and L; 7SpA max, matched to 3SpA for the AD642J and S. 
In addition, the offset voltage is laser trimmed to less than 
O.SmV and matched to O.2SmV for the AD642L, 1.0mV and 
matched to O.SmV for the AD642K, utilizing Analog's laser
wafer trimming (LWT) process. 

The tight matching and temperature tracking between the 
operational amplifiers is achieved by ion-implanted JFETs 
and laser-wafer trimming. Ion-implantation permits the fab
brication of precision, matched JFETs on a monolithic bipolar 
chip. This optimizes the process to produce matched bias 
currents which have lower initial bias currents than other 
popular BIFET op amps. Laser-wafer trimming each am
plifier's input offset voltage assures tight initial match and 
combined with superior IC processing guarantees offset volt
age tracking over the temperature range. 

The AD642 is recommended for applications in which excel
lent ac and dc performance is required. The matched ampli
fiers provide a low cost solution for true instrumentation 
amplifiers, log ratio amplifiers, and output amplifiers for four 
quadrant multiplying D/A converters such as the AD7S41. 

The AD642 is available in three versions: the"J", "K" and 
"L", all specified over the 0 to +70

o
C temperature range and 

one version, "S", over the -55°C to +12S
o
C extented oper

ating temperature range. All devices are packaged in the 
hermetically-sealed, TO-99 metal can. 

Precis'ion Low' Cost 
Dual BI FET Op Amp 

AD642 I 

AD642 FUNCTIONAL BLOCK DIAGRAM 

NON-INV~5 NON-INV 
INPUT INPUT 

4 

V-

TO-99 
TOP VIEW 

PRODUCT HIGHLIGHTS 
1. The AD642 has tight matching specifications to ensure 

high performance, eliminating the need to match indi
vidual devices. 

2. Analog Devices, unlike some manufacturers, specifies each 
device for the maximum bias current at either input in the 
warmed-up condition, thus assuring the user that the 
AD642 will meet its published specifications in actual use. 

3. Laser-wafer-trimming reduces offset voltage to as low a{ 
O.SmV max and matched side to side to O.2SmV (AD642L), 
thus eliminating the need for external nulling. 

4. Low voltage noise (2}lV, pop), and high open loop gain 
enhance the AD642's performance as a precision rip amp. 

S. The standard dual amplifier pin out allows the AD642 to 
replace lower performance duals without redesign. 
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SPECIFICATIONS (@ +25'1: and Vs= ±15V de) 
Model AD642J 

Min Typ 

OPEN LOOPGA[N 

Vo = = IOV,RL". 2kO [00,000 

Tm;n toT m."RL = 2kO 100,000 

OUTPUT CHARACTER[ST[CS 

Voltage«l RL=2k!l,Tm;ntoTmu ±IO = 12 
VoltageCtl RL=IOk!l,Tm;ntoTmu ±12 = 13 
Short Circuit Current 25 

FREQUENCY RESPONSE 

Unity Gain Small Signal LO 
Full Power Response 50 
Slew Rate, Unity Gain 3.0 

INPUT OFFSET VOLTAGE' 
Initial Offset 
Input Offset Voltage T m;n to T mu 
Input Offset Voltage vs. Supply, 

TmintoTmax 

INPUT BIAS CURRENT' 
Either Input 10 
Offset Current 5 

MATCHING CHARACTERISTICS' 
Input Offset Voltage 

Input Offset Voltage T m;n to T mu 
Input Bias Current 

Crosstalk -124 

INPUT IMPEDANCE 

Differential 10"116 
Common Mode 10':116 

INPUT VOLTAGE RANGE 

Differential' =20 
Common Mode ±IO = 12 
Common Mode Rejection 76 

INPUT NOISE 
VoltageO.IHzto 10Hz 2 

f= 10Hz 70 
'f= 100Hz 45 
f= 1kHz 30 
f= 10kHz 25 

POWER SUPPL Y 
Rated Performance = IS 
Operating =5 
Quiescent Current 

TEMPERATURE RANGE 
Operating, Rated Performance 0 
Storage -65 

PACKAGE' 

TO·99 Style (H08B) AD642JH 

NOTES 
'Input Offset Voltage specifications are guaranteed after 5 minutes 
of operation at T A = + 25°C. 

2Bias Current specifications 3re guaranteed at maximum at either 
input after 5 minutes of operation at T A = + 25°C. For 
higher temperarures, the current doubles every 10°C. 

'Matching is defined as the difference between parameters of 
the two amplifiers. 

AD642K AD642L 
Max Min Typ . Max Min Typ 

250,000 250,000 
250,000 250,000 

, ±IO =12 ±IO = 12 
±12 =13 ±12 =13 

25 25 

LO LO 
50 50 
3.0 3.0 

2.0 1.0 

3.5 2.0 

200 [00 

75 10 35 10 

2 2 

1.0 0.5 
3.5 2.0 
35 25 

-124 -124 

10"116 10"116 
10"116 10'2116 

:':20 =20 
±IO = 12 ±IO = 12 
80 80 

2 2 
70 70 
45 45 
30 30 
25 25 

= 15 =15 

= 18 =5 =15 =5 
2.8 2.8 

+70 0 +70 0 

+ 150 -65 + 150 ·-65 

AD642KH AD642LH 

'Defined as the maximum safe voltage between inputs, such that 
neither exceeds :t IOV from ground. 

'See Section 19 for package outline information. 

Specifications subject to change without notice. 

Max 

0.5 

1.0 

100 

35 

0.25 
1.0 
25 

= IS 
2.8 

+70 
+ 150 

Specifications shown in boldface are tested on all production units at final 
electrical test. Results from those tests are used to calculate outgoing quality 
levels. All min and max specifications are guaranteed, although only those 
shown in bold~ace are tested on all production units. 
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AD642S 
Min Typ Max Units 

250,000 VIV 
100,000 V/V 

±IO = 12 V 
±12 =13 V 

25 
.. 

rnA 

LO MHz 

50 kHz 
3.0 V/j.ls 

1.0 mV 

3.5 mV 

100 j.lVIV 

10 35 pA 
2 pA 

0.5 mV 

3.5 mV 

35 pA 
-124 dB 

10"116 MOllpF 
10"116 MOllpF 

=20 V 
±IO = 12 V 
80 dB 

2 j.lVp·p 

70 nV/vHz 
45 nV/vHz 
30 nV/vHz 
25 nV/vHz 

=15 V 

=5 =15 V 

2.8 rnA 

-55 + 125 °C 
-65 +150 °C 

AD642SH 
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Figure 21b. Unity Gain Follower 
Pulse Response (Small Signal) 

Figure 22b. Unity Gain Inverter 
Pulse Response (Large Signal) 
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r.ANALOG" 
WDEVIC~S 

FEATURES 
Matched Offset Voltage 

.... ·1 

Matched Offset Voltage Over Temperature 
Matched Bias Currents 
Crosstalk -124dB at 1kHz 
Low Bias Current: 35pA max Warmed Up 
Low Offset Voltage: 500J.tV max 
Low Input Voltage Noise: 21lV Pop 
H!~h S!~~"! R!!!~: ~3\f!l!-~ 
Low Quiescent Current: 4_5mA max 
Fast Settling to ±0.01%: 31ls 
Low Total Harmonic Distortion: 0.0015% at 1kHz 
Standard Dual Amplifier Pin Out 

PRODUCT DESCRIPTION 
The AD644 is a pair of matched high speed monolithic FET
input operational amplifiers fabricated with the most advanced 
bipolar, JFET and laser trimming technologies. The AD644 
offers matched bias currents that are significantly lower than 
currently available monolithic dual BIFET operational ampli
fiers: 3SpA max, matched to 2SpA for the AD644K and 
L, 7SpA max matched to 3SpA for the AD644J and S. In ad
dition, the offset voltage is laser trimmed to less than O.SmV, 
and matched to 0.2SmV for the AD644L, 1.0mV and matched 
to O.SmV for the AD644K, utilizing Analog Devices' laser
wafer trimming (LWT) process. 

The tight matching and temperature tracking between the 
operational amplifiers is achieved by ion-implanted JFETs 
and laser-wafer trimming. Ion-implantation permits the fabri
cation of precision, matched J FETs on a monolithic bipolar 
chip. This process optimizes the ability to produce matched 
amplifiers which have lower initial bias currents than other 
popular BIFET op amps. Laser-wafer trimming each ampli
fier's input offset voltage assures tight initial match and super
ior IC processing guarantees offset voltage tracking over the 
temperature range. 

The AD644 is recommended for applications in which both 
excellent ac and dc performance is required. The matched 
amplifiers provide a low cost solution to true wideband in
strumentation amplifiers, low dc drift active filters and output 
amplifiers for four quadrant multiplying D/A converters such 
as the AD7S41, 12-bit CMOS DAC. 

The AD644 is available in four versions: the "J", "K" and 
"L" are specified over the 0 to +70

o
C temperature range and 

the "S" over the -55°C to +12S
o
C operating temperature 

range. All devices are packaged in the hermetically-sealed, 
TO-99 metal can. 

Dual High Speed 
Implanted BIFET Op Amp 

AD644 I 
AD644 FUNCTIONAL BLOCK DIAGRAM • 

NON-INV~5 NON-INV 
INPUT INPUT 

4 

V-

TO-99 
TOP VIEW 

PRODUCT HIGHLIGHTS 
1. The AD644 has tight side to side matching specifications to 

ensure high performance without matching individual 
devices. 

2. Analog Devices, unlike some manufacturers, specifies each 
device for the maximum bias current at either input in the 
warmed-up condition, thus assuring the user that the 
AD644 will meet its published specifications in actual use. 

3. ~aser-wafer-trimming reduces offset voltage to as low as 
O.SmV max matched side to side to 0.2SmV (AD644L), 
thus eliminating the need for external nulling. 

4. Improved bipolar and J FET processing on the AD644 result 
in the lowest matched bias current available in a high speed 
monolithic FET op amp. 

5. Low voltage noise (21lV p-p) and high open loop gain en
hance the AD644's performance as a precision op amp. 

6. The high slew rate (13.0VIlls) and fast settling time to 
0:01% (3.0ps) make the AD644 ideal for DI A, AID, sample
hold circuits and dual high speed integrators. 

7. Low harmonic distortion (0.0015%) and low crosstalk 
(-124dB) make the AD644 an ideal choice for stereo audio 
applications. 

8. The standard dual amplifier pin out allows the AD644 to 
replace lower performance duals without redesign. 
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SPECIFICATIONS (@ +25OC and Vs= ±15V de) 

Model AD644J 
Min Typ 

OPEN LOOP GAIN 

Vo = = 10V,RL '" 2kO 30,000 

T min toT ma.,RL = 2kO 20,000 

OUTPUT CHARACTERISTICS 
Voltage (1!' RL = 2kO, T min to T max ±10 =12 
Vol!age ({,' RL = 10kO, T min to T max ±12 :!:J3 

Short Circuit Currem 25 

FREQUENCY RESPONSE 
Unity Gain Small Signal 2.0 
Full Power Response 200 
Slew Rate, Unity Gain 8.0 13.0 

Total Harmonic Distortion 0.0015 

INPUT OFFSET VOL TAGE I 

Initial Offset 
Input Offset Vol!age T min to T max 
Input Offset Vol!age vs. Supply, 

TmintoTmu 

INPUT BIAS CURRENT2 

Either Input 10 
Offset ,Current 10 

MATCHING CHARACTERISTICS) 

Input Offset Vol!age 
Input Offset Voltage T min to T max 
Input Bias Current 
Crosstalk -124 

INPUT IMPEDANCE 
Differential 1012116 
Common Mode 1012113 

INPUT VOLTAGE RANGE 
Differemial' :!:20 

Common Mode ±10 = 12 
. Common Mode Rejection 76 

INPUT NOISE 
VoltageO.IHzto 10Hz 2 

f= 10Hz 35 

f= 100Hz 22 

f= 1kHz 18 
f= 10kHz 16 

POWER SUPPLY 
Rated Performance = 15 
Operating =5 
Quiescent Current 3.5 

TEMPERATURE RANGE 
Operating, Rated Performance 0 
Storage -65 

PACKAGES 

TO-99 Style (H08B) AD644JH 

NOTES 
'Input Offset Voltage specifications are guaranteed aft .. 5 minutes 
of operation at T A = + 25'C. 

2Bias Current specifications are guaranteed at maximum at either 
input after 5 minutes of operation at T A = + 25'C. For 
higher temperatures, the current doubles every 10'C. 

Max 

2.0 
3.5 

200 

75 

1.0 
3.5 

35 

= 18 
4.5 

+ 70 
+ 150 

'Matching is defined as the difference between parameters of the two amplifiers, 
'Defined as voltage between inputs, such- that neither exceeds + 10V 
from ground. 
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AD644K AD644L 

Min Typ Max Min Typ 

50,000 50,000 

40,000 40,000 

±10 = 12 ±10 :!: 12 

±12 :!:13 ±12 :!:13 

25 25 

2.0 2.0 

200 200 

8.0 13.0 8.0 13.0 

0.0015 0.0015 

1.0 
2.0 

100 

10 35 10 

5 5 

0.5 
2.0 
25 

-124 -124 

1012116 1012116 

101l113 101l113 

=20 :!:20 

±10 :!: 12 ±10 :!: 12 

80 80 

2 2 
35 35 

22 22 

18 18 

16 16 

= 15 :!: 15 

:!:5 = 18 =5 
3.5 4.5 3.5 

0 +70 0 
-65 + 150 -65 

AD644KH AD644LH 

'See Section 19 for package outline information. 
Specifications subject to change without notice. 

Max Min 

50,000 
20,000 

±10 
±12 

8.0 

0.5 
1.0 

100 

35 

0.25 
1.0 

2S 

±10 
80 

=18 =5 
4.5 

+ 70 -55 

+ 150 -65 

Specifications shown in boldface are tested on all production units at final 
electrical test, Results from those tests are used to calculate outgoing quality 
levels. All min and max specifications are guaranteed, although only those 
shown in boldface an: testeu on ail pn)l.hh.:tion units. 

AD644S 
Typ Max Units 

VN 
VN 

:!: 12 V 
:!:13 V 

25 mA 

2.0 MHz 
200 kHz 

13.0 V/fl.s 
0.0015 % 

1.0 mV 
3.5 mV 

100 fl.VN 

10 35 pA 
5 pA 

0.5 mV 
3.5 mV 
35 pA 

-124 dB 

101l116 MOllpF 

1012113 MOllpF 

=20 V 
:!: 12 V 

dB 

2 fl.Vp·p 
35 nV/YHz 
22 nV/YHz 

18 nVlYHz 

16 nV/YHz 

= 15 V 

= 18 V 
3.5 4.5 mA 

+ 125 ·C 

+150 - ·C 

AD644SH 
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Figure 21b. Unity Gain Follower 
Pulse Response (Small Signal) 
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,. ANALOG Ultra-Low Drift 
'W DEVICES Dual BIFET Op Amp 

'_I ______ ~ __ --__ --__ ---·AD-6-47-1 
FEATURES 
low Offset Voltage Drift' 
Matched Offset Voltage 
Matched Offset Voltage Over Temperature 
Matched Bias Current 
Crosstalk -124dB at 1kHz 
low Bias Current: 35pA max Warmed Up 
low Offset Voltage: 250pV max 
Low Input Volta<.!e Noise: 2.uV !l-!l 
High Open loop Gain: 108dB 
Low Quiescent Current: 2.8mA max 
Low Total Harmonic Distortion 
Standard Dual Amplifier Pin Out 

PRODUCT DESCRIPTION 
The AD647 is an ultra low drift dual JFET amplifier that 
combines high performance and convenience in a single 
package. 

The AD647 uses the most advanced ion-implantation and 
laser wafer drift trimming technologies to achieve the highest 
performance currently available in a dual JFET. Ion-implan
tation permits the fabrication of matched J FETs on a mono
lithic bipolar chip. Laser wafer drift trimming trims both tht! 
initial offset voltage and its drift with temperature to provide 
offsets as low as lOO,uV (2S0,uV max) and drifts of 2.S,uV/C 
max. 

In addition to outstanding individual amplifier performance, 
the AD64 7 offers guaranteed and tested matching performance 
on critical parameters such as offset voltage, offset voltage 
drift and bias currents. 

This high level of performance makes the AD647 especially 
well suited for high precision instrumentation 'amplifier 
applications that previously would have required the costly 
selection and matching of space wasting single amplifiers. 

The AD647 also offers high levels of performance for 
Digital to Analog Converter output amplifiers, and filtering 
applications. 

The AD647 is offered in four performance grades, three 
commercial (the J, K, and L) and one extended (the S). All 
are supplied in hermetically sealed B-pin TO-99 packages. 

AD647 FUNCTIONAL BLOCK DIAGRAM 

I~~~T 2 6 I~~~T 

NON.INV.3 5 NON.I·NV 
INPUT INPUT 

4 

V-

TO-99 
TOP VIEW 

PRODUCT HIGHLIGHTS 
1. The AD647 is guaranteed and tested to tight matching 

specifications to ensure high performance and to elimi
nate the selection and matching of single devices. 

2. Laser wafer drift trimming reduces offset voltage and off
set voltage drifts to 2S0,uV and 2.S,uV/C max. 

3. Voltage noise is guaranteed at 4,uV pop max (0.1 to 
10Hz) on K, LandS grades. 

4. Bias current (3SpA K, L, S; 7SpA J) is specified after 
five minutes of operation. 

S. Total supply current is a low 2.8mA max. 

6. High open loop gain ensures high linearity in precision 
instrumentation amplifier applications. 

7. The standard dual amplifier pin out permits the direct sub
stitution of the AD647 for lower performance devices. 
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SPECIFICATIONS (@ +25OC and Vs= ±15V de) 
Model AD647J 

Min Typ 

OPEN LOOPGAIN 
V,,; ::IOV,R .. .,2kH 100,000 

TmmtoTm",RI.; 2kll 100,000 

OUTPUT CHARACTERISTICS 

Voltage «, Rl. ~ 2kO, T m;n to T mox ±IO = 12 
Voltage (tl R .. ~ IOkn, T min to T mn ±12 ::13 
Short Circuit Current 25 

FREQUENCY RESPONSE 

Unity Gain Small Signal 1.0 
Full Power Response 50 
Slew Rate, Unity Gain 3.0 

I:-\PUT OFFSET VOLTAGE 1 

InitiaJOffset 

Input Offset Voltage vs. Temp. 
Input Offset Voltage vs. Supply, 

TmintoTmu 

I:-\PUT BIAS CL'RRENT2 

Either Input 10 
Offset Current 5 

MATCHI:-\G CHARACTERISTICS' 

Input Offset Voltage 

Input Offset Voltage T m;n to T mn 
Input Bias Current 

Crosstalk -124 

I;\;PL"T IMPEDANCE 

Differential 1012116 
Common Mode 1012116 

I;\;PL"TVOLTAGE RANGE 

Differential' ::20 
Common Mode ±IO :: 12 
Common Mode Reject;on 76 

I:-\PL"T:-\OISE 
Voltage O.IHzto 10Hz 2 

f= 10Hz 70 
f= 100Hz 45 
f; 1kHz 30 
f; 10kHz 25 

POWER SL"PPLY 

Rated Performance :: IS 
Operating ::5 

Quiescent Current 

TEMPERATL"RE RA;\;GE 

Operating, Rated Performance 0 
Storage -65 

PACKAGE' . 

TO-99 Style (H08B) AD647]H 

NOTES 
Ilnput Offset Voltage specifications are guaranteed after 5 minutes 
of operation at TA ; +25'C. 

2Bias Current specifications 3re guaranteed at maximum at either 
input after 5 minutes of operation at T A ; + 25"e. For 
higher temperatures, the current doubles every lO'e. 

'Matching is defined as the difference between parameters of 
the two amplifiers. 

AD647K AD647L 

Max Min Typ Max Min Typ 

250,000 250,000 

250,000 250,000 

±IO = 12 ±IO =12 
±12 ::13 ±12 ::13 

25 25 

I 

1.0 1.0 

50 50 

3.0 3.0 

1.0 0.5 
10 5 

200 100 

75 10 35 10 

2 2 

1.0 0.5 
10 5 
35 25 

-124 -124 

1012116 1012116 
1012116 1012116 

::20 =20 
±IO :: 12 ±IO :: 12 
80 80 

4 
70 70 
45 45 

30 30 
25 25 

:: 15 :: IS 

:: 18 ::5 = 18 ::5 

2.8 2.8 

+ 70 0 + 70 0 

+ 150 -65 + ISO -65 

AD647KH AD647LH 

'Defined as the maximum safe voltage between inputs, such that 
neither exceeds = IOV from ground. 

'See Section 19 for package outline information. 

Specifications subject to change without notice. 

Max 

0.25 

2.5 

100 

35 

0.25 

2.5 

25 

4 

:: 18 

2.8 

+70 

+ 150 

Specifications shown in boldface are tested on all production units at final 
electrical test. Results from those tests are used to cakulate outgoing quality 
levels. All min and max specifications are guaranteed, although only those 
shown in boldface are tested on all production units. 
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AD647S 

Min Typ Max Units 

250,000 VIV 

100,000 VIV 

±IO ::12 V' 

±12 =13 V 

25 rnA 

1.0 MHz 
50 kHz 
3.0 VII'S 

0.5 mV 

5.0 fJ.VI'C 

100 fJ.V/V 

10 35 pA 

2 pA 

0.5 mV 

10.0 fJ.V/'C 

25 pA 
-124 dB 

1012116 MO;lpF 

1012116 Mn:lpF 

::20 V 
±IO :: 12 V 
80 dB 

4 fJ.Vp,p 

70 nV/YHz 

45 nV/YHz 

30 nV/Vlli 

25 nV/YHz 

=15 V 
::5 :: 18 V 

2.8 rnA 

-55 + 125 'C 
-65 + ISO °C 

AD647SH 
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'~ANALOG 
WDEVICES 

FEATURES 
Precision Input Characteristics 

Low Vas: O.SmV max (L) 
Low Vas Drift: Sp.V/oC max (L) 
Low Ib: SOnA max (L) 
Low los: SnA max (L) 
High CMRR: 90dB min (K, L) 

High Output Capability 
Aol = 2S,OOO min, lkU load (J. S) 

Tmin to Tmax 
Va = ±10V min, lkf! load (J, S) 

GENERAL DESCRIPTION 

'.:.1 

The Analog Devices AD741 series are high perfonnance 
monolithic operational amplifiers. All the devices feature 
full short circuit protection and internal compensation. 

The Analog DevicesAD741J ,AD741K, AD741L andAD741S 
are specially tested and selected versions of the standard 
AD741 operational amplifier. Improved processing and ad
ditional electrical testing guarantee the user precision perform
ance at a very low cost. The AD741J, K and L substantially 
increase overall accuracy over the standard AD741C by pro
viding maximum limits on offset voltage drift and significantly 
reducing the errors due to offset voltage, bias current, offset 
current, voltage gain, power supply rejection, and common 
mode rejection. For example, the AD741L features maximum 
offset voltage drift of Sp.V/o C, offset voltage of O.SmV max, 
offset current of SnA max, bias current of SOnA max, and a 
CMRR of 90dB min. The AD741S offers guaranteed perfonn
ance over the extended temperature range of -55° C to 
+ 125° C, with max offset voltage drift of ISp.V / C, max off
set voltage of 4mV, max offset current of 2SnA, and a mini
mum CMRR of BOdB. 

Low Cost 
High Accuracy IC Op Amps 

AD741 SERIES I 
AD741 SERIES FUNCTIONAL DIAGRAMS • 

TO-99 
TOP VIEW 

HIGH OUTPUT CAPABILITY 

B-PIN MINI DIP 
TOP VIEW 

Both the AD741J and AD741S offer the user the additional 
advantages of high guaranteed output current and gain at low 
values of load impedance. The AD741J guarantees a 
minimum gain of 25,000 swinging ±10V into a lkU load 
from 0 to +700 C. The AD741S guarantees a minimum gain 
of 25,000 swinging ±10V into a lkn load from -55°C to 
+12S

o
C. 

All devices feature full short circuit protection, high gain, high 
common mode range, and internal compensation. The 
AD741], K and L are specified for operation from 0 to 
+ 70° C, and are available in both the TO-99 and mini-DIP 
packages. The AD741S is specified for operation from 
-55°C to +12S

o
C, and is available in the TO-99 package. 
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SPECIFICATIONS (typical @+25°C and ±15V dc, unless otherwise specified) 
AD741C AD741 

Model Min Typ Max Min 

OPEN LOOP GAIN 
RL = 1Hl, Vo = ±IOV 
RL = 2kn, Vo = ±IOV 20,000 200,000 50,000 
TA = min to max RL = 2kn 15,000 25,000 

OUTPUT CHARACTERISTICS 
Voltage @ RL = 1kn, TA = min to max 
Voltage@ RL = 2kn, TA = min to max ±10 ±13 ±to 
Short Circuit Current 25 

FREQUENCY RESPONSE 
Unity Gain, SmaU Signal I 
Full Power Response 10 
Slew Rate 0.5 
Transient Response (Unity Gain) 

Rise Time CL .;;; 10V pop 0.3 
Overshoot 5.0 

INPUT OFFSET VOLTAGE 
Initial, Rs';;; 10kn, Adj. to Zero 1.0 6.0 
TA = min to max 1.0 7.5 
Average vs. Temperature (Untrimmed) 
vs. Supply, TA = min to max 

INPUT OFFSET CURRENT 
Initial 20 200 
TA = min'to max 40 300 
Average vs. Temperature 

INPUT BIAS CURRENT 
Initial 80 500 
TA = min to max 120 800 
Average vs. Temperature 

INPUT IMPEDANCE DIFFERENTIAL 0.3 2.0 0.3 

INPUT VOLTAGE RANGEl 
Differential, max Safe 
Common Mode, max Safe ±12 ±O ±12 
Common Mode Rejection, 

RS = .;;; 10kn, TA = min to max, 
VIN = ±l2V 70 90 70 

POWER SUPPLY 
Rated Performance ±ts 
Operating 
Power Supply Rejection Ratio 30 150 
Quiescent Current 1.7 2.8 
Power Consumption 50 85 

TA = min 
TA = max 

TEMPERATURE RANGE 
Operating Rated Performance 0 +70 -55 
Storage -65 +150 -65 

NOTES 
I For supply voltages less than ±15V, the absolute maximum input voltage is equal to the supply voltage. 
Specifications subject to change without notice. 

+Vs 

-Vs 

Typ 

200,000 

±O 
25 

1 
10 
0.5 

0.3 
5.0 

1.0 
1.0 

20 
85 

80 
300 

2.0 

±o 

90 

±15 

30 
1.7 
50 
60 
45 

Standard Nulling Offset Circuit 
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Max Min 

50,000 

25,000 

±10 

5.0 
6.0 

200 
500 

500 
1,500 

80 

±5 
150 
2.8 
85 
100 
75 

+125 0 
+150 -65 

AD741J 
Typ Max Units 

200,000 VN 
VN' 
VN 

±13 V 
V 

25 rnA 

1 MHz 
10 kHz 
0.5 V/p,s 

0.3 p,s 
5.0 % 

1.0 3.0 mV 
4.0 mV 
20 p,V/oC 

30 100 p,V/V 

5 50 nA 
100 nA 

0.1 nA/oC 

40 200 nA 
400 nA 

0.6 nAloC 

1.0 Mn 

±30 V 
±15 V 

90 dB 

±15 V 
±18 V 

p,VN 
2.2 3.3 rnA 
50 85 mW 

mW 
mW 

+70 °c 
+150 °c 



AD74lK AD74lL AD74lS 
Model Min Typ Max Min Typ Max Min Typ Max Units 

OPEN LOOP GAIN 
RL = lkn, Vo = ±lOV 50,000 200,000 V/V 
RL = 2kn, Vo = ±10V 50,000 200,000 50,000 200,000 V/V 
TA = min to max RL = 2kn 25,000 25,000 25,000 VN 

OUTPUT CHARACTERISTICS 
Voltage @ RL = lkn, TA = min to max V 
Voltage @ RL = 2kn, TA = min to max ±10 ±13 ±10 ±13 ±10 il3 V 
Short Circuit Current 25 25 25 rnA 

FREQUENCY RESPONSE 
Unity Gain, Small Signal 1 1 1 MHz 
Full Power Response 10 10 10 kHz 
Slew Rate 0.5 0.5 0.5 Vlp.s 
Transient Respone (Unity Gain) 

Rise Time 0.3 0.3 0.3 p.s 
Overshoot 5.0 5.0 5.0 % 

INPUT OFFSET VOLTAGE 
Initial, Rs .;;; lOkn, Adj. to Zero 0.5 2.0 0.2 o,~ !.0 ~ ..... " 
'fA = min to max 3.0 1.0 4 mV 
Average vs. Temperature (Untrimmed) 6.0 15.0 2.0 5.0 6.0 15.0 p.V/oC 
vs. Supply, TA = min to max 5 15.0 5 15.0 30 100 p.VN 

INPUT OFFSET CURRENT 
Initial 2 10 2 5 2 10 nA 
TA = min to max 15 10 25 nA 
Average vs. Temperature 0.02 0.2 0.02 0.1 0.1 0.25 nAtC 

INPUT BIAS CURRENT 
Initial 30 75 30 50 30 75 nA 
TA = min to max 120 100 250 nA 
Average vs. Temperature 0.6 1.5 0.6 1.0 0.6 2.0 nA/oC 

INPUT IMPEDANCE DIFFERENTIAL 2 2 2 Mn 

INPUT VOLTAGE RANGEl 
Differential, max Safe ±30 ±30 ±30 V 
Common Mode max Safe ±15 ±IS ±15 V 
Common Mode Rejection, 

Rs';;; 10kn, TA = min to max 
VIN = ±12Y 90 100 90 100 90 100 dB 

POWER SUPPLY 
Rated Performance ±15 ±15 *15 V 
Operating ±5 ±22 ±5 ±22 ±5 ±22 V 
Power Supply Rejection Ratio p.V/V 
Quiescent Current 1.7 2.8 1.7 2.8 . 2.0 2.8 rnA 
Power Consumption 50 85 50 85 50 85 mW 

TA = min 60 100 mW 
TA = max 75 115 mW 

TEMPERATURE RANGE 
Operating Rated Performance 0 +70 0 +70 -55 +125 °c 
Storage -65 +150 -65 +150 -65 +150 °c 

NOTES 
I For supply voltages less than ± lSV, the absolute maximum input voltage is equal to the supply voltage. 
Specifications subject to change without notice. 

Specifications shown in boldface are tested on all production units at 
final electrical test. Results from those tests are used to calculate out· 
going quality levels. All min and max specifications are guaranteed, 
although only those shown in boldface are tested on all production 
units. 

ORDERING GUIDE 

Model 

AD741CN 
AD741CH 
AD741JN 
AD741JH 
AD741KN 
AD741KH 
AD741LN 
AD741LH 
AD741H 
AD741SH 
NOTE 

Temperature 
Range 

o to +70
o
C 

o to +70
o

C 
o to +70

o
C 

o to +70°C 
o to +70

o
C 

o to +70
o
C 

o to +70
o

C 
o to +70

o
C 

-55°C to +125°C 
-5SoC to +125°C 

Package1 

MINI-DIP (N8A) 
TO-99 
MINI-DIP (N8A) 
TO-99 
MINI-DIP (N8A) 
TO-99 
MINI-DIP (N8A) 
TO-99 
TO-99 
TO-99 

I See Section 19 foc package outline information. 

Initial Off
Set Voltage 

6.0mV 
6.0mV 
3.0mV 
3.0mV 
2.0mV 

2.0mV 
0.5mV 
0.5mV 
S.OmV 
2.0mV 

ABSOLUTE MAXIMUM RATINGS 

Absolute Maximum Ratings 

Supply Voltage 
Internal Power Dissipation 
Differential Input Voltage 
Input Voltage 
Storage Temperature Range 
Lead Temperature 

AD741, J. K, L, S 

±22V 
SOOmW 1 

±30V 
±lSV 
-65°C to +lS0

o
C 

300°C 
(soldering. 60 seconds) 

Output Short Circuit Duration Indefinite2 

NOTES 

AD741C 

±18V 
SOOmW 
±30V 
±lSV 
-65°C to +lS0oC 
300°C 

Indefinite 

I Rating applies for case temperature to +12SoC. Derate TO-99 linearity 
at 6.SmWtC for ambient temperatures above +70°C. 

2 Rating applies for shorts to ground or either supply at case temperatures 
to +12SoC or ambient temperatures to +7SoC. 
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r.ANALOG 
WDEVICES 

FEATURES 
Very High Slew Rate: 1000V/ps 
Fast Settling: 150ns max to ±0.05% 
Gain Bandwidth Product: 1.7GHz typical 
High Output Current: 100mA min @ VOUT = 10V 
Full Differential Input 

PRODUCT DESCRIPTION 
The AD3554 is a FET-input, hybrid operational amplifier 
that features an excellent combination of high slew rate, fast 
settling time and large gain-bandwidth product. The AD3554 
has a full differential input with matched input FETs for low 
offset voltage. 

The AD3554 can supply ±lOOmA at 10 volts. The slew rate 
is 1000Vlps minimum; l200Vlps is typical. Settling time 
to ±0.05% offinal value is only l50ns when configured as an 
inverting amplifier. The user can optimize the combination of 
bandwidth, slew rate, and settling time for a particular applica
tion by selecting the external compensation capacitor. 

The AD3554 is recommended for any operational ampli-
fier application where speed and bandwidth are important 
considerations. The high slew rate and fast settling time make 
the AD3554 an excellent choice for use in fast D/A con
verters, fast current amplifiers, integrators, waveform gener
ators and multiplexer buffers. 

The AD3554 is available in three versions: the "A" and "B" 
are ·specified over the -25°C to +85°C temperature range and 
"s" over the -55°C to +125°C operating temperature range. 
All devices are packaged in the hermetically-sealed TO-3 style 
metal can. 

The AD3554 is a pin-compatible replacement for 3554 devices 
from other manufacturers. 

Fast-Settling, Wideband, 
FET -Input Op Amp 

AD3554 I 
AD3554 FUNCTIONAL BLOCK DIAGRAM • 

TO-3 STYLE 
BOTTOM VIEW 

PRODUCT HIGHLIGHTS 
1. The high slew rate (lOOOV/ps min) and fast settling time 

to 0.01% (250ns max) make the AD3554 ideal for D/A, 
A/D, sample-hold, and video instrumentation circuits. 

2. Laser trimming techniques reduce initial offset voltage to 
as low as lmV max (AD3554B), thus eliminating the need 
for external nulling in many applications. 

3. Very high gain-bandwidth product (1.7GHz typical at 
A = 1000) makes the AD3554 an ideal choice for high 
frequency amplifier applications. 

4. FET inputs result in a low bias current (50pA max, 10pA 
typ) in a high gain-bandwidth product operational amplifier. 

5. Full differential input: makes the AD3554 ideal for all 
standard operational amplifier applications such as high 
speed integrators, differentiators, and high gain amplifiers. 

6. The 100mA at 10V output makes the AD3554 suitable 
for many applications that require high output power, 
such as cable drivers. The capacitance of coaxial cable 
(e.g., 29pF/foot for RG-58) does not load the AD3554 
when the coaxial cable or transmission line is terminated 
in its characteristic impedance. 
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SPECIFICATIONS (typical @ TeASE = +25°C and Vs = ±15V dc unless otherwise specified) 

MODEL 

OPEN LOOP GAIN 
No Load 
RL = lOOfl 

OUTPUT CHARACfERISTICS 
Voltage@lo = ±lOOmA 
Output Resistance, Open Loop @ f = 10MHz 
Current @ Vo = ±lOV 

FREQUENCY RESPONSE 
Bandwidth (OdB, Small Signal, Cp = 0)1 
Gain-Bandwidth Product, Cp = 0 

G = 10VIV 
G = lOOV/V 
G = 1000VIV 

Full Power Bandwidth, Cp = 0, Vo = 20V pop, 
RL = lOOn 

Slew Rate, Cp = 0, Vo = 20V pop, 
RL = lOOn 

Settling Time, A = -1, to ±l% 
to ±O.l% 
to ±0.05% 
to ±0.01% 

INPUT OFFSET VOLTAGE 
Initial Offset 
vs. Temperature 
vs. Supply, TA = min to max 

INPUT BIAS CURRENT 
Either Input2 

Initial Difference 
vs. Supply Voltage 

. INPUT IMPEDANCE 
Differential 
Common Mode 

INPUT VOLTAGE RANGE 
Max Safe Input Voltage, Diff 
Common Mode 
Common Mode Rejection, VCM = +7V, -10V 

POWER SUPPLY 
Rated Performance 
Operating 
Quiescent Current 

INPUT NOISE1 

Voltage, fa = 1Hz 
fa = 10Hz 
fa = 100Hz 
fa = 1kHz 
fa = 10kHz 
fa = 100kHz 
fa = 1M Hz 
fB = O.3Hz to 10Hz 
fB = 10Hz to 1MHz 

Current, fB = 3Hz to 10Hz 
fB = 10Hz to 1MHz 

TEMPERATURE RANGE 
Operating, Rated Performance 
Storage 

PACKAGE3 
- TO-3 Style (H08C) 

NOTES 

AD3SS4AM 

106dB (lOOdB min) 
96dB (90dB min) 

±llV (±lOV min) 
20n 
±12SmA (±lOOmA min) 

90MHz (70MHz min) 

22SMHz (lSOMHz min) 
72SMHz (42SMHz min) 
l700MHz (lOOOMHz min) 

19MHz (l6MHz min) 

l200V/ps (lOOOV/ps min) 
60ns 
l20ns 
l40ns (1 SOns max) 
200ns (2S0ns max) 

O.SmV (2.OmV max) 
20pVtC (SOpvtc max) 
80pV/V (300pVIV max) 

lOpA (SOpA max) 
2pA (lOpA max) 
lpAIV 

1OIInll2pF 
1OII!lII2pF 

±(IVccl-8) 
±(IVccl-4) 
78dB (60dB min) 

±lSV 
±(7 to 18)V 
28mA (4SmA max) 

12SnV/..;HZ (4S0nV/yHZ max) 
SOnV/VHz (l60nV/VHz max) 
2SnV/VHz (90nV/VHz max) 
lSnV/VHz (SOnV/VHz max) 
lOnV/Viii (3SnV/v'Hz' max) 
8nV/$z (2SnV/VHZ max) 
7nV/VHz (2SnV/yHZ max) 
2pV pop (7pV pop max) 
8pV rms (2SpV rms max) 
4SfA pop 
2pA rms 

-2SoC to +8SoC 
-6SoC to +lS0°C 

AD3SS4AM 

AD3SS4BM 

0.2mV (l.Omv max) 
8pVtC (lSpVloC max) 

AD3SS4BM 

I These parameters are untested and not guaranteed. This specifica
tion is established to a 90% confidence level. 

2 Bias Current specifications are guaranteed maximum at either input 
at TCAS~ - +2S·C. Par higher temperatures, the current doubles 
every 10 C. 

3 See Section 19 for package outline information. 
·Specifications same as AD35S4AM. 
··Specifications same as AD3SS4BM. 
Specifications subject to change without notice. 
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LAYOUT CqNSIDERA TIONS 
As is the case with any high-speed design, proper layout is 
critical to avoid the introduction of unnecessary errors due to 
high-frequency coupling and stray capacitance. 

Large ground planes should be used whenever possible to 
provide a low resistance, low inductance circuit path, as well 
as shielding the effects of high-frequency coupling. Sockets 
should be avoided, as the increased inter-lead capacitance can 
degrade bandwidth. Input and output connections should be 
kept as short as practical, particularly to the inverting input, 
which is especially sensitive to stray capacitances. 

Low value resistors should be used to assure that the time 
constants formed with the circuit capacitances will not limit 
the amplifier performance. Resistor values less than 5.6kn 
are recommended. 

Each power supply lead should be bypassed to ground as close 
as possible to the amplifier pins. A 10/-LF electrolytic or tan
talum capacitor in parallel with a O.Ol/-LF ceramic capacitor 
is recommended. 

GROUNDING 
Grounding the case will add a slight capacitance to each pin. 
Therefore, we recommend leaving the case ungrounded. 

In inverting applications we recommend grounding the non
inverting input rather than connecting it to a bias current 
compensating resistor. FET input amplifiers do not require 
compensating resistors because of their low input bias cur
rents. 

GUARDING 
In high input impedance applications the input terminals may 
be surrounded by a conductive path to divert leakage currents. 
This guard ring should be connected to a low impedance point 
at the input signal potential. 

In high frequency applications guarding may not be desirable 
as it increases the risk of oscillation due to increased printed 
circuit board capacitance. 

COMPENSATION 
The user can optimize the bandwidth, slew rate, or settling 
time by selecting the external frequency compensation ca
pacitor. No compensation capacitor is required for closed loop 
gaIns above 50 and when the load capacitance is less than 
lOOpF. When driving capacitive loads greater than 470pF, in 
low closed loop gain configurations, connect a 1000pF ca
pacitor between pin 8 and the positive supply. The perform
ance may be improved by connecting a small resistor in series 
with the output and a small capacitor from pin 1 to 5. See 
Typical Circuits. 

The flat high frequency response of the AD3554 may be pre
served and any high frequency peaking avoided by connecting 
a small capacitor in parallel with the feedback resistor. This 
capacitor will compensate for the closed loop, high frequency, 
transfer function zero that results from the time constant 
formed by the input capacitance of the amplifier, typically 
2pF, and the input and feedback resistors. Using small resistor 
values will keep the break frequency of this zero sufficiently 
high, avoiding peaking and preserving the phase margin. 

The selected compensation capacitor may be a trimmer, a 
fixed capacitor or a planned PC board capacitance. The . 
capacitance value is strongly dependent on circuit layout 
and closed loop gain. 

SHORT CIRCUIT PROTECTION 
The AD3554 is short circuit protected for continuous output 4 
shorts to ground. Output shorts to either supply will destroy 
the device. . 

HEAT SINKING 
The AD3 554 does not require heat sinking for most applica
tions. However, at extreme temperature and full load 
conditions a heat sink will be necessary as indicated in the 
maximum power dissipation curve. We recommend connecting 
the heat sink to the amplifier case and keeping the combina
tion ungrounded. 

TYPICAL CIRCUITS 

5.6kn 

2pF 

10pF 

+Vs 

*THESE COMPONENTS MAY BE ELIMINATED WHEN NOT 
DRIVING LARGE CAPACITIVE LOADS. 

Figure 19. Unity Gain Inverter 

20pF 

+Vs 

*THESE COMPONENTS MAY BE ELIMINATED WHEN NOT 
DRIVING LARGE CAPACITIVE LOADS. 

Figure 20. Follower 
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5.6kU 

10pF 

*THESE COMPONENTS MAY BE ELIMINATED WHEN NOT 
DRIVING LARGE CAPACITIVE LOADS. 

Figure 21. Inverting Gain of 10 Amplifier 

VOL. 1,4-116 OPERATIONAL AMPLIFIERS 

10kU 

VOUT 

+Vs 

Figure 22. Inverting Gain of 100 Amplifier 



r.ANALOG 
WDEVICES 

FEATURES 
2.2ns Propagation Delay - AD968SBD/BH 
2.7ns Propagation Delay - AD9687BD 
O.Sns Latch Set-Up Time 
Pin-Compatible to Am68S/687 but FASTER 
+ SV, - S.2V Supply Voltages 

APPLICATIONS 
Ultra-High-Speed AID Converters 
Ultra-High-Speed Line Receivers 
Peak Detectors 
Threshold Detectors 

GENERAL DESCRIPTION 
The AD9685BD/BH and AD9687BD are ultra-fast comparators 
manufactured with a high performance bipolar process which 
makes it possible to obtain incredibly short propagation delays 
and latch set-up times. 

The AD9685BD/BH is a single comparator which is pin-compatible 
with the Am685, but has speed capabilities that far outstrip the 
earlier unit. The AD9687BD is pin-for-pin compatible with the 
Am687 and, like its predecessor, is adual comparator; its speed 
capabilities are far superior to the Am687. 

Both Analog Devices units have differential inputs and com
plementary outputs fully compatible with EeL logic levels. 
Their output current levels are capable of driving son terminated 
transmission lines, and their high resolution make them ideally 
suited for a variety of analog-to-digital signal processing applica
tions. 

AD9685BDIBH Single Comparator 
A latch function allows the AD9685BD/BH to be operated in a 
sample-hold mode. When the Latch Enable (LE) is EeL HIGH, 
the comparator functions normally. When the Latch Enable is 
driven LOW, its outputs are locked in the logic state dictated 
by the input conditions at the time of the latch input transition. 
If the latch function is not used, the Latch Enable input should 
be connected to ground. 

In addition to its speed advantages over the earlier Am685, the 
AD9685BD/BH also dissipates less power because it operates on 
a positive 5 volt supply instead of the 6 volts required by the 
AMD device. 

Ultra-Fast Comparators 
AD9685/AD9687 I 

AD9685BDIBH FUNCTIONAL BLOCK DIAGRAM 

NONINVERTING 
INPUT 

INVERTING 
INPUT 

NONINVERTINGwaOUTPUT INPUT 

INVERTING _ Q OUTPUT 
INPUT 

RL RL 

LATCH ENABLE V, 

THE OUTPUTS ARE OPEN EMITTERS. REQUIRING EXTERNAL 
PULL·DOWN RESISTORS. THESE RESISTORS MAY BE IN THE 
RANGE OF5011-2oon CONNECTED TO - 2.0V; OR 20011-2000n 
CONNECTED TO - 5.2V. 

'"---r--' '-..r--J 
LATCH ENABLE . LATCH ENABLE 

THE OUTPUTS ARE OPEN EMITTERS. REQUIRING EXTERNAL 
PULL-DOWN RESISTORS. THESE RESISTORS MAY BE IN THE 
RANGE OF50n-200nCONNECTEDTO - 2.0V; OR 2ool1-2000n 
CONNECTED TO - 5.2V. 

AD9687BD Dual Comparator 

INVERTING 
INPUT 

·11 

The latch function of the AD9687BD provides an ability to 
operate the unit in either a track-hold or sample-hold mode. 
The latch function inputs are separated on the two comparators 
and are designed to be driven from the complementary outputs 
of a standard EeL logic gate. When LE is High and LE is . 
LOW, the normal comparator function is in operation. When 
LE is forced LOW and LE is driven HIGH, the outputs of the 
comparator being exercised are locked in their existing logical 
states, as determined by the input conditions present at the. time 
of arrival of the latch signal. If the latch function is not used on 
either one of the two comparators in the AD9687BD, the appro
priate Latch Enable input should be connected to ground; the 
companion Latch Enable input can be left open. 

The AD9687BD is basically two AD9685BD/BH units in a 
single package and operates in a similar fashion to a pair of the 
single comparators. 
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SPECIFICATIONS (typical @ + 25°C with nominal supply voltages unless otherwise noted) 
ABSOLUTE MAXIMUM RATINGS AD968SBD/BH 

Supply Voltages (Vee and VEE) 
Power Dissipation 
Input Voltage 
Differential Input Voltage 
Output Current 
Operating Temperature Range 
Storage Temperature Range 
Lead Temperature (soldering 10 seconds) 

ELECTRICAL CHARACTERISTICS Symbol Min 

Input OffsetVoltage l Vas 
Temperature Coefficient t:..voslt:..T 

Input Offset Current los 
Input Bias Current 18 
Input Voltage Range VeM 
Common Mode Rejection Ratio CMRR 
Input Resistance RIN 
Input Capacitance CIN 

Input/Output Logic Levels 
Output HIGH Voltage VOH 
Output LOW Voltage VOL 

Positive Supply Voltage Vee 
Negative Supply Voltage VEE 
Positive Supply Current Icc 
Negative Supply Current lEE 
Supply Voltage Rejection Ratio SYRR 
Power Dissipation Pmss 

SWITCHING CHARACTERISTICS 
Propagation Delays2 

Input to Output HIGH tpd+ 
Input to Output LOW tpd-
Latch Enable to Output HIGH tpd+(E) 
Latch Enable to Output LOW tpd-(E) 

Latch Enable 
Pulse Width tpw(E) 
Minimum Set-UpTime ts 
Minimum Hold Time tb 

NOTES 
'Rs = IOOohms 
2PropagationdeJays measured with lOOmV pulse; SmV overdrive. 
·Specifications same as AD9685BDIBH. 

Specifications subject [0 change without notice. 

DEFINITION OF TERMS 

-5 

-2.5 
80 
60 

-0.96 
-1.85 
+4.75 
-4.95 

3 

Vas INPUT OFFSET VOL TAGE-The potential difference 
required between the input terminals to obtain zero 
potential difference between the outputs. _ 

los INPUT OFFSET CURRENT - The difference between 
the currents into the inputs when there is zero potential 
difference between the outputs. 

IB INPUT BIAS CURRENT - The averageofthe two 
input currents. This is a chip design trade-off parameter. 
Internally, it is desirable to have high values OfIB for 
circuit performance requirements; externally, it is desir
able to have IB as low as possible. 

VCM INPUT VOLTAGE RANGE- The range of input 
voltages for which offset and propagation delay 
specifications are valid. 

CMRR COMMON MODE REJECTION RA TIO-The ratio of 
input voltage range to the peak-to-peak change in 
input offset voltage over that range. 

RIN INPUT RESISTANCE- The resistance looking into 
either terminal with the other grounded. 

CIN INPUT CAPACITANCE - The capacitance looking into 
either input pin with the other grounded. 

VOH OUTPUT HIGH VOLT AGE - The logic HIGH output 
voltage with an external pull-down resistor 
returned to a negative supply. 

VOL OUTPUT LOW VOLTAGE-The logic LOW output 
voltage with an external pull-down resistor returned 
to a negative supply. 

Icc POSITIVE SUPPLY CURRENT - The current required 
from the positive supply to operate the comparator. 

lEE NEGATIVE SUPPLY CURRENT - The current 
required from the negative supply to operate the 

SVRR 

Pmss 

comparator. 
SUPPLY VOLTAGE REJECTION RATIO- The 
ratio of the change in input offset voltage to the 
change in power supply voltage producing it. 
POWER DISSIPATION - The power dissipated by 
the comparator with both outputs terminated in 
50 ohms to -2V. -
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±6V 
336mW 
±SV 
3.5V 
30mA 
- 30°C to + 85°C 
-55°Cto+150°C 
300°C 

Typ Max 

+5 
20 

5 
10 20 

+2.5 

3 

-0.81 
-1.65 

+5 +5.25 
-5.2 -5.45 
19 23 
23 34 
60 
210 300 

2.2 3 
2.2 3 
2.5 3 
2.5 3 

2 
0.5 I 

I 

Min 

* 

* 
* 
* 

* 
* 
* 
* 

* 

AD9687BD 

SOOmW 

Typ MaX Units 

* mV 

* J.l.Vt'C 
* J.l.A 

* * J.l.A 
* V 

dB 
kO 

* pF 

* V 
.* V 

* * V 

* * V 
30 rnA 
54 rnA 
* dB 
430 mW 

2.7 4 ns 
2.7 4 ns 
2.7. 4 ns 
2.7 4 ns 

* ns 

* * ns 

* ns 

INPUT TO OUTPUT HIGH DELAY - The 
propagation delay measured from the time the input 
signal crosses the input offset voltage to the 50% point 
of an output LOW to HIGH transition. 

tpd - INPUT TO OUTPUT LOW DELAY - The 
propagation delay measured from the time the input 
signal crosses the input offset voltage to the 50% point 
of an output HIGH to LOW transition. 

tpd + (E) LATCH ENABLE TO OUTPUT HIGH DELAY - The 
propagation delay measured from the 50% point of the 
Latch Enable (LE) signal LOW to HIGH transition to the 
50% point of an output LOW to HIGH transition. 

tpd-(E) LATCH ENABLE TO OUTPUT LOW DELAY-The 
propagation delay measured from the 50% point of the 
Latch Enable signal LOW to HIGH transition to the 50% 
point of an output HIGH to LOW transition. 

tpw(E) MINIMUM LATCH ENABLE PULSE WIDTH-The 
minimum time the Latch Enable signal must be HIGH to 
acquire and hold an input signal. 

ts MINIMUM SET-UPTIME-The minimum time be
fore the negative transition of the Latch Enable pulse -
that an input signal must be present to be 
acquired and held at the outputs. 

tb MINIMUM HOLD TIME-The minimum time after 
the negative transition of the Latch Enable signal 
that an input signal must remain unchanged to be ac
quired and held at the outputs. 

OTHER SYMBOLS 

Te Case Temperature 

Input source resistance 
Supply voltages 
Positive supply voltage 
Negative supply voltage 

VT Output load terminating 
voltage 

RL Output load resistance 
VIN Input pulse amplitude 
VOD Input overdrive 
f Frequency 



The Timing Diagram illustrates a series of events' in the 
AD9685BD/BH; the terms and their relationships are also valid 
for the AD9687BD. The relationships which are shown should 
not be interpreted as "typical", since several parameters have 
multiple values; and the worst case conditions are shown in the 
Timing Diagram. 

The top line of the diagram shows two Latch Enable (LE) pulses; 
each is high for "compare" and low for "latch". The first pulse 
illustrates the compare function in which part of the input action 
takes place during the "compare" mode. The second one illustrates 
a compare function interval during which there is no change in 

The leading edge of the input signal, shown here as a large 
amplitude, small overdrive pulse, switches the comparator after 
a time interval tpd. Output Q and Q transitions are essentially 
similar in timing. The input signal must occur at a time ts before 
the latch trailing (falling) edge and, to be acquired, must be 

TIMING DIAGRAM 

-- ________ 50% 

t I I I . 1-1 
t ~VOD thL-- t,.w(E) a 

~JPJ:::TlAL -------:-f~~w--~ -- ____ I ~ :::.,: ,-- - - VM 

a ------1:""=---\- ----!...-- -r-::=50% 
I I' I I au---r ----{ u--1--~-'" 

maintained for a time th after that edge. After th, the output is 
no longer affected by the input status until the latch is again 
strobed. A minimum latch pulse width of tpw(E) is required for 
the strobe operation, and the output transitions occur after a 
time tpd(E). 

PIN CONFIGURATIONS 

NONINVERTING 
INPUT 

INVERTING 
INPUT 

TO-lOO 

GROUND1 

PIN 5 CONNECTED TO CASE 

TOP VIEW 

AD9685BH Pin Configuration 
Package Option 1 - TO-100 

DIP 

PIN 8 CONNECTED TO CASE 

AD9685BD Pin Configuration 
Package Option 1 - Q 16C 

NOTE 

DIP 

PIN1MARKED 

AD9687BD Pin Configuration 
Package Option l 

- D16A 

I See Section 19 for package outline information. 
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Ir.ANALOG 
WDEVICES 

FEATURES 
2nd Source; Replaces All LH0032G 
High Slew Rate; 500V IllS 
Wide 70MHz Bandwidth 
Operation Guaranteed -55°C to +125°C (ADLH0032G) 
High Input Impedance of 1012 n 
2mV Input Offset Voltage 

APPLICATIONS .. !_.~ ft _____ I ...... "'" #Il1o ~ 

I "~,, ~pccu 1.1""" "UIIIJ.lGltllUrl 

ADC and SHA I nput Buffers 
High Speed Integrators 
Video Amplifiers 

GENERAL DESCRIPTION 
The ADLH0032G 3rnd ADLH0032CG are high slew rate, high 
input impedance, differential operational amplifiers, suitable 
for numerous applications in high-speed signal processing. 
These second source devices are the same in every character
istic as other LH0032G/LH0032CG amplifiers, and thus are 
particularly suited for comparator applications due to their 
high allowable differential input capabilities (±lSV), ease of 
output clamping, and high output drive capabilities. 

Featuring a wide 70MHz bandwidth, high input impedance 
(l012 n), and high output drive capacity, the ADLH0032G 
and ADLH0032CG have already been designed into such 
applications as summing amplifiers in high-speed DACs, Buffer 
Amps in ADCs and high-speed SHAs, as well as other applica
tions normally res'erved for special purpose video amplifiers. 

The ADLH0032G is guaranteed over the extended tempera
ture range from -55°C to +12S

o
C, while the commercial grade 

ADLH0032CG is guaranteed from -25°C to +8S
o
C. Both 

devices are packaged in a TO-8 metal can package. 

Ultra Fast FET 
Operational Amplifier 

ADLH0032G/ ADLH0032CG I 
ADLH0032G/ADLH0032CG 

PIN DESIGNATIONS 

NONINVERTED 
INPUT 

INVERTED 
INPUT 

NC 

~
4 V 12 

3 2 1 

BALANCE! COMPENSATIO~ NC 

NON-INV 
INPUT 

OUTPUT 
COMPENSATION 

TO-8 PACKAGE 
BOTTOM VIEW 

r--~t----ov+ 

v-

Figure 1. Offset Null 

v+ 

V-

OUTPUT 

V+ 

Figure 2. Output Short Circuit Protection 
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SPECIFICATIONS 
Model ADLH0032G, ADLH0032CG 

ABSOLUTE MAXIMUM RATINGS' 
Supply Voltage ±18V 
Power Diss.ipation 
Differential Input Voltage 

See Characteristic Curves 
±30V 

Input Voltage 
Operating Temperature Range 

Storage Temperature Range 

ADLH0032G 
ADLH0032CG 

Lead Temperature (soldering, 10sec) 

±VS 
-55°C to +125°C 
-25°C to +85°C 
-65°C to +150°C 
300°C 

ADLHOO32G 
Parameter Conditions 
DC ELECTRICAL CHARACTERISTICS! 

Input Offset Voltage2 TJ = +25°C 

Input Offset Currene TJ = +25°C 

Input Bias Current'Z TJ = +25°C 

Average Offset Voltage Drift 
Large Signal Voltage Gain VOUT = ±10V, F = 1kHz, 

RL = 1kn, Tc = +25°C . VOUT = ±10V, RL = 1kn, 
F = 1kHz 

Input Voltage Range 
Output Voltage Swing RL = 1kn 
Power Supply Rejection Ratio b.Vs = ±lOV 
Common Mode Rejection Ratio b.VIN = 10V 
Supply Current TC = +25

v
C 

AC ELECTRICAL CHARACTERISTICS3 

Slew Rate Av = +1, b.VIN = 20V 
Settling Time 

to 1% of Final Value Av = -1, b.VIN = 20V 
Settling Time 

to 0.1 % of Final Value Av = -1, b.VIN = 20V 
Small Signal Rise Time Av = +1, l!.VIN = IV 
Small Signal Delay Time Av = +1, b.VIN = IV 

MTBF 
Meantime Between Failures 1.0608 X 107 Hours 

PACKAGE OPTION4 

NOTES· 
I These specifications apply for Vs = ±1SV and -SSoC to +12SoC 
for the ADLH0032G and -2SoC to +SSoC for the ADLH0032CG. 

I Due to high speed automatic test techniques employed these parameters 
are correlated to junction temperature. 

=11tese specifications apply for Vs = ±15V, RL = lkn, TC = +2Soc. 
4 See Section 19 for package outline information. 
Specifications subject to change without notice. 

ORDERING INFORMA nON 

Model 
ADLH0032CG 
ADLH0032G 

Temperature RaDge 
-25°C to +85°C 
-55°C to +125°C 
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min typ 

2 

5 

10 

25 

'60 70 

57 
±10 ±12 
±10 ±13.5 
50 60 
50 60 

18 

350 500 

100 

300 
8 
10 

H12A 

max 

5 
10 
25 
25 
100 
50 
50 

20 

20 
25 

ADLHOO32CG 
min typ max Units 

5 15 mV 
20 

10 50 pA 
5 nA 

25 200 pA 
15 nA 

25 50 J.l.V/C 

60 70 dB 

57 dB 
±10 ±12 V 
±10 ±13 V 
50 60 dB 
50 60 dB 

20 22 rnA 

350 500 Vips 

100 ns 

300 ns 
8 20 ns 
10 25 ns 

H12A 



Applying the ADLH0032GjADLH0032CG 
POWER SUPPLY DECOUPLING 
The ADLH0032G/ADLH0032CG, like most high-speed cir
cuits, are sensitive to stray capacitances and layou t. Power sup
plies should be bypassed as near to tv (Pins 10 and 12) as 
possible, using low inductance capacitors such as O.Olt.LF disc 
ceramics. Components for compensation should also be 
located close to the appropriate pins to reduce stray capaci
tances. A large ground plane area for low-impedance ground 
paths is highly recommended. 

HEAT SINKING 
The ADLH0032G/ADLH0032CG are specified for operation 
without any heat sink. Since internal power dissipation does 
create a significant temperature rise, improved bias current 
performance can be achieved by using a small heat sink such 
__ ... 1...-. rroL ..... ___ l' __ .... "'''A 1 __ ........... : .... _1 __ .. c: __ ,.. .. 1.. ..... __ ............ & .. t.. ..... 
....., UA"" Aa .. "' ......... "" ...... V! ...... -I".&. VI. '"''!y&w-..& .... .la'' ••• u,,. .. "" .... "" .................. V.I. ~ .. .... 

ADLH0032G/ADLH0032CG has no internal connection, it 
may be electrically connected to the heat sink. This, however, 

lk 

INPUT 0----=-1 

v+ 

TTL 
OUTPUT 

Figure 3. High Impedance, High Speed Comparator 

3-8oF 

Figure 4. Current Mode Multiplexer 

will affect the stray capacitances to all pins, therefore requiring 
adjustment of all circuit compensation values. 

INPUT CAPACITANCE 
Inverting Input: 
For optimum performance, the inverting input should be 
compensated by a small capacitance, around 10pF, across the • 
feedback resistor. This is because the SpF input capacitance 
may cause significant time constants with high-value resistors. 
The capacitor value may be changed somewhat depending on 
the effects of layout and closed loop gain. 

Noninverting Input: 
To divert leakage currents away from the noninverting input 
and to reduce the effective input capacitance, it is desirable 
.._ h __ .......... , ... ~ .. h.a. .... .,C"~ """rl ,,,"" It "., .. .,,,,,rI .... ""rl1t .... ~n ...... n .. hp ;n_ 
.~ ~~~.~ •• -t' ••• - --~- _ •• -. ~- - 0---- -~ .. -----. -- _ .. -.. -
verting input. The resulting input capacitance of a unity gain 
follower configured this way will be less than 1 picofarad. 

v+ 

2k 
INPUT o--'VII\,-~ 

,.1.:..:1 ...... _ 0 OUTPUT 

loon 

Figure 5. Unity Gain Follovver 

·USE POLYSTYRENE DIELECTRIC 
FOR MINIMUM DRIFT 

Figure 6. High Speed Sample and Hold 

OPERATIONAL AMPLIFIERS VOL. 1,4-123 



Typical Performance Curves 
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r.ANALOG 
WDEVICES 

FEATURES 
2nd Source-Replaces All LH0033G Series 
Wide Bandwidth-dc to 100MHz 
High Slew Rate-1500V IJJ.s 
Operates on Single or Dual Power Supplies 
Operation Guaranteed -55°C to +125°C (ADLH0033G) 
High 1011 n Input Impedance 

APPLICATIONS 
U:_I. f!' ___ ..1 I : __ n_: .. __ _ 
••• :1 •• -.., .... "' ....... ~ •• ',," ........... ~ 

Video Impedance Transformation 
High-Speed AID I nput Buffers 
Nuclear Instrumentation Amplifiers 
Coaxial Cable Drive 

GENERAL DESCRIPTION 
The ADLH0033G and ADLH0033CG are superhigh speed 
(1500VIJJ.s slew rate) and high input impedance (10 11 n) 
buffer amplifiers, designed to replace all LH0033 series 
amplifiers in applications such as high-speed line drivers or as 
high impedance buffers for fast AID converters and com
parators. 

The ADLH0033G and ADLH0033CG are rated for operation 
over the voltage range of ±5V to ±20V. The ApLH0033~ is 
guaranteed over the temperature range of -55 C to +125 C, 
while the commercial grade ADLH003 3CG is guaranteed over 
the range of -25°C to +S5°C. 

Guaranteed operation over temperature of the ADLH0033G 
is achieved by using specially selected junction FET's and the 
latest state-of-the-art laser trimming techniques. They are 
available in the industry standard 12 pin TO-S metal can. 

OPERATION WITHIN AN OP AMP LOOP 
When using the ADLH0033G/ADLH0033CG as a current 
booster or isolation buffer with op amps such as LH0032, 
l1S, 741, etc., an isolation resistor of at least47n must be 

INPUT 

OFFSET 
PRESET 
(OPEN) 

.---.----<l +15V 

1.....<,.."..,..-+-4 ......... ---0 -15V 
loon 

Figure 1. Offset Adjustment 

High Speed 
Buffer. Amplifiers 

ADLH0033G/ADLH0033CG I 

ADLH0033G/ADLH0033CG 
PIN DESIGNATIONS 

NC 

INPUT OUTPUT 

NC><: (j)~ (2) (1) ~V+ 
~ NC NC +Vc 

BOTTOM VIEW 

TO-S PACKAGE 

used between the or amp's output and the input of the 
ADLH0033G. 

HEAT SINKING 
To assure maximum output drive capability of the 
ADLH0033G/ADLH0033CG over temperature, heat sinks 
should be used. The cases are electrically isolated from the 
circuit and thus may be connected to system grounds. 

POWER SUPPLY BYPASSING 
To prevent oscillation, power supply bypassing is recommended. 
Use low-inductance ceramic disc caps, keeping lead lengths as 
short as possible (1/4" to 112" max from device package), 
connected between ground plane and each supply lead. Use 
one or two 0.1JJ.F caps in parallel with a 4.7JJ.F tantalum for 
best results. 

v+ 

Figure 2. Short Circuit Protection Using Current 
Limiting Resistors (RUM) 
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SPECIFICATIONS 
,ADLH0033G ADLH0033CG 

ABSOLUTE MAXIMUM RATINGS 
Supply Voltage (V+ - V-) 
Maximum Power Dissipation (see curves) 
Maximum Junction Temperature 
Input Voltage 
Continuous Output Current 
Peak Output Current 
Operating Temperature ADLH0033G 

ADLH0033CG 
Storage Temperature Range 
Lead Temperature (Soldering, 10 sec.) 

Parameter I Conditions 

DC ELECTRICAL CHARACTERISTICS I ,2 

Input Bias Current Tc = 25°C 

Input Impedance RL = 1kn 
Voltage Gain VIN = 1 V rms, f = 1kHz, 

R, = 1kn, R<; = 100kn 
Output Offset Voltage Rs,= 100kn, Tc = 25 C 

Rs = 100kn 
Output Offset Voltage TC Rs = 100kn 
Output Impedance VIN = IV nns, f= 1kHz 

Rs = 100kn, RL = 1kn 
Output Voltage Swing RL = 1kn 

RL = lOOn, Tc = 25°C 
Vs = ±SV, RL = lkn 

Supply Current VIN = OV, Vs = ±lSV 
Vs = ±SV 

Power Consumption VIN = OV, Vs = ±lSV 
Vs = ±SV 

40V 
1.5W 
175°C 
Equal to Supplies 
±100mA 
±2S0mA 
-55°C to +125°C 
-25°C to +8SoC 
~5°C to +150oC 
300°C 

ADLH0033G 
min typ 

0.1 

1010 1011 

0.96 0.98 

5 

so 
6 

±12 ±13 
±9 

6 

20 
18 
600 

" 180 

AC ELECTRICAL CHARACTERISTICS (TC = 25°C Vs = ±15V, Rs = son, RL = 1kn) 

Slew Rate VIN = ±10V 1000 1500 
Bandwidth VIN = IV rms 100 
Phase Nonlinearity BW = 1 to 20MHz 2 
Rise Time D.VIN = O.SV 2.9 
Propagation Delay D.VIN = O,SV 1.2 
Hannonic Distortion f>lkHz <0,1 

MTBF 
Meantime Between Failure 1.962X107 hours 

PACKAGE OPTlON3 HI2A 

NOTES 
I Unless otherwise specified, these specifications apply for +1SV applied to pins 1 and 12, -1SV 

applied to pins 9 and 10, and pin 6 connected to pin 7. 
2 Unless otherwise noted, specifications apply over a temperature rang~, -S SOC<TC<+12SoC 

for the ADLHOO33G, and -2SoC<TC<+8SoC for the ADLH0033CG. Typical values shown 
are for TC = 2SoC. 

'See Section 19 for package outline information. 

Specifications subject to change without notice, 
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ADLHOO33CG 
max min typ max Units 

0.15 0.15 nA 
10 5 nA 

1010 1011 n 
1.0 0.96 0.98 1.0 VIV 

10 12 20 mV 
15 25 mV 
100 SO 100 p,V/oC 
10 6 10 n 

±12 ±13 V 
±9 V 

6 Vp-p 

25 21 25 rnA 
18 rnA 

660 630 720 mW 
180 mW 

1000 1400 V/p,s 
100 MHz 
2 Degrees 
3.2 ns 
1.5 ns 
<0.1 % 

H12A 

ORDERING INFORMATION 

Model 
ADLH0033CG 
ADLH0033G 

Temperature Range 
-25°C to +8SoC 
-55°C to +12SoC 



Applying the ADlH0033G/ADlH0033CG 
LAYOUT CONSIDERATIONS 
As is the case with any high-speed design, proper layout is 
critical to avoid the introduction of unnecessary errors due to 
high-frequency coupling, stray capacitance, and the like. 

Large ground planes should be used whenever possible to 
provide a low resistance, low inductance circuit path, as well 
as shielding the effects of high-frequency coupling. Sockets 
should be avoided, as the increased inter-lead capacitance can 
degrade bandwidth. Input and output connections should be 
kept as short as practical. 

OFFSET ADJUSTMENT 
The ADLH0033G/ADLH0033CG are factory trimmed for 
output voltage offsets well within the guaranteed limits, 
thereby eliminating the need to calibrate each device in
dividually. To use this feature, sImply connect Pin 6 (UFl'~hT 

PRESET) to Pin 7 (OFFSET ADJUST). 

When it is desirable to eliminate any errors due to output 
. offsets, the circuit of Figure 1 may be used to adjust these 
errors to zero. 

SHORT CIRCUIT PROTECTION 
The circuit of Figure 2 is used to protect the ADLH0033GI 
ADLH0033CG from short circuits on the output. The value 
of RLIM is determined by the following: 

V+ V
RLIM~-=-

Isc Isc 

Where Isc = Output Current under short circuit condi
tions ~100mA. 

Note that output voltage swing will also be somewhat limited 
in this configuration; however, decoupling of Pins 1 and 9 
through disc type capacitors to ground as shown in Figure 2 
will restore full output swing for transient pulses. 

OPERATION WITH ASYMMETRICAL SUPPLIES 
Since Symmetrical Power Supplies may not always be desirable 
or available, the ADLH0033G/ADLH0033CG is designed to 
operate on Asymmetrical Supplies. This causes an apparent' 
output offset; however, this is because of the amplifier's gain 
of less than unity. To accurately predict the outpu t voltage 
shift due to Asymmetrical Supplies, use the following formula: 

(V+ - V-) 
Avo ~ (l-Av) --2- = 0.005 (V+-V-) 

Where Av = No Load Voltage Gain, typically 0.99 
V + = Positive Su pply Voltage 
V- = Negative Supply Voltage 

Of course, these apparent offsets may be adjusted to zero by 
using the circuit shown in Figure 1, OFFSET ADJUSTMENT. 

CAPACITIVE LOADING 
The ADLH0033G/ADLH0033CG have been designed to drive 
capacitive loads of several thousand picofarads (such as 
coaxial cable) without oscillation. In these applications, peak 
current resulting from (C X dv/dt) should be limited below the 
absolute maximum peak current rating of ±250mA. 

Also, power dissipation due to driving capacitive loads plus 
standby power should be kept below the total power rating 
of 1.5W. 

v+ 

RUM 
loon lW 

INPUT 

SELECT Cl FOR OPTIMUM 
v- PULSE RESPONSE 

Figure 5. Coaxial Cable Drive 

v-

Figure 6. Wideband Two Pole High Pass Filter 

+15V 

lk 

-15V 

Figure 7. High Speed Peak Detector 

v-

OUTPUT 
(UNTERMINATED) 

Figure 8. High Speed Shield/Line Driver 
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Typical Performance Curves 
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r.ANALOG 
WDEVICES 

FEATURES 
Ten Times More Gain Than Other OP-07 Devices 

(3.0M min) 
Ultra-low Offset Voltage: 10llV 
Ultra-low Offset Voltage Drift: O.2IlVtC 
Ultra-Stable vs. Time: O.2IlV/month 
Ultra-low Noise: O.351lV POp 
No External Components Required 
Monolithic Construction 
High Common Mode Input Range: ±14.0V 
Wide Power Supply Voltage Range: ±3V to ±1BV 
Fits 725, 10BA/30BA Sockets 

PRODUCT DESCRIPTION 
The AD OP-07 is an improved version of the industry-standard 
OP-07 precision operational amplifier. A guaranteed minimum 
open-loop voltage gain of 3,000,000 (AD OP-07 A) represents 
an order of magnitude improvement over older designs; this 
affords increased accuracy in high closed loop gain applica
tions. Input offset voltages as low as lOIlV, bias currents of 
0.7nA, internal compensation and device protection eliminate 
the need for external components and adjustments. An input 
offset voltage temperature coefficient of 0.21lV / C and long
term stability of 0.21lV Imonth eliminate recalibration or loss 
of initial accuracy. 

A true differential operational amplifier, the AD OP-07 has a 
high common mode input voltage range (±14V) high common 
mode rejection ratio (up to 126dB) and high differential input 
impedance (50Mn); these features combine to assure high ac
curacy in noninverting configurations. Such applications in
clude instrumentation amplifiers, where the increased open
loop gain maintains high linearity at high closed-loop gains. 

The AD OP-07 is available in five performance grades. The AD 
OP-07E, AD OP-07C and AD OP-07D are specified for opera
tion over the 0 to +70

0
C temperature range, while the AD 

OP-07 A and AD OP-07 are specified for _55° C to + 12 5° C 
operation. The devices ani packaged in either TO-99 hermeti
cally-sealed metal cans or plastic B-pin mini DIPS. 

Ultra-Low Offset 
Voltage Op Amp 

AD OP-07 I 

AD OP-07 FUNCTIONAL BLOCK DIAGRAM • 

OFFSET W· 8 OFFSET TRIM TRIM 

-IN 2 7 .V, 

::~ v ~: 
+ 

~ 3 5 
+IN 4 NC 

-Vs 

H-PACKAGE N-PACKAGE 

PRODUCT HIGHLIGHTS 
1. Increased open-loop voltage gain (3.0 million, min) results 

in better accuracy and linearity in high closed-loop gain 
applications. 

2. Ultra-low offset voltage and offset voltage drift, combined 
with low input bias currents, allow the AD OP-07 to main- " 
tain hig~ accuracy over the entire operating temperature 
range. 

3. Inte,rnal frequency compensation, ultra-low input offset 
voltage and full device protection eliminate the need for 
additional components. This reduces circuit size and com
plexity and increases reliability. 

4. High input impedances, large common mode input voltage 
range and high common mode "rejection ratio make the 
AD OP-07 ideal for noninverting and differential instrumen
tation applications_ 

5. Monolithic construction along with advanced circuit design 
and processing techniques result in low cost. 

6. The input offset voltage is trimmed at the wafer stage. Un
mounted chips are available for hybrid circuit applications. 
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SPECIFICATIONS (TA = +25°C, Vs ~ ±15V, unless otherwise specified) 

MODEL ADOP-07E ADOP-07C 

PARAMETER SYMBOL MIN TYP MAX MIN TYP MAX 

OPEN LOOP GAIN Avo 2,000 5,000 1,200 4,000 
1,800 4,500 1,000 4,000 
300 1,000 300 1,000 

OUTPUT CHARACTERISTICS 
Maximum Output Swing YOM ±12.5 ±13.0 ±l2.0 ±13.0 

±12.0 ±12.8 ±1l.5 ±12.8 
±IO.S ±12.0 ±12.0 
±12.0 ±12.6 ±11.0 ±12.6 

Open-Loop Output Resistance Ro 60 60 

FREQUENCY RESPONSE 
Closed Loop Bandwidth BW 0.6 0.6 
Slew Rate SR 0.17 0.17 

INPUT OFFSET VOLTAGE 
Initial VOS 30 7S 60 ISO 

45 130 85 250 
Adjustment Range ±4 ±4 
Average Drift (Note 2) 

No External Trim TCVOS 0.3 1.3 0.5 1.8 
With External Trim TCVOSN 0.3 1.3 0.4 1.6 

Long Term Stability Vosrrime 0.3 1.5 0.4 
(Note 2) 
2.0 

INPUT OFFSET CURRENT 
Initial los 0.5 3.8 0.8 6.0 

0.9 5.3 1.6 8.0 
Average Drift TClos 8. ' 35 12 SO 

(Note 2) (Note 2) 

INPUT BIAS CURRENT 
Initial la ±1.2 ±4.0 ±1.8 ±7.0 

±1.5 ±S.S ±2.2 ±9.0 
Average Drift TCla 13 35 18 50 

(Note 2) (Note 2) 

INPUT RESISTANCE 
Differential RIN 15 50 8 33 
Common Mode RlNCM 160 120 

INPUT NOISE 
Voltage en p'p 0.35 0.6 0.38 0.65 
Voltage Density en 10.3 18.0 10.5 20.0 

10.0 13.0 10.2 13.5 
9.6 11.0 9.8 11.5 

Current in pop 14 30 15 35 
Current Density in 0.32 0.80 0.35 0.90 

0.14 0.23 0.15 ' 0.27 
0.12 0.17 0.13 0.18 

INPUT VOLTAGE RANGE 
Common Mode CMVR t13.0 ±14.0 ±13.0 ±14.0 

±13.0 ±13.5 ±13.0 ±13.5 
Common Mode Rejection Ratio CMRR 106 123 100 120 

103 123 97 120 

POWER SUPPLY 
Current, Quiescent IQ 3.0 4.0 3.5 5.0 
Power Consumption PD 90 120 105 150 

6.0 8.4 6.0 8.4 
Rejection Ratio PSRR 94 107 90 104 

90 104 86 100 

OPERATING TEMPERATURE 
RANGE Tmin. Tmax 0 +70 0 +70 

PACKAGE OPTION 4 

"N" Package 
8-Pin MINI DIP - (N8A) ADOP'()7EN AD OP-07CN 

"H" Package 
TO-99 - (H08B) AD OP'()7EH ADOP'()7CH 

NOTES 
I Input offset voltage measurements are performed by automated test equipment approximately 0.5 seconds after application of 
power. Additionally, AD OP'()7A offset voltage is measured five minutes after power supply application at 2S·C, -SS·C and +12S·C. 

2 Parameter is not 100% tested; 90% of units meet this specification. 
S Long Term Input Offset Voltage Stability refers to the averaged trend line of VOS vs. Time over extended periods of time 
and is extrapolated from high temperature test data. Excluding the intitial hour of operation, changes in VOS during the first 
30 operating days are typically 2.SIlV - Parameter is not 100% tested: 90% of units meet this specification. 

·See Section 19 for package outline information. 
Specifications subject to change without nodce. 
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ADOP'()7D 
MIN TYP MAX 

1,200 4,000 
1,000 4,000 
300 1,000 

±12.0 ±13.0' 
±ll.S ±12.8 

±11.0 ±12.6 
60 

0.6 
0.17 

60 ISO 
85 250 
±4 

(Note 2) 
0.7 2.5 
0.7 2.5 

0.5 
(Note 2) 
3.0 

0.8 6.0 
1.6 8.0 
12 SO 

(Note 2) 

±2.0 ±l2 
±3.0 ±14 
18 50 

(Note 2) 

7 31 
120 

0.38 0.65 
10.5 20.0 
10.2 13.5 
9.8 11.5 
15 35 
0.35 0.90 
0.15 0.27 
0.13 0.18 

±13.0 ±14.0 
±13.0 ±13.5 
94 110 
94 106 

3.5 S.O 
105 150 
6.0 8.4 

90 104 
86 100 

0 +70 

ADOP'()7DN 

ADOP'()7DH 



AD OP-07AH j 
AD OP-07H 

MIN TYP MAX MIN TYP 

3,000 5,000 t.2,OOO 5,000 
2,000 4,000 1,500 4,000 
300 1,000 300 1,000 

±12.s ±13.0 ±12.5 ±13.0 
±12.0 ±12.S ±12.0 ±12.S 
±lO.s ±12.0 ±lO.s ±12.0 
±12.0 ±12.6 ±12.0 ±12.6 

60 60 

0.6 0.6 
0.17 0.17 

10 25 30 
":n ~" 

-~ 

±4 ±4 

0.2 0.6 0.3 

0.2 0.6 0.3 

0.2 1.0 0.2 

0.3 2.0 0.4 
O.S 4.0 1.2 
5 25 S 

±0.7 ±2.0 ±1.0 
±1.0 ±4.0 ±2.0 
S 25 13 

30 SO 20 60 
200 200 

0.35 0.6 0.35 
10.3 lS.0 10.3 
10.0 13.0 10.0 
9.6 11.0 9.6 
14 30 14 
0.32 O.SO 0.32 
0.14 0.23 0.14 
0.12 0.17 0.12 

±13.0 ±14.0 ±13.0 ±14.0 
±13.0 ±13.s ±13.0 ±13.s 
110 126 110 126 
106 123 106 123 

3.0 4.0 3.0 
90 120 90 
6.0 8.4 6.0 

100 110 100 110 
94 106 94 106 

-55 +125 -55 

- -

AD OP-07AH ADOP-{)7H 

Specifications shown in boldface are tested on all production units at 
final electrical test. Results from those tests are used to calculate .out
going quality levels. All min and max specifications are guaranteed, 
although only those shown in boldface are tested on all production 
units. 

MAX TEST CONDITIONS UNITS 

RL;;;'2H1, Va = ±10V Vim V 
RL;;;'2kn, Va = ±IOV, Tmin to Tmax Vim V 
RL;;;'500n, Va = ±0.5V, Vs = ±3V V/rnV 

RL;;;'lOkn V 
RL;;;'2kn V 
RL;;;'lkn V • RL;;;'2kn, Trnin to Tmax V 
Va = 0,10 = 0 n 

AVCL = +1.0 MHz 
RL ;;;'2k Vips 

75 Note 1 pV 
_vv !'!~!e 1., !llIiu !:8 TlilaA .. " ,... 

Rp = 20kn rnV 

1.3 Tmin to Tmax pV/oC 
1.3 Rp = 20kn, Tmin to Tmax pV/oC 

1.0 Note 3 pV/Month 

2.S nA 
5.6 Tmin to Tmax nA 
50 Tmin to Tmax pA/oC 

±3.0 nA 
±6.0 Tmin to Tma:x nA 
50 Tmin to Tmax pA/oC 

Mn 
Gn 

0.6 O.lHz to 10Hz, Note 2 PV~ II' 
lS.0 fo = 10Hz, Note 2 nVI Hz 
13.0 fo = 100Hz, Note 2 nV/YHz 
11.0 fo = 1kHz, Note 2 nV/YHz 
30 O.lHz to 10Hz, Note 2 PAVfu 
O.SO fo = 10Hz, Note 2 pAl Hz 

.. 
0.23 fo = 100Hz, Note 2 pA/yTh 

0.17 fo = 1kHz, Note 2 pA/yTh 

V 
Tmin to Tmax V 
VCM = ±CMVR dB 
VCM = ±CMVR, Tmin to Tmax dB 

4.0 Vs = ±15V , rnA 
120 Vs,; ±15V rnW 
S.4 Vs = ±3V rnW 

Vs = ±3V to ±lSV dB 

Vs = ±3V to ±lSV, Tmin to Tmax dB .'\ 

+125 °c 
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ABSOLUTE MAXIMUM RATINGS 

Supply Voltage ............................ ±22V Storage Temperature Range ............ -65° C to + 150° C 
Internal Power Dissipation (Note 1) ........... '. 500mW Operating Temperature Range 
Differential Input Voltage ..................... ±30V OP-07A, OP-07 .................. -55°C to +125°C 
Input Voltage (Note 2) ....................... ±22V OP-07E, OP-07C, OP-07D ............... 0 to +70

0
C 

Output Short Circuit Duration ............... Indefinite Lead Temperature Range (Soldering, 60sec) ........ 300°C 

NOTES: 
Note 1: Maximum package power dissipation vs, ambient temperature. 

Maximum Ambient Derate Above Maximum 
Package TYl'e Temperature for Rating Ambient Temperature 

TO-99 (H) 80°C 7.1mWlC 

Note 2: For supply voltages less than ±22V, the absolute maximum input voltage is equal to the supply voltage. 

200kn 

son 

>---41"'--0 Vo 

Vos=~ 

Offset Voltage Test Circuit 

ALL OTHER PINS 
ARE NOT CONNECTED 

-18V 

Burn-In Circuit 
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The AD OP-07 may be directly substituted for other OP-07's 
as well as 725, 1081208/308, 108A1208A/308A, 714, OP-05 
or LMll devices, with or without removal of external fre
quency compensation or offset nulling components. If used to 
replace 741 devices, offset nulling components must be re-

Figure 1. Optional Offset Nulling Circuit and 
Power Supply Bypassing 

Applying the AD OP-07 
moved (or referenced to +Vs). Input offset voltage of t~e AD 
OP-07 is very low, but if additional nulling is required, tne cir
cuit shown in Figure 1 is recommended. 

The AD OP-07 provides stable operation with load capaci
tances up to 500pF and ±10V swings;larger capacitances 
should be decoupled with son resistor. 

Stray thermoelectric voltages generated by dissimilar metals 
(thermocouples) at the contacts to the input terminals can pre
vent realization of the drift performance indicated. Best opera
tion will be obtained when both input contacts are maintained 
at the same temperature, preferably close to the temperature 
of the device's package. 

Although the AD OP-07 features high power supply rejection, 
the effects of noise on the power supplies may be minimized 
by bypassing the power supplies as close to pins 4 and 7 of the 
AD OP-07 as possible, to load ground with a good-quality 

. O.OIJlF ceramic capacitor as shown in Figure 1. 

Performance Curves (typical @TA = +25°C, Vs = ±15V, AD OP-07 Grade Device unless otherwise noted) 
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Typical Performance Curves 
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FEATURES 
Ultra-Low Noise: 80nV pop (O.1Hz to 10Hz), 

3nV/vHz at 1 kHz 
Ultra-Low Offset Voltage Drift: O.2JLV/oC 
High Offset Stability Over Time: O.2JLV/month 
High Slew Rate: 2.8V/JLs 
High Gain Bandwidth Product: 8M Hz 
Low Offset Voltage: 10JLV 
High CMRR: 1?"rlR I)v~r :+ 11\1 !!'!~!.!~ '!~!~!!~e R!!~~e 

Fits OP-07, OP-05, OP-06, 5534, 725, 714 and 
741 Sockets 

PRODUCT DESCRIPTION 
The AD OP-27 offers the combined features of high precision, 
ultra-low noise and high speed in a monolithic bipolar operational 
amplifier. State-of-the-art performance for high accuracy ampli
fication of very low level signals, where inherent device noise 
can be the limiting factor, is attainable with the AD OP-27. As 
a device directly compatible with other low noise op amps, the 
AD OP-27 features industry standard dc performance; input 
offset voltages of IO/L V and input offset voltage temperature 
coefficients of O.2/L V/oC. The super low input voltage noise 
performance of the AD OP-27 is characterized by an en Pop of 
80nV (O.IHz to 10Hz), an en of 3.0nV/vRz (at 1kHz) and a lIf 
noise corner frequency of 2.7Hz. AC specifications including a 
2.8V//Ls slew rate and an 8MHz gain bandwidth product are 
possible without sacrificing dc accuracy. Long term stability is 
assured by an input offset voltage drift specification of O.2/L VI 
month. 

Source resistance related errors with the AD OP-27 are minimized 
by a low input bias current at ambient of ± IOnA and an input 
offset current of 7nA. An input bias current cancellation circuit 
limits bias and offset currents over the extented temperature· 
range to ± 20nA and 15nA, respectively. Other factors inducing 
input referred errors such as power supply variations and common
mode voltages are attenuated by a PSRR and CMRR of at least 
120dB. 

The AD OP-27 is available in six performance grades. The AD 
OP-27E, AD OP-27F and AD OP-27G are specified for operation 
over the - 25°C to + 85°C temperature range, while the AD 
OP-27 A, AD OP-27B and AD OP-27C are specified for - 55°C 
to + 125°C operation. All devices are available in TO-99 her
metically sealed metal cans, while the E, F and G grades are 
also packaged in plastic mini-DIPs. 

I 
Ultra-Low Noise 

Precision 'Op·Amp 
AD OPl27. I 

AD OP-27 FUNCTIONAL BLOCK DIAGRAM '11 

TO-99· 
TOP VIEW 

PRODUCT HIGHLIGHTS 

8-PIN MINI DIP 
TOP VIEW 

I. Precision amplification of very low level, low frequency voltage 
inputs is enhanced by ultra-low input voltage noise. 

2. The AD OP-27 maintains high de accuracy over an extended 
temperature range due to ultra-low offset voltage, offset 
voltage drift and input bias current. 

3. Internal frequency compensation, factory adjusted offset 
voltage and full device protection eliminate the need for 
additional components. Circuit size and complexity are reduced 
while reliability is increased. . 

4. Long-term stability and accuracy is assured with low offset 
voltage drift over time. , •. 

5. Input referred errors are greatly reduced by superior common 
mode and power supply rejection characteristics. 

6. Monolithic construction along with advanced circuit design 
and processing techniques result in low cost. 
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SPECIFICATIONS (TA= + 25OC, Vs= ±15V, unless otherwise specified) 

MODEL AD OP·27G AD OP·27F AD OP·27E 

PARAMETER SYMBOL MIN TYP MAX MIN TYP MAX MIN 

OPEN LOOP GAIN Avo 700 1,500 1,000 1,800 1,000 
- 1,500 SOO 1,500 SOO 
200 500 250 700 250 
450 1,000 700 1,300 750 

OUTPUT CHARACTERISTICS 
Voltage Swing Vo ±11.5 ± 13.5 ±12.0 ± 13.8 ±12.0 

±1O.0 ± 11.5 ±IO.O ± 11.5 ±IO.O 
±11.0 ± 13.3 ± 11.4 ± 13.5 ±11.7 

Open-Loop Output Resistance Ro 70 70 

FREQUENCY RESPONSE 
Gain Bandwidth Product GBW 5.0 8.0 5.0 8.0 5.0 
Slew Rate SR 1.7 2.8 1.7 2.8 1.7 

INPUT OFFSET VOLTAGE 
Initial Vos 30 100 20 60 

55 220 40 140 
Average Drift TCVos 0.4 1.8 0.3 1.3 
Long Term Stability Vos/Time 0.4 2.0 0.3 1.5 
Adjustment Range ±4.0 ±4.0 

INPUT BIAS CURRENT 
Initial IB ± 15 ±SO ± 12 ±55 

:±:25 ± 150 ± 18 ±95 

INPUT OFFSET CURRENT 
Initial los 12 75 9 50 

20 135 14 85 

INPUT NOISE 
Voltage enp-p 0.09 0.25 0.08 0.18 
Voltage Density en 3.8 8.0 3.5 5.5 

3.3 5.6 3.1 4.5 
3.2 4.5 3.0 3.8 

Current Density in 1.7 - 1.7 4.0 
1.0 - 1.0 2.3 
0.4 0.6 0.4 0.6 

INPUT VOLTAGE RANGE 
Common Mode CMVR ±11.0 ± 12.3 ±11.0 ± 12.3 ±11.0 

± 10.5 ± ll.8 ± 10.5 ± ll.8 ±10.5· 
Common-Mode Rejection 

Ratio CMRR 100 120 106 123 114 
96 ll8 102 121 110 

INPUT RESISTANCE 
Differential RIN 0.8 4 1.2 5 1.5 
Common Mode RINCM 2 2.5 

POWER SUPPLY 
Rated Performance ± 15 ± 15 
Operating ±(4-18) ±(4-18) 
Current, Quiescent IQ 3.3 5.6 3.0 4.6 
Rejection PSR 2 20 I 10 

2 32 2 16 
Power Consumption Pd 100 170 90 140 

OPERATING TEMPERATURE RANGE 
T MIN, TMAx -25 +85 -25 +85 -25 

NOTES 
(Input Offset Voltage measurements are performed by automated test equipment approximately 0.5 seconds after application of 
power. A and E grades are guaranteed fully warmed up. 

2The TeVos performance is within the specifications unnulled or when nulled with Rp = 8kfi to 20kfi. 
3Long Term Input Offset Voltage Stability refers to the average trend line of Vos vs. time after the first 30 days. 
Specifications subject to change without notice. 
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TYP 

1,800 
1,500 
700 
1,500 

± 13.8 
± 11.5 
± 13.6 
70 

8.0 
2.8 

10 
20 
0.2 
0.2 
±4.0 

± 10 
±14 

7 
10 

0.08 
3.5 
3.1 
3.0 
1.7 
1.0 
0.4 

± 12.3 
±11.8 

126 
124 

6 
3 

± 15 
±(4-18) 
3.0 
1 
2 
90 

MAX 

25 
50 
0.6 
1.0 

±40 
±60 

35 
50 

0.18 
5.5 
4.5 
3.8 
4.0 
2.3 
0.6 

4.6 
10 
IS 
140 

+85 



ADOP·27C ADOP·27B ADOP·27A 

MIN TYP MAX MIN TYP MAX MIN 

700 1,500 1,000 1,800 1,000 
- 1,500 800 1,500 800 
200 500 250 700 250 
300 800 500 1,000 600 

±11.5 :t 13.5 ±12.0 :t 13.8 ±12.0 
±IO.O :t11.5 ±IO.O :t 11.5 ±1O.0 
±10.5 :t 13.0 ±11.0 :t 13.2 ±11.5 

70 70 

5.0 8.0 5.0 8.0 5.0 
1.7 2.8 1.7 2.8 1.7 

30 100 20 60 
70 300 SO 200 
0.4 1.8 0.3 1.3 
0.4 2.0 0.3 1.5 
:t4.0 :t4.0 

:t IS ±80 :t 12 ± 55 
:t 3S ±150 :t 28 ± 95 

12 75 9 50 
30 135 22 85 

0.09 0.25 0.08 0.18 
3.8 8.0 3.5 5.5 
3.3 5.6 3.1 4.5 
3.2 4.5 3.0 3.8 
1.7 - 1.7 4.0 
1.0 - 1.0 2.3 
0.4 0.6 0.4 0.6 

±11.0 :t 12.3 ±11.0 :t 12.3 ±11.0 
±10.2 ± 11.5 ±10.3 ± 11.5 ±10.3 

100 120 106 123 114 
94 116 100 119 108 

0.8 4 1.2 5 1.5 
2 2.5 

:t IS :t IS 
:t(4-18) :t (4-18) 
3.3 5.6 3.0 4.6 
2 20 1 10 
4 51 2 20 
100 170 90 140 

-55 + 125 -55 + 125 -55 

Specifications shown in boldface are tested on all production units at final 
electrical test. Results from those tests are used to calculate outgoing quality· 
levels. All min and max specifications are guaranteed, although only those 
shown in boldface are tested on all production units. 

TYP 

1,800 
1,500 
700 
1,200 

:t 13.8 
:t 11.5 
±13.S 
70 

8.0 
2.8 

10 
30 
0.2 
0.2 
:t4.0 

:t1O 
:t 20 

7 
IS 

0.08 
3.5 
3.1 
3.0 
1.7 
1.0 
0.4 

:t 12.3 
± 11.5 

126 
122 

6 
3 

:t IS 
:t(4-18) 
3.0 
1 
2 
90 

CONDITIONS UNITS 

MAX 

RL~2kn, VOUT=:t lOY V/mV 
RL~lkn, VOUT= :t lOY V/mV 
RL=600n, VOUT= ±1V, Vs= ±4V V/mV 
RL~2kn, VOUT=:t lOY, T. = min to max V/mV 

RL~2kn V • RL~600n V 
RL~2kn,T.=mintomax V 
IouT=OA, VOUT=OV n 

MHz 
RL~2kn V/f.l-s 

25 (Note 1) f.l-V 
60 Ta = min to max f.l-V 
0.6 T. = min to max (Note2) f.l-vrc 
1.0 (Note 3) f.l-V/month 

Rp= IOkn mV 

±40 nA 
±60 T. -=min to max nA 

35 nA 
50 T. = min to max nA 

0.18 O.IHzto 10Hz f.l-V~ 
5.5 fo= 10Hz nVI Hz 
4.5 fo=30Hz nV/YHZ 
3.8 fo= 1000Hz nV/YHZ 
4.0 fo= 10Hz pAlYHZ 
2.3 fo=30Hz pAlYHZ 
0.6 fo= 1000Hz pAlYHZ 

V 
T. =min to max V 

VcM =:t11V dB 
V CM = :t 1 OV, T. = min to max dB 

Mn 
Gn 

V 
V 

4.6 Vs =:tlSV rnA 
10 Vs= ±4Vto:t 18V f.l-VN 
16 Vs= :t4.SVto:t 18V, T. = min to max f.l-VN 
140 VOUT=OV mW 

+ 125 °c 

OPERA TIONAL AMPLIFIERS VOL. I, 4-137 



ABSOLUTE MAXIMUM RATINGS Differential Input Current (Note 3) 
Supply Voltage '" ~ ...... . . ±18V 

500mW 
. ± 18V 

Indefinite 
.. ±O.7V 

Storage Temperature Range . . .. . . 
Ope~ating Temperature Range Internal Power Dissipation (Note 1) 

Input Voltage (Note 2) ..... . 
Output Short Circuit Duration . . 
Differential IQPur Voltage (Note 3) 

AD OP-27 A, ADOP-27B, AD OP-27C 
AD OP-27E, AD OP-27F, AD OP-27G 

. Lead Temperature Range (Soldering 60sec) . 
I . 

NOTES: 
Note I: Maximum package power dissipation vs. ambient temperature. 

Package Type 

TO·99 (H) 
MINI·DIP(N) 

Maximum Ambient Derate Above Maximum 
Temperature for Rating Ambient Temperature 

80°C 7.lmWrC 
36°C 5.6mWrC 

Note 2: For supply voltages less than:,: 18V, the absolute maximum input voltage is equal to the supply voltage. 

Note 3: The AD OP·27's inputs are protected by back·to·back diodes. To achieve low noise current limiting resistors could 
not be used. Hthe differential input voltage exceeds:,: O. 7V, the input current should be limited to 25mA. 

AD OP-27 ORDERING GUIDE 

Package Temperature Max Initial 
Model Option 1 RangeCOc) Offset (tJ.V) 

ADOP-27-GH TO-99 - 25 to +85 100 
ADOP-27-GN MINI-DIP (N8A) - 25 to + 85 100 
ADOP-27-FH TO-99 -25to +85 60 
ADOP-27-FN MINI-DIP (N8A) - 25 to + 85 60 
ADOP-27-EH TO-99 -25 to + 85 25 
ADOP-27-EN MINI-DIP (N8A) - 25 to + 85 25 

ADOP-27-CH TO-99 - 55 to + 125 100 
ADOP-27-BH TO-99 - 55 to + 125 60 
ADOP-27-AH TO-99 - 55 to + 125 25 
NOTE 

I See Section 19 for package outline information. 
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Max Offset 
Drift (tJ. V fOC) 

1.8 
1.8 
1.3 
1.3 
0.6 
0.6 

1.8 
1.3 
0.6 

±25mA 
-65°C to + 150°C 

- 55°C to + 125°C 
. - 25°C to + 85°C 
...... :,300°C 



APPLICATION NOTES FOR THE AD OP-27 
The AD OP-27 can be used in the sockets of many of the popular 
precision bipolar input ope~ational amplifiers on the market. 
Elimination of external frequency compensation or nulling cir
cuitry may be possible in many cases. In 741 replacement situa
tions, if nulling has been implemented, it should be modified or 
removed for optimum AD OP-27 performance. 

In applications where the initial factory adjusted input offset 
voltage provides insufficient accuracy, further offset trimming 
can be accomplished with the resistor network shown in Figure 
1. The adjustment range attainable using a 10kO potentiometer 
will be ±4mV. If a smaller adjustment range is required, the 
sensitivity of the nulling can be increased by using a smaller 
potentiometer in series with fixed resistor(s). For example, a 
1 kO I't::'t in ~~r!~5 ~~Ti!h. !'.l,1t) 4. 7!-:!1 !"e~!~!~!"~ ~.T.'i!! yield ~ = 2eaM-'/ 
range. 

-Vs 

Figure 1. Optional Offset Nulling Circuit 

Zeroing the initial offset with potentiometers other than lOkO, 
but between lkO and IMO, will introduce an additional input 
offset voltage temperature drift error of from 0.1 to 0.2J.L VJOC. 
Additionally, by intentionally trimming in a dc level shift a 
voltage dependent offset drift will be created. It will be approxi
mately the input offset voltage at 2SoC divided by 300 (in J.L VI 
0C). 

Parasitic thermocouple EMF's can be generated where dissimilar 
metals meet the contacts to the input terminals of the AD OP-27. 
These temperature dependent voltages can manifest themselves 

. as drift type errors. Optimized temperature performance will be 
obtained when both contacts are maintained at the same temper
ature-a temperature close to the device's package. 

Output stability with the AD OP-27 is possible with capacitive 
loads of up to 2000pF and ± lOY output swings. Larger capaci
tances should be decoupled with a son resistor. 

High closed loop gain and excellent linearity can be achieved by 
operating the AD OP-27 within an output current range of 
± lOmA. Minimizing output current will provide the highest 
linearity. 

+18V 

-18V 

ALL OTHER PINS 
ARE NOT 
CONNECTED 

Figure 2. Burn-In Circuit 

SLEW RATE DISCUSSION 
In unity gain buffer applications with feedback resistances of 
less than 1000 where the input is driven with a fast, large (greater 
than IV) pulse, the output waveform will appear as in Figure 3. 

<100n 

2.8V/l1s 

1V 

~NCpU""'T-""";"'~"'" 
\ 

1V 
OUT~UT y-
~ 

Figure 3. Unity Gain Buffer/Pulsed Operation 

During the initial portion of the output slew the input protection 
back-to-back diodes effectively short the output to the input. A 
current limited only by the qutput short circuit protection will 
be drawn from the source. After the input diodes saturate, the 
amplifier will slew at its nominal 2.8V1lJ.s. With feedback resis
tances of more than soon the output is capable of handling the 
current requirements without limiting (less than 20mA at 10V) 
and the amplifier will stay in the linear region. 

As with all operational amplifiers a feedback resistance of greater 
than 2kO will create a pole with the input capacitance (8pF). 
Additional phase shift will be introduced and the phase margin 
will be reduced. A small capacitor (20 to SOpF) in parallel with 
the feedback resistor will alleviate this problem. 

CAUTION: NOISE MEASUREMENTS 
Precise measurement of the extremely low input noise associated 
with the AD OP-27 is a difficult task. In order to observe the 
rated noise in the O.IHz to 10Hz frequency range the following 
cautions should be exercised. 

(1) The test time to measure O.IHz to 10Hz noise should not 
exceed 10 seconds. As shown in the noise test frequency response 
plot in this data sheet the O.IHz corner is only defmed by a 
single zero. A test time of 10 seconds acts as an additional zero 
to eliminate noise contributions from frequencies lower than 
O.IHz. 

(2) Warm-up for a least five. minutes will eliminate temperature 
induced effects. During the first few minutes the offset voltage 
typically increases 41J.V. In a 10 second measurement interval 
prior to temperature stabilization the reading could include 
several nanovolts of warm-up offset error in addition to the 
noise. 

(3) For reasons similar to (2) the device under test should be 
well shielded from air currents or other heat sinks to eliminate 
the possibility of temperature changes over time invalidating the 
measurements. Sudden motion in the vicinity or physical contact 
with the package can also increase the observed noise. 

An input voltage noise spectral density test is recommended 
when measuring noise on a large number of units. Because the 
IIf noise corner frequency is around 3Hz, a 1kHz noise voltage 
density measurement combined with a O.IHz to 10Hz peak-to-peak 
noise reading will guarantee IIf and white noise performance 
over the rated frequency spectrum. 
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Typical Performance Curves (@ TA= + 25OC, Vs= ±15V) 
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r.ANALOG 
WDEVICES 

FEATURES 
Ultra-Low Noise: 80nV POp (0.1Hz to 10Hz), 

3nVlYHz at 1kHz 
High Speed: 17V/f.l.s 
High Gain Bandwidth Product: 63MHz 
Ultra-Low Offset Voltage Drift: 0.2fLVloC 
High Offset Stability Over Time: 0.2f.1.Vlmonth 
Low Offset Voltage: 10f.l.V 
High CMRR: 126dB Over ± 11V Inout Voltage Range 
Fits OP-07, OP-05, OP-06, 5534, LH0044, 

5130,3510, 725, 714 and 741 Sockets 
in Gains> 5 

PRODUCT DESCRIPTION 
The AD OP-37 offers the combined features of high precision, 
ultra-low noise and high speed in a monolithic bipolar operational 
amplifier. High speed accurate amplification of very low level 
signals, where inherent device noise can be the limiting factor, 
is attainable with the AD OP-37 in applications requiring gains 
greater than five. This instrumenation grade op amp features 
industry standard dc performance; input offset voltages of 10f.t.,V' 
and mput offset voltage temperature coefficients of O.2J.L vrc. ' 
The super low input voltage noise performance of the ADOP-3t 
is characterized by an en Pop of 80nV (O.IHz to 10Hz), a:n'e~ of 
3.0nWvRz (at 1kHz) and a)lf noise cornerfreque!lcy of 2.7Hz. 
High speed performance is assured by a17V1~s,slew rate ~d a , " 
63MHz gain bandwidth product. Long term stabilityisgllaranteed' . 
by an input offset voltage drift speci(ication of O:2f,L Vlmonth. 

Source resistance related input errors with the AD OP-37 are ' 
minimized by a low input bias current of ± lOnA and an input 
offset current of 7nA. An input bias current cancellation circuit" 
restricts bias and offset currents over the extended temperature 
range to ±20nA and ISnA, respectively. Other factors inducing 
input referred errors such as power supply variations and common
mode voltages ,are attenuated by a PSRR and CMRR of at least 
120dB. 

The AD OP-37 is available in six performance grades. The AD 
OP-37E, AD OP-37F and AD OP-37G are specified for operation 
over the - 2SoC to + 8SoC temperature range, while the AD 
OP-37A, AD OP-37B and AD OP-37C are specified for -SsoC 
to + 12SoC operation. All devices are available in TO-99 her
metically sealed metal cans, while the industrial grades are also 
packaged in plastic mini-DIPs. 

Ultra-Low Noise, 
High Speed Precision Up Amp 

AD OP-37 I 
AD OP-37 FUNCTIONAL BLOCK DIAGRAM • 

OFFSET NULL 

OFFS~E8 NULL 1 7 +Vs 

-IN 2 + 6 OUTPUT 

+IN~NiC 
-Vs 

TO-99 
TOP VIEW 

PRODUCT HIGHLIGHTS 
I. High speed accurate amplification (gains> S) of very low 

level low frequency voltage inputs is enhanced by a high gain 
bandwidtbproduct and ultra-low input voltage noise. 

2. The'AD OP-37 maintains high dc accuracy over an extended 
temperature range due to ultra-low offset voltage, offset 
voltage drift and input bias current. 

3; ,Internal frequency compensation, factory adjusted offset 
voltage and full device protection eliminate the need for 
additiQnal components. Circuit size and complexity are reduced 
while reliability is increased. 

",4~ Long-term stability and accuracy is assured with low offset 
voltage drift over time. 

S. Input referred errors are greatly reduced by superior common
mode and power supply rejection characteristics. 

6. Monolithic construction along with advanced circuit design 
'and processing techniques result in low cost. 
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SPECIFICATIONS (TA= + 25OC, Vs= ±15V, unless otherwise specified) 

MODEL AD OP·37G , AD OP·37F AD OP·37E 

PARAMETER SYMBOL MIN TYP MAX MIN TYP MAX MIN TYP 

OPEN LOOP GAIN Avo 700 1,500 1,000 1,800 1,000 1,800 
400 1,500 800 1,500 800 1,500 
200 500 250 700 250 700 
450 1,000 700 1,300 750 1,500 

OUTPUT CHARACTERISTICS 
Voltage Swing Vo ±11.5 ± 13.5 ±12.0 ± 13.8 ±12.0 ± 13.8 

±10.0 ± 11.5 ±10.0 ± 11.5 ±10.0 ± 11.5 
±11.0 ± 13.3 ±11.4 ± 13.5 ±11.7 ± 13.6 

Open-Loop Output Resistance Ro 70 70 70 

FREQUENCY RESPONSE 
Gain Bandwidth Product GBW 45 63 45 63 45 63 

- 40 - 40 - 40 
Slew Rate SR 11 17 11 17 11 17 

INPUT OFFSET VOLTAGE 
Initial Vos 30 100 20 60 10 

55 220 40 140 20 
Average Drift TCVos 0.4 1.8 0.3 1.3 0.2 
Long Term Stability Vosrrime 0.4 2.0 0.3 1.5 0.2 
Adjustment Range- ±4.0 ±4.0 ±4.0 

INPUT BIAS CURRENT 
Initial Is ± 15 ±80 ±12 ±55 ± 10 

±25 ± 150 ± 18 ±95 ± 14 

INPUT OFFSET CURRENT 
Initial los 12 75 9 50 7 

20 135 14 85 10 

INPUT NOISE 
Voltage enp-p 0.09 0.25 0.08 0.18 0.08 
Voltage Density en 3.8 8.0 3.5 5.5 3.5 

3.3 5.6 3.1 4.5 3.1 
3.2 4.5 3.0 3.8 3.0 

Current Density in 1.7 - 1.7 4.0 1.7 
1.0 - 1.0 2.3 1.0 
0.4 0.6 0.4 0.6 0.4 

INPUT VOLTAGE RANGE 
Common Mode CMVR ±11.0 ± 12.3 ±11.0 ± 12.3 ±11.0 ± 12.3 

± 10.5 ± 11.8 ± 10.5 ± 11.8 ±10.5 ± 11.8 
Common-Mode Rejection 

Ratio CMRR 100 120 106 123 114 126 
96 118 102 121 110 124 

INPUT RESISTANCE 
Differential RIN 0.8 4 1.2 5 1.5 6 
Common Mode R1NCM 2 2.5 3 

POWER SUPPLY 
Rated Performance ± 15 ± 15 ± 15 
Operating ±(4-18) ±(4-18) ±(4-18) 
Current, Quiescent IQ 3.3 5.6 3.0 4.6 3.0 
Rejection PSR 2 20 1 10 1 

2 32 2 16 2 
Power Consumption Pd 100 170 90 140 90 

OPERATING TEMPERATURE RANGE 
TMIN,TMAX -25 +85 -25 +85 --25 

PACKAGE4 

TO-99 ADOP-37GH ADOP-37FH ADOP-37EH 
MINI·DIP(N8A) ADOP-37GN ADOP-37FN ADOP-37EN 

NOTES 
IInput Offset Voltage measurements are performed by automated test equipment approximately 0.5 seconds after application of 
power. A and E grades are guaranteed fully warmed up. 

2Tbe TCVos performance is within the specifications unnulled or when nulled with Rp =8ldl to 20kn. 
3Long Term Input Offset Voltage Stability refers to the average trend line of Vos vs. time after the first 30 days. 
4See Section 19 for package outline information. 

Specifications subject to change without notice. 
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MAX 

25 
50 
0.6 
1.0 

±40 
±60 

35 
50 

0.18 
5.5 
4.5 
3.8 
4.0 
2.3 
0.6 

4.6 
10 
15 
140 

+85 



ADOP·37C ADOP·37B ADOP·37A 

MIN TYP MAX MIN TYP MAX MIN TYP MAX 

700 1,500 1,000 1,800 1,000 1,800 
- 1,500 800 1,500 800 1,500 
200 500 250 700 250 700 
300 SOO 500 1,000 600 1,200 

::1:11.5 ±13.5 ::1:12.0 ±13.S ::1:12.0 ±13.S 
::1:10.0 ± 11.5 ::1:10.0 ± 11.5 ::1:10.0 ± 11.5 
::1:10.5 ±13.0 ::1:11.0 ± 13.2 ::1:11.5 ±13.5 

70 70 70 

45 63 45 63 45 63 
- 63 - 40 - 40 
11 17 11 17 11 17 

30 100 20 60 10 25 
70 300 50 200 30 60 
0.4 1.8 0.3 1.3 0.2 0.6 
0.4 2.0 0.3 l.5 0.2 l.0 
±4.0 ±4.0 ±4.0 

± 15 ::1:80 ± 12 ::I: 55 ±1O ::1:40 
±35 ::1:150 ±28 ::1:95 ±20 ::1:60 

12 75 9 50 7 35 
30 135 22 85 15 50 

0.09 0.25 0.08 0.18 0.08 0.18 
3.8 8.0 3.5 5.5 3.5 5.5 
3.3 5.6 3.1 4.5 3.1 4.5 
3.2 4.5 3.0 3.8 3.0 3.8 
1.7 - l.7 4.0 l.7 4.0 
1.0 - l.0 2.3 l.0 2.3 
0.4 0.6 0.4 0.6 0.4 0.6 

::1:11. ± 12.3 ::1:11. ±12.3 ::1:11. ±1 
::1:10.2 ± 11.5 ::1:10.3 ±11.5 ::1:10.3 ± 11.5 

100 120 106 123 114 126 
94 116 100 119 108 122 

0.8 4 1.2 5 l.5 6 
2 2.5 3. 

± 15 ,± 15 ± 15 
±(4-18) ±(4-lS) ±(4-18) 
3.3 5.6 3.0 4.6 3.0 4.6 
2 20 1 10 . 1 10 
4 51 2 20 2 16 
100 170 90 140 90 140 

-55 + 125 -55 + 125 -55 + 125 

ADOP-37CH ADOP-37BH ADOP-37AH 

- -

Specifications shown in boldface are tested on all production units at final I 

electrical test. Results from those tests are used to calculate outgoing quality 
levels. All min and max specifications are guaranteed, aI though only those 
shown in boldface are tested on all production units. 

-

CONDmONS UNITS 

RL~2kO, VOUT= ± lOY V/mV 
RL~ lkO, VOUT = ± lOY V/mV 
RL=6000, VOUT= ±IV, Vs= ±4V V/mV 
RL~2kO, VOUT= ± lOY, T. = min to max V/mV 

RL~2kO V • RL~6000 V 
RL~2kO,T.=mintomax V 
loUT = OA, VOUT = OV 0 

fo= 10kHz MHz 
fo=IMHz MHz 
RL~2kO VllJ.s 

(Note 1) /LV 
T. = min to max /LV 
T.=mintomax (Note2) /Lvrc 
(Note 3) /LV/month 
Rp =1Okn mV 

nA 
T a = min to max nA 

nA 
T. = min to max nA 

O.IHzto 10Hz /LV~ 
fo= 10Hi nV/ Hz 
fo=30Hz nV/vRZ 
fo= 1000Hz nV/vRZ 
fo= 10Hz pAlvRZ 
fo=30Hz pAlvRZ 
fo= 1000Hz pAlvRZ 

T. = min to max V 

VCM=±l1V dB 
VCM= ± 10V, T.=mintomax dB 

MO 
GO 

V 
V 

Vs= ±15V mA 
Vs= ±4Vto ±18V /LVN 
Vs= ±4.5Vto ± 18V,T. = min to max /LVN 
VOUT=OV mW 

°C 
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ABSOLUTE MAXIMUM RATINGS 
Supply Voltage .. I •••••••• 

Internal Power Dissipation (Note'l) 
Input Voltage (Note 2) ...... .. 
Output Short Circuit Duration .. 
Differ~ntial Input Voltage (Note 3) . 

NOTES: 

:.' ± 18V 
· ,500mW 
· . ±18V 
Indefmite 

· . ±0.7V 

Note I: Maximum package power dissipation vs. ambient temperature. 

Differential Input Current (Note 3) 
Storage TeJitperature Range .... 
Operating Temperature Range 
, AD OP-37 A, AD OP-37B, AD OP-37C 

AD OP-37E, AD OP-37F, AD OP-37G 
Lead Temperature Range (Soldering 6Osec) . 

Maximum Ambient Derate Above Maximum 
Package Type 

TO·99 (H) 
MINI·DlP(N) 

Temperature for Rating Ambient Temperature 

80°C 7.lmWrC 
36°C 5.6mWrC 

Note 2: For supply voltages less than ± 18V, the absolute maximum input voltage is equal to the supply voltage. 

Note 3: The AD OP·37's inputs are protected by back·to·back diodes. To achieve low noise current limiting resistors could 
not be used, If the differential input voltage exceeds ± O. 7V, the input current should be limited to 25mA. 

+18V 

..... ±25mA 
- 65°e to + 150°C 

.:... 55°e to + 125°e 
- 25°e to + 85°C 
...... 3000e 

ALL OTHER PINS 
ARE NOT 

-18V CONNECTED 

Optional Offset Nulling Circuit Burn-In Circuit 

AD OP-37 ORDERING GUIDE 

Temperature Max Initial Max Offset 
Model Package RangeeC) Offset (p.V) Drift (p.VI"C) 

ADOP-37-GH TO-99 -25to +85 100 1.8 
ADOP-37-GN MINI-DIP -25to +85 100 1.8 
ADOP-37-FH TO-99 -25to +85 60 1.3 
ADOP-3i-FN MINI-DIP -25 to +85 60 1.3 
ADOP-37-EH '1'0-99 -25to +85 25 0.6 
ADOP-37-EN MINI-DIP -25to +85 25 0.6 

ADOP-37-CH TO-99 -55to + 125 100 1.8 
ADOP-37-BH TO-99 -55to + 125 60 1.3 
ADOP-37-AH TO-99 -55to + 125 25 0.6 
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r.ANALO.G 
WDEVICES 

FEATURES 
80ns Settling to 0.1%; 200ns to 0.01% 
100MHz Gain Bandwidth Product 
55MHz 3dB Bandwidth 
100mA Output @ ± 10V 

APPLICATIONS 
D/A Current Converter 
Video Pulse Amplifier 
CRT Deflection Amplifier 
Wideband Current Booster 

GENERAL DESCRIPTION 
The HOS-OSO, HOS-OSOA, and HOS-OSOC op amps are very 
high speed wide band operational amplifiers designed to comple
ment the Analog Devices' lines of high speed data acquisition 
products. They feature a lOOM Hz gain bandwidth product; slew 
rate of 300V/j-ls; and settling time of 80ns to ±O.l%. 

The HOS-OSOA, HOS-OSO, and HOS-OSOC have typical input 
offset voltages of lOmV, 2SmV, and 4SmV, respectively. 

All models have a rated output of ± lOOmA minimum, and an 
exceptional noise spec of only 7j-lV rms, dc to 2MHz; they are 
ideally suited for a broad range of video applications. 

FAST-SETTLING OP AMPS 
At one time, operational amplifiers could be specified according 
to slew rates, bandwidth, and drive capability; and these param
eters would be sufficient. Settling time was not considered until 
the use of high speed video D/A converters became widespread. 

The conversion speed of the DI A can 'be limited by the settling 
time of the output amplifier, so it has become essential to select 
an op amp whose settling time is compatible with the D/A 
converter. 

The increased emphasis on settling time has, in some cases, 
created a preoccupation with slew rates in the minds of some 
designers. But slew rate is only one component in establishing 
settling time. 

The amount of overshoot, and the ringing which are present at 
the end of a step function change also have an effect. These 
parameters, in turn, are influenced by the bandwidth (or lack of 
it) when operating the op amp with closed loop gains greater 
than one. 

Fast Settling 
Video Operational Amplifier 

HOS-050, 050A, 050C I 
HOS-oSO/A/C PIN DESIGNATIONS 

GROUND 

-INPUT OUTPUT 

A';;JJ~i.- \... ~<D ~ A- v
+ 

0 

0 

0 

0 

0 

OFFS~ 
ADJUST< GROUND 

'PINS FOR CONNECTING OPTIONAL 
OFFSET POTENTIOMETER. RECOMMENDED 
VALUE IS 10k OHMS. WITH CENTER ARM 
CONNECTED TO +15V, 

TO-8 
BOTTOM VIEW 

GAIN 110011 LOAD) 

"" ----1----- ---- ---~ eMR 

~, 
7 

/ 

/" 

'" 
/ 

, 

.J, 

0 

o , l/ VPHAr ~ . 
100M lk 10k lOOk 

FREQUENCY - Hz 

Figure 1. HOS-050 Frequency Response 

s: 
I 
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i= 
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0 
a: 
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1.0 

0.5 
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Figure 2. Power Dissipation vs. Temperature 
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SPECIFICATIONS (typical @ + 25°C and ± 15V unless otherwise specified) 

Model 

ABSOLUTE MAXIMUM RATINGS 
Supply Voltages (V s) 
Power Dissipation 
Input Voltage 
Differentiallnput Voltage 
Operating Temperature Range (case) 
Junction Temperature 
Storage Temperature Range 
Lead Temperature (soldering, 10 sec.) 

DC ELECTRICAL CHARACTERISTICS 

Parameter Conditions 

Open Loop Gain RL = loon 
Rated Output 

Current 
(not short circuit protected) RL = >Ioon 

Voltage RL = >200n 

Input Offset Voltage Adjustable to Zero 
Initial @+2SoC 
vs. Temperature 
vs. Power Supply Voltage 

Input Bias Current 
Initial @ +2S·C 
vs. Temperature 

Input Offset Current 
Initial @ +2S·C 

Input Impedance 
Differential }In parallel with 5pF 
Common Mode 

Input Voltage Range 
Common Mode 
Differential 
Common Mode Rejection 

Input Noise Rpf "= lOOn;RFB = Ikn 
dcto 100kHz 
dct02MHz 

AC ELECTRICAL CHARACTERISTICS! 

Parameter Conditions 

Slew Rate A = -1;Rpp = RpB = 500n; 
Load = loon 

Noninverting Slew Rate A = 2; Rpp = RpB = looon; 
Load = loon 

Overload Recovery 50% Overdrive 

Gain Bandwidth Product Rpp = RpB = 500n 
Small Signal Bandwidth, - 3dB A = -1;Rpp = RpB = soon 

A = -1;Rpp = RFB = 1000n 
A = -2;Rpp = RpB = soon; 

RFB = looon 
A = -4;Rpp = RFB = 2S0n; 

RpB = looon 
Output Impedance 
Noninverting Bandwidth, - 3dB A = 2; Rpp = RFB = looon; 

loon load; IOpF capacitance 
5-volt Pop output 
4-volt pop output 
2-volt pop output 

A = 3; Rpp = 500n; 
RpB = looon; lOOn, looon; 
or 2000n load; IOpF 
capacitance 

10-volt POp output 
5-volt Pop output 
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Hos-osa 

±18V 
See Figure 2 
±Vs 
±Vs 
-5S 0Cto + 125°C 
175°C . 
-6S0Cto + 150°C 
300°C 

Min Typ 

100 

± 100 
±IO 

25 
50 
0.5 

I 
Doubles 

±IOO 

1010 
1010 

±IO 

70 

5 
7 

Min Typ 

300 

320 
400 

100 
45 
35 

35 

30 

25 
30 
55 

17 
25 

HOS-OSOA 

Max Min Typ Max 

* 

* 
* 

35 10 IS 
150 20 35 

* 

2 * * 
* 

* 

* 
* 

±IS * * 
± IS * 

* 

* 
* 

Max Min Typ Max 

* 

* 
* 

* 
* 
* 

* 

* 
<I * 

* 
* 
* 

* 
* 

HOS-OSOC 

- 2S·C to + 8S·C 

Min Typ Max Units 

* dB 

* rnA 

* V 

45 65 mV 
75 200 .... vrc 
* mVN 

* * nA 

* 110°C 

* pA 

* n 

* n 

* * V 

* V 

* dB 

* .... Vrms 

* .... Vrms 

Min Typ Max Units 

* V/ .... s 

* V/ .... s 

* ns 

* MHz 

* MHz 

* MHz 

* MHz 

* MHz 

* n 

* MHz 

* MHz 

* MHz 

* MHz 

* MHz 



AC ELECTRICAL CHARACTERISTICS) (Continued) HOS-050 HOS-OSOA 
Parameter Conditions Min Typ Max Min Typ Max 

Noninverting Bandwidth, - 3dB A = S;RFF = soon; 
(continued) RFB = 2ooon; lOOn, lOOOn, 

or 2000flloadilOpF 
capacitance 

S-volt POp output IS * 
4-volt Pop output 30 * 
2-volt Pop output 40 * 

, I-voltp-poutput 40 * 
Full Power Bandwidth Output = ±SV;A = -I; 

(-3dB) RL = lOOn 20 * 
Settling Time to 0.1 % A'= - I;RFF = RFB = soon 

Inverting Vour = ±5V 100 * 
(See Figure 5) Vour = ±2.5V SO * 

Noninverting A = 2;RFF = RFB = soon 
Max Load capacitance = 75pF 

V,,,_,! = ±SV 700 * 
Vour = ±2.5V 135 * 

Harmonic Distortion A = -1;Load = looon 
(See Figure 9) Signal = 4MHz; 2V output -63 * 

Noninverting Harmonic A = 2; RFF = RFB = looon; 
Distortion (See Figure 10) Load = I ooon; 

Signal = 4MHz; 2V output -59 * 
Power Supply 

Voltage Rated performance ± 15 * 
Voltage Operating range ± 12 ±IS * * 
Current Quiescent ±20 ±25 * * 
Power Consumption Quiescent 0.6 * 
Power Dissipation 1.25 * 

Temperature Range 
Operating (Case) (See Figure 2 for -55 +125 * * 
Storage Derating Information) -65 +150 * * 

Meantime Between Failures MIL-HNBK217;Ground; 6.27 
(MTBF) Fixed; Case = 70°C x 106 

Notes. 
'Specification for Inverting Mode unless otherwise noted. 
·Specification same as HOS'()SO 

Individual socket assemblies (one per pin) are available from AMP as part number 6·330808·0. 
Specifications subject to change without notice. 

PIN DESIGNATIONS) 

PINS FUNCTION 

1 +V 
2 GROUND 
3 OFFSETADJ" 
4 OFFSETADJ" 
5 -INPUT 
6 + INPUT 
7 NC 
8 GROUND 
9 -V 
10 -V 
11 OUTPUT 
12 +V 

'SEE SECTION 19(HI2AI'FOR 
PACKAGE OUTLINE INFORMATION. 

"PINS FOR CONNECTING OPTIONAL ' 
OFFSET POTENTIOMETER. RECOMMENDED 
VALUE IS 10k OHMS, WITH CENTER ARM 
CONNECTED TO +ISV. 

HOS OSOC 
Min Typ Max Units 

* MHz 

* MHz 

* MHz 

* MHz 

* MHz 

* ns 

* ns 

* ... 
* ns 

* dB 

* dB 

* Vdc 

* * Vdc 

* * rnA 

* W 

* W 

-25 +S5 °C 

* * °C 

Hours 
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The HOS-OSO Series stands up under close scrutiny of these 
characteristics because of its 100MHz gain bandwidth product. 
The use of these amplifiers in a wide variety of applications has 
confirmed their suitability for video circuits. 

VOLTAGE' AMPLIFIERS/CURRENT BOOSTERS 
Video op amps such as the HOS-OSO are generally characterized 
by high gain bandwidth products, fast settling times, and high 
output drive. 

One of the most common uses of video op amps is for D/A 
converter output voltage amplification or current boosting. 
Figure 3 is one example of this type of application. In this circuit, 
the internal resistance of the D/A is the feed forward resistor for 
the op amp. 

Figure 3. Inverting Unipolar or Bipolar Voltage Output 

The HDS'Series D/A converters are fast-settling, current output 
D/As available in 8-, 10-, and 12-bit resolutions. Both TTL and 
ECL versions are available, and settling times range from IOns' 
for 8-bit units through 40ns for 12-bit units. 

The circuit which is shown will provide a negative unipolar 
output with binary coding on the input, and bipolar offset ground
ed. It will provide a bipolar output with comple~entary offset 
binary coding on the input, and bipolar offset connected to 10 , 

An approximation of the total settling time for the D/A op amp 
combination is calculated by: 

Ts = VTD2+ T02 
where T D is D/ A settling time and To is HOS-OSO settling time. 

This approximation is valid because both the D/A and the HOS
OSO exhibit 6dB/octave roll-off charateristics (single pole response); 
and the combination of low D/A output capacitance and op amp 
input capacitance does not materially affect the formula. 

The user of the HOS-OSO should remember the current flowing 
in the feedback resistor (Rl) must be subtracted from the output 
available from the HOS-OSO. 

There is'a tendency, because of this fact, to use a high value of 
feedback resistor to assure maximum current drive being available 
for driving low impedances; but this approach may create unde
sirable side effects. 

Calculating the minimum load that can be driven under two 
conditions of feedback resistor values will serve to illustrate the 
difference. 

Assume the feedback resistor value is soon. If output voltage of 
the HOS-OSO is 10 volts, and output current is 100mA, minimum 
load would be: 

Eo max lOY lOY 
----------- = ---- = 
lOOmA - 20mA 80mA 

l2sn minimum load 
lomax - IRFB 
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where: Eo max = peak voltage needed 
10 max = maximum continuous current HOS-OSO can 
produce . 
IRFB = current in feedback resistor at peak voltage 

Assume the feedback resistor value is s,ooon. Minimum load 
would be: 

Eo max lOY lOY 
--------- = ---- = 102n minimum load 

lomax - IRFB lOOmA - 2mA 98mA 

Designs which strive for driving a minimum load (by increasing 
the feedback resistor) can create settling problems because of a 
fundamental characteristic of op amp circuits ... the higher the 
feedback resistance, the slower the system response. 

This phenomenon is the result of increased impedance for driving 
stray capacitances in the circuit employing the op amp, and 
fixed capacitances in the summing node. 

Impedances need to be kept as low as possible consistent with 
low distortion; and stray capacitances need to be eliminated to 
the maximum possible extent. A large ground plane structure is 
recommended to help assure low ground impedances. In addition, 
0.1 J.LF ceramic capacitors and 3-IOJ.LF tantalum capacitors con
nected as close as possible to power. supply inputs will decrease 
the potential for parasitic oscillations and other noise 'signals. 

Another argument for limiting the size of the feedback resistor 
is because of its effect on bandwidth. Bandwidth of the HOS-OSO 
op amp and the value of the feedback resistor are inversely 
related. -

At any given gain of the op amp, the gain setting with the widest 
bandwidth will be the one which employs the lower value of 
feedback. As an example, a gain of 1 can be achieved with RFF 
= RFB = soon; or RFF = RFB = 1,000n. Small-signal bandwidth 
for the first combination is typically 4SMHz; bandwidth for the 
second is typically 3SMHz. 

OFFSET AND GAIN ADJUSTMENT 
Figure 4 shows a method of using the HOS-OSO op amp which 
allows adjusting the offset and gain of the output voltage. 

VOUT 

Figure 4. HOS-050 Offset and Gain Adjust 

As, shown, the gain of the 'circuit is established by the equation: 

G = _ (RFB) 
RFF 

where RFB is the total of RGAIN and Gain Adjust. 

Once the user has established the desired gain for the illustrated 
circuit, the value of RFB can be used to determine the correct 
value of ROFFSET with the equation: 

(Vee x RFB) 
ROFFSET = - AEo 

where AEo is the desired amount of offset on the output. 



Assume ± Vee = ± ISV; RGAIN = 900n; Gain Adjust 
the desired change on the output = ± I volt. 

Under these conditions, ROFFSET will be ISkn: 

ROFFSET = 
_ (ISV x [900 + 100]) 

IV 

ROFFSET = - (litVr 
ROFFSET = 15,0000 

lOon; 

Figure 4 shows bipolar output operation. If unipolar output is 
desired, the appropriate Vee should be removed from the Offset 
Adjust potentiometer. 

The O.IJ.LF capacitor attached to the wiper arm of the Offset 
Adjust control isolates the control and helps prevent adjustment 
noise from appearing on the output of the HOS-OSO. 

CFB can be any value between 0 and 20pF, depending on the 
value of RGA1N; and should be selected to optimize settling time 
for the particular circuit layout in which the HOS-OSO is being 
used. 

The Gain Adjust control should be a low value, low inductance 
cermet trimming potentiometer. 

Note: R FF, R GA1N, CFB and ROFFSET must be located as close to 
the summing node of the HOS-OSO as physically possible. This 
helps prevent additional capacitance in the summing node and 
corresponding bad effects on frequency response and settling 
times. 

Variable controls (such as Offset Adjust and Gain Adjust) should 
never be tied to the summing node of the op amp. Their correct 
electrical locations are those shown in Figure 4. 

325 

300 
I I I I 

275 GAIN OF -1 
RFF = RFB = 500n 

250 

225 
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c z 200 
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Figure 5. Settling Time - Inverting Mode 

SETTLING TIME MEASUREMENT 
Although there are some exceptions, most members of industry 
are in agreement on the description which says settling time is: 

The interval of time from the application of an ideal step 
function input until the closed-loop amplifier output has 
entered and remains within a specified error band. 

The well-informed user needs to be alert to the consequences of 
settling time specs which do not meet that description. 

This definition encompasses the major components which comprise 

settling time. They include (1) propogation delay through the 
amplifier; (2) slewing time to approach the final output value; 
(3) the time of recovery from the overload associated with slewing; 
and (4) linear settling to within the specified error band. 

Expressed in these terms, the measurement of settling time is 
obviously a challenge and needs to be done accurately to assure 4 
the user that the amplifier is worth consideration for his 
application. 

Figure 6 is the test circuit for measuring settling time to 0.1 %. 
This method creates a "false" summing junction and the error 
band is observed at that point. 

R .. 

R" 

~
. 

~UT >-~,~--_-~-
nY 1+1>· 
-:: 200011 360.11 

h 
O.1 .... F -= CONNECTION 

2N2369A I 3

475 ~ 
OUTPUT ERROR [RF~F: RFB] 

DIRECT 1 MEG 
20pF 

Figure 6. Settling Time Test Circuit for O. 1% Settling 

If one were to attempt the measurement at the "true" summing 
junction of the op amp, the results would be misleading. All 
scope probes will add capacitance to the input and will change 
the response of the system. Making the measurement at the 
output ofthe amplifier is also impractical, since scope nonlinearities 
and reading inaccuracies caused by overdriving the scope preclude 
accurate measurements to the tolerances which are required. 

The false summing junction method causes the amplifier to 
subtract the output from the input; only one-half the actual 
error appears at the false junction, and it can be measured to 
the required accuracies. 

The false junction is clamped with diodes to limit the voltage 
excursion appearing at that point. This is necessary because the 
amplifier will be overdriven and one-half its input voltage will 
appear at the junction. Without the clamps, the scope used for 
making the measurement would be overdriven and its recovery 
time would mask the settling time of the amplifier. 

The test circuit for measuring settling time to 0.01%, Figure 7, 
is simply an extension of the same basic technique. Measuring 
to the closer tolerance requires additional gain in the circuit 
driving the oscilloscope. 

Figure 7. Settling Time Test Circuit for 0.01% Settling 

IMPEDANCE MATCHING 
The characteristics of the HOS-050 operational amplifier make 
it an ideal choice for matching the impedances of video circuits 
to the impedances of transmission lines. 

In this application, source and load terminating resistors will 
cause the output voltage to be halved at the end of the cable 
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being driven by the op amp. This makes it necessary to set the 
gain of the circuit to provide twice the desired voltage. 

Three different values of resistors and cables are "phantomed" 
into the figure as examples of possible characteristic impedances 
which might be used. Figure 8 is not meant to imply the HOS-OSO 
can drive three cables simultaneously. 

Coo 

v,. 

Figure 8. HOS-050 Impedance Matching 

NONINVERTING' OPERATION 
The vast majority of video operational amplifiers display marked 
differences in settling times and bandwidths when operated in a 
non inverting mode instead of the inverting mode. There are a 
number of valid reasons for this characteristic. 

Most high-speed op amps use feed-forward compensation for 
optimizing performance in the inverting mode. This is necessary 
to obtain wide gain-bandwidth products while maintaining dc 
performance in these types of devices. In effect, the op amp has 
a wideband ac channel which is not perfectly matched to the dc 
channel. 

Feed-forward techniques enhance the performance of the op 
amp in the inverting mode by incresing the slew rate and small
signal bandwidth. These techniques, however, also decrease the 
amplifier's tolerance to stray capacitances, so must be employed 
judiciously. ' 

The overall input capacitance of the op amp is kept as low as 
possible in the design; and any mismatch in the capacitance of 
the two channels appears as an error in the output. Because of 
the inherently low total input capacitance of the op amp,. even a 
small capacitive mismatch between channels shows up as a large 
effective error signal. 

Decreasing the channel mismatch can be achieved only by com
plicating the design of the .op amp with additional components, 
and rigorous selection of those components in the manufacturing 
process. 

As a consequence, the mismatch is reduced to the smallest practical 
value consistent with the economics.of producing and using the 
op amp. But it remains a mismatch, and manifests itself as a 
difference in performance in the inverting versus noninverting 
modes. 

There are video op amps available at low cost which use a 741-type 
amplifier for high dc open loop gain in the noninverting channel. 
The user of these kinds of designs may sometimes gain an economic 
advantage, but at a high cost in performance. Bandwidths for 
noninverting applications are often measured in kHz, not MHz, 
for this approach. 

A video op amp is acting as a voltage mode device at both inputs 
when operating in the noninverting mode. This contrasts with 
the inverting mode, where it is operating as a current mode 
device. 
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The Analog Devices HOS-OSO has different performance charac
teristics when operating as a noninverting amplifier, but the 
care used in the design makes the differences less pronounced 
than they are in many competing units. 

The HOS-OSO can be considered a true differential video op 
amp. It requires little or no external compensation because its 
rolloff characteristics approach a 6dB/octave slope. This helps 
the user determine summing errors and loop response; and 
helps assure the stability of the system. 

The performance parameters for both inverting and noninverting 
operation 'are shown elsewhere in this data sheet (see SPECIFI
CATIONS section and figures). A comparison of the characteristics 
will highlight the similarities in performance, with the exceptions 
noted above. 

(RFF = RFB = soon; A = -1) 

--- -0 2V pop; RL = 1son 

-40t-t-t_-ii=-=-=-=-=.~ 4V pop; RL = 1son 
2V pop; RL = 1k 

... ___ 4V pop; RL = 1k 

~ -4S~~ __ -~---~~-------~ 
o 
C/l 

g -so~~~~~---_~ ______ ~~ 
... 
3: 9 -5S~~~~~~-~~~~=-~~~--~ 
UJ 
ell 
ell 
~ -60~~+--~~~-3~~~---~~~~ 

-6SL-~~--~--------~--------------~ 
o.s 1 

OUTPUT FREOUENCY - MHz 

Figure 9. Harmonic Distortion - Inverting 

(RFF = RFB = 1k; A = 2) 

0- - - ~ 2V pop; RL = 150n 

.. - - - ... 4V pop; RL = 1son 

_40~1-+-_~:t====~2~V~po!P~;R~L~~1~k ____ ~ 
~ \ ..... 4--_ 4V pop; RL = 1k 

5 -4S~!-4~~-~---~--------~ 
~ G \ 
~ -so i\.'\ \ 
3: 4l\'~''''"",,,, ~ ...... 
9 I"l -,~r-.......... ... ... ;,?"~ 
:-ss " .. ~ ... ~/"~ __ ---

~ ~ ""'4{ • .F~ 
-60~~~-+~====~~----------~ 

o.s 1 

OUTPUT FREOUENCY - MHz 

Figure 10. Harmonic Distortion - Noninverting 

IN SUMMARY ... A CAVEAT 
Settling time specifications, bandwidth capabilities, harmonic 
distortion performance, and other parameters for video op amps 
cannot possibly include all possible situations and applications. 

A multitude of seemingly insignificant conditions can have a 
major impact on the unit and its ability to operate in any given 
circuit. 

The potential user is strongly urged to evaluate the effectiveness 
of the "OS-050 in the actual circuit in which it will be used. 
In many instances, the application conditions are different from 
the conditions used in specifying; there is no substitute for a 
trial in the proposed circuit to determine if the op amp will 
provide the desired results. 



r.ANALOG 
WDEVICES 

FEATURES 
<1mV Vos 
Low Drift 
80ns Settling to 0.1%; 200ns to 0.01% 
100mA Output @ ± 10V 

APPLICATIONS 
D/A Current Converter 
Video Pulse Amplifier 
CRT Deflection Amplifier 
Wideband Current Booster 

GENERAL DESCRIPTION 
The HOS-060 Operational Amplifier is an extension of the 
proven hybrid technology used in the HOS-OSO series of op 
amps. 

The FET input and high-performance characteristics, including 
wide bandwidth and fast settling, make it useful for a variety of 
applications in the processing of video signals. 

Recent innovations in circuit design have been incorporated into 
the HOS-060 to make it extremely useful to the designer who 
needs outstanding performance in current boosting, voltage 
amplification, impedance matching, or a multiplicity of other 
high-frequency requirements. 

Voltage offset and its temperature coefficient have been dramati
cally improved in the HOS-060; offset is as low as most high 
performance monolithic op amps. 

The HOS-060 op amp is pin-for-pin compatible with its forerunner 
HOS-OSO and is useable in the same diversity of video require
ments. The reader is strongly urged to refer to the six-page data 
sheet for the HOS-OSO op amp to obtain additional insight and 
details on potential uses for the HOS-060. 

The HOS-060 Operational Amplifier package is the industry 
standard TO-8 metal can and operates over a case temperature 
range of - SsoC to + 12SoC; the model number for the standard 
unit is HOS-060SH. 

Low Offset, Fast Settling 
Video Operational Amplifier 

-INPUT 

HOS-060 I 
HOS-060 PIN DESIGNATIONS • 

· 
· 
· 
· 
· 
· 
· 

GROUND 

OUTPUT 

V+ ·PINS FOR CONNECTING OPTIONAL 
GROUND OFFSET POTENTIOMETER. RECOMMENDED 

VALUE IS 10k OHMS, WITH CENTER ARM 
CONNECTED TO +15V. 

TO-8 PACKAGE 
BOTTOM VIEW 

GAIN 1100n LOADI 

'" ~ --- ---- ---- ---eMR 

~ 
/ 

V 

./ 
VPHAr 

1k 10k lOOk 

FREQUENCY - Hz 

~ 

~ 

1 

V 
/, 

"" . 100M 

Figure 1. HOS-OBO Frequency Response 
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Figure 2. Power Derating 
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S PEe I Fie AT ION S (typical @ + 25°C and ± 15V unless otherwise specified) 

Model HOS-060SH 

ABSOLUTE MAXIMUM RATINGS' 
Supply Voltages (V s) ±lSV 
Power Dissipation See Figure 2 
Input Voltage ±Vs 
Differential Input Voltage ±Vs 
Operating Temperature Range (case) - 55°C to + 125°C 
Junction Temperature 175°C 
Storage Temperature Range -6S0 Cto + 150°C 
Lead Temperature (soldering, 10 sec.) 300°C 

DC ELECTRICAL CHARACTERISTICS 

Parameter . Conditions Min Typ Max Units 

Open Loop Gain RL=IOOn 100 dB 
Rated Output 

Current 
(not short circuit protected) RL = > loon ±100 rnA 

Voltage RL = >200n ±1O V 

:-j', Input Offset ~oltage Adjustable to Zero 
Initial @+2SoC ±O.S ±l mV 

- 25°C to + l2SoC ±2 mV 
vs. Case Temperature 

- 55°C to + l2SoC 10 f.l.VloC 
vs. Power Supply Voltage 0.5 mVN 

Input Bias Current 
Initial @ + 25°C 2 nA 
vs. Temperature Doubles 110°C 

Input Offset Current 
Initial @ + 25°C ±100 pA 

Input Impedance 
Differential 

}In parallel with SpF 
1010 n 

Common Mode 1010 n 

Input Voltage Range 
Common Mode ±10 ±lS V 
Differential ±lS V 

, Common Mode Rejection 70 dB 

Input Noise RFF == lOOn; RFB = Ikn 
dcto 100kHz f.l.Vrms 
dcto2MHz f.l.Vrms 

AC ELECTRICAL CHARACTERISTICS I 

Parameter Conditions Min Typ Max Units 

Slew Rate A = -l;RFF = RFB = soon; 
Load = lOOn 300 Vlf.l.s 

Noninverting Slew Rate A = 2; RFF = RFB = looon; 
Load = loon 320 Vlf.l.s 

Overload Recovery 50% Overdrive 400 ns 

'Gain Bandwidth Product RFF = RFB = soon 100 MHz 
Small Signal Bandwidth, - 3dB A = - I; RFF = RFB = soon 45 MHz 

A = -1;RFF = RFB = looon 35 MHz 
A = -2;RFF = soon; 

RFB = looon 35 MHz 
A = -4;RFF = 2s0n; 

RFB ";' looon 30 MHz 
Output Impedance <I n 
Noninverting Bandwidth, - 3dB A = 2; RFF = RFB = looon; 

lOOn load; 10pF capacitance 
S-volt p-p output 25 MHz 
4-volt p-p output 30 MHz 
2-volt p-p output 55 MHz 

A = 3;RFF = soon; 
RFB = looon; 
load = lOOn,looon,or2ooon; 
capacitance = lOpF 

10-volt p-p output 17, MHz 
5-volt p-p output 25 MHz 
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I· 
AC ELECTlUCAL CHARACTElUSTICS· (Continued) HOS-06OSH 

Parameter Conditions Min Typ Max Units 

Noninverting Bandwidth, - 3dB A = 5; RFF = soon; 
(continued) RFB = 2000n; lOOn, l000n, 

or 2000nIoadll0pF 
capacitance 

5-volt POp output 15 MHz 
4-volt pop output 30 MHz 
2-volt pop output 40 MHz 
I-voltp-poutput 40 MHz 

Full Power Bandwidth Output = :!:5V;A = -1; 
(-3dB) Load = loon 20 MHz 

Settling Time to 0.1 % A = - I;RFF = RFB = soon 
Inverting VOUT = :!:5V 100 ns 

VOUT = :!:2.5V 80 ns 
Noninverting A = 2;RFF = RFB = soon 

Max Load ca!,acitance = 75!,F 
VOUT = :!:5V 200 ns 
VOUT = :!:2.5V 135 ns 

Harmonic Distortion A = -1;Load = l000n 
(See Figure 5) Signal = 4MHz; 2V output -63 dB 

Noninverting Harmonic A = 2; RFF = RFB = l000n; 
Distortion (See Figure 6) Load = l000n;' 

Signal = 4MHz; 2V output -59 dB 

Power Supply 
Voltage Rated performance :!: 15 Vdc 
Voltage Operating range :!: 12 :!: 18 Vdc 
Current Quiescent :!:20 :!:25 rnA 
Power Consumption Quiescent 0.6 W 
Power Dissipation 1.25 W 

Temperature Range 
Operating (Case) (See Figure 2 for -55 + 125 °C 
Storage Derating Information) -65 + 150 °C 

NOTES 
'Specification for Inverting Mode unless otherwise noted. Individual.ocket assemblies (one per pin) arc available from AMP as part number 6·330808-'>. 
·Specifications same as HOS-060SH. Specifications subject to change without notice. 

PIN DESIGNATIONS l 

PINS FUNCTION 

1 +V 
2 GROUND 
3 OFFSET ADJ· 
4 OFFSET ADJ· 
5 -INPUT 
6 + INPUT 
7 NC 
8 GROUND 
9 -V 
10 -V 

" OUTPUT 
12 +V 

NOTES 
'SEE SECTION 19 (H12A1 FOR 
PACKAGE OUnlNE INFORMAnON. 

·PINS FOR CONNECnNG OPnONAL 
OFFSET POTENnOMETER. RECOMMENDED 
VALUE IS 10k OHMS. WITH CENTER ARM 
CONNECTED TO +15V. 
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VOLTAGE AMPLIFIERS/CURRENT BOOSTERS 
Video op amps such as the HOS-060 are characterized by high 
gain bandwidth products, fast settling times, and high output 
drive. 

One of the most common uses of video op amps is for 0/ A 
current to voltage conversion or current boosting. Figure 3 is 
one example of this type of application. In this circuit, the 
internal resistance of the D/A is the feed-forward resistor for the 
op amp. 

-15V +15V 

Figure 3. Inverting Unipolar or Bipolar Voltage Output 

, The circuit which is shown will provide a negative unipolar 
output with binary coding on the input, and the bipolar offset 
pin grounded. It will provide a bipolar output with complementary 
offset binary coding on the input, and bipolar offset connected 
to 10 . 

OFFSET AND GAIN ADJUSTMENT 
The low value of offset may preclude the need for adjustment, 
but Figure 4 shows a method of adjusting both offset and gain. 

OFFSET 
ADJUST 

20k 
- Vee o--"IyV---o ... Vee 

ROFFSET 

0'1~ 

C,. 

KEEP lEADS / GAIN 
TOSUMMING _ ADJUST 

NODE SHORT ~~ Roo", 
AS POSSIBLE 

'----v---' 
R .. 

R" 

GAIN = -(~) 

VOUT 

Figure 4. HOS-060 Offset and Gain Adjust 

As shown, the gain of the circuit is established by the equation: 

G = - (RRFB) where RFB = RGAIN + Gain Adjust. 
FF 

Once the user has established the desired gain for the illustrated 
circuit, the value of RFB can be used to determine the correct 
value of ROFFSET with the equation: 

( Vee x RFB) 
ROFFSET = - AEo 

where AEo is the desired amount of offset on the output. 

Note: RFF, R GA1N , CFB and ROFFSET must be located as close to 
the summing node of the HOS-060 as physically possible. This 
helps prevent additional capacitance in the summing node and 
corresponding bad effects on frequency response and settling 
times. 

Variable controls (such as Offset Adjust and Gain Adjust) should 
never be tied to the summing node of the op amp. Their correct 
electrical locations are those shown in Figure 4. 
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NONINVERTING OJ.>ERATION 
The vast majority of video operational amplifiers display marked 
differences in settling times and bandwidths when operated in a 
noninverting mode instead of the inverting mode. There are a 
number of valid reasons for this characteristic. 

Most high-speed op amps use feed-forward compensation for 
optimizing performance in the inverting mode. This is necessary 
to obtain wide gain-bandwidth products while maintaining dc 
performance in these types of devices. In effect, the op amp has 
a wide band ac channel which is not perfectly matched to the dc 
channel. 

Feed-forward techniques enhance the performance of the op 
amp in the inverting mode by increasing the slew rate and small
signal bandwidth. These techniques, however, also decrease the 
amplifier's tolerance to stray capacitances, so must be employed 
judiciously. 

The Analog Devices HOS-060 has different performance charac
teristics when operating as a noninverting amplifier, but the 
care used in the design makes the differences less pronounced 
than they are in the designs of competing units. 

The HOS-060 can be considered a true differential video op 
amp. It requires little or no external compensation because its 
rolloff characteristics approach a 6dB/octave slope. This helps 
the user determine summing errors and loop response; and 
helps assure the stability of the system. 

The performance parameters for both inverting and non inverting 
operation are shown elsewhere in this data sheet (see SPECIFI
CATIONS section and figures). A comparison of the characteristics 
will highlight the similarities in performance, with the exceptions 
noted abov\~. 

~ -45 

~ -50H~~o1.---+-----_-~ 

~ -·.H~~~::--~-± __ "'::":"~£---l 

~ -60H-+--t-==~~ct~=----= ___ ~ 

-65 LJ
O

,-5 J.
1
--'----L..-------l 

OUTPUT FREQUENCY - MHz 

Figure 5. Harmonic Distortion - Inverting 

0.5 1 

IRFF = RF• :: 1k; A = 2) 

0- - - ~ 2V poP; R, = 15011 

.. - - -e 4V poP; R, = 15011 

OUTPUT FREQUENCY - MHz 

Figure 6. Harmonic Distortion - Noninverting 

THE READER IS URGED TO CONSULT THE HOS-OSO 
DATA SHEET FOR ADDITIONAL APPLICATIONS IN
FORMATION. THE HOS-060 IS PIN-FOR-PIN COMPATI
BLE WITH THE HOS-OSO SERIES AND CAN BE USED 
IN SIMILAR WAYS. 
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FEATURES 
Wide Bandwidth - dc to 125MHz 
High Slew Rate - 1500V /J1.s 
Operation Guaranteed -55°C to +125°C (SH) 
High Output Drive - ±10V with 100n Load 

APPLICATIONS 
r.llrrpnt Rnndpr!l 

High Speed AID Input Buffers 
Nuclear Instrumentation Amplifiers 
Coaxial Cable Drive 
High Speed Line Drivers 
Video Impedance Transformation 

GENERAL DESCRIPTION 
The HOS-100SH and HOS-100AH Bipolar Buffer Amplifiers 
are high-speed, voltage follower/buffers designed to provide 
high-current drive at frequencies from dc to over 12SMHz, as 
well as providing ±10mA into 1kn loads (±100mA peak) at 
slew rates of 1S00VIJ1.s. Both units also exhibit excellent phase 
linearity (2°), and low distortion «0.1%). 

For commercial temperature ranges the HOS-lOOAH is speci
fied for operation over the range of -25°C to +85° C (case). 
The HOS-100SH is specified for operation over the extended 
range of -55°C to +12S

o
C (case). . 

The HOS-100SH and HOS-lOOAH are intended to fulfill a 
wide range of buffer applications, such as video impedance 
transformation, high impedance input buffers for AID con
verters and comparators, as well as high-speed line drivers and 

Figure 1. Schematic Diagram HOS-100 

. Wide Bandwidth, 
High Speed Buffer Amplifiers 

HOS-100AH, 100SH I 
HOS-IOOSH/HOS-IOOAH PIN DESIGNATIONS • 

GNO 

TO-S PACKAGE 
BOTTOM VIEW 

nuclear instrumentation amplifiers. Additionally, both ampli
fiers will continuously drive SOn coaxial cables or serve as 
yoke drives in high resolution CRT displays. 

They are particularly well suited for current booster applica
tions (Figure 3) within an op-amp loop where input impedance 
and bias current requirements are less stringent than in FET 
design. 

;: 
I 

z o 

~ 
i!i c 
a: 

~ 
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SPECIFICATIONS 
HOS-100SH HOS-100AH 

PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX 

DC ELECTRICAL CHARACTERISTICS1,2 

Input Bias Current Tc = 2SoC S 20 S 
2S 

Input Impedance VIN = IV rms, f = 1kHz 
RL = 1k, TC = 2SoC 

100 200 100 200 

Voltage Gain VIN = IV rms, f = 1kHz 0.9S 0.97 1.0 0.94 0.96 
RL = 1k, Tc = 2SoC 

Output Offset Voltage Rs = son, Tc = 2SoC S 10 10 
2S 

Output Offset Voltage Tc Rs = SOn 2S 7S 2S 
Output Impedance VIN = IV rms, f = 1kHz 8 12 8 

RS = soon, RL = 1k 
Output Voltage Swing Rs = son, RL = 1k . ±12 ±13 ±12 ±13 

Vs = ±SV, RL = 1k 6 6 

Supply Current VIN = OV, Tc = 2SoC 
Vs = ±lS 13 16 IS 
Vs =±S 10 10 

Power Consumption VIN=OV, Vs=±lSV 
TC = 2SoC 

390 480 4S0 

AC ELECTRICAL CHARACTERISTICS3 

Slew Rate VIN = ±10V 1000 lS00 10001400 
Bandwidth VIN = IV rms 100 12S 100 12S 
Rise Time LlVIN =:= O.SV 2 S 2 
Propagation Delay LlVIN = O.SV l.S l.S 
Phase Nonlinearity BW = 1 to 20MHz 2 2 
Harmonic Distortion <0.1 <0.1 

MTBF l.S09X 10 7 hours 

PACKAGE TYPE4 H12A H12A 

NOTES 
I Unless otherwise noted, these specifications apply for +ISV applied to Pin 12, and -ISV applied to Pin 10. 
2 Unless otherwise noted, specifications apply over a temperature range, -SSoC <: TS; <: +12SoC for the HOS-I00SH, and 

- 2SoC ..;; TC ..;; +8SoC for the HOS-I00AH. Typical values shown arc for TC = +2S C. 
3 These specifications all measured with the following conditions: TC = +2SoC, Vs = ±ISV, RS = son, RL '" lk. 
4 See Section 19 for package outline information. 
Specifications subject to change without notice. 

ABSOLUTE MAXIMUM RATINGS 
Supply Voltage (V+ - V-j . ..................... 40V 
Maximum Power Dissipation ................... l.SW 
Input Voltage ................ Equal to Supply Voltage 
Maximum Continuous Output Current .......... ±100mA 
Maximum Peak Output Current ............... ±2S0mA 
Operating Temperature Range (Case) ..... -SSoC to +12SoC 
Storage Temperature ................ -6S0Cto +lS0oC 
Lead Temperature (Soldering, 10 sec) ........... +300

o
C 

Maximum Junction Temperature .............. +17SoC 
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ORDERING INFORMATION 

Model 

HOS-IOOAH 
HOS-100SH 

Temperature Range 

-2SoC to +8SoC 
-SSoC to +12SoC 

2S 

1.0 

2S 
3S 
7S 
12 

20 

600 

S 

UNITS 

JlA 
JlA 
kn 

VN 

mV 
mV 
JlV/oC 
n 

V 
V 

rnA 
rnA 
mW 

V/Jls 
MHz 
ns 
ns 
Degrees 
% 



Instrumentation & Isolation Amplifiers 

Selection Guides 

Instrumentation Amplifiers 

Isolation Amplifiers 

General Information 

AD293A/B Hybrid Industrial Isolation Amplifier 

AD294A Hybrid Medical Isolation Amplifier 

A ns 21 J IK IT.lS Monolithic lr. Rf"c:ic:tor-Proer:lmm:lhlpAmrlifipr 

AD522A/B/S Hybrid IC Resistor-Programmable Amplifier 

AD524A/B/C/S Precision Instrumentation Amplifier 

AD624A/B/C/S High Precision Low Noise Instrumentation Amplifier 

-AD625NB/C/S Programmable Gain Instrumentation Amplifier 

eNew product since publication of 1982-1983 Databook Update. 
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Selection Guide 
Instrumentation Amplifiers 

v+ 
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·IN 
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OUTPUT 
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1----0 SIGNAL 

COMMON 

OUTPUT 

VOL. I, 5-2 INS TRUMEN TA TION & ISOLA TION AMPLIFIERS 

AD521 
Programmable Gains from 0.1 to 1000 
Differential Inputs 
High CMRR: 110dB min 
Low Drift: 2 ..... VrC max (L) 
Complete Input Protection, Power ON and Power 

OFF 
Functionally Complete with the Addition of Two 

Resistors 
Internally Compensated 
Gain Bandwidth Product: 40MHz 
Output Current Limited: 25mA 
Very Low Noise: 0.5 ..... V pop, 0.1Hz to 10Hz, RTI @ 

G = 1000 

AD522 
Performance 
Low Drift: 2.0 ..... VrC (AD522B) 
Low Nonlinearity: 0.005% (G = 100) 
High CMRR: >110dB (G. = 1000) 
Low Noise 1.5 ..... V pop (0.1 to 100Hz) 
Low Initial Vos: 100 ..... V (AD522B) 

Versatility 
Single-Resistor Gain Programmable: 1~G~1000 
Output Reference and Sense Terminals 
Data Guard for Improving ac CMR· 

AD524 
Low Noise: 0.3 ..... V pop 0.1Hz to 10Hz 
Low Nonlinearity: 0.003% (G = 1) 
High CMRR: 120dB (G = 1000) 
Low Offset Voltage: 50 ..... V 
Low Offset Voltage Drift: 0.5 ..... VrC 
Gain Bandwidth Product: 25MHz 
Pin Programmable Gains of 1, 10, 100, 1000 
Input Protection, Power On - Power Off 
No External Components Required 
Internally Compensated 

Page· 
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AD624 

RG, 3 }--------<_---i--""" ...... >-JVV-.-t 

rh~AA-~ IV IOUI 1 
• INPUT r;;~ =-:pREFERENCE 

+GAIN 
DRIVE 

+GAIN 
SENSE 

AD624 
Low Noise: 0.2fLV pop 0.1Hz to 10Hz 
Low Gain TC: 5ppm max (G = 1) 
Low Nonlinearity: 0.001% max (G = 1 to 200) 
High CMRR: 130dB max (G = 500 to 1000) 
Low Input Offset Voltage: 25fLV, max 
Low Input Offset Voltage Drift: 0.25,...V/oC max 
Gain Bandwidth Product: 25MHz 
Pin Programmable Gains of 1, 100,200,500, 1000 
No External Components Required 
Internally Compensated 

AD625 
Low Noise: 0.2fLV pop 0.1Hz to 10Hz 
Low Nonlinearity: 0.001% max (G = 1 to 500) 
High CMRR: 130dB max (G = 500) 
Low Offset Voltage: 25fLV max 
Low Offset Voltage Drift: 0.25fLVrC max 
Gain Bandwidth Product: 25MHz 
Internally Compensated 
Versatile Gain Programming 
Resistor Programmable Gain Amp 
Software Programmable Gain Amp 

Page 
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Selection Guide 
Isolation Amplifiers 
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VOL. I, 5-4 INSTRUMENTATION & ISOLA TION AMPLIFIERS 

MODEL 277 
Versatile Op Amp Front End: Inverting, 

Noninverting, Differential Applications 
low Nonlinearity: 0.025% max, Model 277K 
low Input Offset Voltage Drift: 1 .... VrC max, 

Model277K 
Floating Power Supply: ± 15V dc @ ± 15mA 
High CMR: 160dB min @ dc 
High CMV: 3500V,ma 

MODEL 289 
low Nonlinearity: ±O.012% max (289l) 
Frequency Response: (-3dB) dc to 20kHz 

(Full Power) dc to 5kHz 
Gain Adjustable 1 to 100VN, Single Resistor 
3-Port Isolation: ±2500V CMV Isolation 

Input/Output 
low Gain Drift: ± 0.005%/OC max 
Floating Power Output: ± 15V @ ±5mA 
120dB CMR at 60Hz: Fully Shielded Input Stage 
Meets Ul Std. 544 leakage: 2 .... A rms max, @ 

115V ac, 60Hz 

Page 

Vol. II 
5-9 

Vol. II 
5-17 



AD293 
High Common-Mode Voltage: AD293 ±2500V 

peak max 
Nonlinearity: ± 0.05% max (AD293B) 
Adjustable Input & Output Gain: 1VN to 1000VN 
Complies with NEMA ICS1-111 
Hermetically Sealed Hybrid Construction 

AD294 
High Common-Mode Voltage: ±8000V 

peak max 
Nonlinearity: ± 0.05% of max 
Adjustable Input & Output Gain: 1VN to 10QOVN 
Complies with NEMA ICS1-111 
.Meets UL Std 544 Leakage: 2.0JLA max @ 

115V ac, 60Hz 
Hermetically Sealed Hybrid Construction 
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Selection Guide 
Isolation Amplifiers 

DC TO 1kHz 

OUTPUT 

9 i 1100kHZ 
OSC 

10, INPUT 

POWER 
'-----(8 COM 

1 OUTPUT 

9 i 1100kHZ 
OSC 

10, INPUT 

POWER 
'-----{s COM 
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MODEL 284 
High CMV Isolation: ±SOOOV pk, 10ms Pulse; 

± 2S00V de Continuous 
High CMR: 110dB min with SkU Imbalance 
Low Nonlinearity: O.OS% @ 10V pk-pk Output 
High Gain Stability: ±0.0075"1of'C, ±0.001%/1000 

hours 
Low Input Offset Voltage Drift: 10 ... VfC, G = 

100VN 
Resistor Programmed Gain: 1 to 10VN (284J) 
Isolated Power Supply: ±8.SV de @ ±. SmA (284J) 
Meets IEEE Std 472: Transient Protection (SWC) 
Meets UL Std S44 Leakage @ 11SV ae, 60Hz: 

2.0 ... A max (284J) 

MODEL 286 
High CMV Isolation: ±SOOOV pk, 10ms Pulse; 

± 2S00V dc Continuous 
High CMR: 110dB min with SkU Imbalance 
Low Nonlinearity: 0.05% @ 10V pk-pk Output 
High Gain Stability: ±0.007S%fC, ±0.001%/1000 

hours 
Low Input Offset Voltage Drift: 10 ... VfC, G = 

100VN 
Resistor Programmed Gain: 1 to 100VN (286J) 
Isolated Power Supply: ± 15V de @ ± 1SmA (286J) 
Meets IEEE Std 472: Transient Protection (SWC) 
Meets UL Std 544 Leakage @ 11SV ae, 60Hz: 

2.S ... A max (284J) 
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MODEL 290A 
Isolated Power Supply: ± 13V dc @ ±5mA (290A) 
Low Nonlinearity: 0.1% @ 10V pk-pk Output 
High Gain Stability: 0.001%/1000 Hours; 0.01%/OC 
Small Size: 1.5" x 1.5" x 0.62" 
Low Input Offset Voltage Drift: 10jLVrC (Gain = 

100VIV) 
Wide Input/Output Dynamic Range: 20V pk-pk 
High CMV Isolation: 1500V dc, Continuous 
Wide Gain Range: 1 to 100VN 

MODEL 292A 
Multichannel Capability Using External Oscillator 

(292A) 
Isolated Power Supply: ± 15mA (292A) 
Low Nonlinearity: 0.1% @ 10V pk-pk Output 
High Gain Stability: 0.001%/1000 Hours; 0.01%/OC 
Small Size: 1.5"x 1.5"xO.62" 
Low Input Offset Voltage Drift: 10jLVrC (Gain = 

100VIV) 
Wide Input/Output Dynamic Range: 20V pk-pk 
High CMV Isolation: '1500V dc, Continuous 
Wide Gain Range: 1 to 100VN 
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Orientation 
Instrumentation & Isolation Amplifiers 
An instrumentation amplifier is a committed "gain block" that 
measures the difference between the voltages existing at its 
two input terminals, amplifies it by a precisely set gain - usually 
from IV IV to lOOOV IV or more - and causes the result to 
appear between a pair of terminals in the output circuit. 
Referring to Figure 1, 

VS-VR=G(V+-V-) 

An ideal instrumentation amplifier responds only to the differ
ence between the input voltages. If the input voltages are equal 
(V+ = V- = VCM, the common-mode voltage), the output of 
the ideal instrumentation amplifier will be zero. 

OFFSET 
ADJUST, 

VaUT'V'N If(Roli 
OR 

VauT'V'N I flRo.RslI 

Figure 1.' Basic Instrumentation Amplifier 
Functional Diagram 

LOAD 

An amplifier circuit which is optimized for performance as an 
instrumentation-amplifier gain block has high input impedance, 
low offset and drift, low nonlinearity, stable gain, and low 
effective output impedance. It is commonly used for applica
tions which capitalize on these advantages. Examples include: 
transducer amplification - for thermocouples, strain-gage 
bridges, current shunts, and biological probes, preamplification 
of small differential signals superimposed on high common
mode voltages, signal conditioning and (moderate) isolation 
for data acquisition, and signal translation for differential and 
single-ended signals wherever the common "ground" is noisy 
or of questionable integrity. 

Instrumentation-amplifiers are usually chosen in preference 
to user-assembled op-amp circuitry, because they offer op
timized, specified performance in low-cost, easy-to-use, 
compact packages. If the application calls for high com
mon-mode voltages (typically, voltages in excess of the amplifier 
supply voltage), or if isolation impedances must be very high 
(e.g~~ luion, with galvanic isolation, as in medical and indus
trial applications), the designer should consider an isolation 
amplifier. 
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SPECIFYING INSTRUMENTATION AMPLIFIERS 
The instrumentation amplifier chosen for a given application 
will be the lowest-cost device that satisfies the performance 
and environmental requirements. In addition to the products 
listed here, which are recommended for new designs, a. number 
of older products are still available; data sheets are available 
upon request. It is essential that the designer have a firm un
derstanding of the specifications of instrumentation ampli
fiers and of the contributions of the various sources of error 
to the total error. The data sheets provide much useful applica
tion data on these devices, as well as examples of basic error 
analyses. 

Definitions of the key specifications follow a brief discussion 
of instrumentation-amplifier architectures. For more-complete 
information on the fundamentals and applications of instru
mentation amplifiers, a number of publications are available 
from Analog Devices. 1 ,2,3 

INSTR UMENT ATION-AMPLIFIER ARCHITECTURE 
All Analog Devices instrumentation amplifiers have two high
impedance input terminals, a set of terminals for gain
programming, an "output" terminal, and a pair of feedback 
terminals, labeled sense and reference, as well as terminals for 
power supply and offset trim.· 

Two basic circuit concepts are employed. The AD522, AD524, 
AD624 and AD625 use variations of the well-known three-op
amp configuration, consisting of a differential input-output gain 
stage and subtractor stage. Gain (~l V IV) is set by the choice 
of a single gain-setting resistor, RG' When the sense (Vs) feed
back terminal is connected to the output terminal, and the 
reference terminal (VR) is connected to power common, 
the output voltage, appears between the output terminal and 
power common. 

The Vs and VR terminals may be used for remote sensing - to 
establish precise outputs in the presence of line drops; they 
may be used with an inside-the-loop booster follower to obtain 
power amplification without loss of accuracy; and they may be 
used to establish an output current that is precisely propor
tional to the difference signal. A voltage applied to the VR 
terminal will bias the output by a predetermined amount. It is 
important always to maintain very low impedance (in relation 
to the specified Vs and VR input impedances), when driving 

. the Vs and VR inputs, in order not to introduce common-mode, 
gain, andlor offset errors. In devices using the 3-amplifier con
figuration, the VR terminal is sometimes used for "tweaking" 
common-mode rejection. 

NOTES 
1 "Applications Guide for Isolation Amplifiers, 1984 edition, available 
upon request. 
2 "A User's Guide to IC Instrumentation Amplifiers," by J. Riskin, 
1978, available upon request. 
3 Transducer Interfacing Handbooks, D.H. Sheingold, ed., 1980, 
$14.50, Analog Devices, Inc., P.O. Box 796, Norwood, MA 02062. 
*In Model 612, sense is internally connected to the output terminal. 



SPECIFICATIONS 
Specification tables are generally headed by the legend: "speci
fications are typical at Vs :;: ±15V, TA :;: +25°C, and rated 
load, unless otherwise noted." This tells the user that these are 
the normal operating conditions under which the device is test
ed. Deviations from these conditions might degrade (or im
prove) performance. When deviations from the "normal" con
ditions are likely (such as a change in temperature), the sig
;aifica.u.L: effect.; d,re usua.Uy ~uJit..:C1icJ wiLi.iu du; specs. 
"Typical" means that the manufacturer's characterization 
process has shown this number to be "average," but individual 
devices vary. 
Specifications not discussed in detail are self-explanatory and 
require only a basic knowledge of electronic measurements. 
Such specs are not uniquely applicable to instrumentation 
amps. 

GAIN These specifications refer to the linear transfer function 
of the device; for example, the AD524 gain equation is: G = 
1 + 40~~0 V/V. The value of RG for a given gain value is: 

RG :;: 4ri°_0~ n. For example, if G is to be 200V/V, 

RG :;: 201 ohms. 

Gain Range Specified at 1 to 1000, for example, the device 
may work at higher gains (1 V IV is minimum, except for the 
AD521), but the manufacturer does not specify performance 
outside the range. In practice, noise and drift may make higher 
gains impractical for a given device. 

Equation Error (or "Gain Accuracy") The number given by this 
specification describes deviation from the gain equation when 
RG is at its nominal value. The user can tri~ the gain or com
pensate for gain error elsewhere in the overall system. Systems 
using microprocessors (or computers, or other digital "intelli
gence") can be made self-calibrating, to take into account the 
lumped gain errors of all the stages in the analog portion of the 
system, from transducer to aid converter. 

Nonlinearity (or Gain Nonlinearity) Nonlinearity is defined as 
the deviation from a straight line on the plot of output vS. in
put. The magnitude of linearity error is the maximum deviation 
from a "best straight line," with the output swinging through 
its full-scale range. Nonlinearity is usually specified in percent 
of full-scale output range. 

Gain vs. Temperature These numbers give the deviations from 
the gain equation as a function of temperature. 

SETTLING TIME is defined as that length of time required for 
the output voltage to approach and remain within a certain (±) 
tolerance of its final value. It is usually specified for a fast step 
that will drive the output through its full-scale range and it in
cludes slewing time. Since several-factors contribute to the 

overall settling time, fast settling to 0.1 % does not necessarily 
mean proportionally fast settling to 0.01 %, nor is settling time 
necessarily proportional to gain. Principal contribu ting factors 5 
include slew-rate limiting, underdamping (ringing), and thennal 
gradients ("long tails"). 

VOLTAGE OFFSET Voltage offset and common-mode re
jection (see below) specifications are often considered the key 
ligures of merit for instrumentation ampiiiiers. While imtlal 
offset can be adjusted to zero, shifts in offset voltage with time 
and temperature introduce errors. Systems that involve "in- . 
telligent" processors can correct for offset errors in the whole 
measurement chain, but such applications are still relatively in
frequent; in most applications, the instrumentation amplifier's 
contribution to system offset error must be defined. 

Voltage offset and offset drift in instrumentation amplifiers 
are functions of gain.4 The offset, measured at the output, is 
equal to a constant plus a tenn proportional to gain. For an 
amplifier with specified performance over a gain range from 1 
to 1000, the constant is essentially the offset at unity gain, and 
the proportionality tenn (or slope) is equal to the change in 
output offset between G :;: 1 and G = 1000, divided by 999. To 
refer offset to the input (RTI), divide the total output offset 
by the gain. Since offset at a gain of 1000 is dominated by the 
proportional term, the slope is often called the "RTI offset, 
G :;: 1000." At any value of gain, the offset is equal to the 
unity-gain offset plus the product of the gain and the "RTI 
offset". 

The same considerations apply to the offset drift. For 
example, the maximum RTI drift of the AD624C is specified 
at 0.25IlV/C. Thus, the output drift is (0.25IlV/C X G) 
+ 101lV/C at any gain, G, in the range. 

Voltage offset as a function of power supply level is also speci
fied RTI at one or more gain settings. 

INPUT BIAS AND OFFSET CURRENTS Input bias currents 
are those currents needed to bias the input transistors of a dc 
amplifier or to supply the junctio.n-leakage of FET's. FET-input 
devices have lower bias currents than those using bipolar tran
sistors, but FET leakage currents increase dramatically with 
temperature, approximately doubling every 11 ° C. Since bias 
currents can be considered as a source of voltage offset (when 
multiplied by source resistance), the change in bias currents is . 
of more concern than the magnitude of the bias currents. Input 
offset current is the difference between the two input bias 
currents. 

4 There is a good explanation of the specification of offset in 
instrumentation amplifiers in ANALOG DIALOGUE 6-2 
(1972), p. 14 
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Important Note 
Although instrumentation amplifiers have differential 
inputs, there must be a return path for the bias currents. 
If it is not provided, those currents will charge stray 
capacitances, causing the output to drift uncontroll
ably or to saturate. Therefore, when amplifying out
puts of "floating" sources, such as transformers and 
thermocouples, as well as ac-coupled sources, there 
must still be a dc path from each input to common, 
or to the guard terminal. If a dc return path is im
practicable, an isolator must be used. 

COMMON-MODE REJECTION (CMR) is a measure of the 
change in output voltage when both inputs are changed by 
equal amounts. CMR is usually specified for a full-range como. 
mon-mode voltage change (CMV), at a given frequency, and a 
specified imbalance of source impedance (e.g. lkn source un
balance, at 60Hz). CMR is a logarithmic expression of the 
common-mode rejection ratio (CMRR): CMR = 20 10glO 
(CMRR). The common-mode rejection ratio is defined as the 
ratio of the signal gain, G, to the ratio of common mode signal 
appearing at the output to the input CMV. 

In most instrumentation amplifiers, the CMR increases with 
gain, because the front-end configuration does not amplify 
common-mode signals, and the amount of common-mode sig
nal appearing at the output stays relatively constant as the 
signal gain (G) increases. 

However, at higher gains, amplifier bandwidth decreases. Since 
differences in phase shift through the differential input stage 
will show up as common-mode errors, CMR becomes more fre
quency-dependent at high gains. 

ISOLATION AMPLIFIERS 
The isolation amplifier (or isolator) has an input circuit that 
is galvanically isolated from the power supply and the output 
circuit. Isolators are intended for applications requiring safe, 
accurate measurement of dc and low-frequency voltage or 
current in the presence of high common-mode voltage (to 
thousands of volts) with highCMR, line-receiving of signals 
transmitted at high impedance in noisy environments, and for 
safety in general-purpose measurements where dc and line-fre
quency leakage must be maintained at levels well below certain 
mandated minima. * Principal applications are in electrical en
vironments of the kind associated with medical equipment, 
conventional and nuclear power plants, automatic test equip
ment, and industrial process-control systems. 

Analog Devices Isolators described in this catalog use electro
magnetically coupled high-frequency carrier techniques for 
communication of power to and signals from the input circuit. 

* Examples of such requirements may be found in UL STD 544 and 
SWC (Surge Withstand Capability) in IEEE Standard for Transient 
Voltage Protection 472-1974. 

1 Analog Devices Applications Guide for Isolation Amplifiers (1984) 
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CHOOSING AN ISOLATOR 
The choice of an isolator depends on the desired functional 
characteristics and the required specifications. Functional 
characteristics include such considerations as number of chan
nels, range of output common-mode (output to power sup
ply), nature of the front-end a~plifier (amplification only or 
general op-amp functioning), and the availability of isolated 
power for additional external front-end circuitry. Key specifi
cations include performance specs and "absolute ma;x/min" 
mandated safety specifications. Definitions of specifications 
follow this section. In addition to the products listed here, 
which are recommended for new designs, a number of older 
products are still available; data sheets are available upon re
quest. In addition to the useful applications information on 
the data sheets published here, a designers' guide l 

, available 
upon request, provides information useful to the circuit 
designer. ' 

Functional Characteristics The basic design of both amplifiers 
is identical. As shown in Figure 1, an amplifier is divided into 
three isolated sections-input, output, and power-coupled 
together by a single transformer. A power oscillator (which 
may be powered by system power or a separate power source) 
furnishes isolated power to the input amplifier, plus a carrier, 
which is modulated by the amplified input signal, coupled 
across the isolation barrier to the output section, demodulated, 
and buffer-amplified by a system-powered output amplifier. 

Two significant innovations are responsible for the small size 
and excellent performance of these amplifiers. The first is an 
ultra-compact transformer, using screened wiring and well
conceived assembly technology. The second is an improve
ment in the use of the flyback (unclamped) portion of a 
blocking-oscillator waveform as the modulated signal carrier 
(U.S. Patent 4,286,225). 

Figure 1. AD293/AD294 Block Diagram 



As the block diagram shows, the synchronizable oscillator 
requires a two-wire power supply, which may be different (and 
(and isolated) from the power supply for the output ampli
fier, A2. The oscillator's output is coupled to (and loaded by. 
but isolated from) the circuitry connected to the other five 
identical transformer windings. One winding delivers power to 
the input amplifier, AI. 

The flyback portion of the oscillator waveform is amplitude
modulate by AI's output signal, then coupled through separ
ate transformer windings to a demoduiator (1) in the ampli
fier's feedback path. Since Al is an operational amplifier, the 
feedback signal must replicate the input signal (gain, from I to 
IOOV/V, is equal to 1+ Rs/RG)' and the transformer flux 
during flyback must be whatever is necessary to make this 
happen. The common flux, through an identical winding, 
applied to an identicaldemodulator (11), causes its output to 

be very nearly identical to the voltage at the output of the 
first demodulator, i.e., an accurately amplified version of the 
input signal. The other winding connected to Demodulator II 
provides a reference signal. The output of the demodulator is • 
filtered and buffered by output amplifier, A2, which may be 
connected for gain values from 1 to lOY/V. 

The AD293 and AD294 are 3-port isolators; the input, output, 
and power sections are mutually isolated from one another. 
The use of separate, substrates for the spiral-winding triplets 
of the transformer makes possible isolation of ±2S00V (peak 
or continuous) for the AD293, and ±8000V (peak, lOms 
pulse) for the AD294, between the input and output/power 
circuits. The high-tern perature-fired dielectrics between the 
individual windings permit SOOV rms of isolation between the 
output and power ports. 
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r.ANALO.G 
WDEVICES 

FEATURES 
High Common-Mode Voltage: 

AD293 ± 2500V peak max, cont. 
AD294 ±3500 peak max, cont.; ±8000V peak 

max Pulse 
Nonlinearity: ± 0.05% max (AD293B) 
Adjustable Input & Output Gain: 1VN to 1000VN 
Meets UL Std 544 Leakage: 2.0J.lA max @ 115V ac, 

60Hz 

APPLICATIONS 
Off Ground Signal Measurement 
Industrial Control 
Nuclear Instrumentation 
High Voltage Protection for Data Acquisition Systems 
Medical Diagnostic and Patient Monitoring Equipment 

GENERAL DESCRIPTION 
The ADZ93/ADZ94 are low cost, high performance isolation 
amplifiers designed for accurate processing of low level, 
industrial sensor or biomedical signals, with true galvanic 
isolation from high common-mode voltages, transients and lethal 
ground fault currents. The true hybrid architecture of the 
ADZ93/ADZ94 includes a proprietary hybrid magnetic trans
former, all housed in a low profile (0.3") epoxy sealed, 40-pin 
ceramic package. 

The ADZ93 features a maximum nonlinearity of 0.1 % (ADZ93A) 
or 0.05% (ADZ93B) and maximum common-mode voltage 
isolation of either Z500V peak (continuous ac or dc) or Z500V 
rms (ac 60Hz, I minute). The ADZ94A provides a maximum 
nonlinearity of 0.1 % and maximum common-mode voltage 
isolation of 3500V peak (continuous ac, dc) and common-mode 
voltage pulse (defibrillator) or transient protection of ± 8000V 
peak. 

In medical applications requiring patient isolation from lethal 
ground fault currents, the ADZ93/ADZ94 meet UL STD 544 
leakage requirements by guaranteeing a maximum leakage 
current of ZfJ-A rms (1l5V, 60Hz). 

All versions provide small signal ( - 3dB) frequency response of 
Z.5kHz and a full power response of ZOOHz (at gain of IVIV). 
Both the input and output sections of the ADZ93/ADZ94 are 
gain programmable, allowing the user to tailor the amplifier to 
meet an application requirement. 

Hybrid Industrial/ 
Medical Isolation Amplifier 

AD293/AD294 I 
AD293/AD294 FUNCTIONAL BLOCK DIAGRAM 

WHERE TO USE THE AD293/AD294 
Industrial: In process control systems, high CMV instrumentation 
and multi-channel computer interface systems, the ADZ931 AD294 
provide guaranteed protection against high transient voltages, 
lethal ground fault currents and high common-mode voltages. 

Medical: In biomedical and patient monitoring equipment such 
as ECG recorders, diagnostic systems and blood pressure 
monitors, the AD294A offers protection from lethal ground 
fault currents as well as 8kV peak defibrillator pulse inputs. 

Low level signal recording and monitoring is achieved with the 
ADZ94A's low input noise (IOfJ-V POp (II' G = 100VIV) high 
CMR (lOOdB min (Iv 60Hz). 

DESIGN FEATURES AND USER BENEFITS 
Adjustable Gain: Gain can be selected at either the input, 
output, or both. Thus, circuit response can be tailored to the 
user's application. The input gain can be selected from IVIV to 
100VIV with a single resistor. The output gain can be sele~ted 
from IVIV to IOVIV with or without compensation. The 
ADZ93/AD294 provides the user with flexibility for circuit 
optimization without requiring external active components'. 

Buffered Output: The AD293/AD294 prevent inaccuracies 
related to low impedance loads by providing an uncommitted 
output amplifier capable of supplying ± lOY (il SmA min. 
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SPECIFICATIONS (typical @ + 25°C, & Vs = 15Vunless otherwise noted) 

MODEL 

GAIN 
Range 

Formula (Input) 

(Output) 

Deviation from Formula 
G=I 
G>I 
vs. TemperalUre(-25'Cto +S5'C)'·2(Gain = I) 

Nonlinearity (:': 5V swing)2 

INPUT VOLTAGE RATINGS 
Linear Differential Range 
Max Safe Dlfferenual Input 

Continuous 
I Minute 

Max CMV (Inputs to Outputs) 
Continuous (ac or dc) 
ac, 60Hz, I minute Duration 
Pulse, \Oms Duration, I pulsellO sec 

CMR(60Hz),G = \oVIV 
Rs" IkO Balanced Source Impedance 
Rs" Ik Source Impedance Imbalance 
Rs" 5k Balanced Source Impedance 
Rs" 5k Source Impedance Imbalance 

Leakage Current, Input to Output 
(a 115Vac,60Hz 

Input Impedance,G = I 
Differential 
Overload 
Common Mode 

Input Bias Current 
Initial (II + 25 'C 
vs. Temperature 

Input Noise 
Voltage 

O.OSHzto 100Hz 
10Hz to 1kHz 

Current 
O.OSHz to 100Hz 

(Gain>l) 

FREQUF.NCY RESPONSE 
SmaIlSignal(-3dB)G = IVIVtolOOVIV 
Full Power, 20V Pop Output (IOV Pop AD294) 

G = IVN(GIN = IVN,GOUT = IVN) 
G = IOOVN(G'N = lOOVN,GOUT = IVIV) 
G = 10VN(GiN = IVIV,GOUT = IOVN) 

Slew Rate 

OFFSET VOLTAGE, REFERRED TO INPUT 
Inital, (If + 25'C, max 

vs. Temperature 
(Oto +70'C) 

(-25'Cto + S5'C) max 

vs. Supply Voltage 

RATED OUTPUT 
Voltage,2kO Load 
OutPUt Impedance 
OUtput Ripple, (dc to 100kHz) Bandwidth 

POWER SUPPLY' 
Voltage, Rated Performance 
Voltage, Operating' 

Current,Quiescent(Vs = ± I5V) 
(+Vose= +15V) 

ISOLATED POWER 

TEMPERATURE RANGE 
Rated Performance 
Operating 

CASE DIMENSIONS 

PACKAGE OPTION~ 

AD293A AD293B 

I to \oOOVIV 

GIN ~ (I +~ 
R<; ); RG '" IkO; G'N max ~ 100 

GOUT = (I + :: ); I '" GOUT'" \0; GOUT max = 10 

:,:1.0% 
:':3.0% 
:': 6Oppml"C max 
:': 120ppml"Cmax 
:':0.1% max 

:,:IOVmin 

120Vrmsmax 
240V rms max 

:': 2500V peak 
2500Vrms 

10SdB 
1000Bmin 

2ILA rms max 

ISopFll108n 
IOOkll 
30pFI1<5 x 10 '00) 

2nA (5nA max) 
2OpAI"C 

50pAp-p 

205kHz 

200Hz 
100Hz 
l.5kHz 
9.IVlms 

(±3±J2 )mv 

(±3:':G~)ILVI'C 
IN 

* 
* 
* 
* 
:':0.05%max 

* 

(±IO±~)ILVI'Cmax (±5±~)ILVI"C 
(±O.OI±d.;;-)mVN 

:,:IOVmin 
<){} 

4mVp-p 

±15Vdc±3% 
± 12V de ± ISV dc 
+lmA,-lmA 
"limA 

- 25'C to + 85'C 
- 40'C to + lOO'C 

2.64" x 0.S6" x 0.35" 

HY20A 

AD294A 

* 
* 
* 
* 
* 

:,:5Vmin 

:': 3500Vpeak 
3500Vrms 
± SOOOVpeak 

lOOdB 
95dBmin 

(± \O±~)ILVI"C max 

(:':IO± IG~)ILVI"C 
IN 

NOTES 
*Specific3tioDS same as AD293A. 

3Recommended power supply, ADI Model 904, :':: 15V (g' SOmA output. 
"Output Swing::::: O.66V s 

IGain temperature drift is specified as a percentage of output signal level «l lOY pk-pk. 
2Gain nonlinearity is s~cified as a ~rcentage of lOY pk-pk output span. 

5See Section 19 for package outline infonnation. 

Specifications subject to change without notice. 
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PIN DESIGNATIONS 

PIN FUNCTION PIN FUNCTION 
1 Ra 40 HI-IN 
2 COM 'N 

3 -Vos TRIM 38 INPUT FILTER 
4 LO-IN 37 -13V 
5 +Vos mlM 36 -13V 

16 +Vosc 25 Eos mlM 
17 COMosc 24 VOUT 
18 -1SV 23 FEEDBACK 
19 +1SV 22 OUTPUT FILTER 
20 SYNC 21 COMOUT 



Understanding the Isolation Amplifier Periormance 
Synchronization: The unique hybrid transformer design and 
low power consumption of the AD293/AD294 result in very low 
RFI (carrier) levels which make it unnecessary to synchronize 
adjacent amplifiers in a multi-channel application, since "beat 
frequency" and cross talk caused by intermodulation are virtu
ally eliminated. 

If desired by the user, multiple AD293/AD294's may be 
synchronized by connecting a 0.0015J.1F capacitor in series with 
each amplifier's SYNC terminal (pin 20) and driving them with 
a TTL compatible, 150kHz (± 10%) source. SYNC input 
impedance for each amplifier is approximately 8kn. 

High Reliability: The AD293/AD294 are designed specifically 
to provide highly reliable operation in extremely harsh environ
ments. These devices are available in epoxy sealed ceramic 
pac,kages which use hybrid techniques and incorporate a 
revolutionary new hybrid magnetic transformer eliminating 
traditional wire wound methods. 

INTERCONNECTIONS AND SHIELDING TECHNIQUE 
To preserve the high CMR performance of the AD293/AD294, 
care must be taken to keep the capacitance balanced about the 
input terminals. Use twisted shielded cable, for the input signal, 
to reduce inductive and capacitive pickup. The cable shield 
should be connected to the common-mode signal source and as 
close as possible to their respective terminal connections so 
pick-up can be minimized (shown in Figure 1). 

Eo 

NOTES: 
1. GAIN RESISTORS RG, RA AND Rs, 1% 50ppm/oC METAL FILM TYPE. 

2. INPUT GAIN =1 + ~; RG ~1k; MAX INPUT GAIN =100VN. 

3. OUTPUT GAIN =1 +~ ; 1 ",; OUTPUT GAIN",; 10. 

FOR OUTPUT GAIN> 1, A 33pF MAY BE REQUIRED ACROSS RA. 

4. C'F = 21TF(9.7~ x 104) FARADS -330pF. 

5. COF = 21TF(1!S) FARADS -270pF. 

6. RD IS REQUIRED ONLY FOR THE AD294 TO PROVIDE PROTECTION 
AGAINST DEFIBRILLATOR PULSES. USE TWO 240kll 1/2 WATT RESISTORS. 
WHEN MOUNTING, PLACE THEM IN SERIES AND AWAY FROM THE PCB. 

Figure 1. Basic Isolator Interconnection 

THEORY OF OPERATION 
The AD293/AD294 attribute their outstanding performance to 
the innovation of a hybrid magnetic ceramic transformer TI 
(shown in the block diagram of Figure 2), Windings are 
screened on two ceramic alumina substrates which are placed 
together separated by a ceramic isolation barrier. Then an 
E-core is carefully fitted around the substrates to complete the 
transformer. 

Figure 2. AD2931AD294 Block Diagram 

Incorporating the carrier isolation technique, both power and 
signals are transferred between the amplifier's input stage and 
output circuitry via TI. The input signal is filtered and appears 
at the non inverting input of amplifier AI. This signal is then 
amplified by AI, with its gain (lVIV to 100VIV) determined by 
the value of resistance connected between RG and COMIN• The 
output of Al is modulated, carried across the isolation barrier 
by signal transformer TI, and demodulated. The demodulator 
output voltage is filtered and then buffered by A2. Output,gain 
(lVIV to IOVIV) and frequency compensation is determined by 
the value of resistance and capacitance selected between A2's 
feedback, VOUT, and COM terminals. The 150kHz asymmetric 
square wave power oscillator drives the primary windings of 
transformer TI. The secondary windings of TI then energizes 
the input power supply and drives both the modulator and 
demodulator. 

INTERELECTRODE CAPACITANCE AND TERMINAL 
RATINGS 
Capacitance: Interelectrode terminal capacitance effects are 
developed from stray capacitance that couple the input and 
output terminals together. The difference shown in Figure 3 
between the AD293 and AD294 is a result of the separate 
transformer designs. Each terminal capacitance is shunted by 
leakage resistance exceeding 3.4 x lO?n. 

Terminal Ratings: CMV performance is given in peak pulse 
and continuous ac or dc peak ratings. Continous peak ratings 
apply from dc up to the normal full power response frequen
cies. Figure 3 illustrates the AD293/AD294 ratings between 
terminals. 

[
7PF 

AD293 2500V rma MAX 

O 
[

13PF 
A 293 2500V rm. MAX 

AD294 [~:OOOV PEAK MAX 

Figure 3. Interelectrode Capacitance and Terminal Ratings 
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OFFSET AND GAIN TRIM PROCEDURES 
The calibration procedure, shown in Figure 4, illustrates the 
recommended techniques which can be used to minimize output 
error. In this example, the output span is + lOY to - lOV and 
gain 100VN (GIN = lOVN; GOUT = lOVIV). 

INPUT 
OFFSET 

Figure 4. Recommended Offset & Gain Adjustments 
Offset Adjustment 
1. Set GOUT = 1 VIV by disconnecting RB from COM. 
2. Apply EIN = 0 volts and adjust RIN for Eo = 0 volts. 
3. Connect Rn to COM. 
4. Adjust ROUT for Eo = 0 volts. 

Gain Adjustment 
5. Set GOUT = lVIV by disconnecting RB from COM. 
6. Apply EIN = + 1.000V and adjust RG, for Eo = + 1O.000V. 
7. Connect Rn to COM. 
8. Apply EIN = +O.100V and adjust RGo for Eo = + 1O.000V. 

LEAKAGE CURRENT LIMITS 
The low coupling capacitance between input and output yields a 
ground leakage current of less than 2J.1A rms of ll5V ac, 60Hz 
in the AD293/ AD294 which meet standards established by VL 
STD 544. 

For medical applications, the AD293/AD294 are designed to 
improve on patient safety current limits proposed by the 
F.D.A., V.L., A.A.M.1. and other regulatory agencies. 

In patient monitoring equipment, such as ECG recorders, the 
AD293/AD294 will provide adequate isolation without exposing 
the patient to potentially lethal microshock hazards. With the 
use of passive components for input protection, this design 
limits inpllt fault cu'rrents even under amplifier failure condi
tions. 
PERFORMANCE CHARACTERISTICS 
Phase vs. Frequency: The phase vs. frequency responses for 
the AD293/AD294, is shown in Figure 5. The bandwidth is 
sufficient for the majority of isolation applications where 
accurate signal meas)lrements must be made in the presence of 
noise and high common-l1}ode voltages. 
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Figure 5. Typical AD2931AD294 - Phase vs. Frequency 
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Common-Mode Rejection: Input-to-output CMR is dependent 
on source impedance imbalance, input signal frequency and 
amplifier gain. CMR is rated at 60Hz and lkO (AD293)/5kO 
(AD294) source impedance imbalance at a gain of lVIV. Figure 
6 illustrates the CMR vs. frequency characteristics for the 
AD293/AD294. CMR approaches l44dB at dc with sources 
impedance as high as lkO (AD293)/5kO (AD294). Figure 7 
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Figure 6. TypicaIAD293IAD294-CMRvs. Frequency 

illustrates the effect of source impedance imbalance on CMR 
performance at 60Hz for various gain settings. CMR is maintained 
greater than 60dB for source imbalances up to 100kO. As 
shown, increasing isolator gain increases CMR. 
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Figure 7. Typical AD2931AD294 - CMR vs. Source Impe
dance 
Input Voltage Noise: Voltage noise, referred to input, is 
dependent on gain and bandwidth as illustrated in Figure 8. 
RMS voltage noise in a bandwidth from 10Hz to 100kHz is 
shown on the horizontal axis. The peak-to-peak value is derived 
by multiplying the rms value @ F = 100Hz (O.75J.1V rms) by 
6.6. 
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Figure 8. Typical AD2931AD294 - Input Noise vs . 
Frequency 



For applications requiring improved noise performance, 
additional low pass filters may be placed at either the input or 
output sections to selectively roll-off noise and undesired signals 
beyond the bandwidth of interest. 

Gain Nonlinearity vs. Gain 
Figure 9, shows the AD293/AD294 gain nonlinearity vs. gain as 
a function of output gain. As input gain is increased, gain 
nonlinearity increases. Conversely, as output gain is increased to 
ten, gain nonlinearity decreases. 
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Figure 9. Typical AD293/AD294 - Gain Nonlinearity vs. 
Gain as a Function of Output Gain 

Full Power Bandwidth vs. Gain 
Figure 10 shows the full power bandwidth vs. gain with the 
input and output gain curves shown separately. As shown, the 
full power bandwidth with gain provided at the input is 
typically 200Hz. But with gain provided only at the output, the 
full power bandwidth approaches the small signal bandwidth. 

. 

. 
V 

.00 . 
/ 

~~~p~~ O=I~~~ t-

./ 

INPUT AMP WITH OUTPUT 
AMP AT UNITY 

-I'--f',. 

Figure 10. Typical AD293/AD294 - Full Power Bandwidth 
vs. Gain 

Gain Nonlinearity vs. Output Swing 
The gain nonlinearity vs. output swing, for the AD293/AD294, 
is illustrated in Figure 11. As shown, increasing either the input 

8 .2 
OUTPUT SWING - pop 

Figure 11. Typical AD293/AD294 - Gain Nonlinearity vs. 
Output Swing 

Applications 
gain or the output swing will cause the gain nonlinearity to 
increase if the output gain is held to IVN. 

OPTIMIZING THE AD293/AD294 
The AD293/AD294 can be optimized for many applications as 
shown by the performance charts on the previous page. Gain 
and filtering can be implemented on both the input and output 
stages while providing true galvanic isolation. Provisions for an 
additional two poles of filtration are also available without the 
addition of external operational amplifiers. Due to their low 5 
power consumption and novel transformer design, the beat 
frequency problem normally associated with adjacent isolation 
amplifiers is eliminated. A sync terminal is provided for 
applications where ultra-sensitive circuitry might interpret the 
isolator carrier frequency. 

SEi..ECTiNG GAiN 
The AD293/AD294 contain both input and output amplifiers 
(see Figures 1 and 2), the gains of which can be set independently. 
The selection of a particular combination tailors isolator 
properties to the application, minimizes errors, a",d optimizes 
frequency response. 

Nonlinearity is the deviation of response from a straight line. 
This error arises from slight differences in responses of the 
input demodulator I and demodulator II, their respective 
transformer windings responses, and rectification of carrier 
signal in the input stage due to large signal amplitudes in this
section. Hence, linearity is best obtained by raising output gain 
and lowering input gain. 

Gain errors are deviations in slope from the predicted gain 
equation. Gain errors are attributable to the difference in gain 
between demodulators I and II. These errors are quite small, 
due to the highly predictable and uniform nature of the thick
film transformer. The gain drift of this portion of gain error is 
also small. Since this gain error source dominates at unity gain, 
the unity gain temperature coefficients of these units is very 
small. As input g~in is taken, errors arise due to the inaccuracies 
of the internal feedback resistor RI, and user selected RG • 

Failure of these resistors to temperature track introduces a gain 
TC. RI is trimmed within::!:: 3% and has a TC of ::!:: IOOppm/oC . 
Since the temperature coefficient of RI is not user controllable, 
best gain TC at low gains is favored by taking output gain. The 
output stage also contributes gain error only wh~n gain is taken. 
Here, both the feedback and gain resistors are user supplied and 
can be made as accurate as desired . 

Offset errors are apparent both in the input stage and in the 
transformer-output stage combination. Provisions are available 
to eliminate these initial offset errors at both the input and 
output stages through trim potentiometers. These errors also 
have temperature dependence where at unity gain, output offset 
drift dominates. Taking output gain multiplies output drift by 
the gain taken. Taking input gain helps dilute output stage • 
offset drift and is recommended where offset drift is to be 
minimized. 

Errors due to small signal and large signal bandwidth limitations 
can also be optimized in the AD293/ AD294. Small signal 
bandwidth is limited by lack of gain as frequency is raised, a 
condition caused by the necessity to limit bandwidth internally 
to preserve stability in -the AI, modulator, input demodulator 
loop. The input stage contains most of the small signal bandwidth 
limitations thus, taking input gain limits small signal bandwidth 
(see Figure 10). The demodulators limit slew rate and large 
signal bandwidth. Apparent slew rate at the isolator output is 
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multiplied by gain taken in the output stage. With maximum 
gain taken in the output stage, large signal bandwidth for 
moderate swings approaches small signal bandwidth (shown in 
Figure 10). Thus applying input gain limits bandwidth while 
output gain enhances it. 

FILTERING 
With the AD2931 AD294, the addition of filtering can be 
implemented in a number of different configurations without 
the use of external operational amplifiers. Capacitors can be 
placed in series with the input or output terminals or configured 
in combination with the gain setting resistors to tailor performance. 
An input filter terminal and an output filter terminal are 
provided for user selectable filtration. Characteristics are 
determined by the formulas shown in Figure 1. 

REDUCING NORMAL-MODE VOLTAGE 
A prime isolator function is the rejection of common-mode 
signals. The extremely high input to output resistance of 
isolators allows excellent rejection of dc common-mode voltages. 
As frequency rises, the small capacitance across the isolation 
barrier causes an ac common-mode current to flow through that 
barrier, which is proportional to applied common-mode voltage, 
frequency and barrier capacitance. Since the isolation mechanism 
(transformer Tl) is more initimately connected to the input low 
terminal than the input high terminal, the bulk of common-mode 

MEDICAL APPLICATIONS 
In medical applications, a good connection to the patient, even 
on the third wire cannot be guaranteed due to electrode 
resistance to and through the skin. Illustrated in Figure 12 is a 
medical front end with right leg drive powered by the AD294A. 
Here the common-mode drive amplifier helps force common-mode 
current to flow in the third wire in preference to the differential 
input wires. The FET input has low noise current to avoid 
development of voltage noise in the input protection resistors. 

DIODES - FD333 

100kfl 
1W 

A-H - RESISTOR NETWORK 
OP-AMP LM346 

current flows through the input low terminal. Any resistance in 
series with the input source and the input low terminal then 
develops a normal-mode voltage, which may constitute objec
tionable interference. 

An isolator cannot separate normal-mode interference from the 
desired signal without help, but interference can be rejected in 
several ways. 

Conversion of common-mode current to normal-mode voltage 
can be reduced by minimizing resistance in the input low lead. 
In the AD293/AD294 CMR is enhanced and input trimming 
sacrificed by returning the input signal to pin 2. With known 
stable source resistances common-mode current to normal-mode 
voltage conversion can also be cancelled as shown in Figure 13. 

ISOLATED INDUSTRIAL APPLICATIONS 
As illustrated in Figure 14, the AD293 can be applied where 
differential signal sources are used such as an isolated strain 
gauge. With a third wire connected to the common-mode 
potential of that source, a common-mode current is forced to 
flow through the third wire and through the isolation barrier; 
thus, sparing the di'fferential input wires the necessity of 
conducting the common-mode current. I~ this manner, the 
isolator is responsive to only the differential inputs while 
ignoring the passage of common-mode currents. Input gain is 
selected via RG and determined by the input gain formula. 

These resistors protect the input from defibrillator pulses with 
the AD294A having the capability of withstanding an 8kV 
pulse. The patient is also protected from fault currents due to 
input component failure. It is necessary to connect the third 
wire to establish the input common-mode level. If not connected 
the input common-mode level, with respect to common of the 
input section power supplies, will cause the isolator to drift out 
of its linear range. Layout is also very important, both for 
common-mode rejection and isolation. 

10Mfl 
5% 

E 
100kfl 

Figure 12. Multilead Medical Application Using the AD294A. with Right Leg Drive 

VOL. 1,5-18 INSTRUMENTATION & ISOLATION AMPLIFIERS 



~----------------~I lpF. MUST WITHSTAND FULL CMV 

Figure 13. Improving CMR by Cancellation 

ALL 100kll RESISTORS PART OF A RESISTOR NETWORK 

GAIN = 1 + 500kll 
RG 

Figure 14. Isolated Strain Gauge Using Front End of A 0293 

CURRENT LOOP INTERFACE 
Illustrated in Figure IS, the AD293 provides an isolated sensor 
interface that is compatible with standard 4-to-20mA current 
loops. Here high common-mode rejection and high common-mode 
voltage suppression are easily attained with the AD293. The 

THERMAL 
CONNECTION r--------- .., 

I I 
COLD I 

JUNCTION I 

2.74k 
1% 

10k 
A 1% 

I 

AD293 conditions the OV to lOY input signal and provides a 
proportional voltage at the isolator's output. Then the circuitry 
shown converts it into a 4 to 20mA current, which in turn, may 
be applied to the loop load RI.. 

1.6mA/V 

FOR 0-+10V IN 
4-20mA OUT -VLOOP 

Figure 15. Isolated Current Loop Interface 

TEMPERATURE MEASUREMENT AND COLD 
JUNCTION COMPENSATION 
Illustrated in Figure 16, the AD293 can be used for isolated 
temperature measurements while providing cold junction 
compensation. With the circuitry connected as shown, the 
LM334 must be thermally connected to the cold junction 
terminal for an accurate temperature measurement to be made 
of this terminal. In this configuration, accurate temperature 
measurements using the industry's popular J type thermocouple 
can be made. For example, assume I V out of the AD293 at 
100°C. From the ANSI tables, the output voltage of a J 
thermocouple at 100°C is 0.005268V. Set the gain of the AD293 
at IV/0.005268V = 189.8, RG= 530n. With the thermocouple 
junction open, set the voltage between points A and B to 
0.015V by adjusting the soon pot. Connect a voltage reference 
source in place of the thermocouple. Set its output to zero. Set 
the output of the AD293 to zero by adjusting the lOOn pot. Set 
the reference source to 0.005268V. The output of the AD293 
should read IV. 

Figure 16. Temperature Measurement & Cold Junction Compensation 
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DRIVING CAPACITIVE LOADS 
For driving capactive loads greater than 1000pF, compensation 
should be implemented as shown in Figure 17. Here a 100pF 
capacitor and lOOn resistor are used to insure that the AD293 
output stage remains stable. These components can also be 
changed to tailor frequency response to the particular application. 
The lOOn resistor isolates the output of the AD293 while the 
100pF provides response lead. 

Figure 17. Driving Capacitive Loads 

INCREASING OUTPUT DRIVE CAPABILITY 
For applications requiring increased output drive, Figure 18 
illustrates a single solution. Here the output voltage of· the 
AD293 is conditioned and applied to the drive circuitry. RA will 
supply the output stage with unity gain as connected. For gain 
to be added to the output stage, connect RB as shown. Output 
gain will be determined by the output equatioxlpreviously 
stated in the specifications. For output gain> IVN, Co should 
also be implemented so output stability will be insured. With 
this output drive circuitry, 200n loads can be easily driven with 
±IOV @ SOmA. 

+15V 

RA 

---.., 
I 
I 
I 

Figure 18. Increasing Output Drive Capability 
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. Integr~ted Circuit r.ANALOG 
WDEVICES Precision Instrumentation Amplifier 

FEATURES 

Programmable Gains from 0.1 to 1000 
Differential Inputs 
High CMRR: 110dB min 
Low Drift: 2Jl.VfC max (L) 
Complete Input Protection, Power ON and Power OFF 
Functionally Complete with the Addition of Two Resistors 
Internally Compensated 
Gain iiantiwititn rrotiuct: otuiviiiz 
Output Current Limited: 25mA 
Very Low Noise: 0.5Jl.V p-p,0.1Hzto10Hz, RTI @ G = 1000 

PRODUCT DESCRIPTION 
The AD521 is a second generation, low cost, monolithic IC 
instrumentation amplifier developed by Analog Devices. As a 
true instrumentation amplifier, the AD521 is a gain block with 
differential inputs and an accurately programmable input/ 
output gain relationship. 

The AD521 IC instrumentation amplifier should not be con
fused with an operational amplifier, although several manu
facturers (including Analog Devices) offer op amps which can 
be used as building blocks in variable gain instrumentation 
amplifier circuits. Op amps are general-purpose components 
which, when used with precision-matchcd external resistors, 
can perform the instrumentation amplifier function. 

An instrumentation amplifier is a precision differential volt
age gain device optimized for operation in a real world envi
ronment, and is intended to be used wherever acquisition of a 
useful signal is difficult. It is characterized by high input im
pedance, balanced differential inputs, low bias currents and 
high CMR. 

As a complete instrumentation amplifier, the ADS21 requires 
only two resistors to set its gain to any value between 0.1 and 
1000. The ratio matching of these resistors does not affect the 
high CMRR (up to 120dB) or the high input impedance (3 X 
109 n) of the ADS21. Furthermore, unlike most operational 
amplifier-based instrumentation amplifiers, the inputs are 
protected against overvoltages up to ±15 volts beyond the 
supplies. 

The AD521 IC instrumentation amplifier is available in four 
different versions of accuracy and operating temperature range. 
The economical "J" grade, the low drift "K" grade, and the 
lower drift, higher linearity "L" grade are specified from 0 to 
+70oC. The "S" grade guarantees performance to specification 
over the extended temperature range: -SSoC to +12SoC. 

AD521 I 
AD521 FUNCTIONAL BLOCK DIAGRAM 

+ INPUT 1 14 

R 
GAIN 

OFFSET 
Iniiwi 

OUTPUT L-7..J-_____ ....I.......J 

TO-116 

PRODUCT HIGHLIGHTS 

R 
GAIN 

R 
SCALE 

SENSE 

RFF 

R 
SCALE 

1. The ADS21 is a true instrumentation amplifier in integrated 
circuit form, offering the user performance comparable to 
many modular instrumentation amplifiers at a fraction of 
the cost. 

2. The ADS21 has low guaranteed input offset voltage drift 
(2Jl.V f C for L grade) and low noise for precision, high gain 
applications. 

3. The AD521 is functionally complete with the addition of 
two resistors. Gain can be preset from 0.1 to more than 
1000. 

4. The ADS21 is fully protected for input levels up to ISV 
beyond the supply voltages and 30V differential at the 
inputs. 

5. Internally compensated for all gains, the AD521 also offers 
the user the provision for limiting bandwidth. 

6. Offset nulling can be achieved with an optional trim pot. 
7. The ADS 21 offers superior dynamic performance with a 

gain-bandwidth product of 40MHz, full peak response of 
100kHz (independent of gain) and a settling time of SJl.s 
to 0.1 % of a lOY step. 
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SPECIFICATIONS (typical @ Vs = ±1SV, R l = 2kn and T A = 2SoC unless otherwise specified) 

MODEL 

GAIN 
Range (For Specified Operation, Note I) 
Equation 
Error from Equation 
Nonlinearity (Note Z) 

I<;;G';;IOoo 
Gain Temperature Coefficient 

OUTPUT CHARACTERISTICS 
Rated Output 
Output at Maximum Operating Temperature 
Impedance 

DYNAMIC RESPONSE 
Small Signal Bandwidth (±3dB) 

ADS21JD 

I to 1000 
G = Rs/ReV/V 
(±0.25-0.004G)% 

o.Z% max 
±(3 ±O.05G)ppm/oC 

±IOV, ±IOmA min 
±IOV @ SmA min 
O.In 

G= I >ZMllz 
G = 10 300kHz 
G = 100 ZOOkllz 
G = 1000 40kHz 

Small Signal, ±1.0% Flatness 
G = I 75kHz 
G = 10 Z6kHz 
G = 100 24kllz 
G = 1000 6kHz 

Full Peak Response (Note 3) 100kHz 
SkwRate,I<;;G<;;I000 10VII'S 
Settling Time (any 10V step to within 10mV of Final Value) 

G = I 71'S 
G = 10 51'S 
G = 100 10l's 
G = 1000 3SI's 

Differential Overload Recovery (±30V Input to within 
10mV of Final Value) (Note 4) 

G = 1000 SOl'S 
Common Mode Step Recovery (lOV Input to within 
10mV of Final Value) (Note S) 

G = 1000 10l's 

VOLTAGE OFFSET (mav be nulled) 
Input Offset Voltage (Vos,) 

vs. Temperature 
vs. Supply 

Output Offsu Voltage (Voso) 
vs. Temperature 
vs. Supply (Note 6) 

INPUT CURRENTS 
Input Bias Current (either input) 

vs. Temperature 
vs. Supply 

Input Offset Current 
vs. Temperature 

INPUT 
Differential Input Impedance (Note 7) 
Common Mode Input Impedance (Note 8) 
Input Voltage Range for Specified p.,forrnance 

(with respect to ground) 
Maximum Voltage without Damage to Unit, Power ON 

or OFF Differential Mode (Note 9) 
Voltage at either input (Note 9) 

Common Mode Rejection Ratio, DC to 60Hz with IHl 
source unbalance 

G=I 
G= 10 
G = 100 
G = 1000 

NOISE 
Voltage RTO (p-p)@O.1Hz to 10Hz (Note 10) 

RMS RTO, 10Hz to 10kHz 
Input Currmt, rms, 10Hz to 10kHz 

REFERENCE TERMINAL 
Bias Current 
Input Resistance 
Voltage Range 
Gain to Output 

POWER SUPPLY 
Operating Voltage Range 
Quiescent Supply Current 

TEMPERATURE RANGE 
Specified Performance 
Operating 
Storage 

PACKAGE OPTION': TO-116 Style (DI4A) 

NOTES 
I See Section 19 for package outline infonnation. 

·Specification. same as AD521JD. 
··Specifications same as AD521KD. 
Specifications subject to change without notice. 

3mV max (2mV typ) 
151'Vt"C max (7I'Vt"C typ) 
31'V/% 
400mV max (ZOOmV tyg) 
4001'Vt"C max (lSOI'V/.C typ) 
O.OOSVoso /% 

80nA max 
InAfC max 
2%/V 
20nA max 
2S0pAt"Cmax 

3 x 109 nll1.8pF 
6 x lO,onIl3.0pF 

±IOV 

30V 
Vs ±ISV 

70dB min (74dB typ) 
90dB min (94dB typ) 
100dB min (l04dB typ) 
100dB min (I10dB typ) 

3~A 
IOMn 
±IOV 
I 

±SV to,±18V 
SmA max 

o to +70
o

C 
-2SoC to +8SoC 
-6SoC to +ISOoC 

ADS21JD 
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ADS21KD 

l.SmV max (O.SmV typ) 
!I'vt"c max (!.SI'V/C typ) 

200mV max (30mV tyl') 
!SOl'vtc max (SOI'Vt'C typ) 

40nA max 
~OOPA/oC max 

10nAmax 
12SpAfCmax 

74dB min (80dB typ) 
94dB min (lOOdB typ) 
104dB min (ll4dB typ) 
II0dB min (l20dB typ) 

ADS21KD 

ADS21W 

0.1% max 

1.0mV max (O.SmV typ) 
ZI'Vt"Cmax 

100mV max 
7SI'VfCmax 

ADS21LD 

ADS21SD 

±(lS ±O.4G)ppmi"C 

-SSOC to +12SoC 
-SSoC to +12SoC 

ADS21SD 



NOTES: 

1. Gains below 1 and above 1000 are realized by simply ad
justing the gain setting resistors. For best results, voltage at 
either input should be restricted to ±lOV for gains equal to 
or less than 1. 

2. Nonlinearity is defined as the ratio of the deviation from 
the "best straight line" through a full scale output range of 
±9 volts. With a combination of high gain and ±10 volt output 
swing, distortion may increase to as much as 0.3%. 

3. Full Peak Response is the frequency below which a typical 
amplifier will produce full output swing. 

4. Differential Overload Recovery is the time it takes the ampli-. 
fier to recover from a pulsed 30V differential input with 15V 
of common mode voitage, to within 10m V of final value. The 
test input is a 30V, lOps pulse at a 1kHz rate. (When a differ
ential signal of greater than 11 V is applied between the inputs, 
transistor clamps are activated which drop the exces!' input 
voltage across internal input resistors. If a continuous overload 
is maintained, power dissipated in these resistors causes temper
ature gradients and a corresponding change in offset voltage, 
as well as added thermal time constant, but will not damage 
the device.) 

5. Common Mode Step Recovery is the time it takes the amp
lifier to recover from a 30V common mode input with zero 
volts of differential signal to within 10mV of final value. The 
test input is 30V, lOps pulse at a 1kHz rate. (When a com-

DESIGN PRINCIPLE 
Figure 1 is a simplified schematic of the AD521. A differential 
input voltage, VIN, appears across RG causing an imbalance in 
the currents through Ql and Qz, LH = VIN IRG. That imbalance 
is forced to flow in Rs because the collector currents of Q3 
and <4 are constrained to be equal by their biasing (current 
mirror). These conditions can only be satisfied if the differen
tial voltage across Rs (and hence the output voltage of the 
AD521) is equal to.6.1 X Rs. The feedback amplifier, AFB 

performs that function. Therefore, VOUT = VIN X Rs or 
RG 

VOUT Rs 
VIN = RG' 

Applying the A05[] 
. mfm mode signal greater than Vs -0.5V is applied to the 
inputs, transistor clamps are activated which drop the excessive 
input voltage across internal input resistors. Power dissipated 
in these resistors causes temperature gradients and a correspon
ding change in offset voltage, as well as an added thermal time 
constant, but will not damage the device.) 

6. Output Offset Voltage versus Power Supply Change is a 
constant 0.005 times the unnulled output offset per percent 
change in either power supply. If the output offset is nulled, • 
the output offset change versus supply change is substantially 
reduced. . 

7. Differential Input Impedance is the impedance between the 
two inputs. 

8. Common Mode Input Impedance is the impedance from 
either input to the power supplies. 

9. Maximum Input Voltage (differential or at either input) is 
30V when using ±15V supplies. A more general specification is 
that neither input may exceed either supply (even when 
Vs = 0) by more than 15V and that the difference between the 
two inputs must not exceed 30V. (See also Notes 4 and 5.) 

10. O.lHz to 10Hz Peak-to-Peak Voltage Noise is defined as 
the maximum peak-to-peak voltage noise observed during 2 
of 3 separate 10 second periods with the test circuit of Fig-
ure 8. 

+V 

VOUT VIN 
RS"=1!(l 

OR-~:~ 

t\1=~ 
}------;---t------QSENSE 

OUT 

L....--+---+------o REF IX. 
CURRENT MIRROR 

Figure 1. Simplified AD521 Schematic 
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APPLICATION NOTES'FOR THE AD521 
These notes ensure the AD521 will achie~e the high level of 
performance necessary for many diversified IA applications. 

1. Gains below 1 and above 1000 are realized by adjusting 
the gain setting resistors as shown in Figure 2 (the resistor, 
Rs between pins 10 and 13 should remain 100kn ±'15%, 
see application note 3). For best results, the input vOltage 
should be restricted to ±lOV especially for gain equal to 
or less than 1. 

2. Provide a return path to ground for input bias currents. The 
AD521 is an instrumentation amplifier, not an isolation 
amplifier. When using a thermocouple or other "floating" 
source, this return path may be provided directly to ground 
or indirectly through a resistor to ground from pins l' and/ 
or 3, as shown in Figure 3. If the return path is not pro
vided, bias currents will cause the output to saturate. The 
.value of the resistor may be determined by dividing the 
maximum allowable common mode voltage for the appli
cation by the bias current of the instrumentation amplifier. 

V+ 

+IN 

-IN 

V-

I 
I 
I 
I 

I I 
'-------' 
OPTIONAL 
OFFSET 
TRIM 

OUTPUT 

OUTPUT 
1..----0 SIGNAL 

COMMON 

GAIN VALUE OF RG 

0.1 lMn 
1 100kn 
10 10kn 
100 lkn 
1000 loon 

Figure 2. Operating Connections for AD521 

3. The resistors between pins 10 and 13,.(RSCALE) must equal 
100kn ±15% (Figure 2). If RSCALE is too low (below 85kn) 
the output swing of the AD521 is reduced. At values below 
80kn and above 120kn the stability of the AD521 may be 
impaired. 

4. Do not exceed the allowable input signal range. The line
arity of the AD521 decreases if the inputs are driven within 
5 volts of the supply rails, particularly when the device is' 
used at a gain less than 1. To avoid this possibility, atten
uate the input signal through a resistive divider network and 
use the AD521 as a buffer, as shown in Figure 4. The resis
tor R12 matches the impedance seen by both AD521 in
puts so that the voltage offset caused by bias currents will 
be minimized. 
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RS 

a). Transformer Coupled, Direct Return 

RS 

b). Thermocouple, Direct Return 

RS 

c). AC Coupled, Indirect Return 

Figure 3. Ground Returns for "Floating" Transducers 

VOUT 

~ 
1. INCREASE RG TO PICK UP GAIN LOST BY R 

DIVIDER NETWORK , 
.2. INPUT SIGNAL MUST BE REDUCED IN 

PROPORTION TO POWER SUPPLY VOLTAGE LEVEL 

Figure 4. Operating Conditions for VIN~VS= 10V 



'I~------------------~ 
S. Use the compensation pin (pin 9) and the applicable com

pensation circuit when the amplifier is required to drive a 
capacitive load. It is worth mentioning that coaxial cables 
can "invisibly" provide such capacitance since many popu
lar coaxial cables display capacitance in the vicinity of 30pF 
per foot. 

This compensation (bandwidth control) feature permits the 
user to fit the response of the ADS21 to the particular appli
cation as illustrated by Figure S. I~ cases of extremely high 
load capacitance the compensation circuit may be changed 
as follows: 

1. Reduce 680n to 24n 
2. Reduce 330n to 7.50. 

'I' __ ~ _ _ __ 1 ("\1"\1"\ _. T"" __ ('\ 1 •• r. 
~. 111\..lfO::d.::»C .J.VVVpl' LV v.J.I-'J.' 

4. Set Cx to 1000pF if no compensation was originally 
used. Otherwise, do not alter the original value. 

This allows stable operation for load capacitances up to 
3000pF, but limits the slew rate to approximately 0.16V/ps. 

6. Signals having frequency components above the Instrumen
tation Amplifier's output amplifier closed-loop bandwidth 
will be transmitted from V- to the output with little or no 
attenuation. Therefore, it is advisable to decouple the V
supply line to the output common or to pin 11.1 

V+ 

+0--------1 GAIN=~ 

RG ----, 
680n : 

I 

330n : 

1000pF : 
____ oJ 

V-

1 
Cx = lOOrrft when ft is the desired bandwidth. 

(ft in kHz, Cx in pF) 

Figure 5. Optional Compensation Circuit 

INPUT OFFSET AND OUTPUT OFFSET 
When specifying offsets and other errors in an operational 
amplifier, it is often convenient to refer these errors to the 
inputs. This enables the user to calculate the maximum error 
he would see at the output with any gain or circuit configura
tion. An op amp with 1mV of input offset voltage, for 
example, would produce 1 V of offset at the output in a gain 
of 1000 configuration. 

In the case of an instrumentation amplifier, where the gain is 
controlled in the amplifier, it is more convenient to separate 

1 For further details, refer to "An I.C. User's Guide to Decoupling, 
Grounding, and Making Things Go Right for a Change," by A. 
Paul Brokaw. This application note is available from Analog Devices 
without charge upon request. 

err~Hs into two categories. Those errors which simply add to 
the output signal and are unaffected by the gain'can be classi
fied as output errors. Those which act as if they are associated 
with the input signal, such that their effect at the output is 
proportional to the gain, can be classified as input errors. 

As an illustration, a typical ADS21 might have a +30mV output 
offset and a -O.7mV input offset. In a unity gain configuratiun, 
the total output offset would be +29.3mV or the sum of the 
two. At a gain of 100, the output offset would be -40mV or: • 
30mV + 100(-O.7mV) = -40mV. 

By separating these errors, one can evaluate the total error 
independent of the gain settings used, similar to the situation 
with the input offset specifications on an op amp. In a given 
__ : .... .............. t': ...... _ ..... : .......... \.... ........ 1-.. oB_ ............. ,.. ........... .". ,.. .............. 'h.;_..,."l .... " "..;",p., t-nt-.,l 
54.!.l" ~U.l.l.L ... 6w ... """'J.v .... , u""""'" ........... v ... 0.1 ............. "' .................... "' ....... -- ....... b .... - - ------

error referred to the input (R.T.I.) or output (R.T.O.) by the 
following formula: 

Total Error R.T.I. = input error + (output error/gain) 

Total Error R.T.O. = (Gain x input error) + output error 

The offset trim adjustment (pins 4 and 6, Figure 2) is associ
ated primarily with the output offset. At any gain it can be 
used to introduce an output offset equal and opposite to the 
input offset voltage multiplied by the gain. As a result, the 
total output offset can be reduced to zero. 

As shown in Figure 6, the gain range on the ADS 21 can be 
extended considerably by adding an attenuator in the sense 
terminal feedback path (as well as adjusting the ratio, Rs /RG). 
Since the sense terminal is the inverting input to the output 
amplifier, the additional gain to the output is controlled by 
Rl and Rz. This gain factor is 1 + Rz/Rl' 

RS 

VOUT 

--~---------------4~QOUTPUTCOMMON 

Figure 6. Circuit for utilizing some of the unique features of the 
AD521. Note that gain changes introduced by changing R 1 and 
R2 will have a minimum effect on output offset if the offset is 
carefully nulled at the highest gain setting. 
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Where offset errors are ~ritical, a resistor equal to the paraUeI 
combination of Rl and R2 should be placed between pin 11 
and VREF. This minimizes the offset errors resulting from the 
input current flowing in Rl and R2 at the sense terminal. Note 
that gain changes introduced by changing the RI/R2 attenua
tor will have a minimum effect on output offset if the offset 
is carefully nulled at the highest gain setting. 

When a predetermined output offset is desired, VREF can be 
placed in series with pin 11. This offset is then multiplied by 
the gain factor 1 + R2/Rl as shown in the equation of 
Figure 6. 

VII\! RG 

VCM 

RS 

RS 
VOUT = VIN An 

L __ -() .. _________ ...... ---. 

Figure 7. Ground loop elimination. The reference input, Pin 11, 
allows remote referencing of ground potential. Differences in 
ground potentials are attenuated by the high eM R R of the 
AD521. 

+15V--~~-------4~-------------...., 

>-_-'\I10Vk.,.-.-o ~~~~~ DE R 

lOOk 

COMMON---~~ ...... ----~ 
2.5pF 

-15V--~-_+_-----~----__1r__----t__+_---' 

~----------~-----+-~-----------~-_oCOMMON 

Figure 8. Test circuit for measuring peak to peak noise in the 
bandwidth 0.1Hz to 10Hz. Typical measurements are found by 
reading the maximum peak to peak voltage noise of the device 
under test (D.U. T.) for 3 observation periods of 10 seconds each. 
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~ANALOG 
WDEVICES 

High Accuracy Data Acquisition 
Instrumentation Amplifier 

FEATURES 
Performance 
Low Drift: 2.0/lVtC (AD522B) 
Low Nonlinearity: 0.005% (G = 100) 
High CMRR: >110dB (G = 1000) 
Low Noise: 1.5/lV .p-p (0.1 to 100Hz) 
Low Initial VOS: 100/lV (AD522B) 

Versatility 
Single-Resistor Gain Programmable: 1 =:;;; G ~ 1000 
Output Reference and Sense Terminals 
Data Guard for Improving ae CMR 
Value 
Internally Compensated 
No External Components except Gain Resistor 
Active Trimmed Offset, Gain, and CMR 

PRODUCT DESCRIPTION 
The ADS22 is a precision IC instrumentation amplifier designed 
for data acquisition applications requiring high accuracy 
under worst-case operating conditions. An outstanding com
bination of high linearity, high common mode rejection, low 
voltage drift, and low noise makes the ADS22 suitable for 
use in many 12-bit data acquisition systems. 

An instrumentation amplifier is usually employed as a bridg~ 
amplifier for resistance transducers (thermistors, strain gauges, 
etc.) found in process_control, instrumentation, data processing, 
and medical testing. The operating environment is frequently 
characterized by low signal-to-noise levels, fluctuating tempera
tures, unbalanced input impedances, and remote location which 
hinders recalibration. 

The ADS22 was designed to provide highly accurate signal con
ditioning under these severe conditions. It provides output off
set voltage drift of less than lOllY / C, inpu t offset voltage drift 
of less than 2.0/lV 1° C, CMR above SOdB at unity gain (llOdB 
at G = 1000), maximum gain nonlinearity of 0.001% at G = 1, 
and typical input impedance of 109 n. 

AD522 

ADS22 FUNCTIONAL BLOCK DIAGRAM 

+INPUT 1 

NU~LW: V ~:: 
NULL 6 .J 9 GNO 

OUTPUT 7 8 V+ 

14-PIN DIP 

This excellent performance is achieved by combining a proven 
circuit configuration with state-of-the-art manufacturing tech
nology which utilizes active laser trimming of tight-tolerance 
thin-film resistors to achieve low cost, small size and high relia
bility. This combination of high value with no-compromise per
formance gives the ADS 22 the best features of both mono
lithic and modular instrumentation amplifiers, thus providing 
extremely cost-effective precision low-level amplification. 

The ADS22 is available in three versions with differing accu
racies and operating temperature ranges; the "A", and "B" 
are specified from -25°C to +SSoC, and the "S" is guaran-
teed over the extended aerospace temperature range of -SSuC 
to +12S

o
C. All versions are packaged in a 14-pin DIP and are 

supplied in a pin configuration similar to that of the popular 
ADS21 instrumentation amplifier. 
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SPECIFICATIONS 1 (typical @+Vs= ±15V, RL = 2kn & TA = +25°C unless otherwise specified) 

MODEL 
GAIN 

Gain Equation 

Gain Range 
Equation Error 

G=I 
G = 1000 

Nonlinearity, max (see Fig. 4) 
G=I 
G = 1000 

vs. Temp, max 
G=I 
G=I000 

OUTPUT CHARACTERISTICS 
Output Rating 

DYNAMIC RESPONSE (see Fig. 6) 
Small Signal (-'3dB) 

G=I 
G = 100 

Full Power GBW 
Slew Rate 
Settling Time to 0.1%, G = 100 

to O.OI%,G = 100 
to O.OI%,G = 10 
toO.OI%,G= I 

VOLTAGE OFFSET 
Offsets Referred to Input 

Initial Offset Voltage 
(adjustable to zero) 

G=t" 
vs. Temperature, max (see Fig. 3) 

G=I 
G = 1000 
I <G< 1000 

vs. Supply, max 
G=I 
G = 1000 

INPUT CURRENTS . 
Input Bias Current 

Initial max, +ZSoC 
vs. Temperature 

Input. <;Jffset Curre~t 
Inmal max, +25 C 
vs. Temperature 

INPUT 
Input Impedance 

Differential 
Common Mode 

Input Voltage Range 
Maximum Differential Input, Linear 
Maximum Differential Input, Safe 
Maximum Common Mode, Linear 
Maximum Common Mode Input, Safe 

Common Mode Rjeetion Ratio, 
. Min @ ±IOV, Ikn Source 

Imbalance (see Fig. 5) 

NOISE 

G = I (de to 30Hz) 
G = 10 (de to 10Hz) 
G = 100 (de to 3Hz) 
G = 1000 (de to 1Hz) 
G = I to 1000 (dc to 60Hz) 

Voltage Noise, RTI (sec Fig. 4) 
O.IHz to 100Hz (p-p) 

G=I 
G = 1000 

10Hz to 10kHz (rms) 
G=I 

TEMPERATURE RANGE 
Specified Performance 
Operating 
Storage 

POWER SUPPLY 
Power Supply Range 
Quiescent Current, max@ ±1SV 

PACKAGE OPTION' 

NOTES 
• Specifications guaranteed after 10 minute warm'"\lp. 
• See Section 19 for package outline information. 

AD522AD 

. I + 2 (10') 

Rg 

I to 1000 

0.2% max 
1.0% max 

0.005% 
O.ot% 

2ppmt~ (lppm/oCotyp) 
SOppm/ C !2Sppm/ C typ) 

±IOV@SmA 

300kHz 
3kHz 
UkHz 
O.IV/j.ls 
O.Sms 
Sms 
2ms 
O.Sms 

±400j.lV max (±200j.lV t)·p) 

±SOj.lY/C (±IOIJV/oC typ) 
±6j.1V/oC 

±(~ + 6)j.lVtC 

±20/lV/% 
±0.2j.1V/% 

±2SnA 
±IOOpA/C 

±20nA 
±IOOpA/oC 

±IOV 
±20V 
±IOV 
±ISV 

7SdB (90dB typ) 
90dB (lOOdB typ) 
lOOdB (llOdB typ) 
lOOdB (l20dB typ) 
7SdB (88dB typ) 

_25°C to +8SoC 
_55°C to +12SoC 
-6SoC to +1S0oC 

±(S to 18)V 
±IOmA 

Ceramic3 
- HYI4A 

AD522BD 

0.05% max 
0.2% max 

0.001% 
0.005% 

±200/lV max(±!OO/lVtyp) 

±2Sj.lVtC(±Sj.lvtc typ) 
±2j.1V/oC 

±(~+ 2)j.lVtC 

80dB (lOOdB typ) 
9SdB (llOdB typ) 
100dB (l20dB typ) 
110dB (>120dB typ) 
80dB (88dB typ) 

±8mA 

Ccramic3 
- HYI4A 

• Analog Devices reserves the right to ship metal packages in lieu 
of the standard ceramic package. for A and B grade •. 

·Specifications same as ADS22A. 
··Specifications same as ADS22B. 
Specifications subject to change without notice. 
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AD522SD 

±200/lV max (±IOOj.lV typ) 

±IOOj.lVtC (±IOj.lV/oC typ) 
±6/lV/oC 

±( I~ + 6)/lV/oC 

7SdB (90dB typ) 
90dB (110dB typ) 
100dB (l20dB typ) 
!OOdB (>120dB typ) 

-55°C to +12S oC 

Metal - HYI4D 



GENERAL APPLICATION CONSIDERATIONS 
Figure 1 illustrates the ADS 22 wiring configuration when used 
in a typical bridge amplifier application. In any low-level, high 
impedance, noise-dominated environment, proper shielding and 
grounding are requisIte for optimum performance; a recommen
ded technique is shown. 

NOTES: 
1. GAIN RESISTOR RG SHOULD BE <5ppmfC (VISHAY TYPE RECOMMENDED). 
2. SHIELDED CONNECTIONS TO RQ RECOMMENDED WHEN MAXIMUM SYSTEM BANDWIDTH 

AND AC CMR IS REQUIRED, AND WHEN Ra IS LOCATED MORE THAN SIX INCHES FROM 
A0522. NO INSTABILITIES ARE CAUSEO BY REMOTE RG LOCATIONS. WHEN NOT USED. 
THE DATA GUARD PIN CAN BE LEFT UNCONNECTED. 

3. POWER SUPPLY FILTERS ARE RECOMMENDED FOR MINIMUM NOISE IN NOISY ENVIRON
MENTS. 

4. NO TRIM REQUIRED FOR MOST APPLICATIONS. IF REQUIRED. A lOk!1, 25ppm(C, 25 TURN 
TRIM POT (SUCH AS VISHAY 1202·Y·1DkIIS RECOMMENDED. 

Figure 1. Typical Bridge Application 

Direct coupling of the ADS22 inputs makes it necessary to 
provide a signal ground return for input amplifier bias currents. 
This can be achieved by direct connection as shown, or through 
an indirect path of less than 1Mn resistance such as other sys
tem interconnections. 

To minimize noise, shielding should be provided for the input 
leads and gain resistor connections. A passive data guard is pro
vided to improve ac common mode rejection by "bootstrap
ping" the capacitance of the input cabling, thus minimizing 
differential phase shift. This will also reduce degradation of 
system bandwidth. 

Balanced design eliminates the need for external bypass capa
citors for most applications. If, however, the power supplies 
are remotely located (farther than 10 feet or so) or if they are 
likely to carry morethan a few millivolts of rioise, local filter
ing will enable the user to retain optimal performance. 

Reference and sense pins are provided to permit remote load 

Error Source Specification 

Gain Nonlinearity ±0.002% max, G = 10 
(from Spec. Sheet and Fig. 4) 

Applying the AD522 
sensing. These points can also be used to trim the device CMR, 
add an output booster, or to offset the output to a reference 
level. These applications are illustrated in following sections. 

It is good practice to place RG within several inches of the 
ADS22. Longer leads will increase stray capacitance and cause 
phase shifts that will degrade CMR at higher frequencies. For 
frequencies below 10Hz, a remote RG is generally acceptable; 
no stability problems are caused. Bear in mind that a leakage 
impedance of 200Mn between Rc pins will cause an 0.1 % gain • 
error at G = 1. Unity gain is not trimmable. 

TYPICAL APPLICATION AND ERROR BUDGET ANALYSIS 
(See Figure 1 and Table I) 
A floating transducer with a 0 to 1 volt output has a 1kn source 
imhalance. A noisy environment induces a one volt 0 to 60Hz 
common mode signal in the ground return. This signal must be 
amplified to interface with a data acquisition system calibrated 
for a 0 to 10 volt signal range. The operating temperature range 
is 0 to +SOoC and an ADS22B is to be used. Table 1 lists 
error sources and their effect on system accuracy. 

The total effect on absolute accuracy is less than ±0.2%, allowing 
adjustment-free 8-bit operation. In computer or microproces
sor controlled data-acquisition systems, automatic recalibration 
can nullify gain and offset drifts leaving noise, distortion and 
CMR as the only error sources. In this case, full 12-bit opera
tion is achieved. 

Gain Errors: Absolute gain errors can be nulled by trimming 
RG' Gain drift is a linear effect, not detrimental to resolution . 
and is caused by the change in value of internal resistors over 
the operating temperature range. An "intelligent" system can 
correct for these errors with an automatic calibration cycle. 
Gain nonlinearity never exceeds 0.002% at G = 10. ' 

Offset Drift & Pins Current Errors: Special care has been taken 
in the design of the ADS22 input stage to minimize offset drift. 
Unless transducer impedances are unbalanced by more than 
2kn, errors caused by offset current drift are negligible com
pared to offset voltage drift. Although initial offset voltages 
are laser-nulled for most applications, provisions haye been 
made to allow further adjustment to correct for initial system 
offset. In this example, all offset drifts amount to ±0.014% 
and do not effect resolution (can be corrected with an auto
matic calibration cycle). 

CMR and Noise Errors: Common mode rejection and noise 
performance of instrumentation amplifiers are critical because 

Effect on Absolute 
Accuracy, % of F.S. 

±0.002 

Effect on Resolution 
% of F.S. 

±0.002 

25GJ.I.~/oC + 2.0J.l.V/C = 4.5J.1.V/oC 
am 

Voltage Drift ±0.011 

CMR 

Noise, R.T.O. 
(0.1 to 100Hz) 

Offset Current 
Drift 

Gain Drift 
(add 10ppm/oC for 
external Rc) 

R.T.1. = 0.00055%/oC 
(from Spec. Sheet) 

86dB (from Spec. Sheet, CMR vs. F 
vs. G, typical curve) 

15J.1.V (p-p) R.T.O. (from Spec. Sheet, 
Noise vs. G typical curve) 

±50pA/C x lk source imbalance 
(Spec. Sheet) = ±50J.l.V/oC = 
±1.25J.1.V R.T.1. 

±0.005 

±0.OOI5 

±0.000125 

60ppm/C ±0.15 
(Spec. Sheet) 

Table I. Error Sources 

±0.005 

±O.OOI5 
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these errors can not be corrected by calibration. Common mode 
rejection of the AD522 is active laser-trimmed to the limits of 
thin-film resistor stability. Further trimming could improve 
CMR on a short term basis, but regular readjustment would be 
necessary to maintain this improvement (see Figure 2). In this 
example, untrimmed CMR and noise cause a total error of 
±0.0065% of full scale and are the major contributors to reso
lution error. 

Ion 
Figure 2. Optional CMR Trim 

PERFORMANCE CHARACTERISTICS 
Offset Voltage and Current Drift: The AD522 is available in 
four drift selections. Figure 3 is a graph of maximum RTO off
set voltage drift vs. gain for all versions. Errors caused by off
set voltage drift can thus be determined for any gain. Offset 
current drift will cause a voltage error equal to the product of 
the offset current drift and the source impedance unbalance. 

Figure 3. Output Offset Drift (RTO) vs. Gain 

Gain Nonlinearity and Noise: Gain nonlinearity increases with 
gain as the device loop-gain decreases. Figure 4 is a plot of 
typical nonlinearity vs. gain. The shape of the curve can be 
safely used to predict worst-case nonlinearity at gains below 
100. Noise vs. gain is shown on the same graph. 

~ 
~ 

. 
~ 0.014 

JI 

~ 0.01 

o 

2 

~ 0,0 1 

1.? 
ffi 0.008 

i 
~ 0.006 

~ 
~ 0.004 

~ 

I I II I .1_ 
TYPICAL NOISE, RTD, 0.1 TO 10kHz B.W. ~ 
ALLA0522 

'-... 1-7 
VV 'il 

.,/ V v' 
~I;;-:~NEARITY. AD522A t...-"" / J 

/ V .,.x"L,.,,,cL,,,tn'iT~.~""" 
2 A0522B,S 

V ~~~A!ITV.ALt AD522 
0 , 

Figure 4. Gain Nonlinearity and Noise (RTO) vs. Gain 

Common Mode Reiection: CMR is rated at ±1OV and lkn 
source imbalance. At lower gains, CMR depends mainly on 
thin-film resistor. stability but due to gain-bandwidth consider
ations, is relatively constant with frequency to beyond 60Hz. 
The dc CMR improves with increasing gain and is increasingly 
subject to phase shifts in limited bandwidth high-gain ampli
fiers. Figure 5 illustrates CMR vs. Gain and Frequency. 

I~ . , -- r--- r:: ['-+--+--+--+-+-1 

TYPICAL CMR • .AD5228 
lkH SOURCE IMBALANCE 

40 ~ ± (10V~~) -COMMON MODE INPUTVQLTAGE 

NOTE· 

20 r- ~~~~~:T~ ~:E~~i;e~'~~~SC~RN ;"'-,.---,--r--l---+-+--+-l 
vs. GAIN AND FREOUENCY FOR 

oL,_~AD_52_2A_A~ND_S~.~ j~,lo~_l~~~~=-~-~~~ 

Figure 5. Common Mode Rejection vs. Frequency and Gain 
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~ 
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0 

~ 
1k 10k lOOk 1M 

Figure 6. Small Signal Frequency Response (-3dB) 

SPECIAL APPLICATIONS 
Offset and Gain Trim: Gain accuracy depends largely on the 
quality of RG. A precision resistor with a 10ppmtC tempera
ture coefficient is advised. Offset, like gain, is laser-trimmed to 
a level suitable for most applications. If further adjustment is 
required, the circuit shown in Figure I is recommended. Note 
that good quality (25ppm) pots are necessary to maintain vol
tage drift specifications. 

CMR Trim: A short-term CMR improvement of up to 10dB at 
low gains can be realized with the circuit of Figure 2. Apply a 
low-frequency 20/G volt peak-to-peak input signal to both 
inputs through their equivalent source resistances and trim the 
pot for an ac output null . 

Sense Output: A sense output is provided to enable remote 
load sensing or use of an output current booster. Figure 7 illu
strates these applications. Being "inside the loop", booster 
drift errors are minimized. When not used, the sense output 
should be tied to the output. 

Figure 7. Output Current Booster and Buffered Output 
Level Shifter 

Reference Output: The reference terminal is provided to permit 
the user to offset or "level shift" the output level to a datum 
compatible with his load. It must be remembered that the total 
output swing is ±10 volts to be shared between signal and refer
ence offset. Furthermore, any reference source resistance will 
unbalance the CMR trim by the ratio 1Ok/Rref. For example, if 
the reference source impedance is In, CMR will be reduced to 
SOdB (lOkn/ln = 10,000 = SOdB). A buffer amplifier can be 
used to eliminate this error, as shown in Figure 7, but the 
drift of the buffer will add to output offset drift. When not 

Dynamic Performance: Settling time and unity gain bandwidth 
are directly proportionaI'to gain. As a result, dynamic perfor
mance can be predicted from the well-behaved curves of 
Figure 6. . used, the reference terminal should be grounded. 
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r.ANALOG 
WDEVICES Precision Instrumentation Amplifier 

FEATURES 
Low Noise: 0.3fLV p-p 0.1Hz to 10Hz 
Low Nonlinearity: 0.003% (G = 1) 
High CMRR: 120dB (G = 1000) 
Low Offset Voltage: 50fLV 
Low Offset Voltage Drift: 0.5fLVfOC 
Gain Bandwidth Product: 25MHz 
Pin Programmable Gains of 1, 10, 100, 1000 
Input Protection, Power On - Power Off 
No External Components Required 
Internally Compensated 

PRODUCT DESCRIPTION 
The ADS24 is a precision monolithic instrumentation amplifier 
designed for data acquisition applications requiring high accuracy 
under worst-case operating conditions. An outstanding combina
tion of high linearity, high common mode rejection, low offset 
voltage drift, and low noise makes the ADS24 suitable for use in 
many data acquisition systems. 

The ADS24 has an output offset voltage drift of less than 2SILVfOC, 
input offset voltage drift of less than O.SILV/oC, CMR above 
90dB at unity gain (l20dB at G = 1000) and maximum nonlinearity 
of 0.003% at G = 1. In addition to the outstanding dc specifications 
the ADS24 also has a 2SMHz gain bandwidth product (G = 
100); To make it suitable for high speed data acquisition systems 
the ADS24 has an output slew rate of SV/ILS and 'settles in ISILS 
to 0.01% for gains of 1 to 100. 

As a complete amplifier the ADS24 does not require any external 
components for fixed gains of 1, 10, 100 and 1,000. For other 
gain settings between 1 and 1000 only a single resistor is required. 
The ADS24 input is fully protected for both power on and 
power off fault conditions. 

The ADS24 IC instrumentation amplifier is available in four 
different versions of accuracy and operating temperature range. 
The economical "A" grade, the low drift "B" grade and lower 
drift, higher linearity "C" grade are specified from - 2SoC to 
+ 8SoC. The "S" grade guarantees performance to specification 
over the extended temperature range - SsoC to + 12SoC. 

AD524 I 
AD524 FUNCTIONAL BLOCK DIAGRAM 

'. 

PRODUCT HIGHLIGHTS 
1. The ADS24 has guaranteed low offset voltage, offset voltage 

drift and low noise for precision high gain applications. 

2. The ADS24 is functionally complete with pin programmable 
gains of 1, 10, 100 and 1000, and single resistor programmable 
for any gain. 

3. Input and output offset nulling terminals are provided for 
very high precision applications and to minimize offset voltage 
changes in gain ranging applications. 

4. The ADS24 is input protected for both power on and power 
off fault conditions. 

S. The ADS24 offers superior dynamic performance with a gain 
bandwidth product of 2SMHz, full power response of 7SkHz 
and a settling time of ISILS to 0.01% of a 20V step (G = 
100). 
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SPECIFICATIONS (@ Vs = ± 15V, RL = 2kO and TA + 25"& unless otherwise specified) 

Model AD524A AD524B AD524C AD524S 

I 
Min Typ Max Min Typ Max Min Typ Max Min Typ Max Units 

GAIN 
Gain Equation 

(External Resistor Gain 

[ 4~000 + I] :;;20% [4~CO + I] :;;20% [4~~ + I] :;;20% [4~~ + I] :;;20% .Programming) 

Gain Range (Pin Programmable) I to 1000 I to 1000 Ito 1000 I to 1000 

Gain Error 

G = I :;;0.05 ±0.03 ±0.02 ±O.OS % 

G = 10 ±0.25 ±0.15 ±O.I% ±0.2S % 

, G = 100 ±0.5 ±0.35 ±0.25 ±0.5 % 

G = 1000 ±2.0 ±1.0 ±0.5 ±2.0 % 

Nonlinearity 

G = I :;;0.01 :;;0.005 :;;0.003 :;;0.01 % 
G = 10,100 :;;0.01 :;;0.005 :;;0.003 :;;0.01 % 

G=I000 :;;O.oJ :;;0.01 :;;0.01 :;;0.01 % 
Gain vs. Temperature 

G=I 5 5 5 5 ppml°C 

G = 10 15 10 10 10 ppml°C 

G= 100 35 25 25 25 ppml°C 

G=I000 100 50 50 50 ppml°C 

VOLTAGE OFFSET (May be Nulled) 
Input Offset Voltage 250 100 50 100 !LV 

vs. Temperature 2 0.75 0.5 2.0 !LVrC 
Output Offset Voltage 5 3 2.0 3.0 !LV 

vs. Temperature 100 50 25 50 !LVrC 
Offset Referred to the 

Input vs, Supply 

G=I 70 75 80 75 dB 

G =; 10 85 95 100 95 dB 

G = 100 95 lOS 110 lOS dB 

G = 1000 100 110 115 110 dB 

INPUT CURRENT 

Input Bias Current ±50 ±25 ±15 ±50 nA 

vs. Temperature :;; 100 :;; 100 :;; 100 :;;100 pArC 

Input Offset Current ±35 ±15 ±IO ±35 nA 

vs. Temperature :;; 100 :;; 100 :;; 100 :;; 100 pArc 

INPUT 
Input Impedance 

Differential Resistance 10' 10' 10' 10' 0 
Differential Capacitance 10 10 10 10 pF 

Common Mode Resistance 10' 10' 10' 10' 0 
Common Mode Capacitance 10 10 10 10 pF 

Input Voltage Range 

Max Differ. Input Linear (Vo ) ±IO ±IO ±IO ±IO V 

Max Common Mode Linear (V CM) 12V - (~XVo) 12V-(~XVo) 
Common Mode Rejection de 

12V-(~XVo) 12V -(~ XVo ) V 

to 60Hz with IkO Source Imbalance 

G=I 70 75 80 70 dB 

G = 10 90 95 100 90 dB 

G = 100 100 lOS 110 100 dB 

G = 1000 110 115 120 110 dB 

OUTPUT RATING 

VOUT, RL = 2kO :;;10 :;;10 :;; 10 :;;10 V 

DYNAMIC RESPONSE 

Small Signal - 3dB 

G=I 1 1 I I MHz 

G = 10 . 400 400 400 400 kHz 

G = 100 150 150 150 150 kHz 

G = 1000 25 25 25 25 kHz 
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Model 

Slew Rate 

Settling Time toO.OI%, 20V Step 
G; Ito 100 
G; 1000 

NOISE 
Voltage Noise, 1kHz 

R.T.1. 

R.T.O. 

R.T.I.,O.I to 10Hz 
G;l 

G;IO 

G; 100, 1000 

Current Noise 

O.IHztolOHz 

SENSE INPUT 

RIN 

lIN 
Voltage Range 

Gain to Output 

REFERENCE INPUT 

RIN 

lIN 
Voltage Range 

Gain to Output 

TEMPERATURE RANGE 

Specified Performance 

Storage 

POWER SUPPLY 

Power Supply Range 

Quiescent Current 

PACKAGE l 

NOTES 
I See Section 19 for package outline information. 
Specifications subject to change without notice. 

AD524A 

Min Typ Max 

5.0 

15 

75 

7 

90 

15 

2 

0.3 

60 

20 

15 

= 10 

I 

40 
15 

=10 
I 

-25 +85 
-65 + 150 

:t6 =15 :t18 
3.5 5.0 

DI6A 

Specifications shown in boldface are tested on all production units at final 
electrical test. Results from those tests are used to calculate outgoing quality 
levels. All min and max specifications are guaranteed, although only those 
shown in boldface are tested on all production units. 

Min 

=10 

=10 

-25 

-65 

:t6 

ADS24B ADS24C AD524S 

Typ Max Min Typ MaX Min Typ Max Units 

5.0 5.0 5.0 V/I!S 

15 15 15 I!S 
75 75 75 I!S 

7 7 7 nV/YHz 
90 90 90 nV/YHz 

15 15 15 I!Vp-p 
2 2 2 I!Vp-p 
0.3 0.3 0.3 I!Vp-p • 60 60 60 pAp-p 

20 20 20 kfl = 20°;' 
15 15 D I!!\ 

= 10 :dO V 
I I I % 

40 40 40 kfl =20% 
15 15 15 I!A 

10 10 V 
I I I % 

+85 -25 +85 - 55 + 125 'C 
+150 -65 + I~O -65 + 150 'C 

= IS :t18 :t6 =15 :t18 :!:6 =15 :t18 V 
3.5 5.0 3.5 5.0 3.5 5.0 rnA 

Dl6A DI6A Dl6A 
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Typical Characteristics 
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Figure 6. Input Bias Current vs. 
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Figure 22. Large Signal Pulse 
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Figure 14. Negative PSRR vs. 
Frequency 
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-12T012 

-SToa 

-H04 

OUTPUT 
STEP-V 

HO-4 

ITO -8 

12TO-12 

Figure 20. Large Signal Pulse 
Response and Settling Time -
G = 1 

1/1
% 

0.1° .. VO.Ol % 

I / , I I 

\ \ \ 

\ \ 
1\ ... 0.1·,4 0.01'" 

10 lS 20 

SETTLING TIME- .. , 
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Figure 18. Low Frequency Noise
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Figure 24. Range Signal Pulse 
Response and Settling Time 
G = 100 
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Figure 25. Settling Time Gain = 1000 

Figure 26. Large Signal Pulse Response and 
Settling Time G = 1000 
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Figure 27. Settling Time Test Circuit 

Theory of Operation 
The AD524 is a monolithic instrumentation amplifier based on 
the classic 3 op amp circuit. The advantage of monolithic con
struction is the closely matched components that enhance the 
performance of the input preamp. The preamp section develops 
the programmed gain by the use of feedback concepts. The 
programmed gain is developed by varying the value of~ (smaller 
values increase the gain) while the feedback forces the collector 
currents QI, Q2, Q3 and Q4 to be constant which impresses the 
input voltage across ~. 

• As RG is reduced to increase the programmed gain, the trans
conductance of the input preamp increases to the transconductance 
of the input transistors. This has three important advantages. 
First, this approach allows the circuit to achieve a very high 
open loop gain of 3 x 108 at a programmed gain of 1000 thus 
reducing gain related errors to a negligible 30ppm. Second, the 
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Figure 28. Noise Test Circuit 

.v. 

Figure 29. Simplified Circuit of Amplifier; Gain is Defined as 
((R56 + R57)I(RG) + 1. Fora Gain of1, RG is an Open Circuit 

gain band with product which is determined by C3 or C4 and 
the input transconductance, reaches 25MHz. Third, the input 
voltage noise reduces to a value determined by the collector 
current of the input transistors for an RTI noise of 7nV/\I'Hz at 
G = 1000. 

INPUT PROTECTION 
As interface amplifiers for data acquisition systems, instrumen
tation amplifiers are often subjected to input overloads, i.e., 
voltage levels in excess of the full scale for the selected gain 
range. At low gains, 10 or less, the gain resistor acts as a current 
limiting element in series with the inputs. At high gains the 
lower value of RG will not adequately protect the inputs from 
excessive currents. Standard practice would be to place series 
limiting resistors in each input, but to limit input current to 
below 5mA with a full differential overload (36.Y2. would require 
over 7k of resistance which would add lOnVv'HZ of noise. To 
provide both input protection and low noise a special series 
protect FET was used. 

A unique FET design was used to provide a bidirectional current 
limit, thereby, protecting against both positive and negative 
overloads. Under nonoverload conditions, three channels CHz, 
CH3, CH4, act as a resistance (= lkO) in series with the input as 
before. During an overload in the positive direction, a fourth 
channel, CHI> acts as a small resistance (=3kO) in series with 
the gate, which draws only the leakage current, and the FET 
limits IDss. When the FET enhances under a negative overload, 
the gate current must go through the small FET formed by CHl 
and when this FET goes into saturation, the gate current is 
limited and the main FET will go into controlled enhancement. 
The bidirectional limiting holds the maximum input current to 
3mA over the 36V range. 



INPUT OFFSET AND OUTPUT OFFSET 
Voltage offset specifications are often considered a figure of 
merit for instrumentation amplifiers. While initial offset may be 
adjusted to zero, shifts in offset voltage due to temperature 
variations will cause errors. Intelligent systems can often correct 
for this factor with an auto-zero cycle, but there are many small
signal high-gain applications that don't have this capability. 

Voltage offset and drift comprise two components each; input 
and output offset and offset drift. Input offset is that component 
of offset that is directly proportional to gain i.e., input offset as 
measured at the output at G = 100 is 100 times greater than at 
G = 1. Output offset is independent of gain. At low gains, 
output offset drift is dominant, while at high gains input offset 
drift dominates. Therefore, the output offset voltage drift is 
....... __ ... 11 ...... _ .... .-:r. ... ~t ...... ...I_:t' .. ...... ~ _ 1 1 .... 1-. ... _..,. : ............ ... t't',..,... ..... ...... .... 
.... v ................ u.] "1""""" ......... '"''-& ... .., ,-&& .. .l.1L ~L ~ ... \"&1"'.'" ......... ,t-'u ................... " ...... .... 

insignificant), while input offset voltage drift is given by drift 
specification at a high gain (where output offset effects are neg
ligible). All input-related numbers are referred to the input 
(RTI) which is to say that the effect on the output is "G" times 
larger. Voltage offset vs. power supply is also specified at one or 
more gain settings and is also R TI. 

By separating these errors, one can evaluate the total error inde
pendent of the gain setting used. In a given gain configuration 
both errors can be combined to give a total error referred to the 
input (R.T.!.) or output (R.T.O.) by the following formula: 

Total Error R.T.1. = input error + (output error/gain) 

Total Error R.T.O. = (Gain x input error) + output error 

As an illustration, a typical ADS24 might have a + 2S01l-V output 
offset and a - SOil-V input offset. In a unity gain configuration, 
the total output offset would be 200ll-V or the sum of the two. 
At a gain of 100, the output offset would be -4.75mV or: 
+2S01l-V + 100( - SOil-V) = -4.7SmV. 

The ADS24 provides for both input and output offset adjustment. 
This simplifies very high precision applications and minimize 
offset voltage changes in switched gain applicatioI1s. In such 
application~ the input offset is adjusted first at the highest pro
grammed gain, then the output offset is adjusted at G = I. 

GAIN 
The ADS24 has internal high accuracy pretrimmed resistors 
for pin programmable gain of I, 10, 100 and .1000. One of 
the preset gains can be selected by pin strapping the appropri
ate gain terminal and RG2 together (for G = I RG2 is not 
connected). 

-INPUT o------{ 

G = 100 

G = 1000 
RG, 

+INPUT o------{ 

-v. 

VOUT 

OUTPUT 
L...-----o SIGNAL 

COMMON 

Figure 30. Operating Conrrections for G = 100 

Applying the AD524 I· 

The ADS24 can be configurcd for gains other than those that 
are intcrnally preset; there are two methods to do this. The first 
method uses just an external resistor connected between pins 3 
and 16 which programs the gain according to the formula 

R(; = G40~ I (sce Figure 31). For best results R(i should be a 

precision resistor with a low temperature coefficient. An external 
R(; affccts both gain ac<.:Uracy and gain drift due to the mismatch 
between it and the internal thin-film resistors. Gain accuracy is 
determined by the tolerance of the external R(; and the absolute • 
ac<.:Uracy of the internal resistors (:± 20%). Gain drift is determined 
by the mismatch of the temperature coefficient of RG and the 
temperature coefficient of the internal resistors ( - SOppm/QC 
typ). 

-INPUT 

cf' . OR 

1kll 

+INPUT 

RG, 

2.10Skll 

RG, 

+vs 
...... 0 

-vs 

REFERENCE 

G -~+'- 20±20% 

Figure 31. Operating Connections for G = 20 

The second technique uses the internal resistors in parallel with· 
an external resistor (Figure 32). This technique minimizes the 
gain adjustment range and reduces the effects of temperature 
coefficient sensitivity. 

-INPUT o-------{ 
RG, r------O--{ 

G = 10 

4kll 

RG,L-__ ..... -o--< 
+INPUT 0-------( 

+vs 

V OUT 

L-----o REFERENCE 

G = 4000'f~.44 + 1 = 20 :!: 17'10 

Figure 32. Operating Connections for G = 20, Low Gain 
T.C. Technique 

The ADS24 may also be configured to provide gain in the output 
stage. Figure 33 shows an H pad attenuator connected to the 
reference and sense lines of the ADS24. RI, R2 and R3 should 
be made as low as possible to minimize the gain variation and 
reduction of CMRR. Varying R2 will precisely set the gain 
without affecting CMRR. CMRR is determined by the match of 
RI and R3. 

-INPUT o-------{ 

G = 1000 

RG, 

+INPUTo-------{ 

(R,1I40k) + R, + R, 

G = IR'ii40k) 

+v. 
R1 

2.26kO 

}-+---....... --oVOUT 

(R, + R, + R,) RL '2k 

Figure 33. Gain of 2000 
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Output Nominal 
Gain R2 Rl,R3 Gain 

2 5kH 2.26kH 2.02 
5 1.0SkH 2.05kH 5.01 

10 IkH 4.42kH 10.1 

Table I. Output Gain Resistor Values 

INPUT BIAS CURRENTS 
Input bias currents are those currents necessary to bias the 
input transistors of a dc amplifier. Bias currents are an additional 
source of input error and must be considered in an total error 
budget. The bias currents when multiplied by the source resistance 
appear as an offset voltage. What is of concern in calculating 
bias current errors is the change in bias current with respect to 
signal voltage and temperature. Input offset current is the dif
ference between the two input bias currents. The effect of offset 
current is an input offset voltage whose magnitude is the offset 
current times the source impedance imbalance. 

Although instrumentation amplifiers have differential inputs, 
there must be a return path for the bias currents. If this is not 
provided, those currents will charge stray capacitances, causing 
the output to drift uncontrollably or to saturate. Therefore, 
when amplifying "floating" input sources such as transformers 
and thermocouples, as well as ac-coupled sources, there must 
still be a de path from each input to ground. 

J 

a. Transformer Coupled 

TO POWER 
SUPPLY 
GROUND 

TO POWER 
SUPPLY 

~ ________________________ ~~~ GROUND 

b. Thermocouple 

+y. 

TO POWER 
SUPPLY 

~4-______________________ ~~~GROUND 

c. AC Coupled 

Figure 34. Indirect Ground Returns for Bias Currents 
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COMMON-MODE REJECTION 
Common-mode rejection is a measure of the change in output 
voltage when both inputs are changed equal amounts. These 
specifications are usually given for a full-range input voltage 
change and a specified source imbalance. "Common-Mode Re
jection Ratio" (CMRR) is a ratio expression while "Common-Mode 
Rejection" (CMR) is the logarithm of that ratio. For example, a 
CMRR of 10,000 corresponds to a CMR of 80dB. 

In an instrumentation amplifier, ac common-mode rejection is 
only as good as the differential phase shift. Degradation of ac 
common-mode rejection is caused by unequal drops across differing 
track resistances and a differential phase shift due to varied 
stray capacitances or cable capacitances. In many applications 
shielded cables are used to minimize noise. This technique can 
create common mode rejection errors unless the shield is properly 
driven. Figures 35 and 36 shows active data guards which are 
configured to improve ac common mode rejection by "bootstrap
ping" the capacitances of the input cabling, thus minimizing 
differential phase shift. 

+y. 

-V. 

Figure 35. Shield Driver, G ~ 700 

Figure 36. Differential Shield Driver 
GROUNDING 

YOUT 

Many data-acquisition components have two or more ground 
pins which are not connected together within the device. These 
grounds must be tied together at one point, usually at the system 
power-supply ground. Ideally, a single solid ground would be 
desirable. However, since current flows through the ground 
wires and etch stripes of the circuit cards, imd. since these paths 

.y, IF INDEPENDENT, OTHERWISE 
RETURN AMPLIFIER REFERENCE 
TO MECCA AT ANALOG P.S. COMMON 

Figure 37. Basic Grounding Practice 

DIGITAL 
DATA 
OUTPUT 



have resistance and inductance, hundreds of millivolts can be 
generated between the system ground point and the data acquisition 
components. Separate ground returns should be provided to 
minimize the current flow in the path from the sensitive points 
to the system ground point. In this way supply currents and 
logic-gate return currents are not summed into the same return 
path as analog signals where they would cause measurement 
errors. 

Since the output voltage is developed with respect to the potential 
on the reference terminal an instrumentation amplifier can solve 
many grounding problems. 

SENSE TERMINAL 
The sense terminal is the feedback point for the instrument 
amplifier's output amplifier. Normally it is connected to the 
instrument amplifier output. If heavy load currents are to be 
drawn through long leads, voltage drops due to current flowing 
through lead resistance can cause errors. The sense terminal can 
be wired to the instrument amplifier at the load thus putting the 
IxR drops "inside the loop" and virtually eliminating this error 
source. 

Figure 38. AD524 Instrumentation Amplifier with Output 
Current Booster 

Typically, IC instrumentation amplifiers are rated for a full 
± 10 volt output swing into 2kO. In some applications, however, 
the need exists to drive more current into heavier loads. Figure 
38 shows how a high-current booster may be connected "inside 
the loop" of an instrumentation amplifier to provide the required 
current boost without significantly degrading overall performance. 
Nonlinearities, offset and gain inaccuracies of the buffer are 
minimized by the loop gain of the IA output amplifier. Offset 
drift of the buffer is similarly reduced. 

REFERENCE TERMINAL 
The reference terminal may be used to offset the output by up 
to ± lOV. This is useful when the load is "floating" or does not 
share a ground with the rest of the system. It also provides a 
direct means of injecting a precise offset. It must be remembered 
that the total output swing is ± 10 volts to be shared between 
signal and reference offset. 

Figure 39. Use of Reference Terminal to Provide Output 
Offset 

When the IA is of the three-amplifier configuration it is necessary 
that nearly zero impedance be presented to the reference terminal. 

Any significant resistance from the reference terminal to ground 
increases the gain of the noninverting signal path thereby upsetting 
the common-mode rejection of the IA. 

In the ADS24 a reference source resistance will unbalance the 
CMR trim by the ratio of 20knJRREF• For example, if the reference 
source impedance is 10, CMR will be reduced to 86dB (20knJ 
10 = 86dB). An operational amplifier may be used to provide 
that low impedance reference point as shown in Figure 39. The 
input offset voltage characteristics of that amplifier will add 
directly to the output offset voltage performance of the in
strumentation amplifier. 

An instrumentation amplifier can be turned into a voltage-to-cur
rent converter by taking advantage of the sense and reference 
terminals as shown in Figure 40. 

+INPUT 

-INPUT 

I = Vx = VIN (1 + 40.000) 
L 11,""R1 ~ 

Figure 40. Voltage-to-Current Converter 

By establishing a reference at the "low" side of a current setting 
resistor, an output current may be defined as a function of 
input voltage, gain and the value of that resistor. Since only a 
small current is demanded at the input of the buffer amplifier 
Az, the forced current IL will largely flow through the load. 
Offset and drift specifications of Az must be added to the output 
offset and drift specifications of the IA. 

PROGRAMMABLE GAIN 
Figure 41 shows the ADS24 being used as a software programmable 
gain amplifier. Gain switching can be accomplished with mechani
cal switches such as DIP switches or reed relays. It should be 
noted that the "on" resistance of the switch in series with the 
internal gain resistor becomes part of the gain equation and will 
have an effect on gain accuracy. 

Figure 41. 3 Decade Gain Programmable Amplifier 
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The AD524 can also be connected for gain in the output stage. 
Figure 42 shows an AD547 used as an active attenuator in the 
output amplifier's feedback loop. The active attenuation presents 
a very low impedance to the feedback resistors therefore minimiz
ing tlie common re·jection ratio degradation. 

+INo-..:.....;~~H 

- Vs O-....... --lf-H 

+v.o-+ __ ~nll 

lkll 

Another method for developing the switching scheme is to use a 
DAC. T~e AD7528 dual DAC which acts essentially as a pair of 
switched resistive attenuators having high analog linearity and 
symmetrical bipolar transmission is ideal in'this application. 
The multiplying DAC's advantage is that it can handle.inputs of 
either polarity or zero without affecting the programmed gain. 
The circuit shown uses an AD7528 to set the gain (DAC A) and 
to perform a fine adjustment (DAC B). 

AUTO-ZERO CIRCUITS 
In many applications it is necessary to provide very accurate 
data in high gain configurations. At room temperature the offset 
effects can be nulled by the use of offset trimpots. Over the 
operating temperature range, however, offset nulling becomes a 
problem. The circuit of Figure 44 show a CMOS DAC operating 
in the bipolar mode and connected to the reference terminal to 
provide software controllable offset adjustments. 

+v. 

.~~~~~.1~k~lI~ -v.o-~~ __ ~----~~---------------. 
lkll 

Al A2 AJ A4 ViR 

Figure 42. Programmable Output Gain 

VOUT 

Figure 43. Programmable Output Gain Using a DAC 

GND 

Figure 44. Software Controllable Offset 

In many applications complex software algorithms for auto-zero 
applications are not available. For those applications Figure 45 
provides a hardware solution. 
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Figure 45. Auto-Zero Circuit 
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ERROR BUDGET ANALYSIS 
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Figure 46. Typical Bridge Application 

Error Bu.dget Analysis 

14·81T 
ADC 

OT02V 
F.S. 

To illustrate how instrumentation amplifier specifications are 
applied, we will now examine a typical case where an ADS24 is 
required to amplify the output of an unbalanced transducer. 
Figure 46 shows a differential transducer, unbalanced by lOOn, 
supplying a 0 to 20m V signal to an ADS24C. The output, of the 
IA feeds a 14-bit A to D converter with a 0 to 2 volt input 
voltage range. The operating temperature range is - 25°C to 
+ 85°C. Therefore, the largest change in temperature ~T within 
the operating range is from ambient to + 85°C (85°C - 25°C 

In many applications, differentiallin~arity and resolution are of 
prime importance. This would be so in cases where the absolute 
value of a variable is less important than changes in value. In 
these applications, only the irreducible errors (4Sppm = 0.004%) 
are significant. Furthermore, if a system has an intelligent pro
cessor monitoring the A to 0 output, the addition of a auto-gainl 
auto-zero cycle will remove all reducible errors and may eliminate 
the requirement for initial calibration. This will also reduce 
errors to 0.004%. 

= 60°C). Effect on Effect on 
Absolute Absolute Effect 

AD524C Accuracy Accuracy on 
Error Source Specifications Calculation atTA = 25°C atTA = 85°C Resolution 

Gain Error ±0.2S% ± 0.25% = 2S00ppm 2S00ppm 2S00ppm 
Gain Instability 2Sppm (2Sppm/°C)(60°C) = ISOOppm ISOOppm 
Gain Nonlinearity ±0.003% ± 0.003% = 30ppm 30ppm 
Input Offset Voltage ±SOJ.LV,RTI ± SOJ.L V 120m V = ± 2S00ppm 2S00ppm 2S00ppm 
Input Offset Voltage Drift ±O.SJ.LV;oC (±0.SJ.LVrC)(60°C) = 30J.LV 

30J.L V 120m V = ISOOppm ISOOppm 
Output Offset Voltage! ±2.0mV ±2.0mV/20mV = IOOOppm 1000ppm IOOOppm 
Output Offset Voltage Drift! ±2SJ.LV;oC (±2SJ.LV/°C)(60°C) = IS00J.LV 

IS00J.LV/20mV = 7S0ppm 7S0ppm 
Bias Current- Source ±lSnA (± ISnA)(lOOfl) = l.SJ.L V 

Imbalance Error l.SJ.LV/20mV = 7Sppm 7Sppm 7Sppm 
Bias Current- Source ± 100pA/oC (± lOOpA;oC)(l00fl)(60°C) = O.6J.LV 

Imbalance Drift O.6J.LV/20mV = 30ppm 30ppm 
Offset Current - Source ±lOnA (± lOnA)(lOOfl) = IJ.LV 

Imbalance Error IJ.LV/20mV = SOppm SOppm SOppm 
Offset Current - Source ± 100pA;oC (100pAl°C)(l00fl)(60°C) = 0.6J.L V 

Imbalance Drift O.6J.LV/20mV = 30ppm 30ppm 
Offset Current - Source ±lOnA (lOnA)(17Sfl) = 3.SJ.LV 

Resistance - Error 3.SJ.LV/20mV = 87.Sppm 87.Sppm 87.Sppm 
Offset Current - Source ± 100pA;oC (lOOpA;oC)(17Sfl)(60°C) = IJ.LV 

Resistance - Drift IJ.LV/20mV = SOppm SOppm 
Common Mode Rejection l1SdB l1SdB = 1.8ppm x SV = 8.8J.L V 

SVdc 8.8J.LV/20mV = 444ppm 444ppm 444ppm 
Noise,RTI 

(O.I-10Hz) O.3J.LVp-p 0.3J.LVp-p/20mV = ISppm ISppm 

Total Error 66S6.Sppm lOSl6.Sppm 4Sppm 
IO~tPut offset voltage and output offset volta~e drift are given as RTI figures . 

. Table II. Error Budget Analysis of AD524CD in Bridge Application 
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Figure 47 shows a simple application, in which the variation of 
the cold-junction voltage of a Type J thermocouple-iron( +)
constantan- is compensated for by a voltage developed in series 
by the temperature-sensitive output current of an AD590 
semiconductor temperature sensor. 

, The circuit is calibrated by adjusting Rr for proper output 
voltage with the measuring junction at a known reference tem-

RA 
NOMINAL 

TYPE VALUE 

J 52.311 REFERENCE 
K 41.211 JUNCTION 
E 61.411 15°C<TA<35°C 
T 40.211 

S,R 5.7611 

IRON 

.( ;'VT 

+Vs 

perature and the circuit near 25"C. If resistors with low tempcos 
are used, compensation accuracy will be to within ± O,5°C, for 
temperatures between + l5°C and' + 35°C, Other thermocouple 
types may be accommodated with the standard resistance values 
shown in the table. For other ranges of ambient temperature, 
the equation in the figure may be solved for the optimum values 
of Rr and R". 

7.5V 

~ IA 
AD580 

G = 100 

+Vs 

RA • 52.311 
EO 

CU t 
MEASURING 

EO = VT - VA + 52.3~~A3;t5V - 2.5V 

",{ JUNCTION -Vs 
1 +---i1" 

""VT 1k11 

NOMINAL 
VALUE 
9135n 

OUTPUT 
AMPLIFIER 
OR METER 

Figure 47, Cold-Junction Compensation 

The micrC!processor controlled data acquisition system shown in 
Figure 48 includes both auto-zero and auto-gain capability. By 
dedicating two of the differential inputs, one to ground and one 
to the AID reference, the proper program calibration cycles can 
eliminate both initial accuracy errors and accuracy errors over 
temperature. The auto-zero cycle, in this application, converts a 

number that appears to be ground and then writes that same 
number (8 bit) to the AD7524 which eliminates the zero error 
since its output has an inverted scale. The auto-gain cycle converts 
the Alp reference and compares it with full scale. A multiplicative 
correction factor is then' computed and applied to subsequent 
readings. 

ADDRESS BUS 

Figure 48. Microprocessor Controlled Data Acquisition System 
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r-IANALOG 
WDEVICES Precision Instrumentation Amplifier 

FEATURES 
Low Noise: 0.2J.LV p-p 0.1Hz to 10Hz 
Low Gain TC: Sppm max (G = 1) 
Low Nonlinearity: 0.001% max (G = 1 to 200) 
High CMRR: 130dB max (G = SOO to 1000) 
Low Input Offset Voltage: 2SJ.LV, max 
Low Input Offset Voltage Drift: 0.2SJ.LV/oC max 
Gain Bandwidth Product: 2SMHz 
Din D .. ,..,.. .. ~ ....... _ .... hl .... ~ .... :_ ... _, 1 1ftn .,nn a::nn 1nnn ...... _:;,._ ...... __ . ___ ... __ . " . ..,.." _vv, ~vv, IV",,,, 

No External Components Required 
Internally Compensated 

PRODUCT DESCRIPTION 
The AD624 is a high precision low noise instrumentation ~mplifier 
designed primarily for use with low level transducers, including 
load cells, strain gauges and pressure transducers. An outstanding 
combination oflow noise, high gain accuracy; low gain temperattire 
coefficient and high linearity make the AD624 ideal for use in 
high resolution data acquisition systems. . 

The AD624C has an input offset voltage drift of less than 0.25fl VI 
°C, output offset voltage drift of less than lOfl V;oC, CMRR 
above 80dB at unity gain (BOdB at G = 500) and a maximum 
nonlinearity of 0.001% at G= 1. In addition to these outstanding 
dc specifications the AD624 exhibits superior ac performance as 
well. A 25MHz gain bandwidth product, 5V/flS slew rate and 
15flS settling time permit the use of the AD624 in high speed 
data acquisition applications. 

The AD624 does not need any external components for pre
trimmed gains of 1, 100,200, 500 and 1000. Additional gains 
such as 250 and 333 can be programmed within one percent 
accuracy with external jumpers. A single external resistor can 
also be used to set the 624's gain to any value in the range of 1 
to 10,000. 

AD624 I 

AD624 FUNCTIONAL BLOCK DIAGRAM 

PRODUCT HIGHLIGHTS 
1. The AD624 offers outstanding noise performance. Input 

noise is typically less than 4nV/vHz at 1kHz. 
2. The AD624 is a functionally complete instrumentation am

plifier. Pin programmable gains of 1, 100, 200, 500 and 1000 
are provided on the chip. Other gains are achieved through 
the use of a single external resistor. 

3. The offset voltage, offset voltage drift, gain accuracy and 
gain temperature coefficients are guaranteed for all pre-trimmed 
gains. 

4. The AD624 provides totally independent input and output. 
offset nulling terminals for high precision applications. This 
minimizes the effect of offset voltage in gain ranging applica
tions. 

5. A sense terminal is provided to enable the user to minimize 
the errors induced through long leads. A reference terminal 
is also provided to permit level shifting at the output. 
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SPECIFICATIONS <@Vs = ±15V, Rt = 2kO and TA = +25OC unless otherwise specified) 
Model AD624A • AD624B AD624C AD624S 

Min Typ Max Min Typ Max Min Typ Max Min Typ Max Unita 

GAIN 
Gain Equation . 

(External Resistor Gain 

[4~+1]:20% [~+1]:20% [~+1]:20% [~+1]:20% Programming) 

Gain Range (Pin Programmable) I to 1000 I to 1000 I to 1000 Ito 1000 
Gain Error 

G=I ±0.05 ±0.03 ±0.02 ±0.05 % 

G = 100 ·±0.25 ±D.l5 ±O.l ±0.25 % 

G = 200,500 ±0.5 ±0.35 ±0.25 ±0.5 % 
G,= 1000 :t1.0 ±1.0 ±1.0 ±I.O % 

Nonlinearity 
G=I :0.005 :0.003 :0.001 :0.005 % 
G = 100,200 :0.005 :0.003 :0.001 :0.005 % 
G = 500,1000 :0.005 :0.005 :0.005 :0.005 % 

Gain vs. Temperature 
G=I 5 5 5 5 ppml"C 
G = 100,200 10 10 10 10 ppml"C 
G = 500,1000 25 15 IS 15 ppml"C 

VOLTAGE OFFSET (May be Nulled) 
Input Offset Voltage 200 75 25 75 ... V 

vs. Temperature 2 0.5 0.25 2.0 ... vrc 
Output Offset Voltage 5 3 2 3 ... V 

vs. Temperature SO 25 10 50 ... vrc 
Offset Referred to the 

Input vs. Supply 
G=I 75 75 80 75 dB 
G = 100,200 95 lOS 110 lOS dB 
G = 500,1000 100 110 115 110 dB 

INPUT CURRENT 
Input Bias Current ±50 ±25 ±15 ±50 nA 

Vs. Temperature :50 :50 :50 :!:SO pA/OC 
Input Offset Current ±35 ±15 ±10 ±35 nA 

vs. Temperature :20 :20 :20 :20 pArc 

INPUT 
Input Impedance 

Differential Resistance 10" 10" 10" JO" n 
Differential Capacitance JO 10 10 10 pF 
Common Mode Resistance JO" 10" 10" JO" n 
Common Mode Capacitance 10 10 10 10 pF 

Input Voltage Range 
Max Differ. Input Linear (VD) ±10 ±IO ±10 ±IO V 

Max Common Mode Linear (V ~M) 12V-(~XVD) 12V-(~ XVD) 12V-(~XVD) 12V -(~ XVD) V 
Common Mode Rejection dc 
to 60Hz with Ikn Source Imb.lance 

G=I 70 75 80 70 dB 
G = 100,200 100 105 110 100 dB 
G = 500,1000 110 120 130 110 dB 

OUTPUT RATING 
VouT,RL = 2kO : 10 : 10 : 10 :JO V 

DYNAMIC RESPONSE 
Small Signal - 3dB 

G = I I 1 1 1 MHz 
G = 100 150 150 150 150 kHz 
G = 200 100 100 100 100 kHz 

. G = 500 50 50 50 50 kHz 
G = 1000 25 25 25 25 kHz 

VOL. I, 5-44 INSTRUMENTATION & ISOLA TION AMPLIFIERS 



Model 

SlewRa[e 

Se[tlingTime [00.01%, 20V Step 
G; 1[0200 

G; 500 
G; 1000 

NOISE 
Vol [age Noise, 1kHz 

R.T.I. 
R.T.O. 

R.T.I.,O.lto 10Hz 
G;I 
G;IOO 

G; 200, 500, 1000 

Current Noise 
O.IHzto 10Hz 

SENSE INPUT 

RIN 
I[N 
Voltage Range 
liamto UU[put 

REFERENCE INPUT 

R[N 

lIN 
Voltage Range 
Gain to Output 

TEMPERATURE RANGE 
Specified Performance 
Storage 

POWER SUPPLY 
Power Supply Range 

Quiescent Current 

PACKAGE I 

NOTES 
'See Section 19 for package outline information. 
Specifications subject [0 change without notice. 

AD624A 
Min Typ Max 

5.0 

15 

35 
75 

4 

75 

10 
0.3 
0.2 

60 

8 10 12 

30 
:':10 

1 

16 20 24 
30 

;:10 

I 

-25 +85 
-65 + 150 

:1:5 ;: 15 :1:18 

3.5 5 

DI6A 

Specifications shown in boldface are tested on all production units at final 
electrical test. Results from those tests are used to calculate outgoing quality 
levels. All min and max specifications are guaranteed, although only lhose 
shown in boldface are tested on all production units. 

Min 

8 

;: 10 

16 

;:10 

-25 

-65 

:1:5 

AD624B AD624C AD624S 
Typ Max Min Typ Max Min Typ Max Units 

5.0 5.0 5.0 V/.,.s 

15 15 15 .,.S 
35 35 35 .,.s 

75 75 75 .,.s 

~ 

4 4 4 nVrvHz 
75 75 75 nVlYHZ 

10 10 10 .,.Vp-p 

0.3 0.3 0.3 .,.Vp-p 
0.2 0.2 0.2 .,.Vp-p 

60 60 60 pAp-p • 10 12 8 10 12 8 10 12 kO 
30 30 30 .,.A 

;:10 ;:10 V 
1 1 1 % 

20 24 16 20 24 16 20 24 kO 
30 30 30 ... A 

;: 10 ;:10 V 
I I I % 

+85 -25 +85 -55 + 125 'C 
+ 150 -65 + 150 -65 + 150 'C 

;: 15 :I: 18 :1:5 ;: 15 :1:18 :1:5 ;: 15 :1:18 V 
3.5 5 3.5 5 3.5 5 mA 

Dl6A DI6A ·Dl6A 
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Typical Characteristics 
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Figure 16. Low Frequency Voltage 
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Figure 19. Large Signal Pulse 
Response and Settling Time -
G = 1 

Figure 22. Range Signal Pulse 
Response and Settling Time 
G = 500 
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Figure 17. Low Frequency Voltage 
Noise - G 1000 (System Gain = 

100,000) 
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G = 1000 
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INPUT 
20V pop 100kH 

200n 
0.1% 

10kH 
1% 

1kH 
10T 

10kH 
1% 

Figure 25. Settling Time Test Circuit 

Theory of Operation 
The AD624 is a monolithic instrumentation amplifier based on 
a modification of the classic three-op-amp instrumentation am
plifier. Monolithic construction and laser-wafer-trimming allow 
the tight matching and tracking of circuit components and the 
high level of performance that this circuit architecture is capable 
of. 

A preamp section (QI-Q4) develops the programmed gain by 
the use of feedback concepts. Feedback from the outputs of Al 
and A2 forces the collector currents of QI-Q4 to be constant 
thereby impressing the input voltage across RG. 

The gain is set by choosing the value of RG from the equation, 
G . 40k I T am = R + . he value of RG also sets the transconductance 
of the inp<tt preamp stage increasing it asymptotically to the 
transconductance of the input transistors as RG is reduced for 
larger gains. This has three important advantages. First, this 
approach allows the circuit to achieve a very high open loop 
gai~ 'of 3 x 108 at a programmed gain of 1000 thus reducing gain 
related errors to a negligible 3ppm. Second, the gain bandwidth 
product which is determined by C3 or C4 and the input trans
conductance, reaches 2SMHz. Third, the input voltage noise 
reduces to a value determined by the collector current of the 
input transistors for an RTI noise of 4nV/YHz at G ~ 500. 

Figure 26. Noise Test Circuit 

INPUT CONSIDERATIONS 
Under input overload conditions the user will see RG+ lOOn 
and two diode drops (-1.2V) between the plus and minus inputs, 
in either direction. If safe overload current under all conditions 
is assumed to be lOrnA, the maximum overload voltage is - ± 2.SV. 
While the AD624 can withstand this continuously, momentary 
overloads of ±'IOV will not harm the device. On the other hand 
the inputs should never exceed the supply voltage. 

+v, 

Figure 27. Simplified Circuit of Amplifier; Gain is Defined as 
((R56 + R57)I(RG) + 1. For a Gain of 1, RG is an Open Circuit. 

The ADS24 should be considered in applications that require 
protection from severe input overload. If this is not possible, 
external protection resistors can be put in series with the inputs 
of the AD624 to augment the internal (500) protection resistors. 
This will most seriously degrade the noise performance. For this 
reason the value of these resistors should be chosen to be as low 
as possible and still provide lOrnA of current limiting under 
maximum continuous overload conditions. In selecting the value 
of these resistors, the internal gain setting resistor and the 1.2 
volt drop need to be considered. For example, to protect the 
device from a continuous differential overload of 20V at a gain 
of 100, 1.9kO of resistance is required. The internal gain resistor 
is 4040; the internal protect resistor is 1000. There is a 1.2V 
drop across DI or D2 and the base-emitter junction of either 
QI and Q3 or Q2 and Q4 as shown in Figure 27, 14000 
of external resistance would be required (700n in series with 
each input). The RTI noise in this case would be 

- v'4KTRext. + (4nV/YHz)2 = 6.2nV/YHz. 

INPUT OFFSET AND OUTPUT OFFSET 
Voltage offset specifications are often considered a figure of 
merit for instrumentation amplifiers. While initial offset may be 
adjusted to zero, shifts in offset voltage due to temperature 
variations will cause errors. Intelligent systems can often correct 
for this factor with an auto-zero cycle, but there are many small
signal high-gain applications that don't have this capability. 

Voltage offset and offset drift each have two components; input 
and output. Input offset is that component of offset that is 
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directly proportional to gain i.e., input offset as measured at the 
output at G = 100 is 100 times greater than at G = 1. Output 
offset is independent of gain. At low gains, output offset drift is 
dominant, while at high gains input offset drift dominates. 
Therefore, the output offset voltage drift is normally specified 
as drift at G = 1 (where input effects are insignificant), while 
input offset voltage drift is given by drift specification at a high 
gain (where output offset effects are negligible). All input-related 
numbers are referred to the input (RTI) which is to say that the 
effect on the output is "G" times larger. Voltage offset vs. power 
supply is also specified at one or more gain settings and is also 
RTI. 

By separating these errors, one can evaluate the total error inde
pendent of the gain setting used. In a given gain configuration 
b~t~ ~::~:-:; ~~~ b~ ;vwbill~d LV gi;-c a lUlQ.~ Ci"rui' if,;[~11t;U. LV G1e 

input (R.T.!.) or output (R.T.O.) by the following formula: 

Total Error R.T.I.= input error + (output error/gain) 

Total Error R.T.O. = (Gain x input error) + output error 

As an illustration, a typical AD624 might have a + 250f.L V output 
offset and a - 50f.L V input offset. In a unity gain configuration, 
the total output offset would be 200f.L V or the sum of the two. 
At a gain of 100, the output offset would be -4.75mV or: 
+250f.LV + 100(-50f.LV) = -4.75mV. 

The AD624 provides for both input and output offset adjustment. 
This optimizes nulling in very high precision applications and 
minimizes offset voltage effects in switched gain applications. In 
such applications the input offset is adjusted first at the highest 
programmed gain, then the output offset is adjusted at G = 1. 

GAIN 
The AD624 includes high accuracy pre-trimmed internal gain 
resistors. These allow for single connection programming of 
gains of 1, 100,200 and 500. Additionally, a variety of gains 
including a pre-trimmed gain of 1000 can be achieved through 
series and parallel combinations of the internal resistors. Table I 
shows the available gains and the appropriate pin connections 
and gain temperature coefficients. 

The gain values achieved via the combination of internal resistors 
are extremely useful. The temperature coefficient of the gain is 
dependent primarily on the mismatch of the temperature coeffi
cients of the various internal resistors. Tracking of these resistors 
is extremely tight 'resulting in the low gain TC's shown in 
Table 1. 

If the desired value of gain is not attainable using the internal 
resistors, a single external resistor can be used to achieve any 
gain between 1 and 10,000. This resi;tor connected between 

-INPUT o---,-----{ 

G = 500 

RG, 

+INPUT o-------{ 

+Vs 

-Vs 

VOUT 

OUTPUT 
L-----<lSIGNAL 

COMMON 

Figure 28. Operating Connections for G =200 

Applying the AD624 
Temperature 

Gain Coefficient Pin3 
(Nominal) (Nominal) to Pin Connect Pins 

1 -1.5ppmrC 
100 -1.5ppmrC 13 
125 -5ppmrC l3 11 to 16 
l37 - 5.5ppmrC 13 11 to 12 
186.5 -6.5ppmrC l3 11 to 12to 16 
200 -3.5ppm/°C 12 
250 -5.5ppm/oC 12 11 to 13 
333 -15ppm/°C 12 lito 16 
375 -0.5ppm/°C 12 13 to 16 
500 -lOppm/oC 11 
624 -5ppmrC 11 13 to 16 
,nn -i.5vllUU,nc i 1 11 LU 12; 13 LU 16 uoo 

831 +4ppm/°C 11 16to 12 
1000 OppmrC 11 16 to 12; 13 to 11 

Table I. 

pins 3 and 16 programs the gain according to the formula 

RG = G40~ 1 (see Figure 29). For best results RG should be a 

precision resistor with a low temperature coefficient. An external 
RG affects both gain accuracy and gain drift due to the mismatch 
between it and the internal thin-film resistors R56 and R57. 
Gain accuracy is determined by the tolerance of the external ~ 
and the absolute accuracy of the internal resistors (± 20%). Gain 
drift is determined by the mismatch of the temperature coefficient 
of RG and the temperature coefficient of the internal resistors 
(-15ppm/°C typ), and the temperature coefficient of the int~rnal 
interconnections. 

-INPUT 

ct' OR 
lkll 

+ INPUT 

RG, 

2,105kll 

-Vs 

REFERENCE 

G=~+1'20±20% 

Figure 29. Operating Connections for G = 20 

The AD624 may also be configured to provide gain in the output 
stage. Figure 30 shows an H pad attenuator connected to the 
reference and sense lines of the AD624. The values of Rl, R2 
and R3 should be selected to be as low as possible to minimize 
the gain variation and reduction of CMRR. Varying R2 will 
precisely set the gain without affecting CMRR. CMRR is deter
mined by the match of Rl and R3. 

-INPUT o-------{ 

G = 500 

RG, 

+INPUT o------{ 

R1 
6kl! 

~I_--_+--<>VOUT 

Figure 30. Gain of 2500 
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NOISE 
The AD624 is designed to provide noise performance near the 
theoretical noise floor. This is an extremely important design 
criteria as the front end noise of an instrumentation amplifier is 
the ultimate limitation on the resolution of the data acquisition 
system it is being used in. There are two sources of noise in an 
instrument amplifier, the input noise, predominantly generated 
by the differential input stage, and the output noise, generated 
by the output amplifier. Both of these components are present 
at the input (and output) of the instrumentation amplifier. At 
the input, the input noise will appear unaltered; the output 
noise will be attenuated by the closed loop gain (at the output, , 
the output noise wiil be unaltered; the input noise will be amplified 
by the closed loop gain). Those two noise sources must be root 
sum squared to determine the total noise level expected at the 
input (or output). 

The low frequency (0.1 to 10Hz) voltage noise due to the output 
stage is lOll V Pop, the contribution of the input stage is 0.2fJ. V 
Pop. At a gain of 10, the RTI voltage noise would be IfJ.V Pop, 
'" 1(10\2 . V G7 + (0.2)2. The RTO voltage nOise would be 10.2fJ.V Pop 

VIOz + (0.2 (G»2. These calculations hold for applications 
using either internal or external gain resistors. 

INPUT BIAS CURRENTS 
Input bias currents are those currents necessary to bias the 
input transistors of a dc amplifier. Bias currents are an additional 
source of input error and must be considered in an total error 
budget. The bias currents when multiplied by the source resistance 
imbalance appear as an additional offset voltage. (What is of 
concern in calculating bias current errors is the change in bias 
current with respect to signal voltage and temperature.) Input 
offset current is the difference between the two input bias currents. 
The effect of offset current is an input offset voltage whose 
magnitUde is the offset current times the source resistance. 

Although instrumentation amplifiers have differential inputs, 
there must be a return path for the bias currents. If this is not 
provided, those currents will charge stray capacitances, causing 
the output to drift uncontrollably or to saturate. Therefore, 
when amplifying "floating" input sources such as transformers 
and thermocouples, as well as ac-coupled sources, there must 
still be a dc path from each input to ground, (see Figure 31). 

J 
Figure 31a. Transformer Coupled 

~-----------------------4~ 

Figure 31b. Thermocouple 

TO POWER 
SUPPLY 
GROUNO 

TO POWER 
SUPPLY 
GROUND 
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TO POWER 
SUPPLY 

L...~ ____________________ ~~~GROUND 

Figure 31c. AC Coupled 

Figure 31. Indirect Ground Returns for Bias Currents 

COMMON-MODE REJECTION 
Common-mode rejection is a measure of the change in output 
voltage when both inputs are changed by equal amounts. These 
specifications are usually given for a full-range input voltage 
change and a specified source imbalance. "Common-Mode Re
jection Ratio" (CMRR) is a ratio expression while "Common-Mode 
Rejection" (CMR) is the logarithm of that ratio. For example, a 
CMRR of 10,000 cprresponds to a CMR of 80dB. 

In an instrumentation amplifier, ac common-mode rejection is 
only as good as the differential phase shift. Degradation of ac 
common-mode rejection is caused by unequal drops across differing 
track resistances and a differential phase shift due to varied 
stray capacitances or cable capacitances. In many applications 
shielded cables are used to minimize noise. This technique can 
create common-mode rejection errors unless the shield is properly 
driven. Figures 32 and 33 shows active data guards which are 
configured to improve ac common-mode rejection by "bootstrap
ping" the capacitances of the input cabling, thus minimizing 
differential phase shift. 

+Vs 

-VI 

Figure 32. Shield Driver, G ~ 100 

Figure 33. Differential Shield Driver 

GROUNDING 

Your 

Many data-acquisition components have two or more ground 
pins which are not connected together within the device. These 
grounds must be tied together at one point, usually at the system 
power supply ground. Ideally, a single solid ground would be 
desirable. However, since current flows through the ground 
wires and etch stripes of the circuit cards, and since these paths 
have resistance and inductance, hundreds of millivolts can be 
generated between the system ground point and the data acquisition 
components. Separate ground returns should be provided to 



* IF INDEPENDENT,DTHERWISE 
RETURN AMPLIFIER REFERENCE 
TO MECCA AT ANALOG P.S. COMMON 

Fiyurt:: 34, Dd::>;':; Giviinding P;-actica 

DIGITAL 
DATA 
OUTPUT 

minimize the current flow in the path from the most sensitive 
points to the system ground point. In this way supply currents 
and logic-gate return currents are not summed into the same 
return path as analog signals where they would cause measurement 
errors (see Figure 34). 

Since the output voltage is developed with respect to the potential 
on the reference terminal an instrumentation amplifier can solve 
many grounding problems. 

SENSE TERMINAL 
The sense terminal is the feedback point for the instrument 
amplifier's output amplifier. Normally it is connected to the 
instrument amplifier output. If heavy load currents are to be 
drawn through long leads, voltage drops due to current flowing 
through lead resistance can cause errors. The sense terminal can 
be wired to the instrument amplifier at the load thus putting the 
IxR drops "inside the loop" and virtually eliminating this error 
source. 

Figure 35. AD624 Instrumentation Amplifier with Output 
Current Booster 

Typically, IC instrumentation amplifiers are rated for a full 
± 10 volt output swing into 2kO. In some applications, however, 
the need exists to drive more current into heavier loads. Figure 
3S shows how a current booster may be connected "inside the 
loop" of an instrumentation amplifier to provide the required 
current without significantly degrading overall performance. 
The effects of nonlinearities, offset and gain inaccuracies of the 
buffer are reduced by the loop gain of the IA output amplifier. 
Offset drift of the buffer is similarly reduced. 

REFERENCE TERMINAL 
The reference terminal may be used. to offset the output by up 
to ± IOV. This is useful when the load is "floating" or does not 
share a ground with the rest of the system. It also provides a 
direct means of injecting a precise offset. It must be remembered 
that the total output swing is ± 10 volts, from ground, to be 
shared between signal and reference offset. 

+Vs 

Figure 36. Use of Reference Terminal to Provide Output 
Offset 

When the IA is of the three-amplifier configuration it is necessary 
that nearly zero impedance be presented to the reference terminal. 
l'.~y ~!D!':.!f:::!::.t :-e~!!:!~~~e, !~~!'!.!d!!'!g !!!~~~ c21.!~ed by PC !~Y01..!t~ 
or other connection techniques, which appears between the 
reference pin and ground will increase the gain of the noninverting 
signal path, thereby upsetting the common-mode rejection of 
the IA. Inadvertent thermocouple connections created in the 
sense and reference lines should also be avoided as they will 
directly affect the output offset voltage and output offset voltage 
drift. 

In the AD624 a reference source resistance will unbalance the 
CMR trim by the ratio of IOkOIRREF• For example, if the reference 
source impedance is 10, CMR will be reduced to 80dB (10kO/ 
10 = 80dB). An operational amplifier may be used to provide 
that low impedance reference point as shown in Figure 36. The 
input offset voltage characteristics of that amplifier will add 
directly to the output offset voltage performance of the in
strumentation amplifier. 

An instrumentation amplifier can be turned into a voltage-to-cur
rent converter by taking advantage of the sense and reference 
terminals as shown in Figure 37. 

+ INPUT 

-INPUT 

Figure 37. Voltage-to-Current Converter 

By establishing a reference at the "low" side of a current setting 
resistor, an output current may be defined as a function of 
input voltage, gain and the value of that resistor. Since on.ly a 
small current is demanded at the input of the buffer amphfier 
Az, the forced current IL will largely flow through the load. 
Offset and drift specifications of Az must be added to the output 
offset and drift specifications of the IA. . 

PROGRAMMABLE GAIN 
Figure 38 shows the AD624 being used as a software programmable 
gain amplifier. Gain switching can be accomplished with mechani
cal switches such as DIP switches or reed relays. It should be 
noted that the "on" resistance of the switch in series with the 
internal gain resistor becomes part of the gain equation and will 
have an effect on gain accuracy. 
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Figure 38. Gain Programmable Amplifier 

A significant advantage in using the internal gain resistors in a 
programmable gain configuration is the minimization of ther
mocouple signals which are often present in multiplexed data 
acquisition systems. 

If the full performance of the AD624 is to be achieved, the user 
must be extremely careful in designing and laying out his circuit 
to minimize the remaining thermocouple signals. 

The AD624 can also be connected for gain in the output stage. 
Figure 39 shows an AD547 used as an active attenuator in the 
output amplifier's feedback loop. The active attenuation presents 
a very low impedance to the feedback resistors therefore minimiz
ing the common-mode rejection ratio degradation. 

Figure 39. Programmable Output Gain 

Another method for developing the switching scheme is to use a 
DAC. The AD7528 dual DAC which acts essentially as a pair of 
switched resistive attenuators having high analog linearity and 
symmetrical bipolar transmission is ideal in this application. 
The multiplying DAC's advantage is that it can handle inputs of 
either polarity or zero without affecting the programmed gain. 
The circuit shown uses an AD7528 to set the gain (DAC 'A) and 
to perform a fine adjustment (DAC B). 

Figure 40. Programmable Output Gain Using a DAC 

AUTO-ZERO CIRCUITS 
In many applications it is necessary to provide very accurate 
data in high gain configurations. At room temperature the offset 
effects can be nulled by the use of offset trimpots. Over the 
operating temperature range, however, offset nulling becomes a 
problem. The circuit of Figure 41 shows a CMOS DAC operating 
in the bipolar mode and connected to the reference terminal to 
provide software controllable offset adjustments. 

.Y, 

Figure 41. Software Controllable Offset. 

In many applications complex software algorithms for auto-zero 
applications are not available. For these applications Figure 42 
provides a hardware solution. 

~:>-+-----(i) 
1'1'· : ,. 
I" 
I 
I 

Y WI 

II'~ : tH 
I 
I 

I I 

r-- - -;: :::~ __ .J 

Figure 42. Auto-Zero Circuit 
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The microprocessor controlled data acquisition system shown in 
Figure 43 includes includes both auto-zero and auto-gain capa
bility. By dedicating two of the differential inputs, one to ground 
and one to the AID reference, the proper program calibration 
cycles can eliminate both initial accuracy errors and accuracy 
errors over temperature. The auto-zero cycle, in this application, 
converts a number that appears to be ground and then writes 
that same number (8 bit) to the AD7524 which eliminates the 
zero error since its output has an inverted scale. The auto-gain 
cycle converts the AID reference and compares it with full scale. 
A multiplicative correction factor is then computed and applied 
to subsequent readings. 

Figure 43. Microprocessor Controlled Data Acquisition 
System 

WEIGH SCALE 
Figure 44 shows an example of how an AD624 can be used to 
condition the" differential output voltage from a load cell. The 
10% reference voltage adjustment range is required to accommo
date the 10% transducer sensitivity tolerance. The high linearity 
and low noise of the AD624 make it ideal for use in applications 
of this type particularly where it is desirable to measure small 
changes in weight as opposed to the absolute value. The addition 
of an auto gain/auto tare cycle will enable the system to remove 
offsets, gain errors, and drifts making possible true 14-bit 
performance. 

NOTES 
1. LOAD CELL TEOtA MOOEl 1'1' 10«0. OUTPUT 2rnVIY t 1~. 
2. Rl. R2 aM R3 SELECTlD FOR ADSM. OUTPUT 10V tlO"1'. 

Figure 44. AD624 Weigh Scale Application 

ACBRIDGE 
Bridge circuits which use dc excitation are often plagued by 
errors caused by thermocouple effects, IIf noise, dc drifts in the 
electronics, and line noise pick-up. One way to get around these 
problems is to excite the bridge with an ac waveform, amplify 
the bridge output with an ac amplifier, and synchronously de
modulate the resultiilg signal. The ac phase and amplitude in
formation from the bridge is recovered as a dc signal at the 
output of the synchronous demodulator. The low frequency 
system noise, dc drifts, and demodulator noise all get mixed to 
the carrier frequency and can be removed by means of a low 
pass filter. Dynamic response of the bridge must be traded off 
against the amount of attenuation required to adequately suppress 
these residual carrier components in the selection of the filter. 
....... .,.. • • r , •• A. _ °At .. 1 "Y",. ... n 
rlgun: -tJ I:; au C.II.aUIVIC VI au al.: UUUbC :>Y:>lCUl wau lUI; fi1..lV.JV 

used as a synchronous demodulator. The oscilloscope photograph 
shows the results of a 0.05% bridge imbalance caused by the 
IMeg resistor in parallel with one leg of the bridge. The top 
trace represents the bridge excitation, the upper middle trace is 
the amplified bridge output, the lower-middle trace is the output 
of the synchronous demodulator and the bottom trace is the 
filtered dc system output. 

This system can easily resolve a O.Sppm change in bridge im
pedance. Such a change will produce a 6.3mV change in the low 
pass filtered dc output, well above the RTO drifts and noise. 

The AC-CMRR of the AD624 decreases with the frequency of 
the input signal. This is due mainly to the package-pin capacitance 
associated with the AD624's internal gain resistors. If AC-CMRR 
is not sufficient for a given application, it can be trimmed by 
using a variable capacitor connected to the amplifier's RG2 pin 
as shown in Figure 45. 

Figure 45. AC Bridge 

BRIDGE EXCIT AllON 
120VldiviiAI 

AMPLIFIED BRIDGE 
OUTPUT 15VldivilBI 

DEMODULATED BRIDGE 
OUTPUT (5VldivllCI 

FilTER OUTPUT t2V/divl 
101 

Figure 46. AC Bridge Waveforms 
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ERROR BUDGET ANALYSIS 

+Vs 

Figure 47. Typical Bridge Application 

14·BIT 
ADC 

OT02V 
F.S. 

To illustrate how instrumentation amplifier specifications are 
applied, we will now examine a typical case where an AD624 is 
required to amplify the output of an unbalanced transducer. 
Figure 47 shows a differential transducer, unbalanced by =S!l, 
supplying a 0 to 20m V signal to an AD624C. The output of the 
IA feeds a 14-bit A to D converter with a 0 to 2 volt input 
voltage range. The operating temperature range is - 25°C to 
+ 85°C. Therefore, the largest change in temperature AT within 
the operating range is from ambient to + 85°C (85°C - 25°C 

In many applications, differential linearity and resolution are of 
prime importance. This would be so in cases where the absolute 
value of a variable is less important than changes in value. In 
these applications, only the irreducible errors (20ppm = 0.002%) 
are significant. Furthermore, if a system has an intelligent pro
cessor monitoring the A to D output, the addition of a auto-gain/ 
auto-zero cycle will remove all reducible errors and may eliminate 
the requirement for initial calibration. This will also reduce 
errors to 0.002%. 

= 60°C). 

Effect on Effect on 
Absolute Absolute Effect 

AD624C Accuracy Accuracy on 
Error Source Specifications Calculation atTA = 25°C atTA = 85°C Resolution 

Gain Error ±0.1% ±O.l% = lOOOppm 1000ppm 1000ppm 
Gain Instability lOppm (lOppmrC)(60°C) = 600ppm 600ppm 
Gain Nonlinearity ±O.OOl% ±O.OOl% = lOppm lOp pm 
Input Offset Voltage ± 2S fJ.V,RTI ±2SfJ.V/20mV = ± 12S0ppm 12S0ppm 12S0ppm 
Input 9ffset Voltage Drift ±O.2SfJ.VrC (±O.2SfJ.VrC)(60°C) = lSfJ.V 

lSfJ.V/20mV = 7S0ppm 7S0ppm 
Output Offset Voltage l ±2.0mV ± 2.0mV/20mV = IOOOppm 1000ppm IOOOppm 
Output Offset Voltage Drift 1 ± lOfJ.VrC (± lOfJ. VrC)(60°C) = 600f.l V 

600fJ.V/20mV = 300ppm 300ppm 
Bias Current- Source ±ISnA (± lSnA)(S!1) = O.07SfJ.V 

Imbalance Error O.07SfJ.V/20mV = 3.7Sppm 3.7Sppm 3.7Sppm 
Offset Curren t - Source ±IOnA (± lOnA)(S!1) = O.OSOfJ. V 

Imbalance Error O.OS0fJ.V/20mV = 2.Sppm 2.Sppm 2.Sppm 
Offset Current- Source ±lOnA (lOnA)(l7S!1) = 3.SfJ. V 

Resistance - Error 3.SfJ.V/20mV = 87.Sppm 87.Sppm 87.Sppm 
Offset Curren t - Source ± IOOpArC (lOOpArC)(17S!1)(60°C) = IfJ.V 

Resistance - Drift IfJ.V/20mV = SOppm SOppm 
Common Mode Rejection IISdB l1SdB = 1.8ppm x SV = 9fJ.V 

SVdc 9fJ.V/20mV = 444ppm 4S0ppm 4S0ppm 
Noise,RTI 

(O.I-lOHz) O.22fJ.Vp-p O.22fJ.Vp-p/20mV = lOppm lOp pm 

Total Error 3793.7Sppm S493.7Sppm 20ppm 

IOutput offset voltage and output offset voltage drift are given as RTI figures. 

Table II. Error Budget Analysis of AD624CD in Bridge Application 
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r.ANALOG 
WDEVICES 

Programmable Gain 
Instrumentation Amplifier 

AD625 I 
FEATURES , AD625 FUNCTIONAL BLOCK DIAGRAM 
Low Gain TC: 5ppmf'C max 
Low Nonlinearity: 0.005% max 
Low Noise 4nV/VHz (at 1kHz) RTI 
Gain Bandwidth Product: 25MHz 
User Programmed Gains 1 to 10,000 

+GAIN 
DRIVE 

+GAIN 
SENSE 

PRODUCT DESCRIPTION PRODUCT HIGHLIGHTS 
The AD62S is a precision instrumentation amplifier intended 1. The AD625 allows user selected fixed gains from 1 to 10,000. 
for use where flexible gain programmability is required. The Anyg;tininthis range can be programmed by 3 external 
performance of the AD62S enables its use in many applications resistors; , 
which previously required tradeoffs between expensive external ,2. A soft\yareprogrammable gain amplifier can be configured 
components and performance. using the AD62S, a CMOS multiplexer and a resistor network. 

In resistor programmable gain applications (RPGA), as show-tiin Unlike previous instrumentation amplifier designs, the ON 
Figure 2, the user can select any gain between 1 and 10,000; resistanet: ofaCMOS switch does not affect the gain 
Gain programming is accomplished through thense of lextemal. ' accuracy, 
resistors. Gain accuracies and temperature coef~cientsare deter.: " ,3, The AD62S provides totally independent input and output 
mined primarily by the match between the User provided gain','offset nulling terminals for high precision applications. This 
'setting resistors. Common-mode ~jection(CMR) ranges from' ' mJpimizes the effects of offset voltage in gain-ranging 
70dB to llSdB minimum, for oveqillgains of 1, tolOOO,ari,disapplications. 
independent of the feedback resistormatchi,ng: ,,', ',,: 4. The gain accuracy and gain temperature coefficients of the 

,,',' " " amplifier circuit are primarily dep~ndent on user selected 
A software programmable gain amplifier (SPGA)" can be configlu-,', ed",',., , external resistors. 
with the addition of a CMOS multiplexer (or other switch networ~); , 
and a suitable resistor network (see Figure 3). The AD62S' S. The proprietary design of the AD625 provides the lowest 

input voltage noise of any resistor programmable instrumen-
based SPGA can be programmed for any set of gains between 1 tation amplifier- 4nVlVHZ at 1kHz. 
and 10,000, with completely user-selected gain steps. 6. The match of the two feedback resistors is not critical to 
The AD62S exhibits excellent ac performance; its 2SMHz gain maintain high common~mode rejection. This is possible because 
bandwidth product, 5V1flS slew rate and 15flS settling time the gain sense current is insensitive to common-mode 
permit the use of the AD625 in high speed data acquisition voltage. 
applications. 
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SPECIFICATIONS (typical @Vs = ± 15V, RL = 2kO and TA = + 25°C unless otherwise specified) 

Model AD62SA AD625B AD62SC AD62SS 

GAIN 
Gain Equation 

(External Resistor Gain 
2 Rp + 1 Programming) * * * R<; 

Gain Range 1 to 10000 * * * 
Gain Error, Max ±0.05% ±0.03% ±0.02% * 
Nonlinearity, max ±0.OO5% ±O.003% ±O.OOI% * 
Gain vs. Temperature, max 5ppmrC * * * 

VOLTAGE OFFSET (May be Nulled) 
Input Offset Voltage, max 200ILV 75ILV 25ILV ** 

vs. Temperature, max 2ILV/oC ·0.5ILV/oC 0.25ILV/oC 2ILVrC 
Output Offset Voltage, max 5mV 3mV 2mV ** 

vs. Temperature, max 50ILVrC 25ILV/oC IOILV/oC 5OILV/oC 
Offset Referred to the 

Input vs. Supply 
G=l 70dB 75dB 80dB ** 
G= 10 85dB 105dB 1l0dB ** 
G= 100 95dB 105dB 1l0dB ** 
G= 1000 l00dB 1l0dB 115dB ** 

INPUT CURRENT 
Input Bias Current, max ±50nA ±25nA ±15nA * 

vs. Temperature ±50pArC * * * 
Input Offset Current, max ±35nA ±15nA ±10nA * 

vs. Temperature ±20pWC * * * 
INPUT 

Input Voltage Range 
Max Differ. Input Linear (V D) ±10V * * * 
Max Common Mode Linear (V eM) 12V -(~ XVo) * * * 

Common Mode Rejection dc 
to 60Hz with 1kOSource Imbalance, min 

G=1 70dB 75dB SOdB * 
G = 10 90dB 105dB 1l0dB * 
G = 100 l00dB 105dB 1l0dB * 
G = 1000 1l0dB 120dB BOdB * 

OUTPUT RATING ±IOV@5mA * * * 
DYNAMIC RESPONSE 

Small Signal - 3dB 
G=1 650kHz *. * * 
G=IO 400kHz * * * 
G = 100 100kHz * * * 
G = 1000 25kHz * * * 

Slew Rate 5.0V/ILs * * * 
Settling Time to 0.01%,.20V Step 

G = lto200 15ILs * * * 
G = 500 3SILS * * * 
G = 1000 7SILS * * * 

NOISE 
Voltage Noise, 1kHz 

R.T.I. 4nV/YHz * * * 
R.T.O. 7SnV/YHz * * * 

R.T.I., 0.1 to 10Hz 
G=1 IOILVp-P * * * 
G=10 l.°ILVp-P * * * 
G=100 0.3ILV p-p * * * 
G=1000 O.2ILV p-p * * * 

Current Noise 
O.IHzto 10Hz 60pAp-p * * * 
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Model 

TEMPERATURE RANGE 
Specified Performance 
Storage 

POWER SUPPLY 
Power Supply Range 
Quiescent Current 
Gain Sense Current, max 
Gain Sense Current vs. 

Temperature, max 
Gain Sense Offset Current 
Gain Sense Offset Current vs. 

Temperature 

PACKAGE OPTION l 

AD62S' 

- 25°C to + 85°C 
-6S0Cto + 150°C 

±SVto ±I8V 
3.SmA (SmA max) 
SOOnA 

2SnAf'C 
SOOnA 

20nAf'C 

DI6A 
AD62SAD 

AD62SB AD62SC AD62SS 

* * - 55°C to + 125°C 

* * * 

* * * 
* * * 
2S0nA lOOnA * 
ISnAf'C 10nAl°C * 
2S0nA lOOnA * 
lOnAl°C SnAf'C * 
DI6A DI6A DI6A 
AD62SBD AD62SCD AD62SSD 

*SpccificatiODS same as AD62SA. 
**SpccificatiODS same as AD62SB. 

ISee Section 19 for package outline information. 
Specifications subject to change without notice. 

PIN CONFIGURATION 

Theory of Operation 
The AD62S is a monolithic instrumentation amplifier based on 
a modification of the classic three-op-amp approach. Monolithic 
construction and laser-wafer-trimming allow the tight matching 
and tracking of circuit components. This insures the high level 
of performance inherent in this circuit architecture. A preamp 
section (QI-Q4) provides additional gain to Al and A2, which 
increases the overall transconductance of the input stage. Feedback 
from the outputs of Al and A2 forces the collector currents of 
QI-Q4 to be constant thereby impressing the input voltage 
across ~. This creates a differential voltage at the outputs of 

Al and A2 which is given by the gain (2:; + I) times the 

differential portion of the input voltage~ The unity gain subtractor, 
A3, removes any common-mode signal from the output voltage 
yielding a single ended output, Va' referred to the reference 
potential. 

The value of ~ is the determining factor of the transconductance 
of the input preamp stage. As ~ is reduced for larger gains the 
transconductance increases. This has three important advantages. 
First, the approach allows the circuit to achieve a very high 
open-loop gain of 3 x 108 at programmed g~s ~ 500 thus reducing 
gain related errors. Second, the gain-bandwidth product, which 
is determined by C3, C4, and the input transconductance, increases 
with gain, thereby optimizing frequency response. Third, the 
input voltage noise is reduced to a value determined by the 
collector current of the input transistors resulting in an RTI 
noise of 4nV/YHZ. 

, +v. 

vo 

-IN 

-v. 

Figure 1. Simplified Circuit of Amplifier 

RESISTOR PROGRAMMABLE GAIN AMPLIFIER 
In the resistor-programmed mode (see Figure 2) only three 
external resistors are needed to select any gain from I to 10,000. 
Depending on the application, discrete components or. a pre
trimmed network can be used. The gain accuracy and gain TC 
are primarily determined by the external resistors since the 
AD62S typically contributes less than 0.02% to gain error and 

. under Sppmf'C gain TC. The gain sense current is insensitive to 
common-mode voltage, making the CMRR of the resistor prog
rammed AD62S independent of the match of the two feedback 
resistors (RF ) •. 

• 20, 
G=~+1 

Figure 2. A 0625 in Fixed Gain Configuration 
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Selecting Resistor Values 
As previously stated each RF provides feedback to the input 
stage and sets the unity gain transconductance. These feedback 
resistors are provided by the user. The AD62S is tested and 
specified with a value of 20kfl for RF. In the unity gain config
uration RF should be 20kfl; for gains> 1 RF can be in the 
range of 10kfl to 30kfl. The gain resistor (Ro) is determined by 

2R 
the formula Ro = G ~ 1 

For single gain applications, only one offset null adjust is necessary; 
in these cases the RTI null should be used. 

SOFTWARE PROGRAMMABLE GAIN AMPLIFIER 

-.. 
Voo 

An SPGA provides the user the abiliy to externally program 
precision gains from digital inputs. To date, the problem in 
systems requiring electronic switching of gains has been the ON 
resistance (RoN) of the multiplexer, which appears in senes with 
the gain setting resistor Ro. This can result in substantial gain 
errors and gain drifts. The AD62S eliminates this problem by 
making the gain drive and gain sense pins available (Pins 2, IS, 
5, 12; see Figure 4). Consequently the multiplexer's ON resistance 
is removed from the signal current path. This transforms the 
ON resistance error into a small nullable offset voltage error. To 
clarify this point, an error budget analysis has been performed 
in Table I. Figure 4 shows the AD62S based SPGA used for the 
analysis in Table I. The output of the AD62S feeds a 12-bit 
DAS with a O-IOV input voltage range. The gain used for the 
RTI calculations is set at 16; as the gain is changed, the ON 
resistance of the multiplexer and the feedback resistance will 
change, which will change the values in the table. 

Figure 3. SPGA in a Gain of 16 

Figure 3 shows an SPGA at a gain of 16. To determine the 
gain, iris necessary to calculate Ro and RF. Ro equals the resistance 
between the gain sense lines (Pins 2 and IS) of the AD62S. In 
Figure 3, Ro equals the sum of the two 97Sfl resistors and the 
6S0fl resistor, therefore, Ro equals 2600fl· RF equals the resistance 
between the gain sense and gain drive pins (Pins 12 and IS, or 
Pins 2 and 5). In Figure 3, RF equals the IS.6kfl resistor plus 
the 3.9kfl resistor, or RF equals 19.5kfl.The gain equals: 

2RF 1 = 2 (l9.Skfl) 1 = 16 
Ro + (2.6kfl) + 

VON 

As the switches of the differential multiplexer proceed syn
chronously, Ro and RF change, resulting in the various 
programmed gain settings. Figure 4. SPGA with Multiplexer Error Sources 

Specification 
Induced Error AD625 AD7502 Calculation 

Gain Sense Switch 
RTI Offset Voltage Offset Current Resistance l5'OnAx l70!!= 25.51J.V 

l50nA l70!! 

Gain Sense Differential 
RTI Offset Voltage Current Switch Resistance 300nA x 6.S!! = 2.041J. V 

300nA 6.S!! 

Feedback Differential Leakage 
Resistance l Current (lsi 

RTO Offset Voltage 20k!! +O.2nA 2 (O.2nA x 20k!!) = SIJ. V 
-02nA 

Feedback Differential Leakage 
Resistance l Current (lOUT i 

RTO Offset V~ltage 20k!! + InA 2 (InA x 20k!!) = 40IJ. V 
-InA 

NOTES 
'The resistor for this calculation is the u,",r provided feedback resistance (RF), 20k!l is recommended (see resistor 
programmable gain amplifier section) 

Voltage Offset 
InducedRTI 

25.51J.V 

2.04IJ.V 

O.5IJ.V 

2.51J.V 

lThe leakage currents (Is and IovT) will induce an offset voltage, however, the offset wiu be detennmed by th'-difference 
between the leakages of each "half' of the differential multiplexer. The differential leakage current is multiplied by 
the feedback resistance (see Note I), to detennme offset voltage. Because differential leakage cureD! is not a parameter 
specified on multiplexer data sheers, the most extreme difference (one most positive and one most negative) was us",1 for the 
calculation in Table I. Typical performance will be much better. 

Table I. Errors Induced by Multiplexer to an SPGA 
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Analog Signal Processing Components 
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Selection Guides 

Multipliers 

Dividers 

Log-Antilog Amplifiers 

RMS-to-DC Converters 

General Information 

Definitions of Specifications 

AD532J/K/S General-Purpose Internally Trimmed IC 4-Quadrant MultiplierlDivider 

AD533J/KILIS Lowest Cost IC 4-Quadrant MultiplierlDivider 

AD534J/KILIS/T Highest Performance Internally Trimmed IC 4-Quadrant MultiplierlDivider 

AD535J/K High Performance Internally Trimmed IC 2-Quadrant Divider 

AD536AJ/K/S True RMS-to-DC IC Converter 

AD539J/K/S Wideband Dual-Channel Linear Multiplier/Divider 

AD630J/K Balanced Modulator/Demodulator 

AD632A/B/S/T Internally Trimmed Precision IC Multiplier 

AD636J/K Low Level True RMS-to-DC Converter 

AD637J/K/S High Precision Wideband RMS-to-DC Converter 
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Selection Guide 
Analog Signal Processing Components 
Internally Trimmed Multipliers 

SF 

X, 

Xz 

V, 

Vz 

z, 

Zz 

VOUT • (X, - X2~~~' - Y2) 

(WITH Z TIED TO OUTPUT) 

AD534 

OUTPUT 

.---,\/VII-O vos 

AD532 

1--------0 +Vs 

1-------0 .Vs 

TRANSFER FUNCTION 

Vo -A [(X, .Xz~~v,.Vz) ·(Z, .ZZ)] 

OUT 

VOL. I, 6-2 ANALOG SIGNAL PROCESSING COMPONENTS 

AD532 
Pretrimmed to ± 1.0% (AD532K) 
No External Components Required 
Guaranteed ± 1.0% max 4-Quadrant Error (AD532K) 
Diff Inputs for (X,-Xz)(V,-Vz)/10 Transfer Function 
Monolithic Construction 

AD534 
Pretrimmed to ± 0.25% max 4-Quadrant Error 

(AD534L) 
All Inputs (X, V and Z) Differential, High Impedance 

for [(X, - Xz)(V, - V z)/10V] + Zz Transfer Function 
Scale-Factor Adjustable to Provide up to X100 Gain 
Low Noise Design: 90JLV rms, 10Hz-10kHz 
Low Cost, Monolithic Construction 
Excellent Long Term Stability 

Page 
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Z1 W1 

Vy , vw, = 
-vx'vy , 

Vx 

vW2 = VY2 -vx'vY2 

Z2 W2 

t----:------00 +Vs 

-Vs 

TRANSFER FUNCTION 

x, 
Va' A [(X, - Xz~~Y' - Vz) _ (Z, - Zz)] 

OUT 

25k 

AD539 
Two Quadrant Multiplication/Division 
Two Independent Signal Channels 
Signal Bandwidth of 60MHz (lOUT) 
Linear Control-Bandwidth of 5MHz 
Full-Calibrated, Monolithic Circuit 

AD632 
Pretrimmed to ± 0.5% max 4-Quadrant Error 
All Inputs IX, V and Z) Differential, High Impedance 

for [(X,-Xz)(V,-Vz)/10V] +Zz Transfer Function 
Scale-Factor Adjustable to Provide up to X10 Gllin 
Low Noise Design: 90JLV rms, 10Hz-10kHz 
Low Cost, Monolithic Construction 
Excellent Long Term Stability 

Page 

Vol. I 
6-49 

Vol. I 
6-67 

ANALOG SIGNAL PROCESSING COMPONENTS VOL. I, 6-3 

• 



Selection Guide 
Analog Signal Processing Components 
Internally Trimmed Multipliers 

i __ 

1-----1---0 x . 

I 
I ----1t-----J 

it R Cs 

>----+---0.0 

429 

Internally Trimmed Dividers 

SFD------t 

AD535 

TRANSLINEAR 
MULTIPLIER 

ELEMENT 

1--------0 +VS 

I--------V -VS 

OUT 

VQL. I, 6-4 ANALOG SIGNAL PROCESSING COMPONENTS 

MODEL 429 
1.0%/0.S% Accuracy Without Trimming (429A1B) 
Low Drift to 1.0mV/oC max 
Wideband - 10MHz 
0.2% Nonlinearity max (429B) 
External Amplifiers not Required 
MTBF: 169, 268 Hours 

AD535 
Pretrimmed to ±O.S% max Error, 10:1 Denominator 

Range (ADS3SK) 
±2.0% max Error, SO:1 Denominator Range 

(ADS3SK) . 
All Inputs (X, V and Z) Differential 
Monolithic Construction 
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Log-Antilog Amplifiers 

r--------------------, , 757 

MODEL 755, MODEL 759 
High Accuracy: Models 755N. 755P 
low Cost: Models 759N. 759P 
Complete log-Antilog Amplifiers: External 

Components not Required 
Temperature-Co,npensated Internal Reference 
6 Decades Current Operation: 1nA to 1mA 
1% max Error: 1nA to 1mA (755) 

20nA to 200f1A (759) 
4 Decades Current Operation: 1mV to 10V 
1% max Error: 1mV to 10V (755) 

1mV to 2V (759) 

MODEL 757 
6 Decade Operation - 1nA to 1mA 
1/2% log Conformity - 10nA to 100f1A 
Symmetrical FET Inputs . 
Voltage or Current Operation 
Temperature Compensated 
Complete log Ratio Amplifier: External 

Components not Required 

Page 
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Selection Guide 
Analog Signal Processing Components 
RMS-to-OC Converters 

VOL. I, 6-6 ANALOG SIGNAL PROCESSING COMPONENTS 

AD536A 
True rms-to-dc Conversion 
Laser-Trimmed to High Accuracy 

0.2% max Error (AD536AK) 
0.5% max Error (AD536AJ) 

Wide Response Capability: 
Computes rms of ac and dc Signals 
300kHz Bandwidth: Vrm.>100mV 
2M Hz Bandwidth: Vrm.>1V 
Signal Crest Factor 7 for 1% Error 

dB Output with 60dB Range 
Low Power: 1mA Quiescent Current 
Single or Dual Supply Operation 
Mon.olithic Integrated Circuit 
-55°C to + 125°C Operation (AD536AS) 

AD636 
True rms-to-dc Conversion 
200mV Full Scale 
Laser-Trimmed to High Accuracy 

0.5% max Error (AD636K) 
1.0% max Error (AD636J) 

Wide Response Capability: 
Computes rms of ac and dc Signals 
1MHz -3dB Bandwidth: Vrms>100mV 
Signal Crest Factor of 6 for 0.5% Error 

dB Output with 50dB Range 
Low Power: 800flA Quiescent Current 
Single or Dual Supply Operation 
Monolithic' Integrated Circuit 

Page 
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GAIN 442 

s 

+Vs 

COM 

-Vs 

~~--OeOUT 

...... -o--OC. 

AD637 
High Accuracy 

0.02% Max Nonlinearity, 0 to 2V rms Input 
0.10% Max Error to Crest Factor of 3 

Wide Bandwidth 
8M Hz at 2V rms Input 
600kHz at 100mV rms 

Computes: 

Square 
Mean Square 
Absolute Value 

dB Output (- 60dB Range) 
Chip Select-Power Down Feature Allows: 

Analog "3·State" Operation 
Quiescent Current Reduction from 2.2mA to 

3S0fLA 

MODEL 442 
DC to 8M Hz Response (- 3dB) 
High Accuracy: 

With No Ext. Trim: ±2mV ±0.1S% of Rdg., max 
With Ext. Trim: ± 1mV ±O.OS% of Rdg., max 

Low Drift: ± (3SfLV ± 0.01% of Reading)/OC 
max,442L 

Fast Settling Time: Sms to 1% 
All Hermetically Sealed Semiconductors 
No External Components Required 

to Meet Specifications 

Page 
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Selection Guide 
Analog Signal Processing Components 
Modulator/Demodulator 

VOL. I, 6-8 ANALOG SIGNAL PROCESSING COMPONENTS 

AD630 Page 

Recovers Signal from + 100dB Noise Vol. I 
2M Hz Channel Bandwidth 6-57 
45V/ .... s Slew Rate 
-120dB Crosstalk @ 1kHz 
Pin PPOgrammable Closed Loop Gains of ± 1 and ±2 
0.05% Closed Loop Gain Accuracy and Match 
100 .... V Channel Offset Voltage (AD630BD) 
350kHz Full Power Bandwidth 



Orientation 
Analog Signal Processing Components 

MUL TIPLIERS/DIVIDERS 

Multiplication For two inputs, Vx and Vy ' a multiplier will 
provide the output, Eout = Vx Vy/Eref, where Eref is a dimen
sional constant, usually of lOV nominal value. If Eref = lOV, 
Eout = lOV when Vx and Vy are 10V. Multipliers are used for 
modulation and demodulation, fixed and variable remote gain 
adjustment, power measurement, and mathematical operations 
in analog computing, curve fitting, and linearizing. 

If the inputs may be of either positive or negative polarity, and 
the output polarity is in a correct relationship for multiplica
tion, the device is called a "four-quadrant" multiplier, reflect
ing the 4 quadrants of the X-V plane. 

Squaring If Vx = Vy = Yin, a multiplier's output will be 
Yin 2 IEref. A four~quadrant multiplier, used as a squarer, will 
have an output that is positive, whether Yin is pos-itive or nega
tive. Squarers are useful in frequency doubling, power meas
urement of constant loads, and mathematical operations. 

Division For a numerator input, V z, and a denominator input, 
Vx, an analog divider will provide the output, 
Eout = Eref(Vz/Vx)' If Eref = lOV, Eout will be lOV or less 

for Vz ~Vx' Vx is of a single polarity and will not provide 
meaningful results if it approaches zero too closely. If Vz may 
be of either positive or negative polarity, the device is de
scribed as a "two-quadrant" divider, and the output will 
reflect the polarity of Vz. Analog dividers are used to compute 
ratios-such as efficiency, attenuation, or gain; they are also 
used for fixed and variable remote gain adjustment, ratiometric 
measurements, and for mathematical operations in analog 
computing. 

Square rooting For a numerator input, Yin, and a denominator 
input, Eo (the output fed back to the denominator input), the 
output of a divider is Eo = Eref(Vin/Eo); hence Eo =.JErefVin· 
A square-rooter works in one quadrant; some devices require 
external diode circuitry to prevent latchup if the input polarity 
changes, even momentarily. Square roots are used in vector 
and rms computation, to linearize flowmeters, and for mathe
matical operations in analog computing. 

CHOOSING A MULTIPLIER, DIVIDER, etc. 
A number of devices are listed here, differing in internal archi
tecture, external functional configuration, device technology, 
and performance specifications. Some have essentially fixed r.!f
erences; others have an actively variable or programmable ref
erence as a third input (multifunction devices), and one type 
(model 433) performs the one-quadrant operation, Eo = 
Vz(Vy/Vx)m, where m is an exponent adjustable from 115 to 
5. With one exception (model 436 precision 2-quadrant 
divider), all of the devices listed here can be used for any of 
the functions defined above. 

Considerable information on these functions, the nature of 
devices to perform them, and extensive discussions of their 
applications can be found in tWo publications available from 
Analog Devices. 1

,2 A wealth of information is also to be . 
found in the data sheets for the individual devices, published 

in this section. In addition to the products listed here, a num
ber of popular earlier products are still available; data sheets 
are available upon request. 

Internal Architecture All of the devices in this selection rely on 
the logarithmic properties of silicon P-N junctions. With the 
exception of models 433 and 436, the circuit employed is • 
basically like that of the "Gilbert cell" (its 4-quadrant-multi- , 
plying circuitry and performance are described in (1) and (2), 
with further references to originai sources). Tilt: inpul vuilagt:~ 
are converted to currents, the currents are multiplied together 
and divided by a reference, and the net output current, IxIy/Iref, 
is converted to voltage by feedback around the output amplifier. 
The feedback terminals are available as inputs for applications 
involving division. In the ADS 313

, the Iref terminals are avail-
able for external programming or variation; thus, the ADS 31 
is a 3-variable "multifunction" IC which can divide without ex
ternal feedback. This versatile feature offers greater bandwidth 
as a divider. 

Basic 4-Quadrant Variable-Transconductance Multiplier Circuit 

10 =(/3 + '5) - (/4 +h) = 2 Vx Vy 
I RxRy 

z 

x 

EXTERNAL RESISTORS ARE 
CONNECTED HERE TO ADJUST m. 
DIRECT CONNECTION YIELDS m ~ 1. 

10 [vz]m Eo·-Vy -
VREF Vx 

Functional Block Diagram of Model 433 

In multifunction devices like Model 433, the feedback cur
rents of the input op amps are used to develop logarithmic 

1 Multiplier Application Guide. available upon req~est 
2 Nonlinear Circuits Handbook, D. H. Sheingold. ed., 1976, 536pp., 
S5.95,P.O. Box 796, Norwood MA 02062 

3 Data sheet avaHable upon request. 
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voltages across transistor base-emitter junctions; these voltages 
are summed and differenced and produce an exponential cur
rent proportional to Vy Vz/Vx via another transistor junction in 
the input path of the output amplifier. Thus, the output volt
age is proportional to Vy Vz/Vx ; an inter"nally generated refe~
ence voltage is available as a fixed reference for the odd input 
in two-variable operations. In the 433, the internal emitter
voltage difference proportional to log (VzlVx ) can be amplified 
or attenuated by the appropriate connection of a resistive at
tenuator with an attenuation ratio, m; since the antilog of 
m(log Vz/Vx) is (VzlVx)m, the output of the 433 is propor
tional to Vy(Vz/Vx)m. In the model 436 divider, the inputs" 
are scaled and linearly combined, before the log-antilog com
putation takes place; the result is that the numerator (of 
Vz/Vx ) may have positive or negative values. The 436 circuit 
is optimized and trimmed for performance as a dedicated 
divider; it has a fixed reference. Its circuit principles are 
discussed in some detail on the data sheet. 

External functional configuration As noted earlier, with the 
exception of the model 436 dedicated divider, all of the devices 
listed here can be used for multiplication, division, squaring, 
and/or square-rooting (MDSSR), by the appropriate connec
tion of external jumpers. As an example, the AD534 is shown 
connected for multiplication, and the AD535, which has sim
ilar architecture but is optimized for division, is shown con
nected for division and square-rooting. Performance of pre
trimmed devices is optimized in specified modes of operation, 
usually multiplication. The data sheets show how devices are 
connected for the various modes of operation; where appro
priate, the trim circuits and procedures for optimizing per
formance are provided. 

Some devices have differential inputs, which provide a great 
deal of flexibility. They permit polarity changes without ex
ternal inversion, direct subtraction of inputs, insertion of bias 
voltages for additive constants, and direct multiplication of the 
results of differential measurements. 

Technologies The devices described here are either monolithic 
integrated circuits or high-performance modules. For any 
application, the user will evaluate a device on the basis of its 
performance in the desired mode(s). The modules provide the 
highest performance: speed (model 429), accuracy as a divider 
(436), and accuracy in multifunction applications (433). On 
the other hand, the IC's provide economy of cost and space, and 
the availability of "mil-temp" range (-SSoC to +l25°C) ver-

+ 
DENOMINATOR 

Vx 

Xl 

X2 

Yl 

sions. The pretrimmed IC's (AD534, AD535 and AD532) use 
laser trimming of thin-film-on-silicon chips at the wafer stage 
and buried-Zener reference circuitry, as well as thermally 
balanced input stages and "core" circuitry, for overall maxi
mum errors to 0.25%, and linearities as yet unmatched in the 
industry. 

Performance Multiplier performance, specifications and test 
circuitry are described in great detail in the NONLINEAR 
CIRCUITS HANDBOOK. Here is a brief digest of the factors 
relating to low-frequency performance~ 

In theory, a multiplier has an output which is ideally the prod
uct of two input variables, X and Y, divided by the lOV scaling 
voltage. However, the practical multiplier is subject to various 
offset errors and nonlinearities, which must be accounted for 
in its application. This discussion is intended to assist the 
designer in understanding and interpreting multiplier and 
divider specifications and obtaining insight into device 
performance. 

In practice (see the figure), the multiplier may be considered 
as having two parts, one (M) contains the input circuitry and 
the multiplying cell; the other is the gain-conditioning op 
amp,A. 

x 

y 

r--:-X'~--- - - ------, 
IM."""1O" + F (X',Y') R 
I ..---'VIIIr---O Z (DIVIDE I NPUTI 

I 
I 
I Xo 

OUT 

s +l~Y (MUL TI~L Y) 

= -l~Z (DIVIDE) 

Functional Block Diagram of Typical Multiplier/Divider 

Also summed at the op-amp input is the feedback variable, Z. 
In multiplication, Z is connected to the output circuit. In di
vision, Z and X are the inputs, and Y is connected to the output, 
The figure shows a model used for considermg errors. Xo 
and Yo are input offset voltages, Zo is the offset-referred-to
the-input of the output amplifier, and F(X', Y') is the non
linearity, viewed as the departure from the ideal multiplication, 

1~{ . The output equation, including the errors is of the form 

r---------4~+_-oOUT. Eo 

R LOAD 
(MUST BE PROVIDED) 

Xl 

X2 OUT 

AD535 

_ INPUT.V. 

Y2 ~ 

BASIC RELATIONSHIP: (X, - X2) (Y, - Y2)-10V (Z,- Z2) 
• VXVy·lOVEo Vx (-Eo)· lOV V, Eo· -lO~ 

Multiplier Divider Square Rooter 
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Eo XY [XoY ± XYo Zo f(X'Y~ ± - ± 
lOB lOB lOB 

Product ' Xoffset Yoffset Output Nonlinearity 
offset and feed through 

Linear Feedthrough 
"Y" "X" 

The errors are included in the bracketed term, except for gain 
error, which is the departure of ."B", the gain-error term, from 
its nominal value of unity. The effects of input offsets (called 
"linear feedthrough") can be set to zero by applying external 
input biases, the output offset can be set to zero by biasing the 
output amplifier, and the gain can be externally calibrated by 
adjusting the reference or the feedback resistance. The remain
ing departure from the ideal output for any combination of 
input values is the irreducible linearity error, or nonlinearity, 
a function of X and Ythat differs from device to device and, 
with temperature, within a given device. The component of 
nonlinearity for X = 0 is called "V feedthrough" and for 
V = 0, it is called "X feedthrough". 

The "total error" specification includes the effects of all these 
errors. Although a guide to performance, it may produce an 
excessively conservative design in some applications. For ex
ample, output offset is not important if the output is to be 
capacitively coupled or the initial offset is nulled. Gain error 
is not important if system gain is to be adjusted elsewhere in 
the system or if gain is not a critical factor in system perform
ance. If frequent calibration of offset and scale-factor errors 
is available (e.g., in a "smart" instrument, via software) non
linearity becomes the limiting parameter. In such cases, im
provements in predicted error can be achieved by using the 
approximate linearity equation: 

f(X,V) === IVxl Ex + IVy lEy 

were Ex and Ey are the specified fractional linearity errors 
(%1100) and Vx and Vy are the inputsignals. 

When multipliers are fed back for use in division applications, 
it is important to recognize that maximum multiplication 
errors are increased approximately in proportion to the inverse 
of the denominator voltage (lOVlVx), and bandwidth is 
decreased in proportion to denominator voltage. Pretrimmed 
multipliers used in such applications, with wide dynamic range 
of X (e.g., 10: 1), will always benefit greatly by the trimming 
of offsets, especially Zo (affects offsets) and Xo (affects gain), 
for small values of X. 

LOGS AND LOG RATIOS 
In the logarithmic mode, the ideal output' equation is 

lin 
Eo = -K log (-1-) 

10 ref 

Eo can be positive or negative; it is zero when the ratio is 
unity, i.e., lin = lref. K is the output scale constant; it is 
equal to the number of output volts corresponding to a de
cade· change of the ratio. In the 755 and 759 log amplifiers, 
K is pin-programmable tobe either 1 V, 2V, or 2/3V, or exter
nally adjustable to any value ~ 2I3V; in the model 757 log-

10 

-2 

" '-4 
K=~ -8 

""._i_
6t 

MODEL 755P MODEL 755N 
-INPUT CURRENT -10 +INPUTCURRENT 

MODEL 755P 
-INPUT VOLTS 

Log of Current 

K=2 

-5 

Log of Voltage 

MODEL 755N 
+INPUTVOLTS 

Output vs. Input of Model 755N & 755P in Log Connection 
(Log Input Scales), Showing Voltages, and Polarity Relationships 

ratio amplifier, K may be either a preset value of 1 V, or an 
arbitrary value adjustable by an external resistance ratio. 

lin is a unipolar input current within a 6-decade range (1 nA 
to 1 mA); it may be applied directly, as a current, or derived 
from an input voltage via an input resistor (in which case, 
the ratio becomes Ein/(Rinlref) = Ein/Eref. In models 755 and 
759, the magnitude of Iref is internally fixed at iOpA (Eref = 
0.1 V) or externally adjusted; but model 757 is a log-ratio 
amplifier, in which both lin and Ird (~r Ein and Erd, using 
external scaling resistors) are input variables. 

Each of the log amplifiers is available as a "P" or "N" op
tion, depending on the polarity of the input voltage. Loga
rithms may be computed only for positive arguments, there
fore the reference current must be of appropriate polarity to 
make the ratio positive. UN" indicates that the input current 
(or voltage) for the log mode is positive; "P" indicates that 

*A decade is a 10:1 ratio, two decades is 100:1, etc. For example, 
if K = 2, and the ratio is 10, the magnitude of the output would be 
2V, and its polarity would depend on whether the ratio were greater
or less than unity. If the input signal then changed by a factor of 
1000 (3 decades), the output would change by 6V. 
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only negative voltage or current may be applied in the log 
mode. The polarity of K also differs: K is positive for ION" 
versions and negative for lOp" versions. Thus, + 1 OV applied 
to model 755N, with K = +lV, would produce an output vol
tage, Eo = -IV log (100) = -2V; on the other hand, -lOY 
applied to model 755P, with K = IV, would produce an out
put voltage, Eo = -(-1 V) log (100) = +2V. The figure shows, 
in condensed form, the outputs of P and N log-amps, with dif
fering K values, for voltage and current inputs. 

Log amplifiers in the log mode are useful for applications re
quiring compression of wide-range analog input data, linear
ization of transducers having exponential outputs, and analog 
computing, ranging from simple translation of natural rela
tionships in log form (e.g., computing absorbance as the log
ratio of input currents), to the use of logarithms in facilitating 
analog computation of terms involving arbitraty exponents 
and multi-term products and ratios. 

ANTILOGS 
In theantilogaritbmic (exponential) mode, the ideal output 
equation is 

Eo = Eref explO (- Ein/K) 

Ein can be positive or negative; when it is zero, Eo = Eref· 
However, Eo is always of single polarity, positive for ION" 
versions, negative for lOP" versions. Thus, for 759P, connect
ed for K = -2V, if Ein = +4V, and Eref = -o.lV, then 

Eo = -0.1 Y.1O-4/-2, or -l()V; if Ein = -4V, then 

Eo = -0.lY·lO-<-4)/-2 = -lmV. The figure below shows, 
in condensed form, the outputs of P and N log amps, 
connected for antilogarithmic operation, with different K 
values. 

Antilog amplifiers are useful for applications requiring ex.pan
sion of compressed data, linearization of transducers having 
logarithmic outputs, analog function fitting or function gener
ation, to obtain relationships or generate curves having volt-

Eo (LOG) 

~--+---+----4--+-_" V'N 
(LINEAR) 

Antilog Operator Response Curves, Semilog Scale 
Eo = EREF 10 VIN/-K 

age-programmable rates of growth or decay, and in analog 
computing, for such functions as compound multiplication 
and division of terms having differing exponents. 

LOG-ANTILOG AMPLIFIER PERFORMANCE 
Considerable information regarding log- and antilog-amplifier 
circuit design, performance, selection, and applications is to 
be found in the NONLINEAR CIRCUITS HANDBOOK!. 
Several salient points will be covered here, and specifications 
will be defined .. 

A log/antilog amplifier consists of an operational amplifier 
and an element with antilogarithmic transconductance (i.e., 
the voltage into the element produces a current that is an 
exponential function of the voltage). As the figure shows, for 
logarithmic operations, the input current is applied at the op
amp summing point, and the feedback circuit causes the am- ' 
plifier output to produce whatever voltage is required to pro
vide a feedback current that will exactly balance the i~put 
current. 

In antilog operation, the input voltage is applied directly to 
the input of the antilog element, producing an exponential 
input current to the op-amp circuit. The feedback resistance 
transduces it to an output voltage. 

755 

l'N 0--+--.......... ---1 
">----~_o OUT 

(SUMMING 
POINT) 

+15V COM -15V TRIM EOl 

a) Log/Antilog Amplifier Connected in the Log Mode (K = 1) 

755 

+15V COM -15V TRIM EOl 

b) Log/Antilog Amplifier Connected in the Exponential Mode 

I Nonlinear Circuits Handbook, Analog Devices, Inc., 1974, 1976, 
536pp, edited by D. H. Sheingold, $5.95; send check or complete 
MasterCard data to P.O. Box 796, Norwood MA 02062 
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The wide range of log/exponential behavior is made possible 
by the exponential current-voltage relationship of transistor 
base-emitter junctions, 

I = Io(eqV /kT - 1) === IoeqV /kT 

and V = (kT/q) In (1/10 ) 

where I is the collector current, 10 is the extrapolated cur-
rent for V = 0, V is the base-emitter voltage, q/k (11605° K/V) 
is the ratio of charge of an electron to Boltzmann's constant. 
and T is junction temperature kelvin. In log/antilog devices, 
two matched transistors are connected so as to subtract the 
junct,ion voltages associat~d with the input and reference cur
rents, making the ratio independent of 10 's variation with 
temperature. 

b..V (kT/q) In (lin/lo) - (kT/q) In (lref/lo) 
= (kT/q) (In lin -In IreC) + (kT/q) (In 10 -In 10 ) 
= (kT /q) In (lin/lreC) 

The temperature-dependence of gain is compensated for by a 
resistive attenuator that uses a temperature-sensitive resistor 
for compensation. The attenuator also produces amplification 
of K to the specified nominal values, e.g., from the basic 
59mV/decade (kT/q) In10 at room temperature) to 
1 V/decade. 

Errors are introduced by the offset current of the amplifier, 
and the offset voltage, for voltage inputs; by inaccuracy of the 
refe'rence current (or the effective reference voltage, for volt
age inputs) in fixed-reference devices; and by inaccuracy of 

, setting K. Additional errors are introduced by drift of these 
parameters with temperature. At any temperature, if these 
parameters are nulled out, there. remains a final irreducible dif
ference between the actual output and the theoretical output, 
called log-conformity error, which is manifested as a "nonline
arity" of the input-output plot on semilog paper. Best log con
formity is realized away from the extremities of the rated signal 
range. For example, log-conformity error of model 755 is ±1% 
maximum, referred to the input, over the entire 6-decade range 
from InA to 1mA; but it is only ±0.5% maximum over the 4-
decade range from 10nA to 1 OO~A. 

Errors occurring at the input, and log-conformity errors, can 
only be observed at the output, but it is useful to refer them to 
the input (RTI). Equal percentage errors at the input, at what-

ever input level, produce equal incremental errors at the out
put, for a given value of K. For example, if K = 1, and the RTI 
log-conformity error is +1 %, the magnitude of the output error 
will be 

Error = Actual output - ideal output 
1 V·log (1.01 I1lref) - 1V·log (I/IreC) 
1 V·log1.01 = 0.0043V = 4.3mV 

If. in this examole. the inout ranlle haooens to be 5 decades. 
the corresponding output range ~ill b~ -5 volts, and the 4.3mV 
log-conformity error, as a percentage of total output range, 

. will be less than 0.1 %. Because this ambiguity can prove con
fusing to the user, it is important that a manufacturer specify 
whether the error is referred to the input or the output. The 
table below indicates the conversion between RTI percentage 
and output error-magnitudes, for various percent errors, and 
various values of K. 

LOG OUTPUT ERROR (mV) 

% ERROR RTI K= IV K = 2V K = (213)V 

0~1 0.43 0.86 0.28 
0.5 2.2 4.3 I 1.4 
1.0 4.3 8.6 2.9 
2.0 8.6 17. 5.7 
3.0 13. 26. 8.6 
4.0 17. 34. 11. 
5.0 21. 42. 14. 

10.0 41. 83. 28. 

For antilog operations, input and output errors are interchanged. 

To arrive at the total error, an error budget should be made up, 
taking into account each of the error sources, and its contribu
tion to the total error, over the temperature range of interest. 

Dynamic response of log amps is a function of the inputlevel. 
Small-signal bandwidths of ac input signals biased at currents 
above l~A tend to be roughly comparable. However, below 
l~A, bandwidth tends to be in rough proportion to current 
level. Similarly, rise time depends on step magnitude and 
direction - step changes in the direction of increasing current 
are responded to more quickly than step decreases of current. 
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RMS-TO-DC CONVERTERS 
The accurate calculation of the root-mean-square of an ac 
waveform has long been a stumbling block to designers of 
ac measurement and control instrumentation. Historically, 
this problem has been addressed by various, each method 
tailored to the specific application. The rms of ac signals 
is imponant because it is a measure of the power in that 
signal. 

An alterna·tive to rms that has been widely used in the past, 
principally for measurements on sine waves, is mean absolute
deviation, or "ac average," It is performed by taking the ab
solute value of (i.e., full-wave or half-wave rectifying) a 
signal, filtering it, and scaling it by the ratio of rms to m.a.d. 
for sine waves, 1.111, so that it reads correctly (for undis
toned sine waves). Unfortunately, this ratio varies widely as 
a function of the waveform and will give grossly incorrect 
results in many cases. The table shows a few representative 
examples comparing rms with m.a.d, 

Examples of applications include noise measurement - for 
example, thermal noise, transistor noise, and switch-contact 
noise. True-rms measurement is a technique that provides 
consistent theoretically valid measurements of noise ampli
tude (standard deviation) from different sources having dif
ferent properties. 

True-rms devices are also useful for measuring electrical sig
nals derived from mechanical phenomena, such as strain, stress, 
vibration, shock, expansion, bearing noise, and acoustical 
noise. The electrical signals produced by these mechanical 

WAVEFORM 

O~ 

-47-
2J .4A~.'f. t. i 

n~1 I ~~~tl 
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TRIANGULAR WAVE 
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CREST FACTOR IS 
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TIME DURING WHICH 
GREATER PEAKS CAN 
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OCCUR 

PULSE TRAIN 

MARK/SPACE 

1 
0.25 0.3333 
0.0625 0.0667 
0.0156 0.0159 
0.0.1 0.0101 

actions are often noisy, non-periodic, nonsinusoidal, and 
superimposed on dc levels, and require true-rms for consistent, 
valid, accurate measurements. RMS converters are also useful 
for accurate measurements on low-repetition-rate pulse-trains 
having high crest factors (ratio of peak to rms), and for meas
urements of the energy content of SCR waveforms at differing 
firing angles. 

The basic approach used in these converters for computing 
the rms is to take the absolute value, square it, and divide by 
the fed-back output (using the logarithmic characteristics of 
transistor junctions), and filter the result. The resulting 
approximation 

Eo = AVg.[ ~: 
2

] 2:!.J Avg. (Vin 
2

) 

is valid if the averaging time~constant is sufficiently long 
compared with the periods of the lowest-frequency ac com
ponents of the signal. 

The simplest form of averaging involves a single-pole filter, 
using an external filtering capacitance. Increased values of 
capacitance for filtering will improve the accuracy for low 
frequency rms measurements and provide reduced ripple at 
the output, but at the cost of increased settling time. For 
fastest settling and minimum ripple, the data sheets show how 
an additional stage of 2-pole filtering is useful. The addition
al filtering permits improvement of settling time or reduction 
of ripple (or both) because of substantial reduction of Cext. 

RMS CREST 
RMS MAD MAD FACTOR 

Vm ~V,., ..f2 ~".'11 ..f2.'.414 

0.707 V .. 0.637 Vm 

V .. Vm 

Vm Vm ~ -1.155 ,ft".732 
:ft '2 

C.F. 
RMS 

I 32% v0 RMS ;; 2 4.6% 
2 3 0.37% 

-0.798 RMS 1.253 3.3 0.1% 
3.9 0.01% 
4 63ppm 
4.4 10ppm 
4.9 lppm 
6. 2.10·' 

I I 

Vm.Jfi Vm~ ../f/ ../f/ 
V .. Vm I I 

0.5V .. 0.25Vm 2 2 
0.25Vm 0.0625V .. 4 4 
0.125Vm 0.0156Vm 8 8 
O.Wm O.OWm 10 10 
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MODULATION/DEMODULATION 
The AD630 is a high precision balanced modulator which 
combines a flexible commutating architecutre with accuracy 
and temperature stability afforded by laser wafer trimmed 
thin film resistors. Its signal processing applications include 
balanced modulation and demodulation, synchronous de
tection, phase detection, quadrature detection, phase sensi
tive detection, lock-in amplification and square wave 
--.0'1.1.:-.1: ........... : ..... _ 
••• - ••• t'u~ .... vu. 

Often in physical processes, it is necessary to determine the 
amplitude of a very small signal whose phase and frequency 
is known. In addition, the signal may be masked by broadband 
noise or dc interference. Some specific instances where this 
type of signal detection is required include sonar reception, 
L VDT demodulation, inductive or capacitive bridges, chop
ped photo detectors, and resistive bridges where a large 
amount of dc interference exists. The AD630 can extract 
these tiny signals from the background noise by switching 
between positive and negative gain each half cycle. This 
synchronous gain switching rectifies the signal of interest 
and produces a dc output proportional to the signal ampli
tude. Other signal components that are of a different fre
quency (including dc offset) are chopped to an ac frequency 
that can be filtered out with a simple low pass filter. 

DEFINITIONS OF SPECIFICATIONS 
Accuracy is defined in terms of total error of the multiplier at 
room temperature and constant nominal supply voltage. Total 
error includes the sum of the effects of input and output dc 
offsets, nonlinearity, and feedthrough. Temperature depend
ence and supply-voltage effects are specified separately. 

Crest Factor (a property of the signal) is the ratio of peak 
signal voltage to the ideal value of rms; the specified value of 
crest factor is that for which the error is maintained within 
specified limits at a given rms level for a worst-case -
rectangular pulse - input signal. 

Dynamic Parameters include: small-signal bandwidth, full
power response, slew(ing) rate, small-signal amplitude error, 
and settling time. 

Full-power response is the maximum frequency at which 
the multiplier can produce full-scale voltage into its rated load 
without noticeable distortion. 

Settlinj{ time. for the product of a ±10V step and 10Vdc, is 
the total length of time the outpu t takes to respond to an inpu t 
change and stay within some specified error band of its final 
value. Settling time cannot be accurately predicted from any 
other dynamic specifications; it is specified in terms of a pre-
scribed measurement. . 

Slew(ing) rate is the maximum rate of change of output 
voltage for the product of a full-scale dc voltage and a full
scale step input. 

Small-signal amplitude error is defined in relation to the fre
quency at which the amplitude response, or scale factor, is in 

error by 1 %, measured with a small (10% of full-scale) signal. 

Small-signal bandwidth is the frequency at which the output 
is down 3dB from its low-frequency value (i.e., by about 30%) 
for a nominal output amplitude of 10% of full scale. 

Vector error is the most-sensitive measure of dynamic 
error. It is usually specified in terms of the frequency at which 
a phase error of 0.01 radians (0.57°) occurs. 

Filter Time Constant and External Capacitor: The time con- . 
stant of the internal averaging filter, and the increase of time 
constant per pF of added external capacitance. 

Frequency for 1 %-of-Reading Error is the minimum value of 
frequency (at the high end) at which the error increases from 
the midband value by 1% of reading. It is a function of peak
to-peak input amplitude. 

Frequency for ±3dB Reading Error is the minimum value of 
frequency (at the high end) at which the error may equal 
30% of reading. It is a function of amplitude. 

Input: The voltage range over which specified operation is 
obtained, the maximum voltage for which the unit operates, 
the maximum safe input voltage, and the effective input 
resistance. 

Linearity Error or Nonlinearity is the maximum difference 
between actual and "best-straight-line" theoretical output, for 
all pairs of input values, expressed as a percentage of full scale, 
with all other de errors nulled. It is the irreducible minimum 
error. It is usually expressed in terms of X and Y nonlinearity, 
with the named input swinging over its full-scale range and the 
other input at (±) 10V. Y nonlinearity is considerably less than 
X nonlinearity in "Gilbert-cell" multipliers. This specification 
includes nonlinear feedthrough. 

Log-Conformity Error When the parameters have been adjust
ed to compensate for offset, scale-factor, and reference errors, 
the log-conformity error is the deviation of the resulting func
tion from a straight line on a semilog plot over the range of in
terest. 

Noise is specified and measured with both inputs at zero signal 
and zero impedance (i.e., shorted). For low-frequency applica
tions, filtering the output of the multiplier may improve small
signal resolution significantly. 

Offset Current (los) is the bias current of the amplifier, plus 
any stray leakage currents. This parameter can be a significant 
source of error when processing signals in the nanoampere re
gion. Its contribution in antilog operation is negligible. 

Output: The maximum output range for rated performance, 
the minimum current guaranteed available at full-scale output 
voltage, and the source resistance of the output circuit. 

Output Offset refers to the offset voltage at the output-ampli
fier stage. This offset is usually minimized at manufacture and 
can be trimmed where high accuracy is desired. Output offset 
vs. temperature is also specified. 
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Power Supply: Power-supply range for specified performance, 
power-supply range for operation, and quiescent current 
drain. Note that the AD536 can be operated from single or 
dual supplies. 

Reference Current (Iref) is the effective internally-generated 
current-source output to which all values of input current are 
compared. Iref tolerance appears as a dc offset at the .output; 
it can be adjusted towards zero by adjusting the reference cur
rent, adding a voltage to the output by injecting a current into 
the scale-factor attenuator, or simply by adding a constant bias 
at the output's destination. 

Reference Voltage (Eref) is the effective internally generated 
voltage to which all input voltages are compared. It is related 
to Iref by the equation: Eref = IrefRin' where Rin is the value of 
input resistance. Typically, Iref is less stable than Rin; there
fore, practically all the tolerance is due to Iref. 

Scale Fqctor (K). is the voltage change at the ou tput for a dec~ 
ade (i.e., 10: 1) change at the input, when connected in the 
log mode. Error in scale factor is equivalent to a change in gain. 
or slope (on a semilog plot), and is specified in percent of the 
nominal value. 

Temperature Range: The range of temperature variation for 
operation within specifications. Temperature coefficients are 
determined by three-point measurements (TH - 25°C), 
(25° C - T L), when measured. 

X or Y Feedthrough is the signal at the output for any value of 
. X or Y input in the rated range, when the other input is zero. 
It has two components, a linear one, corresponding to an input 
offset at the zero input, which can be trimmed out (but can 
drift and has a temperature specification), and a nonlinear one, 
which is irreducible. Feedthrough is usually specified at one 
frequency (50Hz) for a 20V p-p sine wave input. It increases 
with frequency, and plots of typical feedthrough vs. frequency 
are provided on multiplier data sheets. 
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r.ANALOG 
WDEVICES 

FEATURES 
Pretrimmed To ±1.00~ (AD532K) 
No External Components Required 
Guaranteed ±1.0% max 4-Quadrant 

Error (AD532K) 
Diff Inputs For (X1-X2) (Y1-Y2)/10V 

Transfer Function 
Monolithic Construction, Low Cost 

A .... LICATIONS 
Multiplication, Division, Squaring, 

Square Rooting 
Algebraic Computation 
Power Measurements 
I nstrumentation Applications 

PRODUCT DESCRIPTION 
The ADS 32 is the first pretrimmed single chip monolithic 
multiplier/divider. It guarantees a maximum multiplying 
error of ±1.0% and a ±lOV output voltage without the need 
for any external trimming resistors or output op amp. Because 
the ADS 32 is internally trimmed, its simplicity of use provides 
design engineers with an attractive alternative to modular 
multipliers, and its monolithic construction provides 
significant advantages in size, reliability and economy. Further, 
the ADS 32 can be used as a direct replacement for other IC 
multipliers that require external trim networks (such as the· 
ADS30). 

FLEXIBILITY OF OPERATION 
The ADS32 multiplies in four quadrants with a transfer 
function of(Xl-X2)(Y l-Y 2)/lOV, divides in two quadrants 
with a 10VZ/(XI-X2) transfer function, ar:J square roots in 
one quadrant with a transfer function of ± lOVZ. In addi
tion to these basic functions, the differential X and Y inputs' 
provide significant operating flexibility both for algebraic 
compu tation and transducer instrumentation applications. 
Transfer functions, such as XV/lOY, (X2_Y2)/10V,±X2/ 
lOY, and 10VZ/(X1-X2) are easily attained, and are ex
tremely useful in many modulation and function generation 
applications, as well as in trigonometric calculations for 
airborne navigation and guidance applications, where the 
monolithic construction and small size of the ADS 32 offer 
considerable system advantages. In addition, the high CMRR 
(7SdB) of the differl!ntial inputs makes the ADS32 especially 
well qualified for instrumentation applications, as it can 
provide an output signal that is the product of two transducer
generated input signals. 

Internally Trimmed 
Integrated Circuit Multiplier 

AD532 I 

ADS32 FUNCTIONAL BLOCK DIAGRAM 

Vx I X, 
X2 

VOUT • (X, - X2:~~' - Y21 

(WITH Z TIED TO OUTPUT) 

pc OUTPUT 

lOR 
Vos 

R 

GUARANTEED PERFORMANCE OVER TEMPERATURE 
The AD532J and ADS32K are specified for maximum multi
plying errors of ±2% and ±l % of full scale, respectively at 
+2SoC, and are rated for operation from 0 to +70°C. The 
ADS 32S has a maximum multiplying error of ±l % of full 
scale at +2SoC; it is also 100% tested to guarantee a maximum 
error of ±4% at the extended operating temperature limits of 
-SSoC and +12SoC. All devices are available in either the 
hermetically-sealed TO-IOO metal can or TO-116 ceramic DIP. 

x, 

NC 

ADS32H 

Y2 

X2 

-Vs 
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ADS32D 
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SPECIFICATIONS (@ +25°C, Vs= ±15V, R~2kn, Vos Grounded) 

AD532J AD532K 

Model Min Typ Max Min Typ Max 

MULTIPLIER PERFORMANCE 

Transfer Function 
(X l -X2)(Y l - Y2) (X l -X2)(Y l - Y2) 

10V 

Total Error ( -IOVsX, Ys + 10V) :=1.5 ±2.0 
T A = min tomax :=2.5 
Total Error vs Temperature :=0.04 
SupplyRejection(:= 15V:t 10) :=0.05 
Nonlinearity, X (X = 20Vpk-pk, Y= 10V) :=0.8 
Nonlinearity, Y (Y = 20V pk-pk, X = 10V) :=0.3 
Feedthrough, X (Y Nulled, 

X = 20V pk-pk 50Hz) 50 200 
Feedthrough, Y (X Nulled, 

Y = 20V pk-pk 50Hz) 30 15 
Feedthrough vs. Temp. 2.0 
Feedthrough vs. Power Supply :=0.25 

DYNAMICS 
Small Signal BW (VOUT = 0.1 rms) I 
I % Amplitude Error 75 
Slew Rate (V OUT 20 pk-pk) 45 
Settling Time (to 2%, 11 VOUT = 20V) I 

NOISE 
Wideband Noise f = 5Hz to 10kHz 0.6 

f = 5Hz to 5MHz 3.0 

OUTPUT 
Output Voltage Swing :=10 := 13 
Output Impedance (fs 1kHz) I 
Output Offset Voltage :=40 
Output Offset Voltagevs. Temp. 0.7 
Output Offset Voltage vs. Supply :=2.5 

INPUT AMPLIFIERS (X, Y and Z) 

Signal Voltage Range (Diff. or CM 
Operating Diff) :=10 

.CMRR 40 

Input Bias Current 
X, YInputs 3 

X, Y Inputs T min to T max 10 
ZInput :=10 

Z InputTmin to T max :=30 
Offset Current :=0.3 

Differential Resistance 10 

DIVIDER PERFORMANCE 

Transfer Function (X I > X2) IOVZ/(XI-X2) 

Total Error 

(Vx= -IOV, -IOVsVzs + 10V) :=2 
(Vx = -IV, -IOVsVzs+ 10V) :=4 

SQUARE PERFORMANCE 

Transfer Function 
(XI -X2)2 

~ 
Total Error :=0.8 

SQUARE-ROOTER PERFORMANCE 
Transfer Function (XI - X2i/IOV 
Total Error (OVsVzs 10V) :=1.5 

POWER SUPPLY SPECIFICATIONS 

Supply Voltage 
Rated Performance :=15 

Operating ±10 ±lS 
SuplyCurrent 

Quiescent 4 6 

NOTE 
Specifications subject to change without notice. 

Specifications shown in boldface are tested on all production units at fmal electri
cal test. Results from those tests are used to calculate outgoing quality levels. All 
min and max specifications are guaranteed, although only those shown in 
boldface are tested on all production units. 

10V 

:=0.7 
:=1.5 

:=0.03 

:=0.05 

:to.5 
:=0.2 

30 

25 

1.0 
:=0.25 

I 

75 
45 

1 

0.6 
3.0 

:=10 :=13 

I 

0.7 
:=2.5 

±10 

50 

1.5 

8 
:=5 

:=25 
:to.1 

10 

IOVZI(XI -X2) 

:=1 
:=3 

(XI -X2)2 

---wv-
:=0.4 

(XI - X2i/IOV 
:=1.0 

:=15 

±10 

4 
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±1.0 

100 

80 

±30 

4 

±15 

±lS 

6 

AD532S 
Min Typ Max Units 

(Xl -X2)(Y l - Y2) 

10V 

:=0.5 ±1.0 %. 
±4.0 % 

:to.01 :to.04 %rC 
:to.05 %/% 
:to.5 % 

:to.2 % 

30 100 mV 

25 80 mV 

1.0 mVp-prC 
:=0.25 mV/% 

I MHz 
75 kHz 
45 V/fJ.S 
I fJ.s 

0.6 mV(rms) 

3.0 mV(rms) 

:=10 :=13 V 
I n 

±30 mV 

2.0 mVrC 
:=2.5 mV/% . 

:=10 V 

50 dB 

1.5 4 fJ.A 
8 fJ.A 
:=5 ±15 fJ.A 
:=25 fJ.A 
:=0.1 fJ.A 
10 Mn 

10V ZI(XI - X2) 

:=1 % 
:=3 % 

(XI -X2)2 

~ 
:=0.4 % 

(XI - X2i/IOV 
:=1.0 % 

:=15 V 

±lO ±22 V 

4 6 rnA 



FUNCTIONAL DESCRIPTION 
The functional block diagram for the ADS32 is shown on 
the first page, and the complete schematic in Figure 1. In the 
multiplying and squaring modes, Z is connected to the output 
to close the feedback around the output op amp. (In the 
divide mode, it is used as an input terminal.) 

The X and Y inputs are fed to high impedance differential 
amplifiers featuring low distortion and good common mode 
rejection. The amplifier voltage offsets are actively laser 
trimmed to zero during production. The product of the two 
inputs is resolved in the multiplier cell using Gilbert's 
linearized transconductance technique. The cell is laser 
trimmed to obtain Vout ;:: (Xt-X2)(Y l-Y 2)/10 volts. 
Thp huil ... _in nn ".".,"" tCO 11CO.-:arl 't'n "h .. ",i_ 1_ .. , "' ....... _n .. ; ____ ... ...1 .... _ .... _ 
... - --...... -r -"·r'- ---- -- ----.... _ .. ---r-- ·· .. r- .. _··--
and make possible self-contained operation. The residual 
output voltage offset can be zeroed at Vos in critical applica
tions .... otherwise the Vos pin should be grounded. Figure 1. AD532 Schematic Diagram 

ORDERING GUIDE 

Model Package Option 1 Max Mult Error Temperature Range 

ADS32JH TO-I00 ±2.0% o to +70
o
C 

ADS32JD TO-116 Style (DI4A) ±2.0% o to +70o C 
ADS32KH TO-I00 ±1.0% o to +70°C 
ADS32KD TO-116 Style (DI4A) ±1.0% o to +70

o
C 

ADS32SH TO-I00 ±1.0% -55°C to +12So C 
ADS32SD TO-1l6 Style (DI4A) ±1.0% -55°C to +12So C 

I See Section 19 for package outline information. 
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ADS32 PERFORMANCE CHARACTERISTICS 
Multiplication accuracy is defined in terms of total error at 
+2SoC with the rated power supply. The value specified is in 
percent of full scale and includes Xin and Yinnonlinearities, 
feedback and scale factor error. To this must be added such 
application-dependent error terms as power supply rejection, 
common mode rejection and temperature coefficients 
(although worst case error over temperature is specified for 
the ADS 325). Total expected error is the rms sum of the 
individual components,since they are uncorrelated. 

Accuracy in the divide mode is only a little more complex. To 
achieve division, the multiplier cell must be connected in the 
feedback of the output amp as shown in Figure 12. In this 
configuration, the multiplier cell varies the closed loop gain of 
the op amp in an inverse ,relationship to the denominator 
voltage. Thus, as the denominator is reduced, output offset, 
bandwdith and other multiplier cell errors ai-e adversely af
fected. The divide error and driftare then Em • 10V/XI-X2) 
where Em represents multiplier full scale error and drift, and 
(XI-X2) is the absolute value of the denominator. 

NONLINEARITY 
Nonlinearity is easily measured in percent harmonic distortion. 
The curves of Figures 2 and 3 characterize output distortion 
as a function of input signal level and frequency respectively, 
with one input held at plus or minus 10V dc. In Figure 3 the 
sine wave amplitude is 20V (p-p). 
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Figure 2. Percent Distortion vs. Input Signal 
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Figure 3. Percent Distortion vs. Frequency 
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AC FEEDTHROUGH 
AC Feedthrough is a measure of the multiplier's z!:ro 
suppression. With one input at zero, the multiplier output 
should be zero regardless of the signal applied to the other 
input. Feedthrough as a function of frequency for the 
ADS32 is shown in Figure 4. It is measured for the condition 
Vx = 0, Vy = 20V(p-p) and Vy = 0, Vx = 20V(p-p) over the 
given frequency range. It consists primarily of the second 
harmonic and is measured in millivolts peak-to-peak. 
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E 
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10 

1 
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-
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V 
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10k '0011. 
FREQUENCY· H. 

Figure 4. F"edthrough vs. Frequency 

COMMON MODE REJECTION 

I 

The ADS 32 features differential X and Y inputs to enhance 
its flexibility as a computational multiplier/divider. Common 
mode rejection for both inputs as a function of frequency is 
shown in Figure 5. It is measured with Xl = X2 = 20V (p-p), 
(Y I-Y 2) = ±lOV dc and Y 1= Y 2 = 20V(p-p), (XI-X2) = 
±lOV dc. 
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Figure 5. CMRR vs. Frequency 
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DYNAMIC CHARACTERiSTICS 
The closed loop frequency response of the ADS32 in the 
multiplier mode typically exhibits a 3dB bandwidth of 
IMHz and rolls off at 6dB/octave thereafter. Response 
through all inputs is essentially the same as shown in 
Figure 6. In the divide mode, the closed loop frequency 
response is a function of the absolute value of the 
denominator voltage as shown in Figure 7. 

Stable operation is maintained with capacitive loads to 
. 1000pF in all modes, except the square root for which 
SOpF is a safe upper limit. Higher capacitive loads can be 
driven if a lOOn resistor is connected in series with the 
output for isolation. 
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Figure 7. Frequency Response, Dividing 

POWER SUPPLY CONSIDERATIONS 

10M 

Although the ADS32 is tested and specified with ±lSV dc 
supplies, it may be operated at any supply voltage from 
±lOV to ±18V for the J and K versions and ±lOV to ±22V 
for the S version. The input and output signals must be 
reduced proportionately to prevent saturation, however, 
with supply voltages below ±lSV, as shown in Figure 8. 
Since power supply sensitivity is not dependent on external 
null networks as in the ADS 30 and other conventionally 
nulled multipliers, the power supply rejection ratios are. 
improved from 3 to 40 times in the ADS 32. 
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Figure 8. Signal Swing vs. Supply 

NOISE CHARACTERISTICS 

20 22 

All ADS32s are screened on a sampling basis to assure that 
output noise will have no appreciable effect on accuracy. 
Typical spot noise vs. frequency is shown in Figure 9. 

Applying the AD532 
5 

3,,,,-
2 

1 

10 100 10k 

FREQUENCY· 

Figure 9. Spot Noise vs. Frequency 

APPLICATIONS CONSIDERA nONS 

I I 

lOOk 

The performance and ease of use of the ADS 32 is achieved 
through the laser trimming of thin film resistors deposited 
directly on the monolithic chip. This trimming-on-the-chip 
technique provides a number of significant advantages in 
terms of cost, reliability and flexibility over conventional 
in-package trimming of off-the-chip resistors mounted or 
deposited on a hybrid substrate. 

First and foremost, trimming on the chip eliminates the 
need for a hybrid substrate and the additional bonding wires 
that·are required between the resistors and the multiplier 
chip. By trimming more appropriate resistors on the ADS32 
chip itself, the second input terminals that were once 
committed to external trimming networks (e.g., ADS30) have 
been freed to allow fully differential operation at both the X 
and Y inputs. Further, the requirement for an input 
attenuator to adjust the gain at the Y ·input has been 
eliminated, letting the user take full advantage of the high 
input impedance properties of the input differential amplifiers. 
Thus, the ADS 32 offers greater flexibility for both algebraic 
computation and transducer instrumentation applications. 

Finally, provision for fine trimming the output voltage offset 
has been included. This connection is optional, however, as 
the ADS32 has been factory-trimmed for total performance 
as described in the listed specifications. 

REPLACING OTHER IC MULTIPLIERS 
Existing designs using IC multipliers that require external 
trimming networks (such as the ADS 30) can be simplified 
using the pin-for-pin replaceability of the ADS 32 by merely 
grounding the X2, Y 2 and Vas terminals. (The Vas terminal 
should always be grounded when unused.) 

APPLICATIONS 

M UL TIPLICATION 

X, 

X2 

V, + 
Vz 

(OPTIONAL) 

AD532 VOUT 

v _ (X, - X2) (V, - Vz) 
OUT - IOV 

Vos 

20k 

+Vs -Vs 

Figure 10. Multiplier Connection 
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For operation as a multiplier, the ADS32 should be connected 
as shown in Figure 10. The inputs can be fed differentially to 
the: X and Y inputs, or single:-c:nde:d by simply grounding the: 
unused input. Connect the inputs according to the desired 
polarity in the output. The Z terminal is tied to the output 
to close the feedback loop around the op amp (see first page). 
The offset adjust Vos is optional and is adjusted when both 
inputs are zero volts to obtain zero out, or to buck out other 
system offsets. 

SQUARE 

+Vs -Vs 

Fig~re 11. Squarer Connection 

SQUARE ROOT 

X, 

X2 
AD632 H"_-oVOUT 

V, 

V2 +Vs -= 
471< 

2.2k 20k 
10k 

-= +Vs 
(Xo) 

-Vs 

Figure 13. Square Rooter Connection 

The connections for square root mode are shown in 
Figure 13. Similar to the divide mode, the multiplier cell is 
connected in the feedback of the op amp by connecting the 
output back to both the X and Y inputs. The diode D is 
connected as shown to prevent latch-up as Zin approacbes 
o volts. In this case, the Vos adjustment is made with 
Zjn = +O.lV dc, adjusting Vos to obtain -1.0Y de in the 
output, Vout = -y 10VZ. For optimum performance, gain 
(S.F.) and offset (Xo) adjustments are recommended as 
shown and explained in Table I. 

The squaring circuit in Figure 11 is a simple variation of the 
multiplier. The differential input capability of the ADS32 can 
be used, however, to obtain a positive or negative output 
response to the input .... a useful feature for control 
applications, as it might eliminate the need for an additional 
inverter somewhere else. 

DIFFERENCE OF SQUARES 

DIVISION 

Figure 12. Divider Connection 

The ADS32 can be configured as a two-quadrant divider by 
connecting the multiplier cell in the feedback loop of the 
op amp and using the Z terminal asa signal input, as shown 
in Figure 12. It should be noted, however, that the output 
error is given approximately by lOV€m/(Xt-X2), where €m 
is the total error specification for the multiply mode; and 
bandwidth by 1m • (Xt-X2)/lOV, where 1m is the band
width of the multiplier. Further, to avoid positive feedback, 
the X input is restricted to negative values. Thus for single
ended negative inputs (OV to -lOY), connect the input to X 
and the offset null to X2; for single-c:nded positive inputs 
(OV to + lOY), connect the input to X2 and the offset null 
toXI. For optimum performance, gain (S.F.) and offset (Xo) 
adjustments are recommended as shown and explained in 
Table I. 

For practical reasons, the useful range in denominator input 
is approximately SOOmV ~ I (XI-X2) I ~ lOY. The voltage 
offset adjust (Vos), if used, is trimmed with Z at zero and 
(X I -X2) at full scale. 
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o-------~--------~x, 

...------t----------i X2 
VOUT 

X2 _V2 
VOUT--,ov 

+Vs -Vs 

Figure 14. Differential of Squares Connection 

The differential input capability of the ADS32 allows for the 
algebraic solution of several interesting functions, suchas 
the difference of squares, X2-y2110V. As shown in Figure 14, 
the: ADS 32 is configured in the square mode, with a simple 
unity gain inverter connected between one of the signal 
inputs (Y) and one of the inverting input terminals (-Yin) 
of the multiplier. The inverter should use precision (0.1 %) 
resistors or be otherwise trimmed for unity gain for bes.t 
accuracy. 

TABLE I 

ADJUST PROCEDURE (Divider or Square Rooter) 

DIVIDER 

With: 

Adjust X Z 
Scale Factor -lOY +lOV 
Xo (Offset) -IV +O.lV 

Repeat if required. 

Adjust for: 

Vout 
±lOV 
±lOV 

SQUARE ROOTER 

With: Adjust for: 

Z 
+10V 
+O.IV 

Vout 
-lOY 
-IV 



NANALOG 
WDEVICES 

Low Cost IC 
Multiplier ,Divider ,Squarer ,Square Rooter 

FEATURES 
Simplicity of Operation: Only 

Four External Adjustments 
Max 4-Quadrant Error Below 0.5% 

(AD533L) 
Low Temperature Drift: 0.01%fC 

(AD533L) 
Multiplies, Divides, Squares, Square Roots 

PRODUCT DESCRIPTION 
The Analog Devices ADS 3 3 is a low cost integrated circuit 
multiplier comprised of a transconductance multiplying 
element, stable reference, and output amplifier on a mono
lithic silicon chip. Specified accuracy is easily achieved by the 
straight-forward adjustment of feedthrough, output zero, 
and gain trim pots. The ADS33 multiplies in four quadrants 
with a transfer function of XV/lOY, divides in two quadrants 
with a lOVZ/X transfer function, and juare roots in one 
quadrant with a transfer function of - lOVZ. Several levels 

. of accuracy are provided: the ADS33J, ADS33K, and 
ADS33L, for 0 to +70°C operation, are specified for 
maximum multiplying errors of 2%, 1 %, and 0.5% respectively 
at +2S

o
C. The ADS33S, for operation from _SSoC to +l2SoC, 

is guaranteed for a maximum 1 % multiplying error at +2S oC. 
The maximum error specification is a true measure of overall 
accuracy since it includes the effects of offset voltage, feed
through, scale factor, and nonlinearity in all four quadrants. 

The low drift design of the ADS 3 3 insures that high accuracy 
is maintained with variations in temperature. The op amp 
output provides ±lO volts at SmA, and is fully protected 
against short circuits to ground or either supply voltage: all 
inputs are fully protected against over-voltage transients with 
internal series resistors. The devices provide excellent ac 
performance, with typical small signal bandwidth of 1.0MHz, 
full power bandwidth of 750kHz, and slew rate of 4SV//Js. 

AD533 I 
ADS33 PIN CONFIGURATIONS 

AD533H ADS33D 

000 

~. ~
"Y·Z' 

1 '0 , 

~.~.~. • ~G~.D 
OUT~XtN 

·V, 

TO-toO 
TOP VIEW 

l'J G liiJ liD 
),0 COND l, "'0 

TO-116 
TOP VIEW 

I 

The low cost and simplicity of operation of the ADS33 make 
it especially well suited for use in such wid~spread applications 
as modulation and demodulation, automatic gain control and 
phase detection. Other applications include frequency 
discrimination, rms computation, peak detection, voltage 
controlled oscillators and filters, function generation, and 
power measurements. 

All models are available in the hermetically sealed TO-lOO 
metal can and TO-116 ceramic DIP packages. 
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SPECIFICATIONS (typical @+25°C, externally trimmed and Vs = ±15V dc unless otherwise specified) 

PARAMETER CONDITIONS AD533J AD533K AD533L AD533S 

ABSOLUTE MAX RATINGS 
Internal Power Dissipation SOOmW 
Input Voltage I 

Xin. Yin, Zin. Xo• Yo. Zo ±VS 
Rated Operating Temp Range o to +70

o
C _SSoC to +12SoC 

Storage Temp Range -6SoC to +lSO°C 
Output Short Circuit To Ground Indefinite 

MULTIPLIER SPECIFICATIONS 
Transfer Function XV/lOY 

Untrimmed XY/6V max [XV/lOY min) 
Total Error (of full scale) ±2.0% max ±1.0% max ±O.S%max ±1.0% max 

TA = min to max ±3.0% ±2.0% ±1.0% ±l.S% 
vs. Temperature T A = min to max ±0.04%/oC ±0.03%fC ±O.Ol%/oC ±O.Ol%/oC 
Nonlinearity 

X Input Vx = Vo = 20V(p-p) ±O.S% ±O.S% 
Y Input 

Feedthrough 
Vy = Vo = 20V(p-p) ±0.3% ±0.2% 

X Input Vx = 20V(p-p). Vy = 0, 
f= SOHz 200mV (p-p) max lSOmV(p-p) max SOmV(p-p) max 100mV (p-p) max 

Y Input Vy = 20V(p-p). Vx = O. 
f = SOHz 200mV(p-p) max lSOmV(p-p) max SOmV(p-p) max lOOmV (p-p) max 

DIVIDER SPECIFICATIONS 
Transfer Function 10VZ/X 

Untrimmed 10VZ/X max [6VZIX min) 
Total Error (of full scale) Vx = -lOY dc. Vz = ±iov dc ±l.O% :to.S% ±0.2% ±O.S% 

Vx = -IV de. Vz =- ±IOV dc ±3.0% ±2.0% ±1.S% ±2.0% 

SQUARER SPECIFICATIONS 
Transfer Function' Xl/lOY 

Untrimmed Xl/6V max [Xl/IOV min) 
Total Error (of full scale) ±O.S% :to.4% :to.2% ±0.4% 

SQUARE ROOTER SPECIFICATIONS 
Transfer Function -VIOVZ 

Untrimmed -VIOVZmax [-Y'6Vzmin) 
Total Error (of full scale) ±O,S% ±O.4% ±0.2% ±0.4% 

INPUT SPECIFICATIONS 
Input Resistance 

X Input 10Mn 
Y Input 6Mn 
Z Input 36kn 

Input Bias Current 
X. Y Inputs 3jJA 7.SjJA max SjJA max 7.SjJAmax 
Z Input ±2SjJA . . · 
X. Y Inputs TA = min to max 12jJA lOjJA 7jJA 7/JA 
Z Input TA = min to max ±3SjJA . . · 

Input Voltage TA = min to max 
Vx• Vy• Vz For Rated Accuracy ±lOV 

DYNAMIC SPECIFICATIONS 
Small Signal. Unity Gain 1.0MHz 
Full Power Bandwidth 7S0kHz 
Slew Rate 4SV/jJs 
Small Signal Amplitude Error 1% at 7SkHz 
Sm Sig 1 % Vector Error O.So phase shift SkHz 
Settling Time :tlOV step ljJs to 2% 
Overload Recovery 2jJsto 2% 

OUTPUT AMPLIFIER SPECIFICATIONS 
Output Impedance lOOn 
Output Voltage Swing TA = min to max 

RL;o. 2kn. CL OS;;; lOOOpF ±IOV min 
Output Noise f = SHz to 10kHz 0.6mV(rms) 

f = SHz to 5MHz 3.0mV(rms) 
Output Offset Voltage Trimmable To Zero 
vs. Temperature TA = min to max O.imV/oC · 

POWER SUPPLY SPECIFICATIONS 
Supply Voltage Rated Performance ±lSV 

Operating ±ISV to ±lSV ±IOV to ±lSV ±lOV to ±lSV ±lOV to ±22V 
Supply Current Quiescent ±6mA max 
Power Supply Variation Includes Effects of 

Recommended Null Pots 
Multiplier Accuracy ±O.S%/% 
Output Offset ±lOmV/% 
Scale Factor ±O.l%/% 
Feedthrough ±lOmV/% 

NOTES 
1 Max input voltage is zero when supplies are turned off. "Specifications same as AD 533K. 
·Specifications same as AD533J, Specifications subject to change without notice. 
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MULTIPLIER 
Multiplier operation is accomplished by closing the loop 
around the internal op amp with the Z input connected to 
the output. The Xo null pot balances the X input channel 
to minimize Y feedthrough and similarly the Yo pot minimizes 
the X feedthrough. The Zo pot nulls the output op amp offset 
voltage and the gain pot sets the full scal~ output level. 

+15V -ISV 
20k 

20k 

20k 

+Vs Xo Yo Zo -Vs 

TRIM PROCEDURES 

MULTIPLIER 

'IlV 
>'-"-'+ __ " ooo(l~Wv 

(tIOV) 

1. With X = Y = 0 volts, adjust Zo for OV dc output. 
2. With Y = 20 volts pop (at f = SOHz) and X = OV, adjust Xo for 

minimum ac output. 
3. With X = 20 volts pop (at f = SOHz) and Y = OV, adjust Yo for 

minimum ac output. 
4. Readjust Zo for OV dc output. 
S. With X = +10V dc and Y = 20 volts pop (at f = SOHz), adjust gain 

for output = Yin. 

NOTE: For best accuracy over limited voltage ranges (e.g., ±SV), gain 
lUld feed through adjustments should be optimized with the inputs in 
the desired range, as linearity is considerably better over smaller ranges 
of input. 

SQUARER 
Squarer operation is a special case of multiplier operation 
where the X and Y inputs are connected together and two 
quadrant operation results since the output is always 
positive. When the X and Y inputs are connected together, a 
composite offset results which is the algebraic sum of the 
individual offsets which can be nulled using the Xo pot alone. 

SQUARER 

x:o---.,t---P"'-f 
(tIOV) ";):!.:::.!..J-...... ......, v 0 = ,~~ 

(0 TO +IOV) 

TRIM PROCEDURES 
1. With X = 0 volts, adjust Zo for OV dc output. 
2. With X = +lOV dc, adjust gain for +lOV dc output. 
3. Reverse polarity of X input and adjust Xo to reduce the output 

error to ~ its original value, readjust the gain to take out the 
remaining error. 

4. Check the output offset with input grounded. If nonzero, repeat 
the above procedure until no errors remain. 

Applying the AD533 
DIVIDER 
The divide mode utilizes the multiplier in a fed-back 
configuration where the Y input now controls the feedback 
factor. With X = full scale, the gain (Vo/Z) becomes unity 
after trimming. Reducing the X input reduces the feedback 
around the op amp by a like amount, thereby increasing the 
gain. This reciprocal relationship forms the basis of the divide 
mode. Accuracy and bandwidth decrease as the denom
inator decreases. 

(tIOVIZo----P!..----"""--, 

10 TO-l0VIX:o---+-=~ 

7.Sk Sk 
GAIN 

TRIM PROCEDURES 
1. Set all pots at mid-scale. 

::;O;:..:U:..;T+--<t---<lV 0 = 10~Z 

(tIOVI 

2. With Z = OV, trim Zo to hold the output constant, as X is varied 
from -10V dc through -IV dc. 

3. With Z = OV,X = -10V dc, trim Yo for OV dc. 
4. With Z = X or -X, trim Xo for the minimum worst-case variations 

as X is varied from -10V dc to -IV dc. 
S. Repeat steps 2 and 3 if step 4 required a large initial adjustment. 
6. With Z = X or -X, trim the gain for the closest average approach 

to ± IOV dc output as X is varied from -lOY dc to -3V dc. 

SQUARE ROOTER 

This mode is also a fed-back configuration with both the X 
and Y inputs tied to the op amp output through an external 
diode to prevent latchup. Accuracy, noise and frequency 
response are proportional to...;z, which implies a wider 
usable dynamic range than the divide mode. 

+ISV -15V 
20k 

20k SQUARE ROOTER 
.... -I--~'VIr-.... 

OUT Vo=-{1OvZ 
>--+*".-...0(0 TO -lOY) 

7.Sk 

TRIM PROCEDURES 
1. With Z = +0.1 V dc, adjust Zo for Output = -l.OV dc. 
2. With Z = +10.0V dc, adjust gain for Output = -:-lO.OV dc. 
3. With Z = +2.0V dc, adjust Xo for Output = -4.47 ±O.l V dc. 
4. Repeat steps 2 and 3, if necessary. Repeat step 1. 
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TYPICAL PERFORMANCE CHARACTERISTICS 
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ORDERING GUIDE 

MULT. ERROR ORDER PACKAGE 
MODEL (Max @ +2S

o
C) TEMP. RANGE NUMBER OPTIONS· 

ADSBj :!:2.0% o to +70°C ADSBjB TO-IOO 
ADSBjD TO-l 16 Style (DI4A) 

ADSBK :!:I.O% o til +70°C ADSBKII TO'IOO 
ADSBKD TO·116 Style (DI4A) 

ADSBI. :!:O.S% o to +70°C ADSBLll TO-IOO 
ADSBLD TO-116 Style (DI4A) 

ADSBS :!:I.O% -SSoC to +12S oC ADSBSII TO-IOO 

ADSBSD TO-116 Style (D14A) 

I See Se"ction 19 for package outline information. 
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r.ANALOG 
WDEVICES 

FEATURES 
Pretrlmmed to ±O.25% max 4-Quadrarit Error (AD534L) 
All Inputs (X, Yand Z) Differential, High Impedance for 

[(XI -X2 HYI -Y2 )/10V] +Z2 Transfer Function 
Scale-Factor Adjustable to Provide up to X100 Gain 
Low Noise Design: 90J,.tV rms, 10Hz-10kHz 
Low Cost, Monolithic Construction 
Excellent Long Term Stability 

APPLICATIONS 
High Quality Analog Signal Processing 
Differential Ratio and Percentage Computations 
Algebraic and Trigonometric Function Synthesis 
Wideband, High-Crest rms-to-dc Conversion 
Accurate Voltage Controlled Oscillators and Filters 

PRODUCT DESCRIPTION 
The AD534 is a monolithic laser trimmed four-quadrant multi
plier divider having accuracy specifications previously found 
only in expensive hybrid or modular products. A maximum 
multiplication error of ±0.25% is guaranteed for the ADS 34L 
without any external trimming. Excellent supply rejection, low 
temperature coefficients and long term stability of the on-chip 
thin film resistors and buried zener reference preserve accuracy 
even under adverse conditions of use. It is the first multiplier 
to offer fully differential, high impedance operation on all in
puts, including the Z-input, a feature which greatly increases ' 
its flexibility and ease of use. The scale factor is pretrimmed 
to the standard value of 10.00V; by means of an external resis
tor, this can be reduced to values as low as 3V. 

The wide spectrum of applications and the availability of sev
eral grades commend this multiplier as the first choice for all 
new designs. The ADS34J (±1% max error), ADS34K (±O.S% 
max) and ADS 34L (±0.2S% max) are specified for operation 
over the 0 to +70o C temperature range. The ADS34S (±1% max) 
and ADS 34T (±O.S% max) are specified over the extended 
temperature range, -SSoC to +12SoC. All grades are available 
in hermetically sealed TO-lOO metal cans and TO-116 ceramic 
DIP packages. 

Internally Trimm'ed 
Precision Ie Multiplier 

AD534 I 

ADS34 PIN CONFIGURATIONS 
XI 

'VI NC OUT ZI Z2 NC -VI 

14 13 12 I I 10 9 8 

I 2 3 4 5 8 7 

XI Xl NC SF NC VI V2 

To-IOO To-U6 
TOP VIEW 

PROVIDES GAIN WITH LOW NOISE 
The ADS 34 is the first general purpose multiplier capable of 
providing gains up to XIOO, frequently eliminating the need 

• 
for separate instrumentation amplifiers, to precondition the 
inputs. The AD534 can be very effectively employed as a 
variable gain differential input amplifier with high common 
mode rejection. The gain option is available in all modes, and 
will be found to simplify the implementation of many function
fitting algorithms such as those used to generate sine and tan
gent. The utility of this feature is enhanced by the inherent low 
noise of the AD534: 90J,.tV, rms (depending on the gain), a 
factor of 10 lower than previous monolithic multipliers. Drift, 
and Jeedthrough are also substantially reduced over earlier 
designs. 

UNPRECEDENTED FLEXIBILITY 
The precise calibration and differential Z-input provide a 
degree of flexibility found in no other currently available mul
tiplier. Standard MDSSR functions (multiplication, division, 
squaring, square-rooting) are easily implemented while the 
restriction to particular input/output polarities imposed by 
earlier designs has been eliminated. Signals may be summed in
to the output, with or without gain and with either a positive 
or negative sense. Many new modes based on implicit-function 
synthesis have been made possible, usually requiring only ex
ternal passive components. The output can be in the form of a 
current, if desired, facilitating such operations as integration. 
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SPECIFICATIONS 
Model AD534J 

Min Typ Max 

MULTIPLIER PERFORMANCE 

Transfer Function 
(X.-Xz)(Y.- Yz) 

10V +Zz 

Total Error· (-IOV,,;X, V,,; + 10V) ±1.0 
TA=mintomax :=1.5 
Total Error vs Temperature :!:0.022 
Scale Factor Error 

(SF = 10.ODOV Nominal)z :!:0.2S 
Temperature-Coefficient of 

Scaling-Voltage :!:0.02 
SupplyRejection(:!: ISV:!: IV) :0.01 
Nonlinearity,X(X=20Vpk-pk, Y= 10V) :!:0.4 
Nonlinearity, Y(Y = 20V pk-pk, X = 10V) :!:0.01 
Feedthrough', X (Y Nulled, 

X = 20V pk-pk 50Hz) :!:0.3 
Feedthrough', Y(XNulled, 

Y = 20V pk-pk 50Hz) :!:0.01 
Output Offset Voltage :5 ±30 
Output Offset Voltage Drift 200 

DYNAMICS 
Small Signal BW, (V OUT = 0.1 rrns) I 
1% Amplitude Error (CLOAD = lOOOpF) so 
Slew Rate (VOUT 20 pk-pk) 20 
Settling Time (to 1%,~VOUT=20V) 2 

NOISE 
Noise Spectral-Density SF = IOV 0.8 

SF=3V' 0.4 
Wideband Noise f = 10Hz to SMHz I 

f= 10Hz to 10kHz 90 

OUTPUT 
Output Voltage Swing ±11 
Output Impedance (f,,; 1kHz) 0.1 
Output Short Circuit Current 

(RL=O, TA = min to max) 30 
Amplifier Open Loop Gain (f = 50Hz) 70 

INp,UT AMPLIFIERS (X, Y and Z)s 
Signal Voltage Range (Oiff. or CM :!:IO 

Operating Diff.) :!: 12 
Offset Voltage X, Y :!:S ±20 
Offset Voltage Drift X, Y 100 
Offset Voltage Z :!:S ±30 
Offset Voltage Drift Z 200 
CMRR 60 80 
Bias Current 0.8 2.0 
Offset Current 0.1 
Differential Resistance 10 

DIVIDER PERFORMANCE 

Transfer Function (X. >Xz) 
(Zz-Z.) 

IOV(X.-xzt Yt 

Total Error· (X= IOV, -IOV,,;Z,,; + IOV) :!:0.7S 
(X-IV, -IV,,;Z,,; + IV) :!:2.0 
(O.IV,,;X,,;IOV, -IOV,,; 

Z,,;IOV) :!:2.S 

SQUARE PERFORMANCE 

Transfer Function 
(X.-Xz)Z 
---wo-+ Zz 

TctalErrcr( -lOV:::;X:;10V) :0.6 

SQUARE-ROOTER PERFORMANCE 
Transfer Function (Z. ,,;Zz) v'IOV(ZrZt)+Yz 
Total Error· (IV,,;Z,,; 10V) :!:1.0 

POWER SUPPLY SPECIFICATIONS 
Supply Voltage 

Rated Performance : IS 
Operating ±s 

Supply Current 
Quiescent 4 

PACKAGE OPTIONS· 
H: TO-IOO Package AD534JH 
D: TO-1l6 Package (Dl4A) AD534JD 

NOTES 
IFiguresgivenarepercentoffu11scale,:!: 10V(i.e.,O.01% = ImV). 
'May be reduced down to 3V using external resistor between - V s and SF. 
'Irreducible component due to nonlinearity: excludes effect of offsets. 
'Using external resistor adjusted to give SF = 3V. 
'See functional block diagram for defmition of sections. 
6See Section 19 for package outline information. 

Specifications subject to change without notice. 

±lS 

6 

ADS34K AD534L 
Min Typ Max Min Typ Max 

(X.-Xz)(Y.-Yz) 
10V +Zz 

(X.-Xz)(Y.-Yz) 
IOV +Zz 

±0.5 ±0.25 
:=1.0 :!:O.S 
:!:O.OIS :!:0.008 

:!:O.I :0.1 

:!:0.01 :!:O.OOS 
:!:0.01 :!:0.01 
:!:0.2 ±0.3 :!:O.IO :!:0.12 
:0.1 ±0.1 :!:0.005 ±0.1 

:!:O.IS ±0.3 :!:O.OS ±0.12 

:!:0.01 ±0.1 :!:0.003 ±0.1 
:2 ±lS :2 ±10 
100 100 

I I 
so SO 
20 20 
2 2 

0.8 0.8 
0.4 0.4 
I I 
90 90 

±11 ±11 
0.1 0.1 

30 30 
70 70 

:!: 10 :!: 10 
: 12 : 12 
:!:2 ±10 :!:2 ±10 
SO SO 
:2 ±lS :!:2 ±10 
100 100 

70 90 70 90 
0.8 2.0 0.8 2.0 
0.1 0.05 0.2 
10 10 

(Zz-Zt) 
10V (X.-Xz) + Y. 

(Zz-Zt) 
lOY (X.-Xz) + Yt 

:0.35 :!:0.2 
:!:1.0 :!:0.8 

:!:1.0 :!:0.8 

(X.-Xz)2 
---wo-+Zz 

(Xt -Xz)2 
---wo-+ Zz 

:0.3 :!:0.2 

v'IOV(Zz-Zt)+Xz v'IOV(Zz-Z.)+Xz 
:0.5 :0.25 

:!:IS :!:IS 
±S ±18 ±S ±lS 

4 6 4 6 

AD534KH AD534LH 
AD534KD AD534LD 

Specifications shown in boldface are tested on all production units at final electri
cal test. Results from those tests are used to calculate outgoing quality levels. All 
min and max specifications are guaranteed, although only those shown in 
boldface are tested on all production units. 
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Model ADS34S 

MiD Typ Max 

MULTIPLIER PERFORMANCE 

Transfer Function 
(X 1-X2)(Y1-Y2) 

10V +Z2 

Total Error l 
(- IOVsX, Ys + 10V) ±1.0 

TA=mintomax ±2.0 
Total Error vs Temperature :to.02 

Scale Factor Error 

(SF = 1O.000V Nominali :to.25 

Temperature-Coefficient of 
Scaling-Voltage :to.02 

Supply Rejection(:t 15V:t IV) :to.01 

Nonlinearity, X (X = 20Vpk-pk, Y = 10V) :to.4 
Nonlinearity, Y (Y = 20V pk-pk, X = 10V) :to.01 

Feedthrough3, X (Y Nulled, 

X = 20V pk-pk 50Hz) :to.3 
Feedthroughl, Y (X Nulled, 

Y = 20V pk-pk 50Hz) :to.01 

Output Offset Voltage :t5 ±30 
Output Offset Voltage Drift 500 

DYNAMICS 
Small Signal BW, (VOUT= 0.1 rms) I 
1% Amplitude Error (CWAD = lOOOpF) 50 

Slew Rate (VOUT 20 pk-pk) 20 
Settling Time (to 1%, <1VOUT = 20V) 2 

NOISE -
Noise Spectral-Density SF = 10V 0.8 

SF=3V' 0.4 
Wideband Noisef = 10Hz to 5MHz 1.0 

f=IOHztolOkHz 90 

OUTPUT 
Output Voltage Swing ±ll 
Output Impedance (fs 1kHz) 0.1 

Output Short Circuit Current 

RL = 0, TA = min lOmax) 30 
Amplifier Open Loop Gain (f = 50Hz) 70 

INPUT AMPLIFIERS (X, Y and Z)' 
Signal Voltage Range (Diff. orCM :t1O 

Operating Diff.) :t12 

Offset Voltage X, Y :t5 ±20 
Offset Voltage Drift X, Y 100 
Offset Voltage Z :t5 ±30 
Offset Voltage Drift Z 500 
CMRR 60 80 
Bias Current 0.8 2.0 
Offset Current . 0.1 2.0 
Differential Resistance 10 

DIVIDER PERFORMANCE 

TransferFunction(X 1>X2) 
(Z2- Z I) 

10V (X
1
-X

2
)+Y1 

Total Error l (X= IOV, -IOVsZs + IOV) :to.75 
(X -IV, -IVsZs + IV) :t2.0 
(O.IVsXsIOV, -IOVs 

ZsIOV) :t2.5 

SQUARE PERFORMANCE 

Transfer Function 
(X 1-X2)2 +Z2 

10V 

Total Error ( -IOV:sXsIOV) :to.6 

SQUARE-ROOTER PERFORMANCE 
Transfer Function (ZI sZ2) VIOV(Zr ZI) + X2 
Total Error l (IVsZSIOV) :t 1.0 

POWER SUPPLY SPECIFICATIONS 
Supply Voltage 

Rated Performance :t 15 

Operating ±8 
Supply Current 

Quiescent 4 

PACKAGE OPTIONS' 
H: TO-IOO Package AD534SH 
D: TO-1l6 Package (Dl4A) AD534SD 

NOTES 
IFiguresgivenarepercentoffull scale, :t IOV(i.e.,O.OI% = ImV). 
2 May be reduced down to 3V using external resistor between - V s and SF. 
3Irreducible component due to nonlinearity: excludes effect of offsets. 
'Using external resistor adjusted to give SF = 3V. 
5See functional block diagram for defmition of sections. 

, 'See Section 19 for package outline information. 
Specifications subject to change without notice. 

±22 

6 

AD534T 

Min Typ Max Units 

(X1-X2)(Y1-Y2) 
IOV +Z2 

±O.S % 

±1.0 % 
:to.01 o/orc 

:to.1 % 

:to.OO5 %rC 
:to.01 % 

:to.2 ±0.3 % 
:to.1 ±O.l % 

:to.15 ±0.3 % 

:to.01 ±O.l % 

:t2 ±lS mV 

300 ",vrc 

I MHz 

50 kHz 

20 V/",s 
2 ",S 

0.8 ",V/YHz 

0.4 ",V/YHz 

1.0 mV/rms 
90 ",V/rms 

±ll V 

0.1 0 

30 rnA 

70 dB 

:t10 V 

:t 12 V 

:t2 ±10 mV 

150 ",vrc 
:t2 ±lS mV 

300 ",vrc 
70 90 dB 

0.8 2.0 ",A 

0.1 2.0 ",A 

10 MO 

(Z2- Z I) 
IOV(X

I
_X

2
)+Y1 

:to.75 % . 

:t2.0 % 

:t1.0 % 

(X1-X2)2 +Z2 

lOY 

:to.3 % 

VIOV(Z2- Z I)+X2 
:to.5 % 

:t 15 V 

±8 ±22 V 

4 6 rnA 

AD534TH 

AD534TD 

Specifications shown in boldface are tested on all production units at final electri
cal test. Results from those tests are used to calculate outgoing quality levels. All 
min and max specifications are guaranteed, although only those shown in 
boldface are tested on all production units. 
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Using the AD534 
ABSOLUTE MAXIMUM RATINGS 

ADS34J, K, L ADS34S, T 

Supply Voltage 
Internal Power Dissipation 
Output Short-Circuit to Ground 
Input Voltages, Xl X2 Y 1 Y 2 Zl Z2 
Rated Operating Temperature Range 

Storage Temperature Range 
Lead Temperature, 60s soldering 

·Same as ADS34J specs. 

±18V 
SOOmW 
Indefinite 
±Vs 
o to +70

o
C 

±22V 

-65°C to +lSOoC ,. 

+300
o
C 

OPTIONAL TRIMMING CONFIGURATION 

+Vs 

lk 

-Vs 
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FUNCTIONAL DESCRIPTION 

Figure I is a functional block diagram of the AD534. Inputs 
are converted to differential currents by three identical voltage
to-current converters, each trimmed for zero offset. The prod
uct of the X and Y currents is generated by a multiplier cell 
using Gilbert's translinear technique. An on-chip "Buried 
Zener" provides a highly stable reference, which is laser trim
med to provide an overall scale factor of lOY. The differ-
ence between XV/SF and Z is then applied to the high gain 
output amplifier. This permits various closed loop configura
tions and dramatically reduces nonlinearities due to the input 
amplifiers, a dominant source of distortion in earlier designs. 
The effectiveness of the new scheme can be judged from the 
fact that under typical conditions as a multiplier the nonlinear
ity on the Y input, with X at full scale (±IOY), is ±O.005% of 
F.S.; even at its worst point, which occurs when X = ±6.4V, 
it is typically only ±O.05% of F.S. Nonlinearity for signals 
applied to the X input, on the other hand, is determined al
most entirely by the multiplier element and is parabolic in 
form. This error is a major factor in determining the overall 
accuracy of the unit and hence is closely related to the 
device grade. 

t--------() +Vs 
SFo------! 

.Vs 

TRANSFER FUNCTION 

X1 

Va. A [(X1 - XZ~~V1 - Vz) - (Z1 - ZZ)] 

OUT 

Figure 1. AD534 Functional Block Diagram 



The generalized transfer function for the AD534 is given by: 

. V - ~Xl -X2)(YI-Y2) ~ 
OUT-A -(Zl-Z2) 

SF 

where A = open loop gain of output amplifier, typically 
. 70dB at dc 

X, Y, Z = input voltages (full scale = ±SF, peak= 
±1.25SF) 

SF = scale factor, pretrimmed to lO.OOV but 
adjustable by the user down to 3V. 

In most cases the open loop gain can be regarded as infinite, 
and SF will be 10V. The operation performed by the AD534, 
can then be described in terms of equation: . 

(XI-X2)(YI-Y2)= 10V(Zl-Z2) 

The user may adjust SF for values between lO.OOV and 3V by 
connecting an external resistor in series with a potentiometer 
between SF and -V s. The approximate 'value of the total resist
ance for a given value of SF is given by the relationship: 

SF 
RSF = 5.4K ---

10 - SF 

Due to device tolerances, allowance should be made to vary 
RSF by ±25% using the potentiometer. Considerable reduction 
in bias currents, noise and drift can be achieved by decreasing 
SF. This has the overall effect of increasing signal gain with
out the customary increase in noise. Note that the peak input 
signal is always limited to 1.25SF (i.e., ±5V for SF = 4V) so the 
overall transfer function will show a maximum gain of 1.25. 
The performance with small input signals, however, is improved 
by using a lower SF since the dynamic range of the inputs is 
now fully utilized. Bandwidth is unaffected by the use of this 
option. 

Supply voltages of ±15V-are generally assumed. However, satis
factory operation is possible down to ±8V (see curve 1). Since 
all inputs maintain a constant peak input capability of ±1.25SF 
some feedback attenuation will be necessary to achieve output 
voltage swings in excess of ±12V when using higher supply 
voltages. 

OPERATION AS A MULTIPLIER 
Figure 2 shows the basic connection for multiplication. Note 
that the circuit will meet all specifications without trimming. 

X INPUT 
tlDV FS 
:t12V PK 

V INPUT 
:tlDV FS 
:t12V PK 

x, 

Xa 

SF 

V, 

Va 

+Vs 

OUT 

AD534 
Z, 

Za 

-Vs 

+15V 

OUTPUT. :l:12V PK 

• (X, - Xz;~:' - Vz) + Za 

OPTIONAL SUMMING 

I INPUT. Z. :tlDV PK 

I 

V 
-16V 

Figure 2. Basic Multiplier Connection 
In some cases the user may wish to reduce ac feedthrough to 

The high impedance Z terminal of the ADS 34 may be used to 
sum an additional signJ into the output. In this mode the. output 
amplifier behaves as a voltage follower with a 1MHz small signal 
bandwidth and a 20V/J.l.s slew rate. This terminal should 
always be referenced to the ground point of the driven system, 
particularly if this is remote. Likewise the differential inputs 
should be referenced to their respective ground potentials to 
realize the full accuracy of the ADS 34. 
A much lower scaling voltage can be achieved without any 
reduction of input signal range using a feedback attenuator as 
shown in Figure 3. In this example, the scale is such that 
V OUT = XY, so that the circuit can exhibit a maximum gain of 
10. This connection results in a reduction of bandwidth to • 
about 80kHz without the peaking capacitor CF =200pF. In , 
addition, the output offset voltage is increased by a factor of 
1n ___ 1.: ____ ..... ____ 1 _..l: .• _ .... ____ .... __________ ! __________ 1! __ .... : __ _ 

.a.V lUca.n.U'!) \".I\."\..1U41 Q,UJUO)LU1\..UL,) 1.1\..\..\.."')'1.11 111 .)uun .. cLt'PU\,.d.LIUU". 

Adjustment is made by connecting a 4.7Mn resistor between 
Zl and the slider of a pot connected across the supplies to 
provide ±300niV of trim range at the output. 

Feedback attenuation also retains the capability for adding a 
signal to the output. Signals may be applied to the high imp ed-

X INPUT 
tlDV FS 
:l:12V PK 

V INPUT 
±IDV FS 
±12V PK 

X, +Vs +15V 

Xa 

OUTPUT. t12V PK 
OUT -(X,-X2 )(V,-V2 ) 

AD534 
(SCALE -IV) 

Z, 9Dk 

Za 
OPTIONAL 

V, lDk 
PEAKING 
CAPACITOR 
CF - 2DDpF 

Va -Vs 

Figure 3. Connections for Scale-Factor of Unity 
ance Z2 terminal where they are amplified by +10 or to the 
common ground connection where they are amplified by + 1. 
Input signals may also be applied to the lower end of the lOkU 
resistor, giving a gain of -9. Other values of feedback ratio, up 
to XlOO, can be used to combine multiplication with gain. 

Occasionally it may be desirable to convert the output to a 
current, into a load of unspecified impedance or dc level. For 
example, the function of multiplication is sometimes followed 
by integration; if the output is in the form of a current, a simple 
capacitor will provide the integration function. Figure 4 shows 
how this can be achieved. This method can also be applied in 
squaring, dividing and square rooting modes by appropriate 
choice of terminals. This technique is used in the voltage-con
trolled low-pass filter and the differential-input voltage-to
frequency converter shown in the Applications Section. 

X INPUT 
tlDV F.S. 
112VPK 

V INPUT 

110V F.S. 
112VPK 

X, 

V, 

+Vs 

'OUT 

CURRENT -SENSING 
R/ISTOR. Rs. 2kSl MIN 

A 0534 

z,~-""-.#0/'04'Y--+----- - --1 
lOUT - I 

Za.-~-"--------I (X, -X2 )(V, -V,) • ..!. I 
10V RS I 

-Vs 

I 
_.J._ 

INTEGRATOR -T' 
f:::i~~~~ '~l 

a minimum (as in a suppressed carrier modulator) by applying 
an external trim voltage (±30mV range required) to the X or Y 
input (see Optional Trimming Configuration). Curve 4 shows 
the typical ac feed through with this adjustment mode. Note 
that the Y input is a factor of 10 lower than the X input and 
should be used in applications where null suppression is critical. Figure 4. Conversion of Output to Current 
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OPERATION AS A SQUARER 
Operation as a squarer is achieved in the same fashion as the 
multiplier except that the X and Y inputs are used in parallel. 
The differential inputs can be used to determine the output 
polarity (positive for Xl = Y 1 and X2 = Y 2, negative if either 
one of the inputs is reversed). Accuracy in the squaring mode 
is typically a factor of 2 better than in the multiplying mode, 
the largest errors occurring with small values of output for 
input below IV. 

If the application depends on accurate operation for inputs 
that are always less than ±3V, the use of a reduced value of 
SF is recommended as described in the FUNCTIONAL 
DESCRIPTION section (previous page). Alternatively, a feed
back attenuator may be used to raise the output level. This is 
puno use in the difference-of-squares application to compen
sate for the factor of 2 loss involved in generating the sum 
term (see Figure 7). 

The difference-of-squares function is also used as the basis for 
a novel rms-to-dc converter shown in Figure 14. The averaging 
filter is a true integrator, and the loop seeks to zero its input. 
For this to occur, (VIN)2 - (VOUT)2 = 0 (for signals whose 
period is well below the averaging time-constant). Hence VOUT 
is forced to equal the rms value of VIN. The absolu te accuracy 
of this technique is very high; at medium frequencies, and for 
signals near full scale, it is determined almost entirely by the 
ratio of the resistors in the inverting amplifier. The multiplier 
scaling voltage affects only open loop gain. The data shown is 
typical of performance that can be achieved with an ADS 34K, 
but even using an ADS 34J, this technique can readily provide 
better than 1 % accuracy over a wide frequency range, even for 
crest-factors in excess of 10. 

OPERATION AS A DIVIDER 
The ADS3S, a pin for pin functional equivalent to the ADS34, 
has guaranteed performance in the divider and square-rooter 
configurations and is recommended for such applications. 

Figure S shows the connection required for division. Unlike 
earlier products, the ADS 34 provides differential operation on 
both numerator and denominator, allowing the ratio of two 
floating variables to be generated. Further flexibility results 
from access to a high impedance summing input to Y 1. As with 
all dividers based on the use of a multiplier in a feedback loop, 
the bandwidth is proportional to the denominator magnitude, 
as shown in curve 8. 

X·INPUT 
(DENOMINATOR) 

+10V FS 
+12V PK 

OPTIONAL 
SUMMING INPUT 

t10VPK 

I 
I 

V 

+15V 

OUTPUT. ±12V PK 
Xz = 10V(Z,-Z" + v, 

(X,-X,) 

OUT 

A 0534 

SF ZI Z·INPUT 
(NUMERATOR) 

Z2 
tl0V FS, t12V PK 

VI 

V2 -Vs -15V 

Fi9We 5. Basic Divider Connection 
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Without additional trimming, the accuracy of the ADS34K and 
L is sufficient to maintain a 1 % error over a lOV to 1 V denomi
nator range. This range may be extended to 100: 1 by simply 
reducing the X offset with an externally generated trim voltage 
(range required is ±3.SmV max) applied to the unused X input 
(see Optional Trimming Configuration). To trim, apply a 
ramp of +100mV to +V at 100Hz to both Xl and Zl (if X2 
is used for offset adjustment, otherwise reverse the signal po
larity) and adjust the trim voltage to minimize the variation in 
the output.· 

Since the output will be near +10V, it should be ac-coupled for 
this adjustment. The increase in noise level and reduction in 
bandwidth preclude operation much beyond a ratio of 100 
to 1. 

As with the multipiier connection, overall gain can be intro
duced by inserting a simple attenuator between the output and 
YZ terminal. This option, and the differential-ratio capability 
of the ADS34 are utilized in the percentage-computer applica
tion shown in Figure 11. This configuration generates an out
put proportional to the percentage deviation of one variable 
(A) with respect to a reference variable (B), with a scale of one 
volt per percent. 

OPERATION AS A SQUARE ROOTER 
The operation of the ADS 34 in the square root mode is shown 
in Figure 6. The diode prevents a latching condition which 
could occur if the input momentarily changes polarity. As 
shown, the output is always positive; it may be changed to a 
negative output by reversing the diode direction and inter
changing the X inputs. Since the signal input is differential, all 
combinations of input and output polarities can be realized, 
but operation is restricted to the one quadrant associated with 
each combination of inputs. 

OPTIONAL 
SUMMING 
INPUT,X. 
tl0V PK 

I 
I 

V 

Xl +Vs 

X2 

OUT 

AD534 

SF ZI 

Z2 

VI 

1------!V2 -VS 

OUTPUT. t12V PK 
oJ 10V(Z, -Z,,+X, 

+15V REVERSE 
THISANDX 
INPUTS FOR 
NEGATIVE 
OUTPUTS 

- Z-INPUT 
10V FS 

+ 12VPK 

-15V 

I 
I 
I 
I 

~I RL 
(MUST BE 

PROVIDED) 

I 
V 

Figure 6. Square-Rooter Connection 

In contrast to earlier devices, which were intolerant of capaci
tive loads in the square root modes, the ADS 34 is stable with 
all loads up to at least 1000pF. For critical applications, a small 
adjustment to the Z input offset (see Optional Trimming Con
figuration) will improve accuracy for inputs below IV. 

·See the AD535 Data Sheet for more details. 



The versatility of the ADS 34 allows the creative designer to 
implement a variety of circuits such as wattmeters, frequency 
doublers and automatic gain controls to name but a few. These 
applications along with many other such "idea stimulators" 
are described in detail in the Multiplier Application Guide, 
available upon request from Analog Devices. 

A X, +Vs +15V 
A-B 

""""2 
X2 

OUT 

A0534 30k 

SF Z, 

10k 

B~ 
Z2 

Y, 
A+B 
-2-

Y2 -VS -15V 

Figure 7. Difference-of-Squares 

-------I Y , 
SIGNAL INPUT, 
ES, i5V PK 

-------IY2 -Vs -15V 

NOTES: 1) GAIN IS Xl0 PER VOLT OF EC, ZERO TO X50 

OUTPUT 
A' -B' 

=1W 

2) WIDEBAND (10Hz - 30kHz) OUTPUT NOISE IS 3mV RMS, TYP 
CORRESPONDING TO A F.S. SIN RATIO OF 70dB 

3) NOISE REFERRED TO SIGNAL INPUT, WITH Ec z ±5V, IS 60~V RMS, TYP 
4) BANDWIDTH IS DC TO 20kHz, -3dB, INDEPENDENT OF GAIN 

Figure 8. Voltage-Controlled Amplifier 

x, +VS +15V 

X2 

10k OUT OUTPUT z (lOV) .in 8 

A 0534 4.7k WHERE8 z !!. . ..!!. 
2 10V 

SF Z, 

Z2 
INPUT, E8 
OTO+l0V 

Y, 

Y2 -Vs 
-15V 

USING CLOSE TOLERANCE RESISTORS AND AD534L, ACCURACY OF FIT IS WITHIN 
:to.5% AT ALL POINTS. 8 IS IN RADIANS. 

Figure 9. Sine-Function Generator' 

I;;~~;: i=ii'; vn;" '·;"'I'~i .. u;"'lvn eM;'; u~ v:;~iJ IV rnv',i,;:';: v·v·;:n~i..i.. :;;~;';':'i... 
AMPLIFICATION. OPERATION FROM A SINGLE SUPPLY IS POSSIBLE; BIAS Y2 TO Vs/2. 

B INPUT 

(+VE ONLY) 

Figure 10. Linear AM Modulator 

+Vs 
+15V 

X, 

X2 

OUT OUTPUT = (100V) A ~ B 

A 0534 
(l% PER VOLT) 

Z2 

Z, 
A INPUT 

(i) 

Y, 

-15V 
Y2 -VS 

OTHER SCALES, FROM 10% PER VOLT TO O •• %PER VOLT CAN BE OBTAINED BY 
ALTERING THE FEEDBACK RATIO. 

Figure ". Percentage Computer 

x, +Vs 
+15V 

X2' 

OUT OUTPUT,l:5V PK 

A0534 z (10V)....:L. 
1 +y 

Z, 
WHERE y = (l~V) 

Z2 
INPUT, Y 
'10V F.S. 

Y, 

Y2 -Vs 
-15V 

Figure' 12. Bridge-Linearization Function 
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+ 
CONTROL INPUT. Ec 

1000VTO 10V - 1kHz PER VOLT 

2k 

OUTPUT. 
.,5V APPROX. 

v, -VS -15V WITH VALUES SHOWN 

CALIBRATION PROCEDURE: 

WITH EC • 1.0V, ADJUST pOT TO SElf· 1.000kHz. WITH Ec • B.OV, ADJUST TRIMMER 
CAPACITOR TO SET f· B.OOOkHz. LINEARITY WILL TYPICALLY BE WITHIN ~0.1" OF 
F.S. FOR ANY OTHER INPUT. 

DUE TO DELAYS IN THE COMPARATOR, THIS TECHNIQUE IS NOT SUITABLE FOR 
MAXIMUM FREQUENCIES ABOVE 10kHz. FOR FREQUENCIES ABOVE 10kHz THE 
AD537 VOLTAGE TO FREQUENCY CONVERTER IS RECOMMENDED. 

A TRIANGLE-WAVE OF f5V PK APPEARS ACROSS THE O.Ol~F CAPACITOR; IF USED 
AS AN OUTPUT, A VOLTAGE·FOLLOWER SHOULD BE INTERPOSED. 

Figure 13. Differential-Input Voltage-to-Frequency Converter 

INPUT 
5V RMS FS 
.,OVPEAK 

X, 

X, 

V, 

v, 

CALIBRATION PROCEDURE: 

20k 

AD534 

20k 

OUT 

Z, 

-Vs 

MATCH EO TO 0.025% 

-15V 

OUTPUT 
o TO"'5V 

WITH 'MODE' SWITCH IN 'RMS + DC'POSITlON,APPLY AN INPUT OF +l.00VDC. ADJUST 
ZERO UNTIL OUTPUT READS SAME AS INPUT. CHECK FOR INPUTS OF :tl0V; OUTPUT 
SHOULD BE WITHIN :10.05% (5mV). 

ACCURACY IS MAINTAINED FROM 60Hz to 100kHz, AND IS TYPICALLY HIGH BY 
0.5% AT lMHz FOR VIN • 4V RMS (SINE, SQUARE OR TRIANGULAR WAVE). 

PROVIDED THAT THE PEAK INPUT IS NOT EXCEEDED, CREST·FACTORS UP TO AT 
LEAST TEN HAVE NO APPRECIABLE EFFECT ON ACCURACY. 

INPUT IMPEDANCE IS ABOUT 10kn; FOR HIGH (10Mn) IMPEDANCE, REMOVE MODE 
SWITCH AND INPUT COUPLING COMPONENTS. 

FOR GUARANTEED SPECIFICATIONS THE AD536A AND AD636 IS OFFERED 
AS A SINGLE PACKAGE RMS·TO·DC CONVERTER. 

Figure 14. Wideband, High-Crest Factor, 
RMS-to-DC Converter 

Typical Performance Curves (typical at +25°C, with Vs = ±15V dc, unless otherwise stated) 

10 

L 
/I / 

OUTPUT.
RL7 ~NPUTS. SF - IOV 

/ V 
~ 4 

, 
......... 

~ 
........... 

............. ~INGVOLTAGE-l0V 

---. --. ---- ---. SCALING VOLTAGE - 3V 
.......... - - - --100 

8 10 12 14 20 

POSITIVE OR NEGATIVE SUFFl v - Volts 

-20 120 

TEMPERATURE -'C 

Curve 1.lnputlOutputSignal Range Vs. Supply Voltages Curve 2. Bias Currents Vs. Temperature (X, Y or Z inputs) 
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FREOUENCY - HI 

Curve 3. Common-Mode-Rejection-Ratio Vs. frequency 
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~ ~FEEDTHRDUGH 1'1 

100 

~ ~~ 

VV 
j.....o ~'" 

1 I 
100 

FREQUENCV - Hz 

Curve 4. AC Feedthrough Vs. Frequency 

1.5 

r--f...... 

---1--.... SCALING VOLTAGE - IOV 
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100 ,. lOOk 

FREQUENCY - Hz 

Curve 5. Noise Spectral Density Vs. Frequency 

0 

-20 1. 

BO 

CONDITIONS: V 10Hz - 10kHz BANDWIDTH 

./ 

./ 

v~ 

V 
V 

V 
60 

SCALING VOLTAGE, SF - V~tI 

Curve 6. Wideband Noise Vs. Scaling Voltage 

I I I I 

-~ I-r-. 
I/OdB • OJ lV RjS. RL ·2kn 

........ i'. 

~~ 115~ ~'-'-1 CL -OpF f\ I I ~CL<l:F 
C,"200pF 

CL" l000p~/ \ W~H~'0 I 

~' 
NORMAL 

CF -0 FEEDBACK CONNECTION 

I\TTE~OR 

Curve 7. Frequency Response as a Multiplier 

J"""-o-.. 
~r-. 

i\:x -100mVdc VZ·,OmVnn, 

Vx - lVdc 

.1\ ~JI 
Vz • lOOmV rm. 

'" 1\ I' 
1\ 

100< 

FREQUENCY - Hz 

..... " " ~,_'0Vdc VZ.i 1Vi' 

Curve 8. Frequency Response Vs. Divider Denominator 
Input Voltage 
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r.ANALOG 
WDEVICES 

FEATURES 
Pretrimmed to ±0.5% max Error, 10:1 Denominator 

Range (AD535K) 
±2.0% max Error, 50:1 Denominator Range (AD535K) 
All Inputs (X, Y and Z) Differential 

APPLICATION'S 
General Analog Signal Processing 
Differential Ratio and Percentage Computations 
rrtnOiaiuli AGe L.Uutn 
Square·Rooting 

PRODUCT DESCRIPTION 
The AD53S is a monolithic laser-trimmed two-quadrant divider 
having performance specifications previously found only in ex
pensive hybrid or modular products. A maximum divider error 
of ±0.5% is guaranteed for the ADS35K without any external 
trimming over a denominator range of 10: 1; ±2.0% max error 
over a range of 50:1. A maximum error of ±1% over the 50:1 
denominator range is guaranteed with the addition of two ex
ternal trims. The ADS35 is the first divider to offer fully dif
ferential, high impedance operation on all inputs, including the 
z-input, a feature which greatly increases its flexibility and 
ease of use. The scale factor is pretrimmed to the standard 
value of 10.00; by means of an external resistor, this can be 
reduced by any amount down to 3. 

The extraordinary versatility and performance of the ADS 3S 
recommend it as the first choice in many divider and compu
tational applications. Typical uses include square-rooting, ratio 
computation, "pin-cushion" correction and AGC loops. The 
device is packaged in a hermetically sealed, lO-pin TO-100 can 
or 14-pin TO-1l6 DIP and made available in a ±1% max error 
version 0) and a ±0.5% max error version (K). Both versions 
are specified for operation over the 0 to +70

0 
C temperature 

range. 

Internally Trimmed 
Integrated Circuit Divider 

AD535 I 

AoS3S PIN CONFIGURATIONS 

XI 

Y2~Ll 
-V, 

TO-IOO 
(TOP VIEW) 

PRODUCT HIGHUGHTS 

-V, NC OUT ZI ZZ NC -V, 

14 13 12 11 10 9 8 

1234587 

XI X2 NC SF NC VI '12 

TO-116 
(TOP VIEW) 

1. Laser trimming at the wafer stage enables the ADS 3 5 to 
provide; high accuracies without the addition of external 
trims (±0.5% max error over a 10: 1 denominator range 
for the ADS35K). 

2. Improved accuracies over a wider denominator range are 
possible with only two external trims (±0.5% max error 
oyer a 20:1 denominator range for the AD535K). 

3. Diffe~ential inputs on the X, Y and Z input terminals 
enhance the ADS 35's versatility as a generalized analog 
computational circuit. 

4. Monolithic construction permits low cost and, at the 
same time, increased reliability. 
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SPECIFICATIONS (Vs = ±15V, RL>2kO, TA = +25°C unless otherwise stated) 
PARAMETER 

TRANSFER FUNCTION 

TOTAL ERROR 1 

TEMPERATURE COEFFICIENT 

SUPPLY RELATED 
Error 

'Vs = ±14V to ±16V 

SQUARE ROOTER 
TOTAL ERROR 1 

BANDWIDTH 

INPlTr AMPLIFIERS3 

CMRR 
Bias Current 
Offset Current 
Differential Resistance 

OlTrPUT AMPLIFIER3 

Open-Loop Gain 
Small Signal Gain-Bandwidth 
1 % Amplitude Error 
Output Voltage Swing 
Slew Rate 
Settling Time 
Output Impedance 
Wide-band Noise 

OUTPUT SHORT CURRENT 

POWER SUPPLIES 
Rated Performance 
Operating 
Supply Current 

, PACKAGE OPTIONS4 

H: TO-100 
D: TO-116 Style (D14A) 

NOTES 
• Specifications same as AD 5 3 5 J . 

CONDITIONS 

Figure 2 

No External Trims, Figure 2 
1V<:X<10V, Z<: Ixi 
0.2V<:X<:10V, zoe;;;; Ix I 
With External Trims, Figure 5 
0.5V<:X<:10V, z~ Ixi 
0.2V<:X~lOV, z~ Ix I 

1V~X~10V, Z<:lxl 
0.5V<:X<:lOV, Z~lxl 
0.2V<:X~lOV, Z<:IX I 

1V~X<:10V 
0.5V~X~10V 
0.2V<;X<:10V 

No External Trims, Figure 11 
1V~Z~10V 
0.2V~Z~10V 

x = 0.2V, f = 10Hz to 10kHz 

X=0.2V 

f = 50Hz, 20V pop 

f= 50Hz 
VOUT = 0.1 V rms 
CLOAD = 1000pF 
Tmin to Tmax 
VOUT = 20V pop 
VOUT = 20V ±1 % 
Unity Gain, f~ 1kHz 
f= 10Hz to 5MHz 
f = 10Hz to 10kHz 

Quiescent 

I Figures are given as a percent of full scale (i.e. 1.0% = 100mV). 
2 Noise may be reduced as shown in Figure 14. 
3 See Figure 1 for definition of section. 
4 See Section 19 for package outline information. 

Specifications subject to change without notice. 

VOL. I, 6-38 ANALOG SIGNAL PROCESSING COMPONENTS 

AD535J 

1.0% max 
5.0% max 

1.0% max 
2.0% max 

0.01%fC typ 
0.02%fc typ 
0.05%fc typ 

0.1%lVtyp 
0.2%lVtyp 
0.5%lVtyp 

0.4% typ 
0.7% typ 

4.SmVrms typ 

20kHz typ 

60dB min 
2.0/lA max 
0.1/lA typ 
10MO tyP 

70dB typ 
1MHz typ 
50kHz typ 
±l1Vmin 

. 20V l/ls typ 
2/lstyp 
0.10 typ 
1mVrms typ 
90/lV rms typ 

30mA 

±15V 
±8V min, ±18V max 
6mAmax 

ADS3SjH 
ADS3SjD 

AD53SK 

0.5% max 
2.0% max 

0.5% max 
1.0% max 

• 

ADS3SKH 
ADS3SKD 



ABSOLUTE MAXIMUM RATINGS 

Supply Voltage 
Internal Power Dissipation 
Output Short-Circuit to Ground 
Input Voltages, XI , X2, y I, Y 2, ZI , Z2 
Rated Operating Temp Range 
Storage Temp Range 
Le:ld Temp, 60s soldering 

FUNCTIONAL DESCRIPTION 

±18V 
SOOmW 
Indefinite 
±Vs 
o to +70oC 
-65°C to +lS0

o
C 

+300°C 

Figure 1 is a functional block diagram of the ADS 35. Inputs 
are converted to differential currents by tbree identicai voitage 
to current converters, each trimmed for zero offset. The product 
of the X and Y currents is generated by a multiplier cell using 
Gilbert's translinear technique with an internal scaling voltage. 

The difference between XY ISF and Z is applied to the high gain 
output amplifier. The transfer function can then be expressed ... 

where A = open lo~p gain of output amplifier, typically 70dB 
at d<; 

X, Y, Z = input voltages 
SF = scale factor, pretrimmed to 10.00V but adjustable 

by the user down to 3V. 

In most cases the open loop gain can be regarded as infinite 
and SF will be 10V. Dividing both sides of the equation by A 
and solving the VOUT, we get ... 

(Z2 - Zd 
VOUT = 10V (XI _ X

2 
) + Y I 

j,;..-.------Q +Vs 
SF 0------4 

j,;..-.------Q ·vs 

x, 

TRANSLINEAR 
MOLTIPLIER 

ELEMENT 

Figure 1. AD535 Functional Block Diagram 

SOURCES OF ERROR 

OUT 

Divider error is specified as a percent of full scale (i.e. 10.00V) 
and consists primarily of the effects of X, Y and Z offsets and 
scale factor (which are trimmable) as shown in the generalized 
equation .... 

VOUT = (SF + b.SF) + Y I + Yos [ 
(Z2 - ZI ) + Zos ] 

(X I - X2 ) + X os 

Note especially that divider error is inversely proportional to 
X, that is, the error increases rapidly with decreasing denomi
nator values. Hence, the ADS 35 divider error is specified over 
several denominator ranges on previous page. (See also Figure 
12, ADS 3 5 Total Error as a function of denominator values.) 

Overall accuracy of the ADS 35 can be significantly improved 
by nulling out X and Z offset as described in the applications 
sections. Figure 13 illustrates a factor of 2 improvement in 
accuracy with the addition of these external trims. The remain
ing errors stem primarily from scale factor error and Y off-
sets whiCh can be trimmed out as shown in Figure 6. 

Figure 14 illustrates th~ bandwidth and noise relationships 
versus denominator voltage. Whereas noise increases with 
decreasing denominator, bandwidth decreases, the net result 

, given by the expression ... 

. E"OUT (wideband) j~ :r) mV,m, 
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External filtering can be added to limit output voltage noise 
even further. In this case... ' 

EnOUT (B.W. externally limited) = ~ mV rms 

( ~) 
where f = bandwidth in MHz of an external filter whose band
width is less than the noise bandwidth of the ADS 35. Table I 
provides calculated values of the typical output voltage noise, 
both filtered and unfiltered for several denominator values. 

Noise Umited by 
Noise External Filtering 

X 10Hz to 5MHz 10Hz to 10kHz 

O.2V 8.9mVrms 4.5mVrms 
0.5V S.6mVrms 1.8mVrms 
IV 4.0mVrms 0.9mVrms 
10V 1.3mV rms 0.09mVrms 

Table I. AD535 Calculated Voltage Noise 

APPLICATIONS 
Figure 2 shows the standard divider connection without ex
ternal trims. The denominator X, is restricted to positive 
values in this configuration. X, Y and Z inputs are differential 
with high (SOdB typical) CMRR permitting the application of 
differential signals on X and Z (see Figure 3). 

j="'--..-OVour. 10~Z 
(X MUST BE 
POSITIVE) 

Figure 2. Divider Without External Trims 

l-"------4-o Vour· '~~:Z_2~2~') 
x, -x. MUST BE 
POSITIVE 

Figure 3. Differential Divider Connection 

+1SV 

X INPUT 

F:.:.----.-oVOUT = 'O:Z 

Z INPUT 
(X MUST BE 
NEGATIVE) 

Figure 4. Divider Connection for Negative X Inputs 
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Negative denominator inputs are handled as shown in Figure 4. 
Note that in either configuration, operation is limited to two 
quadrants (i.e. Z is bipolar, X is unipolar). 

A factor of two improvements in accuracy is possible by 
trimming the X and Z offsets as illustrated in Figure 5. To 
trim, set X to the smallest denominator value for which accu
rate computation is required (Le., X = 0.2V). With Z = 0,' 
adjust the Zo trim for VOUT = O. Next, adjust the Xo trim 
for the best compromise when Z = +X (VOUT = +lOV) and 
Z = -X (VOUT = -lOY). Finally, readjust Zo for the best 
compromise at Z = +X, Z = -x and Z = O. The remaining error 
(Figure 13) consists primarily of scale factor error, output 
offset and an irreducible nonlinearity component. 

SOk lOOk 
Xo 
ADJ. 

-1SV 

+1SV 

F;..;....--t--.-o Your 

lOOk 501< 
Zo 
ADJ. 

Figure 5. Precision Divider Using Two Trims 

In certain applications, the user may elect to adjust SF for 
values between lO.OOV and 3V by connecting an external 
resistor in series with a potentiometer between SF and -VS. 
The approximate value of the total resistance for a given value 
of SF is given by the relationship: 

SF 
RSF = 5.4K 10 _ SF 

Due to device tolerances, allowance should be made to vary 
RSF ±25% using the potentiometer. Note that the peak signal 
is always limited to 1.25 SF (Le. ±SV for SF = 4). 

The scale factor may also be adjusted using a feedback attenua
tor between VOUT and Y2 as indicated in Figure 6. The input 
signal range is unaffected using this scheme. 

Scale factor and output offset error can be minimized utilizing 
the four trim circuit of Figure 6. Adjustment is as follows: 

1. Apply X = +0.2V (or the smallest required denominator 
value), Z = 0 and adjust Zo for VOUT = O. 

2. Apply x = 0.2V. Then adjust the Xo trim for the best 
compromise when Z = +X (VOUT = +lOV) and Z = 
-X (VOUT = -IOV.) 

3. Apply X = +lOV, Z = 0 and adjust Yo for VOUT = O. 

4. Apply X = +lOV. Then adjust the scale factor (SF) trim 
for the best compromise when Z = +X (VOUT = +lOV) 
and Z = -x (VOUT = -lOV). 

S. Repeat steps 1 and 2. 

6. Apply x = O.ZV. Then adjust the Z trim for the best 
compromise when Z = X (VOUT = +lOV), Z = 0 (VOUT = 
0) and Z = -x (VOUT = ":'lOV). 



SCALE 
FACTOR 
ADJ. 

.15V 

.15V 

Figure 6. Precision Divider with Four External Adjustments 

These trim adjustments can be made either by using two cali
brated voltage sources and a DVM, or by using a differential 
scope, a low frequency generator, a voltage source and a 
precision attenuator. As shown in Figure 7, the differential 
scope subtracts the expected ideal output and thus displays 

only errors. Set the attenuation to l;V . 

Figure 7. Alternate Trim Adjustment Set-Up 

PIN-CUSHION CORRECTION 
A pin-cushion corrector eliminates the distortion caused by 
flat screen CRT tubes. The correction equations are: 

VIH 

J 
and ·VOY 

J 
where: VOH and VOY are the horizontal and vertical output 

signals, respectively. 

VIH and VIY are the horizontal and vertical input 
signals, respectively. 

L is the length of the CRT tube. 

In 'typical applications L (expressed in voltage) is roughly equal 
to full scale VIH or VIY. The result is that the expression, 

J(VlHl +VIyl +Ll), varies less than 2:1 over the full range 
of values of VIH and VIV. 

Major sources of divider error associated with small denomina
tor values can thereby the minimized. 

VIH 
AD535 

DIVIDER -] X 
TO 
CRT 

VIV DISPLAY. 

AD535 
DIVIDER Vov 

Figure 8. Pin-Cushion Corrector 

Figure 9 shows an AGe loop using an ADS 35 divider. The 
AD535 lends itself naturally in this application since it is con
figured to provide gain rather than loss. Overall gain varies 
from 1 to 00 as the denominator is servoed to maintain VOUT 
at a constant level. 

INPUT 
I------~~-<I VOUT 

ICONSTANT ,m.) 

....... _-_ .... AD536 
rms/dc 

CONVERTER 

IFIXEDOR 
ADJUSTABLE) 

Figure 9. AGC Loop Using the AD536 rms/dc Converter 
as a Detector 

Figure 10 shows a method for obtaining the time average as 
defined by: 

X= 1. fT X dt 
T 0 

where T is the time interval over which the average is to be 
taken. Conventional techniques typically provide only a crude 
approximation to the true time average, and furthermore, re
quire a fixed time interval before the average can be taken. In 
Figure 10, the AD535 is used to divide the integrator output 
by the ramp generator output. Since the ramp is proportional 
to time, the integrator is divided by the time interval, thus 
allowing continuous, true time processing of signals over inter
vals varying by as much as SO: 1. 
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AD535 

x 
RESET 0----" 

Figure 10. Time Average Computation Circuit 

+15V 

...... ----.... ~I--..... -__r--o VOUT .,fiOiiZ 

10% 

-15V 

*
' RL 

(MUST BE 
, PROVIDED) 

~ 

INPUT 

NOTE: Z MUST BE POSITIVE 
IN CIRCUIT SHOWN. IF DIODE 
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r.ANALOG 
WDEVICES 

FEATURES 
True rms-to-dc Conversion 
Laser-Trimmed to High Accuracy 

0.2% max Error (AD536AK) 
0.5% max Error (AD536AJ) 

Wide Response Capability: 
Computes rms of ac and dc Signals 
300kHz Bandwidth: Vrms> 100mV 
2MHz Bandwidth: Vrm,,>1V 
Signal Crest Factor of 1. for 1 % Error 

dB Output with 60dB Range 
Low Power: 1 rnA Quiescent Current 
Single or Dual Supply Operation 
Monolithic Integrated Circuit 
-55°C to +125°C Operation (AD536AS) 
Low Cost 

PRODUCT DESCRIPTION 
Th~ AD536A is a complete monolithic integrated circuit which 
performs true rms-to-dc conversion. It offers performance 
which is comparable or superior to that of hybrid or modular 
units costing much more. The AD536A directly computes the 
true rms value of any complex input waveform containing ac 
and dc components. It has a crest factor compensation scheme 
which allows measurements with 1 % error at crest factors up 
to 7. The wide bandwidth of the device extends the measure
ment capability to 300kHz with 3dB error for signal levels 
above 100m V. 

An important feature of the AD536A not previously available 
in rms converters is an auxiliary dB output. The logarithm of 
the rms output signal is brought out to a separate pin to allow 
the dB conversion, with a useful dynamic range of 60dB. Using 
an externally supplied reference current, the OdB level can be . 
conveniently set by the user to correspond to any input level 
from 0.1 to 2 volts rms. 

The AD536A is laser trimmed at the wafer level for input and 
output offset, positive and negative waveform symmetry (dc 
reversal), and full scale accuracy. As a result, no external 
trims are required to achieve the rated accuracy of the unit. 

There is full protection for both inputs and outputs. The input 
circuitry can take overload voltages well beyond the supply 
levels. Loss of supply voltage with inputs connected will not 
cause unit failure. The output is short-circuit protected. 

The AD536A is available in two accuracy grades 0, K) for 
commercial temperature range (0 to +70

o
C) applications, and 

one grade (S) rated for the -55°C to +125°C extended range. 
The AD536AK offers a maximum total error of ±2mV ±0.2% 
of reading and the AD536A} and AD536AS have maxi-
mum errors of ±5mV ±0.5% of reading. All three versions are 
available in either a hermetically sealed 14-pin DIP or 10-pin 
TO-IOO metal can. 

Integrated Circuit 
True rms-to-dc Converter 

AD536A I 

AD536A FUNCTIONAL BLOCK DIAGRAMS 

TO-116 
TOP VIEW 

PRODUCT HIGHLIGHTS 

loUT 

-v, 
TO-IOO 

TOP VIEW 

1. The AD536A computes the true root-mean-square level of 
a complex ac (or ac plus dc) input signal and gives an equiv
alent dc output level. The true rms value of a waveform is a 
more useful quantity than the average rectified value since 
it relates directly to the power of the signal. The rms value 
of a statistical signal also relates to its standard deviation. 

2. The crest factor of a waveform is the ratio of the peak 
signal swing to the rms value. The crest factor compensa
tion scheme of the AD536A allows measurement of highly 
complex signals with wide dynamic range. 

3. The only external component required to perform meas
urements to the fully specified accuracy is the capacitor 
which sets the averaging period. The value of this capaci
tor determines the low frequency ac accuracy, ripple 
level and settling time. 

.. 

4. The AD536A will operate equally well from split supplies or 
a single supply with total supply levels from 5 to 36 volts. 
The one milliampere quiescent supply current makes the 
device well-suited for a wide variety of remote controllers 
and battery powered instruments. 

5. The AD536A directly replaces the AD536, and provides 
improved bandwidth and temperature drift specifications. 
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SPECIFICATIONS (@ +25'1:, and ± 15V de unless otherwise noted) 
Model ADS36", ADS36AK ADS36AS 

Min . Typ Max Min Typ Max Min Typ Max Unit. 

TRANSFER FUNCTION VOUT = Vavg.(VlNJ2 VOUT = Vavg.(VlN)2 VOUT = Vavg.(VlNJ2 

CONVERSION ACCURACY 
Total Error, Internal Trim' (Fig. I) ±S ±O.5 ±2±O.2 ±S ±O.S mV:!: % of Reading 

vs. Temperature, T min to + 70°C :!:O.I :!:0.01 :!: 0.05 :!: 0.005 ±O.l ±O.OOS mV:!:%ofReading 

+ 70·C to + 12S·C ±O.3 ±O.OOS mV:!:%ofReoding 

vs. Supply Voltage :!:O.I :!:0.01 :!:O.I :!:0.01 :!:O.I :!:0.01 mV ±%ofReading 

vs. Reversal Error :!:0.2 :!:O.I :!:0.2 % of Reoding 

Total Error, External Trim' (Fig. 2) :!:3 :!:0.3 :!:2 :!:O.I :!:3 :!:0.3 mV:::%ofReading 

ERRORvsCRESTFACTOR2 

Crest Factor! to 2 Specified Accuracy Specified Accuracy Specified Accuracy 

Crest Factor = 3 -0.1 -0.1 -0.1 % of Reoding 

Crest Factor = 7 -1.0 -1.0 -1.0 % of Reading 

FREQUENCY RESPONSE' 
Bandwidth for 1% additional error (O.09dB) 

IOmV<VIN"IOOmV kHz 

lOOmV<VIN"IV 40 40 40 kHz 

IV<VlN,,7V 100 100 100 kHz 

:!: 3dB Bandwidth 
10mV<VlN"IOOmV SO 50 SO kHz 

lOOmV<VIN"IV 300 300 300 kHz 

IV<VlN,,7V· 2 MHz 

AVERAGING TIME CONSTANT (Fig. 5) 25 25 25 ms/llFCAV 

INPUT CHARACTERISTICS 
Signal Range, :!: 15V Supply :!:20 :!:20 :!:20 V Peak 

Signal Range, :!: SV Supply :!:S :!:S :!:5 VPe.k 

Safe Input, All Supply Vol rages :!:25 :!:2S :!:2S V 

Input Resistance 13.33 16.7 20.87 13.33 16.7 20.87 13.33 16.7 20.87 kn 

Input Offset Volrage :!:2 :!:I ::2 mV 

OUTPUT CHARACTERISTICS 
OffsetVolrage :!:I :!:2 :!:O.S :!:I :!:2 mV 

vs. Temperature :!:O.I :!:O.I :!:0.2 mVrc 

vs. Supply Voltage :!:O.I :!:O.I :!:0.2 mVN 

Voltage Swing, :!: ISV Supplies ±11 ±11 ±1l V 

:!: SV Supply :!:2 :!:2 . :!:2 V 

Output Current (+SmA, (+SmA, (+SmA, 

- 13OIlA) -1301lA) -130IlA) V 

Shorr Circuit Current 20 20 20 mA 

Resisrance 0.5 0.5 0.5 n 

dB OUTPUT (Fig. 13) 
Error, VlN 7mVto7Vrms,OdB= IVrms :!:0.4 :!:0.6 :!:0.2 :!:0.3 :0.5 dB 

Sca1eFactor -3 -3 -3 mVidB 

Scale FactorTC(Uncompensated, see 
Fig. 13 for Temperature Compensation) -0.3 -0.3 -0.35 % of Reo ding 

IREP for OdB = I V rms 20 80 20 80 20 80 IlA 

IREFRange 100 100 100 IlA 

lOUT TERMINAL 
loUT Scale Factor 40 40 40 IlANrms 

loUT Scale Factor Tolerance :!:20 :!:20 :!:20 % 

Output Resistance 10' 10' 10' n 

VolranceCompliance -Vsto(+Vs -Vsto(+Vs -Vsto(+Vs 
-2.SV) -2.5) -2.SV) V 

BUFFER AMPLIFIER 
Input and Output Voltage Range -Vs +Vs -2.SV -Vs +Vs -2.5V -Vs +Vs -2.SV V 

Input Offset Volrage, Rs = 2Sk ±4 ±4 ±4 mV 

Input Current 60 300 60 300 60 300 nA 

Input Resistance 10' 10' 10' n 

Output Current (+SmA, (+SmA, (+SmA, 

- I3OIlA) -1301lA) - 130IlA) V 

Short Circuit Current 20 20 20 mA 

Small Signal Bandwidth ·1 MHz 

Slew Rate' VI.,.. 

POWER SUPPLY 
Voltage Rated Performance 

Dual Supply :!:3.0 :!: 18 :!:3.0 :!:\8 :!:3.0 :!:18 V 

Single Supply +5 +36 +5 +36 +5 +36 V 

Quiescent Current 

Total Vs 5Vt036V, Toni. toT .... 1.2 1.2 1.2 mA 

TEMPERA TURERANGE 
Rated Performance 0 +70 0 +70 -55 +125 OC 

Storage -55 +150 -55 +150 -55 +150 ·C 

PACKAGE OPTIONS' 
Ceramic DIP (Dl4A) ADS36AJD ADS36AKD ADS36ASD 

Metal Can (TO-lOO) ADS36AJH ADS36AKH ADS36ASH 

NOTES 
'Accuracy is specified for 0 to 7V rms, dc or 1kHz sinewave input with the AD536A conoected as in the fIgUre referenced. Specifications shown in boldface are tested on all production units at finalelectri-
zError VS. crest factor is specified u an additional error for 1 V rms rectangularpulsc input, pulse width "'" 200,",,8. cal test. Results from those tests are used to calculate outgoing quality levels. All 
3Input voltages are expressed in voltsrms, and error is percent of reading. min and m.ax: specifications are guaranteed, although only those shown in 
'With 2k external pulldown resistor. boldface are tested on all production units. 
'See Section 19 for package outline information. 
Specifications subject to change without notice. 
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STANDARD CONNECTION 
The ADS36A is simple to connect for the majority of high 
accuracy rms measurements, requiring only an external capac
itor to set the averaging time constant. The standard connec
tion is 'shown in Figure 1. In this configuration, the ADS36A 
will measure the rms of the ac and dc level present at the 
input, but will show an error for low frequency inputs as a 
function of the filter capacitor, CAV, as shown in Figure S. 
Thus, if a 4pF capacitor is used, the additional average error 
at 10Hz will be 0.1%, at 3Hz it will be 1%. The accuracy at 
higher frequencies will be according to specification. If it is 
desired to reject the dc input, a capacitor is added in series with 
with the input, as shown in Figure 3; the capacitor must be 
non-polar. If the ADS36A is driven with power, supplies with 
_ ~~"r:rl~¥_hl~ _~~ .. " .. ~+ h:~h +¥~~ .. a"M' ¥:""'a : .. :r _rl •• :r_hl_ 
... -_ ....... -_ ... _ ......................... - .... '" ......... .... ·b .. • ..... -"1.-_ ..... _, .... t't" ......... t. .!J -_ ........ ,...., ... .... 
to bypass both supplies to ground with 0.1pF ceramic discs as 
near the device as possible. 

The input and output signal ranges are a function of the sup
ply voltages; these ranges are shown in Figure 14. The ADS36A 
can also be used in an unbuffered voltage output mode by dis
connecting the input to the buffer. The output then appears 
unbuffered across the 2Sk resistor. The buffer amplifier can 
then be used for other purposes. Further the ADS36A can be 
used in a current output mode by disconnecting the 2Sk resis
tor from ground. The output current is available at pin 8 (pin 
10 on the "H" package) with a nominal scale of 40pA per volt 
rms input, positive out. 

Fjqure 1. Standard rms Connection 

OPTIONAL EXTERNAL TRIMS FOR HIGH ACCURACY 
If it is desired to improve the accuracy of the ADS 36A, the 
external trims shown in Figure 2 can be added. R4 is used to 
trim the offset. Note that the offset trim circuit adds 249n in 
series with the internal 2Skn resistor. This will cause a 1% 
increase in scale factor, which is trimmed out by using Rl 
as shown. 

The trimming procedure is as follows: 
1. Ground the input signal, VIN, and adjust R4 to give zero 
volts output frompin 6. Alternatively, ~ can be adjusted to 
give the correct output with the lowest expected value of VIN. 
2. Connect the desired full scale input level to VIN, either 
dc or a calibrated ac signal (lkHz is the optimum frequency); 
then trim Rl to give the correct output from pin 6, i.e., 
1.000V dc input should give 1.000V dc output. Of co~rse, a 
±1.000V peak-to-peak sinewave should give a O. 707V dc output. 
The remaining errors, as given in the specifications, are due to 
the nonlinearity. 

Applying the AD536A 
The major advantage of external trimming is to optimize 
device performance for a reduced signal range; the AD536A 
is internally trimmed for a 7V r:ms full scale range. 

-Vs 

CAY 

r----------~~+~------~ 

+Vs 

~
R4 
SOk OFFSET 

-Vs 

R3 
470k 

Figure 2. Optional External Gain and Output Offset Trims 

SINGLE SUPPLY CONNECTION 

• 
The applications in Figures 1 and 2 require the use of approx
imately symmetrical dual supplies. The AD536A can also be 
used with only asingle positive supply down to +5 volts, as 
shown in Figure 3. The major limitation of this connection is 
that only ac signals can be measured since the differential in
put stage must be biased off ground for proper operation. 
This biasin~ is done at pin 10; thus it is critical that no 
extraneous signals be coupled into this point. Biasing can be 
accomplished by using a resistive divider between + Vs and 
ground. The values of the resistors can be increased in the 
interest of lowered power consumption, since only 5 micro
amps of current flows into pin 10 (pin 2 on the "H" package). 
AC input coupling requires only capacitor C2 as shown; a dc 
return is not necessary as it is provided internally. C2 is selected 
for the proper low frequency break point with the input resist
ance of 16.7kn; for a cut-off at 10Hz, Cz should be 1pF. The 
signal ranges in this connection are slightly more restricted 
than in the dual supply connection. The input and output sig
nal ranges are shown in Figure 14. The load resistor, RL, is 
necessary to provide output sink current. 

CAY 

r----------~~~--------~ 

10k to lk 

Figure 3. Single Supply Connection 
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CHOOSING THE AVERAGING TIME CONSTANT 
The ADS 36A will compute the rms of both ac and dc signals. 
If the input is a slowly-varying dc, the output of the ADS36A 
will track the input exactly. At higher frequencies, the average 
output of the ADS36A will approach the rms value of the in
put signal. The actual output of the ADS36A will differ from 
the ideal output by an average (or dc) error and some amount 
of ripple, as demonstrated in Figure 4. 

Eo 

IDEAL 
Eo 

( 
AV~RAGE ERROR = 

Eo - Eo (IDEAL) 

, t ~ ~~;ERAGE Eo = Eo 

DOUBLE-FREQUENCY 
RIPPLE 

TIME 

Figure 4. Typical Output Waveform for Sinusoidal Input 

The dc error is dependent on the input signal frequency and 
the value of CA v. Figure S can be used to determine the mini
mum value of CAY which wili yield 1% or 0.1 % dc error above 
a given frequency. For example, if a 60Hz waveform is to be 
measured with a dc error of less than 0.1 %, CAY must be greater 
than 0.65J.LF. If a 1 % error can be tolerated, the minimum 
value of CAY is 0.22J.LF. 

The ac component of the output signal is the ripple. There are 
two ways to reduce the ripple. The first method involves using 
a large value of CA V. Since the ripple is inversely proportional 
to CA v, a tenfold increase in this capacitance will effect a ten
fold reduction in ripple. When measuring waveforms with high 
crest factors, (such as low duty cycle pulse trains), the aver
aging time constant should be at least ten times the signal peri
od. For example, a 100Hz pulse rate requires a lOOms time 
constant, which corresponds to a 4J.LF capacitor (time con
stant = 25ms per J.LF). 

The primary disadvantage in using a large CA V to remove rip
ple is that the settling time for a step change in input level is 
increased proportionately. Figure 5 shows that the relationship 
between CA V and settling time is 100 milliseconds for each 
microfarad of CA V. The settling time is twice as great for de
creasing signals as for increasing signals (the values in Figure S 
are for decreasing signals). Settling time also increases for low 
signal levels, as shown in Figure 6. 

lOOpF 

IOpF 

EXTERNAL 
AVERAGING 
CAP - CAY 

0.22pF 

~ 
"'-

O.lpF 
1Hz 

~ 

" ~ , 
"- r'\ 

~% 

.h '\i.% 
" I, 

10 60100 

FREQUENCY - Hz 

10 

OUTPUT 
SETTLING TIME 
TO COMPLETE 
99% OF STEP
Seconds 

0.1 

0.01 
lk 

Figure 5. Lower Frequency for Stated % of Reading Error 
and Settling Time for Circuit Shown in Figure 1 
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Figure 6. Settling Time vs Input Level 

10V 

A better method for reducing output ripple is the use of a 
"post-filter;'. Figure 7 shows a suggested circuit. If a single-
pole filter is used (C3 removed, Rx shorted), and C2 is approx
imately twice the value of CAV, the ripple is reduced as shown 
in Figure 8, and settling time is increased. For example, with 
CAY = 1J.LF andC2 =2.2J.LF, the ripple for a 60Hz input is re
duced from 10% of reading to approximately 0.3% of reading. 
The settling time, however, is increased by approximately a 
factor of 3. The values of CAY and C2 can therefore be reduced 
to permit faster settling times while still providing substantial 
ripple reduction. 

The two-pole post-filter uses an active filter stage to provide 
even greater ripple reduction without substantially increasing 
the settling times over a circuit with a one-pole filter. The 
values of CAV, C2 , and C3 can then be reduced to allow ex
tremely fast settling times for a constant amount of ripple. 
Caution should be exercised in choosing the value of CAY, 
since the dc error is dependent upon this value and is inde
pendent of the post filter. 

10% 

DC ERROR ' 
OR RIPPLE
%ofRNding 

1% 

Figure 7. 2 Pole "Post" Filter 

, 
:, 
\ " , - ,,(""PK PK RIPPLE 

CAY· I"F (FIG. 1) 

~. '\ PKPK .~ RIPPLE (ONE POLE) , CAY· I"F. C2· 2.2#'F I' 
" .. Rx·O 

1\ , ~ dc'ERRoh " \ '\ -, CAY· I"F 
\f~L FIL jERS) "', 

,~ \ N "\ 
PK PK 100Hz lk 10k 
RIPPLE, 
CAy·l"F 
C2 • C3 • 2.2#'F (TWO POLE) 

Figure 8. Performance Features of Various Filter Types 



ADS36A PRINCIPLE OF OPERATION 
The ADS36A embodies an implicit solution of the rms equa
tion that overcomes the dynamic ra!1ge as well as other limi
tations inherent in a straight-forward computation of rms. 
The actual computation performed by the ADS36A follows 
the equation: 

Vans = Avg. 
[ 

VIN 
2 

] 

Vans 

Figure 9 is a simplified schematic of the AD536A; it is sub
divided into four major sections: absolute value circuit (ac-
tive rectifier), squarer/divider, current mirror, and buffer am-
",1;;;40 ... Th~ 1nnnf'" u"l .. ..,fTlICII" .1IPh;~1, ,."n h,:a .... ,. ,...., ... rI,.. 1C' ,...nn_ r ......... - ... · _ .... - • ..... r- .............. -0-' "IN' ....... _ ..... -_ ........ - -- ....... --, ... - _ ........... 

verted to a unipolar current II, by the active rectifier AI, A2 • 

II drives one input of the squarer/divider, which has the 
transfer function: 

14 = 112/ h 
The output current, 14 , of the squarer/divider drives the cur
rent mirror through a low pass filter formed by R I and the 
externally connected capacitor, CAY. If the R I , CAY time 
constant is much greater than the longest period of the input 
signal, then 14 is effectively averaged. The current mirror re
turns a current 13 , which equals Avg. [141 , back to the squarer/ 
divider to complete the implicit rms computation. Thus: 

14 = Avg. [11
2

/141 = II rms 

The current mirror also produces the output current, 'oUT' 
which equals 214. 'oUT can be used directly or converted to 

rms Measurements 
a voltage with R2 and buffered by ~ to provide a low im
pedance voltage ou tpu t. The transfer function of the AD 5 3 6A 
thus results: 

The dB output is derived from the emitter of Q3, since the 
voltage at this point is proportional to -log V IN. Emitter fol
lower, <ls, buffers and level shifts this voltage, so that the 
dB output voltage is zero when the externally supplied 
emitter current (I REF) to <ls approximates 13 , 

ABSOLUTE VALUE! 
VOLTAGE - CURRENT 

CONVERTER 

50k 

R4 

CURRENT - MIRROR • 

.-----+-9-1 ~---._ ~-. ~+-+I-~ · 

ONE - QUADRANT 
SQUARER! 
DIVIDER 

25k 

r-fiDl 
V'~ 

-VS 

Figure 9. Simplified Schematic 
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CONNECTIONS FOR dB OPERATION 
A powerful feature added to the ADS36A, which is not avail
able in any other computing rms circuit, is the logarithmic 
or decibel output. The internal circuit which computes dB 
is very accurate and works well over a 60dB range. The 
connection for dB measurements is shown in Figure 10. The 
user selects the OdB level by setting Rtfor the proper OdB 
reference current (which is set to exactly cancel the log out- . 
put current from the squarer-divider at the desired OdB 
point). The external op amp is used to provide a more con
venient scale and to allow compensation of the O.3%tC 
temperature drift of the dB circuit. The special T.C. resistor, 
R3, is available from Tel Labs, Londonderry, NH, type number 
Q-81. The linear rms output is available at pin 8 with an out
put impedance of 2Skn; thus some applications may require 
an additional buffer amplifier if this output is desired. 

dB Calibration: 

1. Set VIN = 1.00V dc 
2. Adjust Rl for dB out = O.OOV 
3. Set VIN = +O.lV dc 

4. Adjust R2 for dB out = -2.00V 

Any other desired OdB reference level can be used by set
ting VIN and adjusting R t accordingly. Note that adjusting 
R2 for the proper gain automatically gives the correct tem
perature compensation. 

Figure 10. dB Connection 

FREQUENCY RESPONSE 
The ADS36A utilizes a logarithmic circuit in performing the 
implicit rmscomputation. As with any log circuit, bandwidth 
is proportional to signal level. The solid lines in the graph be
low represent the frequency response of the ADS36A at input 
levels from 10 millivolts to 1 volt rms. The dashed lines indi
cate the upper frequency limits for 1%, 10%, and 3dB of 
reading additional error. For example, note that a 1 yolt rms 
signal will produce less than 1% of 'reading additional error up 
to 100kHz. A 10 millivolt signal can be measured with 1% of 
reading additional error (lOOJ,LV) up to only 6kHz. 

10 

! 
~ 0.1 

0.01 
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r-
lOOk 
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't3dB. --, 
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Figure 11. High Frequency Response 

VOL. I, 6-48 ANALOG SIGNAL PROCESSING COMPONENTS 

AC MEASUREMENT ACCURACY AND CREST FACTOR 
Crest factor is often overlooked in determining the accuracy 
of an ac measurement. Crest factor is defined as the ratio of the 
the peak signal amplitude to the rms value of the signal (C.F. = 
Vp/Vrms)' Most common waveforms, such as sine and triangle 
waves, have relatively low crest factors «2). Waveforms which 
resemble low duty cycle pulse trains, such as those occurring 
in switching power supplies and SCR circuits, have high crest 
factors. For example, a rectangular pulse train with a 1 % duty 
cycle has a crest factor of 10 (C.F. = 1Iy:q). 

Figure 12 is a curve of reading error for the ADS 3 6A for a 1 
volt rms input signal with crest factors from 1 to 10. A rec
tangular pulse train (pulse width 100J,Ls) was used for this test 
since it is the worst-case waveform for rms measurement (all 
the energy is contained in the peaks). The duty cycle and peak 
amplitude were varied to produce crest factors from 1 to 10 
while maintaining a constant 1 volt rms input amplitude. 

1J--T-1 

~
p _____ t ___ _ 

o I . 

--l I-
1001" 

+1" 

-

~ • DUTY CYCLE z ~ 

CF - 1'Vii 
liN I,m.)· 1 Volt rm. 

r-
INCREASE -1" 
IN ERROR-

r---..... ....... r-.... 
" of Reading -2% 

..... '" -3% 

-4" 
1 

CREST FACTOR 

Figure 12. Error vs. Crest Factor 
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11" . 101" 1001" 10001" 
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Figure 13. AD536A Error vs. Pulse Width Rectangular Pulse 
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FEATURES 
Two Quadrant Multiplication/Division 
Two Independent Signal Channels 
Signal Bandwidth of 60MHz (lOUT) 
Linear Control-Bandwidth of 5MHz 
Fully-Calibrated, Monolithic Circuit 

APPLICATIONS 
P!'e!:!~e .I\.G~ ~~~ '!~l\. S','~!e~~ 

Voltage-Controlled Filters 
Video-Signal Processing 
High-Speed Analog Division 
Automatic Signal-Leveling 
Square-Law Gain/Loss Control 

PRODUCT DESCRIPTION 
The AD539 is a low-distortion analog multiplier having two 
identical signal channels (Y1 and Y2), with a common X-input 
providing linear control of gain. Excellent ac characteristics up 
to video frequencies and a 3dB bandwidth of over 60MHz are 
provided. Although intended primarily for applications where 
speed is important the circuit exhibits good static accuracy in 
"computational" applications. Scaling is accurately determined 
by a band-gap voltage reference and all critical parameters are 
laser-trimmed during manufacture. 

The full bandwidth can be realized over most of the gain range 
using the AD539 with simple resistive loads of up to 100f!. 
Output voltage is restricted to a few hundred millivolts under 
these conditions. Using external op amps in conjunction with 
the on-chip scaling resistors, accurate multiplication and large 
output voltages can be achieved, but with a reduction in bandwidth 
typically to 25MHz. 

The two channels provide flexibility. In single-channel applications 
they may be used in parallel, to double the output current, or in 
series, to achieve a square-law gain function with a control 
range of over 100dB, or differentially, to reduce distortion. 
Alternatively, they may be used independently, as in audio 
stereo applications, with low crosstalk between channels. Voltage
controlled filters and oscillators using the "state-variable" approach 
are easily designed, taking advantage of the dual channels and 
common control. The AD539 can also be configured as a divider 
with signal bandwidths up to 15MHz. 

Power consumption is only 135mW using the recommended 
± 5V supplies. The AD539 is available in three versions: the 
"]" and "K" grades are specified for 0 to + 70°C operation and 
"S" grade is guaranteed over the extended range of - 55°C to 

+ 125°C. All versions are packaged in 16-pin DIPs. 

Wide band Dual-Channel 
Linear Multiplier/Divider 

AD539 I 

AD539 PIN CONFIGURATION 

CONTROL IV.) 1 

HF COMP CAP 2 

CHI INPUT IV,,) 3 
AD539 

WI] FEEDBACK 
ZI RESISTORS 

CHI OUTPUT 

1 BASE 

_V:U" "..jCOMMON 

CH21NPUT IV") 6 11 CH2 OUTPUT 

INPUT COMMON 7 10 Z2J FEEDBACK 

OUTPUT COMMON 8 9 W2 RESISTORS 

DUAL SIGNAL CHANNELS 
The signal voltages inputs, VY1 and Vy2, have nominal full-scale 
(FS) values of ± 2V with a peak range to ± 4.2V (using a negative 
supply of7 .5V or greater). For video applications where differential 
phase is critical a reduced input range of ± 1 volt is recommended, 
resulting in a phase variation of typically ± 0.2° at 3.579MHz 
for full gain. The input impedance is typically 400kO shunted 
by 3pF. Signal channel distortion is typically well under 0.1% at 
10kHz and can be reduced to 0.01% by using the channels 
differentially. -

COMMON CONTROL CHANNEL 
The control channel accepts positive inputs, Vx, from 0 to + 3V 
FS, + 3.2V peak. Tl;1e input resistance is 5000. An external, 
grounded capacitor determines the small-signal bandwidth and 
recovery time of the control amplifier; the minimum value of 
3nF allows a bandwidth at mid-gain of about 5MHz. Larger 
compensation capacitors slow the control channel but improve 
the high-frequency performance of the signal channels. 

FLEXIBLE SCALING 
Using either one or two external op amps in conjunction with 
the on-chip 6kO scaling resistors; the output currents (nominally 
± 1mA FS, ± 2.25mA peak) can be converted to voltages with 
accurate transfer functions of Vw = - VxVy/2, Vw = - VxVy 
or Vw = -2VxVy (where inputs Vx and Vy and output Vw 
are expressed in volts), with corresponding full-scale outputs of 
± 3V, ± 6V and ± 12V. Alternatively, low-impedance grounded 
loads can be used to achieve the full signal bandwidth of 60MHz, 
in which mode the scaling is less accurate. 
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SPEC I F I CAli 0 NS (@TA=25OC, Vs = ± 5V, unless otherwise specified) 
Parameter Conditions ADS39J ADS39K ADS39S Units 

Min Typ Max Min Typ Max Min Typ Max 

SIGNAL-CHANNEL DYNAMICS Reference Figure 6a 
Minimal Conr""ration 

Bandwidth, - 3dB RL =50n,Cc = O.Ol.,.F 30 60 30 60 30 60 MHz 

Maximum Output +0.IV<Vx <+3V, Vyac= IVnns -10 -10 210 dBm 

Feedthrough, f< IMHz Vx=O, Vyac= 1.5Vnns -75 -75 -75 dBm 

f=20MHz -55 -55 -55 dBm 

Diffe~ntial Phase Linearity 
-IV<Vydc< + IV f=3.58MHz,Vx = +3V, :to.2 :to.2 :to.2 Degrees 

-2V<Vydc< +2V Vyac=loomV :to.S :to.S :to.S Degrees 
Group Delay Reference Figure 2 

.'. Bandwidth, - 3dB (ADS09) +0,IV<Vx<+3V,Vyac= IVnns MHz 
1 Maximum Output Vx = +3V,Vyac=I.SVnns 4,5 4,5 4.5 V 

Feedthrough, f<lookHz Vx=O, Vyac= 1.5Vnns I' mVnns 
Crosstalk(CHltoCH2) VYI = IVnns, Vn=O 

Vx = +3V,f<lookHz -40 -40 -40 dB 
Noise,lOHzto IMHz Vx = +1.5V,Vy =O,Figure2 200 200 200 nV/v'Hz 

THD + Noise,Vx = +IV, f= 10kHz, Vyac= IVnns 0.02 0.02 0.Q2 % 

Vy = +3V f= 10kHz, Vyac= IVnns 0.04 0.04 0.04 % 
Wide Band Two-Channel Multiplier Figure 2 

Bandwidth, - 3dB (LH0032) +0.IV<Vx <+3V,Vyac=IVnns· 25 25 25 MHz 

Maximum Output Feedthrough, Vx = + 3V Vyac= I.SVrms,f=3MHz 2,25 2.25 2.25 Vrms 

Vx = +0 Vyac= 1.0Vnns,f=3MHz 14 14 14 mVnns 

CONTROL CHANNEL DYNAMICS 
Bandwidth, - 3dB Cc=3000pF, Vxdc = + I.SV, 

Vxac = lOOmVnns MHz 

SIGNAL INPUTS, Vy , & VY2 

Nominal Full-Scale Input :t2 :t2 :t2 V 
Operational Range, Degraded' Perfonnance -Vs>7V :t4,2 :t4.2 :t4.2 V 
Input Resistance 400 400 400 kn 
Bias Current 10 30 10 20 10 30 ILA 
Offset Voltage Vx = +3V,Vy =0 ' 5 20 5 10 5 20 mV 

(TnUntoT...,.) 10 IS 35 mV 
Power Supply Sensitivity Vx =+3V,Vy =0 2 2 mVN 

CONTROL INPUT, Vx 
Nominal Full-Scale Input +3.0 +3.0 +3.0 V 
Operational Range, Degraded Perfonnance +3,2 +3.2 +3.2 V 
Input Resistance' 500 500 500 n 
Offset Voltage mV 

(TnUntoT ... J mV 
Power Supply Sensitivity 30 30 30 ILVN 
Decibel Gain (Figure 2) 20 20 20 log 10 (Vx) 

Absolute Gain Error Vx = +O.IVto +3,OV 0.2 0,4 0.1 0.2 0.2 .0.4 dB 
(T nUn to T ... ,) 0.3 0.15 0.25 0.5 dB 

CURRENT OUTPUT' 
Full-Scale Output Current Vx =+3V,Vy= :t2V :tl :tl :tl mA 
Peak Output Current Vx = +3.3V,Vy = :tSV :t2 :t2.8 :t2 :t2.8 :t.2 :t2.8 mA 
Output Offset Current Vx=O,Vy=O 0.2 0.2 0.2 ILA 
Output Resistance' 1.2 1.2 1.2 kn 
Scaling Resistors 

CHI Zl,WltoCHI kn 
CH2 Z2,W2toCH2 kn 

VOLTAGEOUTPUTS;Vw,&VW2 
2 (Figure 2) 

Multiplier Transfer Function, 
Either Channel Vw = -Vx·VyNQ Vw = -Vx·VyNQ Vw = -Vx·VyNQ 

Multiplier Scaling Voltage, VQ 1.0 1.0 1.0 V 
Accuracy 0.5 0.5 0.5 % 
(T min to T max) 0.5 1.0 % 

Power Supply Sensitivity 0.03% 0.03 0.03 %N 
Total Multiplication Error' Vx<= +3V, -2V<Vy<2V 0.6 2.S 0.6 1,5 2.5 %FSR 

TmintoTmax 2 I % 
Control Feedthrough Vx=Oto +3V, Vy=O IS 60 15 30 IS 60 mV 

T mi,"" to T r.-.u 30 15 60 120 mV 

TEMPERATURE RANGE 
Rated Performance +70 +70 -55 + 125 

POWER SUPPLIES 
Operational Range :t4.5 :t16.S :t4.S :t 16.5 :t4.S :t 16.5 V 
Current Consumption 

+Vs 8.5 10,2 8.5 10.2 8.5 10_2 mA 
-Vs 18.5 22,2 18.5 22.2 18.5 22,2 mA 

PACKAGE OPTION' 
Ceramic DIP: (DI6A) AD539)D AD539KD AD539SD 

NOTES 
'Resistance value and absolute current outputs subject to 200/0 tolerance. Specifications shnwn in boldface are tested on all production units at final 
'Spec assumes the external op amp is trimmed for nealigible input offset. electrical test. Results from those tests are used to calculate outgoing quality 
'Includes anerron. levels. All min and max specifications are guaranteed, although only those 
'See Section 19 for pickage outline information _ shown in boldface are tested on all production units. 
Specifications subject to cbange without notice. 
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ADS39 FUNCTIONAL BLOCK DIAGRAM 

Z1----~~~~~---JVV~--__ W1 

VY1 VW1 = 
-VX ,vY1 

Vx 

vY2 
VW2 = 
-VX,vY2 

Z2 W2 

CIRCUIT DESCRIPTION 
Figure 1 is a simplified schematic of the AD539. QI-Q6 are 
large-geometry transistors designed for low distortion and low 
noise. Emitter-area scaling further reduces distortion: Ql is 3 
times larger than Q2; Q4, Q5 are each'3 times larger than Q3, 
Q6, and these transistors are twice as large as Ql, Q2. A stable 
reference current IREF = 1.375mA is produced by a band-gap 
reference circuit and applied to the common emitter node of a 
controlled-cascade formed by QI and Q2. When Vx = 0, all of 
IREF flows in QI, due to the action of the high-gain control 
amplifier which lowers the voltage on the base of Q2. As Vx is 
raised the fraction of IREF flowing in Q2 is forced to balance the 
control current, Vx/2.5k. At the full-scale value of Vx ( + 3V) 
this fraction is 0.873. Since the bases of QI, Q4 and Q5 are at 
ground potential and the bases of Q2, Q3 and Q6 are commoned, 
all three controlled-cascodes divide the current applied to their 
emitter nodes in the same proportion. The control loop is stabilized 
by the external capacitor, Ce . 

CO~~~~~ 11---.-------__1-------, 

Figure 1. Simplified Schematic of AD539 Multiplier 

The signal voltages VYI and VY2 (generically referred to as Vy) 
are first converted to currents by voltage-to-current converters 
with a gm of 575j.Lmhos; thus, the full-scale input of ± 2V becomes 
a current of ± 1.15mA, which is superimposed on a bias of 
2.75mA~ and applied to the common emitter node of controlled 
cascode Q3-Q4 or Q5-Q6. As just explained, the proportion of 
this current steered to the output node is linearly dependent on 
Vx. Thus for full-scale Vx and Vy inputs, a signal of ± ImA 
(0.873 x ± 1.15mA) and a bias component of 2AmA (0.873 x 
2.75mA) appear at the ouput. The bias component absorbed by 
the 1.25k resistors also connected to Vx, and resulting the signal 
current can be applied to an extermil load resistor (in which case 
scaling is not accurate) or can be forced into either or both of 
the 6kH feedback resistors (to the Z and W nodes) by an external 
op amp. In the latter case, scaling accuracy is guaranteed. 

GENERAL RECOMMENDATIONS 
The AD539 is a high speed circuit and requires considerable 
care to achieve its full performance potential. A high-quality 
ground plane should be used with the device either soldered 
directly into the board or mounted in a low-profile socket. In 
the figures used here an open triangle denotes a direct, short 
connection to this ground plane; pins 12 and 13 are especially 
prone to unwanted signal pick-up. Power supply decoupling 
capacitors of O.Ij.LF to Ij.LF should be connected from pins 4 
and 5 to the ground plane. In applications using external high-speed 
op amps, separate supply decoupling should be used. It is good 
practice to insert small (IOn) resistors between the primary 
supply and the decoupling capacitor. . • 

The control amplifier compensation capacitor, Ce , should likewise I 

have short ieads to ground and a minimum vaiue oi .:SnF. Unless 
maximum control bandwidth is esssential it is advisable to use a 
larger value of O.OIj.LF to O.Ij.LF to improve the signal channel 
phase response, high-frequency crosstalk and high-frequency 
distortion. The control bandwidth is inversely proportional to 
this capacitance, typically 2MHz for Ce = O.OIj.LF, Vx = 1.7V. 
The bandwidth and pulse response of the control channel can 
be improved by using a feedforward capacitor of 5% to 20% the 
value of Ce between pins 1 and 2. Optimum transient response 
will result when the rise/fall time of Vx are commensurate with 
the control-channel response time. 

V x should not exceed the specified range of 0 to + 3V. The ac 
gain is zero for Vx<O but there remains a feedforward path (see 
Figure 1) causing control feedthrough. Recovery time from 
negative values of Vx can be improved by adding a 'small-signal 
Schottky diode with its cathode connected to pin 2 and its anode 
grounded. This constrains the voltage swing on Ce . Above Vx 
= + 3.2V, the ac gain limits at its maximum value, but any 
overdrive appears as control feed through at the output. 

The power supplies to the AD539 can be as low as ±4.5Vand 
as high as ± 16.5V. The maximum allowable range of the signal 
inputs, Vy, is approximately 0.5V above + Vs; the minimum 
value is 2.5V above - Vs. To accommodate the peak,specified 
inputs of ± 4.2V the supplies should be nominally + 5V and 
-7.5V. While there is no performance advantage in raising 
supplies above these values, it may often be convenient to use 
the same supplies as for the op amps. The AD539 can tolerate 
the excess voltage with only a slight effect on dc accuracy but 
dissipation at ± 16.5V can be as high as 535mW and some form 
of heat-sink is essential in the interests of reliability. 

TRANSFER FUNCTION 
In using any analog multiplier or divider careful attention must 
be paid to the matter of scaling, particularly in computational 
applications. To be dimensionally consistent a scaling voltage must 
appear in the transfer function, which, for each channel of the 
AD539 in the standard multiplier configuration (Figure 2) is 

Vw = -VxVyNQ 

where the inputs Vx and Vy, the output Vw and the scaling 
voltage V Q are expressed in a consistent unit, usually volts. In 
this case, VQ is fixed by the design to be IV and it is often 
acceptable in the interest of simplification to use the less rigorous 
expression 

Vw = -VxVy 

where it is understood that all signals must be expressed in vallS, 
that is, they are rendered dimensionless by division by (1 V). 
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The accuracy specifications for V Q allow the use of either of the 
two feedback resistors supplied with each channel, since these 
are very closely matched, or they may be used in parallel to half 
the gain (double the effective scaling voltage), when 

Vw = - VxVy/2. 

When an external load resistor, RL, is used the scaling is no 
longer exact since the internal thin-film resistors, while trimmed 
to high ratiometric accuracy, have an absolute tolerance of 20%. 
However, the nominal transfer function is 

Vw = -VxVyNQ ' 

where the effective scaling voltage, V Q' can be calculated for 
each channel using the formula VQ' = VQ (SRL + 6.2S)/RL' 
where RL is expressed in kilohms. For example, when RL = 
lOOn, VQ ' = 67.SV. Table II provides more detailed data for 
the case where both channels are used in parallel. The ADS39 
can also be used with no external load (output pin 11 or 14 
open-circuit), when VQ ' is quite accurately SV. 

BASIC MULTIPLIER CONNECTIONS 
Figure 2 shows the connections for the standard two-channel 
multiplier, using op amps to provide useful output power and 
the ADS39 feedback resistors to achieve accurate scaling. The 
transfer function for each channel is 

Vw = -VxVy 

where inputs and outputs are expressed in volts (see TRANSFER 
FUNCTION). At the nominal full-scale inputs of V x = + 3V, 
Vy = ±2V the full-scale outputs are ±6V. Depending on the 
choice of op amp, their supply voltages usually need to be about 
2V more than the peak output. Thus, supplies of at least ± 8V 
are required; the ADS39 can share these supplies. Higher outputs 
are possible if V x and Vy are driven to their peak values of 
+ 3.2V and ±4.2V respectively, when the peak output is ± BAV. 
This requires operating the op amps at supplies of ± ISV. Under 
these conditions it is advisable to reduce the supplies to the 
ADS39 to ± 7.SV to limit its power dissipation; however, with 
some form of heat sinking it is permissible to operate the ADS39 . 
directly from ± lSV supplies. 

;>----- vw,= 
-VX ·VY1 

VY2 o-----! >---....... -VW2 = 
-Vx·Vn 

NOTE: 
ALL DECOUPLING CAPACITORS ARE 0.4111F CERAMIC. 

Figure 2. Standard Dual-Channel Multiplier 

Viewed as a voltage-controlled amplifier, the decibel gain is 
simply 

G = 20 log Vx 

where Vx is expressed in volts. This results in a gain of IOdB at 
Vx = +3.l62V, OdB at Vx = + IV, -20dB at Vx = +O.IV, 
and so on. In many ac applications the output offset voltage (for 
Vx = 0 or Vy = 0) will not be of major concern; however, it 
can be eliminated using the offset nulling method recommended 
for the particular op amp, with Vx = Vy = O. 
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At small values of Vx the offset voltage of the control channel 
will degrade the gain/loss accuracy. For example, a ± ImV 
offset uncertainty will cause the nominal 40dB attenuation at Vx 
= +O.OIV to range from 39.2dB to 40.9dB. Figure 3a shows 
the maximum gain error boundaries based on the guaranteed 
control-channel offset voltages of ±2mV for the ADS39K and 
±4mV for the ADS39J. These curves include all scaling errors, 
and apply to all configurations using the internal feedback resistors 
(WI and W2; alternatively, ZI and Z2). 
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Figure 3a. Maximum ac Gain Error Boundaries 

Distortion is a function of the signal input level (Vy) and the 
control input (Vx). It is also a function of frequency, although 
in practice the op amp will generate most of the distortion at 
frequencies above 100kHz. Figure 3b shows typical results at 
f = 10kHz asa function of Vx with Vy = 0.5 and l.SV rms. 
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Figure 3b. Total Harmonic Distortion vs. Control Voltage 

In some cases it may be desirable to alter the scaling. This can 
be achieved in several ways. One option is to use both the Z 
and W feedback resistors (see Figure 1) in parallel, in which 
case Vw = - VxVy/2. This may be preferable where the output 
swing must be held at± 3V FS (± 6. 7SV pk), for example, to 
allow the use of reduced supply voltages for the op amps. Alter
natively, the gain can be doubled by connecting both channels 
in parallel and using only a single feedback resistor, in which 
case V w = - 2V x Y y and the full-scale output is ± 12V. Another 
option is to insert a resistor in series with the control-channel 
input, permitting the use of a large (for example, 0 to + lOY) 
control voltage. A disadvantage of this scheme is the need to 



adjust this resistor to accommodate the tolerance of the nominal 
5000 input resistance at pin I. The signal channel inputs can 
also be resistively attenuated to permit operation at higher values 
ofVy , in which case it may often be possible to partially compensate 
for the response roll~off of the op amp by adding a capacitor 
across the upper arm of this attenuator. 

Signal-Channel ac and Transient Response 
The HF response is dependent almost entirely on the op amp. 
The ADS09 is a good choice for many applications since it is 
inexpensive, has good slewing properties and can provide about 
6MHz of bandwidth in conjunction with the ADS39. Note that 
the "noise gain" for the op amp in Figure 2 is determined by 
the value ofthe feedback resistor (6kO) and the 1.2SkO control-bias 
............ : ................ (~; ......... _ ..... 1,\ f"\_ ... ____ ........... :.t.. __ .......... :,.,! .......... i: ..... _ ............... __ .... 1 c_ ................... _ .... _ .. 
& ............. ~ ........... ,.a. ... O~ ....... &/_ '"'}-' '''U'U'l'''' ." ... U ... !-'4V .... ..,"V ...... .&.VJ. "'.n..L"' .... U.U" J.1."''iLU ••. U,,",,) 

compensation (such as the AD301 and ADSI8) should be com
pensated for a closed-loop gain of 6. 

Figure 4a shows the. response of the configuration of Figure 2 
using ADS09 op amps, with the small capacitor CF adjusted for 
IdB peaking at Vx = + IV. The layout of the circuit components 
is very important if low feed through and flat response at low 
values of Vx is to be maintained (see GENERAL RECOM
MENDA TIONS). For these curves, Vy is I V rms; other conditions 
are listed in Table I. The - 3dB bandwidth is essentially constant 
at 6MHz for Vx = +O.OIV to Vx = + IV. At 
Vx = +3.162V(chosen to result in 10dB gain) the apparent 
slight loss of bandwidth is due to the onset of slew-rate limitations 
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Figure 4a. Response in Standard Configuration Using 
AD509 Output Op Amp 

Vx = +3V Vx = +O.1V 

Figure 4b. Multiplier Pulse Response Using AD509 
OpAmps 

AD544 AD509 ADLHOO32 

Op Amp Supply Voltages ±ISV ±IOV ± lOY 
Op Amp Compensation Cap. None None l-5pF(Pins2,3) 
Feedback Capacitor, C" None 2-SpF 1-4pF 
-3dBBandwidth, Vx = + IV 400kHz 6MHz 2SMHz 
Load Capacitance <lnF <IOOpF <IOOpF 
HF Feedthrough, 

Vx = -O.OIV,f=SMHz -7SdB -70dB 
rms Output Noise, 

Vx = +IV,BWIOHz-IOkHz SOf.LV SOf.LV 30f.LV 
Vx = + IV, BW IOHz-SMHz 220f.LV SSOf.LV SOOf.LV 

In all cases, 0.47f.LF ceramic supply-decoupling capacitors were used at each IC 
pin, the ADS39 supplies were ± SV and the control-compensation capacitor Cc 

w",'"F • 

~~~~e f~r ~~=::: c:,/~~:,~::i~~n~~~~:~~;s and Perform- . • 

(peak output is then ± 4.SV). The co~responding pulse response 
is shown in Figure 4b for a signal input Vy of ± IV and two 
values ofVx (+O.IV and +3V). 

For wide-band applications a hybrid op amp can be used. Figure 
Sa shows the HF response using the ADLH0032, with Vy = 

I V rms and other conditions as shown in Table I. CF was adjusted 
for I dB peaking at V x = + IV; the - 3dB bandwidth exceeds 
2SMHz. The effect of signal feed through on the response becomes 
apparent at Vx = +O.OIV. The minimum feed through results 
when Vx is taken slightly negative to ensure that the residual 
control-channel offset is exceeded and the dc gain is reliably 

20 

10 

-10 

dB -20 

-30 

-40 

-50 

-60 
lOOk 

Vx=3.162V l--
"-

Vx =I.00V -I " Vx=0.316V 

"" Vx =O.1V -
" Vx =0.032mV 

_ .... 

Vx =O.OIV .-"" I--... 

FEEDTHROUGH V 
Vx = -O.OIV) 

1111/ 
1M 10M 

FREQUENCY - Hz 

1\ 

1\ 

I\. 

\ 

~ 

100M 

Figure 5a. Multiplier HF Response Using ADLH0032 
OpAmps 

Vx = +3V Vx = +O.1V 

Figure 5b. Multiplier Pulse Response Using ADLH0032 Op 
Amps 
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zero. Measurements show that the feedthrough can be held to 
- 90dB relative to full output at low frequencies and to - 60dB 
up to 20MHz with careful in board layout. The corresponding 
pulse response is shown' in Figure Sb for a signal input of Vy of 
± IV and two values of Vx (+ 3V and +O.IV). 

Minimal Wide-Band Configurations 
The maximum bandwidth can be achieved using the ADS39 
with simple resistive loads to convert the output currents to 
voltages. These currents (nominally ± ImA FS, ± 2.2SmA pk, 
into short-circuit loads) are shunted by their soUrce resistance of 
1.2Skn (each channel). Calculations of load power and effective 
scaling-voltage must allow for this shunting effect when using 
resistive loads. The ~utput power is quite low in this mode, and 
the device behaves more like a voltage-controlled attenuator 
than a classical multiplier. The matching of gain and phase 
between the two channels is excellent. From dc to lOMHz the 
gains are typically within ± O.02SdB (measured using precision 
son load resistors) and the phase difference within ±O.lo. 

For a given load resistance the output power can be quadrupled 

Figure 6a. Minimal Single-Channel Multiplier 

Load Resistance son 7S0 loon Ison 6000 ole 
FSOutput Voltage :!: 92.6mV :!: 134mV :!: l72mV :!:242mV :!:612mV :!: IV 

6S.SmVrms 94.7mVrms 122mVrms 171mVrms 433mVrms * 
FSOutput- O.086mW O.12mW O.ISmW O.19SmW O.312mW -

PowerinLoad -1O.SdBm -9.2dBm -8.3dBm -7.ldBm -S.OSdBm-
PkOutputVoltage :!:210mV :!:300mV :!:388mV :!:S44mV :!:IV :!:IV 

148mVrms 212mVrms 274mVrms 38SmVrms * 
PkOutput- O.44mW O.6mW O.7SmW ImW :!: IV :!: IV 

Power in Load -7dBm - 4.4dBm - 2.SdBm OdBm 
Effective Scaling 67.SV 46.7V 36.3V 2S.8V 1O.2V SV 

Voltage, VQ ' 

·Peak negative voltage swing limited byoutpul compliance. 

dB 

Table II. Summary of Performance for Minimal 
Configuration 
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Figure 6b. HF Response in Minimal Configuration 
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by using both channels in parallel, as shown in Figure 6a. The 
small-signal silicon diode D connected between ground and pins 
12 and 13 provides extra voltage compliance at the output nodes 
in the negative direction (to - I V at 2S°C); it is not required 
if the output swing does not exceed - 300m V. Table II 
compares performance for various load resistances, using this 
configuration. 

Figure 6b shows the HF response in this configuration with the 
ADS39 in a carefully-shielded son test-environment; the test 
system response was first characterized and this background 
removed by digital signal processing to show the inherent circuit 
response. In many applications phase linearity over frequency is 
important. Figure 6c shows the deviation from an ideal linear-phase 
response for a typical ADS39 over the frequency range dc to 
lOMHz, for Vx = + 3V; the peak deviation is slightly more 
than 1°. Differential phase linearity (the stability of phase over 
the signal window at a fixed frequency) is shown in Figure 6d 
for f = 3.S79MHz and various values of Vx. The most rapid 
variation occurs for Vy above + IV; in applications where this 
characteristic is critical, it is recommended that a ground-refer
enced, negative-going signal be used. 

Differential Configurations 
When only one signal channel must be handled it is often ad
vantageous to use the channels differentially. By subtracting the 
CHI and CH2 outputs any residual transient control feedthrough 
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Figure 6c. Phase Linearity Error in Minimal Configuration 
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Figure la. High-Speed Differential Configuration 
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Figure la 
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is virtually eliminated. Figure 7a shows a minimal configuration 
where it is assumed that the host system uses differential signals 
and a SOD. environment throughout. This figure als~ shows a 
recommended control-feedforward network to improve large-signal 
response time. The control feedthrough glitch is shown in Figure 
7b, where the input was applied to CHI and only the output of 
CHI was displayed on the oscilloscope. The improvement obtained 
when CHI' and CH2 outputs are viewed differentially is clear in 
Figure 7c. The envelope rise-time is of the order of 40ns. 

Lower distortion results when CHI and CH2 are driven by 
complementary inputs and the outputs are utilized differentially, 
using a circuit such as Figure 8a. Resistors Rl and R2 should 
have a value in the range 100 to 1000D.. They minimize a secondary 
distortion mechanism caused by a collector-modulation effect in 
the controlled cascodes (see CIRCUIT DESCRIPTION) by 
keeping the voltage-swing at the outputs to an acceptable level. 
'Figure 8b shows the improvement in distortion over the standard 
configuration (compare Figure 3b). Note that the Z nodes (pins 

Figure 8a. Low-Distortion Differential Configuration 
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Figure 8b. Distortion in Differential Mode Using 
ADLH0032 

10 and 15) are returned to the control input; this prevents the 
early onset of output-transistor saturation. 

Even lower distortion (0.01%, or -80dB) has been measured 
using two output op amps connected as virtual-ground current
summers (to prevent the modulation effect). Note that to generate 
the difference output it is merely necessary to connect the output 
of the CHI op amp to the Z 'node of CH2. In this way, the net 
input to the CH2 op amp is the difference signal, and the low-distor
tion resultant appears as its output. 

Square-Law Voltage Controlled Amplifier 
The signal channels of the ADs39 can be cascaded to achieve a 

Figure 9a. Square-Law, Voltage-Controlled Amplifier 
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Figure 9b. HF Response of Square-Law Amplifier 
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much wider gain range with a square-law control characteristic. 
Figure 9a shows the connections and Figure 9b is the measuted 
HF response using ADS09 op amps with no additional HF 
compensation. Note that the gain varies from - SOdB for Vx = 
+O.OIV to +20dB at Vx = +3.162V, which is a lOOdB control 
range. Since Vx is never very small, 'the gain or loss is well-defined 
over the entire range. 

BASIC DIVIDER CONNECTIONS 
Standard Scaling 
The ADS39 provides excellent operation as a two-quadrant 
analog divider in wide-band wide gain-range applications; with 
the advantage of dual-channel operation. Figure lOa shows the 
simplest connections for division with a transfer function of 

Vy = -VQVwNx 
Recalling that the nominal value of V Q is I V, this can be ' 
simplified to 

Vy = -VwNx 

where all signals are expressed in volts. The circuit thus exhibits 
unity gain for Vx = + IV and a gain of 40dB when Vx = 

DENOMINATOR 
INPUT. v.o--+---~ 

NOTE: DECOUPLE OP AMP SUPPUES 

NUMERATOR l' 
V." 

NUMERATOR 2 
v_ 

Figure 10a. Two-Channel Divider with 1V Scaling 
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Figure lab. HF Response of Figure lOa Divider 

+O.OIV. The output swing is limited to ±2V nominal full-scale 
~d ±4.2V peak (using a - Vs supply of at least 7.5V for the 
ADS39). Since the maximum loss is IOdB (at Vx = 3.162V), it 
follows that the maximum input to Vw should be ± 6.3V (4.4V 
rms) for low distortion applications, and no more than ± 13.4V 
(9.5V rms) to avoid clipping. Note that offset adjustment will 
be needed for the op amps to maintain accurate dc levels at the 
output in high gain applications: the "noise gain" is 6VNx or 
600 at Vx = +O.OIV. 

The gain-magnitude response for this configuration using the 
ADLHOO32 op amps with nominally 12pF compensation (pins 2 
to 3) and CF = 7pF is shown in Figure lOb. Since there is 
some manufacturing variation in the HF response of the op 
amps, and load conditions will also affect the response, these 
capacitors should be adjustable: S-ISpF is recommended for 
both positions. The bandwidth in this configuration is nominally 
17MHz at Vx = +3.162V, 4.5MHz at Vx = + IV, 350kHz at 
Vx = +O.lV and 3SkHz at Vx = +O.OlV. The general re
commendations regarding the use of a good ground plane and 
power-supply decoupling should be carefully observed. 



r.ANALOG 
WDEVICES Balanced Modulator jDemodulator 

FEATURES 
Recovers Signal from + 100dB Noise 
2MHz Channel Bandwidth 
45V/f.1s Slew Rate 
-120dB Crosstalk (cl) 1kHz 
Pin Programmable Closed Loop Gains of ± 1 and ± 2 
0.05% Closed Loop Gain Accuracy and Match 
100J.lV Channel Offset Voltage (AD630BD) 
350kHz Full Power Bandwidth 

PRODUCT DESCRIPTION 
The AD630 is a high precision balanced modulator which combines 
a flexible commutating architecture with the accuracy and tem
perature stability afforded by laser wafer trimmed thin film 
resistors. Its signal processing applications include balanced 
modulation and demodulation, synchronous detection, phase 
detection, quadrature detection, phase sensitive detection, lock-in 
amplification and square wave multiplication. A network of on
board applications resistors provides precision closed loop gains 
of ± 1 and ± 2 with 0.05% accuracy (AD630B). These resistors 
may also be used to accurately configure multiplexer gains of 
+1, +2, +3.or +4. Alternatively, external feedback may be 
employed allowing the designer to implement his own high gain 
or complex switched feedback topologies. 

The AD630may be thought of as a precision op amp with two 
independent differential input stages and a precision comparator 
which is used to select the active front end. The rapid response 
time of this comparator coupled with the high slew rate and fast 
settling of the linear amplifiers minimize switching distortion. 
In addition, the AD630 has extremely low crosstalk between 
channels of - 100dB @ 10kHz. 

The AD630 is intended for use in precision signal processing 
and instrumentation applications requiring wide dynamic range. 
When used as a synchronous demodulator in a lock-in amplifier 
configuration, it can recover a small signal from 100dB of inter
fering noise (see lock-in amplifier application). Although optimized 
for operation up to 1kHz, the circuit is useful at frequencies up 
to several hundred kilohertz. 

Other features of the AD630 include pin programmable frequency 
compensation, optional input bias current compensation resistors, 
common mode and differential offset voltage adjustment, and, a 
channel status output which indicates which of the two differential 
inputs is active. 

AD630 I 
AD630 FUNCTIONAL BLOCK DIAGRAM 

CH A-

Cli B-

DIFF OFF ADJ 3 CH B+ • RON B 

RA 

DIFF OFF ADJ 4 

CM OFF ADJ 5 

CM OFFADJ 6 RF 

CHANNEL STATUS BfA 7 Re 

VOUT 

COMP 

SEL A AD630 +Vs 

PRODUCT HIGHLIGHTS 
1. The configuration of the AD630 makes it ideal for signal 

processing applications such as: balanced modulation and 
demodulation, lock-in amplification, phase detection, and 
square wave multiplication. 

2. The application flexibility of the AD630 makes it the best 
choice for many applications requiring precisely fixed gain, 
switched gain, multiplexing, integrating-switching functions, 
and high-speed precision amplification. 

3. The 100dB dynamic range of the AD630 exceeds that of any 
hybrid or IC balanced modulator/demodulator and is com
parable to that of costly signal processing instruments. 

4. The op-amp format of the AD630 ensures easy implementation 
of high gain or complex switched feedback functions. The 
application resistors facilitate the implementation of most 
common applications with no additional parts. 

5. The AD630 can be used as a two channel multiplexer with 
gains of + 1, +2, +3 or +4. The channel separation of 
100dB @ 10kHz approaches the limit which is achievable 
with an empty IC package. 

6. The AD630 has pin-strappable frequency compensation (no 
external capacitor required) for stable operation at unity gain 
without sacrificing dynamic performance at higher gains. 

7. Laser trimming of comparator and amplifying channel offsets 
eliminates the need for external nulling in most cases. 
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SPECIFICATIONS (@ +25OC and ±Vs = ±15V unless otherwise specified) 

Model AD630J AD630K 

Min Typ Max Min Typ Max Units 

GAIN 

Open Loop Gain 90 110 100 120 dB 

± I, ± 2 Closed Loop Gain Error 0.1 0.05 % 
Closed Loop Gain Match 0.1 0.05 % 
Closed Loop Gain Drift 2 2 ppmoC 

CHANNEL INPUTS 

V IN Operational Limit l (- Vs +4V)to( + Vs -lV) (- Vs +4V)to( + Vs -lV) Volts 
Input Offset Voltage 500 100 J.l.V 
Input Offset Voltage 

T min toTma• SOO 160 J.l.V 
Input Bias Current 100 300 100 300 nA 
Input Offset Current 10 SO 10 SO nA 
Channel Separation@ 10kHz 100 100 dB 

COMPARATOR 

V IN Operational Limit 1 (- Vs +3V)to( + Vs -1.5V) (-Vs +3V)to(+Vs -1.5V) Volts 
Switching Window ±l.S ±l.S mV 
Switching Window 

T min to T max ±2.0 ±2.0 mV 

Input Bias Current 100 300 100 300 nA 
Response Time ( -5mVto +5mVstep) 200 200 ns 
Channel Status 

ISINK@VOL = -Vs + 0.4V2 1.6 1.6 rnA 
Pull-Up Voltage (-Vs + 33V) (-Vs + 33V) Volts 

DYNAMIC PERFORMANCE 

Unity Gain Bandwidth 2 2 MHz 

Slew Rate3 45 45 V/J.l.s 
Settling Time to 0.1 % (20V step) 3 3 J.l.s 

OPERATING CHARACTERISTICS 

Common-Mode Rejection .SS 105 90 110 dB 
Power Supply Rejection 90 110 90 110 dB 
Supply Voltage Range ±S ±16.5. ±S ± 16.5 Volts 
Supply Current 4 5 4 5 mA 

OUTPUTVOLTAGE,@RL =2kO 

TmintoTmax ±10 ±10 Volts 
Output Shon Circuit Current 25 25 rnA 

TEMPERATURE RANGES 

Rated Performance - N Package 0 +70 0 +70 °C 
DPackage N/A N/A °C 

PACKAGE OPTIONS4 

Plastic DIP-(N20A) AD630JN AD630KN 

Ceramic DIP - (D20A) - -

NOTES 
Ilf one terminal of each differential channel or comparator input is kept within these limits the other terminal may be taken to the positive supply. 
2 IS1NK @ VOL = ( - V s + I) volt is typically 4mA. 
3 Pin 12 Open. Slew rate with Pins 12 & 13 shorted is typically 35V /J.l.s. 
4See Section 19for package outline information. 

Specifications subject to change without notice. 

Specifications shown in boldface are tested on all production units at final electri
cal test. Results from those tests are used to calculate outgoing quality levels. All 
min and max specifications are guaranteed, although only those shown in 
boldface are tested on all production units. 
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SPECIFICATIONS (@ +25OC and ±Vs = ±15V 'unless otherwise specified) 

Model , AD630A AD630B AD630S 
Min Typ Max Min Typ Max Min Typ Max Units 

GAIN 
, Open Loop Gain 90 110 100 120 90 110 dB 

± I, ± 2 Closed Loop Gain Error 0.1 0.05 0.1 % 
Closed Loop Gain Match 0.1 0.05 0.1 % 
Closed Loop Gain Drift 2 2 2 ppmoC 

CHANNEL INPUTS 
V IN Operational Limit! (- Vs +4V)to( + Vs -IV) (-Vs +4V)to(+Vs -IV) (- Vs +4V)to( + Vs -IV) Volts 

Input Offset Voltage 500 100 500 j.l.V 

Input Offset Voltage, 

Tmin toTmax 800 160 1000 j.l.V 

Input Bias Current 100 300 100 300 100 300 nA 
Input Offset Current 10 50 10 50 10 50 nA 
rh~'!!!~! Se~~~!!~~ @ ! O!r..!!~ !~~ ,nn .nl\' uD ~vv 

COMPARATOR 
VIN Operational Limit! (- Vs + 3V)to( + Vs -1.5V) (- Vs +3V)to( + Vs -1.5V) (-Vs +3V)to(+Vs -1.3V) Volts 
Switching Window ±1.5 ±1.5 

Switching Window 

Tminto Tmax ±2.0 ±2.0 

Input Bias Current 100 300 100 300 100 

Response Time ( - 5m V to + 5m V step) 200 200 200 

Channel Status 

ISINK@VOL = -Vs + 0.4V2 1.6 1.6 1.6 

Pull-Up Voltage (-Vs + 33V) (-Vs + 33V) 

DYNAMIC PERFORMANCE 

Unity Gain Bandwidth 2 2 2 

Slew Rate3 45 45 45 

Settling Time to 0.1 % (20V step) 3 3 3 

OPERATING CHARACTERISTICS 

Common-Mode Rejection 85 105 90 110 90 110 

Power Supply Rejection 90 110 90 110 90 110 

Supply Voltage Range ±5 ± 16.5 ±5 ±16.5 ±5 

Supply Current 4 5 4 5 4 

OUTPUTVOLTAGE,@RL = 2kO 

Tmin toTmax ±10 ±lD ±1O 

Output Shon Circuit Current 25 25 25 

TEMPERATURE RANGES 

Rated Performance - N Package N/A N/A N/A 
DPackage -25 +85 -25 +85 -55 

PACKAGE OPTIONS4 

Plastic DIP - (N20A) - - -
Ceramic DIP-(D20A) AD630AD AD630BD AD630SD 

NOTES 
!If one terminal of each differential channel or comparator input is kept within these limits the other terminal may be taken to the positive supply. 
2 IS1NK @ VOL = ( - V s + 1) volt is typically 4mA. 
3 Pin 12 Open. Slew rate with Pins 12 & 13 shorted is typically 35V/j.l.s. 
4See Section 19 for package outline information. 

Specifications subject to change without notice. 

Specifications shown in boldface are tested on all production units at fmal electri
cal test. Results from those tests are used to calculate outgoing quality levels. All 
min and max specifications are guaranteed, although only those shown in 
boldface are tested on aH production units. 

ABSOLUTE MAXIMUM RATINGS 

Supply Voltage ........ . 
Internal Power Dissipation ..... . 
Output Short Circuit to Ground 
Storage Temperature, Ceramic Package 
Storage Temperature, Plastic Package. 
Lead Temperature, 10 sec. Soldering 
Max Junction Temperature ..... . 

±1.5 mV 

±2.5 mV 

300 nA 
ns 

rnA 
(-Vs + 33V) Volts 

MHz 

V/j.l.s 

j.l.S 

dB 

dB 

±16.5 Volts 

5 rnA 

Volts 
rnA 

°C 

+ 125 °C 

.. ±18V 

. 600niW 
Indefmite 

- 65°C to + 150°C 
-55°C to + 125°C 

+ 300°C 
. . . .. + 150°C 
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Typical Performance Characteristics 
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TWO WAYS TO LOOK AT THE AD630 
Figure lO is a functional block diagram of the AD630 which 
also shows the pin connections of the internal functions. An 
alternative architectural diagram is shown in Figure 11. In this 
diagram, the individual A and B channel pre-amps, the switch, 
and the integrator-output amplifier are combined in a single op 
amp. This amplifier has two differential input channels, only 
one of which is active at a time. 

Figure 10. Functional Block Diagram 

+Vs 

-Vs 

Figure 11. Architectural Block Diagram 

HOW THE AD630 WORKS 
The basic mode of operation of the AD630 may be more easy to 
recognize as two fixed gain stages which may be inserted into 
the signal path under the control of a sensitive voltage comparator. 
When the circuit is switched between inverting and noninverting 
gain, it provides the basic modulation/demodulation function. 
The AD630 is unique in that it includes Laser-Wafer-Trimmed 
thin-film feedback resistors on the monolithic chip. The config
uration shown below yields a gain of ± 2 and can be easily 
changed to ± 1 by shifting RB from its ground connection to the 
output. 

Vi o-__ --'\,"""_------~ 

Va 

Figure 12. AD630 Symmetric Gain (::!:: 2) 

The comparator selects one of the two input stages to complete 
an operational feedback connection around the AD630. The de
selected input is off and has negligible effect on the operation. 

When channel B is selected, the resistors RA and RF are connected 
for inverting feedback as shown in the inverting gain configuration 
diagram in Figure 13. The amplifier has sufficient loop gain to 
minimize the loading effect of RB at the virtual ground produced 
by the feedback connection. When the sign of the comparator 
input is reversed, input B will be de-selected and A will be 
selected. The new equivalent circuit will be the noninverting 
gain configUration shown below. In this case RA will appear 
across the op-amp input terminals, but since the amplifier drives 
this difference voltage to zero the closed loop gain is unaffected. 

The two closed loop gain magnitudes will be equal when 
RFIRA = 1 + RFIRB' which will result from making RA equal to 
RFR~(RF+ RB) the parallel equivalent resistance of RF and RB. 

The Sk and the two lOk resistors on the AD630 chip can be 
used to make a gain of two as shown here. By paralleling the 
lOk resistors to make RF equal Sk and omitting RB the circuit 
can be programmed for a gain of ± 1 (as shown in Figure 19a). 
These and other configurations using the on chip resistors present 
the inverting inputs 'with a 2.Sk source impedance. The more 
complete AD630 diagrams show 25k resistors available at the 
noninverting inputs which can be conveniently used to minimize 
errors resulting from input bias currents. 

R, (10k) 

Figure 13. Inverting Gain Configuration 

Vi o---..... ----l 

R. 
(10k) 
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Figure 14. Noninverting Gain Configuration 
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CIRCUIT DESCRIPTION 
The simplified schematic of the AD630 is shown in Figure 15. 
It has been subdivided into three major sections, the comparator, 
the two input stages -and the output integrator. The comparator 
consists of a front end made up of Q52 and Q53, a flip-flop load 
formed by Q3 and Q4, and two current steering switching cells 
Q28, Q29 and Q30, Q31. This structure is designed so that a 
differential input voltage greater than 1.5mV in magnitude 

Figure 15. AD630 Simplified Schematic 

applied to the comparator inputs will completely select one of 
the switching cells. The sign of this input voltage determines 
which of the two switching cells is selected. 

The collectors of each switching cell connect to an input trans
conductance stage. The selected cell conveys bias currents hz ' 
and in to the input stage it controls causing it to become active. 
The deselected cell blocks the bias to its input stage which, as a 
consequence, remains off. 

The structure of the transconductance stages is such that they 
present a high impedance at their input terminals and draw no 
bias current when deselected. The deselected input does not 
interfere with the operation of the selected input insuring maximum 
channel separation. 

Another feature of the input structure is that it enhances the 
slew rate of the circuit. The current output of the active stage 
follows a quasi-hyperbolic-sine relationship to the differential 
input voltage. This means that the greater the input voltage, the 
harder this stage will drive the output integrator, and hence, the 
faster the output signal will move. This feature helps insure 
rapid, symmetric settling when switching between inverting and 
noninverting closed loop configurations. 

The output section of the AD630 includes a current mirror-load 
(Q24 and Q25), an integrator-voltage gain stage (Q32), and a 
complementary output buffer (Q44and Q74). The outputs of 
both transconductance stages are connected in parallel to the 
current mirror. Since the deselected input stage produces no 
output current and presents a high impedance at its outputs, 
there is no conflict. The current mirror translates the differential 
output current from the active input transconductance amplifier 
into single ended form for the output integrator. The com
plementary output driver then buffers the integrator output to 
produce a low impedance output. 
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OTHER GAIN CONFIGURATIONS 
Many applications require switched gains other than the ± 1 
and ± 2 which the self-contained applications resistors provide. 
The AD630 can be readily programmed with 3 external resistors 
over a wide range of positive and negative gain by selecting R8 
and RF to give the noninverting gain 1 + RFIR8 and subsequently 
RA to give the desired inverting gain. Note that when the inverting 
magnitude equals the noninverting magnitude, the value of RA 
is found to be R8 RF/(R8 + RF)' That is, RA should equal the 
parallel combination of R8 and RF to match positive and negative 
gain. 

The feedback synthesis of the AD630 may also include reactive 
impedance. The gain magnitudes will match at all frequencies if 
the A impedance is made to equal the parallel combination of 
the Band F impedances. Essentially the same considerations 
apply to the AD630 as to conventional op-amp feedback circuits. 
Virtually any function which can be realized with simple non-in
verting "L network" feedback can be used with the AD630. A 
common arrangement is shown in Figure 16. The low frequency 
gain of this circuit is 10. The response will have a pole ( - 3dB) 
at a frequency f = 1I(21TIOOkOC) and a zero (3dB from the high 
frequency asymptote) at about lO·times this frequency. The 2k 
resistor in series with each capacitor mitigates the loading effect 
on circuitry driving this circuit, eliminates stability problems, 
and has a minor effect on the pole-zero locations. 

As a result of the reactive feedback, the high frequency components 
of the switched input signal will be transmitted at unity gain 

Vlo-~--~~~------~~----~ 

>-......... -oVo 

I 

~
I 

- I 

+. -Vs 

Figure 16. AD630 with External Feedback 

while the low frequency components will be amplified. This 
arrangement is useful in demodulators and lock-in amplifiers. It 
increases the circuit dynamic range when the modulation or 
interference is substantially larger than the desired signal 
amplitude. The output signal will contain the desired signal 
multiplied by the low frequency gain (which may be several 
hundred for large feedback ratios) with the switching signal and 
interference superimposed at unity gain. 

SWITCHED INPUT IMPEDANCE 
The noninverting mode of operation is a high input impedance 
configuration while the inverting mode is a low input impedance 
configuration. This means that the input impedance of the 
circuit undergoes an abrupt change as the gain is switched under 
control of the comparator. If gain is switched when the input 
signal is not zero, as it is in many practical cases, a transient 
will be delivered to the circuitry driving the AD630. In most 
applications, this will require the AD630 circuit to be driven by 
a low impedance source which remains "stiff" at high frequencies. 
Generally this will be a wideband buffer amplifier. 



FREQUENCY COMPENSATION 
The AD630 combines the convenience of internal frequency 
compensation with the flexibility of external compensation by 
means of an optional self-contained compensation capacitor. 

In gain of ± 2 applications the noise gain which must be addressed 
for stability purposes is actually 4. In this circumstance, the 
phase margin of the loop will be on the order of 60° without the 
optional compensation. This condition provides the maximum 
bandwidth and slew-rate for closed-loop gains of 121 and above. 

When the AD630 is used as a multiplexer, or in other configurations 
where one or both inputs are connected for unity gain feedback, 
the phase margin will be reduced to less than 20°. This may be 
acceptable in applications where fast slewing is a first priority, 
,_ ....... 1._ .. ____ ~ __ ... __________ :~11 __ .. L ___ .. ~ ______ T;' __ .. L ______ 1: 
UUL un; LJ.e:u..lolJ.\..J.U. J.\,..03pvu.:n",. "".lll UVL U\" Vj-IUUJ.U1U • .I.'Vl UU •• 03\.. 4'pPU- , 

cations, the self-contained compensation capacitor may be added 
by connecting pin 12 to pin 13. This connection reduces the 
closed loop bandwidth somewhat, and improves the phase 
margin. 

For intermediate conditions, such as gain of ± 1 where loop 
attenuation is 2, use of the compensation should be determined 
by whether bandwidth or settling response must be optimized. 
The optional compensation should also be used when the AD630 
is driving capacitive loads or whenever conservative frequency 
compensation is desired. 

OFFSET VOLTAGE NULLING 
The offset voltages of both input stages and the comparator 
have been pre-trimmed so that external trimming will only be 
required in the most demanding applications. The offset adjust
ment of the two input channels is accomplished by means of a 
differential and common mode scheme. This facilitates fme 
adjustment of system errors in switched gain applications. With 
system input tied to OV, and a switching or carrier waveform 
applied to the comparator, a low level square wave will appear 
at the output. The differential offset adjustment pot can be used 
to null the amplitude of this square wave (pins 3 and 4). The 
common mode offset adjustment can be used to zero the residual 
dc output voltage (pins 5 and 6). These functions should be 
implemented using 10k trim pots with wipers connected directly 
to pin 8 as shown in Figures 19a and 19b. 

CHANNEL STATUS OUTPUT 
The channel status output, pin 7, is an open collector output 
referenced to - V s which can be used to indicate which of the 
two input channels is active. The output will be active (pulled 
low) when channel A is selected. This output can also be used 
to supply positive feedback around the comparator. This produces 
hysteresis which serves to increase noise immunity. Figure 17 
shows an example of how hysteresis may be implemented. Note 
that the feedback signal is applied to the inverting ( - ) terminal 
of the comparator to achieve positive feedback. This is because 
the open collector channel status output inyerts the output sense 
of the internal comparator. 

+5V 
I 

Figure 17. Comparator Hysteresis 

The channel status output may be interfaced with TTL inputs 
as shown in Figure 18. This circuit provides appropriate level 
shifting from the open-collector AD630 channel status output to 
TTL inputs. 

-15V 

+5V 

I TIL INPUT 

I 
I 
I 

Figure 18. Channel Status - nL Interface 
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Applications 
APPLICATIONS: 
BALANCED MODULATOR 
Perhaps the most commonly used configuration of the AD630 is 
the balanced modulator. The application resistors provide precise 
symmetric gains of ± 1 and ± 2. The ± 1 arrangement is shown 
in Figure 19a and the ± 2 arrangement is shown in Figure 19b. 
These cases differ only in the connection of the 10k feedback 
resistor (pin 14) and the compensation capacitor (pin 12). Note 
the use of the 2.5kO bias current compensation resistors in 
these examples. These resistors perform the identical function in 
the ± 1 gain case. Figure 20 demonstrates the performance of 
the AD630 when used. to modulate a 100kHz square wave carrier 
with a 10kHz sinusoid. The result is the double sideband sup
pressed carrier waveform. 

These balanced modulator topologies accept two inputs, a signal 
(or modulation) input applied to the amplifying channels, and a 
reference (or carrier) input applied to the comparator. 

i)-'-+-+---<l ~~~~LATION 

MODULATED 
}+-+--+--<> OUTPUT 

SIGNAL 

}---l-_<> + Vs 

Figure 19a. AD630 Configured as a Gain-of-One Balanced 
Modulator 

MODULATED 
1)--+--+---0 OUTPUT 

SIGNAL 

Figure 19b. AD630 Configured as a Gain-of-Two Balanced 
Modulator • 
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MODULATION 
INPUT 

CARRIER 
INPUT 

OUTPUT 
SIGNAL 

Figure 20. Gain-of-Two Balanced Modulator Sample 
Waveforms 

BALANCED DEMODULATOR 
The balanced modulator topology described above will also act 
as a balanced demodulator if a double sideband suppressed 
carrier waveform is applied to the signal input and the carrier 
signal is applied to the reference input. The output under these 
circumstances will be the baseband modulation signal. Higher 
order carrier components will also be present which can be 
removed with a low-pass filter. Other names for this function 
are ~ynchronous demodulation and phase-sensitive detection. 

PRECISION PHASE COMPARATOR 
The balanced modulator topologies of Figures 19a and 19b can 
also be used as precision phase comparators. In this case, an ac 
waveform of a particular frequency is applied to the signal input 
and a waveform of the same frequency is applied to the reference 
input. The dc level of the output (obtained by low pass filtering) 
will be proportional to the signal amplitude and phase difference 
between the input signals. If the signal amplitude is held constant, 
then the output can be used as a direct indication of the phase. 
When these input signals are 90° out of phase, they are said to 
be'in quadrature and the AD630 dc output will be zero. 

PRECISION RECTIFIER-ABSOLUTE VALUE 
If the input signal is used as its own reference in the balanced 
modulator topologies, the AD630 will act as a precision rectifier. 
The high frequency performance will be superior to that which 
can be achieved \vith diode feedback and op amps. There are no 
diode drops which the op amp must "leap over" with the com
mutating amplifier. 



LVDT SIGNAL CONDITIONER 
Many transducers function by modulating an ac carrier. A Linear 
Variable Differential Transformer (LVDT) is a transducer of 
this type. The amplitude of the output signal corresponds to 
core displacement. Figure 21 shows an accurate synchronous 
demodulation system which can be used to produce a dc voltage 
which corresponds to the L VDT core position. The inherent 
precision and temperature stability of the AD630 reduce demod
ulator drift to a second order effect. 

_~:S~Hz. 

SINusotilAL 
EXCITATION 

ADS" 
fOLLOWER 

Figure 21. LVOT Signal Conditioner 

ACBRIDGE 
Bridge circuits which use dc excitation are often plagued by 
errors caused by thermocouple effects, lIf noise, dc drifts in the 
electronics, ;md line noise pick-up. One way to get around these 
problems is to excite the bridge with an ac waveform, amplify 
the bridge output with an ac amplifier, and synchronously de
modulate the resulting signal. The ac phase and amplitude in
formation from the bridge is recovered asa dc signal at the 
output of the synchronous demodulator. The low frequency 
system noise, dc drifts, and demodulator noise all get mixed to 
the carrier frequency and can be removed by means of a low 
pass filter. Dynamic response of the bridge must be traded off 
against the amount of attenuation required to adequately suppress 
these residual carrier components in the selection of the filter. 

1kHz 
BRIDGE 

EXCITATION 

} 

Figure 22. AC Bridge System 

. Figure 22 is an example of an ac bridge system with the AD630 
used as a synchronous demodulator. The oscilloscope photograph 
shows the results of a 0.05% bridge imbalance caused by the 
IMeg resistor in parallel with one leg of the bridge. The top 
trace represents the bridge excitation, the upper-middle trace is 
the amplified bridge output, the lower-middle trace is the output 
of the synchronous demodulator and the bottom trace is the 
filtered dc system output. 

This system can easily resolve a 0.5ppm change in bridge im
pedance. Such a change will produce a 3.2mV change in the low 
pass filtered dc output, well above the RTO drifts and noise. 

BRIDGE EXCITATION 
(20V/div) (A) 

AMPLIFIED BRIDGE 
OUTPUT (5V/div) (B) 

DEMODULATED BRIDGE 
OUTPUT 15V/div)IC) 

FILTER OUTPUT 12V/div) 10) 

Figure 23. AC Bridge Waveforms 

LOCK-IN AMPLIFIER APPLICATIONS 

• 
Lock-in amplification is a technique which is used to separate a 
small, narrow band signal from interfering noise. The lock-in 
amplifier acts as a detector and narrow band filter combined. 
Very small signals can be detected in the presence of large amounts 
of uncorrelated noise when the frequency and phase of the desired 
signal are known. 

The lock-in amplifier is basically a synchrQnous demodulator 
followed by a low pass filter. An important measure of perfl)rmance 
in a lock-in amplifier is the dynamic range of its demodulator. 
The schematic diagram of a demonstration circuit which exhibits 
,the dynamic range of an AD630 as it might be used in a lock-in 
amplifier is shown in Figure 24. Figure 25 is an oscilloscope 
photo showing the recovery of a signal modul~ted at 400Hz 
from a noise signal approximately 100,000 times larger; a dynamic 
range of 100dB. 

Figure 24. Lock-In Amplifier 

sv, ~ 5S 
t t " I • t •• t 

MODULATED SIGNAL (A) 
(UNATTENUATED) 

ATTENUATED SIGNAL 
PLUS NOISE IBI 

OUTPUT 

Figure 25. Lock-In Amplifier Wave Forms 

OUTPUT 
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The test signal is produced by modulating a 400Hz carrier with 
a O.IHz sine wave. The signals produced, for example, by chopped 
radiation (IR, optical, etc.) detectors may have similar low fre
quency components. A sinusoidal modulation is used for clarity 
of illustration. This signal is produced by a circuit similar to 
Figure 19b and is shown in the upper trace of Figure 25. It is 
attenuated 100,000 times normalized to the output, B, of the 
summing amplifier. A noise signal which might represent, for 
example, background and detector noise in the chopped radiation 
case, is added to the modulated signal by the summing amplifier. 
This signal is simply band limited clipped white noise. Figure 
25 shows the sum of attenuated signal plus noise in the center 
trace. This combined signal is demodulated synchronously using 
phase information derived from the modulator, and the result is 
low pass filtered using a 2-pole simple filter which also provides 
a gain of 100 to the output. This recovered signal is the lower 
trace of Figure 25. 

The combined modulated signal and interfering noise used for 
this illustration is similar to the signals often requiring a lock-in 
amplifier for detection. The precision input performance of the 
AD630 provides more than lOOdB of signal range and its dynamic 
response permits it to be used with carrier frequencies more 
than two orders of magnitude higher than in this example. A 
more sophisticated low pass output filter will aid in rejecting 
wider bandwidth interference. 
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r.ANALOG 
WDEVICES 

PRELIMINARY TECHNICAL DATA 
FEATURES 
Pretrimmed to ±O.S% Max 4·Quadrant Error 
All Inputs (X, V and Z) Differential, High Impedance for 

[(XI -X2 HV I-V 2 )/10] +Z2 Transfer Function 
Scale-Factor Adjustable to Provide up to X10 Gain 
Low Noise Design: gO/.N rms, 10Hz-10kHz 
Low Cost, Monolithic Construction 
Excellent Long Term Stability 

APPLICATIONS 
High Quality Analog Signal Processing 
Differential Ratio and Percentage Computations 
Algebraic and Trigonometric Function Synthesis 
Accurate Voltage Controlled Oscillators and Filters 

PRODUCT DESCRIPTION 
The AD632 is an internally-trimmed monolithic four-quadrant 
multiplier/divider. The AD632B has a maximum multiplying 
error of ±O.S% without external trims. 

Excellent supply rejection, low temperature coefficients and 
long term stability of the on-chip thin film resistors and buried 
zener reference preserve accuracy even under adverse condi
tions. The simplicity and flexibility of use provide an attrac
tive alternative approach to the solution of complex control 
functions. 

The AD632 is pin for pin compatible with the industry stand
ard ADS32 with improved specifications and a fully differen
tial high impedance Z-inpu t. The AD6 3 2 is capable of providing 
gains of up to XIO, frequently eliminating the need for sepa
rate instrumentation amplifiers to precondition the inputs. 
The AD632 can be effectively employed as a variable gain 
differential input amplifier with high common mode rejection. 
The effectiveness of the variable gain capability is enhanced by 
the inherent low noise of the AD632: 90/J.V rms. 

InternaUy Trimmed 
Precision te. Multiplier 

AD632 I 
A0632 PIN CONFIGURATION 

V2 

+Vs VI V2 Vos Z2 X2 NC 

14 13 12 11 10 9 8 

AD632 
1234567 

ZI OUT .V. NC NC NC XI 

-... ;~ 

PRODUCT HIGHLIGHTS 
Guaranteed Performance Over Temperature: The AD632A and 
AD632B are specified for maximum multiplying errors of 
±1.0% and ±O.S% of full scale, respectively at +2So C and are 
rated for operation from -25°C to +8S

o
C. Maximum multi

plying errors of ±2.0% (AD632S) and ±1.0% (AD632T) are 
guaranteed over the extended temperature range of -55°C to 
+12S

o
C. 
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SPECIFICATIONS (@ +250(;, Vs= ±15V, R~2kn unless otherwise noted) 
Model AD632A 

Min Typ Max 

MULTIPLIER PERFORMANCE 

Transfer Function 
(X1-XZ)(Y1- Yz)+Zz 

10V 

Total Error' (- 10VsX, Ys + 10V) ±1.0 
T,.. = min to max ±I.S 
Total Error vs Temperature ~0.02 

Scale Factor Error 

(SF= 10.OOOVNominali ~0.25 

Temperature-Coefficient of 

Scaling-Voltage ~0.02 

Supply Rejection( ~ 15V ~ IV) ~0.01 

Nonlinearity, X (X = 20V pk-pk, Y = IOV) ~0.08 ~0.5 

Nonlinearity, Y (Y = 20V pk-pk, X = 10V) ~0.01 

Feedthrough', X (Y Nulled, 

X = 20V pk-pk50Hz) ~0.15 ~0.3 

Feedthroughl, Y(XNulled, 

Y = 20V pk-pk 50Hz) ~0.01 ~O.I 

Output Offset Voltage ~5 ±30 

Output Offset Voltage Drift 200 400 

DYNAMICS 
Small Signal BW,(VouT= O.lrrns) I 

1% Amplitude Error (CLOAD = lO00pF) 50 

Slew Rate (V OUT 20 pk-pk) 20 
Settling Time (to 1%, dVOUT = 20V) 2 

NOISE 

Noise Spectral-Density SF = 10V 0.08 

SF",3V' 0.04 

Wideband Noise A = 10Hz to 5MHz 1.0 
P = 10Hz to 10kHz 90 

OUTPUT 

Output Voltage Swing ±Il 
Output Impedance (fslkHz) 0.1 

Output Short Circuit Current 

(RL=O, TA = min to max) 30 
Amplifier Open Loop Gain (f = 50Hz) 70 

INPUT AMPLIFIERS (X, Y and Z)' 

Signal Voltage Range (Diff. or CM ~IO 

Operating Diff.) ~12 

Offset Voltage X, Y ~5 ±20 
Offset Voltage Drift X, Y 100 
Offset Voltage Z ~5 ±30 
Offset Voltage Drift Z 200 400 

CMRR 60 80 
Bias Current 0.8 2 

Offset Current 0.1 
Differential Resistance 10 

DIVIDER PERFORMANCE 

Transfer Function (X I > Xz) 
10V(ZZ-ZI) 
(Xl-XZ) +Yl 

Total Errorl 

(X-IOV, -IOVsZs+ 10V) ~0.7S 

(X-IV, -IV,;;Zs+IV) ~2.0 

(O.IOVsXsIOV, -IOVsZsIOV 

SQUARER PERFORMANCE 

Transfer Function 
(Xl-XZ)Z 
~+Zz 

Total Error ( -IOVsXsIOV) ~0.6 

SQUARE-ROOTER PERFORMANCE 

Transfer Function, (Zl sZz) VIOV(ZZ-Zl) +XZ 
TotaiError6 (lVsZslOV) ~1.0 

POWER SUPPLY SPECIFICATIONS 

Supply Voltage 

Rated Performance ~IS 

Operating ±8 ±20 
Supply Current 

Quiescent 4 6 

NOTES 
IFigures given are percent offull-scale, ~ IOV(Le.,O.OI% = ImY). 
'May be reduced down to 3V using external resistor between - V s and SF. 
'Irreducible component due to nonlinearity: excludes effeet of offsets. 
'Using extema1 resistoradjusted to give SF = 3V. 
'See functional block diagram for definition of sections. 
'With extema1 Z-offset adjustment, Zs ± X. 

Specifications subject to change without notice. 

AD632B AD632S AD632T 

Min Typ Max Min Typ Max Min Typ Max 

(X 1- XZ)(Y1- Yz) + Yz (X1-XZ)(Y1- Yz)+Zz (X1-XZ)(Y1-YZ)+ Yz 
IOV 10V IOV 

±O.S ±1.0 ±O.S 

±1.0 ±2.0 ±1.0 

~0.01 ~0.O2· ~0.01 

~O.I ~0.25 ~O.I 

~0.2 ~0.OO5 

~0.01 ~0.01 ~0.01 

~0.8 ~0.25 ~0.08 ~0.5 ~0.08 ~0.25 

~O.I ~O.I ~0.01 ~0.01 ~O.I 

~0.05 ~0.15 ~O.15 ~0.3 ~0.15 ~0.15 

~0.01 ~O.I ~0.01 ~O.I ~0.01 ~O.I 

~2 ±IS ~5 ±30 ~2 ±IS 
200 400 500 300 

I I I 
SO 50 SO 

20 20 20 

2 2 2 

0.08 0.08 0.08 

0.04 0.04 0.04 

1.0 1.0 1.0 
90 90 90 

±Il ±Il ±Il 

0.1 0.1 0.1 

30 30 30 

70 70 70 

~IO ~IO ~IO 

~12 :::12 ~ 12 

~2 ±IO ~5 ±20 ~2 ±IO 

SO 100 150 
~2 ±IS ~5 ±30 ~2 ±IS 

100 200 500 300 

70 90 60 80 70 90 

0.8 2 0.8 2 0.8 2 

0.1 0.1 0.1 
10 10 10 

10V(Zz-ZI) 
(Xl-XZ) +Yl 

10V(Zz-ZI) 
(Xl-XZ) +Yl 

IOV(ZZ- Z l) 
(Xl-XZ) +Yl 

~O.3S ~0.7S ~0.3S 

~1.0 ~2.0 ~1.0 

(Xl-XZ)Z 
~+Z2 

(Xl-XZ)Z 
~+Zz 

(Xl-XZ)Z 
~+Zz 

~0.3 ~0.6 ~0.3 

VIOV(ZZ-Zl) +XZ VIOV(ZZ-Zl) +Xz VIOV(ZZ-Zl) +Xz 
:to.S ~1.0 

~15 ~15 

±8 ±20 ±8 ±22 ±8 

4 6 4 6 

Specifications shown in boldface are tested on all production units at fmaleleetri
cal test. Results from those tests are used to calculate outgoing quality levels. All 
min and max specifications are guaranteed, although only those shown in 
boldface are tested on all production units. 

~O.S 

~IS 

±22 

4 6 
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ABSOLUTE MAXIMUM RATINGS 

Supply Voltage 

AD632A,B 

±18V 
SOOmW 
Indefinite 
±VS 

AD632S, T 

±22V 
Internal Power Dissipation 
Output Short-Circuit to Ground 
Input Voltages, Xl X2 Y 1 Y 2 Zl Z2 
Rated Operating Temperature Range 

Storage Temperature Range 
Lead Temperature, 60s soldering 

·Same as AD632A 

• 

o to +70°C 

-65°C to +ISOoC • 
+300oC 

Typical Performance Curves 
(typical at +25°C with ±VS = 15V) 

J.Jjl II 
r..... 
~ V r..... 

II r\' 

~ ~FEEDTHROUGH ' 

_i--"~ 

V/ 
I--

........ ~ 

0.1 i 
FREOUENCY - Hz 

, Figure 1. AC Feedthrough vs. Frequency 

r--.. 
........ r--. 

~ 
~-1_Ydc Vz· 1OrnV ...... 
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\ 

.21) 

·30 

Vx ·1Vdc 

~~ ··-'r 

PACKAGE OPTIONS l 

AD632AD: TO-116 - (DI4A) 
AD632AH: TO-IOO 
AD632BD: TO-116 - (DI4A) 
AD632BH: TO-IOO 
AD632SD: TO-116 - (D14A) 
AD632SH: TO-IOO 
AD632TD: TO-116 - (D14A) 
AD632TH: TO-IOO 

NOTE 
I See Section 19 for package outline information . 

I I II 

--- -~I\.. 
/Odl • O(V Ris, RL • :zon 

........ , 
'\ cl.Y' ~···l ~ '\ I I ~CL<'OOOpf 

e,C2OOpF 

CLC1000,.~/ \ wt\H~10 I '\' e, '0 FEEDBACK CONNECTION 

\TTE~OR 

FREQUENCY - Hz 

Figure 2. Frequency Response as a Multiplier 

r\ I\. 0d8 - lY RIIS. RL -:an 

-20 
I. 10k -FREOUENCY - HI 

, ,\1.wo 

~j Wi 

Figure 3. Frequency Response vs. Divider Denominator 
Input Voltage 

ANALOG SIGNAL PROCESSING COMPONENTS VOL. I, 6-69 

• 



+Vs 

-Vs 

TRANSFER FUNCTION 

X, 

Vo ~ A [(X, - X2~~V' - V21 _ (2, : 221] 
X2 

TRANSLINEAR 
MULTIPLIER 

V, ELEMENT 

V2 OUT 

25k 

Figure 4. AD632 Functional Block Diagram 

OPERATION AS A MULTIPLIER 
Figure 5 shows the basic connection for multiplication. Note 
that the circuit will meet all specifications without trimming. 

X·INPUT 
tl0V FS 
t12V PK 

V·INPUT 
tl0V FS 
t12V PK 

X, 

X2 

Vos 

V, 

V2 

+Vs 

22 

-Vs 

+15V 

OUTPUT, t12V PK 

• (X, - X2~~' - V21 + 22 

OPTIONAL SUMMING 
INPUT, 2, ±10V PK; 

I Vos TERMINAL I 

V 
NOT USED 

-15V 

Figure 5. Basic Multiplier Connection 

In some cases the user may wish to reduce ac feedthrough to 
a minimum (as in a suppressed carrier modulator) by applying 
an external trim voltage (±3OmV range required) to the X or Y . 
input. Curve 1 shows the typical ac feed through with this 
adjustment mode. Note that the feedthrough of the Y input 
is a factor of 10 lower than that of the X input and should be 
used in applications where null suppression is critical. 

The Z2 terminal of the AD632 may be used to sum an addi
tional signal into the output. In this mode the output amplifier 
behaves as a voltage follower with a 1MHz small signal band
width and a 20V lJ.J,s slew rate. This terminal should always be 
referenced to the ground point of the driven system, particu
larly if this is remote. Likewise the differential inputs should 
be referenced to their respective signal common potentials to 
realize the full accuracy of the AD632. 

A much lower scaling voltage can be achieved without ariy 
reduction of input signal range using a feedback attenuator as 
shown in Figure 6. In this example, the scale is such that 
VOUT = XV, so that the circuit can exhibit a maximum gain of 
10. This connection results in a reduction of bandwidth to 
about 80kHz without the peaking capacitor CF. In addition, 
the output offset voltage is increased by a factor of 10 making 
external adjustments necessary in some applications. 

Feedback attenuation also retains the capability for adding 
a signal to the output. Signals may be applied to the Zl 
terminal where they are amplified by -10 or to the com-
mon ground connection where they are amplified by -1. In
put signals may also be applied to the lower end of the 2_7kn 
resistor, giving a gain of +9. . 
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X INPUT X, 

±10V FS 
±12V PK X2 

V·INPUT V, 

±10V FS 
±12V PK '(2 

+Vs 

OUT 

2, 

22 

Vos 

-Vs 

+15V 

OUTPUT, t12V PK 
• (X, - X2)(V, - V21 
(SCALE· 11 

-15V 

Figure 6. Connections for Scale-Factor of Unity 

OPERATION AS A DIVIDER 
Figure 7 shows the connection required for division. Unlike 
earlier products, the AD632 provides differential operation on 
both numerator and denominator, allowing the ratio of tw~ 
floating variables to be generated. Further flexibility results 
from access to a high impedance summing input to Y 1. As with 
all dividers based on the use of a multiplier in a feedback loop, 
the bandwidth is proportional to the denominator magnitude, 
as shown in Figure 3. 

X INPUT 
(DENOMINATORI 

+10V FS 
+12V PK 

+Vs +15V 

OUTPUT, t12V PK 

'~+V, 
(X, -X21 

OUT~---------------e---

OPTIONAL -15V 
SUMMING INPUT 

tl0V PK 

-Vs 

--""--------1 V, 
I 
I 

V -Vs 

2 INPUT 
(NUMERATOR) 

tl0V FS, t12V PK 

-15V 

Figure 7. Basic Divider Connection 

Without additional trimming, the accuracy of the AD632B 
is sufficient to maintain a 1% error over a 10V to 1 V denom
inator range (The AD535 is functionally equivalent to the 
AD632 and has guaranteed performance in the divider and 
square-rooter configurations and is recommended for such 
applications). 

This range may be extended to 100:1 by simply reducing the 
X offset with an externally generated trim voltage (range re
quired is ±3.5mV max) applied to the unused X input. To 
trim, apply a ramp of +100mVto +Vat 100Hz to both Xl 
and Zl (if X 2 is used for offset adjustment, otherwise reverse 
the signal polarity) and adjust the trim voltage to minimize 
the variation in the output.· 

Since the outputwill be near +10V, it should be ac-coupled for 
this adjustment. The increase in noise level and reduction in 
bandwidth preclude operation much beyond a ratio of 100 
to 1. ' 

·See the AD535 Data Sheet for more details. 
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FEATURES 
True rms-to-dc Conversion 
200mV Full Scale 
Laser-Trimmed to High Accuracy 

0.5% max Error (AD636K) 
1.0% max Error (AD636J) 

Wide Response Capability: 
Computes rms of ac and dc Signals 
...... - ""-'" "---'.-.: ..... &.. " ...... 1nn-\/ 
1'.'1 I&. -"'ww ..................... -rms" • --...• 
Signal Crest Factor of 6 for 0.5% Error 

dB Output with 50dB Range 
Low Power: BOO~A Quiescent Current 
Single or Dual Supply Operation 
Monolithic Integrated Circuit 

PRODUCT DESCRIPTION 
The AD636 is a low power monolithic IC which performs true 
nns-to-dc conversion on low level signals. It offers perform
ance which is comparable or superior to that of hybrid and 
modular converters costing much more. The AD636 is speci
fied for a signal range of 0 to 200 millivolts rms. Crest factors 
up to 6 can be' accommodated with less than O.S% additional 
error, allowing accurate measurement of complex input 
waveforms. 

The low power supply current requirement of the AD636, 
typically 800~A, allows it to be used in battery-powered 
portable instruments. A wide range of power supplies can be 
used, from ±2.SV to ±12V or a single +SV to +24V supply. 
The input and output tenninals are fully protected; the in
put signal can exceed the power supply with no damage to 
the device (allowing the presence of input signals in the 
absence of supply voltage) and the output buffer amplifier 
is short-circuit protected. 

The AD636 includes an auxiliary dB output. This signal is 
derived from an internal circuit point which represents the 
logarithm of the rms output. The OdB reference level is set 
by an externally supplied current and can be selected by the 
user to correspond to any input level from OdBm (774.6mV) 
to -20dBm (77.46mV). Frequency response ranges from 
1.2MHz at a OdBm level to over 10kHz at -SOdBm. 

The AD636 is designed for ease of use. The device is factory
trimmed at the wafer level for input and output offset, posi
tive and negative waveform symmetry (dc reversal), and full 
scale accuracy. Thus no external trims are required to achieve 
full rated accuracy. 

The AD636 is available in two accuracy grades; the AD636J 
has a total error of ±O.SmV ±1.0% of reading, and the AD636K 

Low Level 
True rms-to-dc Converter 

AD636 I 
AD636 FUNCTIONAL BLOCK DIAGRAMS 

TO-116 
TOP VIEW 

loUT 

-V, 

TO-lOO 
TOP VIEW 

a BUFOUT • 

is accurate within ±O.2mV ±O.S% of reading. Both versions 
are specified for the 0 to 70°C temperature range, and are of
fered in either a hennetically sealed 14-pin DIP or a 10 pin 
TO-lOO metal can. 

PRODUCT HIGHLIGHTS 
1. The AD636 computes the true root-mean-square of a com

plex ac (or ac plus dc) input signal and gives an equivalent 
dc output level. The true nns value of a waveform is a 
more useful quantity than the average rectified value since 
it is a measure of the power in the signal. The nns value 
of an ac-coupled signal is also its standard deviation. 

2. The 200 millivolt full scale range of the AD636 is com
patible with many popular display-oriented analog-to-digital 
converters. The low power supply current requirement 
permits use in battery-powered hand-held instruments. 

3. The only external component required to perform mea
surements to the fully specified accuracy is the averaging 
capacitor. The value of this capacitor can be selected for 
the desired trade-off of low frequency accuracy, ripple, and 
settling time. 

4. The on-chip buffer amplifier can be used to buffer either 
the input or the output. Used as an input buffer, it pro
vides accurate performance from standard lOMn input 
attenuators. As an output buffer, it can supply up to S 
milliamps of output current. 

5. The AD636 will operate over a wide range of power sup
ply voltages, including single +SV to +24V or split ±2.SV 
to ±12V sources. A standard 9V battery will provide 
several hundred hours of continuous operation. 
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SPECIFICATIONS (typical @ +25°C, +VS = +3V, -VS = -5V, unless otherwise specified) 
Model 

TRANSFER EQUATION 

CONVERSION ACCURACY 
Total Error, Internal Triml,l 

ys. Temperature, 0 to +70°C 
ys. Supply Voltage 

de Reversal Error 
Total Error, External Triml 

ERROR vs. CREST FACTOR3 

Crest Factor I to 2 
Crest Factor = 3 
Crest Factor = 6 

FREQUENCY RESPONSE1,-

Bandwidth for 1% Additional Error (0.2dB) 
VIN = 10mV 
VIN = 100mV 
VIN = 200mV 

i3dB Bandwidth 
VIN = lOrnV 
VIN = 100mV 
VIN ~ 200mV 

AVERAGING TIME CONSTANT 

INPUT CHARACTERISTICS 
Signal Range 

+3, -SV Supply 
i2.SV Supply 
iSV Supply 

Safe Input, All Supply Voltage 
Input Resistance 
Input Offset Voltage 

OUTPUT CHARACTERISTICS1 

Offset Voltage 
ys. Temperature 
ys. Supply 

Voltage Swing 
+3, -SV Supply 
iSV Supply 

Output Impedance 

dB OUTPUT 
. Error, 7mV";VIN';; 300mV rmS 

Scale Factor 
Scale Factor Temperature Coefficient 
IREF for OdB = 0.1 V rmS 

IREF Range . 

lOUT TERMINAL 
lOUT Scale Factor 
lOUT Scale Factor Tolerance 
Output Resistance 
Voltage Compliance 

BUFFER AMPLIFIER 
Input and Output Voltage Range 
Input Offset Voltage, Rs = 10k 
Input Current 
Input Resistance 
Output Current 
Short Circuit Current 
Small Signal Bandwidth 
Slew RateS 

POWER SUPPLY 
Voltage, Rated Performance 

Dual Supply 
Single Supply 

Quiescent Current6 

TEMPERATURE RANGE 
Rated Performance 
Storage 

PACKAGE OPTIONS' 
"H" Package: TO-100 
"0" Package:TO-116 Style D14A 

NOTES 

AD636J AD636K 

iO.SmV il.O% of Reading, max iO.2mV iO.S% of Reading, max 
i(O.lmV iO.01% of Reading)/C max' !(O.lmV iO.OOS% of Reading)fC max 
i(O.lmV iO.01 % of Reading)1V 
iO.2% of Reading iO.1% of Reading 
iO.3mV iO.3% of Reading iO.1mV iO.2% of Reading 

Specified Accuracy 
-0.2% 
-O.S% 

12kHz 
80kHz 
130kHz 

80kHz 
800kHz 
1.3 MHz 

2Sms/ilF 

i2.8V Peak 
i2V Peak 
iSV Peak 
i12Vmax 
6.7kOi20% 
O.SmVmax 

O.SmVmax 
i10llVfc 
iO.1mVIV 

o to IV typ (0.3V min) 
o to 1.4V typ (0.3V min) 
10kO i20% typ 

iO.SdB max 
-3mV/dB 
+0.3%fC(-O.03dBf C) 
41lA (21lA min, 8IlA max) 
lIlA to SOIlA 

100IlAlVrms 
i20% 
108 0 
-VS to (+VS -2V) 

-Vs to (+VS -2V) min 
2mVmax 
100nA ~p (300nA max) 
108 0 
(+SmA, -HOIlA) min 
20rnA 
1MHz 
SVIIlS 

+3, -SV 
+21-2.SV to i12V 
+SV to +24V 
8001lA OmA max) 

o to +70
o

C 
-55°C to +lSOoC 

, A0636JH 
AD636JO 

0.2mVmax 

0.2mVmax 

iO.2dB max 

lmVmax 

A0636KH 
A0636KO 

I Accuracy is specified for 0 to 200mV rms, dc or 1kHz sinewave input. Accuracy is degraded at higher rms signal levels. 
Z Measured at pin 8 of DIP (lOUT), with pin 9 tied to common. 
'Error vs. crest factor is specified as additional error for a 200mV rms rectangular pulse train, pulse width • 200~s. 
4 Input voltages are expressed in volts rms. 
'With 10kfl pUll-down resistor from pin 6 (BUF OUT) to -VS' 
'With BUF input tied to -VS. 
'See Section 19 for package outline informa.tion. 
·Specifications same as AD636J. 

Specifications subject to change without notice. 
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STANDARD CONNECTION 
The AD636 is simple to connect for the majority of high 
accuracy rms measurements, requiring only an external capac
itor to set the averaging time constant. The standard connec
tion is shown in Figure 1. In this configuration, the AD636 
will measure the rms of the ac and dc level present at the 
input, but will show an error for low frequency inputs as a 
function of the filter capacitor, CAY, as shown in Figure 5. 
Thus, if a 4pF capacitor is used, the additional average error 
at 10Hz will be 0.1 %, at 3Hz it will be 1%. The accuracy at 
higher frequencies will be according to specification. If it is 
desired to reject the dc input, a capacitor is added in series with 
with the input, as shown in Figure 3; the capacitor must be 
non-polar. If the AD636 is driven with power supplies with 
:! '=0!!~!d~!2.b!~ 2.!!,!0~!!'!; 0f hi,,!"! f!~nl1pnl"" ",innl,. if" 14: '2~";C-:lhlp 

to bypass both supplies to g;ound ~i~h-O.i;F~~r~-ic-di~~;-;; 
near the device as possible. CF is an optional output ripple
filter, as discussed elsewhere in this data sheet. 

The input and output signal ranges are a function of the sup
ply voltages as detailed in the specifications. The AD636 can 
also be used in an unbuffered voltage output mode by dis
connecting the input to the buffer. The output then appears 
unbuffered across the 10k resistor. The buffer amplifier can 
then be used for other purposes. Further, the AD636 can be 
used in a current output mode by disconnecting the 10k re
sistor from the ground. The output current is available at 
pin 8 (pin 10 on the "H" package) with a nominal scale 
of 100pA per volt rms input, positive out. 

Figure 1. Standard rms Connection 

OPTIONAL EXTERNAL TRIMS FOR HIGH ACCURACY 
If it is desired to improve the accuracy of the AD636, the 
external trims shown in Figure 2 can be added. R4 is used to 
trim the offset. The scale factor is trimmed by using Rl 
as shown. The insertion of R2 allows Rl to either increase 
or decrease the scale factor. 

The trimming procedure is as follows: 
1. Ground the input signal, VIN, and adjust R4 to give zero 
v?!ts output from pin 6. Alternatively, ~ can be adjusted to 
give the correct output with the lowest expected value of VIN. 
2. Connect the ~esired full scale input level to VIN, either 
dc or a calibrated ac signal (lkHz is the optimum frequency); 
then-trim RI to give the correct output from pin 6, i.e., 
200mV dc input shou.1d give 200mV dc output. Of course, a 

Applying the AD636 
±200mV peak-to-peak sinewave should give a 141.4mV dc out
put. The remaining errors, as given in the specifications, are 
due to the nonlinearity. 

SINGLE SUPPLY CONNECTION 
The applications in Figures 1 and 2 assume the use of dual 
power supplies. The AD636 can also be used with only a 
single positive supply down to +5 volts, as shown in Figure 
3. The major limitation of this connection is that only ac 
signals can be measured since the input stage must be biased 
off ground for proper operation. This biasing is done at pin 
10; thus it is critical that no extraneous signals be coupled into 
t~i~ point. Biasing can be accomplished by using a resistive • 
diVider between +Vs and ground. The values of the resistors I 

can be increased in the interest of lowered power consump-
tion, since only 1 microamp of current flows into pin 10 (pin 
2 on the "H" package). Alternately, the COM pin of some 
CMOS ADCs provides a suitable artificial ground for the 
AD636. AC input coupling requires only capacitor C2 as 
shown; a dc return is not necessary as it is provided internally. 
C2 is selected for the proper low frequency break point with 
the input resistance of 6.7kS1; for a cut-off at 10Hz, C2 should 
be 3.3pF. The signal ranges in this connection are slightly more 
restricted than in the dual supply connection. The load resis-
tor, RL, is necessary to provide current sinking capability. 

Figure 2. Optional External Gain and Ou'tput Offset Trims 

Figure 3. Single Supply Connection 
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CHOOSING THE AVERAGING TIME CONSTANT 
The AD636 will compute the rms of both ac and dc signals. 
If the input is a slowly-varying dc voltage, the output of the 
AD636 will track the input exactly. At higher frequencies, 
the average output of the AD636 will approach the rms value 
of the input signal. The actual output of the AD636 will differ 
from the ideal output by an average (or dc) error and some 
amount of ripple, as demonstrated in Figure 4. 

Eo 

IDEAL 
Eo 

( 
AV~AGE ERROR· 

Eo - Eo (IDEAL) ,t -'"'"""A;ERAGE Eo·'E;; 

DOUBLE-FREQUENCY 
RIPPLE 

TIME 

Figure 4. Typical Output Waveform for Sinusoidal Input 

The dc error is dependent on the input signal frequency and 
the value of CA v. Figure 5 can be used to determine the mini
mum value of CAY which will yield 1 % or 0.1 % dc error above 
a given frequency. For example, if a 60Hz waveform is to be 
measured with adc error of less than 0.1 %, CAY must be greater 
than 0.65pF. If a 1% error can be tolerated, the minimum 
value of CAY is 0.22pF. 

l00I'F 

10l'F 

EXTERNAL 
AVERAGING 
CAP - CAY 

II'F 

O.65I'F 

'" 
~ 

O.II'F 
1Hz 

~ 
~ 

1"-
1\ r\. 

'" ~ N% 
.b I'\L 

",I, 
10 60100 

FREOUENCY - Hz 

10 

OUTPUT 
SETTLING TIME 
TO COMPLETE 
99% OF STEP
Seconds 

0.1 

0.01 
lk 

Figure 5. Lower Frequency for Stated % of Reading Error 
and Settling Time for Circuit Shown in Figure 1 

The ac component of the output signal is the ripple. There are 
two ways to reduce the ripple. The first method involves using 
a large value of CAV. Since the ripple is inversely proportional 
to CA v' a tenfold increase in this capacitanc.e will effect a ten
fold reduction in ripple. When measuring waveforms with high 
crest factors, (such as low duty cycle pulse trains), the aver
aging time constant should be at least ten times the signal peri
od: For example, a 100Hz pulse rate requires a lOOms time 

10.0 

I\, 
~~~~~EATIVE 7.5 
TO SETTLING 
TIME AT 
200mV,ms 5.0 

2.5 

1.0 
o 
lmV 

" " " 10mV l00mV 

rms INPUT LEVEL 

Figure 6. Settling Time vs. Input Level 
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constant, which corresponds to a 4pF capacitor (time con
stant = 25ms per pF). 

The primary disadvantage in using a large CA V to remove rip
ple is that the settling time for a step change in input level is 
increased proportionately. Figure 5 shows that the relationship 
between CAY and settling time is 100 milliseconds for each 
microfarad of CA V. The settling time is twice as great for de
creasing signals as for increasing signal.s (the values in Figure 5 
are for decreasing signals). Settling time also increases for low, 
signal levels, as shown in Figure 6. 

A better method for reducing output ripple is the use of a 
. "post-filter". Figure 7 shows a suggested circuit. If a single-
pole filter is used (C3' removed, Rx shorted), and C2 is approx
imately twice the value of CA V, the ripple is reduced as shown 
in Figure 8, and settling time is increased. For example, with 
CAY = 1pF and C2 = 4.7pF, the ripple for a: 60Hz input is re
duced from 10% of reading to approximately 0.3% of reading. 
The settling time, however, is increased by approximately a 
factor of 3. The values of CA V and C2 can therefore be reduced 
to permit faster settling times while still providing substantial 
ripple reduction. 

Figure 7. 2 Pole "Post" Filter 

The two-pole post-filter uses an active filter stage to provide 
even greater ripple reduction without substantially increasing 
the settling times over a circuit with a one-pole filter. The 
values of CA v' C2 , and C3 can then be reduced to allow ex
tremely fast settling times for a constant amount of ripple. 
Caution should be exercised in choosing the value of CAY, 
since the dc error is dependent upon this value and is inde
pendent of the post filter. 

10% 

DC ERROR 
OR RIPPLE
% of Reading 

1% 

0.1% 
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" \ "-, 
~PK PK RIPPLE 

1\ CAY' 11'F {FIG. 11 

'\ PKPK ~ , RIPPLE {ONE POLEI , 
CAY' II'F. C2 .4.7I'F .. , 
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1\ ' 1\ JcIERROR I, 
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Figure 8. Performance Features of Various Filter Types 



AD636 PRINCIPLE OF OPERATION 
The AD636 embodies an implicit solution of the rms equa
tion that overcomes the dynamic range as well as other limi
tations inherent in a straight-forward computation of rms. 
The actual computation performed by the AD636 follows 
the equation: 

Vnns = Avg. 
[ 

VIN 

2 

] 

Vnns 

Figure 9 is a simplified schematic of the AD636j it is sub
divided into four major sections: absolute value circuit (ac-
tive rectifier), squarer/divider, current mirror, and buffer am
plifier. The input voltage, VI"" which can be ac or dc, is con
verted to a. unipolar current-II, by the active rectifier AI, A2. 
11 drives one input of the squarer/divider, which has the 
transfer function: 

14 = 11
2
/13 

The output current, 14 , of the squarer/divider drives the cur
rent mirror through a low pass filter formed by R 1 and the 
externally connected capacitor, CAY. If the R 1 , CAY time 
constant is much greater than the longest period of the input 
signal, then 14 is effectively averaged. The current mirror re
turns a current 13 , which equals Avg. [141, back to the squarer/ 
divider to complete the implicit rms computation. Thus: 

The current mirror also produces the output current, lOUT' 
which equals 21 4 • lOUT can be used directly or converted to 
a voltage with R2 and buffered by A4 to provide a low im
pedance voltage output. The transfer function of the AD636 
thus results: 

The dB output is derived from the emitter of Q3, since the 
voltage at this point is proportional to -log V IN. Emitter fol
lower, Us, buffers and level shifts this voltage. so that the 
.dB output voltage is zero when the externally supplied 
emitter current (IREF) to Us approximates 13 • 

ABSOLUTE VALUEI 
VOLTAGE - CURRENT .• 

CONVERTER 

20k 

R4 

CURRENT MIRROR 

ONE - QUADRANT 
SQUARERI 
DIVIDER 

Figure 9. Simplified Schematic 

-VS 

rms Measurements 
THE AD636 BUFFER AMPLIFIER 
The buffer amplifier included in the AD636 offers the user 
additional application flexibility. It is important to understand 
some of the characteristics of this amplifier to obtain optimum 
performance. Figure 10 shows a simplified schematic of the 
buffer. 

Since the output of an rms-to-dc converter is always positive, 
it is not necessary to use a traditional complementary Class 
AB output stage. In the AD636 buffer, a Class A emitter 
follower is used instead. In addition to excellent positive out
put voltage swing, this configuration allows the output to 
swing fully down to ground in single-supply applications 6 
without the problems associated with most IC operational 
amplifiers. 

BUFFER 
INPUT 

.Vs 

-Vs 

I 
I 
I 
I 
I 
I 
I ______ ~-.J 

REXTERNAl 
IOPTIONAL, SEE TEXT) 

Figure 10. AD636 Buffer Amplifier Simplified Schematic 

When this amplifier is used in dual-supply applications as an 
input buffer amplifier driving a load resistance referred to 
ground, steps must be taken to insure an adequate negative 
voltage swing. For negative outputs, current will flow from the 
load resistor through the 4oH2 emitter resistor, setting up a 
voltage divider between -Vs and ground. This reduced effec
tive -Vs will limit the available negative output swing of the 
buffer. Addition of an external resistor in parallel with RE 
alters this voltage divider such that increased negative swing 
is possible. 

Figure 11 shows the value of REXTERNAL for a particular 
ratio of VPEAK to -Vs for several values of RLOAD. Addition 
of REXTERNAL increases the quiescent current of the buffer 
amplifier by an amount equal to REXT/-VS. Nominal buffer 
quiescent current with no REXTERNAL is 30pAat-Vs = -SV. 

1.0 
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i !J 0.5 

o 
o : 
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\'\. '\. 
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'\. ~16.71<11 
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lkO IOkO 
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1001<0 lMO 

Figure 11. Ratio of Peak Negative Swing to - Vs vs. 
REXTERNAL for Several Load Resistances 
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FREQUENCY RESPONSE 
The AD636 utilizes a logarithmic circuit in performing the 
implicit rms computation. As with any log circuit, bandwidth 
is proportional to signal level. The solid lines in the graph be
low represent the frequency response of the AD636 at input 
levels from 1 millivolt to 1 volt rms. The dashed lines indi
cate the upper frequency limits for 1%,10%, and ±3dB of 
reading additional error. For example, note that a 1 volt rms 
signal will produce less than 1 % of reading additional error up 
to 200kHz. A 10 millivolt signal can be measured with 1% of 
reading additional error (lOOJ./V) up to 12kHz. 
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Figure 12. AD636 Frequency Response 

10M 

AC MEASUREMENT ACCURACY AND CREST FACTOR 
Crest factor is often overlooked in determining the accuracy 

A COMPLETE AC DIGITAL VOLTMETER 
Figure 14 shows a design for a complete low power ac digital 
voltmeter circuit based on the AD636. The 10Mn input at
tenuator allows full scale ranges of 200mV, 2V, 20V and 
200V rms. Signals are capacitively coupled to the AD636 
buffer amplifier, which is connected in an ac bootstrapped 
configuration to minimize loading. The buffer then drives 
the 6.7kn input impedance of the AD636. The COM termi
nal of the ADC chip provides the false ground required by 
the AD636 for single supply operation. An AD589 1.2 
volt reference diode is used to provide a stable 100 millivolt 
reference for the ADC in the linear rms mode; in the dB mode, 

R7 
·2Ok 

of an ac measurement. Crest factor is defined as the ratio of the 
the peak signal amplitude to the rms value of the signal (C.F. = 
Vp/Vrms)' Most common waveforms, such as sine and triangle 
waves, have relatively low crest factors «2). Waveforms which 
resemble low duty cycle pulse trains, such as those occurring 
in switching power supplies and SCR circuits, have high crest 
factors. For example, a rectangular pulse train with a 1 % duty 
cycle has a crest factor of 10 (C.F. = 1/../Ti). 

Figure 13 is a curve of reading error for the AD636 for a 
200mV rms input signal with crest factors from 1 to 7. A rec
tangular pulse train (pulse width 200J,Ls) was used for this test 
since it is the worst-case waveform for rms measurement (all 
the energy is contained in the peaks). The duty cycle and peak 
amplitude were varied to produce crest factors from 1 t07 
while maintaining a constant 200mV rms input amplitude. 

j)-T---1 

o~-t 
~ - DUTY CYCLE • ~ 

CF -1/,jTj 

+0.5 

-1.0 
1 

2001'1 

--r---

"IN (,ml)· 200mV 

r-----r-- ---
4 

CREST FACTOR 

Figure 13. Error vs. Crest Factor 

a 1N4148 diode is inserted in series to provide correction 
for the temperature coefficient of the dB scale factor. Cal
ibration of the meter is done by first adjusting offset pot 
R17 for a proper zero reading, then adjusting the R13 for an 
accurate readout at full scale. 

Calibration of the dB range is accomplished by adjusting R9 
for the desired OdB reference point, then adjusting R14 for 
the desired dB scale factor (a scale of 10 counts per dB is 
convenient). 

Total power supply current for this circuit is typically 
2.8mA using a 7106-type ADC. 
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Figure 14. 3 1/2 Digit True rms ac Voltmeter 
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r.ANALOG 
WDEVICES 

FEATURES 
High Accuracy 

0.02% Max Nonlinearity, 0 to 2V rms Input 
0.10% Max Error to Crest Factor of 3 

Wide Bandwidth 
8M Hz at 2V rms Input 
600kHz at 100mV rms 

Computes: 

Square 
Mean Square 
Absolute Value 

dB Output ( - 60dB Range) 
Chip Select-Power Down Feature Allows: 

Analog "3-State" Operation 
Quiesent Current Reduction from 2.2mA to 350fLA 

PRODUCT DESCRIPTION 
The AD637 is a complete high accuracy monolithic rms to dc 
converter that computes the true rms value of any complex 
waveform. It offers performance that is unprecedented in inte
grated circuit rms to dc converters and comparable to discrete 
and modular techniques in accuracy, bandwidth and dynamic 
range. A crest factor compensation scheme in the AD637 permits 
measurements of signals with crest factors of up to 10 with less 
than 1% additional error. The circuit's wide bandwidth permits 
the measurement of signals up to 600kHz with inputs of 200m V 
rms and up to 8MHz when the input levels are above 2V rms. 

As with previous monolithic rms converters from Analog Devices, 
the AD637 has an auxiliary dB output available to the user. The 
logarithm of the rms output signal is brought out to 'a separate 
pin allowing direct dB measurement with a useful range of 
60dB. An externally programmed reference current allows the 
user to select the OdB reference voltage to correspond to any 
level between O.IV and 2.0V rms. 

A chip select connection on the AD637 permIts the user to 
decrease the supply current from 2.2mA to 350J.LA during periods 
when the rms function is not in use. This feature facilitates the 
addition of precision rms measurement to remote or hand-held 
applications where minimum power consumption is critical. In 
addition when the AD637 is powered down the output goes to a 
high impedance state. This allows several AD637s to be tied 
together to form a wide-band true rms multiplexer. 

The input circuitry of the AD637 is protected from overload 
voltages that are in excess of the supply levels. The inputs will 
not be damaged by input signals if the supply voltages are lost. 

High Precision 
Wideband rms-to-dc Converter 

AD637 I 

AD637 FUNCTIONAL BLOCK DIAGRAM 

The AD637 is available in two accuracy grades (J, K) for com
mercial (0 to + 70°C) temperature range applications and one 
(S) rated over the - 55°C to + 125°C temperature range. All 
versions are available in ceramic I4-lead DIP packages. 

PRODUCT HIGHLIGHTS 
1. The AD637 computes the true root-mean-square, mean square, 

or absolute value of any complex ac (or ac plus dc) input 
waveform and gives an equivalent dc output voltage. The 
true rms value of a waveform is more useful than an average 
rectified signal since it relates directly to the power of the 
signal. The rms value of a statistical signal is also related to 
the standard deviation of the signal. 

2. The AD637 is laser wafer trimmed to achieve rated performance 
without external trimming. The only external component 
required is a capacitor which sets the averaging time period. 
The value of this capacitor also determines low frequency 
accuracy, ripple level and settling time. 

3. The chip select feature of the AD637 permits the user to 
power down the device down during periods of nonuse, 
thereby, decreasing battery drain in remote or hand-held 
applications. 

4. The on-chip buffer amplifier can be used as either an input 
buffer or in an active filter configuration. The filter can be 
used to reduce the amount of ac ripple, thereby, increasing 
the accuracy of the measurement. 
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SPECIFICATIONS (@ +25OC, and ±15V de unless otherwise noted) 
Model AD637AJ AD637AK AD637AS 

Min Typ Max Min Typ Max Min Typ Max Units 

TRANSFER FUNCTION VOUT = Yavg.{VINi VOUT = Yavg.{V1Ni VOUT = Yavg.{VIN)z 

CONVERSION ACCURACY 
Total Error, Internal Trim' (Fig. 2)' ±I ±O.S ±0.S±0.2 ± 1 ±O.S mV:;:%ofReading' 

TmintoTmu ±3.0 ±0.6 ±2.0 ±0.3 ±6 ±0.7 mV:;:%ofReading 
vs. Supply + 30 ISO 30 ISO 30 ISO ,uv 
vs. Supply- 100 300 100 300 100 300 ",IV 
dc Reversal Error 0.25 0.1 0.25 % of Reading 

Nonlinearity 2V Full Scale' 0.04 0.02 0.04 %ofFSR 
Nonlinearity 7V Full Scale 0.05 0.05 0.05 %ofFSR 
Total Error, External Trim :;:0.5 :;:0.1 :;:0.25 :;:0.05 :;:0.5 :;:0.1 mV:;:%ofReading 

ERROR VS. CREST FACTOR' 

Crest Factor I t02 Specified Accuracy Specified Accuracy Specified Accuracy 

Crest Factor = ~ :;:0.1 :;:0.1 :;:0.1 % of Reading 
Crest Factor = 10 :;: 1.0 :;: 1.0 :;: 1.0 %ofReading 

AVERAGING TIME CONSTANT 25 25 25 msl",FCAV 

INPUT CHARACTERISTICS 
Signal Range, :;: 15V Supply 

Continuousrms Level Ot07 Ot07 Ot07 Vrms 
Peak Transient Input :;:15 :;:15 :;:15 Vp-p 

Signal Range, :;: 5V Supply 
Continuous nns Level Ot04 Ot04 Ot04 Vrms 
Peak Transient Input :;:6 :;:6 :;:6 Vp-p 

Maximum Continuous Non-Destructive 
Input Level {All Supply Voltages) :;: 15 :;:15 :;:15 Vp-p 

Input Resistance S S S kfl 
Input Offset Voltage ±O.S ±0.2 ±O.S mV 

FREQUENCY RESPONSE' 
Bandwidth for 1% additional error{O.ldB) 

V'N-20mV 11 11 11 kHz 

VIN=200mV 66 66 66 kHz 
VIN=2V 97 200 200 kHz 
= 3dB Bandwidth 

VIN= 20mV 150 150 150 kHz 
VIN=200mV I I I MHz 
VIN=2V S S S MHz 

OUTPUT CHARACTERISTICS 
Offset Voltage :;:1 :;:0.5 :;:1 mV 

vs. Temperature :;:0.05 :;:0.05 :;:0.05 mVrC 
Voltage Swing, :;: 15V Supply, 

2kOLoad Oto +13_5 Oto + 13.5 Oto +13.5 V 
Voltage Swing, :;: 5V Supply, 

2kOLoad Oto +2 Oto +2 Oto +2 V 
Output Current 5 5 5 rnA 
Short Circuit Current 20 20 20 rnA 
Resistance, Chip Select "High" 0.5 0.5 0.5 0 
Resistance, Chip Select "Low" 100 100 100 kO 

dB OUTPUT 
Error, V1N 7mVt07Vrms,OdB = IVrms :;:1 :;:1 :;:1 dB 
Scale Factor -3 -3 -3 mV/dB 
Scale Factor TC -0.3 -0.3 -0.3 % ofReadingrC 
IREFforOdB = IVrms 5 20 SO 5 20 SO 5 20 SO ",A 
IREFRange I 100 I 100 I 100 ",A 

BUFFER AMPLIFIER 
Input and Output Voltage Range -Vsto{+Vs -Vsto{+Vs -Vsto{+Vs' 

-2.5V) -2.5V) -2.5V) V 
Input Offset Voltage :;O.S ±2 :;:O.S ±I :;:O.S ±2 mV 
Input Current :;:2 ±IO :;:2 ±S :;:2 ±10 nA 
Inp::: Re::b=ce 10' 10· 10' 0 
Output Current {+5mA, {+5mA, (+5mA, 

-l3O",A) -BO",A) -BO",A) 
Short Circuit Current 20 20 20 rnA 
Small Signal Bandwidth 1 1 1 MHz 
Slew Rate5 5 5 5 V/",s 

DENOMINATOR INPUT 
Input Range Ot02 Ot02 Ot02 V 
Input Impedance 20 25 30 20 25 30 20 25 30 kO 
Offset Voltage ±O.S ±O.S ±O.S mV 

CHIP SELECT PROVISION (CS) 
rms "ON" Level Open or +2.4V<Vc< + Vs Openor +2.4V<Vc< +Vs Open or +2.4V<Vc< +Vs 
rms "OFF' Level Vc<+0.2V Vc<+0.2V Vc<+0.2V 
loUT of Chip Select 

CS"LOW" 10 10 10 ",A 
CS"HIGH" Zero Zero Zero 

On Time 10"" + ({25kO)x CAV) 10"" + ({25kO) x CAY) lO",s + ((25kO) x CAY) 

Off Time 10",s+ {(2SkO)x CAV). 10",,+ «25kO) x CAV) 10",,+ {(2SkO) x CAV) 
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Model AD637AJ 
Min Typ 

POWER SUPPLY 
Operating Voltage Range :!:3.0 
Quie.cen t Current 2.2 
Standby Current 350 

NOTES 
I Accuracy specified 0-7V rms de witb AD637 connected as .bown in Figure I. 
'Nonlinearity is defined as tbe maximum deviation from the straight line 
connecting the readings at IOmVand2V. 

AD637AK 

Max Min Typ Max 

:!:18 :!:3.0 :!:18 

3 2.2 3 
450 350 450 

'Error vs. crest factor isspecified as additional error for IV rms. 
4Inpu[ voltages arc expressed in volts rms. % are in % of reading. 
'Witb externa12kfl pull down resistortied to - V s. 
Specifications subject to change without notice. 

ORDERING GUIDE 

Package l 

Min 

:!:3 

Model 

1\U6:f/JU 
AD637KD 
AD637SD 

Temperature 

Uto +7UVC 

Oto + 70°C 
- 55°C to + 125°C 

Ceramic DIP CD 14A) 
Ceramic DIP(D14A) 
Ceramic DIP (D14A) 

NOTE 
ISee Section 19 for package outline information. 

I 
BUFFER I BUFF IN 1 ~----~ 

AMPLIFIER I 

I 
I 

-------------~ 
24kll 1,--' I 

ABSOLUTE VALUE VOLTAGE
CURENT CONVERTER 

ONE QUADRANT 
SQUARER/DIVIDER 

Figure 1. Simplified Schematic 

AD637AS 
Typ Max 

:!: 18 
2.2 3 
350 450 

RMS 
OUT 

DEN 
INPUT 

OUTPUT 
OFFSET 

Units 

V 
rnA 
rnA 
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FUNCTIONAL DESCRIPTION 
The AD637 embodies an implicit solution of the rms equation 
that overcomes the inherent limitations of straightforward rms 
computation. The actual computation performed by the AD637 
follows the equation 

[ 
VIN2 1 

V rms=Avg . V rms 

Figure 1 is a simplified schematic of the AD637, it is subdivided 
into four major sections; absolute value circuit (active rectifier), 
square/divider, filter circuit and buffer amplifier. The input 
voltage VIN which can be ac or de is converted to a unipolar 
current 11 by the active rectifier AI, A2. II drives one input of 
the squarer divider which has the transfer function 

112 
14=-

13 

The output current of the squarer/divider, 14 drives A4 which 
forms a low pass filter with the external averaging capacitor. If 
the RC time constant of the filter is much greater than the 
longest period of the input signal than A4s outpUt will be pro
portional to the average of 14. The output of this filter amplifier 
is used by A3 to provide the denominator current 13 which 
equals Avg. 14 and is returned to the squarer/divider to complete 
the implicit rms computation. 

14 = A vg [ ~~2 ] = 11 rms 

and 

VOUT = VIN rms 

If the averaging capacitor is omitted the AD637 will compute 
the absolute value of the input signal. A nominal 100pF capacitor 
should be used to insure stability. The circuit operates identically 
to that of the rms configuration except that 13 is now equal to 
14 giving 

112 
14=-

14 

14= lId 
The denominator current can also be supplied externally by 
p~oviding a reference voltage, V REF, to pin 6. The circuit operates 
identically to the rms case except that 13 is now proportional to 
VREF• Thus: 

1\2 
14 = Avg l;-

and 

VIN2 
Vo=-

VDEN 

This is the mean square of the input signal. 

Figure 2. Standard rms Connection 
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STANDARD CONNECTION 
The AD637 is simple to connect for a majority of rms measure
ments. In the standard rms connection shown in Figure 2, only 
a single external capacitor is required to set the averaging time 
constant. In this configuration, the AD637 will compute the 
true rms of any input signal. An averaging error, the magnitude 
of which will be dependent on the value of the averaging capacitor 
will be present at low frequencies. For example, if the filter 
capacitor CAY, is 4J.1F this error will be 0.1 % at 10Hz and decreases 
to 1% at 3Hz. If it is desired to measure only ac signals the 
AD637 can be ac coupled through the addition of a nonpolar 
capacitor in series with the input as shown in Figure 2. 

The performance of the AD637 is tolerant of minor variations in 
the power supply voltages, however, if the supplies being used 
exhibit a considerable amount of high frequency ripple it is 
advisable to bypass both supplies to ground through a 0.1 J.1F 
ceramic disc capacitor placed as close to the device as possible. 

The output signal range of the AD637 is a function of the supply 
voltages, as shown in Figure 3. The output signal can be used 
buffered or nonbuffered depending on the characteristics of the 
load. The output of the AD637 is capable of driving SmA into a 
2kO load without degrading the accuracy of the device. 

20 

'C 

0 
15 ...J 

N 

::: 
0 
> 

I 10 

/ 
/v 

~ 

~ 
)( 
<t 
:; / 
II) 
u / 

±3 :t5 :10 :15 :18 

SUPPLY VOLTAGE - DUAL SUPPLY - Volts 

Figure 3. AD637 max VOUT vs. Supply Voltage 

CHIP SELECT 
The AD637 includes a chip select feature which allows the user 
to decrease the quiescent current of the device from 2.2mA to 
350J.1A. This is done by driving the CS, pin 5, to below 0.2V 
de. Under these conditions, the output will go into a high im
pedance state. In addition to lowering power consumption, this 
feature permits bussing the outputs of a number of AD637s to 
form a wide bandwidth rms multiplexer. If the chip select is not 
being used, pin 5 should be tied high or left floating. 

OPTIONAL TRIMS FOR HIGH ACCURACY 
The AD637 includes provisions to allow the user to trim out 
both output offset and scale factor errors. These trims will 
result in significant reduction in the maximum total error as 
shown in Figure 4. This remaining error is due to a nontrimmable 
input offset in the absolute value circuit and the irreducible 
nonlinearity of the device. 

The trimming procedure on the AD637 is as follows: 

1. Ground the input signal, VIN and adjust Rl to give OV output 
from pin 9. Alternatively Rl can be adjusted to give the 
correct output with the lowest expected value of VIN . 

2. Connect the desired full scale input to VIN, using either a de 
or a calibrated ac signal, trim R3 to give the correct output 
at pin 9, i.e., IV de should give 1.000V de output. Of course, 
a 2V peak-to-peak sine wave should give 0.707V de output. 
Remaining errors are due to the nonlinearity. 



5.0 L-_---l __ ---L __ -..J ___ ...J 

2.0 

INPUT LEVEL - Volts 

Figure 4. Max Total Error vs. Input Level AD637K Internal 
and External Trims 

+V. 

OUTPUT R'! 
OFFSET 50kl 

-v. 

SCALE FACTOR 
%2% 

R4 
,4711 

1--'V'oI ........ --oV'N 

Figure 5. Optional External Gain and Offset Trims 

CHOOSING THE AVERAGING TIME CONSTANT 
The AD637 will compute the true rms value of both dc and ac 
input signals. At dc the output will track the absolute value of 
the input exactly; with ac signals the AD637's output will approach 
the true rms value of the input. The deviation from the ideal 
rms value is due to an averaging error. The averaging error is 
comprised of an ac and dc component. Both components are 
functions of input signal frequency f, and the averaging time 
constant 'I" ('I": 2Sms/fJ.F of averaging capacitance). As shown in 
Figure 6, the averaging error is defined as the peak value of the 
ac component, ripple, plus the value of the dc error. 

Eo 

IDEAL 
Eo 

foc ERROR = AVERAGE OF OUTPUT-IDEAL 

~~~~~~-L __ ~_ 

.:: .:r-=-:: 1A;ERAGING ERROR 

DOUBLE-FREQUENCY 
RIPPLE 

TIME 

Figure 6. Typical Output Waveform for a Sinusoidal Input 

The peak value of the ac ripple component of the averaging 
error is defined approximately by the relationship: 

6.~~f in % of reading where ('I"> lit) 

This ripple can add a significant amount of uncertainty to the 
accuracy of the measurement being made. The uncertainty can 
be significantly reduced through the use of a post filtering network 
or by increasing the· value of the averaging capacitor. 

The dc error appears as a frequency dependent offset at the 
output of the AD637 and follows the equation: 

- __ ::.I_-
2n

- in % of reading 
0.16 + 6.4,. .-

Since the averaging time constant, set by CAY, directly sets the 
time that the rms converter "holds" the input signal during 

, computation, the magnitude of the dc error is determined only 
by CAY and will not be affected by post filtering. 
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Figure 7. Comparison of Percent dc Error to the Percent 
Peak Ripple over Frequency Using the AD637 in the Standard 
rms Connection with a lJ-1.F CAV 

The ac ripple component of averaging error can be greatly reduced 
by increasing the value of the averaging capacitor. There are 
two major disadvantages to this: first, the value of the averaging 
capacitor will become extremely large and second, the settling 
time of the AD637 increases in direct proportion to the value of 
the averaging capacitor (Ts = 11Sms/f.LF of averaging capacitance). 
A preferrable method of reducing the ripple is through the use 
of the post filter network, shown in Figure 8. This network can 
be used in either a one or two pole configuration. For most 
applications the single pole filter will give the best overall com
promise between ripple and settling time. 

R, 
24kU 

Figurf! 8. Two Pole Sal/en-Key Filter 

RMS 
OUTPUT 

FOR' POLE 
FilTER, SHORT 

RICANO 
REMOVE Cl 
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Figure 9a shows values of CAY and the corresponding averaging 
error as a function of sine-wave frequency for the standard rms 
connection. The II};) settling time is shown on the right side of 
the graph. . 

Figure 9b shows the relationship between averaging error, signal 
frequency settling time and averaging capacitor value. This 
graph is drawn for filter capacitor values of 3.3 times the averaging 
capacitor value. This ratio sets the magnitude of the ac and dc 
errors equal at SOHz. As an example, by using a 1 flF averaging 
capacitor and a 3.3flF filter capacitor the ripple for a 60Hz 
input signal will be reduced from S.3% of reading using the 
averaging capacitor alone to O.IS% using the single pole filter. 
This gives a factor of thirty reduction in ripple and yet the 
settling time would only increase by a factor of three. The values 
of CAY and C 2, the filter capacitor, can be calculated for the 
desired value of averaging error and settling time by using 
Figure 9b. 
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The symmetry of the input signal also has an effect on the mag
nitude of the averaging error. Table I gives practical component 
values for various types of 60Hz input signals. These capacitor 
values can be directly scaled for frequencies other than 60Hz, 
i.e., for 30Hz double these values, for 120Hz they are halved. 

Absolute Value 
Circuit Waveform 
and Period 

112T 

A __ ¥~~ __ ~_ 
Symmetrical Sine Wave 

--~-~~--~--
SineWavewithdcOffset 

c ft~Jt~~ 1tT~~Jt_ 
Pulse T,ain Waveform 

~T- ifJL 
o ibJk _______ ~ ______ _ 

Minimum 
R)(C ... v 
Time 
Constant 

1011-Tll 

10(1-2T21 

Recommended C ... vand CZ 
Values for 1% Ave,aging 
E,rorr,,60HzwithT=166ms 10;. 

~~~~;II~dended ~!!~:.~d~nded ~i-:~ing 
V.lueC"v V.lueC2 

O.4111F 

2.71lF 

~ 67sec 

Table I. Practical Values of CAV and C2 for Various Input 
Waveforms 

For applications that are extremely sensitive to ripple, the two 
pole configuration is suggested. This configuration will mini
mize capacitor values and settling time while maximizing 
performance. 

Figure 9c can be used to determine the required value of CAY, 

C2 and C3 for the desired level of ripple and settling time. 

FREQUENCY RESPONSE 
The frequency response of the AD637 at various signal levels is 
shown in Figure 10. The dashed lines show the upper frequency 
limits for 1%, 10% and ± 3dB of additional error. For example, 
note that for 1% additional error with a 2V rms input the highest 
frequency allowable is 200kHz. A-200mV signal can be measured 
with 1% error at signal frequencies up to 100kHz. 

0 
llTI vI"'-

7V RMS INPUT J....C ...... 
2V RMS INPUT , \ .. 
1V RMS INPUT I 

:> 0 

, 

,l]]LT , .. 1(.: ~~ 
I " I " '~3dB , 

JJJ /1) 
" " ." f'\ " RMS INPUT ...... '" " , 

111 
1.'1'-.. 

Figure 10. Frequency Response 

To take full advantage of the wide bandwidth of the AD637 
care must be taken in the selection of the input buffer amplifier. 
To insure that the input signal is accurately presented to the 
converter, the input buffer must have a - 3dB bandwidth that 
is wider than that of the AD637. A point that should not be 
overlooked is the importance of slew rate in this application. 
For example, the minimum slew rate required for a IV rms 
SMHz sine-wave input signal is 44V/flS. The user is cautioned 
that this is the minimum rising or falling slew rate and that care 
must be exercised in the selection of the buffer amplifier as 



some amplifiers exhibit a two-to-one diffcrence bctween rising 
and falling slew rates. The AD38l- is recommended as a precision 
input buffer. 

AC MEASUREMENT ACCURACY AND CREST FACTOR 
Crest factor is often overlooked in determining the accuracy of 
an ac measurement. Crest factor is defined as the ratio of the 
peak signal amplitude to the rms value of the signal (C.F. = 

V JV rms). Most common waveforms, such as sine and triangle 
waves, have relatively low crest factors (::52). Waveforms which 
resemble low duty cycle pulse trains, such as those occurring in 
switching power supplies and SCR circuits, have high crest 
factors. For example, a rectangular pulse train with a 1% duty 
cycle has a crest factor of 10 (C.F. = 11\/,1). 

lJ--T--j 

o~ 
f1 • DUTY CYCLE • ~ 

.IN (rms) • 1 V~t rm. 

100/011 

0.01

1

1..-___ .1-___ --1. ___ --.1 

PULSE WIDTH - "., 

Figure 11. AD637 Error VS. Pulse Width Rectangular Pulse 

Figure 12 is a curve of additional reading error for the AD637 
for a I volt rms input signal with crest factors from 1 to 11. A 
rectangular pulse train (pulse width 1OOflS) was used for this 
test since it is the worst-case waveform for rms measurement 
(all the energy is contained in the peaks). The duty cycle and 
peak amplitude were varied to produce crest factors from. 1 to 

10 while maintaining a constant 1 volt rms input amplitude. 
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Figure 12. Additonal Error vs. Crest Factor 
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Figure 13. Error vs. rms Input Level for Three Common 
Crest Factors 

CONNECTION FOR dB OUTPUT 
Another feature of the AD637 is the logarithmic or decibel 
output. The internal circuit which computes dB works well over 
a 60dB range. The connection for dB measurement is shown in 
Figure 14. The user selects the OdB level by setting RI for the 
proper OdB reference current (which is set to exactly cancel the 
log outpu~ current from the squarer/divider circuit at the desired 
OdB point). The external op amp is used to provide a more 
convenient scale and to allow compensation of the 0.3%;oC 
temperature drift of the dB circuit. The special T.C. resistor R3 
is available from Tel Labs in Londenderry, New Hampshire 
(model Q-81) and from Precision Resistor Inc., Hillside, N.J. 
(model PTI46). 

Figure 14. dB Connection 

dB CALIBRATION 
1. Set VIN = 1.00V dc 

2. Adjust Rl for OdB out =' O.OOV 

3. Set VIN = O.IV dc 

4. Adjust R2 for dB out 2.00V 

-11111 + 3SOOppm 
TCRE~STORTElU.BSQ'1 
PRECISION RESISTOR PT1 ... 
OR EQUIVALENT 

Any other dB reference can be used by setting VIN and RI 
accordingly. 
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LOW FREQUENCY MEASUREMENTS 
If the frequem:ies of the signals to be measured are below 10Hz, 
the value of the avcraging capacitor rcquircd to deliver even 1% 
averaging error in the standard rms connection becomes extremely 
large. The circuit shown in Figure 15 shows an alternative method 
of obtaining low frequency rms measurements. The averaging 
time constant is determined by the product of R and CAY), in 
this circuit O.sms/l-lF of CAY. This circuit permits a 20:1 reduction 
in the value of the averaging capacitor, permitting the use of 
high quality tantalum capacitors. It is suggested that the two 
pole Sallen-Key filter shown in the diagram be used to obtain a 
low ripple level and minimize the value of the averaging 
capacitor. 

Figure 15. AD637 as a Low Frequency rms Converter 

If the frequency of interest is below 1Hz, or if the value of the 
averaging capacitor is still too large, the 20: 1 ratio can be increased. 
This is accomplished by increasing the value of R. If this is 
done it is suggested that a low input current, ,low offset voltage 
amplifier like the ADs42 be used instead of the internal buffer 
amplifier. This is necessary to minimize the offset error introduced 
by the combination of amplifier input currents and the larger 
resistance. 
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VECTOR SUMMATION 
Vector summation can be accomplished through the use of two 
AD637s as shown in Figure 16. Here the averaging capacitors 
are omitted (nominal 100pF capacitors are used to insure stability 
of the filter amplifier), and the outputs arc summed as shown. 
The output of the circuit is 

EXPANDABLE 

~---------o ~------------, 

....... -----------------------4--oVOUl= \ V.' + v.' 

Figure 16. AD637 Vector Sum Configuration 

This concept can be expanded to include additional terms by 
feeding the signal from pin 9 of each additional AD637 through 
a 10k!! resistor to the summing junction of the ADs44, and 
tying all of the denominator inputs (pin 6) together. 

If CAY is added to ICI in this configuration the output is 

VVX
2 + V/ If the averaging capacitor is included on both 

ICI and IC2 the output will be Vvl + Vy 
2 

This circuit has a dynamic range of lOV to 10m V and is limited 
only by the O.smV offset voltage of the AD637. The useful 
bandwidth is 100kHz. 
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Selection Guide 
Voltage References 

Output Voltage Range 1.235V 
2.5V 
5.0V 
7.5V 
+10.00V 
-10.00V 
±10.00V 

Output Voltage Tolerance ~±O.4% 
QO.05% 
QO.025% 
~±O.OI2% 

Temperature Stability ~25ppm/oC 
~lOppm/C 
~5ppm/C 
~lppm/oC 

Temperature Range o to +70°C 
-25°C to +85°C 
-55°C to +125°C 

Package Style Hermetic Package 
Plastic Package 

Dice Available 

Volume I 
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A voltage reference is used to provide an accurately known 
voltage which can be utilized ina circuit or system. For ex
ample, measurement systeins rely on precision references in 
order to establish a basis for absolute measurement accuracy. 
Any reference inaccuracy will undermine the accuracy of the 
overall system. Thus, ideal references are characterized by ac
curately set (and traceable to recognized fundamental stand
ards) constant output voltage, independent of temperature, 
load changes, input voltage variation. and time. 

Types of References 
The majority of available IC reference circuits use the band
gap principle: the VBE of any silicon transistor has a negative 
tempco of about 2mV/C, which can be extrapolated to ap
proximately 1.2 volts at absolute zero (the bandgap voltage 
of silicon). Since identical transistors operating at constant cur
rent densities will have predictably different temperature coef
ficients of base-emitter voltage, it is possible to arrange circuit 
elements so as to null out the temperature coefficients asso
ciated with the two phenomena and produce a constant voltage 
(usually 1.2 volts). This temperature-invariant voltage can be 
arriplified and buffered to produce a standard voltage value, 
such as 2.SV or 10.OV. The bandgap types catalogued here 
include the ADl403 and the ADS80 (2.SV), the ADS81 
(lO.OV), and the multi-output ADS84 (2.5,5.0,7.5, and/or 
lO.OV). 

Another popular form of reference circuit uses a selected low
d~ift Zener diode, followed by a buffer-amplifier-and-precision
gain stage to provide a standard output voltage. The AD2710, 
AD2712 famUiesprovide +IOV and ±IOV (dual output) using 
this technique. Laser-trimmed thin-film resistors are essential 
to secure ±lmV accuracy and ±lppm/C max drift in these 
hybrid devices. 

The ADS89 family are two-terminal 1.2V bandgap ICs used 
like Zener diodes. They are ideally suited to battery-powered 
instruments or portable equipment where low power consump
tion (and often low supply voltages) are essential. Power re
quirements as low as 601J,W, combined with low temperature 
drift, provide precision performance at low cost. 

Orientation 
Voltage References 

Defin~tions of Specifications 
Line regulation. The change in output v~ltage due to a speci
fied change in input voltage. It is usually expressed in percent 
per volt or microvolts per volt of input change. 

Load regulation. The change in output voltage for a specified 
change in load current. It is generally expressed in microvolts 
per milliampere, or ohms of dc output resistance. This specifi
cation includes the afect of self-heating due to increased 
__ ._._ .• ..1: __ ~._ .' •• _ • 1 ., 1 1 

pUYH.l U':>:>'Pd.l1UU d.L U'~Ut:1 luau l:Urn:Ul:S. 

Output voltage tolerance. The deviation from the nominal out
put voltage at 25°C and specified input voltage as measured by 
a device traceable to a recognized fundamental voltage standard. 

Output voltage change with temperature. The change in out
put voltage from the value at 25°C ambient; it is independent 
of variations in the other operating conditions. Analog Devices 
specifies both an error band and an equivalent temperature 
coefficient (in ppm/C) for most references. The error band 
(e.g., ±SmV, -55°C to +12SoC), is defined graphically in terms 
of a box (voltage vertically, temperature horizontally) whose 
diagonals extend from 2SoC to Tmax and 25°C to Tmin, with a 
slope equal to the stated temperature coefficient. Thus, the 
total absolute error for a particular reference over its specified 
temperature range is equal to the output voltage tolerance at 
25°C plus the error band. 

Turn-on settling time. The time, from a cold start, for the 
reference output to settle within a specified error band. This 
definition relates only to the electrical turn-on of the chip, 
and does not include thermal settling time, which depends on 
the package, heat-sinking, and load-current change. 
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r.ANALOG 
WDEVICES 

FEATURES 
Laser Trimmed to Higher Accuracy: 2.500V ±o.4%, Improved 

from ±1.0% (AD580M) 
3-Terminal Device: Voltage InNoltage Out 
Excellent Temperature Stability: 10ppmfC (AD580M, U) 
Excellent Long Term Stability: 250llV (251lV /Month) 
Low Quiescent Current: 1.5mA max 
Small, Hermetic IC Package: TO-52 Can 

PRODUCT DESCRIPTION 
The AD580 is an improved three-terminal, low cost, tempera
ture compensated, bandgap voltage reference which provides 
a fixed 2.5V output for inputs between 4.5V and 30V. A 
unique combination of advanced circuit design and laser
wafer-trimmed thin-film resistors provide the AD5BO with an 
improved initial tolerance of iO.4%, a temperature stability of 
better than 10ppmfC and· long term stability of better than 
2501lV. In addition, the low quiescent current drain of 1.5mA 
max offers a clear advantage over classical zener techniques. 

The AD5BO is recommended as a stable reference for allB-, 
10- and 12-bit D-to-A converters that require an external refer
ence. In addition, the wide input range of the AD5BO allows 
operation with 5 volt logic supplies making the AD5BO ideal 
for digital panel meter applications or whenever only a single 
logic power supply is available. 

The AD5BOJ, K, L and M are specified for operation over the 
o to +70oC temperature range; the AD5BOS, T and U are speci
fied for operation over the extended temperature range of 
_SSoC to +125°C. 

·Covered by Patent NOl. 3,887,8631 RE30,586. 

High Precision 
2.5 Volt Ie Reference 

AD580* I 
AD5BO FUNCTIONAL BLOCK DIAGRAM 

TO-52 

BOTTOM VIEW 

PRODUCT HIGHLIGHTS 
1. Laser-trimming the thin-film resistors has reduced the 

AD580 output error. For example, AD580L output 
tolerance is now ±lOmV, improved from ±50mV. 

2. The three-terminal voltage in/voltage out operation of the 
AD5BO provides regulated output voltage without any 
external components. 

3. The AD5BO provides a stable 2.5V output voltage for 
input voltages between 4.5V and 30V. The capability to 
provide a stable output voltage using a 5-volt input makes 
the AD5BO an ideal choice for systems that contain a 
single logic power supply. 

4. Thin film resistor technology and tightly controlled bipolar 
processing provide the AD580 with temperature stabilities 
to 10ppmt'C and long term stability better than 2501lV. 

5. The low quiescent current drain of the AD580 makes it 
ideal for CMOS and other low power applications. 
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SPECIFICATIONS (@ EtN and 25OC) 

Model 

OUTPUT VOLTAGE TOLERANCE 
(Error from Nominal 2.500 Volt Output) 

OUTPUT VOLTAGE CHANGE 

Tmin to Tmu 

LINE REGULATION 
7VsVlNs30V 
4.5VsVlNs7V 

LOAD REGULATION 
AI=IOmA 

QUIESCENT CURRENT 

NOISE(O.IHzto 10Hz) 

STABILITY 
Long Term 
Per Month 

TEMPERATURE PERFORMANCE 
Specified 
Operating 
Storage 

PACKAGEOPTION'-TO-52 

Model 

OUTPUT VOLTAGE TOLERANCE 
(Error from Nominal 2.500 Volt Output) 

OUTPUT VOLTAGE CHANGE 
Tmin to Tmu 

LINE REGULATION 
7VsVlNs30V 
4.5VsVlNs7V 

LOAD REGULATION 
AI= 10mA 

QUIESCENT CURRENT 

NOISE (0. 1Hz to 10Hz) 

STABILITY 
LongTcrm 
Per Month 

TEMPERATURE PERFORMANCE 
Specified 
Operating 
Storage 

ABSOLUTE MAXIMUM RATINGS 
inPut Voltage 
Power Dissipation@ + 25·C 

Ambient Temperature 
Derate above '+ 2S"C 
LcadTcmpenrurc(Soldering,IOsee) 
Thermal Resistance 

Junction-to-Casc 
Junction-ta-Ambient 

PACKAGEOPTION'-TO-52 

NOTES 
'See Section 19 for packqe out1ine information. 
Speciticationa subject to change without notice. 

ADSSOJ 
Min Tnt Max 

:t7S 

IS 
85 

I.S 6 
0.3 3 

10 

1.0 1.5 

60 

250 
25 

0 +70 
-55 +125 
-65 + 175 

ADS80JH 

ADSSOS 
Min Tnt Max 

:t2S 

2S 
55 

I.S 6 
0.3 3 

10 

1.0 1.5 

60 

250 
25 

-55 +125 
-55 +150 
-65 +175 

40V 

350mW 
2. BmWI"C 
300"C 

l00"C/W 
36O"C/W 

ADSBOSH 

SpedflClltiona shown in boldface arc tested on all production units at fmal electri
cal test. Results from those tests arc uaed to calculate outgoing quality levels. AU 
min and max speciflClltions arc guaranteed, although only those shown in 
boldface arc tested on all production units. 
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Min 

0 
-55 
-65 

Min 

-55 
-55 
-65 

ADSSOK ADSSOL ADSSOM 
Typ Max Min Typ Max Min Typ Max Units 

:t2S :tID :tID mV 

7 4.3 I.7S mV 
40 25 10 ppmf'C 

I.S 4 2 2 mV 
0.3 2 I I mV 

10 10 10 mV 

1.0 1.5 1.0 I.S 1.0 I.S rnA 

60 60 60 .. V(P-p) 

250 . 250 250 .. v 
25 25 25 .. v 

+70 0 +70 0 +70 "C 
+125 -55 +125 -55 + 125 "C 
+175 -65 +175 -65 + 175 "C 

ADS80KH ADS80LH ADS80MH 

ADSSOT ADSSOU 
Typ Max Min Tnt Max Units 

:t10 :t10 mV 

II 4.5 mV 
25 10 ppmf'C 

2 2 mV 
I I mV 

10 10 mV 

1.0 1.5 1.0 1.5 rnA 

60 60 .. V (p-p) 

250 250 .. V 
25 25 .. V 

+125 -55 + 125 "C 

+150 -55 +150 "C 
+175 -65 +175 "C 

ADS BOTH AD580UH 



THEORY OF OPERATION 
Most precision IC references use complex multichip hybrid 
designs based on expensive temperature-compensated zener 
diodes. Others are monolithic with on-chip zener diodes; these 
often require more than one power supply and, with the zener 
breakdown occuring near 6.3 volts, will not operate from a 
low voltage logic supply. 

The AD580 family (AD580, AD581, AD584, AD589) uses 
the "bandgap" concept to produce a stable, low-temperature
coefficient voltage reference suitable for high accuracy data
acquisition components and systems. The device makes use 
of the underlying physical nature of a silicon transistor base
emitter voltage in the forward-biased operating region. All 
such transistors have approximately a -2mVtC temperature 
coefficient, unsuitabie for use directiy as a iow Ie reference; 
however, extrapolation of the temperature characteristic of 
anyone of these devices to absolute zero (with emitter cur
rent proportional to absolute temperature) reveals that it will 
go to a VSE of 1.205 volts OK, as shown in Figu're 1. Thus, 
if a voltage could be developed with an opposing temperatUre ' 
coefficient to sum with VSE to total 1.205 volts, a zero-TC 
reference would result and operation from a single, low-voltage 
supply would be possible. The AD580 circuit provides such a 
compensating voltage, Vl in Figure 2, by driving two transis
tors at different current densities and amplifying the resulting 
VSE difference (~VSE - which now has a positive TC); the 
sum (Vz) is then buffered and amplified up to 2.5 volts to pro
vide a usable reference-voltage output. Figure 3 is the sche
matic diagram of the AD580. 

The AD580 operates as a three-terminal reference, that 
means that no additional components are required for biasing 
or current setting. The connection diagram, Figure 4 is quite 
simple. 

I~V~--~------~------~------' 

I.21J6V 
~;.:;::::~ :.'~-"-

I.OV f------1~~:---+----+-----I 

~ g 
~ 

~ o~v f-------1-----+---:::;;...,:::..,...«..:....~-.::-=I 

. .-::. ::-::::; ... , 
ov .,"-
,·273·C -20Q'C -IOO'C O'C lOO'C 

OK 73K 173K IDK 373K 

TEMPERATURE 

Figure 1. Extrapolated Variation of Base·Emitter Voltage with 
Temperature (lEaT), and Required Compensation, Shown for 
Two Different Devices 

+V'N--_--_-...... -
RS 

VOUT • VZ(l + ~) ·2.5V 

J--.:::-+-,-----.. ~V, - VBe +V, 

RS • VBE + 2-i;6VBE 

• VaE +2-i;4In~ 
·1206V 

Figure 2. Basic Bandgap-Reference Regulator Circuit 

Applying the AD580 

Figure 3. AD580 Schematic Diagram 

AD580 

-E 

EOUT~ 
LOAD 

Figure 4. AD580 Connection Diagram 

VOLTAGE VARIATION VS. TEMPERATURE 
Some confusion exists in the area of defining and specifying 
reference voltage error over temperature. Historically, refer
ences are characterized using a maximum deviation per degree 
Centigrade; i.e., 10ppmtC. However, because of the incon
sistent nonlinearities in zener references (butterfly or "S" 
type characteristics), most manufacturers use a maximum 
limit error band approach to characterize their references. 
This technique measures the output voltage at 3 to 5 different 
temperatures and guarantees that the output voltage deviation 
will fall within the guaranteed error band at these discrete 
temperatures. This approach, of courSe, makes no mention or 
guarantee of performance at any other temperature within the 
operating temperature range of the device . 

The consistent Voltage vs. Temperature performance of a typi
cal AD580 is shown in Figure 5. Note that the characteristic 
is quasi-parabolic, not the possible "s" type characteristics of 
classical zener references. This parabolic characteristic permits 
a maximum output deviation specification over the device's 
full operating temperature range, rather than just at 3 to 5 
discrete temperatures. . 

I 
•••••••• ~--•• -+--~--.• ~ •••• t----i 

i5~ ..... 
f-----f----+-~~~--+--+--~~ 

~r 

.... 

TEMPERATURE _·c 

Figure 5. Typical AD580K Output Voltage vs. Temperature 
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The ADS80M guarantees a maximum deviation of 1.7SmV 
over the 0 to +70

o
C temeerature range. This can be shown to 

be equivalent to 10ppm/C average maximum; i.e .... 

1.7SmV max 1 ° ° X -- = 10ppml C max average 
70 C 2.SV 

The ADS80 typically exhibits a variation of l.SmV over the 
power supply range of 7 to 30 volts. Figure 6 is a plot of 
ADS80 line rejection versus frequency. 

NOISE PERFORMANCE 
Figure 7 represents the peak-to-peak noise of the ADS80 
from 1Hz (3dB point) to a 3dB high end shown on the 
horizontal axis. Peak-to-peak noise from 1 Hz to 1MHz is 
approximately 600J.LV. 

THE ADS 80 AS A CURRENT LIMITER 
The ADS80 represents an excellent alternative to current 
limiter diodes which require factory-selection to achieve a 
desired current. This approach often results in temperature 
coefficients of l%/

o
C. The ADS80 approach is not limited 

0 
1 1 1 

~ 111 ~ := .. 23V pp - [~_ -~} ___ 

I-- E . 18.5V T AD580t tk .outp·p "~ Cc", "_,, "''',: <_, 
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Figure 6. AD580 Line Rejection Plot 
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Figure 7. Peak-to·Peak Output Noise vs. Frequency 

. 
soo"A 

10?= 

Figure 8. Input Current vs. Input Voltage (Integral Loads) 
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to a specially selected factory set current limit; it can be pro
grammed from 1 to lOrnA with the insertion of a single ex
ternal resistor. The approximate temperature coefficient of 
current limit for the ADS80 used in this mode is o.13%fC 
for ILiM = 1mA and 0.01 %fCfor ILiM = 13mA (see Figure 9). 
. Figure 8 displays the high output impedance of the ADS80 
used as a current limiter for ILiM = 1,2,3,4, SmA. 

i'" 2R5V + lmA 

Figure 9. A Two-Component Precision Current Limiter 

THE ADS80 AS A LOW POWER, LOW VOLTAGE PRE
CISION REFERENCE FOR DATA CONVERTERS 
The ADS80 has a number of features that make it ideally 
suited for use with AID and D/A data converters used in 
complex microprocessor-based systems. The calibrated 
2.500 volt output minimizes user trim requirements and 
allows operation from a single low voltage supply. Low 
power consumption (lmA quiescent current) is com~ 
mensurate with that of CMOS-type devices, while the low 
cost and small package complements the decreasing cost and 
size of the latest converters. 

Figure 10 shows the ADS80 used as a reference for the 
AD7S42 12-bit CMOS DAC with complete microprocessor 
interface. The ADS80 and the AD7S42 are specified to 
operate from a single 5 volt supply; this eliminates the need 
to provide a + 15 volt power supply for the sole purpose of 
operating a reference. The AD7S42 includes three 4-bit data 
registers, a 12-bit DAC register, and address decoding logic; 
it may' thus be interfaced directly to a 4-, 8- or 16-bit data bus. 
Only 8mA of quiescent current from the single +5 volt supply 
is required to operate the AD7S42 which is packaged in a 
small 16-pin DIP. The ADS44 output amplifier is also low 
power, requiring only 2.SmA quiescent current. Its laser
trimmed offset voltage preserves the ±1I2LSB linearity of 
the AD7S42KN without user trims and it typically settles 
to ±112 LSB in less than 3J.Ls. It will provide the 0 to -2.5 
volt output swing from ±s volt supplies. 

SYSTEM 
8-BIT DATA BUS 

+SV 

DOr-~--------~~, 

01 

02 

03 

ADO 

FROM SYSTE ... RESET 

FROM ADDRESS {AO 
BUS Al_----' 

FROM WR _--_--' 

FROM ADDRESS DECODER ------------' 

Figure 10. Low Power, Low Voltage Reference for the 
AD7542 Microprocessor-Compatible 12-8it DAC 



r.ANALOG 
WDEVICES 

FEATURES 
Laser-Trimmed to High Accuracy: 

10.000 Volts ±5mV (L and U) 
Trimmed Temperature Coefficient: 

5ppmfC max, 0 to +70oC (L) 
10ppmfC max, -55°C to +125°C (U) 

Excellent Long-Term Stability: 
25ppm/1000 hrs. (Non-Cumulative) 

Np.!!~tivp. 10 Vnlt Rp.fP.rp.nr.p. r~!l~hility 

Low Quiescent Current: 1.0mA max 
10mA Current Output Capability 
3-Terminal TO-5 Package 

PRODUCT DESCRIPTION 
The ADS81 is a three-terminal, temperature compensated, 
monolithic band-gap voltage reference which provides a pre
cise 10.00 volt output from an unregulated input level from 
12 to 30 volts. Laser Wafer Trimming (LWT) is used to trim 
both the initial error at +25°C as well as the temperature 
coefficient, which results in high precision performance pre
viously available only in expensive hybrids or oven-rc;pulated 
modules. The SmV initial error tolerance and Sppml C guar
anteed temperature coefficient of the ADS81L represent the 
best performance combination available in a monolithic volt
age reference. 

The band-gap circuit design used in the ADS81 offers several 
advantages over classical zener breakdown diode techniques. 
Most important, no external components are required to 
achieve full accuracy and stability of significance to low power 
systems. In addition, total supply current to the device, includ
ing the output buffer amplifier (which can supply up to lOrnA) 
is typically 7 SOJ,lA. The long-term stability of the band-gap 
design is equivalent or superior to selected zener reference 
diodes. 

The ADS81 is recommended for use as a reference for 8-, 10-
or 12-bit D/A converters which require an external precision ref
erence. The device is also ideal for all types of AID converters 
up to 14 bit accuracy, either successive approximation or inte
grating designs, and in general can offer better performance 
than that provided by standard self-contained references. 

The ADS81J, K, and L are specified for operation from 0 to 
+70°C; the ADS81S, T, and U are specified for the -SSoC to 
+12SoC range. All grades are packaged in a hermetically-
sealed three-terminal TO-S metal can. 

·Covered by Patent Nos. 3,887,863, RE 30,586 

High Precision 
10 Volt Ie Reference 

AD581* I 
AD581 PIN CONFIGURATION 

VOUTO 

~ 
TO-S . 

BOTTOM VIEW 

PRODUCT HIGHLIGHTS 
1. Laser trimming of both initial accuracy and temperature 

coefficient results in very low errors over temperature with
out the use of external components. The AD581L has a 
maximum deviation from 10.000 volts of ±7.2SmV from 
Oto +70

o
C, while the ADS81U guarantees±lSmV maximum 

total error without external trims from -SSoC to +12S°C. 

2. Since the laser trimming is done on the wafer prior to sepa
ration into individual chips, the ADS81 will be extremely 
valuable to hybrid designers for its ease of use, lack of 
required external trims, and inherent high performance. 

3. The ADS81 can also be operated in a two-terminal "Zener" 
mode to provide a precision negative 10 volt reference with 
just one external resistor to the unregulated supply. The per
formance in this mode is nearly equal to that of the stand
ard three-terminal configuration. 

4. Advanced circuit design using the band-gap concept allows 
the AD581 to give full performance with an unregulated in
put voltage down to 13 volts. With an external resistor, the 
device will operate with a supply as low as 11.4 volts. 
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,SPECIFICATIONS (@Vnt = + 15V and 25OC) 

Model 

OUTPUT VOLTAGE TOLERANCE 
(Error from nominall0,OOOV output) 

OUTPUT VOLTAGE CHANGE 
Maximum Deviation from + 25·C 
Value, TmintoTDIU 

(Temperature Coefficient) 

LINE REGULATION 
15V:5VIN:530V 

13V:5VIN:5l5V 

LOAD REGULATIqN 
O:5IouT:5SmA 

QUIESCENT CURRENT 

TURN-ON SETTLING TIME TO O. 1%1 

NOISE (0.1 to 10Hz) 

LONG-TERM STABILITY 

SHORT CIRCUIT CURRENT 

OUTPUT CURRENT 
Source@ +25·C 

Source T min to T DIU 
Sink T min to T DIU 
Sink - 55·C to + 85·C 

TEMPERATURE RANGE 
Specified 
Operating 

PACKAGE: TO-52 

NOTES 
1 See Figure 6. 
2See Section 19 for package outline information. 
Specifications subject to change without notice. 

ADS81J 
Min T~ Max 

±30 

±13.S 

30 

3.0 
(0.002) 
1.0 
(0.005) 

200 500 

0.75 1.0 

200 

SO 

2S 

30 

10 
5 
5 

-

0 +70 
-65 +150 

AD581]H 

Specifications shown in boldface are tested on all production units at fmal electri
cal test. Results from those tests are used to calculate outgoing quality levels. All 
min and max specifications are guaranteed, although only those shown in 
boldface are tested on all production units. ' 
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Min 

10 
5 
5 

-

0 
-65 

ADS81K ADS81L 
Typ Max Min Typ Max Units 

±10 ±S mV 

±6.7S ±2.2S mV 

15 5 ppml"C 

3.0 3.0 mV 
(0.002) (0.002) %N 
1.0 1.0 mV 
(0.005) (0.005) %N 

200 500 200 500 fJoV/mA 

0.75 1.0 0.75 1.0 mA 

200 200 fJos 

SO SO fJoV/p-p 

2S 2S ppmll000 hrs. 

30 30 mA 

10 mA 
5 mA 
5 fJoA 
- mA 

+70 0 +70 ·C 
+ 150 -65 + 150 ·C 

AD581KH AD58ILH 



Model ADS81S 

Min Typ Max 

OUTPUT VOLTAGE TOLERANCE 
(Errorfrom nominalIO,OOOVoutput) ±30 

OUTPUT VOLTAGE CHANGE 
Maximum Deviation from + 25°C ±30 

Value, TmintoTmax 
(Temperature Coefficient) 30 

LINE REGULATION 
15V:5V1N:530V 3.0 

(0.002) 
13V:5V1N:5ISV 1.0 

(0.005) 

LOAD REGULATION 

0:5 IouT::55rnA 200 500 

QUIESCENT CURRENT 0.75 1.0 

TURN-ON SETTLING TIME TO 0.1 %1 200 

NOISE(O.I to 10Hz) 50 

LONG-TERM STABILITY 25 

SHORT CIRCUIT CURRENT 30 

OUTPUT CURRENT 
Source @ + 25°C 10 

Source T min to T mu 5 
Sink T min to T max 200 
Sink - 55cC to + 85°C 5 

TEMPERATURE RANGE 
Specified -55 +125 
Operating -65 +150 

PACKAGE: TO-52 AD58ISH 

NOTES 
1 See Figure 6. 
2See Section 19 for package outline information. 

Specifications subject to change without notice. 
Specifications shown in boldface are tested on all production units at final electri
cal test. Results from those tests are used to calculate outgoing quality levels. All 
min and max specifications arc guaranteed, although only those shown in 
boldface arc tested on all production units. ' 

Min 

10 
5 
200 

5 

-55 
-65 

ADS81T AD58lU 

Typ Max Min Typ Max Units 

±IO ±S mV 

±IS ±IO mV 

IS 10 ppmrC 

3.0 3.0 mV 
(0.002) (0.002) %N 
1.0 1.0 mV 
(0.005) (0.005) %JV 

200 500 200 500 ILV/mA 

• 0.75 1.0 0.75 1.0 rnA 

200 200 ILS • 50 50 ILV/P-P 

25 25 ppm/IOOO hrs. 

30 30 rnA 

10 rnA 
5 rnA 
200 ILA 
5 rnA 

+125 -55 + 125 °c 

+ 150 -65 + 150 °C 

AD581TH AD581UH 

VOLTAGE REFERENCES VOL. I, 7-11 



Applying the AD581 
APPLYING THE ADS81 
The ADS81 is easy to use in virtually all precision reference 
applications. The three terminals are simply primary supply, 
ground, and output, with the case grounded. No external com
ponents are required even for high precision applications; the 
degree of desin:d absolute accuracy is achieved simply by 
selecting the required device grade. The ADS81 requires less 
than ImA quiescent current from an operating supply range 
of 12 to 30 volts. 

+12V TO+40V 

+10.00V 

Figure 1. AD581 Pin Configuration (Top View) 

An external fine trim may be desired to set the output level 
to exactly 10.000 volts within less than a millivolt (caIibrated 
to a main system reference). System calibration may also re
quire a reference slightly different from 10.00 volts. In either 
case, the optional trim circuit shown in Figure 2 can offset the 
output by up to ±30 millivolts (with the 2zn resistor), if 
needed, with minimal effect on other device characteristics. 

22il 
12il 
3.9n 

+10.00V 

+1SV 

-1SV 
4.3kH 

Figure 2. Optional Fine Trim Configuration 
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ABSOLUTE MAXIMUM RATING 
Input Voltage VIN to Ground ................... 40V 
Power Dissipation @ +Z5°C . .........•.•••.•. 600mW 
Operating Junction Temperature Range .... -55°C to +150°C 
Lead Temperature 

Soldering, lOsec ........................ 300°C 
Thermal Resistance 

Junction-to-Ambient . . . . . . . . . . . . . . . . . . . 150
u 
C/W 

Figure 3. Simplified Schematic 



VOLTAGE VARIATION vs. TEMPERATURE 
Some confusion exists in the area of defining and specifying 
reference voltage error over temperature. Historically, refer
ences have been characterized using a maximum deviation per 
degree Centigrade; i.e., 10ppm/oC. However, because of non
linearities in temperature characteristics, which originated in 
standard zener references (such as "s II type characteristics) 
most manufacturers have begun to use a maximum limit error 
band approach to specify devices. This technique involves 
measurement of the output at 3, 5 or more different tempera
tures to guarantee that the output voltage will fall within the 
given error band. The temperature characteristic of the AD581 
consistently follows the S-curve shown in Figure 4. Five-point 
measurement of each device guarantees the error band over the 
~~o_ .. 4""'~O,... '. ____ 6-1 •. _____ :_ ... __ ~ __ ~ •• ___ ~_ ... _ •• ___ ..................... 

-oJ,) \.." tU T.J.~J """ leU"O\;; UU\..\..-PUllU. l.l&\..a."-'Ul\,.UU .. U\. 5ua1"'l1L,,",""" 

the error band from 0 to +70
o
C. 

The error band which is guaranteed with the AD581 is the 
maximum deviation from the initial value at +25°C; this error 
band is of more use to a designer than one which simply guar
antees the maximum total change over the entire range (i.e., 
in the latter definition, all of the changes could occur in the 
positive direction). Thus, with a given grade of the AD581, the 
designer can easily determine t~e maximum total error from 
initial tolerance plus temperature variation (e.g., for the 
AD581T, the initial tolerance is ±10mV, the temperature error 
band is ±15mV, thus the unit is guaranteed to be 10.000 volts 
±25mV from -55°C to +125°C). 

VOUT - 10.000 
Volta 

9._ 

~ 

," 
~,..... r-.. ..... 

~ 
~ r--.. :."...----

-55-60 -40 -30 -20 -10 0 10 20 30 40 50 60 70 80 90 100 110 120125 

TEMPERATURE _ °c 

OUTPUT CURRENT CHARACTERISTICS 
The AD581 has the capability to either source or sink current 
and provide good load regulation in either direction, although 
it has better characteristics in the source mode (positive cur
rent into the lo'ad). The circuit is protected fofshorts to either 
positive supply or ground. The output voltage vs. output cur-

OUTPUT 
VOLTAGE 

14 

12 

10 

-20 -15 -10 -5 
SOURCE 

10 15 20 
SINK 

OUTPUT CURRENT - rnA 

Figure 5. AD581 Output Voltage vs. Sink and Source Current 

rent characteristics of the device are shown in Figure 5. Source 
current is displayed as negative current in the figure; sink cur
rent is positive. Note that the short circuit current (i.e., zero 
volts output) is about 28mA; when shorted to +15'volts, the 
sink current goes to about 20mA. 

DYNAMIC PERFORMANCE 
Many low power instrument manufacturers are becoming in
creasingly concerned with the turn-on characteristics of the 
components being used in their systems. Fast turn-on compo
nents often enable the end user to keep power off when not 
needed, and yet respond quickly when the power is turned on 
for operation. Figure 6 displays the turn-on characteristic of 
the AD581. This characteristic is generated from cold-start 
operation and represents the true turn-on waveform after an 
extended period with the suppiies off. The figure shows both 
the coarse and fine transient characteristics of the device; the 
total settling time to within ±1 millivolt is about 180/Js, and 
there is no long thermal tail appearing after the point. 

j
12V 

OUTPUT l1V 

10V 

50 100 150 200 250 

SETTLING TIME - jJ' 

10.030V} 
10.020V 

OUTPUT 
10.010V 

10.000V 

Figure 6. Output Settling Characteristic 

r-- NOISE SPECTRAL DENSITY (nV,Iv'Hz) 

t---t---t--H-t--t---+-t--H-""'.L~ ~TAl NOISE ,"V ,m,1 UP TO -f--f-;II'" SPECIFIED FREQUENCY 

Figure 7. Spectral Noise Density and Total rm~ Noise 
vs. Frequency 

". i-"" 
10-'" 

". ~ 1.5JJAfc 

700 

~ ~ .... '" 
~ .... 

"'~ ~ """" 

500 
-55 50 ~ 30 20 10 0 10 20 30 40 50 60 70 80 90 100 '10120125 

TEMPERATURE - QC 

Figure 8. Quiescent Current vs. Temperature 
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PRECISION HIGH CURRENT SUPPLY 
The ADS81 can be easily connected with power pnp or power 
darlington pnp devices to provide much greater output current 
capability. The circuit shown in Figure 9 delivers a precision 
10 volt output with up to 4 amperes supplied to the load. The 
O.IJlF capacitor is required only if the load has a significant 
capacitive component. If the load is purely resistive, improved 
high frequency supply rejection results from removing the 
cap~citor. 

V'N .. 15 Vol II 0-..-------0 

470n 

~::":""'--__ -o<) Your 
~10V@4Amps 

Figure 9. High Current Precision Supply 

CONNECTION FOR REDUCED PRIMARY SUPPLY 
While line regulation is specified down to 13 volts, the typical 
ADS81 will work as specified down to 12 volts or below. The 
current sink capability allows even lower supply voltage capa
bility such as operation from 12V ±S% as shown in Figure 10. 
The S60n resistor reduces the current supplied by the ADS81 
to a manageable level at full SmA load. Note that other band
gap references, without current sink capability, may be dam
aged by use in this circuit configuration. 

-f--...... -12V'5% 

10V@0105mA 

Figure 10. 12-Volt Supply Connection 

THE ADS81 AS A CURRENT LIMITER 
The ADS81 represents an alternative to current limiter diodes 
which require factory selection to achieve a desired current. 
This approach often results in temperature coefficients of 
1%/C. The ADS81 approach is not limited to a defined 
set current limit; it can be programmed from 0.7S to SmA 
with the insertion of a single external resistor. Of course, the 
minimum voltage required to drive the connection is 13 volts. 
The ADS80, which is a 2.S volt reference, can be used in this 
type of circuit with compliance voltage down to 4.S volts. 
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A0581 

BOTTOM VIEW OF 
10 VOLT PRECISION 
REFERENCE CIRCUIT 
IN TO·5CASE 

l;r l~V +0.75mA 

Figure ". A Two-Component Precision Current Limiter 

NEGATIVE 10-VOLT REFERENCE 
The ADS81 can also be used in a two-terminal "zener" mode 
to provide a precision -10.00 volt reference. As shown in Fig
ure 12, the VIN and VOUT tenninals are connected together 
to the high supply (in this case, ground). The ground pin is 
connected through a resistor to the negative supply. The out
put is now taken from the groun~ pin instead of VOUT ' With 
ImA flowing through the ADS81 in this mode, a typical unit 
will show a 2mV increase in output level over that produced 
in the three-terminal mode. Note also that the effective ou tput 
impedance in this connection increases from 0.2n typical to 
2 ohms. It is essential to arrange the output load and the sup
ply resistor, Rs, so that the net current through the ADS81 is 
always between 1 and SmA. The temperature characteristics 
and long-term stability of the device will be essentially the 
same as that of a unit used in the standard three-terminal 
mode. The operating temperature range is limited to -SSoC 
to +8SoC .. 

The ADS81 can also be used in a two-terminal mode to deVelop 
a positive reference. V IN and V OUT are tied together and to 
the positive supply through an appropriate supply resistor. The 
performance characteristics will be similar to those of the neg
ative two-terminal connection. The only advantage of this con
nection over the standard three-terminal connection is that a 
lower primary supply can be used, as low as 10.S volts. This 
type of operation will require considerable attention to load 
and primary supply regulation to be sure the ADS81 always 
remains within its regulating range of 1 to SmA. 

_ ........ __ --1_--..--~~~LOG 

VREF --+------ -10V 

f.2kn 5% 

-15V 

Figure 12. Two-Terminal-10 Volt Reference 



10 VOLT REFERENCE WITH MULTIPLYING CMOS D/A 
OR AID CONVERTERS 
The ADS81 is ideal for application with the entire AD7S20 
series of 10- and 12-bit multiplying CMOS D/A converters, 
especially for low power applications. It is equally suitable for 
the AD7S74 8-bit AID converter. In the standard hook-up, as 
shown in Figure 13, the +10 volt reference is inverted by the 
arnplifier/DAC configuration to produce a 0 to -10 volt range. 
If an AD308 amplifier is used, total quiescent supply current 
will typically be 2mA. If a 0 to +10 volt full scale range is 
desired, the ADS81 can be connected to the CMOS DAC in its 
-10 volt "zener" mode, as shown in Figure 12 (the -10VREF 
output is connected directly to the VREF IN of the CMOS 
DAC). The ADS81 will normally be used in the -10 volt mode 
widl liu: ADi5i4 iu ~iyt; de LV ;..10 Vult ADC i'Ci.i'ig.:. Thi:;li~ 
shown in Figure 14. Bipolar output applications and other 
operating details can be found in the data sheets for the 
CMOS products. 

+15V 

AD581 

14 
161-';;';;';;'=~-----, 

loun 
AD7520 

IOUTZ 

BIT 10 ILSBI 
-15V 

Figure 13. Low Power 10-Bit CMOS DAC Application 

-15V +5/+15V 

PRECISION 12-BIT D/A CONVERTER REFERENCE 
The ADS62, like most D/A converters, is designed to operate 
with a +10 volt reference element. In the ADS62, this 10 volt 
reference voltage is converted into a reference current of ap
proximately O.SmA via the internal 19.9Skn resistor (in series 
with the external lOOn trimmer1- The gain temperature coef
ficient of the ADS62 is primarily governed by the temperature 
tracking of the 19.9Skn resistor and the Sk/10k span resistors; 
this gain T .C. is guaranteed to 3ppm/o C. Thus, using the 
ADS81L (at Sppm/oC) as the 10 volt reference guarantees a 
maximum full scale temperature coefficient of 8ppm/C over 
the commercial range. The 10 volt reference also supplies the 
normal 1mA bipolar offset current through the 9.9Sk bipolar 
offset resistor. The bipolar offset T .C. thus depends only on 
.. t... .... "r'" _ ......... t...: __ ..... .t .J...". ).....:_ ..... 1 ...... ,...t.tro.a.+ ... .a.II"':II"' .. ,... ... _ .. ~ ... : ... _,.,. .. 

;~ie;~;~:·;;;i~~~~b a~d ·i;~g~:r;~~~;d·;~· 3·;;;?C·.~ .u~ 'ur _. • 

-15V 

R3 
1.2k 
5% 

+5V 

SIGNAL O--.JV'V'V-...... ...., 
INPUT 

OV TO +10V 0-----:,.-

ANALOG 
SUPPLY 

RETURN 

NOTE 1: R1 AND R2 CAN BE OMITTED IF GAIN TRIM 
IS NOT REQUIREO 

Figure 14. AD581 as Negative 10-Volt Reference for 
CMOSADC 

I 7 
I A -15V I 

t),;} _______________ .. _______ ...... ___ .. _: 
1~~~~~!~ OFFSET ADJ. A = ANALOG GROUND 

Figure 15. Precision 12-Bit D/A Converter 
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~ANALOG 
WDEVICES 

FEATURES 
Four Programmable Output Voltages: 

10.000V, 7.S00V, S.OOOV, 2.S00V 
Laser-Trimmed to High Accuracies 
No External Components Required 
Trimmed Temperature Coefficient: 

SppmfC max, 0 to +70°C (ADS84LH) 
1SppmfC max, -5SoC to +12SoC (AD584TH) 

't:ru UUi.jluL :iLiu;"" Tai·l.i~"a: ~,u.i~~ 
Two Terminal Negative Reference 

Capability (SV & Above) 
Output Sources or Sinks Current 
Low. Quiescent Current: 1.0mA max 
10mA Current Output Capability 

PRODUCT DESCRIPTION 
The ADS 84 is an eight-terminal precision voltage reference 
offering pin-programmable selection of four popular output 
voltages: 10.000V, 7.500V, S.OOOVand 2.S00V. Other out
put voltages, above, below or between the four standard out
puts, are available by the addition of external resistors. Input 
voltage may vary between 4.5 and 30 volts. 

Laser Wafer Trimming (LWT) is used to adjust the pin-program
mable output levels and temperature coefficients, resulting in 
the most flexible high precision voltage reference available in 
monolithic form. 

In addition to the programmable output voltages, the ADS84 
offers a unique strobe terminal which permits the device to be 
turned on or off. When the ADS84 is used as a power supply 
reference, the supply can be switched off with a single, low
power signal. In the "off" state the current drain by the 
AD584 is reduced to about 100J,LA. In the "on" state the total 
supply current is typically 750J,LA including the output buffer 
amplifier. 

The AD584 is recommended for use as a reference for 8-, 10-
or 12-bit D/ A converters which require an external precision ref
erence. The device is also ideal for all types of AID converters 
of up to 14 bit accuracy, either successive approximation or 
integrating designs, and in general can offer better performance 
than that provided by standard self-contained references. 

The AD584J, K, and L are specified for operation from 0 to 
+70

o
C; the AD584S and T are specified for the -55°C to 

+12SoC range. All grades are packaged in a hermetically-
sealed eight-terminal TO-99 metal can. 

·Covered by U.S. Patent No. 3,887,8631 RE 30,586 

Pin Programmable 
Precision Voltage Reference 

AD584* I 

AD584 PIN CONFIGURATION 

TAB 

TO-99 
TOP VIEW 

PRODUCT HIGHUGHTS 
1. The flexibility of the AD584 eliminates the need to design

in and inventory several different voltage references. Further
more one ADS84 can serve as several references simultane
ously when buffered properly. 

2. Laser trimming of both initial accuracy and temperature 
coefficient results in very low errors over temperature with
out the use of external components. The AQ584LH has a 
maximum deviation from 10.000 volts of ±7.2SmV from 
o to +70°C. 

3. The ADS84 can be operated in a two-terminal "Zener" 
mode at 5 volts output and above. By connecting the input 
and the output, the ADS84 can be used in this "Zener" 
configuration as a negative reference. 

4. The output of the AD584 is configured to sink or source 
currents. This means that small reverse currents can be 
tolerated in circuits using the AD584 without damage to 
the reference and without disturbing the output voltage 
(lOV, 7.SV and 5V outputs). 
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SPECIFICATIONS (@V1N = 15V and 25OC) 
Model ADS84J 

OUTPUT VOLTAGE TOLERANCE 
Maximum ErrorI for Nominal 

Outputs of:· 
10.OOOV 
7.S00V 
5.oooV 
2.5OOV 

OUTPUT VOLTAGE CHANGE 
Maximum Deviation from + 25°C 

Value, T nUn to T max 
2 

10.000, 7.500, 5.oooVOutputs 
. 2.500V Output 

Differential Temperature 

Coefficients Between Outputs 

QUIESCENT CURRENT 
Temperature Variation 

TURN-ON SEITLING TIME TOO.I% 

NOISE 
(0.1 to 10Hz) 

LONG-TERM STABILITY 

SHORT -CIRCUIT CURRENT 

LINE REGULATION (No Load) 
15V:5VlN:530V 

(VOUT + 2.5V):5VIN:515V 

LOAD REGULATION 

0:5IouT:55rnA, All Outputs 

OUTPUT CURRENT 

VIN",VOUT +2.5V 
Source @ + 25°C 

Source T nUn to T max 
Sink T nUn to T max 

Sink - 55°C to + S5°C 

TEMPERATURE RANGE 
Operating 
Storage 

PACKAGE (HOSA)3 

NOTES 
IAtPin1. 

Min 

10 
5 
5 

-

0 
-65 

2Ca1culated as average over the operating temperature range. 
3See Section 19 for package outline information. 
Specifications subject to change without notice. 

Typ Max 

±30 
±20 
±15 
±7.S 

30 
30 

5 

0.75 1.0 
1.5 

200 

SO 

25 

30 

0.002 
0.005 

20 SO 

+70 
-l; 175 

ADSS4JH 

Specifications shown in boldface are tested on all production units at final electri
cal test. Results from those tests are used to calculate outgoing quality levels. All 
min and max specifications are guaranteed, although only those shown in 
boldface are tested on all production units. . 
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ADS84K ADS84L 
Min Typ Max Min Typ Max Units 

±10 ±S mV 
±8 ±4 mV 
±6 ±3 mV 

±3.S ±2.5 mV 

IS 5 ppmfOC 
IS 10 ppmfOC 

3 3 ppmfOC 

0.75 1.0 0.75 1.0 rnA 
1.5 1.5 IlArC 

200 200 IlS 

50 50 IlV p-p 

25 25 ppm/I 000 Hrs. 

30 30 rnA 

0.002 0.002 %N 
0.005 0.005 %N 

20 SO 20 SO ppm/rnA 

10 10 rnA 
5 5 rnA 

5 5 rnA 

- - rnA 

0 +70 0 +70 °C 
-65 + 175 -65 + 175 °C 

AD5S4KH AD5S4LH 



Model AD584S 
Min Typ Max 

OUTPUT VOLTAGE TOLERANCE 
Maximum Error! for Nominal 

Outputs of: 
10.OOOV ±30 
7.500V ±20 
5.000V ±15 
2.500V ±7.5 

OUTPUT VOLTAGE CHANGE 
Maximum Deviation from + 25°C 

Value, T min to T max 
2 

10.000,7.500,5.000VOutputs 30 
2.500V Output 30 

Differential Temperature 
C~f!!,=!~!!!~ ~~!Ul~~ ()"t!,l't~ 5 

QUIESCENT CURRENT 0.75 1.0 
Temperature Variation 1.5 

TURN·ONSETILINGTIMETOO.l% 200 

NOISE 
(0.1 to 10Hz) 50 

LONG-TERM STABILITY 25 

SHORT-CIRCUIT CURRENT 30 

LINE REGULATION (No Load) 
15V:s;VIN:s;30V 0.002 
(VOUT + 2.5V):s;VIN:s;15V 0.005 

LOAD REGULATION 
O:S; IouT:S; SmA, All Outputs 20 50 

OUTPUT CURRENT 
VIN2::VOUT +2.SV 

Source @ + 25°C 10 
Source T min to T max 5 
Sink T min to T max 200 
Sink - 55°C to + 85°C 5 

TEMPERATURE RANGE 
Operating -55 + 125 
Storage -65 + 175 

PACKAGE (H08A)3 AD584SH 

ABSOLUTE MAXRA TINGS 
Input Voltage V IN to Ground 
Power Dissipation@ + 25°C 
Operating Junction Temp. Range 
Lead Temperature 

Soldering,10sec) 
Thermal Resistance 

J unction· to· Ambient 

NOTES 
!AtPinl 

40V 
600mW 
- 55°C to + 125°C 

300°C 

150°ClWatt 

2Calculated as average over the operating temperature range. 
3See Section 19 for package outline information. 
Specifications subject to change without notice. 
Specifications shown in boldface are tested on all production units at final electri· 
cal test. Results from those tests are used to calculate outgoing quality levels. All 
min and max specifications are guaranteed, although only those shown in 
boldface are tested on all production units. 

AD584T 
Min Typ Max Units 

±10 mV 
±8 mV 
±6 mV 
±3.5 mV 

15 ppmf'C 
20 ppmf'C 

3 ppmf'C 

0.75 1.0 rnA 
1.5 .... AI"C • 200 .... s 

SO . .... Vp·p 

25 ppm/l000Hrs. 

30 rnA 

0.002 %N 
0.005 %N 

20 50 ppm/rnA 

10 rnA 
5 rnA 
200 rnA 
5 rnA 

-55 + 125 °C 
-65 +175 °C 

AD584TH 
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Applying the AD584 

APPLYING THE ADS84 
With power applied to pins 8 and 4 and all other pins open the 
ADS84 will produce a buffered nominall0.0V output between 
pins 1 and 4 (see Figure 1). The stabilized output voltage 
may be reduced to 7.SV, S.OV or 2.SV by connecting the 
programming pins as follows: 

OUTPUT VOLTAGE PIN PROGRAMMING 

7.SV Join the 2.SVand S.OV pins (2) 
and (3). 

S .OV Connect the S .OV pin (2) to the 
output pin (1). 

2.SV Connect the 2.SV pin (3) to the 
output pin (1). 

The options shown above are available without the use of any 
additional components. Multiple outputs using only one 
ADS84, are also possible by simply buffering each voltage 
programming pin with a unity-gain noninverting op amp. 

I 
1 1 
1+1.Z15V : +5V 

I 
I· 
!!?!v .. "-----'--_r-1.._--"------~ 

I 3 I 

lie. "" I * R3 
1 

""I I 
L ____________ .J 

-THE 2.5V TAP IS USED INTERNALLY AS A BIAS POINT 
AND SHOULD NOT BE CHANGED BY MORE THAN 100mV 
IN ANY TRIM OONFIGURATION. 

Figure 1. Variable Output Options 

The ADS84 can also be programmed over a wide range of out
put voltages, including voltages greater than 10V, by the ad
dition of one or more external resistors. Figure 1 illustrates 
the general adjustment procedure, with approximate values 
given for the internal resistors of the ADS84. The ADS84 may 
be modeled as an op amp with a noninverting feedback con
nection, driven by a highstability 1.21S volt bandgap refer
ence (see Figure 3 for schematic). 

When the feedback ratio is adjusted with external resistors, the 
output amplifier can be made to multiply the reference voltage 
by almost any convenient amount, making popular outputs of 
10.24V, S.12V, 2.S6V or 6.3V easy to obtain. The mostgener
al adjustment (which gives the greatest range and poorest reso
lution) uses R1 and R2 alone (see Figure 1). As R1 is adjusted 
to its upper limit the 2.SV pin 3 will be connected to the out
put, which will reduce to 2.SV. As Rl is adjusted to its lower 
limit, the output voltage will rise to a value limited by R2. For 
example, if R2 is about 6kn, the upper limit of the output 
range will be about 20V even for large values of R.I. R2 should . 
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not be omitted; its value should be chosen to limit the output 
to a value which can be tolerated by the load circuits. If R2 is 
zero, adjusting Rl to its lower limit will result in a loss of 
control over the output voltage. If precision voltages are re
quired to be set at levels other than the standard outputs, the 
20% absolute tolerance in the internal resistor ladder must be 
accounted for. 

Alternatively, the output voltage can be raised by loading the 
2.5V tap with R3 alone. The output voltage can be lowered by 
connecting R4 alone. Either of these resistors can be a fixed 
resistor selected by test or an adjustable resistor. In all cases 
the resistors should have a low temperature coefficient to 
match the ADS84 internal resistors, which have a negative T.C. 
less than 60ppm/o C. If both R 3 and R 4 are used, th ese resistors 
should have matched temperature coefficients. 

When only small adjustments or trims are required, the circuit 
of Figure 2 offers better resolution over a limited trim range. 
The circuit can be programmed to S .OV, 7 .SV or 10V and 
adjusted by means of R1 over a range of about ±200mV. To 
trim the 2.SV output option, R2 (Figure 2) can be reconnected 
to the baridgap reference (pin 6). In this configuration, the 
adjustment should be limited to ±lOOmV in order to avoid 
affecting the performance of the ADS84. 

'---"-'-'-...r1._~~ __ Rl 
10k 

COMMON 

Figure 2. Output Trimming 

Figure 3. Schematic Diagram 



PERFORMANCE OVER TEMPERATURE 

Each AD584 is tested at five temperatures over the -55°C to 
+12SoC range to ensure that each device falls within the 
Maximum Error Band (see Figure 4) specified for a particular 
grade (i.e., Sand T grades); three-point measurement guaran
tees performance within the error band from 0 to +70"C (i.e., 
J, K, or L grades). The error band guaranteed for the AD584 
is the maximum deviation from the initial value at +25°C. 
Thus, given the grade of the AD584, the designer can easily 
determine the maximum total error from initial tolerance plus 
temperature variation. For example, for the AD584T, the 
initial tolerance is ±10mV and the error band is ±15mV. 
Hence, the unit is guaranteed to be 10.000 volts ±25mV from 
_HOC. to +12S o C. 

'.'~~.L-. ____ ...I-_~ ___ --:':-___ ---.J 

TEMPERATURE-·C 

Figure 4. Typical Temperature Characteristic 

OUTPUT CURRENT CHARACTERISTICS 

The AD584 has the capability to either source or sink current 
and provide good load regulation in either direction, although 
it has better characteristics in the source mode (positive cur
rent into the load). The circuit is protected for shorts to either 
positive supply or ground. The output voltage vs. output cur
rent characteristics of the device is shown in Figure 5. Source 
current is displayed as negative current in the figure; sink cur
rent is positive. Note that the short circuit current (i.e., zero 
volts output) is about 28mA; when shorted to +15 volts, the 
sink current goes to about 20mA. 

OUTPUT 
VOLTAGE 

14 

12 

10 

-20 -15 -10 -5 0 5 10 15 20 
SOURCE SINK 

OUTPUT CURRENT - mA 

Figure 5. 'AD584 Output Voltage 
vs. Sink and Source Current 

Performance of theAD584 I 
DYNAMIC PERFORMANCE 

Many low power instrument manufacturers are becoming in
creasingly concerned with the tum-on characteristics of the 
components being used in their systems. Fast turn-on compo
nents often enable the end user to keep power off when not 
needed, and yet respond quickly when the power is turned on 
for operation. Figure 6 displays the turn-on characteristic of 
the AD584. Figure 6a is generated from cold-start operation 
and represents the true turn-on waveform after an extended 
period with the supplies off. The figure shows both the coarse 
and fine transient characteristics of the device; the total settling 
time to within ±1 millivolt is about 180lls, and there is no 
long thermal tail appearing after the point. 

'"~,[ 
l10V 

POWER {20V 
SUPPLY 10V 
INPUT 

0 ••• 

o 50 100 150 200 250 

SETTLING TIME -"' 

10.030V} 

10.020V 
OUTPUT 

10.010V 

10.000V 

Figure 6. Output Settling Characteristic 

NOISE FILTERING 

The bandwidth of the output amplifier in the AD584 can be 
reduced to filter the output noise. A capacitor ranging between 
0.011lF and 0.11lF connected between the Cap and VBG termi
nals will further reduce the wideband and feedthrough noise 
in the. output of the AD584, as shown in Figure 8. 

SUPPLY 

VOUT 

'INCREASES COLD START TURN ON TIME 

Figure 7. Additional Noise Filtering 
with an External Capacitor 

Figure 8. Spectral Noise Density and Total rms Noise 
vs. Frequency 
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Applications of the AD584 
USING THE STROBE TERMINAL 
The ADS84 has a strobe input which can be used to zero the 
output. This unique feature permits a variety of new applica
tions in signal and power conditioning circuits. 

Figure 9 illustrates the strobe connection. A simple NPN 
switch can be used to translate a TTL logic signal into a strobe 
of the output. The ADS84 operates normally when there is 
no current drawn from pin S. Bringing this terminal low , to 
less than 200mV, will allow the output voltage to go to zero. 
In this mode the ADS84 should not be required to source or 
sink current (unless a 0.7V residual output is permissible). If 
the ADS84 is required to sink a transient current while strobed 
off, the strobe terminal input current should be limited by a 
lOOn resistor as shown in Figure 9. 

The strobe terminal will tolerate up to SpA leakage and its 
driver should be capable of sinking SOOpA continuous. A low 
leakage open collector gate can be used to drive the strobe 
terminal directly, provided the gate can withstand the ADS84 
output voltage plus one volt; 

'V, 
Vou' 

LOGIC INPUT I,:.::;~~: ~",,~,-F ..JW<-.-f 

Figure 9. Use of the Strobe Terminal 

PRECISION HIGH CURRENT SUPPLY 

The ADS84 can be easily connected to a power PNP or power 
Darlington'PNP device to provide much greater output current 
capability. The circuit shown in Figure 10 delivers a precision 
10 volt output with up to 4 amperes supplied to the load. The 
O.lpF capacitor is required only if the load has a significant 
capacitive component. If the load is purely resistive, improved 
high frequency supply rejection results from removing the 
capacitor. 

VI .. > 15Voli. ~ __ ':"'---Q 

Figure 10. High Current Precision Supply 

The ADS84 can also use an NPN or Darlington NPN transistor 
to boost its output current. Simply connect the 10Voutput 
terminal of the ADS 84 to the base of the NPN booster and take 
the output from the booster emitter as shown in Figure 11. 
The S.OV or 2.SV pin must connect to the actual output in 
this configuration. Variable or adjustable outputs (as shown in 
Figures 1 and 2) may be combined with +S.OV connection to 
obtain outputs above +S.OV. 

THE ADS84 AS A CURRENT LIMITER 
The ADS84 represents an alternative to current limiter diodes 
which require factory selection to achieve a desired current. 
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Use of current limiting diodes often results in temperature 
coefficients of 1 %tC. Use of the ADS84 in this mode is not 
limited to a set current limit; it can be programmed from 0.75 
to SmA with the insertion of a single external resistor (see 
Figure 12). Of course, the minimum voltage required to drive 
the connection is 5 volts. 

Vou' 
~ __ -+-_f+5V. lZA 

AS SHOWN I 

Figure 11. NPN Output Currel)t Booster 

VOUT -25V 

, 
A0584 ~!~ 

Figure 12. A Two-Component Precision Current Limiter 
ANALOG -1.---t::--;- GND 

Figure 13. Two-Terminal-5 Volt Reference 

NEGATIVE REFERENCE VOLTAGES FROM AN ADS84 
The ADS84 can also be used in a two-terminal "zener" mode 
to provide a precision -10, -7.5 or -5.0 volt reference. As 
shown in Figure 13, the VIN and VOUT terminals are con
nected together to the positive supply (in this case, ground). 
The ADS84 common pin is connected through a resistor to the 
negative supply. The output is now taken from the common 
pin instead of VOUT. With 1mA flowing through the ADS84 in 
this mode, a typical unit will show a 2mV increase in output 
level over that produced in the three-terminal mode. Note also 
that the effective output impedance in this connection in
creases from 0.2n typical to 2n. It is essential to arrange 
the output load and the supply resistor, Rs, so that the net 
current through the ADS84 is always between 1 and SmA. The 
temperature characteristics and long-term stability of the de
vice will be essentially the same as that of a unit used in the 
standard three-terminal mode. The operating temperature range 
is limited to _SSoC to +8SoC. 

The ADS84 can also be used in a two-terminal mode to develop 
a positive reference. VIN a~d VOUT are tied together and to 
the positive supply through an appropriate supply resistor. The 
performance characteristics will be similar to those of the neg
ative two-terminal connection. The only advantage of this con
nection over the standard three-terminal connection is that a 
lower primary supply can be used, as low as 0.5 volts above 
the desired output voltage. This type of operation will require 
considerable attention to load and primary supply regulation 
~o be sure the ADS84 always remains within its regulating 
range of 1 to SmA. 



10 VOLT REFERENCE WITH MULTIPLYING CMOS D/A 
OR AID CONVERTERS 
The ADS84 is ideal for application with the entire AD7S20 
series of 10- and 12-bit multiplying CMOS D/A converters, 
especially for low power applications. It is equally suitable for 
the AD7S74 8-bit AID converter. In the standard hook-up as 
shown in Figure 14, the standard output voltages are inverted by 
the amplifier/DAC configuration to produce converted voltage 
ranges. For example, a +10V reference produces a 0 to -10V 
range. If an AD308 amplifier is used, total quiescent supply 
current will typically be 2mA. The ADS84 will normally be 
used in the -10 volt mode with the AD7S74 to give a 0 to +10 
volt ADC range. This is shown in Figure 16. Bipolar output 
applications and other operating details can be found in the 
data sneets ior tne CiviOS producu. 

.15V 

BIT 1 (MSBI 15 14 RFEEOBACK 
16 

DIGITAL 
INPUT IOUTI 

AD7533 

IOUT2 
13 -15V 

BIT 10 (LSBI 

COMMON 

Figure 14. Low Power 10-Bit CMOS DAC Application 

PRECISION D/A CONVERTER REFERENCE 
The ADS62, like many D/A converters, is designed to operate 
with a +10 volt reference element (Figure 15). In the ADS62, 
this 10 volt reference voltage is converted into a reference cur
rent of approximately O.SmA via the internal 19.9Skn resistor 
(in series with the external lOOn trimmer). The gain tempera
ture coefficient of the ADS 62 is primarily governed by the 
temperature tracking of the 19.9SH2 resistor and the Sk/10k 
span resistors; this gain T.C. is guaral)teed to 3ppmtC. Thus, 
using the ADS84L (at SppmtC) as the 10 volt reference 

-15V +5/.15V 

AD5B4 

-15V +5V 

-10V REF 

SIGNAL o--JVI.t+.-..... --i 
INPUT 

OV TO .10V o----:::;t 

ANALOG 
SUPPLY 

RETURN 

NOTE 1: Rl AND R2 CAN BE OMITTED IF GAIN TRIM 
IS NOT REQUIRED 

Figure 16. AD584 as Negative 10 Volt Reference for 
CMOSADC 

. • r _" ___ 1 _ .... _______ ' .... ______ _ EE!_:· __ ........ E 
gUa1aULCC~ a. UIClAUJ1UIU lUll ::'\..d.U: "~UIP\;1a.LU1\'; \".V\..11U .. 1\ .. UL va. 

8ppmtC over the commercial range. The 10 volt reference 
also supplies the normal1mA bipolar offset current through 
the 9.9Sk bipolar offset resistor. The bipolar offset T.C. thus 
depends only on the T.C. matching of the bipolar offset resis
tor to the input reference resistor and is guaranteed to 3ppmtC. 
Figure 17 demonstrates the flexibility of the ADS84 applied 
to another popular D/A configuration. 

VCC 

Al 

R14 - R15 

AS 

Figure 17. Current Output 8-Bit D/A 

I 7 
I A -15V I 

t::J:.1..- ;.. - --- _______________________ -: 
100n,15T 
BIPOLAR OFFSET ADJ. A = ANALOG GROUND 

Figure 15. Precision 12-Bit D/A Converter 
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r.ANALOG 
WDEVICES 

FEATURES 
Superior Replacement for Other 1.2V References 
Wide Operating Range: 50pA to 5mA 
Low Power: 60pW Total Po at 50pA 
Low Temperature Coefficient: 

10ppmfC max, 0 to +70oC (AD589M) 
25ppmfC max, _55°C to +125°C (AD589U) 

Two Terminal "Zener" Operation 
I _ ••• n .......... 'I __ ~"' ___ .... ·• n cn -" ........ - ..... - ..... ,.. ... __ .. _. _.-.. 
No Frequency Compensation Required 
Low Cost 

PRODUCT DESCRIPTION 
The AD589 is a two-terminal, low cost, temperature com
pensated bandgap voltage reference which provides a fixed 
1.23V output voltage for input currents between 50pA and 
5.OmA. 

The high stability of the AD589 is primarily dependent upon 
the matching and thermal tracking of the on-chip components. 
Analog Devices' precision bipolar processing and thin-film 
technology combine to provide excellent performance at 
low cost. 

Additionally, the active circuit produces an output impedance 
ten times lower than typicallow-TC zener diodes. This fea
ture allows operation with no external components required 
to maintain full accuracy under changing load comiitions. 

The AD589 is available in seven versions. The ADS89J, K, L 
and M grades are specified for 0 to +70oC operation, while 
the S, T and U grades are rated for the full-SSoC to +125°C 
temperature range. 

Two-TerminallC 
1.2 Volt Reference 

AD589 I 

ADS89 FUNCTIONAL BLOCK DIAGRAM 

m 
~ 

V-

BOTTOM VIEW 

PRODUCT HIGHLIGHTS 
1. The AD589 is a two-terminal device which delivers a 

a constant reference voltage for a wide range of input 
current. 

2. Output impedance of 0.611 and temperature coefficients 
as low as 10ppm/oC insure stable output voltage over a 
wide range of operating conditions. 

3. The AD589 can be operated as a positive or negative 
reference. liFloating" operation is also possible. 

4. The AD589 will operate with total current as low as 50pA 
(60pW total power dissipation), ideal for battery powered 
instrument applications. 

5. The AD589 is an exact replacement for other 1.2V ref
erences, offering superior temperature performance and 
reduced sensitivity to capacitive loading. 
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SPECIFICATIONS (typical @ liN = 500J,LA and TA = 25°C unless otherwise noted) 

Model ADS89jH ADS89KH 

ABSOLUTE MAXIMUM RATINGS 
Current lOrnA 

lOrnA Reverse Current 
Power Dissipation· 
Storage Temperature Range 

12SmW 
-6S 0 Cto+17soC • 

Operating Junction Temperature Range 
Lead Temperature (Soldering, 10sec) 
Operating Temperature Range 

-55°C to +ls0°C • 

OUTPUT VOLTAGE, Ta = 25°C 

OUTPUT VOLTAGE CHANGE vs. CURRENT 
(SOI'A- SmA) 

DYNAMIC OUTPUT IMPEDANCE 

RMS NOISE VOLTAGE 
10Hz <f < 10kHz 

TEMPERATURE COEFFICIENT2 
- ppmt C 

TURN-ON SETTLING TIME TO 0.1% 

OPERATING CURRENT3 

PACKAGE STYLE:4 H2A 

NOTES 

300°C 
o to +70

o
C 

1.200V min 
l.23sV typ 
1.2s0V max 

SmV max 

0.6n typ 
2nmax 

100 max 

2 51's 

SOI'A min 
SmA max 

H 

I Absolute maximum power dissipation is limited by· maximum current through the 
device. Maximum rating at elevated temperatures must be computed assuming 

50 max 

TJ .;; 1S0°C, and 6JA = 4OO°CfW. 
1 Sec following page for explanation of temperature coefficient measurement method. 
'Optimum performance is obtained at currents below 500jlA. 

Stray shunt capacitances should be minimized. If strays cannot be 
avoided, a shunt capacitor of at least 1000pF is recommended. 

• See Section 19 for package outline information. 

'Specifications same as AD589J. 
"Specifications same as AD589S. 
Specifications subject to change without notice. 
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ADS89LH AD589MH AD589SH 

25 max 10 max 100 max 

ADS 89TH ADS89UH 

SO max 25 max 



Understanding the AD589 Specifications 
VOLTAGE VARIATION vs. TEMPERATURE 
Some confusion exists in the area of defining and specifying 
reference voltage error over temperature. Historically, refer
ences have been characterized using a maximum deviation per 
degree Centigrade; i.e., lOppm/C. However, because of non
linearities in temperature characteristics, which originated in 
standard zener references (such as "S" type characteristics) 
most manufacturers have begun to use a maximum limit error 
band approach to specify devices. This technique involves 
measurement of the output at 3, 5 or more different tempera
tures to guarantee that the output voltage will fall within the 
given error band. The temperature characteristic of the AD589 
consistently follows the curve shown in Figure 1. Three-point 
measurement gUarantees the error band over the specified 
!~~pe!":~.!!"e !"~:-:be. Th: :=~p=:-~:~:-~ ~~;:ff:-=i~;;::; :;p~~ifi~d vii 
page 2 re~resent the slopes o! the diagonals of the error band 
from +25 C to Tmin and +25 C to Tmax. 
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Figure 1. Typical AD589 Temperature Characteristics 
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Figure 2. Noise Spectral Density 

DYNAMIC PERFORMANCE 
Many low power instrument manufacturers are becoming in
creasingly concerned with the tum-on characteristics of the 
components being used in their systems. Fast turn-on compo
nents often enable the end user to keep power off when not 
needed, and yet respond quickly when the power is turned on 
for operation. Figure 3 displays the turn-on characteristic of 
the AD589. This characteristic is generated from cold-start 
operation and represents the true turn-on waveform after an 
extended period with the supplies off. The figure shows both 
the coarse and fine transient characteristics of the device; the 
total settling time to within ±t millivolt is about 251ls, and 
there is no long thermal ,tail appearing after that point. 

Figure 3. Output Settling Characteristics 

v+--~~------~~---------------e--~ 

R6 

09 
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Figure 4. Schematic Diagram 
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APPLICATION INFORMATION 
The AD589 functions as a two-tenninal shunt-type regulator. 
It provides a constant 1.23V output for a wide range of input 
current from 50pA to 5mA. Figure 5 shows the simplest con
figuration for an output voltage of 1.2V or less. Note that no 
frequency compensation is required. If additional filtering is 
desired for ultra low noise applications, minimum recom
mended capacitance is lOOOpF. 

----4t-------- +5V 

6.Bk!l 

+ 
VOUT 

Figure 5. Basic Configuration for 1.2Vor Less 

The AD589 can also be used as a building block to generate 
other values of reference voltage. Figure 6 shows a circuit 
which produces a buffered lOV output. Total supply current 
for this circuit is approximately 2mA. 

AD589 

">=--4..------0 + 
10V 

~-
1k!l 

'-----__ < 1k!l 

B.2k!l 

Figure 6. Single-Supply Buffered 10V Reference 

The low power operation of the AD589 makes it ideal for use 
in battery operated portable equipment. It is especially useful 
as a reference for CMOS analog-to-digital converters. figure 7 
shows the AD589 used in conjunction with two popular inte
grating type CMOS AID converters. 
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--~~------4t-----+5V 

5.6k!l 

6.Bk!l 
V+ 

AD589 7109 
2k!l 

>----~REF+ 

1-.. __ .... ____ ~ REF-

1-.. __ -1 REF OUT 

a. With 7109 12-Bit Binary AID 

-~----~-+5V 

6.2k!l 
V+ 

7107 

10k!l 

>----1 REF HI 
1k!l 

1-..--.---;REFLO 

COMMON 

b. With 7107 Panel Meter AID 

Figure 7. AD589 Used as Reference for CMOS AID Converters 

The AD589 also is useful as a reference for CMOS multi
plying DACs such as the AD7533. These DACs require a. 
negative reference voltage in order to provide a positive out
put range. Figure 8 shows the AD589 used to supply an equiv
alent -1.0V reference to an AD7533. 

R2 

R1 5k!l 

39k!l 

-15V 

BIT 
1 2 3 4 

Voo 14 

BIT 
6 7 B 9 10 

LSB 

REF AD7533 SERIES 
15 

GND 3 --....JVV'v--
2 1 16 

OUT2 OUT1 RFB 

>--.... --0+ VOUT = 
~Ot01.00V 

Figure 8. AD589 as Reference for 10-Bit CMOS DAC' 



rIIANALOG 
WDEVICES 

FEATURES 
Improved, Lower Cost, Replacements for Standard 1403, 1403A 
3-Terminal Device: Voltage InNoltage Out 
Laser Trimmed to High Accuracy: 2.500V ±10mV (AD1403A) 
Excellent Temperature Stability: 25ppmtC (AD1403A) 
Low Quiescent Current: 1.5mA max 
10mA Current Output Capability 
Convenient lVIINI-DIP Package 

PRODUCT DESCRIPTION 
The AD1403 and AD1403A are improved three-terminal, low 
cost, temperature compensated, bandgap voltage references 
that provid~ a fixed 2.5V output voltage for inputs between 
4:.5V and 40V. A unique combination of advanced circuit de
sign and laser-wafer-trimmed thin-film resistors provides the 
AD1403/AD1403A with an initial tolerance of ±10mV and a 
temperature stability of better than 25ppmtC. In addition, 
the low quiescent current drain of 1.5mA (max) offers a clear 
advantage over classical zener techniques. 

The AD1403 or AD1403A is recommended as a stable refer
ence for all B-, 10- and 12-bit D-to-A converters that require 
an external reference. In addition, the wide input range of the 
AD1403/AD1403A allows operation with 5 volt logic supplies, 
making these devices ideal for digital panel meter applications 
and when only a single logic supply is available. 

The AD1403 and AD1403A are specified for operation over 
the 0 to +70

o
C temperature range. The AD5BO series of 2.5 

volt precision IC references is recommended for applications 
where operation over the _SSoC to +125°C range is required. 

·Covered by Patent Numbers. 3,887,8631 RE30,58.6. 

Low Cost, Precision 
2.5 Volt IC Reference 

AD1403/AD1403A* I 
AD1403/AD1403A 

FUNCTIONAL BLOCK DIAGRAM 

":: ~ ... -----.. 
B-PIN MINI-DIP 

PRODUCT HIGHLIGHTS 
1. The AD1403A offers improved initial tolerance over the 

industry-standard 1403A: ±10mV versus ±25mV at a 
lower cost. 

2. The three-terminal voltage in/voltage out operation of the 
AD1403/AD1403A provides a regulated output voltage 
without any external components. 

3. The AD1403/AD1403A provides a stable 2.5V output 
voltage for input voltages between 4.5V and 40V making 
these devices ideal for systems that contain a single logic 
supply. 

4. Thin film resistor technology and tightly controlled bipolar 
processing provide the AD1403A with temperature stabili
ties of 25ppmfC. 

5. The low 1.5mA maximum quiescent current drain of the 
AD1403 and AD1403A makes them ideal for CMOS and 
other low power applications. 
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SPECIFICATIONS (VIN = 15V, TA = 25°C unless otherwise noted) 

Olaracteristic Symbol Min Typ Max Unit 

Output Voltage 
V~ (10 = OmA) 

AD1403 2.475 2.500 2.525 V 
AD1403A 2.490 2.500· 2.510 

Temperature Coefficient of Output Voltage l:!.Voll:!.T ppmtC 
AD1403 - 10 40 
AD1403A - 10 25 

Output Voltage Change, 0 to +70°C l:!.Vo mV 
AD1403 - - 7.0 
AD1403A - - 4.4 

Line Regulation Regin mV 
(15V~INQOV) - 1.2 4.5 
(4.5~1N~15V) - 0.6 3.0 

Load Regulation Regload - - 10 mV 
(OmA<10<10mA) 

Quiescent Current II - 1.2 1.5 rnA 
(10 = OmA) 

MAXIMUM RATINGS (TA = 25°C unless otherwise noted) ORDERING INFORMATION 

Rating Symbol Value Unit Device Initial Tolerance Package 1 

Input Voltage VIN 40 V AD1403N ±25mV N8A 

Storage Temperature TSTG -25 to 100 °c 

N8A 
Junction Temperature TJ +175 °c 

Operating Ambient 
AD 1403AN ±lOmV 

Temperature Range TA o to +70 °c 

Specifications subject to change without notice. 
NOTE 
I See Section 19 for package outline information. 

COM----4t----------4 

Figure 1. AD1043/AD1403A Functional Diagram 
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Figure 5. Change in VOUTvS. Temperatf.jTe 
(Normalized to VOUT@ V'N= 15V) 
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Figure 6. Change in VOUTVS. Temperature 
(Normalized to VOUT@ V,N = 15V, IOUT= OmA) 
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Applying the AD1403/AD1403A 
VOLTAGE VARIATION VS. TEMPERATURE AND LINE 
Some confusion exists in the area of defining and specifying 
reference voltage error over temperature. Historically, refer
ences are characterized using a maximum deviation per degree 
Centigrade; i.e., 10ppm/oC. However, because of the inconsis
tent nonlinearities in zener references (butterfly or "S" type 
characteristics), most manufacturers use a maximum limit 
error band approach to characterize their references. This tech
nique measures the output voltage at 3 to 5 different tempera
tures and guarantees that the output voltage deviation will fall 
within the guaranteed error band at these discrete tempera
tures. This approach, of course, makes no mention or guarantee 
of performance at any other temperature within the operating 
temperature range of the device. 

The consisten Voltage vs. Temperature performance of a ~y~i
cal AD1403 is shown in Figure 5. Note that the characterIstIc 
is quasi-parabolic, not the possible "S". type chara~t~ristics ~f 
classical zener references. This parabohc characteristIc permIts 
a maximum output deviation specification over the device's 
full operating temperature range, rather than just at· 3 to 5 
discrete temperatures. 

The AD1403 exhibits a worst-case shift of 7.5mV over the 
entire range of operating input voltage, 4.5 volts to 40 volts. 
Typically, the shift is less than 1mV as shown in Figure 2 .. 

THE AD1403A AS A LOW POWER, LOW VOLTAGE 
PRECISION REFERENCE FOR DATA CONVERTERS 
The AD1403A has a number of features that make it ideally 
suited for use with AID and DI A data converters used in com
plex microprocessor-based systems. The calibrated 2.500 v~lt 
output minimizes user trim requirements and allows operation 
from a single low voltage supply. Low power consumption 
(1.5mA quiescent current) is commensurate with that of 
CMOS-type devices, while the low cost and small package 
complements the decreasing cost and size of the latest 
converters. 

SYSTEM 
DATA 
BUS 

DECODED 
DEVICE 
ADDRESS 

MEMW +5V 

AD1403 
2 

5krl 

5krl 

GAIN 
ADJUST 

VOUT 

ANALOG 
OUTPUT 

Figure 7. Low Power, Low Voltage Reference for the AD7524 
Microprocessor-Compatible 8-Bit DAC 
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Figure 7 shows the AD1403A used as a reference for the 
AD752410w-cost 8-bit CMOS DAC with complete micro
processor interface. The AD1403A and the AD7524 are 
specified to operate from a single 5 volt supply; this elimi
nates the need to provide a + 15 volt power supply for the sole 
purpose of operating a reference. The AD7524 includes an 
8-bit data register, and address decoding logic; it may thus be 
interfaced directly to an 8- or 16-bit data bus. Only 300J,LA of 
quiescent current from the single +5 volt supply is requir~d 
to operate the AD7524 which is packaged in a small 16 pI~. 
DIP. The AD542 output amplifier is also low power, requmng 
only 1.5mA quiescent current. Its laser-trimmed offset voltage 
preserves the ±l12LSB linearity of the AD7524KN without 
user trims and it typically settles to ±1I2LSB in less than 5 
microseconds. It will provide the 0 volt to -2.5 volt output 
swing from ±5 volt supplies. 

THE AD1403 AS A PRECISION PROGRAMMABLE 
CURRENT SOURCE 
The AD1403 is an excellent building block for precision 
current sources. Its wide range of operating voltages, 4.5V to 
40V, along with excellent line regulation over that range 
(7.5mV) result in high insensitivity to varying load impedances. 
The low quiescent current (II) of 1.5mA (max) and the maxi
mum specified maximum load current of lOrnA allows the 
user to program current to any value between 1. SmA and 
lOrnA. 

Figure 8a shows the AD1403 connected as a current source. 
Total current is equal to the quiescent current plus the load 
current. Most of the temperature coefficient comes from the 
quiescent current term II, which has a typical TC of 0.13%l

o
C 

(1300ppm/oC). The load voltage (and hence current) TC is 
much lower at ±40ppm/o C max (AD 1403). Therefore, the over
all temperature coefficient decreases rapi~ly as the load cur
rent is increased. Figure 8b shows the typical temperature 
coefficient for currents between 1.5mA and lOrnA. Use of an 
AD1403A will improve the TC appreciably. 

1 IL ·0 TO 10mA 
, • 2.50V 

RSET 

Figure Sa. The AD 1403 as a Precision Programmable 
Current Source. 
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Figure 8b. Typical Temperature Coefficient of Current 
Source 
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FEATURES 
Very High Accuracy: 10.000 Volts ±2.5mV (L and U) 
Low Temperature' Coefficient: 3ppmfC 
Performance Guaranteed -55°C to +125°C 
10mA Output Current Capability 
Low Noise 
Short Circuit Protected 

PRODUCT DESCRIPTION 
The AD2700 family of precision 10 volt references offer the 
user excellent accuracy and stability at a moderate price by 
combining the recognized advantages of thin film technology 
and active laser trimming. The low temperature drift 
(3ppm/C) achieved with these technologies can be matched 
only by the use of ovens, chip heaters for temperature regu
lation, or with hand selected components and manual trim
ming. In addition, temperature-regulated devices are guaran
teed only up to +8S

o
C operation, whereas the U- and S-grade 

devices in the AD2700 family are guaranteed to +12S
o

C. 

The AD2700 is a +10 volt reference which is designed to 
interface with high accuracy bipolar D/A converters of 10 
and 12 bit resolution. The lOrnA output drive capability 
also makes the AD2700 ideal for use as a general positive 
system reference. 

The AD2701 is a negative 10 volt reference especially de
signed to interface with CMOS D/A and AID converters, as 
shown in the applications. F or systems requiring a dual tracking 
reference, the.AD2702 offers both positive and negative preci
sion 10 volt outputs in a single package. Both are often used 
with 52XX Series 12-bit AID converters which require ' 
-lOY external references for high accuracy over wide 
temperature ranges. 

All three devices are offered in "}" and "L" grades for opera
tion from -25°C to +8S

o
C and "S" and "u" grades for the 

-55°C to +12S
o
C temperature range. 

+10 Volt Precision 
Reference Series 

AD2700,AD27m,AD2702 I 
AD2700 SERIES FUNCTIONAL BLOCK DIAGRAMS 

FINE 
ADJUST 

FINE 
ADJUST 

-FINE 
ADJUST 

14-PIN DIP 

PRODUCT HIGHLIGHTS 
1. Active laser trimming of both initiai accuracy and temper

ature performance results in very high accuracy over the 
temperature range without external components. The 
AD2700101/02 LD grades have a maximum output 
voltage error at 25°C of ±2.SmV with no external 
adjustments. 

2. The performance of the AD2700 series is achieved by a 
well-characterized design and precise control over the 
manufacturing process. 

3. The AD2700 series is well suited for a broad range of 
applications requiring an accurate, stable reference source 
such as high resolution data converters (12 or 14 bits), 
test and measurement systems and calibration standards. 

Model 

AD2700 
AD2701 
AD2702 

Output 

+10.000V 
-10.000V 
±1O.000V 

VOL rAGE REFERENCES VOL. /, 7-33 

• 



SPECIFICATIONS (maximum or minimum @.EIN ±15V@+25°C, RL = 2kn unless otherwise noted) 

MODEL 

ABSOLUTE MAX RATINGS 
Input Voltage (for applicable supply) 
Power Dissipation @ +2SoC - AD2700, 01 

- AD2702 
Operating Temperature Range 
Storage Temperature Range 
Lead Temperature (soldering, lOs) 
Short Circuit Prot~ction (to GND) 

OUTPUT VOLTAGE ERROR@ +2SoC 
AD2700 1O.OOOV 
AD2701 -10.000V 
AD2702 ±lO.OOOV 

OUTPUT CURRENT l - @ +2SoC 
(VIN = ±13 to ±18V) over op. temp. range 

OUTPUT VOLTAGE ERROR - AD2700,01 

(Tmin to Tmax)2 
AD2702 

LINE REGULATION 

VIN = ±13.S to ±16.SV 
LOAD REGULATION 

o to ±lOrnA 

OUTPUT RESISTANCE 

INPUT VOLTAGE, OPERATING 

QUIESCENT CURRENT - AD2700, 01 
- AD2702 

NOISE 
(0.1 to 10Hz) 

LONG TERM STABILITY (@ +SSoC) 

OFFSET ADJUST RANGE 
(See Diagrams) 

OFFSET ADJUST TEMP DRIFT EFFECT 

PACKAGE3 ,4 

NOTES 
·Same as "JO" grade performance. 
··Same as "LO" grade performance. 
···Same as "SD" grade performance. 

I Specified with resistive load to common. 

JD LD 

±20V 
300mW 
4S0tnW 
- 2SoC to +8SoC 
·-6SoC to +lSOoC 

+300
o

C 
Continuous 

±O.OOSV ±0.002SV 
±O.OOSV ±0.OO2SV 
±O.OOSV ±0.002SV 

±lOmA 
±SmA +SmA,-2mA 

10Vpm/oC 3ppm/oC 
±11.0mV ±4.3mV 
10ppm/oC SppmtC 
±l1.OmV ±S.SmV 

300p.VN 

SOp.V/rnA 

o.osn 
±13V to ±18V 

±14mA 
+17mA,-4mA 

SOp.V pop typ 

10Oppm/lOOO Hrs. (typ) • 

±20rnV (ntin) • 
±4p.V/oC per rnV 

of Adjust (typ) 

HY14B HY14B 

2 Output voltage error as a function of temperature is determined using the box method. 
Each unit is tested at T min, T max and +2SoC. At each temperature VOUT must fi.ll 
within the rectangular area bounded by the minimum and maximum temperature and 
whose maximum VOUT value is equal to VOUT nominal plus or minus the maximum 
+2SoC error plus the maximum drift error from +2SoC. The box limits are noted 
below the drift values used to calculate the box. 

3 Analog Devices reserves the right to ship metal packages in lieu of the standard 
ceramic packages for J and L grade parts. ' 

4See Section 19 for package outline information. 
Specifications subject to change without notice. 
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SD UD 

-SSoC to +12SoC ••• 

.. .. 
•• .. 
±8mV ±S.SmV 

3ppm/oC 
±lO.OmV ±S.SmV 

HY14D HY14D 



A~~JST ~~~T A~~ST +15 l~ISJT N/C N/C 

13 

N/C COMMON 

FINE VOUT FINE TEST 
ADJUST -10 ADJUST -15 POINT N/C 

AD2701. -10.000 VOLT REFERENCE 

0000000 
N/C N/C N/C N/C N/C N/C COMMON 

TEST 
ADJUST POINT N/C N/C 

FINE -10 FINE -15 N/C N/C COMMON 
ADJUST VOUT ADJUST 

Pin Designations 

-15V 

-15V ----....----, 

+15V 

*EXTERNAL 10k POTENTIOMETER 
PROVIDES t30mV OUTPUT OFF· 
SET ADJUST. TEMPERATURE 
EFFECT IS t4iJVI" PER mV OF 
OFFSET CORRECTION (EXTER· 
NAL ADJUSTMENT OPTIONAL). 

Fine Trim Connections 

--~ __ ----------------------~'-----------~------------+15V 
--~---4~-------------4~-+----------~---4~----- -15V 
--~--~-----------e--~--~----------~~~---e---+5V 

Using AD2702 Reference with the Fast, High Accuracy 
AD5215 - 12-Bit ADC 

VOL TAGE REFERENCES VOL. I, 7-35 

• 



USING AD2700 REFERENCE WITH THE AD7S20 
AND AN IC AMPLIFIER TO BUILD A DAC 

The AD2700 series is ideal for use with the AD7520 series of 
CMOS DI A converters. A CMOS converter in a unipolar appli
cation as shown below performs an inversion of the voltage 
reference input. Thus, use of the +10 volt AD2700 reference 
will result in a 0 to -10 volt output range. Alternatively, using 
the -10 volt AD2701 will result in a 0 to +10voltrange. Two 
operational amplifiers are used to give a bipolar output range 
of -10 volt to + 10 volt, as shown in the lower figure. Either 
the AD2700 or AD2701 can be used, depending on the trans
fer code characteristic desired. For more detailed applications 
information, refer to the AD7520 Data Sheet. 

+15V (OR -15 FOR AD2701) 

11 

AD2700 

Ag:701
13 

(10V) 

7 BIT 1 (MSB) 

GND 
DIGITOA-L-,r---t

5 
AD7520 1~10;;;:U,,-T,,-I_-I 

INPUT I 

o--I""---t13 
BIT 10 (LSB) 

lOUT 2 

L..--T.,.,.,.,..,J 

Unipolar Binary Operation 

DIGITAL INPUT ANALOG OUTPUT 

1111111111 -VREF (1 - 2"10) 

1000000001 -VREF (1/2 + 2-10 ) 

1000000000 
-VREF 
---;y-

0111111111 -VREF (1/2 - 2"10) 

0000000001 -VREF (2-1°) 

0000000000 0 

NOTE: 1 LSB = 2-10 V REF 

Table I. Code Table - Unipolar Binary Operation 

+15V 

VREF-_.--+-___ ~ 

R3 10 MEGOHM 

BIT 1 (MSB) 15 14 
4 , 16 

1 IOUT1 

DIGITAL AD7520 R2 10k 
INPUT 10k 

BIT 10 (LSB) 
13 

Bipolar Operation (4-Quadrant Multiplication) 

DIGIT AL INPUT ANALOG OUTPUT 

1111111111 -VREF (1 - 2"9) 

1000000001 -VREF (2"9) 

1000000000 0 

0111111111 VREF (2-9 ) 

0000000001 VREF (1 - 2-9 ) 

0000000000 VREF 

NOTE: 1 LSB = 2-9 VREF 

Table II. Code Table - Bipolar (Offset Binary) Operation 
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USING THE AD2700 VOLTAGE REFERENCE WITH 
D/A CONVERTER 
An AD2700 Voltage Reference can be used with an inverting 
operational amplifier and an R-2R ladder network. If all bits 
but the MSB are off (i.e., grounded), the output voltage is 
(-R/2R)EREF . Ifall bits but Bit 2 are off, it can be shown 
that the output voltage is!h(-RI2R)~EF = 'AEREF: The 
lumped resistance of all the less-significant-bit circuitry (to 
the left of Bit 2) is 2R; the Thevenin equivalent looking 

'back from the MSB towards Bit 2 is the generator, EREFI2, 
and the series resistance 2R j since the grounded MSB series 
resistance, 2R, has virtually no influence - because the 
amplifier summing point is at virtual ground - the output 
voltage is therefore -EREF /4. The same line of thinking can 
be employed to show that the nth bit produces an increment 
of output equal to 2-n EREF . 

DIGITAL INPUT CODE 
LSB BIT3 BIT2 
I I , 

a. Basic Circuit 

BIT 2 SWITCH CLOSED 

.----~/: 

\ 

, 
I 
I 
I 
I R 

LUMPED RESISTANCE 
OF LESS-SIGNIFICANT BITS 

b. Example: Contribution of Bit 2; All Other Bits "0" 

",OV 

c. Simplified Equivalent of Circuit (b.) 
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FEATURES 
Laser Trimmed to High Accuracy: 10.000V ± 1.0mV 
Low Temperature Coefficient: 1ppmfC (L Grade) 
Excellent Long Term Stability: 25ppm/1000hn. 
5mA Output Current Capability 
Low Noise: 30",V POp 
Short Circuit Protected 
No Heater Utilized 
~~~I! ~i~A (~bntlHrtI 14-Pin DIP Paeka~A' 

PRODUCT DESCRIPTION 
The AD2710 and AD'2712 are temperature-compensated, 
hybrid voltage references which provide precise 10.000V out
put from an unregulated input level from 13.5 to 16.Svolts. 
Active laser trimming is used to trim both the initial error at 
+2S

o
C as well as the temperature coefficient, which results in 

ultra high precision performance previously available only in 
oven-regulated modules. The 1.0mV maximum initial error 
and 1ppmtC guaranteed maximum temperature coefficient 
of the AD2710L and AD2712L represent the best perform
ance combination available without ,using ovens or heated 
substrates for temperature regulation. 

The AD2710 series of precision 10.000 volt references offer 
the user unequalled accuracy and stability with performance 
guaranteed over the 0 to +70oC temperature range. The devices 
combine the recognized advantages of thin film technology 
and active laser trimming with a unique integrated ceramic 
package design to provide an excellent reference for use in 
applications requiring high accuracy and stability. 

The AD2710 is recommended for use as a reference for 10-, 
12- and 14-bit D/A converters which require an external refer
ence. The device is also suitable for many types of high resolu
tion AID converters, either successive approximation or inte
grating designs. The SmA output drive capability of the device 
also makes the AD2710 ideal for use as a master system 
reference. 

For systems requiring a dual tracking reference, the AD2712 
offers both positive and negative outputs in a single package. 
All units are packaged in an integrated ceramic 14-pin side
brazed package offering superior reliability over other package 
designs. 

+10.000 Volt Ultra High 
Precision Reference Series 

AD271O, AD2712 I 
AD2710, AD2712 FUNCTIONAL BLOCK DIAGRAMS 

fiNE 
ADJUST 

PRODUCT HIGHLIGHTS 

FINE 
ADoIUST 

+FINE 
ADJUST 

1. Active laser trimming of both initial accuracy and tempera
ture coefficient results in very high accuracy over the tem
perature range without the use of external components. 
AD2710 has a maximum deviation from 10.000 volts of 
±1.oOmv at 25°C with no external adjustments. 

2. The AD2710 and AD2712 are well suited for a broad range 
of applications requiring an accurate, stable reference source 
such as data converters, test and measurement systems and 
calibration standards. 

3. The performance of the AD2710 series is achieved by a 
well-characterized design and close control over the manu
facturing process. This eliminates the need for temperature
controlled ovens to provide stability. 

4. The advanced multilayer integrated ceramic package results 
in superior electrical performance as well as inherent high 
reliability • 
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SPECIFICATIONS (typical @ Vs ±15V after a 5 minute warm-up at +25°C, 
no load condition unless otherwise specified) 

Model AD2710KN AD2710LN 

ABSOLUTE MAXIMUM RATINGS 
Input Voltage (for applicable supply) , 
Power Dissipation @ +2SoC . 
Operating Temperature Range 
Storage Temperature Range 
Lead Temperature (soldering, 20s) 
Short Circuit Protection (to GND) 

OUTPUT VOLTAGE ERROR! 
+2SoC 

OUTPUT VOLTAGE TEMPERATURE 
COEFFICIENT2 

+10V Output +2SoC to +70oC 
o to +2SoC 

-10V Output4 +2SoC to +70oC 
o to +2SoC 

LINE REGULATION 
Vs = ±13.S to ±16.Ss 

OUTPUT CURRENT 

LOAD REGULATION 
10 =0 to ±SmA 

OUTPUT RESISTANCE 

INPUT VOLTAGEs 
Operating Range 
Specified Performance 

QUIESCENT SUPPLY CURRENT 
Vs+ 

- Vs_s 

NOISE 
0.1 to 10Hz 

LONG TERM STABILITY 
TA = +2S

o
C 

EXTERNAL TRIM RANGE 6 

PACKAGE OPTION' 

NarES 

±18V 
300mW 
o to +70

o
C 

-SSoC to +100oC 
+260°C 
Continuous 

±1.0mV max 

±2ppm/OC max 
±Sppm/oC max 
Not Applicable 
Not Applicable 

12SJ.lV/V(200J.lVIV max) 

lOrnA 

S0J.lV/mA(100J.lV/mA max) 

o.osn 

±13V to ±18V 
±13.SV to ±16.SV 

9mA(14mA max) 
Not Applicable 

30J.lV pop 

2Sppm/1000 Hours 

±lOmV 

HY14B 

·Same asAD2710KN. "Same asAD2712KN performance. 
1 Specifications apply to both outputs of the AD2712. 

Not Applicable 
Not Applicable 

.. 

Not Applicable 

I Refer to next page for definition of temperature-related error specifications. 
'The AD2710LN and AD2712LN outputs are guaranteed for a maximum ±2ppmfC temperature 

AD2712KN 

., 
4S.0mW .. 

±2ppm/O C max 
• 
±3ppmfC max 
±SppmfCmax 

AD2712LN 

•• 

±lppm/OC max 
.3 

±2ppmfCmax 
•• 

.. 

12mA (16mA max) .,.. 
2mA (4mA max) •• 

coefficient over the +ISoC to +2SoC temperature range. Refer to Figure I. 
4The +IOV and -IOV outputs of the AD2712 typically track within ±1ppmfC over the specified temperature range. 
'Negative power supply not required for AD2710. 
'~se of the output trim will change the temperature coefficient approximately O.3ppmf C for each 

millivolt of adjustment. 
7See Section 19 for package outline information. 
Specifications subject to change without notice. 
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UNDERSTANDING THE SPECIFICATIONS 
The AD2710 and AD2712 precision references are designed 
for applications requiring both the lowest possible initial error 
at room temperature and the lowest possible temperature drift. 
The specification for initial error is relatively straig!)t-forward, 
and is the absolute error from exactly 1O.000V. The specifica
tion for temperature drift, however, must be explained. 

Various methods have been used to specify the temperature 
drift of voltage references, including the "butterfly", "box", 
and "modified-box" (or total error) methods. The AD2710 
and AD2712 are specified with the "butterfly" method. 

Using three or more temperatures provides the user with a 
tighter drift specification, eliminating possible mid-range ex
cursions. The An2710 :md An2712 h:lVt' ht't'n dt'~iO'nt'n :mn 

characterized as having a smooth drift curve with a ~irtually 
straight segment from +2S

o
C to +70oC. The typical curve as 

shownois concave downward and gradually increases slope 
near 0 C. . 

As can be seen from Figure 1, the AD2710L and AD2712L 
+10V outputs will exhibit a maximum temperature coefficient 
of ±lppm/C (±2ppm/C for "K" grade) from +2S oC to 
+70

o
C. Over the short range between +ISoC and +2SoC, the 

AD2710L and AD2712L +10V outputs have a maximum 
drift of only ±2ppm/ C and a maximum drift of ±Sppm/o C 
from 0 to +IS

o
C. The negative output of the AD2712L has a 

similar temperature coefficient characteristic with a maximum 
slope of ±2ppm/oC from +2SoC to +70°C. This limit continues 
from +2S

o
C to +IS

o
C and then increases to a ±Sppm/C 

maximum slope from +lSoC and OOC. Every unit is 100 per
cent tested and guaranteed to meet these specifications over 
the full 0 to +70

o
C temperature range. 

+2mV,-------r-----,-----------------. 

TYPICAL CURVE 
+O.9mV 

~~~~5J+O.45mv -O.45mV 

-O.9mV 

~-~,L-o -'':-5 ~2':-O~2~5 -30:':---.l---SO:':----L-----'70-2mV 

TEMPERATURE _ °c 

Figure 1. Maximum Change from +10V Output from +2~C. 
Value vs. Temperature 

All grades of the AD2710 and AD2712 are tested after a five 
minute warm-up period. This warm-up allows the entire circuit 
to attain thermal equilibrium. The warm-up drift is approxi
mately 500 microvolts and is completely settled approxi
mately three minutes after tum-on. Figure 2 shows the 
typical warm-up characteristics of the AD2710 . 

... 10.0010 ~ 
<{ 

~ 10.0005 
0 

10.0000 > ... 
:::l 9.9995 
I!: 

,,--
:::l 9.9990 
0 

TURN-ON 

1 MIN 2MIN 3MIN 4MIN 

}

SPECIFIED 
INITIAL 

ACCURACY 

Figure 2. AD2710 Typical Warm-Up Drift 

USING THE AD2710 AS A DAC REFERENCE 
Digital-to-analog converters require a reference to establish 

Applying the AD2710 Series 
the full scale output range. It is this reference which will ulti
mately determine the absolute accuracy of the converter. 
While many converters include internal reference sources, 
better overall performl!.nce can be obtained if a higher preci
sion external reference is used. 

Figure 3. Low Drift 12-Bit D/A Converter 

Figure 3 shows the AD2710used with the ADS66A high-speed 
12-bit DAC. The ADS66AKD is laser trimmed for ±1I4LSB 
maximum nonlinearity, and exhibits a gain temperature coef
ficient of 3ppm/oC. Use of the AD2710LN reference will 
result in a worst case total gain temperature coefficient of 
4ppm/ C. After initial calibration of the DAC scale factor at 
room temperature, 12-bit absolute accuracy can be maintained 
over the +IS

o
C to +70

o
C temperature range. The high output 

current capability of the AD2710 allows it to serve as a refer-
ence for up to 10 such converters in a system: . 

The resolution of the ADS66A can be extended as shown in 
Figure 3 by summing the output of another DAC. In this ex
ample, an ADSS9 is used to provide 4 additional bits. Since 
the ADSS9 is driven from the same AD2710 reference as the 
ADS66A which provides the higher-order bits, and uses a 
similar internal thin-film resistor ladder, it will exhibit first
order temperature tracking. While this circuit provides 16-bits 
of resolution, it is only as accurate as the ADS66A used for 
the most significant bits. Use of an ADS66AKD will typically 
achieve ±0.003% accuracy (±1I2LSB at 14 bits). 

Fi,qure 4. 16-Bit Binary DAC with AD2710 Reference 
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HIGH RESOLUTION ANALOG-TO-DIGITAL CONVERSION 
The AD2710 is well-suited to both system and instrument-level 
analog-to-digital converter reference requirements. The excel
lent absolute accuracy and low temperature drift allow low
cost measurement systems to offer high levels of performance. 

The AD7555 is a 4'h15 1h digit ADC subsystem which uses the 
quad-slope conversion technique to achieve high accuracy at 

VSS··5V 

NOTES 
1. RS Cl VALUES SHOWN ARE FOR 5 1/2 DIGIT MoDe. FOR 41/2 DIGIT MODE Rs· 360k,C, • O.22~F. 

SUITABLE CAPACITORS AVAILABLE FROM COMPONENT RESEARCH CO. INC .• 1655 26.h STREET. 
SANTA MONICA. CA. 90404. ISTOCK NUMBER FOR 0 22"F CAPACITOR IS Dl1B224KXWI. 

2. R4. R6. R71% TOLERANCE 
3. Rl. R3 SHOULD TRACK WITHIN 0.5ppmtC. EITHER BULK METAL OR WIRE WOUND RESISTORS 

lOR A THIN·FILM NETWORKI SHOULD BE USED. R2 SHOULD BE A LOW·TC TYPE POTENTIOMETER 
OR A SELECTED LOW DRIFT FIXED RESISTOR. 

Figure 5. High Accuracy Low Drift AID Converter 

-1SV ___ ..... __ --" 

+1SV 

2 VOUT • -10.000V 

'OPTIONAL10k POTENTIOMETER PROVIDES 
flOmV OUTPUT TRIM. TEMPERATURE DRIFT 
INCREASES O.3ppmtC PER mV OF FINE 
ADJUSTMENT 

Figure 6. Optional Fine Trim Connections 
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low cost. This patented conversion process performs auto
matic correction for offsets and other errors in the analog 
circuitry as a part of each conversion. Total scale factor drift 
1.2ppmtC is possible using the AD2710L reference and medi
um-precision external amplifiers. This represents a full scale 
drift of less than ± 10 counts in ±200,OOO from + 150 C to 
+45°C. Less than 1 count of drift will occur in the 4 112 
digit mod~. 

The AD7555 was designed for use with a4.096V reference, 
which produces a ±2 volt input range. When the AD2710 is 
used, the input range is increased to ±4.88281 V (24.4J.1V I 
count). The new scaling can be handled either by using a preci
sion gain stage before the AD7555 analog input as shown or by 
using a microprocessor to digitally correct the scale. The actual 
input signal value can be computed by multiplying the count 
produced by the AD7555 by VREFI (10 volts in this case), and 

. dividing the result by 409600. Details of the digital circuitry 
of the AD7555 can be found on the AD7555 data sheet. 

It should be noted that.when the AD7555 is used with the 
AD2710 10 volt reference, it is necessary to use a Vee greater 
than 10 volts. Thus the digital inputs and outputs of the ADC 
will be compatible with CMOS logic levels. 



r.ANALOG 
WDEVICES 

CMOS Monolithic DC-DC 
·Voltage Converter & Reference 

PRELIMINARY TECHNICAL DATA 
FEATURES 
Efficient Series Stacked dc/dc Converters Which 

Provide Multiple Outputs From a Single + 5V 
Supply (-5V, -10V, -15V, +10V, +15V) 

On-Chip -10V Reference Voltage Output 
High Reference Voltage Power Supply Rejection 
Minimum Circuit Requires Only Two Low Cost 

r~n'!"li~i+n.,."... --,...-_ .... _.-
APPLICATIONS 
Negative Reference Voltage Generation for Data 

Acquisition Systems, from a Single + 5V Supply 
Op-Amp Supply Generation; ±5V, ±15V 
Low Power, High Efficiency Voltage Converter for 

Battery Operation 

GENERAL DESCRIPTION 
The AD7S60 is a monolithic CMOS voltage converter plus 
voltage reference circuit. It performs both voltage inversion and 
subsequent voltage multiplication of the incoming positive s~pply 
voltage. It contains two converter circuits, A and B, in series to 
provide two negative output voltages of approximately - VDD 
and - 3VDD from the + VDD input. The unregulated - 3VDD 
output from converter B is used to generate an internal reference 
voltage of - SV. This is buffered and amplified to provide a 
temperature compensated -lOY output (VREF' pin 9) which 
can sink over LOrnA. In applications where the reference output 
is not required this section can be powered down via the .reference 
inhibit input INH, pin 1. 

An on-chip oscillator is provided to drive the converters. The 
oscillator frequency is determined by the addition of an external 
capacitor. Additionally, if converter synchroni~ation to an external 
clock source is required, the clock input can be driven directly 
from a SV CMOS compatible clock source. 

ORDERING INFORMATION 

Reference Voltage 
Accuracy 

(TmintoT~ 

:tSOOmV 

NOTE 

Reference Voltage 
T.C.(max) 

:t200ppmrc 

'Plastic DIP Package - N16B 
See Section 19 for package outline infonnation. 

Temperature Range & Packagel 
- 25'C to + 70'C Plastic 

AD7S60JN 

AD7560 I 
AD7560 FUNCTIONAL BLOCK DIAGRAM 

+Cl -Cl Va Veo +Cl -Cl Vo. AGND v .. 

PRODUCT HIGHLIGHTS 
I. The AD7S60 produces multiple output voltages with a mini

mum number of external components, e.g., basic configurations 
require only two or four low cost general purpose electrolytic 
capacitors. 

2. A -IOV voltage reference output which can be powered 
down if not required. 

3. The SV CMOS compatible clock input can be driven from 
an external clock source (for synchronization) or can be made 
to oscillate with the addition of an external capacitor. 

4. All outputs are short-circuit proof and latch-up free. 

PIN CONFIGURATION 

DGND 
AD7560 
TOP VIEW 
(NOTTO 
SCALE) 

VDD 

ClK 

+C3 

-C3 

VC4 

vss 
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SPECIFICATIONS (Voo = + 5V\ FeU( = 6kHz external clock, 0 :5 IREF :51mA (see test circuits, Figures 1 & 2). 
All specifications Tmin to Trnar unless otherwise noted) 

Parameter INH = ov3 

CONVERTER A, VCl (Pins5& 13) 
Voltage Conversion Factor, aA 

TA = +25°C 0.90 
0.95 

TMIN,TMAX 0.85 
0.90 

V Cl Output Source Resistance 
TA = +25°C 160 

120 
TMIN,TMAX 200 
TA = +25°C N.A. 

N.A. 
TMIN,TMAX N.A. 

V Cl Short Circuit Current 30 

CONVERTERB, VC4 (Pin 11) 
Voltage Conversion Factor, aB 

TA = +25°C 2.80 
2.90 

TMIN,TMAX 2.75 
2.85 

V C4 Output Source Resistance 
TA = +25°C 900 

750 
TMIN,TMAX 1200 
TA = +25°C N.A. 

N.A. 
TMIN,TMAX N.A. 

V C4 Short Circuit Current 20 

VOLTAGE REFERENCEs, V REF (Pin 9) 
Reference Voltage Output N.A. 
Reference Voltage Accuracy N.A. 
Reference Temperature Coefficient6 N.A. 
Reference Voltage Drift N.A. 
Reference Sink Current, IREF N.A. 

Reference Output Resistance 
20 

Reference Short Circuit Current 0.4 
Power Supply Rejection 

VREFNOO N.A. 

Buffer Amplifier Resistor Values 
RINandRFB 30/50/75 

Input Shunt Resistance, RSH 75 

DIGIT ALINPUTS 
INH(Pinl) 

VIH Input High Voltage +3.0 
VIL Input Low Voltage +0.8 
I IN Input Current ±10 
CIN Input Capacitance7 7 

CLK(PinI5) 
VIH Input High Voltage +3.0 
VIL Input Low Voltage +0.8 
lIN Input Current ±25 

±15 

POWER REQUIREMENTS 
Power Supply Current, 100 6 

3 
16 
12 

V 00 Operating Range +4.5/+5.5 

+4.5/+7.5 

NOTES 
'Voo = +SV±S%. 
2Temperature range of AD7S60IN is - 2S·C to + 70·C. 
3See test circuit, Figure 1. 
'See test circuit, Figure 2. 
5To meet this voltage reference lpecification (T min to T .. os) external 
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INH = VDD4 Units Conditions/Comments 

0.68 min IC2 = IC4 = OmA 
0.80 typ 
0.65 min 
0.75 typ 

N.A. o max ICl = 5mA,Ic4 = OmA,IREF = N.A.(NotApplicable) 
N.A. Otyp 
N.A. o max 
160 o max ICl = ImA,IC4 = OmA,OsIREFSO.25mA 
120 Otyp 
200 o max 
~O mAtyp Short Circuit to DGND 

2.35 min ICl = IC4 = OmA 
2.45 typ 
2.30 min 
2.35 typ 

N.A. o max ICl = OmA,IC4 = 2.5mA,IREF = N.A. 
N.A. Otyp 
N.A. o max 
900 o max ICl = OmA, IC4 = 0.25mA, OSIREF sO.25mA 
750 Otyp 
1200 o max 
20 mAtYI> Short Circuit to DGND 

-10.00 V 
±5oo mVmax 
±2oo ppmf'Cmax 
±60 mVtyp I ,000 hours, + 70°C 
1.0, mAmin 
1.5 mAtyp 
3 o max 
1 kOtyp 
5 mAmax Short Circuit toAGND 

±12 mVNmax 
±6 mVNtyp 

30/50/75 kO minltyp/max 
75 kOtyp RsHisApproximately 1.5RFB 

+3.0 V min 
+0.8 V max 
±IO jLAmax VIN = OVorVoo 
7 pFmax 

+3.0 V min 
+0.8 V max 
±25 jLAmax VIN = OVorVoo 
±15 jLAtyp 

22 mAmax ICl == IC4 = OmA 
15 mAtyp 
N.A. mAmax ICl = OmA, IC4 = 2.5mA 
N.A. mAtyp 
+4.75/+5.5 V ' Specifications not guaranteed outside 

Voo = +5V ±5% 
+4.75/+7.5 V Degraded performance over this range. 

Extemallimit resistors required. 
See Figure 15. 

loading on V C2 (pins 5 & 13) and V C4 (pin 11) should be restricted 
to satisfy conditions IV C41"IV REFI + O.SV. Refer to Figures 4 and 9. 

6Using internal resistors RF8 and R1N• 

7Guaranteed by design, not tested. 
SpecificatiODIlubject to change without notice. 



ABSOLUTE MAXIMUM RATINGS· 
VnntoDGND 
Vnn to Va 
Vnn to VC4 .. 
Vnn to Vss .. 
Va, -Cl, (DGND = OV) 
VC4, -C3, (DGND = OV) 
+Cl (DGND = OV) 
+ C3 (DGND = OV) . 
AGND to DGND . . . 
CLK, INH, (DGND = OV) 
VREF ••• ••• 

RIN, RFB (AGND = OV) . . 
Inn ............ . 
IREF Short Circuit Duration to V nn . 

-O.3V, +8V 
-O.3V, + 16V 
'-O.3V, +32V 
-O.3V, +32V 

Voo, -8V 
Voo, -24V 
-O.3V, Voo 

VC2, Voo 
Vss, Voo 

· Voo, -SV 
Voo, Vss 

· .. ±lSV 
· lOOmA de 

Continuous 

IC2 Short Circuit Duration to DGND 
IC4 Short Circuit Duration to DGND 
Operating Temperature Range, IN . 
Storage Temperature ....... . 
Lead Temperature (Soldering, lOsecs) 
Power Dissipation (Package) 

to +SO°C ...... . 
Derate Above + 50°C by 

Continuous 
Continuous 

- 25°C to + 70°C 
- 65°C to + 150°C 

+ 300°C 

4S0mW 
6mW/oC 

·Stresses above those listed under "Absolute Maximum Ratings" may 
cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or any other condition above 
those indicated in the operational selections of this specification is not 
imnlied. EXoOsure to absolute maximum rating conditions for extended 
pe~iods may affect device reliability. -

CAUTION-------------------------------------------------------
ESD (Electro-Static-Discharge) sensitive device. The digital control inputs are zener protect
ed; however, permanent damage may occur on unconnected devices subject to high energy 
electrostatic fields. Unused devices must be stored in conductive foam or shunts. The foam 
should be discharged to the destination socket before devices are removed. 

Voo = +sv 

n 
DGNO AGNO 

NOTES: 

TEST CIRCUITS 

6kHz SQUARE WAVE, 
1------<) OGNOTOVDD 

1--+----0 Va 

VOD = +sv 

n 
OGNO AGNO 

NOTES: 
'C1 • C2 ar. 10 ... F/10V. Low eoat. Electrolytic Capacitor. 
C3 • C4 oro 10"F/25V, Low COlt, EI~olytic Copacitors 

'C1 • C2 Ir. 10 ... F/10V. low Cost. Electrolytic Capacitor, 
C3 II C4 .r. 10,.,F/25V. Low Cost. Electrolytic Caplciton 

Figure 1. Test Circuitfordc-dc Converter Only, INH = OV. 
Figure 2. Test Circuit for dc/dc Converter & Voltage 
Reference, INH = VDD 

VOL TAGE REFERENCES VOL. I, 7-43 
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Typical Performance Characteristics 
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Figure 3. VC2 Output Voltage vs. IC2 Output Current for 
Different Values of IC4 (See Figure 1) 
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Figure 4. VC4 Output Voltage vs.lC4 Output Current for 
Different Values of IC2 (see Figure 1) . 
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Figure 5. VREF, VC2 and V C4 Output Voltage Levels vs. 
Reference Sink Current IREF (see Figure 2) 
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I V .. _1.5V _ 
> .. t, -,I--+--+-+----il--+I,I#--f---+ T. _ +25'C 

~ INH-,Voo -

• • 10 12 

hie. OUTPUT CURRENT - mA 

Figure 6. Output Reference Voltage VREF vs. IC2 and 1C4 
Load Currents (see Figure 2) 
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o 
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Figure 7. IC2 vs. IREF Operating Area (Shaded) for VREF 
-10V(seeFigure2) 
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Figure 8. IC4 vs. IREF Operating Area (Shaded) for VREF = 
-10V(seeFigure2) 
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Figure 9. VC4 Output Voltage vs. Vc2 Output Voltage i.e., 
VC4 Output Voltage as a Function of Current Loading on 
VC2 (see Figure 1) 
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Figure 10. Effect of INHIBIT Input (lNH, Pin 1) on Converter 
Efficiency 
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Figure 1,. Typical Clock Frequency vs. Clock Capacitance 
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CIRCUIT DESCRIPTION 
The AD7560 consists of two separate dc-to-dc converters which 
are driven in series plus a precision voltage reference with buffer 
amplifier. The voltage conversion circuitry of the AD7560 may 
best be understood by referring to Figure 16. This shows the 
two convert~rs A, and B, each comprising four switches and 
two external capacitors. 

S~~DD 
C1 

~%+T 

CONVERTER A 

~C2 

DGND DGND DGND 

52' 

4 3
- 54' 

n~~ 
~C4 

DGND 

CONVERTER B 

Figure 16. Converter Circuitry with External Capacitors 
Included 

Consider initially converter A, switches SI through S4, and 
capacitors Cl and C2. The oscillator and voltage-level translator 
sections provide the control signals to the four switches. During 
the charge phase, capacitor Cl is charged through SI and S3 
(S2 and S4 open) to a voltage equal to the supply voltage V DD. 

In the pump phase, S2 and S4 are closed (SI and S3 open) and 
the charge is pumped or transferred from capacitor CI to C2. 
The· voltage on C2 (Vcbpins 5 and 13) is equal in value and 
opposite in polarity to + VDD with respect to DGND (assuming 
ideal switches and no load on C2). Since a finite time is required 
after power-on for the voltage to build up acrossC2 this discussion 
has assumed that steady state conditions have been reached. 

Operation of the second converter is identical with the first 
except that capacitor C3 is now charged between + V DD and 
-VDD• 

This means that during the charge phase capacitor C3 will charge 
to ( + V DD) - ( - V DD) or + 2V DD. This voltage is then pumped 
to capacitor C4. The subsequent voltage on C4 (VC4, pin 11) is 
ideally 3VDD and is negative with respect to DGND. When the 
first converter is in the charge phase, the second is in the pump 
phase and vice versa. Converter timing is derived from an on-chip 
oscillator which can be free-running or synchronized with an 
externally applied clock. 

Figures 3 and 4 in the Typical Performance section show output 
voltage vs. load current characteristics for converter A (V C2) and 
converter B (V C4) outputs respectively. 

The reference portion of the AD7560 consists of an internal 
reference voltage circuit and an output buffer amplifier (see 
Figure 17). Both the reference circuit and the amplifier obtain 
their bias conditions from a bias controller which is powered by 
VC2 (converter A output) via an internal connection and from an 
externally applied negative voltage to V ss (pin 10). The amplifier 
operating current is supplied from VDD and Vss. Normally the 
voltage output VC4 available on C4 (converter B output) is used 
as the V ss supply. The reference voltage circuit, which is referenced 
to analog ground (AGND, pin 8), provides a stable temperature 
compensated - 5V reference voltage at the noninverting input 
of the buffer amplifier AI. RIN and RFB are two thin film resistors 
with nominal value of 50kn each. With RIN(pin 7) tied to 
AGND and RFB (pin 6) tied to the amplifier output VREF 
(pin 9), the amplifier provides a noninverting gain of 2 for the 
internal reference. The amplifier thus supp~i~s a precision reference 
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AGND R'N 

VDD 16~-------'-----------r----r--------' 

BIAS 
CONTROLLER ~ ________________ --' 

Figure 17. Reference Voltage Circuitry 

voltage output of - lOV with a current sink capability of over 
LOrnA. The RIN pin is internally tied to AGND via a shunt 
resistor RSH which is approximately equal to 1.5 RFB. 

The entire reference ~ge circuitry can be powered down via 
the INHIBIT input (INH, pin 1). This reduces current loading 
on V C2 and V C4 and results in increased conversion efficiency of 
both dc-to-dcconverters. See Figure 10 under Typical Performance 
Characteristics. 

TRIM TECHNIQUES 
Normallot-to-lot variations in fabrication will produce devices 
whose output reference voltages will be distributed symmetrically 
around -1O.00V. With the addition oCone fixed resistor and a 
potentiometer it is possible to adjust every device to provide a 
- 1O.00V output (see Figure 18). 

Figure 18. Trim Resistors for Reference Circuit 

Trim 
Resistor 

RI (Fixed) 
R2 (Variable) 

AD7560jN 

lOkn 
20kn 

Rl: thick film metal glaze, tolerance ±2%, T.C. ± lOOppml°C 
R2: 20 turn cermettrimmer, tolerance ± 10%, T.C. ± lOOppml"C 

Table I. Recommended Trim Presistor Values 

The fixed resistor RI must be sufficiently large (when R2 = On) 
to ensure that the output reference voltage of any device is less 
than -IO.OOV. Potentiometer R2 is then increased from on 
until the reference voltage equals -1O.00V. Worst case values 
of RI and R2 are indicated in Table I and,' therefore, represent 
the minimum values required which will ensure all devices can 
be properly trimmed. 

In the absence of external gain trim components the output 
reference voltage is expressed as: 

VREF = - 5 x (1 + RRFB )Volts 
IN 

This reference voltage has a typical temperature coefficient (TC) 
of 40ppmfOC. The internal thin-film resistors RIN and RFB (and 
RSH) have typical TCs of - 300ppm/oC. However, their 



matching and tracking is so tight as to produce no appreciable 
effect on the output TC. 

The inclusion of external gain trim components RI and R2 (as 
shown in Figure 18) modifies the overall reference performance 
since these external trim resistors will have different TCs from 
the internal thin-film resistors. The lowest values possible for 
RI and R2 should be chosen in order to minimize their effect 
on the overall reference TC. To obtain the lowest possible 
reference TC the most suitable technique for reference trimming 

. is a "select on test" approach to choosing RI and/or R2 as 
opposed to potentiometer trimming. 

Referring to Figure 18, if pins 6, 7 and 9 are connected 
together-omitting RI and R2-amplifier Al is configured as a 
unity gain buffer amplifier making the internal - 5V reference 
available externally. However, the current loading capability ot 
the VC4 output is not appreciably increased over normal -IOV 
reference conditions. 

OUTPUT VOLTAGE CALCULATION 
Since the two converters (A and B), are driven in series, current 
loading on either of the two storage capacitors will reduce both 
output voltages, V C2 and V C4, as well as the overall converter 
efficiency. An approximate equivalent circuit for the converter 
outputs is shown in Figure'19. 

Ve• 

Figure 19. Equivalent Circuit for VC2, VC4 Outputs (See 
Figure 1) 

The output voltages using this equivalent circuit and under 
moderate current loads can be calculated as follows: 

Vcl = - aA Von + IC2 RSA + 2 IC4 RSA 

V C4 = - a8 V DD + 2 IC2 RSA + 6 IC4 RSA ' 

Where: Cl.A is converter A conversion factor, 
typically Cl.A = 0.95 

IVczl 
Cl.A = Voo 

Cl.B is converter B conversion factor, 
typically Cl.B = 2.90 

IVC41 
Cl.B Voo 

Icz = External current load on C2 

IC4 = External current load on C4 

RSA = Converter A output source resistance 
RSA = 120.0 typically. 

If only converter B output is loaded the previous expression 
simplifies to: 

VC4 = - Cl.B Voo· + 6 IC4 RSA 

which is the analysis of a voltage source, Cl.B Vnn, with an 
output impedance of 6RsA. Refer to the relevant current-

. voltage characteristics shown under Typical Performance 
Characteristics. 

VOLTAGE CONVERSION EFFICIENCY 
The efficiency of the dc-to-dc converters depends upon the 
switch~ng transient losses which occur during the conversion 
cycles.These losses increase with increasing supply voltage Vnn 
and with increasing oscillator frequency feLK• Figure 13 shows 
typical power supply current Inn vs. power supply voltage Vnn 
for different values of clock capacitor. The choice of values for 
the pump and reservoir capacitors for both converters depends 
primarily on the required output current loading and the peak
to-peak output voltage ripple. The AD7560 is specified with 
C! =C2 =C3=Gi= !():' F ::mclll clock frequency of 6kHz as per 
the test circuit of Figure 1. The efficiency is relatively constant 
and optimal over a clock frequency range from 2kHz to 20kHz 
as indicated in Figure 12 which shows the converter output 
voltages as a function of clock frequency with fixed values for 
Cl to C4. If maximum efficiency is required at clock frequencies 
other than 6kHz, then the value of the pump and storage 
capacitors must be changed to ensure that the capacitive load 
impedances remain constant, i.e., if the clock frequency is 
reduced from 6kHz to 600Hz (a reduction of 10) then Cl to C4 
values should be increased by 10 (from IOJ-LF to 100J-LF). Note 
that the pump frequency is always one half the clock frequency 
at pin 15. 

CLOCK FREQUENCY CONTROL 
The conversion cycle time (charge and pump phases) of the dc
to-de converters may be derived from the on-chip oscillator or 
else controlled by an externally applied clock signal. 

1. External Clock Capacitor: When the clock input (CLK, pin 
15) of the AD7560 is left open circuit, the internal oscillator 
runs at a typical rate of 50kHz. This frequency is lowered by 
connecting an external capacitor between CLK and V nD or 
between CLK and DGND. 

2. External Clock Signal: The internal' oscillator ,can be over
ridden by an externally applied' clock signal. The clock input 
of the AD7560 is 5V CMOS compatible and sources or sinks 
typically I5J-LA of input current. The mark/space ratio of the 
external clock can be highly asymmetric; minimum clock 
HIGH level (or LOW level) requirement is 5J-Ls. The 
conversion phases change state on the negative going edge of 
the dock signal. 

INHIBIT INPUT ' 
As mentioned in the Circuit Description section, the reference 
and amplifier circuitry of the AD7560 obtains bias and operating 
current from the converter outputs-internally from converter A 
and externally (via VSS) from converter B. This·total current 
load is constant and is typically 3.5mA. Note that this 3.5mA 
includes any reference current that the reference amplifier sinks. 
In applications where the reference output voltage is not 
required, this current load can be reduced to negligible values 
by applying a logic LOW to the inhibit input (lNH, pin 1). 
The effect of the inhibit control on voltage conversion efficiency 
is evident from the performance characteristics as shown in 
Figure 10. 

INTERNAL CIRCUIT PROTECTION 
Referring to Figure 16, the MaS switches of both converters, 
S3, S4 and S3', S4' are N-channel devices. During normal 
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charge and pump cycles and also during power-up and output 
short circuit conditions (see following section), the voltages on 
the sources and drains of these output transistors vary in 
amplitude and polarity. To ensure optimum transistor performance 
(i.e., low RON and substrate reverse biased with respect to 
source) under any condition, their substrates must be tied to the 
most suitable negative potential available. To achieve this, a 
section of the internal control logic is devoted to sensing the 
voltages on the transistor sources and drains, and ensuring that 
their substrates are always correctly biased. This technique 
prevents the AD7560 from latching up during power-up and 
overload conditions, and also ensures optimum efficiency of 
both dc-to-de converters. 

OPERATION AT HIGH VOLTAGES AND ELEVATED 
TEMPERATURES 
Under normal specified conditions, the AD7560 operates 
efficie~tly over its full temperature and supply voltage ranges. If 
anyone of the external capacitors short circuits or if the Va or 
VC4 output is shorted to any low impedance point (e.g., Voo or 
DGND) the AD7560 internal protection circuitry mentioned 
previously aets to prevent SCR action and to avoid device 
destruction. If the AD7560 is to operate under a combination of 
temperature/supply voltage conditions, as shown in the shaded 
areas of Figure 15, then external protection circuitry is required 
both to ensure device operation and, in the event of a 'short 
circuit occurring, to preclude device destruction. 

Figure 20 shows the protection circuitry required when operating 
in the dotted area of Figure 15. Due to the inclusion of RI in 
series with the Ve2 output on pin 5, the Va output on pin 13 
should not be used. 
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Ve• 

+Voo 

C4+ 
I-~"""""'--; ~DGND 
1--~~---(JVc. 

Figure 20. Location of Protection Components R1, R2 
Required for Operation in Shaded Area of Figure 15 

Figure 21 shows the protection circuitry required when operating 
in the lined area of Figure IS. Under these conditions of high 
temperaturelhigh voltage, if the Va or V C4 output is shorted-to 
Voo, then internal parasitic transistors may be turned on 
leading to SCR action and possible device destruction. Diodes 
D 1 and D2 ensure that the Va and V C4 outputs are never 
pulled higher than a diode d'rop above DGND. Note that these 
diodes will require current limiting protection via the RLIMIT 
series resistors. 

+VPD 

AD7560 

rfl--.... """'~-1 
DGND\l 

RUMIT 

Figure 21. Location of Protection Components R1, R2 and 
01, 02 Required for Operation in Lined area of Figure 15 

Note that none of the above external protection is required 
when operating the AD7560 within specified limits of 
+4.5s;Voos;+5.5V at any temperature over its -25°Cto 
+ 70°C range. 



The AD7S60 can be used in a multitude of configurations to 
suit different requirements and applications. Table II outlines 
some of these operating configurations. 

Figure Input Voltage Nominal Output Voltages 

22 
23 
24 
2S 
26 
27 
28 
29 
30 

+SV 
+SV 
+5V 
+SV 
+SV 
+5V 
+SV 
+5V 
+SV 

-SV 
-SV,-ISV 
- 5V, -ISV, -IOVReference 
-SV, + lOV 
-SV, + ISV 
- SV, -ISV,.+ 10V 
-SV, -ISV, + ISV 
-5V, -ISV, + 10V, -lOVReference 
- SV, -ISV, + ISV, -IOV Reference 

Table II. Typical AD7560 Operating Configurations 

+ Voo In, - VDO Out (Figure 22) 
Figure 22 shows the circuitry required for single voltage 
conversion. CI and C2 are standard lO,...,F/lOV electrolytic 
capacitors. See Figure 3 for typical performance characteristics. 

+Voo (+5V) 

. Figure 22. + VDD to - VOD 

+Voo In, -Voo, and -3Voo Out (Figure 23) 
Figure 23 shows the circuitry required for voltage conversion 
and negative voltage multiplication. Capacitors. CI and C2 are 
lO,...,F/lOV, capacitors C3 and C4 are 1 0,...,F/2SV. All are standard 
low cost electrolytic types. Typical performance characteristics 
are shown in Figure 4. 

+Voo (+5V) 

Figure 23. + VDD to - VDD and -3VDD 

+ Voo In, - V 00, - 3Voo and - lOY Reference Out 
(Figure 24) 
To allow the voltage reference circuit to operate, the inhibit 
input (INH, pin I) is tied to V 00. The feedback loop of the 

Applications 
internal buffer amplifier is closed by tying RFB (pin 6) to V REF 

(pin 9). The amplifier input resistance RIN (pin 7) is tied to 
AGND (pin 8) to provide a gain of + 2 for the internal - SV 
reference (see Figure 24). 

+Voo (+5V) 

-Voo (-5V) 
I--t---o 

C4+ 

- ~DGND 
~ 

o -3Voo (-15V) 

-IOV 
REFERENCE 

OUTPUT 

Figure 24. + VDD to - VDD, -3VDD and - 10V Reference 
Output 

+Voo In, -Voo, +2Voo Out (Figure 25) 
Positive voltage multiplication is possible using a diode pump 
scheme as shown in Figure 25. In this configuration, the input 
capacitor (CS) of the diode pump is switched between + VDO 

and DGND by th,e'action of converter A. During its pUIl}P 
phase (pin 2 at AGND) CS is charged to + Voo - VF (where 
VF is the forward diode drop of 01.) During the charge phase 
(pin 2 at + VOO) the voltage on CS plus the .supply voltage is 
applied through 02 to capacitor C6. Thus the output voltage on 
C6 is +2VDO -2VF • . 

+Voo (+5V) 

...-__ --f
C5

1.:l1 ±I:.-EJ",,--D-Cl~2.-... ~_C_6 --00 +2Voo (+ IOV) 

+Voo (+5V) 

Figure 25. + VDD to - VDD and +2VDD 

+ Voo In, - Voo, + 3Voo Out (Figure 26) 
In this configuration, multiplication of + V 00 to + 3V DO is 
achieved by switching the input of the diode pump capacitor 
(CS) between +Voo and VC2 . During the pump phase of 
converter B capacitor CS is charged to + V 00 + V C2 - V F 

(where VF is the forward diode drop of 01). During the charge 
phase the voltage on CS plus the supply voltage is applied 
through diode 02 to capacitor C6. rhe output voltage on C6 is 
thus 2Voo + VC2 -2VF • Capacitors CS and C6 are 10,...,F/25V. 
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Figure 26. + Voo to - Voo and +3Voo 

+Vnn In, -Vnn, -3Vnn and +2Vnn Out (Figure 27) 
This configuration uses both converters and a diode pump. 
Driving the diode pump input capacitor from + Cl (pin 2) 
provides positive voltage doubling as explained in conjunction 
with Figure 25. 

+VOO (+SVI 

~~C6 .--___ --icst-I+_Ci_"*' .... --:--,-,---+-2-V0-o0o( + 10VI 

02 +Voo(+SVI 

-Voo (-SVI 

C4 
- + 

~OGNO 
-3Voo (-ISVI 

Figure 27. + Voo to - Voo, +3Voo and +2Voo 

+Vnn In, -Vnn, -3Vnn and +3Vnn Out (Figure 28) 
This circuit is similar to Figure 27 except that the diode pump 
is now driven from +C3 (pin 14). This provides voltage 
trebling as explained in conjunction with Figure 26. 

+VOD(+SV) +vDD(+SV) 

CS ~-C6 
-~ 

1-_ ...... +--iC3
- 02 +3VoD (+ISV) 

AD7560 -VDD (-SV) 

-3VDD (-ISV) 

Figure 28. + Voo to - Voo, -3Voo and +3Voo 
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+Vnn In, -Vnn, -3Vnn, +2Vnn and -lOY Reference Out 
(Figure 29) 
The configuration shown in Figure 29 uses both converters, 
reference circuit and diode pump to provide multiple analog out
puts. 

+VDD(+SV) 

CS ~C6 +2VDo (+10V) r-----f~~~~~~~~~----~O 
02 +VDO 

-VDD (-SV) 

C4 -+ 
~OGNO 

-3VDD (-15V) ...-_--0 
-10V 
REFERENCE 

OUTPUT 

Figure 29. + Voo to - Voo, -3Voo and +2Voo and - 10V 
Reference Output 

+Vnn In, -Vnn, -3Vnn, +3Vnn and -lOY Reference Out 
(Figure 30) 
This circuit is similar to Figure 29 except that the diode pump 
is now driven from + C3 (pin 14) to provide positive voltage 
trebling "(see Figure 30). 

+VDD(+SV) 

+VDD (tSV) 

cs ~-C6 
-~ 

02 + 3VDD (+ 15V) 

I------+--O-VDD (-SV) 

L..------o-3VDD (-15V) 

1-_--00 -10V REFERENCE 
OUTFUT 

Figure 30. + Voo to. - Voo, -3Voo and +3Voo and -10V 
Reference Output 



INCREASING OUTPUT CURRENT CAPABILITY 
It is possible to run two or more AD7560s in parallel to reduce 
the output resistance of both Ve2 and VC4• Figure 31 shows the 
circuit connections. Each converter has its own pump capacitor 
while the respective storage capacitors are common. The 
resultant output resistance of either converter A or converter B 
is approximately equal to that of a single device divided by the 
number of devices paralleled. 

Each AD7560 in Figure 31 is shown with an individual clock 
capacitor. Thus each device runs independently at a different 
conversion frequency leading to increased noise in the reference 
voltage output. To reduce the generated noise to a minimum 
drive all CLK inputs in parallel from a common clock signal. 

Ypp 

Ypp 

CClK 

Yo 0--+-----.... 

~---~YCA 

Figure 31. Paralleling Devices to Increase Output Current 
Capability 

The reference voltage output can also benefit from the paralleling 
of devices. Figure 32 shows how the fmal AD7560 (e.g., device 
# "n" in' Figure 31) should be connected to boost the available 
reference current. For example, with two devices in parallel the 
typical reference current is increased to over 5mA. 

FROM 
PREVIOUS 

STAGES 

I 
I 
I 
I 

Applications 
v •• 

FROM 
PREVIOUS 

STAGES 

I 
I 
I 
I 
I 

Figure 32. Reference Current Boosting 

Note that this reference current boosting technique may aiso be • 
used with existing -12V to -15V power supplies. Using the 
single general purpose PNP transistor as indicated in Figure 32 
and an existing - 12V power supply, one AD7560 can control 
up to 200mA of reference current (see Figure 33). ' 

Vo. 

...... ---v TO EXISTING 
-12VTO -1SV 
POWER SUPPLY 

Figure 33. Reff!rence Current Boosting Using Existing 
-12V to -15V Power Supply 
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Temperature Measurement Components 
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Selection Guides 

Temperature Transducers 

Temperature Transducer Signal Conditioners 

Voltage-to-Current Converters 

Transducer Signal Conditioners 

Isolated Transducer Signal Conditioners 

Two-Wire Transmitters 

Signal Conditioning 110 Subsystem 

Alarm Limit Subsystem 

General Information 

AD590llj/K Two-Terminal Temperature Transducer 
I 

-~D592A/B/C Low Cost, Precision Temperature Transducer 

AD594A/C Monolithic Thermocouple (Type J) Amplifier with Cold junction Compensation 

-AD5~5A1C Monolithic Thermocouple (Type K) Amplifier with Cold junction Compensation 

-AD596 Thermocouple (Type J) Conditioner and Set-Point Controller 

-AD597 Thermocouple (Type K) Conditioner and Set-Point Controller 
eNew product since publication of 1982-1983 Databook Update. 
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Selection Guide 
Temperature Measurement Components 
Temperature Transducers 

+ 

VOL. /, B-2 TEMPERATURE MEASUREMENT COMPONENTS 

AD590 
Linear Current Output: 1J.1A/K 
Wide Range: -SsoC to +1S0°C 
Probe Compatible Ceramic Sensor Package 
Two-Terminal Device: Voltage In/Current Out 
Laser Trimmed to ±O.soC Calibration Accuracy 

(ADS90M) 
Excellent Linearity: ± 0.3°C Over Full Range 

(ADS90M) 
Wide Power Supply Range: +4V to +30V 
Sensor Isolation from Case 

AD592 
High Precalibrated Accuracy: O.soC max @ 2SoC 
Excellent Linearity: 0.2°C max (0 to + 70°C) 
Wide Operating Temperature Range: -2SoC to 

+10SoC ' 
Single Supply Operation: +4V to +30V 
Excellent Repeatability and Stability 
High Level Output Signal: 1J.1A/oC 
Two Terminal Monolithic IC: Temperature In/Current 

Out 
Minimal Self-Heating Errors 
Low Cost Plastic Package 

AC2626 
Linear Current Output: 1 J.1A/K 
Wide Range: -SsoC to +1S0°C 
Laser Trimmed Sensor (ADS90) to ± O.soC 
Calibration 

Accuracy (AC2626M) 
Excellent Linearity: ± 0.3°C Over Full Range 

(AC2626M) 
6 Inch or 4 Inch Standard. Stainless Steel Sheath 
3/16 Inch in Outside Diameter 
3 Feet Teflon Coated Lead Wire 
Wide Power Supply Range +4V to +30V 
Fast Response: 2 Seconds (In Stirred Water) 
Sensor Isolated from Sheath 
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Temperature Transducer Signal Conditioners 
-IN -ALM COMP VO FB 

AD594/AD595 Page 

Pretrimmed for Type J (AD594) or Type K (AD595) Vol. I 
Thermocouples 8-31 

Can Be Used with Type T Thermocouple Inputs 
Low Impedance Voltage Output: 10mV/oC 
Built-In Ice Point Compensation 
Wide Power Supply Range: +5V to ±15V 
Low Power: <1mW typical 
Thermocouple Failure Alarm • Laser Wafer Trimmed to 1°C Calibration Accuracy 
Set-Point Mode Operation 
Self-Contained Celsius Thermometer Operation 
High Impedance Differential Input 

+IN +c +T COM -C 

-ALM 

AD596 
Monolithic Temperature Set-Point Controller Vol. I 
Built-In Ice Point Compensation for Type J 8-39 

Thermocouples 
Self-Contained Temperature Sensor for Stand-Alone 

Operation 
Programmable Dead Band 
Wide Power Supply'Range +5V to ±15V 
4°C Calibration Accuracy 
Low Power: ± 1 mW typ 

v-
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Selection Guide 
Temperature Measurement Components 
Voltage-to-Current Converters 

+10VTO +32V 

---------.... 4 TO 20mA 
+Vs IOuT ...... ~--

2820 

+14V TO +32V 

,..--------,---- 4 TO 20mA 

2822 

+ ~ + ~------(V!.::Y ± 1500V pk 

+14V TO +28V 

4T020mA 
------. "---""1 OR 0 TO 20mA 

IOUTt--... - ... 

4mAlO 
SELECTt-......... 

4 ... ----.... 8 ±1500V pk + 
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2820 
Complete, No External Components Needed 
Small Size: 1.1" x 1.1" x 0.4" Module 
Input: 0 to + 10V; Output: 4 to 20mA 
Low Drift: O.OOS%/OC max; Nonlinearity: O.OOS% max 

(2B20B) 
Wide Temperature Range: -2SoC to +8SoC 
Single Supply: +10V to +32V 
Meets ISA Std. SO.1 for Type 3, Class Land U, 

Nonisolated Current Loop Transmitters 

2822 
Wide Input Range: 0 to + 1V to 0 to + 10V 
Standard Output Range: 4 to 20mA 
High CMV Input/Output Isolation: 1500V dc 

Continuous 
Low Nonlinearity: O.OS% max, 2B22L 
Low Span Drift: o.OOS%rC max, 2B22L 
Single Supply: +14V to +32V 
Meets IEEE Std. 472: Transient Protection (SWC) 
Meets ISA Std. SO.1: Isolated Current Loop 

Transmitters 

2823 

Wide Input Range, Resistor Programmable 
Pin Programmable Output:, 4 to 20mA or 0 to 20mA 
High CMV Input/Output Isolation: ± 1S00V pk 

Continuous 
Low Nonlinearity: ± O.OS% max (2B23K) 
Low Span Drift: ± o.OOS%rC max (2B23K) 
Single Supply Operation: +14V to +28V 
Small Size: 1.8" x 2.4" x 0.6" 
Meets IEEE Std. 472: Transient Protection (SWC) 
Meets ISA ST. SO.1: Isolated Current Loop 

Transmitters 
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Transducer Signal Conditioners 
~15V 

r 

~15V 

%15V 

2830 
Complete Signal Conditioning Function 
Low Drift: 0.5Jl.VrC max ("L"); Low Noise: 

1Jl.V pop max 
Wide Gain Ranae: 1 to 2000V/v 
Low Nonlinearity: 0.0025% max ("L") 
High CMR: 140dB min (60Hz. G = 1000V/V) 
Input Protected to 130V rms 
Adjustable Low Pass Filter: 60dB/Decade Roll-Off 

(from 2Hz) 

2831 
Complete Signal Conditioning Function 
Low Drift: 0.5Jl.VrC max ("L"); Low Noise: 

1J1V pop max 
Wide Gain Range: 1 to 2000V/v 
Low Nonlinearity: 0.0025% max ("L") 
High CMR: 140dB min (60Hz. G = 1000V/V) 
Input Protected to 130V rms 
Adjustable Low Pass Filter: 60dB/Decade Roll-Off 

(from 2Hz) 
Programmable Transducer Excitation: Voltage (4V 

to 15V @ 100mA) or Curr!lnt (100Jl.A to 10mA) 

2834 
Low Input Offset Drift: ±1.0Jl.V/oC 
Low Gain Drift: ± 25ppm/oC 
Low Nonlinearity: ± 0.01% max (± 0.005% typ) 
Differential Input Protection: ± 130V rms 
Channel Multiplexing: 3000 chan/sec 

Scanning Speed 
Solid Sta~e Reliability 
Internal RTD Excitation/Lead Wire Compensation 
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Selection Guide 
Temperature' Measurement Components 
Isolated Transducer Signal Conditioners 

TC 

1----------(8 :t 1500V pk 

:t50mVto :t5V 

~ 
~ 
~ 

:t15V 

:t15V 

2856 

~~---~ 
+ 8t-:t-l-00-0V-P-k-~ 

2850 
Accepts J. K. T. E. R. S or 8 Thermocouple Types 
Internally Provided Cold Junction Compensation 
High CMV Isolation: ± 1500V pk 
High CMR: 160d8 min @ 60Hz 
Low Drift: ±1J1V/oC max (28508) 
High Linearity: ±0.01% max (28508) 

'. Input Protection and Filtering 
Screw Terminal Input Connections 

2854 
Low Cost 
Wide Input Span Range: ±5mV to ±100mV 
12·8it Systems Compatible 
High CMV Isolation: ±1000V de; CMR = 156d8 min 

@60Hz 
Low Input Offset Voltage Drift: ±1J1VrC max 

(28548) 
Low Gain Drift: ± 25ppm/oC max (28548) 
Low Nonlinearity: ±0.02% max (±0.012% typ) 
Normal Mode Input Protection (130V rms) and 

Filtering 
Channel Multiplexing: 400 chan/sec Scanning Speed 
Solid State Reliability 

2856 
Universal Thermocouple Compensation 

Internally Provided: Types J, K. T 
User Configurable: Types E, R. S. 8 

Digitally Programmable 
High Accuracy: ±0.8°C max over + 5°C to +45°C 
High Ambient Rejection: 50 to 1 min 
Low Cost 
Small Size: 1.5"x2"xO.4" 

2855 
Low Cost 
Wide Input Span Range: ±50mV to ±5V 
12·8it Systems Compatible 
High CMV Isolation: ± 1000V de; CMR = 145d8 min 

@60Hz 
Low Input Offset Voltage Drift: ±5J1VrC max 
Low Gain Drift: ± 25'ppmfOC max 
Low Nonlinearity: ±0.02% max (G = 1 to 100) 
Normal Mode Input Protection (130V rms) and 

Filtering . 
Channel Multiplexing: 400 chan/sec Scanning Speed 
Solid State Reliability 
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Two-Wire Transmitters 

+ 

00 
ZERO SPAN 
AOJ AOJ 

(]) 
SPAN 

2B24 

2B52 

CAL COM OUTPUT 
-TC +TC ~ +-
123466 

00 
ZERO SPAN 
AOJ AOJ 

2B53 

CAL COM OUTPUT 
-TC +TC ~ +-
123456 

2824 
Self·Powered 
Wide Input Range: 1·50mA (2B24B) 
High CMV Isolation: ± 1500V pk; CMR: 120dB 
High Accuracy: ±O.1% 
~!=!.'!:!'.I!! !:":':~:..:~!!~' 

Low Cost 

2852 
Accepts Type J, K or T Thermocouple Inputs 
Compatible with Standard 4·20mA Loops 
High Accuracy: ±O.1% 
High CMV Isolation: 600V rms; CMR = 160dB 
High Noise Rejection and RFI Immunity' 
Internal Cold Junction Compensation 
Open Thermocouple Detection 
Millivolt Signal, Transmission 
Low Cost 
FM.Approved 

2853 
Accepts Type J, K or T Thermocouple Inputs 
Compatible with Standard 4·20mA Loops 
High Accuracy: ±O.1% 
High Noise Rejection and RFI Immunity 
Internal Cold Junction Compensation 
Open Thermocouple Detection 
Millivolt Signal Transmission 
Low Cost 
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Selection Guide 
Temperature Measurement Components 
Two-Wire Transmitters 

A0590, 
A0592 

OR 
AC2626 

loon RTD 
13-WIRE) 

2WIRE 
RTO 

00 
ZERO SPAN 

2B57·1 

INPUT OUTPUT 

00 
ZERO SPAN 
ADJ ADJ 

2858 

[";"""l OUTPUT 

M I r.;:-=1 
1 2 3' 4 5 6 

(RED) 

2B59A 
(BRN) 

VSUPPLY 
+10V TO +35V de 

VOL. /, 8-8 TEMPERATURE MEASUREMENT COMPONENTS 

2857 
Low Cost 
Compatible with Standard 4-20mA Loops 
Low Span Drift: ± 0.005%fC max 
Low NOhlinearity: ± 0.05% max 
RFI Immunity 
Small Size: 1.5"x1.5"xO.4" 

2858. 
Platinum. RTD Input 
Linearized 4-20mA Output 
High Accuracy: ±0.1% 
Low Drift: ±0.01°C/oC max 
RFI Immunity 
Low Cost 
FM Approved 

2859 
Low Cost 
Standard RTD Input 
Linearized 4-20mA Output 
High Accuracy: ± 0.1% 
Small Size 
Ease of Installation 
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38 Series Signal Conditioning 
liD Subsystems 

TC OR mV 

r - - - - - 'l 0 TO + 10V 

I I INPUT I I AND 4-20mA 
~-~---+I~ MODULE I ~ 

ACTUATORS 

4·20mA 

Input Module Selection 

Input Type/Span 

dc, ± IOmV, ±50mV, ± 100mV 

dc, ± IV, ±5V 

dc, ± lOY 

dc, 4-20mA, 0-20mA 

Thermocouple Types 
J,K, T,E,R,S,B 

lOOn Platinum RTD, 
2-,3-,4-Wire 
ex = 0.00385 (linearized) 

lOOn Platinum RTD, 
Kelvin 4-Wire 
ex = 0.00385 (linearized) 

Strain Gage ± 30m V, 
±IOOmV 

AD590/AD592/AC2626 Solid State 
Temperature Transducer 

Wide band Strain Gage 

Wideband m V, V 

ACinput 

Frequency Input 

Output Module Selection 

Input Type/Span 

Oto + lOY, ± lOY 

• • • 

Voltage 
Output' 

±IOV 

±IOV 

±IOV 

Oto + lOY 

Oto + lOY 

Oto + lOY 

Oto+ lOY 

±IOV 

Oto + lOY 

±IOV 

±IOV 

Oto + lOY 

Oto + lOY 

Current Output 

4-20mA/0-20mA 

I 
I 
I 
I 
I 
I 
I 

Current 
Output 

4-20mA/0-20mA 

4-20mA/0-20mA 

4-20mA/0-20mA 

4-20mA/0-20mA 

4-20mA/0-20mA 

4-20mA/0-20mA 

4-20mA/0-20mA 

4-20mA/0-20mA 

4-Z0mAlO-ZOmA 

4-20mA/0-20mA 

4-20mA/0-ZOmA 

4-20mA/0-20mA 

4-20mA/0-ZOmA 

N onisolated 
Modules 

3Bl9 

COMPUTER OR 
PROGRAMMABLE 
. CONTROLLER 

Nonisolated Isolated 
Modules 

3BlO 

3BlO 

3Bll 

3Bl2 

3Bl4 

3Bl5 

3Bl6 

3B13 

3Bl8 

Modules 

3B30 

3B31 

3B31 

3B32 

3B37 

3B34 

3B40/1 

3B4Z/3/4 

3B45/6 

Isolated Modules 

3B39 
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Selection Guide 
Temperature Measurement Components 
38 Series Signal Conditioning 
110 Subsystems 

LOOP 
+24V COM +15V -15V 

48 Series ~Iarm Limit Subsystem 
OVERRIDE READBACK 
LO HI LO HI 

RELAY ACTION 
INOOR NC} 

Input Modules 
Wide Variety of Sensor Inputs: Thermocouples, 

RTD's, Strain Gages, AD590/AD592/AC2626 
Dual High Level Outputs 

Voltage: 0 to + 10V or ± 10V 
Current: 4-20mA/0-20mA 

Mix and Match Input Capability 
Sensor Signals, mV, V, 4-20mA, 0-20mA 

High Accuracy: ±0.1% 
High Noise Rejection and RFIIEMI Immunity 
Reliable Transformer Isolation: ± 1500V CMV 
Meets IEEE-STD 472: Transient Protection (SWC) 
Input Protection: 130V or 220V rms Continuous 

Output Modules 
High Level Voltage Input: (0 to + 10V, ± 10V) 
Process Current Output: (4-20mAlO-20mA) 
High Accuracy: ±0.1% 
Reliable Transformer Isolation: ± 1500V CMV, 

CMR = 90dB 
Meets IEEE-STD 472: Transient Protection (SWC) 
Output Protection: 130V or 220V rms Continuous 

Featu res/Benefits 
Low Cost, Completely Integrated 12-Channel 

Modular Alarm Limit Subsystem 
Selection of Alarm Limit Modules 
Rugged Industrial Chassis, Rack or 
Surface Mounted 
On-Board Power Supplies Available 

Alarm Modules Accept High Level Voltage 
and Process Current Inputs 

Complete Alarm Function per Module 
High Accuracy of ±0.1% 
Two Set Points, Adjustable Over 100% Span 
Dead Band Adjustment per Set Point, Adjustable 
Over 0.5%-10.0% Span 
Alarm Types are Configurable for HI or 

LO Operation 
Two Relay Outputs 
Display Indicates Set Points and Process Variable 
LED per Set Point Provides Local Alarm Indication 
Input Protection 
High RFIIEMI Immunity 

Specifications Valid Over the 0 to + 70°C 
Temperature Range 

Easy to Install Calibrate and Service 
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Orientation 
Temperature Measurement Components 

The ADS90 and ADS92 are two-terminal integrated circuit 
temperature transducers which produce an output current 
proportional to absolute temperature. The ADS90 and 
ADS92 have a standard lJ.LA/K output current which is 
inherently linear, therefore, no linearization is required. 

Attention to all the detail is the key to success in most inter
face criteria. The following application is provided to illustrate 
the problems involved in designing circuits which measure 
physical pheonomenon. 

In this application, there is a need to measure temperatures 
from 0 to +lOOoC, to within 1.00 C, at low cost, at a remote 
location several hundred feet from the instrumentation. The 
ambient temperature in the vicinity of the instrumentation is 
expected to be 2SoC ±lSo. A number of possible transducers 
will operate over the specified range, but the requirement for 
a remote measurement suggests the use of the current-output 
two-wire ADS90 or ADS92 semiconductor temperature 
sensor, because the current is unaffected by voltage drops 
and induced voltages. 

Consulting the "Accuracies of the ADS90 .. 1 we find that the 
ADS90J, with two external trims, would be suitable; its . 
maximum error over the 0 to 100°C range is 0.3°. This per
mits an allowance of 0.7° for all other errors. If a tighter 
tolerance were required, it would be worthwhile to consider 
using the ADS90M with two trims, for an error below O.OSoC. 

Since ADS90 measures absolute temperature (its nominal out
put is lJ.LA/K), the output must be offset by 273.2J.LA in order 
to read out in degrees Celsius. The output of the ADS90 flows 
through a lkU resistance, developing a voltage of lmY/K 
(Figure 1). The output of an ADS80 2.5-volt reference is 
divided down by resistors to provide a 273.2mY offset, which 
is subtracted from the voltage across the lkU resistor by an 
ADS2l instrumentation amplifier. The ADS2l provides a 
gain of 10.0, so that the output range, corresponding to 0 to 
100°C, is 0 to 1.00Y (lOmytC). 

V, OFFSET 

MEASURED TEMP 
o TO l00'C 

AD59OJ~--[J-N"'A. __ J 

REMOTE TEMPERATURE·TO· 
CURRENT TRANSDUCER, l~A/k. 
AD590 IC IS AVAILABLE IN PROBE 
AS AC2626J 

LOW TCR 
METERING 
RESISTOR, 

lmV/~A= lmV/k 

REFERENCE 

Figure 1. Thermometer Circuit 

The desired system accuracy is to wi thin 1.0° C; as noted, all 
errors other than that of the AD590 must contribute the 
equivalent of less than 0.7°. It will be helpful to assemble an 

1 Accuracies of the AD590 Application Note, Analog Devices. 

error budget for the circuit, assessing the contributions of 
each of the elements (Table I). Errors will be expressed in 
degrees Celsius. 

AD590 regulation. If the ADS90 is excited by a 
voltage source of between 5 and lOY, the typical 
regulation is 0.2J.LAN (0.2° C/Y). With 1 % source 
regulation, this contribution will be O.OloC 

AD590 linearity error. Total error for AD5 90J, 
over the 0 tolOO:: C range, with two trims, is 
O.3°C. Those trims will be the gain and offset 
trims for the whole circuit, accounting for resistor 
and ratio errors, AD52lL gain, offset and bias-
current errors, ADS80L voltage error, and the 
ADS90j's calibration error O.3°C 

Rl temperature coefficient. Since Rl is responsible 
for the conversion of the ADS 90's current to volt-
age, high absolute accuracy is important. Conse-
quently, we would expect to use a device having 
lOppm/oC or less in this spot. For ±lSoC, the 
maximum error is 373.2J.LA X 1O-5tC X ISO = 
0.06J.LA 

(typical at 2S°C and rated supply voltage unless noted otherwise) 

Parameter Condition 

ADS80L 2.SV VOLTAGE REFERENCE 

Output voltage 
Input voltage, operating 
Line regulation 
Temperature sensitivity 
Noise 
Stability (drift with time) 

Vs = +lSV 

7V<O;VlN<0;3 OV 
o to 70°C 
0.1 to 10Hz 
long term 
per month 

ADS90] 11lV/K TEMPERATURE TRANSDUCER 

Specification 

2.4S0V min, 2.SS0V max 
30V max, 7V min 
2mVmax 
4.3mV max, 2SppmtC, typ 
60llV, pop 
2S0llV (0.01%) 
2SIlV (10ppm) 

Output current Nominal at 2SoC (298.2k) 298.21lA 
Input voltage, operating 30V max, 4V min 
Calibration error 2SoC, Vs = SV ±SooC max 
Linearity error _ Two trims, 0 to lOOoC range 0.3 C max 
Repeatability per month O.l°C max 
Long-term drift O.l°C max 
Noise spectral density 40pNVHZ 
Power-supply rejection +SV.;;vs<O;+lSV 0.21lAIV 
Operating range -SSoC to +1S0°C 

ADS21L DIFFERENTIAL INSTRUMENTATION AMPLIFIER 

Gain equation (volts/volt) Nominal G = RS/RG 
Error from equation Untrimmed (±0.2S - 0.OO4G)% 
Nonlinearity ±9Voutput 0.1% max 
Gain tempco o to 70°C ±(3±0.OSG)ppm/oC 
Voltage offset Input 1.0mV max 

Output 100mVmax 
Voltage offset tempco Input, 0 to 70°C 2llVtCmax· 

Output, 0 to 70°C 7SIlV/oC max 
Voltage offset vs. supply Input 31lV /% 

Output, untrimmed' O.SmV/% 
Bias current 25°C 40nAmax 
Bias current tempco o to 70°C SOOpA/oC 

Input impedance Common-mode 6 X 1010n1l3.0pF 
. Common-mode rejection G = 10, dc to 60Hz, 

1kn source unbalance 94dB min 
Voltage noise G = 10, O.lHz to 10Hz, 

p-p,RTO 22SIlV 

'Can be reduced by trimming the output offset. 

Table I. Device Specifications Pertinent to the Analysis 
in the Text 
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AD580 temperature coefficient. The specified 
tempco f~r the ADS80L is 2Sppm/oe 2'pical 
(61ppm/ e max over the range 0 to 70 e). 
Since operation is over a narrow range, the typical 
value is most useful, unless the ADS80 has a 
critical effect on the overall error. 25 X 1O-6/

oe X 
273mV X 15° = O.lmV 

Resistive divider tempco. The absolute.values of 
R2 and R3 are of considerably less importance 
than their ability to track. 10ppmte is a reasonable 
value for tracking tempco. lO-s/oe X 273mV X 
15° = 0.04mV 0.04°e 

Common-mode error. At a gain of 10, the minimum 
common-mode error of the ADS21L amplifier is 
94dB, one part'in 50,000 of the common-mode 
voltage (273mV), or SpV (negligible) o.ooe 

AD521 temperature coefficient. The specified 
input offset tempco for the ADS21L is 2pV te 
max,"and the output offset tempco is 7 SpV t e 
max (7.SpV/oe, referred to the input), for a 
total of 9.SpV/oe R.T.I. 9.5pvte X 15° = 143pV 0.14°e 

AD521 bias-current tempco. The maximum bias-
current change is soopAfe X 30° (range) = lSnA. 
The equivalent offset-voltage change is lSnA X 
1kn = lSpV 0.02°e 

AD521 gain tempco. The circuit will be calibrated 
for correct output at 1000 e by trimming of the 
gain of the ADS21 at a 2Soe ambient temperature. 
Variation of gain will cause output errors. The 
specified gain te·mpco at a gain of 10 for the 
ADS21L is 3.Sppmfe typical. If max is arbitrarily 
assumed to be ten times worse, and the resistors 
contribute lSppmte additional, the maximum 
error will be 50 X 1O-6/oe X 100° X. 15° = 0.075° 0.07S~e 

AD521 nonlinearity. The 0.1% nonlinearity specifi
cation applies for a ±9V output swing; for a IV 
full-scale swing, it may be reasonable to expect a 
tenfold improvement, or a 1mV linearity error, 
equivalent to O.l°e 

Total error (worst case) 

This means that, once the circuit has been calibrated at 0° e 
and 1000 e (2Soe ambient), the maximum error at any com
bination of measured and ambient temperatures can reason
ably be expected to be less than 1° e. 

If the summation were root-sum-of-squares, instead of worst
case, the error would come to less than 0.4°. This suggests 
that the design is quite conservative, since the probability of 
worst-case error is low; also (with some risk), it suggests that 
if an ADS 90M were used in the same design, temperature 
could be measured to within 0.2Soe over the range. Naturally, 
every precaution should be taken to avoid additional errors 
attributable to either Murphy's or Natural Law. Aside from 
errors attributable to ambient temperature variations, this 
simple interface will require some form of protection from 
extraneous signals. Shielding and grounding should follow 
the practice suggested earlier in this book. In addition, 
capacitance across R1 will help reduce the effects of any ac 
currents induced in the twisted pair. Power supplies must be 
chosen to minimize error due to sensitivity of any of the 
elements to power-supply voltage changes, and bypassed to 
minimize coupling of interference through the power-
supply leads. 
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MONOLITHIC THERMOCOUPLE AMPLIFIER WITH 
COLD JUNCTION COMPENSATION 
The AD594/AD595 is a complete instrumentation amplifier 
and thermocouple cold junction compensator on a mono
lithic chip. It combines an ice-point reference with a pre
calibrated amplifier to produce a high level (lOmV/C) 
output directly from a thermocouple signal. '''in-strapping 
options allow it to be used as a linear amplifier-compensator 
or as a switched output set-point controller using either 
fixed or remote set-point control. It can be used to amplify 
its compensation voltage directly, thereby converting it to 
a stand-alone Celsius transducer with a low-impedance 
voltage output. 

The AD596 is a low cost instrumentation amplifier and 
thermocouple cold junction compensator for set-point 
control applications. The AD596 is packaged in a rugged 
hermetic 10 pin TO-lOO metal can and its cold junction 
compensation circuit is trimmed so that it will remain 
accurate over a wide ambient temperature range, intern a:! 
architecture. 

It is commonly known that the characteristics of bipolar 
junction transistors are temperature sensitive, and it is a 
usual object of linear design to suppress this sensitivity. In 
the case of the AD594/AD595, however, certain well be
haved and repeatable temperature dependent parameters 
are exploited to produce the cold junction compensation 
voltage. When two transistors are operated at different 
emitter current densities, the difference in their base
emitter voltages will be proportional to absolute temp~rature 
or PTAT. The base-emitter voltages of a single transistor 
falls with rising temperature in a way that can be extra
polated to a known voltage at absolute zero. This voltage 
complements a PTAT voltage with respect to the known 
bandgap voltage and is referred to as CTAT. 

Although these two voltages are predictably related to 
absolute temperature, their difference can be related to 
Celsius temperature as shown here. 

O"C 
OK. 273.1Sk 

TEMPERATURE 

Ice-Point Compensation from the Difference of a PTA T and 
aCTA T Voltage 

Two temperature sensitive voltages can be derived from the 
transistor base-emitter characteristics which can be scaled 
so that their difference approximates the output of an ice 
referenced thermocouple measuring the IC temperature. 
This difference is zero at zero Celsius and increases more~or
less linearly with temperature. These voltages are produced 
by four transistors in the AD594/AD595. A current mirror 
is used to force a pair of series connected transistors (Q2, ' 
Od.. in the fip'ure below) to ooerate at the same current as 
an'~ther seri;s connecte'd pai; (Qb Q3). Three of these 
transistors are the same size and therefore operate at equal 
current densities. Consequently, they have the same base
emitter voltage. The fourth transistor is larger than the 
others so that at the same current it operates at lower cur
rent density. This implies that it has a lower base-emitter 
voltage. The base-emitter junctions of the four transistors 
connect in a loop which is completed by a resistor. Two of 
the voltages are connected to subtract from the others so 
that the net voltage across the resistor is just the difference 
between the base-emitter voltage of the differently sized 
transistors. 

As noted before, this voltage will be PT AT and is scaled to 
the proper magnitude by a thin film network in the 
AD594/AD595. It is also possible to extract the sum of the 
two base-emitter voltages from this loop. This sum is CT AT 
and when properly scaled makes up the other temperature 
sensitive voltage for the Ice-Point Compensation. 

CURRENT MIRROR 

CTAT VOLTAGE. TO BE SCALEO. 
I---+---f---

DOUBLE EMITTER .JI 
HALVES 0, CURRENT 
DENSITY 

LOOKING BOTTOM TO TOP AND LEFT TO RIGHT 
THIS VOLTAGE IS SEEN TO BE Vou + V .... 
DESCENDING LEFT TO RIGHT IT IS REDUCED BY V.i. +V .. ,. 

V ... = V ... BUT V ... = V." + ~In:a 
ORV ... =V .. ,+~ In2 LEAVING A DIFFERENCE 

~ In2 AT 0,'0 EMITTER. 

PTAT VOLTAGE, TO BE SCALED. 

R kT 
_~ ______ ~ 12~I'~ijii In2 

A Cross-Connected Transistor Quad Provides CTAT Voltage 
in the Form of 2VBES and PTAT Voltage from the 
Difference of VBES 
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NANALOG 
WDEVICES 

FEATURES 
Linear Current Output: 1/.LA/K 
Wide Range: -SSoC to +1S0°C 
Probe Compatible Ceramic Sensor Package 
Two-Terminal Device: Voltage In/Current Out 
Laser Trimmed to ±O.SOC Calibration Accuracy (ADS90M) 
Excellent Linearity: ±O.3°C Over Full Range (ADS90M) 
Wide Power Supply Range: +4V to +30V 
Sensor Isolation from Case 

PRODUCT DESCRIPTION 
The ADS90 is a two-terminal integrated circuit temperature 
transducer which produces an output current proportional to 
absolute temperature. For supply voltages between +4V and' 
+30V the device acts as a high impedance, constant current 
regulator passing l/.LA/K. Laser trimming of the chip's thin film 
resistors is used to calibrate the device to 298.2/.LA output at 
298.2K (+2SoC). 

The ADS 90 should be used in any temperature sensing applica
tion below + lS00 C in which conventional electrical tempera
ture sensors are currently employed. The inherent low cost of 
a monolithic integrated circuit combined with the elimination 
of support circuitry makes the ADS90 an attractive alternative 
for many temperature measurement situations. Linearization 
circuitry, precision voltage amplifiers, resistance measuring 
circuitry and cold junction compensation are not needed in 
applying the ADS90. 

In addition to temperature measurement, applications include 
temperature compensation or correction of discrete compo
nents, biasing proportional to absolute temperature, flow rate 
measurement, level detection of fluids and anemometry. The 
ADS90 is available in chip form mak,ing it suitable for hybrid 
circuits and fast temperature measurements in protected en
vironments. 

The ADS90 is particularly useful in remote sensing applica
tions. The device is insensitive to voltage drops over long lines 
due to its high impedance current output. Any well-insulated 
twisted pair is sufficient for operation hundreds of feet from 
the receiving circuitry. The output characteristics also make 
the ADS90 easy to multiplex: the current can be switched by 
a CMOS multiplexer or the supply voltage can be switched by 
a logic gate output. 

·Covered by Patent No. 4,123,698 

Two-Terminal Ie 
Temperature Transducer 

AD590* I 
. ADS90 FUNCTIONAL BLOCK DIAGRAM 

TO-S2 
BOTTOM VIEW 

PRODUCT HIGHLIGHTS 
1. The ADS90 is a calibrated two terminal temperature sensor 

requiring only a dc voltage supply (+4V to +30V). Costly 
transmitters, filters, lead wire compensation and lineariza
tion circuits are all unnecessary in applying the device. 

2. State-of-the-art laser trimming at the wafer level in conjunc
tion with extensive final testing insures that ADS90 units 
are easily interchangeable. 

3. Superior interference rejection results from the output 
being a current rather than a voltage. In addition, power 
requirements are low (1.SmW's @ SV @ +2SoC). These 
features make the ADS90 easy to apply as a remote sensor. 

4. The high output impedance (> lOMQ) provides excellent 
rejection of supply.voltage drift and ripple. For instance, 
changing the power supply from SV to lOV results in only 
a l/.LA maximum current change, or 1 ° C equivalent error. 

S. The ADS90 is electrically durable: it will withstand a 
forward voltage up to 44V and a reverse voltage of 20V. 
Hence, supply irregularities or pin reversal will not damage 
the device. 
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SPECIFICATIONS (@ +25OC and Vs=5V unless otherwise noted) 
Model AD5901 AD590J AD590K 

Min Typ Max Min Typ Max Min Typ 

ABSOLUTE MAXIMUM RATINGS 
ForwardVoltage(E+ toE-) +44 +44 
Reverse Voltage (E + to E - ) -20 -20 
Breakdown Voltage (Case to E + or E - ) :t2oo :t2oo 
Rated Performance Temperature Rangel -55 +150 -55 +150 -55 
Storage Temperature Rangel -65 + ISS -65 +155 -65 
Lead Temperature (Soldering, 10 sec) +300 +300 

POWER SUPPLY 
Operating Voltage Range +4 +30 +4 +30 +4 

OUTPUT 
Nominal Current Output @ + 2S°C(298.2K) 298.2 298.2 298.2 
Nominal Temperature Coefficient I I I 
Calibration Error @ + 25°C ±lO ±5.0 
Absolute Error (over rated performance 

temperature range) 
Without External Calibration Adjustment ±20 ±lO 
With + 25°C Calibration Error Set to Zero ±S.8 ±3.0 
Nonlinearity ±3.0 ±l.S 
Repeatability2 ':to.1 :to.1 
Long Term Drift3 :to.1 :to.1 

Current Noise 40 40 40 
Power Supply Rejection 
+4V~Vs~+SV 0.5 0.5 0.5 
+ SV~Vs~ + ISV 0.2 0.2 0.2 
+'!SV~Vs~ + 30V 0.1 0.1 0.1 

Case Isolation to Either Lead 1010 1010 1010 

Effective Shunt Capacitance 100 100 100 
Electrical Turn·On Time 20 20 20 
Reverse Bias Leakage Curre~t4 

(Reverse Voltage = 10V) 10 10 10 

PACKAGE OPTION5 

"H" Package: TO·52 AD590IH ADS90]H AD590KH 
"F" Package: Flat Pack (F2A) ADS90IF ADS90JF ADS90KF 

NOTES 
4Leakage current doubles every 10°C. 
sSee Section 19 for package outline information. 

Specifications subject to change without notice. 

IThe ADS90 has been used at -100°C and + 200°C for short periods 
of measurement with no physical damage to the device. However, 
the absolute errors specified apply to only the rated performance 
temperature range. 

2Maximum deviation between +2SoC readings after tempera-
ture cycling between - SsoC and + ISO°C; guaranteed not tested. 

lConditions: constant + SV, constant + 12SoC; guaranteed, 
not tested. 

Specifications shown in boldface are tested on all production units at final 
electrical test. Results from those tests are used to calculate outgoing quality 
levels. All min and max specifications are guaranteed, although only those 
shown in boldface are tested on all production units. 

K +223° +273° +298° +323° +373° +423° 
°c _50° 0° +25° +50° +100° +150' 

---jn~) II III III / I ~ I I Ii 11'1 1'1 II II III III 111111 II \ III 1'1 III 11'1 
OF _100° 0°:: +100° +200': +300° 

32° 70° 212° 

TEMPERATURE SCALE CONVERSION EQUATIONS 

K = °c +273.15 

VOL. /, 8-16 TEMPERA TURE MEASUREMENT COMPONENTS 

Max Units 

+44 Volts 
-20 Volts 
:t2oo Volts 
+150 °C 

+ ISS °C 

+300 °C 

+30 Volts 

fLA 
fLAlK 

±2.S °C 

±S.S °C 
:t2.0 °C 

±O.8 °C 
:to.1 °C 
:to.1 °C 

pAlv'Hz 

fLAN 
fLAN 
fLAN 
n 
pF 

fLS 

pA 



Model AD590L 
Min Typ Max 

ABSOLUTE MAXIMUM RATINGS 
ForwardVoltage(E+ toE-) +44 
ReverseVoltage(E+ toE-) -20 
Breakdown Voltage (Case to E + or E - ) :t200 
Rated Performance Temperature Rangel -55 + 150 
Storage Temperature Rangel -65 + 155 
Lead Temperature (Soldering, 10 sec) +300 

POWER SUPPLY 
Operating Voltage Range +4 +30 

OUTPUT 
Nominal Current Output @ + 25°C (298.2K) 298.2 
Nominal Temperature Coefficient I 
Calibration Error@ + 25°C ±l.O 
Absolute Error (over rated performance 

temperature range) 
Without External Calibration Adjustment ±3.0 
With + 25°C Calibration Error Set to Zero ±1.6 
Nonlinearity ±O.4 
Repeatability2 :to.1 
Long Term Drift3 :to.l 

Current Noise 40 
Power Supply Rejection 

+4VsVss+5V 0.5 
+5VsVss + 15V 0.2 
+ 15VsVss + 30V 0.1 

Case Isolation to Either Lead 1010 

Effective Shunt Capacitance 100 
Electrical Turn-On Time 20 
Reverse Bias Leakage Current4 

(Reverse Voltage =-lOV) 10 

PACKAGE OPTIONS 
"H" Package: TO-52 AD590LH 
"F" Package: Flat Pack (F2A) AD590LF 

CIRCUIT DESCRIPTION l 

The ADS90 uses a fundamental property of the silicon tran
sistors from which it is made to realize its temperature propor
tional characteristic: if two identical transistors are operated 
at a constant ratio of collector current densities, r, then the 
difference in their base-emitter voltages will be (kT/q)(ln r). 
Since both k, Boltzman's constant and q, the charge of an 
electron, are constant, the resulting voltage is directly propor
tional to absolute temperature (PTAT). 

In the AD~90, this PTAT voltage is converted to a PTAT cur
rent by low temperature coefficient thin film resistors. The 
total current of the device is then forced to be a multiple of 

+ 

Figure 1. Schematic Diagram 

AD590M 
Min Typ Max Units 

+44 Volts 
-20 Volts 
:t200 Volts 

-55 + 150 °c 
-65 + 155 °c 

+300 °c 

+4 +30 Volts 

298.2 I1A 
1 I1A1K 

±O.S °C I 

±1.7 °c 

±l.O °c 
±O.3 °c 
:to.l °c 
:to.l °C 

40 pAvHz 

0.5 I1AN 
0.2 I1A1V 
0.1 I1AN 
1010 n 
100 pF 

20 I1S 

10 pA 

AD590MH 
ADS90MF 

this PTAT current. Referring to Figure 1, the schematic dia
gram of the ADS90, Q8 and Qll are the transistors that pro
duce the PTAT voltage. RS and R6 convert the voltage to 
current. Q10, whose collector current tracks the collector 
currents in Q9 and Q11, supplies all the bias and substrate 
leakage current for the rest of the circuit, forcing the total 
current to be PT AT. RS and R6 are laser trimmed on the 
wafer to calibrate the device at +2SoC. 

Figure 02 shows the typical V -I characteristic of the circuit 
at +2S C and the temperature extremes. 

423 

lOUT 
(IlA) 298 

218 

+150°C r-
+25°C 

f-
-55°C 

t-

~~~~2--~3--~4--~5--~6--~j3~V 

SUPPLY VOLTAGE 

Figure 2. V-I Plot 

1 For a more detailed circuit description see M.P. Timko, "A Two
Terminal IC Temperature Transducer," IEEE J. Solid State Circuits, 
Vol. SC-U, p. 784-788, Dec. 1976. 
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EXPLANATION OF TEMPERATURE SENSOR 
SPECIFICATIONS 
The way in which the ADS90 is specified makes it easy to 
apply in a wide variety of different applications. It is important 
to understand the meaning of the various specifications and 
the effects of supply voltage and thermal environment on ac
curacy. 

The ADS90 is basically a PTAT (proportional to absolute tem
perature)! current regulator. That is, the output current is 
equal to a scale factor times the temperature of the sensor in 
degrees Kelvin. This scale factor is trimmed to If..l.A/K at the 
factory, by adjusting the indicated temperature (i.e. the output 
current) to agree with the actual temperature. This is done with 
SV across the device at a temperature within a few degrees of 
25°C (298.2K). The device is then packaged and tested for 
accuracy over temperature. 

CALIBRATION ERROR 
At final factory test the difference between the indicated tem
perature and the actual temperature is called the calibration 
error. Since this is a scale factor error, its contribution to the 
total error of the device is PTAT. For example, the effect of 
the IOC specified maximum error of the ADS90L varies from 
O. 73°C at -55°C to 1.42°C at ISOoC. Figure 3 shows how 
an exaggerated calibration error would vary from the ideal 
over temperature. 

Figure 3. Calibration Error vs. Temperature 

The calibration error is a primary contributor to maximum 
total error in all ADS90 grades. However, since it is a scale 
factor error, it is particularly easy to trim. Figure 4 shows the 
most elementary way of accomplishing this. To trim this cir
cuit the temperature of the ADS90 is measured by a reference 
temperature sensor and R is trimmed so that VT = ImV/K at 
that temperature. Note that when this error is trimmed out at 
one temperature, its effect is zero over the entire temperature 
range. In most applications there is a current to voltage con
version resist~r (or, as with a current input ADC, a reference) 
that can be trimmed for, scale factor adjustment. 

5V+ 

Figure 4. One Temperature Trim 

1 T(oc) =T(K) -273.2; Zero on the Kelvin scale is "absolute zero"; 
there is no lower temperature. 

ERROR VERSUS TEMPERATURE: WITH CALIBRATION 
ERROR TRIMMED OUT 
Each ADS90 is also tested for error over the temperature range 
with the calibration error trimmed out. This specification could 
also be called the "variance from PT AT" since it is the maxi
mum difference between the actual current over temperature 
and a PTAT multiplication of the actual current at 25°C. This 
error consists of a slope error and some curvature, mostly at 
the temperature extremes. Figure 5 shows atypical ADS90K 
temperature curve before and after calibration error trimming. 

+2"C 

ABSOLUTE 
ERROR 

BEFORE 
CALIBRATION 
TRIM 

\AFTER 
CALIBRATION 
TRIM 

-2"CL-----~--------------------------~~-
_55°C +150°C 

TEMPERATURE 

Figure 5. Effect of Scale Factor Trim on Accuracy 

ERROR VERSUS TEMPERATURE: NO USER TRIMS 
Using the ADS90 by simply measuring the current, the total 
error is the "variance from PTAT" described above plus the 
effect of the calibration error over temperature. For example 
the ADS90L maximum total error varies from 2.33°C at 
-55°C to 3.02°C at ISOoC. For simplicity, only the larger fig
ure is shown on the specification page. 

NONLINEARITY 
Nonlinearity as it applies to the ADS90 is the maximum devia
tion of current over temperature from a best-fit straight line. 
The nonlinearity of the ADS90 over the -55°C to +ISO°C 
range is superior to all conventional electrical temperature 
sensors such as thermocouples, RTD's and thermistors. Fig
ure 6 shows the nonlinearity of the typical ADS90K from 
Figure 5. 

-1.6·C L---_5~5.-C -----------------------.-=-,50=.::-"C 

Figure 6. Nonlinearity 

Figure 7 A shows a circuit in which the nonlinearity is the ma
jor contributor to error over temperature. The circuit is 
trimmed by adjusting Rl for a OV output with the ADS90 
at OOC. RZ is then adjusted for IOV out with the sensor at 
IOOoC. Other pairs of temperatures may be used with this pro
cedure as long as they are measured accurately by a reference 
sensor. Note that for +ISV output (1S0oC) the V+ of the op 
amp must be greater than 17V. Also note that V- should be 
at least -4V: if V- is ground there is no voltage applied across 
the device. 
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Understanding the AD590 Specifications 

+15V 

AD581 

._-___ "" l00mVrC 

~ VT· 100mvrc 

V-

Figure 7A. Two Temperature Trim 

+2°C 

_2°C I-.-'--------''---------'---~-
_55°C +100°C +150°C 

Figure 7B. Typical Two- Trim Accuracy 

VOLTAGE AND THERMAL ENVIRONMENT EFFECTS 

The power supply rejection specifications show the maximum 
expected change in ou tpu t current versus input voltage changes. 
The insensitivity of the output to input voltage allows the use 
of unregulated supplies. It also means that hundreds of ohms 
of resistance (such as a CMOS multiplexer) can be tolerat<;d 
in series with the device. 

It is important to note that using a supply voltage other than 
5V does not change the PTAT nature of the AD590. In other 
words, this change is equivalent to a calibration error and can 
be removed by the scale factor trim (see previous page). 

The AD590 specifications are guaranteed for use in a low 
thermal resistance environment with SV across the sensor. 
Large changes in the thermal resistance of the sensor's envi
ronment will change the am~unt of self-heating and result 
in changes in the output which are predictable but not neces
sarily desirable. 

, The thermal environment in which the ADS90 is used deter
mines two important characteristics: the effect of self heating 
and the response of the sensor with time. 

Figure 8. Thermal Circuit Model 

Figure 8 is a model of the ADS90 which demonstrates these 
characteristics. As an example, for the TO-52 package, 0Jc is 
the thermal resistance between the chip and the case, about 

26° C/watt. OCA is the thermal resistance between the case and 
its surroundings and is determined by the characteristics of 
the thermal connection. Power source P represents the power 
dissipated on the chip. The rise of the junction temperature, 
TJ' above the ambient temperature TA is: 

Eq.1 

Table I gives the sum of 0JC and OCA for several common 
thermal media for both the "H" and "F" packages. The heat
sink used was a common clip-on. Using Equation 1, the temper
atureriseofanADS90 "H"packageina stirred bath at+25°C, 
when driven with a 5V supply, will be 0.06°C. However, for 
the same condition~ in still air the temperature rise is 0.72° C. 
For a given supply voltage, the temperature rIse varies with 
the current and is PTAT. Therefore, if an application circuit 
is trimmed with the sensor in the same thermal environment 
in which it will be used, the scale factor trim compensates for 8 
this effect over the entire temperature range. 

MEDIUM Ole + 0CA (0 C/watt) T (secHNote 3) 

!:! E !i I 
Aluminum Block 30 10 0.6 0.1 
Stirred onl 42 60 1.4 0.6 
Moving Air2 

With Heat Sink 45 5.0 
Without Heat Sink 115 190 13.5 10.0 

Still Air 
With Heat Sink 191 108 
Without Heat Sink 480 650 60 30 

1 Note: T is dependent upon velocity of oil; average of several velocities 
listed above. 

2 Air velocity ~ 9ft/sec. 
3The time constant is defined as the time required to reach 63.2% of 
an instantaneous temperature change. 

Table I. Thermal Resistances 

The time response of the ADS90 to a step change in tempera
ture is determined by the thermal resistances and the thermal 
capacities of the chip, G::H' and the case, G::. G::H is about 
0.04 watt-sec/C for the AD590. C{; varies with the measured 
medium since it includes anything that is in direct thermal con
tact with the case. In most cases, the single time constant ex
ponential curve of Figure 9 is sufficient to describe the time 
response, T(t). Table I shows the effective time constant, T, 

for several media. 

TFINI.l - - - - - --~-_---

SENSED 
TEMPERATURE 

T(t) = TINITIAl +(TFINAl - TINITIAl)(l-e-t/1j 

TINITIAl L...._-'--_____ -'-_______ _ 

4T TIME 

Figure 9. Time Response Curve 
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GENERAL APPLICATIONS 

+5V 

8 OFFSET 
6 9 CALIBRATION 

AD590 
AD2040 4 GAIN SCALING 

5 2 OFFSET SCALING 
3 

GND 

Figure 10. Variable Scale Display 

Figure 10 demonstrates the use of a low-cost Digital Panel 
Meter for the display of temperature on either the Kelvin, 
Celsius or Fahrenhei:: scales. For Kelvin temperature Pins 9, 
4 and 2 are grounded; and for Fahrenheit temperature Pins 4 
and 2 are left open. 

The above configuration yields a 3 digit display with 1°C or 
1°F resolution; in addition to an absolute accuracy of ±2.0oC 
over the -55°C to +12S

o
C temperature range if a one-temper

ature calibration is performed on an ADS90K, L, or M. 

+15V +5V 

Figure 11. Series & Parallel Connection 

Connecting several ADS90 units in series as shown in Figure 
11 allows the minimum of all the sensed temperatures to be 
indicated. In contrast, using the sensors in parallel yields the 
average of the sensed temperatures. 

The circuit of Figure 12 demonstrates one method by which 
differential temperature measurements can be made. Rl and 
R2 can be used to trim the output of the op amp to indicate 
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AD590L 
#2 

AD590L 
#1 

V+ 

V-

10kS1 

(T1- T2)(10mVfC) 

Figure 12. Differential Measurements 

a desired temperature difference. For example, the inherent 
offset between the two devices can be trimmed in. If V + and 
V- are radically different, then the difference in internal dissi
pation will cause a differential internal temperature rise. This 
effect can be used to measure the ambient thermal resistance 
seen by the sensors in applications such as fluid level detec
tors or anemometry. 

7.5V 

RESISTORS ARE 1%. 50ppm/"C 

Figure 13. Cold Junction Compensation Circuit for 
Type J Thermocouple 

Figure 13 is an example of a cold junction compensation circuit 
for a Type J Thermocouple using the ADS90 to monitor the 
reference junction temperature. This circuit replaces an ice-bath 
as the thermocouple reference for ambient temperatures 
between +IS

o
C and +35°C. The circuit is calibrated by adjust

ing RT for a proper meter reading with the measuring junction 
at a known reference temperature and the circuit near +2S

o
C. 

Using components with the T.C.'s as specified in Figure 13, 
compensation accuracy will be within ±O.SoC for circuit 
temperatures between +15°C and +35°C. Other thermocouple 
types can be accommodated with different resistor values. 
Note that the T.C. 's of the voltage reference and the resistors 
are the primary contributors to error. 



4mA = 17°C 
12mA = 2Soc 
20m A = 33°C 

AD590 

r~l I'r.o 

SkU 

v+ 

3S.7kU 

12.7kU 
SkU 

roo 
v-

Figure 14. 4to 20mA Current Transrnitter 

soon 

Figure 14 is an example of a current transmitter designed to be 
used with 40V, lkn systems; it uses its full current range of 
4mA to 20mA for a narrow span of measured temperatures. 
In this e~ample the IJ.LA/K output of the AD590 is am;lified 
to ImAI C and offset so that 4mA is equivalent to 17 C and 
20m~ is equiv~lent to HOC. RT is trimmed for proper reading 
at an mtermedlate reference temperature. With a suitable 
choice of resistors, any temperature range within the operating 
limits of the AD590 may be chosen. 

I HEATING 
I ELEMENTS 
I 

Figure 15. Simple Temperature Control Circuit 

Figure 15 is an example of a variable temperature control cir
cuit (thermostat) using the AD590. RH and RL are selected to 
set the high and low limits for RSET ' RSET could be a simple 
pot, a calibrated multi-turn pot or a switched resistive divider. 
Powering the AD590 from the lOV reference isolates the 
AD590 from supply variations while maintaining a reasonable 
voltage (-7V) across it. Capacitor C1 is often needed to filter 
extraneous noise from remote sensors. RB is determined by· 
the {3 of the power transistor and the current requirements of 
the load. 

F~gure 16 shows how ~he AD590 can be configured with an 8-
bit DAC to produce a digitally controlled set point. This 

6.98kn 

-15V 
-15V 

6.Bkn 

Applying the AD590 

1.15kn 

+5V 

AD580 

+5V 

t '"' """" ",G' - n." .. w", """ '" """ 

OUTPUT LOW - TEMPERATURE BELOW SET POINT 

5.1Mn 

Figure 16. DAC Set Point 

particular circuit operates from 0 (all inputs high) to +51 ° C 
(all inputs low) in O.2°C steps. The comparator is shown with 
1°C hysteresis which is usually necessary to guard-band for 
extraneous noise; omitting the 5.1Mn resistor results in 
no hysteresis. 

+ 
AD590 

+ 

1kn(O.1%) 

Figure 17. AD590 Driven from CMOS Logic 

The voltage compliance and the reverse blocking characteristic 
of the AD590 allows it to be powered directly from +5V CMOS 
logic. This permits eas¥ multiplexing, switching or pulsing for 
minimum internal heat dissipation. In Figure 17 any AD590 
connected to a logic high will pass a signal current through the 
curren~ measu~in~ c~r~uitry while those coimected to a logic 
zero Will pass mSlgmflcant current. The outputs used to drive 
the AD590's may be employed for other purposes, but the 
additional capacitance due to the AD590 should be taken 
into account. 
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+ 
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BINARY TO 1-01·8 DECODER 

Figure 18. Matrix Multiplexer 

- 10 

. - 20 

4051 CMOS ANALOG 
MULTIPLEXER 

10kfl 10mVtC 

CMOS Analog Multiplexers can also be used to switch ADS90 
current. Due to the ADS90's current mode, the resistance of 
such switches is unimportant 'as long as 4 V is maintained 
across the transducer. Figure 18 shows a circuit which combines 
the principal demonstrated in Figure 17 with an 8 channel 
CMOS Multiplexer. The resulting circuit can select one of 
eighty sensors over only 18 wires with a 7 bit binary word. The 
inhibit input on the multiplexer turns all sensors off for mini
mum dissipation while idling. 

AD590L 
+ 

-5V to -15V EN ---' 
BINARY 

CHANNEL 
SELECT 

Figure 19. 8-Chl!nnel Multiplexer 

Figure 19 demonstrates a method of multiplexing the ADS90 
in the two-trim mode (Figure 7). Additional ADS90's and their 
associated resistors can be added to multiplex up to 8 channels 
of to.SoC absolute accuracy over the temperature range of 
-SSoC to +12S°C. The high temperature restriction of +12SoC 
is due to the output range of the op amps; output to +IS0oC 
can be achieved by using a +20V supply for the op amp. 
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r.ANALOG 
WDEVICES 

FEATURES 
High Precalibrated Accuracy: 0.5°C max @ 25°C 
Excellent Linearity: 0.15°C max (0 to +70°C) 
Wide Operating Temperature Range: -25°C to + 105°C 
Single Supply Operation: +4V to +30V 
Excellent Repeatability and Stability 
High Level Output: 1 J.LAlK 
Two Terminal Monolithic IC: Temperature Inl 

t;urrent Out 
Minimal Self-Heating Errors 

PRODUCT DESCRIPTION 
The ADS92 is a two terminal monolithic integrated circuit tem
perature transducer that provides an output current proportional 
to absolute temperature. For a wide range of supply voltages the 
transducer acts as a high impedance temperature dependent 
current source of I ~AlK. Improved design and laser wafer 
trimming of the IC's thin mm resistors allows the ADS92 to 
achieve absolute accuracy levels and nonlinearity errors previously 
unattainable at a comparable price. 

The ADS92 can be employed in applications between - 2SoC 
and + lOsoC where conventional temperature sensors (i.e., ther
mistor, RTD, thermocouple, diode) are currently being used. 
The inherent low cost of a monolithic integrated circuit in a 
plastic package, combined with a low total parts count in any 
given application, make the ADS92 the most cost effective tem
perature transducer currently available. Expensive linearization 
circuitry, precision voltage references, bridge components, resis
tance measuring circuitry and cold junction compensation are 
not required with the ADS92. 

Typical application areas include; appliance temperature sensing, 
automotive temperature measurement and control, HVAC (heat
ing/ventilating/air conditioning) system monitoring, industrial 
temperature control, thermocouple cold junction compensation, 
board-level electronics temperature diagnostics, temperature 
readout options in instrumentation, and temperature correction 
circuitry for precision electronics. Particularily useful in remote 
sensing applications, the ADS92 is immune to voltage drops and 
voltage noise over long lines due to· its high impedance current 
output. ADS92s can easily be multiplexed; the signal current 
can be switched by a CMOS multiplexer or the supply voltage 
can be enabled with a tri-state logic gate. 

·Covered by Patent No. 4,123,698 

low Cost, Precision IC 
Temperature Transducer 

AD592* I 
AD592 FUNCTIONAL BLOCK DIAGRAM 

Ii 
\'--_( ~_) _(~_C_) _(9_) -..J 

TO-92 
BOTTOM VIEW 

The ADS92 is available in three performance grades; the 
ADS92AN, ADS92BNand ADS92CN. All devices are packaged 
in a plastic TO-92 case rated from - 4SoC to + 12SoC. Performance 
is specified from - 2SoC to + lOsoC. ADS92 chips are also 
available, contact the factory for details. 

PRODUCT HIGHLIGHTS 
1. With a single supply (4V to 30V) the ADS92 offers OSC 

temperature measurement accuracy. 
2. A wide operating temperature range ( - 2SoC to + lOS°C) arid 

highly linear output make the ADS92 an ideal substitute for 
older, more limited sensor technologies (i.e., thermistors, 
RTDs, diodes, thermocouples). 

3. The ADS92 is electrically rugged; supply irregularities and 
variations or reverse voltages up to 20V will not damage the 
device. 

4. Because the ADS92 is a temperature dependent current source, 
it is immune to voltage noise pickup and IR drops in the 
signal leads when used remotely. 

S. The high output impedance of the ADS92 provides greater 
than OSCN rejection of supply voltage drift and ripple. 

6. Laser wafer trimming and temperature testing insures that 
ADS92 units are easily interchangeable. 

7. Initial system accuracy will not degrade significantly over 
time. The ADS92 has proven long term performance and 
repeatability advantages inherent in integrated circuit design 
and construction. 
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SPECIFICATIONS (typical @ 25ac, Ys=5Y, unless otherwise notad) 

ADS92AN ADS92BN ADS92CN 
Model MiD Tnt Mas MiD Typ Mas MiD Typ Mu Units 

ACCURACY 
Calibration Error@25"C1 l.S 2.5 0.7 1.0 0.3 0.5 "C 

TA = Oto +70·C 
Error over Temperature 1.8 3.0 0.8 l.S 0.4 0.8 ·C 
Nonlinearitr 0.15 0.35 0.1 0.25 0.05 0.15 "C 

T A = - 25 to + 105·C 
Error over Temperature} 2.0 3.5 0.9 2.0 0.5 1.0 "C 
Nonlinearitr 0.25 0.5 0.2 0.4 0.1 0.35 ·C 

OUTPUT CHARACTERISTICS 
Nominal Current Output 

@25·C(298.2K) 298.2 298.2 298.2 ",A 
Temperature Coefficient 1 1 1 .....vc 
Repeatability4 0.1 0.1 0.1 ·C 
Lons Term Stability5 0.1 0.1 0.1 ·C'month 

ABSOLUTE MAXIMUM RATINGS 
Operating Temperature -25 +105 -25 +105 -25 +105 ·C 
Package Temperature6 -45 + 125 -45 + 125 -45 +125 "C 
Forward Voltage ( + to -) 44 44 44 V 
Reverse Voltage ( - to + ) 20 20 20 V 
Lead Temperature \ 

(Soldering 10 sec) 300 300 300 ·C 

POWER SUPPLY 
Operating Voltage Range 4 30 4 30 4 30 V 
Power Supply Rejection 

+4V<Vs<+5V 0.5 0.5 0.5 C'V 
+ 5V<Vs< + 15V 0.2 0.2 0.2 C'V 
+ 15V<Vs<+30V 0.1 0.1 0.1 C'V 

NOTES , 
I An external calibration trim can be used to zero the error@2SOC. 
lDefmed as the maximum deviation from a mathematically best fit line. 
Jparametertested on all production units at + 10SOC only. 

6 Although performance is not specified beyond the operating temperature range, temperature 
excursions within the package temperature ranse will not damage the device. 

4Maximum deviation between + ZSOC readings after a temperature cycle 
between -4SOCand + 12SoC. Errors of this tYpe arenoncummulative. 

50pC:ration@12SoC,errorovertimeisnoncummuiative. 

Specifications subject to change without notice. 
Specifications shown in boldface are tested on all production units at fmal electri· 
cal test. Results from those tests are used to calculate outgoing quality levels. All 
min and max specifications are guaranteed, although only those shown in 
boldface are tested on all production units. 

CONNECTING 
DIAGRAM 

(BOTTOM VIEW) 

'PIN 2 CAN BE EITHER ATTACHED OR UNCONNECTED 

K +223· +273° +298° +3230 +373· +423· 
·c _50' O· +25° +50° +100· +150· 

III III ) ,I III 1II1I1 ~ I I II ~ II III I'll ,II 111111 I! II 11
,1

1
1 1

1
11'1 I d 

OF -100· O· I l +100· +200°: +3000 

32" 70· 212" 

TEMPERATURE SCALE CONVERSION EQUATIONS 

DC = ~(DF -32) 
9 

K = DC +273.15 

DF = .1.. DC +32 , 5 . 
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Typical Performance Curves 
Typical @ Vs = + 5V 
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NOTE 
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ADS92 ORDERING GUIDE 

Max Cal Max Error 

2000 

Package l Error@2SoC - 25°C to + 105°C 

TO-92 ose l.Ooe 
TO-92 l.Ooe 2.0oe 
TO-92 2Se 3Se 

I See Section 19 for package outline information. 

Max Nonlinearity 
- 25°C to + 105°C 

O.3Soe 
O.4°e 
ose 
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THEORY OF OPERATION 
The ADS92 uses a fundamental property of silicon transistors to 
realize its temperature proportional output. If two identical 
transistors are operated at a constant ratio of collector current 
densities, r, then the difference in base-emitter voltages will be 
(kT/q)(ln r). Since both k, Boltzman's constant and q, the charge 
of an -electron are constant, the resulting voltage is directly 
Proportional To Absolute Temperature (PT AT). In the ADS92 
this difference voltage is converted to a PTA T current by low 
temperature coefficient thin film resistors. This PT AT current 
is then used to force the total output current to be proportional 
to degrees Kelvin. The result is a current source with an output 
equal to a scale factor times the temperature (K) of the sensor. 
A typical V-I plot of the circuit at + 2SoC and the temperature 
extremes is shown in Figure I. 

+10S'C 
3781---+--+--_1---1---+----4 

1 
I + 25'C 

j 298 -2S"C 

2481----+---V----J~~--+....;;;~+-~ 

~ 
UP TO 

30V 

·4 .5 
SUPPLY VOLTAGE - Vo11. 

Figure 1. V-I Characteristics 

Factory trimming of the scale factor to If.LAlK is accomplished 
at the wafer level by adjusting the ADS92's temperature reading 
so it corresponds to the actual temperature. During laser trimming 
the IC is at a temperature within a few degrees of2SoC and is 
powered by a SV supply. The device is then packaged and 
automatically temperature tested to specification. 

FACTORS AFFECTING ADS92 SYSTEM PRECISION 
The accuracy limits given on the Specifications page for the 
ADS92 makes it easy to apply in a variety of diverse applications. 
To calculate a total error budget in a given system it is important 
to correctly interpret the accuracy specifications, nonlinearity 
errors, the response of the circuit to supply voltage variations· 
and the effect of the surrounding thermal environment. As with 
other electronic designs external component selection will have a 
major effect on accuracy .. 

CALIBRATION ERROR, ABSOLUTE ACCURACY AND 
NONLINEARITY SPECIFICATIONS 
Three primary limits of error are given for the ADS92 such that 
the correct grade for any given application can easily be chosen 
for the overall level of accuracy required. They are the calibration 
accuracy at 25°C, and the error over temperature from 0 to 70°C 
and - 2SoC to + IOsoC. These specifications correspond to the 
actual error the user would see if the current output of a ADS92 
were converted to a voltage with a precision resistor. Note that 
the maximum error at room temperature, over the commercial 
IC temperature range, or an extended range including the boiling 
point of water, can be directly read from the Specifications 
Table. All three error limits are a combination of initial error, 

scale factor vari~tion and nonlinearity deviation from the ideal 
If.LA/K output. Figure 2 graphically depicts the guaranteed 
limits of accuracy for an ADS92CN. 

+1.0 r---,..----r-------r---"'""""J 

+0.5 

!r' 
I 

a: 

~ +0 

-25 +25 + 70 +10S 

TEMPERATURE - 'C 

Figure 2. Error Specifications (AD592CN) 

The ADS92 has a highly linear output in comparison to older 
technology sensors (i.e., thermistors, RTDs and thermocouples), 
thus a nonlinearity error specification is separated from the 
absolute accuracy given over temperature. As a maximum deviation 
from a best-fit straight line this specification represe~ts the only 
error which cannot be trimmed out. Figure 3 is a plot of typical 
ADS92CN nonlinearity over the full rated temperature range. 
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Figure 3. Nonlinearity Error (AD592CN) 

TRIMMING FOR HIGHER ACCURACY 
Calibration error at 2SoC can be removed with a single temperature 
trim. Figure 4 shows how to adjust the ADS 92's scale factor in 
the basic voltage output circuit. 

+V 

+ 
VouT =lmVIK 

Figure 4. Basic Voltage Output (Single Temperature Trim) 
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To trim the circuit the temperature must be measured by a 
reference sensor and the value of R should be adjusted so the 
output (Vour) corresponds to ImVlK. Note that the trim proce
dure should be implemented as close as possible to the temperature 
highest accuracy is desired for. In most applications if a single 
temperature trim is desired it can be implemented where the 
AD592 current-to-output voltage conversion takes place (e.g., 
output resistor, offset to an op amp). Figure 5 illustrates the 
effect on total error when using this technique. . 

+1.0 _-----'"T"'-----------. 
ACCURACY 

WITHOUT TRIM 

+0.5 1--------+--"""""'------------1 

-1.0 I--------+---------~ 

-25 +25 

TEMPERATURE - 'C 

+105 

Figure 5. Effect of Scale Factor Trim on Accuracy 

If greater accuracy is desired, initial calibration and scale factor 
errors can be removed by using the AD592 in the circuit of 
Figure 6. 

AD1403 

v-

Figure 6. Two Temperature Trim Circuit 

With the transducer at O°C adjustment of Rl for a OV output 
nulls the initial calibration error and shifts the output from K to 
°C. Tweaking the gain of the circuit at an elevated temperature 
by adjusting R2 trims out scale factor error. The only error 
remaining over the temperature range being trimmed for is 
nonlinearity. A typical plot of two trim accuracy is given in 
Figure 7. 

SUPPLY VOLTAGE AND THERMAL ENVIRONMENT 
EFFECTS 
The power supply rejection characteristics of the AD592 minimizes 
errors due to voltage irregularity, ripple and noise. If a supply is 
used other than 5V (used in factory trimming), the power supply 
error can be removed with a single temperature trim. The PT AT 
nature of the AD592 will remain unchanged. The general insen-

+2.0 

+1.0 

~ --V ---....... 
-1.0 

-2.0 

-25 +25 + 75 +105 
TEMPERATURE - ·c 

Figure 7. Typical Two, Trim Accuracy 

sitivity of the output allows the use of lower cost unregulated 
supplies and means that a series resistance of several hundred 
ohms (e.g., CMOS multiplexer, meter coil resistance) will not 
degrade the overall performance. 

The thermal environment in which the AD592 is used determines 
two performance traits: the effect of self-heating on accuracy 
and the response time of the sensor to rapid changes in temperature. 
In the first case, a rise in the IC junction temperature above the 
ambient temperature is a function of two variables; the power 
consumption level of the circuit and the thermal resistance 
between the chip and the ambient environment (6J~' Self-heating 
error in °C can be derived by multiplying the power dissipation 
by 6JA. Because errors of this type can vary widely for surroundings 
with different heat sinking capacities it is necessary to specify 
6JA under several conditions. Table I shows how the magnitude 
of self-heating error varies relative to the environment. In typical 
free air applications at 25°C with a 5V supply the magnitude of 
the error is 0.2°C or less. A common clip-on heat sink will 
reduce the error by 25% or more in critical high temperature, 
large supply voltage situations. 

Medium OJA (OClwatt) T(sec)* 

Still Air 
Without Heat Sink 175 60 
With Heat Sink 130 55 

Moving Air 
Without Heat Sink 60 12 
With Heat Sink 40 10 

Fluorinert Liquid 35 5 
Aluminum Block** 30 2.4 

*T is an average of five time constants (99.3% of final value). In cases where 
the thermal response is not a simple exponential function, the actual thermal 
response may be better than indicated. 
**With thermal grease. . 

Table I. Thermal Characteristics 
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Response of the ADS92 output to abrupt changes in ambient 
temperature can be modeled by a single time constant T exponential 
function. Figure 8 shows typical response time plots for several 
media of interest. 
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Figure 8. Thermal Response Curves 

The time constant, T, is dependent on alA and the thermal 
capacities of the chip and the package. Table I lists the effective 
T (time to reach 63.2% of the fmal value) for several different 
media. Copper printed circuit board connections where neglected 
in the analysis, however, they will sink or conduct heat directly 
through the ADS92's solder dipped Kovar leads. When faster 
response is required a thermally conductive grease or glue between 
the ADS92 and the surface temperature being measured should 
be used. In free air applications a clip-on heat sink will decrease 
output stabilization time by 10-20%. 

MOUNTING CONSIDERATIONS 
If the ADS92 is thermally attached and properly protected, it 
can be used in any temperature measuring situation where the 
maximum range of temperatures encountered is between - 2SoC 
and + IOsoC. Because plastic IC packaging technology is employed, 
excessive mechanical stress must be safeguarded against when 
fastening the device with a clamp or screw-on heat tab. Thermally 
conductive epoxy or glue is recommended under typical mounting 
conditions. In wet or corrosive environments any electrically 
isolated metal or ceramic well can be used to shield the ADS92. 
Condensation at cold temperatures can cause leakage current 
related errors and should be avoided by sealing the device in 
nonconductive epoxy paint o.r dips. 

APPLICATIONS 
Connecting several ADS92 devices in parallel adds the currents 
through them and produces a reading proportional to the average 
temperature. Series ADS92s will indicate the lowest temperature 

+5V +15V 

AD592 

AD592 

AD592 

AD592 

Vr.)10mVIK) 

Figure 9. Average and Minimum Temperature 
Connections' 

because the coldest device limits the series current flowing through 
the sensors. Both of these circuits are depicted in Figure 9. 

The circuit of Figure 10 demonstrates a method in whieh 
a voltage output can be derived in a differential temperature 
measurement. 

AD592 

AD592 

+V 

R1 
50kn 

-v 

10kn 

5Mn + 
VOUT= 

(T,-Tz)x 
(10mvrc) 

Figure'10. Differential Measurements 

Rl can be used to trim out the inherent offset between the two 
devices. By increasing the gain resistor (lOkfl) temperature 
measurements can be made with higher resolution. If the mag
nitude of V + and V - is not the same, the difference in power 
consumption between the two devices can cause a differential 
self-heating error. 

Cold junction compensation (CJC) used in thermocouple signal 
conditioning can be implemented using an ADS92 in the circuit 

. configuration of Figure 11. Expensive simulated ice baths or 
hard to trim, inaccurate bridge circuits are no longer required. 
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THERMOCOUPLE APPROX. 
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5211 
4111 
4111 
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611 
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AD OP·07E 
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I 11k11l 
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Figure 11. Thermocouple Cold Junction Compensation 

The circuit shown can be optimized for any ambient temperature 
range or thermocouple type by simply selecting the correct 
value for the scaling resistor - R. The ADS92 output (lJ..LAlK) 
times R should approximate the line best fit to the thermocouple 
curve (slope in V/°C) over the mosi likely ambient temperature 
range. Additionally, the output sensitivity can be chosen by 
selecting the resistors ~I and ~2 for the desired noninverting 
gain. The offset adjustment shown simply references the ADS92 
to °C. Note that the TC's of the reference and the resistors are 
the primary contributors to error. Temperature rejection of 40 
to 1 can be easily achieved using the above techIuque. 

Although the ADS92 offers a no'ise immune current output, it is 
not compatible with process control/industrial automation current 
loop standards. Figure 12 is an example of a temperature to 4-
20mA transmitter for use with 40V, Ikfl systems. 

In this circuit the 1 J..LAlK output of the AD592 is amplified to 
lmAl°C and offset so that 4rnA is equivalent to l7°C and 20rnA 
is equivalent to 33°C. Rt is trimmed for proper reading at an 
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Figure 12. Temperature to 4-20mA Current Transmitter 

intermediate reference temperature. With a suitable choice of 
resistors, any temperature range within the operating limits of 
the ADS92 may be chosen. . 

Reading temperature with an ADS92 in a microprocessor based 
system can be implemented with the circuit shown in Figure 13. 

SPAN 
TRIM 1000 

9500 

9kO 

2000 

lkO 

+5V 

V'NLO 

RIW 

-...::....7 
"PCONTROL 

Figure 13. Temperature to Digital Output 

8-BITS 
OUT 

By using a differential input AID converter and choosing the 
current to voltage conversion resistor correctly any range of 
temperatures (up to the 130°C span the ADS92 is rated for) 
centered at any point can be measured using a minimal number 
of components. In this configuration the system will resolve up 
to 1°C. 

A variable temperature controlling thermostat can easily be built 
using the ADS92 in the circuit of Figure 14. 

RmGH and RLOW determine the limits of temperature controlled 
by the potentiometer RSET' The circuit shown operates over the 
full temperature range ( - 25°C to + 105°C) the ADS92 is rated 
for. The reference maintains a constant set point voltage and 
insures that approximately 7V appears across the sensor. If it is 
necessary to guard band for extraneous noise hysteresis can be 
added by tying a resistor from the output to the ungrounded 
end ofRLOw• 

+ 
AD592 

10kO 

+15V 

AD581 

RSET 

10kll 

RLOW 

27.3kO 

Rpuu.up 

COMPARATOR 

I 
I 

-1'~"T J 
Y j---J (OPTIONAL) 

C 

Figure 14. Variable Temperature Thermostat 

Multiple remote temperatures can be measured using several •• 
ADS92s with a CMOS multiplexer or a series of SV logic gates 
because of the device's current-mode output and supply-voltage 
compliance range. The on-resistance of a FET switch or output 
impedance of a gate will not effect the accuracy, as long as 4V is 
maintained across the transducer. MUXs and logic driving circuits 

, should be chosen to minimize leakage current related errors. 
Figure IS illustrates a locally controlled MUX switching the 
signal current from several remote ADS92s. CMOS or TTL 
gates can also be used to switch the ADS92 supply voltages, 
with the multiplexed signal being transmitted over a single 
twisted pair to the load. 

+15V -15V 

VOUT 

Figure 15. Remote Temperature Multiplexing 

To minimize the number of MUXs required when a large number 
of ADS9'2s are being used, the circuit can be configured in a 
matrix. That is, a decoder can be used to switch the supply 
voltage to a column of ADS92s while a MUX is used to control 
which row of sensors are being measured. The maximum number 
of ADS92s which can be used is the product of the number of 
channels of the decoder and MUX. 
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An example circuit controlling 80 AD592s is shown in Figure 
16. A 7-bit digital word is all that is required to select one of 
the sensors. The enable input of the multiplexer turns all the 
sensors off for minimum dissipation while idling. 

. 
IO-A05925 

Figure 16. Matrix Multiplexer 

To convert the AD592 output to °C or of a single inexpensive 
reference and op amp can be used as shown in Figure 17. Although 
this circuit is similar to the two temperature trim circuit shown 
in Figure 6, two important differences exist. First, the gain 
resistor is fixed alleviating the need for an elevated temperature 
trim. Acceptable accuracy can be achieved by choosing an inex
pensive resistor with the correct tolerance. Second, the AD592 
calibration error can be trlinmed out at a known convenient 
temperature (i.e., room temperature) with a single pot adjustment. 
This step is independent of the gain selection. 

AD1403 

v-

RQAIN 

l00kO 
180kO 

Figure 17. Celsius or Fahrenheit Thermometer 
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r.ANALOG 
WDEVICES 

Monolithic Thermocouple Amplifier 
with Cold Junction Compensation 

FEATURES 
Pretrimmed for Type J (AD594) or 

Type K (AD595) Thermocouples 
Can Be Used with Type T Thermocouple Inputs 
Low Impedance Voltage Output: 10mV/oC 
Built-In Ice Point Compensation 
Wide Power Supply Range: +5V to ±15V 
Low Power: <1mW typical 
Tiltnlllucuu..,i", rdiiult: "iell ill 
Laser Wafer Trimmed to 1°C Calibration Accuracy 
Set-Point Mode Operation I 

Self-Contained Celsius Thermometer Operation 
High Impedance Differential Input 

PRODUCT DESCRIPTION 
The AD594/AD595 is a complete instrumentation amplifier and 
thermocouple cold junction compensator on a monolithic chip. 
It combines an ice point reference with a precalibrated amplifier 
to produce a high level (lOmV/°C) output directly from a ther
mocouple signal. Pin-strapping options allow it to be used as a 
linear amplifier-compensator or as a switched output set-point 
controller using either fixed or remote set~point control. It can 
be used to amplify its compensation voltage directly, thereby 
converting it to a stand-alone Celsius transducer with a low-im
pedance voltage output. 

The AD594/AD595 includes a Thermocouple Failure Alarm 
that indicates if one or both thermocouple leads become open. 
the alarm output has a flexible format which includes TTL 
drive capability. 

The AD594/AD595 can be powered from a single ended supply 
(including + 5V) and by including a negative supply, temperatures 
below O°C can be measured. To minimize self-heating, an unloaded 
AD5941 AD595 will typically operate with a total supply current 
of 160f.1A, but is alSo capable of delivering in excess of ± 5mA 
to a load. 

The AD594 is precalibrated by laser wafer trimming to match 
the characteristic of type J (iron-constantan) thermocouples and 
the AD595 is laser trimmed for rype K (chromel-alumel) inputs. 
The temperature transducer voltages and gain control resistors 
are available at the package pins so that the circuit can be re
calibrated for other thermocouple types by the addition of two 
or three resistors. These terminals also allow more precise cali
bration for both thermocouple and thermometer applications: 

·Protected by U.S. Patent No. 4,029,974; 

AD594* IAD595* I 
AD594/AD595 BLOCK DIAGRAM 

The AD594/AD595 is available in two performance grades. The 
C and the A versions have calibration accuracies of ± 1°C and· 
± 3°C, respectively. Both are designed to be used from 0 to 
+ 50°C, and are available in a 14-pin, hermetically sealed, side
brazed ceramic DIP. 

PRODUCT HIGHLIGHTS 
1. The AD594/AD595 provides cold junction compensation, 

amplification, and an output buffer in a single IC package. 
2. Compensation, zero, and scale factor are all precalibrated by 

laser wafer trimming (L WT) of each IC chip. 
3. Flexible pin-out provides for operation as a set-point controller 

or a stand-alone temperature transducer calibrated in degrees 
Celsius. 

4. Operation at remote application sites is facilitated by low 
quiescent current and a wide supply voltage range of + SV to 
dual supplies spanning 30V. 

S. Differential input rejects common-mode noise voltage on the 
thermocouple leads. 
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SPECIFICATIONS (@ + 250C and Vs = 5V, Type J (A0594), Type K (A0595) Thennocouple, unless otherwise noted) 

Model 

ABSOLUTE MAXIMUM RATINGS 
+Vsto -V, 
Common·Modelnput Voltage 
Differential Input Voltage 
Alann Vohag .. 

+ALM 
-ALM 

Operating Temperature Range 
Output Short Circuit to Common 

TEMPERATURE MEASUREMENT 
(Specified Temperature Range 
Oto + SO·C) 

Calibration Error at + 2S·C' 

Stability vs. Temperature' 
Gain Error 
Nominal Transfer Function 

- Vs -0.15 
-Vs 

-V, 
-V, 
-55 
Indefmite 

AD594A 

Tn> Max 

36 
+Vs -Vs-0.15 
+Vs -Vs 

-V, +36 -V, 
+Vs -Vs 
+ 125 -55 

±3 
±0.05 
±1.5 
10 

Indefmite 

AD594C 

Tn> Max 

36 
+Vs 
+Vs 

-Vs+36 
+Vs 
+ 125 

%1 
%0.025 
%0.75 
10 

AD595A 
Tn> Max 

36 
- Vs -0.15 +Vs 
-Vs +Vs 

-Vs -Vs +36 
-Vs +Vs 
-55 + 125 
Indefmite 

%3 
%0.05 
%1.5 
10 

ADS9SC 
Tn> Max Uaib 

-Vs -0.15 

-Vs· 

-Vs 
-Vs 
-5~ 
Indefmite 

36 Voltl 
+Vs Volts 
+Vs Volts 

-Vs +36 Volt. 
+Vs Voltl 
+ 125 "C 

:d 
%0.025 
%0.75 
10 

"C 
"CI"C 
% 

mVrc 

AMPLIFIER CHARACTERISTICS 
Closed Loop Gain' 193.4 193.4 247.3 247.3 
Input Offset Voltage (Temperature in "C) x 51.70 ... Vrc (Temperature in "C) x Sl.70 ... vrc (Temperature in "C) x 44.44 ... Vrc (Temperature in "C) x 44.44 ... Vrc ... V 
Input Bias Current 0.1 0.1 0.1 O.I.,.A 
Differential Input Range 
Common Mode Range 

Common Mode Sensitivity-RTO 
Power Supply Sensitivity-RTO 
Output Voltage Range 

Dual Supplies 
Single Supply 

Usable Output Current' 
3dB Bandwidth 

ALARM CHARACTERISTICS 
VCE(SAT)at 2rnA 
Leakage Current 

Operating Voltage a' -:ALM 
Short Circuit Current 

POWER REQUIREMENTS 
Specified Performance 
Operating 
Quiescent Current (No Load) 

+Vs 
-Vs 

PACKAGE OPTION' 
(DI4A) 

NOTES 

-10 +50 
-410 +Vs 
(-Vs -0.15) 

10 
10 

-Vs +1.5 +Vs -2 
0 

:!:5 
15 

0.3 

20 

+Vs -2 

±I 
+Vs -4 

+Vs = 5, -Vs =0 
+Vsto -Vss30 

160 300 
100 

AD594AD 

'Calibrated for minimum error It +2S·C using I thermocouple sensitivity of SI.7,..Vrc. 
Since I J type thermocouple deviates from this straight line approximation, the AD594 
will normally read 3.lmV when the measuring junction is at O"C. The AD595 will 
.imilarly read 2.7mV a' O·C. 

'Defined as the slope of the tine cOMecting the ADS94IAD595 errors measured It 
O"C and SO"C ambient temperature. 

lPin 8 shorted to pin 9. 
·CufTcnr Sink Capabiliry in single supply configuration is limited to current drawn to 
ground through a SOk!! re.iSlor at output voltages below 2.5V. 

-10 +50 
-410 +Vs -410 +Vs 
(-Vs -0.15) (-Vs -0.15) 

10 10 
10 10 

-Vs +1.5 +Vs-2 -Vs +2.5 +Vs-2 
0 

:!:5 
15 

0.3 

20 

+Vs = 5, -Vs =0 
+Vsto -VsS30 

+Vs -2 

±I 
+Vs -4 

0 
:!:S 
IS 

0.3 

20 

+Vs = 5, -Vs = 0 
+Vsto -Vss30 

+Vs +2 

±I 
+Vs -4 

160 300 160 300 
100 100 

AD594CD AOS9SAD 

'See Section 19 for package outline information. 
SpeciflCltions subject to change without notice. 

Specifications shown in boldface: ue rested on all production units at fmal 
electrical test. Results from those tests are used to calculate outgoing quality 
levels. All min and max specifications are guaranteed, although only those 
shown in boldface are tested on all production units. 

ORDERING GUIDE 

Maximum 
Model Cal. Error 

AD594AD ± 3°C 
AD594CD ± l°C 

AD595AD ± 3°C 
AD595CD ± 1°C 
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-10 
-410 
(-Vs -0.15) 

-V, +1.5 
0 

±S 
IS 

0.3 

20 

+50 mV 
+V. Volts 

10 mVN 
10 mVN 

+Vs-1 Volts 
+Vs -2 Vohs 

rnA 
kHz 

Volts 
±I .,.A max 
+Vs -4 Volts 

rnA 

+Vs=5,-Vs=0 
+Vsto-Vss30 

Volts 
Vohs 

160 300 
100 

AD595CD 



Thermocouple Typej AD594 TypeK AD595 Thermocouple TypeJ AD594 TypeK AD595 
Temperature Voltage Output Voltage Output Temperature Voltage Output Voltage Output 
°C mV mV mV mV °C mV mV mV mV 

- 200 - 7.890 -1523 - 5.891 -1454 500 27.388 5300 20.640 5107 
- 180 - 7.402 -1428 - 5.550 -1370 520 28.511 5517 21.493 5318 
- 160 - 6.821 -1316 - 5.141 -1269 540 29.642 5736 22.346 5529 
- 1~0 - 6.159 -1188 - 4.669 -1152 560 30.782 5956 23.198 5740 
- 120 - 5.426 -1O~6 - 4.138 -1021 580 31.933 6179 24.050 5950 

- 100 - 4.632 - 893 - 3.553 - 876 600 33.096 6404 24.902 6161 
- 80 - 3.785 - 729 - 2.920 - 719 620 34.273 6632 25.751 6371 
- 60 - 2.892 - 556 - 2.243 - 552 640 35.464 6862 26.599 6581 
- ~o - 1.960 - 376 - 1.527 - 375 660 36.671 7095 27.445 6790 
- 20 - .995 - 189 - .777 - 189 680 37.893 7332 28.288 6998 

- 10 - .501 - 9~ - .392 - 9~ 700 39.130 7571 28.128 7206 
0 0 3.1 0 2.7 720 40.382 7813 29.965 7413 

10 .507 101 .397 101 740 41.647 8058 30.799 7619 
LU I.UI~ LUU ./~IS LUU 7SV 42.205 oioi 5i.2i4 7722 
2S 1.277 250 1.000 250 760 - - 31.629 7825 

30 1.536 300 1.203 300 780 - - 32.455 8029 
~o 2.058 401 1.611 401 800 - - 33.277 8232 
50 2.585 503 2.022 503 820 - - 34.095 8434 
60 3.115 606 2.436 605 840 - - 34.909 8636 
80 4.186 813 3.266 810 860 - - 35.718 8836 

100 5.268 1022 4.095 1015 880 - - 36.524 9035 
120 6.359 1233 4.919 1219 900 - - 37.325 9233 
140 7.457 1445 5.733 1420 920 - - 38.122 9430 
160 8.560 1659 6.539 1620 940 - - 38.915 9626 
180 9.667 1873 7.338 1817 960 - - 39.703 9821 

',~ 

200 10.777 2087 8.137 2015 980 - - 40.488 10015 
220 11.887 2302 8.938 2213 1000 - - 41.269 10209 
2~0 12.998 2517 9.745 2413 1020 - - 42.045 10400 
260 14.108 2732 10.560 2614 1040 - - 42.817 10591 
280 15.217 2946 11.381 2817 1060 - - 43.585 10781 

300 16.325 3160 12.207 3022 1080 - - 44.349 10970 
320 17.432 3374 13.039 3327 1100 - - 45.108 11158 
340 18.537 3588 13.874 3434 1120 - - 45.863 11345 
360 19.640 3801 14.712 3641 1140 - - 46.612 11530 
380 20.743 4015 15.552 3849 1160 - - 47.356 11714 

400 21.846 4228 16.395 4057 ·1180 - - 48.095 11897 
420 22.949 4441 17.241 4266 1200 - - 48.828 12078 
440 24.054 4655 18.088 4476 1220 - - 49.555 12258 
460 25.161 4869 18.938 4686 1240 - - 50.276 12436 
480 26.272 5084 19.788 4896 1250 - - 50.633 12524 

Table I. Output Voltage vs. Thermocouple Temper
ature (Ambient +25°C, Vs = -5V, + 15V) 

INTERPRETING AD594/AD595 OUTPUT VOLTAGES 

To achieve a temperature proportional output of 10mV;oC and 
accurately compensate for the reference junction over the rated 
operating range of the circuit, the AD594/ AD595 is gain trimmed 
to match the transfer characteristic of J and K type thermocouples 
at 25°C. For a type J output in this temperature range the TC is 
51.70f..LV;oC, while for a type K it is 40.44f..LV;oC. The resulting 
gain for the AD594 is 193.4 (lOmV;oC divided by 51.7f..LV;oC) 
and for the AD595 is 247.3 (10mV;oC divided by 40.44f..LVrC). 
In addition, an absolute accuracy trim induces an input offset to 
the output amplifier characteristic of 16f..L V for the AD594 and 
11f..LV for the AD595. This offset arises because the AD594/AD595 
is trimmed for a 250m V output while applying a 25°C thermocouple 
input. 

Because a thermocouple output voltage is nonlinear with respect 
to temperature, and the AD594/AD595 linearly amplifies the 
compensated signal, the following transfer functions should be 
used to determine the actual output voltages: 

AD594 output = (Type J Voltage + 16f..LV) x 193.4 

AD595 output = (Type K Voltage + llf..LV) x 247.3 
or conversely: 

Type J voltage = (AD594 output / 193.4) ~ 16f..LV 

Type K voltage = (AD595 output / 247.3) - llf..LV 

Table I above lists the ideal AD594/AD595 output voltages as a 
function of Celsius temperature for type J and K ANSI standard 
thermocouples, with the package and reference junction at 25°C. 
As is normally the case, these outputs are subject to calibration, 
gain and temperature sensitivity errors. Output values for inter
mediate temperatures can be interpolated, or calculated using 
the output equations and ANSI thermocouple voltage tables 
referred to zero degrees Celsius. Due to a slight variation in 
alloy content between ANSI type J and DIN FE-CuNI ther
mocouples Table I should not be used in conjunction with Euro
pean standard thermocouples. Instead the transfer function 
given previously and a DIN thermocouple table should be used. 
ANSI type K and DIN NICR-NI thermocouples are composed 
of identical alloys and exhibit similar behavior. The upper tem
perature limits in Table I are those recommended for type J and 
type K thermocouples by the majority of vendors. 
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SINGLE AND DUAL SUPPLY CONNECTIONS 
The ADS94/ADS9S is a completely self-contained thermocouple 
conditioner. Using a single + SV supply the interconnections 
shown in Figure 1 will provide a direct output from a type J 
thermocouple (ADS94) or typeK thermocouple (ADS9S) meas
uring from 0 to + 300°C. 

to. 

" 

+5V 

10mVtC 

Figure 1. Basic Connection, Single Supply Operation 

Any convenient supply voltage from -t SV to + 30V may be 
used, with self-heating errors being minimized at lower supply 
levels. In the single supply configuration the + SV supply connects 
to pin 11 with the V - connection at pin 7 strapped to power 
and signal common at pin 4. The thermocouple wire inputs 
connect to pins 1 and 14 either directly from the measuring 
point or through intervening connections of similar thermocouple 
wire type. When the alarm output at pin 13 is not used it should 
be connected to common or - V. The precalibrated feedback 
network at pin 8 is tied to the output at pin 9 to provide a 
10mV/oC nominal temperature transfer characteristic. 

By using a wider ranging dual supply, as shown in Figure 2, the 
ADS941 ADS9S can be interfaced to thermocouples measuring 
both negative and extended positive temperatures. 

CONSTANTAN 

(ALUMElI 

" 1 
I 
! IRON '---------("'-

(CHROMEL) : 

I 

o TO -25V 

Figure 2. Dual Supply Operation 

SPAN OF 
5V TO 30V 

With a negative supply the output can indicate negative temper
atures and drive grounded loads or loads returned to positive 
voltages. Increasing the positive supply from SV to ISV extends 
the output voltage range well beyond the 7S0°C temperature 
limit recommended for type J thermocouples (ADS94) and the 
12S0°C for type K th~rmocouples (ADS9S). 

Common-mode voltages on the thermocouple inputs must remain 
within the common-mode range of the ADS94/ADS9S, with a 
return path provided for the bias currents. If the thermocouple 
is not remotely grounded, then the dotted line connections in 
Figures 1 and 2 are recommended. A resistor may be needed in 
this connection to assure that common mode voltages induced in 
the thermocouple loop are not converted to normal mode. 

THERMOCOUPLE CONNECTIONS 
The isothermal terminating connections of a pair of themocouple 
wires forms an effective reference junction. This junction must 
be kept at the same temperature as the ADS94/ADS9S for the 
internal cold junction. compensation to be effective. 

A method that provides for thermal equilibrium is the printed 
circuit board connection layout illustrated in Figure 3. 

Figure 3. PCB Connections 

Here the ADS94/ADS9S package temperature and circuit board 
are thermally contacted in the copper printed circuit board 
tracks under pins 1 and 14. The reference junction is now composed 
of a copper-constantan (or copper-alumel) connection and copper
iron (or copper-chromel) connection, both of which are at the 
same temperature as the ADS94/ADS9S. 

The printed circuit board layout shown also provides for placement 
of optional alarm load resistors, recalibration resistors and a 
compensation capacitor to limit bandwidth. 

To ensure secure bonding the thermocouple wire should be 
cleaned to remove oxidation prior to soldering. Noncorrosive 
rosin flux is effective with iron, constantan, chromel and alumel 
and the following solders: 9S% tin-S% antimony, 9S% tin-S% 
silver or 90% tin-lO% lead. 

FUNCTIONAL DESCRIPTION 
The ADS94 behaves like two differential amplifiers. The outputs 
are summed and used to control a high-gain amplifier, as shown 
in Figure 4. 

Figure 4. AD5941AD595 Block Diagram 

In normal operation the main amplifier output, at pin 9, is 
connected to the feedback network, at pin 8. Thermocouple 
signals applied to the floating input stage, at pins 1 and 14, are 
amplified by gain G of the differential amplifier and are then 
further amplified by gain A in the main amplifier. The output 
of the main amplifier is fed back to a second differential stage in 
an inverting connection. The feedback signal is amplified by 
this stage and is also applied to the main amplifier input through 
a summing circuit. Because of the inversion, the amplifier causes 
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the feedback to be driven to reduce this difference signal to a 
small value. The two differential amplifiers are made to match 
and have identical gains, G. As a result, the feedback signal that 
must be applied to the right-hand differential amplifier will 
precisely match the thermocouple input signal when the difference 
signal has been reduced to zero. The feedback network is trimmed 
so that the effective gain to the output, at pins 8 and 9, results 
in a voltage of lOmVrC of thermocouple excitation. 

In addition to the feedback signal, a cold junction compensation 
voltage is applied to the right-hand differential amplifier. The 
compensation is a differential voltage proportional to the Celsius 
temperature of the AD594/AD595. This signal disturbs the 
differential input so that the amplifier output must adjust to 
restore the in!'lut to equal the applied thermocouple voltage. 

The compensation is applied through the gain scaling resistors 
so that its effect on the main output is·also 10mV;oC. As a result, 
the compensation voltage adds to the effect of the thermocouple 
voltage a signal directly proportional to the difference between 
O°C and the AD594/AD595 temperature. If the thermocouple 
reference junction is maintained at the AD594/AD595 tempera
ture, the output of the AD594/ AD595 will correspond to the 
reading that would have been obtained from amplification of a 
signal from a thermocouple referenced to an ice bath. 

The AD594/AD595 also includes an input open circuit detector 
that switches on an alarm transistor: This transistor is actually a 
current-limited output buffer, but can be used up to the limit as 
a switch transistor for either pull-up or pull-down operation of 
external alarms. 

The ice point compensation network has voltages available with 
positive and negative temperature coefficients. These voltages 
may be used with external resistors to modify the ice point 
compensation and recalibrate the AD594/AD595 as described in 
the next column. 

The feedback resistor is separately pinned out so that its value 
can be padded with a series resistor, or replaced with an external 
resistor between pins 5 and 9. External availability of the feedback 
resistor allows gain to be adjusted, and also permits the AD594/ 
AD595 to operate in a switching mode for set-point operation. 

CAUTIONS: 
The temperature compensation terminals ( + C and - C) at pins 
2 and 6 are provided to supply small calibration currents only. 
The AD594/AD595 may be permanently damaged if they are 
grounded or connected to a low impedance. 

The AD594/AD595 is internally frequency compensated for 
feedback ratios (corresponding to 'normal signal gain) of 75 or 
more. If a lower gain is desired, additional frequency compensation 
should be added in the form of a 300pF capacitor from pin 10 
to the output at pin 9. As shown in Figure 5 an additional O.OIjJ.F 
capacitor between pins 10 and 11 is recommended. 

AD594/ 
AD595 

Figure 5. Low Gain Frequency Compensation 

RECALIBRATION PRINCIPLES AND LIMITATIONS 
The ice point compensation network of the AD594/AD595 
produces a differential signal which is zero at O°C and corresponds 
to the output of an ice referenced thermocouple at the temperature 
of the chip. The positive TC output of the circuit is proportional 
to Kelvin temperature and appears as a voltage at + T. It is 
possible to decrease this signal by loading it with a resistor from 
+ T to COM, or increase it with a pull-up resistor from + T to 
the larger positive TC voltage at + C. Note that adjustments to 
+ T should be made by measuring the voltage which tracks it at 
-T. To avoid destabilizing the feedback amplifier the measuring 
instrument should be isolated by a few thousand ohms in series 
with the lead connected to - T. 

Figure 6. Decreased Sensitivity Adjustment 

Changing the positive TC half of the differential output of the 
compensation scheme shifts the zero point away from O°C. The 
zero can be restored by adjusting the current flow into the negative 
input of the feedback amplifier, the - T pin. A current into this 
terminal can be produced with a resistor between - C and - T 
to balance an increase in + T, or a resistor from - T to COM to 

offset a decrease in + T. 

If the compensation is adjusted substantially to accommodate a 
different thermocouple type, its effect on the final output voltage 
will increase or decrease in proportion. To restore the nominal 
output to lOmV/oC the gain may be adjusted to match the new 
compensation and thermocouple input characteristics. When 
reducing the compensation the resistance between - T and 
COM automatically increases the gain to within 0.5% of the 
correct value. If a smaller gain is required, however, the nominal 
47kO internal feedback resistor can be paralleled or replaced 
with an external resistor. 

Fine calibration adjustments will require temperature response 
measurements of individual devices to assure accuracy. Major 
reconfigurations for other thermocouple types can be achieved 
without seriously compromising initial calibration accuracy, so 
long as the procedure is done at a fixed temperature using the 
factory calibration as a reference. It should be noted that inter
mediate recalibration conditions may require the use of a negative 
supply. An example using a type E thermocouple and an AD594 
is given on the next page. 
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EXAMPLE: TYPE E RECALIBRATION -AD594/AD595 
Both the AD594 and AD595 can be configured to condition the 
output of a type E (chromel-constantan) thermocouple. Temper
ature characteristics of type E thermocouples differ less from 
type J, than from type K, therefore the AD594 is preferred for 
recalibration. 

While maintaining the device at a constant temperature follow 
the recalibration steps given here. First, measure the device 
temperature by tying both inputs to common (or a selected 
common mode potential) and connecting FB to Yo. The AD594 
is now in the stand alone Celsius thermometer mode. For this 
example assume the ambient is 24°C and the initial output Vo is 
240mV. Check the output at Vo to verify that it corresponds to 
the temperature of the device. , 

Next, measure the voltage - T at pin 5 with a high impedance 
DVM (capacitance should be isolated by a few thousand ohms 
of resistance at the measured terminals). At 24°C the - T voltage 
will be about 8.3mV. To adjust the compensation of an AD594 
to a type E thermocouple a resistor, RI, should be connected 
between + T and + C, pins 2 and 3, to raise the voltage at - T 
by the ratio of thermocouple sensitivities. The ratio for converting 
a type J device to a type E characteristic is: 

r (AD594) =(60.9J,.LVfOC)/(51.7J,.LVfOC)= 1.18 

Thus, multiply the initial voltage measured at - T by rand 
experimentally determine the RI value required to raise - T to 
that level. For the example the new - T voltage should be 
about 9.8mV. The resistance value should be approximately 
1.8kO. 

The zero differential point must now be shifted back to O°C. 
This is accomplished by multiplying the original output voltage 
V 0 by r and adjusting the measured output voltage to this value 
by experimentally adding a resistor, R2, between - C and - T, 
pins 5 and 6. The target output value in this' case should be 
about 283mV. The resistance value ofR2 should be approximately 
240kO. 

Finally, the gain must be recalibrated such that the output Vo 
indicates the device's temperature once again. Do this by adding 
a third resistor, R3, between FB and - T, pins 8 and 5. V 0 

should now be back to the initial 240mV reading. The resistance 
value ofR3 should be approximately 280kO. The final connection 
diagram is shown in Figure 7. An approximate verification of 
the effectiveness of recalibration is to measure the differential 
gain to the output. For type E it should be 164.2. 

R1 

R2 

R3 

Figure 7. Type E Recalibration 

When implementing a similar recalibration procedure for the 
AD595 the values for RI, R2, R3 and r will be approximately 
6500, 84kO, 93kO and LSI, respectively. Power consumption 
will increase by about 50% when using the AD595 with type E 
inputs. 

Note that during this procedure it is crucial to maintain the 
AD594/AD595 at a stable temperature because it is used as the 
temperature reference. Contact with fingers or any tools not at 
ambient temperature will quickly produce errors. Radiational 
heating from a change in lighting or approach of a soldering 
iron must also be guarded against. 

USING TYPE T THERMOCOUPLES WITH THE AD595 
Because of the similarity of thermal EMFs in the 0 to 50°C 
range between type K and type T thermocouples, the AD595 
can be directly used with both types of inputs. Within this 
ambient temperature range the AD595 should exhibit no more 
than an additional 0.2°C output calibration error when used 
with type T inputs. The error arises because the ice point com
pensator is trimmed to type K characteristics at 25°C .. To calculate 
the AD595 output values over the recommended - 200 to 350°C 
range for type T thermocouples, simply use the ANSI ther
mocouple voltages referred to O°C and the output equation given 
on page 3 for the AD595. Because of the relatively large non
linearities associated with type T thermocouples the output will 
deviate widely from the nominallOmVrC. However, cold junction 
compensation over the rated 0 to 50°C ambient will remain 
accurate. 

STABILITY OVER TEMPERATURE 
Each AD594/AD595 is tested for error over temperature with 
the measuring thermocouple at. O°C. The combined effects of 
cold junction compensation error, amplifier offset drift and gain 
error determine the stability of the AD594/AD595 output over 
the rated ambient temperature range. Figure 8 shows an AD594/ 
AD595 drift error envelope. The slope of this figure has units of 
°crc. 

+O.6°C 

-O.6°C 

Figure 8. Drift Error vs .. Temperature 

THERMAL ENVIRONMENT EFFECTS 
The inherent low power dissipation of the ADS94/ AD595 and 
the low thermal resistance of the package make self-heating 
errors almost negligible. For example, in still air the chip to 
ambient thermal resistance is about 80°C/watt. At the nominal 
dissipatio~ of 800J,.L W the self-heating in free air is less than 
O.065°C. Submerged in fluorinert liquid (unstirred) the thermal 
resistance is about 40°C/watt, resulting in a self-heating error of 
about 0.032°C. 
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SET-POINT CONTROLLER 
The ADS94/ADS9S can readily be connected as a set-point 
controller as shown in Figure 9. 

TEMPERATURE 
COMPARATOR 

I_----....:O:..:;u:ow -)T < SET POINT 

HIGH ')T > SET POINT 
,...-- -I 
I 1 

: HEATER I 
I r-I-~~~+--, 
I ~~TL~~~~~~ 

I 
I 
I .. 
1 I 
I "I 

7-1 J 

IRON 

{ 
---ic'HROMEUi'"'-C--· L. i - - - j - ---l 

TEMPERATURE -l1'---4_ ........ ____ .. _____ +-__ 
CONTROLLED COMMON 
REGION 

Figure 9. Set-Point Controller 

SET-POINT 
VOLTAGE INPUT 

20MJ. 
IOPTIONAL' 

FOR HVSTERESIS 

The thermocouple is used to sense the unknown temperature 
and provide a thermal EMF to the input of the ADS941 ADS9S. 
The signal is cold junction compensated, amplified to 10mV;oC 
and compared to an external set-point voltage applied by the 
user to the feedback at pin 8. Table I lists the correspondence 
between set-point voltage and temperature, accounting for the 
nonlinearity of the measurement thermocouple. If the set-point 
temperature range is within the operating range ( - SsoC to 
+ l2S°C) of the AD5941 ADS95, the chip can be used as the 
transducer for the circuit by shorting the inputs together and 
utilizing the nominal calibration of lOmV;oC. This is the centigrade 
thermometer configuration as shown in Figure 13. ' 

In operation if the set-point voltage is above the voltage corres
ponding to the temperature being measured the output swings 
low to approximately zero volts. Conversely, when the temperature 
rises above the set-point voltage the output switches to the 
positive limit of about 4 volts with a + SV supply. Figure 9 
shows the set-point comparator configuration complete with a 
heater element driver circuit being controlled by the ADS941 
ADS9S toggled output. Hysteresis can be introduced by injecting 
a current into the positive input of the feedback amplifier when 
the output is toggled high. With an ADS94 about 200nA into 
the + T terminal provides 1°C of hysteresis. When using a 
single SV supply with an ADS94, a 20Mn resistor from Vo to 
+ T will supply the 200nA of current when the output is forced 
high (about 4V). To widen the hysteresis band decrease the 
resistance connected from Vo to + T. 

ALARM· CIRCUIT 
In all applications of the ADS94/ADS9S.the -ALM connection, 
pin 13, should be constrained so that it is not more positive 
than (V +) - 4V. This can be most easily achieved by connecting 
pin 13 to either common at pin 4 or V - at pin 7. For most 
applications that use the alarm signal, pin 13 will be grounded 
and the signal will be taken from + ALM on pin 12. A typical 
application is shown in Figure 10. 

In this configuration the alarm transistor will be off in normal 
operation and the 20k pull up will cause the + ALM output on 
pin 12 to go high. If one or both of the thermocouple leads are 
interrupted, the + ALM pin will be driven low. As shown in 
Figure 10 this signal is compatible with the input of a TTL gate 
which can be used as a buffer and/or inverter. 

...... _------<+6V 

Figure 10. Using the Alarm to Drive a TTL Gate 
("(;rnllnr/pr/" Fmittpr Cf)nfigurEJtitYn) 

Since the alarm is a high level output it may be used to directly 
drive an LED or other indicator as shown in Figure II. 

lOmvrc 

Figure 11. Alarm Directly Drives LED 

A 270n series resistor will limit current in the LED to lOrnA, 
but may be omitted since the alarm output transistor is current 
limited at about 20mA~ The transistor, however, will operate in 
a high dissipation mode and the temperature of the circuit will 
rise well above ambient. Note that the cold junction compensation 
will be affected whenever the alarm circuit is activated. The 
time required for the chip to return to ambient temperature will 
depend on the power dissipation of the alarm circuit, the nature 
of the thermal path to the environment and the alarm duration. 

The alarm can be used with both single and dual supplies. It 
can be operated above or below ground. The collector and emitter 
of the output transistor can be used in any normal switch con
figuration. As an example a negative referenced load can be 
driven from - ALM as shown in Figure 12. 

The collector ( + ALM) should not be allowed to become more 
positive than (V -) + 36V, however, it may be pt:rmitted to be 
more positive than V +. The emitter voltage ( - ALM) should 
be constrained so that it does not become more positive than 4 
volts below the V + applied to the circuit. 

Additionally, the ADS94/ADS9S can be configured to produce 
an extreme upscale or downscale output in applications where 
an extra signal line for an alarm is inappropriate. By tying either 
of the thermocouple inputs to common most runaway control 
conditions can be automatically avoided. A + IN to common 
connection creates a downscale output if the thermocouple opens, 
while connecting - IN to common provides an upscale output. 
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Figure 12. -ALM Driving A Negative Referenced Load 

CELSIUS THERMOMETER 
The AD594/AD595 may be configured as a stand-alone celsius 
thermometer as shown in Figure 13. 

Figure 13. AD5941AD595 as a Stand-Alone Celsius 
Thermometer 

Simply omit the thermocouple and connect the inputs (pins I 
and 14) to common. The output now will reflect the compensation 
voltage and hence will indicate the AD594/AD595 temperature 
with a scale factor of IOmV;oC. In this three terminal, voltage 
output, temperature sensing mode, the AD594/AD595 will 
operate over the full military - 55°C to + U5°C temperature 
range. 

THERMOCOUPLE BASICS 
Thermocouples are economical and rugged; they have reasonably 
good long-term stability. Because of their small size, they respond 
quickly and are good choices where fast response is important. 
They function over temperature ranges from cryogenics to jet
engine exhaust and have reasonable linearity and accuracy. 

Because the number of free electrons in a piece of metal depends 
on both temperature and composition of the metal, two pieces 
of dissimilar metal in isothermal contact will exhibit a potential 
difference that is a repeatable function of temperature, as shown 
in Figure 14. The resulting voltage depends on the temperatures, 
TI and T2, in a repeatable way. 

Since the thermocouple is basically a differential rather than 
absolute measuring device, a known reference temperature is 
required for one of the junctions if the temperature of the other 
is to be inferred from the output voltage. Thermocouples made 
of specially selected materials have been exhaustively characterized 
in terms of voltage versus temperature compared to primary 
temperature standards. Most notably the water-ice point of O°C 
is used for tables of standard thermocouple performance. 

UNKNOWN 
TEMPERATURE 

ICE POINT 
REFERENCE 

Figure 14. Thermocouple Voltage with aoc Reference 

An alternative measurement technique, illustrated in Figure 15, 
is used in most practical applications where accuracy requirements 
do not warrant maintenance of primary standards. The reference 
junction temperature is allowed to change with the environment 
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Figure 15. Substitution of Measured Reference 
Temperature for Ice Point Reference 

of the measurement system, but it is carefully measured by 
some type of absolute thermometer. A measurement of the 
diermocouple voltage combined with a knowledge of the reference 
temperature can be used to calculate the measurement junction 
temperature. Usual practice, however, is to use a convenient 
thermoelectric method to measure the reference temperature 
and to arrange its output voltage so that it corresponds to a 
thermocouple referred to O°C. This voltage is simply added to 
the thermocouple voltage and the sum then corresponds to 
the standard voltage tabulated for an ice-point referenced 
thermocouple. 

The temperature sensitivity of silicon integrated circuit transistors 
is quite predictable and repeatable. This sensitivity is exploited 
in the AD594/AD595 to produce a temperature related voltage 
to compensate the reference or "cold" junction of a thermocouple 
as shown in Figure 16. . 

T3 
CONSTANTAN ------ - - - --, 

I 
I 

.," :.: B i 
.~~~~~~~~~~~~~ I L _______________ J 

Figure 16. Connecting Isothermal Junctions 

Since the compensation is at the reference junction temperature, 
it is often convenient to form the reference "junction" by con
necting directly to the circuit wiring. So long as -these connections 
and the compensation are at the same temperature no error will 
result. 

VOL. I, 8-38 TEMPERATURE MEASUREMENT COMPONENTS 



r.ANALOG 
WDEVICES 

FEATURES 
Low Cost 
Operates with Type J (AD596) or Type K (AD597) 

Thermocouples 
Built-In Ice Point Compensation 
Temperature Proportional Operation - 10mVrC 
Temperature Set-Point Operation - ON/OFF 
Programmable Switching Hysteresis 
~!:h !~~e!!~!'!~e !)!ffe!"e!'!!!~! !!'!~!.!! 

PRODUCT DESCRIPTION 
The AD596/AD597 is a monolithic temperature set-point con
troller which has been optimized for use at elevated temperatures 
such as those found in oven control applications. The device 
cold junction compensates and amplifies a type J or K ther
mocouple input to derive an internal signal proportional to 
temperature. The internal signal is then compared with an ex
ternally applied set-point voltage to yield a low impedance switched 
output voltage. Dead-Band or switching hysteresis can be pro
grammed using a single external resistor. Alternately, the AD596/ 
AD597 can be configured to provide a voltage output (lOmVfC) 
directly from a type J or K thermocouple signal. It can also be 
used as a stand-alone voltage output temperature sensor. 

The AD596/ AD597 can be powered with a single supply from 
+ 5V to + 30V, or dual supplies up to a total span of 36V. 
Typical quiescent supply current is 160llA which minimizes 
self-heating errors. 

The AD596/ AD597 includes a thermocouple failure alarm that 
indicates an open thermocouple lead when operated in the tem
perature proportional measurement mode. The alarm output has 
a flexible format which can be used to drive relays, LEDs or 
TTL logic. 

The device is packaged in a reliability qualified, cost effective 
IO-pin metal can and is trimmed to operate over an ambient 
temperature range from + 25°C to + 100°C. Operation over an 
extended ambient temperature range is possible with slightly 
reduced accuracy. The AD596 will amplify thermocouple signals 
covering the entire - 200°C to + 760°C temperature range 
recommended for type J thermocouples while the AD597 can 
accommodate - 200°C to + 1250°C type K inputs. 

*Protectcd by U.S. Patent No. 4,029,974. 

Thermocouple Conditioner and 
Set-Point Controller 

AD596* IAD597* I 
AD596/AD597 FUNCTIONAL BLOCK DIAGRAM 

"".~' ~= .. :_. 
. . 

GND FI . 
v-

The AD596/AD597 has a calibration accuracy of ±4°C at an 
ambient temperature of 60°C and an ambient temperature stability 
specification of O.05°C;oC from + 25°C to + 100°C. If higher 
accuracy, or a lower ambient operating temperature is required, 
either the AD594 (J thermocouple) or AD595 (K thermocouple) 
should be considered. . 

PRODUCT HIGHLIGHTS 
I. The AD596/ AD597 provides cold junction compensation 

and a high gain amplifier which can be used as a set-point 
comparator. 

2. The input stage of the AD596/AD597 is a high quality in
strumentation amplifier that allows the thermocouple to float 
over most of the supply voltage range. 

3. Linearization not required for thermocouple temperatures 
close to 175°C ( + 100°C to + 540°C for AD596). 

4. Cold junction compensation is optimized for ambient temper
atures ranging from + 25°C to + 100°C. 

5. In the stand-alone mode, the AD596/AD597 produces an 
output voltage that indicates its own temperature. 
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SPECIFICATIONS (@ +6IrC and Vs = 5V, Type J (AD596), Type K (A0597) Thennocouple, unless otherwise noted) 

Model AD596 AD597 
Min Typ Max Min Typ Max 

ABSOLUTE MAXIMUM RATINGS 

+Vsto -Vs 36 36 
Common-Mode Input Voltage (-Vs -0.15) +Vs (~Vs -0.15) +Vs 
Differential Input Voltage -Vs +Vs -Vs +Vs 
Alarm Voltages 

+ALM -Vs (-Vs +36) -Vs (-Vs +36) 
-ALM -Vs +Vs -Vs +Vs 

Operating Temperature Range -55 + 125 -55 + 125 
Output Shon Circuit to Common Indefmite Indefinite 

TEMPERATURE MEASUREMENT 
(Specified Temperature Range 
+25°Cto + 100°C) 

Calibration Error with 175°C Thermocouple I -4 +4 -4 +4 
Stability vs. Temperature2 :!oO.05 :!oO.05 
Gain Error -1.5 + 1.5 -1.5 +1.5 
Nominal Transfer Function 10 10 

AMPLIFIER CHARACTERISTICS 
Dosed LoopGain3 180.6 245.5 
Input Offset Voltage °C x 53.21 + 236 °C x 41.27 - 37 
Input Bias Current 0.1 0.1 
Differential Input Range -10 +50 -10 +50 
Common Mode Range (-Vs-0.15) (+Vs -4) (-Vs-0.15) (+Vs -4) 
Common Mode Sensitivity- RTO 10 10 
Power Supply Sensitivity - RTO 10 10 
Output Voltage Range 

Dual Supplies (-Vs +2.5) (+Vs -2) (-Vs +2.5) (+Vs -2) 
Single Supply 0 (+Vs +2) 0 (+Vs -2) 

Usable Output Current4 :!oS :!oS 
3dB Bandwidth 15 15 

ALARM CHARACTERISTICS 

VCE(SAT)at 2rnA 0.3 0.3 
Leakage Current :!ol ±1 
Operating Voltage at - ALM (+Vs -4) (+Vs -4) 
Shon Circuit Current 20 20 

POWER REQUIREMENTS 
Operating (+Vsto -Vs):s30 (+ Vsto - VsJ:s30 
Quiescent Current 

1 I +Vs 
1

16
• 

300 
1

16
• 

300 
-Vs 160 160 

PACKAGE OPTIONs 

TO-I 00 AD596AH \ AD597AH 

NOTES 
ICalibrated for minimum error at a device temperature of 60°C and a thermo
couple temperature of 175°C using a thermocouple sensitivity of 55.38 .... VrC 
for AD596 and 4O.74 .... VrC for the AD597. With the thermocouple at 
O°C, the AD596 will normally read 54mV due to thermocouple non
linearity. 

2Defmed as the slope of the line connecting the AD5961AD597 CjC errors 
measured at 25°C and 100°C ambient temperature. 

3Pin 6 short~d to pin 7. 

·Current Sink Capability in single supply configuration is limited to current 
drawn to ground through a SOkfl resistor at output voltages below 2.5V. 

sSee Section 19 for package outline information. 
Specifications subjeCt to change without notice. 
Specifications shown in boldface are tested on all production units at final electri
cal test. Res~lts from those tests are used to calculate outgoing quality levels. All 
min and max specifications are guaranteed, although only those shown in 
boldface are tested on all production units. 
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Volts 
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°c 
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Thermocouple Type) ADS96 TypeK ADS97 Thermocouple Type) ADS96 TypeK ADS97 
Temperature Voltage Output Voltage Output Temperature Voltage Output Voltage Output 
"C mV mV mV mV "C mV mV mV mV 

- 200 - 7.890 -1370 - 5.891 -1446 500 27.388 5000 20.640 5066 
- 180 - 7.402 -1282 - 5.550 -1362 520 28.511 5203 21.493 5276 
- 160 - 6.821 -1177 - 5.141 -1262 540 29.642 5407 22.346 5485 
- 140 - 6.159 -1058 - 4.669 -1146 560 30.782 5613 23.198 5694 
- 120 - 5.426 - 925 -4.138 -1016 580 31.933 5821 24.050 5903 

- 100 - 4.632 - 782 - 3.553 - 872 600 33.096 6031 24.902 6112 
- 80 - 3.785 - 629 - 2.920 - 717 620 34.273 6243 25.751 6321 
- 60 - 2.892 - 468 - 2.243 - 551 640 35.464 6458 26.599 6529 
- 40 - 1.960 - 299 - 1.527 - 375 660 36.671 6676 27.445 6737 
- 20 - .995 - 125 - .777 - 191 680 37.89~ 6897 28.288 6944 

- 10 - .501 - 36 - .392 - 96 700 39.130 7120 29.128 7150 
0 0 54 0 0 720 40.382 7346 29.965 7355 

10 .507 146 .397 97 740 41.647 7575 30.799 7560 
211 ! 019 nil .7911 196 750 42.2113 76&9 31.214 7662 
25 1.277 285 1.000 245 760 - - 31.629 7764 

30 1.536 332 1.203 295 780 - - 32.455 7966 
40 2.058 426 1.611 395 800 - - 33.277 8168 
50 2.585 521 2.022 496 820 - - 34.095 8369 
60 3.115 617 2.436 598 840 - - 34.909 8569 
80 4.186 810 3.266 802 860 - - 35.718 8767 

100 5.268 1006 4.095 1005 880 - - 36.524 8965 
120 6.359 1203 4.919 1207 900 - - 37.325 9162 
140 7.457 1401 5.733 1407 920 - - 38.122 9357 
160 8.560 1600 6.539 1605 940 - - 38.915 9552 
180 9.667 1800 7.338 1801 960 - - 39.703 9745 

200 10.777 2000 8.137 1997 980 - - 40.488 9938 
220 11.887 2201 8.938 2194 1000 - - 41.269 10130 
240 12.998 2401 9.745 2392 1020 - - 42.045 10320 
260 14.108 2602 10.560 2592 1040 - - 42.817 10510 
280 15.217 2802 11.381 2794 1060 - - 43.585 10698 

300 16.325 3002 12.207 2996 1080 - - 44.439 10908 
320 17.432 3202 13.039 3201 1100 - - 45.108 11072 
340 18.537 3402 13.874 3406 1120 - - 45.863 11258 
360 19.640 3601 14.712 3611 1140 - - 46.612 11441 
380 20.743 3800 15.552 3817 1160 - - 47.356 11624 

400 21.846 3999 16.395 4024 1180 - - 48.095 11805 
420 22.949 4198 17.241 4232 1200 - - 48.828 11985 
440 24.054 4398 18.088 4440 1220 - - 49.555 12164 
460 25.161 4598 18.938 4649 1240 - - 50.276 12341 
480 26.272 4798 19.788 4857 1250 - - 50.633 12428 

Table I. Output Voltage vs. Thermocouple Temperature (Ambient +60°C, Vs = -5V, + 15Vj 

TEMPERATURE PROPORTIONAL OUTPUT MODE 
The AD596/AD597 can be used to generate a temperature pro
portional output of 10m V 1°C when operated with J and K type 
thermocouples as shown in Figure 1. Thermocouples produce 
low level output voltages which are a function of both the tem
perature being measured and the reference or cold junction 
temperature at the measuring end. The AD596/AD597 compen
sates for the cold junction temperature and amplifies the ther
mocouple signal to produce a high levell0mVre voltage output 
which is a function only of the temperature being measured. 
The temperature stability of the part indicates the sensitivity of 
the output voltage to changes in ambient or device temperatures. 
This is typically 0.02°cre over the + 25°C to + 100°C recom
mended ambient temperature range. The parts will operate over 
the extended ambient temPerature ranges from - 55°C to + 125°C, 
but thermocouple nonlinearity at the reference junction will 
degrade the temperature stability over this extended range. 
Table I is a list of ideal AD596/AD597 output voltages as a 
function of Celsius temperature for type J and K ANSI standard 
thermocouples with package and reference junction at 60°C. As 

CONSTANTAN 

(ALUMELI 

IRON 

(CHROMELI +15 

100k 

o~rF~~L 10k s.-.... 1""M..-t-1--I 
ADJUST 

100k 

-15 

Figure 1. Temperature Proportional Output Connection 

is normally the case, these outputs are subject to calibrauon and 
temperature sensitivity errors. These tables are derived using 
the ideal transfer functions: 

AD596 output = (Type J voltage + 301.5,"" V) x 180.57 
AD597 output = (Type K voltage) x 245.46 

The offsets and gains of these devices have been laser trimmed 
to closely approximate thermocouple characteristics over meas
urement temperature ranges centered around 175°C with the 
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AD596/AD597 at an ambient temperature between 25°C and 
100°C. This eliminates the need for additional gain or offset 
adjustments to make the output voltage read: 

VOUT = IOmVrC x (thermocouple temperature in 0C) 
(within specified tolerances). 

Excluding calibration errors, the above transfer function is accurate 
to within 1°C from + 80°C to + 550°C for the AD596 and - 20°C 
to + 350°C for the AD597. The different temperature ranges are 
due to the differences in J and K type thermocouple curves. 

European DIN FE-CuNi thermocouple vary slightly from ANSI 
type J. thermocouples. Table I does not apply when these types 
of thermocouples are used. The transfer functions given previously 
and a thermocouple' table should be used instead; 

Figure I shows an optional trimming network which can be 
used to change the device's offset voltage. Injecting or sinking 
200nA from Pin 3 will offset the output aproximately 10m V 
(l0C). 

The AD596/ AD597 can operate from a single supply from 5V to 
36V or from split supplies totalling 36V or less as shown. Since 
the output can only swing to within 2V of the positive supply, 
the usable measurement temperature range will be restricted 
when positive supplies less than 15V for the AD597 and IOV for 
the AD596 are used. If the AD596/AD597 is to be used to 
indicate negative Celsius temperatures, then a negative supply is 
required. 

Common-mode voltages on the thermocouple inputs must remain 
within the common-mode voltage range of the AD596/ AD597 , 
with a return path provided for the bias currents. If the ther
mocouple is not remotely grounded, then the dotted line connection 
shown in Figure I must be made to one of the thermocouple 
inputs. A resistor up to Ikn can be used in this connectio~ to 
provide a current return path for the input bias current. If there 
is no return path for the bias currents, the input stage will 
saturate, causing erroneous output voltages. 

In this configuration, the AD596/ AD597 has circuitry which 
detects the presence of an open thermocouple. If the thermocouple 
lapp becomes open, one or both of the inputs to the device will 
be deprived of bias current causing the output to saturate. It is 
this saturation which is detected internally and used to activate 
the alarm circuitry. The output of this feature has a flexible 
format which can be used to source or sink up to 20rnA of 
current. The collector ( + ALM) should not be allowed to become 
more positive than ( - V s + 36V), however, it may be permitted . 
to be more positive than + V s. The emitter voltage ( - ALM) 
should be constrained such that it does not become more positive 
than 4V below + V s. If the alarm feature is not used, this pin 
should be connected to Pins 4 or 5 as shown in Figure 1. 

SET·POINT CONTROL MODE 
The AD596/AD597 can be connected as a set-point controller as 
shown in Figure 2. The thermocouple voltage is cold junction 
compensated, amplified, and compared to an external set-point 
voltage. The relationship between set-point voltage and temper
ature is given in Table I. If the temperature to be controlled is 
within the operating range ( - 55°C to + 125°C) of the device, it 
can monitor its'own temperature by shorting the inputs to ground. 
The set-point voltage with the thermocouple inputs grounded is 
given by the expressions: 

AD596 Set-Point Voltage = °c x 9.6mVrC +42mV 
AD597 Set-Point Voltage = °c x 1O.lmVrC -9.1mV 

The input impedance of the set-point pin of the AD596/AD597 
is approximately 50kn. The temperature coefficient of this 
resistance is ± 15ppmfC. Therefore, the lOOppmfC 5kn pot 
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Figure 2. Set-Point Control Mode 

shown in Figure 2 will only introduce an additional ± 1°C de
gradation of temperature stability over the + 25°C to + 100°C 
ambient temperature range. 

Switching hysteresis is often used in set-point systems of this 
type to provide noise immunity and increase system reliability. 
By reducing the frequency of on-off cycling, mechanical compo
nent wear is reduced leading to enhanced system reliability. 
This can easily be implemented with a single external resistor 
between Pins 7 and 3 of the AD596/AD597. Each 200nA of 
current injected into Pin 3 when the output switches will cause 
about 1°C of hysteresis. 

In the set-point configuration, the AD596/AD597 output is 
saturated at all times, so the alarm transistor will be ON regardless 
of whether there is an open circuit or not. However, - ALM 
must be tied to a voltage below ( + Vs - 4V) for proper operation 
of the rest of the circuit. 

STAND-ALONE TEMPERATURE TRANSDUCER 
The AD596/ AD597 may be configured as a stand-alone Celsius 
thermometer as shown in Figure 3. 

h 
-v. 

Figure 3. Stand-Alone Temperature Transducer 
Temperature Proportional Output Connection 

Simply omit the thermocouple and connect the inputs (Pins I 
and 2) to common. The output will now reflect the compensation 
voltage and hence will indicate the AD596/AD597 temperature. 
In this three terminal, voltage output, temperature sensing 
mode, the AD596/AD597 will operate over the full extended 
- 55°C to + 125°C temperature range. The output scaling will be 

. 9.6mV per °c with the AD596 and IO.lmV per °c with the 
AD597. Additionally there will be a 42mV offset with the AD596 
causing it to I'e8d slightly high when used in this mode. 
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THERMOCOUPLE CONNECTIONS 
The connection of the thermocouple wire and the normal wire 
or printed circuit board traces going to the ADS96/ ADS97 forms 
an effective reference junction as shown in Figure 4. This junction 
must be kept at the same temperature as the ADS96/ ADS97 for 
the internal cold junction compensation to work properly. Unless 
the ADS96/ADS97 is in a thermally stable enclosure, the ther
mocouple leads should be brought in directly to Pins I and 2. 

NOTE: 
A BIAS RETURN PATH 
FROM PINS 1 AND 2 
OF LESS THAN 1 kG 
IMPEDANCE MUST BE 
PROVIDED. 

GND 

~ ______________ -,V~T 

-VI 

Figure 4. PCB Connections 

To ensure secure bonding, the thermocouple wire should be 
cleaned to remove oxidization prior to soldering. Noncorrosive 
resin flux is effective with iron, constantan, chromel, and alumel, 
and the following solders: 95% tin-S% silver, or 90% tin-lO% 
lead. 

SINGLE AND DUAL SUPPLY CONNECTIONS 
In the single supply configuration as used in the set-point controller 
of Figure 2, any convenient voltage from + SV to + 36V may be 
used, with self-heating errors being minimized at lower supply 
levels. In this configuration, the - V s connection at Pin 5 is tied 
to ground. Temperatures below zero can be accommodated in 
the single supply set-point mode, but not in the single supply 
temperature measuring mode (Figure 1 reconnected for single 
supply). Temperatures below zero can only be indicated by a 
negative output voltage, which is impossible in the single supply 
mode. 

Common-mode voltages on the thermocouple inputs must remain 
below the positive supply, and not more than O.ISV more negative 
than the minus supply. In addition, a return path for the input 
bias currents must be provided. If the thermocouple is not 
remotely grounded, then the dotted line connections in Figures 
I and 2 are mandatory. 

STABILITY OVER TEMPERATURE 
The ADS96/ADS97 is specified for a maximum error of ±4°C 
at an ambient temperature of 60°C and a measuring junction 
temperature at 175°C. The ambient temperature stability is 
specified to be a maximum of O.OsoCfOC. In other words, for 
every degree change. in the ambient temperature, the output will 
change no more than 0.05 degree. So, at 25°C the maximum 
deviation from the temperature-voltage characteristic of Table I 
is ± 5. 75°C, and at 100°C it is ± 6°C maximum. If the offset 
error of ±4°C is removed with a single offset adjustment, these 
errors will be be reduced to ± 1.7SoC and a ± 2°C max. The 
optional trim circuit shown in Figure I demonstrates how the 
ambient offset error can be adjusted to zero. 

I 
I 
I 
I 
I 
I --------1-------'--, 

2S.C 60"<: 1000c 

Figure 5. Drift Error VS. Temperature 

THERMAL ENVIRONMENTAL EFFECTS 
The inherent low power dissipation of the ADS96/ADS97 keeps 
self-heating errors to a minimum. However, device output is 
capable of delivering ± SmA to an external load and the alarm 
circuitry can supply up to 20mA. Since the typical junction to 
ambient thermal resistance in free air is ISO°CIW, significant 
temperature difference between the package pins (where the 
reference junction is located) and the chip (where the cold junction 
temperature is measured and then compensated) can exist when 
the device is operated in a high dissipation mode. These tem
perature differences will result in a direct error at the output. In 
the temperature proportional mode, the alarm feature will only 
activate in the event of an open thermocouple or system transient 
which causes the device output to saturate. Self-Heating errors 
will not effect the operation of the alarm but two cases do need 
to be considered. First, after a fault is corrected and the alarm 
is reset, the ADS96/ ADS97 must be allowed to cool before readings 
can again be accurate. This can take 5 minutes or more depending 
upon the thermal environment seen by the device. Second, the 
junction temperature of the pan should not be allowed to exceed 
150°C. If the alarm circuit of the ADS96/ADS97 is made to 
source or sink 20mA with 30V across it, the junction temperature 
will be 90°C above ambient causing the die temperature to exceed 
150°C when ambient is above 60°C. In this case, either the load 
must be reduced, or a heat sink used to lower the thermal 
resistance. 

TEMPERATURE READOUT AND CONTROL 
Figure 6 shows a complete temperature indication and control 
system based on the ADS96/ADS97. Here the ADS96/ADS97 is 
being used as a closed-loop thermocouple signal conditioner and 
an external op-amp is used to implement set point. This has two 
important advantages. It provides a high level (lOmVfOC) output 
for the AID panel meter and also preserves the alarm function 
for open thermocouples. 

The AID panel meter'can easily be offset and scaled as shown to 
read directly in degrees Fahrenheit. If a two temperature cali
bration scheme is used, the dominant residual errors will arise 
from two sources; the ambient temperature rejection (typically 
± 2°C over a 25°C to 100°C range) and thermocouple nonlinearity 
typical + 1°C from 80°C to 550°C for type J and + 1°C from 
- 20°C to 350°C for type K. 

An external voltage reference is used both to increase the stability 
of the AID converter and supply a stable reference for the set-point 
voltage. 
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A traditional requirement for the design of set-point control 
thermocouple systems has been to configure the syStem such 
that the appropriate action is taken in the event of an open 
thermocouple. The open thermocouple alarm pin with its flexible 
current-limited output format supports this function when the 
part operates in the temperature proportional mode. In addition, . 
if the thermocouple is not remotely grounded, it is possible to 
program the device for either a positive or negative full scale 
output in the event of an open thermocouple. This is done by 
connecting the bias return resistor directly to Pin 1 if a high 
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output voltage is desired to indicate a fault condition. Alternately, 
if the bias return is provided on the thermocouple lead connected 
to Pin 2, an open circuit will result in an output low reading 
Figure 6 shows the ground return connected to Pin 1 so that if 
the thermocouple fails, the heater will remain off. At the same 
time, the alarm circuit lights the LED signalling the need to 
service the thermocouple. Grounding Pin 2 would lead to low 
output voltage saturation, and in this circuit would result in a 
potentially dangerous thermal runaway under fault conditions. 
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Figure 6. Temperature Measurement and Control 
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Digital-to-Analog Converters 

Selection Guides 

General Purpose 8-Bit DACs 

General Purpose lO-Bit DACs 

General Purpose 12-Bit DACs 

High Resolution DACs 

CMOS Multiplying DACs 

LOGDACs 

8-Bit J.LP-Compatible DACs 

12-Bit J.LP-Compatible DACs 

Video Display DACs 

Video Speed Current Output DACs 

Video Speed Voltage Output DACs 

General Information 

Specifications and Terms 

AD390 Quad 12-Bit J.LP-Compatible D/A Converter 

AD558 Low-Cost Complete J.LP-Compatible 8-Bit D/A Converter 

AD561 Low-Cost lO-Bit Complete Current-Output DAC 

AD562 High-Performance 12-Bit Current-output DAC 

AD563 High Performance 12-Bit Current-output DAC Including Reference 

AD565A Complete High-Speed12-Bit Monolithic D/A Converter 

AD566A Low-Cost High-Speed 12-Bit Monolithic D/A Converter 

AD567 J.LP-Compatible 12-Bit D/A Converter 

-AD569 Monolithic 16-Bit DI A Converter 

-AD667 J.LP-Compatible 12-Bit D/A Converter 

AD1408/1508 8-Bit Monolithic Multiplying D/A Converters 

AD3860 Complete, Voltage-output 12-Bit DAC 

-AD6012 Low-Cost, Monolithic 12-Bit D/A Converter 

AD7110 CMOS Digitally Controlled Audio Attenuator 

AD7111 CMOS Logarithmic DI A Converter 

AD7115 LOGDACTM CMOS O.ldB Step Attenuator 

AD7118 CMOS Logarithmic D/A Converter 

-AD7224 LC2MOS Double Buffered 8-Bit DAC 

-AD7226 LC2 MOS Quad 8-Bit DI A Converter 

-AD7240 LC2MOS High-Speed 12-Bit Voltage DAC 

AD7520 CMOS 10-Bit Multiplying DAC 

AD7521 CMOS 12-Bit Multiplying DAC 

AD7522 CMOS 10-B~t Double-Buffered Multiplying DAC 
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AD7523 CMOS 8-Bit Multiplying DAC 

AD7524 CMOS 8-Bit Buffered Multiplying DAC 

AD7525 CMOS H-2-Digit BCD Digitally Controlled Potentiometer 

AD7528 CMOS Dual8-Bit Buffered Multiplying DAC 

AD7530 CMOS 10-Bit Monolithic Multiplying DAC 

AD7531 CMOS 12-Bit Monolithic Multiplying DAC 

AD7533 CMOS Low-Cost 10-Bit Multiplying D/A Converter 

. eAD7534 LC2MOS J.lP-Compatible 14-Bit DAC 

AD7541 CMOS 12-Bit Monolithic Multiplying DAC 

AD7541A CMOS 12-Bit Monolithic Multiplying DAC 

AD7542 CMOS 12-Bit J.lP-Compatible D/A Converter 

AD7543 CMOS 12-Bit Serial-Input DAC 

AD7545 CMOS 12-Bit Buffered Multiplying D/A Converter 

AD7546 High Resolution 16-Bit D/A Converter 

eAD7548 LC2MOS 8-Bit J.lP-Compatible 12-Bit DAC 

eAD9700 Monolithic Video DI A Converter 

eAD9768 Ultra High-Speed D/A Converter 

AD DAC-oS 8-Bit Monolithic High-Speed Multiplying DAC 

AD DAC71/72 High Resolution 16-Bit D/A Converter 

AD DAC80 Low-Cost, 12-Bit D/A Converter 

AD DAC85 High Performance, 12-Bit D/A Converter 

AD DAC87 Wide Temperature Range 12-Bit D/A Converter 

AD DACI00 10-Bit Monolithic D/A C;onverter 

HDD Series Hybrid Video Low Glitch DI A Converters 

HDD-1206 12-Bit, Deglitched Voltage Output DAC 

eHDD-1409 14-Bit, 200kHz D/A Converter 

HDG Series Hybrid Video DI A Converters 

eHDM-1210 Ultra High-Speed Multiplying D/A Converter 

HDS/HDH 8-, 10-, and 12-Bit Video-Speed Hybrid Current and Voltage Output DACs 

HDS-0810E, HDS-I015E Ultra High-Speed ECL Hybrid D/A Converter 

HDS-1240E Ultra High-Speed ECL Hybrid D/A Converter 

LOGDAC is a registered trademark of Analog Devices, Inc. 
-New product since publication of 1982-1983 Databook Update. 
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Selection Guide 
Digital-to-Analog Converters 

General Purpose a-Bit D/A Converters 
MSB lSB AD140S/AD150S +Vs Bl B2 B3 114 B5 B6 B7 BB Page 

Improved Replacement for Industry Standard Vol. I 
1408/1508 9-265 

4-louT Improved Settling Time: 250ns typ 
Improved Linearity: ± 0.1% Accuracy Guaranteed 

- ........ Over Temperature Range (-9 Gradel 
High Output Voltage Compliance: + 0.5V to - 5.0V 
Low Power Consumption: 157mW typ 
High Speed 2-Quadrant Multiplying Input: 4.0mA/fJ.s 

Slew Rate 
Single Chip Monolithic Construction 

16 AD14081AD1508 Hermetic 16-Pin Ceramic DIP 
COMP -Vs • 

MSB lSB 

AD DAC-OS +Vs VLC 81 82 B3 114 . 85 B6 87 BB 

Exact Replacement for Industry Standard DAC-08 Vol. I 
Fast (85ns typical) Settling Time 9-89 

4-louT Linearity Error ± 1/4LSB (± 0.1%1 Guaranteed Over 
Full Temperature Range 

-lOuT Wide Output Voltage Compliance: -10V to + 18V 
Single Chip Monolithic Construction 
16-Pin Ceramic DIP Packaging 

COMP -Vs 
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Selection Guide 
Digital-to-Analog Converters 
General Purpose 10-Bit D/A Converters 

MSB_LSB 

VOL. I, ~ DIGITAL-TO-ANALOG CONVERTERS· 

AD DAC-100 
Complete Current Output Converter 
High Stability Buried Zener Reference 
Single Chip Monolithic Construction 
Wide Supply Range ±6V to ± 18V 
Trimmed Output Application Resistors 
Fast Settling - 225ns (8 Bits), 375ns (10 Bits) 
Guaranteed Monotonicity Over Full Operating 

Temperature Range 
TTL and DTL Compatible Logie Inputs 
Hermeticaly-Sealed 16-Pin Ceramic DIP (All Grades) 

AD561 
Complete Current Output Converter 
High Stability Buried Zener Reference 
Laser Trimmed to High Accuracy (1/4 LSB Max Error, 

AD561K, T) 
Trimmed Output Application Resistors for 0 to +10, 

± 5 Volt Ranges 
Fast Settling - 250ns to 1/2LSB 
Guaranteed Monotonlcity Over Full Operating 

Temperature Range 
TTUDDT and CMOS Compatible (Positive True Logic) 
Single Chip Monolithic Construction 
Hermetically-Sealed Ceramic DIP (All Grades) 

Page 

Vol. I 
9-287 

Vol. I 
9-43 



General Purpose 12-Bit D/A Converters 

REF 
IN 

REF OUT Vee 
BIPOLAR OFF 

BIPOLAR OFF 

- VEE POWER MSB - LSB 
GNO 

+Vec GNO -VEE 

11 2DV SPAN 

2DVSPAN 

10VSPAN 

OAC 
OUT 

AD565A 
Single Chip Construction 
Very High Speed: Settles to 1/2LSB in 250ns max 

Full Scale Switching Time: 30ns 
High Stability Buried Zener Reference On Chip 
Monotonicity Guaranteed Over Temperature 
Linearity Guaranteed Over Temperature: 1/2LSB max 

(AD565AK, T) 
Guaranteed for Operation with ± 12V Supplies 
Low Power: 225mW Including Reference 
Pin-Out Compatible with AD563, AD565 

AD566A 
Single Chip Construction 
Very High Speed: Settles to 1/2LSB in 350ns max 

Full Scale Switching Time: 30ns 
Guaranteed for Operation with -12V Supply 
Monotonicity Guaranteed Over Temperat~re 
Linearity Guaranteed Over Temperature: 

1/2LSB max (AD566AK, T) 
Low Power: 180mW 
Pin-Out Compatible with AD562, AD566 

AD DAC80 SERIES 
Single Chip Construction 
On-Board Output Amplifier 
Low Power Dissipation: 300mW 
Monotonicity Guaranteed Over Temperature 
Guaranteed for Operation with ± 12V Supplies 
Improved Replacement for Standard DAC80 
High Stability, High Current Output Buried Zendr 

Reference 
Laser Trimmed to High Accuracy: ± 1/2LSB max 

Nonlinearity 
Low Cost Plastic Packaging 
Current Out Models and Voltage Output Models 

Available 

AD6012 
1/2LSB max Differential Linearity Error Over 

Temperature 
250ns Typical Settling Time 
Full Scale Current 4mA 
High Speed Multiplying Capability 
TTLlCMOS/ECLlHTL Compatible 
High Output Compliance: -5V to + 10V 
Complementary Current Outputs 
Low Power Consumption: 230mW 

Page 
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Selection Guide 
Digital-to-Analog Converters 
High Resolution D/A Converters 

BIT10 

BIT 11 

BIT 12 

MSB 1 
BIT2 2 

OC:~~V 
-ISV 32 O---15V 

COMMON 34 

'DAC1138 ONLY 

6.3V REF OUT 

+15V 

GAIN ADJUST 

SUMMING JUNCTION 

COMMON 

-15V 

+5V 

VOUT 

BIT 16 

BIT 15 

BIT 14 

L...-------f1i31 BIT 13 

DAC1136 
DAC1136 OUTPUT 

AMPLIFIER 

ZERO 
11 ADJUST 
10 Sk SENSE 
69 CURRENT OUT 
68 10k SENSE 

41 AMP OUT 

46 BIPOLAR 
OFFSET OUT 

44 AMP IN 
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AD DAC71/AD DAC72 
16-Bit Resolution 
± 0.003% Maximum Nonlinearity 
Low Gain Drift ± 7ppmfC 
o to +70°C Operation (AD DAC71, AD DAC71H, 

AD DAC72C) 
- 25°C to + 85°C Operation (AD DAC72) 
Current and Voltage Models Available 
Improved Second-Source 

DAC1136 
16~Bit Resolution and Accuracy 
Low Cost 
Nonlinearity 112LSB 
Settling to 1/2LSB (0.0008"10) In 6,..s 

DAC1138 
18-Bit Resolution and Accuracy (38,..V, 1 Part In 

62,144) 
Integral Nonlinearity 112LSB 
Differential Nonlinearity 1/2LSB 
Settling to 112LSB (0.002%) In 10,..s 
Hermetically-Sealed Semiconductors 
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+V .. £f 
FORCE 

;E~'SE 0---.... -1 
R255 

R2S4 

R253 

MSB 
SEGMENT 

SELECTION 

OBIS 

AD569 

RS11 

RSIO 

DAC1146 

HOO·1409 

LSB 
TAP 

SELECTION 

REF 
11N 
: 
I 

: 
JREF 

lOUT 

VOUT 

DAC1146 
Low Cost, High Accuracy 18·Bit D/A Converter 
Integral Nonlinearity: ±0.00076% FSR max . 
Differential Nonlinearity: ±0.00076% FSR max 
Low Differential Nonlinearity T.C.: ± 1ppmfC max 
Wide Power Supply Operation: ± 11.5V to ± 16V 
Fast Settling: 6J1s to ±0.00076% FSR 
Small Size 2" x 2" x 0.4" 

HDD-1409 
14·Bit Resolution 
200kHz Word Rates 
RZ Gated Output 
32·Pin DIP 

APPLICATIONS 
FDMITDM Transmultiplexers 
Digital Signal Processing 
PCM Systems 
Digital Audio 

AD569 

Guaranteed 16·Bit Monotonicity 
Voltage Output, 6J1s Settling Time 
Monolithic BIMOS Construction 
± 0.02% Nonlinearity 
8· and 16·Bit Bus Compatible 
6J1s Settling Time 
Low Drift 
Low Power: 150mW 
Low Cost 
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Digital-to-Analog Converters 
CMOS Multiplying D/A Converters 

VREF o-....... -'\1"'Okl'y-....... V1OkI/\r-..... -IS--J<v1VOk~~ __ ., 

20k 20k 20k 20k 

~-r~-~~--~~---oOUT2 

~-~~-~---~~~--oOUT1 

I I I 

006 
RFEEOBACK I 

o 
BIT 1 (MSB) BIT 2 BIT 3 BIT 8 (LSB) 

AD7523 

L--+~-.f-+ ..... --I+<..-~--<>louT2 

L....j--..... ~-....,r----~-..... --OlouT1 
I I 
I I RFEEOBACK 
o 0 

BIT 1 (MSB) BIT 2 
AD7533 

V,N 

1.001GIT 
t R'N"O.43BR sw, 
------------, lOUT 
V,N R1-1.6R 

GNO 

GND 

VOL. I, 9-8 DIGITAL-TO-ANALOG CONVERTERS 

AD7S23 
8 Bits of Resolution 
Fast Settling: 100ns 
Low Power Dissipation 
Low Feedthrough: 1/2LSB @ 200kHz 
Full Four-Quadrant Multiplying 

AD7533 
Lowest Cost 10-Blt DAC 
Low Cost AD7520 Replacement 
Linearity: 1/2, 1 or 2LSB 
Low Power Dissipation 
Full Four-Ouadrant Multiplying DAC 
CMOSfTTL Direct Interface 
Latch-Free (Protection Schottky Not Required) 
End-Point Linearity 

AD7525 
Resolution: 3 1/2 Digit BCD (1999 Counts) 
Nonlinearity: :t 1/2LSB T MIN to T MAX 

Gain Error: :t 0.05% FS 
Excellent Repeatability Accuracy 
Low Power Dissipation 
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(LSB) (MSB) 

Voo BIT 12 BIT 1 
I I 

R8 'AS 

f" f" . I R 
VOUT 

R.'AS DGNO 

VREF 10k 10k 10k 

OUT2 

OUT1 

I I 
I I RFEEDBACK 

0 0 
lilT 1 (MSB) BIT 2 AD7541A 

DB7-DBO DGND V .. 

AD7240 
12 Bits of Resolution 
Fast Voltage Settling Time: 550ns to 0.01% 
Total Unadjusted Error: 1LSB max 
Single Supply Operation 
Latch·Up Proof (No Protection Schottky Required) 
Superb Differential Nonlinearity: 1/2LSB max 

Over Temperature 
Lnw PnWAr Dhl!;ipAtinn: ::IOmW 

AD7541A 
12 Bits of Resolution 
Improved Version of AD7541 
Fu" Four Quadrant Multiplication 
12·Bit Linearity (End·Point) 
± 1 LSB Gain Error 
A" Parts Guaranteed Monotonic 
TTL/CMOS Compatible 
Protection Schottky not Required 
Low Logic Input Leakage 

AD7534 
14 Bits of Resolution 
Fu" 4·Quadrnat Multiplication 
Microprocessor Compatible with Double Buffered 

Inputs 
Exceptiona"y Low Gain Temperature Coefficient, 

Oppmf'C typ 
Sma" 20·Pin Package 
Low Output Leakage «20nA) over the Fu" 

Temperature Range 
A" Grades 14·Bit Monotonic over the Fu" 

Temperature Range 
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Digital-to-Analog Converters 
CMOS Multiplying U/A Converters 

SW1 SW2 Viii cs DB1S -------DBO 

VOL. 1,9-10 DIGITAL-TO-ANALOG CONVERTERS 

AD7546 
16 Bits of Resolution 
Monotonic to 16 Bits Over Temperature 
On-Chip Deglitch Switch 
Unipolar and Bipolar Operation 
Microprocessor Compatible 
TTUCMOS Compatible Latched Inputs 
Voltage Output (Constant Output Impedance) 
Low Cost 
Low Power Consumption: 50mW typ 
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Log D/A Converters 

07 06 05 04 03 02 01 DO 
(MSB) DATA INPUTS (LSB) 

AD7111 
Dynamic Range: 88.SdB 
Resolution: O.37SdB 
On-Chip Data Latches 
Full ±2SV Input Range Multiplying DAC 
• _a .• n:_ ... _~: __ ... _ .......... _ ...... 1. 
Single + SV Supply 
Latch-Up Free (No Protection Schottky Required) 

APPLICATIONS 
Digitally Controlled AGC Systems 
Audio Attenuators 
Wide Dynamic Range AID Converters 
Sonar Systems 
Function Generators 

AD7115 
Dynamic Range: 0 to 19.9dB Plus Full Muting 
Resolution: O.1dB 
2 1/2 Digit BCD Input Coding 
On-Chip Data Latches 
Full ± 2SV Input Range 
Low Distortion and Noise 
Latch-Up Free (No Protection Schottky Required) 
TIL Compatible 

AD7118 
Dynamic Range 8S.5dB 
Resolution 1.SdB 
Full ± 25V Input Range Multiplying DAC 
Extended Temperature Range - 5SoC to + 125°C 
Low Distortion 
Low Power Consumption 
Latch-Proof Operation (Schottky Diodes Not 

Required) 
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Digital-to-Analog Converters 
a-Bit t-tP-Compatible D/A Converters 

VOL. 1,9-12 DIGITAL-TO-ANALOG CONVERTERS 

AD558 
Complete 8-Bit DAC 
Voltage Output - 2 Calibrated Ranges 

. Internal Precision Band-Gap Reference 
Single-Supply Operation: +5V to +15V 
Full Microprocessor Interface 
Fast: 1J1s Voltage Settling to :t:1/2LSB 
Low Power: 75mW 
No User Trims 
Guaranteed Monotonic Over Temperature 
All Errors Specified T min to T m •• 

Small 16-Pin DIP Package 
Single Laser-Wafer-Trimmed Chip for Hybrids 

AD7224 
8-Bit DAC with Output Amplifier 
Full Double Buffering 
Microprocessor Compatible 
Single Supply Operation 
Multiplying Capability 
No User Trims 
Low Power 
0.3" Wide 18-Pin DIP . 

AD7226 
Four 8-Bit DACs with Output Amplifiers 
0.3" Wide. 20-Fin DiP 
Microprocessor Compatible 
TTl/CMOS Compatible 
No User Trims 
Single Supply Operation Possible 
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OAC A 
OAC B 

CS 

Wii 

DB7 DB6 
(MSB) 

DBD 
(LSB) 

Voo 

'4 

UT A 

AD7524 
Microprocessor Compatible (6800. 8085. Z80. Etc.) 
TTUCMOS Compatible Inputs 
On-Chip Data Latches 
End Point Linearity 
Low Power Consumption 
Monotonicity Guaranteed (Full Temperature Range) 
Latch-Free (No Protection Schottkv Reauired) 

AD7528 
Dual D/A Converter 
On-Chip Latches for Both DACs 
+ 5V to + 15V Operation 
DACs Matched to 1% 

, Four Quadrant Multiplication 
TTUCMOS Compatible 
Latch-Free (Protection Schottkys Not Required) 
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Selection Guide 
Digital-to-Analog Converters 
12-Bit fLp'-Compatible D/A Converters 

0611--- DBB 

0811---,088 

DB" 

I 

DB. 

es. 

e.l. 

DB7 --- OB4 083 -- - DBO 

DB7 --- DEW 

+Vcc -VII 

VOUT1 

Vou" 

VOUTJ 

VOL. 1,9-14 DIGITAL-TO-ANALOG CONVERTERS 

AD567 
Single Chip Construction 
Double-Buffered Latch for 8-Bit J1P Compatibility 
Fast Settling Time: 500ns max to ± 1/2LSB 
High Stability Buried Zener Reference on Chip 
Monotonicity Guaranteed Over Temperature 
Linearity Guaranteed Over Temperature: 1/2LSB 

max (AD567K, T) 
Guaranteed for Operation with ± 12V or ± 15V 

Supplies 
Low Power: 300mW Including Reference 
TTLl5V CMOS Compatible Logic Inputs 

AD667 
Voltage Output 
Single Chip Construction 
Double-Buffered Latch for 8-Bit J1P-Compatibility 
Fast Settling Time: 5ns max to ± 1/2LSB 
High Stability Buried Zener Reference On Chip 
Monotonicity Guaranteed Over Temperature 
Linearity Guaranteed Over Temperature: 1/2LSB . 

max (AD667K, T) 
Guaranteed for Operation with ± 12V or ± 15V 

Supplies 
Low Power: 300mW Including Reference 
TTLl5V CMOS Compatible Logic Inputs 

AD3860 
Nonlinearity: ± 1/2LSB T min to T max 

12-Bit Input Register 
Small Size: 24-Pin DIP 
Fast Settling: 5J1s to ±O,01% 
Internal Reference 
Internal Output Amplifier 

AD390 
Four Complete 12-Bit DACs in One IC Package 
Linearity Error ± 1/2LSB T min - T max (AD390K, TI 
Factory-Trimmed Gain and Offset 
Buffered Voltage Output 
Monotonicity Guaranteed Over Full Temperature 

Range 
Double-Buffered Data Latches 
Includes Reference and Buffer 
Fast Settling: 8J1s max to ± 1/2LSB 
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AD7542 
Nonlinearity: ± 1/2LSB T min to T max 

Low Gain Drift: 2ppmf'C typ, 5ppmf'C max 
Microprocessor Compatible 
Full 4-Quadrant Multiplication 
Low Multiplying Feedthrough 
Low Power Dissipation: 40mW max 
Small Size: 16-Pin DIP 

AD7543 
Nonlinearity: ± 1/2LSB T min to T max 

Low Gain T.C.: 2ppmf'C typ, 5ppmf'C max 
Serial Load on Positive or Negative Strobe 
Asynchronous CLEAR Input for Initialization 
Full 4-Quadrant Multiplication 
Low Multiplying Feedthrough: 1LSB max @ 10kHz 
Requires no Schottky Diode Output Protection 
Low Power Dissipation: 40mW max 
+5V Supply 
Small Size: 16-Pin DIP 
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Digital-to-Analog Converters 
12-Bit J.1P-Compatible D/A Converters 

V REF 

Voo 

OB11-0BO 
(PINS4-15) 

OB7-0BO DONO 

VOL. I, 9-16 DIGITAL-TO-ANALOG CONVERTERS 

AD7545 
Low Gain T.C.: 2ppmrC typ 
Fast TTL Compatible Data Latches 
Single +5V to +15V Supply 
Small 20-Pin 0.3" DIP 
Latch Free (Schottky Protection Diode Not Required) 
Ideal for Battery Operated Equipment 

AD7548 
8-Bit Bus Compatible 12-Bit DAC 
All Grades 12-Bit Monotonic Over Full Temperature 

Ranges 
Operation Specified at +5V •. +12Vor +15V 

Power Supply 
Low Gain Drift of 5ppmrC Maximum 
Full 4-Quadrant Multiplication 
Small 20-Pin Package 
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Video Display D/A Converters 

SETUP 

MSB 

LSB 

REF WHITE CURRENT SET 

SYNC 

BLANKING 

10% BRIGHT 

STROBE 

RSET " 4 (Io~:~~) 
VOUT = 4 (~) RLOAD 

HDG SERIES 
Ultra Fast 7ns Settling Time to 0.4% (8ns max) 
Low SO pV-s max Glitch Energy 
Operates from Single - S.2V Power Supply 
~~!!!~!~t~ ~!!~~~~!te !~~~!~ 
Designed for General Output Compatibility with EIA 

Standard RS-170 and RS-343, Including 
10% Brightness 

HDG-080S 
Resolution: 8 Bits 
% of Gray: 0.4% 
Settling Time: 8ns 

HDG-060S 
Resolution: 6 Bits 
% of Gray: 1.6% 
Settling Time: 6ns 

HDG-040S 
Resolution: 4 Bits 
% of Gray: 6.4% 
Settling Time: 4ns 

AD9700 
Update Rates to 12SMHz 
2ns Rise Time 
On-Chip Reference Voltage 
Single - S.2V Power. Supply 
Complete Composite Inputs 

APPLICATIONS 
Raster Scan Displays 
Color Graphics 
Automated Test Equipment 
TV Video Reconstruction 
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Digital-to-Analog Converters 
Video Display D/A Converters 

REFERENCE REFERENCE 
OUT 

COMPOSITE 

SYNC 25i}--------t ~ 

DEGllTCH BIT 1 2 .. 7.6mA 

DEGllTCH BIT 2 6}-------, 

DEGLITCH BIT 3 6)-------, 

REFERENCE 29 
WHITE 

REFERENCE 
BlCK 

~~~~~~~E 27 

SETUP 

10% BRIGHT 

CURRENT SWITCH 

CURRENT SWITCH 

VOL. 1,9-18 DIGITAL·TO·ANALOG CONVERTERS 

AD9768 
8 Bits of Resolution 
5ns Settling Time 
100MHz Update Rate 
20mA Output Current 
ECL·Compatible 
40MHz Multiplying Mode 

HDD SERIES 
HDD·0810 - 8 Bits of Resolution 
HDD·1015 - 10 Bits of Resolution 
Ultra Fast 10ns Settling Time to 0.2% (HDD·0810) 

15ns Settling Time to 0.1% (HDD·1015) 
Internal Monolithic Reference 
Low 200pV·s Glitch Energy 
Single - 5.2V Power Supply 
Designed for General Output Compatibility with EIA 

Standards RS·170 and RS·343, Including 
10% Brightness 

Complete Composite Inputs (HDD·0810C, 
HDD·1015C) 
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Video Speed Current Output UtA Converters 

IMSBI 
BIT I 

BIT 2 
BIT3 
BIT4 
BIT5 

INPUT 
BUFFER 

BITS ECl 
till 1 

BIT8 

BIT9 

-S.2V 

"'"'''' i INPUTS I 

I 
1 r BITIO 

IMSBI 
BITI 

BIT2 

BIT3 

BIT4 

BITS 

BIT6 

BIT7 

BITI 

BIT9 

BIT 10 

BIT" 

BIT 12 
IlSBI 

lSB 

ECl 
INPUT 

BUFFER 

HOS·Oll0E 
HOS·l01SE 

21 

ELECTRONIC PRECISION 

SWITCHES RESISTOR 
NETWORK 

GROUND GLITCH 
AOJUST 

INPUT 
BUFFER ElEC· PRE· 
lOGIC TRONIC CISION 

OTlmL SWITCHES RESISTOR 
NETWORK COMP 

Hos·oa20. 1025 

ELECTRONIC 
SWITCHES 

PRECISION 
RESISTOR 
NETWORK r---.---t--o 

31211 

10 

31211 

HDS·1240E 

CURRENT 
OUTPUT 

GROUND 

Rl 
CURRENT 
OUTPUT 

BIPOLAR 
OFFSET 

+1SV 

-1SV 

BIPOLAR 
OFFSET 
CURRENT 

BIPOLAR 
OFFSET 

CURRENT 
OUTPUT 

FB I 

FB2 

HOS-OS1 OE/HOS-1 015E 
HDS-0810E: 8 Bits 
HDS-1015E: 10 Bits 
ECl Inputs 
~Attlin!! TimA to 10n5 
low Glitch Energy - 200pV-s 
100MHz Update Rates 
low Power <1 Watt 

HOS-OS20/HOS-1025 
HDS-0820: 8 Bits 
HDS-1025: 10 Bits 
25ns Current Settling to 0.1% 
10mA Current Out 
Guaranteed Monotonicity Over Temperature' 
No External Parts Required 
Reliable Hybrid Construction 

HOS-1240E 
12 Bits of Resolution 
12~Bit Settling Time to 40ns 
low Glitch Energy 
ECl Compatible 
Replacement for ADH-030, DA-4000, DAC397 
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Video Speed Voltage Output D/A Converters 

MSB 
BIT 1 

I 
I 
I 

DIGITAL I 
INPUTS I 

I 
I 
I 

BIT 12 
LSB 

DIGITAL 
INPUTS 

INPUT 
BUFFER 
TTLlDTL 

.ELEC· 
TRDNIC 

CURRENT 
SWITCHES 

·1SV +15V 

I 
I 
I 

i 
: 
I 
I _______________ J 

AMPGND 

VOL. 1,9-20 DIGITAL-TO-ANALOG CONVERTERS 

BIPOLAR 
OFFSET 

OUTPUT 

HDH SERIES 
200n5 Voltage Settling to 0.1% 
10mA Current Out 
Guaranteed Monotonicity Over Temperature 
No External Parts Required 
Reliable Hybrid Construction 
HDH·0802 

Resolution: 8 Bits 
Settling Time: 200ns to 0.4% 

HDH·1003 
Resolution: 10 Bits 
Settling Time: 300ns to 0.1% 

HDH·1205 
Resolution: 12 Bits 
Settling Time: 500ns to 0.125% 

HDD-1206 
12 Bits of Resolution 
Registers. D/A. ~mplifier In Single Hybrid 
Deglitched Voltage Output 
6MHz Update Rat~ 

HDM-1210 

Small Size: 24-Pin DIP 
12·Blt Multlplyliig Accuriicy 
Good Drive: 10.24mA 
Highest Speed Available 
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FACTORS IN CHOOSING A D/A CONVERTER 
In the current issue of this two-volume catalog, there are listed 
some 62 different families of digital-to-analog converters 
(DACs). If one were to consider all the variations, there would 
be more than 260 types to choose among. The reason for so 
many different types is the number of degrees of freedom in 
selection-technological, functional, and performance. Com
plete information on converters may be found in the 250-
page book, ANALOG-DIGITAL CONVERSION NOTES, 
publisheu by Analog Devices anu avallable lor $5.95 lrom 
P.O. Box 796, Norwood MA 02062. 

FUNCTIONAL CHARACTERISTICS • 
The basic structure of all conventional D/A converters involves 
a network of precision resistors, a set of switches, and some 
form of level-shifting to adapt the switch drives to the speci
fied logic levels. In addition, the device may contain output
conditioning circuitry, an output amplifier; a reference ampli
fier, an on-board reference, OIl-board buffer-registers (single- or 
dual-rank), configuration conditioning, and even high-voltage 
isolation. 

Basic DAC 
This form, which supplies a current, and consequently a small 
voltage across its internal impedance or an externallow-imped
ance load, is used principally for high speed, for example, the 
lOns HDS-08lOE. Basic current-output DACs, such asAD566A, 
are inherently fast, but additional elements (such as an output 
op amp), furnished by the user to meet overall system specs, 
slow down the conversion. Some popular CMOS IC devices, 
such as the AD7523 and the AD7533, are quite simple (and 
correspondingly low in cost), but they usually require a buf
fering op amp. 

While the basic DAC function is almost always linear, there 
are exceptions. For example, the AD7111 LOGDAC, which 
has linear two-quadrant analog response, has a digitally con
trolled exponential gain function, i.e., 0.375dB per bit; thus 
its gain at the input codelOOOOOOO (binary 128) is -48dB 
(48 X 0.375), and the analog output swing for lOV pop 

input' is 0.04V pop VIN to exp - [0.3Jg~. 
Output Conditioning 
The analog quantity that is the "output" of a DAC, represent
ing the input digital data, may be a "gain" (multiplying DAC), 
a current, and/or a voltage. In order to obtain a substantial 
voltage output at low impedance. an op amp is required. It is 
generally provided on-board in modular and hybrid DACs 
(and in the monolithic AD558), but there are ma:ny ICs and 
other types that permit the user to choose an external op amp 
that will meet the particular needs of the application in sta
bility, speed, and cost. 

Almost all types of DACs provide one or more feedback resis
tors: they are matched to, and thermally track, resistances in 
the network, so that an external op amp, if used, will not 
require an external feedback resistor that might introduce 
tracking errors. If more than one feedback resistor is provided, 
a choice of analog output voltage ranges becomes available, e.g., 

Orientation 
Digital-to-Analog Converters 
0-5V full-scale or O-lOV full-scale. If bipolar output-voltage 
ranges are specified, a bipolar-offset resistor is provided to su b
tract a half-scale value from the current flowing through the 
op amp summing point; it is usually derived from the DAC's 
reference (or analog) input to avoid additional tracking error. 
Multiplying DACs use an internal or external op amp for bi
polar offset. 

In order to avoid difficulties, the user must pay especial atten
tion to the specified output polarity, its relationship to the 
reference (if external) and to the input digital code. This can 
be especially tricky if the output is bipolar and the input re
quires a complementary (negative-true) digital coding. Another 
such case is where a current-output DAC, specified for a par
ticular output-voltage polarity when used with an inverting op 
amp, is used in a mode that develops an output voltage passive-
ly (without the op amp) across an external resistive load. In • 
addition to polarity, in this case, the user should be aware of • 
the output-compliance constraint and the specified resistive 
component of output impedance. 

Reference Input 
The reference may be specified as external or internal, fixt!d or 
variable, single-polarity or bipolar. If internal, it may be per
manently connected (as in the AD56l) or optionally connecti
ble (as in the AD565A). If the DAC is a 4-quadrant mUltiply
ing type, the reference (or "analog input") is external, vanable, 
and bipolar (e.g., AD7533, 7541, etc.) The user should check 
a converter's specifications to determine whether the full-scale 
accuracy specifications are overall or subdivided into a con-

, verter-gain spec and a reference spec. 

Digital Data 
There are a number of ways in which converters differ in re
gard to the input data: First, the coding must be appropriate 
(binary, offset-binary, two's-complement, BCD, arbitrary, 
etc.), and its sense should be understood (positive-true, 
negative-true). The resolution (number of bits) must be suf
ficient; in addition, the specifications must be checked to 
ascertain that the 2n distinct binary input codes will not only 
be accepted, but that also they will (if necessary) correspond, 
to 2n output values in a monotonic progression at any temper
ature in the operating range, with sufficient accuracy. The data 
levels accepted by the converter must be checked (TTL, ECL, 
low-voltage CMOS, high-voltage CMOS), as must the input 
loading imposed by the converter, and the supply conditions 
under which the converter will respond to the data. Check the 

, data notation (is the MSB Bit 1 or Bit (n-l)?)-misinterpre
tation can lead to connecting the data bits in backward order. 

If buffer registers are desired, the converter should have an 
appropriate buffer configuration (for example, the AD558 
and AD7226 have a set of TTL buffers', the AD667 and 
AD7548 have two ranks of buffering). 

Controls 
If the DAC has external digital controls-for example, register 
strobes- their drive levels, digital sense (true or false), ioading, 
and timing must be considered. The function and use of con-
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figuration controls (where present), such as serial/parallel, 
short-cycle, or chip-select decoding should be understood, and 
the appropriate ways of disabling them when not needed 
should be employed. ' 

Power Supplies 
Appropriate power supplies should be made available, consid
ering the logic levels and analog output signals to be employed 
in the system. The appropriate degree of power-supply stabil-' 
ity to meet the accuracy specs should be employed. Any rec
ommended external protection circuitry (e.g., Schottky diodes, 
to ensure that Vee is never more than 0.4V above Voo in the 
AD7522) should be planned for. In many cases separate analog 
and digital grounds are required; ground wiring should follow 
best practice to minimize digital interference with high-accu
racy analog signals, while ensuring that a connection between 
the grounds can always exist at one point, even i(the "mecca" 
point is inadvertently unplugged from the system. 

SPECIFICATIONS AND TERMS 
Definitions of the performance specifications, and related 
information, are provided on the next few pages, in alpha
betical order. 

Accuracy, Absolute 
Error of a D/A converter is the difference between the actual 
analog output and the output that is expected when a given 
digital code is applied to the converter. Sources of error in
clude gain (calibration) error, zero error, linearity errors, and 
noise. Error is usually commensurate with resolution, i.e., less 
than 2-(n + 1), or "~LSB" of full scale. However, accuracy 
may be much better than resolution in some appli,cations; for 
example, a 4-bit reference supply having only 16 discrete digi
tally chosen levels would have a resolution of 1116, but it . 
might have an accuracy to within 0.01% of each ideal value. 

Absolute-accuracy measurements should be made under a set 
of standard conditions with sources and meters traceable to an 
internationally accepted standard. 

Accuracy, Relative 
Relative accuracy error, expressed in %, ppm, or fractions of 
1 LSB, is the deviation of the analog value at any code (rela
tive to the full analog range of the device transfer character
istics) from its theoretical value (relative to the same range), 
after the full-scale range (FSR) has been calibrated. Since the 
discrete analog output values corresponding to the digital in
put values ideally lie on a straight line, the relative-accuracy 
error of a linear DAC can be interpreted as a measure of non
linearity (see Linearity). 

Compliance-Voltage Range 
For a current-output DAC, the maximum range of (output) 
terminal voltage for which the device will provide the speci
fied current-output characteristics. 

Common-Mode Rejection (CMR) 
The ability of an amplifier to reject the effect of voltage 
applied to both input terminals simultaneously. Usually a 
logarithmic expression representing a "common-mode rejec-
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tion ratio" ef' 1,000,000:1 (CMRR) or 120dB (CMR). A 
CMRR of 10 : 1 means that a 1 V common-mode voltage 
passes through the device as though it were a differential input 
signal of 1 microvolt. 

Common-Mode Voltage 
An undesirable signal picked up in a circuit by both wires 
making up the circuit, with reference to an arbitrary "ground." 
Amplifiers differ in their ability to amplify a desired signal 
accurately in the presence of a common-mode voltage. 

Deglitcher 
As the input code to a DAC is increased or decreased by small 
changes, it passes through what is known as major and minor 
transitions. The most major transition is at half-scale, when the 
DAC switches around the MSB, and all switches change state, 
i.e., 01111111 to 10000000. If, at major transitions, the 
switches are faster (or slower) to switch off than on, this 
means that, for a short time, the D/A will give a zero (or full
scale) output, and then return to the required 1 LSB above the 
previous reading. Such large transient spikes which differ 
widely in amplitude and are extremely difficult to filter out, 
are commonly known as "glitches", hence, a deglitcher is a 
device which removes these glitches or reduces them to a set of 
small, uniform pulses. It normally consists of a fast sample
hold circuit, which holds the output constant until the switches 
reach equilibrium. Glitch energy is smallest in fast-switching 
DACs driven by fast logic gates that have little time-skew be
tween 0-1 and 1-0 transitions. 

100¥:0000 

01111111 _==~ 

. . -- =-=-=-=-- - WITH IDEAL DEGLITCHER 

GLITCH 

Feed thro ugh 
Undesirable signal coupling around switches or other devices 
that are supposed to be turned off or provide isolation, e,g,. 
feedtbrougb error in a multiplying DAC. It is variously speci
fied in %, ppm, fractions of 1 LSB, or fractions of 1 volt, with 
a given set of inputs, at a specified frequency. 

Four-Quadrant 
In a multiplying DAC, "four quadrant" refers to the fact that 
both the reference signal and the number represented by the 
digital input may be of either positive or negative polarity. A 
four-quadrant multiplier is expected to obey the rules of multi
plication for algebraic sign. 

Gain 
The "gain" of a converter is that analog scale-factor setting 
that provides the nominal conversion relationship, e.g., 10V 
span for a full-scale code change, in a fixed-reference converter. 
For fixed-reference converters where the use of the internal 
reference is optional, the converter gain and the reference 
may be specified separately. Gain- and zero-adjustment are 
discussed under Zero. 



Least-Significant Bit (LSB) 
In a system in which a numerical magnitude is represented by 
a series of binary (i.e., two-valued) digits, the LSB is that bit 
that carries the smallest value. or weight. For example, in the 
natural-binary number 1101 (decimal 13, or 23 + 22 + 0 + 2°), 
the rightmost digit is the LSB. 'Its analog weight, relative to 
full scale, is 2-n, where n is the number of binary digits. It rep
resents the smallest analog change that can be resolved by an 
n-bit converter. 

Linearity 
Linearity error of a converter (also, integral nonlinearity, see 
Linearity, Differential), expressed in % or ppm of full-scale 
range, or (sub)multiples of 1 LSB, is a deviation of the analog 
values, in a plot of the measured conversion relationship, from 
a straight line. The straight line can be eith~r a "best straight 
line", determined empirically by manipulation of the gain 
and lor offset to equalize maximum positive and negative devi
ations of the actual transfer characteristics from this straight 
line; or it can be a straight line passing through the end points 
of the transfer characteristic after they have been calibrated 
(sometimes referred to as "end-point" linearity). End-point 
linearity error is similar to relative-accuracy error. 

.. F.S.r-.. -------;;:-;;-;7,,.---~ 
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a. %LSB Nonlinearity Achieved 
By Arbitrary Location of "Best 
Straight Line". 

OFFSET 

000 001 010 011 100 101 110 111 

b. Nonlinearity Reference is 
Straight Line Through End 
Points. Nonlinearity> %LSB 
for Curve of a. 

Comparison of Linearity Criteria for J.8it DIA Converter. 
Straight Line Through End Points is Easier to Measure, Gives More
Conservative Specification. 

For multiplying D/A converters, the analog linearity error, at 
a specified digital code, is defined in the same way as for multi
pliers, i.e., by deviation from a "best straight line" through the 
plot of the analog output-input response. 

Linearity, Differential 
Any two adjacent digital codes should result in measured out
put values that are exactly 1 LSB apart (2-n of full scale for an 
n-bit converter). Any deviation of the measured "step" from 
the ideal difference is called differential nonlinearity, expressed 
in (sub)multiples of 1 LSB. It is an important specification, 
because it differential linearity error greater than 1 LSB can 
lead to non-monotonic response in a DI A converter and 
missed codes in an AID converter (see Differential Linearity 
in the AID converter section for an illustration). 

Monotonic 
A DAC is said to be monotonic if the output either increases 
or remains constant as the digital input increases, with the 

, result that the output will always be a single-valued function 
of the input. The specification "monotonic" (over a given 

,temperature range) is sometimes substituted for a differential 
nonlinearity specification, since differential nonlinearity less 
than 1 LSB is a sufficient condition for monotonic behavior. 

Most-Significant Bft (MSB) 
In a system in which a numencal magmtude IS represented 
by a series of binary (i.e., two-valued) digits, the MSB is that 
digit (or bit) that carries the largest value of weight. For 
example, in the natural-binary number 1101 (decimal 13, or 
23 + 22 + 0 + 2°), the leftmost "1" is the MSB, with a weight 
of 2n - 1, or 8 LSBs. Its analog weight, relative to a DAC's full
scale span, is 'h. In bipolar DACs, the MSB indicates the polar-
ity of the number represented by the rest of the bits. • 

Multiplying DAC 
A multiplying DAC differs from a fixed-reference DAC in 
being designed to operate with varying (or ac) reference 
signals. The output signal of such a DAC is proportional to 
the product of the "reference" (i.e., analog input) voltage 
and the fractional equivalent of the digital input number 
(see also four-quadrant). 

Noise, Peak and rms 
Internally generated random noise is not a major factor in 
D/A converters, except at extreme resolutions (e.g., DAC1138) 
and dynamic ranges (AD7111). Random noise is characterized 
by rms specifications for a given bandwidth, or as a spectral 
density (current or voltage per root hertz); if the distribution 
is Gaussian, the probability of peak-to-peak values exceeding 
7x the rms value is less than 0.1%. 

Of much greater importance in DACs is interference in the 
form of high-amplitude low-energy (hence low-rms) spikes ap
pearing at the DAC's output, caused by coupling of digital 
signals in a surprising variety of ways; they include coupling 
via stray capacitance, via power supplies, via inadequate ground 
systems, via feedthrough, and by glitch-generation. Their pres
ence underscores the necessity for maximum application of the 
designer'S art, including layout, shieldin'g, guarding, grounding, 
bypassing, and deglitching. 

Offset 
For almost all bipolar converters (e.g., ±IO-volt uutput), 
instead of actually generating negative currents to corre
spond to negative numbers, a unipolar DAC is used, and the 
output is offset by half full scale (1 MSB). For best results, 
this offset voltage or current is derived from the same ref
erence supply that determines the gain of the converter. 

This makes the zero point of the converter independent of 
thermal drift of the reference, because the 'h scale offset 
cancels the weight of the MSB at zero, independently of the 
amplitude of both. 
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Power-Supply Sensitivity 
The sensitivity of a converter to changes in the power-supply 
voltages is normally expressed in terms of percent-of-full-scale 
change in analog output value (or fractions of 1 LSB) for a 1% 
dc change in the power supply, e.g., 0.05%I%lWs). Power 
supply sensitivity may also be expressed in relation to a speci
fied dc shift of supply voltage. A converter may be considered 
"good" if the change in reading at full scale does not exceed 
±'h LSB for a 3% change in power supply. Even better specs 
are necessary for converters designed for battery operation. 

Quantizing Uncertainty (or "Error") 
The analog continuum is partitioned into 2n discrete ranges 
for n-bit processing. All analog values within a given range of 
output (o,f a DAC) are represented by the same digital code, 
usually assigned to the nominal midrange value. For applica
tions in which an analog continuum is to be restored, there is 
an inherent quantization uncertainty of ±'h LSB, due to lim
ited resolution, in addition to the actual conversion errors. For 
applications in which discrete output levels are desired (e.g., 
digitally controlled power supplies or digitally controlled 
gains), this consideration is not relevant. 

Resolution 
An n-bit binary converter should be able to provide 2n distinct 
and different analog output values corresponding to the set 
of n-bit binary words. A converter that satisfies this criterion 
is said to have a resolution of n bits. The smallest output 
change that can be resolved by a linear DAC is 2-n of the full
scale span. How.ever, a nonlinear device, such as the AD7111 
LOGDAC has a logarithmic gain resolution of 0.375/88.5dB = 
1 :256dB, which corresponds to a gain increment of 4.25%/ 
step, or 26,600: 1. 

Settling Time 
The time required, following a prescribed data change, for the 
output of a DAC to reach and remain within a given fraction 
(usually ±'h LSB) of the final value. Typical prescribed changes 
are full-scale, 1 MSB, and 1 LSB at a major carry. Settling time 
of current-output DACs is quite fast. The major share of set
tling time of a voltage-output DAC is usually contributed by 

, the settling time of the output op-amp circuit. 

Slew Rate (or Slewing Rate) 
Slew rate of a device or circuit is a limitation in the rate of 
change of output voltage, usually imposed by some basic cir
cuit consideration, such as limited current to charge a capac
itor. Amplifiers with slew rate of a few V IJl.s are common, and 
moderate in cost. Slew rates greater than about 75 voltslJl.s are 
usually seen only in more sophisticated (and expensive) devices. 
The output slewing speed of a voltage-output D/A converter 
is usually limited by the slew rate of the amplifier used at its 
output (if one is used). 

Stability 
Stability of a converter usually applies to the insensitivity of 
its characteristics to time, temperature, etc. All measurements 
of stability are difficult and time consuming, but stability vs. 
temperature is sufficiently critical in most applications to 
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warrant universal inclusion of temperature coefficients in 
tables of specifications (see ''Temperature Coefficient"). 

Staircase 
A voltage or current, increasing in equal increments as a func
tion of time and having the appearance of a staircase (in a time 
plot), generated by applying a pulse train to a counter, and the 
output of the counter to the input of a DAC. 

A very simple AID converter can be built by comparing a stair
case from a DAC with the unknown analog input. When the 
DAC output exceeds the analog input by a fraction of 1 LSB, 
the count is stopped, and the code corresponding to the count 
is the digital output. 

Switching Time 
In a DAC, the switching time is the time it takes for the switch 
to change from one state to the other ("delay time" plus "rise 
time" from 10%-90%), but does not include settling time, e.g. 
to <'12 LSB. 

Temperature Coefficients 
In general, temperature instabilities are expressed as %/° C, 
ppm/C, as fractions of 1 LSB/oC, or as a change in a para
meter over a specified temperature range. Measurements are usu
ally made at room temperature and at the extremes of the 
specified range, and the temperature coefficient (tempco, T.C.) 
is defined as the change in the parameter, divided by the cor
responding temperature change. Parameters of interest include 
gain, linearity, offset (bipolar), and zero. 

Gain Tempco: Two factors principally affect converter gain 
stability with temperature. 

a) In fixed-reference converters the reference source will 
vary with temperature. For example, the tem.pco of an 
AD581L is generally less than 5ppmfC 
b) The reference circuitry and switches may add another 
3ppmfC in good 12-bit converters (e.g. AD566Krr). 
High-resolution converters require much better tempcos 
for accuracy commensurate with the resolution. 

Linearity Tempco: Sensitivity of linearity ("integral" andl 
or differential linearity) to temperature (in % FSR/oC or 
ppm FSRfC) over the specified range. Monotonic behavior 
is achieved if the differential nonlinearity is less than 1 LSB 
at any temperature in the range of interest. The differential 
nonlinearity temperature coefficient may be expressed as 
a ratio, as a maximum change over a temperature range, 
and/or implied by a statement that the device is monotonic 
over the specified temperature range. 

Offset Tempco: The temperature coefficient of the all
DAC-switches-off (minus full scale) point of a bipolar con
verter (in % FSRfc or ppm FSRfc) depends on three 
major factors: 

a) The temp co of the reference source 
b) The voltage zero-stability of the output amplifier 
c) The tracking capability of the bipolar-offset resis
tors and the gain resistors 



Unipolar Zero Tempco (in % FSRtC or ppm FSRlC): The 
temperature stabilitY of a unipolar fixed-reference DAC is 
principally affected by current leakage (current-output 
DAC). and offset voltage and bias current of the output 
op-amp (voltage-output DAC). 

Zero- and Gain-Adjustment Principles 
The output of a unipolar DAC is set to zero volts in the all
bits-off condition. The gain is set for F.S. (1 - 2"n) with all 
bits on. The "zero" of an offset-binary bipolar DAC is set to 
-F.S. with all bits off. and the gain is set for +F.S. (1- 2-(0 -1» 
with all bits on. The data sheet instructions should be followed . 
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WDEVICES' 

FEATURES 
Four Complete 12-Bit DACs in One IC Package 
Linearity Error ± 1/2LSB T min - T max (AD390K, T) 
Factory-Trimmed Gain and Offset 
Buffered Voltage Output 
Monotonicity Guaranteed Over Full Temperature Range 
Double-Buffered Data Latches 
Includes Reference and Buffer 
Fa!;t SAttling: 8!lS max to ± 1/2LSB 

PRODUCT DESCRIPTION 
The AD390 contains four 12-bit high speed voltage-output 
digital-to-analog converters in a compact 28-pin hybrid package. 
The design is based on a proprietary latched 12-bit DAC chip 
which reduces chip count and provides high reliability. The 
AD390 is ideal for systems requiring digital control of many 
analog voltages where board space is at a premium. Such appli
cations include automatic test equipment, process controllers, 
and vector-scan displays. 

The AD390 is laser-trimmed to ± 1I2LSB max nonlinearity 
(AD390KD, TD) and absolute accuracy of ±O.OS percent of 
full scale. The high initial accuracy is made possible by the use 
of thin-film scaling resistors on the monolithic DAC chips. The 
internal buried zener voltage reference provides excellent tem
perature drift characteristics (20ppmfDC) and an initial tolerance 
of ± 0.03% maximum. The internal reference buffer allows a 
single common reference to be used for multiple AD390 devices 
in large systems. 

The individual DACs are accessed by the CSI through CS4 
control inputs and the AO and Al lines. These control signals 
permit the registers of the four DACs to be loaded· sequentially 
and the outputs to be simultaneously updated. 

The AD390 outputs are calibrated for a ± IOV output range 
with positive-true offset binary input coding. A 0 to + IOV 
version is available on special order. 

The AD390 is packaged in a 28-lead ceramic package and is 
specified for operation over the 0 to + 70°C and - 55°C to + 125°C 
temperature range. 

·Covered by patent numbers 3,803,590; 3,890,611; 3,932,863; 
3,978,473; 4,020,486 and other patents pending. 

Quad 12-Bit Microprocessor
Compatible 0/ A Converter 

AD390* I 
AD390 FUNCTIONAL BLOCK DIAGRAM 

+v. -v. DGND 

PINS '-'2 
DSO(LSSI _ DS11(MSSI 

PRODUCT HIGHLIGHTS 

AGND 

1. The AD390 offers a dramatic reduction in printed circuit 
board space requirements in systems using multiple DACs. 

2. Each DAC is independently addressable, providing a versatile 
control architecture for simple interface to microprocessors. 
All latch enable signals are level-triggered. 

3. The output voltage is trimmed to a full scale accuracy of 
± 0.05%. Settling time to ± I/2LSB is 8 microseconds . 
maximum. 

4. An internal 10 volt reference is available or an external reference 
can be used. With an external reference, the AD390 gain TC 
is ± SppmfDC maximum. 

5. The proprietary monolithic DAC chips provide excellent 
linearity and guaranteed mono tonicity over the full operating 
temperature range. 

6. The 28-pin double-width hybrid package provides extremely 
high functional density. No external components or adjustments 
are required to provide the complete function. 

7. The AD390SD and AD390TD feature guaranteed accuracy 
and linearity over the - 55°C to + 125°C temperature range. 
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SPECIFICATIONS (TA = +25°C, Vs = ± 15V unless otherwise specified) 

AD390JD/SD AD390KD/TD 
Model MIN TYP MAX MIN TYP MAX 

DATA INPUTS (Pins 1-12and23-28)1 
Except Pin 24 TTL or 5 Volt CMOS 

Input Voltage 
BitON (Logic "I") +2.0 +5.5 +2.0 +5.5 
Bit OFF (Logic "0") +0.8 +0.8 

Input Current (Pin 24 is 3 x Larger) 
BitON (Logic "I") 500 1200 500 1200 
Bit OFF (Logic "0") 150 400 ISO 400 

RESOLUTION 12 12 

OUTPUT2 

Voltage Range3 ±10 ± 10 
Current 5 5 
Settling Tirne (to ± 1/2LSB) 4 8 4 8 

ACCURACY 
Gain Error (w/ext. 1O.000V reference) ±0.05 ±O.l ±0.02S ±0.05 
Offset ±0.02S ±O.OS ±0.012 ±0.025 
Linearity Error ± 114 ±3/4 ± 118 ± 112 
Differential Linearity Error ± 112 ±3/4 ± 114 ± 112 

TEMPERATURE DRIFT 
Gain (internal reference) ±40 ±20 

(external reference) ±10 ±5 
Zero ±IO ±S 
Linearity Error T min - T max ± 112 ±3/4 ±1I4 ± 112 
Differential Linearity MONOT;:>NICITY GUARANTEED OVER FULL TEMPERATURE RANGE 

CROSSTALK5 0.1 0.1 

REFERENCE OUTPUT 
Voltage (without load) 9.997 10.000 10.003 9.997 10.000 10.003 
Current (available for external use) 2.5 3.5 2.5 3.5 

REFERENCE INPUT 
Input Resistance 1010 1010 
Voltage Range 5 11 5 11 

POWER REQUIREMENTS 
Voltage6 ±13.5 ± 15 ±16.5 ±13.5 ±15 ±16.5 
Current 

+Vs 12 20 12 20 
-Vs -75 -90 -75 -90 

POWER SUPPLY GAIN SENSITIVITY 
+Vs 0.002 0.006 0.002 0.006 
-Vs 0.0025 0.006 0.0025 0.006 

TEMPERATURE RANGE 
Operating (Full Specifications)], K 0 +70 0 +70 

S,T -55 + 125 -55 +125 
Storage , -65 +150 -65 +150 

PACKAGE OPTION7 HY28A HY28A 

NOTES 
ITiming specifications appear in Table II. 
2The AD390 outputs are guaranteed stable for load capacitances up to 300pF. 
3 ± 10V range is standard. A 0 to 10V version is available on special order. Consult the factory. 
4FSR means Full Scale Range and is equaJto 20V for a ± 10V range. . 
5Crosstalk is defined as the change in anyone output as a result of any other output being driven from - 10V to + 10V into a 2kfl load. 
6The AD390 can be used with supply voltage as low as ± 11.4V, Figure 10. 
7See Section 19 for package outline information. 

Specifications subject to change without notice. 
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PIN CONFIGURATION 
TOP VIEW 

ABSOLUTE MAXIMUM RATINGS 
+Vs to DGND ........... . 
-Vs to DGND ........... . 
Digital Inputs (Pins 1-12, 23-28) to DGND : 
Ref In to DGND . . . . . . . 
AGND to DGND . . . . ......... . 
Analog Outputs (Pins 16, 18-21) 

. 0 to + 18V 

. 0 to -18V 
-l.OV to +7V 

. ±Vs 
. .... ±O.6V 

. . . . . . . . . . . . . . Indefinite Short to AGND or DGND 
Momentary Short to ± V s ' 

ORDERING GUIDE 

Temperature Gain Error Linearity Error 
Model Range 25°C Tmin-Tmax 

AD390JD Oto + 70°C ±4LSB ±3/4LSB 
AD390KD Oto + 70°C ±2LSB ± 1I2LSB 

AD390SD - 55°C to + 125°C ±4LSB ±3/4LSB 
AD390TD - 55°C to + 125°C ±2LSB ± 1I2LSB 
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Digital Circuit Details 
DATA AND CONTROL SIGNAL FORMAT 
The AD390 accepts 12-bit parallel data in response to c~ntrol 
signals CSI-CS4, AO and Al The input registers are double-buf
fered, allowing any register to be updated independently of the 
others. As detailed in Table I, the four chip select lines are used 
to address the DAC register of interest. It is permissible to have 
more than one chip select active at any time. The first rank 
register of a given DAC is loaded by bringing the appropriate 
chip select and AO both low. The second rank register of any 
DAC can then be loaded by bringing the appropriate chip select 
Al both low. If CSI-CS4 are all brought low coincident with Al 
low, all four DAC outputs will be updated to the value in the 
corresponding first rank register. All control inputs are level
triggered and may be hard-wired low to render any register (or 
group of registers) transparent. 

PINS 1-12 
DBOILSBI - DB11(MSBI 

Figure 1. AD390 Functional Block Diagram 

~ CS2 m CS4 Al AO Operation 
1 1 1 1 X X No Operation 
X X X X 1 1 NoOperation 

0 1 1 0 Enable lst rank ofOAC 1 
1 0 1 0 Enable lstrankofOAC2 
1 0 I 0 Enable 1st rank ofOAC 3 
1 I 0 0 Enable 1st rankofOAC 4 

0 1 I 1 0 I Load DAC 1 second rank fro~ first rank 
1 0 1 I 0 1 Load DAC 2 second rank from first rank 
1 1 0 'I 0 1 Load DAC 3 second rank from first rank 
1 1 I 0 0 1 Load DAC 4 second rank from first rank 

0 0 0 0 0 o All latches transparent 

Table I. AD390 Truth Table 
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TIMING 
The AD390 control signal timing is fairly straightforward. AO, 
Al and CSI-CS4 must be concurrently valid for at least lOOns 
for a desired operation to occur. When loading data from a bus 
into the first rank register, the data inputs must be stable for at 
least SOns before any control signal returns high. Data can change 
immediately after the control signals are inactive. When loading 
the second rank registers from the first rank, it is possible to 
exercise the chip select inputs at the same time as AI. DAC 
settling time is measured from the falling edge of whichever 
control signal last becomes valid. 

WRITE CYCLE #1 
(Load First Rank from Data Bus; Al = I) 

__ \1'!;:::=.AW---I
1 

x== 
ffi-CS4 ~ ___ -J 

\;=,ow-l 
DBl1-DBO------..... X I c== 

--I [::'DH 
\\\ -% AO 

!-twP-! 
WRITE CYCLE #2 
(Load Second Rank. from First Rank; AO = I) 

j;:=:.AW==' .. 
ffi - rn ----¥ ' ------, c= 

__ ::J.:......, •• rtwp-j,.---._ 
AI \ I 

I=='SETT~~ •• i .. 
OUTPUT ~ t 

________ / ±1/2LSB 

Figure 2. Timing Diagrams 

Symbol Parameter Min Typ Max Units 

tAw ~ l-i.Y alid before AO Rising Edge 100 ns 
twp AO, Al Low Time 100 ns 
tDW DB 11-0 BO valid before AO Rising Edge SO ns 
tDH OBI I-DBOvalid after AORisingEdge 0 ns 
tAs CS 1-4 valid before AT Low 0 ns 
tSETT Output Voltage Settling Time 4 fLS 

Table II. AD390 Timing Specifications 

INTERFACING THE AD390 TO MICROPROCESSORS 
The AD390 control logic provides simple interface to micropro
cessors. The latches are fast enough to operate with even the 
fastest processors. 

16-Bit Processors 
The AD390 is a 12-bit resolution DAC system and is easily 
interfaced to 16-bit wide data buses. Several possible addressing 
configurati~ns exist. 

In the' circuit of Figure 3, the AD390 second rank registers are 
made transparent by hard-wiring Allow. A system WR signal 
is used to drive the AO control input and a 74LS138 decoder 
driven from the least significant address bits provides the active-low 
CSI through CS4 signals. In this circuit, only one DAC at a 
time may be updated. If simultaneous update of all four DACs 
is required, a slightly different addressing scheme is used. The 
circuit shown in Figure 4 allows selection of either register of 
any DAC at the expense of larger memory space requirements. 
In this circuit, address lines AO through A3 each select a single 

. DAC of the four contained in the AD390. The use of a separate 
address line for each DAC allows several DACs to be accessed 



simultaneously. The address lines are gated by the simultaneous 
occurrence of a system WR and the appropriately decoded base 
address. Selection of first rank or second rank register for any 
DAC is done by using two additional address bits. The AD390 
thus occupies a block of 64 memory word locations but offers 
considerable flexibility in DAC updating. 

In this addressing scheme, the AS and A4 lines divide the 64 
locations into 4 blocks. When both AS and A4 are high, no 
operation occurs. When AS and A4 are both low, data written 
into anyone of the DACs (selected by A3-AO) will immediately 
update that analog output. In the address block where A4 is 
low and AS is high, data is written into the first rank register 
of the selected DAC (or DACs). When AS is low and A4 is . 
high, data previously written into the first rank register of 
the selected DAC is transferred to the second rank register, 
Wrl~~rl til'uiiit::> iilt: iiUiiiug uuil'ui.. Ii i:s l'anil.:uiariy u:S!:lui LU 

perform a WR operation with AS low, A4 high, and A3 
through AO all low (base address plus 32) since this action 
will cause all four DAC outputs to be simultaneously updated 
to the values previously written into the first rank registers. 

In both addressing schemes shown, AO represents the least 
significant word address bit. In most l6-bit systems this will 
be the Al address line. Data may reside in either the I2MSBs 
(left-justified) or the lower 12 bits (right-justified). Left jus-

1a.BIT D~11 DATA 
BUS 

DBO 
ANALOG HIGH 

OUTPUTS ORDER AD390 ADDRESS 
BITS 

CSi 
112 ill 

745139 ffi 
AD CSi 

Ao Ai 

WR--------------~ 

Figure 3. AD390-16-Bit Bus Interface 

16.BIT ,.------------.J'i DBn 
DATA 

BUS DBO AD390 

HIGH ORDER 
ADDRESS BITS 

SYS Wii 

ALL GATES: 1/474LS32 

A3 A2 A1 AO OPERATION 

X X 0 SELECT OAC 1 
X 0 X SELECT OAC 2 
X X X SELECT OAC 3 
o X X SELECT OAC 4 
o 0 0 SELECT ALL OACS 

A4,A5:SEETEXT 

Figure 4. Alternate 16-Bit Bus Interface 

tification is useful when the data word represents a binary 
fraction offull scale, while right-justified data usually represents 
an integer value between 0 and 4095. 

8-Bit Processors 
Since the AD390 is designed to accept data in I2-bit words, 
an external latch is required in order to interface with 8-bit 
buses. Thus each DAC in the AD390 occupies 2 memory 
locations. The choice of data format is similar to the choice 
in the I6-bit bus interface. The data can either be right-justified 
(one byte contains the 8LSBs and another the 4MSBs in the 
bottom half of the byte) or left-justified (where one byte 
contains the 8MSBs and another the 4LSBs in the top half of 
the byte). The addressing scheme illustrated in Figure'6 
allows I2-bit data to be sent to the first rank register of any 
DAC in a right-justified format. The first rank register of 
DAC occupies two memory locations-a write to the even (AO 
low) address stores the 4MSBs of the DAC data in a 74LS173 
quad latch. When the 8LSBs are written to the odd address 
(AO = 1), the eight bits present on the data bus and the four 
bits held in the 74 LS 173 are strobed into the first rank register 
of the selected DAC. Address bits Al through A4 select the 
DAC to be addressed, while A6 and AS enable either the 
first or second rank register (or both) as in the 16-bit interface 
of Figure 4. 

a. Right-Justified Data (0 :5 0 :5 4095); 

VOUT = -10V + (4.883mV x D) 

/, 65520\ 
b. Left-Justified Data \ 0 :5 0 :5 65536/ 

VOUT = - 10V + (20V x D) 

Figure 5. 12-Bit Data Formats for 16-Bit Bus 

AD390 

•. BIT ,.------1 ~--'--........ 
DB11 

I OATA 
BUS 

I 

DBO 

A4 A3 A2 A1 
X 

~ 
X 
o 
o 
x 
x 

AS, AS: SEETEXT 

AD OPERAnON 
o SELECT DAC HOW BYTE 
1 SELECT DAC 1 HIGH BYTE 
o SELECT DAC now BYTE 
1 SELECT DAC 2 HIGH BYTE 
o SELECTDAC3LOWBYTE 
1 SELECT DAC 3 HIGH BYTE 
o SELECTDAC4LOWBYTE 
1 SELECTDAC4HIGHBYTE 

Figure 6. AD390-8-Bit Bus Interface Connections 
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Analog Circuit Details 
REFERENCE CONNECTIONS' 
The AD390 is equipped with a precision internal reference 
voltage of 10.00 volts, trimmed to within ± 3 millivolts. This 
reference is available for external use and can typically supply 
up to 3.5 milliamps of output current. In normal operation, this 
reference is connected to pin 17 (REF IN), which establishes 
the ± 10 volt output scale~ The internal reference is sufficiently 
accurate for most applications, however, if a master system 
reference is available, or if a range other than ± 10V (± 1O.24V, 
for example) is desired, an external reference may be used. It is 
recommended that the reference used with the AD390 be at 
least 5 volts and at most 11 volts to preserve specified linearity. 

. Digital Input Code Analog Output Voltage 

0000 0000 0000 -10.000V -Full Scale 
0100 0000 0000 -S.OOOV -1I2Scale 
1000 0000 0000 O.OOOV Zero 
1000 0000 0001 +4.88mV +ILSB 
11 00 0000 0000 +S.OOOV + 112 Scale 
1111 1111 1111 +9.99SIV + Full Scale - ILSB 

Table III. AD390 Analog Output vs. Digital Input (± V 
Scale) 

GROUNDING RULES 
The AD390 includes two ground connections in order to minimize 
system accuracy degradation arising from grounding errors. The 
two ground pins are designated DGND (pin 13) and AGND 
(pin IS). The DGND pin is the return for the supply currents 
of the AD390, and serves as the reference point for the digital 
input thresholds. Thus DGND should be connected to the same 
ground as the digital circuitry which drives the AD390. 

Pin IS, AGND, is the high quality analog ground connection. 
This pin should serve as the reference point for all analog circuitry 
which follows the AD390. It is recommended that any analog 
signal path carrying significant currents have its own return 
connection to pin 15 as shown in Figure 7. 

Voun 1-------. 

TO POWER GROUND 

Figure 7. Recommended Ground Connections 

Several complications arise in practical systems, particularly if 
the load is referred to a remote ground. These complications 
include dc gain errors due to wiring resistance between DAC 
and load, noise due to currents from other circuits flowing in 
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power ground return impedances, and offsets due to multiple 
load currents sharing the same signal ground returns. While the 
AD390 outputs are accurately developed between the output pin 
and pin 15 (AGND), delivering these signals to remote loads 
can be a problem. These problems are compounded if a current 
booster stage is used, or if multiple AD390 packages are used. 
Figure 8 illustrates the parasitic impedances which influence 
output accuracy. 

I. 

rr= 
z.o 

TOPOW£R 
GROUND 

AD:r.IO 
"A" 

15 

AD390 
·'11" 

I\w. 

RLt 
R.., 

R" 

REMOTE GROUND 
lo. 

R" 

A3 
RW1 

lo. 

AI·A3: OPTIONAL CURRENT BOOSTERS 
RWl·AM : WIRING RESISTANCES 
lo., Zo.: SIGNAL GROUND RETURN IMPEDANCE 
ZPG: POWER GROUND RETURN IMPEDANCES 

Figure 8. Grounding Errors in Multiple-AD390 Systems 

An output buffer configured as a subtractor as shown in Figure 
9 can greatly reduce these errors. First, the effects of voltage 
drops in wiring resistances is eliminated by sensing the voltage 
directly at the load with R4. The voltage drops caused by' currents 
flowing through ZGA are eliminated by sensing the remote ground 
directly with R3. Resistors Rl through R4 should be well matched 
in order to achieve maximum rejection of the voltage appearing 
across ZGA. Resistors matched to within one percent (including 
the effects of RW2 and RW3) will reduce ground interaction 
errors by a factor of 100. 

TO POWER 
GROUND 

AD390 
"A" 

R3 

R410k R.., 

..-J\N\.----'vvv.--T!~-. ~~~8~~ 

RI·R4 MATCH TO 1% OR BETTER 

Figure 9. Use of Subtractor Amplifier to Preserve Accuracy 

POWER SUPPLY DECOUPLING 
The power supplies used with the AD390 should be well filtered 
and regulated. Local supply decoupling consisting of a IOf..LF 
tantalum capacitor in parallel with 0.1 f..LF ceramic is suggested. 
The decoupling capacitOl:s should be connected between the 
AD390 supply pins and the load ground (ideally the AGND 
pin). If an output booster is used, its supplies should also be 
decoupled to the load ground. 



OPERATION FROM ± 12 VOLT SUPPLIES 
The AD390 may be used with ± 12 volt ± 5% power supplies if 
certain conditions are met. The most important limitation is the 
output swing available from the output op amps. These amplifiers 
are capable of swinging only as far as 3 volts from either supply. 
Thus, the normal ± 10 volt output range cannot be used. Changing 
the output scale is accomplished by changing the reference 
voltage. With a supply of ± 11,4 volts (5% les.s than ± 12V), the 
output range is restricted to a maximum ± 8,4V swing. It may 
be useful to scale the output at ± 8.192 volts (yielding a scale 
factor of 4 millivolts per LSB). The required 8.192V reference 
can be derived from a precision, low TC divider from the 
internal + 1O.000V reference. The only restriction is that the 
total load resistance presented to the + 1O.000V reference 
output must be at least IOkn for - 55°C to + 125°C temperature 
range 12 volt applications. Figure 10 shows a suggested circuit 
to set up a ± 8.192V output range. Multiple AD390 units 
can share the same resistive. divider-generated reference since 
the REF IN terminal is very high impedance. 

RI 
!.12k 

R2 
SOOO 

R3 
1.25k 

I. REF OUT 

17 
REF IN 

TO POWER 
GROUND 

II 

ANALOG 
OUTPUTS 

RI, R3: 1% METAL FILM OR BETTER 
R2: LOW Te MULTI-TURN TRIMPOT 

Figure 10. Connections for :±B.192V Full Scale· 
(Recommended for :± 12V Power Supplies) 

IMPROVING FULL-SCALE STABILITY 
In large systems using multiple AD390s, it may be desirable 
for all devices to share a common reference. While it is possible 
to use the reference output for one device to provide a reference 
for all devices, use of an external precision reference can 
greatly improve system accuracy and temperature stability. 
The external reference should be at least + 5V and at most 
+ llV to preserve DAC linearity. 

The AD2710 is a suitable reference source for such systems. 
It features a guaranteed maximum temperature coefficient of 
± Ippml"C, compared with the 10 to 20ppml"C drift of the 
AD390 internal reference. The combination of the AD2710LN 
and AD390KD shown in Figure 11 will yield a multiple-DAC 
system with maximum full-scale drift of ± 6ppml"C and 
excellent tracking. 

+1SV +ISV 

TO POWER 
GROUND 

OUTPUTS 

Figure 11. Low Drift AD390 ConfiguratIon 

OUTPUT CURRENT BOOSTING 
The output amplifiers used in the AD390 are capable of 
supplying a ± 10 volt swing into a resistive load of 2kn or 
greater. Stability is guaranteed for load capacitance up to 
300pF. Larger load capacitance may cause severe overshoot 
and possible oscillation. The settling characteristic of the 
AD390 output amplifier is shown in Figure 12. 

---- - --"t--~-

................ 
t ~ ~ -1--
t I , 

t - -1---
I 

a. All Bits OFF-to-ON 

b. All Bits ON-to-OFF 

Figure 12. AD390 Settling Characteristic 

In many applications, including automatic test equipment, 
the load presented to the AD390 may be less than 2kn or 
include large capacitance. In such cases, it is advisable to use 
a buffer amplifier capable of delivering rated output to the 
most severe load anticipated. The AD382, for example, can 
supply ± lOY into a 200n load and the AD3554 is suitable 
for load resistances down to lOon· In applications where 
errors due to output boosting must be minimized, the composite 
amplifier shown in Figure 13 provides excellent de stability 
as well as 100mA output drive capability. 

AD390 

TO POWER 
GROUND 

+ 15V + 15V O.OI"F 

R, ~ loon 
CL <: 5000pF 
Vo = ±10V 

Figure 13. Composite Amplifier for Increased Output Drive 
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APPLICATIONS 
The functional density of the AD390 permits complex analog 
functions to be produced under digital control, where board 
space requirements would otherwise be prohibitive. Multiple-out
put plotters, multi-channel displays and complex waveform 
generation and multiple programmable voltage sources can all 
be implemented with the AD390 in a fraction of the space which 
would be needed if separate DACs were used. 

PROGRAMMABLE WINDOW COMPARATOR 
The AD390 can be used to perform limit testing of responses to 
digitally-controlled input signals. For example, two DACs may 
be used to generate software-controlled test conditions for a 
component or circuit. The response to these input conditions 
can either be completely converted from analog to digital or 
simply tested against high and low limits generated by the two 
remaining DACs in the AD390. 

In the circuit of Figure 14 two AD311 voltage comparators are 
used with an AD390 to test the output of a 5 volt power supply 
regulator. The AD390 V OUT1 output (through an appropriate 
current booster) drives the input to the regulator to simulate 
variations in input voltage. The output of the regulator is applied 
to comparators 1 and 2, with their outputs wire-ORed with 
LED indicators as shown. The test limits for each comparator 
are programmed by the AD390 V OUT2 and VOUT3 outputs. 
When the output of the device under test is within the limits, 
both comparators are off and Dl lights. If the output is above 
or below the limits, either D4 or D5 lights. 

+15V -15V 

DGND A 1: DAC OUTPUT BOOSTER 
Al. A3: AD311 COMPARATOR lOR EQUIVALENTI 

Figure 14. Programmable Window Comparator Used In 
Power Supply Testing 

VOL. /, g.;-34 DIGITAL-TO-ANALOG CONVERTERS 

USING THE AD390 FOR ANALOG-TO-DIGITAL CON
VERSION 
Many systems require both analog output and analog input 
capability. While complete integrated circuit analog-to-digital 
converters (such as the AD574A) are readily available, the AD390 
can be used as the precision analog section of an ADC if some 
external logic is available. Several types of analog-to-digital 
converters can be built with a DAC, comparator, and control 
logic, including staircase, tracking, and successive-approximation 
types. In systems which include a microprocessor, only a com
parator must be added to the AD390 to accomplish the ADC 
function since the processor can perform the required digital 
operations under software control. A suitable circuit is shown in 
Figure 15. The AD311 comparator compares the unknown 
input voltage to one of the AD390 o'utputs forthe analog-to-digital 
conversion, while the other three outputs are used as normal 
DACs. The diode clamp shown limits the voltage swing at the 
comparator input and improves conversion speed. With careful 
layout, a new comparison can be performed in less than 10 
microseconds, resulting in 12-bit successive approximation con
version in under 120 microseconds. The benefit of the AD390 
in this application is that one ADC and three DACs can be 
implemented with only two IC packages (the AD390 and the com
parator). 

CONTROL 
LOGIC 

OR 
"p 

+15V -15V 

ANALOG 
INPUT 

-10VTO +10V 
+5V 

",:' = AIN .... Voun 
"0" = AIN < Voun 

Figure 15. Using OneAD390 Output forAiD Conversion 
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OACPORT™ Low Cost Complete 
jLP-Compatible a-Bit OAC 

FEATURES 
Complete a-Bit DAC 
Voltage Output - 2 Calibrated Ranges 
Internal Precision Band-Gap Reference 
Single-Supply Operation: +5V to +15V 
Full Microprocessor Interface 
Fast: 1Jls Voltage Settling to ±1/2LSB 
Low Power: 75mW 
No User Trims 
Guaranteed Monotonic Over Temperature 
All Errors Specified Tmin to Tmax 
Small 16-Pin DIP Package 
Single Laser-Wafer-Trimmed Chip for Hybrids 
Low Cost 

PRODUCT DESCRIPTION 
The AD558 DACPORT is a complete voltage-output 8-bit 
digital-to-analog converter, including output amplifier, full 
microprocessor interface and precision voltage reference on a 
single monolithic chip. No external components or trims are 
required to interface, with full accuracy, an 8-bit data bus to 
an analog system. 

The performance and versatility of the DACPORT is a result of 
several recently-developed monolithic bipolar technologies. 
The complete microprocessor interface and control logic is 

. implemented with integrated injection logic (12 L), an extreme
ly dense and low-power logic structure that is process-compat
ible with linear bipolar fabrication. The internal precision 
voltage reference is the patented low-voltage band-gap circuit 
which permits full-accuracy performance on a single +5V to 
+15V power supply. Thin-film silicon-chromium resistors 
provide the stability required for guaranteed monotonic op
eration over the entire operating temperature range (all grades), 
while recent advances in laser-wafer-trimming of these thin
film resistors permit absolute calibration at the factory to 
within ±lLSB; thus no user-trims for gain or offset are re
quired. A new circuit design provides voltage settling to 
±1/2LSB for a full-scale step in 800ns. 

The AD558 is available in four performance grades. The 
AD558J and K are specified for use over the 0 to +70

o
C tem

perature ran¥e, while the AD558S and T grades are speci-
-fied for -55 C to +125°C operation. 

*Covered by U.S. Patent Nos. 3.887.863; 3.685.045; 4.323.795; 
Patents Pending. DACPORT is a trademark of Analog Devices. Inc. 

A0558* I 
AD558 FUNCTIONAL BLOCK DIAGRAM 

TO-116 

PRODUCT HIGHLIGHTS 
1. The 8-bit 12 L input register and fully microprocessor

compatible control logic allow the ADS 58 to be directly 
connected to 8- or 16-bit data buses and operated with 
standard control signals. The latch may be disabled for 
direct DAC interfacing. \ 

2. The laser-trimmed on-chip SiCr thin-film resistors are cali
brated for absolute accuracy and linearity at the factory . 
Therefore, no user trims are necessary for full rated ac
curacy over the operating temperature range. 

3. The inclusion of a precision low-voltage band-gap reference 
eliminates the need to specify and apply a separate refer
ence source. 

4. The voltage-switching structure of the AD558 DAC section 
along with a high-speed output amplifier and laser-trimmed. 
resistors give the user a choice of OV to +2.56V or OV to 
+10V output ranges, selectable by pin-strapping. Circuitry 
is internally compensated for minimum settling time on 
both ranges; typically settling to ±1/2LSB for a full-scale 
2.55 volt step in 800ns. 

5. The AD558 is designed and specified to operate from a 
single +4.5V to +16.5V power supply. 

6. Low digital input currents, lOOIlA max, minimize bus 
loading. Input thresholds are TTL/low voltage CMOS 
compatible over the entire operating Vee range. 
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SPECIFICATIONS (@ Ta = +2ft, Vcc = +5Y to +15Y unless otheIwise specified) 

Model ADSS8J ADSS8K 
Mill 'I'Jp Mas Mia 'I'Jp Mas 

RESOLUTION 8 8 

RELATIVE ACCURACY· 
Oto +7O"C :t1l2 :t1l4 
-SS"Cto+12S"C 

OUTPUT 

Ranaea2 Oto +2.S6 Oto +2.56 
Oto +10 Oto+IO 

Current Source +5 +5 
Sink Intemal Pusive Intema1 Passive 

Pull-Down to Ground' Pull-Down to Ground 

OUTPUT SETrLINGTIM£4 
o to 2.56 Volt Range 0.8 I.S 0.8 
Oto 10VoltRange' 2.0 3.0 2.0 

FULL SCALE ACCURACY' 
@25"C :t1_5 

T_toT ..... :t2.5 

ZERO ERROR 
@25"C :tl 
T_toT ..... :t2 

MONOTONICrrvt 
T_toT ..... Gunatced Gurantced 

DIGITAL INPUTS 
T_toT ..... 
Input Current :tlOO 
Data Inputs, Voltage 

Bit On-Logic "I" 2.0 2.0 
Bit On-Logic ''0'' 0 0.8 0 

Control Inputs, Voltage 
On-Logic "I" 2.0 2.0 
On-Logic "0" 0 0.8 0 

Input Capacitance 4 

TIMING7 

T_toT .... 
t .. (Strobe Pulse Width) 150 150 
tDH (Data Hold Time) 10 10 
tDS (Data Set-Up Time) 200 200 

POWER SUPPLY 
Operating Voltage Range (Vex;) 

2.56 Volt Range +4_5 +16.S +4.S 
10 Volt Range +11.4 +16.5 +11.4 
Current (lccl 15 25 
Rejection Ratio 0.03 

POWER DISSIPATION, Va; = 5V 75 125 
Va;';"15V 225 375 

OPERATING TEMPERATURE RANGE 0 +70 0 

",OTES 
IRelativc Accunc:y is dcfmed as the deviation of the code tnnaition points from the ideal 
traDlfer point on • Itraiaht line from the zero to the full oc:aJe of the device. 

4 

IS 

75 
225 

ZOpcration of the 0 to 10 volt output nDF requires • minimum IUpply voltqe of + ll.4 voili. 
Jl'ulivc pull-down raiatance is 2kO for 2.S6 volt nDF, 10itO for 10 volt nDF. 
4Scttlina time iI apedficd for • poeitive-soinl full-scale IICp to ± II2LSD. Ncptivc-soinllstcpl to ~ro 
ue a1ower, but can be improved with an extcrnal pull-down. 

sn.c full nDF output voltqe for the 2.S6 nDF is 2.SSV and is parantccd with. + SV IUpply, 
fuf die leV' raiiie, it ia 9.960V .yu-;.t=!. w::h a + 15V :-.:pp!y. 

'A IIlOIIOtonic COtIvcrtcr bas • muimum differential linearity error of ± I LSD. 
7Sec FiIUre 7. 
Specifications IUbjcct to c:banae without notice. 
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I.S 
3.0 

:to.5 
:tl 

:t112 
:tl 

:tlOO 

0.8 

+16.5 
+16.5 
25 
0.03 

125 
375 

+70 

ADSS8S 
Mill 'I'Jp Mas 

8 

:t1l2 
:t3/4 

,Oto+2.56 
Oto +10 

+5 
Internal Passive 
Pull-Down to Ground 

0.8 l.S 
2.0 3.0 

:t1.5 
:t2.5 

:tl 
:t2 

Guranteed 

:tlOO 

2.0 
0 

2.0 
0 0.8 

~ 

\ 

150 
10 
200 

+4.5 +16.5 
+11.4 +16.5 

15 25 
0.03 

75 125 
225 375 

-55 +l25 

ADSSST 
Mill Typ Mas UDib 

8 Bits 

:t1l4 LSB 
:t318 LSB 

Oto +2.56 V 
Oto +10 V 

+5 InA 
Internal Passive 
Pull-Down to Ground 

0.8 l.S jI.S 

2.0 3.0 ,,"s 

:to.5 LSB 
:tl LSB 

:t112 LSB 
:tl LSB 

Guaranteed 

100 ILA 

2.0 V 
0 V 

2.0 V 
0 0.8 V 

4 pF 

150 os 
10 os 
200 os 

"-

+4.S +16.5 V 
+11.4 +16.5 V 

15 25 InA 
0.03 %/% 

75 125 mW 
225 375 mW 

-55 +125 "C 



ABSOLUTE MAXIMUM RATINGS 
Vee to Ground ........................ OV to +18V 
Digital Inputs (Pins 1-10) ................. 0 to +7.0V 
VOUT ................... Indefinite Short to Ground 

• 
(LSB) DBO 16 VOUT 

OBI 15 VOUT SENSE 

Momentary Short to Vee DB2 14 VOUT SELECT 

Power Dissipation ........................ 4S0mW 
Storage Temperature Range 

N (Plastic) Package ............. -25°C to +100
o
C 

D (Ceramic) Package ............ -55°C to +lS0oC 

DBJ 13 GND 
AD558 

DB4 12 GND 

DB5 11 +Vcc 

Lead Temperature (soldering, 10 second) .......... 300°C DB6 10 cs 

Thermal Resistance (MSB) DB7 IT 

Junction to Ambient/Junction to Case 
D (Ceramic) Package ............... 100/30

o
C/W TOP VIEW 

N (Plastic) Package ................ 140/SS
o
C/W Figure 1. AD558 Pin Configuration 

AD558 ORDERING GUIDE 

Relative Accuracy Full-Scale 
Error Max Error,Max Package 

Model Package Temperature Tminto Tmax TmintoTmax Stylel 

AD558JN Plastic Oto + 70°C ± 1I2LSB ±2.5LSB N16A 
AD558KN Plastic Oto + 70°C ± 1I4LSB ±lLSB N16A 
AD558JD Ceramic Oto + 70°C ± 1I2LSB ±2.SLSB D16A 
AD558KD Ceramic Oto + 70°C ± 1I4LSB ±lLSB D16A 
AD558SD Ceramic - 55°C to + 125°C ±3/4LSB ±2.SLSB D16A 
AD558TD Ceramic - 55°C to + 12SoC ±3/SLSB ±lLSB D16A 

1 See Section 19 for package outline in~ormation. 
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CIRCUIT DESCRIPTION 
The ADSS8 consists offour major functional blocks, fabri
cated on a single monolithic chip (see Figure 2). The main 
D to A Converter section uses eight equally-weighted laser trim
med current sources switched into a silicon-chromium thin
filin R/2R resistor ladder network to give a direct but unbuf
fered OmV to 400mV output range. The transistors that form 
the DAC switches are PNPsj this allows direct positive-voltage 
logic interface and a zero-based output range. . 

CONTROL 
INPUTS 

~ 
cs IT 

OIGITAL INPUT DATA . 
LSB 

\ 

MSB 

OBO OS1 D02 DB3 DB4 DBS 086 DB7 -Vee GNO GNO 

'+ ~ ~ 

VOUT 

VOUT SENSE 

'--..... "'NY-< VOUT SELECT 

Figure 2. AD558 Functional Block Diagram 

Digital Input Code 

The high-speed output buffer amplifier is/operated in the non
inverting mode with gain determined by the user-connections 
at the output range select pin. The gain-setting application 
resistors are thin-film laser-trimmed to match and track the 
DAC resistors and to assure precise initial calibration of the 
two output ranges, OV to 2.S6V and OV to lOY. The amplifier 
output stage is an NPN transistor with passive pull-down for 
zero-based output capability with a single power supply. 

The internal precision voltage reference is of the patented 
band-gap type. This design produces a reference voltage of 1.2 
volts and thus, unlike 6.3 volt temperature-compensated zeners, 
may be operated from a single, low-voltage logic power supply. 
The microprocessor interface logic consists of an 8-bit data 
latch and control circuitry. Low-power, small geometry and 
high-speed are advantages of the I2L design as applied to this 
section. I2L is bipolar process compatible so that the perform
ance of the analog sections need not be compromised to pro
vide on-chip logic capabilities. The control logic allows the 
latches to be operated from a decoded microprocessor ad
dress and write signal. .!!jhe ae£!.ication does not involve a 
lAP or data bus, wiring CS and CE to ground renders the latches 
"transparent" for direct DAC access. 

Output Voltage 

Binary Hexadecimal Decimal 2.,6V Range IO.OOV Range 

00000000 00 0 0 0 
00000001 01 1 O.OlOV 0.039V 
00000010 02 2 0.020V 0.078V 
00001111 OF 15 O.ISOV 0.S86V 
00010000 10 16 0.160V 0.6~SV 
01111111 7F 127 1.270V 4.961V 
10000000 80 128 1.280V S.OOOV 
11000000 CO 192 1.920V 7.S00V 
11111111 FF 255 2.SSV 9.961V 
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CONNECTING THE ADSS8 
The ADS58 has been configured for ease of application. All 
reference, output amplifier and logic connections are made 
internally. In addition, all calibration trims are performed at 
the factory assuring specified accuracy without user trims. The 
only connection decision that must be made by the user is a 
single jumper to select output voltage range. Clean circuit· 
board layout is facilitated by isolating all digital bit inputs on 
one side of the package; analog outputs are on the opposite side. 

Figure 3 shows the two alternative output range connections. 
The OV to 2.56V range may be selected for use with any 
power supply between +4.5V and +16.5V. The OV to lOV 
range requires a power supply of +11.4V to +16.5V. 

Because of its precise factory calibration, the ADS 58 is in· 
tended to be operated without user trims for gain and offset; 
therefore no provisions have been made for such user~trims. 
If a small increase in scale is required, however, it may be ac
complished by slightly altering the effective gain of the output 
buffer. A resistor in series with VOUT SENSE will increase the 
output range. 

For example if a OV to 10.24V output range is desired (40mV 
= 1 LSB), a nominal resistance of 8501'2 is required. It must be 
remembered that, although the internal resistors all ratio
match and track, the absolute tolerance of these resistors is 
typically ±20% and the absolute TC is typically -50ppmtC 
(0 to -100ppmtC). That must be considered when re-scaling 
is performed. Figure 4 shows the recommended circuitry for a 
full-scale output range of 10.24 volts. Internal resistance values 
shown are nominal. 

NOTE: Decreasing the scale by putting a resistor hi series with 
GND will not work properly due to the code-dependent cur
rents in GND. Adjusting offset by injecting dc at GND is not 
recommended for the same reason. 

a. OV to 2.56V Output Range 

b. OV to 10V Output Range 

Figure 3. Connection Diagrams 

AD558 Applications 

I---~""",,,VOUT 

6040 

Figure 4. 10.24 V Full-Scale Connection 

GROUNDING AND BYPASSING· 
All precision converter products require careful application of 
good grounding practices to maintain full rated performance. 
- 'a~ __ ..... • •.•• ,. .. '., A •• ". ___ ~_. ______ _ 

oe::cau:.e:: llle:: fiU;';'O I:' IllLCllUCU IVI Cl.ppU~Cl.UVU 111 llU\.IV\.Vl11-

puter systems where digital noise is prevalent, special care must 
be taken to assure that its inherent precision is realized. 

The AD558 has two ground (common) pins; this minimizes 
ground drops and noise in the analog signal path. Figure 5 
shows how the ground connections should be made. 

It is often advisable to maintain separate analog and digital 
grounds throughout a complete system, tying them common 
in one place only. If the common tie-point is remote and ac
cidental disconnection of that one common tie-point occurs 
due to card removal with power on, a large 'differential volt
age between the two commons could develop. To protect de
vices that interface to both digital and analog parts of the 
system, such as the AD558, it is recommended that common 
ground tie-points should be provided at each such device. If 
only one system ground can be connected directly to the 
AD558, it is recommended that analog common be selected. 

: '~~~~f' I t-="'-'-'="'--~, Rl 
I 

hI:i::~--""'--J 

)t---+--- TO SYSTEM GND 

----- TO SYSTEM GND 
O,l,.F (SEE TEXT) 

""""==------1 __ TO SYSTEM Vee 

Figure 5. Recommended Grounding and Bypassing 

POWER SUPPLY CONSIDERATIONS 
TheAD558 is designed to operate from a single positive power 
supply voltage. Specified performance is achieved for any sup
ply voltage between +4.5V and +16.5V. This makes the 
AD558 ideal for battery-operated, portable, automotive or 
digital main-frame applications. 

The only consideration in selecting a supply voltage is that, in 
order to be_able to use the OV to 10V output range, the power 
supply voltage must be between +11.4V and +16.5V. If, how
ever, the OV to 2.56V range is to be used, power consumption 
will be minimized by utilizing the lowest available supply 
voltage (above +4.5V). 

-For additional insight, "An IC Amplifier Users' Guide to Decoupling, 
Grounding and Making Things Go Right For A Change". is available 
at no charge from any Analog Devices Sales Office. 
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TIMING AND CONTROL 
The AD558 has data input latches that simplify interface to 
8- and 16-bit data buses. These latches are controlled by Chip 
Enable (CE) and Chip Select (CS) inputs, pins 9 and 10 respec
tively. CE and CS are internally "NORed" so that the latches 
transmit input data to the DAC section when both CE and CS 
are at Logic "0". If the application does not involve a data 
bus, a "00" condition allows for direct operation of the DAC. 
When either CE or CS go to Logic "1", the input data is 
latched into the registers and held until both CE and CS return 
to "0". (Unused CE or CS inputs should be tied to ground.) 
The truth table is given in Table I. The logic function is also 
shown in Figure 6. 

Latch 
Input Data 

o 

CE 

0 

CS 

0 

DACData Condition 

0 "transparent" 

1 

o 

o 
1 

X 

X 

Notes: 

0 0 "transparent" 

S 0 0 latching 
1 0 latching 
0 S 0 latching 
0 S 1 latching 
1 X previous data latched 

X previous data latched 

x .. Does not matter 
J .. Logic Threshold at Positive.(;oing Transition 

Table I. AD558 Control Logic Truth Table 

INPUT DATA 

CE 

I I }r---
I I 

Figure 6. AD558 Control Logic Function 
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Figure 7 shows the timing for the data and control signals; 
CE and CS are identical in timing as well as in function. 

DATA 
INPUTS 

DAC 
V OUTPUT 

VALID 
DATA 

I I 

I I 

I I' : I : 

Iw - STROBE PULSE WIDTH - 150m MIN 
IOH - DATA HOLD TIME - tllna MIN 
IDS - DATASETUPTIME-2OOnaMIN 
..... - DAC OUTPUT SETTLING TIME TO t1/2LSB 

I 

VALID: 
DATA I 

r 

Figure 7. AD558 Timing 

USE OF VOUT SENSE 
Separate access tQ the feedback resistor of the output ampli
fier allows additional application versatility. Figure 8 shows 
how I X R drops in long lines to remote loads may be cancelled 
by putting the drops "inside the loop". Figure 8b shows how 
the separate sense may be used to provide a higher output cur
rent by feeding back around a simple current booster. 

VOUT :r VOUT 
OVTO+10V 

RL 

VOUT SENSE 

a. Compensation for I x R D~ops in Output Lines 
Vee 

VOUT 
).--:;,;;.;...=;:;.;:..~~ .. OV TO +2.56V 

b. OUtput Current Booster 

Figure 8. yse of VOUTSense 



OPTIMIZING SETTLING TIME 
In order to provide single-supply operation and zero-based 
output voltage ranges, the ADSS8 output stage has a passive 
"pull-down" to ground. As a result, settling time for negative
going output steps may be longer than for positive-going out
put steps. The relative difference depends on load resistance 
and capacitance. If a negative power supply is available, the 
negative-going settling time may be improved by adding a pull
down resistor from the output to the negative supply as shown 
in Figure 9. The value of the resistor should be such that, at 
zero voltage out, current through that resistor is O.SmA max. 

AD558 

'Figure 9. Improved Settling Time 

BIPOLAR OUTPUT RANGES 
The ADSS8 was designed for operation from a single power 
supply and is thus capable of providing only unipolar (OV to 
+2.S6 and OV to 10V) output ranges. If a negative supply is 
available, bipolar output ranges may be achieved by suitable 
output offsetting and scaling. Figure 10 shows how a ±1.28 
volt output range may be achieved when a -S volt power sup
ply is available. The offset is provided by the ADS89 precision 
1.2 volt reference which will operate from a +S volt supply. 
The ADS44 output amplifier can provide the necessary ±1.28 
volt output swing from ±S volt supplies. Coding is complemen
tary offset binary. 

INPUT CODE VOUT 

00000000 +128V 
lDDDDQDD DV 

-5V 
11111111 -1.27V 

Figure 70. Bipolar Operation of AD558 from ±5V Supplies 

INTERFACING THE ADSS8 TO MICROPROCESSOR DATA 
BUSES· 
The ADS S8 is configured to act like a "write only" location 
in memory that may be made to coincide with a read only 
memory location or with a RAM location. The latter case 
allows data previously written into the DAC to be read back 
later via the RAM. Address decoding is partially complete for 
either ROM or RAM. Figure 11 shows interfaces for three 
popular microprocessor systems. 

Applying the AD558 

RiW .... cr 
GATED DECODED ADDRESS .... CS' 

a. 6800/AD558 Interface 

SOSDA 

DATA BUS 

M'EMW .... cr 
DECODED ADDRESS SELECT PULSE"" CS' 

b. 8080A/AD558 Interface 

COP 1802: MWR .... cr 
DECODED ADDRESS SELECT PULSE"" CS' 

c. 1802/AD5581nterface 

Figure 11. Interfacing the AD558 Microprocessors 

-The microprocessor-interface capabilities of the ADS 58 are exten
sive. A co~rehensive application note, "Interfacing the AD558 
DACPORT to Microprocessors" is available from any Analog 
Devices Sales Office upon request, free of charge. 
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AD558 Performance (typical @+25°e, Vee = +5V to +15V unless otherwise noted) 

FULL 
SCALE 
ERROR 

LSB 
1.75 
1.50 
1.25 --- ALL AD558 
1.00 - - - - AD558S, T 
0.75 
0.50 

0.25 
0 

-0.25 .. , 
-0.50 
-0.75 

-1.00 

-55 -25 0 +25 +50 +75 i 100 +125 DC 

1LSB = 0.39% OF FULL-SCALE 

Figure 12. Full Scale Accuracy vs. Temperature 
Performance of AD558 

LSB 

1/2 
ALL AD558 
AD558S, T 

OFFSET 
ZERO 

Ice 

1/4 

0 

-1/4 

-1/2 

...... ----
-55 -25 o +25 +50 +75 +100 +125 DC 

1 LSB = 0.39% OF FU LL-SCALE 

Figure 13. Zero Drift vs. Temperature Performance 
ofAD558 

rnA 

16 

14 

12 

10 

4 G S 10 12 14 15 13 VOLTS 

Vee 

Figure 14. Quiescent Current vs. Povver Supply 
Voltage for AD558 

VOL. I, ~2 DIGITAL-TO-ANALOG CONVERTERS 

DATA INPUT, 

TTL LEVELS 

VOUT, 

1LSB/DIV 

• • t I : 

f •• I 

I 

• Itt 

HORIZONTAL: 200ns/DIV 

Figure 15. AD558 Settling Characteristic Detail 
OV to 2.56 V Output Range Full-Scale Step 

DATA INPUT, 
TTL LEVELS 

VOUT, 

1/2LSB/DIV 

HORIZONTAL: 500ns/DIV 

Figure 16. AD558 Settling Characteristic Detail 
OV to 10V Output Range Full-Scale Step 

CsANDCE 

STROBE PULSE 

DATA IN, 
ALL BITS 

VOUT, 
OVTO 2.56V 

RANGE 

HORIZONTAL: 100ns/DIV 

Figure 17. AD558 Logic Timing 



r.ANALOG 
WDEVICES 

FEATURES 
Complete Current Output Converter 
High Stability Buried Zener Reference 
Laser Trimmed to High Accuracy (1/4LSB Max Error, 

AD561K, T) 
Trimmed Output Application Resistors for 0 to +10, ±5 

Volt Ranges 
Fast Settling - 250ns to 1/2LSB 
uuarantllila jvionotoniciiy uVllr ruii utJcraiillY i~III~lai.ui';; 

Range 
TTL/DTL and CMOS Compatible (Positive True Logic) 
Single Chip Monolithic Construction 

PRODUCT DESCRIPTION 
The AD561 is an integrated circuit lO-bit digital-to-analog 
converter combined with a high stability voltage reference 
fabricated on a single monolithic chip. Using 10 precision high
speed current-steering switches, a control amplifier, voltage 
reference, and laser-trimmed thin~film SiCr resistor network, 
the device produces a fast, accurate analog output current. 
Laser trimmed output application resistors are also included to 
facilitate accurate, stable current-to-voltage conversion; they 
are trimmed to 0.1% accuracy, thus eliminating external trim
mers in many situations. 

Several important technologies combine to make the AD561 
the most accurate and most stable lO-bit DAC available. The 
low temperature coefficient, high stability thin-film network 
is trimmed at the wafer level by a fine resolution laser system 
to 0.01% typical linearity . This results in an accuracy specifica
tion of ±1I4LSB max for the K and T versions, and 1I2LSB 
max for the] and S versions. 

The AD561 also incorporates a low noise, high stability subsur
face zener diode to produce a reference voltage with excellent 
long term stability and temperature cycle characteristics which 
challenge the best discrete zener references. A temperature 
compensation circuit is laser-trimmed to allow custom correc
tion of the temperature coefficient of each device. This results 
in a typical full-scale temperature coefficient of 1Sppm/C; the 
T.C. is tested and ~aranteed to 30ppm/oC max for the K and 
T versions, 6Oppm/C max for the S, and 80ppm/C for the]. 

The ADS61 is available in four performance grades. The 
ADS61] and K are specified for use over the 0 to +70°C 

• Covered by Patent Nos.1 3,940,76013,747,0881 RE 28,6331 
3,803,5901 RE 29,61913,961,32614,141,00414,213,8061 
4,136,349. 

Low Cost 10-Bit 
Monolithic 0/ A Converter 

AD561* I 
ADS61 FUNCTIONAL BLOCK DIAGRAM 

BIPOLAR 
OFFSET RFB 

_---...( 2 }.------I 

TO-116 

temperature range and are available in either a 16-pin 
hermetically-sealed ceramic DIP or a 16-pin molded plastic 
DIP. The ADS61S and T grades are specified for the -55°C 
to +12S

o
C range and are available in the ceramic package. 

PRODUCT HIGHLIGHTS 
1. Advanced monolithic processing and laser trimming at the 

wafer level have made the AD561 the most accuratelO-bit 
converter available while keeping costs consistent with large 
volume integrated circuit production. The AD561K and T 
have 1I4LSB max relative accuracy and 1I2LSB max differ
ential nonlinearity. The low T.C. R-2R ladder guarantees 
that ali ADS61 units will be monotonic over the entire 
operating temperature range. 

2. Digital system interfacing is simplified by the use of a posi
tive true straight binary code. The digital input voltage 
threshold is a function of the positive supply level; connect
ing Vee to the digital logic supply automatically sets the 
threshold to the proper level for the logic family being used. 
Logic sink current requirement is only 25pA. 

3. The high speed current steering switches are de_signed to 
settle in less than 2S0ns for the worst case digital code 
transition. This allows construction of successive-approxi
mation AID converters in the 3 to 5ps range. 

4. The ADS61 has an output voltage compliance range from 
-2 to + 1 0 volts, thus allowing direct current-to-voltage 
conversion with just an output resistor, omitting the op amp. 
The 40Mn open collector output impedance results in negli
gible errors due to output leakage currents. 
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SPECIFICATIONS (TA = +25°C, Vee = +5V, Vee = -15V, unless otherwise specified) 

MODEL 

RESOLUTION 

ACCURACY (Error Relative 
to Full Scale) 

DIFFERENTIAL NONLINEARITY 

DATA INPUTS 
TTL, Vee = +5V 

Bit ON Logic "1" 
Bit OFF Logic "0" 

CMOS, lOY ~ Vee ~ 16.5V 
(See Figure 1) 

Bit ON Logic "1" 
Bit OFF Logic "0" 

Logic Current (Each Bit) (Tmin to Tmax) 
Bit ON Logic "I" 
Bit OFF Logic "0" 

OUTPUT 
Current 

. Unipolar 
Bipolar 

Resistance (Exclusive of 
Application Resistors) . 

Unipolar Zero (All Bits OFF) 
Capacitance 
Compliance Voltage 

SETTLING TIME TO 1I2LSB 
All Bits ON-to-QFF or OFF -to-QN 

POWER REQUIREMENTS 
Vee. +4.SV dc to +16.5V dc 
VEE' -IO.BV dc to -16.5V dc 

POWER SUPPLY GAIN SENSITIVITY 
Vee. +4.5V dc to +16.5V de 
VEE' -lO.BV dc to -16.5V dc 

TEMPERATURE RANGE 
Operating 
Storage ("0" Package) 

("N" Package) 

TEMPERATURE COEFFICIENTS 
With Internal Reference 

Unipolar Zero 
Bipolar Zero 
Full Scale 
Differential Nonlinearity 

MONOTONICITY 

PROGRAMMABLE OUTPUT 
RANGES (See Figs. 5.6) 

CALIBRATION ACCURACY 
Full Scale Error with Fixed 2Sn 

Resistor 
Bipolar Zero Error with Fixed IOn 

Resistor 

CALIBRATION ADJUSTMENT 
RANGE 
Full Scale (With son Trimmer) 
Bipolar Zero (With son Trimmer) 

NOTES 
·Specifications same as ADS61J specs. 
Specifications subject to change without notice. 

AD561J 
MIN TYP MAX 

10 Bits 

±114 ±112 
(0.025) (0.05) 

±112 

+2~0 

+O.S 

70% Vee 
30% Vee 

+5 +100 
-5 -25 

1.5 2.0 2.4 
±0.75 ±1.0 ±1.2 

40M 
0.01 0.05 
25 

-2 -3 +10 

250 

S 10 
12 16 

2 10 
4 25 

o to +70 
-65 to +150 
-2S to +BS 

1 10 
2 20 
15 SO 
2.5 

Guaranteed over full 
operating temp. range 

o to +10 
-5 to +5 

±0.1 

±0.1 
I 

±O.S 
±O.S 
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AD561K 

MIN TYP MAX 

10 Bits 

±lIB ±114 
(0.012) (0.025) 

±1I4 ±112 

· • 

• · 
· · · • 

· · • · · · 
· · · · · · • 

· 
· · · · 
• · · · ' 
· • · • · • 

1 5 
2 10 
IS 30 
2.S 

Guaranteed over full 
operating temp. range 

· · 
• 

· 
· • 

UNITS 

LSB 
% of F.S. 

LSB 

V 
V 

V 
V 

·nA 
p.A 

rnA 
rnA 

n 
% of F.S. 
pF 
V 

ns 

rnA 
rnA 

ppm of F .S.I% 
ppm of F.S.I% 

DC 
°c 
°c 

ppmofF.Sfc 
ppm of F.sfc 
ppm of F.sfc 
ppm ofF.sfc 

V 
V 

% of F.S. 

% of F.S. 

% of F.s. 
% of F.S. 



AD561S 

MODEL MIN TYP MAX 

RESOLUTION 10 Bits 

ACCURACY (Error Relative ±1I4 ±112 

to Full Scale) (0.025) (0.05) 

DIFFERENTIAL NONLINEARITY ±1I2 

DATA INPUTS 
TTL. Vee = +5V 

Bit ON Logic "I" +2.0 
Bit OFF Logic "0" +O.B 

I 

CMOS. 10V ~ Vee ~ 16.5V 
(See Figure 1) 

Bit ON Logic "I" 70% Vee 
Bit OFF Logic "0" 30% Vee 

Logic Current (Each Bit) (Tmin to Tmax) 
!!!! 0!'! !...~~!~ "lit 
Bit OFF LOldc "0" 

OUTPUT 
Current 

Unipolar 
Bipolar 

Resistance (Exclusive of 
Application Resistors) 

Unipolar Zero (All Bits OFF) 
Capacitance 
Compliance Volt~e 

SETTLING TIME TO 1/2LSB 
All Bits ON-to-QFF or OFF-to-QN 

POWER REQUIREMENTS 
Vee. +4.5V dc to +16.SV de 
VEE' -10.BV de to -16.5V de 

POWER SUPPLY GAIN SENSITIVITY 
Vee. +4.SV de to +16.SV de 
VFF • -10.BV de to -16.5V dc 

TEMPERATURE RANGE 
Operating 
Storage 

TEMPERATURE COEFFICIENTS 
With Internal Reference 

Unipolar Zero 
Bipolar Zero 
Full Scale 
Differential Nonlinearity 

MONOTONlCITY 

PROGRAMMABLE QUTPUT 
RANGES (See Figs. 5.6) 

CALIBRATION ACCURACY 
Full Scale Error with Fixed 25n 

Resistor 
Bipolar Zero Error with Fixed IOn 

Resistor 

CALIBRATION ADJUSTMENT 
RANGE 
Full Scale (With SOn Trimmer) 
Bipolar Zero (With son Trimmer) 

NOTES 
• ·Specifications same as AD561S specs. 
Specifications Albject to chqe without notice. 

,.,n ~·!!)C 

-25 -100 

1.5 2.0 2.4 
±0.75 ±1.0 ±1.2 

40M 
0.01 0.05 
25 

-2 -3 +10 

250 

6 10 
11 16 

2 10 
4 25 

-55 to +125 
-65 to +150 

1 10 
2 20 
15 60 
2.5 

Guaranteed over full 
operating temp. range 

o to +10 
-5 to +5 

±0.1 

±0.1 

±O.s 
±O.S 

AD561T 
MIN TYP MAX UNITS 

10 Bits 

±lIB ±1I4 LSB 
(0.012) (0.025) % of F.S. 

±1I4 ±1I2 LSB 

.. V .. V 

.. V .. V 

.. .. -~ .. .. J.J.A 

.. .. .. rnA .. .. .. rnA 

.. n .. .. % of F.S. .. pF • .. .. .. V 

.. ns 

.. .. rnA .. .. rnA 

.. .. ppm of F .S./% .. .. ppm of F .S.I% 

•• .. °c .. .. °c 

1 5 ppm ofF.sfc 
2 10 ppm of F.sfc 
15 30 ppm of F.sfc 
2.5 ppm of F .S.t C 

Guaranteed over full 
operating temp. range .. V .. V 

.. % of F.S. .. % of F.S . 

.. % of F.S . .. %ofF.S. 
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THE ADS61 OFFERS TRUE 10-BIT RESOLUTION OVER 
FULL TEMPERATURE RANGE 

ACCURACY: Analog Devices defines accuracy as the maxi
mum deviation of the actual, adjusted DAC output (see next 
page) from the ideal analog output (a straight line drawn from 0 
to F.S. - 1 LSB)for any bit combination. TheADS61 is laser 
trimmed to 1I4LSB (0.02S% of F.S.) maximum error at +2SoC 
for the K and T versions - 1I2LSB for the J and S. 

MONOTONICiTY: A DAC is said to be monotonic if the out
put either increases or remains constant for increasing digital 
inputs such that the output will always be a single-valued func
tion of the input. All versions of the ADS61 are monotonic 
over their full operating temperature range. -

DIFFERENTIAL NONLINEARITY: Monotonic behavior 
requires that the differential nonlinearity error be less than 
1LSB both at +2SoC and over the temperature range of inter
est. Differential nonlinearity is the measure of the variation in 
analog value, normalized to full scale, associated with a 1LSB 

change in digital input code. For example, for a 10 volt full 
scale output, a change of 1LSB in digital input code should 
result in a 9.8mV change in the analog output (lLSB = 10V x 
111024 = 9.8mV). If in actual use, however, a 1LSB change in 
the input code results in a change of only 2.4SmV (l/4LSB) in 
analog output, the differential nonlinearity error would be 
7.3SmV, or 3/4LSB. TheADS61K and T have a max differen
tiallinearity error of 1I2LSB. 

The differential nonlinearity temperature coefficient must also 
be considered if the device is to remain monotonic over its full 
operating temperature range. A differential nonlinearity temper
ature coefficient of 2.Sppm/C could under worst case condi
tions for a temperature change of +2SoC to +12SoC add 
0.02S% (100 x 2.Sppm/oC of error). The resulting error could 
then be as much as 0.02S% + 0.025% = 0.05% of F .S. (l/2LSB 
represents 0.05% of F .S.). To be sure of accurate performance 
all versions of the AD561 are therefore 100% tested to be 
monotonic over the full operating temperature range. 

AD561 ORDERING GUIDE 

ACCURACY GAIN T.C. PACKAGE 
MODEL TEMP RANGE @ +25°C (of F.sfC) OPTIONS1 

AD561JD o to +70°C ±YzLSB max 80ppm max D16A 
AD561JN o to +70°C ±YzLSB max 80ppm max N16A 
AD561KD o to +70oC ±1ALSB max 30ppm max D16A 
AD561KN o to +70°C ±1ALSB max 30ppm max N16A 
AD561SD -55 to +125°C ±IIzLSB max 60ppm max D16A 
AD56ITD -55 to +125°C ±1ALSB max 30ppm max D16A 

I See Section 19 for package outline information. 
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CONNECTING THE ADS61 FOR BUFFERED VOLTAGE 
OUTPUT 
The standard current-to-voltage conversion connections using 
an operational amplifier are shown here with the preferred 
trimming techniques. If a low offset operational amplifier 
(ADS 10, AD741L, AD301AL) is used, excellent performance 
can be obtained in many situations without trimming. (A SmV 
op amp offset is equivalent to 112LSB on a 10 volt scale). If a 
2Sn fixed resistor is substituted for the SOn trimmer, unipolar 
zero will typically be within ±1I10LSB (plus op amp offset), 
and full scale accuracy will be within ±lLSB. Substituting a 
2Sn resistor for the son bipolar offset trimmer will give a 
bipolar zero error typically within ±lLSB. 

The ADS09 is recommended for buffered voltage-output ap
plications which require a settling time to ± 1I2LSB of one 
microsecond. The feedback capacitor is shown with the opti
mum value for each application; this capacitor is required to 
compensate for the 2Spicofarad DAC output capacitance. 

FIGURE S. UNIPOLAR CONFIGURATION 
This configuration will provide a unipolar 0 to +10 volt output 
range. 

STEP I ... ZERO ADJUST 
Turn all bits OFF and adjust op amp trimmer, Rl, until the 
output reads 0.000 volts (lLSB = 9.76mV). 

STEP II ... GAIN ADJUST 
Turn all bits ON and adjust son gain trimmer, R2, until the 
output is 9.990 volts. (Full scale is adjusted to 1LSB less than 
nominal full scale of 10.000 volts.) If a 1O.23V full scale is 
desired (exactly lOmV/bit), insert a 120n resistor in series 
with R2. 

FIGURE 6. BIPOLAR CONFIGURATION· 
This configuration will provide a bipolar output voltage from 
-S.OOO to +4.990 volts, with positive full scale occurring with 
all bits ON (all l's). 

STEP I ... ZERO ADJUST 
Tum ON MSB only, tum OFF all other bits: Adjust SOn trim
mer R3, to give 0.000 output volts. For maximum resolution 
a 120n resistor may be placed in parallel with R3. 

STEP II ... GAIN ADJUST 
Turn OFF all bits, adjust son gain trimmer to give a reading 
of -S.OOO volts. 

Please note that it is not necessary to trim the .op amp to ob
tain full accuracy at room temperature. In most bipolar situa
tions, the op amp trimmer is unnecessary unless the untrimmed 
offset drift of the op amp is excessive. 

FIGURE 4. ±10 VOLT BUFFERED BIPOLAR OUTPUT 
The ADS61 can also be connected for a ±10 volt bipolar 
range with an additional external resistor as shown in Figure 4. 
A larger value trimmer is required to compensate for tolerance 
in the thin film resistors (which are trimmed to match the full 
scale current). For best full scale temperature coefficient per
formance, the external resistors should have a T.C. of -SOppm/C. 

Applying the AD561 
PIN CONFIGURATION 

TOP VIEW 

GROUND 1 

BIPOLAR 
OFFSET 2 

rSBBIT10 4 

BIT9 

DIGITAL • 

INPUTS LOGIC L BIT 8 6 

Figure 1. 

10V 
SPAN 

RESISTOR 

OUTPUT 

Vee (+5V) 

13 BIT1JM 
BIT 2 

DIGITAL 
BIT 3 LOGIC 

INPUTS 

BIT 4 

BITS 

50n 

Figure 2.0 to +10V Unipolar Voltage Output 

Figure 3. ±5V Buffered Bipolar Voltage Output 

Figure 4. ±10V Buffered Voltage Output 
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CIRCUIT DESCRIPTION 
A simplified schematic with the essential circuit features of the 
ADS61 is shown in Figure S. The voltage reference, CR1, is a 
buried zener (or subsurface breakdown diode). This device ex
hibits far better all-around performance than the NPN base
emitter reverse-breakdown diode (surface zener), which is in 
nearly universal use in integrated circuits as a voltage reference. 
Greatly improved long term stability and lower noise are the 
major benefits the buried zener derives from isolating the 
breakdown point from surface stress and mobile oxide charge 
effects. The nominal 7.5 volt device (including temperature 
compensation circuitry) is driven by a current source to the 
negative supply so that the positive supply can be allowed to 
go as low as 4.5 volts. The temperature coefficient of each 
diode is determined individually; this data is then used to laser 
trim a compensating circuit to balance the overall T .C. to zero. 
The typical resulting T.C. is 0 to ±lSppm/oC. 

The negative reference level is inverted and scaled by At to give 
a +2.5 volt reference (which can be driven by the low positive 
supply). The ADS61, packaged in the 16-pin DIP, has the +2.5 
volt reference (REF OUT) connected directly to the input of 
the control amplifier (REF IN). The buffered reference is not 
directly available externally except through the 2.Skn bipolar 
offset resistor. 

The 2.Skn scaling resistor and control amplifier A2 then force 
a 1mA reference current to flow through reference transistor 
Q1, which has a relative emitter area of 8A. This is accom-

plished by forcing the bottom of the ladder to the proper voltage. 
Since Ql and U2 have equal emitter areas and have equal Skn 
emitter resistors, Q2 also carries ImA. The ladder voltage drop 
constrains Q7 (with area 4A) to carry only O.SmA; Qg carries 
O.2SmA, etc. 

The first four significant bit cells are scaled exactly in emitter 
area to match Ql for optimum VBE and VBE drift match, as 
well as for beta match. These effects are insignificant for the 
lower order bits, which account for a total of only 1116 of full 
scale. However, the 18mV VBE difference between two 
matched transistors carrying emitter currents in a ratio of 2: 1 ' 
must be corrected. This is done by forcing 120llA through the 
IS0n interbase ,resistors. These resistors and the R-2R ladder 
resistors are actively laser-trimmed at the wafer level to bring 
total device accuracy to better than 1I4LSB. Sufficient ratio 
accuracy in the last two bits is obtained by simple emitter area 
ratio such that it is unnecessary to use additional area for 
ladder resistors. The current in Q16 is added to the ladder to 
balance it properly but is not switched to the output; thus full 
scale is 1023/1024 x 2mA. 

The switching cell of Q3, <4, Qs and U6 serves to steer the 
cell current either to ground (BIT 1 low) or to the DAC output 
(BIT 1 high). The entire switching cell carries the same current 
whether the bit is on or off, thus minimizing thermal transients 
and ground current errors. The logic threshold, which is gener
ated from the positive supply (see Digital Logic Interface) is 
applied to one side of each cell. . 

Figure 5. Circuit Diagram Showing Reference, Control Amplifier; Switching Cell, R-2R Ladder, and Bit Arrangement of AD561 

DIGITAL LOGIC INTERFACE 
All standard positive supply logic families interface easily with 
the ADS61. The digital code is positive true binary (all bits 
high, Logic "1", gives positivefull scale output). The logic input 
load factor (lOOnA max at Logic "1", -2SIlA max at Logic "0", 
3pF capacitance), is less than one equivalent digital load for all 
logic faqtilies, including unbuffered CMOS. The digital thresh
old is set internally as a function of the positive supply, as 
shown in Figure 6. For most applications, connecting Vee to 
the positive logic supply will set the threshold at the proper 
level for maximum noise immunity. For nonstandard applica
tions, refer to Figure 6 for threshold levels. Uncommitted bit 
input lines will assume a "1" state (similar to TTL), but they 
are high impedance and subject to noise pickup. Unused digital 
inputs should be connected directly to ground or Vee, as 
desired. 
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SETTLING TIME 
The high speed NPN current steering switching cell and inter
nally compensated reft:rence amplifier of the AD561 are speci
fically designed for fast settling operation. The typical settling 
time to ±0.05% (1I2LSB) for the worst case transition (major 
carry, 0111111111 to 1000000000) is less than 25 Ons; the 
lower order bits all settle in less than 200ns. (Worst case settling 
occurs when all bits are switched, especially the MSB.) But full 
realization of this high speed performance requires strict atten- . 
tion to detail by the user in all areas of application and testing. 

The settling time for the AD561 is specified in terms of the 
current output, an inherently high speed DAC operating mode. 
However, most DAC applications require a current-to-voltage 
conversion at some point in the signal path, although an un
buffered voltage level (not using an op amp) is suitable for use 
in a successive-approximation AID converter (see next page), or 
in many display applications. This form of conversion can give 

. very fast operation if proper design and layout is done. The 
fastest voltage conversion is achieved by connecting a low value 
resistor directly to the output, as shown in Figure 9. In this 
case, the settling time is primarily determined by the cell 
switching time and by the RC time constant of the AD561 out
put capacitance of 25 picofarads (plus stray capacitance) com
bined with the output resistor value. Settling to 0.05% of full 
scale (for a full scale transition) requires 7.6 time constants. 
This effect is important for R> 1kn. 

If an op amp must be used to provide a low impedance output 
signal, some loss in settling time will be seen due to op amp 
dynamics. The normal current-to-voltage converter op amp cir
cuits are shown previously in the applications circuits using the 
fast settling AD509. The circuits shown settle to ±1/2LSB in 
600ns unipolar and 1. Ills bipolar. The DAC output capacitance, 
which acts as a stray capacitance at the op amp inverting input, 
must be compensated by a feedback capacitor, as shown. The 
value should be chosen carefully for each application and each 
op amp type. 

Fastest operation will be obtained by minimizing lead lengths, 
stray capacitance and impedance levels. Both supplies should 
be bypassed near the devices; O.lIlF will be sufficient since the 
AD561 runs at constant supply current regardless of input code. 

POWER SUPPLY SELECTION 
The AD561 will operate over a wide range of power supply 
voltages, with a total supply from 15.3 to 33 volts. Symmet
rical supplies are not required, and in many applications not 
recommended. Maximum allowable supplies are ±16.5V. 

The positive supply level determines the digital threshold level, 
as explained on page 6 and shown in Figure 6. It is therefore 
recommended that Vee be connected directly to the digital 
supply for best threshold match. 

Positive output voltage compliance range is unaffected by the 
positive supply level because of the open collector output 
stage design; thus the full +10 volt compliance is available even 
with a +5 volt Vee level. Power supply rejection is excellent, 
so that digital supply noise will not be reflected to the output. 
but use of a O.lIlF bypass capacitor near the AD561 is recom
mended for decoupling. 

The nominal negative supply level is -15 volts, with an allow
able range of -10.8 to -16.5 volts. The negative supply level 
affects the negative compliance range, as shown in Figure 7. 

AD561 Application Notes 
OUTPUT VOLTAGE COMPLIANCE 
The AD561 has a typical output compliance range from -3 to 
+ 10 volts. The output current is unaffected by changes in the 
output terminal voltage over that range. This results from the 
use of open collector output switching stages in a cascode con
figuration, and gives an output impedance of 40Mn. Positive 
compliance range is limited only by collector breakdown (and 
is independent of positive supply level), but the negative range 
is limited by the required bias levels and resistor ladder voltage. 
Negative compliance varies with negative supply, as shown in 
Figure 7. The compliance range is guaranteed to be -2 to +10 
volts with VEE = -15 volts. 

w 

-4~ U 

~ lOUT = 0 .,. 
::i 

~ Q,W -3 :::i:~ 
O~ 
UI-
w-l -2 lOUT = -2mA >0 
i=> 
~ -1 
~ 
w 
Z 

-10.8 -15-16.5 
NEGATIVE SUPPLY, VEE - Volts 

Figure 7. Typical Negative Compliance Range Vs. Negative 
Supply 

DIRECT UNBUFFERED VOLTAGE OUTPUT 
The wide compliance range allows direct current-to-voltage con
version with just an output resistor. Figure 8 shows a connec
tion using the gain and bipolar output resistors to give a ±1.66 
volt bipolar swing. Ip this situation, the digital code is comple
men'tary binary. Other combinations of internal and c:xternal 
output resistors (Rx) can be used to scale to alternate voltage 
ranges, simply by appropriately scaling the 0 to -2mA unipolar 
output current and using the 2.5 volt reference voltage for 
bipolar offset. For example, setting Rx = 2.5kn gives a ±1 
volt range with a 1kn equivalent output impedance. A 0 to 
+ 10 volt output can be obtained by connecting the 5kn gain 
resistor to 9.99 volts; again the digital code is complementary 
binary. 

+5V 

)---4 ...... ---J~~~---o VOUT 

-15V 

Figure 8. Unbuffered Bipolar Voltage Output 
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HIGH SPEED IO-BIT AID CONVERTERS 
The fast settling characteristics of the ADS61 make it ideal for 
high speed successive approximation AID converters. The inter
nal reference and trimmed application resistors allow a 10-bit 
converter system to be constructed with a minimum parts count. 
Shown here is a configuration using standard components; this 
system completes a full lO-bit conversion in S .SJJs unipolar or 
12JJs bipolar. This converter will be accurate to ±1I2LSB of 10 
bits and have a typical gain T.C. of 10ppm/C. 

In the unipolar mode, the system range is 0 to 9.99 volts, with 
each bit having a value of 9.76mV. For true conversion accu
racy, an AID converter should be trimmed so that a given bit 
code output results from input levels from 1I2LSB below to 
1I2LSB above the exact voltage which that code represents. 
Therefore, the converter zero point should be trimmed with an 
input voltage of +4.9mV; trim Rl until the LSB just begins to 
appear in the output code (all other bits "0"). For full scale, 
use an input voltage of +9.98S volts (10 volts -lLSB -1/2LSB); 
then trim R2 again until the LSB just begins to appear (all 
other bits "1"). 

The bipolar signal range is -S.O to +4.99 volts. aipolar offset 
trimming is done by applying a +4.9mV input signal and trim
ming R 1 for the LSB transition (MSB "1", all other bits "0"). 

Full scale is set by applying -4.99Svolts and trimming R2 for 
the LSB transition (all other bits "0"). In many applications, 
the pretrimmed application resistors are sufficiently accurate 
that external trimmers will be unnecessary, especially in situa
tions requiring less than full10-bit ±1/2LSB accuracy. 

For fastest operation, the impedance at the comparator sum
ming node must be minimized, as mentioned in the section on 
settling time. However, lowering the impedance will reduce the 
voltage signal to the comparator (at an equivalent impedance 
of Ikn, 1LSB = 2mV) to the point that comparator perfor
mance will be sacrificed. A 1kn resistor is the optimum value 
for this application for lO-bit accuracy. The chart shown in the 
figure gives the speed of the ADC for ±1I2LSBaccuracy (and 
no missing codes) for 6, 8 and 10-bit resolution. 

A much faster converter can be constructed by using higher 
performance external components. Each individual ~igh-order 
bit settles in less than 2S0ns; the low-order bits less than 200ns. 
Because of this, a staged clock which speeds up for lower bits 
will improve the speed. Also, a faster comparator and Schottky 
TTL or ECL logic would be necessary. IO-bit converters in the 
3 to SJJs range could be built around the ADS6I with these 
techniques. 

~ HIGH QUALITY GROUNO 

~ POWER GROUND 

CONVERSION TIME bul 

2.1 
0.0 
12 

Figure 9. Fast Precision Ana/og-to-Digital Converter 

DIGITAL 4 TO 20mA OR 1 TO S VOLT CONVERTER DIGITALLY PROGRAMMABLE SET-POINT COMPARATOR 
A direct digital 4 to 20mA or 1 to S volt line driver can be 
built with the ADS61 as shown in Figure 10. The 2.S volt 
reference is divided to provide 1 volt at the op amp non
inverting input - thus a'zero input code results in a 1 volt out
put at the Darlington emitter (VOUT)' The 2k feedback resis
tance converts the nominal 2mA (±20%) full scale output from 
the ADS61 to 4 volts, for a total output of S volts F.S. The 
voltage at the emitter forces a proportional current through 
the 2S0n (which appears at the c.ollector as lOUT)' The 
ADS6I cur.rent is added to the 4-20mA line; thus S volts full 
scale gives 22mA in the current loop. For exactly 20mA, trim 
the Ik pot for 4.SV F.S. (A single op amp circuit will not pro
duce both 1 to S volt and 4 to 20mA outputs simultaneously.) 

SCALE 
ADJUST 

Your 
~'TOSVOlTS 

Figure 10. Digita,14-to-20mA or 1-to-5 Volt Line Driver 
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Figure 11 demonstrates a high accuracy systems-oriented set
point comparator. The 2.S volt reference is buffered and ampli
fied by the AD74IK to produce an exact lO.OOO volt reference 
which could be used as a primary system reference for several . 
such circuits. The +lO volt compliance of the ADS6I then 
allows it to generate a zero to + 10 volt output swing through 
the Skn application resistor without an additional op amp. The 
digital code for this system will be complementary binary (all 
1 's give 0.00 volts out). 

VIN (HIZI 

.... VIN .. 9.99OV 

lIN -100nATYII 

Figure 11. Digitally Programmable Set-Point Comparator 



r.ANALOG 
WDEVICES 

FEATURES 
True 12-Bit Accuracy 
Guaranteed Monotonicity Over Full Temperature Range 
Hermetic 24-Pin DIP 
TTL/DTL and CMOS Compatibility 
Positive True Logic 

PRODUCT DESCRIPTION 
The ADS62JADS63 are monolithic 12-bit digital-to-analog 
converters consisting of especially designed precision bipolar 
switches and control amplifiers and compatible high stability 
silicon chromium thin film resistors. The AD563 also includes 
its own internal voltage reference. 

A unique combination of advanced circuit design, high sta
bility SiCr thin film resistor processing and laser trimming 
technology provide the AD5621AD563 with true 12-bit 
accuracy. The maximum error at +25°C is limited to ±IhLSB 
on all versions and monotonicity is guaranteed over the full 
operating temperature range. 

The AD562 and A0563 are recommended for high accuracy 
12-bit OJ A converter applications where true 12-bit perform
ance is required, but low cost and small size are considera
tions. Both devices are also ideal for use in constructing AID 
conversion systems and as building blocks for higher resolu
tion DJ A systems. J and K versions are specified for opera
tion over the 0 to +70

o
C temperature range, the Sand T for 

operation over the extended temperature range, -55°C 
to +125°C. 

PRODUCT HIGHLIGHTS 
1. The ADS62 multiplies in two quadrants when a varying 

reference voltage is applied. When multiplication is not 
required, the AD563 is recommended with its internal. 
low drift voltage reference. 

2. True 12-bit resolution is achieved with guaranteed mono
tonicity over the full operating temperature range. Volt
age outputs are easily implemented by using an external 
operational amplifier and the AD5621AD563s internally 
provided feedback resistors. 

3. The devices incorporate a newly developed and fully dif
ferential, non-saturating precision current switching cell 
structure which provides increased immunity to supply 
voltage variation and also reduces nonlinearities due to 
thermal transients as the various bits are switched; nearly 
all critical components operate at constant power dissipation. 

·Covered by Patent NOl. 3,961,31614,141,00413,747,0881 RE 18,6331 
3,803,59014,010,4861 the AD563 is also covered by 4,113,8061 
4,136,349. 

IC 12-Bit 
0/ A Converter 

AD562/AD563* I 
AD562, AD563 PIN CONFIGURATIONS 

Va:+5V/.'5VIN 1 
ItSmAI 

CMOSITTL 
'OGICTHRESHOLD 

AMP SUMMING 
JUNCTION 

13 CIT 12 (lSBIIN 
'-----------' 

ADS62 

AD563 

4. The thin film resistor network contains gain, range, and 
bipolar offset resistors so that various output voltage 
ranges can be programmed by changing connections to 
the device terminal leads. Thin film resistors are laser 
trimmed while the device is powered to accurately cali
brate all scale factors. The scale factors are dependent 
upon the tracking coefficient « ±2ppmt C) of these re
sistors, rather than upon their absolute temperature 
coefficien ts. 

5. TTL or CMOS input can be accommodated for supply 
voltages from +SV to +lSV. 

6. Positive true logic eliminates the need for additional in
verter components. 
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SPECIFICATIONS (TA = +25°C, unless otherwise specified) 

MODEL 

DATA INPUTS (positive True, Binary 
(BCD) and Offset Binary (BCD» 
TTL, Vee = +SV, Pin 2 

Open Circuit 
Bit ON Logic "I" 
Bit OFF Logic "0" 

CMOS, 4.7S <;Vee <;IS.8, 
Pin 2 Tied to Pin I 

Bit ON Logic "I" 
Bit OFF Logic "0" 

Logic Current (Each Bit) 
Bit ON Logic "I" 
Bit OFF Logic "0" 

OUTPUT 
Current 

Unipolar 
Bipolar 
Resistance (Exc1u sive of 

Span Resistors) 
Unipolar Zero (All Bits OFF) 
Capacitance 
Compliance Voltage 

RESOLUTION 
Binary 
BCD 

ACCURACY (Error Relative 
to Full Scale) 

Binary 
BCD 

DIFFERENTIAL NONLINEARITY 

SETTLING TIME TO 1/2LSB 
All Bits ON-to-OFF or OFF-to'()N 

POWER REQUIREMENTS 
Vee' +4.75 to +IS.8V dc 
VEE' -ISV de ±S% 

POWER SUPPLY GAIN SENSITIVITY 
Vee @ +SY dc 
Vee @ +15V dc 
VEE @-15Vdc 

TEMPERATURE RANGE 
Operating 
Storage 

TEMPERATURE COEFFICIENT 

Unipolar Zero 
Bipolar Zero 
Gain 
Differential Nonlinearity 

MONOTONICITY 

EXTERNAL ADJUSTMENTS· 
Gain Error with Fix'ed son Resistor 
Bipolar Zero Error- with Fixed 

son Resistor 
Gain Adjustment Range 
Binary Bipolar Zero Adjustments 

Range 
BCD Bipolar Offset Adjustment 

Range 

PROGRAMMABLE OUTPUT 
RANGES 

REFERENCEJNPOt 
Input Impedance 

NOTES 

AD562KD/BIN 
ADS62KD/BCD 

+2.0V 
+0.8V max 

70%Vee min 
30%Vee max 

+20nA typ, +IOOnA max 
-SOJ,lA typ, -IOOJ,lA max 

-1.6mA min, -2.0mA typ, -2AmA max 
±O.8mA min, ±l.OmA typ, ±1.2mA max 

S.3kn min, 6.6kn typ, 7.9kn max 
0.01% of F.S. typ, O.OS% of F.S. max 
33pF typ 
-l.SV to +IOV typ 

12 Bits 
3 Digits 

±I/2LSB max 
±1/2LSB max 

±1/2LSB max 

l.SJ,ls typ 

ISmA typ, 18mA max 
20mA typ, 2SmA max 

2ppm of F.S.I% max 
2ppm of F.S.I% max 
6ppm of F.S.I% max 

o to +70°C typ 
-6SoC to +ISOoC typ 

2ppm of F.sfc max 
4ppm of F.sfc max 
Sppm of F.sfc max 
2ppm of F.sfc 

Guaranteed Over Full Operating 
Temperature Range 

±0.2% of F.S. typ 

±O.l% of F.S. typ 
±0.2S% of F.S. typ 

±0.2S% of F.S. typ 

±0.17% of F .S. typ 

o to +SV typ 
-2.SV to +2.SV typ 
OV to +10V typ 
-SV to +SV typ 
-IOV to +IOV typ 

20kn typ 

AD562ADIBIN 
AD562ADIBCD 

AD562SD/BIN 
AD562SD/BCD 

±1I4LSB max 
±I/IOLSB max 

2ppm of F.sfc max . 
Ippm of F.sfc 

·Specifications .ame as AD562KD. ··Specifications same as AD563KD •• ··Specifications same as AD563JD. 'lNvice calibrated with internal reference. 
Specifications subject to change without notice. 
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AD563JD/BIN 
AD563JD/BCD 

AD563KD/BIN 
AD563KD/BCD 

AD563SD/BIN 
AD563SD/BCD 

AD563TD/BIN 
AD563TDIBCD 

------------------~. 

ISmA typ, 20mA max 

3ppm of F.S.I% typ, lOppm of F.S.I% max 
3ppm of F.S.I% typ, lOppm of F.S.I% max 
14ppm of F.S.I% typ, 2Sppm of F.S.I% max 

With Internal Reference 

±1/4LSB 
±1/4LSB " . 

Ippm of F.sfc typ, 2ppm of F.sfc max 
IOppm of F.S.I~C max 

, ;Oppm of F.S.I ,C max ~Oppm of F.sfc max !Oppm of F.sfc max !Oppm of F.sfc max 

With Fixed IOn Resistor 
±O.2% of F.S. typ 

Skn typ 
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THE ADS6Z1ADS63 OFFERS TRUE 12-BIT RESOLUTION 
OVER FULL TEMPERATURE RANGE 

Accuracy: Analog Devices defines accuracy as the maximum 
deviation of the actual DAC output from the ideal analog 
output (a straight line drawn from 0 to F.S. - 1LSB) for 
any bit combination. The ADS63, for example, is laser 
trimmed to ~LSB (0.006% of F.S.) maximum error at +2S

o
C 

for K, Sand T versions ... ~LSB for the J version. 

Monotonicity: A DAC is said to be monotonic if the output 
either increases or remains constant for increasing digital in
puts such that the output will always be a single-valued func
tion of the input. All versions of the ADS621ADS63 are 
monotonic over their full operating temperature range. 

. Differential Nonlinearity: Monotonic behavior requires that 
the differential nonlinearity error be < 1LSB both at 25°C 
and over the temperature range of interest. Differential non
linearity is the measure of the variation in analog value, nor
malized to full scale, associated with a one LSB change in 
digital input code. For example, for a 10V full-scale output, 
a change of one LSB in the digital input code should result 
in a 2.4mV change in the analog output (lOV x 1/4096 = . 
2.4mV). If in actual use, however, a one LSB change in the 
input code results in a change of 1.3mV in analog output, the 
differential nonlinearity would be 1.1mV, or 0.011% of F.S. 
The differential nonlinearity temperature coefficient must also 
be considered if the device is to remain monotonic over its full 
operating temperature range. A differential nonlinearity tem
perature coefficient of Ippm/C could, under worst case con
ditions for a temperature change of +2S°C to +12S oC, add 
0.01% (100oC x Ippm/C) of error. The resulting error could 
then be as much as 0.006% + 0.01 % = 0.016% of F .S. (1 LSB 
represents 0.024% of F.S.). All versions of the AD563 are 
100% tested to be monotonic over the full operating tem
perature range. 
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UNIPOLAR DAC's 
STEP I •.. OUTPUT RANGE 
Determine the output range required. For +IOV F.S., con
nect the external operational amplifier output to Pin 10 and 
leave Pin II unconnected. For +SV F .S., connect the exter
nal op amp output to Pin 10 and short Pin 11 to Pin 9. 

STEP II ... ZERO ADJUST 
Turn all bits OFF and adjust R, until op amp output is 0 
volts. 

STEP III ... GAIN ADJUST 
Turn all bits ON for binary DAC's (bits 1,4,5,8,9 and 12 
ON for BCD DAC's). Adjust R2 until op am~ output is: 

BINARY BCD 
4.9988V for +5V Range 
9.9976 for +IOV Range 

BIPOLAR DAC's 

4.9950 for +5V Range 
9.9900 for +IOV Range 

Figure I b is a typical connection scheme for the ADS63 
used in bipolar operation. . 

STEP I ... OUTPUT RANGE 
Determine the output range required. For ±10V F.S., con
nect the external op amp output to Pin II and leave Pin 10 un
connected. For ±5V F.S., connect the external op amp out
put to Pin 10 and leave Pin II unconnected. For ±2.5V F.S., 

. connect the external op amp output to Pin 10 and short 
Pin 11 to Pin 9. 

STEP II ... OFFSET ADJUST 
Turn all bits OFF and adjust R3 until op amp output is: 

-2.S000V for ±2.5V Range 
-5 .OOOOV for ±5V Range 

-to.OOOOV for ±IOV Range 

STEP III ... GAIN ADJUST (Bipolar Zero) 
TUrn bit I ON for Binary DAC's (bits 2 and 4 ON for BCD 
DAC's). Adjust R2 until op amp output is 0 volts. 



:---
i 10VI 
I F.s. 
I 
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I 

: • -15V - - - 7, 

~1.. ______________________________ 1 

1~~:~ OFFSET ADJ. A • ANALOG GROUND 

AD562 in Typical Unipolar and Bipolar Connection Scheme 

+5V/+15V 

·15V 

UNIPOLAR 
OFFSET 
ADJUST 

AD563 in Typical Unipolar Connection Scheme 

+5V/+15V 

·15V 

NOTE 1. 
A. FOR TTL AND DTL COMPATIBILITY. CONNECT +5 VOLTS 

TO PIN 1 AND LEAVE PIN 2 OPEN. 
B. FOR LOW VOLTAGE CMOS COMPATIBILITY. CONNECT +5 

VOLTS TO PIN 1 AND SHORT PIN 2 TO PIN 1. 
C. FOR HIGH VOLTAGE CMOS COMPATIBILITY. CONNECT +15 

VOLTS TO PIN 1 AND SHORT PIN 2 TO PIN 1. 

BIPOLAR OFFSET 
ADJUST 

R3 
201115T 

NOTE 2. IN UNIPOLAR OPERATION. R. SHOULD BE MADE EQUAL TO 
THE PARALLEL COMBINATION OF THE INTERNAL FEEDBACK 
RESISTOR AND 6.6k. IN BIPOLAR. R. EQUALS THE FEEDBACK 
RESISTOR IN PARALLEL WITH I.Bk. 

NOTE 3. RESISTOR VALUES IN PARENTHESES ARE FOR BCD MODEL. 
NOTE 4. SUPPLIES MAY BE BYPASSED WITH O.I~F CAPACITORS. 

AD563 in Typical Bipolar Connection Scheme 
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14·UAD SIOE·BRAZE CERAMIC DUAL IN·lINE PACKAGE 

A 0562 

MODEL INPUT CODE 

ADS62KD/BIN Binary 
ADS62KN/BIN Binary 
ADS62KD/BCD Binary Coded Decimal 
ADS62KN/BCD Binary Coded Decimal 
ADS62AD/BIN Binary 
ADS62AD/BCD Binary Coded Decimal 
ADS62SD/BIN Binary 
ADS62SD/BCD Binary Coded Decimal 
ADS63]D/BIN Binary 
ADS63]N/BIN Binary 
ADS63]D/BCD Binary Coded Decimal 
ADS63]N/BCD Binary Coded Decimal 
ADS63KD/BIN Binary 
ADS63KN/BIN Binary 
ADS63KD/BCD Binary Coded Decimal 
ADS63KN/BCD Binary Coded Decimal 
ADS63SD/BIN Binary 
ADS63SD/BCD Binary Coded Decimal 
ADS63TD/BIN Binary 
ADS63TD/BCD Binary Coded Decimal 

I See Section 19 for package outline information .. 

PIN CONFIGURATIONS 
TOP VIEW 

ORDERING GUIDE 

TEMP. ACCURACY 
RANGE @+2SoC 

o to +70°C ±lI2LSB max 
o to +70oC ±lI2LSB max 
o to +70

o
C ±1I2LSB max 

o to +70
o
C ±1/2LSB max 

-25°C to +8S
o
C ±1/2LSBrrnax 

-25°C to +8SoC ±1/2LSB max 
-55°C to +12S

o
C ±1I4LSB max 

-55°C to +12S
o
C ±1I10LSB max 

o to +70
o
C ±lI2LSB max 

o to +70°C ±1I2LSB max 
o to +70

o
C ±1/2LSB max 

o to +70
o
C ±lI2LSB max 

o to +70
o
C ±1/4LSB max 

o to +70oC ±1/4LSB max 
o to +70°C ±1/4LSB max 
o to +70

o
C ±1I4LSB max 

-55°C to +12SoC ±1I4LSB max 
_SSoC to +12SoC ±1/4LSB max 
-55°C to +12S

o
C ±1I4LSB max 

_SSoC to +12SoC ±1I4LSB max 

VOL. 1,9-56 OIGITAL-TO-ANALOG CONVERTERS 

A 0563 

GAINT.C. PACKAGE l 

(of F.S.l°C) OPTIONS 

3ppmmax D24A 
3ppm max N24A 
3ppm max D24A 
3ppm max N24A 
3ppmmax D24A 
3ppm max D24A 
3ppmmax D24A 
3ppmmax D24A 
SOppm max D24A 
SOppm max N24A 
SOppm max D24A 
SOppm max N24A 
20ppm max D24A 
20ppm max N24A 
20ppm max D24A 
20ppm·max N24A 
30ppm maX D24A 
30ppm max D24A 
lOppm max D24A 
lOppm max D24A 



r.ANALOG 
WDEVICES 

FEATURES 
Single Chip Construction 
Very High Speed: Settles to 1/2LSB in 250ns max 

Full Scale Switching Time: 30n5 
High Stability Buried Zener Reference on Chip 
Monotonicity Guaranteed Over Temperature 
Linearity Guaranteed Over Temperature: 1/2LSB max 

(AD565AK, T) 
Guaranteed for O!leration with ±12V SU!l!llies 
Low Power: 225mW Including Reference 
Pin-Out Compatible with AD563, AD565 

PRODUCT DESCRIPTION 
The AD565A is a fast 12-bit digital-to-analog converter com
bined with a high stability voltage reference on a single mono
lithic chip. The AD565A chip uses 12 precision, high speed 
bipolar current steering switches, control amplifier, laser-trim
med thin film resistor network, and buried Zener voltage ref
erence to produce a very fast, high accuracy analog output 
current. 

The combination of performance and flexibility in the AD565A 
has resulted from major innovations in circuit design, an im
portant new high-speed bipolar process, and continuing ad
vances in laser-wafer-trimming (LWT) techniques. The AD565A 
has a 10 - 90% full scale transition time under 35 nanoseconds 
and settles to within ± 1I2LSB in 250 nanoseconds max. The 
AD565A chips are laser-trimmed at the wafer level to ±1I8LSB 
typical linearity and are specified to ±1I4LSB max error (K 
and T grades) at +25°C. This high speed and accuracy make 
the AD565A the ideal choice for high speed display drivers as 
well as fast analog-to-digital converters. 

The subsurface (buried) Zener diode on the chip provides a 
low-noise voltage reference which has long-term stability and 
temperature drift characteristics comparable to, the best dis
crete reference diodes. The laser trimming process which pro
vides the excellent linearity is also used to trim both the abso
lute value of the reference as well as its temperature coefficient. 
The AD565A is thus well suited for wide temperature range 
performance with maximum linearity error ±1I2LSB and 
guaranteed monotonicity over the full temperature range. 
Typical full scale gain T.C. is lOppmtC. 

The AD565A is available in four performance grades. The 
AD565AJ and K are specified for use over 0 to +70

o
C tem

perawre range and are available in a 24-pin hermetically
sealed, side-brazed ceramic DIP or plastic DIP. The AD565AS 
and T grades are specified for the -55°C to +125°C range and 
are available in the ceramic package. 

·Covered by Patent Nos.1 3,803,590, RE 28,633,4,213,806, 
4,136,349. 

Complete High Speed 12-Bit 
Monolithic DjA Converter 

AD565A* I 
AD565A FUNCTIONAL BLOCK DiAGRAM 
REF OUT Vee 

3· 
BIPOLAR OFF 8 

11 20V SPAN 

9.95k 
AD565A 5k 

10 10VSPAN 

19.95k 

OAe 
RHIN 

MSB -----..... LSB 

24-PIN DUAL IN LINE PACKAGE 

PRODUCT HIGHLIGHTS 
1. The AD565A is a self-contained current output DAC and 

voltage reference fabricated on a single IC chip: 

2. The device incorporates a newly developed, fully differen
tial, non-saturating precision current switching cell structure 
which combines the dc accuracy and stability first developed 
in the AD562 with very fastswitching times and an opti
mally-damped settling characteristic. 

3. The internal buried zener reference is laser-trimmed to 
10.00 volts with a ±1% maximum error. The reference volt
age is available externally and can supply up to' 1.5mA 
beyond that required for the reference and bipolar offset 
resistors. 

4. The chip also contains SiCr thin film application resistors 
which can be used either with an external op amp to pro
vide a precision voltage output or as input resistors for a 
successive approximation AID converter. The resistors are 
matched to the internal ladder network to guarantee a low 
gain temperature coefficient and are l~ser-trimmed for mini
mum full scale and bipolar offset err,ors. 

5. The pin-out of the AD565A is compatible with the industry
standard AD563, AD565 so that a system can easily be up
graded to higher speed performance without board changes. 
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SPECIFICATIONS (TA = +25°e, Vee = +15V, VEE = -15V, unless otherwise specified) 
AD565AJ 

MODEL MIN TYP MAX 

DATA INPUTS (Pins 13 to 24) 
TTL or 5 Volt CMOS 

Input Voltage 
Bit ON Logic "I .. +2.0 +5.5 
Bit OFF Logic "0" +O.S 

Logic Current (each bit) 
Bit ON Logic "I .. +120 +300 
Bit OFF Logic "0" +35 +100 

RESOLUTION 12 

OUTPUT 
Current 

Unipolar (all bits on) -1.6 -2.0 -2.4 
Bipolar (all bits on or off) ±O.S ±1.0 ±1.2 

Resistance (exclusive of span 
resistors) 6k Sk 10k 

Offset 
Unipolar 0.01 0.05 
Bipolar (Figure 3, Rz = son fixed) 0.05 0.15 

Capacitance 25 
Compliance Voltage 

Tmin toTmax -1.5 +10 
ACCURACY (error relative to 

full scale) +2SDC ±1I4 ±1I2 
(0.006) (0.012) 

Tmin to Tmax ±1I2 ±3/4 
(0.012) (0.018) 

DIFFERENTIAL NONLINEARITY 
+2SDC ±1/2 ±3/4 
Tmin to Tmax MONOTONICITY GUARANTEED 

TEMPERATURE COEFFICIENTS 
With Internal Reference 

Unipolar Zero 1 2 
Bipolar Zero 5 10 
Gain (Full Scale) IS SO 
Differential Nonlinearity 2 

SETTLING TIME TO 1/2LSB 
All Bits ON·to-QFF or OFF·to·ON ISO 250 

FULL SCALE TRANSITION 
10% to 90% Delay plus Rise Time 15 30 
90% to 10% Delay plus Fall Time 30 50 

TEMPERATURE RANGE 
Operating 0 +iO 
Storage -65 +150 

POWER REQUIREMENTS 
Vee, +11.4 to +16.5V dc 3 5 
VEE, -11.4 to -16.5V dc -12 -IS 

POWER SUPPLY GAIN SENSITIVITY' 
Vee = +11.4 to +16.5V dc 3 10 
VEE = -11.4 to -16.5V dc 15 25 

PROGRAMMABLE OUTPUT 
RANGE (see Figures 2, 3,4) o to +S 

-2.5 to +2.5 
o to +10 
-5 to +5 
-10 to +10 

EXTERNAL ADJUSTMENTS 
Gain Error with Fixed son 

Resistor for R2 (Figure 2) ±0.1 ±0.25 
Bipolar Zero Error with Fixed 

son Resistor for RI (Figure 3) ±O.OS ±O.lS 
Gain Adjustment Range (Figure 2) ±0.25 
Bipolar Zero Adjustment Range ±0.t5 

REFERENCE INPUT 
Input Impedance 15k 20k 2Sk 

REFERENCE OUTPUT 
Voltage 9.90 10.00 10.10 
Current (available for external 

loads)3 1.5 2.5 

POWER DISSIPATION 225 345 

NOTES 
I The dilital inputs ar .. lUarant .... d but not test .. d over the operatin, temperature raDJe. 
'The power supply pin Knsitivity is tested in reference to a Vee. VEE of :t15V dc. 
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AD565AK 
MIN TYP MAX UNITS 

+2.0 +5.5 V 
+O.S V 

+110 +300 IlA 
+35 +100 IlA 

12 Bits 

-1.6 -2.0 -2.4 rnA 
±O.S ±1.0 ±1.2 rnA 

6k Sk 10k n 

0.01 0.05 % of F.S. Range 
0.05 0.1 % of F.S. Range 
25 pF 

-1.5 +10 V 

±1I8 ±1I4 LSB 
(0.003) (0.006) % of F.S. Range 
±1I4 ±1I2 LSB 
(0.006) (0.012) % of F.S. Ran!!e 

±1/4 ±1/2 LSB 
MONOTONICITY GUARANTEED 

1 2 ppm/DC 
5 10 ppm/DC 
10 20 ppmt"C 
2 ppm/DC 

ISO 250 ns 

IS" 30 ns 
30 50 ns 

0 +70 DC 
-65 +150 DC 

3 5 rnA 
-12 -18 rnA 

3 10 ppm of F.S./% 
15 25 ppm of F.S./% 

,0 to +5 y 
-2.5 to +2.5 V 
o to +10 V 
-5 to +S V 
-10 to +10 V 

±0.1 ±0.2S % of F.S. Range 

±O.OS ±0.1 % of F.S. Range 
±0.2S % of F.S. Range 
±O.IS % of F.S. Range 

15k 20k 2Sk n 

9.90 10.00 10.10 V 

1.5 2.5 rnA 

225 345 mW 

• For operation at elevated temperatures the reference cannot supply current for ' 
..xternal loads. It. therefore, should be buffered if additional loads are to be supplied. 

Specifications subject to cha. without notice. 



AD565AS 
MODEL MIN TYP MAX 

DATA INPUTS 1 (Pins 13 to 24) 
TTL or 5 Volt CMOS 

Input Voltage 
Bit ON Logic "I" +2.0 +5.5 
Bit OFF Logic "0" +0.8 

Logic Current (each bit) 
Bit ON Logic "I" +120 +300 
Bit OFF Logie "0" +35 +100 

RESOLUTION 12 

OUTPUT 
Current 

Unipolar (all bits on) -1.6 -2.0 -2.4 
Bipolar (all bitson or off) ±0.8 ±1.0 ±1.2 

Resistance (exclusive of span 
resistors) 6k 8k \Ok 

Offset 
·!}::,!r~!:::, ......... 
Bipolar (Figure 3. R2 = 50n fixed) 0.05 0.15 

Capacitance 25 
Compliance Voltage 

Tmin toTmax -1.5 +10 
ACCURACY (error relative to 

full scale) +25°C ±1/4 ±1/2 
(0.006) (0.012) 

Tmin to Tmax ±1/2 ±3/4 
(0.012) (0.018) 

DIFFERENTIAL NONLINEARITY 
+25°C ±1I2 ±3/4 
Tmin to Tmax MONOTONICITY GUARANTEED 

TEMPERATURE COEFFICIENTS 
With Internal Reference 

Unipolar Zero 1 
Bipolar Zero 5 
Gain (Full Scale) 15 
Differential Nonlinearity 2 

SETTLING TIME TO 1I2LSB 
All Bits ON·to-OFF or OFF-to-ON 150 

FULL SCALE TRANSITION 
10% to 90% Delay plus Rise Time 15 
90% to 10% Delay plus Fall Time 30 

TEMPERATURE RANGE 
Operating -55 
Storage -65 

POWER REQUIREMENTS 
Vee. +11.4 to +16.5V dc 3 
VEE. -11.4 to -16.5V de -12 

POWER SUPPLY GAIN SENSITIVITy2 

Vee = +11.4 to +16.5V de 3 
VEE = -11.4 to -16.5V de 15 

PROGRAMMABLE OUTPUT 
RANGES (see Figures 2. 3.4) o to +5 

-2.5 to +2.5 
o to +10 
-5 to +5 
-10 to +10 

EXTERNAL ADJUSTMENTS 
Gain Error with Fixed Son 

Resistor for R2 (Figure 2) ±0.1 
Bipolar Zero Error with Fixed 

50n Resistor for Rl (Figure 3) ±0.05 
Gain Adjustment Range (Figure 2) ±0.25 
Bipolar Zero Adjustment Range ±0.15 

REFERENCE INPUT 
Input Impedance 15k 20k 

REFERENCE OUTPUT 
Voltage 9.90 10.00 
Current (available for external 

loads)3 1.5 2.5 

POWER DISSIPATION 225 
.. Speclflcatlons shown 10 boldface are tested on all productIon umts at 

final electrical test. Results from those tests are used to calculate out
going quality levels. All min and max specifications are guaranteed. 
although only those shown in boldface are tested on all production 
units. 

2 
10 
30 

250 

30 
50 

+125 
+150 

5 
-18 

10 
25 

±0.25 

±O.lS 

25k 

10.10 

345 

AD565AT 
MIN TYP MAX UNITS 

+2.0 +5.5 V 
+0.8 V 

+170 +300 !J.A 
+35 +100 !J.A 

12 Bits 

-1.6 -2.0 -2.4 rnA 
±0.8 ±1.0 ±1.2 rnA 

6k 8k 10k n 

n, _I""'" ro ..... ____ 

v.V! V.V"" ~u Vi •.• ..t. """U6'" 
0.05 0.1 % of F .S. Range 
25 pF 

-1.5 +10 V 

±1/8 ±1/4 LSB 
(0.003) (0.006) %of F.S. Range 
±\l4 ±112 LSB 
(0.006) . (0.012) %of F.S. Range 

±1I1 ±1/2 LSB 
MONOTONICITY GUARANTEED 

1 2 ppm/C 
5 10 ppm/oC 
10 15 ppm/C 
2 ppm/oC 

150 250 ns 

IS 30 ns 
30 50 ns 

-55 +125 °c 
-65 +150 °c 

3 5 rnA 
-12 -18 rnA 

3 10 ppm of F.S.I% 
15 25 ppm of F.S.I% 

I o to +5 V 
-2.5 to +2.5 V 
o to +10 V 
-5 to +5 V 
-10 to +10 V 

±0.1 ±O.25 %of F.S. Range 

±0.05 ±O.l % of F.S. Range 
±0.25 % of F.S. Range 
±0.15 % of F.S. Range 

15k 20k 25k n 

9.90 10.00 10.10 V 

1.5 2.5 mA 

225 345 mW 
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ABSOLUTE MAXIMUM RATINGS 

Vee to Power Ground ................... OV to +18V 
VEE to Power Ground ................... OV to -18V 
Voltage on DAC Output (Pin 9) ............ -3V to +12V 
Digital Inputs (Pins 13 to 24) to Power Ground .... -1.0V to 

+7.0V 
Ref In to Reference Ground ................... ±12V 
Bipolar Offset to Reference Ground .............. ±12V 
10V Span R to Reference Ground ............... ±12V 
20V Span R to Reference Ground ............... ±24 V 
Ref Out. , ............. Indefinite short to power ground 

Momentary Short to Vee 
Power Dissipation ........................ 1000mW 

THE AD56SA OFFERS TRUE 12-BIT PERFORMANCE 
OVER THE FULL TEMPERATURE RANGE 

ACCURACY: Analog Devices defines accuracy as the maxi
mum deviation of the actual, adjusted DAC output (see next 
page) from the ideal analog output (a straight line drawn from 0 
to F.S. - lLSB) for any bit combination. The ADS6SA is laser 
trimmed to 1/4LSB (0.006% of F.S.) maximum error at +2SoC 
for the K and T Versions-1I2LSB for the J and S. 

MONOTONICITY: A DAC is said to be monotonic if the out
put either increases or remains constant for increasing digital 
inputs such that the output will always be a non-decreasing 

function of the input. All versions of the ADS6SA are mono
tonic over their full operating temperature range. 

DIFFERENTIAL NONLINEARITY: Monotonic behavior 
requires that the differential linearity error be less than 
1LSB both at +25°C and over the temperatur~ range of inter
est. Differential nonlinearity is the measure of the variation in 
analog value, normalized to full scale, associated with a 1LSB 
change in digital input code. For example, for a 10volt full 
scale output, a change of 1LSB in digital input code should 
result in a 2.44mV change in the analog output (lLSB = 10V x 
1/4096 = 2.44mV). If in actual use, however, a 1LSB change in 
the input code results in a change of only 0.61mV (l/4LSB) in 
analog output, the differential linearity error would be 
1.83mV, or 3/4LSB. The ADS6SAK and T have amax differen
tiallinearity error of 1I2LSB, which is a tighter specification 
than to simply guarantee monotonicity. 

The differential nonlinearity temperature coefficient must also 
be considered if the device is to remain monotonic over its full 
operating temperature range. A differential nonlinearity temper
ature coefficient of 1.0ppmlC could under worst case condi
tions for a temperature change of +2SoC to +12S

o
C add 0.01% 

(l00 x 1.0ppm/oC of error). The resulting error could then be 
as much as 0.01% + 0.006% = 0.016% of F.S. (l/2LSB repre
sents 0.012% of F.S.). To be sure of accurate performance 
all versions of the ADS6SA are therefore 100% tested for 
monotonicity over the full operating temperature range. 

ADS6SA ORDERING GUIDE 

LINEARITY 
ERROR MAX MAX GAIN T.C. Package 

MODEL PACKAGE TEMP RANGE @ 25°C (ppm of F.sfC) Stylet 

ADS6SAJN/BIN Plastic o to +70
o

C ±1I2LSB 50 N24A 
ADS6SA}D/BIN Ceramic o to +70

o
C' ±l/2LSB SO D24A 

ADS6SAKN/BIN Plastic o to +70
o
C ±1I4LSB 20 N24A 

ADS6SAKD/BIN Ceramic o to +70
o
C ±1I4LSB 20 D24A 

ADS65ASD/BIN Ceramic -55°C to +125°C ±1/2LSB 30 D24A 
ADS6SATD/BIN Ceramic -55°C to +12S oC ±1/4LSB 15 D24A 

1 See Section 19 for package outline information. 
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CONNECTING THE ADS6SA FOR BUFFERED VOLTAGE 
OUTPUT 
The standard current-to-voltage conversion connections using 
an operational amplifier are shown here with the preferred trim
ming techniques. If alow offset operational amplifier (ADS 10L, 
ADS17L, AD741L, AD301AL, AD OP-07) is used, excellent 
performance can be obtained in many situations without trim
ming (an op amp with less than O.SmV max offset voltage 
should be used to keep offset errors below 1I2LSB). If a 5011 
fixed resistor is substituted for the 10011 trimmer, unipolar 
zero will typically be within ±lI2LSB (plus op amp offset), 
and full scale accuracy will be within 0.1% (0.25% max). 
Suhstituting a 5011 resistor for the 10011 bipolar offset trim
mer will give a bipolar zero error typically within ±2LSB 
(0.05%). 
The AnS09is recomm~ncit'ci for hl1ff~rt'ci volt:l~t'-ol1tPl1t :lppli

cations which require a settling time to ±1I2LSB of one micro
second. The feedback capacitor is shown with the optimum 
value for each application; this capacitor is required to compen
sate for the 25 picofarad DAC output capacitance. 

FIGU~E 2. UNIPOLAR CONFIGURATION 
This configuration will provide a unipolar 0 to + 10 volt output 
range. In this mode, the bipolar terminal, pin 8, should be 
grounded if not used for trimming. 

STEP I ... ZERO ADJUST 
Turn all bits OFF and adjust zero trimmer R1, until the out
put reads 0.000 volts (1 LSB = 2.44m V). In most cases this trim 
is not needed, but pin 8 should then be connected to pin 12. 

STEP II ... GAIN ADJ UST 
Turn all bits ON and adjust 10011 gain trimmer R2, until the 
output is 9.9976 volts; (Full scale is adjusted to 1LSB less than 
nominal full scale of 10.000 volts.) If a 10.237SV full scale is 
desired (exactly 2.5mV/bit), insert a 12011 resistor in series 
with the gain resistor at pin 10 to the op amp output. 

FIGURE 3. BIPOLAR CONFIGURATION 
This configuration will provide a bipolar output voltage from 
-5.000 to +4.9976 volts, with positive full scale occurring with 
all bits ON (alii's). 

STEP I ... OFFSET ADJ UST 
Turn OFF all bits. Adjust 10011 trimmer R1 to give -5.000 
volts outpu t. 

STEP II .. ,'GAIN ADJUST 
Turn ON Allbits. Adjust 10011 gain trimmer R2 to give a 
reading of +4.9976 volts. 

,Please note that it is not necessary to trim the op amp t6 ob
tain full accuracy at room temperature. In most bipolar situa
tions, an op amp trim is unnecessary unless the untrimmed off
set drift of the op amp is excessive. 

FIGURE 4. OTHER VOLTAGE RANGES 
The ADS65A can also be easily configured for a unipolar 0 to 
+5 volt range or ±2.5 volt and ±10 volt bipolar ranges by using 
the additional 5k application resistor provided at the 20 volt 
span R terminal, pin 11. For a 5 volt span (0 to +5 or ±2.S), 
the two Sk resistors are used in parallel by shorting pin 11 to 
pin 9 and connecting pin 10 to the op amp output and the 
bipolar offset either to ground for unipolar or to REF OUT 
for the bipolar range. For the ±10 volt range (20 volt span) 
use the Sk resistors in series by connecting only pin 11 to the 
op amp output and the bipolar offset connected as shown. 
The ±10 volt option is shown in Figure 4. 

REF IN 

Applying the AD565A 
24 LEAD DUAL IN·LlNE PACKAGE 

BIT 1 (MSBIIN 

81f4 IN 

BITS IN 

POWER GND W .... '_2 ______ '-13 W BIT 121lSBIIN 

Figure 1. 

Figure 2. 0 to + 10V Unipolar Voltage Output 

REF our Vee 
, 3 

R' ,oon 
BIPOLAR OFF 

~~~t>-5+--+-"'N\,-I 

R2 
10011 

REF IN 

Figure 3. ±5V Bipolar Voltage Output 

Vee 
R' 

100n 

AD565A 

BIPOLAR OFF 

\I 20VSPAN 

REf 5 
GNo.H---<~1I'\oo-j 

Figure 4. ±10V Voltage Output 
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INTERNAL/EXTERNAL REFERENCE USE 
The AD565A has an internal low-noise buried zener diode refer
ence which is trimmed for absolute accuracy and temperature 
coefficient. This reference is buffered and optimized for use 
in a high speed DAC and will give long-term stability equal 
or superior to the best discrete zener reference diodes. The 
performance of the AD 565A is specified with the internal refer
ence driving the DAC since all trimming and testing (especially 
for full scale and bipolar) is done in this configuration. 

The AD565A can be used with an external reference, but may 
not have sufficient trim range to accommodate a reference 
which does not match the internal reference. For external 
reference applications, the AD566A series is recommended. 

The internal reference has sufficient buffering to drive external 
circuitry in addition to the reference currents required for the 
DAC (typically 0.5mA to Ref In and LOrnA to Bipolar Offset, 
if used). A minimum of 1.5mA is available for driving external 
circuits. Foruse over the extended temperature range, however, 
a buffer should be used to preserve the accuracy. The refer
ence is typically trimmed to ±0.2%, then tested and guaran
teed to ±1.0% max error. The temperature coefficient is 
comparable to that of the full scale TC for a particular grade. 

DIGITAL INPUT CONSIDERATIONS 
The AD56SA uses a standard positive true straight binary code 
for unipolar outputs (all 1 's give full scale output), and an 
offset binary code for bipolar output ranges. In the bipolar 
mode, with all O's on the inputs, the output will go to negative 
full scale; with 100 ... 00 (only the MSB on), the output will 
be 0.00 volts; with all 1 's, the output will go to positive full 
scale. 

The threshold of the digital input circuitry is set at 1.4 volts 
and does not vary with supply voltage. The input lines can 
interface with any type of 5 volt logic, TTLlDTL or CMOS, 
and have sufficiently low input currents to interface easily 
with unbuffered CMOS logic. The configuration of the input 
circuit is shown in Figure 5. The input line can be modeled as 
a 30kn resistance connected to a -o.7V rail. 

DIGITAL 
INPUTS 

(PINS 13 TO 24) I : *5pF 
POWER / . 
GNO~,:, 

30kn 

",,-O.7V 

0----<> TO LOGIC 

Figure 5. Equiva/ent Digital Input Circuit 

VOL. I, ~62 DIGITAL-TO-ANALOG CONVERTERS 

GROUNDING RULES 
The AD565A brings out separate reference and power grounds 
to allow optimum connections for low noise and high speed 
performance. These grounds should be tied together at one 
point, usually the device power ground. The separate ground 
returns are provided to minimize current flow in low-level 
signal paths. In this way, logic return currents are not sum
med into the same return path with analog signals. 

The reference ground at pin 5 is the ground point for the 
internal reference and is thus the "high quality" ground for 
the AD565A; it should be connected directly to the analog 
reference point of the system. The power ground at pin 12 
can be connected to the most convenient ground point; 
analog power return is preferred. Ifpower ground contains 
high frequency noise beyond 200m V, this noise may feed 
through the converter, thus some caution will be required 
in applying these·grounds. 

OUTPUT VOLTAGE COMPLIANCE 
The AD565A has a typical output compliance range from -2 to 
+10 volts. The current-steering output stages will be unaffected 
by changes in the output terminal voltage over that range. How
ever, there is an equivalent output impedance of 8k in parallel 
with 25pF at the output terminal which produces an equivalent 
error current if the voltage deviates from analog common. This 
is a linear effect which does not change with input code. Opera
tion beyond the compliance limits may cause either output 
stage saturation or breakdown which results in nonlinear per
formance. Compliance limits are not affected by the posi-
tive power supply, but are a function of output current and 
negative supply, as shown in Figure 6. 

'" ~ 4 

'" 0 > > 3 
j: '" 
'" tJ ~ ~ 2 
z ::; 

~ 1 
8 

'11.4V 13.5V 16.5V 

NEGATIVE SUPPLY - VEE 

Figure 6. Typical Negative Compliance Range vs. 
Negative Supply 



SETTLING TIME 
The high speed NPN current steering switching cell and inter
nally compensated reference amplifier of the AD 5 65 A are speci
fically designed for fast settling operation. The typical settling 
time to ±O.Ol % (l/2LSB) for the worst case transition (major 
carry or full scale step) is about 200ns; the lower order bits 
all settle in less than 200ns. (Worst case settling occurs when 
all bits are switched, especially the MSB). 

The excellent high speed performance of the AD 56 5 A is demon
strated in these oscilloscope photographs. The measurements 
are made with the AD565A driving directly into an equivalent 
son load, and amplified with a low capacitance MOS-input, 
UHF amplifier. Both figures show the worst case situation, 
which is full scale transition from switching all bits ON to OFF. 

INPUT DRIVE 
OTO 5 VOLTS 

OUTPUT SIGNAL 
1 DIVISION= 1mA 

HORIZONTAL SCALE 
10ns/DIV. 

Figure 7. Full Scale Transition 

The full transition characteristic is shown in Figure 7. There is 
about a 6-8ns delay, followed by a IOns rise time and minimal 
overshoot. The transition in the other direction shows approxi
mately a 20ns delay prior to a lOns rise time. The slewing charac
teristics for smaller transitions ,show a similar characteristic. 

INPUT DRIVE 
OTO 5 VOLTS 

OUTPUT SIGNAL 
1 DIVISION= 1LSB 

HORIZONTAL SCALE 
100ns/DIV. 

....... 

. . . . . . . 
t • + •••• 

: 

Figure 8. Settling Characteristic Detail 

The fine detail of the full scale settling characteristic is shown 
in Figure 8. The equipment and circuitry used to make the 
measurements adds about SOns to the actual device perfor
mance. The final portion of the signal slews to within 10LSB's 
in less than lSOns, reaches and stays within 1I2LSB in about 
200ns, and shows less than 1I2LSB overshoot. The character
istic is completely settled out in less than 250ns. 

HIGH SPEED SYSTEM DESIGN 
Full realization of this high speed performance requires strict 
attention to detail by the user in all areas of application and 
testing. 

The settling time for the AD565A is specified in terms of the 
current output, an inherently high speed DAC operating mode. 
However, most DAC applications require a current-ta-voltage 
conversion at some point in the signal path, although an un-

AD565A Application Notes 
buffered voltage level (not using an op amp) is suitable for use 
in a successive-approximation AID converter (see the next page), 
or in many display applications. This form of current-to-voltage 
conversion can give very fast operation if proper design and 
layout is done. The fastest voltage conversion is achieved by 
connecting a low value resistor directly to the output, as shown 
in Figure 9. In this case, the settling time is primarily de
termined by the cell switching time and by the RC time 
constant of the AD565A output capacitance of 25 picofarads 
(plus stray capacitance) combined with the output resistor 
value. Settling to 0.01% of full scale (for a full scale transition) 
requires 9 time constants. This effect is important for an 
equivalent resistance over lkn. 

If an op amp must be used to provide a low impedance output 
signai, some ioss in settiing time wiii be seen oue to op amp 
dynamics. The normal current-to-voltage converter op amp 
circuits are shown in the applications circuits using the fast 
settling AD509. The circuits shown settle to ±1I2LSB in IllS 
unipolar or bipolar. The DAC output capacitance, which acts 
as a stray capacitance at the op amp inverting input, must be 
compensated by a feedback capacitor, as shown. The value 
should be chosen carefully for each application and each op 
amp type. 

Fastest operation will be obtained by minimizing lead lengths, 
stray capacitance and impedance levels. Both supplies should 
be bypassed near the devices: O.lIlF will be sufficient since the 
AD565A runs at constant supply current regardless of input 
code. 

DIRECT UNBUFFERED VOLTAGE OUTPUT FOR 
CABLE DRIVING . 

The wide compliance range allows direct current-to-voltage con
version with just an output resistor. Figure 9 shows a connec
tion using the gain and bipolar output resistors to give a ±1.60 
volt bipolar swing. In this situation, the digital code is comple
mentary binary. Other combinations of internal and external 
output resistors (Rx) can be used to scale to alternate voltage 
ranges, simply by appropriately scaling the 0 to -2mA unipolar 
output current and using the 10.0 volt reference voltage for 

,bipolar offset. For example, setting Rx = 2.67kn gives a ±l 
volt range with a lkn equivalent output impedance . 

This connection is especially useful for directly driving a long 
cable at high speed. Using a SOn resistor for Rx would allow 
interface to a SOn cable with a ±50mV full scale swing. Set
tling time would be very fast, as discussed in the section above. 

BIPOLAR OFF 8 

11 20VSPAN 

9.951< 
AD565A 51< 

10 10V SPAN 

Figure 9. Unbuffered Bipolar Voltage Output 
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HIGH SPEED 12-BIT AID CONVERTERS 
The fast settling characteristics of the AD565A make it ideal for 
high speed successive approximation AID converters. The inter
nal reference and trimmed application resistors allow a 12-bit 
converter system to be constructed with a minimum parts count. 
Shown in Figure 10 is a configuration using standard com
ponents; this system completes a full 12-bit conversion in lOlls 
unipolar or bipolar. This converter will be accurate to ±1I2LSB 
of 12 bits and have a typical gain T.C. of 10ppm/oC. 

In the unipolar mode, the system range is 0 to 9.9976 volts, with 
each bit having a value of 2.44mV. For true conversion accu
racy, an AID converter should be trimmed so that a given bit 
code output results from input levels from 1/2LSB below to 
1/2LSB above the exact voltage which that code represents. 
Therefore, the converter zero point should be trimmed with an 
input voltage of +1.22mV; trim R1 until the LSB just begins to 
appear in the output code (all other bits "0"). For full scale, 
use an input voltage of +9.9963 volts (10 volts - 1 LSB -
1/2LSB); then trim R2 until the LSB just begins to appear (all 
other bits "I "). 

The bipolar signal range is -5.0 to +4.9976 volts. Bipolar offset 
trimming is done by applying a -4.9988V input signal and 
trimming Rl for the LSB transition (all other bits "0"). 

Vee 

R2 

AD565A 

Unipol.. Bipolar 

OTO+10 is 
OTO+5 :1:2.5 
OTO+2O :t:10 

AT (UNIPOLAR I 

lo--,,--""-"-~5Okll 

11 20VSPAN 

10 10vSPAN 

Equi .. OAe lou, 
INPUT TO A 2.3511.0 
INPUT TO A 1.IKMtO 
INPUT TO B 3.08kn 
8TODACOUT 

Figure 10. Fast Precision Analog to Digital Converter 

Full scale is set by applying +4.9963 volts and trimming R2 for 
the LSB transition (all other bits "1 "). In many applications, 
the pre trimmed application resistors are sufficiently accurate 
that external trimmers will be unnecessary, especially in situa
tions requiring less than full 12-bit ±1I2LSB accuracy. 

For fastest operation, the impedance at the comparator sum
ming node must be minimized, as mentioned in the section on 
settling time. However, lowering the impedance will reduce 
the voltage signal to the comparator (at an equivalent im
pedance at the summing node of lkO, lLSB = O.5mV), to the 
point that comparator performance will be sacrificed. The 
contribution to this impedance from the DAC will vary with 
the input configuration, as shown in the input range table. 

To prevent dynamic errors, the input signal should have a low 
dynamic source impedance, such as that of the AD509 high 
speed op amp. 
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HIGH-RESOLUTION CIRCUITS 
Sixteen-bit resolution digital-to-analog converters can be built 
by cascading an AD565A 12-bit DAC with an AD559 or 
AD1408 8-bit DAC. This technique can be used either to pro
vide a 16-bit binary DAC or a 4-digit BCD DAC. By using an 
AD565AK with ±1I8LSB typical linearity to 12 bits, the total 
circuit will typically achieve ±1/2LSB accuracy for 14 binary 
bits,' and ±1I2 least significant digit to 4 digits BCD. The 
binary configuration is shown in Figure 11. The AD559, with 
its thin-film ladder network similar to the AD 5 6 5 A, is prefer
red for good performance over temperature. 

BIPOLAR OFF 

Vee +5V 

13 r--______ I0.....,'O.O.:~ 
.----~~,--, 

DAC 

loUT' 
'Aff .COOE 

LSB 

loon 

Figure 11. 16-Bit Binary DAC 

COMPLEMENTARY BINARY CODE CIRCUITS 
The AD565A can be used in circuits where only a complemen
tary binary code is available. This is done by connecting the 10 
volt span resistor to the 10 volt reference and connecting the 
DAC output to a noninverting amplifier as shown in Figure 12. 
The 8kn DAC output impedance and the 5kO span resistor 
will form a divider which will give a full scale output voltage 
(with all bits off) to the amplifier of about 6.15 volts. To 
obtain a 10 volt full scale, the amplifier is shown with a gain 

. network back to the inverting input. 

BIPOLAR OFF 

Figure 12. Complementary Output DAC 
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WDEVICES 

FEATURES 
Single Chip Construction 
Very High Speed: Settles to 1/2LSB in 350ns max 

Full Scale Switching Time: 30ns 
Guaranteed for Operation with -12V Supply 
Monotonicity Guaranteed Over Temperature 
Linearity Guaranteed Over Temperature: 1/2LSB max 

(AD566AK, T) 
Low Power: 180mW 
rin-vui CompaiiiJie witn ALi:Jo2, ALi:Joo 

PRODUCT DESCRIPTION 
The AD566A is a fast 12-bit digital-to-analog converter which 
incorporates the latest advances in analog circuit design into 
a low power monolithic chip. I 

The AD566A chip uses 12 precision, high speed bipolar current 
steering switches, control amplifier and a laser-trimmed thin· 
film resistor network to produce a very fast, high accuracy 
analog output current. 

The combination of performance and flexibility in the AD566A 
has resulted from major innovations in circuit design, an im
portant new high-speed bipolar process, and continuing ad
vances in laser-wafer-trimming techniques (LWT). The AD566A 
has a 10-90% full scale transition time less than 35 nanosec
onds and settles to within ±1/2LSB in 350 nanoseconds max. 
AD566A chips are laser-trimmed at the wafer level to ±1/SLSB 
typical linearity and are specified to ±1/4LSB max error (K 
and T grades) at +25° C. High speed and accuracy make the 
AD566A the ideal choice for high speed display drivers as 
well as fast analog-to-digital converters. 

The AD566A is available in four performance grades. The 
AD566AJ and K are specified for use over the 0 to +70

0
C 

temperature range and the AD566AS and AT grades are 
specified for the -55°C to +125°C range. All are packaged 
in a 24-pin hermetic ceramic dual in line package. 

·Covered by patent numbers I 3,803,5901 RE 28,63314,020,4861 
3,747,088. 

Low Cost High Speed 12-Bit 
. Monolithic 0/ A Converter 

AD566A* I 
. ADS66A FUNCTIONAL BLOCK DIAGRAM 

BIPOLAR OFF 

- VEE POWER MSB - LSB 
GND 

24-PIN DUAL IN LINE PACKAGE 

PRODUCT HIGHLIGHTS 
1. The wide output compliance range is ideally suited for 

fast, low noise, accurate voltage output configurations 
without an output amplifier. 

2. The device incorporates a newly developed, fully differen
tial, nonsaturating precision current switching cell structure 
which combines the dc accuracy and stability first developed 
in the AD562 with very fast switching times and an opti
mally-damped settling characteristic. 

3. The chip also contains SiCr thin film application resistors 
which can be used with an external op amp to provide a 
precision voltage output or as input resistors for a succes
sive approximation AID converter .. The resistors are 
matched to the intemalladder network to guarantee a 
low gain temperature coefficient and are laser-trimmed 
for minimum full scale and bipolar offset errors. 

4. The pin-out of the AD566A is compatible with the industry
standard ADS62 so that a system can easily be upgraded to 
provide higher speed performance. 
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SPECIFICATIONS (TA = +25°C, VEE = -15V, unless otherwise specified) 
AD566AJ AD566AK 

MODEL MIN TYP MAX MIN TYP MAX 

DATA INPUTS1 (Pins 13 to 24) 
TTL or 5 Volt CMOS 

Input Voltage 
Bit ON Logic "I" +2.0 +5.S +2.0 +5.5 
Bit OFf Logic "0" 0 +O.S 0 +O.S 

Logic Current (each bit) 
Bit ON Logic "I" +120 +300 +120 +300 
Bit OFF Logic "0" +35 +100 +35 +100 

RESOLUTION 12 12 

OUTPUT 
Current 

Unipolar (all bits on) -1.6 -2.0 -2.4 -1.6 -2.0 -2.4 
Bipolar (all bits on or off) ±O.S ±1.0 ±1.2 ±O.S ±1.0 ±1.2 

Resistance (exclusive of span 
resistors) 6k Sk 10k 6k Sk 10k 

Offset 
Unipolar (adjustable to 

zero per Figure 3) 0.01 0.05 0,01 0.05 
Bipolar (Figure 4 Rl and 

R, = Son fixed) 0.05 O.IS 0.05 0.1 
Capacitance 25 2S 
Compliance Voltage 

Tmin to Tmax -1.5 +10 -1.5 +10 

ACCURACY (error relative to 
full scale) +2SoC ±1/4 ±1/2 ±I/S ±1/4 

(0.006) (0.012) (0.003) (0.006) 
Tmin to Tmax ±1I2 ±3/4 ±1/4 ±1/2 

(0.012) (O.OIS) (0.006) (0.012) 

DIFFERENTIAL NONLINEARITY 
+25°C ±112 ±3/4 ±1/4 ±1/2 
Tmin to Tmax MONOTONICITY GUARANTEED MONOTONICITY GUARANTEED 

TEMPERATURE COEFFICIENTS 
Unipolar Zero 
Bipolar Zero 
Gain (Full Scale) 
Differential Nonlinearity 

SETTLING TIME TO 1/2LSB 
All Bits ON·to.()FF or OFF-to'()N (Figure 8) 

FULLSCALETRAN~TION 

10% to 90% Delay plus Rise Time 
90% to 10% Delay plus Fall Time 

POWER REQUIREMENTS 
VEE, -11.4 to -16.SV dc 

POWER SUPPLY GAIN SENSITIVITY' 
VEE = -11.4 to -16.5V dc 

PROGRAMMABLE OUTPUT 
RANGE (see Figures 3, 4, 5) 

EXTERNAL ADJUSTMENTS 
Gain Error with Fixed SOn 

Resistor for R2 (Figure 3) 
Bipolar Zero Error with Fixed 

son Resistor for R1 (Figure 4) 
Gain Adjusunent Range (Figure 3) ±0.2S 
Bipolar Zero Adjustment Range ±0.15 

REFERENCE INPUT 
Input Impedance 15k 

POWER DISSIPATION 

MULTIPLYING MODE PERFORMANCE (All Models) 
Quadrants 
Reference Voltage 

1 2 1 
5 10 5 
7 10 

, 
2 

2 2 

250 350 250 

15 30 15 
30 50 30 

-12 -IS -12 

15 25 15 

o to +5 o to +S 
-2.S to +2.5 -2.S to +2.S 
Oto+l0 o to +10 
-S to +S -S to +S 
-10 to +10 -10 to +10 

±0.1 ±0.2S ±0.1 

±O.OS ±O.IS ±O.OS 
iO.2S 
±O.lS 

20k 2Sk 1Sk 20k 

180 300 180 

Two (2): Bipolar Operation at Digital Input Only 
+IV to +10V, Unipolar 

2 
10 
3 

350 

30 
50 

-18 

25 

±0.2S 

±0.1 

2Sk 

300 

Accuracy 10 Bits (±O.<lS% of Reduced F .S.) for 1 V dc Reference Voltage 
Reference Feedthrough (unipolar mode, 

all bits OFF, and 1 to +10V [pop], sinewave' 
frequency for 1/2LSB [p-pl feedthrough) 

Output Slew Rate 10%-90% 
90%-10% 

. Output Settling Time (all bits on and a 0-10V 
step change in reference vo1tage) 

CONTROL AMPLIFIER 

40kHz typ 
SmA/jJ.s 
ImA/jJ.s 

l.SjJ.sto 0.01% F.S. 

Full Power Bandwidth 300kHz 
Small-Signal Closed-Loop Bandwidth 1.8MHz 

NOTES 
t The digital input 'evels arc guaranteed but not tested over the temperature range. 
'The power supply gain sensitivity i. tested in reference to • VEE of -ISV de. 
Specifications subject to change without notice. 
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UNITS 

V 
V 

jJ.A 
jJ.A 

Bits 

rnA 
rnA 

n 

%of F.S.R. 

%of F.S.R. 
pF 

V 

LSB 
%of F.S.R. 
LSB 
%ofF.S.R. 

LSB 

ppm/oC 
ppm/oC 
ppm/oC 
ppm/oC 

ns 

ns 
ns 

rnA 

ppm of F.S.I% 

V 
V 
V 
V 
V 

% of F.S.R. 

% of F.S.R. 
% of F.S.R. 
% of F.S.R. 

n 
mW 



ADS66AS ADS66AT 
MODEL MIN TYP MAX MIN TYP MAX UNITS 

DATA INPUTS· (Pins 13 to 24) 
TTL or 5 Volt CMOS 

Input Voltage 
Bit ON Logic "1" +2.0 +5.5 +2.0 +5.5 V 
Bit OFF Logic "0" 0 +O.S 0 +O.S V 

Logic Current (each bit) 
Bit ON Logic "I" +120 +300 +120 +300 j.lA 
Bit OFF Logic "0" +35 +100 +35 +100 j.lA 

RESOLUTION 12 . 12 Bits 

OUTPUT 
Current 

Unipolar (all bits on) -1.6 -2.0 -2.4 -1.6 -2.0 -2.4 rnA 
Bipolar (all bits on or off) ±O.S ±1.0 ±1.2 ±O.S ±1.0 i1.2 rnA 

Resistance (exclusive of span 
resistors) 6k Sk 10k 6k Sk 10k n 

Offset 
Unipolar (adjustable to 

zero per Figure 3) 0.01 0.05 0.01 0.05 % of F.S.R. 
Bipolar (Figure 4 Rl and 

R2 = son fixed) 0.05 0.15 u.U) U.l '10 or 1'.~.1{ 
Capacitance 25 25 pF 
Compliance Voltage 

Tmin toTmax -1.5 +10 -1.5 +10 V 

ACCURACY (error relative to 
full scale) +25°C i1/4 i1l2 ±lIS i1/4 LSB 

(0.006) (0.012) (0.003) (0.006) % of F.S.R. 
Tmin to Tmax ±1I2 ±3/4 ±1/4 ±112 LSB 

(0.012) (O.OIS) (0.006) (0.012) % of F.S.R. 

DIFFERENTIAL NONLINEARITY 
>2SoC ±112 i3/4 ±114 i1/2 LSB 
Tmin to Tmax MONOTONICITY GUARANTEED MONOTONICITY GUARANTEED 

TEMPERATURE COEFFICIENTS 
Unipolar Zero 
Bipolar Zero 
Gain (Full Scale) 
Differential Nonlinearity 

SETTLING TIME TO 112LSB 
All Bits On-to{)FF or OFF-to{)N (Figure S) 

FULL SCALE TRANSITION 
10% to 90% Delay plus Rise Time 
90% to 10% Delay plus Fall Time 

POWER REQUIREMENTS 
VEE. -11.4 to -16.SV dc 

POWER SUPPLY GAIN SENSITIVITy1 

VEE = -11.4 to -16.SV dc 

PROGRAMMABLE OUTPUT 
RANGE (see Figures 3. 4. 5) 

EXTERNAL ADJUSTMENTS 
Gain Error with Fixed son 

Resistor R2 (Figure 3) 
Bipolar Zero Error with Fixed 

son Resistor for Rl (Figure 4) 
Gain Adjustment Range (Figure 3) iO.2S 
Bipolar Zero Adjustment Range ±0.15 

REFERENCE INPUT 
Input Impedance 15k 

POWER DISSIPATION 

MULTIPLYING MODE PERFORMANCE (All Models) 
Quadrants 
Reference Voltage 
Accuracy . 
Reference Feedthrough (unipolar mode. 

all bits OFF. and 1 to +10V Ip-pl. sinewave 
frequency for 1I2LSB Ip-pl feedthrough) 

Output Slew Rate 10%-90% 
90%-10% 

Output Settling Time (all bits on and a O-IOV 
step change in reference voltage) 

CONTROL AMPLIFIER 
Full Power Bandwidth 
Small·Signal Closed-Loop Bandwidth 

Specifications subject to cbange without notice. 

1 2 1 
5 10 5 
7 10 2 
2 2 

250 350 250 

15 30 15 
30 50 30 

-12 -18 -12 

15 25 . 15 

o to +5 o to +5 
-2.5 to +2.5 -2.5 to +2.5 
o to +10 o to +10 
-5 to +5 -5 to +5 
-10 to +10 -10 to +10 

iO.l iO.25 iO.l 

±0.05 ±0.15 ±0.05 
±0.25 
±0.15 

20k 25k 15k 20k 

ISO 300 ISO 

Two (2): Bipolar Operation at Digital Input Only 
+IV to +10V. Unipolar 

2 
10 
3 

350 

30 
50 

-IS 

25 

iO.25 

±0.1 

25k 

300 

10 Bits (±O.OS% of Reduced F.S.) for IV dc Reference Voltage 

40kHz typ 
SmA/j.ls 
ImAlj.ls 

I.Sj.ls to 0.01% F.S. 

300kHz 
1.8MHz 

ppm/C 
ppm/C 
ppm/oC 
ppm/oC 

ns 

ns 
ns_ 

rnA 

ppm of F.S.I% 

V 
V 
V 
V 
V 

% of F.S.R. 

% of F.S.R. 
%of F.S.R. 
% of F.S.R. 

n 
mW 
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ABSOLUTE MAXIMUM RATINGS 

'VEE to Power Ground ................... OV to -18V 
Voltage on DAC Output (Pin 9) ............ -3V to +12V 
Digital Inputs (Pinsi 13 to 24) to Power Ground .... -1.0V to 

+7.0V 
Ref In to Reference Ground ................... ±12V 
Bipolar Offset to Reference Ground .............. ±12V 
10V Span R to Reference Ground ............... ±12V 
20V Span R to Reference Ground ............... ±24V 
Power Dissipation ........................ 1000mW 

NC 

NC 

REFERENCE GNO 

AMP SUMMING 
JUNCTION 

REF. V HI IN 

-VEE -15VIN 
(20mA) 

BIPOLAR OFFSET R IN 

NC 

OAC OUT (-2mA F.S.) 

10V SPAN R 

20V SPAN R 

POWER GNO 

ADS66A ORDERING GUIDE 

LINEARITY 
ERROR MAX 

MODEL PACKAGE TEMP RANGE @+2SoC 

ADS66AJN/BIN Plastic o to +70
o
C ±1/2LSB 

ADS66AJD/BIN Ceramic o to +70
o
C ±1/2LSB 

ADS66AKN/BIN Plastic o to +70
o
C ±1/4LSB 

ADS66AKD/BIN Ceramic o to +70
o

C ±1/4LSB 
ADS66ASD/BIN Ceramic -55°C to +12S

o
C ±1I2LSB 

ADS66ATD/BIN Ceramic -55°C to +12SoC ±1/4LSB 

1 See Section 19 for package outline information. 
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PIN CONFIG URA TION 

TOP VIEW 

BIT 1 (MSB) IN 

BIT 2 IN 

BIT 3 IN 

BIT 4 IN 

BIT 5 IN 

BIT 6 IN 

BIT 7 IN 

BIT 8 IN 

BIT 9 IN 

BIT 10 IN 

BIT 11 IN 

BIT 12 ILSBIIN 

MAX GAIN T.e. PACKAGE 
(ppm of F.S./C) OPTION 1 

10 N24A 
10 D24A 
3 N24A 
3 D24A 
10 D24A 
3 D24A 



THE ADS66A OFFERS TRUE 12-BIT PERFORMANCE 
ACCURACY: Analog Devices defines accuracy as the maxi
deviation of the actual, adjusted DAC output (see the next page) 
from the ideal analog output (a straight line drawn from 0 
to F.S. - lLSB) for any bit combination. The ADS66A is laser 
trimmed to 1/4LSB (0.02S% of F.S.) maximum error at +2SoC 
for the K and T version and to 1/2 LSB for the J and S versions. 

MONOTONICITY: A DAC is said to be monotonic if the out
put either increases or remains constant for increasing digital 
inputs such that the output will always be a non-decreasing 
function of the input. All versions of the ADS66A are mono
tonic over their entire operating temperature range. 

DIFFERENTIAL NONLINEARITY: Monotonic behavior 
requires that the differential nonlinearity error be less than 
lLSB both at +2Sc C and over the temoerature ranQ'e of inter
est. Differential nonlinearity is the me~sure of the ~ariation in 
analog value, normalized to full scale, associated with a lLSB 
change in digital input code. For example, if a lLSB change in 
the input code results in a change of only 0.61mV (1I4LSB) in 
analog output, the differential nonlinearity error would be 
1.83mV, or 3/4LSB. The ADS66AK and T have a max differ
entiallinearity error of 112LSB, which is a tighter specification 
than simply guaranteed monotonicity. 

ANALYZING DEVICE ACCURACY OVER THE 
TEMPERATURE RANGE 
For the purposes of temperature drift analysis, the major de
vice components are shown in Figure 1. 

The input reference current to the DAC, IREF, is developed 
from the external reference and will show the same drift rate 
as the reference voltage. The DAC output current, IOAC which 
is a function of the digital input code, is designed to track 
IREF; if there is a slight mismatch in these currents over 
temperature, it will contribute to the gain T.C. The bipolar 
offset resistor, RBP, and gain setting resistor, RGAIN, also have 
temperature coefficients which contribute to system drift 
errors. 

There are three types of drift errors over temperature: offset, 
gain, and linearity. Offset drift causes a vertical translation of 
the entire transfer curve; gain drift is a change in the slope of 
the curve; and linearity drift represents a change in the shape 
of the curve. The combination of these three drifts results in 
the complete specification for total error over temperature. 

Total error is defined as the deviation from a true straight line 
transfer characteristic from exactly zero at a digital input 
which calls for zero output to a point which is defined as full 
scale. A specification for total error over temperature assumes 
that both the zero and full scale points have been trimmed for 
zero error at +2SoC. Total error is normally expressed a per-

Figure 1. Bipolar Configuration 

Performance 
centage of the full scale range. In the bipolar situation, this 
means the total range from -VFS to +VFS' 

MONOTONICITY AND LINEARITY 
The initial linearity error of ±1/2LSB max and the differential 
linearity error of ±3/4LSB om ax guara~tee monotonic perform
ance over the range of -55 C to +125 C. It can, therefore, be 
assumed that linearity errors are insignificant in computation 
of total temperature errors. 

UNIPOLAR ERRORS 
Temperature error analysis in the unipolar mode is straight
forward: there is an offset drift and a gain drift. The offset 
drift of 2ppm/oC max (which comes from leakage currents) 
causes a linear shift in the transfer curve as shown in Figure 2. 
The gain drift causes a change in the slope of the curve which 
r~~l_~!t~ f!0!!1 !'~fe!'~!!,=e drift ::!!'!d the d~':!~e c:!!~ d:-ift. The 
device gain drift is the DAC drift and drift in RGAIN relative 
to the DAC resistors fora total of 3ppm/oC max (ADS66AK, 
T). Total absolute error due to all of these effects is guaran
teed to be less than ±O.OS% of full scale from ~SSoC to +125°C. 

BIPOLAR RANGE ERRORS 
The analysis is slightly more complex in the bipolar mode. In • 
this mode RBP is connected to VREF (see Figure 1) to generate I 

a current which exactly balances the current of the MSB so 
that the output voltage is zero with the MSB on. 

Note that if the DAC and application resistors track perfectly, . 
the bipolar offset drift will be zero even if the reference drifts. 
A change in the reference voltage, which causes a shift in the 
bipolar offset, will also cause an equivalent change in IREF and 
thus IOAC' so that IOAC will always be exactly balanced by 
IBP with the MSB turned on. This effect is shown in Figure 2. 
The net effect of the reference drift then is simply to cause a 
rotation in the transfer around bipolar zero. However, con
sideration of second order effects (which are often overlooked) 
reveals the errors in the bipolar mode. The unipolar offset 
drifts discussed' before will have the same effect on the bipolar 
offset. A mismatch of RBP to the DAC resistors is usually the 
largest component of bipolar drift, but in the ADS66A this er
ror is held to 10ppm max. The total of all these errors is held 
to ±O.lS% ~ffull scale from _SSoC to +12SoC (ADS66AT). 
Note that, in the bipolar ranges, full scale is defined as the 
total range from -VFS to +VFS. 

UNIPOLAR 

.. 
~ 

-GAINSHIFT 

5 4---~~~--------------

BIPOLAR (IDEAL CASE) 

Figure 2. Unipolar and Bipolar Drifts 
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CONNECTING THE AD566A FOR BUFFERED VOLTAGE 
OUTPUT 

The standard current-to-voltage conversion connections using 
an operational amplifier are shown here with the preferred 
trimming techniques. If a low offset operational amplifier 
(AD510L, AD517L, AD741L, AD301AL, AD OP-07) is used, 
excellent perfonnance can be obtained in many situations 
without trimming (an op amp with less than 0.5mV max off
set voltage should be used to keep offset errors below 1/2LSB). 
If a son fixed resistor is substituted for the lOOn trimmer, 
unipolar zero will typically be within ±1/2LSB (plus op amp 
offset), and full scale accuracy will be within 0.1% (0.25% 
max). Substituting a son resistor for the lOOn bipolar off~ 
set trimmer will give a bipolar zero error typically within 
±2LSB (0.05%). 

The AD509 is recommended for buffered voltage-output ap
plications which require a settling time to ±1/2LSB of one 
microsecond. The feedback capacitor is shown with the op
timum value for each application; this capacitor is required to 
compensate for the 25 picofarad DAC output capacitance. 

FIGURE 3 UNIPOLAR CONFIGURATION 
This configuration will provide a unipolar 0 to +10 volt output 
range. In this mode, the bipolar terminal, pin 7, should be 
grounded if not used for trimming. 

STEP I ... ZERO ADJUST 
Turn all bits OFF and adjust zero trimmer, Rl, until the output 
reads 0.000 volts (lLSB = 2.44mV). In most cases this trim 
is not needed, but pin 7 should then be connected to pin 12. 

STEP II ... GAIN ADJUST 
Turn all bits ON and adjust lOOn gain trimmer, R2, until the 
output is 9.9976 volts. (Full scale is adjusted to lLSB less than 
nominal full scale of 10.000 volts.) If a iO.2375V full scale is 
desired (exactly 2.5mV/bit), insert a 120n resistor in series 
with the gain resistor at pin 10 to the op amp output. 

FIGURE 4. BIPOLAR CONFIGURATION 
This configuration will provide a bipolar output voltage from 
-5.000 to +4.9976 volts, with positive full scale occurring with 
all bits ON (all 1 's). . 

STEP I ... OFFSET ADJUST 
Turn OFF all bits. Adjust lOOn trimmer Rl to give -5.000 
output volts. ' 

STEP II ... GAIN ADJUST 
Turn ON all bits. Adjust lOOn gain trimmer R2 to give a 
reading of +4.9976 volts. 

Please note that it is not necessary to trim the op amp to ob
tain full accuracy at room temperature. In most bipolar situa
tions, an op amp trim is unnecessary unless the untrimmed off
set drift of the op amp is excessive. 

FIGURE 5. OTHER VOLTAGE RANGES 
The AD566A can also be easily configured for a unipolar 0 to 
+5 volt range or ±2.5 volt and ±10 volt bipolar ranges by using 
the additional 5k application resistor provided at the 20 volt 
span R terminal, pin 11. For a 5 volt span (0 to +5V or ±2.5V), 
the two 5k resistors are used in parallel by shorting pin 11 to 
pin 9 and connecting pin 10 to the op amp output and the bi
polar offset resistor either to ground for unipolar or to VREF 
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for the bipolar range. For the ±10 volt range (20volt span) use 
the 5k resistors in series by connecting only pin 11 to the op 
amp output and the bipolar offset connected as shown. The 
±10 volt option is shown in Figure 5. 

DIGITAL INPUT ANALOG OUTPUT 

MSB LSB Straight Binary Offset Binary 

000000000000 Zero -Full Scale 
011111111111 Mid Scale -ILSB Zero -ILSB 
100000000000 +1/2 FS Zero 
111111111111 +FS -ILSB + Full Scale -1 LSB 

'Invert the MSB of the offset binary <ode with an external 
inverter to obtain two's complement. 

Table I. Digital Input Codes 
+15V 

Two's Compl.' 

Zero 
+FS -ILSB 
-FS 
Zero -lLSB 

Figure 3. 0 to + 10V Unipolar Voltage Output 

Figure 4. ±5V Bipolar Voltage Outp'!t 

'THE PARALLEL COMBINATION OF THE BIPOLAR OFFSET RESISTOR 
AND R3 ESTABLISH A CURRENT TO BALANCE THE MSB CURRENT. 
THE EFFECT OF TEMPERATURE COEFFICIENT MISMATCH BETWEEN 
THE BIPOLAR RESISTOR COMBINATION AND DAC RESISTORS IS 
EXPLAINED ON PREVIOUS PAGE. 

Figure 5. ±10V Voltage Output 



DIGITAL INPUT CONSIDERATIONS 
The threshold of the digital input circuitry is set at 2.0 volts 
and does not vary with supply voltage. The input lines can 
interface with any type of 5 volt logic, TTL/DTL or CMOS, 
and have sufficiently low input currents to interface easily 
with unbuffered CMOS logic. The configuration of the input 
circuit is shown in Figure 6. The input line can be modelled as 
a 30kn resistance connected to a -0.7V rail. 

1 

.%~IJfi ~I "--O.7V TO 
(PINS 13 TO 24) I 30kn. lOGIC 

I I 5pF 

1- _ 

POWERL---/
GND 

Figure 6. Equivalent Digital Input Circuit 

GROUNDING RULES 
The AD566A brings out separate reference and power grounds 
to allow optimum connections for low noise and high speed 
performance. These grounds must be tied together at one 
point, usually the device power ground. The separate ground 
returns are provided to minimize the current flow in low-level 
signal paths. In this way, logic gate return currents are not 
summed into the same return path with analog signals. 

The reference ground at pin 3 is the ground point for the 
internal reference and is thus the "high quality" ground for 
the AD566A; it should be connected directly to the analog 
reference point of the system. The power ground at pin 12 can 
be connected to the most convenient ground point; analog 
power return is preferred. If the power ground contains high 
frequency noise in excess of 200mV, this noise may feed 
through to the output of the converter; thus some caution is 
required in applying these grounds. 

OUTPUT VOLTAGE COMPLIANCE 
The ADS66A has a typical output compliance range of -2 to 
+10 volts. The current-steering output stages will be unaffected 
by changes in the output terminal voltage over that range. How
ever, there is an equivalent output impedance of 8kf2 in parallel 
with 25pF at the output terminal which produces an equivalent 
error current if the voltage deviates from analog common. This 
is a linear effect which does not change with input code. Opera
tion beyond the compliance limits may cause either output 
stage saturation or breakdown which results in nonlinear per
formance. Compliance limits are a function of output current 
and negative supply, as shown in Figure 7. 

'" Cl 

~ 4 
"'0 > > 3 
j:", 
c(o 

lil ~ 2 
z~ 

:=;: 1 
o o 

11.4V 

lOUT = OmA 

13.5V 16.5V 

NEGATIVE SUPPLY - VEE 

Figure 7. Typical Neg. Compliance Range vs. Neg. Supply 

HIGH SPEED SYSTEM DESIGN 
Full realization of the ADS66A high speed capabilities requires 
strict attention to detail by the user in all areas of application 
and testing. 

The settling time for the AD566A is specified for the current 
output, an inherently high speed DAC operating mode. How
ever, most DAC applications require a current-to-voltage con
version at some point in the signal path, although an unbuf
fered voltage level (not using an op amp) is suitable for use 
in a successive-approximation AID converter or in many dis
play applications (see next page). With proper design this form 
of current-to-voltage conversion can give very fast operation. 
The fastest voltage conversion is achieved by connecting a low 
value resistor directly to the output, as shown in Figure 8. In 
this case, the settling time is primarily determined by the cell 
switching time and by the RC time constant of the AD566A 
output capacitance of 25 picofarads (plus stray capacitance) 
combined with the output resistor value. Settling to 0.01 % of 
full scale (for a full scale transition) requires 9 time constants. 
Titis eiiect is important ior an equivaient resisram;t: uvt:r iK". 

If an op amp is used to provide a low impedance output 
signal, some loss in settling time will be seen due to op amp 
dynamics. The normal current-to-voltage converter op amp 
circuits, based on the fast settling AD509, are shown in the 
applications circuit. The unipolar or bipolar circuits shown 
settle to ±1/2LSB in IllS. The DAC output capacitance, which m. 
acts as a stray capacitance at the op amp inverting input, .. 
must be compensated by a feedback capacitor as shown. The 
value should be chosen carefully for each application and 
each op amp type. 

Fastest operation will be ~btained by minimizing lead lengths, 
stray capacitance and impedance levels. The supply should be 
bypassed near the device; O.lIlF will be sufficient since the 
ADS66A runs at constant supply current regardless of input 
code. Output capacitance effects can be minimized by 
grounding pin 11 in 10V span applications. 

DIRECT UNBUFFERED VOLTAGE OUTPUT FOR 
CABLE DRIVING 

The wide compliance range allows direct current-to-voltage con
version with just an ou tpu t resistor. Figure 8 shows a connec
tion using the gain and bipolar output resistors to give a ±1.60 
volt bipolar swing. In this situation, the digital code is comple
mentary binary. Other combinations of internal and external 
output resistors (Rx) can be used to scale to altcrnate voltage 
ranges, simply by appropriately scaling the 0 to -2mA unipolar 
output current and using the 10.0 volt reference voltage for 
bipolar offset. For example, setting Rx = 2.67kn gives a ±1 
volt ra~ge with a lkn equivalent output impedance. 
This connection is especially useful for directly driving a long 
cable at high speed. A son Rx resistor drives a son cable with 
a ±50mV full scale swing; settling time is very fast as discussed 
in the section above. 

Figure 8. Unbuffered Bipolar Voltage Output 
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MICROPROCESSOR CONTROL FOR A 12-BIT DAC 
A common liD interface is the Digital-to-Analog Converter 
output, which provides a voltage corresponding to a data word 
from a microprocessor. 

AD~~\~{LO 
DECODER HI, '-__ L .r--..... 

Figure 9. 

SIMPLE LOGIC INTERFACE 
FOR STANDARD 12-BIT OAe 

Interfacing is more complex when the DAC needs more bits 
of resolution than the system data bus can carry in 1 byte. 
For examp"Ie, applications using an 8-bit microprocessor to 
drive a 12-bit DAC are common. Several hardware formats 
are possible; the most convenient one depends on the desired 
data format. If the least significant 8 bits are in one byte of 
memory, they can be transferred into an 8-bit latch in one 
memory-or liD-write cycle. An adjacent cycle can be used to 
transfer the 4 least-significant bits of another data word into 
a latch controlling the 4 most-significant bits of the DAC. The 
least-significant bits of the data bus drive two 4-bit latches 
which are controlled by two separate addresses. The Hi Byte 
address allows the microprocessor to write in the 4 most 
significant data bits and the La Byte address allows the micro
process'or to write in the 8 remaining bits. When all 12 bits 
are latched, the DAC output will assume its proper new value. 
An intermediate value will be momentarily present at the DAC 
terminals between Hi and Lo Byte write cycles. For applica
tions such as CRT displays where this intermediate value can
not be tolerated, double buffering can be effectively employed. 
This could be implemented with a separately-controlled 12-
bit latch at the DAC inputs or a sample and hold amplifier 
on the ou tpu t. 

D/A CONVERTER DISPLAYS 
In Figure 10, a counter-driven ADs66A is shown as a sawtooth 
sweep generator. When used for displays, this scheme provides 
a highly-repeatable, controllable linear sweep. 

Raster displays are usually generated by a fast horizontal scan 
and a slower vertical scan which is derived from the horizontal 
scan. Intensity modulation during each horizontal scan pro
vides the pictorial information. The picture resolution is ex
pressed in terms of the number of discernible data points per 
line multiplied by the number of lines. The minimum frame 
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period is the time allowed for the horizontal scan-plus-retrace 
multiplied by the number of lines, plus vertical retrace time. 

A family of monolithic D/A converters is available from 
Analog Devices that are suitable for vertical sweeps. The 
line-spacing uniformity depends on linearity while maximum 
number of lines depends on DAC resolution. A display of 
1024 lines would require 10 bits of resolution and 12 bits of 
linearity (0.012% of linearity provides less than 12% of spacing 
error). Switching transients created within the vertical sweep 
DAC are blanked because they occur during the horizontal 
retrace interval. 

For horizontal sweeps, the DAC requirements are more severe. 
For example, to resolve 500 points per line, at 500 lines per 
frame, at a 30Hz frame rate, requires that each digital hori
zontal step settle within lOOns (typical full scale settling time 
is 200ns), and that there be no "glitches". Even if the display 
is blanked between horizontal steps, large glitches at major 
carries can cause deflection-amplifier transients, which distort 
the pattern. 

Figure 10. 

The excellent high speed performance of the ADs66A is demon
strated in the oscilloscope photograph of Figure 11. This mea
surement is made with the ADs66A driving directly into an 
equivalent son load, amplified with a low capacitance MOS
input, UHF amplifier. The figure shows the worst case situa
tion, which is full scale transition from switching all bits OFF 
to ON. The equipment and circuitry used to make the mea
surements adds about 50ns to the actual device performance. 

INPUT DRIVE 
OT05VOLTS 

OUTPUT SIGNAL 
1 DIVISION = 1LSB 

HORIZONTAL SCALE 
150ns/DIV 

I 
; t t j t-

t + t • 

I I 

• t t -

I 

Figure 11. Settling Characteristic Detail 
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FEATURES 
Single Chip Construction 
Double-Buffered Latch for 8-Bit IlP-Compatibility 
Fast Settling Time: 500ns max to ±1/2LSB 
High Stability Buried Zener Reference on Chip 
Monotonicity Guaranteed Over Temperature 
Linearity Guaranteed Over Temperature: 1/2LSB max 

(AD567K) 
GUimllli~~u iur vfJ~ri1iiulI wiiil 1. i2V VI 1. iGV :;u~~iit:3 
Low Power: 300mW Including Reference 
TTL/5V CMOS Compatible Logic Inputs 

PRODUCT DESCRIPTION 
The ADS67 is a complete high speed 12-bit digital-to-analog 
converter including a high stability buried zener voltage 
reference and double-buffered input latch on a single chip. 
The converter uses 12 precision high speed bipolar current 
steering switches and a laser trimmed thin film resistor 
network to provide fast settling time and high accuracy. 

Microprocessor compatibility is achieved by the on-chip 
double-buffered latch. The design of the input latch allows 
direct interface to 4-,8-,12-, or 16-bit buses. The 12 bits of 
data from the first rank of latches can then be transferred to 
the second rank, avoiding generation of spurious analog out
put values. The latch responds to strobe pulses as short 
as lOOns, allowing use with the fastest available microprocessors. 

The functional completeness and high performance in the 
ADS67 results from a combination of advanced switch design, 
high speed bipolar manufacturing process, and the proven laser 
wafer-trimming (LWT) technology. The ADS67 is trimmed at 
the wafer level and is specified to ±1/4LSB maximum linearity 
error (K grade) at 25°C and ±1/2LSB over the full operating 
temperature range. 

The subsurface (buried) Zener diode on the chip provides a 
low-noise voltage reference which has long-term stability and 
temperature drift characteristics comparable to the best dis
crete reference diodes. The laser trimming process which pro
vides the excellent linearity IS also used to trim both the abso
lute value of the reference as well as its temperature coefficient. 
The ADS67 is thus well suited for wide temperature range 
performance with ±1/2LSB maximum linearity error and 
guaranteed monotonicity over the full temperature range. 
Typical full scale gain T.C. is 10ppm/C. 

The ADS67 is available in three performance grades. The 
ADS67J and K are specified for use over the 0 to +70°C tem
perature range and are available in either a 28-pin hermetically-

·Covered by patent numbers: 3,803,590; 3,890,611; 3,932,863; 
3,978,473; 4,020,486; and other patents pending. 

Microprocessor -Compatible 
12-Bit D/A Converter 

AD567* I 
ADS67 FUNCTIONAL BLOCK DIAGRAM 

OB7 --- DB4 

28-PIN DIP 

sealed, ceramic DIP or a 28-pin molded plastic DIP (N package). 
The ADS67S is specified for the -55°C to +12S

o
C range and 

is available in the ceramic package. 

PRODUCT HIGHLIGHTS 
1. The ADS67 is a complete current output DAC with volt

age reference and digital latches on a single IC chip. 

2. 'The double-buffered latch structure permits direct inter
face to 4-, 8-, 12-, or 16-bit data buses. Alllogic inputs are 
TTL or 5 volt CMOS compatible. 

3. The internal buried zener reference is laser-trimmed to 
10.00 volts with a ±1% maximum error. The reference volt
age is also available for external application. 

4. The chip also contains SiCr thin film application resistors 
which can be used either with an external op amp to pro
vide a precision voltage output or as input resistors for an 
AID converter. The resistors are matched to the internal 
ladder network to guarantee a low gain temperature coef
ficient and are laser-trimmed for minimum full scale and 
bipolar offset errors. 

S. The precision high speed current switch design· provides 
high dc accuracy and an optimally-damped settling charac
teristic. Output current settling time is 500 nanoseconds 
maximum to ±1/2LSB. 
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SPECIFICATIONS (TA = +25°e, Vee = +12V or+15V, VEE = -12V or -15V, unless otherwise specified) 
AD567J ADS67K 

MODEL MIN TYP MAX MIN TYP MAX 

DATA INPUTS· (Pins 10-15 and 17-2S) 
TTL or 5 Volt CMOS 

Input Voltage 

Bit ON Logic "I" +2.0 +5.5 +2.0 +5.5 
Bit OFF Logic "0" +O.S +0.8 

Logic Current (each bit) 
Bit ON Logic "I •. +120 +300 +170 +300 
Bit OFF Logic "0" +35 +100 +35 +100 

RESOLUTION 12 12 

OUTPUT 
Current 

Unipolar (all bits on) -1.6 -2.0 -2.4 -1.6 -2.0 -2.4 
Bipolar (all bits on or off) ±0.8 ±1.0 ±1.2 ±O.S ±1.0 ±l.2 

Resistance (exclusive of span 
resistors) 6k Sk 10k 6k Sk 10k 

Offset 
Unipolar 0.01 0.05 0.01 0.05 

Bipolar (Figure 3, R2 = son fixed) 0.05 0.15 0.05 0.1 
Capacitance 25 25 

Compliance Voltage 
T';'in to Tmax -1.5 +10 -1.5 +10 

ACCURACY (error relative to 
full scale) +25°C ±1/4 ±1I2 ±I/S ±lI4 

(0.006) (0.012) (0.003) (0.006) 
Tmin to Tmax ±112 ±3/4 ±1/4 ±lI2 

(lJ.012) (O.OlS) (0.006) (0.012) 

DIFFERENTIAL NONLINEARITY 
+25°C ±1/2 ±3/4 ±1/4 ±lI2 

Tmin to Tmax MONOTONICITY GUARANTEED MONOTONICITY GUARANTEED 

TEMPERATURE COEFFICIENTS 
With Internal Reference 

Unipolar Zero 
Bipolar Zero 
Gain (Full Scale) 
Differential Nonlinearity 

TEMPERATURE RANGE 
Operating 0 
Storage -65 

POWER REQUIREMENTS 
Vee, +11.4 to +16.5V de 
VEE, -11.4 to -16.5V de 

POWER SUPPLY GAIN SENSITIVITy 2 

Vee = +11.4 to +16.5V de 
VEE = -11.4 to -16.SV de 

PROGRAMMABLE OUTPUT 
RANGE (see Figures I, 2, 3) 

EXTERNAL ADj USTMENTS 
Gain Error with Fixed son 

Resistor for R2 (Figure 2) 
Bipolar Zero Error with Fixed 

SOn'Resistor for Rl (Figure 3) 
Gain Adjustment Range (Figure 2) ±0.2S 
Bipolar Zero Adjusunent Range ±O.IS 

REFERENCE INPUT 
Input Impedance 15k 

REFERENCE OUTPUT 
Voltage 9.90 
Current (available for external 

loads) 0.1 

POWER DISSIPATION 

PACKAGE3 Ceramic DIP (D2SA) 
Plastic DIP (N2SA) 

NOTES 
I The digital input specifications are guaranteed but not tested over the 

operating temperature range. 

I 
5 
IS 
2 

3 
-17 

3 
IS 

o to +5 
-2.5 to +2.5 
Oto+1O 
-5 to + 5 
-10 to +\0 

±O.I 

W.05 

20k 

10.00 

1.0 

300 

AD567jD 
ADS67jN 

"The power su~ply gain sensitivity is tested in reference to a ~ee, VEE of ±lSV de ±10%. 
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2 I 2 
10 5 10 
50 \0 20 

2 

+;0 0 +70 
+ 150 -(,5 + 150 

5 3 5 
-25 -17 -25 

10 3 10 
25 15 25 

o to +5 
-2.5 to +2.5 
o to +10 
-5 to +5 
-10 to +\0 

±O.2S .!(I. I ±0.2S 

±O.IS ±O.O5 ±0.1 
±o.25 
±O.15 

25k 15k 20k 25k 

10.10 9.90 \lUlO 10.10 

0.1 1.0 

495 300 495 

ADS67KD 
ADS67KN 

• See Section 19 for package outline information. 

Specifications subject to change without notice. 

UNITS 

V 
V 

IlA 

IlA 

Bits 

rnA 
rnA 

n 

% of F.S. Range 
% of F.S. Range 
pF 

V 

LSB 
% of F.S. Range 
LSB 
% of F.S. Range 

LSB 

ppm/oC 
ppm/oC 
ppm/C 
ppmtC 

°c 
°c 

rnA 
mA 

ppm of I'.S.I% 
ppm of F.S.I% 

V 
V 
V 
V 
V 

% of F.S. Range 

% of F.S. Range 
% of F.S. Range 
% of F.S. Range 

n 

V 

rnA 

mW 



AD567SD 

MODEL MIN TYP MAX UNITS 

DATA INPUTS! (Pins 10-15 and 17-2S) 
TTL or 5 Volt CMOS 

Input Voltage 

Bit ON Logic "I" +2.0 +5.5 V 
Bit OFF Logic "0" +0.7 V 

Logic Current (each bit) 
Bit ON Logic "I" +120 +300 IlA 
Bit OFF Logic "0" +35 +100 IlA 

RESOLUTION 12 Bits 

OUTPUT 
Current 

Unipolar (all bits on) -1.6 -2.0 -2.4 rnA 
Bipolar (all bits on or off) ±O.S ±1.0 ±1.2 rnA 

Resistance (exclusive of span 
resistors) 6k Sk 10k n 

Offset 
Unipolar 0.0\ u.U) 70 oi F.5. R.ange: 
Bipolar (Figure 3. R2 = son fixed) 0.05 0.15 % of F.S. Range 

Capacitance 25 pI' 
Compliance Volta{:c 

Tmin to Tmax -1.5 +10 V 

ACCURACY (error relative to 
full scale) +25°C ±1I4 ±l/2 LSB 

(0.006) (0.012) % of F .5. Range 

Tmin to Tmax ± \/2 ±3/4 LSB 
(0.012) (O.OIS) % of F .5. Range 

DIFFERENTIAL NONLINEARITY 
+25°C ±1/2 ±3/4 LSB 
Tmin to Tmax MONOTONICITY GUARANTEED 

TEMPERATURE COEFFICIENTS 
With Internal Reference 

Unipolar Zero I 2 ppm/C 
Bipolar Zero 5 10 ppm/oC 
Gain (Full Scale) 15 30 ppm/C 
Differential Nonlinearity 2 ppm/C 

TEMPERATURE RANGE 
Operating -55 +125 °c 

Storage -65 +150 °c 

POWER J::> 

Vee. +11.4 to +16.5V dc 3 5 rnA 
VEE. -11.4 to -16.5V dc -17 -25 rnA 

POWER SUPPLY GAIN SENSITIVITY' 
Vee = +11.4 to +16.5V dc 3 10 ppm of 1'.5./% . 

VEE = -11.4 to -16.SV de IS 25 ppm of 1'.5./% 

PROGRAMMABLE OUTPUT 
RANGES (see Figures 1.2.3) o to +5 V 

-2.5 to +2.5 V 
Oto+IO V 
-5 to +5 V 
-\Oto+1O V 

cXTERNALAUJu~TMENT~ 

Gain Error with Fixed son 
Resistor for R2 (Figure 2) ±O.I ±0.2S % of 1'.5. Range 

Bipolar Zero Error with Fixed 
son Resistor for Rl (Figure 3) ±0.05 ±O.IS % of 1'.5. Range 

Gain Adjustment Range (Figure 2) ±0.2S % of 1'.5. Range 
Bipolar Zero Adjustment Range ±o.15 % of 1'.5. Range 

REFERENCE INPUT 
Input Impedance 15k 20k 25k n 

REFERENCE OUTPUT 
Voltage 9.90 10.00 10.10 V 
Current (available for external 

loads) 0.1 1.0 rnA 

POWER DISSIPATION 300 495 mW 

PACKAGE3 (D2SA) AD567SU 

.. 
Speclflcallons subject to change wuhout nollce. Speclflcallons shown In boldface arc tested on all productIon Units at 

final electrical test. Results from those tests are used to calculate out
going quality levels. All min and max specifications arc guaranteed. 
although only those shown in boldface arc tested on all production 
units. 
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TIMING SPECIFICATIONS 

(All Models, TA = 25°C, Vee = +12V or +15V, 
VEE = -12V or -15V) 

Symbol Parameter Min Typ Max 

tDW Data Valid to End of WR 50 
tcw CS Valid to End of WR 100 
tAW Address Valid to End of WR 100 
twp Write Pulse Width 100 
tDH Data Hold Time 0 

ns 

ns 
ns 
ns 

tSETT Output Current Settling Time 400 500 ns 

tIMING DIAGRAMS 
WRITE CYCLE #1 
(Load First Rank from Data Bus; A3 = 1) 

I-tcw-i C'S-----, 1/ 
~tAW I 

A2,-AO ---"""\)( I X __ _ 
_______ """t;=tDW-j 

DBll-DBO X I V -----I 'I'--I I-tDH 

\\\ 1. 
~twP~ 

AD567 ORDERING GUIDE 

MODEL 

AD567JN 
AD567KN 
AD567JD 
AD567KD 
AD567SD 

PACKAGE 

Plastic 
Plastic 
Ceramic 
Ceramic 
Ceramic 

LINEARITY 
TEMP ERROR MAX 

RANGE @ 25°C 

Com ±1/2LSB 
Com ±1/4LSB 
Com ±1I2L511 
Com ±1I4L5B 
Extended ±1I2L5B 
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ABSOLUTE MAXIMUM RATINGS 

Vee to Power Ground ................... OV to + 18V 
VEE to Power Ground ................... OV to -18V 
Voltage on DAC Output (Pin 2) ............ -3V to +12V 
Digital Inputs (Pins 10-15, 17-28) 

to Power Ground .................. -1.0V to +7.0V 
Ref In to Reference Ground ................... ±12V 
Bipolar Offset to Reference Ground .............. ±12V 
10V Span R to Reference Ground ............... ±12V 
20V Span R to Reference Ground ............... ±24V 
Ref Out ............... Indefinite short to power ground 

Momentary Short to Vee 
Power Dissipation ........................ 1000mW 

WRITE CYCLE #2 
(Load Second Rank from First Rank; A21 At. Ao = 1) 

I, tcw-l cs---, 1/ 
j-tAW-l 

A3 ------" I I 
t-twP~ 

WR ----""\\ fr----
j:::=tSETT ====_!..l_ •• ! __ 

OUTPUT ~ ."t, 

GAIN T.e. 
MAX 

50ppmlC 
20ppmlC 
50ppm/oC 
20ppmlC 
30ppm/oC 

-----------------

BIP OFFSET 

DAC OUT (·2mA F.S.I 

10V SPAN R 

20V SPAN R 

REF GND 

VREF OUT 

+VCC 

VREF IN 

WR 

A3 

A2 

Al 

PIN CONNECTIONS 
TOP VIEW 

DBll (MSBI 

DB10 

DB9 

DBS 

DB7 

DB6 

DB5 

DB4 

DB3 

DB2 

DBl 

DBO (LSBI 

POWER GROUND 

AO 



THE ADS67 OFFERS TRUE 12-BIT PERFORMANCE 
OVER THE FULL TEMPERATURE RANGE 

RELATIVE ACCURACY: Analog Devices defines relative 
accuracy as the maximum deviation of the actual, adjusted 
DAC output from the ideal analog output (a straight line 
drawn from 0 to F.S. - lLSB) for any bit combination. The 
ADS67 is laser trimmed to 1I4LSB (0.006% of F.S.) maxi
mum error at +ZSOC for the K version and lIZLSB for the 
] and S. 

MONOTONICITY: A DAC is said to be monotonic if the out
put either increases or remains constant for increasing digital 
inputs such that the output will always be a non-decreasing 
function of input. All versions of the ADS67 are mono-
tonic over their full operating temperature range. 

DIFFERENTIAL NONLINEARITY: Monotonic behavior 
requires that the differential linearity error be less than 
1LSB both at +2SoC and over the temperature range of inter
est. Differential nonlinearity is the measure of the variation in 
analog value, normalized to full scale, associated with a 1 LSB 
change in digital input code. For example, for a 10 volt full 
scale output, a change of 1LSB in digital input code should 
result in a 2.44mV change in the analog output (lLSB = lOV x 
114096 = 2.44mV). If in actual use, however, a lLSB change in 
the input code results in a change of only 0.61mV (l/4LSB) in 
analog ou tpu t, the differential linearity error would be 
1.83mV, or 3/4LSB. The ADS67K has a max differential 
linearity error of 1I2LSB, which specifies that every step 
will be at least 1I2LSB and at most 1 lIZLSB. 

The differential nonlinearity temperature coefficient must also 
be considered if the device is to remain monotonic over its full 
operating temperature range. A differential nonlinearity temper
ature coefficient of 1.0ppm/C could, under worst case condi
tions for a temperature change of +2SoC to +12SoC, add 
0.01 % (lOOoC x 1.0ppm/C) of error. The resulting error 
could then be as much as 0.01 % + 0.006% (initial error, 
1/4LSB) = 0.016% of F.S. (l/2LSB represents 0.012% of 
F.S.). To be sure of accurate performance all versions of the 
ADS67 are 100% tested for monotonicity over the full oper
ating temperature range. 

ANALOG CIRCUIT CONNECTIONS 
The standard current-to-voltage conversion connections using 
an operational amplifier are shown here with the preferred trim
ming techniques. If a low offset operational amplifier (ADS10Lj 
ADS17Lj AD741Lj AD301ALj AD OP-07) is used, excellent 
performance can be obtained in many situations without trim
ming (an op amp with less than O.SmV max offset voltage 
should be used to keep offset errors below 1I2LSB). Unipolar 
zero will typically be within ±1/2LSB (plus op amp offset), 
and full scale accuracy will be within 0.1 % (0.2S% max). 
Suhstituting a SOn resistor for the lOOn bipolar offset trim
mer will give a bipolar zero error typically within ±2LSB 
(0.05%). 
The ADS44 is recommended for buffered voltage-output appli
cations which require fast settling time to ±1/2LSB. The feed
back capacitor is shown with the optimum value for each 
applicationj this capacitor is required to compensate for the 
2S picofarad DAC output capacitance. 

Analog Application Notes 
.Vee 

Figure 1. 0 to +10V Unipolar Voltage Output 

FIGURE 1. UNIPOLAR CONFIGURATION 
This configuration will provide a unieolar 0 to + 10 volt output 
range. In this mode, the bipolar terminal, pin I, should be 
grounded if not used for trimming. 

STEP I ... ZERO AD] UST 
Turn all bits OFF and adjust zero trimmer Rl, until the out- • 
putreadsO.OOOvolts(1LSB= 2.44mV). In most cases this trim , • 
is not needed, and pin 1 should be connected to pin S. 

STEP II ... GAIN ADJUST 
Turn all bits ON and adjust lOOn gain trimmer R2, until the 
output is 9.9976 volts. (Full scale is adjusted to 1LSB less than 
nominal full scale of 10.000 volts.) If a 10.237SV full scale is 
desired (exactly 2.SmV/bit), insert a f20n resistor in series 
with the gain resistor at pin 3 to the op amp output. 

Figure 2. ±5V Bipolar Voltage Output 

FIGURE 2. BIPOLAR CONFIGURATION 
This configuration will provide a bipolar output voltage from 
-S.OOO to +4.9976 volts, with positive full scale occurring with 
all bits ON (all 1 's). 

STEP I ... OFFSET AD] UST 
Turn OFF all bits. Adjust lOOn trimmer Rl to give -S.OOO 
volts output. 

STEP II ... GAIN AD] UST 
Turn ON All bits. Adjust lOOn gain trimmer R2 to give a 
reading of +4.9976 volts. 

Please note that it is not necessary to trim the op amp to ob
tain full accuracy at room temperature. In most bipolar situa
tions, an op amp trim is unnecessary unless the untrimmed off
set drift of the op amp is excessive. 
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FIGURE 3 OTHER VOLTAGE RANGES 
The AD567 can also be easily configured for a unipolar 0 to 
+5 volt range or ±2.5 volt and ±10 volt bipolar ranges by using 
the additional 5k application resistor provided at the 20 volt 
span R terminal, pin 4. For a 5 volt span (0 to +5 or ±2.5), 
the two 5k resistors are used in parallel by shorting pin 4 to 
pin 2 and connecting pin 3 to the op amp output and the 
bipolar offset either to ground for unipolar or to REF OUT 
for the bipolar range. For the ±1O volt range (20 volt span) 
use the 5k resistors in series by connecting only pin 4 to the 
op amp output and the bipolar offset connected as shown. 
The ±10 volt option is shown in Figure 3. 

Figure 3. ±10V Voltage Output 

The internal resistor values shown in Figures 1, 2, and 3 are, 
nominal values only, as is the ou tpu t current. These values are 
subject to an absolute tolerance of approximately ±20%. 
Furthermore, the resistors in the ADS67 exohibit a .tempera
ture coefficient of approximately -SOppml C. WhIle these 
absolute tolerances may appear excessively wide, the ratios 
of the resistor values and tracking TC are extremely well
controlled. In applications where the internal feedback 
resistor determines the output voltage range it is the ratios 
which determine the accuracy. However, in applications where 
the desired full scale range requires use of an external resistor, 
sufficient trim range must be provided to compensate for the 
tolerance of the internal resistance. 

INTERNAL/EXTERNAL REFERENCE USE 
The ADS67 has an internal low-noise buried zener diode refer
ence which is trimmed for absolute accuracy and temperature 
coefficient. This reference is buffered and optimized for use 
in a high speed DAC and will give long-term stability equal 
or superior to the best discrete zener reference diodes. The 
performance of the AD567 is specified with the internal refer
ence driving the DAC since all trimming and testing (especially 
for full scale error and bipolar offset) is done in this config
uration. 

The ADS67 can be used with an external reference, but may 
not have sufficient trim range to accommodate a reference 
which does not match the internal reference. 

The internal reference has sufficient buffcring to drive external 
circuitry in addition to the reference currents required for the 
DAC (typically O.SmA to Ref In and LOrnA to Bipolar Offset). 

Output Range 

o to +SV 
o to +10V 
-2.SV to +2.SV 
-SV to +SV 
-lOV to +lOV 

Connect Pin 3 to: 

Amplifier Output 
Amplifier Output 
Amplifier Output 
Ainplifier Output 

A minimum of O.lmA is available for driving external loads. 
The ADS67 reference output should be buffered with an ex
ternal op amp if it ,is required to supply additional output 
current. The reference is typically trimmed to iO.2%, then 
tested and guaranteed to ±1.0% max error. The temperature 
coefficient is comparable to that of the full scale TC for a 
particular grade. 

OUTPUT VOLTAGE COMPLIANCE 
The AD567 has a typical output compliance range from -1.5 to 
+ 10 volts. The current-steering output stages will be unaffected 
by changes in the output terminal voltage over that range. How
ever, there is an equivalent output impedance of 8k in parallel 
with 2SpF at the output terminal which produces an equivalent 
error current if the voltage deviates from analog common. This 
is a linear effect which does not change with input code. Opera
tion beyond the compliance limits may cause either output 
stage saturation or breakdown which results in nonlinear per
formance. Compliance limits are not affected by the posi-
tive power supply, but are a function of output current and 
negative supply, as shown in Figure 4. 

'" '-" 
~ 4 

'" 0 > > 3 
;:: '" ..: u 
8 ~ 2 
z ~ 

::; 1 

8 
11.4V 13.5V 16,5V 

NEGATIVE SUPPLY _. VEE 

Figure 4. Typical Negative Compliance Range vs. 
Negative Supply 

GROUNDING RULES 
The ADS67 brings ou t separate reference and power grounds 
.to allow optimum connections for low noise and high speed 
performance. These grounds should be tied together at <:me 
point, usually the device power ground. The separate ground 
returns are provided to minimize current flow in low-level 
signal paths. In this way, logic return currents are not sum
med into the same return path with analog signals. 

The reference ground at pin S is the ground point for the 
internal reference and is thus the "high quality" ground for 
the AD567; it should be connected directly to the analog 
reference point of the system. The power ground at pin 16 
can be connected to the most convenient ground point; 
analog power return is preferred. If power ground contains 
high frequency noise beyond 200mV, this noise may feed 
through the converter, thus some caution will be required 
in applying these grounds. 

It is also important to properly apply decoupling capacitors 
on the power supplies for the ADS67 and the output ampli
fier. The correct method for decoupling is to connect a capac
itor from each power supply pin of both the ADS67 and the 
amplifier directly to the reference ground pin of the AD567. 
Any load driven by the output amplifier should also be re
ferred to the reference ground pin. 

Connect Pin 4 to: 

Pin 2 
Amplifier Output 
Pin 2 
Amplifier Output 
Amplificr Output 

Connect Pin 1 to: 

Pin S 
Pin S 
Pin 6 (through SOn) 
Pin 6 (through SOn) 
Pin 6 (through SOn) 

Table I. Connections for Various Output Ranges 
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DIGITAL CIRCUIT DETAILS 
The bus interface logic of the AD567 consists of four inde
pendently addressable registers in two ranks. The first rank 
consists of three four-bit registers which can be loaded di
rectly from a 4-, 8-, 12-, or 16-bit microprocessor bus. Once 
the complete I2-bit data word has been assembled in the 
first rank, it can be loaded into the I2-bit register of the 
second rank. This double-buffered organization avoids the 
generation of spurious analog output values. Figure 5 shows 
the block diagram of the AD567 logic section. 

The latches are controlled by the address inputs, AO-A3, and 
the CS and WR inputs. All control inputs are active low, con
sistent with general practice in microprocessor systems. The 
CS and WR inputs must both be low for any operation to . 
v,:,:ui". Th;: fv~~ ~ddi"'::;:; H~~:; .:;:.~h ~~:.b!= G~= ~f th: fG!.!: 
latches, as indicated in Table II below. 

All latches in the AD567 are level-triggered. This means that 
data present during the time when the control signals are valid 
will enter the latch. When anyone of the control signals re
turns high, the data is latched. 

OBI1--- OB8 OB7--- 0B4 083 --- DBO 

Figure 5. AD567 Block Diagram 

CS WR A3 A2 Al AO Operation 

~ 1 X X X X X No Operation 
X 1 X X X X. No Operation 
0 0 1 1 1 0 Enable 4 LSBs of First Rank 
0 0 1 1 0 I Enable 4 Middle Bits of First Rank 
0 0 1 0 1 1 Enable 4 MSBs of First Rank 
0 0 0 1 1 1 Loads Second Rank from First Rank 
0 0 0 0 0 0 All Latches TransE..arent 

"X" = Don't Care 

Table II. AD567 Truth Table 

MICROPROCESSOR BUS INTERFACING 
The AD567 interface logic is configured with enough flexi
bility to allow relatively simple interface to the various micro
processor bus structures. The required control signals, CS and 
WR, are easily derived in most systems. Usually a base address 
is decoded, and this active-low signal is used for CS (Chip 
Select). Either 110 Write or Memory Write can be used for WR, 
depending on the system design. The relative timing of these 
signals is not important and they are interchangeable. 

The address lines determine which of the latches are being 
enabled. It is permissible to enable two or more latches 
simuh:aneously, as in the examples of 8-, 12-, and 16-bit 
interfaces. 

AD567 Digital Interface Details 
The double-buffered latch permits data to be loaded into the 
first rank latches of several AD567s and subsequently strobed 
into the second rank registers of all the DACs. All analog out
puts will then update simultaneously. 

4-BIT PROCESSOR INTERFACE 
Many industrial control applications use four-bit microproces
sors but require 12-bit accurate analog control voltages. The 
AD567 is well suited to these applications, due to its flexible 
control structure. 

I OB3 

OB2 

OBl 

DBO 

~ .. 
~p I 

I 
I 

A2 

Al 

AO 

J WR 

I 
I 
I 

3 

2 

~ 
XOO 
XOl 
Xl0 
Xll 

I I 
A~~~~SS·j "'\J" 
DECODER 

7 

6 

1/274LS139 5 

4 

RATION 2!L
LOAD 4LSB. 

28,24,20 

27,23,19 

26,22,18 

25,21,17 

LOAD 4 MIDDLE BITS 
·LOAD 4 MSB. 
UPDATE OUTPUT 

OBll, OB7, OB3 I 
OB10, OB6, OB2 

DB9, DB5, DBl 

DB8, OB4, DBO 

-
CS 

A0567 

A3 

A2 

Al 

AO 

WR I 

Figure 6. Addressing for 4-Bit Microprocessor Interface 

Each AD567 occupies four locations in a 4-bit microprocessor 
system. A single 74LS139 2-to-4 decoder is used to provide 
sequential addresses for the four AD567 registers. CS is de
rived from an address decoder driven from the high order 
address bits. The system WR is used for the WR input of the 
AD567. 

8-BIT MICROPROCESSOR INTERFACE 
The AD567 interfaces easily to 8-bit microprocessor systems 
of all types. The control logic makes possible the use of right
or left-justified data formats. 

Whenever a 12-bit DAC is loaded from an 8-bit bus, two bytes 
are required. If the program considers the data to be a 12-bit 
binary fraction (between 0 and 4095/4096), the data is left
justified, with the eight most significant bits in one byte and 
the remaining bits in the upper half of another byte. Right
justified data calls for the eight least significant bits to occupy 
one byte, with the 4 most significant bits residing in the lower 
half of another byte, simplifying integer arithmetic. 

1 OBlll OB10 \ OB9\ OBS \ OB7\ 086 \ 0851 0841 

OB3 \ OB2 \ OBl \ OBO \ X \ X X X 

a. Left Justified 

X X X X IOBll108101 OB91 OBsl 

OB7 1 OB6 1 OB51 OB4 1 OB3 1 OB21 OBl lOBO 1 

b. Right Justified 

Figure 7. 12-Bit Data Formats for 8-Bit Systems 
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Figure 8 shows an addressing scheme for use with an ADS67 
set up for left-justified data in an 8-bit system. The base ad
dress is decoded from the high-order address bits and the re
sultant active-low signal is applied to CS. The two LSBs of 
the address bus are connected as shown to the ADS67 address 
inputs. The latches now reside in two consecutive locations, 
with location XOlloading the four LSBs and location XlO 
loading .the eight MSBs and updating the output. 

07 

06 
05 
04 
03 
02 
01 

DO 

AIS 
I 
I 
I 

A2 

Al 

AO 

'--
-

'---
'---

ADDRESS t-
DECODER 

r 
L 

OB11 I OB10 
OB9 
OBS 
OB7 
OB6 
OBS 

OB4 
OB3 

OB2 
OBI 

OBO 

\ cs 
AD567 

AO 

Al 
A2 

A3 

ViR J 

Figure 8. Left-Justified 8-Bit Bus Interface 
Right-justified data can be similarly accommodated. The 
overlapping of data lines is reversed, and the address con
nections are slightly different. The ADS67 still occupies 
two adjacent locations in the processor's memory map. 

OBll 

OB10 
OB9 
OBS 

07 OB7 
06 OB6 
05 OBS 
04 OB4 
03 OB3 
02 OB2 
01 OBI 
DO OBO 

AIS AD567 
I 
I 
I 

cs 
A2 

Al AO 
Al 

AO A2 
A3 

Wii WR 

Figure 9. Right-Justified 8-Bit Bus Interface 
USING MULTIPLE ADS67 DACS IN 8-BIT SYSTEMS 
Many applications use multiple digital-to-analog converters 
driven from the same data bus. For example, automatic test 
equipment systems often require alI analog outputs to be 
produced simultaneously. Vector-scan graphic systems require 
that the X and Y coordinates of the stroke endpoints be up
dated simultaneously. The AD567 can be used with a very 
simple address decoder to perform this function, as shown 
in Figure 10. The 74LS139 two-line to four-line decoder and 
one inverter provide a set of distinct address pulses which 
assign the registers of the two DACs to a block of consecutive 
memory locations. In this circuit, write operations to addres
ses XOOO and XOOlload the first rank registers of one DAC 
in a right-justified data format. Addresses XOIO and X911 
load the first rank of another DAC, also in a right-justified 
format. A write to any address from X100 to XlII wilI load 
the second rank registers of both DACs simultaneously from 
their respective first rank registers. 
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AS 
I 
I TO ES INPUT 
I (BOTH OACS) 
I 

A3 

1/2 74LS139 

A2 EN 
TO AO. Al X OAC 

TOA2XOAC 
Al Al 

TO AO. Al Y OAC 
AO AO 

TO A2Y OAC 

TO A3. BOTH OACS 

WR TOWR INPUT 
(BOTH DACS) 

A2 Al AO OPERATION 

0 0 0 LOAD SLSB - X OAC 
0 0 1 LOAD 4MSB - X OAC 
0 1 0 LOAD SLSB - Y DAC 
0 1 1 LOAD 4MSB - Y OAC 
1 X X UPDATE BOTH DACS 

Figure 10_ Addressing for Two DACs (Right-Justified) on 
8-Bit Bus 

USING THE ADS67 WITH 12- AND 16-BIT BUSES 
The ADS67 is easily interfaced to 12- and 16-bit data buses. 
In this operation, alI four address lines (AO through A3) are 
tied to low, and the latch is enabled by CS and WR going 
low. The AD567 thus occupies a single memory location. 

This configuration renders the second rank register trans
parent, using the first rank of registers as the data latch. The 
CS input can be driven from an active-low decoded address, 
and WR can be the system WR signa\. It should be noted that 
any data bus activity during the period when CS and WR are 
both active wilI cause activity at the ADS67 output. If data 
is not guaranteed stable during this period, the second rank 
register can be used to provide double buffering. 

011 
010 
09 
OS 
07 
06 
05 

04 
03 

02 
01 
DO 
AIS 

I 

I 
A2 

DBll 
DB10 
DB9 
DBS 
DB7 
OB6 
OB5 

DIl4 
OB3 

DB2 
OBI 
DBO 

ADDRESS ~ 
DECODER cs 

ViR 

EM A2 

Al 

AO 

~ 

I 

AD567 

J 

Figure 11. Connections for 12- and 16-Bit Bus Interface 
DIGITAL INPUT CONSIDERATIONS 

The threshold of the digital input circuitry is set at 1.4 volts 
and does not vary with supply voltage. The input lines can 
thus interface with any type of 5 volt logic. The configuration 
of the input circuit is shown in Figure 12. The input line can 
be modeled as a 30kn resistance connected to a -0.7V rail, 
in paralIei with a SpF capacitance to ground. 

DIGITAL 
INPUTS 

(PINS 10-15 
AND 17-2S) 

POWER ./ 
GNO ~-= 

30kll 

..... -0.7V 

~----<> TO LOGIC 

Figure 12. Equivalent Digital Input Circuit 
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FEATURES 
Guaranteed 16-Bit Monotonicity 
Voltage Output, 6fJ.S Settling Time 
Monolithic BIMOS Construction 
± 0.02% Nonlinearity 
8- and 16-Bit Bus Compatible 
6fJ.S Settling Time 
Low Drift 
Low Power: 150mW 
Low Cost 

PRODUCT DESCRIPTION 
The AD569 is a monolithic 16-bit Digital-to-Analog Converter 
(DAC) manufactured in Analog Devices' new BIMOS process. 
This process allows the fabrication of low power CMOS logic 
functions on the same chip as high speed precision bipolar linear 
circuitry. The AD569 includes two resistor ladders, selector 
switches, decoding logic, buffer amplifiers, and double-buffered 
input latches on the same chip. 

The voltage-segmented architecture of the AD569 insures 16-bit 
monotonicity without linearity trimming of any kind and extremely 
low gain drift. Integral linearity is maintained at ±0.01%, while 
differential linearity is ± 0.00076%. The on-chip high-speed 
buffer amplifiers provide voltage output settling time of 6~ to 
within ±O.OOI% for a full-scale step. 

The output range is determined by the reference input voltage, 
and can be either unipolar or bipolar. Nominal reference range 
is ± 5V. Separate connections are provided for reference force 
and sense, in order to preserve absolute accuracy. The AD569 
may also be used with a variable or ac reference in multiplying 
applications. 

Data may be loaded into the AD569 latches from either 8- or 
16-bit data buses. The double-buffered latches simplify interfacing 
to 8-bit buses, and allow multiple DACs to be loaded asyn
chronoYIDr and updated simultaneously. The latches are controlled 
by the CS, LBE, HBE, and LDAC signals. All inputs are TTU 
LSTTU5V CMOS compatible. 

The AD569 is available in four grades: IN and KN versions are 
specified from 0 to + 70°C and are packaged in a 28-pin plastic 
DIP; AD and BD versions are specified from - 25°C to + 85°C 
and are packaged in a 28-pin ceramic DIP. 

Monolithic 16-Bit OAe 
AD569 I 

AD569 FUNCTIONAL BLOCK DIAGRAM 

+V"ff 
FORCE 

S+E~"SE 0----+--1 

PRODUCT HIGHLIGHTS 
I. BIMOS processing allows low power CMOS digital circuits 

to be integrated with high precision bipolar linear circuits on 
a single chip. 

2. Monotonicity to 16 bits over temperature is insured by the 
voltage-segmented architecture used in the AD569. 

3. The output range is ratiometric to an external reference or ac 
signal. Gain error and gain drift are negligible. 

4. TheAD569's versatile data input structure allows loading 
from either 8- or 16-bit buses. 

5. The on-chip output buffer amplifier can supply ± 5V into a 
lkO load, and can drive capacitive loads up to lOOOpF without 
oscillation. 

6. Kelvin connections to the reference inputs preserve the absolute 
accuracy of the transfer function in the presence of wiring 
resistances and ground loops. 
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SPECIFICATIONS CTA= +25OC, +Ys= +12Y, -Ys= -12Y, +YR£J= +5Y, -YR£J= -5Y, unless othelWise noted) 
Model ADS69JN/AD ADS69KNIBD 
Parameter Min TJP Max Min TJP Max Units 

RESOLUTION 16 16· Bits 

LOGIC INPUTS 
Logic "I" 2.0 S.S 2.0 S.S Volts 
Logic "0" 0 O.S 0 O.S Volts 

TRANSFER FUNCfION CHARACTERISTICS 
Gain Error -2 +2 -2 +2 LSB1 

T_toT...,. -3 +3 -3 +3 LSB 
Integral Nonlinearity -0.02S +0.02S -0.02 +0.02 %FSR2 

T_toT...,. -O.OS +O.OS -0.04 +0.04 %FSR 
Differential Nonlinearity -I +1 -112 +112 LSB 

T_toT...,. -I +1 -I +1 LSB 
Unipolar Offset -400 +400 -200 +200 ... V 

T_toT ..... -SOO +SOO -300 +300 ... V 
Bipolar Zero -200 +200 -100 +100 ... V 

T_toT...,. -SOO +SOO -300 +300 ... V 

REFERENCE INPUT 

+VREFRange -S +S -S +S V 
-VREFRange -S +S -S +S V 
Resistance IS 23 2S IS 23 2S lUll 

OUTPUT CHARACTERISTICS 
Voltage -S +S -S +S V 
Current -S +S -S +S IDA 
Capacitive Load 1000 1000 pF 
Settling Time 6 6 ",5· 

LOGIC TIMING 
Pulse Width (HBE, LBE, CS, LDAC) 100 100 ns 
Data Setup Time SO SO ns 
Data Hold Time 30 30 . ns 

POWER SUPPLIES 
Voltage 

+Vs +11.4 +12 +12.6 +11.4 +12 +12.6 Volts 
-Vs -11.4 -12 -12.6 -11.4 -12 -12.6 Volts 

Current 

+Is +6 +S +6 +S IDA 
-Is -S -6 -8 -6 IDA 

Power Supply Gain Sensitivity -I +1 -I +1 ppm/% Change 

TEMPERATURE RANGE 
Specified 

IN,KN 0 +70 0 +70 "C 
AD,BD -2S +SS -2S +SS "C 

Storage 
IN,KN -6S + ISO -65' + ISO ·C 
AD.BD· -6S + ISO -6S + ISO ·C 

PACKAGE STYLE~ 
IN,KN 
AD,BD 

N2SA 
D2SA 

NOTES 
'Gaincrrorisactually adcvoltagecrrorequaJ to2LSBs fora IOV FSR (approximately 300 ... V). 
Of course, at lower FS ranges, this fIXed error will represent a greater number ofLSBs. 

'FSRstandsforFuJIScaleRange,and is IOVfora - 5 to + 5Vspan. 

:O~CE 
;E~SEo---+-I 

;E~SE 0---+--1 
-VIlt, 
FORCE 

Figure 1. AD569 Block Diagram 
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3Mcasurcdbetwccn +VREFFon:eand -VREpFon:e. 
·Scttling time is mca.surcdfora 10V step on the output scttliog to ±O.OOI% 
'Sec Section 19 for package outline information. 
Specifications subject to change without noticc. 

OB13 

(MSBIOBI5 

CS 
lOAC 

Figure 2. AD569 Pin Out in 28-Pin Package 
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FEATURES 
Complete 12-Bit D/A Function 

Double-Buffered Latch 
On Chip Output Amplifier 
High Stability Buried Zener Reference 

Single Chip Construction 
Monotonicity Guaranteed Over Temperature 
Linearity Guaranteed Over Temperature: 1/2LSB max 
Settling Time: 4 .... s max to 0.01% 
Guaranteed for Operation with ± 12V or ± 15V 

Supplies 
Low Power: 300mW Including Reference 
TTLI5V CMOS Compatible Logic Inputs 

PRODUCT DESCRIPTION 
The AD667 is a complete, voltage output, 12-bit digital-to-analog 
converter including a high stability buried zener voltage reference 
and double-buffered input latch on a single chip. The converter 
uses 12 precision high speed bipolar current steering switches 
and a laser trimmed thin fIlm resistor network to provide fast 
settling time and high accuracy. 

Microprocessor compatibility is achieved by the on-chip double
buffered latch. The design of the input latch allows direct interface 
to 4-, 8-, 12-, or 16-bit buses. The 12 bits of data from th~ fIrst 
rank of latches can then be transferred to the second rank, 
avoiding generation of spurious analog output values. The latch 
responds to strobe pulses as short as lOOns, allowing use with 
the fastest available microprocessors. 

The functional completeness and high performance in the AD667 
results from a combination of advanced switch design, high 
speed bipolar manufacturing process, and the proven laser wafer
trimming (L WT) technology. The AD667 is trimmed at the 
wafer level and is specifIed to ± 1I4LSB maximum linearity 
error (K, B grades) at 2SoC and ± 1I2LSB over the full operating 
temperature range. 

The subsurface (buried) Zener diode on the chip provides a 
low-noise voltage reference which has long-term stability and 
temperature drift characteristics comparable to the best discrete 
reference diodes. The laser trimming process which provides the 
excellent linearity, is also used to trim both the absolute value 
of the reference as well as its temperature coeffIcient. The AD667 
is thus well suited for wide temperature range performance with 
± 1I2LSB maximum linearity error and guaranteed monotonicity 
over the full temperature range. Typical full scale gain T .C. is 
SppmfC. 

*Covered by Patent Numbers 3,803,590; 3,890,611; 3,932,863; 3,978,473; 
4,020,486; and others pending. 

. Microprocessor-Compatible 
12-Bit D/A Converter 

AD667* I 

AD667 FUNCTIONAL BLOCK DIAGRAM 

+Vcc -VEl 

The AD6f>7 ;. avallable m five penonnance g<ade<. The AD667JN • 
and KN are specifIed for use over the 0 to + 70°C temperature 
range and are available in a 28-pin molded plastic DIP (N package). 
The AD667S grade is specifIed for the - 55°C to + 12SoC range 
and is available in the ceramic or LCC package. The AD667 A 
and B are specifIed for use over the - 25°C to + 8SoC temperature 
range and are available in either a 28-pin hermetically sealed 
ceramic DIP or LCC package. 

PRODUCT HIGHLIGHTS 
1. The AD667 is a complete voltage output DAC with voltage 

reference and digital latches on a single IC chip. 
2. The double-buffered latch structure permits direct interface 

to 4-, 8-, 12-, or 16-bit data buses. All logic inputs are TTL 
or S volt CMOS compatible. 

3. The internal buried zener reference is laser-trimmed to 10.00 
volts with a ± 1 % maximum error. The reference voltage is 
also available for external application. 

4. The gain settling and bipolar offset resistors are matched to 
the internal ladder network to guarantee a low gain temperature 
coeffIcient and are laser-trimmed for minimum full scale and 
bipolar offset errors. 

S. The precision high speed current switch steering and on-board 
high speed output amplifIer have been designed to settle 
within 1I2LSB for a lOY full scale transition in 2.0f,Ls when 
properly compensated. 
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SPECIFICATIONS CTA= + 25OC, rated power supplies unless oIhetWise noted) 

Model AD667J AD667K 

Min Typ Max Min Typ Max 

DIGITAL INPUTS 
Resolution 12 12 
Logic Levels (TTL Compatible) I . 

VIH (Logic "I") +2.0 +5.5 +2.0 +5.5 

VIL (Logic "0") 0 +0.8 0 +0.8 

IIH(VIH =5.5V) 300 300 

hL (VIL = O.SV) 100 100 

TRANSFER CHARACTERISTICS 

ACCURACY 
Linearity Error @ + 25°C :!:1/4 ±1/2 :!: liS ±1/4 

TA = Tminto Tmax :!: 112 ±3/4 :!: 114 ±112 
Differential Linearity Error@ + 25°C :!: 112 ±3/4 :!: 114 ±112 

TA = Tmin toTmax Monotonicity Guaranteed Monotonicity Guaranteed 

GainErro~ :!:O.I ±0.2 

Offset Erro~ :!:I ±2 

DRIFT 

Differential Linearity :!:2 

Gain (Full Scale) T A = 25°C to T min on T max :!:5 ±30 

Unipolar Offset T A = 25°C to T min on T max :!:l ±3 

Bipolar Offset T A = 25°C to T min on T max :!:S ±IO 

CONVERSION SPEED 

Settling Time to :!: 0.01% ofFSR for 

FSR change (2kflIISOOpF load) 
with lOkflFeedb'lck 3 4 
with Skfl Feedback 2 3 

For LSB Change I 
Slew Rate 10 10 

ANALOG OUTPUT 
Ranges· :!:2.5, :!:S,:!: 10, 

+S, + 10 
Output Current :!:S :!:S 
Output Impedance (de) 0.05 

Short Circuit Current 40 

Reference Output 9.90 10.00 10.10 9.90 
External Current 0.1 1.0 0.1 

POWER SUPPLY SENSITIVITY 

Vee = + llA to + 16.SV dc 15 25 

VEE = -llAto + 16.SVdc 3 10 

POWER SUPPLY REQUIREMENTS 

Rated Voltages :!: IS 

Range4 ±1l.4 ±16.5 ±1l.4 

Supply Drain 

+ IIAto + 16.5V dc 5 8.5 

-llAto + 16.5V dc IS 25 

TEMPERATURE RANGE 

Specification 0 +70 0 

Operating -55 +125 -55 

Storage -65 +150 -65 

NOTES 
IThe digital,input specifications are guaranteed but not tested over the temperature range. 
2Adjustablc:'to zero. 
3FSR means "Full Scale Range" and is 20V for :!: lOY range and 10V for the :!: SV range. 

:!:O.I ±0.2 
:!:I ±2 

:!:2 

:!:S ±IS 
±3 

±IO 

3 4 
2 3 

I 

:!:2.S, :!:5,:!: 10, 

+5, +10 

0.05 

40 

10.00 10.10 

1.0 

IS 25 

3 10 

:!: 15 

±16.5 

5 8.5 

18 25 

+70 

+125 

+ 150 

Units 

Bits 

V 
V 
j.LA 

j.LA 

LSB 

LSB 
LSB 

LSB 
%FSR3 

LSB 

ppmofFSRrC 

ppmofFSRrC 
ppm of FSRrC 

ppm of FSRrC 

j.LS 
j.LS 

j.Ls 

V/j.Ls 

V 

rnA 
fl 

rnA 
V 

rnA 

ppmofFS/% 

ppmofFS/% 

V 

V 

rnA 
rnA 

OC 
°C 
°C 

4A minimum power supply of :!: 12.SV is required for a ± lOY full scale output and :!: IIAV is required for all other voltage ranges. 

Specifications subject to change without notice. 
Specifications shown in boldface are tested on all production units at fInal 
electrical test. Results from those tests are used to calculate outgoing quality 
levels. All min and max specifications are guaranteed, although only those 
shown in boldface are tested on all production units. 
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Model AD667A AD667B AD667S 
Min Typ Max Min Typ Max Min Typ Max Units 

DIGITALINPUT 
Resolution 12 12 12 Bits 
Logic Levels (TTL Compatible») 

VlH (Logic "I") +2.0 +5.5 +2.0 +5.5 +2.0 +5.5 V 
V,dLogic "0") 0 +0.8 0 +0.8 0 +0.7 V 
IIH (VIH = 5.5V) 300 300 300 .... A 
I'L(V'L= 0.8V) 100 100 100 .... A 

TRANSFER CHARACTERISTICS 
ACCURACY 

Linearity Error @ + 25°C :!:1/4 ±1/2 :!: 118 ±1/4 :!: 118 ±112 LSB 
TA=TmintoTmax :!: 1/2 ±3/4 :!: 114 ±112 :!: 112' ±3/4 LSD 

Differential Linearity Error @ + 25°C :!: 112 ±3/4 :!: 114 ±112 ±3/4 LSB 
TA=TmintoTmu Monotonic:ity Guaranteed Monotonic:ity Guaranteed Monotonic:ity Guaranteed LSB 

Gain Error :!:0.1 ±0.3 :!:O.I ±0.2 :!:0.1 ±0.2 %FSR3 
Offset Error +1 ±2 +1 ±2 +1 ±2 LSB 

DRIFT 
Differential Linearity :!:2 :!:2 :!:2 ppmofF:SRrC 
Gain (Full Scale) T A = 25GC to T min on T max :!:5 :!:30 :!:5 :!: IS :!: 15 ±30 ppmofFSRrC 
Unipolar Offset TA = 25°C to T min on T max :!:1 ±3 ±3 ±3 ppmofFSRrC 
Bipolar Offset T A = 25°C tp T min on T mu :!:5 ±10 ±IO ±IO ppmofFSRrC 

CONVERSION SPEED 
Settling Time to :!: 0.01% ofFSRfor 

FSR change (2kOI1500pF load) 
with 10kOFeedback 3 4 3 4 3 4 .... s • with Sill Feedback 2 3 2 3 2 3 .... s 

For LSD Change I I I .... s 
Slew Rate 10 10 10 V/ .... s 

ANALOG OUTPUT 
Ranges· :!:2.5, :!:5,:!: 10, :!:2.5, :!:5,:!: 10, :!:2.5, :!: 5, :!: 10, V 

+5, +10 +5, +10 +5, +10 
Output Current :!:5 :!:5 :!:5 rnA 
Output Impedance (dc) 0.05 0.05 0.05 0 
Short Circuit Current 40 40 40 rnA 

Reference Output 9.90 10.00 10.10 9.90 10.00 10.10 9.90 10.00 10.10 V 
External Current 0.1 1.0 0.1 1.0 0.1 1.0 rnA 

POWER SUPPLY SENSITIVITY 
Vee = + 11.4 to + 16.5Vdc 15 25 15 25 15 25 ppm of FSI% 

VEE = -l1.4to + 16.5Vdc 3 10 3 10 3 10 ppm of FSI% 

POWER SUPPLY REQUIREMENTS 
Rated Voltages :!: IS :!: 15 :!: 15 V 
Range· ±1l.4 ±16.5 ±1l.4 ±16.5 ±1l.4 ±16.5 V 
Supply Drain 

+ 11.4 to + 16.5Vdc 5 8.5 5 8.5 5 8.5 rnA 
-11.4to + 16.5V dc 18 25 18 25 18 25 rnA 

TEMPERATURE RANGE 
Specification -25 +85 ~25 +85 -55 + 125 °C 
Operating -55 +125 -55 + 125 -55 + 125 °C 
Storage -65 + 150 -65 +150 -65 + 150 °C 
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TIMING SPECIFICATIONS 
(All Models, TA=25°C, Vcc= + 12Vor -I: 15V, 
VEE = -12Vor -15V) 

~ymbol Parameter Min 

toe Data Valid to End ofCS 50 
tAC Address Valid to End of CS 100 
tcp CS Pulse Width 100 
tOH Data Hold Time 0 
tSETI Output Voltage Settling Time 

TIMING DIAGRAMS 
WRITE CYCLE =11=1 

(Load First Rank from Data Bus; A3 = I) 

Typ Max 

2 4 

A2_AO-~rIAC-: x= 
. I;::loc-l 

DBll-DBO -------X I ~ 
--I I=IOH 

\\\ -( 
I-Icp-l 

ns 
ns 
ns 
ns 
j.Ls 

ABSOLUTE MAXIMUM RATINGS 
V cc to Power Ground . . . . . . 
VEE to Power Ground . . . . . . 
Digital Inputs (Pins 11-15,17-28) 

OV to +18V 
OV to -18V 

to Power Ground . . . . . . . -l.OV to + 7.0V 
Ref In to Reference Ground. . . ± 12V 
Bipolar Offset to Reference Ground . ± 12V 
10V Span R to Reference Ground. . ± 12V 
20V Span R to Reference Ground . . ± 24V 
Ref Out, Vom (Pins 6, 9) .. IndefInite short to power ground 

Momentary Short to V cc 
Power Dissipation ................... lOOOmW 

WRITE CYCLE =11=2 

(Load Second Rank from First Rank; A2, AI, AO= I) 

j-IAC-j 
A3 -----,., I r-

t- 1c'-1 cs ------,., ,,..---

I===tSETT~ •• rt .. 

OUTPUT --' _______ ~-. ---- ±1/2LSB 

DBll--- DBS DB7 --- OB4 DB3 -- - DBa 

+Vce -VEE 

AD667 Block Diagram 

AD667 ORDERING GUIDE 

Model 

AD667JN 
AD667KN 
AD667AD 
AD667AE 
AD667BD 
AD667BE 
AD667SD 
AD667SE 

Temperature 
Package l Range _ DC 

Plastic (N28A) 0 to + 70 
Plastic (N28A) 0 to + 70 
Ceramic (D28A) - 25 to + 85 
LCC (E28A) - 25 to + 85 
Ceramic (D28A) - 25 to + 85 
LCC (E28A) - 25 to + 85 
Ceramic (D28A) - 55 to + 125 
LCC (E28A) - 55 to + 125 

ISee Section 19 for package outline information. 

Linearity 
Error Max 
@25DC 

± 1I2LSB 
± 1I4LSB 
± 1I2LSB 
± 1I2LSB 
± 1I4LSB 
± 1I4LSB 
± 1I2LSB 
± 1I2LSB 
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GainT.C. 
Maxppm/"C 

30 
IS 
30 
30 
IS 
IS 
30 
30 

PIN CONNECTIONS 
TOP VIEW 

SUM JCT. 

BIP OFF 

REF GND 

VREFOUT 

VAEFIN 

+Vcc 

V OUT 

-VEE 

cs 
A3 

A2 

At 

DBn (MSBI 

DB10 

DB9 

DBS 

DB7 

DB6 

DBS 

DB4 

DB3 

DB2 

DBt 

DBa (LSBI 

POWER GROUND 

AO 

"NOTE DIP PACKAGE PIN NUMBERS 
AND LCC CONTACT NUMBERS SERVE 
THE SAME FUNCTION. 



THE AD667 OFFERS TRUE l2·BIT PERFORMANCE 
OVER THE FULL TEMPERATURE RANGE 

RELATIVE ACCURACY: Analog Devices defmes relative 
accuracy as the maximum deviation of the actual, adjusted DAC 
output from the ideal analog output (a straight line drawn from 
o to F.S. - 1LSB) for any bit combination. The AD667 is laser 
trimmed to 1I4LSB (0.006% of F.S.) maximum error at +25°C 
for the K and B versions and 1I2LSB for the J, A and S 
versions. 

MONOTONICITY; A DAC is said to be monotonic if the 
output either increases or remains constant for increasing digital 
input~ such that the output will always be a nondecreasing 
function of input. All versions of the AD667 are monotonic over 
their full operating temperature range. 

DIFFERENTIAL NONLINEARITY: Monotonic behavior 
requires that the differential linearity error be less than 1LSB 
both at + 25°C and over the temperature range of interest. 
Differential nonlinearity is the measure of the variation in analog 
value, normalized to full scale, associated with a 1LSB change 
in digital input code. For example, for a 10 volt full scale output, 
a change of 1LSB in digital input code should result in a 2.44mV 
change in the analog output (lLSB= IOVx 114096 = 2.44mV). If 
in actual use, however, a 1LSB change in the input code results 
in a change of only 0.61mV (1I4LSB) in analog output, the 
differeI1tiallinearity error would be -1.83mV, or - 3/4LSB. 
The AD667K and B grades have a max differential linearity 
error of 1I2LSB, which specifies that every step will be at least 
1I2LSB and at most 1 112 LSB. 

ANALOG CIRCUIT CONNECTIONS 
Internal scaling resistors provided in the AD667 may be connected 
to produce bipolar output voltage ranges of ± 10, ± 5 or ± 2.5V 
or unipolar output voltage ranges of 0 to + 5V or 0 to + 10V. 

Gain and offset drift are minimized in the AD667 because of the 
thermal tracking of the scaling resistors with other device com· 
ponents. Connections for various output voltage ranges are 
shown in Table I. 

FROM WEIGHTED 

.--____ ~9.9""'5k ... I1---__l4 ~1~~Lf.rR 

SUMMING 
JUNCTION IOV SPAN 

~COM 

RESISTOR ...... - ..... -..,.,.,----4~~NV_-_l 
NETWORK -IDAC 

Figure 1. Output Amplifier VOltage Range Scaling Circuit 

Output Digital Connect Connect 
Range Input Codes Pin9to Pinl to 

±lOV Offset Binary 1 9 
±5V Offset Binary 2 2 
±2.5V Offset Binary 2 3 
Oto +lOV Straight Binary 2 2 
Oto +5V Straight Binary 2 3 

Analog Circuit Details 
UNIPOLAR CONFIGURATION (Figure 2) 
This configuration will provide a unipolar 0 to + 10 volt output 
range. In this mode, the bipolar offset terminal, pin 4, should 
be grounded if not used for trimming. 

+ v", 

Figure 2. 0 to + 10V Unipolar Voltage Output 

STEP I ... ZERO ADJUST 
Tum all bits OFF and adjust zero trimmer R1, until the output 
reads 0.000 volts (lLSB = 2.44mV). In most cases this trim is 
not needed, and pin 4 should be connected to pin 5. 

STEP II ... GAIN ADJUST 
Tum all bits ON and adjust lOon gain trimmer R2, until the 
output is 9.9976 volts. (Full scale is adjusted to 1LSB less than 
nominal full scale of 10.000 volts.) If a 1O.2375V full scale is 
desired (exactly 2.5mVlbit), insert a 120n resistor in series With 
the gain resistor at pin 2 to the op amp output. 

BIPOLAR CONFIGURATION (Figure 3) 
This configuration will provide a bipolar output voltage from 
-5.000 to +4.9976 volts, with positive full scale occurring with 
all bits ON (all 1 's). 

STEP I ... OFFSET ADJUST 
Tum OFF all bits. Adjust lOOn trimmer Rl to give - 5.000 
volts output. 

STEP II ... GAIN ADJUST 
Tum ON all bits. Adjust lOon gain trimmer R2 to give a reading 
of +4.9976 volts . 

Figure 3. ± 5V Bipolar Voltage Output 

Connect Connect 
Pin2to Pin4to 

NC 6 (through son fixed or lOOn trim resistor) 
9 6 (through son fixed or lOOn trim resistor) 
9 6 (through son fixed or 100ntrim resistor) 
9 5 (or optional trim - See Figure 2) 
9 5 (or optional trim - See Figure 2) 

Table I. Output Voltage Range Connections 
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DIGITAL CIRCUIT DETAILS 
The bus interface logic of the AD667 consists of four independently 
addressable registers in two ranks. The first rank consists of 
three four-bit registers which can be loaded directly from a 4-, 
8-, 12-, or 16-bit microprocessor bus. Once the complete 12-bit 
data word has been assembled in the first rank, it can be loaded 
into the 12-bit register of the second rank. This double-buffered 
organization avoids the generation of spurious analog output 
values. ' 

The latches are ~ontrolled by the address inputs, AO-A3, and 
the CS input. All control inputs are active low, consistent with 
general practice in microprocessor systems. The four address 
lines each enable one of the four latches, as indicated in 
Table II. 

All latches in the AD667 are level-triggered. This means that 
data present during the time when the control signals are valid 
will enter the latch. When anyone of the control signals returns 
high, the data is latched. 

CS A3 A2 Al AO Operation 

1 X X X X No Operation 
X 1 1 1 1 No Operation 
0 1 1 1 0 Enable 4 LSBs of First Rank 
0 1 I 0 1 Enable 4 Middle Bits of First Rank 
0 1 0 1 1 Enable 4 MSBs of First Rank 
0 0 1 1 1 Loads Second Rank from First Rank 
0 0 0 0 0 All Latches Transparent 

"X" = Don't Care 

Table II. AD667 Truth Table 

8-BIT MICROPROCESSOR INTERFACE 
The AD667 interfaces easily to 8-bit microprocessor systems of 
all types. The control logic makes possible the use of right- or 
left-justified data formats. 

Whenever a 12-bit DAC is loaded from an 8-bit bus, two bytes 
are required. If the program considers the data to be a 12-bit 
binary fraction (between 0 and 4095/4096), the data is left-justified, 
with the eight most significant bits in one byte and the remaining 
bits in the upper half of another byte. Right-justified data calls 
for the eight least significant bits to occupy one byte, with the 4 
most significant bits residing in the lower half of another byte, 
simplifying integer arithmetic. 

I oBlll oBlol oB91 OBB I oB71 oB61 oBsl oB41 

I OB3 I OB2 I OBl lOBO I x I x I x x I 
a. Left Justified 

I x I x I x I x IOBll1oBl010B910BBI 

I OB7 I OB6 I OBsl OB4 I OB31 OB21 OBl lOBO I 
b. Right Justified 

Figure 4. 12·Bit Data Formats for 8-Bit Systems 

Figure 5 shows an addressing scheme for use with an AD667 set 
up for left-justified data in an 8-bit system. The base address is 
decoded from the high-order address bits and the resultant 
active-low signal is applied to CS. The two LSBs of the address 
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bus are connected as shown to the AD667 address inputs. The 
latches now reside in two consecutive locations, with location 
XOIloading the four LSBs and location XIO loading the eight 
MSBs and updating the output. 

Right-justified data can be similarly accommodated. The over
lapping of data lines is reversed, and the addfess connections 
are slightly different. The AD667 still occupies two adjacent 
locations in the processor's memory map. 

07 oBll 
06 oBl0 

05 oB9 

04 oBB 

03 oB7 

02 oB6 

01 oB5 

DO oB4 
oB3 
oB2 
oBl 
oBO 

A15 
I cs I 
I AD667 

A2 

Al AD 

Al 
AD A2 

A3 

Figure 5. Left-Justified 8-Bit Bus Interface 

USING THE ADS67 WITH 12- AND 16-BIT BUSES 
The AD667 is easily interfaced to 12- and 16-bit data buses. In 
this operation, all four address lines (AO through A3) are tied to 
low, and the latch is enabled by CS going low. The AD667 thus 
occupies a single memory location. 

This configuration renders the second rank register transparent, 
using the first rank of registers as the data latch. The CS input 
can be driven from an active-low decoded address. It should be 
noted that any da~ bus activity during the period when CS is 
active will cause activity at the AD667 output. If data is not 
guaranteed stable during this period, the second rank register 
can be used to provide double buffering. 

011 
010 
09 
08 
07 
06 
05 
04 
03 
02 
01 
DO 
A15 

I 

: 
A2 

oBll 
oBl0 
oB9 
oBB 
oB7 
oB6 
oB5 
084 
oB3 
oB2 
OBI 
oBO 

ADDRESS ~ 
DECODER cs 

r-- A3 
t- A2 
t- Al t- AD 

~ 

I 

A0667 

J 

Figure 6. Connections for 12- and 16-Bit Bus Interface 
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PRELIMINARY TECHNICAL DATA 

FEATURES 
Improved Replacement for Industry Standard 1408/1508 
Improved Settling Time: 250ns typ 
Improved Linearity: to.1% Accuracy Guaranteed Over 

Temperature Range (-9 Grade) 
High Output Voltage Compliance: +O.5V to -5.0V 
Low Power Consumption: 157mW typ 
High Speed 2-Quadrant Multiplying Input: 4.0mA/lls 

Slew Rate 
Single Chip Monolithic Construction 
Hermetic 16-Pin Ceramic DIP 

PRODUCT DESCRIPTION 
The AD1408 and AD1508 are low cost monolithic integrated 
circuit 8-bit multiplying digital-to-analog converters, consisting 
of matched bipolar switches, a precision resistor network and a 
control amplifier. The single chip is mounted in a hermetically 
sealed ceramic 16 lead dual-in-line package. 

Advanced circuit design and precision processing techniques 
result in significant performance advantages over older indus
try standard 1408/1508 devices. The maximum linearity error 
over the specified operating temperature range is guaranteed 
to be less than ±IALSB (-9 grade) while settling time to ±lhLSB 
is reduced to 250ns typo The temperature coefficient of gain 
is typically 20ppmt C and monotonicity is guaranteed over 
the entire operating temperature range. 

The AD1408/AD1508 is recommended for all low-cost 8-bit 
DAC requirements; it is also suitable for upgrading overall 
performance where older, less accurate and slower 1408/1508 
devices have been designed in. The AD1408 series is specified 
for operation over the 0 to +75°C temperature range, the 
AD1508 series for operation over the extended temperature 
range of _SSoC to +125°C. 

·Covered by Patent Numbers 3,961,32614,141,004. 

8-Bit Monolithic 
Multipling D/A Converter 

AD1408/ AD1508 * I 
AD1408/AD150S FUNCTIONAL BLOCK DIAGRAM 

MS8 LS8 
+Vs 81 82 B3 B4 85 86 87 BB 

COMP -Vs 

To-n6 

PRODUCT HIGHLIGHTS 
1. Monolithic IC construction makes the AD1408/AD1S08 an 

optimum choice for applications where low cost is a major 
consideration. 

·2. The AD140S/AD1S0S directly replaces other devices of 
this type. 

3. Versatile design configuration allows voltage or current out
puts, variable or fixed reference inputs, CMOS or TTL 
logic compatibility and a wide choice of accuracy and tem
perature range specifications. 

4. Accuracies within ±IALSB allow performance improvement 
of older applications without redesign. 

5. Faster settling time (250ns typ) permits use in higher speed 
applications. . 

6. Low power consumption improves stability and reduces 
warm-up time. 

7. The AD1408/AD1508 multiplies in two quadrants when a 
varying reference voltage is applied. When multiplication is 
not required, a fixed reference is used. 
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SPECIFICATIONS (typical @+25°eand Vee = +5.0V dc, VEE = -15V de unless otherwise noted) 

MAXIMUM RATINGS 
RATING 

POWER SUPPLY VOLTAGE 

DIGITAL INPUT VOLTAGE 

APPLIED OUTPUT VOLTAGE 

REFERENCE CURRENT 

REFERENCE AMPLIFIER INPUTS 

POWER DISSIPATION 
(Package Limitation) 

Derate above TA = +25°C 

OPERATING TEMPERATURE RANGE 
ADI408 Series 
ADI508 Series 

STORAGE TEMPERATURE RANGE 

ELECTRICAL CHARACTERISTICS 

SYMBOL VALUE 

Vee +5.5 

VEE -16.5 

Vs thru V12 +5.5,0 

Vo +0.5, -5.2 

114 5.0 

V14 , VIS Vee' VEE 

1000 
Pp 6.7 

TA o to +75 
TA -55 to +125 

TSTG -65to+I50 

VREF ' ° ° (Vee = +5.0V dc, VEE = -I5V dc, -4- = 2.0mA, ADIS08 Series: TA = -55 C to +125 C 
AD1408 Series: TA = 0 to +75°C unlUs otherwise noted. All digital inputs at high logic level.) 

CHARACTERISTIC SYMBOL MIN TYP MAX 

RELATIVE ACCURACY 
(Error Relative to Full Scale '0) 

ADI508-9. AD1408-9 Er ±0.1O 
ADIS08-8, ADI408-8 Er ±0.I9 
AD1408-7 Er ±0.39 

SETTLING TIME 
to Within I12LSB [Includes tpLH I 

(TA = +25°C) ts 250 

PROPAGATION DELAY TIME 
TA = +25°C tpW,tpHL 30 100 

OUTPUT FULL SCALE CURRENT DRIFT TClo -20 

DIGITAL INPUT LOGIC LEVELS (MSB) 
High Level, Logic "1" Vm 2.0 
Low Level, Logic "0" VIL 0,8 

DIGITAL INPUT CURRENT (MSB) 
High Levd, VIN = 5.0V 1m 0 0.04 
Low Level, VIL = 0,8V IlL -0.4 -0,8 

REFERENCE INPUT BIAS CURRENT 
(Pin 15) 115 -1.0 -3.0 

OUTPUT CURRENT RANGE 
VEE = -5.0V 'oR 0 2.0 2.1 
VEE = -6.0V to -15V 'oR 0 2.0 4.2 

OUTPUT CURRENT 
. VREF = 2.000V, R14 = 1000n '0 1.9 1.99 2.1 

OUTPUT CURRENT 
(All Bits Low) '0 (min) 0 4.0 

OUTPUT VOLTAGE COMPLIANCE 
(E I ..; 0.19% at TA = +2S

o
C) 

VEE = -SV Va -0.6, +0.5 
VEE below -lOY Va -5.0, +0.5 

REFERENCE CURRENT SLEW RATE SRIREF 4.0, 

OUTPUT CURRENT POWER SUPPLY 
SENSITIVITY PSS'o 0.5 2.7 

POWER SUPPLY CURRENT 
(All Bits Low) Icc +9 +14 

lEE -7.5 -13 

POWER SUPPLY VOLTAGE RANGE 
(TA = +25°c) VeeR +4.5 +5.0 +5.5 

VEER -4.5 -15 -16.5 

POWER DISSIPATION 
All Bits Low 

VEE = -S.OV de Po 82 135 
VEE = -15V de Po 157 265 

All Bits High 
VEE = -S.OV de Po 70 
VEE = -15V de Po 132 

Specifications subject to change without notice. 
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UNIT 

V de 
V de 

V de 

V de 

rnA 

V de 

mW 
mW/oC 

°c 
°c 

°c 

UNIT 

% 

% 
% 

ns 

ns 

ppm/C 

V de 
V de 

rnA 
rnA 

/JA 

rnA 
rnA 

rnA 

/JA 

V de 
V de 

mAI/Js 

/JA/V 

rnA 
rnA 

V de 
V de 

mW 
mW 

mW 
mW 



APPLYING THE AD140S/150S 
Reference Amplifier Drive and Compensation 
Figures 2a and 2b are the connection diagrams for using the 
AD140S/ADI 50S in basic voltage output modes. In Figure 2a, a 
positive reference voltage, VREF , is converted to a current by 
resistor R14. This reference current determines the scale 
factor for the output current such that the full scale output 
is lLSB (1/256) less than the reference current. R15 provides 
bias current compensation to the reference control amplifier 
to minimize temperature drift; it is nominally equal to R14 
although it needn't be a stable precision resistor. This con
figuration develops a negative output voltage across RL and 
requires a positive VREF . 

If a negative VREF is to be used, connections to the reference 
control amplifier must be reversed as shown in Figure 2b. This 
circuit also delivers a negative output voltage, but presents 
a high impedance to the reference source. The negative VREF 
must be at least 4 volts above the VEE supply. 

Two quadrant multiplication may be performed by applying 
a bipolar ac signal as the reference as long as pin 14 is positive 
relative to pin 15 (reference current must flow into pin 14). If 
the ac reference is applied to pin 14 through R14, a negative 
voltage equal to the negative peak of the ac reference must be 
applied through R 1 5 to pin 15 j if the ac reference is applied to 
pin 15 through R 15, a positive voltage equal to the positive 
peak of the ac reference must be applied through R14 to pin 14. 

When a dc r~ference is used, capacitive bypass from reference" 
to ground will improve noise rejection. 

The compensation capacitor, C, provides proper phase margin 
for the reference control amplifier. As R 14 is increased, the 
closed-loop gain of the amplifier is decreased, therefore C must 
be increased. For R14 = 1.0kn, 2.5kn and 5.0kn, minimum 
values of capacitance are 15pF, 37pF and 75pF respectively. 
C may be tied to either VEE or ground, but tying it to VEE 
increases negative supply noise rejection. If the reference is 
driven by a high-impedance current source, heavy compensa
tion of the amplifier is required; this causes a reduction in 
overall bandwidth. 

Output Current Range 
The nominal value for output current range is 0 to1.992mA 
as determined by a 2mA reference current. If VEE is more 
negative than -7.0 volts, this range may be increased to a maxi
mum of 0 to 4.2mA. An increase in speed may be realized at 
increased output current levels, but power consumption will 
increase, possibly causing small shifts in linearity. 

Pin 1, range control, may be grounded or unconnected. Al
though other older devices of this type require different 
terminations for various applications, the AD140S/AD150S 
compensates automatically. This pin is not connected inter
nally, therefore any previously installed connections will 
be tolerated. 

Output Voltage Range 
The voltage on pin 4 is restricted to a +0.5 to -0.6 volt range 
when VEE = -5V. When VEE is m~re negative than -10 volts, 
this range is extended to +0:5 to -5.0 volts. If the current into 
pin 14 is 2mA (full-scale output current = 1.992mA), a 2.5kn 
resistor between the output, pin 4, and ground will provide a 
o to -4.9S0 volt full-scale. If RL exceeds 500n however, the 
settling time of the device is increased. 

Applying the AD1408 / AD1508 

• (NC) 1 16 COMPEN 

GND 2 15 VREF (-) 

VEE 3 14 VREF (+) 

10 4 13 Vee 

(MSB) A1 5 12 A8 (LSB) 

A2 6 11 A7 

A3 7 10 A6 

A4 8 9 A5 

TOP VIEW 

Figure 1. Pin Connections 

Vee 

13 VREF (+) 

A1 (MSB) 14 (+) VREF ..IL.. 
VREF (-) R14 

A2 
15 

A3 R15 -= 
A4 8 AD1408/ 

A5 
AD1508 

A6 RL 
4 .... -U-

A8 10 

C 
R14= R15 

(SEE TEXT) 

VEE 

a. "Connections for Use with Positive Reference 

Vee 

13 VREF (+) 
A1 (MSB) 14 

VREF (-) 
15 -VREF "L:.f 

R15 

AD1408/ 
9 AD1508 

RL 
4 

.... "l..r -= 
10 A8 

C 
R14= R15 

(SEE TEXT) 

b. Connections for Use with Negative Reference 

Figure 2. Basic Connections 
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Voltage Output 
A low impedance voltage output may be derived from the out
put current of the AD140S/AD150S by using an output ampli
fier as shown in Figure 3. The output current 10 flows in Ro 
to create a positive-going voltage range at the output of amplifier 
AI. Ro may be chosen for the desired range of output voltage; 
the complete circuit transfer function is given in Figure 3. 

If a bipolar output voltage range is desired, RBP ' shown dotted, 
must be installed. Its purpose is to provide an offset equal to 
one-half of full-scale at the output of AI. The procedure for 
calibrating the circuit of Figure 3 is as follows: 

Calibration for Unipolar Outputs (No RBP ) 

1. With all bits "OFF", adjust the Al null-pot, R1, for 
VOUT = O.OOV. 

2. With all bits "ON", adjust RREF for VOUT = (Nominal 
Full Scale) - 1LSB = +9.961 volts 

Calibration for Bipolar Outputs (RBP installed, R 1 not 
required) 

1. With all bits "OFF", adjust RBP for VOUT = -F.S. = 
-5.000 volts 

2. With Bit 1 (MSB) "ON", and all other Bits "OFF", 
adjust RREF for VOUT = O.OODV. ' 

3. With all bits "ON", verify that EOUT = +5.000V-
1LSB = 4.961V. 

A1 

AB 

+5V 

O.l/1F RI = RREF = 1.25kfl 
Ro = 5.00kfl 
C = 15pF ~ Vee 

--'&'13----' 
RBP = 2.50kfl 

151-<>---~.,......., 

+5V 
I 

~"""l'XTI ~ 
I Ro 

t-O-----._--::::-:-:----JIoNV ...... -VOUT ,-
10 

o---+~~ +15V 

-15V +15V_...Jov~-~ 

V x~(R I[~+E+~+~+~+~+.E....+~] 
OUT RREF 0 2 4 B 16 32 64 12B 256 

ADJUST VREF • RREF OR Ro SO THAT WITH All DIGITAL INPUTS 
AT lOGIC "1". VOUT m 9.961 VOLTS: 

2.5 r 1 1 1 1 1 1 1 1 ] 
VOUT m 1.25kfl (5kfll LT + 4 + II + 16 + 32 + 64 + 128 + 256 = 9.961 VOLTS 

Figure 3. Typical Connection Diagram, AD 14081AD 1508, 
Voltage Output, Fixed Reference 

AD140S/AD150S ORDERING GUIDE 

Temperature 
Accuracy Range Package 

Model (±% F.S.) (DC) Stylel 

AD140S-7D 0.39 o to +75 Q16A 
AD140S-SD 0.19 o to +75 Q16A 
AD140S-9D 0.10 o to +75 Q16A 
AD150S-SD 0.19 -55 to +125 Q16A 
AD150S-9D 0.10 -55 to +125 Q16A 

I See Section 19 for package outline information. 
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r.ANALOG 
WDEVICES 

FEATURES 
Resolution: 12 Bits 
Nonlinearity: ± 1/2LSB T min to T max 

12-Bit Input Register 
Small Size: 24 pin DIP 
Fast Settling: 5 .... s to ±O.01% 
Internal Reference 
Internal Output Amplifier 

PRODUCT DESCRIPTION 
The AD3860 is a precision 12-bit D/A converter designed for 
direct interface to microprocessors. 

The functional diagram shows that the AD3860 consists of a 12-
bit input storage register, a 12-bii DAC, internal reference, and 
a fast output amplifier. It is TIL compatible and the register 
enable facilitates deglitching and microprocessor interfacing. 
The low noise, high stability subsurface zener diode is used to 
produce a reference voltage with excellent long term stability, 
external current capability and temperature drift characteristics. 
The output amplifier gives the user a voltage output and combines 
with the other features of this circuit to produce a functionally 
complete digital to analog converter. ' 

The AD3860 is laser trimmed to achieve ± 1I4LSB linearity 
typical and ± 1I2LSB maximum over the full operating temper
ature range. The low T.C. Binary ladder guarantees that the 
AD3860 will be monotonic over the specified temperature ' 
range. 

The AD3860 is available in two versions. The AD3860K is 
specified for use over 0 to + 70°C temperature range. The AD3860S 
is specified for the - 55°C to + 125°C temperature range and is 
especially recommended for high reliability needs in harsh envi
ronments. All units are in supplied in 24-pin, hermetically-sealed 
ceramic DIPs. 

Complete, Voltage Output 
12-Bit Buffered OAC 

AD3860 I 
AD3860 FUNCTIONAL BLOCK DIAGRAM 

PRODUCT HIGHLIGHTS 
1. The AD3860 is a functionally complete voltage output DAC 

with voltage reference, digital latches, and output amplifier 
in a single hybrid package. 

2. The input buffer latches permit interface to microprocessor 
data buses. All logic inputs are TIL or 5 volt CMOS com
patible. 

3. Laser trimming the thin-film resistors assures superior linearity 
and accuracy stability over temperature. Both commercial 
and military temperature range models have ± 1I2LSB linearity 
maximum guaranteed over the full operating temperature 
range. 

4. Monotonicity is also guaranteed over the full operating tem
perature range. The typical full scale temperature coefficient 
is lOppmrC. 

S. The precision buried zener reference can supply up to 2.SmA 
for use elsewhere in the application. 

6. The fast output amplifier provides a voltage output with a 
SfLS settling time to 0.01% for a 20 volt step. The AD3860 is 
designed for military and industrial app~ications where high 
speed D/A conversion is required. 
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SPECIFICATIONS (typical @ + 25 OC, rated power supplies unless otherwise noted) 

Model 

DIGIT ALINPUTS 
Resolution 
Logic Coding: Unipolar Ranges 

Bipolar Ranges 
Logic Leve1s(TTL Compatible): Logic" I" 

Logic "0" 
Input Currents 

Data Inputs: Logic "I" 
Logic "0" 

Register Enable: Logic" 1" 
Logic "0" 

ANALOG OUTPUT 
Output Impedance 
Output Current @ ZL = 2k'n112S0pF 

ACCURACY 
Lineari ty Error (T ntin to T max) 

Differential Linearity Error 
Monotoriicity 
Full Scale Absolute Accuracy Error2 

Tntin toTmax 

Zero Error 
T ntin to Tmax 

Gain Error 

DRIFT 
Gain 
Offset 

DYNAMIC CHARACTERISTICS 
Settling Time to ::!::O.Ol%for: 20VStep 

10VStep 
Outpu t Slew Ra te 
Register Enable4 

Pulse Width 
Setup Time Digital Data to Enable 

INTERNAL REFERENCE VOLTAGE 
Voltage 
Accuracy 
External Current 

POWER SUPPLIES 
Power Supply Range: + lSV Supply 

-lSVSupply 
+SVSupply 

Power Supply Rejection: + lSV Supply 

-lSVSupply 

Current Drain: + lSV Supply 
-lSVSupply 
+SVSupply 

Power Consumption 

TEMPERATURE RANGE 
Operating 
Stcr3ge 

PACKAGE OPTIONs 
24-PinDlP 

NOTES 
I Least Significant Bit (LSB). 

AD3860K 

12 Bits 
Complementary Straight B,inary 
Complementary Offset Binary 
+ 2.0V dc min, + S.SV dc max 
OV dcmin,0.8V dcmax 

30f-LAmax 
-0.6mAmax 
60f-LAmax 
-1.2mAmax 

O.sn 
::!:: lOrnA, ::!::SmAmin 

::!:: 1I4LSB1, ::!:: 1I2LSB max 
::!:: 1I2LSB, ::!:: lLSBmax 
Guaranteed Over Temperature 
::!::0.OS%FSR3, ::!::O.l%FSRmax 
::!::O.lS%FSR, ::!::0.3%FSRmax 
::!:: 0.025% FSR, ::!:: 0.05% FSR max 
::!:: 0.05% FSR, ::!:: 0.1 % FSR max 
::!::O.l% 

::!:: IOppmJOC 
±SppmJOC 

Sf-LS, 7f-Ls max 
3f-Ls,Sf-Lsmax 
20V/f-Ls 

60nsmin 
40nsmin 

+6.3V 
::!::2% 
2.SmAmax 

+ l4.SSVmin, + lS.4SVmax 
-14.SSVmin, -IS.4SVmax 
+4.7SV min, + S.2SVmax 
::!:: 0.002% FSRI% Vs 

:!:O.Ol%FSRI% Vsmax 
::!:: 0.002% FSRI% V s 

::!::0.004%FSRI% Vsmax 
lOrnA, 20mA max 
- l2mA, - 30mA max 
30mA, SOmA max 
67SmW,lWmax 

Oto + 70°C 
- 65°C To + 150°C 

HY24C 

2Absolute Accuracy Error includes gain, offset, linearity, noise and all other errors and is specified. 
without adjustment. 

3FSRis Full Scale Range and is 20Vfor ± 10 range. 
'The AD3860's analog output will follow its digital input when register enable is a logic "0". Digital 
Input date will be latched and analog output voltage constant when register enable is a logic "I". 

5See Section 19 for package outline information. 

·SameasAD3860K. 
Specifications subject to change without notice. 
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AD3860S 

:!: 1I2LSBmax 
::!::lLSB 

-SSOCto + 125°C 

ABSOLUTE MAXIMUM RATINGS 

+18V 
-18V 

+ IS Volt Supply (pin 22) 
-IS Volt Supply (pin 14) 
+ 5 Volt Supply (pin 13) 
Register Enable (pin 19) 
Digital Inputs (pins 1-12) 

-O.5Vto +7V 
-O.5V to +5.5V 
-O.5V to +5.5V 

PIN CONFIGURATION 
24 LEAD DUAL IN-LINE-PACKAGE 

PINNa. FUNCTION 
1 BIT1 (MSB) 
2 BIT2 
3 BIT3 
4 BIT4 
5 BITS 
6 BIT6 
7 BIT7 
8 BIT8 
9 BIT9 

10 BIT10 
11 BIT11 
12 BIT12(LSB) 
13 LOGIC SUPPLY 
14 -Vs 
15 VOUT 
16 REF INPUT 
17 BIPOLAR OFFSET 
18 10VRANGE 
19 REGISTER ENABLE 
20 SUMMING JUNCTION 
21 COMMON 
22 +Vs 
23 GAIN ADJUST 
24 6.3VREF OUT 



APPLICATIONS INFORMATION 

OUTPUT VOLTAGE RANGE SELECTION 

Output Range Oto + IOV ±5V 

Pin Connection 
Connect Pin 24 to 16 16 
Connect Pin 17 to 21 20 
Connect Pin 15 to 18 18 
Connect Pin 20 to NC 17 

INPUT LOGIC CODING 

Digital Input Analog Output 
MSB LSB Oto + IOV ±5V 

0000 0000 0000 +9.9976V +4.9976V 
0000 0000 0001 +9.99S1V +4.99S1V 

0111 1111 1111 + S.OOOOV O.OOOOV 
1000 0000 0000 +4.9976V -0.0024V 

111111111110 +0.0024V -4.9976V 
1111 1111 1111 O.OOOOV - S.OOOOV 

CODING NOTES: 
l. For unipolar operation, the coding complementary 

straight binary (CSB). 

±IOV 

16 
20 
NC 
17 

±IOV 

+9.99S1V 
+9.9902V 

O.OOOOV 
--0.0049V 

-9.99S1V 
-1O.0000V 

2. For bipolar operation, the coding complementary offset 
binary (COB). 

3. For FSR = 20V, ILSB = 4.88mV. 
4. For FSR = lOY, ILSB = 2.44mV. 

Layout Considerations 
Proper layout and decoupling is necessary to obtain the 
AD3860's specified accuracy. Ground (pin 21) must be tied 
to circuit analog ground as close to the package as possible. 
Grounding through a large ground plane beneath the package 
is preferred. 

Power supplies should be decoupled with electrolytic or 
tantalum capacitors near the unit. A 1J.1F capacitor is parallel 
with a O.OlJ.1F ceramic capacitor on all supplies is recom
mended, see Figure 1. 

PIN 220 1 1 +15V 

l".F O.Ol".F 

PIN 21HGROUND 

l".F O.Ol".F 

PIN 140 I I -15V 

PIN 130 1 1 +5V 

l".F Io.01".F 

PIN 210-411_-.... - ..... GROUND 

Figure 1.' Power Supply Decoupling 

Coupling between analog and digital signals should be 
minimized to avoid noise pick up. Use short jumpers to tie 
the reference output (pin 24) to the reference input (pin 16) 
and to tie the bipolar offset (pin 17) to the summing junction 
(pin 20). 

If the external full scale and zero adjustments are used, the 
. series 6.8Mfl resistors should be placed as close to the unit 

as possible. 

Reference Output 
The AD3860 is laser trimmed to operate from the internal 
6.3 volt voltage reference. The user has the option of supplying 
an external reference but for specified operation the reference 
output (pin 24) must be connected to the reference input 
(pin 16). The internal reference can be used to drive an 
external load, but it should be buffered if load current will 
exceed 2.SmA. 

Optional Full Scale and Zero (- Full Scale) Adjustments 
The AD3860 will operate as specified without adjustment, 
however, absolute accuracy error can be reduced to ± 1LSB 
by trimming as described below. Adjustments should be 
made after warmup. As shown in Figures 2 and 3 the zero 

+FULL SCALE 

w 

~ 
;2 
w 
<t 
~ 
..J 
..J 
::l 

RANGE OF "-

OFFSET ADJ 11 ""-I--I--+--+-+--ilrH--+-+-+-+-I 
- 1 I I I I I I 

~ ALL BITS-l ALL BITS-O 

L.9!!,SET ADJ 
TRANSLATES 

THE LINE 

Figure 2. Relationship of OFFSET and GAIN 
Adjustments for a UNIPOLAR DIA Converter 
(Input, Horizontal; Output, Vertical) 

r
+FULL SCALE h 

-.l 

-r:ANGEOF 
GAINADJ 

All BITS-l H-t-;'H--t-+--l?'%4-+---i--l1-f-+-l ALL BITS-O 

RANGE OF 
OFFSETAD~ 

I.FULL SCALE 

Figure 3. Relationship of OFFSET and GAIN 
Adjustments for a BIPOLAR DIA Converter 
(Input, Horizontal; Output, Vertical) 

(-full scale) adjustment should be made before the full scale 
adjustment. We recommend multiturn potentiometers with 
maximum temperature coefficients of 100ppmJOC. Series 
resistors can be ± 20% carbon composition or better. If these 
adjustments are not used pins 20 and 23 should not be 
grounded. 

Zero ( - Full Scale) Adjustment 
Connect the potentiometer as shown and apply all "Is" to 
the digital inputs. Adjust the potentiometer until the analog 
output is equal to zero volts for unipolar output ranges and 
minus full scale for bipolar output ranges. 

+15V 

PIN 20 o~--~6 • ..,:.M"'Alr"n_._I ,:~~;, 
-15V 

RANGE OF ZERO (- F.S.I ADJUSTMENT = '± 0.2% FSR 
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Full Scale Adjustmenl 
Connect the potentiometer as shown and apply all "Os" to 
the digital inputs. Adjust the potentiometer for maximum 
chosen analog output. 

+15V 

6.8MlI } 10kll 

PIN 23 0 1 ..... .. 10~~11 
0.01"F 

~ OPTIONAL _ 15V 

RANGE OF GAIN IF.S.' ADJUSTMENT = 0.35'10 FSR 

REGISTER ENABLE 
When the register enable (pin 19) is high (hold mode) the 
digital data in the input register will be latched. When the 
register enable is low (track mode) the converter's output 
will follow its input. To latch new digital data into the register, 
the register enable must go low for a minimum of 60ns and 
the digital input data must be valid for a minimum of 40ns 
before the register enable goes high again. See the timing 
diagram below. 

REGISTER 
ENABLE 

DIGITAL -""""\1,....---'\.1,.---",1 ,-""':""--d,.. 
INPUT 
DATA 

OUTPUT 
VOLTAGE 

TIMING NOTES: 
tMEPW MIMINUM ENABLE PULSE WIDTH IS 60n5. 
tsoE MINIMUM SETUP TIME DIGITAL INPUT DATA TO 

ENABLE IS 40n5. 
tH HOLD TIME IS DEFINED AS THE REQUIRED DELAY 

BETWEEN THE LEADING EDGE OF REGISTER ENABLE 
AND THE END OF VALID INPUT DATA. THE HOLD TIME 
IS ZERO FOR THE AD3860. 

tos OUTPUT SETILING TIME FOR A 20 VOL TCHANGETO 
± 1/2LSB IS 7,15 MAX. 

Figure 4. Input Register Timing Diagram 

8-BIT MICROPROCESSOR INTERFACE 
Whenever a 12-bit DAC is loaded from an 8-bit ·bus, two write 
cycles are required. The organization most often used is "right 
justified." Right-justified data calls for the eight least significant 
bits to occupy one byte, with the four most significant bits 
residing in the lower half of another byte. This organization 
simplifies integer arithmetic. Figure 5 shows an addressing 

BYTE {LO ADDRESS 
FROM 

DECODER HI 

1 

07 

D6-~4-~----~ 

D5-~4-~----~ 

~~t :: - ....... 4-~----~ 
D2-~4-~----~ 

01 ----f-------{ 
DO---~-----~ 

Figure 5. Right-Justified 8-8it 8us Interface 

scheme for the AD3860 set up for right justified data in an 8-bit 
system. The four MSBs are latched into the 74LS75 latch in the 
first write cycle. The entire 12-bit word is then loaded into the 
AD3860's internal input storage register on the next write cycle. 
An alternate scheme is to use an eight-bit intermediate register, 
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such as the 74LS373, to allow the user to load the lower order 
bits in the first write cycle. 

Left-justified data can be similarly accommodated. The overlap
ping of data lines is reversed as shown in Figure 6. The AD3860 

D6---~+---------~ 

D5--~1-r_-------~ 

~~: : --H-+-+-----------{ 

1 

07 

D2--+;~+_--------~ 

Dl--+;~+_--------~ 

OO-~1-r_-----~ 

BYTE { LO 
ADDRESS 

FROM 
DECODER HI 

Figure 6. Left-Justified 8-8it 8us Interface 
still occupies two adjacent locations in the processor's memory 
map. A left-justified format is convenient in applications when 
the data represents a 12-bit binary fraction (between 0 and 
4095 
4096 ). 

Left-justified data has the four least significant bits in the upper 
half of the first byte and the eight most significant bits in the 
second byte. The four LSBs on the intermediate latch and the 
eight MSBs on the data bus are all latched into the AD3860s 
latch simultaneously. This double buffering technique avoids 
the analog output slewing to an undesirable state determined by 
the MSBs of the new digital data and the LSBs of the previous 
digital data. 

Many of the popular microprocessor families include components 
specifically designed to ease the interface between the micropro
cessor and a peripheral device such as a converter. These com
ponents are called Programmable Peripheral Interface (PPI), 
Peripheral Interface Adaptor (PIA), Parallel I/O Controller 
(PIO), or similar names. They typically feature two or more 8-
bit wide parallel data ports which.can, under program control, 
be configured as either inputs or outputs. Their control signals 
are made compatible with the particular processor they serve, 
and in many systems can provide an attractive alternative to a 
collection of random logic. For example, the 8255 PPI has two 
8-bit and two 4-bit ports which can be used as input, as output, 
or as a combination of input, output, and control. Each of the 
4-bit words can be grouped with one of the 8-bit words so that 
the interface is split into two 12-bit ports. The ports can be set 
up as outputs, undcr program control, for controlling two AD3860s 
with a single PPI. The 8255 contains two bits of address input. 
That is, AO and Al of the 8255 are driven directly by the address 
bus, and these bits need not be used by the address decoder. 
Though the 8255 is an 8080 system component, it is adaptable 
to other J.LP systems. 

USING THE AD3860 WITH 12- AND 16-BIT BUSES 
The AD3860 is easily interfaced to 12- and 16~bit data buses. 
The AD3860's Register Enable signal can usually be derived by 
NANDing the desired address lines with the processor's MEM
ORY WRITE or I/O WRITE line. For most processors, valid 
data remains on the data bus for some time after either the valid 
address or control signals are removed. Therefore, the data is 
latched into the AD3860 immediately after one of the address or 
control signals changes but before valid data goes away. The 
AD3860 thus occupies a single memory location. 
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FEATURES 
1/2LSB max Differential Linearity Error Over 

Temperature 
250ns Typical Settling Time 
Full Scale Current 4mA 
High Speed Multiplying Capability 
TTUCMOS/ECLlHTL Compatible 
High Output Compliance: -5V to +10V 
Complementary Current Outputs 
Low Power Consumption: 230mW 

PRODUCT DESCRIPTION 
The AD6012 is an industry standard monolithic 12-bit digital-to
analog converter. Complementary current output and high speed 
multiplying capability make the AD6012 useful in a wide range 
of applications such as video displays, process control circuitry 
and fast AID converters. The 6012 is the first D/A to achieve 
12-bit differential linearity without the use of thin film resistors 
or active trimming. The 6012's unique circuit design insures 
mono tonicity without the precision trimming associated with 
most other 12-bit DAC architectures. 

The AD6012 is packaged in a 20-pin plastic DIP. The maximum 
differential linearity error of the AD6012N is guaranteed to be 
less than ± lLSB (± 0.02S%). Although tested and specified at 
± ISV, the AD6012 works well over a wide range of power 
supply voltages. Performance is essentially independent of supply 
voltage over the range of + S volts, -12 volts to ± 18 volts. 

Guaranteed mono tonicity and low cost make the AD6012 an 
ideal choice for high volume applications requiring fine local 
resolution. Typical applications include printer graphics and 
video displays. These applications need a minimum of 12 bits of 
resolution, although conformance to an ideal straight line from 
zero to full scale is less important. 

ORDERING INFORMATION 

Model 

AD6012N 

Package 

20-PinPlastic DIP 

Temperature 
Range 

Oto + 70°C 

Differential 
Nonlinearity 

±0.02S% 

low Cost Monolithic 
12-Bit D/A Converter 

AD6012 I 

AD6012 FUNCTIONAL BLOCK DIAGRAM 

+Vee GND -VEE 

10 

COMP DIGITAL INPUT 

20-PIN DUAL-IN-LINE PACKAGE '. PRODUCT HIGHLIGHTS 
1. A segmented design technique guarantees monotonicity without 

the requirement of ultra precise internal components. Resistor 
tolerances can be as much as 8 times lower than that of conven
tional R-2R DAC designs while maintaining monotonicity over 
temperature. This advantage has been used in the AD6012 to 
provide 12-bit differential linearity over temperature without 
the use oflaser trimmed thin film resistors. 

2. The high output current of 4mA full scale accommodates the 
use of lower load impedances required in higher speed appli
cations. Relatively high output voltages are obtained when 
small load impedances are used to minimize the output RC 
time constant. 

3. Fully complementary current outputs effectively double the 
peak-to-peak output swing. 

4. Less board space is used by the single width 20-pin dual-in-line 
package. Most other 12-bit DACs are packaged in larger 24-
pin DIPs requiring more than twice the board area of the 
AD6012. 

S. Reference circuit slew rate of 8mA/fLs typical accommodates 
high speed multiplication applications. ' 

6. The AD6012 is compatible with the industry standard 6012 
in both pinout and specifications. 
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SPECIFICATIONS (typical @ + Vee = + 15V, -VEE = -15V, IREF= lmA over specified temperature range unless 
,otherwise specified) 

AD60l2N 
MODEL MIN TYP MAX 

DATA INPUTS (Pins 1 to 12) 
TTL or 5 Volt CMOS 

Input Voltage 
BitON Logic "1" +2.0 
Bit OFF Logic "0" +0.8 

Logic Current (each bit) 
VIN = -5Vto + 18V 40 

RESOLUTION 12 12 

OUTPUT 
Full Scale Current 3.935 3.999 4.063 

VREF = 1O.000V, TA = 25°C 
Rl = R2 = 10.000kfl 

Full Scale Symmetry Error ±2.0 
Zero Scale Current 0.1 
Capacitance 20 
Compliance Voltagel 

RoUT > 10Mfl typ -5 +10 

RELATIVE ACCURACY (error relative to 
full scale) T min to T max ±0.05 

DIFFERENTIAL NONLINEARITY ± 112 ±1 
(± 0.025% FS) 

MONOTONICITY GUARANTEED 

FULL SCALE TEMPCO 

SETTLING TIME TO 1I2LSB 
All Bits ON-to-OFF or OFF-to-ON 

TA=25°C 

PROPAGATION DELAY 
50% to 50% 

TEMPERATURE RANGE 
Specified 
Operating 

POWER REQUIREMENTS 
Current 

Vee = + 5V dc to + 15V dc 
VEE = -15V 

Voltage 
Vee 
VEE' 

POWER SUPPLY SENSITIVITY 
Vcc= +13.5Vto + 16.5V, 

VEE = -15V 
VEE = -13.5Vto -16.5V, 

Vee = + 15V 

REFERENCE CURRENT RANGE 

REFERENCE BIAS CURRENT 

REFERENCE INPUT SLEW RATE 
RIN =800fl 

POWER DISSIPATION 
Vee= +5V, VEE = -15V 
Vcc= +15V, VEE = -15V 

PACKAGE OPTION2 

NOTES 
1 D.N .L. specifications guaranteed over compliance range. 
2See Section 19 for package outline information. 
Specifications subject to change without notice. 

0 
-25 

+4.5 
-18 

0.2 

0 

4.0 
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10 40 

250 500 

25 50 

70 
+85 

5.7 8.5 
-13.7 -18 

+ 18 
-10.8 

±0.0005 ±0.001 

±0.00025 ±0.001 

1.0 1.1 

-0.5 -2.0 

8.0 

234 312 
291 397 

N20A 

UNITS 

V 
V 

!-LA 

Bits 

rnA 

!-LA 
!-LA 
pF 

V 

%FS 

LSB 

pprn/oC 

ns 

ns 

°C 
°C 

rnA 
rnA 

V 
V 

%FS/% 

%FS/% 

rnA 

I-LA 

rnA/fLs 

rnW 
rnW 



ABSOLUTE MAXIMUM RATINGS 

Operating Temperature Range 
Storage Temperature 
Power Supply Voltage 
Logic Inputs 
Voltage at Current Output Pins 
Reference Inputs 

Reference Input Current 

. .. 0 to + 70°C 
- 6SoC to + 12SoC 

±18V 
· -SV to + 18V 
· - 8V to + 12V _ 
+ Vee to - VEE, 

± 18V max Differential 
· . .. 1.2SmA 

PIN CONFIGURATION 

MSB 
B1 B2 B3 

FUNCTIONAL DESCRIPTION 
, The segmented design of the AD60l2, shown in the functional 
block diagram, insures that there are no significant differential 
nonlinearities in the transfer characteristic. The eight major 
carries of the most significant bits are not subject to the gross 
differential nonlinearities that can occasionally occur in an R-2R 
type DAC. This advantage is due to the fundamentally different 
way that the current is handled in an AD6012. 

In a conventi,onal R-2R type DAC, when the input code is 
incremented past a major carry, a current representing the new 
code is substituted for the sum of all the less significant bit 
currents that were previously on. To avoid any nonlinearities, 
the two total currents must be extremely well matched. In the 
case of the MSB major carry in a 12-bit DAC, the match must 
be better than one part in 2048 to maintain mono tonicity . However, 
in the AD6012, a new current is never substituted for the sum 
of several smaller ones, but redirected through alternate channels 
and incremented one step at a time. 

For example, consider the MSB carry in an AD6012. In the 
initial state of 011111111111 as shown in ·the functional block 
diagram, the switches in the segment generator are set in such ,a • 
way that currents 10 , 11 and 12 are steered directly into the • 
noninverting output lOUT. In addition, a portion of 13 is directed 
through the 9-bit DAC that is controlled by the 9 least significant 
bits into lOUT. With the 9LSBs set to "1", all of the 13 current 
is directed to lOUT except for the 1/512 that goes to ground 
through the right-most transistor in the 9-bit DAC. After the 
input word is changed to 100000000000, the segment decoder 
switch for 13 will be all the way to the right, the switch for 14 

will be in the middle, and all the switches in the 9-bit DAC will 
be to the left. lOUT will be composed of 10, I), 12 and 13 , None 
of 14 will be directed into lOUT until a higher code is reached. 
In other words, 13 is now steered directly to lOUT instead of 
being divided by a factor of SI1/S12 in the 9-bit DAC. Since no 
major current substitution occurs, there is less chance of a large 
nonlinearity at this transition than in a comparable R-2R DAC. 

r-----------_+--~--4_--------~~~~~_++_~~41~~~~_+._~~~ 

r----------+--~--4----------4~~~~.+~~~44~~~H_~~~~louT 

CODE SELECTED 
0111 1111 1111 

L---~--+----+---4-----4----+---4---4---o-v •• 
SEGMENT GENERATOR 

Figure 1. AD6012 Functional Block Diagram 

+Vcc 

BIAS 
NETWORK 

GND 

I 

~ 
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RELATIVE ACCURACY VS. DIFFERENTIAL NON
LINEARITY 
Analog Devices defines relative accuracy as the maximum deviation 
of the actual, adjusted DAC output from the ideal analog output 
(a straight line drawn between the lowest code output voltage 
and the highest code output voltage) for any bit combination. 
Relative accuracy is often referred to as nonlinearity. The DAC 
transfer function shown in Figure 2a has a bow that results in a 
maximum relative accuracy error of 3LSB. This must be distin
guished from a differential linearity error. Differential nonlinearity 
is the measure of the variation in analog value, normalized to 
full scale, associated with a lLSB change in digital input code. 
For example, for a 4mA full scale output, a change of lLSB in 
digital input code should result in a O.98j.1A change in the analog 
output current (lLSB = 4mA x 114096 = 0.98j.1A). If in 
actual use, however, a ILSB change in the input code results 
in a change of only 0.24j.1A (l/4LSB) in output current, the 
differential linearity error would be 0.74j.1A or 3/4LSB. 

The DAC of Figure I has very good differential linearity in 
spite of the poor relative accuracy. Conversely, the DAC of 
Figure 2 has very good relative accuracy but poor differential 
linearity. The anomaly in the middle of the transfer function is 
the result of a positive differential linearity error followed by a 
negative differential linearity error greater than lLSB. A negative 
output step for an increase in digital input code is referred to as 
nonmonotonic behavior. In general, if a DAC has a differential 
linearity error specification greater than ILSB, it may be non
monotonic at one or more of the major carries. In most cases 
the worst differential linearity error will occur at the MSB transition 
point. 

OUTPUT 
CURRENT 

FULL SCALE 

DIGITAL INPUT CODE 

Figure 2a. Relative Accuracy Error 

FULL SCALE 

DIFFERENTIAL LINEARITY ERRORS SEVERE 
ENOUGH TO CAUSE NONMONOTONICITY 

DIGITAL INPUT CODE 

Figure 2b. Example of Nonmonotonic Behavior 

As noted in the functional description, the 6012's unique design 
minimizes differential linearity errors at the transition points of 
the 3MSBs. This results in a tight specification on maximum 
differential nonlinearity over temperature. The AD6012N is 
specified at± ILSB. Differentiallineariiy is verified on all 
AD6012s with 100% final testing. 

In many cOI).verter applications, uniform step size (or minimum 
differential linearity error) is more important than conformance 
to an ideal straight line. Twelve-bit converters are usually needed 
for high resolution rather than high linearity as evidenced by 
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the fact that few transducers are more linear than 0.1%. This is 
also true in video graphics, where the human eye has difficulty 
discerning nonlinearity of less than 5%. The AD6012 is especially 
well suited for these applications since it has inherently low 
differential linearity error. 

For applications requiring 12 bits of resolution and more accuracy 
than 0.05%, the ADS6SA and ADS66A are recommended. These 
units feature 0.012% (1I2LSB) max accuracy error over 
temperature. 

ANALOG CIRCUIT CONNECTIONS 
The standard current-to-voltage conversion connections using an 
operational amplifier are shown here with the preferred trimming 
techniques. If a low offset operational amplifier (ADS 10L, 
ADSI7L, AD74IL, AD30IAL, AD OP-07) is used, excellent 
performance can be obtained in many situations without trimming 
(an op amp with less than O.SmV max offset voltage should be 
used to keep offset errors below 1I2LSB). Unipolar zero will 
typically be within ± 0.1 LSB (plus op amp offset), and full 
scale accuracy will be within 0.5% (1.5% max). 

Figure 3. Unipolar 0 to -1OV 

FIGURE 3 UNIPOLAR CONFIGURATION 
This configuration will provide a unipolar 0 to + 10 volt output 
range. The following trim adjustment may not be necessary if 
the application can tolerate up to ± I 1/2% gain error. 

Gain Adjust 
Turn all bits ON and adjust 2kfl gain trimmer RI, until the 
output is 9.9976 volts. (Full scale is adjusted to ILSB less than 
nomi~al full scale of 10.000 volts.) If a 1O.24V full scale is desired 
(exactly 2.SmV/bit), adjust Rl until the output is 10.2375 volts. 

+Vcc 

Figure 4. Bipolar - 10V to + 10V 

FIGURE 4 BIPOLAR CONFIGURATION 
This configuration will provide a bipolar output voltage from 
- 10.000 to + 9.995 volts, with positive full scale occurring with 
all bits ON (all Is). 



Step I . . . Offset Adjust 
Turn OFF all bits except the MSB. Adjust SOkn trimmer RI to 
give 0.000 volts output. 

Step II . . . Gain Adjust 
Turn ON all bits. Adjust 2kn gain trimmer R2 to give a reading 
of +9.99S volts. Turn OFF all bits. The output should read 
- 10.000 volts. It may be necessary to repeat steps I and 2 for 
the optimal calibration. 

Please note that it is not necessary to trim the op anlp to obtain 
full accuracy at room temperature. In most bipolar situations, 
an op amp trim is unnecessary unless the untrimmed offset drift 
of the op amp is excessive. 

OTHER VOLTAGE RANGES 
The AD6012 can be easily configured for other voltage ranges 
by using either larger or smaller gain setting resistors and/or an 
offset resistor from the precision reference. For example, by 
substituting 1.24kn for the 2.49kn resistors and 62sn for the 
1.24kn resistor in Figure 4, the output voltage swing will be 
± SV. A similar modification on the unipolar circuit of Figure 3 
will yield an output voltage range of 0 to + SV. 

In addition, the complement of the output voltage can be achieved 
by switching lOUT and lOUT' Starting with the unipolar connection 
in Figure 3 and switching the outputs results in an output voltage 
swing of + lOY to OV. Specifically, an input of all zeros causes 
an output of +9.9976V, and all ones causes OV. Going one step 
farther and shifting the output by the addition of a 2.49kn 
resistor from lOUT to the lOY reference results in an output 
voltage going from 0 to -9.9976V. This circuit is shown in 
Figure S. 

Figure 5. Negative Unipolar OV to - 10V 

POWER SUPPLY DECOUPLING 
As in any video speed circuit, low impedance ground returns 
arid decoupled power supplies are critical for proper circuit 
operation. A minimum of 0.1 J-lF bypass capacitor is recommended 
on the positive and negative supplies. In circuits with at least 
400mV headroom on the negative supply, settling time can be 
enhanced with the RC decoupling circuit shown below: 

20n 
-VEE o--'\I'VIr-t--..... ---( 

Figure 6. 

OUTPUT VOLTAGE COMPLIANCE 
The AD6012 has a typical output compliance range from - SV 
to + lOY. The current-steering output stages will be unaffected 
by changes in the output terminal voltage over that range. 

However, there is an equivalent output impedance of 10M!! in 
parallel with 2SpF at the output terminal which produces an 
equivalent error current if the voltage deviates from analog 
common. This is a linear effect which does not change with 
input code. Operation beyond the compliance limits may cause 
either output stage saturation or breakdown which results in 
nonlinear performance. Compliance limits are not affected by 
the positive power supply, but are a function of output current 
and negative supply, as shown in Figure 7. 

NEGATIVE 
OUTPUT 
COMPLIANCE 
RANGE 

13 16 11 18 

NEGATIVE SUPPLY VOLTAGE 

Figure 7. Typical Negative Compliance Range vs. Negative 

Supply • 

DIRECT UNBUFFERED VOLTAGE OUTPUT FOR 
CABLE DRIVING 
The wide compliance range allows direct current-to-voltage 
conversion with just an output resistor. Figure 8 shows a connection 
using the gain and bipolar output resistors to give a ± SV bipolar 
swing. In this situation, the digital code is complementary binary. 
Other combinations of gain and offset resistors can be used to 
scale to alternate voltage ranges, simply by appropriately scaling 
the 0 to - 4mA output current and using the lOY reference 
voltage for bipolar offset. For example, setting Rx = sssn gives 
a ± I volt range with a soon equivalent output impedance. 

Figure 8. Unbuffered Bipolar Voltage Output 

This connection is especially useful for diredy driving a long 
cable at high speed. Using a sin resistor for Rx would allow 
interface to a son cable with a ± IOOmV full scale swing. Settling 
time would be very fast since the load impedance matches the 
characteristic impedance of the cable. 

REFERENCE AMPLIFIER CONNECTIONS 
The current into the reference amplifier at pin 14 must be ap
proximately ImA to realize the full scale output current of 4mA. 
If a de reference is used, a O.OIJ-lF compensation capacitor should 
be connected between pin 16 and - VEE' However, for ac reference 
applications, a minimum value is often used fo~ the compensation 
capacitor to maximize bandwidth. The value of this capacitor is 
dependent upon the equivalent resistance at pin 14. The values 
to maximize bandwidth without oscillation are as follows: 
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R14Equiv. C16 
(kG) (pF) 

10 50 
5 25 
2 10 
I 5 
0.5 0 

HIGH SPEED 12-BIT AID CONVERTERS 
The fast settling characteristics of the AD6012 make it ideal for 
high speed successive approximation AID converters. 

Shown in Figure 9 is a configuration using standard components; 
this system complete~ a full 12-bit conversion in 8.51J.s unipolar 
or bipolar. This converter will have 12 bits of resolution and 
have a typical gain T.C. of lOppmfOC. 

Figure 9. Analog-to-Digital Converter 

In the unipolar mode, the system range is 0 to 9.9976 volts, 
with each bit having a value of 2.44mV. For true conversion 
accuracy, an AID converter should be trimmed so that a given 
bit code output results from input levels from 1/2LSB below to 
1I2LSB above the exact voltage which that code represents. 
Therefore, the converter zero point should be trimmed with an 
input voltage of + 1.22mV; trim RI until the LSB just begins 
to appear in the output code (all other bits "0"). For full scale, 
use an input voltage of + 9.9963 volts (10 volts- ILSB - 1I2LSB); 
then trim R2 until the LSB just begins to appear (all other bits 
"I "). 

The bipolar signal range is - 5.0 to. +4.9976 volts. Bipolar 
offset trimming is done by applying a - 4. 9988V input signal 
and trimming RI for the LSB transition (all other bits "0"). 
Full scale is set by applying + 4.9963 volts and trimming R2 for 
the LSB transition (all other bits "I"). 

For fastest operation, the impedance at the comparator summing 
node must be minimized. However, lowering the impedance 
will reduce the voltage signal to the comparator (at an equivalent 
impedance at the summing node of Ik!!, I LSB = 1. Om V) to the 
point that comparator performance will be sacrificed. The con
tribution to this impedance from the DAC will be approximately 
10M!!. 

To prevent dynamic errors, the input signal should have a low 
dynamic source impedance, such as that of the AD509 high 
speed op amp. 
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DIA CONVERTER DISPLAYS 
In Figure 10, a latched AD6012 is shown as a CRT deflection 
controller. Using the resistors shown, the output to the CRT 
yoke will swing ± 1l0V. With a second AD6012 in the same 
configuration, both the vertical and horizontal position can be 
controlled. As ill all vector scan schemes, this circuit provides a 
method of precisely locating the beam with minimum delay 
between locations. The AD6012 is an ideal choice in these ap
plications since its settling time is only 500ns max. With a frame 
update time of 1I60th of a second, more than 33 thousand locations 
can be covered in each frame. 

pPBUS 

+120'1 

TO 
CRT 

~ __ -4 __ :t'10V 

Figure 10. Vector Scan Video CRT Control 

In raster scan applications, the AD6012 can be used for the 
slower vertical sweep. However, the horizontal sweep requires a 
settling time of lOOns or less to achieve a picture of suitable 
quality. In either vector or raster scan applications, a third 
AD6012 can be used for intensity modulation. In addition to its 
fast settling time, the reference can be clamped to zero whenever 
"blacker than black" is required (for retrace or lead zeroes in 
picture. field). 

LOGIC BIASING 
The AD6012 can be used with many different logic families by 
setting GNDN LC (Pin 13) at two diode drops below the desired 
logic threshold voltage. When GNDN LC is connected to logic 
common, the AD6012 inputs interface directly to TTL. Other 
logic families can be connected directly to the logic inputs by 
using the logic bias circuit shown in Figure II. 

v+ 
HTL 

ECL CMOS 
R1 13kll 20kll 

R1 R2 39kll 20kll 
R3 6.2kll 15kll 
v+ GND + Vee 
V- -5.2 GND 

R2 TO PIN 13 
VLC 

R3 

V-

Figure 11. HTL, CMOS, orECL Bias Circuit 
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CMOS LOGDACTM 
Digitally Controlled Audio Attenuator 

FEATURES 
Attenuation Range: 0 to 88.5dB Plus Full Muting 
Resolution: 1.5dB 
Low Distortion: THD Better Than -98dB 

IMD Better Than -92dB 
Includes Switches for Loudness Compensation 
Low Power Consumption 
Excellent SIN Ratio: 100dB (20Hz - 20kHz) 
Low Cost 
Complies with DIN 45403 and DIN 45405 
Latch-Proof Operation 

APPLICATIONS 
Digitally Controlled Audio Gain 
Wide Dynamic Range DIA Converters 

GENERAL DESCRIPTION 
The AD7110 is a monolithic CMOS digitally controlled audio 
attenuator (patent pending). With the addition of an external 
operational amplifier it provides 0 to 88.5dB of attenuation in 
1.5dB steps, plus full muting of the audio input signal for 
digital input code l111XX, where X can be 1 or O. The audic. 
input is applied to the VIN pin and the device delivers a log
arithmically related output current which is determined by a 
6-bit binary input code. Loudness compensation switches are 
provided on the device to enable additional bass boost at low 
volume settings. 
The device is manufactured using an advanced thin-film on 
CMOS monolithic wafer fabrication process and is packaged 
in a 16-pin DIP. 

ORDERING INFORMATION 

Model Package 

AD7110KN 16-Pin Plastic DIP 

Package Style: l N16B 

·Patent Pending 

Operating 
Temperature Range 

LOGDAC is a registered trademark of Analog Devices, Inc. 

I See Section 19 for package o~tline information. 

AD71lO* I 
AD7110 FUNCTIONAL BLOCK DIAGRAM 

Voo 

10 

l
MSB~4 

LSB ~---------1 

DECODE 
LDGIC 

Vsa 

II--I-~::~ :) LDUDNESS 
SWITCHES 

DGND 
II----'-~ S3 

AD711D AUDIO ATTENUATDR 

PIN CONFIGURATION 

16-PINDIP 
TOP VIEW 
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AUDIO SPECIFICATIONS 
(VDD = +12V, VBB = 0 to -12V, Pins 11-13 Open, TA = 0 to +50°C unless otherwise noted) 

PARAMETER 

ATTENUATION RANGE 

RESOLUTION 

ATTENUATION ACCURACY (Absolute) 
OdB to -48dB 
-4SdB to -8S.5dB 

TOTAL HARMONIC DISTORTION (THD) 

INTERMODULATION DISTORTION (IMD) 

AD7110 
WITH 

"IDEAL OP AMP" 

o to -SS.5 

l.5 max 

±0.7 max 
Monotonic 

-9S max 

-92 max 

AD7110 
WITH TL071 

OP·AMP (FIG. 1) UNITS TEST CONDITIONS/COMMENTS 

o to -SS.5 dB VIN = 10V rms @ 1kHz 

l.5 max dB Frequency Range: 20Hz to 20kHz 

The AD7110 is guaranteed 
±0.7 max dB monotonic for all attenuation 
Monotonic settings between 0 and -SS.5dB 

-85 typ dB per DIN 45403, BLATT 2 (with input 
level of 1 V rms) 

-79 typ dB per DIN 45403, BLATT 4 

30 max 10 max V peak for <1% (max) THD (Note 1) 

FEEDTHROUGH ERROR Better than -S5dB @ 1kHz. Feedthrough is primarily dependent upon printed circuit board layout. 

OUTPUT NOISE VOLTAGE DENSITY 30 max 70 typ nV/.jfu 20Hz to 20kHz (Note 2) 

BANDWIDTH D.C. to 1 SO min D.C. to 250 typ kHz OdB Attenuation 

ELECTRICAL SPECIFICATIONS 
(VDD = +12V, VBB = 0 to -12V, Pins 11-13 Open, TA = 0 to +50°C unless otherwise noted) 
PARAMETER LIMIT TEST CONDITIONS/COMMENTS 

ANALOG INPUT Input resistance for a given unit is constant 
for all input conditions. 

Input Resistance of VIN (pin 15) 

LOUDNESS SWITCHES 
Switch ON Resistance 

RON 
Switch OFF Leakage Current 
Switch Coding 

DIGITAL INPUTS 
VINH 
VINL 
IINH 
IINL 
CIN 

POWER REQUIREMENTS 

VOO 
VOO Range 
VBB 
100 
IBB 
Total Power Dissipation 

NOTES 

ISkn max 
9kn min 

600nmax 
IJ.1A max 
See Table 1 

1l.5V min 
0.5V max 
IJ.1A max 
IJ.1A max 
5pF typ' 

+12V 
+5V to +12V 
-12V 
ImA max 
100J.lA max 
5mWtyp 

VOUT = OV 

Switch Current = ImA 
Vswitch = +12V 

Functionality with degraded performance. 

Digital Inputs = VINL or VINH 

1 Output amplifier (and amplifier supplies) must be capable of 30V peak output. 
2 Ou tput noise voltage density includes op amp noise. 

, Specifications subject to change without notice. 
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ABSOLUTE MAXIMUM RATINGS 
(TA = +2SoC unless otherwise noted) 

"'VDD (to GND) ........................... +14V 
"'VBB (to GND) ............................ -14V 
Voltage (pins 11,12, 13) to GND ............ VBB, +14V 
VIN (to GND) ............................. ±3SV 
Digital Input Voltage to GND ............ -o.3V to VDD 
Output Voltage (Pin 1) to GND ......... -100mV to VDD 
Power Dissipation (Package) ................. 670mW 
Operating Temperature ................... 0 to +70

o
C 

Storage Temperature ................ -6SoC to +lS0oC 
Lead Temperature (Soldering, 10 seconds) ........ +300

o
C 

*If Loudness Compensation 5witches (51, 52, 53) are not used, 'the 
negative power supply may be omitted and VBB (Pin 10) connected 
instead to DGND (Pin 9). In this case the absolute maximum rating 
ofVDD is +17V. 

WARNING! eJ 
~~OEVICE CAUTION: 

E5D (Electro-Static-Discharge) sensitive device. The digital 
control inputs are diode protected; however, permanent 
damage may occur on unconnected devices subject to high 
energy electrostatic fields. Unused devices must be stored 
in conductive foam or shunts. The foam should be discharged 
to the destination socket before devices are removed. 

TERMINOLOGY 

RESOLUTION: Nominal change in attenuation when moving 
between two adjacent binary codes. The AD7110 resolution 
is l.SdB. 

MONOTONICITY: The AD7110 digitally controlled audio 
attenuator is monotonic if the analog output decreases (or 
remains constant) as the digital input code (attenuation 
setting) increases. 

FEEDTHROUGH ERROR: That portion of the input signal 
which reaches the ou tpu t when the digital input code is set to 
mute the input signal. 

ANALOG CIRCUIT PERFORMANCE: 
Table I gives the ,nominal attenuation in dB for the AD7110 
for all digital input codes. It also shows the Loudness Switch 
states and the nominal output voltage when using an external 
operational amplifier (as shown in Figure 1) and a fixed-1O 
volt reference applied to VIN (pin IS). It may be seen that the 
transfer function for the circuit of Figure 1 is given by 

VOUT = -VIN 10 exp -~\~ ~ 

where N is the binary input for values 0 to S9. For N = 60 
through 63 the input is fully muted, that is, the attenuation 
is infinite. 

HIGH FREQUENCY AMPLIFIERS 
RFB and the output capacitance of the AD7110 create a phase 
lag in the output amplifier's feedback circuit. This phase lag, in 
conjunction with the amplifier's phase lag, may cause ringing 
or oscillation. When using a high speed amplifier, shunting the 
amplifier input to output with 30-S0pF of feedback capac
itance (C1) ensures stabjlity. 

DC PERFORMANCE OF AD7110 
For fixed-reference applications, an output amplifier with low 
offset voltage (less than SOJ.,LV) is required, e.g. the ADS17L. 
This combination will provide the utmost stability at the 
expense of slow settling times. 

VIN VOO (+12V) 

15 14 

05 (M5B) 16~--~----~--~ 

DO (L5B) 
loUT 

A07110 

51 13 

52 12 

53 11 
10 9 

Figure 1. 
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Table I 

VOL. 1,9-106 DIGITAL-TO-ANALOG CONVERTERS 

NOTES: 
I Switch closed in shaded area. 
2 YIN = -lOY de 
3 X = I or O. Output is fully muted 
for N;;;..60. 
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Figure 6. Total Harmonic Distortion vs. Frequency 

Figure 6 shows that the total harmonic distortion of the 
attenuator circuit of Figure 1 is almost totally dependent on 
the characteristics of the operational amplifier used. 
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Applica~ions Information 

AUOIO INPUT 
AGNO 

D5(MSB) 

D40-+----..J 

030-4------..1 

02 0-+------1 

Dlo-+-----~ 

DOo-+------~ 

8.2k 

DGND O-~~~-_~-_~-_-_-_~~-_-_-_~~~---4>-------4 ...... __<~lk ~ 
.12V O----------+_J 
-12V 0-----------1 

Figure 9. Single Channel Audio Attenuator with Loudness 
Compensation 
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Figure 8. Typical dc Attenuation Error vs. Attenuation & 
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Figure 10. 

Figure 10 shows the Attenuation vs. Frequency for the circuit 
of Figure 9. The attenuation is plotted against frequen·cy for 
the two digital input codes at which the loudness compen
sation switches SI and S2 are activated. 



r.ANALOG 
WDEVICES 

lOGDACTM 
CMOS logarithmic D/A Converter* 

FEATURES 
Dynamic Range: 88.5dB 
Resolution: O.375dB 
On-Chip Data Latches 
Full ±25V Input Range Multiplying DAC 
Low Distortion 
Single +5V Supply 
Latch·Up Free (No Protection Schottky Required) 

APPLICATIONS 
Digitally Controlled AGC Systems 
Audio Attenuators 
Wide Dynamic Range AID Converters 
Sonar Systems 
Function Generators 

GENERAL DESCRIPTION 
The AD7111 is a CMOS multiplying D/A converter which can 
attenuate an analog input signal over the range 0 to -88.SdB" 
in O.37SdB steps. 

The degree of attenuation is determined by an 8-bit data word 
which is latched into on-chip data latches using microproces
sor compatible control signals CS and WR. Operating frequen· 
cy range of the device is from dc to several hundred kHz. 

The device is packaged in a 16·pin dual·in-line plastic, -cerdip 
or ceramic package. 

ORDERING INFORMATION 

Specified Temperature Range and Package 

Accuracy Plastic Cerdipl Ceramic 
Range o to +70

o
C -25°C to +8So C -55°C to +12SoC 

o to 60dB AD7111KN AD7111BQ AD7111TD 
o to ndB AD7111LN AD7111CQ AD7111UD 

NOTE 
I Analog Devices reserves the right to ship Ceramic packages 
in lieu of Cerdip packages. 

·Patent Pending 

AD7111 I 
AD7111 FUNCTIONAL BLOCK DIAGRAM 

PIN CONFIGURATION 

• 

AD7111 
TOP VIEW 13 WR 

(NOT TO 
SCALE) 

PACKAGE IDENTIFICATION1 

Suffix D: Ceramic DIP (D16B) 
Suffix N: Plastic DIP (N16B) 
Suffix Q: Cerdip (Q16B) 

I See Section 19 for package outline information. 
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(VDD = +5V, VIN = -10V dc, . SPECIFICATIONS VPIN2 = VPINl = OV, output amplifier AD544 except where stated) 

Parameler 

NOMINAL aESOLUTION 

ACCURACY RELATIVE TO odB ATTENUATION 
0.37SdR Steps: 

Accuracy" ±0.17dB 
Monotonic 

0.7SdB Sleps: 
Accuracy" ±0.3SdB 
Monolonic 

l.SdB Sleps: 
Accuracy" ±0.7dB 
Monolonic 

3.odB Sleps: 
Accuracy" ± 1.4dB 
Monolonic 

6.0dB Steps: 
Accuracy" ±2.7dB 
Monotonic 

GAIN ERROR 

VIN INPUT RESISTANCE 
(PIN IS) 

RFB INPUT RESISTANCE 
(PIN 16) 

DIGITAL INPUTS 
VIH (Input High Voltage) 
VIL (Input Low Voltage) 
Input Leakage Current 

SWITCHING CHARACTERISTICS' 
tcs 
!tH 
tWR 
tos 
tOil 
tRFSH 

POWER SUPPLY 
Voo 
100 

NOTE 
• SunpJe tested at +2 SoC to ensure compliance. 
Specifications subject to chansc without noticc. 

AD7 JlILICIU GRADES 
TA = +2SoC TA = Tmint Tma, 

0.37S 0.375 

01036 01036 
01054 01054 

01048 01042 
01072 01066 

01054 01048 
Full Range 01078 

01066 01054 
Full Range Full Range 

01072 01060 
Fun Range Full Range 

iO.l iO.lS 

9/11/15 9/11/15 

9.3/11.5/15.7 9.3/11.5115.7 

2.4 2.4 
0.8 0.8 
±1 UO 

0 0 
350 500 
175 250 
10 10 
3 4.5 

+5 +5 
1 4 
500 1000 

AD7JlIK/BIT GRADES 
TA· +2SoC TA = Tmmt TmlX 

0.375 0.375 

01030 01030 
• 01048 01048 

01042 01036 
01072 01060 

01048 01042 
01085.5 01072 

Ole 60 01048 
Fun Range Full Range 

01060 01060 
Full Range Full Range 

iO.lS iO.20 

7/11/18 7/11/18 

7.3/11.5/18.8 7.3/11.5/18.8 

2.4 2.4 
0.8 0.8 
±1 il0 

0 
350 500 
175 250 
10 10 
3 4.5 

+5 +5 
1 4 
500 1000 

AC PERFORMANCE CHARACTERISTICS 
These characteristics are included for design guidance only and are not subject to test. 
Voo = +5V, VIN = -10V dc except where stated, VPJNI = VPIN2 = OV, output amplifier AD544 except where stated. 

AD7111UC/U GRADES AD7111K1B/T GRADES 

Unils 

dB 

dB min 
dB min 

dB min 
dB min 

dB min 
dB min 

dB min 

dB min 

dB max 

kn min/typ/max 

kn min/typ/max 

Vmin 
V max 
/lAmax 

nsmin 
nsmin 
nsmin 
nsmin 
nsmin 
/lsmin 

V 
mAmax 
/lAmax 

Parameler TA = 2S·C TA = Tmin, Tmll>t TA = +2SoC TA = Tmin, Tmox Units 

DC Supply Rejection, t.Gain/t.Voo 0.001 0.005 0.001 O.OOS dB per %. max 
Propagation Delay 3.0 4.5 3.0 4.5 ,!S max 

Digital to Analog Glitch Impulse 100 

Output Capacitance, Pin 1 185 185 
Input Capacitance, Pin 15 and Pin 16 7 7 
Feedthrough at 1kHz -94 -72 
Total Harmonic Distortion -91 -91 
Output Noise Voltage Density 70 70 
Digit::.llnput C~p~dt:.::ce 

Specifications AJbjfCt to change without noticc. 
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100 

18S 
7 
-92 
-91 
70 

185 
7 

' -68 

-91 
70 
7 

nV secs typ 

pFmax 
pFmax 
dB max 
dB typ 
nV/.,fHz max 
pFmax 

ConditionslCommenu 

Guaranteed attenuation ranges 
for specified step sizes 

Full Range is from 0 to 88.SdB 

Digital Inputs = VOO 

Chip Select to Write Setup Time 
Chip Select to Write Hold Time 
Write Pulse Width 
Data Valid to Write Setup Time 
Data Valid to Write Hold Time 
Refresh Time 

Digital Inputs = VIH or VIL 
Digital Inputs ~ OV or Vpp. See Figure 7. 

ConditionslCommenu 

t.Voo = i 10%, Input Code = 00000000 
Full Scale Change Measured from 
WR going high, CS = OV. 
Measured with ADLH0032CG as Output 
Amplifier for Input Code Transition 
10000000 to 00000000. 
Cl of Figure 1 is OpF 

Feedthrough is also determined by circuit 
layout (see Figure 4). 
VJN = 6V rms at 1kHz 
Indudes ADH4 Amplifier Noise 



ABSOLUTE MAXIMUM RATINGS· 
(T A = +2So C unless otherwise noted) 
Voo (to DGND) .................. , ......... +7V 
VIN (to AGND) ............................ ±3SV 
Digital Input Voltage to DGND ........... -0.3V to Voo 
Output Voltage (Pin 1) to AGND .......... -0.3V to Voo 
VRFB to AGND ........................... ±3SV 
AGND to DGND ........................ 0 to VOD 
DGND to AGND ........................ 0 to Voo 
Power Dissipation (Package) 

Plastie (Suffix N) 
To +70

0
C .. ' ........................ 670mW 

Derates Above +70
0

C by ............... 8.3mW/C 

Ceramic (Suffix D) or Cerdip (Suffix Q) 
To +7SoC .......................... 4S0mW 
Derates Above +7SoC by ................ 6mW/C 

Operating Temperature Range 
Commercial Plastic (KN, LN Versions) ...... 0 to +70

0
C 

Industrial Ceramic (BQ, CQ Versions) .... -2SoC to +8SoC 
Extended Ceramic (TD, UD Versions) ... -SSoC to +12SoC 

Storage Temperature ................ -6S0Cto +lS00C 
Lead Temperature (Soldering 10 secs) ........... +3000C 

• Stresses above those listed under "Absolute Maximum Ratings" may 
cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or any other condition 
above those indicated in the operational sections of this specification 
is not implied .. Exposure to absolute maximum rating conditions for 
extended periods may affect device reliability. 

CAUTION:---------------------------------------------------------~---------

WARNING! 0 ESD (Electro - Static - Discharge) sensitive device. The digital control inputs are zener 
protected; however, permanent damage may occur on unconnected devices subject to high 
energy electrostatic fields. Unused devices must be stored in conductive foam or shunts. The 
foam should be discharged to the destination socket before devices are removed. ~~DEVICE 
TERMINOLOGY 
,RESOLUTION: Nominal change in attenuation when moving 
between two adjacent codes. 

MONOTONICITY: The device is monotonic if the analog out
put decreases (or remains constant) as the digital code increases. 

FEEDTHROUGH ERROR: That portion of the input signal 
which reaches the output when all digital inputs are high. See 
section on Applications. 

OUTPUT LEAKAGE CURRENT: Current which appears on 
the loUT terminal with all digital inputs high. 

TOTAL HARMONIC DISTORTION: A measure of the har
monies introduced by the circuit wh~n a pure sinusoid is ap
plied to the input. It is expressed as the harmonic energy 
divided by the fundamental energy at the output. . 

ACCURACY: The difference (measured in dB) between the 
ideal transfer function as listed in Table I and the actual trans
fer function as measured with the device. 

OUTPUT CAPACITANCE: Capacitance from loUT to ground. 

DIGITAL TO ANALOG GLITCH IMPULSE: The amount of 
charge injected from the digital inputs to the analog output 
when the inputs change state. This is normally specified as 
the area of the glitch in either pA-Secs or nV-Secs depending 
upon whether the glitch is measured as a current or voltage 
signal. Glitch impulse is measured with VIN = AGND. 

PROPAGATION DELAY: This is a measure of the internal 
delays of the circuit and is defined as the time from a digital 
input change to the analog output current reaching 90% of its 
final value. 

WRITE CYCLE TIMING DIAGRAM 

~~ II~ Ie"[r- VDD 

~ ~ 8EllCr ----

DATA IN 
(00-071 

VDD 

VDD 

NOTES: 
1. ALL INPUT SIGNAL RISE AND FALL TIMES 

MEASURED FROM 10% TO 90% OF Voe. Voe 
·+5V.tr·tf~20nl. 

2. TIMING MEASUREMENT REFERENCE LEVEL 

ISV1H ;VIL . 
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CIRCUIT DESCRIPTION 
GENERAL CIRCUIT INFORMATION 
The A07111 consists of a 17-bit R-2R CMOS multiplying 
01 A converter with extensive digital logic. The logic trans
lates the 8-bit binary input into a 17-bit word which is used 
to drive the O/A converter. Input data on the 07-00 bus is 
loaded into the input data latches using CS and WR control 
signals. The rising edge of WR latches the input data and in
itiates the internal data transfer to the decoder. A minimum 
time tRFSH, the refresh time, is required for the data to pro
pagate through the decoder before a new data write is 
attempted. 

The transfer function for the circuit of Figure 1 is given by: 

Vo = -VIN 10 exp _ 0.375 N 
20 

or I ~~ I dB = - 0.375 N 

Where 0.375 is the step size (resolution) in dB and N is the 
input code in decimal for values 0 to 239. For 240~~255 
the output is zero. Table I gives the output attenuation 
relative to OdB for all possible input codes. 

The graphs on the last page give a pictorial representation of 
the specified accuracy and monotonic ranges for all grades of 
the A07111. High attenuation levels are specified with less 
accuracy than low attenuation levels. The range of monotonic 
behavior depends upon the attenuation step size used. For 
example, the A07111L is guaranteed monotonic in 0.375dB 
steps from 0 to -54dB inclusive and in 0.75dB steps from 0 
to -72dB inclusive. To achieve monotonic operation over the 
entire 88.5dB range it is necessary to select input codes so 

Figure 1. Typical Circuit Configuration 

'.1'bo 
D7-D4 0000 0001 0010 0011 0100 0101 0110 0111 

0000 0.0 0.375 0.75 1.125 1.5 1.875 2.25 2.625 
0001 6.0 6.375 6.75 7.125 7.5 7.875 8.25 8.625 
0010 12.0 12.375 12.75 13.125 13.5 13.875 14.25 14.625 
0011 18.0 18.375 18.75 19.125 19.5 19.875 20.25 20.625 

0100 24.0 24.375 24.75 25.125 25.5 25.875 26.25 26.625 
0101 30.0 30.375 30.75 31.125 31.5 . 31.875 32.25 32.625 
0110 36.0 36.375 36.75 37.125 37.5 37.875 38.25 38.625 
0111 42.0 42.375 42.75 43.125 43.5 43.875 44.25 44.625 

1000 48.0 48.375 48.75 49.125 49.5 49.875 50.25 50.625 

that the attenuation step size at any point is consistent with 
the step size guaranteed for monotonic operation at that 
point. 

EQUIVALENT CIRCUIT ANALYSIS 
Figure 2 shows a simplified circuit of the D/ A converter 
section of the AD7111 and Figure 3 gives an approximate 
equivalent circuit. 

The current source ILEAKAGE is composed of surface and 
junction leakages and as with most semiconductor devices, 
approximately doubles every 10° C-see Figure 11. The resistor 
Ro as shown in Figure 3 is the equivalent output resistance of 
the device which varies with input code (excluding all O's 
code) from 0.8R to 2R. R is typically 11kn. COUT is the 
capacitance due to the N channel switches and varies from 
about 60pF to 185pF depending upon the digital input. For 
further information on CMOS multiplying DI A converters 
refer to "Application Guide to CMOS Multiplying D/ A con
verters" which is available from Analog Devices, Publica-
tion Number G479-15-8/78. 

RFB 

L..,-+-~+-"""'~_ ~""'+--~""'--()IoUT 

L..,-~4--~~r-~""'-4---~AGND 

SWITCH DRIVERS 

Figure 2. Simplified D/A Circuit of AD7111 

....--'YI"--+---4t--...... ---o lOUT 

CaUT 

L..,---..... --..... ---oAGND 

9(V'N. N) IS THE TH£VENIN EQUIVALENT VOLTAGE GENERATOR 
DUE TO THE INPUT VOLTAGE V'N. THE BINARY ATTENUATION 
FACTOR N AND THE TRANSFER FUNCTION OF THE R·2R LADDER. 

Figure 3. Equivalent Analog Output Circuit of AD7111 

1000 1001 1010 1011 1100 1101 1110 1111 

3.0 3.375 3.75 4.125 4.5 4.875 5.2? 5.625 
9.0 9.375 9.75 10.125 10.5 10.875 11.25 11.625 
15.0 15.375 15.75 16.125 16.5 16.875 17.25 17.625 
21.0 21.375 21.75 22.125 22.5 22.875 23.25 23.625 

27.0 27.375 27.75 28.125 28.5 28.875 29.75 29.625 
33.0 33.375 33.75 34.125 34.5 34.875 35.25 35.625 
39.0 39.375 39.75 40.125 40.5 40.875 41.25 41.625 
45.0 45.375 45.75 46.125 46.5 46.875 47.25 47.625 

51.0 51.375 51.75 52.125 52.5 52.875 53.25 53.625 
1001 54.0 54.375 54.75 55.125 55.5 55.875 56.25 56.625 . 57.0 57.375 57.75 58.125 58.5 58.875 59.25 59.625 
1010 60.0 60.375 60.75 61.125 61.5 61.875 62.25 62.625 63.0 63.375 63.75 64.125 64.5 64.875 65.25 65.625 
1011 66.0 66.375 66.75 67.125 67.5 67.875 68.25 68.625 69.0 69.375 69.75 70.125 70.5 70.875 71.25 71.625 

1100 72.0 72.375 72.75 73.125 73.5 73.875 74.25 74.625 75.0 75.375 75.75 76.125 76.5 76.875 77.25 77.625 
1101 78.0 78.375 78.75 79.125 79.5 79.875 80.25 80.625 81.0 81.375 81.75 .82.125 82.5 .82.875 83.25 83.625 
1110 84.0 84.375 84.75 85.125 85.5 85.875 86.25 86.625 87.0 87.375 87.75 88.125 88.5 88.875 89.25 89.625 
1111 MUTE MUTE MUTE MUTE MUTE MUTE MUTE MUTE MUTE MUTE MUTE MUTE MUTE MUTE MUTE MUTE 

Table I. Ideal Attenuation in dB vs. Input Code 
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DYNAMIC PERFORMANCE 
The dynamic performance of the AD7111 will depend upon 
the gain and phas~ characteristics of the output amplifier, 
together with the optimum choice of PC board layout and 
decoupling components. Figure 4 shows a printed circuit lay
out which minimizes feedthrough from VIN to the output in 
multiplying applications. Circuit layout is most important if 
the optimum performance of the AD7111 is to be achieved. 
Most application problems stem from either poor layout, 
grounding errors, or inappropriate choice of amplifier. 

6 0""'- PINl y lV' OPAMP 

OUTPUT 

~ --t~t:;;:""' 
INPUT _____ AGND 

V~DTfTOGNO 
_ c:II 

.. .. DIGITAL· 
INPUTS 

- CIa - -- .. 
LAYOUT SHOWS COPPER SIDE (I.e., BOTTOM VIEW) 
GAIN TRIM RESISTORS R 1 ANO R2 OF FIGURE 1 
ARE NOT INCLUDED. 

Figure 4. Suggested Layout for AD7111 and Op-Amp 

It is recommended that when using the AD7111 with a high 
speed amplifier, a capacitor (C1) be connected in the feedback 
path as shown in Figure 1. This capacitor, which should be 
between 30pF and 50pF, compensates for the phase lag intro
duced by the output capacitance of the D/A converter. Figures 
5 and 6 show the performance of the AD7111 using the 
AD517, a fully compensated high gainsuperbeta amplifier, 
and the AD544, a fast FET input amplifier. The performance 
without C1 is shown in the middle trace and the response with 
C1 in circuit is shown in the bottom trace. 

Cl: OpF 

VOUT 

VOUT .' '"' . ',' ," . Cl: 47pF 

~ sv .i· 201lS: 

DATA CHANGE FROM BOH to OOH 

Figure 5. Response of AD7111 with AD517 

Cl: OpF 

VOUT 

'. . Cl: 47pr 
VOUT . :f ... ' 

'SV . ); : J.~ .< 

DATA CHANGE FROM BOH TO OOH 

Figure 6. Response of AD7111 with AD544 

In conventional CMOS D/A converter design parasitic capaci
tance in the N-channel DI A converter switches can give rise to 
glitches on the D/A converter output. These glitches result 
from digital feedthrough. The AD7111.has been designed to 
minimize these glitches as much as possible. 

Applications Information 
For operation beyond 250kHz, capacitor C1 may be reduced 
in value. This gives an increase in bandwidth at the expense of 
a poorer transient response as shown in Figures 6 and 12. In 
circuits where C1 is not included the high (requency roll-off 
point is primarily determined by the characteristics of the 
output amplifier and not the AD7I11. 

Feedthrough and absolute accuracy are sensitive to output 
leakage current effects. For this reason it is recommended that 
the operating temperature of the AD7111 be kept as close to 
25°C as is practically possible, particularly where the device's 
performance at high attenuation levels is important. A typical 
plot of leakage current vs. temperature is shown in Figure 11. 

Some solder fluxes and cleaning materials can form slightly 
conductive films which cause leakage effects between analog 
input and output. The user is cautioned to ensure that the 
manufacturing process for circuits using the AD7111 does not 
allow such films to form. Otherwise the feedthrough, accuracy 
and maximum usable range will be affected. 

STATIC ACCURACY PERFORMANCE 
The D/A converter section of the AD7111 consists of a 17-bit 
R-2R type converter. To obtain optimum static performance • 
at this level of resolution it is necessary to pay great attention 
to amplifier selection, circuit grounding, etc. 

Amplifier input bias current results in a dc offset at the output 
of the amplifier due to the current flowing through the feed
back resistor RFB. It is recommended that an amplifier with 
an input bias current of less tllan 10nA be used (e.g., ADS17 
or ADS44) to minimize this offset. 

Another error arises from the output amplifier's input offset 
voltage. The amplifier is operated with a fixed feedback re
sistance, but the equivalent source impedance (the AD7111 
output impedance) varies as a function of attenuation level. 
This has the effect of varying the "noise" gain of the amplifier, 
thus creating a varying error due to amplifier offset voltage. 
It is recommended that an amplifier with less than SOIlV of 
input offset be used (such as the ADS17 or AD OP-07) in 
dc applications. Amplifiers with higher offset voltage may 
cause audible "thumps" in ac applications due to dc output 
changes. 

The AD7111 accuracy is specified and tested using only the 
internal feedback resistor. Any Gain Error (i.e., mismatch of 
RFB to the R-2R ladder) that may exist in the AD7111 D/A 
converter circuit results in a constant attenuation error over 
the whole range. The AD7111 accuracy is specified relative 
to OdB attenuation, hence "Gain" trim resistors-R1 and R2 
in Figure 1-can be used to adjust VOUT = VIN precisely (i.e., 
OdB attenuation) with input code 00000000. The accuracy 
and monotonic range specifications of the AD7111 are not 
affected in any way by this gain trim procedure. For the 
AD7111L1C/U grades, suitable values for R1 and R2 of 
Figure 1 are R1 = soon, R2 = IS0n; for the K/B/T grades 
suitable values are R1 = 1000n, R2 = 270n. For additional 
information on gain error the reader is referred to Application 
Note "Gain Error and Gain Temperature Coefficient of CMOS 
MUltiplying DACs" by Phil Burton available from Analog 
Devices Inc., Publication Number E630-10-6/81. 
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Typical Performance Characteristics 
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Figure 7. Typical Supply Current vs. Logic Input Level 
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Figure 10. Accuracy Specification for K/B/T Grade Devices 
at TA =+2ffc 

VOL. 1,9-114 DIGITAL-TO-ANALOG CONVERTERS 

VIN .llOV I / DATA INPUT "11XXXX 

L 
V 

/ 
1 L 
1 / 

50 7S 
TEMPERATURE _ °c 

Figure 1,. Output Leakage Current vs. Temperature 

t--iVoO • +6V " 
,T ... -+2SOC AO~ /\ t"-',DATA INPUT CODE· 00000000 
VIN·1V,ml Cl~~ / \ 

J7 \ 
--........ 1-...... \ 

\ ~f~7PF...A \ 
\ \ , 

A0517 /\ \ Cl·0~47pF \ 

\ 

IOtc 
FREQUENCY - Hz 

\ , , 
1\ 
\ 
\ 

II , 
Figure 12. Frequency Response with AD544 and AD517 
Amplifiers 

V ... ev,ml
l 

J t--.INPUT CODE' 0000 0000 0 . T ... -+25°C 

/ C,-47pF 

0 
/ 

0 

/ 
.... ~ 

-100 0 ,001 
10 ,. 

fREQUENCY - Hz 

Figure 13. Distortion vs. Frequency Using AD544 
Amplifier 

lXX I.X lX: MONOTONICITY FOR 1.5dB ATTENUATION STEPS 

,\\,\\\\' ,\\C.7SdBATTENUATIONSTEPS~\ X ,\\ ,\\\\\\ 
'I I I, '111'11 0.37SdB ATTENUATION STEPSIII 'II 

'0, '7 i+""""f.-...+---""""""'+"'"4--'l ........ i"-
o ---- - -- - -- - -- ---- --

72 

ATTENUATION -dB 

Figure 14. Accuracy Specification for L/C/U Grade Devices 
at TA = +2ffc 



r.ANALOG 
WDEVICES 

FEATURES 
Dynamic Range: 0 to 19.9dB Plus Full Muting 
Resolution: O.1dB 
2 1/2 Digit BCD Input Coding 
On-Chip Data Latches 
Full ± 25V Input Range 
Low Distortion and Noise 
Latch-Up Free (No Protection Schottky Required) 
TTL Compatible 

APPLICATIONS 
Audio Attenuators 
Function Generators 
Test Equipment 
Digitally Controlled AGC Systems 

GENERAL DESCRIPTION 
The AD7115 is a digitally programmable attenuator which at
tenuates an analog input signal over the range 0 to -19.9dB in 
O.ldB steps. 

The degree of attenuation is controlled by a 2 112 digit BCD coded 
input word which is latched into on-chip data latches using 
microprocessor compatible control signals WR, LBEN and 
HBEN. Operating frequency range of the device is from dc to 
several hundred kHz. 

The devicds packaged in an 18-pin dual-in-line plastic, cerdip 
or ceramic package. 

PRODUCT HIGHLIGHTS 
1. High resolution O.ldB steps from 0 to 19.9dB with step ac

curacies better than ± O.04dB allow precision attenuators and 
other special purpose function generators to be built at low 
cost. 

2. A resolution,ofO.ldB is equivalent to step sizes of 1% of read
ing. 

3. The 2 112 digit BCD input code can be loaded into the on-chip 
latches in one WRITE operation. Alternatively, for use with 
an 8-bit data bus, data can be loaded in two WRITE operations 
by using byte enable signals HBEN and LBEN. 

4. The AD7115 can be used in series with standard attenuator 
blocks to position its attenuation range as required, e.g., - 40dB 
to - 60dB in O.ldB steps. 

5. Analog input signal can be up to ±25V with Voo = +5V. 

LOGDAC is a registered trademark of Analog Devices, Inc. 

LOGDACTM 
CMOS O.ld8 Step Attenuator 

AD7115 I 
AD7lIS FUNCTIONAL BLOCK DIAGRAM 

PIN CONFIGURATION 

10.0 DIGIT { 08 5 
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S P E C I F I C AT ION S (Voo = + 5V, VIN = -1 OV dc, VPIN1 = VPIN2 = OV, output amplifier AD544 except where stated) 
T A= 

Parameter TA = +25·C Tmim Tmax Units Conditions/Comments 

NOMINAL RESOLUTION 0.1 0.1 dB Full range is from 0 to 19. 9dB. A resolution of 
O.ldB is equivalent to steps of 1% of Reading 

ACCURACY RELATIVE TO 
OdB ATTENUATION ±0.04 ±O.OS dB max Accuracy is measured using circuit of Figure 4 

and excludes any gain error effects due to mis-
match between RFB and the R-2R ladder circuit. 

GAIN ERROR (at OdB) ±O.I ±0.12 dB max Typical gain change over 100·C range is± O.OldB 

INPUT RESISTANCE 
V1N(pin 17), RFB(pin 18) 7Il1li8 7/11118 kO min/typ/max 

DIGITALINPUTS 
VIH (Input High Voltage) 2.4 2.4 V min 
Vn.(Input Low Voltage) 0.8 0.8 V max 
Input Leakage Current ±I ±IO j.LAmax DigitalInputs = Vooor OV 

SWITCHING CHARACTERISTICS2 

tWR 600 800 nsmin Write Pulse Width. See Figure I. 
tDS 170 250 nsmin Data Valid to Write Setup Time 
tOH 10 10 nsmin Data Valid to Write Hold Time 
tENS 0 0 nsmin Byte Enable to Write Setup Time 
tENH 0 0 nsmin Byte Enable to Write Hold Time 
tRFSH 4 6 j.Lsmin Refresh Time 

POWER SUPPLY 
Voo +5 +5 V 
100 4 4 mAmax DigitalInputs = VlHorV1L, See Figure 10. 

NOTES 
'Temperature range as follows: KN Version; 0 to + 70'C 

BQVersion; -25°Cto +85°C 
TD Version; - 55°C to + 125°C 

lSample tested at + 25°C to ensure compliance. 

Specifications subject to change without notice. 

AC PERFORMANCE CHARACTERISTICS 
These characteristics are included for design guidance only and are not subject to test. 
Von = + 5V, VIN = -10V dc except where stated, VPIN1 = VPIN2 = OV, output amplifier AD 544 except where stated. 

T A= 
Parameter TA = +25·C Tmin, Tmax Units Conditions/Comments 

DC SUPPLY REJECTION 
~GAIN/~VDJ) 0.0066 0.033 dB per V max ~VOD = ±O.sV Input Code = 00.0 BCD 

PROPAGATION DELAY 5 7 j.Lsmax Full Scale Change Measured from WR going 
HIGH,LBEN = HBEN = OV.See 
defmitions on next page. 

DIGITAL TO ANALOG 
GLITCH IMPULSE 600 - nVsecstyp Measured with ADLH0032CG as output 

amplifier for input code transition 
00.0 BCD to Full Mute Code. 
SeeFigure4,CI = OpF. 

OUTPUT CAPACITANCE, PIN I ISO ISO pFmax For 00.0 input code. Output capacitance is 
code dependent and decreases with 
increasing attenuation. 

FEEDTHROUGHAT IkHzl -92 -68 dB max Feedthrough is also determined by circuit 
-96 -76 dBtyp layout (see Figure 5). 

TOTAL HARMONIC DISTORTION -91 -91 dBtyp VIN = 6V rms at 1kHz 

OUTPUT NOISE VOLTAGE 70 70 nV/YHztyp Includes ADs44 amplifier noise. 
DENSITY From 20Hz to 20kHz. 

SIGNAL INPUT CAPACITANCE 
V1N(pin 17),RJ-oll(pin 18) 10 10 pFmax 

DIGITAL INPUT CAPACITANCE 
Control Input 10 10 pFmax 
Data Input 5 5 pFmax 

NOTES 
, Feedthrough may be further reduced by grounding the metal lid on the suffix D package. 

Specifications subject to change without notice. 
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ABSOLUTE MAXIMUM RATINGS· 
(T A = + 25°C unless otherwise noted) 

Voo to DGND 
VIN to AGND . 
VRFB to AGND 
Digital Input: Voltage to DGND 
Output Voltage (Pin I) to AGND . 
AGND to DGND .... . 
DGND to AGND .... . 
Power Dissipation (Package) 

Plastic (Suffix N) 
To +70°C ..... . 
Derates above + 70°C by 

CAUTION: 

. +7V 
±3SV 
±3SV 

-O.3V to Voo 
-O.3V to Voo 

.0 to Voo 
. .. 0 to Voo 

. 670mW 
S.3mW/oC 

Ceramic (Suffix D) or Cerdip (Suffix Q) 
To +7SoC ...... . 
Derates above + 75°C by . . . . 

Operating Temperature Range 
Commercial Plastic (KN Version) 
Industrial Cerdip (BQ Version) 
Extended Ceramic (TD Version) . 

Storage Temperature ....... . 
Lead Temperature (Soldering, 10 secs.) . 

4S0mW 
6mW/oC 

o to +70°C 
- 25°C to + SsoC 

- 55°C to + 125°C 
- 65°C to + 150°C 
. .... +300°C 

·Stress above those listed under "Absolute Maximum Ratings" may cause permanent 
damage to the device. This is a stress rating only and functional operation of the device 
at these or any other condition above those indicated in the operational sections of this 
specification is not implied. Exposure to absolute maximum rating conditions for ex
tended periods may affect device reliability. 

ESD (Electro-Static-Discharge) sensitive device. The digital control inputs are zener protected; 
however, permanent damage may occur on unconnected devices subjected to high energy electrosta
tic fields. Unused devices must be stored in conductive foam or shunts. The foam should be dis
charged to the destination socket before devices are removed. 

WARNING! /"4 
.~ 

~~DIVICI\ 
TERMINOLOGY 

Resolution: Nominal change in attenuation when moving between 
two adjacent codes. 

Monotonicity: The device is monotonic if the analog output de
creases (or remains constant) as the digital code (attenuation set
ting) increases. 

Feedthrough Error: That portion of the input signal which reaches 
the output when the DAC is muted. See section on Dynamic 
Performance. 

Output Leakage Current: Current which appears on the lOUT 

terminal when the DAC is muted. 

Total Harmonic Distortion: A measure of the harmonics in
troduced by the circuit when a pure sinusoid is applied to the 
input. It is expressed as the harmonic energy divided by the 
fundamental energy at the output. 

Gain Error: Gain Error is due to mismatch between RFB and the 
R-2R ladder circuit and is a constant percentage of reading (i.e. 

constant dB offset) over the entire code range. Gain error canbe 
trimmed to zero. 

Accuracy: The difference (measured in dB) between the ideal 
transfer function and the actual transfer function as measured 
with the device after calibration for OdB gain error. 

Output Capacitance: Capacitance from louT to ground. 

Digital to Analog Glitch Impulse: The amount of charge injected 
from the digital inputs to the analog output when the inputs change 
state. This is normally specified as the area of the glitch in either 
pA-Secs or n V -Secs depending upon whether the glitch is measured 
as a current or voltage signal. Glitch impulse is measured with 
VIN = AGND. 

Propagation Delay: This is a measure of the internal delays of 
the circuit and is defined as the time from a digital input change 
to the analog output current reaching 90% of its final value. 

ORDERING INFORMATION 

Temperature Range and Package 

Relative 
Accuracy Gain Error Plastic Cerdipl Ceramic 
Tminto Tmax TA = +25°C Oto + 70°C - 25°C to + 85°C - 55°C to + 125°C 

±O.OSdB ±O.ldB AD71ISKN AD71ISBQ AD711STD 

NOTE: 

(Analog Devices reserves the right to ship ceramic packages in lieu of Cerdip packages. 

PACKAGE IDENTIFICATION 1 

Suffix D: Ceramic DIP - (DISB) 
Suffix Q: Cerdip - (QISA) 
Suffix N: Plastic DIP - (NISB) 

(See Section 19 for package outline information. 
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CIRCUIT DESCRIPTION 
The AD71IS consists of a 12-bit R-2R CMOS multiplying D/A 
converter with extensive digital logic. The logic translates the 
2 1/2 digit BCD input code into a 12-bit word which is used to 
drive the D/A'converter. Input data is loaded into the input latches 
under the control of WR (WRITE) and byte enable signals LBEN 
(LOW BYTE ENABLE) and HBEN (HIGH BYTE ENABLE). 
The rising edge of WR latches the input data. See Figure I for 
the data loading waveforms using an 8-bit data bus. 

DATA~Dt DB PDf 07-00 F 
II j} ~ ~ uj I II tENS t'NH I 

HBEN 

LBEN~ II Lt'Nsul' It'NH I I~r l J 
WR-[" _~'~-1 ".~~' tWR tDH 

tos tos 
f----------tRFsH 

NOTES; 
1, ALL INPUT SIGNAL RISE AND FALL TIMES MEASURED FROM 

100;. TO 90% OF Voo. Voo = + 5V. t, = tt = 20ns. 

2, TIMING MEASUREMENT REFERENCE LEVEL IS ~ 

Figure 1. Data Loading Waveforms with 8-Bit Data Bus 

In applications where the input data bus is at least nine bits wide 
LBEN and HBEN can be exercised together to load new data in 
one write operation. For 8-bit data bus applications two write 
operations are required to load completely new data into the 
AD7115. Table I shows the data loading truth table. 

AD7115 Control Inputs AD7115 Operation 

WR HBEN LBEN 
I X X No Operation 

X I I No Operation 

S 0 I Load HIGH Byte 

~ 0 Load LOW Byte and 
Update DAC Register 

--F 0 0 Load HIGH and LOW Byte 
and Update DAC Register 

NOTES 
1. X indicates "don't care" states. 
2.""'- indicates LOW to HIGH transition. 

Table I. Data. Loading Truth Table 

Note that HBEN and WR simply load D8 data into the input 
latch whereas LBEN and WR load D7-DO into the input latch 
and on the rising edge of WR updates the DAC register with the 
input latch contents (D8-DO) approximately 5JJ.s later. Thus the 
proper sequence for loading completely new data into the AD7115 
from an 8-bit bus is a high byte load followed by a low byte load. 
After any low byte load operation a minimum time is required 
for the data to propagate through the decoder before another low 
byte load operation is attempted. This time is the refresh time, 
tRFSII, of Figure 1. 

EQUIVALENT CIRCUIT ANALYSIS 
Figure 2 shows a simplified circuit of the D/A converter section 
of the AD7115 and Figure 3 gives an approximate equivalent 
circuit. 
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The current source ILEAKAGE is composed of surface and junction 
leakages and as with most semiconductor devices, approximately 
doubles every 10°C - see Figure 12. The resistor Ro as shown 
in Figure 3 is the equivalent output resistance of the device which 
varies with input code (excluding all O's code) from 0.8R to 2R. 
R is typically 11kO. COUT is the capacitance due to the current 
steering switches SI to S12 and varies from about 40pF to 150pF 
depending upon the digital input. For further information on 
CMOS multiplying D/A converters refer to "Application Guide 
to CMOS Multiplying D/A Converters" which is available from 
Analog Devices, Inc., Publication Number G479-15-8/78. 

RFB 

'-:-t----t-.-.-:-t~ ,.....-----=-+--t-----o loUT 

~~~--~~f~--T4--.-------oAGND 

SWITCH DRIVERS 

Figure 2. Simplified DIA Circuit of AD7115 

g(V,N.N) CaUT 

~----~----~~---oAGND 

g(V,N• N) IS THE THEVENIN EQUIVALENT VOLTAGE GENERATOR 
DUE TO THE INPUT VOLTAGE V ,N• THE BCD ATTENUATION 
FACTOR N AND THE TRANSFER FUNCTION OF THE R 2R LADDER, 

Figure 3. Equivalent Analog Output Circuit of AD7115 

TYPICAL CIRCUIT CONFIGURATION 
Figure 4 shows the AD7115 in a typical circuit configuration with 
an AD544. The transfer function for this circuit is given by: 

(O.IN) Vo = - VIN 10 exp - W 
Where 0.1 is the step size (resolution) in dB and 
N is the BCD input code, 0 to 199. 

Note that a number of non-BCD codes exist which allow the user 
to mute the output, i.e., to achieve infinite attenuation. The basic, 
mute code is XXOXX1111 for D8 to DO respectively where X is 
a "don't care" input. 

For example, 000001111 is one such suitable code. 

VDO 

V,N 

'SEE STATIC ACCURACY SECTION 

Figure 4. Typical Circuit Configuration 



DYNAMIC PERFORMANCE 
- The dynamic performance of the AD7115 will depend upon the 

gain and phase characteristics of the output amplifier, together 
with the optimum choice of PC board layout and decoupling 
components. Figure 5 shows a printed circuit layout which 
minimizes feedthrough from VIN to the output in multiplying 
applications. Circuit layout is most important if the optimum 
performance of the AD711 5 is to be achieved. Most application 
problems stem from poor layout, grounding errors, or inappro
priate choice of amplifier. 

DGND - -- - DIGITAL 
INPUTS - -alit -- -- -LAYOUT SHOWS COPPER SIDE (i .••• BOTTOM VIEW) 

GAIN TRIM RESISTORS RI AND R2 OF FIGURE I 
ARE NOT INCLUDED. 

Figure 5. Suggested Layout for AD7115 and Op-Amp 
(Not to Scale) 

It is recommended that when using the AD7115 with a high speed 
amplifier, a capacitor (Cl) be connected in the feedback path as 
shown in Figure 4. This capacitor, which should be between 20pF 
and 50pF, compensates for the phase lag introduced by the output 
capacitance of the D/A converter. Figures 6 and 7 show the per
formance of the AD71l5 using the AD517, a fully compensated 
high gain superbeta amplifier, and the AD544, a fast FET input 

Cl = OpF 

Cl = 47pF 

DATA CHANGE FROM 10.0 BCD TO 00.0 BCD 

Figure 6. Response of AD7115 with AD517 

lS11 I 5 I ! 

. : j. . .. 
I 1 

Cl = OpF 

VOUT Cl = 47pF 

DATA CHANGE FROM 10.0 BCD TO 00.0 BCD 

Figure 7. Response of AD7115 with AD544 . 

amplifier. The performance without Cl is shown in the middle 
trace and the response with Cl in circuit is shown in the bottom 
trace. 

For operation beyond 250kHz, capacitor Cl may be reduced in 
value. This gives an increase in bandwidth at the expense of a 
poorer transient response as shown in Figures 7 and 11. In circuits 
when Cl is not included, the high frequency roll-off point is primar
ily determined by the characteristics of the output amplifier and 
not the AD7115. 

Feedthrough and absolute accuracy are sensitive to output leakage 
current effects. For this reason it is recommended that the operat
ing temperature of the AD711 5 be kept as close to 25°C as is practi
cally possible, particularly where the device's performance at high 
attenuation levels is important. A typical plot of leakage current 
vs. temperature is shown in Figure 12. 

Some solder fluxes and cleaning materials can form slightly con
ductive films which cause leakage effects between analog input 
and output. The user is cautioned to ensure that the manufacturing 
process for circuits using the AD7115 does not allow such films 
to form. Otherwise the feed through , accuracy and maximum usable 
range will be affected. 

STATIC ACCURACY PERFORMANCE 
The choice of output amplifier will be strongly influenced by the 
absolute attenuation range over which the AD71l5 is to operate, 
e.g., from 0 to -20dB, -20dB to -40dB, -40dB to -60dB, 
etc. To obtain optimum static performance from the device (espe
cially at high absolute attenuation levels as shown for Figure 8), 
it is necessary to play close attention to amplifier selection, circuit 
grounding, etc. 

Amplifier input bias current results in a dc offset at the output 
of the amplifier due to the current flowing through the feedback 
resistor RFB. It is recommended that an amplifier with an input 
bias current of less than lOnA be used (e.g., AD517 or AD544) 
to minimize this offset. 

Another error arises from the output amplifier's input offset vol
tage. The amplifier is operated with a fixed feedback resistance, 
but the equivalent source impedance (the AD7115 output impe
dance) varies as a function of attenuation level. This has the effect 
of varying the "noise" gain of the amplifier, thus creating a varying 
error due to amplifier offset voltage. It is recommended that an 
amplifier with less than 50Jl. V of input offset be used (such as 
the ADS 17 or AD OP-07) in dc applications. Amplifiers with higher 
offset voltage may cause audible "thumps" in ac applications due 
to dc output changes. 

The AD7115 accuracy is specified and tested using only the internal 
feedback resistor. Any Gain Error (i.e., mismatch of RFB to the 
R-2R ladder) that may exist in the AD7115 D/A converter circuit 
results in a constant attenuation error over the whole range. The 
AD7115 accuracy is specified relative to OdB attenuation, hence 
"Gain" trim resistors - Rl and R2 in Figure 4 - can be used to 
adjust VOUT = V1N precisely (i.e., OdB attenuation) with input 
code OO.OBCD. The accuracy specifications of the AD71l5 are 

. not affected in any way by this gain trim procedure. For the 
AD7115K/B/T grades, suitable values for Rl and R2 of Figure 
4 are Rl = 200n, R2 = 82n. . 

For additional information on gain error the reader is referred 
to Application Note "Gain Temperature Coefficient of CMOS 
Multiplying DACs" by Phil Burton available from Analog Devices, 
Inc., Publication Number E630-1(4j/81. 
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o TO SOdB ATTENUATOR WITH O.ldB RESOLUTION 
It is possible to extend the attenuation range beyond 20dB by 
using a precision attenuator or programmable gain amplifier in 
series with the AD711 S to provide a fixed amount of the total 
attenuation required. Figure 8 shows one possible configuration 
where a precision resistor divider string provides tapped outputs 
at signallevds OdB, - 20dB, - 40dB and - 60dB below the input 
signal level. The switch used, an AD7S91DI, is a quad SPSTswitch 
with on-chip data latches. The output signal is buffered by an 
ADS17 amplifier before being applied to the input pin, VIN, of 
the AD711S. The accuracy and monotonicity range, particularly 
when switching from one 20dB segment to another is critically 
dependant on the resistor divider tolerances. Other error sources 
include leakage currents of the AD7S91DI switches, signal source 
impedance, offset drift of the buffer ADS 17 amplifier and feed
through. These may be minimized by operating the circuit as close 
to + 2SoC as possible and by paying due attention to circuit layout 
and shielding. 

V",O-"'--+-O 
lOV 

90911 

90.911 

1.0111 

1THIS AD759101 PIN SHOULD BE TlED LOW 
IF THE DATA LATCH FACIUTY IS NDT REQUIRED. 
2SEE TABLE 2. 
'CONTROL INPUTS QMITTED FOR CLARITY. 
'RI AND R2 MAY BE QMITTED IF GAIN ERROR 
TRIM IS NOT REQUIRED. 

Decoder Inputs 
DIO D9 

o 0 
o 1 
1 0 
1 ] 

Attenuation 

OdBvia SI 
-20dBvilis2 
-40dBviaS3 
-60dBviaS4 

Table II. Decoder Truth Table for Figure 8 

Note that the data inputs DIO-DO of Figure 8 may be driven by 
a three digit BCD coded word. The lower two digits and the "1" 
line of digit 3 control the AD711S. The "4" and "2" lines of digit 
3 feed DI0 and D9 respectively to control the precision divider. 
This arrangement allows the circuit attenuation to be programmed 
from OdB to 79.9dB with O.IdB resolution by a corresponding 
three digit BCD word. 

2112DIGIT 
BCD DATA 

Figure 8. 0 to 80d[J Attenuator with 0.1d8 Resolution 

THUMBWHEEL SWITCH ATTENUATOR 
Figure 9 shows the AD711S when used as a simple stand-alone 
thumbwheel switch attenuator. The BCD coded thumbwheel as
sembly applies BCD data to the AD711S data inputs. Resistor 
R3 limits current if make before break switches are used. The 
facility to mute the output is provided by gates G 1 to G6 and SPDT 
switch S]. A number of alternatives exist for generating the WR 
pulse required to load new data into the AD711S, a push-button 
switch S2 as shown in Figure 9 being the simplest. Alternatively 
the WR input can be driven by a simple oscillator to provide 

+5V 

continuous WR pulses. Another option allows automatic loading 
of new data whenever any of the thumbwheel switches are moved. 
This requires switches which have guaranteed make before break 
action. Moving any thumbwheel switch to a new setting will cause 
a momentary pulse of current through R3 and produce a voltage 
glitch on the switch side ofR3. This voltage glitch can be detected 
and stretched to provide a properly timed WR signal for the 
AD711S. 

Figure 9. Thumbwheel Switch Attenuator 
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Figure 12. Typical Output Leakage Current vs. Tempera
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r.ANALOG 
WDEVICES 

LOGDACTM 
CMOS Logarithmic 0/ A Converter 

FEATURES 
Dynamic Range 8S.SdB 
Resolution 1.SdB 
Full ±2SV Input Range Multiplying DAC 
Full Military Temperature Range -5S"C to +12SoC 
Low Distortion 
Low Power Consu mption 
Latch Proof Operation (Schottky Diodes Not Required) 
Single SV to 1SV Supply 

APPLICATIONS 
Digitally Controlled AGC Systems 
Audio Attenuators 
Wide Dynamic Range AID Converters 
Sonar Systems 
Function Generators 

GENERAL DESCRIPTION 
The AD7118 is a CMOS multiplying D/A converter which at
tenuates an analog input signal over the range 0 to -8S.SdB 
in l.SdB steps. The analog output is determined by a six bit 
attenuation code applied to the digital inputs. Operating fre
quency range of the device is from dc to several hundred kHz. 

The device is manufacured using an advanced monolithic 
silicon gate thin-film on CMOS process and is packaged in 
a 14-pin dual-in-line package. 

ORDERING INFORMATION 

Specified Temperature Range and Package 

Accuracy Plastic Ceramic Ceramic 
Rangel o to +70

o
C -25°C to +8SoC -55°C to +12SoC 

o to 42dB AD7118KN AD7118BD AD7118TD 
o to 48dB AD7118LN AD7118CD AD7118UD 

NOTE 
1 All devices are guaranteed monotonic at +2SoC (see spec). 

·Patent Pending. 
LOGDAC is a trademark of Analog Devices, Inc. 

AD7118* I 
AD7lI8 FUNCTIONAL BLOCK DIAGRAM 

05 04 03 
(MSB) 

01 00 
(LSB) 

DIGITAL INPUTS 

PIN CONFIGURATION (Not to Scale) 

PACKAGE IDENTIFICATION! 
Suffix D: Ceramic DIP - (D14B) 
Suffix N: Plastic DIP - (N14B) 

1 See Section 19 for package outline information. 

Vo 

DIGITAL-TO-ANALOG CONVERTERS VOL. I, ~123 



SPECIFICATIONS 
(Voo = +5V or +15V, VIN = -10V dc, VPI N 14 = VPIN 1 = OV, output amplifier A0544 except where stated) 

TA = +25°C TA .. Tam. Tmax TEST CONDITIONSI 
PARAMETER VDD" +5V VDD" +15V VDD" +5V VDD "+15V UNITS COMMENTS 

NOMINAL RESOLUTION 1.5 1.5 1.5 1.5 dB 

ACCURACY RELATIVE TO VIN 
AD711SL/CIV 

o to -30dB to.3S to.3S to.4 to.4 dB max Accuracy is measured using 
-31.5 to -42dB to.7 to.S to.S to.7 dB max circuit of Figure 1 and includes 
-43.5 to -48dB t1.0 to.7 t1.3 t1.0 dB max any effects due to mismatch 

AD711SKlBIT between RFB and the R·2R 
o to-30dB to.S to.S to.S to.S dB max ladder circuit. 
-31.5 to -42dB to.7S to.7S t1.0 to.8 dB max 

MONOTONIC RANGE 
Nominal1.SdB Steps L/CIV Grade Monotonic Over Full Oto-72 o to-72 dB Digital Inputs 000000 to 110000 

, K/B/T Grade Code Range o to -66 o to-66 dB Digital Inputs 000000 to 101100 
Nominal 3dB Steps All Grades Monotonic Over Full Code Range 

VIN INPUT RESISTANCE All Grades 9 9 9 9 knmin 
(PIN 12) L/C/U Grade 17 17 17 17 knmax 

KlBIT Grade 21 21 21 21 knmax 

RFB INPUT RESISTANCE All Grades 9.45 9.45 9.45 9.4S knmin 
(PIN 13) L/C/U Grade lS lS lS lS knmax 

K/BIT Grade 22 22 22 22 knmax 

DIGITAL INPUTS 
Input High Voltage Requirements VIH 3.0 13.5 3.0 13.5 V min 
Input Low Voltage Requirements VIL O.S 1.5 O.S 1.5 V max 
Input Leakage Current t1 t1 t10 t10 jJA max Digital Inputs = VDD 

POWER SUPPLY 
VDD for Specified Accuracy 5 - 5 - V min 

- 1S - lS V max 
100 O.S 1 1 2 mAmax Digital Inputs = OV or Voo 

(See Figure 7) 
SpecIfications subject to change wIthout notice. 

AC PERFORMANCE CHARACTERISTICS 

These characteristics are included for design guidance only and are not subject to test. 

Voo = +5V or +lSV, VIN = -lOY except where stated, VPIN 14 = VPIN1 = OV, output amplifier ADS44 except where stated. 

TA = +25°C 

PARAMETER Voo=+SV VDO'"+lSV 

DC Supply Rejection, liGainlLWDo 0.01 0.005 

Propagation Delay 1.8 0.4 
Digital to Analog Glitch Impulse 225 1200 

Output Capacitance (Pin 14) 100 100 
Input Capacitance Pin 12 and Pin 13 7 7 
Feedthrough at 1kHz L/C/UGrade -86 -86 

K/BIT Grade -80 -80 
Total Harmonic Distortion -85 -85 
Intermodulation Distortion -79 -79 
Output Noise Voltage Density 70 70 
Digital Input Capacitance 7 7 

Speclficanons subject to change without notice. 

.1·~---,-v-e.,~-_ .-s-V ..... 1-1S-V...,.--r-"""-""'~i-'--r--"""'-"T""--t 

.1.0t--f--If--i--t--t--+-->t---t--_t_-+_---i 

.O.5j:f.t.1~t.(.{.o~~~~t4~4--+-+-+-+-+-..:.......J 

o -- -- ------ -- ------ -- --- -- --

.1.0t--i--i--t--t--+--+-~~-_t_-+_--t-__I 

~~ . 1.5t--i--i--t--+--+--+--T-·+-+_--t-__I 

12 18 24 ~ 36 42 Q M 60 86 
ATTENUATION - dB 

Accuracy Specification for K/BfT Grade Devices at 
TA=+2~C 
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TA" Tmo''lfttax 

Voo-+5V 

0,01 

2.2 
-

100 
7 
-68 
-63 
-85 
-79 
70 
7 

VDD-+15V UNITS 

0.005 dBper% max liVoo = t10%, 
Input code = 100000 

0.5 #Jsmax Full Scale Change 
- nV sees typ Measured with ADLH0032CG 

as output amplifier for input 
code transition ·100000 to 000000. 
C1 of Figure 1 is OpF. 

100 pFmax 
7 pFmax 
-68 dB max Feedthrough is also deter· 
-63 dB max mined by circuit layout 
-85 dB typ VIN = 6V rms 
-79 dB~ per DIN 4S403 Blatt 4 
70 nVI Hzmax Includes ADS44 amplifier noise 
7 pFmax 

.ur--:----:-~-~---:"-....,..---:---=-.,...-..,_-., 

voo;I.5V ,L.1') 
.1.0t--1---J1----I--t--t--ft--7f'''''''''''1---t---+--.... 

Yo/v. '15V .~. ~ ___ .1-1- Veo • '15V 

III .O·&~'"~~~~~~'-'22· ~t·--- ___ .;.I_-t_-+_-+_, 

I 
~ 0 -- -- --- -- -- ---~-- -- ---~-- --
~ .O.5tm~~~~m~~ ____ I-----1---+-+----+--1 

"" ""~""-l 
.1.0t--1I--i--t--t--t--+-~,""".,.":rl-~-_t_-_t_-.... 

.1.61--l---f----l----l--t--t--+--7t: ~:---t---t---I 

n ~ ~ ~ ~ ~ Q M ~ ~ 
ATTENUATION - dB 

Accuracy Specification for L/C/U Grade Devices at 
TA = +2~C 



ABSOLUTE MAXIMUM RATINGS (TA = +2SoC unless otherwise noted) 

Voo (to DGND ............................ +17V 
VIN (to AGND) ............................ ±3SV 
Digital Input Voltage to DGND ........... -0.3V to Voo 
Output Voltage (Pin 14) to AGND ......... -0.3V to Voo 
AGND to DGND. . . . . . . . . . . . . . . . . . . . . . . . 0 to Voo 
DGND to AGND ........................ 0 to Voo 
Power Dissipation (Package) 
Plastic (Suffix N) 

To +70
o
C ................... " ........ 670mW 

Derates Above +70
o
C by ............... . 8.3mWlC 

Ceramic (Suffix D) 
To +7S

o
C ........................... 4S0mW 

Derates Above +7SoC by ................ . 6mWfC 
Operating Temperature Range 

Commercial Plastic (KN, LN Versions) ...... 0 to +70oC 
Industrial Ceramic (BQ, CQ Versions) .... -25°C to +8S oC 
Extended Ceramic (TD, UD Versions) ... -55°C to +12S oC 

Storage Temperature ................ -65°C to +IS0
o
C 

Lead Temperature (Soldering 10 secs) ........... +300oC 

CAUTION:--------------------------------------------------------
ESD (Electro - Static - Discharge) sensltlve device. The digital control inputs are zener 
protected; however, permanent damage may occur on unconnected devices subject to high 
energy electrostatic fields. Unused devices must be stored in conductive foam or shunts. The 
foam should be discharged to the destination socket before devices are removed. 

WARNING! 0 
~~DEVICE 

TERMINOLOGY 
RESOLUTION: Nominal change in attenuation when moving 
between two adjacent binary codes. 

MONOTONICITY: The device is monotonic if the analog out
put decreases (or remains constant) as the digital code increases. 

FEEDTHROUGH ERROR: That portion of the input signal 
which reaches the output when all digital inputs are high. See 
section on Applications. 

OUTPUT LEAKAGE CURRENT: Current which appears on 
the loUT terminal with all digital inputs high. 

TOTAL HARMONIC DISTORTION: Is a measure of the har
monics introduced by the circuit when a pure sinusoid is ap
plied to the input. It is expressed as the harmonic energy 
divided by the fundamental energy at the output. 

ACCURACY: Is the difference (measured in dB) between the 
ideal transfer function as listed in Table 1 and the actual trans
fer function as measured with the device. 

OUTPUT CAPACITANCE: Capacitance from loUT to ground. 

DIGITAL TO ANALOG GLITCH IMPULSE: The amount of 
charge injected from the digital inputs to the analog output 
when the inputs change state. This is normally specified as the 
area of the glitch in either pA-Secs or nV-Secs depending upon" 
whether the glitch is measured as a current or voltage signal. 
Glitch impulse is measured with VIN = AGND. 

PROPAGATION DELAY: This is a measure of the internal 
delays of the circuit and is defined as the time from a digital 
input change to the analog output current reaching 90% of its 
final value. 

INTERMODULATION DISTORTION: Is a measure of the 
interaction which takes place within the circuit between two 
sinusoids applied simultaneously to the input. 

The reader is referred to Hewlett Packard Application Note 
192 for further information. 
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CIRCUIT DESCRIPTION 
GENERAL CIRCUIT INFORMATION 
The AD7118 consists of a 17-bit R-2R CMOS multiplying D/A 
converter with extensive digital input logic. The logic trans
lates the 6-bit binary input into a 17-bit word which is used 
to drive the D/A converter. Table I gives the nominal output 
voltages (and levels relative to OdB = 10V) for all possible in
put codes. The transfer function for the circuit of Figure 1 is 
given by: 

{ 
1.5N } Vo = -VIN 10 exp - """"'20 

or l~vV I = -1.5N 
IN dB 

where N is the binary input for values 0 to 57. For 60~N~63 
the output is zero. See note 3 at bottom of Table 1. 

Voo 

DIGITAL INPUT 
05 - DO (PINS 2-7) 

'Cl • 33pF TYPICAL 

Figure 1. Typical Circuit Configuration 

EQUIVALENT CIRCUIT ANALYSIS 

Vo 

Figure 2 shows a simplified circuit of the DI A converter section 
of the AD7118 and Figure 3 gives an approximate equivalent 
circuit. 

Oigitallnput Attenuation 
N 05 00 dB VOUT 

0 000000 0.0 10.00 
1 000001 1.5 8.414 
2 000010 3.0 7.079 
3 000011 4.5 5.957 
4 000100 6.0 5.012 
5 000101 7.5 4.217 
6 0001 10 9.0 3.548 
7 0001 11 10.5 2.985 
8 001000 12.0 2.512 
9 001001 l3.5 2.113 

10 001010 15.0 1.778 
11 001011 16.5 1.496 
12 001100 18.0 1.259 
13 001101 19.5 1.059 
14 0011 10 21.0 0.891 
15 0011 11 22.5 0.750 
16 010000 24.0 0.631 
17 010001 25.5 0.531 
18 010010 27.0 0.447 
19 010011 28.5 0:376 
20 010100 30.0 0.316 
21 010101 31.5 0.266 
22 01 01 10 33.0 0.224 
23 0101 11 34.5 0.188 
24 01 1000 36.0 0.158 
25 01 1001 37.5 0.133 
26 01 10 10 39.0 0.112 

1 

27 01 1011 40.5 0.0944 
28 01 11 00 42.0 0.0794 
29 01 11 01 43.5 0.0668 
30 01 11 10 45.0 0.0562 

NOTES 
I VIN = -lOY dc 
2 X = I or O. Output is fully muted for N;;.60 
'Monotonic operation is not guaranteed for N = 58, 59 

The current source ILEAKAGE is composed of surface and 
junction leakages and as with most semiconductor devices, 
roughly doubles every lODC-see Figure 10. The resistor Ro 
as shown in Figure 3 is the equivalent output resistance of the 
device which varies with input code (excluding all O's code) 
from 0.8R to 2R. R is typically 12kn. COUT is the capaci
tance due to the N channel switches and varies from about 
50pF to 80pF depending upon the digital input. For further 
information on CMOS multiplying DI A converters refer to 
"Application Guide to CMOS Multiplying D1A Converters" 
which is available from Analog Devices, Publication Number 
G479-15-8/78. 

RFB 

~r-~~~~~Sr~~---r~~--~~UT 

~~~--;4~Sr---~--~------oAGND 

SWITCH DRIVERS 

Figure 2. Simplified D/A Circuit of AD7118 

toUT 

~ ____ ~ ____ ---4~ __ OAGND 

9(VIN. N) IS THE THEVENIN EQUIVALENT VOLTAGE GENERATOR 
DUE TO THE INPUT VOLTAGE VIN. THE BINARY AnENUATION 
FACTOR N AND THE TRANSFER FUNCTION OF THE R·2R LADDER. 

Figure 3. Equivalent Analog Output Circuit of AD7118 

N Oigitallnput Attenuation VOUT 
1 

31 01 11 11 46.5 0.0473 
32 100000 48.0 0.0398 
33 100001 49.5 0.0335 
34 100010 51.0 0.0282 
3S 100011 52.5 0.0237 
36 100100 54.0 0.0200 
37 10 0101 555 0.0168 
38 1001 10 57.0 0.0141 
39 100111 58.5 0.0119 
40 101000 60.0 0.0100 
41 101001 61.5 0.00841 
42 101010 63.0 0.00708 
43 101011 64.5 0.00596 
44 101100 66.0 0.00501 
45 101101 67.5 0.00422 
46 1011 10 69.0 0.00355 
47 1011 11 70.5 0.00299 
48 11 0000 72.0 0.00251 
49 11 0001 73.5 0.00211 
50 11 00 10 75.0 0.00178 
51 11 00 11 76.5 0.00150 
52 11 01 00 78.0 0.00126 
53 11 01 01 79.5 0.00106 
54 11 01 10 81.0 0.000891 
55 11 0111 82.5 0.000750 
56 1110 00 84.0 0.000631 
57 11'1001 85.5 0.000531 
58 11 1010 87.0 0.000447 
59 11 1011 88.5 0.000376 
60 1111 XX1 

00 

Table I. Ideal Attenuation ~. Input Code 
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DYNAMIC PERFORMANCE 
The dynamic performance of the AD7118 will depend upon 
the gain and phase characteristics of the output amplifier, 
together with the optimum choice of PC board layout and 
decoupling components. Figure 4 shows a printed circuit lay
out which minimizes feedthrough from VIN to the output in 
multiplying applications. Circuit layout is most important if 
the op timum performance of the AD 7118 is to be achieved. 
Most application problems stem from either poor layout, 
grounding errors, or inappropriate choice of amplifier. 

Figure 4. Suggested Layout for AD7118 and Op Amp 

It is recommended that when using the AD7118 with a high 
speed amplifier, a capacitor Cl be connected in the feedback 
path as shown in Figure 1. This capacitor, which should be 
between 30pF and sOpF, compensates for the phase lag intro
duced by the output capacitance of the D/A converter. Figures 
5 and 6 show the performance of the AD7118 using the 
ADs17, a fully compensated high gain superbeta amplifier, 
and the ADs44, a fast FET input amplifier. The performance 
without Cl is shown in the middle trace and the response with 
Cl in circuit is shown in the bottom trace. 

Voo c5V TA o+25°C 
DIGITAL -============'I~~lD1Ell 
INPUTS 000000 

C, • OpF 

Vo 

C, =33pF 

Va 

Figure 5. Response of AD7118 with AD517L 

DIGITAL r===========+25=OC==-~~,0,E'1 
INPUTS 000 000 . ~ .. . 

C, =OpF 

Vo 

C, =33pF 

Va 

Figure 6. Response of AD7118 with AD544S 

In conventional CMOS D/A converter design parasitic capaci
tance in the N-channel D/A converter switches can give rise to 
glitches on the D/A converter output. These glitches result 
from digital feedthrough. The AD7118 has been designed to 
minimize these glitches as much as possible. It is recommended 
that for minimum glitch energy the AD7118 be operated with 
VDD = sV. This will reduce the available energy for coupling 

Applications Information 
across the parasitic capacitance. It should be noted that the 
accuracy of the AD7118 improves as VDD is increased (see 
Figure 8) but the device maintains monotonic behavior to at 
least -66dB in the range s~VDD ~ls volts. 

For operation beyond 250kHz, capacitor Cl may be reduced 
in value. This gives an increase in bandwidth at the expense of 
a poorer transient response as shown in Figures 6 and 11. In 
circuits where Cl is not included the high frequency roll-off 
point is primarily determined by the characteristics of the 
output amplifier and not the AD7118. 

Feedthrough and absolute accuracy for attenuation levels 
beyond 42dB are sensitive to output leakage current effects. 
For this reason it is recommended that the operating tempera
ture of the AD7118 be kept as close to 2s

o
C as is practically 

possible, particularly where the device's performance at high 
attenuation levels is important. A typical plot of leakage cur
rent vs. temperature is shown in Figure 10. 

Some solder fluxes and cleaning materials can form slightly 
conductive films which cause leakage effects between analog 
input and output. The user is cautioned to ensure that the 
manufacturing process for circuits using the AD7118 does not 
allow such films to form. Otherwise the feedthrough, accuracy 
and maximum usable range will be affected. 

STATIC ACCURACY PERFORMANCE 
The D/A converter section of the AD7118 consists of a 17-bit 
R-2R type converter. To obtain optimum static performance 
at this level of resolution it is necessary to pay great attention 

. to amplifier selection, circuit grounding, etc. 

Amplifier input bias current results in a dc offset at the output 
of the amplifier due to the current flowing through the feed
back resistor RpB. It is recommended that an amplifier with 
an input bias current ofless than lOnA be used (e.g., ADs17 
or ADs44) to minimize this offset. 

Another error arises from the output amplifier's input offset 
voltage. The amplifier is operated with a fixed feedback re
sistance, but the equivalent source impedance (the AD7118 
output impedance) varies as a function of attenuation level 
This has the effect of varying the "noise" gain of the amplifier, 
thus creating a varying error due to amplifier offset voltage. To 
achieve an output offset error less than one half the smallest 
step size, it is recommended that an amplifier with less 
than sOIlV of input offset be used (such as the ADS17 or 
AD OP-07) . 

If dc accuracy is not critical in the application, it should be 
noted that amplifiers with offset voltage up to approximately 
2 millivolts can be used. Amplifiers with higher offset voltage 
may cause audible "thumps" due to dc output changes. 

The AD7118 accuracy is specified and tested using only the 
internal feedback resistor. It is not recommended that "gain" 
trim resistors be used with the AD7118 because the internal 
logic of the circuit executes a proprietary algorithm which 
approximates a logarithmic curve with a binary DI A converter: 
as a result no single point on the attenuator transfer function 
can be guaranteed to lie exactly on the theoretical curve. Any 
"gain-error" (i.e., mismatch of RpB to the R-2R ladder) that 
may exist in the A07118 O/A converter circuit results in a 
constant attenuation error over the whole range. Since the 
gain-error of CMOS multiplying 01 A converters is normally 
less than 1%, the accuracy error contribution due to "gain
error" effects is· normally less than 0.09dB. 
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Typical Performance Characteristics 
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WDEVICES 

FEATURES 
8-Bit DAC with Output Amplifier 
Full Double Buffered Logic 
Microprocessor Compatible 
TTUCMOS Compatible 
No User Trim 
0.3" Wide 18-Pin DIP 
Single Supply Operation Possible 

APPLICATIONS 
Process Control 
Automatic Test Equipment 
Digital Control of Gain/Attenuation 

GENERAL DESCRIPTION 
The AD7224 is a precision 8-bit voltage-output digital-to-analog 
converter, with output amplifier and full double buffered interface 
logic on a single monolithic chip. No external trims are required 
to achieve full specified performance for the part. 

The internal two-stage input storage registers consists of two, 
8-bit registers-an input register and a DAC register. The DAC 
register is used to retain the DAC data while the input register 
is being updated. Only the data held in the DAC register determines 
the analog output of the converter. Both registers may be made 
transparent under control of the three external lines, CS,WR 
and LDAC. The contents of both registers are IJ:Set by a "LOW" 
pulse on the RESET line. With both registers transparent the 
RESET line functions like a zero,override. All logic inputs are 
TTL and CMOS (SV) level compatible and the:: control logic is 
speed compatible with most 8-bit microprocessors. 

The output buffer amplifier is capable of developing + lOY 
across a 2kO load. The amplifier offset is laser trimmed during 
manufacture, thereby eliminating any requirement for offset 
nulling. 

Specified performance is guaranteed for input reference voltages 
from + 2V to + 12.SV with dual supplies. The part is also specified 
for single supply operation at a reference of + IOV. 

The AD7224 is fabricated in an all ion-implanted high speed 
Linear Compatible CMOS (LC2MOS) process which has been 
specifically deVeloped to allow high speed digital logic circuits 
and precision analog circuits to be integrated on the same chip., 

LC2MOS 
Double Buffered 8-Bit DAC 

AD7224 I 
AD7224 FUNCTIONAL BLOCK DIAGRAM 

Vss AGND DGND 

PRODUCT HIGHLIGHTS 
1. Single Supply Operation 

The voltage-mode configuration of the DAC allows the AD7224 
to be operated from a single power supply rail. 

2. Versatile Interfacing Structure 
The AD7224 features full double-buffered interface logic 
with a zero override function which allows for versatile inter
facing to microprocessors. All control signals are level 
triggered. 

3. Small Size 
The AD7224 contains one D/A converter, an output buffer 
amplifier and double buffered interface logic on a small 0.3" 
wide I8-pin DIP, allowing reduction in board space require
ments and complexity. 

ORDERING INFORMA TION1 

Total 
Unadjusted Side Brazed 
Error Plastic (NI8B) Cerdip2 (QI8B) Ceramic (DI8B) 

T min to T max 0 to + 70°C - 25°C to + 85°C - 55°C to + 125°C 

±2LSB AD7224KN AD7224BQ AD7224TD 

±ILSB AD7224LN AD7224CQ AD7224UD 

NOTES 
ISee Section 19 for package outline information. 
2Analog Devices reserves the right to ship ceramic packages in lieu 
of cerdip packages. 
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DUAL SUPPLY SPECIFICATIONS 
(You = + l1.4Vto + 16.5V;Vss = -5V :t: 25%; AGND = DGND = OV;VREF = +2Vto(YIIII-4V)' unless otherwise stated). 

All specifications Tmil to TIIIII unless otherwise stated 

Parameter AD7224K,B,T2 AD7224L,C,U2 Units 

STATIC PERFORMANCE 
Resolution 8 
Total Unadjusted Error :!:2 ::!:1 
Relative Accuracy ::!:1 ::!: 112 
Differential Nonlinearity ::!:1 ::!: 112 
Full Scale Error ::!: 1112 ::!: 1/2 
Full Scale Temperature Coefficient ::!:20 ::!:20 
Zero Code Error ::!:30 ::!: 10 
Zero Code Error Temperature Coefficient ::!:50 ::!:30 

REFERENCE INPUT 
Voltage Range 2to(Voo-4) 2 to (Voo -4) 
Input Resistance 8 8 
Input Capacitance3 50 50 

100 100 

DIGITAL INPUTS 
Input High Voltage, VINH 2.4 2.4 
Input Low Voltage, VINL 0.8 0.8 
Input Leakage Current ::!:1 ::!:1 
Input Capacitance 8 8 
Input Coding Binary Binary 

DYNAMIC PERFORMANCE 
Voltage Output Slew Rate4 2.5 2.5 
Voltage Output Settling Time 4 

Positive Full Scale Change 5 
Negative Full Scale Change 7 7 

Digital Feedthrough 50 50 
Minimum Load Resistance 2 2 

POWER SUPPLY 
VooRange 11.4116.5 11.4/16.5 
100 4 
Iss 3 

NOTES 
I Maximum possible reference voltage. 
2Temperatureranges are as follows: AD7224KN, LN 

. AD7224BQ, CQ 
AD7224TD, UD 

3Guaranteed by design. Not production tested. 
4Sample tested at 25°C to ensure compliance. 
Specifications subject to change without notice. 

4 
3 

Oto + 70°C 
- 25°C to + 85°C 
- 55°C to + 125°C 
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Bits 
LSBmax 
LSBmax 
LSBmax 
LSBmax 
ppmf'Cmax 
mVmax 
~VrCtyp 

Vmin to Vmax 
kOmin 
pFmin 
pFmax 

V min 
V max 
~Amax 
pFmax 

VI~smin 

~smax 

~smax 

nV sec typ 
kOmin 

VminlVmax 
mAmax 
mAmax 

Test Conditions/Comments 

Voo = + 15V ::!:5%, VREF = + lOV 

Guaranteed Monotonic 

Voo = 14Vto 16.5V, VREF = + 10V 

Occurs when DAC is loaded with all O's 
OccurswhenDACisloadedwithall1's 

VIN = OVorVoo 

V REF = + 1 OV; Settling Time to ::!: 1I2LSB 
VREF = + lOV; Settling Time to ::!: 1I2LSB 

VOUT= + lOV 

For Specified Performance 
Outputs Unloaded; VIN = V INL or V INH 
Outputs Unloaded; V1N = VINL or V INH 



SINGLE SUPPLY SPECIFICATIONS 
(Villi = + l5V ± 5%; Yss = AGND = DGND = OV; YREf = + lOY unless otherwise stated.> 
All specifications TmkJ to Tmax unless otherwise noted. 

Paramctcr AD7224K,B, Tl 

STATIC PERFORMANCE 
Resolution 
Total Unadjusted Error ±2 
Differential N onIinearity ±1 

REFERENCE INPUT 
Input Resistance 8 
Input Capacitance2 50 

100 

DIGITAL INPUTS 
Inl?ut High Voltage, VINH 2.4 
Input Low Voltage, VINL 0.8 
Input Leakage Current ±1 
Input Capacitance 8 
Input Coding Binary 

DYNAMIC PERFORMANCE 
Voltage Output Slew Rate3 2 
Voltage Output Settling Time3 

Positive Full Scale Change 5 
Negative Full Scale Change 20 

AD7224L,C,U1 

8 
±2 
±1 

8 
50 
100 

2.4 
0.8 
±1 
8 
Binary 

2 

5 
20 

Units 

Bits 
LSBmax 
LSBmax 

kflmin 
pFmin 
pFmax 

V min 
V max 
...,A max 
pFmax 

V/lLsmin 

ILsmax 
ILsmax 

Conditions/Comments 

Guaranteed Monotonic 

Occurs when DAC is loaded with all O's 
Occurs when DAC is loaded with alii's 

VIN = OVorVoo 

SettlingTimeto ± 1I2LSB 
SettlingTimeto ± 1I2LSB 

Digital Feedthrough 50 . 50 nV sec typ 
Minimum Load Resistance 2 2 kflmin 

POWER SUPPLY 

_ _______________________________________________________________________ V_R_E_F_= __ OV_________________________ • VOUT = + IOV 

VooRange 14.25/15.75 14.25/15.75 
100 4 

NOTES 
ITemperature ranges are as follows: AD7224KN, LN 

AD7224BQ, CQ 
AD7224TD, UD 

2Guaranteed by design. Not production tested. 
3Sample tested at 25°C to ensure compliance. 
Specifications subject to change without notice. 

4 

Oto + 70°C 
-250Cto + 85°C 
- 55°C to + 125°C 

VminlVmax 
mAmax 

For Specified Performance 
OutputsUnloaded;VIN = VINLOrVINH 
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Applying the 7224 
UNIPOLAR OUTPUT OPERATION 
This is the basic mode of operation for the AD7224, with the 
output voltage having the same positive polarity as VREF• The 
AD7224 can be operated single supply (Vss = AGND) or with 
positive/negative supplies (see op-amp section which outlines the 
advantages of having negative V ss). Connections for the unipolar 
output operation are shown in Figure 1. The voltage at VREF 

must never be negative with respect to DGND. Failure to observe 
this precaution may cause parasitic transistor action and possible 
device destruction. The code table for unipolar output operation 
is shown in Table I. 

VAEF Voo 

Figure 1. Unipolar Output Circuit 

DAC Register Contents 
MSB LSB Analog Output, VOVT 

1 1 1 1 I 1 1 1 ( 255 ) 
+ VREF 256 

1000 0001 ( 129 ) 
+ VREF 256 

1000 0000 ( 128 ) VREF 
+VREF 256 = + -2-

o 1 1 1 1 1 1 1 ( 127 ) 
+ VREF 256 

0000 0001 + VREF ( 2~6 ) 

0000 0000 OV 

Note: lLSB = (VREF)(2-8) = VREF ( 2~6 ) 

Table I. Unipolar Code Table 
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BIPOLAR OUTPUT OPERATION 
The AD7224 can be configured to provide bipolar output operation 
using one external amplifier and two resistors. Figure 2 shows a 
circuit used to implement offset binary coding. In this case 

VOUT = (1 + :i) . (DA VREF) - (~)'(VREF) 
With Rl = R2 

Vour = (2DA -1)' VREF 

where DA is a fractional representation 
of the digital word in the DAC register. 

Mismatch between Rl and R2 causes gain and offset errors; 
therefore, these resistors must match and track over temperature. 
Once again the AD7224 can be operated in single supply or 
from positive/negative supplies. Table II shows the digital code 
versus output voltage relationship for the circuit of Figure 2 
with Rl = R2. 

Figure 2. Bipolar Output Circuit 

DAC Register Contents 
MSB LSB Analog Output, VOVT 

1 1 1 1 1 1 1 1 ( 127 ) 
+VREF 128 

1000 0001 +VREF (.1~8 ) 

1000 0000 OV 

o 1 1 1 1 1 1 1 -VREF ( 1~8) 
0000 0001 ( 127 ) 

-VREF 128 

0000 0000 ( 128 ) 
VREF 128 = - VREF 

Table II. Bipolar (Offset Binary) Code Table 
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WDEVICES 

FEATURES 
Four 8-Bit DACs with Output Amplifiers 
0.3" Wide, 20-Pin DIP 
Microprocessor Compatible 
TTUCMOS Compatible 
No User Trims 
Single Supply Operation Possible 

APPLICATIONS 
Process Control 
Automatic Test Equipment 
Automatic Calibration of Large System Parameters 

e.g., Gain/Offset 

GENERAL DESCRIPTION 
The AD7226 contains four 8-bit voltage-output digital-to-analog 
converters, with output buffer amplifiers and interface logic on 
a single monolithic chip. No external trims are required to 
achieve full specified performance for the part. 

Separate on-chip latches are provided for each of the four D/ A 
converters. Data is transferred into one of these data latches 
through a common 8-bit TTL/CMOS (SV) compatible input 
port. Control inputs AO and Al determine which DAC is loaded 
when WR goes low. The control logic is speed-compatible with 
most 8-bit microprocessors. 

Each D/A converter includes an output buffer amplifier capable 
of driving up to SmA of output current. The amplifiers' offsets 
are laser-trimmed during manufacture, thereby eliminating any 
requirement for offset nulling. 

Specified performance is guaranteed for input reference voltages 
from + 2V to + 12.5V with dual supplies. The part is also specified 
for single supply operation at a reference of + lOY. 

The AD7226 is fabricated in an all ion-implanted high speed 
Linear Compatible CMOS (LC2MOS) process which has been 
specifically developed to allow high speed digital logic circuits' 
and precision analog circuits to be integrated on the same chip. 

LC2MOS 
Quad 8-Bit D/A Converter 

AD7226 I 
AD7226 FUNCTIONAL BLOCK DIAGRAM 

VAIEF VDD 

PRODUCT HIGHLIGHTS 
1. DAC-to-DAC Matching: 

Since all four DACs are fabricated on the same chip at the 
same time, precise matching and tracking between the DACs 
is inherent. 

2. Single Supply Operation: 
The voltage mode configuration of the DACs allows the 
AD7226 to be operated from a single power supply rail. 

3. Microprocessor Compatibility: 
The AD7226 has a common 8-bit data bus with individual 
DAC latches, providing a versatile control architecture for 
simple interface to microprocessors. All latch enable signals 
are level triggered. 

4. Small Size: 
Combining four DACs and four op-amps plus interface logic 
into a small, 0.3" wide, 20-pin DIP allows a dramatic reduction 
in board space requirements and offers increased reliability 
in systems using multiple converters. Its pinout is aimed at 
optimizing board layout with all the analog inputs and outputs 
at one end of the package and all the digital inputs at the 
other. 
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DUAL SUPPLY 
SPECIFICATIONS (Von = 11.4V to 16.5V; Vss = -5V ±10%; AGND = DGND = OV; VREF = 2V to (VDD -4V)' 

unless otherwise stated). All specifications TMIN to TMAX unless otherwise noted. 

PARAMETER 

STATIC PERFORMANCE 
Resolution 
Total Unadjusted Error3 

Relative Accuracy3 
Differential Nonlinearity3 
Full Scale Error3 

Full Scale Temperature Coefficient 
Zero Code Error 
Zero Code Error Temperature Coefficient 

REFERENCE INPUT 
Voltage Range 
Input Resistance 
Input Capacitance4 

DIGITAL INPUTS 
Input High Voltage, VINR 
Input Low Voltage, VINL 
Input Leakage Current 
Input Capacitance 
Input Coding 

DYNAMIC PERFORMANCE 
Voltage Output Slew RateS 
Voltage Output Settling Times 

Positive Full Scale Chang~ 
Negative Full Scale Change 

Digital Crosstalk3 

Minimum Load Resistance 

POWER SUPPLIES 
VooRange 
100 

Iss 

SWITCHING CHARACTERISTICSs 

Address to Write Setup Time, tAS 
@25°C 
TMINtoTMAX 

Address to Write Hold Time, tAR 
@25°C 
TM1NtoTMAX 

Data Valid to Write Setup Time, tos 
@25°C 
TMINtoTMAX 

Data Valid to Write Hold Time, tOR 
@25°C 
TMINtoTMAX 

Write Pulse Width, tWR 
@25°C 
TMINtoTMAX 

NOTES 
I Maximum possible reference voltage. 
2Temperature ranges are as follows: 

AD7226KN 0 to + 700e 
AD7226BQ - 25°e to + 85°e 
AD7226TD - we to + 125°e 

3See Terminology. 
4Guaranteed by design. Not production tested. 
sSample Tested at 25°e to ensure compliance. 
60n T grade part, 100 is 13mA and Iss is llmA. 
70n T grade part, 100 is 13mA. 

Specifications subject to change without notice. 

AD7226K,B,T2 UNITS CONDITIONS/COMMENTS 

8 
±2 
±l 
±l 
± 1112 
±20 
±30 
±50 

2 to (Voo -4) 
2 
65 
300 

2.4 
0.8 
±l 
8 
Binary 

2.5 

5 
7 
50 
2 

11.4/16.5 
126 

96 

o 
o 

10 
10 

90 
100 

10 
10 

150 
200 

Bits 
LSBmax 
LSBmax 
LSBmax 
LSBmax 
ppml°Ctyp 
mVmax 
JJ.V/oCtyp 

VMINtoVMAX 
kOmin 
pFmin 
pFmax . 

V min 
V max 
JJ.Amax 
pFmax 

V/JJ.smin 

JJ.smax 
JJ.smax 
nVsecstyp 
kOinin 

VMINNMAX 
mAmax 
mAmax 

nsmin 
nsmin 

nsmin 
nsmin 

nsmin 
nsmin 

nsmin 
nsmin 

nsmin 
nsmin 

Voo = + l5V ± 5%, VREF = + 10V 

Guaranteed Monotonic 

Voo = l4Vto l6.5V, VREF = + 10V 

Occurs when each DAC loaded with all O's. 
Occurs when each DAC loaded with alII's. 

VIN = OVorVoo 

VREF = + lOY; Settling Time to ± 1I2LSB 
VREF = + lOY; Settling Time to ± 1I2LSB 

VOUT = + 10V 

For Specified Performance 
OutputsUnloaded;VIN = VINLOrVINH. 
Outputs Unioaded; VIN = VINLOrVINH' 
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SINGLE SUPPLY 
SPECIFICATIONS (Yoo = + 15V ± 5%; Vss = AGND = DGND = OV; VREF = + 10V,1 

unless otherwise stated). All specifications TMIN to TMAl( unless otherwise noted. 

PARAMETER 

STATIC PERFORMANCE 
Resolution 
Total Unadjusted Error3 

Diffe~ential N onlinearity3 

REFERENCE INPUT 
Input Resistance 
Input Capacitance4 

DIGITAL INPUTS 
Input High Voltage, VINH 
Input Low Voltage, V1NL 
Input Leakage Current 
Input Capacitance 
Input Coding 

DYNAMIC PERFORMANCE 
Voltage Output Slew RateS 
Voltage Output Settling TimeS 

Positive Full Scale Change 
Negative Full Scale Change 

Digital Crosstalk3 

Minimum Load Resistance 

POWER SUPPLIES 
VooRange 
100 

SWITCHING CHARACTERISTICSs 

Address to Write Setup Time, LAS 
@25°C 
TMINto TMAX 

Address to Write Hold Time, tAH 
@25°C 
TMINtoTMAX 

Data Valid to Write Setup Time, tos 
@25°C 
TMINto TMAX 

Data Valid to Write Hold Time, tOH 
@25°C 
TMINto TMAX 

Write Pulse Width, tWR 
@25°C 
TMINto TMAX 

AD7226K,B,T2 UNITS CONDITIONS/COMMENTS 

8 
±2 
±I 

2' 
65 
300 

2.4 
0.8 
±I 
8 
Binary 

2 

5 
20 
50 
2 

14.25 to 15.75 
127 

o 
o 

10 
10 

90 
100 

10 
10 

150 
200 

Bits 
LSBmax 
LSBmax 

kOmin 
pFmin 
pFmax 

V min 
V max 
fJ.Amax 
pFmax 

V/fJ.smin 

fJ.smax 
fJ.smax 
nVsecstyp 
kOmin 

VMINNMAX 
mAmax 

nsmin 
nsmin 

nsmin 
nsmin 

nsmin 
nsmin 

nsmin 
nsmin 

nsmin 
nsmin 

Guaranteed Monotonic 

Occurs when each DAC loaded with all O's. 
Occurs when each DAC loaded with alII's. 

VIN = OVorVoo 

Settling Time to ± 1I2LSB 
Settling Time to ± 1I2LSB 

VOUT = +IOV 

For Specified Performance 
Outputs Unloaded; VIN = VINLorVINH 
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ABSOLUTE MAXIMUM RATINGS· 

Vnn to AGND 
Vnn to DGND 
Vss to AGND . 
Vss to DGND . 
Vnn to Vss .. 
AGND to DGND 
Digital Input Voltage to DGND 
VREF to AGND ........ . 
VOUT to AGND1 

•••••••• 

Power Dissipation (Any Package) to + 75°C 
Derates above 75°C by 

Operating Temperature 
Commerical . 

CAUTION 

-O.3V, +17V 
-O.3V, + 17V 

-7V,Vnn 
-7V,Vnn 

-O.3V, +24V 
-O.3V,Vnn 
-O.3V, Vnn 
-O.3V, Vnn 

Vss, Vnn ' 
. SOOmW 
2.0mW/oC 

Industrial . . . . . . 
Extended ..... . 
Storage Temperature 
Lead Temperature (Soldering, IOsecs) 
NOTES 

- 25°C to + 85°C 
- 55°C to + 125°C 
- 65°C to + 150°C 

. +300°C 

IOutputs may be shorted to AGND provided that the power 
dissipation of the package is not exceeded. Typically short 
circuit current to AGND is 60mA. 

·Stresses above those listed under "Absolute Maximum Ratings" may 
cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or any other conditions above 
those indicated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 

ESD (Electro-Static-Discharge) sensitive device. The digital control inputs are zener protect
ed; however, permanent damage may occur on unconnected devices subject to high energy 
electrostatic fields. Unused devices must be stored 'in conductive foam or shunts. The pro
tective foam should be discharged to the destination socket before devices are removed. 

WARNING! eJ 
~~DEVICE 

TERMINOLOGY 

TOTAL UNADJUSTED ERROR 
This is a comprehensive specification which includes full scale 
error, relative accuracy and zero code error. Absolute full scale 
is VREF -I LSB (ideal), where I LSB (ideal) is VREF/2S6. The 
LSB size will vary over the VREF range. Hence the offset will, 
relative to the LSB size, increase as VREF decreases. Accordingly, 
the total unadjusted error, which includes the offset, will also 
vary in terms of LSB's over the VREF range. As a result, total 
unadjusted error is specified for a fixed reference voltage of 
+10V. 

RELATIVE ACCURACY 
Relative Accuracy or end-point nonlinearity, is a measure of the 
maximum deviation from a straight line passing through the 
end-points of the DAC transfer function. It is measured after 
allowing for zero and full scale and is normally expressed in 
LSB's or as a percentage of full scale reading. 

ORDERING INFORMATION l 

DIFFERENTIAL NONLINEARITY 
Differential Nonlinearity is the difference between the measured 
change and the ideallLSB change between any two adjacent 
codes. A specified differential nonlinearity of ± ILSB max over 
the operating temperature range ensures monotonicity. 

DIGITAL CROSSTALK 
The glitch impulse transferred to the output of one converter 
due to a change in the digital input code to another of the con
verters. It is specified in n V secs and is measured at V REF = OV. 

FULL SCALE ERROR 
Full Scale Error is defined as: 
Measured Value - Zero Code Error - Ideal Value. 

PIN CONFIGURATION 

Total Unadjusted 
Error Plastic (N20B) Cerdip2 (Q20B) 

Side Brazed 
Ceramic (D20B) VOUlC 

TA = TmintoTmax 
±2LSB 

NOTES 

Oto + 70°C 
AD7226KN 

I See Section 19 for package outline information. 

- 25°C to + 85°C 
AD7226BQ 

- 55°C to + 125°C 
AD7226TD 

,2 Analog Deviccs reserves the right to ship ceramic packages in licu of,ccrdip packages. 
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CIRCUIT INFORMATION 
D/A SECTION 
The AD7226 contains four, identical, 8-bit, voltage-mode digital
to-analog converters. The output voltages from the converters 
have the same polarity as the reference voltage allowing single 
supply operation. A novel OAC switch pair arrangement on the 
AD7226 allows a reference voltage range from + 2V to + 12.SV. 

Each DAC consists of a highly stable, thin-film, R-2R ladder 
and eight high speed NMOS, single-pole, double-throw switches. 

. The simplified circuit diagram for one channel is shown in 
Figure 1. Note that VREF (pin 4) and AGND (pin 5) are common 
to all four DACs. 

dI
~R 2RR 

DBO 

VREF ...... -+_ ...... 4---1 

AGND -~~-~-~ 

Vour 

SHOWN FOR ALL l'SONDAC 

Figure 1. DIA Simplified Circuit Diagram 

The input impedance at the VREF pin of the AD7226 is the 
parallel combination of the four individual DAC reference input 
impedances. It is code dependent and can vary from 2kD. to 
infinity. The lowest input impedance (i.e., 2kD.) occurs when all 
four OACs are loaded with the digital code 01010101. Therefore, 
it is important that the reference presents a low output impedance 
under changing load conditions. The nodal capacitance at the 
reference terminal is also code dependent and typically varies 
from 100pF to 2S0pF. 

Each V OUT pin can be considered as a digitally programmable 
voltage source with an output voltage of: 

VOUTX = Dx VREF 

where Ox is a fractional representation of the digital 
input code and can vary from 0 to 255/256. 

The source impedance is the output resistance of the buffer 
amplifier. 

OP-AMP SECTION 
Each voltage-mode 01 A converter output is buffered by a unity 
gain, noninverting CMOS amplifier. This buffer amplifier is 
capable of developirig + lOV across a 2kD. load and can drive 
capacitive loads of 3300pF. The output stage of this amplifier 
consists of a bipolar transistor from the V DD line and a current 
load to V ss, the negative supply for the output amplifiers. This 
output stage is shown in Figure 2. 

Voo 

liP o---i 

Figure 2. Amplifier Output Stage 

The NPN transistor supplies the required output current drive 
(up to SmA). The current load consists of NMOS transistors 
which normally act as a constant current sink of 400I-LA to V ss, 
giving each output a current sink capability of approximately 
400I-LA if required. 

The AD7226 can be operated single supply or dual supply resulting 
in different performance in some parameters from the output 
amplifiers. 

In single supply operation (V ss = OV = AGND), with the output 
approaching AGND (i.e., digital code approaching all O's) the 
current load ceases to act as a current sink and begins to act as 
a resistive load of approximately 2kD. to AGND. This occurs as 
the NMOS transistors come out of saturation. This means that, 
in single supply operation, the sink capability of the amplifiers 
is reduced when the output voltage is at or near AGND. A 
typical plot of the variation of current sink capability with output 
voltage is shown in Figure 3. 

..: 
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v •• = -5V 
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Voo = +15V 

10 

Figure 3. Variation of ISINK with VOUT 

If the full sink capability is required with output voltages at or 
near AGND (= OV), then V ss can be brought below OV by SV 
and thereby maintain the 400I-LA current sink as indicated in 
Figure 3. Biasing V ss below OV also gives additional headroom 
in the output amplifier which allows for better zero code error 
performance on each output. Also improved is the slew-rate and 
the negative-going settling-time of the amplifiers (discussed 
later). 

Each amplifier offset is laser trimmed during manufacture to 
eliminate any requirement for offset nulling. 

DIGITAL SECTION 
The digital inputs of the AD7226 are both TTL and CMOS 
(5V) compatible from VDD = + 11.4V to + 16.SV. All logic 
inputs are static protected MOS gates with typical input currents 
of less than InA. Internal input protection is achieved by an on
chip distributed diode from DGNO to each MOS gate. To 
minimize power supply currents, it is recommended that the 
digital input voltages be driven as close to the supply rails (V DD 

and DGND) as practically possible. 
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INTERFACE LOGIC INFORMATION 
Address lines AO and Al select which DAC will accept data 
from the input port. Table I shows the selection table for the 
four DACs with Figure 4 showing the input control logic. When 
the WR signal is LOW, the input latches of the selected DAC 
are transparent and its output responds to activity on the data 
bus. The data is latched into the addressed DAC latch on the 
rising edge of WR. While WR is high the analog outputs remain 
at the value corresponding to the data held in their respective 
latches. 

AD7226 Control Inputs AD7226 
WR Al AO Operation 

H X X No Operation 
Device Not Selected 

L L L DAC A Transparent 

S" L L DAC A Latched 

L L H DAC B Transparent 

S L H DAC B Latched 

L H L DAC C Transparent 

S H L DAC C Latched 

L H H DAC D Transparent 

S H H DAC D Latched 

L = Low State, H = High State, X = Don't Care 

Table I. AD7226 Truth Table 

TO LATCH A 

TO LATCH B 

TOLATCHC 

TO LATCH D 

Figure 4. InputControlLogic 

los !,D~ r--

DATA -------..Jx..:~:::;;.~---'_4i-' L:~ 
~ t=1 

ADDRESS ____ ..JX"':.;;.;::H;..L +-1 -----~ll--:c ~DO 
. I I 

WR ----........ - ..... *~ __ I_WR_~;Y,.----VOD 
NOTES 
1. ALL INPUT SIGNAL RISE AND FALL TIMES 

MEASURED FROM 10% TO 90% of VDO' 

I, ~ I, ~ 20ns OVER Voo RANGE 

2. TIMING MEASUREMENT REFERENCE LEVEL IS 

V1NH + V1Nl 

-----r-
3. SELECTED INPUT LATCH IS TRANSPARENT WHILE WR IS 

LOW, THUS INVALID DATA DURING THIS TIME CAN CAUSE 
SPURIOUS OUTPUTS. 

Figure 5. Write Cycle Timing Diagram 
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Typical Performance Characteristics 
(TA = 25°C, Voo = + 15V, Vss = - 5V) 
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Figure 6. Channel-to-Char'nel Matching 
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Figure 7. Relative Accuracy vs. VREF 
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Figure 8. Differential Nonlinearity vs. VREF 
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Figure 9. Zero Code Error vs. Temperature 

SPECIFICATION RANGES 
In order for the DACs to operate to their specifications, the 
reference voltage must be at least 4V below the Voo power 
supply· voltage. This voltage differential is required for correct 
generation of bias voltages for the DAC switches. 

The AD7226 is specified to operate over a V 00 range from 
+ 12V ±5% to + 15V ± 10% (i.e., from llAV to + 16.5V) 
with a V ss of - 5V ± 10%. Operation is also specified for a 
single + 15V ± 5% V 00 supply. Applying a V ss of - 5V results 
in improved zero code error, improved output sink capability 
with outputs near AGND, and improved negative-going settling
time. 

Performance is specified over a wide range of reference voltages 
from 2V to (Voo -4V) with dual supplies. This allows a range 
of standard reference generators to be used such as the AD580, 
a + 2.5V bandgap reference and the AD584, a precision + lOY 
reference. Note that in order to achieve an output voltage range 

DATA 

VOUT 

of OV to + lOY, a nominal + 15V ± 5% power supply voltage is 
required by the AD7226. 

SETTLING TIME 
The output stage of the buffer amplifiers consists of a bipolar 
NPN transistor from the V 00 line and a constant current load 
to V ss. V ss is the negative power supply for the output buffer 
amplifiers. As mentioned in the op-amp section, in single supply 
operation the NMOS transistor will come out of saturation as 
the output voltage approaches AGND and will act as a resistive 
load of approximately 2kO to AGND. As a result, the settling-time 
for negative-going signals approaching AGND in single supply 
operation will be longer than for dual supply operation where 
the current load of 400J..LA is maintained all the way down to 
AGND. Positive-going settling-time is not affected by Vss. 

The settling-time for the AD7226 is limited by the slew-rate of 
the output buffer amplifiers. This can be seen from Figure 10 
which shows the dynamic response for the AD7226 for a full 
scale change. Figures lla and llb show expanded settling-time 
photographs with the output waveforms derived from a differential 
input to an oscilloscope. Figure lla shows the settling-time for 
a positive-going step and Figure lIb shows the settling-time for 
a negative-going output step. 

GROUND MANAGEMENT 
AC or transient voltages between AGND and DGND can cause 
noise at the analog output. This is especially true in microprocessor 
systems where digital noise is prevalent. The simplest method of 
ensuring that voltages at AGND and DGNDare equal is to tie 
AGND and DGND together at the AD7226. In more complex 
systems where the AGND and DGND intertie is on the backplane, 
it is recommended that two diodes be connected in inverse 
parallel between the AD7226 AGND and DGND pins (IN914 
or equivalent). 

Figure 10. Dynamic Response (Vss = -5Vj 
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Figure 11 a. Positive-Step Settling-Time (Vss = - 5Vj Figure 11 b. Negative-Step Settling-Time (Vss = - 5Vj 

DIGITAL-TO-ANALOG CONVERTERS VOL. /,9-139 

• 



Applying the AD7226 
Unipolar Output Operation 
This is the basic mode of operation for each channel of the 
AD7226, with the output voltages having the same positive . 
polarity as + VREF• The AD7226 can be operated single supply 
(V ss = AGND) or with positive/negative supplies (see op-amp 
section which outlines the advantages of having negative V ss). 
The code table for unipolar output operation is shown in Table 
II. Note that the voltage at V REF must never be negative with 
respect to DGND in order to prevent parasitic transistor turn-on. 
Connections for the unipolar output operation are shown in 
Figure 12. 

Figure 12. Unipolar Output Circuit 

DAC Latch Contents 
MSB LSB Analog Output 

1 1 1 1 1 1 1 1 ( 255 ) 
+VREF 256 

1000 0001 ( 129 ) 
+VREF 256 

1000 0000 ( 128 ) V REF 
+ V REF 256 = + -2-

01 1 1 1 1 1 1 ( 127 ) 
+ V REF 256 

0000 0001 + V REF ( 2~6 ) 

0000 0000 OV 

Note: lLSB = (VREF)(2-8) = V REF ( 2~6 ) 

Table II. Unipolar Code Table 

Bipolar Output Operation 
Each of the DACs of the AD7226 can be individually configured 
to provide bipolar output operation. This is possible using one 
external amplifier and two resistors per channel. Figure 13 
shows a circuit used to implement offset binary coding (bipolar 
operation) with DAC A of the AD7226. In this case 

VOUT = (1 + :;). (DA V REF) - (:;). (VREF) 
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With Rl = R2 
VOUT = (2DA -1) . V REF 

where DA is a fractional representation 
of the digital word in latch A. 

Mismatch between Rl and R2 causes gain and offset errors and 
therefore these resistors must match and track over temperature. 
Once again the AD7226 can be operated in single supply or 
from positive/negative supplies. Table III shows the digital code 
versus output voltage relationship for the circuit of Figure 13 
with Rl = R2. 

VREFo---...... ------------,. 

Rl 

VOUT 

Rl. R2 = 10kfl :1:0.1% 

"DIGITAL INPUTS OMITTED 
FOR CLARITY 

Figure 13. AD7226 Bipolar Output Circuit 

DAC Latch Contents 
MSB LSB Analog Output 

1 1 1 1 1 1 1 1 ( 127 ) + V REF 128 

1000 0001 +VREF ( 1~8) 
1000 0000 OV 

o 1 1 1 1 1 1 1 -VREF (1~8 ) 

0000 0001 ( 127 ) 
- V REF 128 

0000 0000 ( 128 ) 
V REF 128 = - V REF 

Table III. Bipolar (Offset Binary) Code Table 

AGND BIAS 
The AD7226 AGND pin can be biased above system GND 
(AD7226 DGND) to provide an offset "zero" analog output 
voltage level. Figure 14 shows a circuit configuration to achieve 

Figure 14. AGND Bias Circuit 



this for channel A of the AD7226. The output voltage, VOUTA, 
can be expressed as: 

VOUTA = VBlAS + DA (VIN) 

where DAis a fractional representation of the digital input 
word (0:5D:52551256). 

For a given VIN, increasing AGND above system GND will 
reduce the effective VOo-VREF which must be at least 4V to 
ensure specified operation. Note that because the AGND pin is 
common to all four DACs, this method biases up the output 
voltages of all the DACs in the AD7226. Note that Voo and 
Vss for the AD7226 should be referenced to DGND. 

3-PHASE SINE WAVE 
The circuit of Figure 15 shows an application of the AD7226 in 
the generation of 3-phase sine waves which can be used to control 
small 3-phase motors. The proper codes for synthesising a full 
sine wave are stored in EPROM, with the required phase-shift 
of 120° between the three DI A converter outputs being generated 
in software. 

Data is loaded into the three D/A converters from the sine 
EPROM via the microprocessor or control logic. Three loops 
are generated in software with each DI A converter being loaded 
from a separate loop. The loops run through the look-up table 
producing successive triads of sinusoidal values with 120° sep
aration which are loaded to the D/A converters producing 3 sine 
wave voltages 120° apart. A complete sine wave cycle is generated 
by stepping through the full look-up table. If a 256-element sine 

MICROPROCESSOR 
OR 

CONTROL LOGIC 

Applications 
wave table is used then the resolution of the circuit will be 1.4° 
(360°/256). Figure 17 shows typical resulting waveforms. The 
sine waves can be smoothed by filtering the D/A converter out
puts. 

The fourth D/A converter of the AD7226, DAC D, may be 
used in a feedback configuration to provide a programmable 
reference voltage for itself and the other three converters. This 
configuration is shown in Figure 15. The relationship of VREF 
to VIN is dependent upon digital code and upon the ratio of RF 
to R and is given by the formula 

(1 + G) 
VREF = (1 + G.DO)·VIN 

where G = RF/R 

and Do is a fractional representation of the 
digital word in latch D. 

Alternatively, for a given VIN and resistance ratio, the required 
value of Do for a given value of V REF can be determined from 
the expression 

Figure 16 shows typical plots of VREF versus digital code for 
three different values ofRF. With VIN = +2.5V and RF = 3R 
the peak-to-peak sine wave voltage from the converter outputs 
will vary between + 2.5V and + 10V over the digital input code 
range of 0 to 255. 

Figure 15. 3-Phase Sine Wave'Generation Circuit 
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Figure 16. Variation of VREF with Feedback Configuration 
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VnST 
FROM D.U.T. 

........ 1V'v--.-- WINDOW' 

-'V1I'v--+-- WINDOW 2 

_1I'v--'-- WINDOW 3 

.-'l.IV'v--+-- WINDOW 4 

_1I'v--+-- WINDOW 5 

Figure 18a. Logic Level Measurement 

V •• F------r--
WINDOW' 

VOUTA -----+-
WINDOW 2 

VOUT• -----+--
WINDOW 3 

VOUTC -----+--
WINDOW 4 

VOUTO -----+--
WINDOW 5 

AGND ------'--

Figure 18b. Window Structure 

STAIRCASE WINDOW COMPARATOR 
In many test systems, it is important to be able to determine 

. whether some parameter lies within defined limits. The staircase 
window comparator of Figure 18a is a circuit which can be 
used, for example, to measure the VOH and VOL thresholds of a 
TTL device under test. Upper and lower limits on both VOH 
and VOL can be programmably set using the AD7226. Each 
adjacent pair of comparators forms a window of programmable 
size. If VTEST lies within a window then the output for that 
window will be high. With a reference of 2.S6V applied to the 
VREF input, the minimum window-size is 10mV. 

The circuit can easily be adapted to allow for overlapping of 
windows as shown in Figure 19a. If the three outputs from this 
circuit are decoded then five different nonoverlapping program
mable windows can again be dermed. 
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Figure 19a. Overlapping Windows 
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Figure 19b. Window Structure 
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'DIGITAL INPUTS OMITTED 
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Figure 20. Varying Reference Signal 

VARYING REFERENCE SIGNAL 

VOUTA 

In some applications, it may be desirable to have a varying 
signal applied to the reference input of the AD7226. The AD7226 
has multiplying capability within upper and lower limits of 
reference voltage when operated with dual supplies. The upper 
and lower limits are those required by the AD7226 to achieve 
its linearity specification. Figure' 20 shows a sine wave signal 
applied to the reference input of the AD7226. For input signal 
frequencies up to SOkHz the output distortion typically remains 
less than 0.1%. Typical 3dB bandwidth figure is 700kHz. 



OFFSET ADJUST 
Figure 21 shows how the AD7226 can be used to provide pro
grammable input offset voltage adjustment for the AD544 op 
amp. Each output of the AD7226 can be used to trim the input 
offset voltage on one AD544. The 750k!l resistor tied to + 15V 
provides a fIxed bias current to one offset node. For symmetrical 
adjustment, this bias current should equal the current in the 
other offset node with the half-full scale code (i.e. 10000000) on 
the DAC. Changing the code on the DAC varies the bias current 
and hence provides offset adjust for the AD544. For example, 
the input offset voltage on the AD544J, which has a maximum 
of ± 2m V, can be programmably trimmed to ± lOl-I-V. 

Microprocessor Interface 

8085A 

6502 

A15r---------------------------~----~ 

ADDRESS BUS 
A8 

ALE 

AD7 

ADOr----------------------------------J 

"LINEAR CIRCUITRY OMITTED FOR CLARITY 

Figure 22. AD7226 to BOB5A Interface 

A151------------------------------------, 

AOI-------, 

RiW I-------~ 

4>2 ~------__f 

D71-------------------~ 

DOI------------------------------------J 

'LlNEAR CIRCUITRY OMITTED FOR CLARITY 

Figure 24. AD7226 to 6502 Interface 

. 6809 

l-80 

+10V 

+15V 
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*DIGITAL INPUTS OMITTED FOR CLARITY 

Figure 21. Offset Adjust for AD544 

ADDRESS BUS 

AO 1-------, 

A151-------------------________________ ~ • 
RIW~----~ 

D7~------------------~ 

DOI-__________________________________ -J 

'LlNEAR CIRCUITRY OMITTED FOR CLARITY 

Figure 23. AD7226 to 6B09 Interface 

A15r------------------------------------, 

AO ~--------. 

WR 1---------1 

D7~------------------~ 

DO~-----------------------------------J 

"LINEAR CIRCUITRY OMITTED FOR CLARITY 

Figure 25. AD7226 to Z~80 Interface 
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FEATURES 
Fast Voltage Settling Time: 550ns to 0.01% 
Total Unadjusted Error: 1LSB max 
Single Supply Operation 
Latch Up Proof (No Protection Schottky Required) 
Superb Differential Nonlinearity: 1/2LSB max 

over Temperature 
Low Power Dissipation: 30mW 

APPLICATIONS 
Battery Powered Instrumentation 
High Speed AID Converters 
Programmable Gain Amplifiers 
Vector Graphics 
SID Converters 

GENERAL DESCRIPTION 
The Analog Devices AD7240 is a fast settling (550ns typically to 
1I2LSB) 12-bit voltage output digital to analog converter. It is 
fabricated using an advanced high speed Linear Compatible 
CMOS process (LC2MOS) which has been specifically developed 
to allow high speed digital logic circuits and precision analog 
circuits to be integrated on the same chip. 

The AD7240 operates with single + IS volts VDD supply and 
exhibits exceptionally fast settling times due to the small (and 
code independent) value of capacitance at the output of the 
DAC. 

The AD7240 also gives superior performance to other CMOS 
DACs when configured in the current steering mode as a multi
plying DAC. 

PRODUCT HIGHLIGHTS 
1. Single Supply Operation: Voltage mode operation allows the 

AD7240 to be run from a single supply rail. 

2. High Speed Voltage Settling: The high speed LC2MOS 
process gives the AD7240 extremely small propagation delays. 
The low capacitance 'of the AD7240 reduces the time constant 
at the DAC output. Thus the overall settling time is small 
(settling to 0.01% - typically 550ns). 

LC2MOS 
High Speed 

12-Bit Voltage OAC 
AD7240 I 

AD7240 FUNCTIONAL BLOCK DIAGRAM 

DGND BIT 1 
(MSB) 

BIT 12 
(LSB) 

3. Total Unadjusted Error: Includes gain error, offset error 
and relative accuracy. Connection of an AD7240 to a fixed 
reference guarantees the output voltage without external 
trimming. Connection of two or more DAC's to the same 
reference means that their output voltages will track to within 
the accuracy limits of the AD7240. 

4. Guaranteed Monotonicity: All grades are guaranteed 
monotonic to 12 bits over all temperature ranges, in both the 
voltage mode and the current mode. 

PACKAGE IDENTIFICATION} 
Sufftx "N" - Plastic DIP (NI8B) 
Sufftx "Q" - Cerdip (QI8A) 
Suffix "D" - Ceramic DIP (DI8B) 

·See Section 19 for package outline information. 
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SPECIFICATIONS (Voo = + 15V, VREF = + 1.23V, AGND = DGND RBIAS = ov unless noted otherwise) 
Parameter Version Til. = +2SoC Til. = T.unto Tmax Units Test Conditions/Comments 

ACCURACY 
Resolution All 12 12 Bits min 
Total Unadjusted Errorl,2 ],A,S +112, -1114 +112, -2 LSBmax This specification applies to all codes, however 

K,B,T +112, -I +112, -1112 LSBmax equal or superior specifications apply for 
zero code and Full Scale Code - See Below 

Relative Accuracy 1,2 ],A,S +112, -1114 +112, -2 LSBmax 
K,B,T +112, -I +112, -1112 LSBmax 

Full Scale (Gain) Errorl,2 ],A,S +112, -1114 +112, -2 LSBmax 
K,B,T +112, -112 +112, -112 LSBmax 

Full Scale (Gain) Tempco ],A,S ±6 ppml°Cmax 
(ll.Full Scale/ll.Temp) K,B,T ±1.2 ppml°Cmax 

Zero Code (Offset) Errorl,2 ],A,S +114, -112 +112, -112 LSBmax 
K,B,T +118, -112 +114, -112 LSBmax 

Differential Nonlinearity l,2 All ± 112 ± 112 LSBmax All grades guaranteed monotonic to 12 bits 

'Power Supply Rejectio~ 
T min to T max' 

(Ratio ll.Gainill. V DD) All ±0.005 ±0.01 % per % max VDD = + 15.5Vto + 14.5V; 
all digital inputs HIGH 

REFERENCE INPUT 
Input Resistance (pin I) All 4.7 4.7 kOmin Min input resistance is approximately 0.67 x RUDDER. 
Input Capacitance3 (pin I) All 40 40 pFmin All digital inputs LOW 

100 100 pFmax All digital Inputs HIGH 

DIGITAL INPUTS 
VINH All 2.4 2.4 Vmin 
VINL All 0.8 0.8 V max 
Input Leakage Current All ±I ±I I1A max VIN = OVorI5V. 
Input Capacitance All 8 8 pFmax 
Input Coding Binary Can be configured for offset binary-see Figures 14 and 16. 

ANALOG OUTPUT 
Output Capacitance3 (pin 17) All 2.8 2.8 pFmax 
Output Resistance (pin 17) All 7k 7k Omin 

12k 12k Otyp 
15k 15k o max 

Output Resistance Tempco All -300 -300 ppml"Ctyp 
RB1AS All 7k 7k o min 

12k 12k Otyp 
15k ' 15k o max 

RRIII.s-RLADDER Match. All 0.1 0.1 %typ 

DYNAMIC PERFORMANCE 
Propagation Delay3,. All 100 100 nsmax Measured from 50% of digital input to 10% 

of final analog output. 
Voltage SettiingTime3,4,5,6,7 All 900 900 nsmax ToO.OI%ofFSRforaIlO'stoalll'soralll's toallO's. 

],K 550 550 nstyp ToO.OI%ofFSRforaIlO'stoalll'soralll's toallO's. 
],K 470 470 nstyp To 0.04% ofFSR for all O's to all I'sorall I's toallO's, 
],K 400 400 nstyp ToO.2%ofFSR.foraIlO'stoalll'soralll's toallO's. 

Glitch Energy· All 45 45 nV sees typ Around major carry transition. 

POWER SUPPLY 
Vnn Range All +Sto+16 +Sto + 16 V.uJVmax Accuracy is guaranteed at + ISV ± 5%. 
Inn All 2 2 mAmax All digital inputs V1LorVIH• 

IIlI> All 100 100 I1Amax All digital inputs OV or V DD. 

NOTES 
'I LSB ~ V u>/4096. 
'DACload RL > lo,on. 

6Metal ceramic packages typically exhibit 20% higher inter-pin capacitance 

3Guaranteed by design, not subject to test. 
'Input logic levels 0 to 5 V. 

than plastic packages. Therefore metal ceramic devices typically exhibit seuling times 
approximately 10% longer than plastic parts. 

'Assuming a maximum external load capacitance of 2.8pP. 

ABSOLUTE MAXIMUM RATINGS· 
(T A = + 25°C unless otherwise noted) 
VDD to DGND ........ . 
Digital Input Voltage to DGND 
VBlAS , VOUT to DGND 
VREF to DGND ........ . 
AGND to DGND . . . . . . . . 
Power Dissipation (Any Package) to 75°C 

Derates above + 75°C . . . . . . . . . . 
Operating Temperature 

Commercial 
Industrial . . . . . 
Extended ..... 

Storage Temperature 
Lead Temperature (Soldering, 10 seconds) 

'PSR is full scale range. 

Specifications subject to change without notice. 

. -0.3V, + 17V 
-O.3V,VDD 

.... ±25V 
-O.3V,VDD 

-0.3V, VDD 

4S0mW 
.. 6mW/oC 

o to +70°C 
- 25°C to + 85°C 

- 55°C to + 125°C 
+ 65°C to + 150°C 
..... +300°C 

*Stresses above those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other condition is not implied. Exposure 
to absolute maximum rating conditions for extended periods may affect 
device reliability. 
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WARNING! 0 
~~DEVICE 

CAUTION 
ESD (Electro-Static-Discharge) sensitive device. The 
digital control inputs are zener protected; however, 
permanent damage may occur on unconnected devices 
subject to high energy electrostatic fields. Unused 
devices must be stored in conductive foam or shunts. 
The foam should be discharged to the destination 
socket before devices are removed. 



SPECIFICATION DEFINITIONS 
TOTAL UNADJUSTED ERROR 
This is a comprehensive specification which includes gain error, 
relative accuracy and zero code offset when configured as shown 
in Figure 11. 

Absolute full scale is VREF - ILSB (IDEAL) where ILSB 
. VREF · 

(IDEAL) IS 4096 . 

NOTE: "ERROR" defined is ACTUAL VALUE - IDEAL 
VALUE. 

DIFFERENTIAL NONLINEARITY 
Differential nonlinearity is the difference between the measured 
change and the ideal ILSB change between any two adjacent 
codes. A specified differential nonlinearity of ± ILSB max over 
the operating temperature range ensures monotonicity. 

Typical Performance Characteristics 

10 15 
VDo-Volts 

Figure 1. Total Error vs VDD (Shaded Area Shows Typical 
Range of Total Unadjusted Error vs. Supply Voltage for 
AD7240JN) 

Voo - Votts 

Figure 3. Differential Nonlinearity vs. VDD (Shaded Area 
Shows Typical Range of DNL vs. Supply Voltage) 

en 
~ 
I 
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<11 a -0.75. 
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:J 
-' 

~ 
ZERO 
CODE 

114 1/2 F.S 

T" = +25·C 
Voo = +15V 

3/4 FULL 
SCALE 
(All 1'01 

Figure 5. Total Unadjusted Error vs. Digital Code 

PIN CONFIGURATION 

ORDERING INFORMATION 

Total Unadjusted Side Brazed 
Error Plastic Cerdipl Ceramic 

TA = TMINto TMAX Oto + 70°C - 25°C to + 85°C - 55°C to + 125°C 

+ 112, -2LSB AD7240}N AD7240AQ AD7240SD 
+ 114, - 11l2LSB AD7240KN AD7240BQ AD7240TD 

NOTE • 
I Analog Devices reserves the right to ship ceramic packages in lieu of cerdip 
packages. 

., + 1.0+--------.,........,.,.---,."".., 
~ 

~ 
ffi 

~ 
~ -2 

:J 

~ -3 

~ 
+5 +10 

VREF-Volts 

Figure 2. Total Error vs. Reference Voltage (Shaded Area 
Shows Range of Values of Total Unadjusted Error That 
Typically Occurs for AD7240JN) 
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Figure 4. Differential Nonlinearity vs. Reference Voltage 
(Shaded Area Shows Range of Values of DNL That Typically 
Occur for K and J Grades) 
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Figure 6. Differential Nonlinearity vs. Digital Code 
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CIRCUIT INFORMATION 
ANALOG SECTION 
The AD7240 12-bit voltage DAC consists of a highly stable thin 
film R-2R ladder and twelve high speed NMOS single pole 
double throw switches. 

The AD7240 has low capacitance at the VOUT terminal, and 
hence exhibits fast output voltage settling times. 

The simplified circuit diagram of the D/A converter is shown in 
Figure? 

R 

2R 

BIT 12 
LSB 

? 

R 

R IS NOMINALLY 12kU 

BIT2 

? 
BIT 1 
MSB 

~ 

Figure 7. AD7240 Functional Diagram (Inputs High) 

DIGITAL SECTION 
The 12 digital inputs are designed to be both TTL and CMOS 
compatible when Voo equals + ISV. All logic inputs are static 
protected MOS gates with typical input currents of less than 
InA. Internal input protection is achieved by an on-chip distributed 
diode from GND to each MOS gate. To minimize power supply 
currents, it is recommended that the digital input voltages be 
driven as close to the supply rails (Voo and GND) as practically 
possible. 

DYNAMIC PERFORMANCE 
OUTPUT IMPEDANCE 
When operated in the voltage switching'mode the AD7240 
exhibits code independent (fixed) output capacitance and output 
resistance. This means that settling time of the AD7240 is virtually 
the same for all code changes when operated as per Figure 10. 

In contrast, the output impedance and thus the settling time of 
current mode DACs is code dependent. Moreover, with a current 
mode CMOS DAC the large output capacitance places a limitation 
on the realizable settling time, even when using a fast output op 
amp. 

The low values of output capacitance of the AD7240 ensure 
very fast voltage settling when configured with a high speed fol
lower. 

SETTLING TIME 
The time taken for voltage settling of the AD7240 to less than 
1I2LSB is given by the approximation: 

*SettlingTime tpd + 9R(COUT + CEXT) 

tpd Logic Propagation Delay 
R DAC Ladder Resistance 

DAC Output Capacitance 
Capacitance due to External Circuit. 

*This approximation assumes very high load impedance. 
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Figure 8 shows the output voltage transient response waveform 
for the transition resulting when all digital inputs change from 0 
volts to + 5 volts. 

ALL DIGIT INPUTS 0 ___ 5V 

DBG-DBl1 

VOUT 

PROBEUSED:
P6201 TEKTRONIX 

Figure 8. AD7240 Transient Response Waveform 

Figure 9 shows the glitch energy waveform for the major 
transition. Figure 10 shows the circuit used to achieve the 
waveforms shown in Figures 8 and 9. 

AD589LH 

VOUT 

PROBEUSED:
P6201 TEKTRONIX 

MSB DRIVE SHOWN 
(0 __ 5V) 

Figure 9. AD7240 - Major Transition Glitch 

Figure 10. Dynamic Performance Test Circuit 

VOLTAGE REFERENCE 
The input impedance at the VREF pin of the AD7240 is code 
dependent and can vary from 7K up to infinity. The nodal 
capacitance at the reference terminal is also code dependent and 
typically varies from 40pF to 90pF. Therefore it is essential that 
the reference be adequately decoupled at pin 1 of the AD7240 
in order to present a low output impedance and thus maintain 
full accuracy under changing load conditions. ' 



APPLICATION INFORMATION 
LOAD IMPEDANCE 

included and should equal 12kO to minimize output error due 
to bias current. 

The AD7240 equivalent output circuit of Figure 11 shows a 
Thevenin voltage source V REF D with a fIxed output resistance 
and capacitance of Rand COUT respectively. D is a fractional 
representation of the digital input word N i.e. D = N/4096. 

Figure 11 shows the equivalent circuit of the output of the 
AD7240. 

Resistive loading at pin 17 of the AD7240 causes scale factor 
error. Op amp bias current through the DAC output impedance 
(l2kO nominal) introduces an offset term. 

R 
r---.J\/'II'Ir---.---o VOUT 

COUT 

~------__ ---oAGND 

For example, a 60MO load resistance on pin 17 introduces a 
lLSB scale factor error at pin 17. Op amp bias current of 25 
nanoamps introduces a lLSB offset term. Effects of amplifier 
bias current can be minimized by ensuring the parallel combination 
of Rl and R2 (Figure 12) is equal to the DAC's output impedance 
at pin 17 (nominally 12kO). If the amplifier circuit (of Figure 
12) is confIgured to provide a gain of + 1, resistor R2 should be 

R - OAC LADDER RESISTANCE (12KU TYP) 
COUT - OAC OUTPUT CAPACITANCE (2.8pF MAX) 
VREF 0 - THEVENIN VOLTAGE SOURCE (0'" 0 <; 4095/4096) 

Figure ". Equivalent Output Circuit of A 07240 

AD7240 OPERATION MODES 
The AD7240 can operate in several different modes. Each mode 
lias its own particular characteristics. These are summarized 
below and discussed in detail in the paragraphs following. 

SUMMARY OF OPERATION MODES 

Mode 

1. VOLTAGE SWITCHING 
(Figure 12) 

2. VOLTAGE SWITCHING 
WITH AGND BIAS 
VOLTAGE 
(Figure 13) 

3. VOLTAGE SWITCHING 
OFFSET BINARY 
(Figure 14) 

4. CURRENT STEERING 
(Figures 15 & 16) 

S. CURRENT STEERING 
WITH AGND BIAS 
VOLTAGE 
(Figures 17 and 18) 

Performance 
Feature 

• Single supply 
operation. 

• Positive V IN gives 
Positive VOUT 

• Reduced charge 
injection. 

• Constant output 
impedance. 

• Low output capacitance 
obviates need for extra 
op amp compensation 
thus reducing settling 

. time. 
• Single supply 

operation with 
variable "zero" output 
level. 

• Bipolar Output 
• Same as 1. 

• Fourquadrant 
multiplication. 

• Good power supply rejection. 
• Low distortion 
• Constant input 

impedance at V REF 

• 1 ppml°C typical 
gain tempco. 

• Single supply 
operation. 

• Four quadrant 
multiplication. 

• Good power supply 
rejection. 

• Low output leakage current. 

Circuit 
Constraints 

• Code dependent input 
impedance requires 
well buffered 
reference voltage. 

• V IN must never go 
negative. 

• For 12-bit linearity 
max V IN range must be 
AGND <VIN :5 +2.0V 

• Same as for 1. 

• Needs DUAL rail power 
supply for op amp. 

• Same as for 1. 

• Needs DUAL rail power 
supply for op amp. 

• Output op amp must have 
low input offset 
voltage to minimize 
"noise gain" effects on 
analog output. 

• Needopampwithlow 
input offset voltage 
to minimize "noise 
gain" effects. 
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AD7240 Operation Modes 
1. VOLTAGE SWITCHING MODE 

The circuit in Figure 12 shows the AD7240 connected in the 
voltage switching mode. Since VOUT is the same polarity as' 
VREF, this configuration allows single supply operation. Note 
that the voltage V REF must always be positive with respect to 
DGND in order to prevent parasitic transistor turn-on. 

~ ______ ...:Voo = +15V 

,.{ 

{R1)II{R21 ~ 12kO 

Figure 13. AD7240 in Single Supply Voltage Switching 
VOUT Mode with AGND Bias Voltage 

Figure 12. AD7240 in Single Supply Voltage Switching 
Mode 

To maintain linearity, the voltages at VREF and AGND should 
remain within 2.0 volts of each other for a VDD of + 15 
volts. If V DD is reduced from ISV or the differential voltage 
between VREF and AGND is increased to more than 2.0 
volts, the accuracy of the DAC will be degraded. Figures 1 
and 2 show typical curves illustrating this effect for various 
values of reference voltage and VDD• A suitable reference for 
this configuration is the ADS89HL - a two terminal, low 
cost, temperature compensated bandgap voltage reference 
which provides a fixed 1.23V output voltage. The bandgap 
reference is conveniently biased by connecting the RBIAS pin 
to the positive supply. However due to the internal VREF 

bond wire resistance, the ADS89 bias current develops an 
error voltage which appears in series with the reference voltage 
on pin 1. This error voltage (0.5 LSB's typ) acts to shift the 
Total Unadjusted Error plot of Figure 5 in a positive direction. 
Therefore, RS1AS should only be used in applications which 
can accommodate this shift, otherwise use an external bias 
resistor and tie pin 18 to pin 2 (as shown in Figure 14). 

Note that the output voltage range has been extended by 
using a noninverting gain stage. 

The output voltage VOUT is expressed as: 

VOUT = (VREFI (D) (Rl ; R2) 
. 2 

Where D is a fractional representation of the digital input 
word (0 :5 D :5 4095/4096). 

Fastest settling can be achieved by using dual supply op 
amp. 

2. VOLTAGE SWITCHING MODE WITH AGND BIAS 
VOLTAGE 
AGND can be biased above DGND to provide an offset 
"zero" analog output voltage level. Figure 13 shows this 
circuit configuration. Note that the output voltage range has 
been extended by using a noninverting gain stage to buffer 
the DAC. 
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The output voltage VOUT is expressed as: 

(Rl + R2) ( Rl + R2) 
VOUT = (VBIAS ) -R-

1
- + (VIN) (D) --R-

1
-

Where VIN :5 +2.0V, and where D is a 
fractional representation of the digital input word (0 :5 D 
:5 4095/4096). 

The effect of VSIAS on total unadjusted error and differential 
nonlinearity will be the same as reducing VDD by the amount 
of the offset (see Figures 1 and 3). 

3. VOLTAGE SWITCHING MODE - OFFSET BINARY 
OPERATION 
Figure 14 shows a circuit used to implement offset binary 
coding in the voltage switching mode. Mismatch between Rl 
and R2 causes both offset and full scale error, therefore, 
these resistors must match (to within 0.01%) and track over 
temperature. 

Table I shows the digital code vs output voltage relationship 
for Figure 14. 

Rl R2 

Figure 14. AD7240 in Offset-Binary Voltage-Switching 
Mode 

Digital Input Analog Output 

111111111111 { 2047 } 
+ VREF' 2048 

1000 0000 0000 OV 

0000 0000 0000 -VREF 

Table I. Offset Binary Code Table for Figure 14 
withR1'= R2 



4. CURRENT STEERING MODE 
Unipolar Operation (2 Quadrant Multiplication) 
The circuit in Figure 15 shows the AD7240 connected in the 
current steering mode with a unipolar voltage output. In this 
configuration RBIAS is used as the feedback resistor providing 
a typical gain error of ±4LSBs. Typical gain T.C. in this 
mode is IppmJ°C. Resistors Rl and. R2 have been included 
to allow gain trimming. See Reference 2 for additional 
information. 

VREr = 
",10V 
Be OR de 

DIGITAL INPUTS 
BIT 1- BIT 12 

Vour 

Figure 15. Unipolar Binary Operation (2-Quadrant Multi
plication) 

Capacitor Cl provides phase compensation and helps to 
prevent overshoot and ringing when using high speed op 
amps. Note that the circuit has a constant input impedance 
of RLADDER at pin 17. VREF can be a fixed dc voltage or an 
ac signal or a fixed dc or ac current. Table II shows the 
digital code vs. output voltage relationship for Figure 15. 

Digital Input Analog Output 

1 1 1 1 1 1 1 1 1 1 1 1 ( 4095 ) 
-VREF 4096 

1000 0000 0001 ( 2048 ) - VREF 4096 = -1/2 VREF 

0000 0000 0001 - VREF (40~6 ) 

0000 0000 0000 OV 

Table II. Unipolar Binary Code Table for Circuit of Figure 15 

Bipolar Operation (4 Quadrant Multiplication) 
Figure 16 and Table III llustrate the recommended circuit 
and code relationship for Bipolar Operation in the current 
steering mode. The D/A function itself uses offset binary 
code. An inverter can be connected to the MSB line to convert 
offset binary input code to 2's complement code. R3, R4 and 
R5 must be selected to match within 0.01% and they should 
have the same temperature coefficients. 

R4 
20k 0.01°/. 

R5 
20k 0.01"4 

Figure 16. Bipolar Operation (4 Quadrant) Offset Binary 
Code 

Digital Input Analog Output 

1 1 1 1 1 I 1 1 I 1 1 1 ( 2047 ) + VREF' 2048 

1000 0000 0001 + V REF . (20~8 ) 

1000 0000 0000 OV 

o I 1 1 1 I 1 1 I 1 1 I - V REF . (20~8 ) 

0000 0000 0000 ( 2048 ) 
- VREF .. 2048 

Table III. Offset Binary Table for Circuit of Figure 16 

In the current steering mode, the AD7240 has a code dependent 
output resistance which in turn can cause a code dependent 
error voltage or "noise gain" at the output of amplifier AI. 
The maximum amplitude of this error voltage, which adds to 
the D/A converter nonlinearity, depends on Vas where Vas 
is the amplifier input offset voltage (Ref 1). To maintain 
monotonic operation it is recommended that Vas be no 
greater than (25 x lO-6)(VREF) over the temperature range of 
operation. 

5. CURRENTSTEERING MODE WITH AGND BIAS 
VOLTAGE 
The AD7240 has been designed so that AGND (pin 2) can 
be biased to any voltage between DGND and (VDD - lOY). 
V DD must be kept at least IOV above V REF to ensure that 
mono tonicity is preserved. This feature allows single supply 
operation in the current steering mode. Figure 17 shows the 
basic circuit configuration. The AD584 pin programmable 
reference fixes AGND at· + 5.0V. The output voltage swing 
is from + 5V to + 10V allowing operation from a single 
+ 15V power supply. 

The output voltage VaUT is 

VaUT = VBIAS + (D) (VBIAS) 

Where D is a fractional representation of the digital input 
word (0 ~ D ~ 4095/40~6). 
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The circuit of Figure 17 can be modified to allow any full 
scale range to be chosen. Figure IS shows the circuit modified 
to provide an output range of ±2.5V about a "pseudo-analog 
ground" of +5V i.e. from +2.5V to 7.5V. 

Figure 17. AD7240 in Single Supply Current Steering 
Mode with AGND Bias Voltage 

Figure 18. AD7240 in Single Supply Current Steering 
Mode with AGND Bias Voltage and Gain Resistors (2'5 
Complement Coding) 
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This voltage range allows operation from a single + lOY to 
+ 15V power supply. The AD5S4 pin programmable reference 
now fixes AGND at +2.5V. 

The output voltage VOUT is 

(
R\ + R2) 

VOUT = --R-
2 

- (D) (VB1AS) + (VBlAS) 

Where D is a fractional representation of the digital input 
word at the DAC (0 :5 D :5 4095/4096). 

REFERENCE MATERIAL 
For further information on CMOS multiplying D/A converters 
the reader is referred to the following texts: 

I. Applications Guide to CMOS MUltiplying D/A Converters 
available from Analog Devices, Publication Number G479. 

2. Gain Error and Gain Temperature Coefficient of CMOS 
Multiplying DACs - Application Note, Publication Number 
E630-10-6/S1 available from Analog Devices. 

3. Analog-Digital Conversion Notes - available from Analog 
Devices, price $5.95. 

4. "Input Resistor Stabilizes MDAC's Gain" - Paul Brokaw, 
EDN January 7th, 19SI; - not available from Analog 
Devices. 
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FEATURES 
AD7520: 10-Bit Resolution 
AD7521: 12-Bit Resolution 
End Point Linearity: 8-,9- and 10-Bit 
Nonlinearity Tempco: 2ppm of FSRfc 
Low Power Dissipation: 20mW 
Current Settling Time: 500ns 
Feedthrough Error: 1/2LSB @ 100kHz 
TTL/DTL/CMOS Compatible 

Note: AD7533 is recommended for new 10-bit designs. 
AD7541A or AD7545 is recommended for new 
12-bit designs. 

GENERAL DESCRIPTION 
The AD7520 (AD7521) is a low cost, monolithic lO-bit 
(12-bit) multiplying digital-to-analog converter packaged in a 
16-pin (18-pin) DIP. The devices use advanced CMOS and thin 
film technologies providing up to lO-bit accuracy with TTL! 
DTL!CMOS compatibility. 

The AD7520 (AD7521) operates from +5V to +15V supply 
and dissipates only 20mW, including the ladder network. 

Typical AD7520 (AD7521) applications include: digitall 
analog multiplication, CRT character generation, program
mable power supplies, digitally controlled gain circuits, etc. 

ORDERING INFORMATION 

Nonlinearity Temperature Range 

o to +70°C -25°C to +85°C -55°C to +125°C 

0.2% (8·Bit) 
AD7520jN AD7520jD AD7520SD 
AD7521jN AD7521jD AD7521SD 

0.1% (9·Bit) 
AD7520KN AD7520KD AD7520TD 
AD7521KN AD7521KD AD752ITD 

0.05% (lO·Bit) AD7520LN AD7520LD AD7520UD 
AD7521LN AD7521LD AD752IUD 

CMOS 10- & 12-Bit Monolithic 
Multiplying 0/ A Converters 

AD 7520, AD7521 I 
AD7520, AD7521 FUNCTIONAL BLOCK DIAGRAM 

'---+-:-t~-+-:-e----II-:-""'_--oIOUT2 

~---t~-""""7----*'"7~""",---oloUT1 

I 

6 
I 

6 
RFEEDBACK 

BIT 1 (MSB) BIT 3 BIT N (LSB) 

DIGITAL INPUTS (OTL/TTL/CMOS COMPATIBLE) 

AD7520: N=10 
AD7521: N=12 
Logic: A switch is closed to loUT! for its 

digital input in a "HIGH" state. 

PIN CONFIGURATIONS 

BIT 1 (MSB) 

BIT 2 

I6-PIN DIP 

BIT 10 (lSB) 

BIT 9 

PACKAGE IDENTIFICATION l 

Suffix D: Ceramic DIP Package 
AD7520: (D16B) 
AD7521: (DI8B) 

Suffix N: Plastic DIP Package 
AD7520 (NI6B) 
AD7521 (NI8B) 

IS-PIN DIP 

I See Section 19 for package outline information. 

BIT 12 (lSBI 

BIT 11 
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SPECIFICATIONS (Voo = +15, VREF = +10V, TA = +25°C unless otherwise noted) 

PARAMETER 

DC ACCURACY) 
Resolution 
Relative Accuracy (See Figure 5) 

Nonlineari7 Tempco 
Gain Error 
Gain Error Tempc02 

Output Leakage Current 
(either output) 

Power Supply Rejection 
(See Figure 6) 

AC ACCURACY 
Output Current Settling Time' 

(See Figure 10) 
Feedthrough Error (See Figure 9)4 

REFERENCE INPUT 
Input Resistance3 

ANALOG OUTPUT 
Output Capacitance 

(See Figure 8) 
IoUTl 
louT2 
louTl 
louT2 

Output Noise (both outputs) 
(See Figure 7) 

DIGITAL INPUTSs 

Low State Threshold 
High State Threshold 
Input Current (low to high state) 
Input Coding 

POWER REQUIREMENTS 
Power Supply Voltage Range 

100 

Total Dissipation (Including ladder) 

NOTES 

AD7520 

10 Bits 

J, 0.2% of FSR max (8 Bit) 
S, 0.2% of FSR max (8 Bit) 
K, 0.1% of FSR max (9 Bit) 
T, 0.1% of FSR max -(9 Bit) 

AD7521 

12 Bits 

L, 0.05% of FSR max (10 Bit) • 
U, 0.05% of FSR max (10 Bit) • 
2ppm of FSRt C max 
0.3% of FSR ty~ 
10ppm of FSRI C max 

200nAmax 
SOppm of FSR/% typ 

SOOns typ 

10mV pop max 

Skn min 
IOkn typ 
20kn max 

120pF typ 
37pF typ 
37pF typ 
120pF typ 
Equivalent to 10kn typ 
Johnson noise 

O.BV max 
2.4V min 
1J..LA typ 
Binary 

+5V to +15V 
SnA typ 
2mA max 
20mW typ 

.. 

1 Full scale range (FSR) is lOV for unipolar mode and ±lOV for bipolar mode. 
2 Using the internal RFEEOBACK 

TEST CONDITIONS 

S,T,U: over -SSoC to +12SoC 
-10V~VREF~+ 10V 

-10V~VREF~+10V 
-10V~VREF~+10V 
-10V~VREF~+ 10V 

Over specified temperature range 

To O.OS% of FSR 
All digital inputs low to high 

and high to low 
VREF = 20V pop, 100kHz 

. All digital inputs low 

All digital inputs high 
All digital inputs high 
All digital inputs low 
All digital inputs low 

Over specified temperature range 
Over specified temperature range 
Over specified temperature range 
See Tables I & II under Applications 

All digital inputs at GND 
All digital inpu ts high or low 

3 Ladder and feedback resistor temp co is approximately -lSOppmfC. 
4 To minimize feed through with the ceramic package, the user must ground the metal lid. If the lid is not 
grounded, then the feedthrough is lOmV typical and 30mV maximum. 

S ~igital input levels should not go below ground or exceed the positive supply voltage, otherwise damage may occur. 

Specifications subject to change without notice. 
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ABSOLUTE MAXIMUM RATINGS 
(TA = +2S

o
C unless otherwise noted) 

Voo (to GND) ............................ +17V 
VREP (to GND) ............................ ±2SV 
Digital Input Voltage Range .............. VOO to GND 
Output Voltage (Pin 1, Pin 2) .......... -100mV to Voo 
Powet Dissipation (package) 

up to +7S
o
C .......................... 4S0mW 

derates above +7S
o
C by .................. 6mW/C 

Operating Temperature 
]N, KN, LN Versions .................. 0 to t700C 
]D, KD, LD Versions ............... -25°C to +8S oC 
SD, TD, UD Versions .............. -55°C to +12S o C 

Storage Temperature ................ -65°C to +lS0°C 

CAUTION: 
1. Do not apply voltages higher than Voo or less than 

GND potential on any terminal except VREp . 

2. The digital control inputs are zener protected; however, 
permanent damage may occur on unconnected units 
under high energy electrostatic fields. Keep unused units 
in conductive foam at all times. 

TYPICAL PERFORMANCE CURVES 

TA = +25°C, VOO = +15V unless otherwise noted 

'i 
I 
c 
c 
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lL DIGITAL INPUT VOLTAGE· Voo -./ 
10 11 12 13 14 15 1S 

Voo - Volts 

Figure 1. Supply Current vs. Supply Voltage 
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Figure 2. Supply Current vs. Temperature 
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Figure 3. Output Current Bandwidth 
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Figure 4. Output Current Settling 
Time vs. Digital Input Voltage 
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TEST CIRCUITS 
Note: The following test circuits apply for the AD7520. 

Similar circuits can be used for the AD75 21. 

DC PARAMETERS 

Figure 5. Relative Accuracy 

+15V 
UNGROUNOEO 
SINE WAVE 
GENERATOR 
40Hz, 2V pop 

VA .. -_---....... -i--------'lNV--_---I 

5001< 

VERROR X 100 

Figure 6. Power Supply Rejection 

ACPARAMETERS 

+11V (ADJUST FOR VOUT '" OV) 

lk 

Figure 7. Noise 

+15V 

Figure 8. Output Capacitance 

aUAN 
TECH 

MODEL 
134-0 
WAVE 

ANALYZER 
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F • 1kHz 
BW·1Hz 

+15V 

VA ... 20V pop 100kHz SINE WAVE 

Figure 9. Feedthrough Error 

+15V 

Figure 10. Output Current Settling Time 

TERMINOLOGY 

RELATIVE ACCURACY: Relative accuracy or end-point 
nonlinearity is a measure of the maximum deviation from 
a straight line passing through the end-points of the DAC 
transfer function. It is measured after adjusting for ideal 
zero and full scale and is expressed in % or ppm of full 
scale range or (sub) multiples of 1LSB. 

RESOLUTION: Value of the LSB. For example, a unipolar 
converter with n bits has a resolution of (2-n) (V REF)' A 
bipolar converter of n bits has a resolution of [2-(n-1)] 
[VREF]' Resolution in no way implies linearity. 

SETTLING TIME: Time required for the output function of 
the DAC to settle to within 1/2 LSB for a given digital 
input stimulus, i.e., 0 to Full Scale. 

GAIN: Ratio of the DAC's operational amplifier output 
voltage to the input voltage. 

FEEDTHROUGH ERROR: Error caused by capacitive 
coupling from VREF to output with all switches OFF. 

OUTPUT CAPACITANCE: Capacity from louTl and 
louT2 terminals to ground. 

OUTPUT LEAKAGE CURRENT: Current which appears on 
louT! terminal with all digital inputs LOW or on louT2 
terminal when all inputs are HIGH. 



I 
CIRCUIT DESCRIPTION 

GENERAL CIRCUIT INFORMATION 

. The AD7520 (AD7521), a 10-bit (12-bit) multiplying D/A con
verter, consists of a highly stable thin film R-2R ladder and 
ten (twelve) CMOS current switches on a monolithic chip. 
Most applications require the addition of only an output 
operational amplifier and a voltage or current reference. 

The simplified D/A circuit is shown in Figure 11. An inverted 
R-2R ladder structure is used - that is, the binarily weighted 
currents are switched between the loUT! and louT2 bus lines, 
thus maintaining a constant current in each ladder leg inde
pendent of the switch state. 

'---+-H~-+-H~--t-t-~---OIOUT2 

........ -~~---4h----.... - ..... ---oIOUTl 

I I 
I I RFEEDBACK 

o 0 
BIT 1 (MSB) BIT 2 

A07520: N=10 
DIGITAL INPUTS (OTL/TTL/CMOS COMPATIBLE) A07521: N=12 

(Switches shown for Inputs "High") 

Figure ". AD7520 (AD7521) Functional Diagram 

One of the CMOS current switches is shown in Figure 12. The 
geometries of devices 1, 2 and 3 are optimized to make the 
digital control inputs DTL/TTLICMOS compatible over the 
full military temperature range. The input stage drives two 
inverters (devices 4,5,6 and 7) which in turn drive the two 
output N-channe!s. The "ON" resistances of the first six 
switches are binarily scaled so the voltage drop across each 
switch is the same. For example, switch-1 of Figure 12 was 
designed for an "ON" resistance of 20 ohms, switch-2 of 40 
ohms and so on. For a 10V reference input, the current 
through switch 1 is 0.5mA, the current through switch 2 is 
0.2SmA, and so on, thus maintaining a constant 10mV drop 
across each switch. It is essential that each switch voltage drop 
be equal if the binarily weighted current division property of 
the ladder is to be maintained. 

DTL/TTl/CMOS 
INPUT -+--tt-

Figure 12. CMOS Switch 

RFEEDBACK 

VREFo--.JV""",~~----"",----"",----oIOUT2 

Figure 13. AD7520 (AD7521) Equivalent Circuit
Al/ Digital Inputs Low 

EQUIVALENT CIRCUIT ANALYSIS 

The equivalent circuits for all digital inpu ts high and all digital in
puts low are·shown in Figures 13 and 14. In Figure 13 with all 
digital inputs low, the reference current is switched to louT2' 
The current source I LEAKAGE is composed of surface and· 

junction leakages to the substrate while the 1~24 ( 4~96 ) 
current source represents a constant I-bit current drain 
through the termination resistor on the R-2R ladder. The 
"ON" capacitance of the output N channel switch is 120pF, 
as shown on the louT2 terminal. The "OFF" switch capaci
tance is 3 7pF, as shown on the IoUTl'terminal. Analysis of 
the circuit for all digital inputs high, as shown in Figure 14 is 
similar to Figure 13; however, the "ON" switches are now on 
terminal loUT!' hence the 120pF at that terminal. 

RFEEDBACK 

VREFo--.J\J"",~"",----"",----"",-""'--oIOUT1 

....-----.... ----0 !cUT2 

Figure 14. AD7520 (AD7521) Equivalent Circuit
Al/ Digital Inputs High 
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APPLICATIONS 

UNIPOLAR BINARY OPERATION 
(2-QUADRANT MULTIPLICATION) 
Figure 15 shows the analog circuit connections required for 
unipolar binary (2-quadrant multiplication) operation. The 
logic inputs are omitted for clarity. With a dc reference volt
age or current (positive or negative polarity) applied at pin 15, 
the circuit is a unipolar D/ A converter. With an ac reference 
voltage or current the circuit provides 2-quadrant multiplica
tion (digitally controlled attenuation). The input/output 
relationship is shown in Table I. Protection Schottky shown 
in Figure 15 is not required when using TRIFET output 
amplifiers such as the AD542 or AD544. 

Rl provides full scale trim capability [i.e.-load the DAC 
registerto 1111111111, adjsut Rl for VOUT = -VREF 
(1 - 2-1°»). Alternatively, Full Scale can be adjusted by 
omitting Rl and R2 and trimming the reference voltage 
magnitude. 

Cl phase compensation (10 to 25pF) may be required for 
stability when using high speed amplifiers. (Cl is used to 
cancel the pole formed by the DAC internal feedback resist
ance and output capacitance at lOUT 1). 

Amplifier Al should be selected or trimmed to provide Vos 
~ 10% of the voltage resolution at VOUT. Additionally, the 
amplifier should exhibit a bias current which is low over the 
temperature range of interest (bias current causes output off
set at VOUT equal to 18 times the DAC feedback resistance, 
nominally 15kn). 

Rl 
2HI 

'10V Vee 
VREF +15V 

NOTE: 
LOGIC INPUTS OMITTED FOR CLARITY. 

Figure 15. Unipolar Binary Operation (2-0uadrant 
Multiplication) 

DIGITAL INPUT ANALOG OUTPUT 

1111111111 

1000000001 

1000000000 

0111111111 

0000000001 

0000000000 o 
NOTE: 1 LS8 = 2-10 VREF 

Table I. Code Table - Unipolar Binary Operation 

VOL. 1,9-158 DIGITAL-TO-ANALOG CONVERTERS 

BIPOLAR OPERATION 
(4-QUADRANT MULTIPLICATION) 
Figure 16 and Table II illustrate the circuitry and code rela
tionship for bipolar operation. With a dc reference (positive 
or negative pol~rity) or an ac reference the circuit provides 
offset binary operation. Protection Schottky shown in 
Figure 16 is not required when using TRIFET output ampli
fiers such as the AD542 or AD544. 

With the DAC register loaded to 10 0000 0000, adjust Rl for 
VOUT = OV (alternatively, one can omit Rl and R2 and adjust 
the ratio of R3 to R4 for VOUT = OV). Full scale trimming can 
be accomplished by adjusting the amplitude of VREF or by 
varying the value of R5. 

As in unipolar operation, Al must be chosen for low Vos and 
low 18. R3, R4 and R5 must be selected for matching and 
tracking. Mismatch. of 2R3 to R4 causes both offset and Full 
Scale error. Mismatch of R5 to R4 or 2R3 causes Full Scale 
error. Cl phase compensation (10pF to 25pF) may be re
quired for stability . 

Offset Adjustment 

1. Make VREF approximately +IOV. 

2. Tie all digital inputs to +15V (Logic "I"). 

3. Adjust amplifier #2 offset trimpot for OV ±lmV at 
amplifier #2 output. 

4. Tie MSB (Bit 1) to +15V, all other bits to ground. 

5. Adjust amplifier #1 offset trimpot for OV ±lmV at 
VOUT · 

DIGIT AL INPUT ANALOG OUTPUT 

1111111111 

1000000001 

1000000000 o 
0111111111 

0000000001 

0000000000 

NOTE: 1 LS8 = 2"9 VREF 

Table II. Code Table - Bipolar (Offset Binary) Operation 

tl0V Vee 
VtUF +15\1 

Rl 
2kSl 

15 

NOTE: 
LOGIC INPUTS OMITTED FOR CLARITY. 

Figure 16. Bipolar Operation (4-0uadrant 
Multiplication) 

VOUT 



to-BIT AND SIGN MULTIPLYING DAC 
Figure 17 shows an alternative method of achieving bipolar 
output. The circuit operates with sign plus magnitude code 
and has the advantage that it gives to-bit resolution in each 
quadrant. The 10 magnitude bits provide digitally controlled 

• 1DV 
BIPOLAR 

ANALOG INPUT 

Figure 17. 10·Bit and Sign Multiplying DAC 

DIGITALLY PROGRAMMABLE LIMIT DETECTOR 

TEST INPUT 
VREf +15V (0 TO -VREF) 

Figure 18. Programmable Limit Detector 

VOLTAGE MODE OPERATION 
The AD7520 can also be used in the voltage-switching mode 
and the circuit of Figure 19 shows how the DAC can be con
nected for voltage switching by reversing the roles of the 
reference input and lOUT!' It is a single supply application 
with the DAC and the CMOS operational amplifier both 
powered from a single +1SV supply. With a single supply 
operational amplifier, offset is difficult to remove completely; 
therefore, some offset may have to be tolerated usually 
amounting to less than one-half LSB at 3.SV reference. The 
voltage switching mode permits only a single polarity of input 
(positive with respect to common). 

Applications 
attenuation of the reference while the sign bit provides polar
ity control. The AD7S12 is a fully protected CMOS change
over switch. Mismatch between R4 and RS introduces a gain 
error. Table III shows the Code Table for the circuit of 
Figure 17 . 

Binary Numbers in 
Sign Bit DAC Register Analog Output 

0 1111111111 +VIN . 1- 2-10 

0 0000000000 o Volts 

1 0000000000 o Volts 

1 1111111111 -VIN' 1 - Z-10 

Table III. 10-Bit Plus Sign Magnitude Table 

The circuit of Figure 18 shows how the AD7 5 20 is used to 
implement a programmable limit detector. If the test input 
does not meet the test limit set by the digital input, then the 
pass/fail output will indicate a fail. 

AD584 

5k 1-'-";.;;.;....-_ .... 

'n 
DIGITAL 
INPUT 

Figure 19. Single Supply Voltage Mode Operation 
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ANALOG/DIGITAL DIVISION 

With the AD7520 connected in its normal multiplying configu
ration as shown in Figure 15, the transfer function is 

(
AI A2 A3 An) 

VO=-VIN -+-+-+"'-
21 22 23 2n 

where the coefficients Ax assume a value of 1 for an ON bit 
and 0 for an OFF bit. 

By connecting the DAC in the feedback of an operational 
amplifier, as shown in Figure 20, the transfer function becomes 

Vo =(A\ + A2 :v~ + ••• ~) 
21 22 23. 2n 

This is division of an analog variable (VIN) by a digital word. 
With all bits off, the amplifier saturates to its bound, since 
division by zero isn't defined. With the LSB (Bit 10) ON, the' 
gain is 1024. With all bi~s ON, the gain is 1 (±1 LSB). 
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DIGITAL INPUT 

4 5 13 

VIN 16 14 +1SV 

AD7520 
2 

15 

VOUT 

Figure 20. Analog/Digital Divider 



r.ANALOG 
WDEVICES 

CMOS 10-Bit, 
Buffered Multiplying D/A Converter 

FEATURES 

10-Bit Resolution 
8-,9- & 10-Bit Linearity 
Microprocessor Compatible 
Double Buffered Inputs 
Serial or Parallel Loading 
DTLITTL/CMOS Direct Interface 
Nonlinearity Tempco: 2ppm of FSRfc 
Gain Tempco: 10ppm of FSRfc 
Very Low Power Dissipation 
Very Low Feedthrough 

GENERAL DESCRIPTION 
The AD7522 is a monolithic CMOS lO-bit multiplying DIA 
converter, with an input buffer and a holding register, allowing 
direct interface with microprocessors. Most applications re
quire the addition of only an operational amplifier and a 
reference voltage. 

The key to easy interface to a data bus is the AD7522's ability 
to load the input buffer in two bytes (an 8-bit and a 2-bit byte), 
and subsequently move this data to a holding register, where 
the digital word is converted into an analog current or voltage 
(with external operational amplifier). The input loading of 
either 8 or 10 bits can be done in a parallel or serial mode. 

The AD7522 is packaged in a 28-pin DIP, and operates with 
a +15V main supply at 2mA max, and a logic supply of +5V 
for TTL interface, or +10 to +15V for CMOS interface. 

A thin film on high density CMOS process, using silicon 
nitride passivation, ensures high reliability and excellent 
stability. 

ORDERING INFORMATION 

Nonlinearity 
Temperature Range 

o to +70°C -2S0 C to +8S0 C 

0.2% (8-Bit) AD7522]N AD7S22]D 
0.1% (9-Bit) AD7S22KN AD7S22KD 
0.05% (lO-Bit) AD7S22LN AD7522LD 

PACKAGE IDENTIFICATION! 

Suffix "D": Ceramic DIP Package - (D28B) 
Suffix "N": Plastic DIP Package - (N28B) 

1 See Section 19 for package outline information. 

-SSOC to +12SoC 

AD7S22SD 
AD7S22TD 
AD7S22UD 

AD7522 I 

AD7522 FUNCTIONAL BLOCK DIAGRAM 

OB9 DBB 
(MSB) 

VflEF AGND 

087 OBS DBS OB4 DB3 DB2 DBl DBO 
ILSB) 

PIN CONFIGURATION 

Voo DGNO 

Vee 

VREF SA' 

HBS 

LBS 

'aUT1 

laUT2 LOAC 

SPC 

Sff 

(MSBI DB9 OBO ILSBI 

OB2 

OB3 

OB5 084 

RFB2 

'oun 
loun 

SP.I 

SCi 
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SPECIFICATIONS (Voo = +15V, Vee = +5V, VREF = ±10V, TA = +25°e unless otherwise noted) 

PARAMETER 

STATIC ACCURACY 
Resolution 
Nonlinearity . 

Nonlinearity Tempco! 

Gain Error 
Gain Error Tempco! 

Output Leakage Current 
at 'oUTl or IOUTl 

Power Supply Rejection 

AC ACCURACY 
Feedthrough Error! 
Output Current 

Settling Time 

REFERENCE INPUT 
Input Resistance 

ANALOG OUTPUT 
Output Capacitance 

CoUTl 
COUTl 
COUTl 
COUT2 

DIGITAL INPUTS 
Low State Threshold 

High State Threshold 

Input Current 
LDAC Pulse Width! 
HBS, LBS Pulse Width! 
Serial Clock Frequency! 
HBS, LBS Data Set Up2 
Data Hold Time3 

POWER REQUIREMENTS 

100 

Icc 
NOTES 

All 
AD7S22J 
AD7S22S 
AD7S22K 
AD7S22T 
AD7S22L 
AD7S22U 
AD7S22J ,K,L 
AD7S22S,T,U 
AD7S22J,K,L 
AD7S22J,K,L 
AD7S22S,T,U 
All 

AD7S22],K,L 

All 
AD7S22J,K,L 

All 

AD7S22J ,K,L 
AD7S22J,K,L 
AD7S22J,K,L 
AD7S22],K,L 

All 
All 
All 
All 
AD7S22J ,K,L 

All 
All 
All 

All 
All 

All 
All 

I Guaranteed by design. Not tested. 

OVER SPECIFIED 
TA = +2SoC TEMP. RANGE 

10 Bits min 10 Bits min 
±0.2% FSR max 
±0.2% FSR max ±0.2% FSR max 
±O.l % FSR max 
±O.l % FSR max ±O.l % FSR max 
±O.OS% FSR max 
±O.OS% FSR max ±O.OS% FSR max 
±lppm FSR/oC typ ±2ppm FSR/C max 

±2ppm FSR/C max 
±0.3% Reading typ 
±5ppm of Reading/C typ . ±lOppm of Reading/C max 

±lOppm of Reading/C max 
200nA max 

SOppm of Reading/% typ 

ImV P7P typ, 10mV p'p max 
SOOns typ 

SkU min120kU max SOkU min120kU max 

120pF typ 
40pF typ 
40pF typ 
l20pF typ 

O.BV max O.BV max 
r.SV max l.SV max 
2.4V min 2.4V min 
13.SV min 13.SV min 
lilA typ 
SOOns min SOOns min 
SOOns min SOOns min 
lMHz max lMHz max 

2S0ns min 2S0ns min 

SOOns min, 200ns typ SOOns min 

2mA max 
2mA max 

I Data setup time is the minimum amount of time required for OBO· OB9 to be srable prior to srrobing HBS, LBS. 
SOata hold time is the minimum amount of time required for OBO· OB9 to be srable after strobing HBS, LBS. 

Specifications subject to change without notice. 
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TEST CONDITIONS 

SCB = "I" 

IOUTl: DBO through DB9 = 0 
IOUT2: DBO through DB9 = 1 

VREF= 20V P'P; 10kHz 
To 0.05% of FSR for a FSR Step. 
HBS and LBS Low to High 
LDAC = 1 

} All Data Input High 

} All Data Inputs Low 

Vee = +SV 
Vee = +lSV 
Vee = +SV 
Vee = +lSV 

LDAC: 0 to +3V 
HBS, LBS: 0 to +3V 

} In Quiescent State 



ABSOLUTE MAXIMUM RATINGS 

VREF to GND ............................. ±25V 
VOO to GND ............................. +17V 
Vee to GND .............................. +17V 
Vee to Voo ............................. +0.4V 
Output Voltage (pins 6 & 7) ............. -O.3V to Voo 
Operating Temperature 

IN, KN, LN versions .................. 0 to +70oC 
lD, KD, LD versions ............... -25°C to +85°C 
SD, TD, UD versions .............. ~55°C to +125°C 

Storage Temperature ................ -65°C to +150
o
C 

Power Dissipation (Package) 
Up to +50

o
C: 

Plastic (Suffix N) ..................... 1200mW 
Ceramic (Suffix D) ................... 1000mW 

Derate Above +50
o
C by 

Plastic (Suffix N) .................... 12mWtC 
Ceramic (Suffix D) .................. 10mWtC 

Digital Input Voltage Range .............. Voo to GND 

CAUTION: 

1. Do not apply voltages higher than Vee to SRO. 
2. Do not apply voltages higher than Voo or less than GND to 

any other input/output terminal except VREF ' RFBl or 
RFB2 · 

3. The digital control inputs are zener protected, however 
permanent damage may occur on unconnected units 
under high energy electrostatic fields. Keep unused units 
in conductive foam at all times. 

4. Vee should never exceed Voo by more than 0.4 V, 
especially during power ON or OFF sequencing. 

TERMINOLOGY 

RESOLUTION 

Value of the LSB. For example, a unipolar n-bit converter 
has a resolution of (2-n) (VREF ). A bipolar n-bit converter 
has a resolution of [2-(n-l)] [VREF ]. Resolution in no way 
implies linearity. 

GAIN 

The "gain" of a converter is that analog scale factor setting 
that establishes the nominal conversion relationship, e.g., 
lOY full scale. It is a linear error whiCh can be externally 
adjusted (see gain adjustment on next page). 

OUTPUT LEAKAGE CURRENT 

Current which appears on the OUTI terminal when the DAC 
register is loaded with all "O's" or on the OUT2 terminal 
when the DAC register is loaded with all "l's." 

DAC CIRCUIT DESCRIPTION 
GENERAL CIRCUIT INFORMATION 
The AD7522's DAC functional block consists of a highly 
stable Silicon Chromium thin film R-2R ladder, and ten 
SPDT N-channel current steering switches. Most applica
tions require the addition of only an output operational 
amplifier and a voltage or current reference. 

The simplified D/ A circuit is shown in Figure 1. An in
verted R-2R ladder structure is used - that is, the binarily 
weighted currents are switched between the louTl and louTZ 
bus lines, thus maintaining a constant current in each ladder 
leg independent of the switch state. 

L.--t-' ...... --+4-t~r-+-'-........ ----O IOUT2 

~--+1;----r--H--*t----,----oIOUTl 

6 6 6 b 
MSB lSB 

R 
2" R 

2" 
t--'VV-..---o R F B1 

'---ORFB2 

Figure 1. DAC Functional Diagram 

EQUIVALENT CIRCUIT 
The DAC equivalent circuit is shown in Figure 2. The current 
source ILEAKAGE is composed of surface and junction leak
ages to the substrate, while the IREF /1024 current source 
represents the 1 LSB of current lost through the ladder termi
nation resistor to ground. The CoUTl and CoUTZ output 
capacitances are as shown when the DAC latches feed the 
DAC with all "1 's." If the DAC latches are loaded with all 
"O's," CoUTl is 37pF, while CoUTZ is 120pF. In addition, 
Cso is replaced by 10 ohms, and the 10 ohm RON in IOUTl 
is replaced by a Cso of 1 OpF. When fast amplifiers are used, 
it will be necessary to provide phase compensation (in the 
form of feedback capacitance) to cancel the pole formed by 
RFEEoBAeK and CoUT if stability is to be maintained. 

CPARASITIC RFE~~~ACK 
~0.2pF NOMINAL 

r------~~---------
I RLAOOER 

~I NO~~~Al 
I~;'~~ O-~""'-'VVI---1~~---'lNY---"'------'---o IOUTl 

~I 
1024 , 

........ ::T (:>-.-.""""---__<1>----0 IoUT2 

CSO 
I 10pF 

L--1r-------...J 
CpARASITIC 

~0.2pF 

Figure 2 .. Equivalent Circuit (Shown for all Digital 
Inputs High) 
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PIN FUNCTION DESCRIPTION 
PIN MNEMONIC 

VDD 
LDTR 

VREF 
4 RFB2 

5 RFB1 

IoUTl 

louT2 
S AGND 

9 SRO 

10 

DB'T 11 DBS 

12 DB7 

13 DB6 

14 DB5 Note 1 
IS DM 1 16 DB3 

17 DB2 

IS OBI 

19 DBO 

20 SCS 

21 SPC 

22 LDAC 

23 NC 

24 LBS 

2S HBS 

26 SRI 

27 VCC 

2S DGND 

DESCRIPTION 
+15V (nominal) Main Supply. 

R-2R Ladder Termination Resistor. Normally grounded for unipolar operation or, terminated at louT2 for bipolar operation. 

Reference Voltage Input. Since the AD7S22 is a multiplying DAC, VREF may vary over the range of ±10V. 

RFEEDBACK + 2; gives full scale. equal to V REF12. 

RFEEDBACK' used for normal unity gain (at full scale) D/A conversion. 

DAC Current OUTI Bus. Normally terminated at virtual ground of output amplifier. 

DAC Current OUT2 Bus, terminated at ground for unipolar operation, or virtual ground of op amp for bipolar operation. 

Analog Ground. Back gate of DAC N-channel SPDT current steering switches. 

Serial Output. An auxiliary output for recovering data in the input buffer. 

Data Bit 9. Most significant parallel data input. 

Data Bit S. 

Data Bit 7. 

Data Hit 6. 

Data Bit S. 

Data Bit 4. 

Data Bit 3. 

Data Bit 2. 

Data Bit 1. 

Data Bit O. Least significant parallel data input. 

8-Bit Short Cycle Control. When in serial mode, if SCS is held to Logic "0", the two least significant input latches in the input buffer 
are bypassed to provide proper serial loading of S-bit serial words. If SCS is held to Logic "1", the AD7S22 will accept a 10-bit serial 
word. 
Data bits 0 (LSB) and OBI are in a parallel load mode when SCS = 0 and should be tied to a logic low state to prevent false data 
from being loaded. 

Serial/Parallel Control. If SPC is a Logic "0", the AD7S22 will load parallel data appearing on DBO through DB9 into the input buffer 
when the appropriate strobe inputs are exercised (see HBS and LBS). ' 
If SPC is a Logic "1", the AD7S22 will load serial data appearing on Pin 26 into the input buffers. Each serial data bit must be 
"strobed" into the buffer with the HBS and LBS. 

Load DAC: When LDAC is a Logic "0", the AD7S22 is in the "hold" mode, and digital activity in the input buffer is locked out. 
When LDAC is a Logic "I", the AD7S22 is in the "load" mode, and data in the input buffer loads the DAC register. 
No Connection. 

Low Byte Strobe. When in "parallel load" mode (SPC = 0), parallel data appearing on 'the DBO (LSB) through DB7 inputs will be 
"clocked" into the input buffer on the positive going edge of the LBS. 
When in "serial load" mode (SPC = I), serial data bits appearing at the serial input terminal, Pin 26, will be "clocked" into the input 
buffer on the positive going edge of HBS and LBS. (HBS and LBS must be clocked simultaneously when in "serial load" mode.) 

High Byte Strobe. When in "parallel load" mode (SPC = 0), parallel data appearing on the DB9 (MSB) and PBS data inputs will be 
"clocked" into the input buffer on the positive going,edge of HBS. 
When in "serial load" mode (SPC = I), serial data bits appearing at the serial input terminal, Pin 26, will be "clocked" into the input 
buffer on the positive going edges of HBS and LBS. (HBS and LBS must be clocked simultaneously when in "serial load" mode.) 

Serial Input. 

Logic Supply. If +SV is applied, all digital inputs/outputs are TTL compatible. If +10V to +15V is applied, digital inputs/outputs 
are CMOS compatible. 

Digital Ground 
Note I: Logic "I" applied to a data bit steers that bit's current to the 10UTI terminal. 

APPLICATIONS (Note: Protection Schottky CR3 in Figure 3 and CR3. CR4 in Figure 4 are not required when using 
TRI-FET amps such as the ADS42 or ADS44). 

UNIPOLAR OPERATION 
Figure 3 shows the analog circuit connections required for 
unipolar operation. The input code/output voltage relation
ship is shown in·Table I. 

Zero Offset Adjustment 
1. Adjust the op amp's offset potentiometer for < lmV on 

the amplifier junction. 

Gain Adjustment 
1. Set Rl and R2 to'on. Load the DAC register with all 

"l's." 

2. If analog out is greater than -VREF • increase Rl for re
quired full scale output. If analog out is less than -VREF • 

increase R2 for required full scale output. 
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VREF 
tl0V 

RFB2 

R2 GAIN AOJ 
500n 

5 RFBl 

lOUT 

A07522 
1 

OAC 
CRl 

lOUT 
2 

LOTR 

Figure 3. Unipolar Binary Operation 
(2-Quadrant Multiplication) 

ANALOG 
OUTPUT 



DIGITAL INPUT 

1 1 1 1 1 1 1 1 1 1 

1000000001 

1000000000 

01 III 1 1 1 11 

0000000001 

0000000000 

ANALOG OUTPUT 

-VREF (I - 2- 10
) 

-VREF (1/2 + 2-10
) 

-VREF/2 

-VREF (1/2 - 2- 10
) 

-VREF (2- 10
) 

o 

Table I. Unipolar Code Table 

BIPOLAR OPERATION 
Figure 4 shows the analog circuit connections required for 
bipolar operation. The input code/ouput voltage relationship 
is shown in Table II. 

Zero Offset Adjustment 
1. Adjust the offset potentiometer of amplifier Al and A2 for 

< 1m V on the respective summing junctions. If the analog 
out for code 1000000000 is not zero, sum current into or 
out of the summing junction of Al for OV at analog out. 

Voo Vee 
+15V +5V TO +15V 

Rl 

Figure 4. Bipolar Operation 

Gain Adjustment 
1. Load the DAC register with all "O's." Set R1 and R2 to 

On. 
2. If analog out is greater than +VREF' increase R2 until it 

reads precisely +VREF - If analog out is less than +VREF' 
increase R1 until it reads precisely VREF . 

DIGITAL INPUT 

1 1 1 1 1 1 1 1 1 1 

1000000001 

·1000000000 

0111111111 

0000000001 

0000000000 

ANALOG OUTPUT 

-VREF (1 - 2-9
) 

-VREF (2-9
) 

o 
VREF (2-9 ) 

VREF (I - 2-9 ). 

VREF 

Table II. Bipolar Code Table 

SINGLE BYTE PARALLEL LOADING 
Figure 5 illustrates the logic connections for loading single byte 
parallel data into the input buffer. DBO should be grounded on 
"K" and "T" versions, and DBO and DB1 should be grounded 
on ")" and "s" versions for monotonic operation of the DAC. 
DB9 is always the MSB, whether 8-bit, 9-bit, or lO-bit linear 
AD7522's are used. 

Vee VeD 
+15V +5V TO +15V 

AD7522 
DIA 

CONVERTER 

~ 
STROBE o-----''+---' 

~g~g lJl'o--------' 

26 SRI 

21 SPC 

20 ~ 

Figure 5. Single Byte Parallel Loading 

When data is stable on the parallel inputs (DBO-DB9), it can be 
transferred into the input buffer on the positive edge of the 
strobe pulse. 

Data is transferred from the input buffer to the DAC register • 
when LDAC is a Logic "1." LDAC is a level-actuated (versus I 

edge-triggered) function and must be held "high" at least 
0_5J.Ls for data transfer to occur. 

TWO BYTE PARALLEL LOADING 
Figures 6 and 7 show the logic connections and timing require
ments for interfacing the AD7522 to an 8-bit data bus for two 
byte loading of a lO-bit word. 
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Figure 6. Two Byte Parallel Loading 
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Figure 7. Timing Diagram 

First, the least significant data byte (DBO through DB7) is 
loaded into the input buffer on the positive edge of LBS. Sub
sequently, the data bus is used for status indication and 
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instruction fetching by the CPU. When the most significant 
data byte (DB8 and DB9) is available on the bus, the input 
buffer is loaded on the positive edge of HBS. The DAC register 
updates to the new lO-bit word when LDAC is "high." LDAC 
may be exercised coincident with, or at any time after HBS 
loads the second byte of data into the input buffer. 

SERIAL LOADING 
Figure 8 and Figure 9 show the connections and timing 
diagram for serial loading. 

To load a 10-bit word (SC8 = 1), HBS and LBS must be strobed 
simultaneously with exactly 10 positive edges to clock the 
serial data into the input buffer. For 8-bit words (SC8 = 0), only 
8 positive edges are required. 

SERIAL DATA 
IN 

LOADDAC 

Voo 
+15V 

AD7522 21 
DAC 

SRO 

SI'C 

SERIAL 
DATA OUT 

Figure 8. Serial 8- and to-Bit Loading 
(Analog Outputs Not Shown for Clarity) 

SR1 

CLOCK IN 
110·BIT MODEl 

110.~~:~~:;1 _____________ U_PD_A_TE_T_IM_E---tL 

CLOCK IN 
(8·BIT MODEl 

LOAD DAC 
(8·BIT MODEl 

8 

UPDATE TIME --=n .... ___ _ 
Figure 9. Timing Diagram for Serial 8- and to-Bit Loading 
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APPLICATION HINTS 

1. CR1 and CR2 on Figures 3 .and 4 protect the AD7S22 
against latch-up Vee exceeds VDD , and may be omitted 
if VDD and Vee are driven from the same voltage. 

2. Diodes CR3 on Figure 3 and CR3 and CR4 on Figure 4 
clamp the amplifier junction to -300mV if they attempt 
to swing negative during power up or power down. The in
put structures of some high-speed op amps can supply 
substantial current under the transient conditions en
countered during power sequencing. It is recommended 
that the PC layout be able to accommodate the diodes. 

3. Fast op amps will require phase compensation for stability 
due to the pole formed by COUT1 or COUT2 and 
RFEEDBACK· 

4. During serial loading, all data inputs (DBO through BD9), 
should be grounded. 



r.ANALOG 
WDEVICES 

CMOS 
8-Bit Multiplying DjA Converter 

FEATURES 
Low Cost 
Fast Settling: 100ns 
Low Power Dissipation 
Low Feedthrough: %LSB @ 200kHz 
Full Four-Quadrant Multiplying 

APPLICATIONS 
Battery Operated Equipment 
Low Power, Ratiometric AID Converters 
Digitally Controlled Gain Circuits 
Digitally Controlled Attenuators 
CRT Character Generation 
Low Noise Audio Gain Control 

GENERAL DESCRIPTION 
The AD7523 is a low cost, monolithic multiplying digital-to
analog converter packaged in a 16-pin DIP. The device u~es an 
advanced monolithic, thin-film-on-CMOS technology to pro
vide 8-bit resoliltion with accuracy' to 10-bits and very low 
power dissipation. 

The AD7523's excellent multiplying characteristics and low 
cost allow it to be used in a wide ranging field of applications 
such as: low noise audio gain control, CRT character genera
tion, motor speed control, digitally controlled attenu~tors, etc. 

ORDERING INFORMATION 

Model Linearity Package 
Operating 
Temperature Range 

AD7523JN ±1/2LSB 
AD7523KN ±1/4LSB 16 pin o to +70°C 
AD7523LN ±1/8LSB Plastic 

1 See Section 19 for package outline information. 

Package 

AD7523 I 
AD7523 FUNCTIONAL BLOCK DIAGRAM 

VREF o-...... '\II10
ll.k -+-'V\10,..,k ...... _H.-'\I10k

1lY-..... __ -. 

20k 

I I I 

666 
BIT 1 IMSB) BIT 2 BIT 3 

DIGITAL INPUTS 

PIN CONFIGURATION 

RFEEOBACK 

VREF IN 

VOO (+) 

NC 

NC 

Identification 1 

N16B 
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SPECIFICATIONS (Voo = +15V, VREF = +10V unless otherwise noted) 

PARAMETER 

STATIC ACCURACY 
Resolution 
Nonlinearityl 

AD7523JN 
AD7523KN 
AD7523LN 

8 Bits min 

±1I2LSB max (±0.2% FSR max) 
±1I4LSB max (±0.1% FSR max) 
± 1/8LSB max (±0.05% FSR max) 

Monotonicity Guaranteed over Tmin to Tmax 

8 Bits min 

±1I2LSB max (±0.2% FSR max) 
±1I4LSB max (±0.1% FSR max) 
±1I8LSB max (±0.05% FSR max) 

Gain Error l ,2,3 -1.5% of FSR min, +1.5% of FSR max -1.8% of FSR min, +1.8% of FSR max 
Power Supply Rejection (Gain) 1,2 0.02% per % max 0.03% per % max 

Output Leakage Current 
IOUTl (pin 1) 

IOUT2 (pin 2) 

DYNAMIC PERFORMANCE 
Output Current 

Settling Time4 

Feedthrough Error4 

REFERENCE INPUT 
Input Resistance (pin 15) 
Temperature Coefficient 

ANALOG OUTPUTS4 

Output Capacitance 
COUTl (pin 1) 

CoUT2 (pin 2) 
COUTl (pin 1) 

CoUT2 (pin 2) 

DIGITAL INPUTS 
Logic Thresholds 

VINII 
VINL 

±50nA max ±200nA max 

±50nA max ±200nA max 

150ns max 200ns max 

±1/2LSB max ±ILSB max 

5kn min, 20kn max 
-500ppm/oC max 

100pF max 100pF max 
30pF max 30pF max 
30pFmax 30pF max 
100pF max 100pF max 

+14.5V min +14.5V min 
+0.5V max +0.5V max 

±IIlA max ±IIlA max 
Input Leakage Current 

lIN (per input) 
Input Capacitance 

CIN
4 ~Fmax ~Fmax 

Input'Coding Unipolar Binary of Offset Binary (see next page) 

POWER REQUIREMENTS 
Voo Range 

100 

NOTES 
1 FSR is Full Scale Range. 

+5V min, +16V max +5V min, +16V max 

100llA max 

• Using internal feedback resistor, Full Scale Range (FSR) is equal to (VREF - lLSB) in the unipolar circuit on the next page. 
• Max gain change from +2SoC to Tmin or Tmax is to.3% FSR. 
4Cuaranteed by design. Not subject to test. 

Specifications subject to change without notice. 

ABSOLUTE MAXIMUM RATINGS 
(TA = +2SoC unless otherwise noted) Power Dissipation (pacbge) 

TEST CONDITION 

VOUTl = VOUT2 = OV 

VOUTl = VOUT2 = OV 
Digital Inputs = VINH 
Voo = +14V to +15V 
Digital Inputs ~ VINH 

VOUTl = VOUT2 = OV, VREF = ±10V 
Digital Inputs = VINL 
VOUTl = VOUT2 = OV, VREF = ±10V 
Digital Inputs = VINH 

To 0.2% FSR, Load = lOOn 
Digital Inputs = VINH to VINL or 
VINL to VINH 
Digital Inputs = VINL 
VREI' = 20V pop, 200kHz sinewave 

VOUTl = VOUT2 = OV 

Digital Inputs = VINH 

Digital Inputs = VINL 

VIN = OV or +15V 

Device Functionality. Accuracy 
is tested and guaranteed only at 
Voo = +15V 
Digital Inputs = VINIl or VINL 

VDD to GND , .......... , ............. -OV, +17V To +70
0
C ........................... 670mW 

VREF to GND ... ',' ........... ' ............. ±2SV 

Digital Input Voltage (VIN ) to GND ........ -0.3V to VDD 
VOUTl ' VOUT2 (pin 1, pin 2) to GND ....... -0.3V to VDD 

Derate Above +70
0
C by ................ . 8.3mW/oC 

Operating Temperature ................... 0 to +70
o
C 

Storage Temperature ................ -65°C to +1S0
o
C 

Lead Temperature (Soldering, 10 se·conds) ........ +300
o
C 
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1~ _________________________ A_p_pIY_in_g_th_e_AD_7_52_3~ 
CAUTION: 

1. ESD sensitive device. The digital control inputs are Zener protected; howeve~, permanent damage may occur 
on unconnected devices subjected to high energy electrostatic fields. Unused devices must be stored in con
ductive foam or shunts. 

2. Do not apply voltages lower than ground or higher the Voo to any pin except VREF (pin 15) and RFB (pin 16). 

3. The inputs of some IC amplifiers (especially wide bandwidth types) present a low impedance to V- during 
power-up or power-down sequencing. To prevent the AD7523 OUT1 or OUT2 terminals from exceeding 
-300mV (which causes catastrophic substrate current) a Schottky diode (HP5082-2811 or equivalent) is 
recommended. The diode should be connected between OUT1 (OUT2) and ground as shown in Figure 1 
and 2. Protection diodes are not required when using TRI-FET amplifiers such as the AD542 or AD544. 

BASIC OPERATION DIGITAL INPUT ANALOG OUTPUT 

MSB 

DATA: 
INPUTS: LSB 

MSB 

DATA I 

INPUTS: LSB 

R5100k 

il0V +15V 
VREF Voo 

AD7523 

11 

GND 

R21k 

VOUT 

NOTES: 
1. R1ANDR2USEDDNLYIFGAIN 

ADJUSTMENT IS REQUIRED. 
2. CRl PROTECTS AD7523 AGAINST 

NEGATIVE TRANSIENTS. SEE 
"CAUTlQN" NOTE 3 AT TOP 
OF THIS PAGE. 

Figure 1. Unipolar Binary Operation 
(2-0uadrant Multiplication) 

fl0V +15V 
VRH Voo 

11 

Rl 
2k 

CRl 

R71Mll 

R610k 

NOTES: 
1. R3/R4 MATCH 0.1% OR BEITER. 
2. Rl. R2 USED ONLY IF GAIN ADJUSTMENT 

IS REQUIRED. 
3. R5-R7 USED TO ADJUST VOUT • OV AT 

INPUT CODE 10000000. 
4. CRl & CR2 PROTECT AD7523 AGAINST 

NEGATIVE TRANSIENTS. SEE "CAUTION" 
NOTE 3 AT TOP OF THIS PAGE. 

Figure 2. Bipolar (4-0uadrant) Operation 

MSB LSB 

11111111 -VREF (~) 256 
10000001 -VREF (129 ) 

256 

10000000 -VREF (128) _ VREF 
256 ----

01111111 -VREF 
(127) 2 

256 
00000001 -VREF (2~6 ) 
00000000 -VREF (2~6 )= 0 

Table I. Unipolar Binary Code Table 

DIGITAL INPUT ANALOG OUTPUT 

MSB LSB 

11111111 (127 ) -VREF 128 

10000001 -VREF (1~8) 
10000000 0 

01111111 +VREF (1~8) 
00000001 (127) +VREF 128 

00000000 (128) +VREF 128 

Table II. Bipolar (Offset Binary) Code Table 
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APPLICATIONS 

DIVIDER (DIGITALLY CONTROLLED,GAIN) 

>----...... ---oVOUT 

EOUATIONS 

VOUT .-~ 

Av·~--~ where: Av - Voltave Gain 

Ind where: 

O' BI;' 1 + BI;/ + BI~ 8 

IBIT N • 1 or D) 

EXAMPLES 

O· 00000000, Av • -AOl (OP AMP I 
o = 0000000 I, Av • ·256 

0= 10000000, Av = -~ =-2 

0= 11111111,Av =- ~t 

VOL. 1,9-170 DIGITAL-TO-ANALOG CONVERTERS 

POWER GENERATION 

BIT lIMSB) 

DATA I 
INPUT "o"l 

0-+--....--411 
BIT 81LSBI 

11 

~10V +15V 
VREF VOD 

11 

V, 

Vz • +(VREFIIOZI 

V" - -IVREFIIO"I, n an odd integer 

V" • +IVREF 110"), n 8n .... n intoger 



r.ANALOG 
WDEVICES 

FEATURES 
Microprocessor Compatible (6800,8085, Z80, Etc.) 
TTL/CMOS Compatible Inputs 
On-Chip Data Latches 
End Point Linearity 
Low Power Consumption 
Monotonicity Guaranteed (Full Temperature Range) 
Latch Free (No Protection Schottky Required) 

APPLICATIONS 
Microprocessor Controlled Gain Circuits 
Microprocessor Controlled Attenuator Circuits 
Microprocessor Controlled Function Generation 
Precision AGC Circuits 
Bus Structured Instruments 

GENERAL DESCRIPTION 
The AD7524 is a low cost, 8-bit monolithic CMOS DAC 
designed for direct interface to most microprocessors. 

Basically an 8-bit DAC with input latches, the AD7 524's load 
cycle is similar to the "write" cycle of a random access mem
ory. Using an advanced thin-film on CMOS fabrication 
process, the AD7524 provides accuracy to I/SLSB with a 
typical power dissipation of less than 10 milliwattS. 

A newly improved design eliminates the protection Schottky 
previously required and guarantees TTL compatibility when 
using a +5V supply. Loading speed has been increased for 
compatibility with most microprocessors. 

Feat~ring operation from +5V to +15V. the AD7524 inter
faces directly to most microprocessor buses or output ports. 
Excellent multiplying characteristics (2- or 4-quadrant) make 
the AD7524 an ideal choice for many microprocessor control
led gain setting and signal control applications. 

PACKAGE IDENTIFICATION l 

Suffix "D": Ceramic DIP - (DI6B) 
Suffix "N": Plastic DIP - (NI6B) 

1 See Section 19 for package outline information. 

CMOS 
8-Bit Buffered Multiplying OAC 

AD7524 I 

AD7524 FUNCTIONAL BLOCK DIAGRAM 
Voo 

14 

10k 10k 

4-...... t-~t+--.....:~-+-~~-() OUT2 

DB7 DBB DB5 
(MSBI 

DATA INPUTS 

DBO 
(LSBI 

1-'-----i~_<lGND 

ORDERING INFORMATION 

Temperature Range and Package 

Nonlinearity Plastic Ceramic Ceramic 
(VDD =+SVto+lSV) o to +70

o
C -25°C to +Ssoc - SSOC to +12S oC 

±II2 LSB AD7524JN AD7S24AD AD7524SD 
±114 LSB AD7524KN AD7524BD AD7524TD 

±lIS LSB AD7S24LN AD7524CD AD7524UD 

PIN CONFIGURATION 

DIGITAL-TO-ANALOG CONVERTERS VOL. 1,9-171 

• 



SPECIFICATIONS (VREF = +10V, VOUT1 = VOUT2::i OV unless otherwise noted) 
LIMIT. TAo. +25'C LIMIT. TMIN. TMAXI 

PARAMETER Voo • +'V Voo· +1'V Voo. ,V Voo. +15V UNITS TEST CONDITIONSICOMMENTS 

STATIC PERFORMANCE 
Resolulion Bils 
Relat~ve Accuracy 

to.2 to.2 to.2 to.2 % FSR max AD7524JN, AD, SD 
AD7524KN, BD, TD to.2 to.l to.2 to.l % I'SR max 

AD7524LN, CD, UD to.2 to.O, to.2 to.O, % FSR max 
Monotonicitv guaranteed guaranteed guaranteed guaranteed 
Gain Ermr2 tl.O to.' t1.4 to.6 % FSR max 
Averllle Gain Te' to.004 to.OOI to.004 to.OOI % I'SR/'C Gain TC measured from +2"C to 

Tmin or from +2'·C 10 TmlX 
de Supply Rejection,' 6Gainlt:.Voo 0.08 0.02 0.16 0.04 % FSRI% max lWoo ~ tlO% 

0.002 0.001 0.01 0.00' % I'SRI% typ 
Output Leakage Current 

DBO-DB7 ~ OV, WR, CS ~ OV, VREF = tlOV lOUT! <Pin I) t,O 1'0 t400 t200 nA max 

IOUT2 (Pin 2) 1'0 t,O 1400 t200 nA max DBO-DB7- voo,WR, CS-OV, VREF .tIOV 

DYNAMIC PERFORMANCE 
ProPlllation Delay' (From digital input 
to 90% of final analog output current) 

OUT! Load· 1000, CEXT • 13pl',WR, Cs. AD7'24JN, KN, LN, AD, BD, CD 150 65 175 80 
AD75HSD. TD, UD 150 65 200 90 nsmax OV, DBO-DB7 - OV to Voo or VOO to OV. 

Output Current Settling Time' 
OUT! Load = 1000, CEXT ~ UpI', WR, CS. lto 112 LSB) 150 100 200 150 
OV, DBO-DB7 = OV to Voo to OV. 

ac Feedthrough' 
at OUT! 0.25 0.25 0.5 0.5 % I'SR max VREL= ±.!QV, 100kHz sine wave, DBO-DB7 -
at OUT2 0.25 0.25 0.5 0.5 % I'SR max OV, WR, CS = OV 

REFERENCE INPUT 
RIN (pin 15 to GND)4 5 5 5 5 kOmin 

20 20 20 20 kOmax 

ANALOG OUTPUTS 
Output Capacitance' 

CoUT! (pin 1) 120 120 120 120 pl'max DBO-DB7 = Voo, WK, Cs = OV 
CoUT2 (pin 2) 30 30 30 30 pI' max 
CoUT! (pin 1) 30 30 30 30 pl'max DBO-DB7 = OV, WR, Cs = OV 
CoUT2 (pin 2) 120 120 120 120 pI' max 

DIGITAL INPUTS 
Input HIGH Voltage Requirement 

VIH +2.4 +13.5 +2.4 +13.5 Vmin 
Input LOW Voltage Requirement 

VIL +0.8 +1.5 +0.8 +1.5 V max 
Input Current 

lIN tl tl ±l0 tl0 p.Amax VIN = OV or Voo 
Input Capacitance' 

DBO-DB7 5 5 5 5 pI' max VIN - OV 
WR,Cs 20 20 20 20 pI' max VIN = OV 

SWITCHING CHARACTERISTICS 
Chip Select to Write Setup TimeS Sec timing diagram 

tcs tWR = tcs 
AD7524JN, KN, LN, AD, BD, CD 170 100 220 130 nsmin 
AD7524SD, TD, UD 170 100 240 150 nsmin 

Chip Select to Write Hold Time 

tCH 
All Grades nsmin 

Write Pulse Width 

tWR tcs;;' tWR, tCH ;;. 0 
AD7524JN, KN, LN, AD, BD, CD 170 100 220 130 ns min 

AD7524SD, TD, UD 170 100 240 150 nsmin 

Data Setup Time 

tos 
AD7524JN, KN, LN, AD, BD, CD 135 60 170 80 nsmin 
AD7524SD, TD, UD 135 60 170 100 nsmin 

Data Hold Time 

tOH 
All Grades 10 10 10 10 nsmin 

POWER SUPPLY 

100 1 2 2 mAmax All Digital Inputs VIL or VIH 
100 100 500 500 p.Amax All Digital Inputs OV or "VDO 

NOTES 
'Temperature R ..... su follows, AD7524JN, KN, LN,O to +70·C 

'A07524AO, BO, CO, -25·C to +85·C 
AD7524S0, TO, UO, -,,·C to +125·C 

• GaiD error is meuurcd usiD, iDtemal feedback resistor. Ideal Fun Scale Range (FSR) • (YREF -lLSB) u shown in Table I. 
'Cuaranteed, not tested. ' 
• OAC thiD.film resistor temperature coefficient is approximstely -300ppmf c. 
• AC parameter, umple tested@ 25°C to ensure conformance to specifications. 

Specificationlsubject to chanae without notice. 
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ABSOLUTE MAXIMUM RATINGS 

(TA = +2SoC unless otherwise noted) 
Voo to GND ........................ -a.3V, +17V 
VRFS to GND ............................. ±2SV 
VREF to GND ............................. ±2SV 
Digital Input Voltage to GND .........•.. -a.3V to Von 
VOUTl, VOUT2 (pin I, pin 2) to GND ....•.. -0.3V to Voo 
Power Dissipation (package) 
Plastic (N Suffix) 

To +70oC ..•......................... 670mW 
Derate above +70oC by ................. . 8.3mW/oC 

Ceramic (D Suffix) 
To +7S

o
C ..................•......... 4S0mW 

Derate above +7S oC by ......•.........•.. 6mW/C 
Operating Temperature 

Commercial ON, KN, LN) Grades .......... 0 to +70
o
C 

Industrial (AQ, BD, CD). Grades ........ -25°C to +8S
o
C 

Extended (SD, TD, UD) Grades ....... -55°C to +12S
o
C 

Storage Temperature ................ -65°C to +IS0
o
C 

Lead Tempenlture (Soldering, 10 seconds) ...... '.' +300
o
C 

WARNING! eJ 
~~OEVICE 

CAUTION 

1. ESD sensitive device. The digital control inputs are 
zener protected; however, permanent damage may 
occur on unconnected devices subjected to high 
energy electrostatic fields. Unused devices must be 
stored in conductive foam or shunts. 

2. Do not apply voltages lower than ground or higher 
than Voo to any pin except VREF (pin 15) and 
RFS (pin 16). . 

3. Do not insert this device into powered 
sockets. Remove power before insertion 
or removal. 

--------------------. TERMINOLOGY 

RELATIVE ACCURACY: A measure of the deviation from 
a straight line through the end points of the DAC transfer 
function. Normally expressed as a percentage of full scale 
range. For the AD7S24 DAC, this holds true over 
the entire VREF range. 

RESOLUTION: Value of the LSB. For example, a unipolar 
converter with n bits has a resolution of (2-n)(VREF). A 
bipolar converter of n bits has a resolution of [2-(n-l») 
[VREF). Resolution in no way implies linearity. 

PROPAGATION DELAY: Time required for the output cur
rent to reach 90% of its final value from a given digital 
input stimulus, i.e., 0 to Full Scale. 

GAIN: Ratio of the DAC's full scale output voltage to 
the ideal output voltage. Ideal full scale output is VREF 
-1 LSB. Gain error is adjustable to zero. 

FEEDTHROUGH ERROR: Error caused by capacitive 
coupling from VREF to output with all switches OFF. 

OUTPUT CAPACITANCE: Capacity from OUTI and OUT2 
terminals to ground. 

OUTPUT LEAKAGE CURRENT: Current which appears on 
OUTI terminal with all digital inputs LOW or on OUT2 
terminal when all inputs are HIGH. This is an error current 
which contributes an offset voltage at the amplifier output. 
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CIRCUIT DESCRIPTION 

CIRCUIT INFORMATION 
The AD7524, an 8-bit multiplying D/A converter, consists of 
a highly stable thin film R-2R ladder and eight N-channel 
current switches on a monolithic chip. Most applications re
quire the addition of only an output operational amplifier and 
a voltage or current reference. 

The simplified D/A circuit is shown in Figure 1. An inverted 
R-2R ladder structure is used - that is, the binarily weighted 
currents are switched benveen the OUTI and OUT2 bus lines,. 
thus maintaining a constant current in each ladder leg inde
pendent of the switch state. 

~-+~~-+~~~r--~~------<>OUT2 

~--~~--~~~'~--~--~----~OUTl 

Cs 

WR 

DB7 (MSB) DBS DB5 DBO (LSB) 

RFEEOBACK 

Figure 1. AD7524 Functional Diagram 

EQUIVALENT CIRCUIT ANALYSIS 
The equivalent circuit for all digital inputs LOW is shown in 
Figures 2. In Figure 2 with all digital inputs LOW, the refer
ence current is switched to OUT2. The current source 
ILEAKAGE is composed of surface and junction leakages to 
the substrate while the ~ current source represents a con
stant I-bit current drain through the termination resistor on 
the R-2R ladder. The "ON" capacitance of the output N-chan
nel switches is I20pF, as shown on the OUT2 terminal. The 
"OFF" switch capacitance is 30pF, as shown on the OUTl 
terminal. Analysis of the circuit for all digital inputs high is 
similar to Figure 2 however, the "ON" switches are now on 
terminal oun, hence the I20pF appears at that terminal. 

RFEEOBACK 

.--------+-_~-oOUT1 

I~ 

VREF o---"'-IVo ........... ------...... ------..... -------oOUT2 

Figure 2. AD7524 DAC Equivalent Circuit - All Digital 
Inputs Low 

INTERFACE LOGIC INFORMATION 

MODE SELECTION 
AD7524 mode selection is controlled by the CS and WR 
inputs. 

WRITE MODE 
When CS and WRare both LOW, the AD7524 is in the WRITE 
mode, and the AD7524 analog output responds to data activ-
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ity atthe DBo-DB7 data bus inputs. In this mode, the AD7524 
acts like a nonlatched input D/A converter. 

HOLD MODE 
When either CS or WR is HIGH, the AD7524 is in the 
HOLD mode. The AD7524 an310g output holds the value cor
res~dinK..!.0 the last digital input present at DBo-DB7 prior 
to WR or CS assuming the HIGH state. 

MODE SELECTION TABLE 

-
CS WR MODE DAC RESPONSE 

L L Write DAC responds to data bus 
(DBO -DB7) inputs 

H X Hold Data bus (DBO - DB7) is 
locked outj 

X H Hold DAC holds last data present 
when WR or CS assumed 
HIGH state. 

L = Low State, H = High State, X = Don't Care. 

WRITE CYCLE TIMING DIAGRAM 

~• tcs ____ ·I~y-VOO 
CHIP SELECT ,. ______________ ~--J . 0 

,------VOO 

WRITE 

'-------~~4------~----0 

~-----VOO 

DATA IN (DBO - DB7) 

14 

12 

~ 10 

It 
0 

"l 
< 
E 

~ 

NOTES: 
1. All input signal riSB and fall times measured from 

10% to 90% of Voo. VDO = +5V, t, = tl = 20ns; 
Voo = +15V, t, = tl = 40ns. 

2. Timing Measurement ~eference level is VIH ~ VIL 

3. tos + tOH is approximately constant at 145ns min 
at +25'C, VOO = +5V and tw, = 170ns min. The 
AD7524 is specified for a minimum tOH of 10ns, 
however, in applications where tOH > 10ns, tos 
may be reduced accordingly up to the limit tos = 
65ns, tOH = 80ns. . 

I! TA. +25°C 
ALL DIGITAL INPUTS 

Voo' +15V TIED TOGETHER 

'( 
Voo '~5V \ , 

~ 

\ 
V " J~ ~, " ~ 10 12 14 

VIN. VOLTS 

1 ,400 

1 ,200 

1 ,000 g 
¥. 

BOO ~ 
It 

6 00 ~ 

400 

200 

Figure 3, Supply Current vs. Logic Level 

Typical plots of supply current, IDD, versus logic input volt
age, VIN, for VDD = +5V and VDD = +15V are shown above. 



ANALOG CIRCUIT CONNECTIONS 

2. Cl PHASE COMPENSATION (10pF-I5pF) 
IS REOUIRED WHEN USING HIGH SPEED 
AMPLIFIERS TO PREVENT RINGING OR 
OSCILLATION. 

Figure 4. Unipolar Binary Operation 
(2-Quadrant Multiplication) 

DIGITAL INPUT 

MSB LSB ANALOG OUTPUT 

11111111 -VREF (~) 256 
10000001 -VREF (129 ) 

256 
10000000 -VREF 

(128) = _ VREF 
256 2 

01111111 -VREF (127 ) 
256 

00000001 -VREF (2~6 ) 
00000000 -VREF (2~6 )=0 

1 
256 (VREF ) 

Table 1. Unipolar Binary Code Table 

MICROPROCESSOR INTERFACE 

AB-AI5 

ALE 

8085A 

ADO-AD7 

~----~------~----------v 
'ANALOG CIRCUITRY HAS BEEN OMITTEO 
FOR CLARITY. 

Figure 6. AD7524/BOB5A Interface 

Applying the AD7524 

±10V (ae or de) 
VREF. Voo 

NOTES: 
1. ADJUST Rl FOR VOUT - OV AT CODE 10000000. 

, 2. Cl PHASE COMPENSATION (10 - 15pF) MAY BE 
REOUIRED IF AllSAHIGH SPEED AMPLIFIER. 

Figure 5. Bipolar (4-Quadrant) Operation 

DIGITAL INPUT 

MSB LSB ANALOG OUTPUT. 

11111111 +v (127) 
REF 128 

10000001 + V REF (1~8) 
10000000 0 

01111111 -VREF (1~8) 
00000001 (127) -VREF 128 

00000000 -VREF 
128 ) 
128 

Note: 1LSB = (2-7 )(VREF ) = 1~8 (VREF ) 

Table II. Bipolar (Offset Binary) Code Table 

AO-AI5 

6800 

DO-D7 

VMA~--'-------"I 

'ANALOG CIRCUITRY HAS BEEN OMITTED 
FOR CLARITY. 

Figure 7. AD7524/MC6BOO Interface 
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POWER GENERATION 

DATA 

INPUT "0" 0' -4 ..... ---1 

Cs 0--+-1--..... _-1 

ViR 0-4-...... +--1 

CIRCUIT EQUATIONS 

V, m -(VREF) (D) 

V2 • +(VREF) (02) 

V, 

Vn 

Vn - -(VREF) (On), n an odd integer 

Vn - + (VREF) (On), n an even integer 

WHERE: 

o = 0:'7+ ~:Z6 + ... ~~o 

and 

OBn • 1 or 0 
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DIVIDER (DIGITALLY CONTROLLED GAIN) 

OUT2 

OUT1 

DATA 
INPUT "0" Cs WR Voo 

~-------~~-------oVOUT 

EQUATIONS 

VOUT=~ 

Ay = -~~UT = - -i> WHERE: Ay = VOLTAGE GAIN 

and where: 

o = OB7 + OB6 + ... DBO 
2' 22 28 

DBN = 1 or 0 

EXAMPLES 

D = 00000000, Ay = -AOl (OP AMP) 

D .. 00000001. Ay = -256 

256 
D = 10000000, Ay = - 1'2If = -2 

0= 11111111. Ay = -~ 



r.ANALOG 
WDEVICES 

3Y2 Digit BCD Monolithic CMOS 
Digitally Controlled Potentiometer 

FEATURES 
Resolution: 3 1/2 Digit BCD (1999 Counts) 
Nonlinearity: ±1/2LSB Tmin to Tmax 
Gain Error: ±O.05% FS 
Excellent Repeatability Accuracy 
Low Power Dissipation 

APPLICATIONS 
Thumbwheel Switch Voltage .Dividers 
Digitally Controlled Gain Circuits 
Digitally Controlled Attenuators 
BCD Multiplying DACs 
Low Power Converters 

GENERAL DESCRIPTION 
The AD7525 is a monolithic CMOS 3~ digit BCD digitally 
controlled potentiometer designed for precision incremental 
voltage-divider applications. 

With the addition of an external op amp, the output can be 
digitally controlled from 0 to 1.999VIN with resolution of 
O.OOlVIN· 

AC or DC voltage up to ±lOV can be applied to the input 
providing high application flexibility in fields such as audio 
gain control, etc. 

Digital control, excellent repeatability and 0,05% accuracy 
make the AD7525 an ideal replacement for 10-tum poten
tiometers or thumbwheel switch voltage dividers, using 
discrete resistor networks. 

Packaged in an i8-pin DIP, the AD7525 uses an advanced 
CMOS fabrication process combined with wafer laser trimming. 

ORDERING INFORMATION 

Package and Nonlinearity Nonlinearity 
Temperature ±1/2LSB ±ILSB 

i8-Pin Plastic 
o to +70

o
C AD7525LN AD7525KN 

i8-Pin Ceramic 
-25°C to +85°C AD7525CD AD7525BD 

i8-Pin Ceramic 
-55°C to +125°C AD7525UD AD7525TD 

AD7525 I 

AD7525 FUNCTIONAL BLOCK DIAGRAM 

OUT 

{

I • 
0.1 DIGIT : 

{

I I 

0.01 DIGIT ; 

{

I 12 

0.001 DIGIT : 

PIN CONFIGURATION 

OUT 

{

8 4 

0.1 DIGIT ~ 

{

B B 
0.01 DIGIT 4 

I8-PIN DIP 
TOP VIEW 

. PACKAGE IDENTIFICATION1 

Suffix "N": Plastic DIP - (N18B) 
Suffix "D": Ceramic DIP - (D18B) 

I See Section 19 for package outline information. 
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SPECIFICATIONS (VDD=+15V; VPINl = OV; VIN =+10V unless otherwise stated) 

PARAMETER 

ACCURACY 
Resolution l 

, Nonlinearity2 
AD7S2SKN, BD, TD 
AD7S2SLN, CD, UD 

Gain Error3 

Gain TC 
Output Leakage Current (pin 1) 

DYNAMIC PERFORMANCE 
Switching Time 

Feedthrough Error 

ANALOG INPUT 
Input Resis.tance (pin 17)6 
VIN Range (recommended) 

ANALOG OUTPUT 
Output Capacitance 

CoUT (pin 1) 

RFB Resistance (pin 18 to pin 1)6 

D1GITIAL INPUTS 
Input HIGH Voltage 

VIH 
Input LOW Voltage 

VlL 
Input Leakage Current 
Input Capacitance 
Input Coding 

POWER SUPPLY 
Voo Range 

Voo 
100 

NOTES 

1 part in 2000 

±lLSB max 
±1/2LSB max 
±O.OS% FS typ 
±2Sppm/oC max 
100nA max 

2kn min/10kn max 
±lOV max 

60pF maxs 

200pF maxs 

8kn min/40kn max 

+14.SV min 

TA = Operating 
Temperature Range 

1 part in 2000 

±lLSB max 
±1/2LSB max 

400nAmax 

2kn min/lOkn Plax 
±10V max 

60pF maxs 

200pF maxs 

8kn min/40kn max 

+14.SV min 

+O.SV max +O.SV max 
±lJJA max ±10JJA max 
SpF maxs SpF maxs 

3Y2 Digit BCD (1999 Counts) 3Y2 Digit BCD (1999 Counts) 

+SV to +17V 

+lSV±S% 
SOOJJA max 

+SV to +17V 

+lSV±S% 
ImAmax 

I Commercial devices are sample tested over temperature. 
2Monotonicity is guaranteed on the A07525LN, CO and uo versions over Tmin to Tmax. 
'Gain Error is measured using the A07525 internal feedback resistor. FS is "Full Scale" (BCD c 1.999). 
4 AC parameter, sample tested at +250 C to ensure conformance to specification. 
sGuaranteed, not tested. 
6 Thin-Film resistor temperature coefficient is approximately -300ppmt' C. 
Specifications subject to change without notice. 
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CONDlTION 

BCD 0.000 to 1.999 
BCD 0.000 to 1.999 
BCD = 1.999 
BCD = 1.999 
BCD = 0.0000 

VIN = +SV, ROUT (pin 1) 
= lOOn, Digital Inputs = 
VlL to VIH or VIL, 
VPINI measured from 
10% to 90% 
VIN = ±10V, 20kHz sinewave 

Digital Inputs = BCD 0000 
Digitallnputs= BCD 1999 

Digital Input= OV or Voo 

Functional with 
Oegraded Performance 

Rated Accuracy 
Digital Inputs = VlL orVIH 



CAUTION 

1. ESD (electro-static discharge) sensitive device. The digital control inputs are zener protected; however, permanent 
damage may occur on unconnected devices subjected to high energy electrostatic fields. Unused devices must be stored in 
conductive foam or shunts. The protective foam should be discharged to the destination socket before devices are removed. 

2. Do not apply voltages more negative than GND or more positive than V DD to any pin except V IN (pin 17) and R FB (pin 18). 

3. The inputs of some IC amplifiers (especially high speed types) present a low impedance to V- during power sequencing. 
To prevent the AD7525 OUT terminal (pin 1) from exceeding -300mV (which causes catastrophic substrate current), 
a Schottky diode, HSCH 1001 or equivalent, is recommended. While not required for most amplifier types, provision 
for the diode should be made during layout. The diode should be connected between OUT (pin 1) and GND (pin 2) 
as shown in Figure 4. Protection Schottkys not required when using TRI-FET output amplifiers such as the AD542 
or AD544. 

ABSOLUTE MAXIMUM RATINGS 
(T A = 25°C unless otherwise noted) 
VDD (to GND) ........ .- ............ , -0.3V, +17V 
VIN (to GND) ............................ ±25V 
RFB (to GND) ............................ ±25V 
Digital Input Voltage (to GND) ........... -0.3V to VDD 
VplNl (to GND) ..................... -0.3V to VDD 
Power Dissipation (Package) 

Plastic (Suffix N) 
To +70

o
C .......................... 670mW 

Deratesabove +70
o
C by ... '.' ........... 8.3mW/C 

Ceramic (Suffix D) 
To +75°C .......................... 450mW 
Derates above +75°C by ................ . 6mW/oC 

Operating Temperature 
Commercial Plastic (KN, LN Versions) ...... 0 to +70

o
C 

Industrial Ceramic (BD, CD Versions) .... -25°C to +8S
o
C 

Extended Ceramic (TD, UD Versions) ... -SSoC to +12S
o
C 

TERMINOLOGY 

SWITCHING TIME: In a D/A converter, the switching time is 
the time taken for an analog switch to change to a riew state 
from the previous one. It includes delay time, and rise time 
from 10% to 90%, but does not include settling time, which 
is a function of the output amplifier used. 

OUTPUT CAPACITANCE: Capacitance from OUT terminal 
(pin 1) to ground. 

FEEDTHROUGH ERROR: Error caused by capacitive 
coupling from VIN (pin 17) to OUT (pin 1) with all digital 
inputs LOW. 

PRINCIPLES OF OPERATION 

CIRCUIT DESCRIPTION 
The AD7S25, a 3~ digit BCD multiplying DAC, consists of 
a thin-film RI2R ladder, interquad voltage dividers and 
13 N-channel MOS SPDT current steering switches. Most 
applications require the addition of only an external oper
ational amplifier. 

Referring to Figure I, the "1.0 Digit" is a I-bit multiplying 
DAC (composed of SW 1 and R1) while the 0.1, 0.01, and 
0.001 digits are 4-bit multiplying DAC's (DAC1, DAC2, 
and DAC3) connected by 10: 1 dividers (composed of 
RIN2, R2, R3 and RIN3, R4, RS. 

DAC1 is expanded to show the R/2R ladder and switch 
network. With input voltage V IN, the currents in each shunt 
arm are (starting at the left) VIN/2R, VIN/4R, VIN/8R and 
VIN/16R. A logic ONE applied to a digital input steers that 
shunt arm's current to OUT, while a logic ZERO steers the 
current to GND. 

VIN 

1.0 DIGIT 
t RIN"'O.438R SW, 

- - - - - - - - - - - ..., lOUT 
VIN R1=1.6R 

GND 

R2 s 1.3636R R3=0.2R 

RIN2"'R 

"'D'GOT{§ DAC#2 
(Same as Above) 

R4=1.5R 
R5=0.2R 

RIN3"'R r-0.001 DIGIT ~~ DAC#3 
(Same as Above) 

0--

Figure 1. AD7525 Circuit Diagram 
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EQUIV ALENT CIRCUIT 
As shown in Figure 2, the AD7525 is a digitally controlled 
1T-network attenuator with signal input "VIN" (pin 17), 
signal output "OUT" (pin 1), signal common "GND" (pin 2) 
and digital control "BCD input" (pins 3-15). 

With OUT (pin 1) terminated at op amp virtual ground and 
RFB (pin 18) connected to the op amp output, the nominal 
transfer equation is: 

VOUT = -VIN BCD 
where 0.000 ~ BCD ~ 1.999 

VIN o--1..;...;7+-_.I-----1It---:--....~__tt__.I----+'_--O OUT 

R4 

I o 
BCD INPUT 

-ROUT 

Figure 2. Functional Equivalent Circuit 

OUTPUT AMPLIFIER CONSIDERATIONS 

Amplifier Offset 
The output resistance at OUT (pin 1) is code dependent, 
varying between 00 to 0.35 RLDR. For a fixed feedback 
resistor of value 1.6 RLDR (Figure 3), the output error for a 
fixed amplifier offset (VOS) is: 

VERROR'= (1 + RR;~T) VOS 

Case I: (ROUT = cd) ( RFB ) 
VERROR = 1 + ~ VOS 

VERROR = Vos 

Case 2: (ROUT = 0.35 RLDR) 

VERROR = 1 + Vos ( 
1.6 RLDR) 
0.35R LDR 

VERROR = (I +4.6)VOS = 5.6 VOS 
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Cases 1 and 2 show that amplifier offset in conjunction with 
a changing output resistance at OUT (pin 1) create nonlin
earity error, in addition to a simple offset term. 

It is therefore recommended that amplifier initial offset be 
adjusted to less than 100J,LV (as measured between the 
amplifier input terminals). The offset voltage over the temp
erature range of interest should not exceed 250J,LV. See 
application hint #2, below. 

Do not include the usual bias current compensation resistor in 
the amplifier noninverting terminal. Instead, the amplifier 
should have a bias current which is low over the temperature 
range of interest. Bias current causes "output offset" of 
magnitude (IB)RFB' 

OUT 

( RFB) 
Vo =Vos 1 + ROUT 

RoUT 

GND 

Figure 3. Noise Gain Equivalent Circuit 

High Frequency Amplifiers 
RFB and COUT create a phase lag in the output amplifier's 
feedback circuit. This phase lag, in conjunction with the 
amplifier's phase lag, may cause ringing or oscillation. When 
using a high speed amplifier, shunting the amplifier input 
to output with 5-20pF of feedback capacitance ensures 
stability. 

APPLICATION HINTS 
1. If an output voltage range of ±19.99 volts is required (i.e., 

AD7525 VIN = ±lOV, BCD = 1.999), a high voltage output 
amplifier with appropriate supply voltages must be used. 

2. To maintain circuit linearity, the op amp offset voltage 
should not exceed 2% of the circuit resolution. (Resolution = 
VIN+lOOO) 

3. CMOS logic inputs exhibit an input impedance ~n the 
order of 100Mn. Unused CMOS inputs must always be 
tied to a known logic state. If single-pole single-throw 
thumbwheel switches are used to drive the digital inputs 
of the AD7525, externall0kn pull-down (pull-up if 
switch coding is complementary (BCD) resistors must be 
used. 



+15V +15V 

R12kll R21kll 

V,N 
(ACOR DC) 

Figure 4. Digitally Controlled Attenuator Circuit 

CALIBRATION PROCEDURE 

Offset Adjustment: 
1. Apply BCD code 0.000 (0 0000 0000 0000) to the 

AD752.5 digital inputs. 
2. Connect a high resolution, high impedance voltmeter 

between Vo (amplifier output) and pin 2 of the 
AD7525. 

3. Adjust amplifier's trimpot for minimum reading on 
the voltmeter «lOOJ,LV). 

APPLICATION - THUMBWHEEL SWITCH ATTENUATOR 

Vo 

Operation Guidelines 
BCD INPUT ANALOG OUTPUT 

Equivalent 
Digital Input Decimal VOIVIN Vo 

1.0 0.1 0.01 0.001 Input 

1001 1001 1001 1.999 -1.999 -1.999VIN 

0000 0000 0001 1.001 -1.001 -1.001VIN 

0000 .0000 0000 1.000 -1.000 -1.000VIN 

0 1001 1001 1001 0.999 -0.999 -0.999VIN 

0 0101 0000 ·0000 0.500 -0.500 -0.500VIN 

0 0000 0000 0000 0.000 0 0 

Note 1: 
For proper BCD coding, the 0.1 digit, 0.01 digit or 0.001 digit 
must not exceed BCD "9" (1001). 

Table I. Analog Input/Output Relationship vs. Digital Input 

Gain Adjustment: 
1. Apply BCD code 1.000 (1 0000 0000 0000) to the 

AD7525 digital input. 
2. Apply + lOV to the VIN input of Figure 1. 
3. Connect the voltmeter between Vo (amplifier output) 

and pin 2 of the AD7525. 
4. Adjust R1 until Vo = -10V. 

+15V 
NOTE 1 

. VON fc 
(ACOR OCI '\.0 

THUMBWHEEL SWITCH "ONE" COMMON R32kO 

AD7525 

SIGNAL COMMON 

Vee 
16 

SIGNAL COMMON 

NOTE 1: R31S NOT USED IF 
Sl'ST SWITCHES AND 
PULL-UP RESISTORS 
ARE USED. 

Figure 5. Thumbwheel Switch Attenuator 

The circuit shown in Figure 5 is a precision voltage divider 
similar to 10~turn pots and thumbwheel switch incremental
voltage-divider assemblies. Advantages of the circuit are: 

o Economy 
o Low Output Impedance 
o Resolution 0.1% VIN 
o Excellent Repeatability Accuracy 
o Overrange Capability 

The BCD coded thumbwheel assembly applies BCD data to 
the AD7525 digital inputs. The switch assembly shown has 
single-pole-double-throw action, thus the BCD inpu ts are 

pulled either to + 15V or GND (available from AMP, Harris
burg, PA; CHERRY, Waukegan, Illinois; or SAE, Santa Clara, 
California). Resistor R3 limits current if qtake-before-break 
switches are used. SPST switch assemblies can be used; how
ever, appropriate pull-up or pull-down resistors must be used 
on each digital input, depending upon whether the switch 
coding is BCD or complementary BCD. This ensures each 
digital input has appropriate VIH or VIL levels applied. 

Resistors R1 and R2 provide gain adjustment capability. Rs 
is used to adjust the amplifier input offset voltage to less than 
100J,LV. Diode 01 (HSCH 1001) provides AD7525 output 
protection (see Caution note 3). 
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WDEVICES 

FEATURES 
On-Chip Latches for Both QACs 
+5V to +15V Operation 
DACs Matched to 1% 
Four Quadrant Multiplication 
TTUCMOS Compatible 
Latch Free (Protection Schottkys not Required) 

APPLICATIONS 
Digital Control of: 

Gain/Attenuation 
Filter Parameters 
Stereo Audio Circuits 
x-V Graphics 

GENERAL DESCRIPTION 
The AD7528 is a monolithic dual 8-bit digitaVanalog converter 
produced in a small 0.3" wide 20-pin DIP, featuring excellent 
DAC-to-DAC matching. 

Separate on-chip latches are provided for each DAC to allow easy 
microprocessor interface. 

Data is transferred into either of the two DAC data latches via a 
common 8-bit TTL/CMOS compatible input port. Control input 
DAC AIDAC B determines which DAC is to be loaded. The 
AD7528's load cycle is similar to the write cycle of a random access 
memory and the device is bus compatible with most 8-bit micro
processors, including 6800, 8080, 8085, Z80. 

The device operates from a + 5V to + 15V power ,supply, dis
sipating only 20mW of power. 

Both DACs offer excellent four quadrant multiplication charac
teristics with a separate reference input and feedback resistor for 
each DAC. 

CMOS Dual 8-Bit 
Buffered Multiplying DAC 

AD7528 I 

AD7528 FUNCTIONAL BLOCK DIAGRAM 

RFB A 

AGND 

PRODUCT HIGHLIGHTS 
~. DAC to DAC matching: since both of the AD7528 DACs are 

fabricated at the same time on the same chip, precise matching 
and tracking between DAC A and DAC B is inherent. The 
AD7528's matched CMOS DACs make a whole new range of 
applications circuits possible, particularly in the audio, graphics 
and process control areas. 

2. Small package size: combining the inputs to the on-chip DAC 
latches into a common data bus and adding a DAC AlDAC B 
select line has allowed'the AD7528 to be packaged in a small 
20-pin 0.3" wide DIP. 
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SPECIFICATIONS (VREF A = VREF B = + 10V; OUT A = OUT B = OV unless otherwise specified) 
VDD =+5V VDD = +15V 

Parameter Venioa1 TA= +25"<: T ... ,T.u TA = +25"<: T ... ,T_ UnilS TeslConditionsiCommeats 

STATIC PERFORMANCE' 
Resolution All 8 8 8 Bits 
Relative Accuracy J,A,S :':1 :':1 :':1 :':1 LSBmax This is an Endpoint Linearity Specification 

K,B,T ~ljl :til: ±'Iz :tVl LSBmax: 
L,C,U :t =/2 ±l/l ±l/l :tVl LSBmax 

Differer\tial Nonlinearity All :':1 :':1 :':1 :':1 LSBmax All Grades Guaranteed Monotonic Over 
Full OpcratingTemperature Range 

Gain Error J,A,S :':4 :':6 :':4 :,:5 LSBmax Measured Using Internal RFB A and RFB B. 
K,B,T :':2 :':4 :':2 :,:3 LSBmax Both DAC Latches Loaded with 11111111. 
L,C,U :':1 :,:3 :':1 :':1 LSBmax Gain Error is Adjustable Using Circuits 

Gain Temperature Coefficient of Figures 4 and 5. 

4Gainl4Temp<ralure All :':0.007 :':0.007 :':0.0035 :':0.0035 %?Cmax 
OUlpul Leakage Current 

OUT A (Pin 2) All :,:50 :':400 :,:50 :,:200 nAmu DAC Lalches Loaded with OOOOOOOO 
OUT B (Pin 20) All :,:50 :':400 :,:50 :,:200 nAmax 

Input Resistance (Y REF A I V REF B) All 8 8 8 8 kOmin Input Resistance TC ~ - 300ppmrC, Typical 
15 15 15 15 kOmax Input Resistance is 11 kO 

V REF AN REF B Input Resistance 
Match All :':1 +1 +1 +1 %max 

DIGiTALlNPUTS' 
Input High Voltage 

VIH All 2.4 2.4 13.5 13.5 V min 
Input Low Voltage 

V,( All 0.8 0.8 1.5 1.5 V max 
Input Current 

lIN All :!:I :tIO :':1 :t 10 IJ.Amax VIN = OarVOD 
Input Capacitance 

DBO-DB7 AU 10 10 10 10 pFmax 
WR,Cs,DACAlDACB All 15 15 15 15 pFmax 

SWITCHING CHARACTERISTICS' Sec Timing Diagram 
Chip Select to Write Set Up Time 

les All 200 230 60 80 nsmin 
Chip Select to Write Hold Time 

IeH All 20 30 10 IS nsmin 
DAC SeleclloWrite Set UpTime 

tAS All 200 230 60 80 nsmin 
DAC Select to Write Hold Time 

IAH All 20 ,30 10 15 nsmin 
Data Valid 10 Write Set Up Time 

tos All 110 130 30 40 nsmin 
Data Valid to Write Hold Time 

ton All nsmin 
Write Pulse Width 

I"", All 180 200 60 80 nsmin 

POWER SUPPLY See Figure3 
100 All I I I mAmax All Digital Inputs V'L or V'H 

100 500 100 500 ILAmax AU Digital Inputs OV or VDD 

AC PERFORMANCE CHARACTERISTICS 5 (Measured Using Recommended 
P.C. Board ~yout (Figure 7) and AD644 as Output Amplifiers) 

VDD = +5V VDD = +15V 
Parameter Venion l TA = +25"<: T ... ,T_ TA= +25"<: T ... ,T_ Uaits Tell ConditionsiComments 

DC SUPPLY REJECTION (4GAIN/4 V DD) All 0,02 0.04 0.01 0,02 % per % max AVOD = j:S% 

CURRENT SETTLING TIME' All 350 400 180 200 To 1I2LSB. OuIAlOut B load = loon. 
Wit = Cs ~ OV.DBO-DB7 = OVloVDDorVDOloOV 

PROPAGATION DELAY (From Digital VREFA ~ VREFB = + 10V 
Inpullo 90"/. of Final Analog Output Current) AU 220 270 80 100 Q!!!~OUTBLoad= lOOnCExT = \3pF 

WR,CS ~ OVDBO-DB7 = OVtoVDDorVDDloOV 

DIGITAl. TO ANALOG GLITCH IMPULSE All 160 440 nV sec typ For Code Transition OOOOOOOO to 11111111 

OUTPUT CAPACITANCE 
CouTA All 50 50 50 50 pFmax DAC Lalches Loaded with OOOOOOOO 
CoUTB 50 50 SO 50 pFmax 
CouTA 120 120 120 120 pFmax DAC Lalches Loaded with IIIIIIII 
CoUTB 120 120 120 120 pFmax 

AC FEEDTHROUGH6 

VREFAt"OUTA AU -iO -65 -iO -65 dB max VREFA, VREFB = 20V p-p Sine Wave 
VRF.FBIOOUTB -70 -65 -70 -65 dB max @IOOkHz 

CHANNEL TOCHANNELlSOLATlON 80th DAC Latches Loaded with 11111111. 
VREFAIOOUTB AU -77 -77 dBtyp VREFA = 20Vp-pSineWave@IOOkHz 

VREFB = OVsee Figure 6. 

VRF.FBIOOUTA -77 -77 dBtyp VREFA = 20Vp-pSineWave@IOOkHz 
VREFA = OVseeFigure6. 

DIGITAL CROSSTALK All 30 60 nVscctyp Measured for Code Transition OOOOOOOO to 11IIIII1 

HARMONIC DISTORTION All 85 -85 dBtyp YIN =6Vnn.@lkHz 

NOTES 
'TemperatureRangesanJN,KN,LN:Oto +7O'C 'Logic inputs are MOS Gates. Typical input current ( + 25"<:) is less ,han InA. 

AQ,BQ,CQ: -25"<: to +85"<: ~uaranteed by design but not production tested. 
SO, TO, UO: -55"<:to + 125"<: Sorbese characteristics are for design guidance only and arc not subject to test. 

'Specification applies to both OACs in A07528. "Feedthrough can be: fumer reduced by connecting the metal lid on the ceramic package (suffa 0) to DGNO. 

Specifications subject to change without notice. 
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ABSOLUTE MAXIMUM RATINGS 
(T A = + 25°C unless otherwise noted) 

Voo to AGND 
Voo to DGND 
AGND to DGND 
DGND to AGND 
Digital Input Voltage to DGND 
VP1N2, VPIN20 to AGND .. 
VREF A, VREF B to AGND .. . 
VRFB A, VRFB B to AGND .. . 
Power Dissipation (Any Package) to + 7SoC 

Derates above + 7SoC by . . . . . 
Operating Temperature Range 

Commercial ON, KN, LN) Grades 
Industrial (AQ, BQ, CQ) Grades 
Extended (SD, TD, UD) Grades .. 

Storage Temperature 
Lead Temperature (Soldering, 10 sees.) 

CAUTION: 

.OV, +17V 

.OV, +17V 
. Voo 
. Voo 

. -O.3V, + ISV 
-O.3V, + ISV 

. ±2SV 

. ±2SV 
4S0mW 

6mWrC 

o to +70°C 
- 2SoC to + 8SoC 

- SsoC to + l2SoC 
- 6SoC to + ISO°C 

+ 300°C 

I. ESD sensitive device. The digital control inputs are zener pro
tected; however, permanent damage may occur' on unconnected 
devices subjected to high energy electrostatic fields. Unused 
devices must be stored in conductive foam or shunts. 

2. Do not insert this device into powered sockets. Remove power 
before insertion or removal. 

TERMINOLOGY 

Relative Accuracy: 
Relative accuracy or endpoint nonlinearity is a measure of the 
maximum deviation from a straight line passing through the end- . 
points of the DAC transfer function. It is measured after adjusting 
for zero and full scale and is normally expressed in LSBs or as a 
percentage of full scale reading. 

Differential Nonlinearity: 
Differential nonlinearity is the difference between the measured 
change and the ideal I LSB change between any two adjacent codes. 
A specified differential nonlinearity of ± ILSB max over the 
operating temperature range ensures monotonicity. 

Gain Error: 
Gain error or full-scale error is a measure of the output error be
tween an ideal DAC and the actual device output. For the AD7S28, 
ideal full-scale output is VREF -ILSB. Gain error of both DACs 
is adjustable to zero with external resistance . 

Output Capacitance: 
Capacitance from OUT A or OUT B to AGND. 

Digital to Analog Glitch Impulse: 
The amount of charge injected from the digital inputs to the analog 
output when the inputs change state. This is normally specified 
as the area of the glitch in either pA-secs or nV-secs depending 
upon whether the glitch is measured as a current or voltage signal. 
Glitch impulse is measured with VREF A, VREF B = AGND. 

Propagation Delay: 
This is a measure of the internal delays of the circuit and is defined 
as the time from a digital input change to the analog output current 
reaching90% of its final value. 

Channel-to-Channel Isolation: 
The proportion of input signal from one DAC's reference input 
which appears at the output of the other DAC, expressed as a 
ratio in dB. ' 

Digital Crosstalk: 
The glitch energy transferred to the output of one converter due 
to a change in digital input code to the other converter. Specified 
in nV sees. 

ORDERING INFORMATION 

Temperature Range and Package I 
Gain 

Relative Error Plastic Cerdip2 Ceramic 
Accuracy TA = +2S·C Oto +70·C ...; 2S·C to + 85°C - 55°C to + 125°C 

±lLSB ±4LSB AD7528JN AD7528AQ AD7528SD 
± 1I2LSB ±2LSB AD7528KN AD7528BQ AD7528TD 
± 1I2LSB ±lLSB AD7528LN AD7528CQ AD7528UD 

NOTES 
IThe AD7528 is available in chip carriers-<:ontact the factory for information. 
2 Analog Devices reserves the right to ship ceramic packages in lieu of Cerdip packages. 

PIN CONFIGURATION PACKAGE IDENTIFICATION! 
Suffix 0: Ceramic DIP (D20A) 
Suffix Q: Cerdip (Q20A) 
Suffix N: Plastic DIP (N20A) 

I See Section 19 for package outline information. 
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INTERFACE LOGIC INFORMATION 
DAC Selection: 
Both DAC latches share a common 8-bit input port. The control 
input DAC A IDAC B selects which DAC can accept data from 
the input port. 

Mode Selection: 
Inputs CS and WR control the operating mode of the selected 
DAC. See Mode Selection Table below. 

Write Mode: 
When CS and WR are both low the selected DAC is in the 
write mode. The input data latches of the selected DAC are 
transparent and its analog output responds to activity on DBO
DB7. 

Hold Mode: 
The selected DAC latch retains the data which was present 
on DBO-DB7 just prior to CS or WR assuming a high state. 
Both analog outputs remain at the values corresponding to the 
data in their respective latches. 

DACAl 
DACB CS WR DACA 

L L L WRITE 
H L L HOLD 
X H X HOLD 
X X H HOLD 

L ~ Low State H ~ High State X ~ Don't Care 

Mode Selection Table 

WRITE CYCLE TIMING DIAGRAM 

DACB 

HOLD 
WRITE 
HOLD 
HOLD 

------.. .. _----.-j r--:------ VOO 

-----""'" 1------.....;...-..1 r-----voo 
DATA IN (OBG-OB7) 

NOTES: 
1. All INPUT SIGNAL RISE AND FAll TIMES 

MEASURED FROM 10% TO 90% OF Voo· 
Voo = +5V,t, = tf = 20n5; 
Voo = + 15V. t, = tf = 40n5. 

2. TIMING MEASUREMENT REFERENCE lEVEL IS ~ 

CIRCUIT INFORMATION-D/A SECTION 
The AD7S28 contains two identical 8-bit multiplying D/A con
verters, DAC A and DAC B. Each DAC consists of a highly 
stable thin film R-2R ladder and eight N-channel current steering 
switches. A simplified D/A circuit for DAC A is shown in Figure 
I. An inverted R-2R ladder structure is used, that is, binary 
weighted currents are switched between the DAC output and 
AGND thus maintaining fixed currents in each ladder leg inde
pendent of switch state. 

RFB A 

~~~~~~~~r~~r-~~---oOUTA 

~~~-~~~~~~~---oAGNO 

Figure 1. Simplified Functional Circuit for DAC A 
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EQUIVALENT CIRCUIT ANALYSIS 
Figure 2 shows an approximate equivalent circuit for one of the 
AD7528's DI A converters, in this case DAC A. A similar equivalent 
circuit can be drawn for DAC B. Note that AGND (Pin I) is 
common for both DAC A and DAC B. 

The current source ILEAKAGE is composed of surface and junction 
leakages and, as with most semiconductor devices, approximately 
doubles every lOoC. The resistor Ro as shown in Figure 2 is the 
equivalent output resistance of the device which varies with 
input code (excluding all O's code) from 0.8R to 2R. R is typically 
llkO. COUT is the capacitance due to the N-channel switches 
and varies from about SOpF to 120pF depending upon the digital 
input. g(VREF A, N) is the Thevenin equivalent voltage generator 
due to the reference input voltage V REF A and the transfer 
function of the R-2R ladder. 

,......-..,..,..---oRFB A 

g(VREFA.N) COUT 

~--~--~---oAGND 

Figure 2. Equivalent Analog Output Circuit of DAC A 

For further information on CMOS multiplying DI A converters 
refer to "Appplication Guide to CMOS Multiplying D/A Con
verters" available from Analog Devices, Publication Number 
G479-1S-8178. 

CIRCUIT INFORMATION-DIGITAL SECTION 
The input buffers are simple CMOS inverters designed stich 
that when the AD7S28 is operated with VDD = SV, the buffer 
converts TTL input levels (2.4V and 0.8V) into CMOS logic 
levels. When VIN is in the region of 2.0 volts to 3.5 volts the 
input buffers operate in their linear region and pass a quiescent 
current, see Figure 3. To minimize power supply currents it is 
recommended that the digital input voltages be as close to the 
supply rails (V DD and DGND) as is practically possible. 

The AD7S28 may be operated with any supply voltage in the 
range S::;VDD::;IS volts. With VDD = + lSV the input logic 
levels are CMOS compatible only, i.e., I.SV and 13.SV. 

800 

700 

~ 600 
+ 

" 500 
g 

2: 400 

1 
j 300 

200 

100 

-

J 
I 
I 

VOD - +5V I 

~J J 
I / 

Y r\ 

n 

5· 

:.. vool = +115V I TA 1 +2!.C I_ 
All DIGITAL INPUTS 

TIED TOGETHER _ 

"-
,~ 

.... '" ....... r---., 
9 10 " 12 13 14 

VIN - Volts 

7 g 
6 ~ 

5 {-

4 : 

3 ~ 

Figure 3. Typical Plots of Supply Current, 100 vs. Logic 
Input Voltage V/N, for Voo = +5Vand + 15V 



DATA 
INPUTS 

DAC Latch Contents 
MSB LSB 

1 1 1 1 1 1 1 1 

10000001 

10000000 

o I I I I I I I 

00000001 

00000000 

Applying The AD7528 

NOTES: 
'R1. R2 AND R3. R4 USED ONLY IF GAIN ADJUSTMENT IS REQUIRED. 
SEE TABLE 3 FOR RECOMMENDED VALUES. 

2C1. C2 PHASE COMPENSATION (10pF-15pFI IS REQUIRED WHEN 
USING HIGH SPEED AMPLIFIERS TO PREVENT RINGING OR 
OSCILLATION. 

Figure 4. Dual DAC Unipolar Binary Operation (2 Quadrant 
Multiplication). See Table I. 

NOTES: 
'R1; R2 AND R3. R4 USED ONLY IF GAIN ADJUSTMENT IS REQUIRED. 
SEE TABLE 3 FOR RECOMMENDED VALUES. 
ADJUST R1 FOR VOUT A = OV WITH CODE 10000000 IN DAC A LATCH. 
ADJUST R3 FOR VOUT B = OV WITH CODE 10000000 IN DAC B LATCH. 

2MATCHING AND TRACKING IS ESSENTIAL FOR RESISTOR PAIRS R6. R7 
AND R9. R10. 

3C1. C2 PHASE COMPENSATION (10pF-15pFI MAY BY REQUIRED IF A1/A3 
IS A HIGH·SPEED AMPLIFIER. 

Figure 5. Dual DAC Bipolar Operation (4 Quadrant Multi
plication). See Table II. 

Analog Output 
(DACAorDACB) 

-VIN(~;~) 
-VING~:) 
-VING~:)= - V~N 

-VING~~) 
- VIN(2~6) 
-VIN(2~6)= 0 

DAC Latch Contents 
MSB LSB 

1 1 1 1 1 1 1 1 

10000001 

10000000 

o I I I I I I I 

00000001 

00000000 

Analog Output 
(DACAor DACB) 

C27) +VIN 128 

+ VIN(I~8) 
0 

-VIN(I~8) 
C27) -VIN 128 

C28) - VIN 128 

Table I. Unipolar Binary Code Table Table II. Bipolar (Offset Binary) Code Table 

Trim 
Resistor 

RI;R3 
R2;R4 

JN/AQ/SD 

Ik 
330 

KNIBQITD 

500 
ISO 

LN/CQIUD 

200 
82 

Table III. Recommended Trim Resistor Values VS. Grade 
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APPLICATIONS INFORMATION 
Application Hints 
To ensure system performance consistent with AD7528 specifi
cations, careful attention must be given to the following points: 

1. GENERAL GROUND MANAGEMENT: AC or transient 
voltages between the AD7528 AGND and DGND can cause 
noise injection into the analog output. The simplest method 
of ensuring that voltages at AGND and DGND are equal is 
to tie AGND and DGND together at the AD7528. In more 
complex systems where the AGND-DGND intertie is on the 
back-plane, it is recommended that diodes be connected in 
inverse parallel between the AD7528 AGND and DGND 
pins (lN914 or equivalent). 

2. OUTPUT AMPLIFIER OFFSET: CMOS DACs exhibit a 
code-dependent output resistance which in turn causes a 
code-dependent amplifier noise gain. The effect is a code-de
pendent differential nonlinearity term at the amplifier output 
which depends on Vos (Vos is amplifier input offset voltage). 
This differential nonlinearity term adds to the Rl2R differential 
nonlinearity. To maintain monotonic operation, it is recom
mended that amplifier Vos be no greater than 10% of lLSB 
over the temperature range of interest. 

3. HIGH FREQUENCY CONSIDERATIONS: The output 
capacitance of a CMOS DAC works in conjunction with the 
amplifier feedback resistance to add a pole to the open loop 
response. This can cause ringing or oscillation. Stability can 
be restored by adding a phase compensation capacitor in 
parallel with the feedback n;sistor. 

DYNAMIC PERFORMANCE 
The dynamic performance of the two DACs in the AD7528 will 
depend upon the gain and phase characteristics of the output 
amplifiers together with the optimum choice of the PC board 
layout and decoupling components. Figure 6 shows the relationship 
between input frequency and channel to channel isolation. Figure 
7 shows a printed circuit layout for the AD7528 and the AD644 
dual op-amp which minimizes feed through and crosstalk. 

O'~--~-----4----4_--_+_I----_I~--~ 
~ T.

I
.+25'c I 

o I----+-------"'....-+ ...... "'--~+-- ~:::= 2~~5~AK TO PEAK-

ol----+------4--~4_--_+------~--~ 

"'1'--. 
ol----+------4----4_~~------~--~ 

"'1'--. 
ot----t---+---+--+~"':--+-----I 

ol----+-----_+----+_--_+------~~~~ 

Figure 6. Channel to Channel Isolation 

VREFB·~ 

f'~8 OF TO-S CAN (AD644) 

....--::-v+ 
AD644 

~v-

Voo-----O O----VflEF A· 

WR~OGND 
AD7528 

CS -----0 0---- OAe AfOAe B 

lSB~ o--MSB 

'NOTE INPUT SCREENS TO REDUCE FEEDTHROUGH. 
LAYOUT SHOWS COPPER SIDE (i.e., BOTTOM VIEW). 

Figure· 7. Suggested P.C. Board Layout for AD7528 with 
AD644 Dual Op-Amp 

VOL. 1,9-188 DIGITAL-TO-ANALOG CONVERTERS 

SINGLE SUPPLY APPLICATIONS 
The AD7528 DAC R-2R ladder termination resistors are connected 
to AGND within the device. This arrangement is particularly 
convenient for single supply operation because AGND may be 
biased at any voltage between DGND and Vnn. ·Figure 8 shows 
a circuit which provides two + 5V to + 8V analog outputs by 
biasing AGND + 5V up from DGND. The two DAC reference 
inputs are tied together and a reference input voltage is obtained 
without a buffer amplifier by making use of the constant and 
matched impedances of the DAC A and DAC B reference inputs. 
Current flows through the two DAC R-2R ladders into RI and 
RI is adjusted until the VREF A and VREF B inputs are at +2V. 
The two analog output voltages range from + 5V to + 8V for 
DAC codes 00000000 to 11111111. 

Figure 8. AD7528 Single Supply Operation 

Figure 9 shows DAC A of the AD7528 connected in a positive 
reference, voltage switching mode. This configuration is useful 
in that VOUT is the same polarity as VIN allowing single supply 
operation. However, to retain specified linearity, VIN must be in 
the range 0 to + 2.5V and the output buffered or loaded with a 
high impedance, see Figure 10. Note that the inp~t voltage is 
connected to the DAC OUT A and the output voltage is taken 
from the DAC VREF A pin. 

Figure 9. AD7528 in Single Supply, Voltage Switching 
Mode 

~ 

T~= +25OC 
Voo= +1SV 

~ 1~-+--4---~~~~--~~~~~~~ 

2.5 3 

VINA-Volts 

Figure 10. Typical AD7528 Performance in Single Supply 
Voltage Switching Mode (KlBfT, UC/U Grades) . 



MICROPROCESSOR INTERFACE 

AG-A15 

CPU 
6800 

DG-D7 

ADDRESS BUS 

• ANALOG CIRCUITRY HAS BEEN OMITTED FOR CLARITY 
'··A = DECODED 7528 ADDR DAC A 

A + 1 = DECODED 7528 ADDR DAC B 

Figure 11. AD752BDualDACt06BOOCPUlnterface 

PROGRAMMABLE WINDOW COMPARATOR 

Figure 13. Digitally Programmable Window Comparator 
(Upper and Lower Limit Detector) 

PROGRAMMABLE STATE VARIABLE FILTER 
R530k 

A8-A15 ADDRESS BUS 

A·' 
t)...._----_~ DAC AlDAC B 

B 
AD752S' 

8 
.Il.DDR/DATA BUS 

'ANALOG CIRCUITRY HAS BEEN OMmED FOR CLARITY. 
•• A = DECODED 7528 ADDR DAC A 

A + 1 = DECODED 7528 ADDR DAC B 

NOTE: 
8085 INSTRucnON SHLD (STORE H & L DIRECT! CAN UPDATE 
BOTH DACS WITH DATA FROM HAND L REGISTERS 

Figure 12. AD7528 Dual DAC to B085 CPU Interface 

In the circuit of Figure 13 the AD7528 is used to implement a 
programmable window comparator. DACs A and B are loaded 
with the required upper and lower voltage limits for the test, 
respectively. If the test input is not within the programmed 
limits, the pass/fail output wi.ll indicate a fail (logic zero). 

CIRCUIT EQUATIONS 

1 
fc = 21r Rl C

1 

Q=R3.~ 
R4 RFBBI 

Ao = 

Note: 

RF 

Rs 

DAC equivalent resistance equals 
256 x (DAC Ladder resistance) 

DAC Digital Code 
Figure 14. Digitally Controlled State Variable Filter 

In this state variable or universal filter configuration (Figure 14) 
DACs A 1 and B 1 control the gain and Q of the filter characteristic 
while DACs A2 and B2 control the cut-off frequency, fc. DACs 
A2 and B2 must track accurately for the simple expression for 
fc to hold. This is readily accomplished by the AD7528. Op 
amps are 2 x AD644. C3 compensates for the effects of op amp 
gain-bandwidth limitations. 

The filter provides low pass, high pass and band pass outputs 
and is ideally suited for applications where microprocessor control 
of filter parameters is required, e.g., equalizer, tone controls, 
etc. 

Programmable range for component values shown is fc = 0 to 
15kHz and Q = 0.3 to 4.5. 
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DIGITALLY CONTROLLED DUAL TELEPHONE AT;fENUATOR 

VIN Ao--------{ VouTA 

i~-----oCS 

1>----__OiNR 

~---__OiiACAJ 
DAC B 

1).------0 v .. B 

In this configuration the AD7528 functions as a 2-channel digitally 
controlled attenuator. Ideal for stereo audio and telephone signal 
level control applications. Table IV gives input codes vs. attenu
ation for a 0 to 15.5dB range. 

Input Code = 256 x 10 exp (_ Attenuation, dB) 
. 20 

Figure 15. Digitally Controlled Dual Telephone Attenuator 

Attn. dB 

0 
0.5 
1.0 
1.5 
2.0 
2.5 
3.0 
3.5 
4.0 
4.5 
5.0 
5.5 
6.0 
6.5 
7.0 
7.5 

Code In 
DAC Input Code Decimal Attn. dB DAC Input Code 

1 1111111 255 8.0 01100110 
1 1 1 100 1 0 242 8.5 01100000 
1 1 100 100 228 9.0 01011011 
11010111 215 9.5 01010 1 1 0 
1 100 1 0 1 1 203 10.0 o 1 0 1 000 1 
1 1 0 000 0 0 192 10.5 01001100 
1011010 1 181 11.0 o 1 0 0 1 000 
1 0 1 0 101 1 171 11.5 o 1 000 100 
1 0 1 000 1 0 162 12.0 o 100 0 0 0 0 
100 1 100 0 152 12.5 001 1 1 101 
100 100 0 0 144 13.0 001 1 100 1 
1 000 100 0 136 13.5 00110110 
100 0 000 0 128 14.0 00110011 
o 1 1 1 100 1 121 14.5 00110000 
o 1 1 100 1 0 114 15.0 00101110 
01101100 ~ 108 15.5 o 0 1 0 101 1 

Table IV, Attenuation VS. DAC A, DAC 8 Code for the 
Circuit of Figure 15 

For further applications information the reader is referred to 
Analog Devices Application Note on the AD7528. 
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Code In 
Decimal 

102 
96 
91 
86 
81 
76 
72 
68 
64 
61 
57 
54 
51 
48 
46 
43 



r.ANALOG' 
WDEVICES 

FEATURES 
AD7530: 10-Bit Resolution 
AD7531: 12-Bit Resolution 
8-,9- and 10-Bit End Point Linearity 
DTLITTL/CMOS Compatible 
Nonlinearity Tempco: 2ppm of FSRfc 
Low Power Dissipation: 20mW 
Current Settling Time: 500ns 
Feedthrough Error: 10mV pop @ 50kHz 
Low Cost 

Note: AD7533 is Recommended for New 10·Bit Designs. 
AD7541A or AD7545 is Recommended for New 
12-Bit Designs. 

GENERAL DESCRIPTION 
The AD7S30 (AD7S31) is a low cost, monolithic lO-bit 
(12-bit) multiplying digital-to-analog converter packaged 
in a 16-pin (lS-pin) DIP. The device uses advanced CMOS 
and thin film technologies providing up to lO-bit accuracy 
with DTLlTTLICMOS compatibility. 

The AD7S30 (AD7S31) operates from a +SV to +lSV 
supply and dissipates only 20mW, including the ladder 
network. 

Typical applications include: digital/analog multiplication, 
CRT character generation, programmable power supplies, 
digitally controlled gain circuits, etc. 

ORDERING INFORMATION 

Nonlinearity 
Temperature Range 

o to +70
o
C -2SoC to +SSoC 

0.2% (S-Bit) AD7530]N AD7530]D 

AD7531]N AD7531]D 

0.1 % (9-Bit) AD7530KN AD7530KD 
I 

AD7531KN AD7531KD 

0.05% (lO-Bit) AD7530LN AD7530LD 

AD7531LN AD7531LD 

CMOS 10- & 12-Bit Monolithic 
Multiplying D/A Converters 

AD7530, AD7531I 
AD7S30, AD7S31 FUNCTIONAL BLOCK DIAGRAM 

L..--+-~~-+":-+ __ -+-~~ __ Q IOUT2 

~--4~I~-~---""':-'-----O loun 

I I 

6 6 
I 

6 
RFEEDBACK 

BIT 1 (MSB) BIT 2 BIT 3 

DIGITAL INPUTS (OTL/TTL/CMOS COMPATIBLE) 

AD7S30: N = 10 
AD7531: N = 12 

(Switches shown in "High" state) 

PACKAGE IDENTIFICATION1 

Suffix D: Ceramic DIP 
AD7530: (D16A) 
AD7S31: (D1SA) 

Suffix N: Plastic DIP 
,AD7530: (N16B) 
AD7S31: (N1SB) 

1 See Section 19 for package outline information. 

PIN CONFIGURATION 

AD7530 

9 BIT 6 

16·PIN DIP 
TOP VIEW 

(NOT TO SCALEI AD7531 

IS·PIN DIP 
TOP VIEW 
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SPECIFICATIONS (Vee = +15, VREF = +10V, TA = +25°C unless otherwise noted) 

PARAMETER 

DC ACCURACY (Note 1) 
Resolution 
Relative Accuracy AD7530J 

AD7S30K 
AD7530L 

Nonlinearity Tempco 
Gain Error 
Gain Error Tempco 
Output Leakage Current (Either Output) 

Power Supply Rejection 

AC ACCURACY 
Output Current Settling Time 

Feedthrough Error (Note 2) 

REFERENCE INPUT 
Input 'Range 
Input Resistance 

ANALOG OUTPUT 
Output Current Range (Both Outputs) 
Output Capacitance IoUTl 

Output Noise (Both Outputs) 

DIGITAL INPUTS (Note 3) 
Low State Threshold 
High State Threshold 

louT2 

IoUTl 
louT2 

Input Current (low to high state) 
Input Coding 

POWER REQUIREMENTS 
Power Supply Voltage Range 
IDD 

Total Dissipation 

NOTES 

AD7S30 

10 Bits 
0.2% of FSR max (8 Bit) 
0.1% of FSR max (9 Bit) 
0.05% of FSR max (10 Bit) 
2ppm of FSRt C max 
0.3% of FSR typ 
10ppm of FSRtC max 
300nA max 

50ppm of FSR/% typ 

500ns typ 

10mV pop max 

±10V 
±lmA 
10kn typ 

±lmA 
120pF typ 
37pF typ 

37pF typ 
120pF typ 

Equivalent to 10kn 
Johnson noise typ 

0.8V max 
2.4V min 

l/lA typ 
Binary 

+5V to +15V 
5nA typ 
2mA max 
20mW typ 

AD7S31 

12 Bits 

.. 

1 Full scale range (FSR) is IOV for unipolar mode and ±lOV for bipolar mode. . 
2To Illinimize feedthrough with the ceramic package, the user must ground the metal lid. If.the lid is not 

TEST CONDITIONS 

-10V < VREF < +10V 

Over specified temperature 
range. 

To 0.05% 
All digital inputs low to high 

and high to low 
VREF = 20V pop, 50kHz. All 

digital inputs low 

All digital inputs high 

All digital input low 

Over specified temperature range 
Over specified temperature range. 

See Tables I & II 

All digital inputs at GND 
All digital inputs high or low 

grounded, then the feedthrough is IOmV typical and 30mV mliXinr.lm. . 
'Digital input levels should not go below ground or exceed the positive supply voltage, otherwise damage may occur. 
·Same specifications as for AD7S30. 
Specifications subject to change without notice. 
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ABSOLUTE MAXIMUM RATINGS 

(TA = +2S
o
C unless otherwise noted) 

VDD (to Gnd) ............................ +17V 
VREF (to Gnd) .......................... , ±2SV 
Digital Input Voltage Range .............. VDD to Gnd 
Voltage at Pin 1, Pin 2 ............... -100mV to VDD 

Power Dissipation (package) 
up to +7S o C .......................... 4S0mW 

Operating Temperature 
}N, KN, LN Versions .............. . 
}D, KD, LD Versions .............. -25°C to +8S

o
C 

Storage Temperature ................ -65°C to +lS0°C 

CAUTION: 
1. Do not apply voltages higher than Voo or less than GND 

potential on any terminal except VREF . 
2. The digital control inputs are zener protected; however, 

permanent damage may occur on unconnected units l 

under high energy electrostatic fields. Keep unused units 
in conductive foam at all times. 

APPLICATIONS 

UNIPOLAR BINARY OPERATION 
(2-QUADRANT MULTIPLICATION) 
Figure I shows the analog circuit connections required for uni
polar binary (2-quadrant multiplication) operation. The logic 
inputs are omitted for clarity. With a dc reference voltage or 
current (positive or negative polarity) applied at pin 15, the 
circuit is a unipolar D/ A converter. With an ac reference volt
age or current the circuit provides 2-quadrant multiplication 
(digitally controlled attenuation). The input/output ~elation
ship is shown in Table I. Protection Schottky shown m . 
Figure 1 is not required when using TRIFET output amph
fiers such as the ADS42 or ADS44. 

R1 provides full scale trim capability [i.e.-load the DAC 
registertollllll1111,adjust R1 forVOUT=-VREF 
(I - 2 _10)] . Alternatively, Full Scale can be adjusted by 
omitting R1 and R2 and trimming the reference voltage 
magnitude. 
C1 phase compensation (10 to 25pF) may be required for 
stability when using high speed amplifiers. (C1 is used to 
cancel the pole formed by the DAC internal feedback resist
ance and output capacitance at IOUTl)' 

Amplifier Al should be selected or trimmed to provide 
Vos ~ 10% of the voltage resolution at VOUT. Additionally, 
the amplifier should exhibit a bias current which is low over 
the temperature range of interest (bias current causes output 
offset at VOUT equal to IB times the DAC feedback resistance, 
nominally 15kn). 

Figure 1. Unipolar Binary Operation 
(2-Quadrant Multiplication) 

DIGITAL INPUT ANALOG OUTPUT 

1111111111 

1000000001 

1000000000 

0111111111 

0000000001 

0000000000 o 
NOTE: 1 LSB = 2-10 VREF 

Table I. Code Table - Unipolar Binary Operation 

BIPOLAR OPERATION 
(4-QUADRANT MULTIPLICATION) 
Figure 2 and Table II illustrate the circuitry and code r~l~
tionship for bipolar operation. With a dc reference (positIVe 
or negative polarity) or an ac reference the circuit provides 
offset binary operation. Protection Schottky shown in Figure 
2 is not required when using TRIFET output amplifiers such • 
as the ADS42 or ADS44. 

With the DAC register loaded to 10 0000 0000, adjust R1 
for VOUT = OV (alternatively, one can omit R1 and R2 and 
adjust the ratio of R3 to R4 for VOUT = OV). Full Scale 
trimming can be accomplished by adjusting the amplitude 
of VREF or by varying the value of R5. 

As in unipolar operation, Al must be chosen for low Vos and 
low lB. R3, R4 and R5 must be selected for matching and 
tracking. Mismatch of 2R3 to R4 causes both offset and Full 
Scale error. Mismatch of R5 to R4 or 2R3 causes Full Scale 
error. C1 phase compensation (lOpF to 25pF) may be re
quired for stability. 

NOTE 
LOGIC INPUTS OMITTED FOR CLARITY, 

Figure 2. Bipolar Operation (4-Quadrant Multiplication) 

DIGITAL INPUT ANALOG OUTPUT 

1111111111 

1000000001 

1000000000 o 
0111111111 

0000000001 

0000000000 

NOTE: 1 LSB = 2-9 VREF 

Table II. Code Table - Bipolar (Offset Binary) Operation 
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TERMINOLOGy 

RELATIVE ACCURACY: Relative accuracy or end-point 
nonlinearity is a measure of the maximum deviation from 
a straight line passing through the end-points of the DAC 
transfer function. It is measured after adjusting for ideal 
zero and full scale and is expressed in % or ppm of full 
scale range or (sub) multiples of 1LSB. 

RESOLUTION: Value of the LSB. For example, a unipolar 
converter with n bits has a resolution of (z-n)(VREF). A 
bipolar converter of n bits has a resolution of [2-(n -1)] 

[VREF]' Resolution in no way implies linearity. 

SETTLING TIME: Time required for the output function of 
the DAC to settle to within 1/2 LSB for a given digital in
put stimulus, i.e., 0 to Full Scale. 

VOL. I, ~194 DIGITAL-TO-ANALOG CONVERTERS 

GAIN: Ratio of the DAC's operational amplifier output 
voltage to the input 'voltage. 

FEEDTHROUGH ERROR: Error caused by capacitive 
coupling from VREF to output with all switches OFF. 

OUTPUT CAPACITANCE: Capacity from louTl and louT2 
terminals to ground. 

OUTPUT LEAKAGE CURRENT: Current which appears on· 
IOUTl terminal with all digital inputs LOW or on louT2 
terminal when all inputs are HIGH. 
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FEATURES 
Lowest Cost 10-Bit DAC 
Low Cost AD7520 Replacement 
Linearity: 1/2,1 or 2LSB 
Low Power Dissipation 
Full Four-Quadrant Multiplying DAC 

CMOS/TTL Direct Interface 
Latch Free (Protection Schottky not Required) 
End-Point Linearity 

APPLICATIONS 
Digitally Controlled Attenuators 
Programmable Gain Amplifiers 
Function Generation 
Linear Automatic Gain Control 

GENERAL DESCRIPTION 
The AD7533 is a low cost lO-bit 4-quadrant multiplying DAC 
manufactured using an advanced thin-film-on-monolithic-CMOS 
wafer fabrication process. 

Pin and function equivalent to the industry standard AD7520, 
the AD75 33 is recommended as a lower cost alternative for old 
AD7520 sockets or new lO-bit DAC designs. 

AD7533 application flexibility is demonstrated by its ability 
to interface to TTL or CMOS, operate on +5V to +15V pow
er, and provide proper binary scaling for reference inputs of 
either positive or negative polarity. 

PACKAGE IDENTIFICATION l 

Suffix "D" - Ceramic DIP (D16B) 
Suffix "N" - Plastic DIP (N16B) 

1 See Section 19 for package outline information. 

CMOS Low Cost 
10-Bit Multiplying DAC 

AD7533 I 

AD7533 FUNCTIONAL BLOCK DIAGRAM 

10k 10k 10k 
VA EF O-....... 'VV'~f-J\N\r ....... -f~ ........ ¥v-..... ----, 

20k 20k 20k 20k 

'---+-:-+-t-7-<_---f~t---__uIOUT2 

~--_:__-~----<~ ...... ---oIOUTl 

I I 

666 
RFEEOBACK 

BIT 1 (MSB) BIT 2 BIT 3 

Logic: 

DIGITAL INPUTS (DTL/TTL/CMOS COMPATIBLE) 

A switch is closed to lOUT 1 for 
its digital input in a "HIGH" state . 

ORDERING INFORMATION 

Temperature Range and Package 

Nonlinearity 
Commercial Industrial Extended 

(Plastic) (Ceramic) (Ceramic) 
o to +70°C -25°C to +85°C -S5°C to +l2SoC 

±0.2% AD7533JN AD7533AD AD7533SD 

±0.1% AD7533KN AD7533BD AD7533TD 

±0.05% AD7533LN AD7533CD AD7533UD 

PIN CONFIGURATION 
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SPECIFICATIONS (Voo =+15V; VOUTl = VOUT2 = OV; VREF = +10V unless otherwise noted) 

PARAMETER TA = Operating Rangel Test Conditions 

ST ATIC ACCURACY 
Resolution 
Relative Accuracy2,3 , 

AD7533jN, AD, SD 
AD7533KN, BD, TD 
AD7533LN, CD, UD 

Gain Error3,4,s 

Supply Rejection6 

~Gain/~Voo 
Output Leakage Current 

louTl (pin 1) 
louTZ (pin 2) 

DYNAMIC ACCURACY 
Output Current Settling Time 

Feedthrough Error 

REFERENCE INPUT 

10 Bits 10 Bits 

±0.2% FSR max ±0.2% FSR max 
±0.1 % FSR max ±0.1% FSR max 
±0.05% FSR max ±0.05% FSR max 
±1.4% FS max ±1.5% FS max 

0.005%/% O.OOS%/% 

±50nA max ±200nA max 
±50nA max ±200nA max 

600ns max7 SOOns6 

±0.05% FSRmax6 ±0.1 % FSR max6 

Input Resistance (pin 15) 5kn min, 20kn max 5kn min, 20kn max8 

ANALOG OUTPUTS 
Output Capacitance 

COUTl (pin 1) 
4>UT2 (pin 2) 
CoUTt (pin 1) 
CoUTZ (pin 2) 

DIGIT AL INPUTS 
Input High Voltage 

VINH
3 

Input Low Voltage 

VINL
3 

Input Leakage Current 

lIN 
3 

Input Capacitance 

c.N 
POWER REQUIREMENTS 

VOO 
VOO Range6 

lori 3 

NOTES 
1 Plastic ON, KN, LN versions): 0 to +70°C. 

100pF max6 

35pF max6 

35pF max6 

lOOpF max6 

2.4V min 

O.SV max 

±1/lAmax 

5pF max6 

+15V ±1O% 
+5V to +16V 
2mAmax 

Commercial Ceramic (AO, BO, CD versions): -25°C to +8SoC. 
Extended Ceramic (SO, TO, UD versions): -55°C to +l2Soc. 

2 "FSR" is Full Scale Range. 

100pF max6 

35pF max6 

35pF max6 

lOOpF max6 

2.4V min 

O.SV max 

±1/lA max 

5pF max6 

+15V ±10% 
+5V to +16V 
2mAmax 

S Final electrical tests are: Relative Accuracy, Gain Error, Output Leakage Current, 
VINH, VINL, liN and 100 at +2SoC and +12SoC (SO, TO, UO versions) or 
+2SoC and +8SoC (AO, BO, CO versions). 

4Full Scale (FS) = -(VREF>( :~::) 
S Max gain change from TA = +2SoC to Tmin or Tmax is ±O.l % FSR. 
6 Guaranteed, not tested. 
7 AC parameter, sample tested to ensure specification compliance. 
S Absolute temperature coefficient is approximately -300ppmfC. 

Specifications subject to change without notice. 
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} 
} 

Digital Inputs = VINH 

Digital Inputs = VINH; Voo = +14V to +17V 

Digital Inputs = VINU VREF = ±10V 
Digital Inputs = VINHj VREF = ±10V 

To 0.05% FSR; RLOAO = lOOn; Digital 
Inputs = VINH to VINL or VINL to VINH 
Digital Inputs = VINU VREF = ±10V, 
100kHz sinewave. 

Digital Inputs = VINH 

Digital Inputs = VINL 

VIN = OV and Voo 

Rated Accuracy 
Functionality with degraded performance 

Digital Inputs = VINL or VINH 



ABSOLUTE MAXIMUM RATINGS 
(TA = +25° C unless otherwise noted) 

VOD to GND ........................ -o.3V, +17V 

RFS to GND ............... ' .............. ±2SV 

VREF to GND ............................. ±2SV 

Digital Input Voltage Range ............. -0.3V to VOD 

Output Voltage (pin I, pin 2) ............ -0.3V to VDD 

Power Dissipation (Package) 

Plastic (Suffix N) 

To +70
o
C .......................... 670mW 

Derates above +70
o
C by ............... 8.3mWtC 

CAUTION: 

I 
Ceramic (Suffix D) 

To +70
o

C .......................... 4S0mW 

Derates above +7S
o
C by ................ 6mWtC 

Operating Temperature Range 

Commercial ON, KN, LN versions) ......... 0 to +70
o
C 

Industrial (AD, BD, CD versions) ....... -25°C to +8S
o

C 

Extended (SD, TD, UD versions) ...... -55°C to +12S
o
C 

Storage Temperature ................ -65°C to +ISOoC 

Lead Temperature (Soldering, 10 seconds) ........ +300
o
C 

1. ESD sensitive device. The digital control inputs are Zener protected; however, permanent damage may occur 
on unconnected devices subjected to high energy electrostatic fields. Unused devices must be stored in con
ductive' foam or shunts. 

L-___ 2._D_o_n_o_t_a_p_p_ly_v_ol_t_ag_e_s_lo_w_er_th_an_g_r_ou_n_d_o_r_h_ig_h_e_r_th_a_n_V_O_D_t_o_an_y_p_l_'n_e_x_c_e_p_t _V_R_E_F_<_p_in_I_S_) _an_d_R_F_B_(_p_in_I_6_)._---' • 

TERMINOLOGY 

RELATIVE ACCURACY: Relative accuracy or end-point 
nonlinearity is a measure of the maximum deviation from 
a straight line passing through the endpoints of the DAC 
transfer function. It is measured after adjusting for ideal 
zero and full scale and is expressed in % or ppm of full
scale range or (sub) multiples of ILSB. 

RESOLUTION: Value of the LSB. For example, a unipolar 
converter with n bits has a resolution of (2-11 ) (V REF)' A 
bipolar converter of n bits has a resolution of [2-(11-1) I 
[VREFI. Resolution in no way implies linearity. 

SETTLING TIME: Time required for the output function of 
the DAC to settle to within 1/2 LSB for a given digital 
input stimulus, i.e., 0 to Full Scale. 

GAIN ERROR: Gain error or full-scale error is a measure 
of the output error between an ideal DAC and the 
actual device ou tpu t. 

FEEDTHROUGH ERROR: Error caused by capacitive 
coupling fromVREF to output with all switches OFF. 

OUTPUT CAPACITANCE: Capacity from IOUTl and 
louT2 terminals to ground. 

OUTPUT LEAKAGE CURRENT: Current which appears on 
IoUTl terminal with all digital inputs LOW or on louT2 
terminal when all inputs are HIGH. 
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CIRCUIT DESCRIPTION 

GENERAL CIRCUIT INFORMATION 
The AD7S33, a lO-bit mUltiplying D/A converter, consists of 
a highly stable thin film R-2R ladder and ten CMOS current 
switches on a monolithic chip. Most applications require the 
addition of only an output operational amplifier and a voltage 
or current reference. 

The simplified D/A circuit is shown in Figure 1. An inverted 
R-2R ladder structure is used - that is, the binarily weighted 
currents are switched between the loUT! and louT2 bus lines, 
thus maintaining a constant current in each ladder leg inde
pendent of the switch state. 

L..--++ ...... -+ ....... --t++--_olouT2 

L.f--+i--....... r---~ ....... --olouT1 
I I 
I I RFEEDBACK 

o 0 
BIT 1 (MSB) BIT 2 

DIGITAL INPUTS (OTL/TTL/CMOS COMPATIBLE) 

Figure 1. AD7533 Functional Diagram 

One of the CMOS current switches is shown in Figure 2. The 
geometries of devices l, 2 and 3 are optimized to make the 
digital control inputs DTL/TTLICMOS compatible over the 
full military temperature range. The input stage drives two 
inverters (devices 4,5,6 and 7) which in turn drive the two 
output N-channels.' The "ON" resistances of the switches 
are binarily sealed so the voltage drop across each switch is 
the same. For example, switch 1 of Figure 2 was designed 
for an "ON" resistance of 20 ohms, switch 2 for 40 ohms and 
so on: For a lOV reference input, the current through switch 
1 is O.SmA, the current through switch 2 is 0.2SmA, and so 
on, thus maintaining a constant lOmV drop across each 
switch. It is essential that each switch voltage drop be equal 
if the binarily weighted current division property of the 
ladder is to be maintained. 

Figure 2. CMOS Switch 
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r---...... -+-_olouT1 

I~ 

vREFo----""" ..... ~--..... ---....... --_olouT2 

Figure 3. AD7533 Equivalent Circuit - All Digital Inputs Low 

EQUIVALENT CIRCUIT ANALYSIS 
The equivalent circuits for all digital inputs high and all digital 
inputs low are shown in Figures 3 and 4. In Figure 3 with 
all digital inputs low, the reference current is switched to 
louT2. The current' source ILEAKAGE is composed of surface 

and junction leakages to the substrate while the 10~4 current 

source represents a constant I-bit current drain through the 
termination resistor on the R-2R ladder., The "ON" capacitance 
of the output N channel switch is 100pF, as shown on the 
IOUT2 terminal. The "OFF" switch capacitance is 3SpF, as 
shown on the loUT! terminal. Analysis of the circuit for all 
digital inputs high, as shown in Figure 4, is similar to Figure 3; 
however, the "ON" switches are now on terminal lOUT!, 
hence the IOOpF at that terminal. 

RFEEDBACK 

I~ 

VREFo----""" ..... ~--...... ---....... ---olouT1 

.....---..... ---oIoUT2 

Figure 4. AD7533 Equivalent Circuit - All Digital Inputs High 



OPERATION 
UNIPOLAR BINARY OPERATION 
(2-QUADRANT MULTIPLICATION) 

BIPOLAR ANALOG INPUT 
t10V VOD 

NOTES: 
1. Rl AND R2 USED ONLY IF GAIN ADJUSTMENT IS REaUIRED. 
2. Cl PHASE COMPENSATION 15 -15pFI MAY BE REaUIRED WHEN 

USING HIGH SPEED AMPLIFIER. 

VOUT 

Figure 5. Unipolar Binary Operation (2-0uadrant 
Multiplication) 

DIGITAL INPUT 

MSB LSB 

1111111111 

1000000001 

1000000000 

0111111111 

0000000001 

0000000000 

NOTES: 

NOMINAL ANALOG OUTPUT 
(VOUT as shown in Figure 5) 

(1023) -VREF 1024 

(513 ) -VREF 1024 

-VREF (ill) = 
VREF 

1024 -2-

-VREF ell ) 1024 

-VREF (10
1
24) 

-VREF (lg24) = 0 

1. Nominal Full Scale for the circuit of Figure 5 

is given by FS = -VREF Ogn) 
2. Nominal LSB magnitude for the circuit of 

. Figure 5 is given by LSB = VREF (1~24) 

Table I. Unipolar Binary Code Table 

BIPOLAR OPERATION (4-QUADRANT MULTIPLICATION) 

BIPOLAR 
ANALOG INPUT 

:tl0V 

NOTES: 
1. R3/R4 MATCH 0.05% DR BETTER. 
2. Rl. R2 USED ONLY IF GAIN ADJUSTMENT IS REaUIRED 
3. Cl. C2 PHASE COMPENSATION 15 -15pFI MAY BE REaUIRED 

WHEN USING HIGH SPEED AMPLIFIERS. 

Figure 6. Bipolar Operation (4-0uadrant Multiplication) 

DIGITAL INPUT 

MSB LSB 

1111111111 

1000000001 

1000000000 

0111111111 

0000000001 

0000000000 

NOTES: 

NOMINAL ANALOG OUTPUT 
(VOUT as shown in Figure 6) 

-VREF -(
511 ) 
512 

-VREF (5:2) 

o 
+VREF (.1_) 

512 

+V (511) REF m 
+ (512) 

VREF 512 

1. Nominal Full Scale Range for the circuit of 

Figure 6 is given by FSR = VREF (15
0
1
2
;) 

2. Nominal LSB magnitude far the circuit of 

Figure 6 is given by LSB = VREF (5:2) 

Table II. Bipolar (Offset Binary) Code Table 

APPLICATIONS 

to-BIT AND SIGN MULTIPLYING DAC 

t10V 
BIPOLAR 

ANALOG INPUT 

PROGRAMMABLE FUNCTION GENERATOR 

DIGITALLY PROGRAMMABLE LIMIT DETECTOR 

TEST INPUT 
VREF +16V (OTO-VREFI 
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APPLICATIONS (continued) 

DIVIDER (DIGIT ALLY CONTROLLED GAIN) 

+15V 

BIT 1 

VOUT-~ 
where: 

0- B~~ 1 + BI~,2 + .•. BI:,!O 

VOL. I, 9-200 DIGITAL-TO-ANALOG CONVERTERS 

MODIFIED SCALE FACTOR AND OFFSET 

0- BI~,1 + BI;' 2 + ... BI~:~ 

( 0<0< ~~!) 
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FEATURES 
All Grades 14-Bit Monotonic over the Full Temperature 

Range 
Full 4-Quadrant Multiplication 
Microprocessor Compatible with Double Buffered 

Inputs 
Exceptionally Low Gain Temperature Coefficient, 

O.5ppmrC typ 
Small 20-Pin Package 
Low Output Leakage «20nA) over the Full 

Temperature Range 

APPLICATIONS 
Microprocessor Based Control Systems 
Digital Audio Reconstruction 

. High Precision Servo Control 
Control and Measurement in High Temperature 

Environments 

GENERAL DESCRIPTION 
The AD7534 is a 14-bit monolithic CMOS D/A converter which 
uses thin-fIlm resistors and laser trimming to achieve excellent 
linearity. 

The device is configured to accept right-justified data in two 
bytes from an 8-bit data bus. Standard Chip Select and Memory 
Write logic is used to access the DAC. Address lines AO and Al 
control internal register loading and transfer. 

A novel low leakage configuration (patent pending) enables the 
AD7534 to exhibit excellent output leakage current characteristics 
over the specified temperature range. 

The device is fully protected against CMOS "latch up" phenomena 
and does not require the use of external Schottky diodes or the 
use of a FET Input op-amp. The AD7534 is manufactured 
using the Linear Compatible CMOS (LC2MOS) process. It is 
speed compatible with most microprocessors and accepts TIL· 
or CMOS logic level inputs. 

lC2MOS 
~P-Compatible 14-Bit DAC 

AD7534 I 
AD7534 FUNCTIONAL BLOCK DIAGRAM 

DB7 DBD 

PRODUCT HIGHLIGHTS 
I. Guaranteed Montonicity 

Voo 

Vss 

A1 

AD 

cs 
WR 

The AD7534 is guaranteed monotonic to 14-bits over the full 
temperature range for all grades. 

2. Low Output Leakage 
By tying V ss (pin 20) to a negative voltage, it is possible to 
achieve a low output leakage current at high temperatures. 

3. Microprocessor Compatibility 
High speed input control (TTU5V CMOS compatible) allows 
direct interfacing to most of the popular 8-bit and 16-bit 
microprocessors. 

4. Monolithic Construction 
For increased reliability and reduced package size - 0.3" 
20-pin package. 

ORDERING INFORMATION 

Temperature Range and Package 1 

Relative Accuracy Full Scale Error Plastic (N20B) Ceramic (D20B) Ceramic (D20B) 
TmintoTmax TmintoTmax Oto + 70°C - 25°C to + 85°C - 55°C to + 125°C 

±2LSB ±8LSB . AD7534JN AD7534AD AD7534SD 

±ILSB ±4LSB AD7534KN AD7534BD AD7534TD 

IS~ Section 19 for package outline information. 
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SPECIFICATIONS 1 (VIID = + l2Vto + 15'1, VRfF = + lOY, VP113 = VPIIM = OY, Vss = -300mV. 
All specifications TmkI to TIIIII unless othelWise stated) 

AD7S34JN AD7S34KN 
Parameter AD7S34AD AD7S34BD AD7S34SD AD7S34TD 
ACCURACY 

Resolution 14 14 14 14 
Relative Accuracy ±2 ±1 ±2 ±1 
Differential Nonlinearity ±1 ±1 ±1 ±1 
Full Scale Error ±8 ±4 ±8 ±4 

Gain Temperature Coefficient3 

~Gain/ ~ Temperature ±s ±2.s ±S ±2.s 
Output Leakage Current lOUT 
(Pin 3) 

+ 25°C ±S ±s ±s ±s 
Tmin toTmax ±1O ±1O ±20 ±20 
TmintoTmax ' ±2s ±2s ± 150 ± 150 

REFERENCE INPUT 
Input Resistance, Pin 1 3.5 3.5 3.5 3.5 

10 10 10 10 

DIGITALINPUTS 
V IH (Input High Voltage) 2.4 2.4 2.4 2.4 
V IL (Input Low Voltage) 0.8 0.8 0.8 0.8 
liN (Input Current) 

+2SoC ±1 ±1 ±1 ±1 
TmintoTmax ±1O ±1O ±1O ±1O 

CIN (Input Capacitance)3 7 7 7 7 

POWER SUPPLY 
VooRange 11.4/15.75 11.4/15.75 11.4/15.75 11.4/15.75 
VssRange -200/-500 -200/-500 -200/-500 -200/-500 

100 3 3 3 3 
500 500 500 500 

AC PERFORMANCE CHARACTERISTICS 
These characteristics are included for Design Guidance only and are not subject to test 
(VRfF = + lOY, VP113 = VPlN4 = OY, Vss = - 300mV, Output Amplifier is AD544 except where stated). 

VOD= +12Vto +lSV 
Parameter TA'=2soCTA=TmiD, Tmu 

Output Current Settling Time 1.5 -

Digital to Analog Glitch Impulse 100 -

Multiplying Feedthrough Error4 3 5 

Power Supply Rejection 
~Gain/~VDO ±O.OL ±0.02 

Output Capacitance 
CoUT (Pin 3) 260 260 
COUT (Pin 3) 130 130 

Output Noise Voltage Density 
(10Hz-100kHz) IS -

NOTES 
'Temperature range as follows: IN,KNVersions: Oto + 70°C 

AD,BDVersions: -25°C to + 85°C 
SD, tD Versions: - 55°C to + 125°C 

Units 

/Lsmax 

nV-sectyp 

mVp-ptyp 

%per%max 

pFmax 
pFmax 

nVYHztyp 

Units Test Conditions/Comments 

Bits 
LSBmax All grades guaranteed monotonic 
LSBmax over temperature. 
LSBmax Measured using internal RpB and 

includes effects ofleakage 
current and gain T .C. 

ppmf'Cmax Typical value is O.sppmf'C 

nAmax All digital inputs OV 
nAmax Vss = -300mV 
nAmax Vss = OV 

kOmin Typical Input Resistance = 6kO 
kOmax 

V min 
V max 

/LA max VIN = OVorVoo 
/LA max 
pFmax 

V minIV max Specifications guaranteed over 
m V minim V max this range. 
mAmax All digital inputs VIL or VIH 

/LA max All digital inputs OV or V 00 

Test Conditions/Comments 

To 0.003% offull scale range. 
lOUT load = 1000, 
CEXT = 13pF. DACregisteralternately 
loaded with all I's and all O's. 
Typical value of Settling Time 
Time is 0.8/Ls. 
Measured with VREP = OV. lOUT load 
= 1000, CEXT = 13pF. DAC 
register alternately loaded with all 
I 's and all O's. 
V REF = ± IOV, 10kHz sine wave 
DAC register loaded with all O's. 

~Voo= ±S% 

DAC register loaded with all I 's 
DAC register loaded with all O's 

Measured between RpB and lOUT 

2Specifications are guaranteed for a V DD of + 12V to + 15V with a tolerance of ± 5%. At V DD = 5V, the device is fully functional with a slight degradation in performance. 
3Guaranteed by Product Assurance testing. , 
4Feedthrough can be further reduced by connecting the metal lid on the ceramic package to DGND. 
Specifications subject to change without notice. 

VOL. I, 9-202 DIGITAL-TO-ANALOG CONVERTERS 



r.ANALOG 
WDEVICES 

FEATURES 
Full Four Quadrant Multiplication 
12-Bit Linearity (±1/2LSB) 
Pretrimmed Gain 
TTL/CMOS Compatible 
Low Power Consumption 
Low Feedthrough Error 
Low Cost 

APPLICATIONS 
Digital/Synchro Conversion 
Programmable Amplifiers 
Ratiometric A/D Conversion 
Function Generation 
AD7541A Recommended for New Designs 

GENERAL DESCRIPTION 
The Analog Devices AD7541 is a low cost, high performance 
12-bit monolithic multiplying digital-to-analog converter 
fabricated using advanced double-layer-metal CMOS technolo
gy and packaged in a standard IS-pin DIP. 

Pin compatible with the AD7521, this new device uses laser 
wafer trimming to provide full 12-bit linearity and excellent 
absolute accuracy. 

The inherently low power dissipation, coupled with the cur
rent switching R-2R ladder, ensures that the performance is 
maintained over the full temperature range. 

ORDERING INFORMATION 

Temperature Range and Package 

Plastic 
Nonlinearity 0 to +70o C 

Ceramic Ceramic 
-25°C to +8S oC -55°C to +12S oC 

0.02% 
0.01% 

AD7S41JN 
AD7S41KN 

AD7S41AD 
AD7S41BD 

PACKAGE IDENTIFICATION! 
Suffix "0"; Ceramic DIP (DI8B) 
Suffix "N"; Plastic DIP (NI8B) 
1 See Section 19 for package outline information. 

A~7S41SD 

AD7S4ITD 

CMOS 12-Bit 
Monolithic Multiplying OAC 

AD7541 I 
AD7541 FUNCTIONAL BLOCK DIAGRAM 

VREF o-_~11/10,..k -+...JV10
l/l
k 

...... _U_·"'1 0l/lk ,....._---, 

1..-+I-+.....,f-+ .... --+-~---OlouT2 

,..-..... T----;h--..... -T-~--_o loun 
I I 
I I RFEEOBACK 
o 0 

BIT 1 (MSB) BIT 2 

DIGITAL INPUTS (OTL/TTL/CMOS COMPATIBLE) 
Logic: A switch is closed to loun for 

its digital input in a "HIGH" state. 

PIN CONFIGURATION 
TOP VIEW 

(NOT TO SCALE) 

RFEEOBACK 

VREF IN 

Vee (+) 

BIT 12 (LSB) 

BIT 11 

BIT 10 

BIT 9 

BIT 7 
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SPECIFICATIONS (Voo = 15V, VREF == +10V unless otherwise noted) 

STATIC ACCURACY 
Resolution 
Nonlinearity 

AD7541JN, AD7541AD, AD7541SD 1 

AD7541KN, AD7541BD, AD7541TD2 

Gain Error3,4 

Power Supply Rejection 
Output Leakage Current 

DYNAMIC PERFORMANCE 
Output Current Settling Times 
Feedthrough Errors 

REFERENCE INPUT 
Input Resistance 

DIGITAL INPUTS 

VINH 
VINL 
Input Leakage Current 
Input Capacitances 
Input Coding 

ANALOG OUTPUTS 
Output CapacitanceS 

COUTl 
COUT2 

COUTl 
COUTZ 

POWER REQUIREMENTS 
VOO Range 

100 

NOTES 

TA = +2SOC 

12 Bits min 

±lLSB max 
±1I2LSB max 
±12.5LSB max 

±O.Ol % per % max 
±50nAmax 

1J..1smax 
1mVp-p max 

SkU min, 20kU max 

2.4V min 
O.BV max 
±lJ..1A max 
BpF max 
Binary or Offset Binary 
(see Page 5) 

200pF max 
60pF max 
60pF max 
200pF max 

+5V min, +16V max 

2mA max 

I J, A and S versions are monotonic to 11 bits. 
• K, Band T versions are monotonic to 12 bits. 
I Using internal feedback resistor. 
• Max gain change from +2SoC to T min or T max is ±4.2LSB max. 
I Guaranteed by design, not subject to test. 
Specifications subj<et to change without notice. 

ABSOLUTE MAXIMUM RATINGS 

(TA = +2SoC unless otherwise noted) 

TA = min-max 

12 Bits min 

±lLSB max } ±1/2LSB max 
±16.7LSB max 

±O.02% per % max 
±200nA max 

1J..1s max 
1mVp-p max 

SkU min, 20kU max 

2.4Vmin 
O.BV max 
±lJ..1Amax 
BpF max 

200pF max, 1 
60pF max r 
60pF max t 
200pF max r 

+5V min, +16V max 

2mA max 

VOUTl = YOUTZ = OV 

Voo = 14.5V - 15.5V 
VREF = ±10V 

To ±1I2LSB of Full Scale Range 
VREF = 20V p~p @ 10kHz 

'VIN = 0 or 15V 

Digital Inputs 
= VINH 
Digital Inputs 
= VINL 

Accuracy is not 
guaranteed over this range. 
Digital Inputs = VINH 
or VINL 

SPECIFICATION 'DEFINITIONS 

VDD (to GND) ............................ +17V 

RESOLUTION: Value of the'LSB. For example, a unipolar 
converter with n bits has a resolution of (2- n)(VREF)' A 
bipolar converter ofn bits has a resolution of [2-(n-l)] 
[VREF]' Resolution in no way implies linearity. VREF (to GND) ........................... ±2SV 

Digital Input Voltage Range ............. ,VDD to GND 
Output Voltage (Pin 1, Pin 2) ............ -o.3V to VDD 

Power Dissipation (Package) 

Up to +7SoC ......................... 4S0mW 
Derate above +7SoC by .................. 6mW/C 

Operating Temperature 

IN, KN Versions ............... , ..... 0 to +70
o
C 

AD, BD Versions .................. -2SoC to +8SoC 
SD, TD Versions ................. -SSoC to +12SoC 

Storage Temperature ................ -6SoC to +IS0oC 

CAUTION 

1. Do not apply voltages higher than VDD or less than GND 
potential on any terminal except VREF. 

2. The digital control inputs are zener protected; however 
permanent damage may occur on unconnected units under 
high energy electrostatic fields. Keep unused inputs in 
conductive foam at all times. 

VOL. 1,9-204 DIGITAL-TO-ANALOG CONVERTERS 

SETTLING TIME: Time required for the output function of 
the DAC to settle to within 112 LSB for a given digital in
put stimulus, i.e., 0 to Full Scale. 

GAIN: Ratio of the DAC's operational amplifier output 
voltage to the input voltage. 

FEEDTHROUGH ERROR: Error caused by capacitive 
coupling from VREF to output with all switches OFF. 

OUTPUT CAPACITANCE: Capacity from lOUT! and 
IOUT2 terminals to ground. 

OUTPUT LEAKAGE CURRENT: Current which appears 
on loUT! terminal with all digital inputs LqW or on louTi 
terminal when all inputs are HIGH. 



TYPICAL PERFORMANCE CHARACTERISTICS 
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Figure 1. Gain Error vs. Supply Voltage 
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Figure 2. Supply Current vs. Supply Voltage 
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Figure 3. Linearity Error vs. Supply Voltage 
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Figure 4. Feedthrough Error vs. Frequency 
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APPLICATION HINTS 

Linearity depends upon the potential of louTl and louT2 
(pin 1 and pin 2) being exactly equal to GND (pin 3) and the 
output amplifiers non-inverting (+) input. Careful PC board 
layout and adjustment and selection of the amplifiers offset 
voltage and bias current is necessary. 

The input structures of some high speed operational amplifiers 
can attempt to draw substantial current during switch-on. 
Schottky diodes should be used in these circumstances to 
prevent the absolute maximum rating for VOUTl and YOUTZ 
being exceeded. 

The power supply should be carefully checked for noise, 
which would affect performance, and overshoot which could 
damage the device. 

Unused digital inputs must always be grounded or taken to 
VDD to ensure correct operation. Particular care should be 
taken when digital inputs are routed to another PC card. It is 
recommended that inputs open-circuited when PC cards are 
disconnected be taken to VDD or GND via high value (lMn) 
resistors to prevent the accumulation of static charges. 

CIRCUIT DESCRIPTION 

GENERAL CIRCUIT INFORMATION 
The AD7541, a 12-bit multiplying D/A converter, consists 
of a highly stable thin film R-2R ladder and twelve CMOS 
current switches on a monolithic chip. Most applications 
require the addition of only an output operational amplifier 
and a voltage or current reference. 

The simplified D/A circuit is shown in Figure 5. An inverted 
R-2R ladder structure is used - that is, the binarily weighted 
currents are switched between the IoUTl and louTZ bus lines, 
thus maintaining a constant current in each ladder leg inde
pendent of the switch state. 

L--+-I ...... -+~~-++ ...... ---<>IOUT2 

'-i--~r----4..-,..---...,-....... --oIOUTl 

I I 
I I RfEEeBACK 

o 0 
BIT 1 (MSB) BIT 2 

DIGITAL INPUTS (DTLlTTL/CMOS COMPATIBLE) 

Figure 5. AD7541 Functional Diagram (Inputs "HIGH") 

One of the CMOS current switches is shown in Figure 6. The 
geometries of devices 1, 2 and 3 are optimized to make the 
digital control inputs DTLlTTLlCMOS compatible over the 
full military temperature range. The input stage drives two 
inverters (devices 4, 5, 6 and 7) which in turn drive the two 
output N-channels. The "ON" resistances of the switches are 
binarily scaled so the voltage drop across each switch is the 
same. For example, switch 1 of Figure 6 was designed for an 
"ON" resistance of 10 ohms, switch 2 of 20 ohms and so on. 
For a 10V reference input, the current through switch 1 is 
0.5mA, the current through switch 2 is O.25mA, and so on, 
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thus maintaining a constant 5mV drop across each switch. It 
is essential that each switch voltage drop be equal if the 
binarily weighted current division property of the ladder is to 
be maintained. 

DTLITTL/CMOS 
INPUT 

Figure 6. CMOS Switch 

EQUIVALENT CIRCUIT ANALYSIS 
The equivalent circuits for all digital inputs high and all digital 
inputs low are shown in Figures 7 and 8. In Figure 7 with all 
digital inputs low. the reference current is switched to IoUT2. 
The current source ILEAKAGE is composed of surface and 
junction leakages to the substrate while the 114096 current 
source represents a constant I-bit current drain through the 

RFEEDBACK 

,...----.---4~~IOUTI 

I~ 

VREFo--'VI/I~"""----+-----4~--~louT2 

Figure 7. AD7541 Equivalent Circuit
All Digital Inputs Low 

termination resistor on the R-2R ladder. The "ON" capaci
tance of the output N-channel switch is 200pF. as shown on 
the IoUT2 terminal. AnalySis of the circuit for all digital inputs 
high. as shown in Figure S. is similar to Figure 7; however. the 
"ON" switches are now on terminal IoUTl. hence the 200pF 
at that terminal. 

VREFo--'VI/I~""'---"""---~P---4--o louT1 

R t 

r----...... ---OlouT2 

Figure 8. AD7541.Equivalent Circuit
All Digital Inputs High 
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DYNAMIC PERFORMANCE 

OUTPUT IMPEDANCE 
The preceding circuit analysis shows that the output capaci
tance is dependent upon the digital code. as is the output 
resistance. Looking back into loUT! the resistance seen is 
anything between 10kn (RFEEDSACK alone) and 5kn (RFS 
in parallel with the 10kn network resistance). 

This variation affects both static accuracy and dynamic 
performance. The effect on static accuracy is further con
sidered on pages 5 and 6. The dynamic performance of the 
AD7541 will depend upon the gain and phase stability of the 
output amplifier. together with the optimum choice of PC 
board layout and decoupling components. 

Figure 9. DAC Circuit Using AD741K 

20~s/DIV 

5V/DIV 

Figure 10. Output Waveform 

Figure 1,. DAC Circuit Using AD518K 

l~s/DIV 

Figure 12. Output Waveform 



Figure 13. DAC Circuit Using AD509K 

ljU/DIV 

Figure 14. Output Waveform 

The circuits and waveforms shown in Figures 9 to 14 are repre
sentative of the three principal types of output amplifiers. A 
general purpose low drift (AD741K), a high speed low cost 
(AD518), and a fast settling unit (AD509). 

Points to remember when applying high speed amplifiers 
include: 
1. Protection diodes as shown in Figures 15 and 16. 
2. Phase compensation for the DAC's output capacitance. 
3. Power supply decoupling and correct load earthing. 

APPLICATIONS 
A12kn 

Vour 

Figure 15. Unipolar Binary Operation 

UNIPOLAR BINARY OPERATION (Figure 15) 

The connections required for unipolar digital binary operation 
are shown above. VREF may be positive or negative so 2-quad
rant multiplication may be performed. Schottky diode D1 
(HP 5082-2811 or equivalent) prevents louTl from negative 
excursio~s which could damage the device. This precaution is 
only necessary with certain high speed amplifiers. The diodes 
are not required when using TRI-FET amplifiers such as the 
AD542 or AD544., 

BIPOLAR (4-QUADRANT) BINARY OPERATION (Figure 
16) 
The digital input is offset binary coded and mUltiplies VREF 
according to Table II. Resistors R3 and R4 should be equal 
'within 0.1 % at all temperatures, but need not track the re-

A12kn 

V.Efo-----'illiIo-l-_----------, 

R5 
soon 

Figure 16. Bipolar (4·Quadrant) Binary Operation 

sistors within the AD7541. D1 and D2 perform the same 
function as in Figure 15. Network R5, R6, R7 sum 112LSB 
of current into IOUT2 to ensure correct coding at zero. 

R1 can be adjusted to produce the outputs shown in Table I. 
However, it is recommended that when the application permits 
it, R1 and R2 be omitted. The maximum gain error in this 
condition is 0.3% of full scale. The offset voltage of amplifier 
Al should be adjusted to less than 0.5mV over the tempera
ture range. 

DIGITAL INPUT NOMINAL ANALOG OUTPUT 

111111111111 -0.99975 VREF 

100000000000 -0.50000 VREF 

011111111111 -0.49975 VREF 
000000000000 0 

Table I. Code Table for Circuit of Figure 15 

DIGITAL INPUT NOMINAL ANALOG OUTPUT 

111111111111 -0.99951 VREF 

100000000001 -0.00049 VREF 

100000000000 0 

010000000000 +0.50000 VREF 

000000000000 + 1.00000 VREF 

Table II. Code Table for Circuit of Figure 16 

Amplifiers A1 and A2'should be adjusted to an input offset of 
less than O.lmV and should be better than 0.5mV over the 
temperature range. With VREF set to approximately 10V, R5 
should be adjusted so that with code 10000000000 VOUT = 
OV ±0.2mV. R1 should be adjusted so that with code 
000000000000 VOUT = VREF. 

As with the unipolar circuit R1 and R2 can be omitted, with 
a resulting maximum gain error of 0.3% of full scale. R5 may 
be replaced by a lOOn fixed resistor. The maximum zero error 
if this is done is 0.015% of F.S.R. 

OUTPUT AMPLIFIER CONSIDERATIONS 
It has already been pointed out that the DAC output resistance 
varies with the digital code. The effect this has on static accu
racy will now be considered. 
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Figure 17. 

The error voltage = vos (1 + ::) 

Ro is a function of the digital code. 
Ro == 10kn for any more than 4-bits Logic 1. 
RO == 30kn for any single bit Logic 1. 

The gain for offset, therefore, changes as follows: 

At code 001111111111 VERRORl = Vos (1 + ~g~) = 2 Vos 

At code 010000000000 VERROR2 = Vos (1 + ~g~ ) =} VOS 

The error difference is therefore} Vos 

Since, for a 12-bit resolution DAC, one LSB has a weight (for 
VREF = +10V) of 2.smV, it is clearly important th~t Vos be 
nulled, either using the amplifiers nulling facility or an ex
ternal network. 

It is important to realize that an offset can be caused by in
cluding the usual bias current compensation resistor in the 
amplifiers non-inverting input terminal. This should not be in
cluded. Instead the amplifier should have a bias current which 
is low over the temperature range of interest, and should 
certainly not exceed 7snA. 

AN ALOGIDIGIT AL 'DIVISION 

45 

VeN 18 16 +15V 

VOUT 

Figure 18. Analog/Digital Divider 

With the AD7s41 connected in its normal multiplying configu
ration as shown in Figure 15, the transfer function is 

( 
Al ~.& .&2.) Vo = -VIN 2""1 + 22 + 23 + ..... AI2 

where the coefficients Ax assume a value of 1 for an ON bit 
and 0 for an OFF bit. 

By connecting the DAC in the feedback of an operational 
amplifier, as shown in Figure 18, the transfer function becomes 

Vo =1-A A A-
VIN 

AI) 
\if+fi+f/+·····ffr 

This is division of an analog variable (VIN) by a digital word. 
With all bits off, the amplifier saturates to its bound, since 
division by zer~ is not defined. With the LSB (Bit 12) ON, 
the gain is 4096. With all bits ON, the gain is 1 (±lLSB). 
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DIGIT AL/SYNCHRO CONVERTER 

il'!:: 
n. 

II " 

Figure 19. 14-8it Digital to Synchro Converter 

The low cost and high accuracy available trom the AD7s41, 
together with its bipolar multiplying capability is exploited 
fully in the circuit of Figure 19. VREF is commonly 400Hz 
but by replacing the transformers with dc coupled circuits 
coordinate transformation may be performed. 

The SIN/COS ROM is readily available at low cost and the 
AD7s12 switch enables greater resolution to be obtained. 

Resolver-to-synchro transformation is performed by the Scott 
connected pair T1 and T1A. The power available to the load 
connected to Sl, S2 and 53 is determined by the amplifiers 
Al and A2. A particular advantage of the circuit shown in 
Figure 19 is that it is invariant with respect to (), and may 
be used to directly drive equipment such as CRT displays. 
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FEATURES 
Improved Version of AD7541 
Full Four Quadrant Multiplication 
12-Bit Linearity (End-Point) 
± 1 LSB Gain Error 
All Parts Guarant~ed Monotonic 
TTL/CMOS Compatible 
Low Cost 
Protection Schottky not Required 
Low Logic Input Leakage 

GENERAL DESCRIPTION 
The Analog Devices' AD754IA is a low cost, high performance 
I2-bit monolithic multiplying digital to analog converter. It is 
fabricated using advanced, low noise, thin film on CMOS 
technology and packaged in a standard I8-pin DIP. 

The AD754IA is functionally and pin compatible with the 
industry standard AD754I device and offers improved specifica
tions and performance. The improved design ensures that the 
device is latch-up free so no output Schottky protection diodes 
are required. 

This new device uses laser wafer trimming to provide full I2-bit 
end-point linearity with several new high performance grades. 

ORDERING INFORMATION 

Relative Gain 
Temperature Range and Package' 

Accuracy Error Plastic Cerdip2 

TmintoTm:.nr:: TA = +25"C Oto +70"C - 25"C to + 85"C 

:t ILSB .±.6LSB AD754IAJN AD7541AAQ 
:t l/ZLSB .!: ILSB AD7541AKN AD754IABQ 

~OTES. 

lAnalog Devices is offering the AD7541A in chip carriers. For information contact your 
Analog Ocvices' sales office. . 

1 Analog Devices reserves the right to ship Ceramic Packages in lieu of Cerdip Packages. 

PACKAGE IDENTIFICATION 1 

Suffix "N": - Plastic DIP (NI8B) 
Suffix "Q": - Cerdip2 (QI8A) 
Suffix "D": - Ceramic DIP (DI8B) 

·See Section 19 for package outline information. 

Ceramic 
- 55"C to + 125"C 

AD754IASD 
AD7541ATD 

2AnaJog Devices reserves the right to ship ceramic pages in lieu of Cerdip Packages. 

CMOS 12-Bit 
Monolithic Multiplying DAC 

AD7541A I 
AD754IA FUNCTIONAL BLOCK DIAGRAM 

~-+~~-+~~----rr'-------<>OUT2 

~--~~--~~----~~---,-----oOUT1 

I I 
I I 
o 0 

BIT 1 (MSB) BIT 2 

DIGITAL INPUTS (OTL/TTL/CMOS COMPATIBLE) 
Logic: A switch is closed to IOUT1 for 

its digital input in a "HIGH" state. 

RFEEOBACK 

PRODUCT HIGHLIGHTS • 
Compatability: The AD754IA can be used as a direct replacement 
for any AD754I-type device. As with the Analog Devices 
AD754I, the digital inputs are TTL/CMOS compatible and 
have been designed to have a ± I/-LA maximum input current 
requirement so as not to load the driving circuitry. 

Improvements: The AD754IA offers the following improved 
specifications over the AD754I: 

1. Gain Error for all grades has been reduced with premium 
grade versions having a maximum gain error of ± ILSB 
which eliminates the need for gain trimming. 

2. Gain Error temperature coefficient has been reduced to 
2ppm;oC typical and 5ppm;oC maximum. 

3. Digital to analog charge injection energy for this new device 
is typically 20% less than the standard AD754I part. 

4. Latch-up proof. 

5. Improvements in laser wafer trimming provides 1I2LSB max 
differential nonlinearity for top grade devices over the 
operating temperature range (vs. ILSB on older 7541 types). 

6. All grades are guaranteed monotonic to 12 bits over the 
operating temperature range. 

PIN CONFIGURATION 
(NOT TO SCALE) 

lOP VIEW 

RFEEOBACK 

VREF IN 

VOO (+) 

BIT 12 (LSB) 

BIT 11 

BIT 10 

BIT 9 

BIT B 

BIT 7 
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SPECIFICATIONS (Voo = + l5V, VREF = + lOY; VPIN1 = VPIN2 OV unless otherwise specified) 

T A = T A = 
Parameter Version + 25°C T nUn , Tmax I Units Test Conditions/Comments 

ACCURACY 
Resolution All 12 12 Bits 
Relative Accuracy ],A,S ±I ±I LSBmax ± ILSB = ±0.024%ofFuIlScale 

K,B,T ± 112 ±1/2 LSBmax ± 1I2LSB = ± 0.012% of Full Scale 
Differential Nonlinearity ],A,S ±I ±I LSBmax All grades guaranteed monotonic 

K,B,T ±1/2 ± 112 LSBmax to 12 bits, T nUn to T max 

Gain Error ],A,S ±6 ±S LSBmax Measured using internal RFB and includes 
K,B,T ±I ±3 LSBmax effect of leakage current and gain T. C. 

Gain error can be trimmed to zero. 

Gain Temperature Coefficient2 

~Gainl ~ Temperature All ppm/oCmax Typical value is 2ppmfOC. 
Output Leakage Current 

OUTI (Pin I) ],K ±S ±IO nAmax All digital inputs = OV. 
A,B ±S ±IO nAmax 
S,T ±S ±200 nAmax 

OUT 2 (Pin 2) . ],K ±S ±IO nAmax All digital inputs = Voo. 
A,B ±S ±IO nAmax 
S,T ±S ±200 nAmax 

REFERENCE INPUT 
Input Resistance (Pin 17 to GND) All 7-IS 7-IS knmin/max Typical input resistance = Ilkn. 

Typical input resistance temperature coefficient = 
-300ppmfOC. 

DIGITAL INPUTS 
VIH (Input HIGH Voltage) All 2.4 2.4 Vmin 
Vn. (Input LOW Voltage) All O.S O.S Vmax 
lIN (Input Current) All ±I ±I f.1.Amax Logic inputs are MOS gates. liN typ (2S°C) = InA. 
CIN (Input Capacitance)2 All S S pFmax VIl·,i=OV 

POWER SUPPLY REJECTION 
~Gain/~Voo All ±0.01 ±0.02 %per%max ~Voo = ±S% 

POWER SUPPLY 
VooRange All +5'to +16 + S to + 16 VminlVmax Accuracy is not guaranteed over this range. 

100 All 2 2 mAmax All digital inputs V IL or V IH. 

100 500 Il Amax All digital inputs OV or V 00. 

AC PERFORMANCE CHARACTERISTICS 
These Characteristics are Included for Design Guidance Only and are not Subject to Test. 
Voo = + l5V, VIN = + lOV except where stated, VP1N1 =. VPIN2 OV, Output Amp is AD544 except where stated. 

Parameter Version l 

PROPAGATION DELA Y (From Digital Input 
Change to 90% of Final Analog Output) All 

DIGITAL TO ANALOG GLITCH 
IMPULSE All 

MULTIPLYING FEEDTHROUGH ERROR3 

(VREFtoOUTl) All 

OUTPUT CURRENT SETTLING TIME All 

OUTPUT CAPACITANCE 
COUT1 (Pin 1) All 
COUT2 (Pin 2) All 
COtJT1 (Pin 1) All 
COlJT2 (Pin 2) All 

NOTES 
'Temperature range as follows: IN, KN versions: 0 to + 70·C 

AQ,BQversions: -25·C to + 85·C 
SO, TO versions: - 55·Cto + 125·C. 

'Guaranteed by design but not production tested. 

T A = 
+25°C 

100 

1000 

1.0 

0.6 

200 
70 
70 
200 

lTo minimize feed through in the ceramic package (Suffix 0) the user must ground the metal lid. 

Specifications subject to change without notice. 
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T A = 
T nUn, Tmax I Units 

nstyp 

nV-sectyp 

mVp-ptyp 

f.1.styp 

20Q pFmax 
70 pFmax 
70 pFmax 
200 pFmax 

Test Conditions/Comments 

OUT I Load = IOOnCExT = 13pF 
DigitalInputs = OV to V 00 or V 00 to OV. 

V REF = OV. All digital inputs OV to V 00 or V 00 to OV. 
Measured using Model SOK as output amplifier. 

VREF = ± IOV, 10kHz sine wave. 

To 0.01 % offull scale range. 
OUTlload = 100n,CExT = 13pF. 
Digital inputs = OV to V 00 orV 00 to OV 

Digital Inputs 
=Vm 

Digital Inputs 
=VIL 



ABSOLUTE MAXIMUM RATINGS· 
(T A = + 25°C unless otherwise noted) 

Voo (pin 16) to GND . 
VREF (pin 17) to GND 
V RFB (pin 18) to GND 
Digital Input Voltage to GND 

(pins 4-15) ....... . 
VPIN1 , VPIN2 to GND ............. . 
Power Dissipation (Any Package) 

To +75°C ..... . 
Derates above + 75°C .... . 

CAUTION 

+17V 
:!:25V 
:!:25V 

-0.3V, Voo 
-O.3V,Voo 

4501l1W 
6mWrC 

Operating Temperature Range 
Commercial Plastic ON, KN versions) 
Industrial Cerdip (AQ, BQ versions) . 
Extended Ceramic (SD, TD versions) 

Storage Temperature ......... . 
Lead Temperature (Soldering, lOsecs) 

o to +70°C 
- 25°C to + 85°C 

- 55°C to + 125°C 
+ 65°C to + 150°C 
..... +300°C 

*Stresses above those listed under "Absolute Maximum Ratings" may 
cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at,these or any other condition above 
those indicated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 

ESD (Electro-Static-Discharge) sensitive device. The digital control inputs are zener protect- WARNING! 0 
~~DEVICE 

ed; however, permanent damage may occur on unconnected devices subject to high energy 
electrostatic fields. Unused devices must be stored in cQnductive foam or shunts. The protective 
foam should be discharged to the destination socket before devices are removed. 

TERMINOLOGY 

RELATIVE ACCURACY 
Relative accuracy or endpoint nonlinearity is a measure of the 
maximum deviation from a straight line passing through the 
endpoints of the DAC transfer function. It is measured after 
adjusting for zero and full scale and is expressed in % of full 
scale range or (sub)multiples of lLSB. 

DIFFERENTIAL NONLINEARITY 
Differential nonlinearity is the difference between the measured 
change and the ideal 1 LSB change between any two adjacent 
codes. A specified differential nonlinearity of :!: lLSB max over 
the operating temperature range insures mono tonicity . 

GAIN ERROR 
Gain error or full-scale error is a measure of the output error 
between an ideal DAC and the actual device output. For the 

5 . f . ( 4095 ) G . AD7 41A, Ideal ull-scale output IS - 4096 (VREF ). am 

error is adjustable to zero using external trims as shown 
in Figures 4, 5 and 6. 

OUTPUT LEAKAGE CURRENT 
Current which appears at OUTI with the DAC loaded to all Os 
or at OUT2 with the DAC loaded to all Is. 

MULTIPLYING FEEDTHROUGH ERROR 
AC error due to capacitive feed through from VREF terminal to 
OUTI with DAC loaded to all Os. 

OUTPUT .CURRENT SETTLING TIME 
Time required for the output function of the DAC to settle to 
within 1I2LSB for a given digital input stimulus, i.e., 0 to Full 
Scale. 

PROPAGATION DELAY 
This is a measure of the internal delay of the circuit and is 
measured from the time a digital input changes to the point at 
which the analog output at OUTI reaches 90% of its final value. 

DIGITAL TO ANALOG GLITCH IMPULSE 
This is a measure of the amount of charge injected from the 
digital inputs to the analog outputs when the inputs change 
state. It is' usually specified as the area of the glitch in n V secs 
and is measu'red with VREF = GND and a Model 50K as the 
output op amp, Cl (phase compensation) = OpF. 
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GENERAL CIRCUIT INFORMATION 
The simplified D/A circuit is shown in Figure 1. An inverted 
R-2R ladder structure is used-that is, the binarily w~ighted 
currents are switched between the OUTI and OUT2 bus lines, 
thus maintaining a constant current in each ladder leg independent 
of the switch state. 

~-+~~~+4-----+~~-----oOUT2 

LT--~~--~-r----~~--,-----oOUTl 

I I 
I I RFEEOBACK 
o 0 

BIT 1 (MSB) BIT 2 

DIGITAL INPUTS (DTLlTTL/CMOS COMPATIBLE) 
Logic: A switch is closed to lOUT! for 

its digital input in a "HIGH" state. 

Figure 1. AD7541A Functional Diagram (Inputs "High") 

The input resistance at VREF (Figure 1) is always equal to RLDR 
(RLDR is the Rl2R ladder characteristic resistance and is equal 
to value "R"). Since RIN at the VREF pin is constant, the 
reference terminal can be driven by a reference voltage or a 
reference current, ac or dc, of positive or negative polarity. (If a 
current source is used, a low temperature coefficient external 
RFe is recommended to define scale factor.) 

EQUIVALENT CIRCUIT ANALYSIS 
The equivalent circuits for all digital inputs LOW and all digital 
inputs HIGH are shown in Figures 2 and 3. In Figure 2 with all 
digital inputs LOW, the reference current is switched to OUT2. 
The current source ILEAKAGE is composed of surface and 
junction leakages to the substrate, while the 1/4096 current ' 
source represents a constant I-bit current drain through the 
termination resistor on the R-2R ladder. The "ON" capacitance 
of the output N-channel switch is 200pF, as shown on the 
OUT2 terminal. The "OFF" switch capacitance is 70pF, as 
shown on the OUT1 terminal. Analysis of the circuit for all 
digital inputs HIGH, as shown in Figure 3 is similar to Figure 
2; however, the "ON" switches are now on terminal OUTl, 
hence the 200pF at that terminaL 

.__----ORFB 

R 

r---------;M~----O OUT1 

VREF O-....JV\I\o-----t--------<t--------..... -------o OUT2 

Figure 2. AD7541A DAC Equivalent Circuit All Digital Inputs 
LOW 

.-----.() RFB 

R '" 15k 
R 

VREF o-....IIIV\r--..... ------.-------.... e------o OUT1 

.--------<e-------OOUT2 

Figure 3. AD7541A DAC Equivalent Circuit All Digital Inputs 
HIGH 
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Applications 
UNIPOLAR BINARY OPERATION 
(2-QUADRANT MULTIPLICATION , 
Figure 4 shows the analog circuit connections required for 
unipolar binary (2-quadrant multiplication) operation. With a dc 
reference voltage or current (positive or negative polarity) 
applied at pin 17, the circuit is a unipolar D/A converter. With 
an ac reference voltage or current the circuit provides 2-quadrant 
multiplication (digitally controlled attenuation). The input/output 
relationship is shown in Table II. 

Rl provides full scale trim capability [i.e.-load the DAC 
register to 1111 1111 1111, adjust RI for Your = -VREF 
(4095/4096)]. Alternatively, Full Scale can be adjusted by 
omitting Rl and R2 and trimming the reference voltage 
magnitude. 

C1 phase compensation (10 to 25pF) may be required for 
stability when using high speed amplifiers. (C1 is used to cancel 
the pole formed by the DAC internal feedback resistance and 
output capacitance at OUTI). 

Amplifier Al should be selected or trimmed to provide Vas :5 

10% of the voltage resolution at Vour. Additionally, the 
amplifier should exhibit a bias current which is low over the 
temperature range of interest (bias current causes output offset 
at Your equal to Ie times the DAC feedback resistance, 
nominally 11kO). The AD544L is a high-speed implanted FET
input op amp with low factory-trimmed Vas. 

Table I. 

VOO R2* 

Figure 4. Unipolar Binary O,Jeration 

Trim 
,Resistor JN/AQ/SD KNIBQITD' 

RI 
R2 

1000 
470 

1000 
330 

Recommended Trim Resistor Values vs. Grades 

Binary Number in 
DAC Analog Output, Vour 

MSB LSB 

1 1 1 1 1 1 1 1 1 1 1 1 ( 4095 ) 
- VIN 4096 

1000 0000 0000 ( 2048 ) 
- VIN 4096 = -112 VIN 

0000 0000 0001 - VIN ( 40~6 ) 

0000 0000 0000 o Volts 

Table II. Unipolar Binary Code Table for Circuit of Figure 4 



BIPOLAR OPERATION 
(4-QUADRANT MULTIPLICATION) 
Figure S and Table III illustrate the circuitry and code relationship 
for bipolar operation. With a dc reference (positive or negative 
polarity) the circuit provides offset binary operation. With an ac 
reference, the eleven LSBs provide digitally controlled attenuation 
of the ac reference while the MSB provides polarity control. 

With the DAC loaded to 1000 0000 0000, adjust RI for VaUT 
= OV (alternatively, one can omit RI and R2 and adjust the 
ratio of R3 to R4 for VaUT = OV). Full scale trimming can be 
accomplished by adjusting the amplitude of VREF or by varying 
the value of RS. 

As in unipolar operation, Al must be chosen for low Vos and 
low lB. R3, R4 and RS must be selected for matching and 
tracking. Mismatch of 2R3 to R4 causes both offset and Full 
Scale error. Mismatch of RS to R4 or 2R3 causes Full Scale 
error. CI phase compensation (lOpF to SOpF) may be required 
for stability, depending on amplifier used. 

BiTt-BIT 12 

-FOR VALUES OF Rl AND R2 
SEE TABLE 1. 

Figure 5. Bipolar Operation (4-Quadrant Multiplication) 

Binary Number in 
DAC Analog Output, Vour 

MSB LSB 

I I I I I I I I I I I I ( 2047 ) 
+ VIN 2048 

1000 0000 000 I + VIN ( 20~8 ) 

1000 0000 0000 OV 

o I I I I I I I I I I I -VIN ( 20~8 ) 

0000 0000 0000 ( 2048 ) 
- VIN 2048 

Table III. Bipolar Code Table for Offset Binary Circuit of 
Figure 5 

Figure 6 shows an alternative method of achieving bipolar 
output. The circuit operates with sign plus magnitude code and 
has the advantage that it gives I~-bit resolution in each quadrant 
compared with II-bit resolution per quadrant for the circuit of 
Figure S. The AD7S92 is a fully protected CMOS change-over 
switch with data latches. R4 and RS should match each other to 
0.01% to' maintain the accuracy of the D/A converter. Mismatch 
between R4 and RS introduces a gain error. 

BITt-BITU 

Figure 6. 12-Bit Plus Sign Magnitude Operation 

Sign Binary Number in 
Bit DAC Analog Output, Your 

MSB LSB 

0 1 III 1 I I I 1 I I I +VIN . (4095 ) 
4096 

0 0000 0000 0000 o Volts 

0000 0000 0000 o Volts 

I 1 1 1 1 1 I I I I I I -VIN . (4095 ) 
4096 

Note: Sign bit of"O" connects R3 to GND. 

Table IV. 12-Plus Sign Magriitude Code Table for 
Circuit of Figure 6 

APPLICATIONS HINTS 
Output Offset: CMOS D/A converters exhibit a code dependent 
output resistance which in turn can cause a code dependent 
error voltage at the output of the amplifier. The maximum 
amplitude of this offset, which adds to the D/A converter 
nonlinearity, is 0.67 Vas where Vas is the amplifier'input offset 
voltage. To maintain monotonic operation it is recommended 
that Vas be no greaterthan (2S x 10-6) (V REF) overthe temperature 
'range of operation. Suitable op amps are ADS17L and AD544L. 
The ADS17L is best suited for fixed reference applications with 
low bandwidth requirements: it has extremely low offset (5011 V) 
and in most applications will not require an offset trim. The 
ADS44L has a much wider bandwidth and higher slew rate and 
is recommended for multiplying and other applications requiring 
fast settling. An offset trim on the AD544L may be necessary in 
some circuits. 

Digital Glitches: One cause of digital glitches is capacitive 
coupling from the digital lines to the OUTl and OUT2 
terminals. This should be minimized by screening the analog 
pins of the AD754lA (pins 1,2, 17, 18) from the digital pins by 
a ground track run between pins 2 and 3 and between pins 16 
and 17 of the AD7S4IA. Note how the analog pins are at one 
end of the package and separated from the digital pins by V DD 

and GND to aid screening at the board level. On-chip capacitive 
coupling can also give rise to crosstalk from the digital to analog 
sections of the AD7541A, particularly in circuits with high 
currents and fast rise and fall times. 
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Temperature Coefficients: The gain temperature coefficient of 
the AD754lA has a maximum value of 5ppm/"C and a typical 
value of 2ppmJ°C. This corresponds to worst case gain shifts of 
2LSBs and O.8LSBs respectively over a 100°C temperature 
range. When trim resistors RI and R2 are used to adjust full 
scale range, the temperature coefficient of RI and R2 should 
also be taken into account. The reader is referred to Analog 
Devices Application Note "Gain Error and Gain Temperature 
Coefficient of CMOS Multiplying DACs", Publication Number 
E630-10-6/81. 

SINGLE SUPPLY OPERATION 
Figure 7 shows the AD7541A connected in a voltage switching 
mode. OUTI is connected to the reference voltage and OUT2 is 
connected to GND. The D/A converter output voltage is 
available at the V REF pin (pin 17) and has a constant output 
impedance equal to RLDR. The feedback resistor RFB is not 
used in this circuit. 

VOUT = OTO +10V 

------~--------------~----~----~~~~~~:D 
VO<JT±VRE,D(1 +R2IRlI WHERE 0-;0..;1 
I.e. 0 IS A FRACTIONAL REPRESENTATION OF THE DIGITAL INPUT 

Figure 7. Single Supply Operation Using Voltage Switching 
Mode 

The reference voltage must always be positive. If OUTI goes 
more than O.3V less than GND an internal diode will be turned 
on and a heavy current may flow causing device damage (the 
AD7541A is, however, protected from the SCR latch-up 
phenomenon prevalent in many CMOS devices). Suitable 
references include the AD580 and AD584. 

The loading on the reference voltage source is code dependent 
and the response time of the circuit is often determined by the 
behavior of the reference voltage with changing load conditions. 
To maintain linearity, the voltage at OUTI should remain 
within 2.5VofGND, for a VDD of 15V. IfVDD is reduced from 
15V or the reference voltage at OUTI increased to more than 
2.5V the differential nonlinearity of the DAC will increase and 
the linearity of the DAC will be degraded. 
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SUPPLEMENTAL APPLICATION MATERIAL 
For further information on CMOS multiplying D/A converters 
the reader is referred to the following texts: 

Application Guide to CMOS Multiplying DI A Converters, 
Publication Number G479-15-8178 available from Analog 
Devices. 

Gain Error and Gain Temperature Coefficient of CMOS 
MUltiplying DAC Application Note, Publication Number 
E630-10-6/81 available from Analog Devices. 

Analog-Digital Conversion Notes - available from Analog 
Devices, price $5.95. 
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FEATURES 
Resolution: 12 Bits 
Nonlinearity: ±1/2LSB Tmin to Tmax 
Low Gain Drift: 2ppmf C typ, 5ppmf C max 
Microprocessor Compatible . 
Full 4·Quadrant Multiplication 
Low Multiplying Feedthrough 
Low Power Dissipation: 40mW max 
Low Cost 
Small Size: 16·Pin DIP 
Latch Free (Protection Schottky Not Required) 

GENERAL DESCRIPTION 
The AD7542 is a precision 12-bit CMOS multiplying DAC 
designed ,for direct interface to 4· or 8·bit microprocessors. 

The functional diagram shows the AD7542 to consist of three 
4·bit data registers, a 12-bit DAC register, address decoding 
logic and a 12·bit CMOS multiplying DAC. Data is loaded 
into the data registers in three 4-bit bytes, and subsequently 
transferred to the 12-bit DAC register. All data loading or 
data transfer operations are identical to the WRITE cycle of a 
static RAM. A clear input allows the DAC register to be easily 
reset to. all zeros when powering up the device. 

The AD7542 is manufactured using an advanced thin·film on 
monolithic CMOS fabrication process. Multiplying capability, 
low power dissipation, +5V operation, small size (16-pin DIP) 
and easy IlP interface make the AD7542 ideal for many instru· 
mentation, industrial control and avionics applications. 

ORDERING INFORMATION 

Temperature Range and Package' 

Relative Gain Commercial Industrial 
Accuracy Error (Plastic) (Ceramic) 
(Tmin to Tmax) +25·C o to +70·C -25·C to +85·C 

±lLSB ±12.3LSB AD7S42jN AD7S42AD 

±1/2LSB ±12.3LSB AD7S42KN AD7S42BD 

±1/2LSB ±lLSB AD7S42GKN AD7S42GBD 

I Analog Devices is offering the AD7542 in chip carrters. For 
infonnation contact the factory. 

PACKAGE IDENTIFICATION1 

Suffix "N"; - Plastic DIP (N16B) 
Suffix "D"; - Ceramic DIP (D16B) 

'See Section 19 for package outline information. 

Extended 
(Ceramic) 
-55·C to +125·C 

AD7S42SD 

AD7S42TD 

AD7S42GTD 

CMOS 
f.tP-Compatible 12-Bit DAC 

AD7542 I 

AD7542 FUNCTIONAL BLOCK DIAGRAM 

AD7542 

L---++H....--+-+-t--4--{7 DO (LSSI 

L-___ + ..... ___ ~ ..... --~: :: • 
L _____ -=====~===~~===~ D3(MSSI 

PIN CONFIGURATION (NOT TO SCALE) 
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SPECIFICATIONS (Voo = +5V, VREF = +10V, VOUTl = VOUT2 = OV unless otherwise noted) 

LimitAtl LimitAtl 
UmltAt TA - 0, +70·C, TA - -55·C 

Parameter TA-+2S·C -2S·C" +8S·C " +12S·C 
ACCURACY 

Resolution 12 12 12 
Relative Accuracy2 

IN, AD, SD Versions tl tl tl 
KN, BD, TD Versions t1l2 t1l2 tl/2 
GKN, GBD, GTD Versions t1l2 t1l2 t1l2 

Differential Nonlinearity2 
IN, AD, SD Versions t2 t2 t2 
KN, BD, TD Versions ±l tl tl 
GKN, GBD, GTD Versions ±l tl tl 

Gain Error2 

IN, KN, AD, BD, SD, TD t12.3 t13.S ±l4.S 
GKN, GBD, GTD tl tl t2 

Gain Temperature Coefficient 
t.Gain/t.Temperature 

Power Supply Rejection 
t.Gain/t.VDo 0.005 0.01 0.01 

Output Leakage Current 
I,)UTI (Pin4) 10 200 
fauTZ (Pin 5) 10 200 

DYNAMIC PERFORMANCE 
Current Settling Time' 2.0 2.0 2.0 

Multiplying Feedthrough Error' 2.5 2.5 2.5 

REFERENCE INPUT 
Input Resistance (pin 15) 8/15/25 8/1 S/25 8/15/25 

ANALOG OUTPUTS 
Output Cafacitance 

75 75 75 ~~~'~3 260 260 260 

CoUT2
3 75 75 75 

CoUT2 
3 260 260 260 

LOGIC INPUTS 
VL'IH (Logic HIGH Voltage) +3.0 +3.0 +3.0 
VINL (Logic LOW Voltage) +0.8 +0.8 +0.8 
lIN· 1 1 1 
CIN (Input Capacitance)3 8 
Input Coding 12-Bit Unipolar Binary or n-Bit Offset 

Binary (see Figures 5 and 6). Data is 
loaded into data registers in 4-bit bytes. 

SWITCHING CHARACTERISTlCSs (See Figure 7) 

tWR 120 220 
tAWH 50 65 

tcwlI 50 100 

tcLR 200 300 
Byte Loading 

tcws ' 60 130 
tAWS 80 180 

tos 50 65 
tOH 50 65 

DAC Loading 
tcws 60 150 
tAWS 120 240 

POWER SUPPLY 
VOO (Supply Voltage) +5 +5 
100 (Supply Current) 2.5 2.5 

NOTES 
'Temperature Ranges as follows: AD7S42JN, KN, GKN: 0 to +70~C 

AD7542AD, BD, GBD: _25°C to +8SoC 
A07542S0, TO, GTO: _55°C to +12SoC 

1 See definitions on next page. 
:I Guaranteed but not tested. 
4 Logic inputs are MOS gites. Typical input current (+2SoC) is less than 1nA. 
• Samp~e tested at +2 SoC to ensure compliance. 

Specifications subject to change without notice. 

220 
65 
100 
300 

130 
180 
65 
65 

150 
240 

+5 
2.5 
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Units Conditionl/Comments 

Biu 

LSBmax 
LSBmax 
LSBmax 

LSBmax Monotonic to 11 bits from Tmin to TmlX 
LSBmax Monotonic to 12 bits from Tmin to TmlX 
LSBmax Monotonic to 12 bits from Tmin to TmlX 

LSBmax Using internal RFB only (gain error can be 
LSBmax trimmed to zero using circuits of Figures 5 & 6) 

ppmt"Cmax Typical value is 2ppm/·C 

% per% max VOO ~ +4.7SV to +S.2SV 

nAmax DAC Register loaded with all Os 
nAmax DAC Register loaded with all 15 

Ilsmax To 1/2LSB. OUTlload = lOOn. DAC output measured from falling 
edge ofWR. 

mVp-pmax VREF = ±lOV, 10kHz sine wave 

kn min/typ/max 

pF max DAC register loaded to 0000 0000 0000 
pFmax OAC register loaded to 1111 1111 1111 
pF max DAC register loaded to 1111 1111 1111 
pfmax DAC register loaded to 00000000 0000 

V min 
Vmax 
IlAmax VIN = OV or VOO 
pF max 

nsmin tWR: WRITE pulse width 
nsmin tAWH: Address-to-WRITE hold time 
nsmin tcwH: Chip seiect-to-WRITE hold time 
nsmin tcLR: Minimum CLEAR pulse width 

nsmin tcws: Chip select-to-WRITE setup time 
nsmin tAWS: Address valid-to-WRITE setup time 
nsmin tOS: Data setup time 
nsmin tOH: Data hold time 

nsmin tcws: Chip select-to-WRITE setup time 
nsmin tAWS: Address valid-to-WRITE setup time 

V ±5% for specified performance 
mAmax Digital Inputs = VINH or VINL 



ABSOLUTE MAXIMUM RATINGS· 
(TA = +25°C unless otherwise noted) 

Voo to AGND .......................... OV, +7V 
Voo to DGND .............. ' ............ OV, +7V 
AGND to DGND. . . . . . . . . . . . . . . . . . . . . . . . . . . Voo 
DGND to AGND ........................... Voo 
Digital Input Voltage to DGND 

(pins 4-11, 13) .................... -0.3V, +15.3V 
VPINlt VPIN2 to AGND ................. -0.3V, +15V 

VREF to AGND ................ '.' ......... ±25V 
VRFB to AGND ........................... ±25V 
Power Dissipation (Package) 

Plastic (Suffix N) 

To +70°C. ......................... 670mW 
Derates above +70

o
C by .............. . 8.3mWtC 

Ceramic (Suffix D) 
To +75°C .......................... 450mW 
Derates above +75°C by ............... . 6mWtC 

Operating Temperature Range 
Commercial Plastic ON, KN, GKN versions) ... 0 to +70

o
C 

Industrial Ceramic (AD, BD, GBD versions) 
........................... -25°C to +85°C 

Extended Ceramic (SD, TD, GTD versions) . -55°C to +125°C 
Storage Temperature ................ -65°C to +150

o
C 

Lead Temperature (Soldering, 10 secs) .......... +300
o
C 

·COMMENT: Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress 
rating only and functional operation of the device at these or any other conditions above those indicated in the operational sections of this 
specification is not implied. Exposure to absolute maximum rating conditions for extended periods may affect device reliability. 

CAUTION: 
ESD (Electro-Static-Discharge) sensitive devic~. The digital control inputs are zener 
protected; however, permanent damage may occur on unconnected devices subject 
to high energy electrostatic fields. Unused devices must be stored in conductive foam 
or shunts. The protective foam should be discharged to the destination socket before 
devices are removed. 

TERMINOLOGY 
RELATIVE ACCURACY 
Relative accuracy on endpoint nonlinearity is a measure of 
the maximum deviation from a straight line passing through 
the endpoints of the DAC transfer function. It is measured 
after adjusting for zero and full scale and is expressed in % or 
ppm of full scale range or (sub) multiples of lLSB. 

DIFFERENTIAL NONLINEARITY 
Differential nonlinearity is the difference between the meas
ured change and the ideallLSB change between any two ad
jacent codes. A specified differential nonlinearity of ±ILSB 
max over the operating temperature range insures monotonicity. 

PIN MNEMONIC FUNCTION 

GAIN ERROR 
Gain is defined as the ratio of the DAC's Full Scale output 
to its reference input voltage. An ideal AD7542 would exhibit 
a gain of -4095/4096. Gain error is adjustable using external 
trims as shown in Figures 5 and 6. 

OUTPUT LEAKAGE CURRENT 
Current which appears at OUTI with the DAC register loaded 
to all Os or at OUT2 with the DAC register loaded to all Is. 

MULTIPLYING FEEDTHROUGH ERROR 
AC error due to capacitive feedthrough from VREF terminal 
to oun with DAC register loaded to all as. 

PIN MNEMONIC FUNCTION 

1 OUTI DAC current output bus. Normally 7 DO Data Input (LSB) 
terminated at op amp 8 CS Chip Select Input 
virtual ground 9 WR WRITE Input 

2 OYT2 DAC current output bus. Normally 10 AO Address Bus Input 
terminated at ground 11 Al Address Bus Input 

3 AGND Analog Ground 12 DGND Digital Ground 
--

4 D3 Data Input (MSB) 13 CLR Clear Input 
5 D2 Data Input 14 Voo +5V Supply Input 
6 Dl Data Input 15 VREF Reference Input 

16 RFB DAC Feedback Resis.tor 

Table I. Pin Function Description 
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Analog Circuit Description 
GENERAL CIRCUIT INFORMATION 
The AD7542, a 12-bit multiplying D/A converter, consists of 
a highly stable thin film R-2R ladder and twelve N-channel 
current switches on a monolithic chip. Most applications 
require the addition of only an output operational amplifier 
and a voltage or current reference. 

The simplified DI A circuit is shown in Figure 1. An inverted 
R-2R ladder structure is used-that is, the binarily weighted 
currents are switched between the OUTI and OUT2 bus lines, 
thus maintaining a constant current in each ladder leg indepen
dent of the switch state. 

I 

2R 

L-~-r __ --~~~r-~~------OOUT2 
~----~~--__ ~--~~~~~~----~OUT1 

DAC REGISTER 

15k 
L..-J\J\J\,.-O R F B 

Figure 1. AD7542 Functional Diagram 

One of the current switches is shown in Figure 2. The input 
resistance at VREF (Figure 1) is always equal to RLDR (RLDR 
is the R/2R ladder characteristic resistance and is equal to 
value "R"). Since RIN at the VREF pin is constant, the refer
ence terminal can be driven by a reference voltage or a refer
ence current, ac or dc, of positive or negative polarity. (If a 

FROM 
INTERFACE 
LOGIC~ 

TO LADDER 

OUT2 OUT1 

Figure 2. N-Channel Current Steering Switch 
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current source is used, a low temperature coefficient external 
RFB is recommended to define scale factor.) 

EQUIVALENT CIRCUIT ANALYSIS 
The equivalent circuits for all digital inputs LOW and all 
digital inputs HIGH are shown in Figures 3 and 4. In Figure 
3 with all digital inputs LOW, the reference current is switched 
to OUT2. The current source ILEAKAGE is composed ot 
surface and junction leakages to the substrate, while the 
114096 current source represents a constant I-bit current 
drain through the termination resistor on the R-2R ladder. ' 
The "ON" capacitance of the output N-channel switch is 
260pF, as shown on the OUT2 terminal. The "OFF" switch 
capac'itance is 7 5pF, as shown on the OUTI terminal. Analysis 
of the circuit for all digital inputs HIGH, as shown in Figure 4, 
is similar to Figure 3; however, the "ON" switches are now on 
terminal OUTl, hence the 260pF at that terminal. 

.--------0 R FB 

R 

r-------__ ~------OOUT1 

R "" 15k 
VREFo-~~~-4~------~--------~--------OOUT2 

Figure 3. AD7542 DAC Equivalent Circuit All Digital Inputs 
LOW 

,-------0 R FB 

R"" 15k 
R 

VREFo-~AAr-~~-------e~------~~------OOUT1 

r-------~~-------oOUT2 

t 

Figure 4. AD7542 DAC Equivalent Circuit All Digital Inputs 
HIGH 



UNIPOLAR BINARY OPERATION 
(2-QUADRANT MULTIPLICATION) 
Figure S shows the analog circuit connections required for uni
polar binary (2-quadrant multiplication) operation. The logic 
inputs are omitted for clarity. With a dc reference voltage or 
current (positive or negative polarity) applied at pin IS, the 
circuit is a unipolar D/A converter. With an ac reference volt
age' or current the circuit provides 2-quadrant multiplication 
(digitally controlled attenuation). The input/output relation
ship is shown in Table II. 

R1 provides full scale trim capability [i.e.-load the DAC 
register to 1111 1111 1111, adjust R1 for VOUT = -VREF 
(409S/4096)]. Alternatively, Full Scale can be adjusted by 
omitting R 1 and R2 and trimming the reference voltage 
magnitude. 

C1 phase compensation (10 to 2SpF) may be required for 
stability when using high speed amplifiers. (C1 is used to cancel 
the pole formed by the DAC internal feedback resistance and 
output capacitance at OUT1). 

Amplifier Al should be selected or trimmed to provide 
Vos ~ 10% of the voltage resolution at VOUT' Additionally, 
the amplifier should exhibit a bias current which is low over 
the temperature range of interest (bias current causes output 

.10V Voo 
VREF +5V 

DGND AGND 

NOTES 
1. LOGIC INPUTS OMITTED FOR CLARITY 
2. SEE APPLICATION HINT NO.4. 

Figure 5. Unipolar Binary Operation (2-Quadrant 
Multiplication) 

BINARY NUMBER IN 
DAC REGISTER ANALOG OUTPUT, VOUT 

MSB LSB 

1111 1111 1111 (409S) -VREF 4096 

1000 0000 0000 -VRE~ ~g;~)= -112 VREF 

0000 0000 0001 -:-VREF( 4l96) 

0000 0000 0000 OV 

Table II. Unipolar Binary Code Table for Circuit of Figure 5 

Applying the AD7542 

offset at VOUT equal to IB times the DAC feedback resistance, 
nominally lSkfl). The ADS44L is a high-speed implanted 
FET-input op amp with low, factory-trimmed Vos. 

BIPOLAR OPERATION 
(4-QUADRANT MULTIPLICATION) 
Figure 6 and Table III illustrate the circuitry and code relation
ship for bipolar operation. With a dc reference (positive or 
negative polarity) the circuit provides offset binary operation. 
With an ac reference, the eleven LSBs provide digitally con
trolled attenuation of the ac reference while the MSB provides 
polarity control. 

With the DAC register loaded to 100000000000, adjust R1 
for VOUT = OV (alternatively, one can omit R1 and R2 and 
adjust the ratio of R3 to R4 for VOUT = OV). Full scale 
trimming can be accomplished by adjusting the amplitude of 
VREF or by varying the va,lue of RS. 

As in unipolar operation, Al must be chosen for low Vos and 
low lB' R3, R4 and RS must be selected for matching and 
tracking. Mismatch of 2R3 to R4 causes both offset and Full 
Scale error. Mismatch of RS to R4 or 2R3 causes Full Scale • 
error, C1 phase compensation (10pF to 2SpF) may be required 
for stability. 

±lOV Voo 
VREF +5V 

Rl' 

VOUT 

NOTES 
1. LOGIC INPUTS OMITTED FOR CLARITY 
2. SEE APPLICATION HINT NO.4 

Figure 6. Bipolar Operation (4-Quadrant Multiplication) 

BINARY NUMBER IN 
DAC REGISTER ANALOG OUTPUT, VOUT 

MSB LSB 

1111 1111 1111 (2047 ) +VREF 2048 

1000 0000 0001 +VREF(20\8 ) 

1000 0000 0000 OV 

0111 1111 1111 -VREF(z0148 ) 

0000 0000 0000 (2048 ) -VREF 2048 

Table III. Bipolar Code Table for Offset Binary Circuit of 
Figure 6 
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INTERF ACE LOGIC 
INTERFACE LOGIC INFORMATION 
The AD7542 is designed to interface as a memory-mapped 
output device. AD7542 Control Inputs 

AD7542 Operation 
A1 Ao CS WR CLR 

A typical system configuration is shown in Figure 8 on next 
page. CS is the decoded device address, and is derived by de
coding the three higher order address bits. AO and Al is the 
AD7542 operation address, and is decoded internally in the 
AD7S42 to point to the desired loading operation (i.e., load 
high byte, middle byte, low byte or DAC register). Table IV 
shows the AD7542 truth table. 

X X X X 0 Resets DAC 12-Bit Register 

All data loading operations are identical to the write cycle of 
a RAM as shown in Figure 7. 

Additionally, the CLR input allows the AD7542 DAC register 
to be cleared asynchronously to 0000 0000 0000. When oper
ating the AD7S42 in a unipolar mode (Figure 5), a CLEAR 
causes the DAC output to assume OV. In the bipolar mode 
(Figure 6), a CLEAR causes the DAC output to go to -VREF' 

X 

0 

0 

1 

X 

0 

1 

0 

1 X 

0 S 

0 S 

0 S 

to Code 0000 0000 0000 

1 No Operation 
Device Not Selected 

Load LOW ByteS 
1 Data Register On 

Edge As Shown Load 

Load MIDDLE ByteS Applicable 

1 Data Register On Data 

Edge As Shown Register 

Load HIGH ByteS 
With Data 

1 Data Register On 
At Do -D3 

Edge As Shown 

In summary: Load 12-Bit DAC Register With 

1. The AD7542 DAC register can be asynchronously cleared 
with the CLR input. 

2. Each AD7542 requires 4 locations in memory. 
3. Performing any of the four basic loading operations (i.e. 

load low byte data register, middle byte data register, high 
byte data register or 12-bit DAC register) is accomplished 
by executing a memory WRITE operation to the appli
cable address location for the required DAC operation. 

1 1 0 Lf 1 Data In LOW Byte, MIDDLE Byte 
& HIGH Byte Data Registers6 

NOTES: 
I 1 indicates logic HIGH S MSB • XXXX ~ ~ + LSI} 
20 indicates logic LOW high middle low 
3 X indicates don't care byte byte byte 
• S indicates LOW to HIGH transition • These control signals are level triggered. 

Table IV. AD7542 Truth Table 

11 ............ --- ADDRESS BUS VALID ---"~"'I 

AO-A1 
(PINS 10, 11) 

~rv~;-I:----------------------------~~ ______________ _ 
--------- I -

I I~I ________ ...;1 ______ .... I tAWH I 

1 \ 1 1"---CS 
(PIN 8) 

1 I.... I'" "'1 
I I .... -tcw-s--I---~I---tcw-H--.. I 

-----------+I-------t-A-W-S------4\~ II tWR ~~I 

WR I'" ~ 7-
(PIN 9) 1 ~I tOH I 

.----------~I 

03-00 
(PINS 4-7) )(~: X _________ ..,.J I I .... -----

'" DATA BUS ~ I 
VALID 

NOTE: TIMING MEASUREMENT REFERENCE LEVEL IS VIH ; VIL 

Figure 7. AD7542 Timing Diagram 
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APPLICA TION HINTS 
The AD7542 is a precision 12-bit multiplying DAC designed 
for system interface. To ensure system performance consistent 
with AD7 542 specifications, careful attention must be given 
to the following points: 

1. GENERAL GROUND MANAGEMENT: Voltage differen
ces between the AD7542 AGND and DGND cause loss of 
accuracy (dc voltage difference between the grounds intro
duces gain error. AC or transient voltages between the 
grounds cause noise injection into the analog output). The 
simplest method of ensuring that voltages at AGND and 
DGND are equal is to tie AGND and DGND together at 
the AD7542. In mor~ complex systems where the AGND
DGND intertie is on the back-plane, it is recommended 
that diodes be connected back-to-back between the 
AD7542 AGND and DGND pins (lN914 or equivalent). 

2. OUTPUT AMPLIFIER OFFSET: CMOS DACs exhibit a 
code-dependent output resistance which in tum causes a 
code-dependent amplifier noise gain. The effect is a dif
ferential nonlinearity term at the amplifier output which de
pends on Vos (Vos is amplifier input offset voltage). This 
differential nonlinearity term adds to the R/2R differential 
nonlinearity. To maintain monotonic operation, it is rec
ommended that amplifier Vos be no greater than 10% of 
the DAC's output resolution over the temperature range 
of interest [output resolution = VREF(Z-n) where n is the 
number of bits exercised] . 

3. HIGH FREQUENCY CONSIDERATIONS: AD7542 out
put capacitance works in conjunction with the amplifier 
feedback resistance to add a pole to the open loop response. 
This not only reduces closed loop bandwidth, but can also 
cause ringing or oscillation if the spurious pole frequency is 
less than the amplifier's OdB crossover frequency. Stability 
can be restored by adding a phase compensation capacitor 
in parallel with the feedback resistor. 

4. GAIN TEMPERATURE COEFFICIENTS: The gain temper
ature coefficient of the AD7542 has a maximum value of 
5ppm/oC and a typical value of 2ppmtC. This corresponds 

AD7542 INTERFACE TO MC6800 
A typical 6800 system configuration is shown in Figure 8. 
Since 'the AD7542 contains four registers each AD7542 is as
signed four locations in memory. AO and Al provides the oper
ational addresses and are decoded internally to point to the 
desired register. Register loading is accomplished by executing 
a memory WRITE instruction to one of the four addresses. 
Table V gives a sample loading subroutine written in re-entrant 
form. 

Choosing an arbitrary start address of PPQQ, locations PPQQ; 
PPQQ+l and PPQQ+2 select the low, middle and high byte 
registers respectively while address PPQQ+3 selects the 12-bit 
DAC register. The 12-bit data to be passed to the subroutine 
is stored in locations XXYY and XXYV + 1. The four most 
significant data bits are assumed to occupy the lower half 
ofXXYV+1. 

to gain shifts of 2.0LSBs and O.82LSBs respectively over a 
100°C temperature range. When trim resistors are used to 
adjust full-scale range a.c; shown in Figures 5 and 6 the 
temperature coefficient of Rl and R2 should be taken 
into account. It may be shown that the additional gain 
temperature coefficients introduced by Rl and R2 may 
be approximately expressed as follows:-

Temperature Coefficient 
contribution due to Rl 

Temperature Coefficient 
contribution due to R2 

-~ (11 + 300) 
RIN 

= + ~ (12 + 300) 
RIN 

Where 11 and 12 are the temperature coefficients in ppm/oC 
of Rl and R2 respectively and RIN is the DAC input resist
ance at the VREF terminal (pin 2). For high qllality wire
wound resistors and trimming potentiometers 1 is of the order 
of 50ppm/oC. It will be seen that if Rl and R2 are small com
pared with RIN. their contribution to gain temperature coef
ficient will also be small. For the standard AD7542 gain error 
specification of ± 12. 3 LSBs it is recommended that R 1 = 120n 
and R2 = 60n. With 1 = 50 these values result in an overall 
maximum gain error temperature coefficient of: 

5 + 0.~6 (50 + 300) = 8ppmfC 

However, if the AD7542GTD is used which has a specified 
gain error of ±ILSB, then with Rl = lOn and R2 = 5n the 
overall maximum gain temperature coefficient is increased by 
only 0.25ppm/oC. Where possible Rl should be a select on 
test fixed resistor since the resulting gain temperature coeffi
cient will be tighter in all cases. For further gain T .C. informa
tion refer to application note, "Gain Error and Gain Tempera
ture Coefficients of CMOS MultiplyingDACs", Publication 
Number E630-10-6/81 available from Analog Devices. 

5. For additional information on multiplying DACs refer to 
"Application Guide to CMOS Multiplying D/A Con
verters", Publication Number G479-15-8/78, available 
from Analog Devices. 

00-07 

MC6800 

RNit------l 

Figure 8. Interfacing theAD7542 to an MC6800 
Microprocessor 
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JSR wwzz 
WWZZ PSH A PUSH ACC. A ONTO STACK 

TPA 
PSH A PUSH CCR ONTO STACK 
LDAA XXYY, 
STAA PPQQ LOAD LOW BYTE 
RORA 
RORA 
RORA 
RORA 
STAA PPQQ+l LOAD MIDDLE BYTE 
LOA A XXYY+l 
STAA PPQQ+2 LOAD HIGH BYTE 
STAA PPQQ+3 LOAD DAC REGISTER 
PULA 
TAP POP CCR FROM STACK 
PULA POP ACC. A FROM STACK 
RTS RETURN TO MAIN PROGRAM 

Table V. Sample Routine for AD7542-6800 Interface 

CALL 

7542 PUSH 
PUSH 
PUSH 
LXI 
MOY 
STA 
MYI 

LOOP RAR 
OCR 
JNZ 
STA 
INX 
MOY 
STA 
STA 
POP 
POP 
POP 
RET 

7542 

PSW 
B 
H 
H,XXYY 
A,M 
PPQQ 
B,04 

B 
LOOP 
PPQQ+l 
H 
A,M 
PPQQ+2 
PPQQ+3 
H 
B 
PSW 

PUSH REGISTER CONTENTS 
ONTO STACK 

LOAD LOW BYTE 

LOAD MIDDLE BYTE 

LOAD HIGH BYTE 
LOAD DAC REGISTER 
POP REGISTER CONTENTS 
FROM STACK 

RETURN TO MAIN PROGRAM 

Table VI. Sample Routine for AD7542-8085 Interface 
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AD7S42 INTERFACE TO 8085 
A typical..!08S system configuration is shown in Figure 9. The 
AD7S42 CS input is decoded from the three high order address 
lines A13-AIS. The 808S WR output is directly connected to 
the WR input of the AD7S42. Table VI gives a sample loading 
subroutine written in re-entrant form. The 12-bit data to be 
passed to the subroutine is stored in locations XXYY and 
XXYY + 1. The four most significant data bits are assumed to 
occupy the lower half of XXYY+1. As before, arbitrary 
addresses PPQQ to PPQQ+ 3 select the low byte, middle byte, 
high byte and DAC registers respectively. 

Figure 9. Interfacing the AD 7542 to an 8085 Microprocessor 
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FEATURES 
Resolution: 12 Bits 
Nonlinearity: ±1/2LSB Tmin to Tmax 
Low Gain T.C.: 2ppmfC typ, 5ppmfC max 
Serial Load on Positive or Negative Strobe 
Asynchronous CLEAR Input for Initialization 
Full 4·Quadrant Multiplication 
Low Multiplying Feedthrough: 1LSB max @·10kHz 
Requires no Schottky Diode Output Protection 
Low Power Dissipation: 40mW max 
+5V Supply 
Small Size: 16·Pin DIP 
Low Cost 

GENERAL DESCRIPTION 
The AD7543 is a precision 12·bit monolithic CMOS multi
plying DAC designed for serial interface applications. 

The DAC's logic circuitry consists of a 12·bit serial-in parallel
out shift register (Register A) and a 12-bit DAC input register 
(Register B). Serial data at the AD7543 SRI pin is clocked into 
Register A on the leading or trailing edge (user selected) of the 
strobe input. Once Register A is full its contents are loaded in
to Register B under control of the LOAD inputs. 

Initialization is simplified by the use of the CLR input which 
provides an asynchronous reset of Register B. 

Packaged in a 16-pin DIP, the AD7543 features excellent gain 
T.C. (2ppm/oC typ; 5ppm/C max), +5V operation and latch
free operation. (No protection Schottky diodes required.) 

ORDERING INFORMATION 

Temperature Range and Package 

Relative Gain Commercial Indusaial 
Accuracy Error (Plastic) (Ceramic) 

Tmin to Tmax +2S
o
C o to +70

o
C -25°C to +8SoC 

±lLSB ±12.3LSB AD7543JN AD7543AD 

±1I2LSB ±12.3LSB AD7543KN AD7S43BD 

±1I2LSB ULSB AD7S43GKN AD7S43GBD 

PACKAGE IDENTIFICATION! 
Suffix "N": - Plastic DIP (N16B) 
Suffix "D": - Ceramic DIP (D16B) 

I See Section 19 for package outline information. 

Extended 
(Ceramic) 

-55°C to +12S
o
C 

AD7543SD 

AD7S43TD 

AD7S43GTD 

CMOS 
Serial Input 12-Bit OAC 

AD7543 I 
AD7543 FUNCTIONAL DIAGRAM 

PIN CONFIGURATION 

RFB 

VREF 

VOD 

CLR 

DGND 

STB4 

STB3 
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SPECIFICATIONS (Voo = +5V, VREF = +10V, VOUTl = VOUT2 ~ OV, unless otherwise noted) 
LimltAtl LimitAtl 

Limit At TA - 0', +70
o

C, TA - _SSoC 
Parameter TA-+2SoC -2SoC 6: +85°C 6: +12S·C 

ACCURACY 
Resolution 12 12 12 
Relative Accuracy2 

IN, AD, SO Versions ±l 11 11 
KN, BD, TO Versions tll2 ±l12 1112 
GKN, GBD, GTD Versions ±l/2 1112 11/2 

Differential Nonlinearity2 
IN, AD, SO Versions 12 12 12 
KN, BD, TO Versions 11 11 11 
GKN, GBD, GTD Versions 11 ±l ±l 

Gain Error2 

IN, KN, AD, BD, SO, TO 112.3 113.5 114.5 
GKN, GBD, GTD tl 11 t2 

Gain Temperature Coefficient 
AGain/ATemperature 

Power Supply Rejection 
AGain/AVoo 0.005 0,01 0.01 

Output Leakage Current 
louT! (Pin 4) 10 200 

louT2 (Pin 5) 10 200 

DYNAMIC PERFORMANCE 
Current Settling Time 3 2.0 2.0 2.0 

Multiplying Feedthrough Error3 2.5 2.5 2.5 

REFERENCE INPUT 
Input Resistance(pin IS) 8/15125 8/15125 8/15125 

ANALOG OUTPUTS 
Output Caracitance 

COUTI 75 75 75 

CoUTI
3 260 260 260 

CoUT2
3 75 75 75 

COUT2 
3 260 260 260 

LOGIC INPUTS 
VINH (Logic HIGH Voltage) +3.0 +3.0 +3.0 
VIN.L (Logic LOW Voltage) +0.8 +0.8 +0.8 

liN 1 1 1 

CIN (lnpu t Capacitance)3 8 8 
Input Coding 12-Bit Unipolar Binary or 12-Bit Offset 

Binary (see Figures 6 and 7), serial load 
(MSB First) 

SWITCHING CHARACTERISTICS' 

tOSI SO 100 

tOS4 
tOS3 
tos2 20 40 

tOHI 30 60 

tOH4 80 160 

tOH3 80 160 

tOH2 60 120 

tSRI 80 160 

tSTBI 80 160 

tSTB4 100 200 

tSTB3 100 200 

tSTB2 80 160 
tLOI, tL02 ISO 300 

tASB 0 0 

tCLR 200 400 

POWER SUPPLY 
VDD (Supply Vclt~ge) .5 +5 
100 (Supply Current) 2.5 2.5 

NOTES 
I Temperature range. as follow., A07S43JN, KN, GKN, 0 to +70·C 

A07S43AO, BO, GBO, -2S·C to +8S·C 
A07S43S0, TO, GTO, -SS·C to +12S·C 

3 Sec Terminology on (ollowing page. 
»Guaranteed but not tested . 
.. Logic inputs arc MOS gates. T,'pical input cunent (+2SoC) is less than InA. 
'Sample tested at +2SoC to ensure compliance. 

Specifications subject to change without notice. 

100 

0 
40 

60 
160 
160 
120 

160 
160 
200 
200 
160 
300 
0 
400 

+5 
2.5 
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Units ConditlonalComments 

Biu 

LSBmax 
LSB max 
LSBmax 

LSBmax Monotonic to 11 bits from Tmia to TmlX 
LSBmax Monotonic to 12 bits from Tmin to TmlX 
LSBmax Monotonic to 12 bits from Tmin to TmlX 

LSBmax Using internal RFB only (gain error can be 
LSB max trimmed to zero using circuits of Figures 6 6: 7) 

ppm/·C max Typical value is 2ppm/·C 

% per % max Voo D +4.75V to +5.25V 

nAmax DAC Register loaded with all Os 
nAmax DAC Register loaded with all 15 

lis max To 1I2LSB. oun load = lOOn. DAC output measured from falling 
edge of LDI and LD2, see Figure 5. 

mVp-pmax VREF = tl0V, 10kHz sine wave 

kn min/typ/max Typical temperature coefficient i~ -300ppm/C 

pFmax Register B loaded to 0000 0000 0000 
pF max Register B loaded to 1111 1111 1111 
pF max Register B loaded to 1111 1111 1111 
pfmax Register B loaded to 0000 0000 0000 

V min 
Vmax 
IlAmax VIN = OV or VOO 

pFmax 

nsmin 
(Serial Input) 

STB 1 used as a strobe 
nsmin 

to Strobe 
STB4 used as a strobe 

nsmin Setup Time STB3 used as a strobe 
nsmin STB2 used as a strobe 

( Serial Input) 
STB 1 used as a strobe 

nsmin STB4 used as a strobe 
- nsmin to Strobe 

STB3 used as a strobe 
nsmin Holll Time 

STB2 used as a strobe 

nsmin SRI data pulse width 
nsmin STB1 pulse width 
nsmin STB4 pulse width 
nsmin STB3 pulse width 
nsmin STB2 pulse width 
nsmin Load pulse width 
nsmin Min time between strobing LSB into Register A and loading Register B 
nsmin CLR pulse width 

V 
mAmax Digital Inputs = VINH or VINL 



ABSOLUTE MAXIMUM RATINGS· 

(T A = +2S
o
C unless otherwise noted) 

VDD to AGND· ......................... OV, +7V 
VDD to DGND· ......................... OV, +7V 
AGND to DGND· .......................... VDD 
DGND to AGND· .......................... V DD 
Digital Input Voltage to DGND 

(pins4-11, 13) ..................... -0.3V, +15V 
VpINl' VpIN2 to AGND ................ -0.3V, +15V 
VREF to AGND ......... ; ................. ±25V 
VRFB to AGND ........................... ±25V 

Power Dissipation (Package) 
Plastic (Suffix N) 

• Stresses above those listed under "Absolute Maximum Ratings" may 
cause pennanent damage to the device. This is a stress rating only and 
functional operation of the device at these or any other conditions 

To +70°C. ......................... 670mW 
Derates above +70

0
C by .............. 8.3mW/oC 

Ceramic (Suffix D) 
To +75°C. ......................... 450mW 
Derates above +75°C by ............... . 6mW/oC 

Operating Temperature Range 
Commercial Plastic ON, KN, GKN versions) ... 0 to +70

0
C 

Industrial Ceramic (AD, BD, GBD versons) 
........................... -25°C to +85°C 

Extended Ceramic (SD, TD, GTD versions) 
.......................... -55°C to +125°C 

Storage Temperature ................ -65°C to +150
0
C 

Lead Temperature (Soldering, 10 secs) .......... +300
0
C 

above those indicated in the operational sections of this specification 
is not implied. Exposure to absolute maximum rating conditions for 
extended periods may affect device reliability. 

CAUTION:-------------------------------------------------------
ESD (Electro-Static-Discharge) sensitive device. The digital control inputs are zener protect- WARNING! 0 
ed; however, permanent damage may occur on unconnected devices subject to high energy 
electrostatic fields. Unused devices must be stored in conductive foam or shunts. The pro
tective foam should be discharged to the destination socket before devices are removed. ~~DEVICE 
TERMINOLOGY 

RELATIVE ACCURACY GAIN ERROR 
Relative accuracy or endpoint nonlinearity is a measure of the 
maximum deviation from a straight line passing through the 
endpoints of the DAC transfer function. It is measured after 
adjusting for ideal zero and full scale and is expressed in % or 
ppm of full-scale range or (sub) multiples of lLSB. 

Gain is defined as the ratio of the DAC's Full Scale output 
to its reference input voltage. An ideal AD7543 would exhibit 
a gain of -4095/4096. Gain error is adjustable using external 
trims as shown in Figures 6 and 7. 

OUTPUT LEAKAGE CURRENT 
DIFFERENTIAL NONLINEARITY 
Differential nonlinearity is the difference between the mea
sured change and the ideal 1 LSB change between any two 
adjacent codes. A specified differential nonlinearity of ±l 
LSB max over the operating temperature range ensures 
n1onotonicity. 

Current which appears at OUTl with Register B loaded to all 
O's or at OUT 2 with Register B loaded to all 1 'so 

MULTIPLYING FEEDTHROUGH ERROR 
AC error due to capacitive feedthrough from VREF terminal 
to OUTI with DAC registcr loaded to all O's. 

PIN MNEMONIC FUNCTION 

1 OUTI DAC current output bus. Normally terminated at op amp virtual ground 
2 OUT2 DAC current output bus. Normally terminated at AGND 
3 AGND Analog Ground 
4 STBI Register A Strobe 1 input, see Table II 
5 LDI DAC Register B Load 1 input. When LDI and LD2 go low the contents 

of Register A are loaded into DAC Register B 
6 N/C No Connection 
7 SRI Serial Data Input to Register A 
8 STB2 Register A Strobe 2 input, see Table II 
9 LD2 DAC Register B Load 2 input. When LDI and LD2 go low the contents 

of Register A are loaded into DAC Register B 
10 STB3 Register A Strobe 3 input, see Table II 
11 STB4 Register A Strobe 4 input, see Table II 
12 DGND Digital Ground 
13 CLR Register B CLEAR input (active LOW), can be used to asynchronously 

reset Register B to 0000 0000 0000 
14 VDD +5V Supply Input 
15 VREF Reference input. Can be positive or negative dc voltage or ac signal 
16 RFB DAC Feedback Resistor 

Table I. Pin Function Description 
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GENERAL CIRCUIT INFORMATION 
The AD7543, a l2-bit multiplying D/A converter, consists of 
a highly stable thin film R-2R ladder and twelve N-channel 
current switches on a monolithic chip. Most applications 
require the addition of only an output operational amplifier 
and a voltage or current reference. 

The simplified D/A circuit is shown in Figure 1. An inverted 
R-2R ladder structure is used-that is, the binarily weighted 
currents are switched between the OUTl and OUT2 bus lines, 
thus maintaining a constant current in each ladder leg indepen-
dt!nt of the switch state. . 

R R ,R 
VREFo--e~VV~ __ ~~~~~~vv~.-----, 

2R 

L----i-r .... --h ..... -!i-h ..... ------O OUT2 

L-:------< ..... --~:----fi-__ ~~-----ooun 

DAC REGISTER B 

R 
L--JVl..t\r-o R F B 

Figure 1. AD7543 Functional Diagram 

One of the current switches is shown in Figure 2. The input 
resistance at VREF (Figure 2) is always equal to RLDR 
(RLDR is the R/2R ladder characteristic resistance and is 
equal to value "R"). The reference terminal can be driven 
by a reference voltage or a reference current, ac or dc, of 
positive or negative polarity. If a curren~ source is used, a 
low temperature coefficient external RFS is recommended to 
define scale factor. 

FROM 
INTERFAC~ 
LOGIC~ 

TO LADDER 

OUT2 oun 

Figure 2. N-Channel Current Steering Switch 
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,...----oRFB 

R 

t 
,...----.......... ---0 oun 

VREFo-~~~~.--------e~------_e--------_oOUT2 

Figure 3. AD7543 DAC Equivalent Circuit 
All Digital Inputs LOW 

EQUIVALENT CIRCUIT ANALYSIS 
The equivalent circuits for all digital inputs LOW and all 
digital inputs HIGH are shown in Figures 3 and 4. In Figure 
3 with all digital inputs LOW, the reference current is switched 
to OUT2. The current source ILEAKAGE is composed of sur
face and junction leakages to the substrate, while the 1/4096 
current source represents a constant 1 least significant bit cur
rent drain through the termination resistor on the R-2R ladder. 
The "ON" capacitance of the output N-channel switch is 
260pF, as shown on the OUT2 terminal. The "OFF" switch 
capacitance is 75pF, as shown on the OUTl terminal. Analysis 
of the circuit for all digital inputs HIGH, as shown in Figure 
4, is similar to FigUre 3; however, the "ON" switches are now 
on terminal OUTl, hence the 260pF at that terminal. 

,...--------4~------~OUT2 

Figure 4. AD7543 DAC Equivalent Circuit 
All Digital Inputs HIGH 



INTERFACE LOGIC INFORMATION 
Shown in'the AD8543 Functional Diagram Register A is a 12-
bit shift register. Serial data appearing at pin SRI is clocked 
into the shift register on the leading (rising) edge of STH 1, 
STB2 or STB4 or on the leading (falling) edge of STB3. Table 
II defines ~he various logic states required on the Register A 
control inputs, while Figure 5 illustrates the Register A 
loading sequence. 

Once Register A is full, the data is transferred to Register B 
by bringing LDI and LD2 momentarily LOW. 

Register B can be asynchronously reset to 0000 0000 0000 
by bringing CLR momentarily LOW. This allows the DAC 
output voltage to be set to a known condition, thus simplify
ing system initialization procedure. When operating the 
AD7543 in the unipolar circuit of Figure 6, a CLEAR causes 
the DAC output voltage to equal OV. When using the bipolar 
circuit of Figure 7, a CLEAR causes the DAC output to equal 
-VREF. 

SRI 

STROBE INPUT 
(STB1. STB2. STB4) 
(NOTE) 

I-tSRI---l 

BIT 1 1 X,-_B_~_~_~_2 _>e= 

~_----,---- LOADING REGISTER A -------.~I 

LD1AND LD2 

NOTE: 
STROBE WAVEFORM IS INVERTED IF 
STB3 IS USED TO STROBE SERIAL DATA 
BITS INTO REGISTER A. 

AD7543 Logic Inputs 

LOADING REGISTER B / LJ 
WITH CONTENTS OF REGISTER A 

Figure 5. Timing Diagram 

Register A Control Inputs Register B Control Inputs AD7543 Operation 

-- -- - --
STB4 STB3 STB2 STBl CLR LD2 LDl 

0 1 0 S X X X Data Appearing At SRI Strobed Into Regi~ter A 

0 1 S 0 X X X Data Appearing At SRI Strobed Into Register A 

0 '- 0 0 X X X Data Appearing At SRI Strobed Into Register A 

S 1 0 0 X X X Data Appearing At SRI Strobed Into Register A 

1 X X X 

X 0 X X 

X X 1 X 
No Operation (Register A) 

X X X 1 

0 X X Clear Register B To Code 0000 0000 0000 (Asynchronous Operation) 

1 1 X 
No Operation (Register ~) 

1 X 1 

1 0 0 Load Register B With The Contents Of Register A 

NOTES: 
1. CLR = 0 Asynchronously resets Register B to 0000 0000 DODO, but has no effect on Register A. 
2. Serial data is loaded into Register A MSB first, on edges shownSis positive edge"'tis negative edge. 
3. 0 = Logic LOW, 1 = Logic IIIGII, X = Don't Care. 

Table II. AD7543 Truth Table 

Notes 

2,3 

2,3 

2,3 

2,3 

3 

1,3 

3 
! 

3 
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APPLYING THE AD7543 
UNIPOLAR BINARY OPERATION 
(2-QUADRANT MULTIPLICATION) 
FigUre 6 shows the analog circuit connections required for uni
polar binary (2-quadrant multiplication) operation. The logic 
inputs are omitted for clarity. With a dc reference voltage or 
current (positive or negative polarity) applied at pin IS, the 
circuit is a unipolar D/A converter. With an ac reference volt
age or current (again of + or - polarity) the circuit prov~des 
2-quadrant multiplication (digitally controlled attenuatIOn). 
The inputloutput relationship is shown in Table III. 

Rl provides full scale trim capability [i.e.-load the DAC 
register to 1111 1111 1111, adjust Rl for VOUT = -VREF 
(4095/4096»). Alternatively, Full Scale can be adjusted by 
omitting Rl and R2 and trimming the reference voltage 
magnitude. 

Cl phase compensation (lOpF to 25pF) may be required for 
stability when using high speed amplifiers. (Cl is used to can
cel the pole formed by the DAC internal feedback resistance 
and output capacitance at OUT!). 

Amplifier Al should be selected or trimmed to provide 
Vos ~ 10% of the voltage resolution at VOUT. Additionally, 
the amplifier should exhibit a bias current which is low over 

.l0V Voo 
VREF +5V 

DGND AGND 

NOTES 
1. LOGIC INPUTS OMITTED FOR CLARITY. 
2. SEE APPLICATION HINT NO.4. 

Figure 6. Unipolar Binary Operation (2-0uadrant 
Multiplication) 

BINARY NUMBER IN 
DAC REGISTER ANALOG OUTPUT, VOUT 

MSB LSB 

1111 1111 1111 (4095) -VREF 4096 

1000 0000 0000 -VREF( ~g~~~= -112 VREF 

0000 0000 0001 -VREF( 40
1
96} 

0000 0000 0000 OV 

Table III. Unipolar Binary Code Table for Circuit of Figure 6 
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the temperature range of interest (bias current causes output 
offset at VOUT equal to Is times the DAC feedback resistance, 
nominally 15kn). The AD544L is a high-speed implanted 
FET-input op amp with low, factory-trimmed Vos .. 

BIPOLAR OPERATION 
(4-QUADRANT MULTIPLICATION) 
Figure 7 and Table IV illustrate. the circuitry and code rela
tionship for bipolar operation. With a dc reference (positive or 
negative polarity) the circuit provides offset binary operation. 
With an ac reference, the eleven LSBs provide digitally con
trolled attenuation of the ac reference while the MSB pro
vides polarity control. 

With the DAC register loaded to 1000 0000 0000, adjust Rl 
for VOUT = OV (alternatively, one can omit R1 and R2 and 
adjust the ratio of R3 to R4 for VauT = OV). Full scale trim
ming can be accomplished by adjusting the amplitude OfVREF 
or by varying the value of R5. 

As in unipolar operation, Al must be chosen for low Vas and 
low Is. R3, R4 and R5 must be selected for matching and 
tracking. Mismatch of 2R3 to R4 causes both offset and Full 
Scale error. Mismatch of R5 to R4 to 2R3 causes Full Scale 
error. Cl phase compensation (1OpF to 25pF) may be re
quired for stability. 

15 

AGND 

NOTES 
1. LOGIC INPUTS OM1TTED FOR CLARITY. 
2. SEE APPLICATION H1NT NO.4. 

VOUT 

Figure 7. Bipolar Operation (4-0uadrant Multiplication) 

BINARY NUMBER IN 
DAC REGISTER ANALOG OUTPUT, VOUT 

MSB LSB 

1111 1111 1111 (2047 ) +VREF 2048 

1000 0000 0001 +VREF(2i48 ) 

1000 0000 0000 OV 

0111 1111 1111 -VREF(20~8 ) 
0000 0000 0000 (2048 ) -VREF 2048 

Table IV. Bipolar Code Table for Offset Binary Circuit of 
Figure 7 



APPLICATION HINTS 
The AD7543 is a precision 12-bit multiplying DAC designed 
for serial interface. To ensure system performance consistent 
with AD7543 specifications, careful attention must be given to 
the following points: 
1. GENERAL GROUND MANAGEMENT: Voltage differen

ces between the AD7543 AGND and DGND cause loss of 
accuracy (de voltage difference between the grounds intro
duces gain error. AC or transient voltages between the 
grounds cause noise injection into the analog output). The 
simplest method of ensuring that voltages at AGND and 
DGND are equal is to tie AGND and DGND together at the 
AD7543. In more complex systems where the AGND
DGND connection is on the back-plane, it is recommended 
that diodes be connected back-to-back between the AD7 543 
AGND and DGND pins to prevent possible device damage. 

2. OUTPUT AMPLIFIER OFFSET: CMOS DACs exhibit a 
code-dependent output resistance which in turn causes a 
code-dependent amplifier noise gain. The effect is a differ
ential nonlinearity term at the amplifier output which de
pends on VOS (Vos is amplifier input offset voltage). This 
differential nonlinearity term adds to the R/2R differential 
nonlinearity. To maintain monotonic operation, it is rec
ommended that amplifier Vos be no greater than 10% of 
the DAC's output resolution over the temperature range of 
interest [output resolution = VREF 2-n where n is the 
number of bits exercised). 

3. HIGH FREQUENCY CONSIDERATIONS: AD7543 out
put capacitance works in conjunction with the amplifier 
feedback resistance to add a pole to the open loop response. 
This not only reduces closed loop bandwidth, but can also 
cause ringing or oscillation if the spurious pole frequency is 
less than the amplifier's OdB crossover frequency. Stability 
can be restored by adding a phase compensation capacitor 
in parallel with the feedback resistor. 

4. GAIN TEMPERATURE COEFFICIENTS: The gain temper
ature coefficient of the AD7543 has a maximum value of 
5ppm/oC and a typical value of 2ppm/oC. This corresponds 
to gain shifts of 2.0LSBs and 0.82LSBs respectively over a 
100°C temperature range. When trim resistors are used to 

AD7543 INTERFACE TO MC6800 
In this example, it is assumed that the 12-bit data is con
tained in two memory locations (0000 and 0001). The four 
most significant bits are assumed to occupy the lower half of 
memory location 0000. The eight least significant bits occupy 
memory location 0001. The data is presented bit by bit on the 
D7 line and strobed into the· AD7 543 by executing memory 
write instructions. In this case the strobe signal (STB1) is sup
plied by decoding address 2000, R/W and CP2. A memory write 
instruction to a different address (4000) loads the data from 
Register A to the DAC register. 

Figure 8 shows the interface circuitry and Table V gives a 
listing of the procedure. 

Applications 
adjust full-scale range as shown in Figures 6 and 7 the 
temperature coefficient of Rl and R2 should be taken 
into account. It may be shown that the additional gain 
temperature coefficients introduced by Rl and R2 may 
be approximately expressed as follows:-

Temperature Coefficient 
contribution due to Rl -~ (11 + 300) 

RIN 

Temperature Coefficient 
contribution due to R2 

R2 
= + RIN (12 + 300) 

Where 11 and 12 are the temperature coefficients in ppmtC 
of Rl and R2 respectively and RIN is the DAC input resist
ance at the VREF terminal (pin 2). For high quality wire
wound resistors and trimming potentiometers 'Y is of the order 
of 50ppmtC. It will be seen that if Rl and R2 are small com
pared with RIN, their contribution to gain temperature coef
ficient will also be small. For the standard AD7543 gain error 
specification of ±12.3 LSBs it is recommended that R 1 = 120n 
and R2 = 60n. With 'Y = 50 these values result in an overall 
maximum gain error temperature coefficient of: 

5 + 0.~6 (50 + 300) = 8ppmfC 

How'ever, if the AD7543GTD is used which has a specified 
gain error of ±lLSB, then with Rl = IOn and R2 = 5n the 
overall maximum gain temperature coefficient is increased by 
only 0.25ppm/°C. Where possible Rl should be a select on 
test fixed resistor since the resulting gai!1 temperature coeffi
efficient will be tighter in all cases. For further gain T.C. 
information refer to application note, "Gain Error and 
Gain Temperature Coefficients of CMOS Multiplying DACs", 
Publication Number E630-10-6/81 available from Analog 
Devices. 

5. For additional information on multiplying DACS refer 
to "Application Guide to CMOS Multiplying D/A Con
verters", Publication Number G479-15-8178, available 
from Analog Devices. 

ADDRESS BUS (16) 
AD-15 

RIW 
r----------------qEl 

6800 ¢2 
~--------------~ 

DOr-----~~~~~----~--t---~, 

D7r---------.---------~--t---~ 

+5Vo---_~ 

FROM SYSTEM RESET -----------------' 

ADDRESS (16) 

DATA (8) 

Figure 8. AD7543-MC6800 Interface 
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LABEL MNEMONIC OPERAND COMMENT 

LDA . B,04 
LDA A,O(lOO Load 4 Most Significant Bits 

LOOP ROL A Reposition in the Data 
DEC B inACCA 
BNE LOOP 
LDA B,04 
BSR SHIFT Output Data 
LDA B,08 
LDA A,OOO! Load 8 Least Significant Bits 
BSR SHIFT Output Data 
STA A,4000 Load DAC Register 
RTS Return to Main Program 

SHIFT STA A,2000 Strobe Data 
ROL A into AD7543 
DEC B 
BNE SHIFT 
RTS, 

Table V. Sample Routine for A o 7543-MC6800 Interface 

LABEL MNEMONIC OPERAND COMMENT 

MYI B,OS ] Shift Data Up to 
LOOP CALL iHIFT Most Significant 

DCR Segment of HL with 
JNZ LOOP MSB as Carry 
MYI B,OC 

LUP MVI A,80 SOD Enable in ACC 
RAR Shift in MSB of H 
SIM Set Interrupt Mask 
STA 8000 Strobe Data into AD7543 
CALL SHIFT Get Next Bit into Carry 
DCR B 
JNZ LUP Go Back if Not Finished 
STA AOOO Load DAC Register of AD7S43 
RET Return to Main Program 

SHIFT MOV A, L Shift Hand L Left 
RAL One Place and 
MOV 

L.A ] 
Leave Uppermost Bit 

MOV A,H of H in Carry 
RAL 
MOV H,A 
RET 

Table VI. Sample Routine for A 07543-8085 Interface 
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AD7S43 INTERFACE TO MCS-8S 
Figure 9 shows the AD7543 interfaced to the 8085, This sys
tem makes use of the serial output facility (SOD) on the 8085. 

The data is presented serially on the SOD line and strobed 
into'the AD7543 by executing memory write instructions. 
In this example the strobe signal (STB2) is supplied by decod
ing address 8000 and WR. A memory write instruction to a 
different address (AOOO) loads the DAC Register with Register 
A data. Table VI gives a listing of this procedure. Note, it is 
assumed that the required serial data is already present in 
right-justified format in Registers Hand L when this proce
dure is implemented, Note that the sample routine of Table VI 
can be speeded up by replacing the SHIFT routine with a 
DAD H instruction. 

ADDRESS (16) 

ALE 

8085 

WR~----;-~------~ 
~.....,..--r----I 

DATA (8) 

OOD~----------~ 

Figure 9. A07543-8085 Interface 



r.ANALOG 
WDEVICES 

FEATURES 
12-Bit Resolution 
Low Gain T .C.: 2ppmf C typ 
Fast TTL Compatible Data Latches 
Single +5V to +15V Supply 
Small 20-Pin 0.3" DIP 
Latch Free (Schottky Protection Diode Not Required) 
Low Cost 
Ideal for Battery Operated Equipment 

GENERAL DESCRIPTION 
The AD7545 is a monolithic 12-bit CMOS multiplying DAC 
with on-board data latches. It is loaded by a single 12-bit wide 
word and interfaces directly to most 12- and 16-bit bus sys
tems. Data is loaded into the input latches under the control 
of the CS and WR inputs; tying these control inputs low makes 
the input latches transparent allowing direct unbuffered oper
ation of the DAC. 

The AD7545 is particularly suitable for single supply operation 
and applications with wide temperature variations. 

The AD7545 can be used with any supply voltage from +5V 
to +15V. With CMOS logic levels at the inputs the device dis
sipates less than O.5mW for Voo = +5V. 

ORDERING INFORMATION 

Maximum Temperature Range and Package 
Gain Error 

Relative TA = +2SoC Plastic Cerdipl Ceramic 
Accuracy VDD = +SV o to +70°C _25°C to +8SoC _SSoC to +12SoC 

±2LSB ±20LSB AD7S4SJN AD7S4SAQ AD7S4SSD 
±lLSB ±10LSB AD7545KN AD7545BQ AD7545TD 
±1I2LSB ±5LSB AD7545LN AD7545CQ AD7545UD 
±1I2LSB ±lLSB AD7545GLN AD7545GCQ AD7S45GUD 

NOTES 
I Analog Devices reserves the right to ship ceramic packages in lieu of Cerdip packages. 

PACKAGE IDENTIFICATION1 

Suffix "N"; - Plastic DIP (N20B) 
Suffix "Q"; - Cerdip (Q20B) 
Suffix "D"; - Ceramic DIP (D20B) 

1 See Section 19 for package outline information. 

CMOS 12-Bit 
Buffered Multiplying OAC 

AD7545· I 
AD7545 FUNCTIONAL BLOCK DIAGRAM 

PIN CONFIGURATION 

OBll-0BO 
(PINS 4-15) 

RFB 

VREF 

Voo 

WR 

cs 
DBO (LSB) 

DB1 

DB2 

DB3 

DB4 

DIGITAL-TO-ANALOG CONVERTERS VOL. 1,9-231 



SPECIFICATIONS (VREF = +10V, VOUTl = OV, AGND = DGND unless otherwise specified) 
VOO· +5V Voo • +15V 

Limits Limits 
Parameter Version TA • +ZSOC Tminl TdUDf, I T" = ... 2S·C Tmint Tmax 

I 
Units Test Conditions/Comments 

STATIC PERFORMANCE 
Resolution All 12 12 12 12 Bits 
Relative Accuracy J,A,S t2 t2 t2 t2 LSB max 

K,B,T ±I tl tl tl LSB max 
L,C, U ±l/2 tl/2 ±I 12 ±l/2 LSBmax 
GL, GC,GU tll2 tll2 tll2 tl/2 LSB max 

Differentia! Nonlinearity J,A,S t4 ±4 t4 t4 LSB max to-Bit Mono~onic Tmin to Tm&X 
K,B,T tl tl tl tl LSB max 12·Bit Monotonic Tmin to Tmax 
L,C, U tl tl tl tl LSB max l2·Bit Monotonic Tmin te> Tmax 
GL,GC,GU tl tl tl tl LSB max l2·Bit Monotonic Tmin to Tmax 

Gain Error (Using Internal RFB)' J,A,S t20 ±20 US US LSBmax DAC Register Loaded with 
,K,B,T tlO tlO ±IS ±IS LSB max Illlllllllli 
L,C, U ts t6 tlO tlO LSB max Gain Error is Adjustable Using 
GL, GC, GU tl ±2 ±6 ±7 LSB max the Circuits of Figures 4, S and 6 

Gain Temperature Coefficient3 

t>Gain/t>Temperamre >\11 ±5 H, ±IO ±IO ppm/·C max Typical Value is 2ppmfC for Voo = +SV 

DC Supply Rej«tion' 
AGain/AVoo All oms 0.03 0.01 0.02 . % per % max AVoo-t5% 

Output Leakage Curr<nt at OUTI J,K,L,GL 10 SO 10 50 nAmax DBo-DBll - OV, WR, CS = OV 
A, B, C, GC 10 50 10 SO nAmax 
S,T,U,GU 10 200 10 200 DAm", 

DYNAMIC PERFORMANCE 
Current Settling Time3 All p.smax To 1/2LSB. OUT I load - lOOn, DAC 

~p'!!...measured from falling edge of 

Propagation Delay3 (from Digital 
WR. CS. OV. 

Input Change to 90% 

OUT! LOAD· lOOn CF.XT = 13pF4 of final Analog Output) All 300 250 nsmax 
Digital to Analog Glitch Impulse All 400 2S0 nV sec lYP VREF - AGND 
AC FccdthroughS 

At OUT! All mV p.p typ VREF = tlOV, 10kHz Sinewave 

REFERENCE INPUT 
Input Resistance All 7 7 knmin Input Ruistance TC - -300ppm/·C typ 

(Pin 19 to GND) 25 25 25 25 knmax Typical Input Resistance _ llkn 

ANALOG OUTPUTS 
Output Capacitance' 

COUTI All 70 70 70 70 pFmax DBO-DBll = OV, WR, CS = OV 
COUTI All 200 200 200 200 pF max OBo-DBII = Voo, WR, CS = OV 

DIGITAL INPUTS 
Input High Voltage 

VIH All 2.4 2.4 13.5 13.5 Vmin 
Input LowVoltage 

VIL All 0.8 
Input Currcnt6 

0.8 1.5 1.5 Vrnax 

lIN All 
Input Capacitance3 

tl ±IO tI ±IO p.Amax VIN =0 or Voo 

DBo-OBll All 5 5 5 pF max VIN =0 
WR,cs All 20 20 20 20 pF max VIN=O 

SWITCHING CHARACTERISTICS 
Chip Select to Write Semp Time All 280 380 180 200 nsmin See Timing Diagram on next page 

tcs 200 270 120 ISO ns typ 
Chip Select to Write Hold Time 

tCII All nsmin 
Write Pulse Width 

tWR All 250 400 160 240 nsmin tcS"tWR, tcH;;.o 
175 280 100 170 nstyp 

Data Semp Time All 140 210 90 120 nsmin 
tos 100 ISO 60 80 ns lYP 

Data Hold Time 
tOH All 10 10 10 10 nsemin 

POWER SUPPLY 
100 All 2 2 rnA max All Digital Inputs VIL or VIH 

100 500 100 500 p.Amax All Digital Inputs OV or Voo 
10 10 10 10 p.A tyP All Digital Inputs OV or Vpp 

NOTES 
I Trmpcrature Ranges as follows: IN, KN, LN, GLN: Oto +70°C 4DBO-OB11_ OV to VOO orVOO .00V. • Logic inputs are MOS ,ates. Typical input current (+2SoC) is less than 1nA. 

AQ. BQ, CQ, GCQ, -2S0Cto+8SoC • Feedthrough can be further reduced by connecting the metal 'Sunple tested at +2 SoC to ensure compliance . 
ST, TO, UD, GUO, -SSoC to +12SoC lid on the ceramic package (suffIX D) to DGND. Specifications subject to change without notice. a This includes the effect of Sppm max gain TC. 

I Guaranteed but not tested. 
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WRITE CYCLE TIMING DIAGRAM 

I ItCH I 
CHIP ~"r:~~~====_tcs_-_-_-_~-_~.~+_ .. _.~~ •• ~~ VOOO 

SELECT ,_ / 

~~'-t."H----:OO 
'---tos --""Ito~ 1== ~ ,-___ VOO 

(D~O~~:11~ ______ J)<l~:~ DATA VALID X~ ___ O 

ABSOLUTE MAXIMUM RATINGS· 
(TA= +2S oC unless otherwise noted) 

Voo to DGND ....................... -0.3V, +l7V 
Digital Input Voltage to DGND ............. -0.3V, Voo 
VRFB, VREF to DGND ....................... ±2SV 
VPINl to DGND ....................... -0.3V, Voo 
AGND to DGND ....................... -0.3Y, Voo 

Power Dissipation (Any Package) to 75°C ........ 4S0mW 

WRITE MODE: 

MODE SELECTION 

HOLD MODE: 

CS and WR low, DAC responds Either CS or WR high, data bus 
to data bus (DBO-DB 11) inputs. (DBO-DB 11) is locked out; DAC 

bQ!ds I/!.U..data present when 

NOTES: 
Voo - +5V; t, - t, - 20ns 
Voo R +15V; t, - tl • 40ns 

WR or CS assumed high state. 

All input signal rise and fall times measured from 10% to 
90% ofVoo. 
Timing measurement reference le.el is VIH + VIL/2. 

Derates above 75°C by ................... 6mW/oC 
Operating Temperature 

Commercial ON, KN, LN, GLN) Grades ..... 0 to+70°C 
Industrial (AQ, BQ, Co. GCQ) Grades .... -25°C to +8S

o
C 

Extended (SD, TD, UD, GUD) Grades ... -55°C to +l2SoC 
Storage Temperature ................ -6S

o
C to +l50°C 

Lead Temperature (Soldering, 10 Seconds) ........ +300
o
C 

·Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress rating only 
and functional operation at or above this specification is not implied. Exposure to above maximum rating conditions for extended periods ~ 

r-___ m_a_y_~_f_e_c_td_e_~_·c_e_r_e_lia_b_il_i~ __ • ______________________________________________________________________________ -,~ 

CAUTION: 
ESD (Electro-Static-Discharge) sensitive device. The digital control inputs are diode protected; however, permanent damage 
may occur on unconnected devices subject to high energy electrostatic fields. Unused devices must be stored in conductive 
foam or shunts. The protective foam should be discharged to the destination socket before devices are removed. 

TERMINOLOGY 
RELATIVE ACCURACY: The amount by which the D/A 
converter transfer function differs from the ideal transfer 
function after the zero and full scale points have been ad
justed. This is an end point linearity measurement. 

DIFFERENTIAL NONLINEARITY: The difference between 
the measured change and the ideal change between any two 
adjacent codes. If a device has a differential nonlinearity of 
less than lLSB then it will be monotonic, i.e., the output will 
always increase for an increa~e in digital code applied to the 
D/A converter. 

PROPAGATION DELAY: This is a measure of the internal 
delay of the circuit and is measured from the time a digital 
input changes to the point at which the analog output at 
OUTl reached 90% of its final value. 

DIGITAL TO ANALOG GLITCH IMPULSE: This is a mea
sure of the amount of charge injected from the digital inputs 
to the analog outputs when the inputs change state. It is 
usually specified as the area of the glitch in nVsecs and is mea
sured with VREF = AGND and an ADLH0032CG as the out
put op amp, C1 (phase compensation) = 33pF. 
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CIRCUIT INFORMATION - D/A CONVERTER SECTION 
Figure 1 shows a simplified circuit of the D/A converter 
section of the AD7545 and Figure 2 gives an approximate 
equivalent circuit. Note that the ladder termination resistor 
is connected to AGND. R is typically llkn. 

R R R 

2R 

RFB 

'----:-,"'--:,:-+--1 j-":","'-~, .... ---e-o AGND 

I I I I 
DB10 DB9 DBl DBO 

(LSB) 

Figure 1. Simplified D/A Circuit oiAD7545 

The binary weighted currents are switched between the OUT1 
bus line and AGND by N-channel switches, thus maintaining a 
constant current in each ladder leg independent of the switch 
state. 

The capacitance at the OUT1 bus line, COUTb is code de
pendent and varies from 70pF (all switches to AGND) to 
200pF (all switches to OUT 1). . 

One of the current switches is shown in Figure 2. The input 
resistance at VREF (Figure 1) is always equal to RLDR (RLDR 
is the R/2R ladder characteristic resistance and is equal to 
value "R"). Since RIN at the VREF pinis constant, the refer
ence terminal can be driven by a reference voltage or a refer
ence current, ac or dc, of positive or negative polarity. (If a 
current source is used, a low temperature coefficient external 
RFB is recommended to define scale factor.) 

FROM 
INTERFAC~ 
LOGIC~ 

TO LADDER 

AGND oun 

Figure 2. N-Channel Current Steering Switch 

CIRCUIT INFORMATION-DIGITAL SECTION 
Figure 3 shows the digital structure for one bit. 

,..----- TO AGND SWITCH 

~""--TO OUT1 SWITCH 

CONTROL CONTROL 

Figure 3. Digital Input Structure 

The digital signals CONTROL and CONTROL are generated 
from CS and WR. 

The input buffers are simple CMOS inverters designed such 
that when the AD7545 is operated with VnD = 5V, the buffers 
convert TTL input levels (2AV and 0.8V) into CMOS logic 
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levels. When VIN is in the region of 2.0 volts to 3.5 volts the 
input buffers operate in their linear region and draw current 
from the power supply. To minimize power supply currents 
it is recommended that the digital input voltages be as close 
to the supply rails (VDD and DGND) as is practically ·possible. 

The AD7545 may be operated with any supply voltage in the 
range 5~VDD ~15 volts. With VDD = +15V the input logic 
levels are CMOS compatible 6nly, i.e., 1.5V and 13.5V. 

BASIC APPLICATIONS 
Figures 4 and 5 show simple unipolar and bipolar c~rcuits using 
theAD7545. ResistorR1 is used to trim for full scale. The "G" 
versions (AD7545GLN, AD7545GCQ, AD7545GUD) have 
a guaranteed maximum gain error of ±lLSBat +25°C (VDD = 
+5V) and in many applications it should be possible to dis
pense with gain trim resistors altogether. Capacitor C1 pro
vides phase compensation and helps prevent overshoot and 
ringing when using high speed op amps. Note that all the 
circuits of Figures 4, 5 and 6 have constant input impedance 
at·the VREF terminal. 

The circuit of Figure 4 can either be used as a fixed reference 
D/A converter so that it provides an analog output voltage in 
the range 0 to -VIN (note the inversion introduced by the op 
amp) or VIN can be an ac signal in which case the circuit be
haves as an attenuator (2-Quadrant Multiplier). VIN can be 
any voltage in the range -20~VIN ~+20 volts (provided the 
op amp can handle such voltages) since VREF is permitt~d to 
exceed VDD' Table II shows the code relationship for the 
circuit of Figure 4. 

Vee 

DBll-DBO 'REFER TO TABLE 1. 

F.igure 4. Unipolar Binary Operation 

TRIM 
RESISTOR JN/AQ/SD KN/BQ/TD LN/CQlUD GLN/GCQIG UD 

R1 soon 200n lOon 20n 
R2 150n 68n 33n 6.8n 

Table I. Recommended Tnm ReSIstor Values VS. Grades 
for VDD=+5V 

Binary Number in 
DAC Register Analog Output 

1111 1111 1111 -VIN {4095.} 
4096 

1000 0000 0000 -VIN {2048 } 
4096 = -1/2 VIN 

0000 0000 0001 -VIN {40~6 } 

0000 0000 0000 o Volts 

Table II. Unipolar Binary Code Table for Circuit of Figure 4 



Figure 5 and Table III illustrate the recommended circuit and 
code relationship for bipolar operation. The D/A function it
self uses offset binary code and inverter VI on the MSB line 
converts 2's complement input code to offset binary code. 
If appropriate, inversion of the MSB may be done in software 

DATA INPUT 

'FOR VALUES OF Rl AND R2 
SEE TABLE 1. 

Figure 5. Bipolar Operation (2'5 Complement Code) 

Data Input Analog Output 

0111 1111 1111 +VIN • { 2047 } 
2048 

0000 0000 0001 +VIN • 
{20!8 } 

0000 0000 0000 o Volts 

1111 1111 1111 -VIN {20~8 } 

1000 0000 0000 -VIN • {2048} 
2048 

Table III. 2's Complement Code Table for Circuit of Figure 5 

"using an exclusive -OR instruction and the inverter omitted. 
R3, R4 and R5 must be selected to match within 0.01% and 
they should be the same type of resistor (preferably wire
wound or metal foil), so" that their temperature coefficients 
match. Mismatch of R3 value to R4 causes both offset and 
full scale error. Mismatch of R5 to R4 and R3 causes full 
scale error. 

Figure 6 shows an alternative method of achieving bipolar 
output. The circuit operates with sign plu~ magnitude code 
and has the advantage that it gives 12-bit resolution in each 
quadrant compared with ll-bit resolution per quadrant for 

Figure 6. 12-Bit Plus Sign Magnitude O/A Converter 

the circuit of Figure 5. The AD7592 is a fully protected 
CMOS change-over switch with data latches. R4 and R5 should 
match each other to 0.01% to maintain the accuracy of the 
D/A converter. Mismatch between R4 and R5 introduces a 
gain error. 

Sign Binary Numbers in 
Bit DAC Register Analog Ou tpu t 

0 1111 1111 1111 +VIN {4095 } 
4096 

0 0000 0000 0000 o Volts 

0000 0000 0000 o Volts 

1 1111 1111 1111 "-VIN • {4095 } 
4096 

Note: Sign bit of "0" connects R3 to GND. 

Table IV. 12-Bit Plus Sign Magnitude Code Table for 
Circuit of Figure 6 

APPLICATION HINTS 
Output Offset: CMOS DI A converters exhibit a code depend- • 

• ent output resistance which in turn causes a code dependent 
amplifier noise gain. The effect is a code dependent differ-
ential nonlinearity term at the amplifier output which 
depends on Vas where Vas is the amplifier input offset 
voltage. To maintain monotonic operation it is recom-
mended that Vas be no greater than (25 X 10-6

) (VREF) over 
the temperature range of operation. Suitable op amps are \ 
AD517L and AD544L. The AD517L is best suited for fixed 
reference applications with low bandwidth requirements: it 
has extremely low offset (50pV) and in most applications 
will not require an offset trim. The AD544L has a much wider 
bandwidth and higher slew rate and is recommended for multi
plying and other applications requiring fast settling. An offset 
trim on the AD544L may be necessary in some circuits. 
General Ground Management: AC or transient voltages be
tween AGND and DGND can cause noise injection into the 
analog output. The simplest method of ensuring that voltages 
at AGND and DGND are equal is to tie AGND and DGND 
together at the AD7545. In more complex systems where the 
AGND and DGND intertie is on the backplane, it is recom
mended that two diodes be connected in inverse parallel 
between the AD7545 AGND and DGND pins (lN914 or 
equivalent). 

Digital Glitches: When WR and CS are both low the latches 
are transparent and the D/A converter inputs follow the data 
inputs. In some bus systems, data on the data bus is not always 
valid for the whole period during which WR is low and as a 
result invalid data can briefly occur at the DI A converter 
inputs during a write cycle. Such invalid data can cause un
wanted glitches at the output of the D/A converter. The 
solu tion to this problem, if it occurs, is to retime the write 
pulse WR so that it only occurs when data is valid. 
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Another cause of digital glitches is capacitive coupling from 
the digital lines to the OUTI and AGND terminals. This should 
be minimized by screening the analog pins of the AD7545 
(Pins 1,2, 19, 20) from the digital pins by a ground track 
run between pins 2 and 3 and between pins 18 and 19 of 
the AD754S. Note how the analog pins are at one end of the 
package and separated from the digital pins by VDD and DGND 
to aid screening at the board level. On-chip capacitive coupling 
can also give rise to crosstalk from the digital to analog sec
tions of the AD7545, particularly in circuits with high cur
rents and fast rise and fall times. This type of crosstalk is 
minimized by using VDD = +5 volts. However, great care 
should be taken to ensure that the +5V used to power the 
AD7545 is free from digitally induced noise. 

Temperature Coefficients: The gain temperature coefficient 
of the AD7S45 has a maximum value of 5ppmtC and a 
typical value of 2ppm/oC. This corresponds to worst case 
gain shifts of 2LSBs and 0.8LSBs respectively over it 100°C 
temperature range. When trim resistors Rl and R2 are used 
to adjust full scale range, the temperature coefficient of Rl 
and R2 should also be taken into account. The reader is 
referred to Analog Devices Application Note "Gain Error 
and Gain Temperature Coefficient of CMOS Multiplying 
DACs", Publication Number E630-10-6/81. 

SINGLE SUPPLY OPERATION 
The ladder termination resistor of the AD7545 (Figure 1) is 
connected to AGND. This arrangement is particularly suitable 
for single supply operation because OUT 1 and AGND may be 
biased at any voltage between DGND and VDD. OUTI and 
AGND should never go more than 0.3 volts less than DGND 
or an internal diode will be turned on and a heavy current 
may flow which will damage the device. (The AD7545 is, 
however, protected from the SCR latch-up phenomenon 
prevalent in many CMOS devices.) 

Figure 7 shows the AD7545 connected in a voltage switchirig 
mode. OUTI is connected to the reference voltage and AGND 

. is connected to DGND. The DI A converter output voltage is 
available at the VREF pin andhasa constant output impedance 
equal to R. RFB is not used in this circuit. 

+15V 

Vo 

15 VOLT CMOS DIGITAL INPUTS 

Figure 7. Single Supply Operation Using Voltage 
Switching Mode 
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The loading on the reference voltage source is code dependent 
and the response time of the circuit is often determined by the 
behavior ofthe reference voltage with changing load conditions. 
To maintain linearity, the voltages at OUTI and AGND should 
remain within 2.5 volts of each other, for a VDD of 15 volts. If 
VDD is reduced from 15V or the differential voltage between 
OUTI and AGND is increased to more than 2.5V the differ
ential nonlinearity of the DAC will increase and the linearity 
of the DAC will be degraded. Figures 8 and 9 show typical 
curves illustrating this effect for various values of reference 
voltage and VDD. If the ou tpu t voltage is required to be off
set from ground by some value, then OUTI andAGND may 
be biased up. The effect on linearity and differential non
linearity will be the same as reducing VDD by the amount 
of the offset. 

+2.01---4----4----1 

+1.01---4----4----1 

+5 +10 +15 
Voo (VOLTSI 

Figure 8. Differential Nonlinearity vs. VDD for Figure 7 
Circuit. Reference Voltage = 2.5 Volts. Shaded Area Shows 
Range of Values of Differential Nonlinearity that Typically 
Occur for L, C and U Grades • 

DNL 
(LSBI 

-1.0 I------I---~'..+_..,t:l 

-1.51----~--~1£,.t~ 

-2.0 L....------I+::"'5 __ -K:L.JI.~~ 

VREF (VOL TSI 

Figure 9. Differential Nonlinearity vs. Reference Voltage for 
Figure 7 Circuit. V DO = 15 Volts. Shaded Area Shows Range 
of Values of Differential Nonlinearity that Typical/y Occur 
for L, C, and U Grades. 



The circuits of'Figures 4, 5 and 6 can all be converted to single 
supply operation by biasing AGND to some voltage between 
Voo and DGND. Figure 10 shows the 2's Complement Bipolar 
circuit of Figure 5 modified to give a range from +2V to +8V 
about a "pseudo-analog ground" of 5V. This voltage range 
would allow operation from a single Voo of + 10V to + 15V. 
The AD584 pin-programmable reference fixes AGND at +5V. 
VIN is set at +2V by means of the series resistors R1 and R2. 
There is no need to buffer the VREF input to the AD7545 
with an amplifier because the input impedance of the D/A 
converter is constant. Note, however, that since the tempera
ture coefficient of the D/A reference input resistance is typi
cally -300ppmtC, applications which experience wide tem
perature variations may require a buffer amplifier to generate 
the +2.0V at the AD7545 VREF pin. Other output voltage 
ranges can be obtained by changing R4 to shift the zero 
point and (R1 + R2) to change the slope, or gain of the 
D/A transfer function. Voo must be kept at least 5V above 
OUT1 to ensure that linearity is preserved. 

CMOS DATA BUS 
VDD = +10V TO +15V 

VDD - +10V TO +15V 

Figure 10. Single Supply "Bipolar" 2's Complement O/A 
Converter 

MICROPROCESSOR INTERFACING OF THE AD7S4S 
The AD754S can interface directly to both 8- and 16-bit 
microprocessors via ~ts 12-bit wide data latch using standard 
CSand WR control signals. 

Vo 

A typical interface circuit for an 8-bit processor is shown in 
Figure 11. This arrangement uses two memory addresses, one 
for the lower 8 bits of data to the DAC and one for the upper 
4 bits of data into the DAC via the latch. 

CPU 

A15t------------------'\ 

ADDRESS BUS 

AO 

WR IO------l 

D1t-----...J 

DO~----------------~ 
·0 •• DECODED ADDRESS FOR DAC 
a, • DECODED ADDRESS FOR LATCH 

Figure 11. 8-Bit Processor to A07545 Interface 

Figure .12 shows an alternative approach for use with 8-bit 
processors which have a full 16-bit wide address bus such 
as 6800,8080, Z80. This technique uses the 12 lower 

A151--------------.I\ 

16-BIT ADDRESS BUS 

AO 

CPU 

WRb--------~ 

D1~-------------.I\ 
DATA BUS 

DO~-------------~ 

Figure 12. Connecting the A 07545 to 8-Bit Processors via 
the Address Bus 

I 

address lines of the processor address bus to supply data to 
the DAC, thus each AD7545 connected in this way uses 4k 
bytes of address locations. Data is written to the DAC using 
a single memory write instruction. The address field of the 
instruction is organized so that the lower 12 bits contain the 
data for the DAC and the upper 4 bits contain the address 
of the 4k block at which the DAC resides. 

SUPPLEMENTAL APPLICATION MATERIAL 
For further information on CMOS multiplying D/A converters 
the reader is referred to the following texts: 

Application Guide to CMOS Multiplying D/A converters 
available from Analog Devices, Publication Number G479. 

Gain Error and Gain Temperature Coefficient of CMOS 
Multiplying DACS - Application Note, Publication Number 
E630-10-6/81 available from Analog Devices. 

Analog-Digital Conversion Notes - available from Analog 
Devices, price $5.95. 
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r.ANALOG 
L.IIII DEVICES 

FEATURES 
Monotonic to 16 Bits Over Temperature 
On-Chip Deglitch Switch 
Unipolar and Bipolar Operation 
Microprocessor Compatible 
TTL/CMOS Compatible Latched Inputs 
Voltage Output (Constant Output Impedance) 
Low Cost 
Low Power Consumption: 50mW typ 

GENERAL OESCRIPTION 
The AD7546 is a 16-bit voltage-output OAC with input data 
latches for interfacing to 16-bit microprocessors. It uses a 
novel design consisting of a 12-bit R-2R DAC, operated in the 
voltage switching mode, which is supplied with a reference 
voltage from a 4-bit segment DAC under the control of the 
four most significant bits. A monolithic CMOS device, the 
A07546 offers outstanding differential nonlinearity specifica
tions and monotonicity from 14 to 16 bits. 

An on-chip deglitch switch which is synchronized with the 
latch loading signal is provided for use with track/hold circuits. 

ORDERING INFORMATION 

Temperarure Range· Package 

Relative Differential Plastic Ceramic 
Accuracy Nonlinearity o to +70oC -2SoC to +8SoC 

±O.O5% ±O.OO6% AD7S46]N 
±O.O12% ±O.OO15% AD7546KN 

PACKAGE IDENTIFICATION1 

Suffix "0": - Ceramic DIP (D40A) 
Suffix "N": - Plastic DIP - (N40A) 

AD7546AD 

AD7546BD 

1 See Section 19 for package outline information. 

·Patent Pending. 

Monotonic 
Range 

14 Bits 

16 Bits 

CMOS 16-Bit 
Voltage Out DAC* 

AD7546 I 
AD7546 FUNCTIONAL BLOCK DIAGRAM 

VOUT 

• 
SW1 SW21 WR CS 0815 -------080 

NOTE: SWITCHES ARE SHOWN FOR SEGMENT 0 
i.e., INPUT CODE OF OXXXH. 

PIN CONFIGURATION 

Voo 

NC 

0813 VREF+ 

RI 

DB11 R2 

VREF-

AI OUT 

AI-

A1+ 

NC 

DBS A20UT 

DB4 A2-

DB3 A2+ 

DB2 NC 

OBI VOUT 

LSB SWI 

~ NC 

\'ill SW2 

DGND Vss 

DIGITAL-TO-ANALOG CONVERTERS VOL. 1,9-239 



(VDD = +15V, VSS= -5V, SPECIFICATIONS (VREF+ = +4V, VREF- = -4V, A 1, A2 = AD544K, unless otherwise noted) 

Limit at Limit at 
Parameter TA = +2S0C TA = Tmin, Tmax 

ACCURACY 
Resolution 

All Grades 16 16 
Relative Accuracy 

AD7S46JN, AD ±O.OS ±O.OS 
AD7546KN, BD ±0.012 ±0.012 

Differential Nonlinearity 
AD7546JN, AD ±0.006 ±0.006 
AD7546KN, BD ±0.0015 ±O.OOlS 

Gain Error3 

Positive Full Scale -0.02 -0.02 
Negative Full Scale -0.02 -0.02 

Gain T.C.4 ,s ±2 ±2 
dc Supply Rejections 

L',Gain/lWDD 100 100 

DYNAMIC PERFORMANCE 
Voltage Settling TimeS ,6 4 4 

5 5 
10 10 

SWITCHING CHARACTERISTICSS;7 

tcws 0 0 

tcWII 0 0 

tWR 400 600 

tos 200 300 

tOil 100 150 

REFERENCE INPUTS 
Resistance 

VREF + to VREF- 20/32150 20/32/50 
R1, R2 20/30/50 20/30/50 

R1, R2 Match 
AD7546JN, AD 0.5 0.5 
AD7546 KN, BD 0.1 0.1 

Voltage Range 
VREF+ +5 +5 
VREF- -5 -5 

ANALOG OUTPUT 
ROUT (Output Resistance) 10/15/25 10/15/25 
COUT (Output Capacitance)s 8 8 

DEGLITCH SWITCH 
RON 300/600 450/900 
ILEAKAGE, SW2 (pin 22) 1 10 

LOGIC INPUTS 
Viii 2.4 2.4 

VIL 0.8 0.8 
lIN (Input Leakage Current) 1 
CIN (Input Capacitance)s 8 
Input Coding 16-Bit Unipolar Binary 

16-Bit Offset Binary 

POWER SUPPLY 

Voo +'15 +15 
VSS -5 -5 
Inn 4 4 
100 200 200 

Iss 100 100 

NOTES 
I Temperature ranges as follows: A07546]N, KN; 0 to +70°C 

A07546AO, BO; -25°C to +85°C 
2 FSR is Full Scale Range. 

I Units 

Bits 

% FSR max2 

% FSR max 

% FSR max 
% FSR max 

% FSR max 
% FSRmax 
ppm of FS/o C max 

p.V per V typ 

p.s typ 
p.s typ 
p.s typ 

ns min 
nsmin 
nsmin 
nsmin 
nsmin 

kil, min/typ/max 
kil, min/typ/max 

% max 
%max 

V max 
V max 

kil, min/typ/max 
pF max 

iltyp/max 
nAmax 

Vmin 
Vmax 
p.Amax 
pFmax 

V 
V 
mAmax 
p.Amax 
p.Amax 

Conditions/Comments 

This is an end-point linearity specification 
assuming zero offset voltage for AI, A2. 

Guaranteed monotonic to 14 bits (DBO and OBI = 0). 
Guaranteed monotonic to 16 bits over temperature. 

DAC latches loaded with FFFFH 
DAC latches loaded with 000011 

Voo = +14.5V to +15.5V 

To 0.01 % of final value. 
To 0.003% of final value. 
To 0.00076% of final value. Measured using the 
circuit of Figure 6. 

With +5V input logic levels. 
Chip select to WRITE setup time . 
Chip select to WRITE hold time 
WRITE pulse width 
Data setup time 
Data hold time 

Typical Resistance TC is -300ppm/oC 

Typical TC of Rl, R2 match is ±lppm/C 

The AD7546 is tested with VREF + = 
+4V, VREF- =-4V 

VSW = ±4V, Isw = 100p.A 
Off switch leakage. VSWI = ±4V, VSW2 = +4V. 

VIN = OV or Vno 

See Figure 7 
See Figure 8 

±5% for specified performance 
±5%for specified performance 
VIN = VIL or Vlll 
VIN = OVor Voo, CS.= WR £ OV 

l These gain error specifications have assumed an input offset voltage for A2 of OV. Actual gain error figures should include 
amplifier A2 input offset voltage. 

• Gain TC specifications have assumed a zero input offset voltage drift with temperature for A2. Actual gain TC figures should 
include amplifier A2 drift with temperature. 

• Guaranteed but not tested. 
• Voltage settling time will be a function of the time constan~ RC seen at the buffer amplifier inputs. The resistance component of 

this time constant is the equivalent output impedance of the resistor string and will vary depending on which segment is decoded. 
Maximum equivalent resistance occurs at mid-scale. Worst case settling thus occurs from zero to mid-scale or from full-scale to mid-scale. 

'+15V logic can be used to reduce power dissipation but no improvement is achieved in the timing specifications. All control signals 
are measured with tr = tf = 20ns for +SV logic and timed from (VIII + VIL> . Oata is timed from VIII or VIL. Sample tested at 
+2SoC to ensure conformance. 2 

Specifications subject to change without notice. 
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CAUTION:-------------------------------------------------------
WARNING! eJ ESD (Electro-Static-Discharge) sensitive device. The digital control inputs are zener protected; 

however, permanent damage may occur on unconnected devices subject to high energy elec
trostatic fields. Unused devices must be stored in conductive foam or shunts. The protective 
foam should be discharged to the destination socket before devices are removed. ~~DEVICE 
ABSOLUTE MAXIMUM RATINGS 
(TA = +25° C unless otherwise noted) 

(Note that cavity lid on Ceramic Package is Electrically Con
nected to VDD) 
VDD (Pin 40) to DGND ................... OV, + 17V 
Vss (Pin 21) to DGND ..................... OV, -7V 
VREF+ (Pin 37) to DGND ................ VDD, VREF-
VREF- (Pin 34) to DGND ................ Vss, VREF+ 

Rl (Pin 36) to DGND ....................... ±25V 
R2 (Pin 35) to DGND ....................... ±25V 
*DBI2 LOW (SI7, S19 Closed) 

Al - (Pin 32) or Al Out (Pin 33) 
to A2 - (Pin 28) or A2 Out (Pin 29) ...... -0.3V, +5V 

*DB12 HIGH (SI8, S20 Closed) 
A2 - (Pin 28) or A2 Out (Pin 29) 

to Al - (Pin 32) or Al Out (Pin 33) ...... -0.3V, +5V 
Al + (Pin 31), A2 + (Pin 27) to DGND ......... VSS, VDD 
VOUT (Pin 25) to DGND ..................... ±25V 
SWI (Pin 24), SW2 (Pin 22) to DGND .......... Vss, VDD 

Digital Inputs (Pins 2 -19) to DGND ......... -0.3V, +17V 
Power Dissipation (Package) 

Plastic (AD7546JN, KN) 
Up to +500 C ........................ 1200mW 
Derates above +50°C by ............... 12mW/oC 

Ceramic (AD7546AD, BD) 
Up to +500 C ..... ' ................... 1000mW 
Derates above +500 C by ............... lOmW/C 

*The absolute maximum rating refers to the voltage VX-Vy 
across the inputs of the 12-bit DAC. See Functional Diagram 
of Figure 2. 

STRESS 
Stresses above those listed under "Absolute Maximum Ratings" 
may cause permanent damage to the device. This is a stress 
rating only and functional operation of the device at these or 9 
at any other condition above those indicated in the operation-
al sections of this specification is not implied. Exposure to 
absolute maximum rating conditions for extended periods may 
affect device reliability. 

DIGITAL-TO-ANALOG CONVERTERS VOL. I, 9-241 



ACCURACY SPECIFICATIONS 
Two types of nonlinearity errors exist in D/A converters, 
relative accuracy and differential nonlinearity. Relative ac
curacy is the error resulting from departure of the DAC trans
fer characteristic from the ideal straight line drawn between 
measured zero and measured full scale. 

Differential Nonlinearity (DNL) is the difference between the 
measured output voltage change between two adjacent input 
codes and the ideal change of lLSB. A specified DNL of ±l 

, LSB guarantees monotonicity (i.e. the output voltage will 
never decrease for any increase in input code). To ensure that 
the output voltage will always increase when the input code is 
increased requires a DNL specification of less than ±lLSB. 
This point is illustrated in Figure 1. 

ANALOG 
OUT 

+1/2LSB DNL r-
>_r-

r
I 

I r-

DIGITAL INPUT ___ _ 

Figure 1a. ±1/2LSB Differential Nonlinearity 

ANALOG 
OUT 

DIGITAL INPUT_ 

Figure 1b. ±1LSB Differential Nonlinearity 

Many applications require high resolution DACs with guaran
teed monotonicity (but not necessarily with an equivalent 
relative accuracy) for fine control of temperature, position 
and other physical parameters. Good differential nonlinearity 
is essential in such systems to maintain an even degree of con
trol over the full range. Monotonicity is particularly important 
in feedback systems where nonmonotonic behavior consti
tutes positive feedback which may lead to catastrophic results. 
To ensure monotonic behavior of a particular device, only 
those bits which are guaranteed monotonic for that grade 
should be exercised e.g., for the AD7S46]N 04-bit monotonic), 
DBO and DBI should be tied LOW and DB2 - DBlS exercised. 
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THEORY OF OPERATION OF THE AD7S46 
The traditional solution to achieving high resolution DACs 
with guaranteed monotonicity is the R-2R ladder approach. 
This technique usually constrains the converter to have 
±1/2LSB nonlinearity in order to guarantee monotonicity, 
which in turn requires very tight resistor matching and tracking. 
The resistor ladder tolerance is most critical for the major 
carry where, in a l6-bit DAC, the lSLSBs turn off and the most 
significant bit turns on. If the MSB is more than 0.0015% low, 
the converter will be nonmonotonic. Table I shows the maxi
mum tracking error which can be allowed over a 60°C range to 
maintain monotonicity, which is ±lLSB DNL. A standard 
R-2R approach therefore imposes severe constraints on resistor 
matching. 

The design technique used in the AD7S46 sidesteps the 
penalty inherent in the R-2R design (i.e. that tight differential 
nqnlinearity figures require tight nonlinearity figures). The 
block diagram of the AD7S46 is shown in Figure 2. The top 
four bits of the l6-bit input data are decoded to select, via the 
segment switches, one of the 16 voltage segments available 
along the resistor chain. This voltage segment, VREF + - VREF-

16 

22 19 18 

SW1 SW2 WR cs DB15 ------- DBO 
NOTE: SWITCHES ARE SHOWN FOR SEGMENT 0 
i. •.• INPUT CODE OF OXXXH. 

Figure 2. AD7546 Functional Diagram 



Initial Matching Required for: Tracking Required for: 

Converter ±ILSB DNL ±1I2LSB DNL 
Type ±ILSB DNL ±l/2LSB DNL (1I2LSB INITIAL DNL) (1I4LSB INITIAL DNL) 

Straight R-2R ±0.0015% ±0.00076% ±0.127ppm/C ±0.063ppm/oC 

Segmented 4-
±2ppm/oC ±lppm/oC Bits + 12 Bits ±0.024% ±0.012% 

Table I. Resistor Matching Requirements for 16·8it DAC 

is used as a voltage reference to feed a 12-bit R-2R type D/A 
converter operating in the voltage switching mode (Reference 
1). From Figure 2 the reference voltage is the voltage between 
Vx and Vy and is always equal to one voltage segment. The 
output of the 01 A converter may be expressed as follows: 

VOUT = Vy + D(Vx - Vy) 

where D is the lower 12-bit digital code, Vx is the higher seg
ment voltage and Vy is the lower segment voltage. The 12-bit 
01 A converter reference inputs, Vx and Vy, are connected,to 
the two resistor chain nodes which define the segment of 
interest and the 12·bit O/A converter interpolates between 
these two points. 

Thus the 65,536 output levels available from the 16·bit OAC 
are composed of 16 groups of 4,096 steps each. 5ince the 
m~jor carry of the 12-bit OAC is repeated in each of the 16 
segments it requires sixteen times lower initial resistor accuracy 
and tracking to maintain a given differential nonlinearity over 
temperature. The resistors that determine monotonicity are in 
the 12-bit DAC. The truth table for the switch decoder is 
shown in Table II. 

Segment Output 
DB15 DB14 DB13 DB12 5witches 5witches 

1 1 1 1 515,516 518,520 
1 1 1 0 514,515 517,519 
1 1 0 1 513,514 S18,S20 
1 1 0 0 S12, S13 S17,S19 
1 0 1 1 Sl1, S12 S18,S20 
1 0 1 0 S10,Sl1 S17,S19 
1 0 0 1 S9,S10 S18,S20 
1 0 0 0 58,S9 S17,S19 
0 1 1 1 S7,S8 S18,S20 
0 1 1 0 S6,S7 S17,S19 
0 1 0 1 S5,S6 S18,S20 
0 1 0 0 S4,S5 S17,S19 
0 0 1 1 S3,S4 S18,S20 
0 0 1 0 S2,S3 S17,S19 
0 0 0 1 SI,S2 SI8,S20' 
0 0 0 0 SO,SI S17,S19 

Table II. Truth Table for Switch Decoder 

5ince the input impedance of the O/A converter is iow and 
varies with code, two external amplifiers are used to buffer the 
selected reference segment from the O/A converter. The buffer 
amplifiers, AI, A2, could give rise to differential nonlinearity 
if connected directly to Vx and Vy and stepped up the ladder. 

For example consider Al and A2 to have input offset voltages 
VOS1 and VOS2 respectively, then the first major carry from 
segment 0 to segment 1 occurs as follows: 

Segment 0: Vx V1 +VOS1' Vy = Vo + VOS2 
VOUT= Vo + VOS2 + (1- 11212) 

[(V1 + VOS1)-(VO + VOS2)] 

V,OUT= V + V, (V1 - Yo) (VOS1 - VOS2) 
1 OSI-212-- 212 

Segment 1: Vx V2 +VOSl' Vy = V1 +VOS2 

VOUT= V1 + VOS2 

The error term generated by this segment change is: 

V, V, (VOSt - VOS2) 
OS2 - OS1 + 212 

It can be seen that YOSt and VOS2 must match to within one 
L5B to guarantee monotonic behavior at this transition. 

To overcome this problem the A07546 circuit interchanges 
the amplifiers at each segment transition and, as a result, 
differential nonlinearity can be guaranteed for a very large 
range of VOS' Switching inside the feedback loop of the op 
amp is used to remove the effect of switch RON' With this 
technique the first major carry from segment 0 to segment 1 
now occurs as follows: 

Segment 0: Vx = Vt + YOSt> Vy = Vo + VOS2 

Segment 1: 

(V1 - Yo) (VOS1 - VOS2) 
VOUT = V1 + VOS1 - 212 - 212 

Interchange amplifiers 

Vx = V2 + VOS2, Vy = V1 + VOS1 

VOUT = V1 + VOS1 

The error term at the transition from 'one segment to another 
is now (VOS1 - VOS2)/4096 which gives very good differential 
nonlinearity for reasonable offsets. At the next segment transi
tion, Vx = V3 + Yost> Vy = V2 + VOS2 and so on through each 
segment. The amplifiers are interchanged via output switches 
517 - 520, see Table II. 

In the segmented OAC the precision of the resistor chain 
determines integral nonlinearity only. If the resistor chain is 
trimmed for perfect matching such that Vo + 1 = Vo = Vn -1 = 
Vsegment, then the resulting nonlinearity due to amplifier off
set voltage corresponds to a gain error in adjacent segments of 
VOS1 - VOS2, see Figure 3. This term may be nulled to zero 
with offset adjustment of one op amp. 

This adjustment is facilitated by tying VREF+ and VREF-
to ground, tying OBO through OBll and DB13 through 
DB15 to digital ground and toggling OB12. The A07546 
output (VOUT, pin 25) will have a square wave at the toggling 
frequency with an amplitude of VOS1 - VOS2. This can be 
adjusted to zero as mentioned. 
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V3 OFFSET VOLTAGES HAVE BEEN GREATLY 
INCREASED FOR ILLUSTRATION. 

V2 

DAC 
OUTPUT 
VOLTAGE 

VI 

VOSt. VOS2 ARE BOTH POSITIVE WITH 
VOSt >VOS2 

SEGMENT 0 SEGMENT 1 SEGMENT 2 

DIGITAL INPUT 

Figure 3. Positive Unipolar Transfer Characteristic 
(VREF- = OV, VREF+ = +4 V) Exaggerated to Show 
the Effect of Amplifier Offset Voltages 

If offsets are equal in magnitude and sign, the result is a con
stant offset shift in the D/A transfer function and the device 
will have true 16-bit linearity. 

(Reference 1. Analog Dialogue, Volume 14, Number 1 
PI6-17.) 

OP-AMP SELECTION 
Amplifiers Al and A2 determine the overall performance of 
the AD7546. Since these are external to the converter, the 
user can choose amplifiers which will tailor the system per
formance to the required accuracy: Input bias current, open
loop gain and offset voltage of the amplifiers affect relative 
accuracy. Differential nonlinearity is affected by input bias 
current. (The offset voltage contribution to linearity has 
already been dealt with on previous pages.) The following 
two expressions deal with the relationship between device 
linearity and input bias current. 

For Differential Nonlinearity: 

MAX DNL (in LSBs) 
14 

=16 
(ISlAS) (R) 

lLSB 

For Relative Accuracy:· 

MAX NL (in LSBs) 
15 (ISlAs) (R) 

= -2-' lLSB 

Where ISlAS 

lLSB 

R 

Input bias current for the noninverting 
input terminal of Al or A2 in amps 
VREF+ - VREF-

2N volts 

N is determined by the required system 
resolu tion up to N = 16. 

R segment, typically 2kn 

Low bias current op amps, BIFET or Super-Beta types, should 
be used such as the AD542K, AD544K, AD517K, TL071, 
TL081. Table III lists some important parameters against 
various op amps. Note that the AD7546 output settling time 
is dependent upon the op amps used. The figures in column 
two give the additional offset voltage contribution to nonline
arity of Al and A2. 
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Maximum Settling Time (J,Ls) 
Additional to ±1/2LSB 

Al,A2 Nonlinearity 14 Bits 16 Bits 

2 X AD544KH ±O.OI% 15 35 
1 X TL072BCP 

(Dual) ±0.05% 5 10 
2 X AD517JH ±O.O03% 90 100 
1 X AD644JH 

(Dual AD544) ±0.01% 15 35 
2 X LF256 ±0.05% 5 10 

Settling time measurements were made with a similar op amp to 
buffer VOUT (A4 in Figure 8) 

Table III. A 07546 Performance vs. A 1, A2 

DATA LOADING AND DEGLITCH SWITCH 
The AD7546 timing specifications are included on Specifica
tions page and illustrated here in Figure 4. Signals CS and WR 
have the same interpretation as in normal microprocessor sys
tems. When both CS and WR are low the input latches are 
transparent and the DAC output voltage follows the input 
data. With CS low, the input data is latched on the rising edge 
ofWR. 

DATA IN 
(DBO - DB151 

.1 tcws tcwH I 

r - -1 
't-twR 

lOS 1o-loH 

, 
VIH VIH V 

J Vil Vil ~ 

NOTE, TIMING ME~SUREMENT REFERENCE LEVEL IS V,H 2+ V,~ 

Figure 4. A07546 Timing Waveforms 

Included on the chip is an SPST switch intended for use in a 
Track/Hold circuit to remove glitches from the'DAC output 
and simplify low-pass filtering of the reconstructed output 
voltage. The switch is synchronized with the latch loading 
signals, being open when both CS and WR inputs are low. 
The internal logic of the AD7546 ensures that the switch 
opens before data to the latches can change. To function as 
a Track/Hold the switch is placed in series with the DAC out
put as shown in Figure 5. Pin 23 is a no-connect pin which 
should be grounded to minimize any feed through resulting 
from stray capacitances at the two switch terminals. The 
switch should be used v,rith pin 24 as the input and pin 22 as 
the output. When the switch is open the Hold~acitor stores 
the previous output voltage of theDAC. The WR pulse should 
be of sufficient duration to allow the DAC to settle to its new 
analog output and for all glitches to have settled out. Driving 
the WR input from a one-shot will ensure sufficient settling 
time. 



When WR returns high the switch is closed, updating the output 
voltage on the capacitor. Typical output waveforms using the 
circuit of Figure 5 are shown below. 

Figure 5. Track/Hold Circuit 

UNIPOLAR OPERATION 

WITHOUT 
DEGLITCHER 

WITH 
DEGLITCHER 
CH = 2nF 

Unipolar (single quadrant) operation is obtained when one 
end of the resistor chain is tied to ground i.e., when VREF+ = 

. +VREF and VREF- = OV or when VREF+ = OV and VREF- = 
-VREF. A typical unipolar circuit configuration for the 
AD7546 is shown in Figure 6a. In this positive unipolar appli
cation Vss has been set to OV and the AD7546 operates as a 
single supply device. If a full scale output is required which is 
different from the ideal VREF - lLSB then output amplifier 
A3 of Figure 6a can be configured to provide the necessary 
scaling. Figure 6b shows the additional components required 
to boost the full scale output voltage to +10V with VREF = 
+4V. Any full scale gain error (introduced by Rl, R2 tolerances) 
can be trimmed out by adjusting VREF' Note that RI, R2 
should be the same type of resistor (preferably metal film) 
so that their temperature coefficients match. The transfer 
characteristic for the circuit of Figure 6a is shown in Figure 7. 

Figure 6a. Typical Unipolar Circuit Configuration for the 
AD7546 (Positive Reference, VREF+ = VREF, VREF- = OV) 

*R2 

>-_~ ....... _ ~~~LOG 

Figure 6b. Adding Gain Around A3 to Change Full Scale 
Output Voltage of Figure 6a. 

VREF +Vosz-1LSB / 

15 (VR~~ ) + Vas1 

14 (VOl'; )+ VOS> . 

2(VO:: )+VOS2~ 
(VR~: ) + VOSl 

Vou ..... .,...._.....-_.....,... __ 
OOOOH 1000H 2000H EOOOH FOOOH FFFFH 

DIGITAL INPUT CODE 

Figure 7. Unipolar Transfer Characteristic of Figure 6a. 

BIPOLAR OPERATION 
Bipolar (two quadrant) operation is obtained when both ends 

. of the resistor chain are driven with voltage references of 
opposite polarity. A symmetrical transfer function around OV 
is achieved with IVREF+I = IVREF-I. For this case the zero 
crossing occurs with DBIS=1 and DBl4 to DBO all Os. Figure 
8 shows a typical bipolar circuit configuration for the AD7546 
to obtain a symmetrical transfer function around OV. Figure 9 
shows the transfer characteristic of Figure 8. 

Two equal trimmed resistors, RI and R2, are included on the 
AD7546 to allow one reference to be generated from the 
other with the addition of an external amplifier (A3 in Fig
ure 8). Note that VREF+ must always be more positive than 
VREF-; operation is confined to two quadrants (1st and 3rd). 
It is possible to use an ac reference signal with the AD7546 
as long as VREF+ always remains more positive than VREF-' 

Figure 8. Typical Bipolar Circuit Configuration for the 
AD7546 
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I 
ANALOG 

VREF. + VOS2 _ lLSB OUTPUT (V) 

VREF- +15VSEG + VOSl 

VREF - +9VSEG + VOSl 

OOOOH l000H 2000H OIGITAL INPUT COOE 
'I J I 

FOOOH FFFFH 

NOTE: VSEG' VREF:~VREF-

Figure 9. Bipolar Transfer Characteristic of Figure 8. 

VOUT - 1V/DIVISION 

VOUT - 250I/V/DIVISION 

Figure 10. Typical Settling Characteristics of Figure 8 Using 
TL071 for Full Scale Code Change 

DATA INPUTS 
DB15 - DBO 

WR INPUT 

VOUT 

Figura 11. TypiCa, Loading Wsveforms with CS = OV 
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ERROR.mV 

0 USING 2 x AD~K-I-r-1-'1-' 

8 

6 . I/~ 1/1\ I J~ I/~ 
[7' fll'\ VI' V\ 

21/ f\1/ 1\" 1\11 1\1/ 1\1/ 1\1/ 1/ 1\ 
0 

2 . 
-0.8 

CODE 

T. _+25°C 
VRE,···4V,VAIEF··-4V YoD - .15V. V .. - -5V -t-

fllllill 

~~ §~ ~" ;:" 8; 
~~ 5!~ ;:" ~~ §~ ~" ;:" ~~ ;;~ 

81:: 81:: C;~ Q~ C;~ ~~ S~ ;::~ 
± 1/2LSB " 14 bits- ±O.244mV 
!1/2LSBIt 16bits- to.061mV 

Figure 12a. Typical Error vs Input Code 
with A 1 = A2 = AD544K 

ERROR,mV 

~" ;:" 
::~ ::~ 

1.0 H-++H-++-HH-++-H-++-H++-+-~IS~;1I~G";2~X A~D~5~7L:UW-+-+-I 

-0.2 H-++-Hf-t++-f-t++-H++-~-+-!-+-I-!-++-JI-+-+--+--W-l 

-0.' H-++-Hf-t+-Hf-t++-H++-~-+-!-+-I-!-+.f-jl-+-+--+--I-+~ 
T.-+2S C 
VAE'··· .. V.VAEF·· ... V 

-0.6 H-++-Hf-t+t-1f-t++-H++-H++-f-:VDO -.15V. V .. - -5V r-t-

Figure 12b. Typical Error vs Input Code 
withA1 =A2=AD517L 



r.ANALOG 
WDEVICES 

FEATURES 
8-Bit Bus Compatible 12-Bit DAC 
All Grades 12-Bit Monotonic Over Full 

Temperature Ranges 
Operation Specified at +5V, + 12V 

or + 15V Power Supply 
Low Gain Drift of 5ppm/oC Maximum 
Full 4 Quadrant Multiplication 
Small 20-Pin Package 

APPLICATIONS 
8-Bit Microprocessor Based Control Systems 
Programmable Amplifiers 
Function Generation 
Servo Control 

GENERAL DESCRIPTION 
The AD7548 is a 12-bit monolithic CMOS D/A converter for 
use with 8-bit bus microprocessors. Data is loaded in two bytes 
to input holding registers as shown in the block diagram opposite. 
The AD7548 can be configured to accept either left- or right-jus
tified data, least significant byte or most significant byte first, 
using standard TTL compatible control inputs. 

A separate load DAC control input allows the user the choice of 
updating the analog output coincident with loading new data to 
the DAC input register or at any time after the data loading 
event. This feature is especially important in multi-DAC systems 
where simultaneous update of all DACs is required. 

The new Linear Compatible CMOS (LC2 MOS) process used in 
the manufacture of the AD7548 allows precision thin-film linear 
circuitry and high-speed low-power CMOS logic to be integrated 
on the same small chip. The high-speed logic allows direct 
interfacing to most of the popular 8-bit microprocessors. 

PRODUCT HIGHLIGHTS 
1.\ Microprocessor Compatibility 

High speed input control (TTLl5V CMOS compatible) allow 
direct interfacing to most of the popular 8-bit microproces
sors. 

LC2MOS 
8-Bit ~P-Compatible 12-Bit OAC 

AD7548 I 
AD7548 FUNCTIONAL BLOCK DIAGRAM 

Voo 

2. Guaranteed Monotonicity 
The AD7548 is guaranteed monotonic to 12-bits over the full 
temperature range for all grades and at all specified supply volt
ages. 

3. Selectable Data Input Format 
Left- or right-justified data, least significant or most significant 
byte first. This allows the AD7548 to be interfaced with 
microprocessors using either Motorola or Intel-type data 
formatting. 

4. Monolithic Construction 
For increased reliability and reduced package size - 0.3" 20-
pin package. 

5. Single Supply Operation - See Figure 8. 
6. Low Gain Error and Gain Error T.C. 

DIGITAL-TO-ANALOG CONVERTERS VOL. 1,9-247 
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SPECIFICATIONS' (Voo = + 5V, VREF = + lOY; VP1N1 = VPlN2 = OV. All specifications Tmin to Tmax unless othelWise specified) 
AD7548JN AD7548KN 

Parameter AD7548AQ AD7548BQ AD7548SD AD7548TD Units Test Conditions/Comments 

ACCURACY 
Resolution 12 12 12 12 Bits 
Relative Accuracy =1 = 112 =1 =112 LSBmax 
Differential Nonlinearity =1 = 112 =1 =112 LSBmax All grades guaranteed monotonic to 12-bits 

over temperature. 
Full Scale Error =6 =3 =6 =3 LSBmax Measured using internal RFB and includes 

effects ofleakage current and gain TC. 
Full Scale Error can be trimmed to zero. 

Gain Temperature Coefficient2; 

~Gain/ ~ Temperature =5 =5 =5 =5 ppm/°Cmax Typical value is 2ppm/°C 
Output Leakage Current 
IOln·(Pin 1) 

+ 25°C =5 =5 =5 =5 nAmax All digital inputs = OV 
Tmin10Tmax =25 =25 = 150 =150 nAmax 

REFERENCE INPUT 
Input Resistance, Pin 19 7 7 7 7 kOmin Typical Input Resistance = llkO 

20 20 20 20 kUmax 

DIGITAL INPUTS 
VIII (Input High Voltage) 2.4 2.4 2.4 2.4 V max 
VII. (Input Low Voltage) 0.8 0.8 0:8 0.8 V min 
I rN (Inp'Jt Current) 

t 25"C :±:1 ±I ±I ±1 fLAmax VrN = OVorVoo 
'r min to'[ max ±1O ±10 =10 ±10 fLAmax 

erN (Input Capacitancei 7 7 7 7 pFmax 

POWER SUPPLY 
VrmRange 4.75/5.25 4.75/5.25 4.75/5.25 4.75/5.25 V minN max Specifications guaranteed over this range 
IIlIl 2 2 2 2 mAmax All digital inputs VrL or V IH 

300 300 300 300 fLAmax All digital inputs OV or V 00 

SPECIFICATIONS' (Voo= + l2Vto + l5V, vREF = + lOY; V~l =VPDI2=~V. All specificationsTnin to Tmar unless otherwise specified) 

AD7548JN 
Parameter AD7548AQ 

ACCURACY 
Resolution 12 
Relative Accuracy ±1 
Differential Nonlinearity ±1 

Full Scale Error =6 

Gain Temperature Coefficient2; 

~Gain/ d. Temperature ±5 
Output Leakage Current 
lOUT (Pin 1) 

t 25°C =5 
Tmin10Tmax ±25 

REFERENCE INPUT 
Input Resistance, Pin 19 

20 

DIGITAL INPUTS 
VIII (Input High Voltage) 2.4 
Vrr. (Input Low Voltage) 0.8 
IrN (Input Current) 

+ 25°C ±1 
T min toTm., =10 

CrN (If!put Capacitancei 7 

POWER SUPPLY 
VrmRange 11.4/15.75 
I Ill> 3 

1 

NOTES 
ITemperaturc range as follows: IN, KN, Versions: 0 (0 + 70"C 

AQ,BQ,Versions: -40OCto + 85°C 
SO, TD, Versions: - 55OCto + 1250C 

zGuaranteed by design but not production tested. 

Sr«ifications subject to change without notice. 

AD7548KN 
AD7548BQ 

12 
±1/2 
±1/2 

±3 

±5 

±5 
±25 

7 
20 

2.4 
0.8 

±1 
±1O 
7 

11.4/15.75 
3 
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AD7548SD AD7548TD Units Test Conditions/Comments 

12 12 Bits 
±I = 112 LSBmax 
±1 ± 112 LSBmax All grades guaranteed monotonic to 12-bits 

over temperature. 
±6 ±3 LSBmax Measured using internal RFB and includes 

effects ofleakage current and gain TC. 
Full Scale Error can be trimmed to zero. 

±5 ±5 ppm/°Cmax Typical value is 2ppm/°C 

±5 ±5 nAmax All digital inputs = OV 
± 150 ±150 nAmax 

7 7 kOmin Typical Input Resistance = llkO 
20 20 kOrnax 

2.4 2.4 V max 
0.8 0.8 V min 

±1 =1 fLAmax VIN=OVorVDo 
±IO ±10 fLAmax 
7 7 pFmax 

11.4/15.75 11.4/15.75 V minN max Specifications guaranteed over this range 
3 3 mAmax All digital inputs V IL pr V IH 

1 1 mAmax All digital inputs OV or V OD 



TIMING CHARACTERISTICS 1 
(Voo= +5V, vREF = + lOY, VPIN1 =Vp,Nz=OVunless othelWisestated) 

Limit 2 at Limit 2 at 
Limitat TA=Oto + 70°C T A= -55°C 

Parameter TA=25°C - 40°C to + 85°C to + 125°C Units Test Conditions/Comments 

tll\ 240 240 290 nsmin Data Valid Setup Time 

till! 50 50 70 nsmin Data Valid Hold Time 

tc:ws 30 40 50 nsmin CSMSB or CSLSB to WR Setup Time 

tC:WI! 15 20 25 nsmin CSMSB or CSLSB to WR Hold Time 

t/.ws 30 40 50 nsmin LDAC to WR Setup Time 

t/'WI! IS 20 25 nsmin LDAC to WR Hold Time 

tWR 250 280 320 nsmin Write Pulse Width 

TIMING CHARACTERISTICS1 
(Voo= + l2Vto + l5V, vREF = + lOY, VPlN1 =VpIN2 =OVunless othelWise stated) 

Limit 2 at Limit 2 at 
Limit at TA=Oto + 70°C T A= -55°C 

Parameter TA=25°C - 40°C to + 85°C to + 125°C Units Test Conditions/Comments 

tns 160 190 230 nsmin Data Valid Setup Time 
tnl! 30 30 50 nsmin Data Valid Hold Time 
tc:ws 30 40 50 nsmin CSMSB or CSLSB to WR Setup Time 
tCWI! IS 20 25 nsmin CSMSB or CSLSB to WR Hold Time 
t/.ws 30 40 50 nsmin LDAC to WR Setup Time 
t/'WI! IS 20 25 nsmin LDAC to WR Hold Time 
tWR 170 200 240 nsmin Write Pulse Width 

A C PER FOR MAN C E C HARA CTER I STI C S These characteristics are included for Design Guidance only and 
are not subject to test. (VREF = + lOV; VPIN1 = VPINZ = OV, Output Amplifier is AD544 except where stated) 

Voo=+5V Voo =+12Vto'+15V 

Parameter Version T A= +25'C TA=TM1N, TMAX TA= + 25'C TA=TM1N , TMAX Units Test Conditions/Comments 

Output Current Settling Time 

Digital to Analog Glitch 
Impulse 

Multiplying Fecdthrough Error3 

Total Harmonic Distortion 

Power Supply Rejection 
IlGAIN/IlVDD 

Output Capacitance 
lOUT (Pin I) 

Output Noise Voltage Density 
(lOHz~IOOkHz) 

NOTES 
'Temperature range as follows: IN, KN, Versions: Oto rt nrc 

AQ, SQ. Versions: - 40"( to + 8ye 
SD. TO, Versions: - 55°C to t 125°C 

lGuarante-ed by design bUi nOI production tested. 

1.5 

400 

-85 

:to.OIS 

200 
100 

IS 

:to.03 

200 
100 

lFecdlhrough t.:an be further reduced by connecting the metal lid on the ceramic package (Sufflx D) to DGNO. 

Spel.:ifil.:ations subj«t to change without notice. 

330 

-85 

:to.01 

200 
100 

IS 

:to.02 

200 
100 

f!.styp 

nV-sectyp 

mVp-ptyp 

dBtyp 

%per%max 

pFmax 
pFmax 

ToO,Ol%offull scale range, 

IOCT load = lOOn, CEXT = J3pF. 
DAC register alternately 
loaded with allIs and all Os 

Measured with V REF = OV, 
lOUT load = 100n,CEXT = J3pF. 
DAC register alternately 
loaded with allis and all Os 

VREF = :tSV,IOkHzsinewave 
DAC register loaded with all Os. 

VREF=6Vrms@!lkHz. 
DAC registerloaded with allis. 

LlVDD = :tS% 

DAC register loaded with allis. 
DAC register loaded with all Os. 

n V I\/HZ typ Measured between RFB and lOUT 
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ABSOLUTE MAXIMUM RATINGS· 
(T 1\ = + 25°C unless otherwise noted) 

Voo (pin 18) to DGND . 
VREF (pin 19) to AGND 
V RFB (pin 20) to. AGND 
Digital Input Voltage (pins 4-17) to DGND 
VP1N I to DGND ....... . 
AGND to DGND . . . . . . . . 
Power Dissipation (Any Package) 

To +7SoC 
Derates above + 7SoC . . . . . 

+ I7V 
±2SV 
±2SV 

-0.3V, VDO 

-0.3V, VDD 

-0.3V, VDD 

4S0mW 
6mW/oC 

Operating Temperature Range 
Commercial Plastic ON, KN versions) 
Industrial Cerdip (AQ, BQ versions) . 
Extended Ceramic (SD, TD versions) 

Storage Temperature . . . . . . . . . . 
Lead Temperature (Soldering, IOsecs) 

. .. 0 to +70°C 
- 40°C to + 8SoC 

- SsoC to + 12SoC 
- 6SoC to + ISO°C 

+ 300°C 

·Stresses above those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those indicated 
in the operational sections of this specification is not implied. Exposure t9 
absolute maximum rating conditions for extended periods may affect device 
reliability. -

CAUTION:------------------------------------------------------
ESD (Electro-Static-Discharge) sensitive device. The digital control inputs are zener protected; 
however, permanent damage may occur on unconnected devices subject to high energy electrostatic 
fields. Unused devices must be stored in conductive foam or shunts. The protective foam should 
be discharged to the destination socket before devices are removed. 

WARNING! 0 
~~OEVICE 

ORDERING INFORMATION 

Relative Full Scale Temperature Range and Package 

Accuracy Enor Plastic Cerdip' Ceramic 
TMINtoTMAX TMINto TMAX 010 +70'C - 40'C to + 8S'C - SS'C to + 12S'C 

:!oILSB ±6LSB AD7548JN AD7548AQ AD7548SD 
:!: I/lLSB ±3LSB AD7548KN AD7548BQ AD7548TD 

NOTE 
I. AnJlof,t [)cvi~cs rcscrv~s the right [0 !!hip L:cramic packages in lieu of cerdip packages. 

PACKAGE IDENTIFICATION 1 

Suffix "N": - Plastic Dip (N20B) 
Suffix "Q": - Cerdip (Q20B) 
Suffix "D": - Ceramic (D20B) 

lSee Section 19 for package outline information. 
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PIN CONFIGURATION 

RFB 

VREF 

VDD 

CSMSB 4 AD7548 WR 
TOP VIEW 

DF/DOR 5 (Not To Scale) CSLSs 

LDAC 

DB7 (MSB) 7 DBO (LSB) 

DB1 

DB2 

DB4 DB3 



PIN FUNCTION DESCRIPTION 
PIN MNEMONIC DESCRIPTION 

10 
II 
12 
13 
14 
IS 

16 

17 

18 
19 
20 

few. Ie .... 
-t I_-t 1-

IOCT 

AGND 
DGND 
C~fSB 

DFIDOR 

CTRL 

DB7 
DB6 
DB5 
DB4 
DB3 
DB2 
DBI 
DBO 
LDAC 

CSLSB 

WR 

DACcurrent OUT bus. Normally terminated at virtual ground of output amplifier. 
Analog Ground. 
Digital Ground. 
ChipSe/ect Most Significant (MS) Byte. Active Low Input. Used in combination with WR to load 
external data into the input register or in combination with W'R and LDAC (0 load external uata into 
both input and DAC registers. 
Data Format Data Override. \,\'hcn this input is LO'X', Jald in the DAC n:gistcr is fon:cd to olle 01 
two override codes selected by CTRL. When the override signal is rem(wed, the DAt: output 
returns to rellect the \'alue in the DAC register. With OF, DOR HIGH, CrRL selects eithera left 
or right justified input data format For normal operation, DF·DOI{ is'held HIGH. 

DF/DOR CTRL FUNCTION 

DAC register contents overridden bv al/ O's 
DAC register contents on:rriJcn by all 1 's 
Left-justified input data selected 
Right-justified input data selected 

Control Input. See pm 5 descriptIOn. 

!--MOST SIGNIFICANT BYTE 4LEAST SIGNIFICANT BYTE..j 

IMSB' ~Eri-JU~TIF!ED:DAfA I , 't 'LSBI X, X 'X 'X I CTRL ~ "0" 

I I I 
I X I xl X I X b\S~. I I RI5iH/JU~TIF;EDbA1A ~sd CTRL~"I" 

X = Don't care states. 

Data Bit 7. Most Significant Bit (MSB). 
Data Bit 6. 
Data Bit 5. 
Data Bit 4. 
Data Bit3. 
Data Bit 2. 
DataBit!. 
Data Bit O. Least Significant Bit (LSB). 
Load DAC Input, active LOW. This signal, in combination with others, is use'd to load the DAC 
register from either the input register or the external data bus. 
Chip Select Least Significant (LS) Byte. Active LOW input. Used in combination with WR to load 
external data into the input register or in combination with WR and LDAC to load external data 
into both input and DAC registers. 
WRITE Input. This active low signal, in combination with others is used in loading external data 
into the AD7s48 input register and in transferring data from the input register to the DAC register. 

WI{ ~ CSI3B 

I I 
X X 

+ 5V to + 15V Supply Input. 
Reference Voltage Input. 

~ FUNCTION 

Load LS Byte to Input Register. 
Load LS Byte to Input Register and DAC Register. 

I Load MS Byte to Input Register. 
0 Load MS Byte to Input Register and DAC Register. 
0 Load Input Register to DAC Register. 
X No Data Transfer 

Feedback Resistor. Used for normal D/A conversion. 

CONTROL INPUT INFORMATION 
Figure la shows the data load timing diagram for the AD7548. 
Figure 1 b shows the simplified input control structure of the 
AD7548. 

I I I I~ ____________________ __ 

CSMSB~ 
5V 

ov I I 
I I 

5V I I 

ov 
M--tLWH 

5V 

I I 
I I 
I I 
I I 

ov I I 
I I 
~rl------------~: 5V 

ov 

DATA ----( 
5V 

OV 

NOTES 
1. ALL INPUT SIGNAL RISE AND FALL TIMES MEASURED FROM 10% TO 90% OF +5V. 

I t,=tt=2005. 

2. TIMING MEASUREMENT REFERENCE LEVEL IS V," ; V". 

3. CSMSB (PIN 4) AND CSLSB (PIN 16) MAY BE INTERCHANGED. 

4. FOR LEFT· JUSTIFIED DATA CTRL = + OV WITH DF/DOR = + 5V. 
FOR RIGHT· JUSTIFIED DATA CTRL= +5V WITH DF/DOR= +5V. 

Figure 1a. AD7548 Timing Diagram 

DF,OOR o-----------..... ---lr ........ ----"--l 
CTRL O---------~'"'1-L--""""o:::---...J 

WR 

Figure 1b. Simplified AD7548 Input Control Structure 
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GENERAL CIRCUIT INFORMATION 
The simplified D/A circuit is shown in Figure 2. An inverted 
R-2R ladder structure is used, which steers binarily weighted 
currents between lOUT and AGND, thus maintaining a constant 
current in each ladder leg independent of the switch state. 

The input resistance at V REF is constant and equal to the value 
"R" in Figure 2. Since the input resistance is constant, the 
reference terminal can be driven by a reference voltage or a 
reference current, ac or dc, of positive or negative polarity. (If a 
current source is used, a low temperature coefficient external 
RFB is recommended to define scale factor). 

....... -+-..... -+-.--+-t , ___ ..... -+--1-'_--<> lOUT 

~~""'_~~II-_~""'_~ ___ QAGND 

DA TA LATCHES AND SWITCH DRIVERS 

Figure 2. AD7548 Simplified Functional Diagram 

EQUIV ALENT CIRCUIT ANALYSIS 
Figure 3 shows an equivalent circuit for the analog section of 
the AD7548 D/A converter. The current source ILEAKAGE is 
composed of surface and junction leakages. The resistor Ro, 
denotes the equivalent output resistance of the DAC which 
varies with input code (excluding all O's code) from 0.8R to 2R, 
where R is typically 11k!!. COUT is the capacitance due to the 
current steering switches and varies from about 50pF to 120pF 
(typical values) depending upon the digital input. g(VREF, N) is 
the Thevenin equivalent voltage generator due to the reference 
input voltage, VREF, and the transfer function of R-2R ladder, 
N. 

For further information on CMOS multiplying D/A converters 
refer to "Application Guide to CMOS Multiplying D/A Conver
ters" available from Analog Devices, Publication Number G479-
15-8/78. 

Figure 3. AD7548 Equivalent Analog Output Circuit 

DATA LOADING 
The AD7548 accepts incoming data in either left-justified format 
or right-justified format depending on the control inputs DF/DOR 
and CTRL. 

(See pin description of DFIDOR and CTRL on preceding 
page). 

Two operating modes are possible for controlling the transfer of 
data from the input register to the DAC register, the automatic 
transfer mode and the strobed transfer mode. 

AUTOMATIC TRANSFER MODE 
This is the simplest and fastest method of transferring data to 
the DAC register. It is facilitated by connecting LDAC to either 
CSMSB, as shown in Figure 10, or CSLSB. 
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Figure 4 shows the timing diagram for automatic transfer of 8 
+ 4-bit data to the DAC register. The first write cycle loads the 
first byte of data to the input register. The second write cycle 
loads the second byte of data to the input register and automatically 
transfers both bytes to the DAC register. 

Updating a single byte (High or Low) in the DAC register can 
be achieved in one write cycle using the automatic transfer 
mode. 

DATA 

CSMSB ----,-~----~ 

LDAC -----~---_, 

LOAD BYTE 1 INTO LOAD BYTE 2 INTO INPUT 
INPUT RE"ISTER AND DAC REGISTERS. 

TRANSFER BYTE 1 TO DAC 
REGISTER. ANALOG OUTPUT 

UPDATED. 

Figure 4. Automatic Transfer Mode 

STROBED TRANSFER MODE 
Figure 5 shows the timing diagram for the strobed transfer of 8 
+4-bit data to the DAC register. Three write cycles are required 
for this transfer mode. The first two write cycles sequentially 
load bytes 1 and 2 into the input register. The third write cycle 
transfers data from the input register to the DAC register. 

The strobed transfer mode ~llows the DAC registers of several 
AD7S48's to be updated simultaneously, as shown in Figure 13, 
by means of a master strobe signal connected to the LDAC of 
each device. 

A single byte of data (High or Low) can be transferred to the 
DAC register in two write cycles using the strobed transfer 
mode. . 

DATA 

CSMSB --.-~.-----, 

LDAC----~------~--~-~ 

LOAD BYTE 1 INTO LOAD BYTE 2 INTO TRANSFER DATA 
INPUT REGISTER INPUT REGISTER FROM INPUT REGISTER 

TO DAC REGISTER. 
ANALOG OUTPUT UPDATED. 

Figure 5. Strobed Transfer Mode 

DATA OVERRIDE 
The contents of the DAC register can be overridden by pulling 
DFIDOR (pin 5) LOW. The CTRL (pin 6) input then determines 
whether the DAC register data is overidden by all Os (CTRL 
LOW) or all Is (CTRL HIGH). This feature allows the user to 
calibrate the AD7548 in circuits such as Figure 6 without calling 
on the microprocessor to load calibration data. 



UNIPOLAR BINARY OPERATION 
(2-QUADRANT MULTIPLICATION) 
Figure 6 shows the analog circui~ connections required for unipolar 
binary operation. With a de input voltage or current (positive or 
negative polarity) applied at pin 19, the circuit is a unipolar 
D/A converter. With an ac input voltage the circuit provides 2-
quadrant multiplication (digitally controlled attenuation). 

Table I shows the code relationship for the circuit of Figure 6. 

For full scale trimming the DAC register is loaded with 1111 
1111 1111. This is most easily accomplished by using the data 
override function. Rl is then adjusted for VOUT= - VIN (4095/ 
4096). Alternatively full scale can be adjusted by omitting Rl 
and R2 and trimming the reference voltage magnitude. 

Capacitor C I provides phase compensation and helps prevent 
overshoot and ringing when using high speed op amps. 

VOUT 

N.OTES 
1. CONTROL INPUTS OMITTED FOR CLARITY. 
2. R, = 10011. R2 =3311 FOR ALL GRADES. 
3. SEE APPLICATION HINTS. 

Figure 6. Unipolar Binary Operation 

Binary Number in 
DAC Register Analog Output, V OUT 

MSB LSB 

I I 1 I I 1 I I I I I I 4095 
- VIN 4096 

1000 0000 0000 e048
) - VIN 4096 = - 1I2VIN 

0000 0000 000 I - VIN(40~6) 
0000 0000 0000 OV 

Table I. Unipolar Binary Code Table for Circuit of Figure 6 

Applying the AD7548 
BIPOLAR OPERATION 
(4-QUADRANT MULTIPLICATION) 
Figure 7 and Table II illustrate the recommended circuit and 
code relationship for bipolar operation. The circuit uses offset 
binary input coding. However, 2's complement coding can be 
accommodated if the MSB is inverted (done in software) before 
data is loaded into the DAC. 

With the DAC register loaded to 1000 0000 0000, adjust RI for 
VOUT = OV (alternatively one can omit RI and R2 and adjust the 
ratio of R3 and R4 for V OUT = OV). Full scale trimming can be 
accomplished by adjusting the amplitude of VIN or by varying 
the value of RS. 

R3, R4 and RS must be selected to match within 0.01% and 
they should be the same type of resistor (preferably metal film) 
so that theIr temperature coefficients match. Mismatch of R3 to 
R4 causes both offset and full scale error. M.ismatch of RS to 
R4 and R3 causes full scale error. 

INPUT DIGITAL ANALOG 
DATA GROUND COMMON 

NOTES 

R4 
20k 

VOUT. 

1. CONTROL INPUTS OMITTED FOR CLARITY. 
2. R,=1001l. R,=3311 FOR ALL GRADES. 
3. SEE APPLICATION HINTS. 

Figure 7. Bipolar Operation (Offset Binary Coding) 

Binary N umber in 
DAC Register 

MSB LSB 

1 1 1 1 1 1 1 1 1 I 1 1 

1000 0000 000 1 

1000 0000 0000 

o 1 1 1 1 1 1 1 1 1 1 1 

0000 0000 0000 

Analog Output, V OUT 

e047 
+ VIN 2048 

+ VIN(20~8) 
OV 

- VIN(20~8) 
(2048) - VIN 2048 

Table II. Bipolar Code Table for Offset Binary Circuit of 
Figure 7 

DIGITAL-TO-ANALOG CONVERTERS VOL. I, 9-253 



SINGLE SUPPLY OPERATION 
Figure 8 shows the AD7548 connected in a voltage switching 
mode. The input voltage is connected to lOUT. The D/A converter 
output voltage is taken from the V REF pin and has a constant 
impedance equal to R.RFB is not used in this circuit. The input 
voltage VIN must always be positive with respect to AGND in 
order to prevent an internal diode from turning on. To maintain 
linearity the input voltage should remain within 2.5V of AGND 
with VDD from + 12V to + 15V. 

The output voltage VOUT of Figure 8 is expressed as 

(
Rl +R2) 

VOUT = (V1N) (D) Rl 

Where D is a fractional representation of the digital input word 
(0=::::D=::::4095/4096). 

+1SV 

INPUT 
DATA 

Figure 8. Single Supply Operation Using Voltage Switching 
Mode 

APPLICATION HINTS 
Output Offset: CMOS D/A converters in circuits such as 
Figures 6 and 7 exhibit a code dependent output resistance 
which in turn cause a code dependent amplifier noise gain. The 
effect is a code dependent differential nonlinearity term at ~he 
amplifier output which, depends on Vos where Vos is the amplifier 
input offset voltage. To maintain monotonic operation it is 
recommended that Vos be no greater than (25 x 10-6)(VREF) over 
the temperature range of operation. Suitable op amps are AD517L 
and AD544L. The AD517L is best suited for fixed reference 
applications with low bandwidth requirements: it has extremely 
low offset (501-1 V) and in most applications will not require an 
offset trim. The AD544L has a much wider bandwidth and 
higher slew rate and is recommended for multiplying and other 
applications requiring fast settling. An offset trim on the AD544L 
may be necessary in some circuits. 

General Ground Management: AC or transient voltages between 
AGND and DGND can cause noise injection into the analog 
output. The simplest method of ensuring that voltages at AGND 
and DGND are equal is to tie AGND and DGND together at 
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the AD7548. In more complex systems where the AGND and 
DGND intertie is on the backplane, it is recommended that two 
diodes be connected in inverse parallel between the AD7548 
AGND and DGND pins (lN914 or equivalent). 

Temperature Coefficients: The gain temperature coefficient of 
the AD7548 has a maximum value of 5ppm/oC and typical value 
of 2ppmrC. This corresponds to worst case gain shifts of 2LSBs 
and 0.8LSBs respectively over a 100°C temperature range. When 
trim resistors Rl and R2 are used to adjust full scale range, the 
temperature coefficient of Rl and R2 should also be taken into 
account. The reader is referred to Analog Devices Application 
Note "Gain Error and Gain Temperature Coefficient of CMOS 
Multiplying DACs", Publication Number E630-10-6/81. 

High rrequency Considerations: AD7548 output capacitance 
works in conjunction with the amplifier feedback resistance to 
add a pole to the open loop response. This can cause ringing or 
oscillation. Stability can be restored by adding a phase compen
sation capacitor in parallel with the feedback resistor. 

Feedthrough: The dynamic performance of the AD7548 will 
depend upon the gain and phase stability of the output amplifier, 
together with the optimum choice of PC board layout and de
coupling components. A suggested printed circuit layout for 
Figure 6 is shown in Figure 9 which minimizes feedthrough 
from V REF to the output in multiplying applications. 

v+ v-

i · . ...--::.:. 
OUTPUT 

/ 

Voo--or-. __ ->-_DGND 
. 0 0 

NOTE IN~~T R~~~~~ 0 

FEEDTHROUGH 0 

o 
o 
o 

o 
o 
o DIGITAL 

INPUTS 
o 
o 

o 0 

LAYOUT SHOWS COPPER SIDE (i.e., BOTTOM VIEW) 

PIN 1 
AD7548 

GAIN TRIM RESISTORS Rl AND R2 OF FIGURE 6 ARE NOT INCLUDED. 

Figure 9. Suggested Layout for AD7548 and Op Amp 

For additional information on multiplying DACs refer to "Ap
plication Guide to CMOS Multiplying D/A Converters", Publi
cation Number G479-15-8178, available from Analog Devices. 



MICROPROCESSOR INTERFACING 
AD7S48 - MC6800 INTERFACE 
A typical 6800 configuration using the automatic transfer II' ,de 
of the AD7548 is shown in Figure 10. Table III gives a sanlple 
loading routine written in re-entrant for~. Data load and store 
instructions use extended addressing. The 12-bit data to be 
passed to the subroutine is stored in locations XXY'..." and XXYY 
+ I. The data is considered right-justified with ~he four most 
significant bits occupying the lower half of XX-tY + 1. The 
AD7548 is assigned a base address of PPQQ. This address 
selects the low byte register of the AD7548. Address PPQQ + 
I selects both the high byte register and the LDAC control 
input. 

AO-A15 ADDk~SS BUS 

RMit----1 

VMA..---_I L..-__ -' 

MC6S00 

.1.2t----------L)lC>----IWR 

00-01 DATA BUS 

1__ ___ ... "LINEAR CIRCUITRY OMITTED 
fOR CLARITY 

Df/DOR 

CTRL 

AD754S* 

voo 

Figure 10. AD7548- MC6800 Interface (Automatic Transfer 
Mode) 

JSR WWZZ, Jump to ADZ548 subroutine 
WWZZ PSHA Push A onto stack 

TPA 
PSHA Push CCR onto stack 
LDAA $XXYY 
STAA $PPQQ Load low byte to AD7548 
LDAA $XXYY+I -
STAA $PPQQ+ 1· Load high byte to AD7548 

and update analog output 
PULA 
TAP Pull CCR from stack 
PULA Pull A from stack 
RTS Return to main program 

Table 1/1. Sample Routine for AD754B- MC6BOO Interface 

I 
AD7S48 - 808SA INTERFACE 
Figure II shows a typical AD7548 to 8085A microprocessor 
interface configured for automatic transfer of 8 + 4-bit right-jus
tified data. Table IV gives a sample loading routine written in 
re-entrant form. The 12-bit data to be passed to the subroutine 
is stored in locations XXYY and XXYY + 1. The four most 
significant data bits occupy the lower half of XXYY + I. As 
before, addresses PPQQ and PPQQ + I select the CSLSB and 
CSMSB/LDAC control inputs respectively. Since only two in
structions (LHLD, SHLD) are required to both fetch and load 
the 12-bit data word to the AD7548, it may be more efficient to 
insert these instructions as required in the main program rather 
than use a subroutine such as illustrated here. 

"LINEAR CIRCUITRY OMITTED 
FOR CLARITY 

Figure 11. AD7548 - BOB5A Interface (Automatic Transfer 
Mode) 

CALL 7548 
7548 PUSH PSW Push register contents 

onto stack 
PUSH H 
LHLD XXyy Fetch 12-bitdata 
SHLD PPQQ Load 12-bit data 
POP H Pop register contents 

from stack 
POP PSW 
RET Return to main program 

Table IV. Sample Routine for AD754B-BOB5A Interface 
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AD7548 - MC6809 INTERFACE 
The AD7548 can be interfaced to the MC6809 microprocessor 
as shown in Figure 12 for automatic transfer of 8 + 4-bit data. 
Similar to the 8085A instructions LHLD and SHLD, the 6809 
has two instructions to fetch and store 12-bit (l6-bit) data to the 
AD7548, LDD and STD. However, in the 6809, the high byte 
of data is moved first, then the low byte (this is the opposite of 
the 8085A). This means that if the I2-bit data is assumed to 
reside at addresses XXYy"and XXYY + 1 then XXYY must 
contain the high byte. It also means that the address decoding 
logic of Figure 11 must be slightly changed so that the even-order 

AD7548 address, PPQQ from before, selects the CSMSB input 
to load the high byte first. In this automatic transfer configuration 
LDAC is tied to the CSLSB input. The AD7548 analog output 
can thus be updated using only two instructions as follows: 

LDD $XXYY 
STD $PPQQ 

The strobed transfer configuration is shown in Figure 13 with a de
dicated decoder output assigned to each chip select input. The com
mon LDAC signal allows simultaneous update of both AD7548 
DAC registers. ' 

AO-A1S ADDRESS BUS 

RMit-----~ 

a ........ - .... ' 
MC6809 

DO-D7 

'L1NEAR CIRCUITRY OMITTED 
FOR CLARITY 

Figure 12. AD7548 - MC68091nterface (Automatic Transfer 
Mode) 

AO-A1S 
t-----, 

MC6809 

Rliiii~-_~ 

a 

ADDRESS BUS 

CTRL 

DFIDOR 

CTRL 

AD7548 

...------tiiii"ii 
DBO-OB7 

Voo 

Voo 

Figure 13. AD7548 - MC68091nterface (Strobed Transfer 
Mode) 

VOL. I, ~256 DIGITAL-TO-ANALOG CONVERTERS 



AD7548 - 6502 INTERFACE 
Figure 14 shows a typical AD7548 to 6502 microprocessor interface 
configured for automatic transfer of right-justified data. As a 
programming example, Figure 15 shows a flow chart for producing 
a 12-bit (4095-step-max) voltage ramp under 6502 control. Index 
registers X and Y of the 6502 form a 12-bit counter with the X
register holding the low byte of data and the Y-register the high 
byte. Table V shows the program listing. The X-register is 
compared with FFH and the Y-register with IOH to determine 
when the ramp voltage has reached its maximum value (FFFH). 
By changing the comparison data in the program the maximum 
ramp output voltage can be varied from levels corresponding to 
FFFH down to OOOH. In the program listing of Table V the 
AD7548 has been assigned contiguous addresses 0400 (low byte) 
and 0401 (high byte and DAC register). 

AO-AIS ADDRESS BUS 

Voo 

RtW 
CSLSB 

DF/DOR 

CTRL 

6502 CSMSB 

LDAC 

.1)2 WR 
AD754S* 

DBG-DB7 

00-07 DATA BUS ~ ________________________________ J 

'--___ .... "LINEAR CIRCUITRY OMITTED 
FOR CLARITY 

Figure 14. AD754B - 6502 Interface (Automatic Transfer 
Mode) 

ADDRESS OP·CODE 

0000 AD 
01 00 
02 A2 
03 00 
04 4C 
05 08 
06 00 
07 E8 
08 8E 
09 00 
OA 04 
DB 8C 
DC 01 
OD 04 
DE EO 
OF FF 
10 DO 
11 FS 
12 C8 
13 CO 
14 10 
15 DO 
16 EB 
17 FO 

0018 E7 

ENTER 

Figure 15. Flow Chart for Voltage Ramp Generation 

MNEMONIC OPERAND 

LDY * 00 

LDX * 00 

IMP 0008 

INX 
STX 0400 

STY 0401 

CPX * FF 

BNE 0007 

INY 
CPY * 10 

BNE 0002 

BEQ 0000 

Table V. Program Listing for Figure 15 
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AD7548 - Z80 INTERFACE 
Figure 16 shows a typical AD7548 to Z80 microprocessor interface 
configured for automatic transfer of right-justified data. Similar 
to the 8085A and 6809 cases, 16-bit load instructions are available 
in the Z80 which can fetch and load 12-bit data to the AD7548. 
Since the low byte of data is moved first and assuming the 12-
bit data resides at addresses XXYY and XXYY + I, address 
XXYY must contain the low byte. As before, addresses PPQQ 
and PPQQ + 1 select the AD7548 CSLSB and CSMSB/LDAC 
control inputs respectively. Choosing the Z80 register pair BC 
to hold the 12-bit data, the two instructions required to update 
the AD7548 analog output are as follows: 

LD BC, (XXYY) 
LD (PPQQ), BC 
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AO-A15 

MFiEa 1----., 
Z80 

WR~----------------------~ 

00-07 

'-----... "LINEAR CIRCUITRY OMITIEO 
FOR CLARITY 

Figure 16. AD7548 - Z80 Interface (Automatic Transfer 
Mode) 

Voo 



r.ANALOG 
WDEVICES 

FEATURES 
Update Rates to 125MHz 
2ns Rise Time 
On-Chip Reference Voltage 
Single - 5.2V Power Supply 
Complete Composite Inputs 

APPLICATIONS 
Raster Scan Displays 

. Color Graphics 
Automated Test Equipment 
TV Video Reconstruction 

GENERAL DESCRIPTION 
The AD9700 digital-to-analog converter is a monolithic device 
capable of accepting eight bits of EeL-compatible data at update 
rates as high as 12SMHz. On-chip latches on the data lines help 
minimize "glitches" in the output signal. Incorporating the 
AD9700 into system designs is eased by its blanking, sync, 10% 
brightness, and reference white control signals. An on-board 
reference also eliminates external circuits and makes it easier to 
design the AD9700 into high-speed applications. 

The unit is housed in a 22-pin package, operates from a single 
-S.2V power supply, and dissipates only 62SniW, making this 
the smallest, lowest power Df A converter available to design 
engineers who need true "graphics ready" converters for raster 
scan, color graphics, and other high-speetl systems. 

This device is a natural extension of the Analog Devices advanced 
_ technology that produced the first hybrid converters which 

included composite capabilities. Like the earlier HDG-Series 
Df A converters, the AD9700 is designed to have general output 
compatibility with EIA Standards RS-170 and RS-343. 

Its size and electrical performance make the AD9700 extremely 
attractive for use in a broad range of high-speed data applications. 
But in addition to the other characteristics which recommend its 
use, pricing also makes the AD9700 a viable economic candidate 
for large-scale production requirements. 

Monolithic Video 
D/A Converter 

AD9700 I 
AD9700 FUNCTIONAL BLOCK DIAGRAM 

SETUP 

MSB 

LSB 

REF WHITE CURRENT SET 

SYNC 

BLANKING 

10% BRIGHT 

STROBE 

Rsn ~ 4 (Io~;~~) 
VOUT = 4 (~) RLOAD 

PIN DESIGNATIONS 
PIN FUNCTION PIN FUNCTION 

1 GROUND 12 GROUND 

2 -5.2V 13 OUTPUT 

3 BITl (MSB) 14 CURRENT SET 

4 BIT2 15 COMPENSATION 

5 BIT3 16 REFERENCE WHITE 

6 BIT4 17 COMPOSITE SYNC 

7 BIT5 18 COMPOSITE BLANKING 

8 BIT6 19 10%8RIGHT 

9 BIT7 20 GLITCH ADJUST 

10 BIT8(LSB) 21 SETUP 

11 STROBE 22 GROUND 

NOTE: PINS 1.12. AND 22 NEED TO BE CONNECTED 

TOGETHER AND TO GROUND AS CLOSE TO 

CASE AS POSSIBLE. 
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SPECIFICATIONS (typical @ + 250C with nominal power supplies unless otherwise noted) 
Parameter Unit. 

RESOLUTION Bits 

LEAST SIGNIFICANT BIT (LSB) WEIGHT 
Voltage (adjustable) mV 
Current (adjustable) IlA 

ACCURACY (GS = Gray Scale; FS = Full Scale) 
Differential Linearity % GS 
Integral Linearity % GS 
Zero Offset (Initial) Voltage mV 
Monotonicity 

TEMPERA TURECOEFFICIENTS 
Linearity 
Gain 
Zero Offset 

DYNAMICCHARACTERISTICS -GRAY 
SCALE OUTPUT! 
SenlingTimetoO.4%GS; 
OVt0637.5mVGSchange 

Voltage 
Update Rate2 

Slew Rate 
Rise Time 
Glitch Energy' 

DIGITAL DATA INPUTS 
Logic Compatibility 
Coding 
Logic Levels 

"I" 
"0" 

Loading (each bit) 

STROBE INPUT 
Logic Compatibility 
Logic Levels 

"I" 
"0" 

Loading 
Set-upTime (Data 
Hold Time (Data) 
Propagation Delay 

REFERENCE WHITE, COMPOSITE SYNC, 
BLANKING, AND 10% BRIGHT INPUTS' 

Logic Compatibility 
Logic Levels 

"I" 
"0" 

Loading 

SPEED PERFORMANCE-CONTROL INPUTS 
Settling Time to 10% of Final Value for: 

Reference White 
Composite Sync 
Composite Blanking 
10% Bright 

SETUP CONTROL 
Ground 
Open 
Ikto -5.2V 
-5.2V 

ANALOG OUTPUT 
FSCurrent 
FSVoltage' 
Compliance 
Internal Impedance 

OUTPUT - COMPOSITE SYNc' 
Current 
Voltage 

OUTPUT -COMPOSITE BLANKING' 
Current6 

Voltage6 

OUTPUT - !O% BRIGHT' 
Current 
Voltage 

POWER REQUIREMENTS 
-5.2V:!:0.25V 
Power Supply Rejection Ratio 
Power Dissipation 

TEMPERATURE RANGE 
Operating (Case) 
Storage 

MTBF7 
Mean Time Between Failures 

PACKAGEOPTION8 

ppm?C 
ppmJ"C 
ppml"C 

ns 
MHz (min) 
V/IlS 
ns 
pV-s 

V 
V 

v 
V 

ns,min 
ns,min 
ns 

V 
V 

mV (IRE Units) 
mV(lREUnits) 
mV (IRE Units) 
mV (IRE Units) 

rnA 
V(:!:l%) 
V 
o (max) 

rnA (:!: 5%) 
mV(:!:5%) 

rnA(:!:I%) 
mV(:!:l%) 

rnA(:!:5%) 
mV(:!:5%) 

rnA 
%/% 
mW 

·C 
·C 

Hours 

AD9700BD 

2.5 
67 

:!:0.2 
:!:0.2 
0.3 
Guaranteed 

30 
50 
12 

10 
125(100) 
300 
2 
SO 

ECL 
Complementary Binary (CBN) 

-0.9 
-1.7 
5pF and 50kO to - 5.2V 

ECL 

-0.9 
-1.7 
5pFand 50kOto -5.2V 
2.5 
1.5 
4 

ECL 

-0.9 
-1.7 
5pFand500to -5.2V 

10 
10 
10 
10 

0(0) 
53.25 (7.5) 
71(10) 
142(20) 

Oto -17 
Oto -0.6375 
-1.1 to +0.1 
8oo(:!:40) 

Oor -7.6 
Oor - 286 

-17.0, -18.4,or -20.8 
-637.5, -69O.8,or -780 

Oor -1.9 
Oor -71 

120 
0.024/4.8 
625 

-25to +85 
- 55to + ISO 

1.95 x 10' 

D22A 
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NOTES 
'Settling to ~f('entage of Gray Scale includes FS and MSB transitions. 
Inherent 3ns register delay (50"10 points) has been disregarded. 

2Updatc rate shown limited by full-scale settling time for eight bits. 
Unit can be updated to 125MHz with some settling time degradation. 

'Glitch can be reduced to less than 25pV-. with glitch adjustment. 
4Rcfcrcnce White, Composite Sync, and Composite Blanking arc enabled 
with logic "0"; 10% Bright is enabled with logic "1", Composite Sync 
or Composite Blanlcing control signals reset input registers. 

'LSB value of 2.5mV used for calibration. louT~(1.28IRsET) x 4 when 
RSET '" 30CJn. 

6<>utplltS shown correspond to externally selected IRE units of 0,7.5, and 20. 
7Calculated using MIL HNBK·217; Ground; Fixed; +25"C Ambient Temperature. 
'See Section 19 for package outline infonnation. 

Specifications subject to change without notice. 
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WDEVICES 

FEATURES 
5ns Settling Time 
100MHz Update Rate 
20mA Output Current 
ECl-Compatible 
40MHz Multiplying Mode 

APPLICATIONS 
Raster Scan & Vector Graphic Displays 
High-Speed Waveform Generation 
Digital VCOs 
Ultra-Fast Digital Attenuators 

GENERAL DESCRIPTION 
The Analog Devices AD9768SD DfA converter is a monolithic 
current-output converter which can accept 8 bits of ECL-Ievel 
digital input voltages and convert them into analog signals at 
update rates as high as IOOMHz. In addition to its use as a 
standard DfA converter, it can also be utilized as a two-quadrant 
multiplying DfA at multiplying bandwidths as high as 40MHz. 

An inherently low glitch design is used, and the complementary· 
current outputs are suitable for driving transmission lines directly. 
Nominal full-scale output is 20mA, which corresponds to a 1-
volt drop across a 50n load, or ± 1 volt across lOOn returned to 
+ 1 volt. The actual output current is determined by the on-chip 
reference voltage (VREF = -1.26V) and an external current 
setting resistor, RsET. 

Full-scale output current lOUT with digital "1" at all inputs is 
calculated with the equation: 

VRET - VREF 
IOUT=4x R 

SET 

The setting resistor RSET and the output load resistor should 
both have low temperature coefficients. A complementary 
lOUT is also provided. 

Ultra High-Speed IC 
0/ A Converter 

AD9768 I 
AD9768 FUNCTIONAL BLOCK DIAGRAM 

VRET 

The reference voltage source is a modified bandgap type and is 
nominally - 1.26 volts. This reference supply requires no external 
regulation. To reduce the possibility of noise generation and/or 
instability, pin 15 (REFERENCE OUT) can be decoupled using 
a high-quality ceramic chip capacitor. Stabilization of the internal 
loop amplifier is by a single capacitor connected from pin 17 
(COMPENSATION) to ground. The minimum value for this 
capacitor is 3900pF, although a O.OlJ..lF ceramic chip capacitor 
is recommended. 

The incredible speed characteristics of the AD9768SD DfA 
converter make it attractive for a wide range of high-speed 
applications. The ability of the unit to operate as a two-quadrant 
multiplying Df A converter adds another dimension to its usefulness 
and makes the AD9768SD a truly versatile device. 
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SPECIFICATIONS (typical @ + 25°C under following conditions unless otherwise noted; 
nominal digital input levels; nominal power supplies; RL = 50 il; Rm = 220 il; VRET = OV) 

RESOLUTION (FS = FULL SCALE) 

LSB WEIGHT (CURRENT) 

ACCURACY' 
Differential Nonlinearity 
Integral Nonlinearity 
Monotonicity 
Zero Offset (Initial) 

TEMPERATURE COEFFICIENTS 
Zero Offset 
Reference Voltage (-1.26V) 

DIGITAL DATA INPUTS 
Logic Compatibility 
Logic Voltage Levels" I" = 

"0" = 

Coding 

OUTPUT 
Current (Unipolar) FS 

IOI;T(!rt Pin 13) 
All Digital "I" Input 
All Digital "0" Input 

r;n;:;:C(rt Pin 14) 
All Digital "I "Input 
All Digital "0" Input 

Compliance 
Impedance 

SPEED PERFORMANCE 
Settling Time (to 0.2% Fsi 
Slew Rate 
Update Rate 
RiscTime 
Glitch Energy 

REFERENCE 
Internal, Monolithic' 
External, Variahle' 

Voltage-Multiplying Mode 
Current-Multiplying Mode 

V01.TA<iE-MULTII'L YING MODE· (Sl'C Figure 2) 
V M Rangc(alPin 16) 
VMCenter 
Resistam:e(all'in 16) 
Transfcr Function-

Large Signal Bandwidth ( - 3dB Point) 

CURRENT-MULTIPLYING MODE (Sec Figure 4) 
1M Range (at Pins 17 & 18) 
Rl'Sistance (at I'in 18) 
Transfer Function-

Large Signal Bandwidth ( - 3dB Point) 

POWER REQUIREMENTS 
-5.2V:!:0.25 
+5.0V:!:0.25 
Power Dissipation 
Power Supply Sensitivity5 

TEMPERATURE RANGES6 

Operating 
Storage 

THERMAL RESISTANCE 7 

Junction to Air, Oja (free Air) 
Junction to Case, Oja 

PACKAGE OPI'ION8 

Units AD9768SD 

Bits 

I1A 78 

:!:%FS 0.2 
:!:%FS 0.2 

Guaranteed 
I1A 60 

ppmfC 1.5 
ppmfC 70 

ECL 
V -0.9 
V -\.7 

Binary (BIN) = Unipolar Out 
Offset Binary (OBN) = Bipolar Out 

mA(~ax) 2to 20(30) 

mA 20 
mA 0 

mA 0 
mA 20 
V -0.7to +3.0 
H(:!:5%) 830 

ns 5 
V/l1s 400 
MHz 100 
ns 1.8 
pV-sec 200 

V -1.26 

V (max) Oto - 1.1(-2) 
mA(max) Oto - 5 (-7.5) 

V :!:0.5 
V -0.6 
kll 800 

Measured at Pin 13; Digital "0" Applied 
to Bits 1-8: 

- 0.1 V M Input = OmA lour 
- 1.1 V M Input = OmA lour 

Measured at Pin 13; Digital" I" Applied 
to Bits 1-8: 

-0.1 VMlnpul = ImAlour 
- 1.1 V M Input = 20mA lour 

kHz 250 

rnA 
II 

Ot05 
160 

Measured at Pin 13; Digital "0" Applied 
to Bits 1-8: 

ImA 1M Input = OmA lour 
SmA 1M Input = OmA lour 

Measured at Pin 13; Digital "I" Applied 
to Bits 1-8: 

lmA 1M Input = 4mA lour 
SmA 1M Input = 20mA IOtJ'J' 

MHz 40 

mA(max) 
mA(max) 
mW(max) 
%1% 

·C 
OC 

66(70) 
14(15) 
410(430) 
0.07 

-30to+115 
-55to+150 

90 
20 

DI8A 
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AD9768SD PIN CONNECTIONS 
(TOP VIEW) 

NOTES 

RSIET 

COMPENSATION 

REFERENCE IN 

REFERENCE OUT 

OUTPUTii;;'I 

OUTPUT (101 

ANALOG RETURN 

DIGITAL GROUND 

Vee (+5VI 

'Relative to FS, including linearity (within voltage compliana: limits). 
'Wo"'t case sctt1ing time; includes FS and Most Significant Bit (MSB) transitions. 
'Applies when operating AD9768 as standard D/A. 
'Based on RL = 50 ohms; RSET = 220 o1uns; V RET = OV. 
'1% change in either power supply voltage causes 0.07% chana- in analog outpUt. 
6 Case temperature. 
'Maximwn iunction temperature 125"<:. 
'See Section 19 for package outline information. 
Specifications subiect to change without notice. 



Theory of Operation 
REFERENCE REFERENCE 

+5V OUT IN 

AD9768SD D/A Schematic 

THEORY OF OPERATION 
Refer to the AD9768SD schematic. 

The transistors pictured on the bottom of the diagram, connected 
to paired transistors in the middle of the schematic, are current 
sources which are always "on". The paired transistors are dif
ferential current switches, designed to steer current from the 
current sources to either pin 13 (10) or pin 14 (~). 

Digital inputs applied to pins 1-8 determine which transistors 
will be operating in each pair and establish what current will 
flow at pins 13 and H·. 
The transistor on the extreme left of the schematic is a base 
reference for the paired current switches and is used to assure 
the switches will be centered around an ECL voltage swing. 
The diodes connected to the base of this transistor are temperature 
compensation devices for the base reference circuit. 

There are three different current sources in the AD9768 D/A. 
The eight transistors shown on the bottom of the schematic are 
structured as two identical groups of four current sources, each 
of which is binarily weighted. The MSB group, comprised of 
the four on the right, is connected to the LSB group through a 
15: 1 current divider made up of two son and two 750n resistor 
networks. The geometry of the AD9768 guarantees the binary 
weighing ratios among the 100, 200, 400 and 800 resistors in 
each emitter circuit are correct. 

The resistor values which are shown indicate the ratios among, 
the resistors, and not their nominal values. 

The third current source is a single transistor, pictured in the 
lower left portion of the schematic with its collector connected 
to pin 18 RSET. Its function is to help establish the base voltage 
on the eight current sources; it works in conjunction with the 
external RSET resistor selected by the user of the AD9768, and 
the reference amplifier. Current flowing through this transistor 
is referred to as 1M in the figures and test. 

When the AD9768 is operating as a conventional current-output 
D/A converter, 1M develops a voltage across RSET which is one 
of the inputs to the on-board reference amplifier shown in die 
schematic. The other input to this amplifier is the on-chip reference 
voltage of - 1.26 volts. \ 

The output of the reference amplifier adjusts the current-source 
base reference voltage at pin 17; this, in turn, adjusts the value 

. of 1M in the single-transistor current source and causes it to 
develop a voltage across RSET which maintains pin 18 at the 

- 1.26 volts of the on-chip reference supply. 

To maintain good stability in the internal loop reference amplifier, 
a ceramic chip capacitor with a nominal value of O.OIf,LF should 
be connected to pin 17 COMPENSATION; minimum recom- • 
mended value for this capacitor is 3900pF. 

The temperature coefficient of the load resistor (Rd can affect 
the performance of the AD9768 D/A converter, as it can with 
any current-output converter. The design and use of the AD9768 
and its dependence on an external RSET resistor, however, make 
it sensitive also to the tempco of RSET' The user is cautioned to 
select RL and RSET resistors which have low temperature 
coefficients. 

DIGITAL GROUND (pin 11) and ANALOG RETURN (pin 
12) are normally connected together; this connection should be 
made as close as possible to the device case to minimize possible 
noise problems. The AD9768 D/A is similar to any other high
speed, high performance device: optimum use requires careful 
attention to all design details, including the layout of the circuit 
in which the converter is used. 

CONVENTIONAL AD9768 
Refer to Figure 1, Conventional AD9768SD. 

-5.2Vo-<~---{.J 

Figure 1. Conventional AD9768SD 

The output current of the AD9768 appears at pin 13 (10) and 
develops a voltage across the load resistor RL which is based 
on: 

A. 1M (the current flowing through the single-transistor 
source discussed above) 

B. Value of RL 

1M is a function of the return voltage (VRir), the reference 
voltage (VREF), and the value of RSET; all of these are selected 
by the user for his application. The necessary equations for 
calculating precise values for each are part ofI:"igure 1. As indicated, 
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the voltage drop across RL is added to the return voltage; the 
resulting voltage is the total V mIT of the converter. 

VOLTAGE MULTIPLYING MODE 

In addition to its use as an ultra-high speed current output D/A 
converter, the AD9768 can also be used as a two-quadrant 
multiplying D/A in either a voltage mode or a current mode. 

Refer to Figure 2, Multiplying AD9768 (Voltage Mode). 
MULTIPLIER 
INPUTIVIfIoIII 

. Figure 2. Multiplying AD9768 (Voltage Mode) 

When operating in this mode, the analog output of the AD9768 
is influenced by the digital inputs and an external multiplying 
voltage (V M) applied to pin 16 REFERENCE IN, which takes 
the place of the internal reference used when the DI A is operating 
in a conventional manner. 

The value of 1M flowing through RSET is set by the voltage of 
VRET minus the multiplying voltage (VM ), divided by RsET; the 
amount of this current is part of the equation which establishes 
the analog output (VOUT) of the AD9768 and is chosen by the 
user for his application. As it is when operating the D/A in a 
conventional fashion, VRET can be any value between 0 volts 
and + 3 volts. V M (for purposes of discussion here) is some 
negative voltage and can be varied over a range which is approx
imately 1 volt peak-to-peak. 

If the lmid resistor (Rd has a value of SO ohms, if RSET has a 
value of 220 ohms, and if V RET is OV, the center of the V M 

voltage will be -0.6V; and it can vary from -O.IV to -l.1V. 
Typically, the frequency of these variations has an upper limit 
of 250kHz when operating in· the voltage multiplying mode; that 
frequency is the 3dB point of the bandwidth of the internal 
reference amplifier. 

1 2. 

Z ,. 
Ii: 

'" j ,. 

Figure 3. lOUT vs. Multiplying Voltage 

The combined effects of variations in V M and changes in digital 
input values are shown in Figure 3, lOUT vs. Multiplying Voltage. 
In this illustration, the ordinate of the graph is expressed in 
terms of milliamps of lOUT current at pin 13. VOUT, of course, 
will be a function of the value of RL chosen by the user. 

The negative value of V M on the horizontal axis is shown starting 
at approximately - 0.1 V, rather than OV, because the AD9768 
must have some small value of voltage applied to perform a 
multiplying function. For the conditions shown in the figure, 
output current starts to become nonlinear at approximately 
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20mA because of the maximum 30mA output drive capabilities 
of the device. Different values for RSET and RL would alter the 
point where limiting first appears. 

CURRENT MULTIPLYING MODE 
The AD9768 D/A converter can be operated at markedly higher 
multiplying rates when operated in a current-multiplying mode, 
as contrasted with the voltage-multiplying mode. Refer to Figure 
4, Multiplying AD9768SD (Current Mode). 

Figure 4. Multiplying AD9768SD (Current Mode) 

In this mode, the internal reference amplifier and its inherent 
frequency limitations are replaced by a current source comprised 
of UI and associated circuits. These circuits supply a unipolar 
current 1M which is one-fourth the full-scale output current 
(with digital "I" applied to all inputs) and set current flow 
through the load resistor. 

VIN is some voltage chosen by the user for his particular application; 
the value of this voltage is based in part on the size of the load 
resistor and the OmAto SmA range of 1M , VIN can have frequency 
components as high as 40MHz. V ADJ and RADJ provide an 
offset adjustment to compensate for the dc component of VIN to 
assure 1M is always a unipolar current between OmA and SmA. 
The values of the required voltages and resistors can be calculated 
using the equations which are part of Figure 4 .. 

Refer to Figure 5, lOUT vs. Multiplying Current. 

.. 15 
E 

z ,. 
Ii: 

'" j 

Figure 5. lOUT vs. Multiplying Current 

As shown, 1M can vary over the range of OmA to SmA; a value 
of approximately 0.3mA may be the practical lower limit because 
of nonlinearities at extremely small current levels. These changes 
in 1M are combined with variations in digital inputs, producing 
complex changes in the output current (at pin 13) and in VOUT. 
The "rounding" of the current curve in the graph is the result 
·of lOUT approaching the 30mA maximum drive capabilities of 
the AD9768 and needs to be taken into account to assure optimum 
performance in the selected application. 
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FEATURES 
Exact Replacement for Industry Standard DAC-08 
Fast (85ns typical) Settling Time 
Linearity Error ±1/4LSB (±O.1%) Guaranteed Over Full 

Temperature Range 
Wide Output Voltage Compliance: -10V to +18V 
Single Chip Monolithic Construction 

PRODUCT DESCRIPTION 
The AD DAc-os is a low-cost, S-bit monolithic multiplying 
digital-to-analog converter featuring typical settling times of 
SSns. The chip contains S matched bipolar current steering 
switches, a precision resistor network, and high-speed control 
amplifier, thus integrating all important circuit functions on a 
single chip. 

The AD DAC-OS provides matching of full-scale output current 
to the reference current within lLSB. Analog Devices' pre
cision linear processing makes this matching possible without 
the use of laser trimming. Diffused resistors are used rather 
than thin-film resistors in order to provide specified per-
formance at low cost. -

The AD DAC-OS is recommended for use in applications re
quiring S-bit accuracy and fast settling times coupled with ease 
of use. The AD DAC-oS also provides an alternate source for 
designs already using the standard DAC-oS. 

The AD DAC-oS is available in 5 performance grades: the 
AD DAC-oSA and AD DAC-oS are rated for the -55°C to 
+12S

o
C extended temperature range; and the AD DAC-oSH, 

E, and C grades are specified for the 0 to +70oC commercial 
temperature range. All models are guaranteed monotonic over 
their full temperature range, and all are packaged in a hermeti
cally-sealed 16-pin ceramic dual-in-line package. 

8-Bit Monolithic High Speed 
Multiplying 0/ A Converter 

AD DAC-08 I 

AD DAC-oS FUNCTIONAL BLOCK DIAGRAM 

LS8 
82 83 B4 85 86 87 88 

r---+e_I-+-+_--+<I'---+"--I_~~-+-4-<l-IOUT 

16 

COMP -Vs 

TO-116 

PRODUCT HIGHLIGHTS 
1. The AD DAC-oS is a true second-source equivalent to the 

industry standard DAC-oS. . 

2. The versatile current-in, current-out design, choice of fixed 
or variable reference, and CMOS or TTL compatible inputs 
offer the user greater flexibility in applying the device. 

3. The fast settling time allows the AD DAC-OS to be used in 
applications such as CRT displays, waveform generators, 
and high-speed analog-to-digital converters. 

4. The high impedance current output can drive a resistor 
directly, or be used with an external op amp to produce a 
low impedance output voltage. 

5. The AD DAC-oS is avaiiable in chip form for use in hybrid 
microcircuits. Consult the chip section for available grades 
and application details. 
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SPECIFICATIONS The AD DAC-OB and AD DAC-OBA specifications apply for Vs = ±15V, IREF = 2.0mA, 
TA = -55°C to +125°C unless otherwise noted. 

MODEL ADDAC~8 ADDAC~8A 

CHARACTERISTIC SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX 

RESOLUTION 

MONOTONICITY TA =-SS·C to +12S·C GUARANTEED GUARANTEED 

NONLINEARITY Te. =-SS·C to +12S·C iO.19 

SETTLING TIME t, Full Scale SteI! to il12LSB 85 135 85 

PROPAGATION DELAY tpLH. tpHL All Bits Switched . 35 60 35 

FULL SCALE TEMPCO TC IFS ilO iSO ilO 

OUTPUT VOLTAGE COMPLIANCE Voc D.IFS < 112LSB; 
RoUT> 20Mn typ -10 +18 -10 

FULL SCALE CURRENT IFS4 VREF = 10.000V; R14. RIS = 
S.OOOkn; TA = 2S·C 1.94 1.99 2.04 1.984 1.992 

FULL SCALE SYMMETRY IFSS (IFS4 - IFS2) it.O i8.0 iO.S 

ZERO SCALE CURRENT Izs 0.2 2.0 0.1 

OUTPUT CURRENT RANGE IFSR V-=-S.OV 0 2.0 2.1 2.0 
V- = -7.0 to -18V 0 2.0 4.2 2.0 

LOGIC INPUT LEVELS 
Logic "0" VIL VLC=OV 0.8 
Logic "I" VIH VLC =OV 2.0 2.0 

LOGIC INPUT CURRENTS VLC=OV 
Logic "0" IlL -IOV<VIN <+0.8V -2.0 -10 -2.0 
Logic "I" IIH 2.0V<Vlt:I<18V 0.002 10 0.002 

LOGIC INPUT SWING VIS V-=-ISV -10 +18 -10 

LOGIC THRESHOLD RANGE VItIR V~=i1SV -10 +13.5 -10 

REFERENCE BIAS CURRENT IREF +0.1 -1.0 -3.0 +0.1 -1.0 

REFERENCE INPUT SLEW RATE dIfdt 4.0 8.0 40 8.0 

POWER SUPPLY SENSITIVITY PSSIFS+ V+=4.SVto 18V +0.0003 iO.01 iO.0003 
PSSIFS_ V-=4.SV to -18V iO.002 iO.01 iO.002 

IREF = 1.0mA 

POWER SUPPLY CURRENT 
From +VS 1+ 0.4 2.3 3.8 0.4 2.3 
From -VS 1- -{l.8 -6.4 -7.8 -{l.8 -6.4 

POWER DISSIPATION Po iSV. IREF = 1.0mA 33 48 33 
+SV. -lSV. IREF = 2.0mA 108 136 108 
iISV. IREF = 2.0mA 135 174 135 

PACKAGE STYLE' "D" (Q16A) AD DAC-08D AD DAC-OSAD 

NOTES 
I Sec Section 19 for package outline information. 
Specifications subject to change without notice. 

ABSOLUTE MAXIMUM RATINGS 

Operating Temperature ° ° . 
AD DAC"()8, DAC"()8A ............. -55 C to +125 C 
AD DAC"()8E, C, H ................. '0.0 to +70:C 

Storage Temperature ................ -65 C to +150 C 
Power Dissipation. . . . . . . . . . . . . . . . . . . . . . 500mW 

Above 100°C Derate by .. '.' ........... 10mW/'°C 
Lead Soldering Temperature ............. 300°C (60sec) 
-Vs Supply to +Vs Supply .................... . 36V 
Logic Inputs ..................... -VS to (-Vs +36V) 

VLC ............................. -Vs to +Vs 
Reference Inputs (V 14. VIS) . ..•........... -VS to +VS 
Reference Input Differential 

Voltage (V14 to VIS) . .................... : ±18V 
Reference Input Current (114) ................. 5.0mA 
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iO.1 

135 

60 

iSO 

+18 

2.000 

i4.0 

1.0 

2.1 
4.2 

0.8 

-10 
10 

+18 

+13.5 

-3.0 

iO.01 
iO.01 

3.8 
-7.8 

48 
136 
174 

UNITS 

Bits 

% FS 

I!I!ml·C 

Vdc 

mA 

jJ.A 

~A 

mA 
mA 

V 
V 

jJ.A 
~A 

V 

V 

~A 

!!lA!Id~ 
%1% 
%1% 

mA 
mA 

mW 
mW 
mW 



SPECIFICATIONS The AD DAC-08C, E, and H specifications apply for Vs = ± 15V, IREF = 2.0mA, 
TA = 0 to +70°C unless otherwise noted. 

MODEL ADDAC-oSC ADDAC-oSE ADDAC-oSH 
CHARACTERISTIC SYMBOL CONDITIONS MIN lYP MAX MIN lYP MAX MIN TYP MAX . UNITS 

RESOLUTION Bits 

MONOTONICITY TA =0 to +70·C GUARANTEED GUARANTEED GUARANTEED 

NONLlNEARllY TA =0 to +70·C .iO.39 ±0.19 iO.1 %FS 

SETTLING TIME t, Full Scale Step to ±!I2LSB S5 150 S5 150 S5 135 

PROPAGATION DELAY tPLH, tpHL All Bits Switched 35 60 35 60 35 60 

FULL SCALE TEMPCO TC IFS ±IO ±80 ±lO ±50 ilO ±50 ppmt"C 

OUTPUT VOLTAGE COMPLIANCE Voc t.IFS < 1/2LSB; 
ROUT>20Mn -10 +IS -10 +18 -10 +18 Vdc 

FULL SCALE CURRENT IFS4 VREF = 10.000V; RI4, RIS = 
5.000kn; TA = 25·C 1.94 1.99 2.04 1.94 1.99 2.04 1.9B4 1.992 2.000 rnA 

FULL SCALE SYMMETRY IFSS (lFS4 - IFS2) i2.0 il6 ±1.0 i8.0 ±0.5 ±4.0 IlA 

ZERO SCALE CURRENT IzS 0.2 4.0 0.2 2.0 0.1 1.0 IlA 

OUTPUT CURRENT RANGE IFSR V-=-5.0V 2.0 2.1 2.0 2.1 2.0 2.1 rnA 
V-=-7.0 to -18V 2.0 4.2 2.0 4.2 2.0 4.2 rnA 

LOGIC INPUT LEVELS 
Logic HO" VIL VLC=OV O.S O.S 0.8 V 
Logic "I" VIH VLC=OV 2.0 2.0 2.0 V 

LOGIC INPUT CURRENTS VLC=OV 
Logic "0" III -10V<VIN<+0.SV -2.0 . -10 -2.0 -10 -2.0 -10 IlA 
Logic "I" 1m 2.0V<VIN<18V 0.002 10 0.002 10 0.002 10 IlA 

LOGIC INPUT SWING VI~ V-=-15V -10 +18 -10 +18 -10 +IB V 

LOGIC THRESHOLD RANGE VI!!I V~ =±15V -10 +13.5 -10 +13.5 -10 +13.5 V 

REFERENCE BIAS CURRENT IB~f: +0.1 -1.0 -3.0 +0.1 -1.0 -3.0 +0.1 -1.0 -3.0 IlA 

REFERENCE INPUT SLEW RATE dlldt 4.0 8.0 4.0 B.O 4.0 B.O mAillS 

POWER SUPPLY SENSITIVITY PSSIFS+ V+=4.5VtolSV +0.0003 ±0.01 iO.0003 iO.OI ±0.0003 ±0.01 %1% 

PSSIFS_ V-=-4.5Vto-1BV ±0.002 ±0.01 ±0.002 ±0.01 ±0.002 ±0.01 %1% II IBJ;;t:= 1.0mA 

POWER SUPPLY CURRENT 1+ From +Vs 0.4 2.3 3.B 0.4 2.3 3.B 0.4 2.3 3.B rnA 
1- From -V~ -0.8 ~.4 -7.8 -0.8 ~.4 -7.8 -0.8 ~.4 -7.8 rnA 

POWER DISSIPATION PD ±5V, IREF = 1.0mA 33 48 33 48 33 48 mW 
+5V, -I 5V,IREF = 2.0mA 108 136 108 136 lOB 136 mW 
±lSV, IB~t: = 2.OmA 135 174 135 174 135 174 mW 

PACKAGE STYLE' "D" (Q16A) AD DAC-OBeD AD DAC-oBED AD DAC-OBHD 

THRESHOLD • +18V 
CONTROL 16 CaMPEN 

lOUT 2 15 VREF 1-) 

-VS 3 14 VREF 1+) 
O.OOlI'F 

SOV 

lOUT 4 13 +Vs 

IMSB) B1 12 B8 IlSB) 

B2 11 B7 
AD DAC-08 

B3 7 10 B6 

B4 8 9 B5 

TOP VIEW -lSV 

Pin ConneCtions Burn-In Circuit 
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APPLYING THE AD DAC-oS 
Reference Connections 

Figure 1 shows the block diagram of the AD DAC-OS circuit. 
A reference current (equal to the desired full-scale output cur
rent) is applied to pin 14. The reference amplifier adjusts the 
base voltage of the NPN current source transistors. The col
lector currents are binarily weighted. and their sum is equal to 
255/256 times the reference current. The binary weighting is 
accomplished by the diffused resistor R-2R ladder network. 
The individual collector currents are steered into either the 
lOUT or lOUT lines by the current switches. These switches 
are driven by level shifters which can accept TTL or CMOS 
logic levels directly. The loUT and loUT lines can drive an op 
amp summing junction or can drive resistive loads directly due 
to the wide range of output compliance voltage. 

MSB LSB 
+Vs Vle Bl B2 B3 B4 B5 B6 B7 BB 

COMP -Vs 

Figure 1. AD DAC-08 Block Diagram I 

Figure 2 illustrates the connections for positive and negative 
references. When a positive reference is used (Figure °2a). 
resistor R14 (equal to VREF divided by the desired IFS) es
tablishes the reference current into pin 14. Reference ampli
fier bias current errors are minimized by connecting R15 (equal 
to R14) from pin 15 to ground. Adjustment of the output 
scale can be done by trimming R14. although in most applica
tions the tight initial matching between reference current and 
output current will be adequate. 

+Vs 

13 VREF (+) 
14 (+) VREF .n.. 

VREF (-) R14 

15 
R15 -= 

AD 
R'4 = R'5 

DAC-08 

RL 
4 

-"'l....r 
B8 10 

- -= 10 
R14 CMIN 

1kfl 15pF 
2kfl 37pF 
5kfl 75pF 

-Vs 

Figure 2a. Connections for Use with Positive Reference 

Figure 2b shows the connections for a negative reference. Note 
that the reference current flows from ground into pin 14 
through R14. which should be a low TC resistor as in the posi
tive reference configuration. Resistor R15 serves the purpose 
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+Vs 

13 VREF (+) 
B1 (MSB) 

15 -VREF l.J" 
R15 

AD R'4 = R'5 
DAC-08 

4 t--o----w~ 

B8 
- "l....f' -= 10 

C 
(SEE FIG. 2a) 

-Vs 

Figure 2b. Connections for Use with Negative Reference 

of bias current cancellation only and need not be a precision 
resistor. Note that the input impedance for a negative refer
ence is very high. while a positive reference sees an impedance 
equal to R14. 

When a dc reference is used. a O.Ol~F reference bypass capac
itor is recommended. The reference should be a low-drift. well
regulated and filtered type. such as the AD581 10V reference 
IC. Other values of reference voltage may be used. provided 
that R14 is chosen for a reference current between O.2mA and 
4.0mA. 

MULTIPLYING MODE PERFORMANCE 
The AD DAC-08 can be used, to perform two-quadrant digital
analog multiplication by applying an oac reference signal. When 
an ac reference is used. pin 15 must be offset to insure that pin 
14 is always at a higher potential than pin 15. 

The reference amplifier must be properly compensated in ac 
applications to insure stability. The value of the capacitor 
from pin 16 to -Vs depends on the value of R14. Minimum 
values of compensation capacitor for R14 values of 1. 2 and 
5kn arelS. 37 and 75pF respectively. 

For fastest response to a pulsed reference. low vaiues of R14 
should be used. allowing smaller values of compensation ca
pacitor. It is possible to lower the equivalent resistance at 
pin 14 by connecting a shunt resistor to ground. Figure 3 
shows the performance with equivalent resistance of 200n 
and no compensation capacitor. Slew rate is approximately 
15mAIJls under these conditions. 

1mA/DIV 

200ns/DIV 

Figure 3. Fast Pulsed Reference Operation 



The photographs on this page demonstrate the dynamic per
formance of the AD DAC-08. The AD DAC-{)8 is capable of 
extremely fast settling time, typically 85 nanoseconds for a 
full-scale step with IREF ;:::: 2.0mA. As with any high speed 
circuitry, component layout must be optimized for minimum 
parasitic capacitances if full speed is to be realized. 

Figure 4 below shows the output settling characteristic for a 
full-scale step. The vertical scale is 1LSB per division. Note 
that the zero-to-full scale settling time (Figure 4a) to within 
1/2LSB is approximately 70 nanoseconds. 

Figure 4a. Zero to Full-Scale Settling 

Figure 4b. Full-Scale to Zero Settling 

1 LSB/ 
DIV 

-.l 
T 

Since the settling time of a DAC circuit includes propagation 
delay, slewing time, and final settling, switching time is best 
measured when only the LSB is switched. This minimizes the 
slewing time necessary. The LSB switching characteristic is 
shown in Figure 5. 

SETTLING TIME MEASUREMENT 
It should be noted that settling time measurement is not a 
simple matter. Since l/ZLSB of a 2.0mA full scale is only 4J.tA, 
a 1k!l load resistance is needed to provide adequate drive for 

Typical Performance Photogr~hs 
most oscilloscopes. However, any stray capacitance can cause 
the settling time of the fixture to be longer than the DAC 
settling time. For example, 15pF stray capacitance can cause 
a settling time to l/ZLSB of nearly 100 nanoseconds in the 
test fixture alone. The circuit of Figure 6 reduces the capa
citance at the measurement node to less than 5pF, allowing 
more accurate determination of settling time. 

Figure 5. LSB Switching 

VL" 2.7V FOR 0 TO FS 
O.7V FOR FS TO 0 

BANDWIDTH OF OSCillOSCOPE USED FOR MEASUREMENT SHOULD BE SOMHz 
MINIMUM; SATURATION OF PREAMP MUST BE AVOIDED. 

Figure 6. Settling Time Test Circuit 

LOGIC INPUT CIRCUIT 
The AD DAC-08 digital inputs will accommodate all popular 
logic families. The switching threshold is adjustable by apply
ing a voltage to the logic threshold control pin (pin 1). The 
threshold is nominally 1.4 volts above VLC at room tempera
ture. For TTL/DTL interface, pin 1 is simply grounded. The 
logic inputs will tolerate wide voltage swings; for example, for 
-Vs ==. -15V, the inputs may swing between -10V and +18V. 
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OUTPUT CONNECTIONS 
The 10 and 10 outputs provide the user with several possible 
output configurations. Current is ste~ed into the 10 terminal 
when a bit is at Logic "1", and into 10 when the bit is at 
Logic "0". Either output may be used, or both may be used 
simultaneously. If only one output is used, the unused out
put must still be connected to ground or some other point 
capable of sourcing IFS' 

MSB LSB 
Bl B2 B3 B4 B5 B6 B7 B8 

IREF 14 AD DAC-08 
-2.000mA_ 

Bl B2 B3 B4 B5 B6 B7 B8 lornA 

FULL SCALE 1 1 1 1 1 1 1 1 1.992 
FULL SCALE -LSB 1 1 1 1 1 1 1 0 1.984 

HALF SCALE + LS8 1 0 0 0 0 0 0 1 1.008 
HALF SCALE 1 0 0 0 0 0 0 0 1.000 
HALF SCALE -LSB 0 1 1 1 1 1 1 1 0.992 

ZERO SCALE +LSB 0 0 0 0 0 0 0 1 0.008 
ZERO SCALE 0 0 0 0 0 0 0 0 0.000 

Eo 

5.oookrl 

iOmA Eo 

0.000 -9.960 
0.008 -9.920 

0.984 -5.040 
0.992 -5.000 
1.000 -4.960 

1.984 -0.040 
1.992 0.000 

Figure 7. High Impedance Voltage Output 

EO 
0.000 

-0.040 

-4.920 
-4.960 
-5.000 

-9.920 
-9.960 

The wide output compliance range permits the AD DAC-oS 
to drive a resistive load direcdy. For example, with IREF = 
2.0mA, and a Skn resistor from pin 4 to ground, the voltage 
at pin 4 varies from OV with all bits OFF to -9.960V with all 
bits ON. While this is the simplest current-to-voltage conver
sion, it presents a Skn output impedance, whicn adversely 
affects settling time and requires buffering. . 

An operational amplifier configured as a current-to-voltage 
converter will lower the output impedance and provide a 
voltage inversion. An output range of zero to +9.960V is then 
produced with a Skn feedback resistor as shown in Figure S. 

IREF 
- 2.00DmA 

MSB LSB 
Bl B2 B3 B4 B5 B6 B7 B8 

14 AD DAC-08 

Figure 8. Low Impedance Voltage Output 
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Eo c 

Bipolar output voltage ranges are also possible. Figure 9 
demonstrates the simplest scheme, providing a -9.92 to 
+10.00 volt scale in 80 millivolt steps. The voltage output 
has a high impedance as shown and should be buffered with 
an amplifier connt'cted as a voltage follower. 

Bl B2 B3 B4 B5 B6 B7 B8 
MSB LSB 

Bl B2 B3 B4 B5 B6 B7 Be 
POS FULL SCALE 1 1 1 1 1 1 1 1 
POS FULL SCALE -LSB 1 1 1 1 1 1 1 0 

ZERO SCALE +LSB 1 0 0 0 0 0 0 1 
ZERO SCALE 1 0 0 0 0 0 0 0 
ZERO SCALE -LSB 0 1 1 1 1 1 1 1 

NEG FULL SCALE +LSB 0 0 0 0 0 0 0 1 
NEG FULL SCALE 0 0 0 0 0 0 0 0 

Eo 
- 9.920 
- 9.840 
- 0.080 

0.000 
+ 0.080 
+ 9.920 
+10.000 

Figure 9. Bipolar Voltage Output 

EO 
+10.000 
+ 9.920 
+ 0.160 
+ 0.080 

0.000 
- 9.840 
- 9.920 



r.ANALOG 
WDEVICES 

FEATURES 
16-Bit Resolution 
± 0.003% Maximum Nonlinearity 
Low Gain .Drift ± 7ppm/oC 
o to + 70°C Operation (AD DAC71, AD DAC71H, 

AD DAC72C) 
- 25°C to + 85°C Operation (AD DAC72) 
Current and Voltage Models Available 
Improved Second-Source 
Low Cost 

PRODUCT DESCRIPTION 
The AD DAC71 and AD DAC72 are high resolution 16-bit 
hybrid IC digital-to-analog converters including reference, scaling 
resistors and output amplifier (V models). 

The devices offer outstanding accuracy, including maximum 
linearity error of 0.003% at room temperature and maximum 
gain driftsof15ppmfC (AD DAC71 , AD DAC71H, AD DAC72C) 
and 7ppml°C (AD DAC72). This performance is possible due to 
the innovative design, using proprietary monolithic D/A converter 
chips. Laser-trimmed thin film resistors provide the linearity 
and wide temperature range for guaranteed mono tonicity . 

The AD DAC71 and AD DAC72 digital inputs are TTL-com
patible. Coding is complementary straight binary (CSB) for 
unipolar output versions and complementary offset binary (COB) 
for bipolar output versions. 

All versions are packaged in a 24-pin ceramic DIP. The AD 
DAC71 , AD DAC71 H and AD DAC72C are specified for operation 
from 0 to + 70°C, and the AD DAC72 is specified from - 25°C 
to + 85°C. The AD DAC71H, AD DAC72 and AD DAC72C 
are supplied in hermetically-sealed packages. 

The AU DAC71 and AD DAC72 are intended to serve as improved 
second sources to DAC71 and DAC72 devices from other 
manufacturers. 

*Covered by Patent Numbers: 3,978,473; RE28,633; 4,020,486; 3,747,088; 
3,803,590; 3,961,326; 4,213,806; 4,136,349. 

High Resolution 
16-Bit D/A Converter 

AD DAC711AD DAC72* I 
AD DAC71 AND AD DAC72 FUNCTIONAL DIAGRAM 

AD DAC71 AND AD DAC72 

PRODUCT HIGHLIGHTS 
1. The AD DAC71 and AD DAC72 provide 16-bit resolution 

with 0.003% linearity error. 

2. The proprietary chips used in the hybrid design provide 
excellent stability over temperature and improved reliability. 

3. Unipolar and bipolar current and voltage output versions are 
available to fill a wid~ range of system requi~ements. 

4. The AD DAC71 and AD DAC72 are improved second source 
replacements for DAC71 and DAC72 devices from other 
manufacturers. 
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SPECIFICATIONS (@ TA = + 25°C, rated power supplies unless otherwise noted) 

MODEL 

DIGITALlNPUTS 
Resolution 
Logic Levels (TTL.Compatible) 1 

Logical "I" 
Logical "0" 

ACCURACY' 
Linearity Error at 25'C 
Gain Error", Voltage 

Current 

Offset Error', Voltage, Unipolar 
Voltage, Bipolar 
Current, Unipolar 
Current, Bipolar 

MonotonicityTcmp. Range (I4·Bits) 

DRIFT (Over Specified Temp. Range) 

Total Bipolar Drift (includes gain, offset, 
and linearity drift) 

Voltage 
Tmint025'C 
25'CtoTm .. 

Current 

Tnunto Tmax 

TOTAL ERROR OVER TEMP. RANGE' 
Voltage, Unipolar 

Tminto +25'C 
+ 25'CtoTm", 

Voltage, Bipolar 

Tnunto +25'C 
+ 25'CtoTm", 

Current, Unipolar(T mm to T mall) 

Bipolar (T min to T m .. ) 

TEMPERATURE COEFFICIENTS 
Gain 

Voltage 

Tminto + 25'C 
+ 25'Cto Tm .. 

Current 
Offset 

Voltage, Unipolar 

Bipolar 
Current, Unipolar 

Bipolar 
Differential Linearity over Temperature 
Linearity Error over Temperature 

SETTLING TIME 
Voltage Models (to = o.oo~% ofFSR) 

Output: 20V Step 
ILSBStep· 

Slew Rate 
Current Models (to 0: 0.003% ofFSRl' 

Output: 2mA step IOfI to loon Load 
IkflLoad 

Switching Transient 

ANALOG OUTPUT 
Voltage Models 

Ranges--CSB 
COB 

Output Current 
Output Impedance (dc) 
Short Circuit Duration 

Current Models 
Ranges--CSB 

COB 
Output Impedance-Unipolar 

Bipolar 
Compliance 

AD DAC71/AD DAC7lH 
MIN TYP MAX 

+2.4 
+0 

0:5 

16 

+ 5.5 
+0.4 

0:0.003 
0:0.01 0:0.1 

0:0.05 0:0.25 
0:0.1 0:2.0 

0:7 
0:7 

=15 

=1· 

=15 

20 

500 

Oto t 10 

:dO 

0.05 

0:5.0 
0: 1.0 
0:5.0 
+ 50 

0:15 
0:15 

0:0.083 
0:0.083 

0:0.071 
0:0.071 

=0.23 
0:0.23 

=15 
0:15 

0:2 
0: 10 
0:1 

0:2 
0:2 

10 

5 

Indefinite to Common 

-1.5 

010 -2 
=1 
6.0 

3.0 

+ 10 

INTERNAL REI'ERENCE VOLTAGE 6.0 6.3 6.6 

=3 
0: 10 

Maximum External Current' 
Temp. Coeff. of Drift 

POWER SUPPLY SENSITIVITY 
Unipolar Offset 

= 15Vdc 
+5Vdc 

Bipolar Offset 
=15Vdc 
+5Vdc 

=0.0001 
0:0.0001 

=0.0004 
=0.0001 

AD DAC72C 
MIN TYP MAX. 

+2.4 

+0 

0:5 

16 

+5.5 
+0.4 

0:0.003 
0:0.05 0:0.15 
0:0.05 0:0.25 
0:0.1 0:2.0 

0: 7 
0:7 

0:15 

=1 

0:15 

'20 

500 

Oto + 10 

= 10 

0.05 

0: 10.0 
0: 1.0 
0:5.0 
+50 

0:15 

0:15 

0:0.083 

=0.083 

=0.071 
0:0.071 
0:0.23 
0:0.23 

0:15 
0:15 

=2 

= 10 
=1 

0:2 

=2 

10 
5 

Indefinite to Common 

-1.5 

6.0 

Oto -2 
0:1 
6.0 
3.0 

6.3 

0:0.0001 
0:0.0001 

0: 0.0004 
0:0.0001 

+ 10 

6.6 
0:3 

=10 
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AD DAC72 
MIN TYP MAX 

+2.4 
+0 

16 

+ 5.5 
,0.4 

0:0.003 

0:0.05 0:0.15 
0:0.05 0:0.25 
0:0.1 0:2.0 

0:5 
0:5 

= 10 

=10 

0:1 

= 10 

20 

500 

Oto + 10 

=10 

0.05 

0: 10.0 
0: 1.0 
0:5.0 
+70 

= 19 
0:11 

0:0.100 
0:0.072 

0:0.100 
0:0.072 

=0.24 
=0.24 

0:15 
0:7 

0:2 

0:8 

=1 

=1 
0:1 

10 

Indefinite to Common 

-1.5 

6.0 

Oto -2 
=1 
6.0 
3.0 

6.3 

= 0.0001 

=0.0001 

0:0.0004 

0:0.0001 

+ 10 

6.6 
0:3 

=5 

UNITS 

Bits 

Vdc 
Vdc 

%ofFSR' 
% 

% 

mV 
mV 

.,.A 

.,.A 
'C 

ppmofFSR/'C 
ppm of FSRI"C 

ppm of FSRI'C 

%ofFSR 
%ofFSR 

%ofFSR 
%ofFSR 
%ofFSR 
%ofFSR 

ppmofFSRI'C 
ppmofFSRI'C 
ppm of FSRI'C 

ppmofFSRI'C 

ppm of FSRI'C 
ppm of FSRI'C 
ppmofFSR/'C 
ppm of FSRI'C 
ppm ofFSRI'C 

.,.s 

.,.s 
mV 

V 

V 
rnA 
fI 

rnA 
rnA 
kfl 
kfl 
V 

V 
rnA 
pprnl"C 

% ofFSR/%Vs 
% ofFSRI%Vs 

% of FSR/%Vs 
% ofFSRI%Vs 



AD DAC711AD DAC71H 

MODEL MIN TYP MAX 

POWER SUPPLY SENSITIVITY 
(Continued) 

Gain 
:::15Vdc :::0.001 

+5Vd.c :::0.0005 

POWER SUPPLY REQUIREMENTS 
DAC7 I 172 ::: 14.5, ::: 15.0, ::: 15.5, 

+4.75 +5.0 +5.25 
Supply Drain, + 15Vdc(noload) 10 20 

- 15V dc (no load) 30 55 
+ 5V dc (logic supply) 10 20 

TEMPERATURE RANGE 
Specification 0 +70 
Operating (double above Drift Specs) -25 +85 
Storage -55 + 100 

NOTES 
I Adding external CMOS hex buffers CD4009A will provide 15V de CMOS input compatibility. 
2 Accuracy is specified when using internal feedback resiston. Current output 
specifications are guaranteed at the voltage output of an external op amp using 
the internal feedback resistor. 

3FSR means Full Scale Range and is lOV for::: IOV range. 
"Adjustable to zero with external trim potentiometer. 

+Vs 

AD DAC72C ADDAC72 
MIN TYP MAX MIN TYP 

:::0.001 :::0.001 
:::0.0005 :::0.0005 

::: 14.5, :::15.0, ::: 15.5, ::: 14.5, :::15.0, 

+4.75 +5.0 +5.25 +4.75 +5.0 

0 
-25 

-55 

10 20 10 
30 55 30 
10 20 10 

+70 -25 

+85 -55 

+ 100 -55 

5With gain and of{~t errors adjusted to zero at 2S"C. 
6LSB is for 14·bit resolution. 
7Paramcter guaranteed, not tested. 
• Maximum with no degradation of specification. 

Specifications subject to change without notice. 

-Vs 

r---~--~--O-Vs 

...... -1------<) + VL 

MAX UNITS 

% ofFSRlO(oVs 
%ofFSRI%Vs 

:::15.5, 

+5.25 Vdc 
20 rnA 
55 rnA 
20 rnA 

+85 'C 
+100 'C 
+110 'C 

*R, = Skit (CSB), 10klt (COB) *R, = Skit (CSB), 10klt (COB) 

+Vs 

-Vs 

Figure 1. External Adjustment and Voltage Supply Con
nection Diagram, Current Model 

Figure 2. External Adjustment and Voltage Supply Con
. nection Diagram, Voltage Model 
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DISCUSSION OF SPECIFICATIONS 
DIGITAL INPUT CODES 
The AD DAC71 and AD DACn accept complementary digital 
input codes in a binary format. The CSB (complementary straight 
binary) versions provide unipolar outputs proportional to the 
binary input code. The COB (complementary offset binary) 
versions deliver a bipolar analog output in response to the offset 
binary digital input code. The COB versions can also be used . 
with CTS (complementary two's complement) coding by inverting 
the most significant bit. Table I shows the relationship between 
the digital inputs and analog outputs. If the DAC is used for 
14-bit resolution, bits 15 and 16 should be tied to + 5V through 
a 1 kO resistor. 

CSBCompl. COBCompl. 
Straight Binary Offset Binary 

All BitsOn 0000. .. 0000 + FuIlS.:.k + Full S.:.le 
.\liJ·S.:ale 0111 .. ;1111 , 12 FuIlS.:.k Zcro 
All Bi"Off 1111. .. 1111 Zero FullS.:ak 

1000. .0000 •. '\\iJ·Scak II.SII II.SII 

Table I. Digital Input Codes 

ACCURACY 
Linearity Error 

CTSCompl. 
Two·sCompl. 

-II.SB 

FuIlS.:.ic 

Zero 
, FuliScak 

Linearity error is the most important accuracy specification in a 
digital-to-analog converter, since it cannot be externally trimmed 
or adjusted. Linearity is defined as the deviation of the DAC's 
actual analog output from a straight line drawn between the 
endpoints. The AD DAC71 and AD DACn feature guaranteed 
maximum linearity error of 0.003% of full scale. 

Differential Linearity Error 
Differential linearity error is the deviation from an ideal 1LSB 
output change when the digital input changes 1LSB. A differential 
linearity error specification of 1/2LSB means that the output 
changes at least 1/2LSB and at most :t 1 1/2LSB for a I LSB 
increment in digital input code. 

Monotonicity 
Monotonicity indicates that the output of the DAC in question 
will always increase (or stay the same) for an increasing digital 
input code. Converters generally specify the maximum resolution 
for which monotonicity is guaranteed over a particular temperature 
range. The AD DAC71, AD DAC71H and AD DACnC are 
guaranteed monotonic at 14-bit resolution for 0 to + 50°C, while 
the AD DACn is guaranteed 14-bit monotonic from 0 to 
+ 70°C. 

Drift 
Gain drift is a measure of the change in full scale output range 
as a function of temperature, expressed in parts per million 
(ppm) per °C Gain drift is computed by testing the full scale 
range at + 25°C and the endpoints of the applicable temperature 
range. The resulting change is divided by the temperature 
change and converted to ppmrC. 

Offset drift is a measure of the actual change in output with all 
"l"s on the digital inputs as a result of changes in temperature. 
For COB versions, the bipolar offset drift is measurcd with an 
input code of 011111111111. 

Settling Time 
Settling time is defined as the total time required for the analog 
output to settle to within a particular error band around its final 
value after a change in the digital input code. In the case of the 
AD DAC71 and AD DACn, the error band is specified as 
0.003% of full scale. The specification for a 1LSB change is 
measured at the major carry (1000 ... 00 to 0111 ... 11) with 
the LSB defined as the 14-bit LSB. 

Current output versions are specified for settling into two different 
resistive loads: 100 to 1000 and 10000. 

Output Compliance Voltage 
Compliance voltage is the maximum voltage swing allowed on 
the output of the current models while maintaining specified 
accuracy. The AD DAC71 and AD DACn are specified for a 
compliance rangeof -1.5 volts to + 10 volts. 

Power Supply Sensitivity 
Power supply sensitivity is a measure of the effect of a power 
supply change on the D/A converter output. It is defined as a 
percent of change in either the positive, negative, or logic supplies 
about the nominal power supply voltages. 

Reference Supply 
All AD DAC71 and AD DACn models are supplied with an 
internal + 6.3V reference voltage supply. This reference voltage 
(pin 24) has a tolerance of 5% and is connected internally for 
specified operation. The zener is 'selected for a gain drift of 
typically 3ppm/oC and is burned-in for a total of n hours'for 
guaranteed reliability. This reference may also be used externally 
but the current drain is limited to 3mA. An external buffer 
amplifier is recommended if the AD DAC71 and AD DACn 
internal reference is used externally in order to provide a constant 
load to the reference supply output. 

TRIMMING INSTRUCTIONS 
The AD DAC71 and AD DACn include provisions for calibra
tion of gain and offset. Figures 1 and 2 show the proper connec
tions. Offset adjustment should be performed prior to gain 
adjustment. . 

Offset Adjustment ' 
For unipolar output (CSB) versions, offset trim is accomplished 
by applying the digital input code which should produce a zero 
output and adjusting the offset trim potentiometer for zero 
output. Bipolar output (COB) versions are trimmed by applying 
t~e digital inpu~ code corresponding to negative full scale output 
and adjusting the offset potentiometer for exactly -lO.OOOOOV. 

Gain Adjustment 
This step is the same for both unipolar and bipolar versions. 
Apply the digital code which corresponds to the maximum 
positive output voltage and adjust the gain trim potentiometer 
for an output of 1LSB below full scale (FS -lLSB). Refer to 
Table II for the appropriate output values. The 51OkO resistor 
shown in Figures 1 and 2 may be any value from 270kO to 
1.5MO. Higher values will improve trim resolution but decrease 
trim range. 

OUTPUT 
DIGITAL INPUT VOLTAGE CURRENT 

14BIT 16BIT 14BIT 16BIT 

CSB (Complementary Straight Binarv) 
All Bits "ON"WO ... OO) + 9.99939V 
All Birs"OFF"(1 1. .. 11) 

II.SB 61OfJ.V 

COB (Complementary Offset Binary) 
All Bits "ON"'(OO ... OO) 
MSB Only "ON" (01... II) 

+ 9.99X7XV 
o 

+9.99'18SV -1.999XXmA -1.99997mA 
o 0 
IS3fJ-V O.I21fJ-A 0.03 I fJ-A 

+ 9.99969V -O.999XXmA - 0.999978mA 
o 

All Bits "OFF" ( II .. , II) - 10.0000V - 10.OOOOV + 1.00000mA + 1.00000mA 
II.SB l.22mV 30SfJ.V O.I21fJ.A O.lH I fJ.A 

Table II. Ideal Analog Outputs at Various Digital Inputs 
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I~------------------~ PRESERVING THE ACCURACY OF THE AD DAC71 
ANDADDAC72 
A great deal of care must be exercised when using high resolution 
converters such as the AD DAC71 and AD DACn. Since one 
least significant bit of a 16-bit converter (LSB) represents an 
analog voltage of only 153 microvolts out of a IOV scale, normally 
negligible error sources become significant. Series resistances of 
connectors and wiring can be major contributors, as can ther
mocouple effects. Figure 3 illustrates the connections for voltage 
output versions of the AD DAC71 and AD DACn. 

AD DAC7! AND AD DAC72 CSB-V 

TO POWER SUPPLY RETURN 

Figure 3. AD DAC71 and AD DAC72 Connection Diagram 
(Voltage Models) 

In this circuit, the analog output voltage is accurately developed 
between pin 17 and pin 20 of the DAC. The voltage measured 
at the load will be inacc~rate if there is significant resistance in 
the wiring (and any connectors) between the DAC and the load. 
If the load resistance is constant, the effects of RWI and RW2 
can be treated as a simple gain error, and can be trimmed out. 
However, if RI. is variable, then RWI and RW2 should be re-

duced to a value less than RL2~~IN. This will reduce the effect of 

the wiring resistances to a gain error of less than lLSB. The 
AD DAC71 and AD DACn are rated at an output current of 
5mA which translates to a minimum load resistance of 2k!L 
Thus wiring resistances should be held to a maximum of 30 
milliohms. This corresponds to approximately six inches of #28 
wire or a six inch long printed circuit track 0.050 inches wide. 

The current output versions of the AD DAC71 and AD DACn 
use an external operational amplifier to convert the output current 
to an output voltage. The recommended configuration is shown 
in Figure 4. Notice that this configuration permits the voltage at 

AD DAC7! AND 
ADDAC72~C~S~B-~I ______ ~ ,~ ____________ ~R~w~, __ --, 

SkU 
R, 

OR. ~ 2.7kU FOR CSB 
R. ~ !.SkU FOR COB 

RLDAD + 
RW2 } 

"-__________ R_W_, ________ --o _ Your 

TO POWER 
SUPPLY COMMON 

TO OTHER 
ANALOG CIRCUITRY 

Figure 4. Connections for AD DAC71 and AD DAC72 Current 
Output Versions 

the load to the sensed remotely. The resistance (RW1 ) of the 
lead connecting the load to the internal feedback resistor in-

troduces a gain error equal to ~, independent of RLOAD . ~LOAD 

and RW2 ' The error contributed by RW3 depends upon where 
the output is measured. If the output is measured between the 
top of RLO~D and pin 20 of the DAC, no error results since 
RW3 effectively becomes part of the load resistance. 

In applications where RW3 is large or large currents flow in 
RW3, it is necessary to use remote sensing as shown in Figure 5. 

AD DAC7! AND 
AD DAC72

r
C_S_B-_1 ---------\, 

RW2 }' 

,'-=:.:=~,..,......~~~~'\_i-R-LDA-D -0+- Your 'T RW4 

(REMOTE 

ANALOG GROUND) 
Rw, 

TO POWER COMMON 

Figure 5. Use of Output Amplifier as Subtractor for Remote. 
Ground Sensing • 

This circuit uses the output amplifier as a subtractor stage. Any 
spurious voltage developed across' RW3 becomes a common 
mode voltage and its error contribution is reduced by the common 
mode rejection 'of the op amp. 

In the circuits of both Figure 4 and Figure 5, Rwz's effect is 
negligible since it is inside the loop of the amplifier. If current 
boosting is required in order to drive heavy loads, a suitable 
booster stage can be inserted between the amplifier's output and 
the load. Since the loop is closed from the load end, offsets and 
other errors induced by the booster are eliminated. 

It is also important to minimize thermocouple effects in circuitry 
using the AD DAC71 and AD DACn. Recalling that lLSB of 
a 16 bit, 10 volt scale converter is only 153 microvolts, a stray 
uncompensated thermocouple can introduce several LSBs of 
offset in response to minor changes in ambient temperature. 
Any part of a circuit which includes a junction between two 
dissimilar metals forms a thermocouple. Such junctions include 
connectors, sockets, and any soldered connections. The solution 
to thermocouple errors is to insure that every junction is cancelled 
by an identical, but opposite, junction at the same temperature. 
While this is often automatically accomplished (for example, in 
a connector carrying both signal and return leads), careful attention 
should be given to the physical layout of circuits using the AD 
DAC71 and AD DACn. 

Another source of signal degradation in high-resolution converter 
circuits is magnetically-coupled interference from stray fields. 
Signal and return leads should be arranged in a way which 
minimizes both length and the total cross-section area of the 
loop. Of course, high resolution circuits should be located as far 
as possible from any sources of electromagnetic interference, 
including power transformers, digital logic and electromechanical 
devices. 
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ALTERNATE TRIM CIRCUIT AD DAC71 AND 
AD DAC72 CSB-I 

+ 
VOUT 

As shown in Figures 1 and 2, offset trimming is accomplished 
by using an external potentiometer connected through a 3.9Mfl 
resistor to pin 21 of the AD DAC71 and AD DACn. In some 
applications, it may be desirable to use an equivalent "T" network 
of lower-value resistors. A suggested \=ircuit is shown in Figure 
6. These resistors and the trimming potentiometer should be 
located close to the DAC to minimize noise pickup. 

+15V +15V 

~'9MH 10kH _ TO 180kH 180kll ~ 10kH 

Figure 7. Connections for Unipolar Output AD DAC71 and 
AD DAC72 Driving Resistive Load 

Bipolar Models 
TO TO 

. PIN 21 100kH 

-15V 

- ..... r"~ TO _ PIN 21 ~T. Vhl 100kH 

10kH 

-15V 

Figure 6. Equivalent Trim Circuit 

The bipolar current output versions of the AD DAC71 and AD 
DACn produce a nominal:':: 1mA output range. The output 
resistance of the bipolar versions is approximately 3kfl. The 
external load resistance for a given output voltage range can be 
computed from the relationship: 

DRIVING RESISTIVE LOADS (3kH x RL) 
,VOUT = :':: 1mA (3kH + R

L
) 

The AD DAC71 and AD DACn current output models can 
drive resistive loads directly without the use of an external op 
amp as a current-to-voltage converter. . 

The maximum permissible voltage swing is - 1.5 to + 10V, 
which limits the maximum value of RL to 3kH. 

Unipolar Models 
The unipolar current output version of the AD DAC71 and AD 
DACn delivers a nominal - 2mA full scale output. Since the 
output compliance voltage range is specified as :':: 2.5V, the 
parallel combination of the DAC resistance and load resistance 
must be held below a maximum value of 7500, limiting load 
resistance to a maximum of 8570. The output voltage for lower 
values of RL can be computed from the formula: 

AD DAC71 AND 
AD DAC72 COB-I 

..... --_.--0 ... 
VOUT 

_ (6kO x RrJ 
VOl.:T - -2mA (6k!l + Rd 

Figure 8. Connections for Bipolar Output AD DAC71 and 
AD DAC72 Driving Resistive Load 

The output voltage thus produced will always be negative, and 
must be limited to a maximum of - 1.5V for proper operation. 

ORDERING GUIDE 

Model Output Input Code Temp Range 
AD DAC71-COB-I Current Compo Offset Binary Oto + 70°C 
AD DAC71-CSB-I Current Compo Straight Binary Oto + 70°C 
AD DAC71H-COB-I Current Compo Offset Binary Oto + 70°C 
AD DAC71H-CSB-I Current Comp:Straight Binary Oto + 70°C 

AD DAC72C-COB-I Current Compo Offset Binary Oto + 70°C 
AD DAC72C-CSB-I Current Compo Straight Binary Oto + 70°C 
AD DAC72-COB-I Current Compo Offset Binary - 25°C to + 85°C 
AD DACn-CSB-I Current Compo Straight Binary - 25°C to + 85°C 

AD DAC71-COB-V Voltage Compo Offset Binary Oto + 70°C 
AD DAC71-CSB-V Voltage Compo Straight Binary Oto + 70°C 
AD DAC71H-COB-V Voltage Compo Offset Binary Oto + 70°C 
AD DAC71H-CSB-V Voltage Compo Straight Binary Oto + 70°C 

AD DAC72C-COB-V Voltage Compo Offset Binary Oto + 70°C 
AD DACnC-CSB-V Voltage Compo Straight Binary Oto + 70°C 
AD DACn-COB-V Voltage Compo Offset Binary - 25°C to + 85°C 
AD DACn-CSB-V Voltage Compo Straight Binary - 25°C to + 85°C 

·See Section 19 for package outline information. 
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Package l 

Seal ' Identification 
Polymer HY24B 
Polymer HY24B 

. Hermetic HY24B 
Hermetic HY24B 

Hermetic HY24B 
Hermetic HY24B 
Hermetic HY24B 
Hermetic HY24B 

Polymer HY2411 
Polymer HY24B 
Hermetic HY24B 
Hermetic HY24B 

Hermetic HY24B 
Hermetic . HY24B 
Hermetic HY24B 
Hermetic HY24B 



r.ANALOG 
WDEVICES 

Complete Low Cost 12-Bit 
Monolithic Df A Converter 

AD DAC80, AD DAC85, AD DAC87 
FEATURES 
Single Chip Construction 
On-Board Output Amplifier 
Low Power Dissipation: 300mW 
Monotonicity Guaranteed over Temperature 
Guaranteed for Operation with ± 12V Supplies 
Improved Replacement for Standard DACaO, DACaOO 

HI-5680 . 
High Stability, High Current Output 

Buried Zener Reference 
Laser Trimmed to High Accuracy: 

± 1/2LSB max Nonlinearity 
Low Cost Plastic Packaging 

PRODUCT DESCRIPTION 
The AD DAC80 Series is a family of low cost 12-bit digital-to-ana
log converters with both a high stability voltage reference and 
output amplifier combined on a single monolithic chip. The AD 
DAC80 Series is recommended for all low cost 12-bit D/A converter 
applications where reliability and cost are of paramount impor
tance. 

Advanced circuit design and precision processing techniques . 
result in significant performance advantages over conventional 
DAC80 devices. Innovative circuit design reduces the total 
power consumption to 300mW which not only improves reliability 
but also improves long term stability. 

The AD DAC80 incorporates a fully differential, non-saturating 
precision current switching cell structure which provides greatly 
increased immunity to supply voltage variation. This 'same struc
ture also reduces nonlinearities due to thermal transients as the 
various bits are switched; nearly all critical components operate 
at constant power dissipation. High stability, SiCr thin film 
resistors are trimmed with a fine resolution laser, resulting in 
lower differential nonlinearity errors. A low noise, high stability, 
subsurface zener diode is used to produce a reference voltage 
with excellent long term stability, high external current capability 
and temperature drift characteristics which challenge the best 
discrete zener references. 

The AD DAC80 Series is available in three performance grades 
and two package types. The AD DAC80 is specified for use 
over the 0 to + 70°C temperature range and is available in 
both plastic and ceramic DIP packages. The AD DAC85 and 
AD DAC87 are available in hermetically sealed ceramic packages 
and are specified for the - 25°C to + 85°C and - 55°C to + 125°C 
temperature ranges. 

AD DAC80 SERIES FUNCTIONAL BLOCK DIAGRAM 

°NC_MONOLITHICVEASIONS 
+5V_HYBRIOVERSIONS 

PRODUCT HIGHLIGHTS 

°Ne_MONOllTH,eVERSIoNS 
.. 5V_HVBAIOVERSJONS 

1. The AD DAC80 series of D/A converters directly replaces all 
other devices of this type with significant increases in 
performance. 

2. Single chip construction and low power consumption provides 
the optimum choice for applications where low cost and high 
reliability are major considerations. 

3. The high speed output amplifier has been designed to settle 
within 1I2LSB for a 10V full scale transition in 2.0f.Ls, when 
properly compensated. ' 

4. The precision buried zener reference can supply up to 2.SmA 
for use elsewhere in the application. 

5. The low TC binary ladder guarantees that all units are 
monotonic over the specified temperature range. 

6. System performance upgrading is possible without redesign. 

PRODUCT OFFERING 
Analog Devices has developed a number of technologies to 
support products within the data acquisition market. In serving 
the market new products are implemented with the technology 
best suited to the application. The DAC80 series of products 
was first implemented in hybrid form and now it is available in 
a single monolithic chip. We will provide both the hybrid and 
monolithic versions of the family so that in existing designs 
changes to documentation or product qualification will not have 

_ to be done. Specifications and ordering information for both 
versions is delineated in this data sheet. 
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SPECIFICATIONS (TA = + 25OC, rated power supplies unless otherwise noted.) 

Mod .. 

TECHNOLOGY 

D1G1TALINPUT 
,Binary-CBI 
BCD-CCD 
Logic Levels (TTL (;ompatible) 

VtH (Logic "I") 
VlI.(Logic"O") 
ItH(VtH= 5.5V) 
l,dVlI. = 0.8V) 

TRANSFER CHARACTERISTICS 
ACCURACY 

Linearity Error (i« + 25°C 
CBI 
CCD 

TA,«< T"'i"toT",u 
Differential Linearity Error@ + 25'C 

CBI 
CCD 
T,,€i TminlOTmax 

Gain Error' 
Offset Error' 
Temperature Range for Guaranteed 

MonOlonicity 
DRIFT(Tm;.toTmu) 

Total Bipolar Drift, max (includes gain, 
off.et, and linearity drifts) 

Total Error(T mi. to T ~.). 
Unipolar 
Bipolar 

Gain 
Including Internal Reference 
Excluding Internal Reference 

Unipolar Offset 
BipolorOffset 

CONVERSION SPEED 
Voltage Model (V)' 

SenlingTimcto :,:O.OI%ofFSRfor 
FSR change (2kOI1500pF load) 

with 10kllFccdback 
with 5kOFecdback 

For LSB Change 
Slew Rate 

Current Model (I) 
SenlingTimc<o :O.OI%ofFSR 

for FSRChange 10 to 1001l Load 
for IkllLoad 

ANALOG OUTPUT 
Voltage Modcls 

Ranges-CBI 

-CCD 
Output Current 
Output Impedanc. (de) 
Short Circuit Current 

Current Model. 
Rang.s- Unipolar 

-Bipolar 
, Output Impedanc.- Bipolar 

-Unipolar 
Compliance 

Internal Referenc. Voltag. (VR ) 

Output Impedance 
Max External Current6 

Tcmpco of Drift 

POWER SUPPLY SENSITIVITY 

AD DACSO 
Min Typ 

+2.0 
o 

10 

Monolithic 

:114 

:0.1 
:0.05 

:0.08 
:0.06 

:15 
:4 
:1 

300 

:2.5, :':5, :':10, 
+5, +10 

0.05 

-\.96 -2.0 
%0.96 :d.O 
2.5 3.2 
5.0 6.6 
-2.5 
+6.23 +6.3 

1.5 

: 10 

Mas 

12 

+5.5 
+0.8 
250 
100 

:112 

%112 

:H14 

%314 
%0.3 
%0.15 

+70 

:20 

:0.15 
:0.10 

%30 
:7 
%3 
%10 

40 

-2.04 
%1.04 
4.1 
8.2 
+10 
+6.37 

+2.5 
:,:20 

ADDAC85 
Min Typ 

+2.0 
o 

-25 

10 

:,:5 

Monolithic 

:': 114 

:0.1 
:0.05 

:0.12 
:0.08 

300 

:':2.5,:':5,:10, 
+5, +10 

0.05 

-1.96 -2.0 
%0.96 : 1.0 
2.5 3.2 
5.0 6.6 
-2.5 
+6.23 +6.3 

1.5 

:10 

12 

+5.5 
+0.8 
250 
100 

:':112 

%112 

%314 

%1 
%0.2 
%0.1 

+S5 

:20 

:0.2 
:':0.12 

%20 
:10 
%3 
%10 

40 

-2.04 
%1.04 
4.1 
8.2 
+10 
+6.37 

+2.5 
:20 

ADDAC87 
Min Typ 

+2.0 
o 

-55 

10 

Monolithic 

:112 

:0.1 
:0.05 

:,:O.IS 
:,:0.14 

300 

:2.5, :5, :10, 

+5, + 10 I 

0.05 

-\.96 -2.0 
%0.96 : 1.0 
2.5 3.2 
5.0 6.6 
-2.5 
+6.23 + 6.3 

1.5 

Max 

12 

+5.5 
+0.8 
250 
100 

:112 

%314 

%314 

%1 
%0.2 
%0.1 

+125 

:,:30 

:0.3 
:0.24 

%20 
:10 
%3 
%10 

40 

-2.04 
%\.04 
4.1 
S.2 
+10 
+6.37 

+2.5 
:10 

Units 

Bits 

Digits 

v 
V 
... A 
... A 

LSB' 
LSB 
LSB 

LSB 
LSB 
LSB 
'/,FSRI 

%FSR I 

·C 

ppmofFSRrc 

%ofFSR 
%ofFSR 

ppmofFSRrC 
!,pm ofFSRI'C 
ppm ofFSRI'C 
ppmofFSRI'C . 

... s 

.... 

... S 

VI ... s 

... s· 

V 

V 
mA 
o 
mA 

mA 
mA 
klI 
kO 
V 
V 
1I 
mA 

:': 15V: 10%,5Vsupplywhenapplicable 
:12V:5% 

%0.002 %0.002 %0.002 %ofFSRI%Vs 

POWER SUPPLY REQUIREMENTS 
Rated Voltage. 
Range 

Analog Supplies 
Logic Supplie. 

Supply Drain 
+12, +15V 
-12, -ISV 
+5V 

TEMPERATURE RANGE. 
Specification 
Operating 
Storage 

NOTES 
ILeut Si,nific:ant Bit. 

:11.4' 

-25 
-25 

1 Adjustable to zero with external trim potendometer. 

14 

:16.5 

10 
2~ 

+70 
+85 
+125 

:11.4' 

-25 
-55 
-65 

I FSR mean. "Full Scale Ran .... and is 20V for th. :': IOV ran.e and IOV for Ih. :': 5V Rang •. 
·Gain Ind offset erron adjusted to zero It + 2SOC. 
'c., - O. see FilUre II. 
6Muimum with no dqndlition of spec:ificltion. must be I constant load. 

VOL. I, 9-278 DIGITAL-TO-ANALOG CONVERTERS 

14 

:': 16.5 

+85 
+125 
+150 

:11.4' 

-55 
-55 
-65 

:15 

14 

:16.5 
V 

10 
20 

+ 125 
+125 
+150 

7 A mlmmum of :!: 12.3V IS requU'ed for I :!: IOV (ull scale output and 
:!: 11.4V is required for all other voltage nnges. 

Specifications subject to change without notice. 
Specifications shown in boldface are tested on aU production units It final electri· 
cal test. Results (rom those tests Ire used to cakulate outgoing quality levels. All 
min and mu: specifICations Ire pannteed. although only those shown in 
boldface ore tes'cd on all production units. 

V 

v 

mA 
rnA 
mA 



SPECIFICATIONS (TA = + 25"&, rated power supplies unless otherwise noted.) 

Model 

TECHNOLOGY 

DIGITALINPUT 
Binary-CBI 
BCD-CCD 
Logic Levels (TTL Compatible) 

V,H(Logic"I") 
VII. (Logic "0") 
IIH(VIH = 5.5V) 
IldV,l = 0.8V) 

TRANSFER CHARACTERISTICS 
ACCURACY 

Linearity Error ((I + 2S"C 
CBI 
CCD 
T,.,(tl TmintoTmn 

Differential Linearity Error «, + 25°C 
CBI 
CCD 
TA(o Tm,ntoTmax 

Gain Error' 
Offset Error' 
Temperature Range for Guaranteed 

Monotonicity 
DRIFT (T m;. to T ~.) 

Total Bipolar Drift, ma. (include. gain, 
offset, and linearity drifts) 

Total Error (T m;. to T ~.). 
Unipolar 
Bipolar 

Gain 
Ineluding Internal Reference 
Exeluding Internal Reference 

Unipolar Offset 
BipolarOfCset 

CONVERSION SPEED 
Voltage Model (V)' 

Settling Time to :O.OI%ofFSRfor 
FSR change (2kOIISOOpF load) 

with 10kOFeedback 
with 5kOFeedback 

For LSB Change 
Slew Rate 

Current Model (I) 
SelllingTimeto :O.OI%ofFSR 

for FSR Change 10 to 1000 Load 
for IkOLoad 

ANALOG OUTPUT 
Voltage Models 

Ranges-CBI 

-CCD 
Output Current 
Output Impedance (dc) 
Shoct Circuit Duration 

Current Models 
Ranges- Unipolar 

-Bipolar 
Output Impedance- Bipolar 

-Unipolar 
Compliance 

Internal Reference Voltage (VR) 
Output Impedance 

Max External Current6 

TempcoofDrift 

POWER SUPPLY SENSITIVITY 
: 15V: 10%,5Vsupplywhenapplicable 

POWER SUPPLY REQUIREMENTS 
Rated Voltages 
Range 

Analog Supplies 
Logic Supplies 

Supply Drain' 
+15V 
-15V 
+5V 

TEMPERATURE RANGE 
Specification 
Operating 
Storage 

NOTES 

Min 

+2.0 
o 

10 

ADDACSO 
Typ 

Hybrid 

+ I 
- 100 

: 1/4 
:118 
:114 

: 1/2 

: 114 

:0.1 
:0.05 

:0.08 
:0.06 

1.5 
IS 

300 

:2.S, :S,: 10, 
+5, + 10 
:dO 

0.05 
Indefinite to Common 

-2.0 
:1.0 
3.2 
6.6 
- LS, + 10 

+6.17 +6.3 

:14 
+4.5 

o 
-25 
-55 

1.5 

:10 

:0.002 

:15,5 

10 
20 
8 

M .. 

12 
3 

+S.S 
+0.8 

:112 
:1/4 
:1/2 

:3/4 
:112 
:1 
:0.3 
:0.15 

+70 

:20 

:0.15 
:0.10 

30 

3 
10 

+6.43 

+2.5 
:20 

: 16 
+16 

20 
35 
20 

+70 
+85 
+ 130 

Min 

+2.0 
o 

ADDACSSC 
Typ 

Hybrid 

+ 1 
-100 

: 1/4 

: 1/2 

:1/2 

:0.1 
:0.05 

:1 

1.5 
20 

300 

:2.5, :5,: 10, 
+5, + 10 
+10 

0.05 
Indefinite to Common 

-2.0 
:1.0 
3.2 
6.6 
-2.5, +10 

+6.17 +6.3 

:14.5 
+4.5 

o 
-25 
-65 

1.5 

:10 

:0.002 

:15,5 

IS 
25 
IS 

'C.=O, ... Fiaure h. 

Max 

12 
3 

+S.S 
+0.8 

:112 
: 114 
:112 

:1 

+70 

:20 
:10 

:10 

+6.43 

+2.5 
:20 

:15.5 
+15.5 

20 
30 
20 

+70 
+85 
+150 

Min 

+2.0 
o 

-2S 

ADDACSS 
Typ 

Hybrid 

+ 1 
-100 

:1/2 

: 112 
:112 

:0.1 
:O.OS 

1.5 
20 

300 

:2.5, :5, :10, 
+5, +10 
+ 10 

0.05 
Indefinite to Common 

-2.0 
: 1.0 
3:2 
6.6 
-2.5, + 10 

+6.17 +6.3 

:14.5 
+4.5 

-25 
-55 
-65 

1.5 

:10 

:0.002 

:15,5 

IS 
25 
IS 

12 
3 

+S.S 
+0.8 

:1/2 
: 114 
:1/2 

:1 

+85 

:20 
: 10 

: 10 

+6.43 

+2.5 
:20 

:15.5 
+15.5 

20 
30 
20 

+85 
+125 
+150 

ILeast SianiflCallt Bit . . 
2Adjustable to zero with external trim potentiometer. 
, FSR mean. "Full Scsle Range" and i. 20V for the : 10V range sod 10V for the : 5V Range. 
4Gain and offset enon adjusted to zero at + 2SOC. 

'Muimum with no dqradation of specification. must be a constant load. 
'Ineludin, SmA load. 
SpecificationJ subject 10 chanle without DOrice. 

Units 

Bits 
Digits 

LSB ' 
LSB 
LSB 

LSB 
LSB 
LSB 
%FSR' 
%FSR' 

ppm ofFSRloC 

%ofFSR 
%ofFSR 

ppmofFSRloC 
ppm of FSRI'C 
ppm of FSRloC 
ppmofFSRI'C 

V 

V 

rnA 
o 

mA 
rnA 
kO 
kO 
V 
V 

o 
mA 
ppmofvRrc 

%ofFSRlO/OVs 

V 

V 
V 

mA 
mA 
rnA 
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SPECIFICATIONS (TA = + 2~OC, rated power supplies unless otherwise noted.) 

Model 

TECHNOLOGY 

DIGITAL INPUT 
Binary-CBI 
BCD-CCD 
Logic 1.evcls(1-rLCompatiblc) 

Vllf(Logic")") 

V". (Logic "0") 
I",(V,,, 0 5.5V) 

I".(V". ~ 0.8V) 

TRANSFER CHARACTERISTICS 
ACCURACY 

Linearity Error (II + 2S"C 
CBI 
CCD 
T,..(ll T"'intoTmax 

Differential Linearity Error (II + 25°C 
CBI 
CCD 
TI\<!-( Tmin10Tmlll 

Gain Error2 

Offset Erro,,> 
Temperature Range for Guaranteed 

Monotonicity 
DRIFT(T m"toT ~ .. ) 

Total Bipolar Drift, max (includes gain, 
offsct, and linearity drifts) 

Total Error (Tm1n WTmlX)'4 

Unipolar 
Bipolar 

Gain 
Including Internal Reference 
Excluding Internal Reference 

Unipolar Offset 
Bipolar Offset 

CONVERSION SPEED 
Voltage Model (V)' 

Settling Time to :!: O.OI%ofFSR for 

FSR chang. (2kOiI500pF load) 
with 10knF«dback 
with 5kOFeedback 

For LSBChange 
Slew Rat. 

Current Model (I) 
Settling Time to =O.OI%ofFSR 

for FSR Change 10 to loon Load 
for IkllLoad 

ANALOG OUTPUT 
Voltage Models 

Ranges-CBI 

-CCD 
Output Current 
Output Impedance (dc) 
Short Circuit Duration 

Current Models 
Ranges- Unipolar 

-Bipolar 
Output Impedance- Bipolar 

-Unipolar 
Compliance 
Imernal Reference Voltage (V R) 

Output Impedance 
Max External Current6 

TempeoofDrift 

POWER SUPPLY SENSITIVITY 
:!: 15V:!: !O%,5Vsupplywher.applicable 

POWER SUPPLY REQUIREMENTS 
Rated Voltages 
Range 

Analog Supplies 
Logic Supplies 

Supply Drain' 
+15V 
-15V 

+5V 

TEMPERATURE RANGE 

Specification 
Operating 
Storage 

NOTES 

AD DAC85LD 
Min Typ Max 

.2.0 
o 

-25 

Hyhrid 

+1 
-100 

=112 

=0.1 
=0.05 

I.5 
20 

300 

I 

:!:2.5, :!:5,:!: 10, 

+5, + 10 

0.05 
Indefinite to Common 

-2.0 

:!: 1.0 
3.2 
6.6 
-2.5, +10 

+6.17 +6.3 

:!: 14.5 
+4.5 

-25 
-55 
-55 

1.5 

:!:IO 

:!:0.002 

:!: 15,5 

15 
25 
15 

12 

+5.5 
10.8 

= 112 

=112 

+85 

=10 

+6.43 

+2.5 
20 

:!:15.5 
+15.5 

20 
30 
20 

+85 
+ 125 
+ 125 

ADPAC85MIL 
Min Typ Max 

+2.0 
o 

-55 

:!:5 

Hybrid 

'1 
- 100 

=0.1 
=0.05 

I.5 
20 

300 

:!:2.5, =5, :!:IO, 
+5, +10 

0.05 
Indefinite to Common' 

-2.0 
:!:1.0 
3.2 
6.6 
-2.5, +10 

+6.17 +6.3 

:!:14.5 
+4.5 

-55 
-55. 

-55 

1.5 

10 

:!:O.C02 

:!:15,5 

15 
25 
15 

~CF = 0, see Figure la. 

12 

+5.5 
+0.8 

=112 

=3/4 

=1 

+ 125 

=20 

+6.43 

+2.5 
20 

:!:15.5 
+15.5 

20 
30 
20 

+125 
+125 
+120 

AD DAC87 
Min Typ 

+ 2.0 
o 

-55 

Hybrid 

+ I 
-100 

= 114 

=1/2 

=0.1 
=0.05 

=15 

=0.13 
=0.12 

=10 
:!oS 
:!:I 
:!:5 

I.5 
20 

300 

=2.5, =5,:!: 10, 
+5, + 10 

0.05 
Indefinite to Common 

2.5 
5.0 

-2.0 
:!:1.0 
3.2 
6.6 
-1.5, + 10 

+6.17 +6.3 

:!:13.5 
+4.5 

-55 
-55 
-65 

1.5 

:!:0.002 

:!:15,5 

10 
20 
10 

Max 

12 

+ 5.5 
+0.8 

:=1/2 

:!:3/4 

:!:I 
:!:0.2 
:!:O.I 

+ 125 

:!:30 

:!:0.30 
:!:0.24 

25 
10 
3 
10 

4.1 

8.2 

+6.43 

+2.5 
10 

:!:16.5 
+ 16.5 

20 
30 
20 

+125 
+125 
+150 

ILeast' Significant Bit. 
lAdjustable to zero with external trim potentiometer. 
, FSR means "Full Scale Range" and is 20V for rhe :!: IOV range and 10V for the:!: 5V Range. 
"Gain and offset errors adjusted to zero at + 2SOC. 

6Maximum with no degradation of specification, must be a constant load. 
'Including 5mA load. 
Specifications subject to change withour notice. 
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Units 

Bits 
Digits 

LSB' 
LSB 
LSB 

LSB 
LSB 
LSB 
% FSR' 
%FSR' 

'C 

ppmofFSRf'C 

%ofFSR 
%ofFSR 

ppm ofFSRI'C 
ppm of FSRrc 
ppm of FSRf'C 
ppm ofFSRf'C 

I1S 

v 

V 
rnA 
o 

rnA 
rnA 
kO 
kO 
V 
V 

o 
rnA 
pprnofVRf'C 

% of FSRl%Vs 

V 

V 
V 

rnA 
rnA 
rnA 

"C 
"C 
"C 



ABSOLUTE MAXIMUM RATINGS 

+ V s to Power Ground ....... . Ref In to Reference Ground. . . . . ± 12V 
- V s to Power Ground ....... . Bipolar Offset to Reference Ground . ± 12V 
Digital Inputs (Pins 1 to 12) to Power Ground 

OV to + 18V 
OV to -18V 

-l.OV to 
+7V 

lOV Span R to Reference Ground . . ± 12V 

-NC - MONOLITHIC VERSIONS 
+ sv - HYBRID VERSIONS 

20V Span R to Reference Ground. . ±24V 
Ref Out . . . . . . . Indefinite short to power ground or + V s 

-NC - MONOLITHIC VERSIONS 
+ 5V - HYBRID VERSIONS 

Voltage Model Functional Diagram and Pin Configuration Current Model Functional Diagram and Pin Configuration 

ORDERING GUIDE 

Input Output Temperature Linearity Package 
Model Code Mode Technology Range Error Option' 

AD DAC80!'l-CBI-V Binary Voltage Monolithic Oto +70'C ± 112LSB N24A 
AD DACSOD-CBI-V Binary Voltage Monolithic Oto +70'C ± 112LSB D24A 
AD DACSOD-CBI-I Binary Current Monolithic Oto +70'C ± 1!2LSB D24A 

AD DAC85D-CBI-V Binary Voltage Monolithic -25'CIO +S5'C ± 1!2LSB D24A 

AD DAC87D-CBI-V Binary Voltage Monolithic -55'CIO + 125'C ±1I2LSB D24A 

AD DAC80-CBI-V Binary Voltage Hybrid Oto +70'C ±1!2LSB HY24A 
AD DACSO-CBI-I Binary Current Hybrid Oto + 70°C ± 112LSB HY24A 
AD DACSO-CCD-V Binary Coded Decimal Voltage Hybrid Oto + 70°C ± 114LSB HY24A 
AD DACSO-CCD-I Binary Coded Decimal Current Hybrid Oto + 70'C ± 114LSB HY24A 
AD DAC80Z-CBI-V Binary Voltage Hybrid Oto + 70°C ± 112LSB HY24A 
AD DACSOZ-CBI-I Binary Current Hybrid Oto +70'C ± 112LSB HY24A 
ADDACSOZ-CCD-V Binary Coded Decimal Voltage Hybrid ·Oto+70'C ± 114LSB HY24A 
AD DACSOZ-CCD-I Binary Coded Decimal Current Hybrid Oto +70'C ± 1!4LSB HY24A 

AD DACS5C-CBI-V Binary Voltage Hybrid Oto+70'C ± 112LSB HY24A 
AD DACS5C-CBI-I Binary Current Hybrid Oto + 70'C ± 112LSB HY24A 
AD DACS5-CBI-V Binary Voltage Hybrid - 25'C to + S5'C ± 112LSB HY24A 
AD DACS5-CBI-I Binary Current Hybrid -25'CIO +S5'C ± 112LSB HY24A 
AD DAC85LD-CBI-V Binary Voltage Hybrid - 25'C to + 85'C ± 1!2LSB HY24A 
AD DAC85LD-CBI-I Binary Current Hybrid - 25'C to + 85'C ± 1!2LSB HY24A 
AD DAC85MIL-CBI-V Binary Voltage Hybrid - 55'C to + l25'C ±1!2LSB HY24A 
AD DAC85MIL-CBI-1 Binary Current Hybrid -55'CIO + 125°C ± 1!2LSB HY24A 
AD DAC85C-CCD-V Binary Coded Decimal Voltage Hybrid 010 + 70°C ± 1!4LSB HY24A 
AD DAC85C-CCD-1 Binary Coded Decimal Current Hybrid 010 +70'C ± 1!4LSB HY24A 
AD DAC85-CCD-V Binary Coded Decimal Voltage Hybrid - 25'C 10 + 85'C ± 1!4LSB HY24A 
AD DAC85-CCD-I Binary Coded Decimal Current Hybrid - 25'C 10 + 85'C ± 1!4LSB HY24A 

AD DAC87-CBI-V Binary Voltage Hybrid - 55'C to + l2S'C ± 1!2LSB HY24A 

1 Sec Section 19 for package outline infonnation. 
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DIGITAL INPUT CODES 
The AD DAC80 Series accepts complementary digital input 
code in binary (CBI) format. The CBI model may be connected 
by the user for anyone of three complementary codes: CSB, 
COB or CTC. 

Digital Input Analog Output 

CSBCompl. COBCompl. CTC·Compl. 
MSB LSB Straight Binary Offset Binary Two's Compl. 

000000000000 + FullScalc + Full Scale -ILSB 
o I I I I I 11 I I I I + 112 Full Scale Zero - Full Scale 
100000000000 Mid-Scale -ILSB + Full Scale 
IIII1III I1I1 Zero -Full Scale Zero 

"Invert the MSB oftheCOB code with an external inverter to obtam CTC code. 

Table I. Digital Input Codes 

ACCURACY 
Accuracy error of a Of A converter is the difference between the 
analog output that is expected when a given digital code is applied 
and the output that is actually measured with that code applied 
to the converter. Accuracy error can be caused by gain error, 
zero error, linearity error, or any combination of the three. Of 
these three specifications, the linearity error specification is the 
most important since it cannot be corrected. Linearity error is 
specified over its entire temperature range. This means that the 
analog output will not vary by more than its maximum specifi
cation, from an ideal straight line drawn between the end points 
(inputs all "1"s and all "O"s) over the specified temperature 
range. 

Oifferentiallinearity error of a Of A converter is the deviation 
from an ideal lLSB voltage change from one adjacent output 
state to the next. A differential linearity error specification of 
± 1I2LSB means that the output voltage step sizes can range 
from 1I2LSB to 1 1I2LSB when the input changes from one 
adjacent input state to the next. 

DRIFT 
Gain Drift is a measure of the change in the full scale range 
output over temperature expressed in parts per million of full 
scale range per °c (ppm of FSRrC). Gain drift is established 
by: 1) testing the end point differences for each AD DAC80 
model at the lowest operating temperature, + 25°C and the 
highest operating temperature; 2) calculating the gain error with 
respect to the + 25°C value and; 3) dividing by the temperature 
change. 

Offset Drift is a measure of the actual change in output with all 
"1 "s on the input over the specified temperature range. The 
maximum change in offset is referenced to the offset at + 25°C 
and is divided by the temperature range. This drift is expressed 
in parts per million of full scale range per °c (ppm of FSRrC). 

SETTLING TIME 
Settling time for eaeh model is the total time (including slew 
time) required for the output to settle within an error band 
around its final value after a change in input. 

Voltage Output Models. Three settling times are specified to 
±0.01% of full seale range (FSR); two for maximum full scale 
range changes of 20V, 10V and one for a lLSB change. The 
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lLSB change is measured at the major carry (0 1 1 1 ... 1 I to 
1 0 0 0 ... 0 0), the point at which the worst case settling time 
occurs. The settling time characteristic depends on the compen
sation capacitor selected, the optimum value is 25pF as shown 
in Figure la. 

Current Output Models. Two settling times are specified to ± 0.01% 
of FSR. Each is given for current models connected with two 
different resistive loads: 10 to 100 ohms and 1000 to 1875 ohms. 
Internal resistors are provided for connecting nominal load 
resistances of approximately 1000 to 1800 ohms for output voltage 
ranges of ± IV and 0 to - 2V. 

Figure 1a. Voltage Model Settling Time Circuit 

Figure 1b. Voltage Model Settling Time CF = 25pF 

POWER SUPPLY SENSITIVITY 
Power supply sensitivity is a measure of the effect of a power 
supply change on the Of A converter output. It is defined as a 
per cent of FSR per per cent of change in either the positive or 
negative supplies about the nominal power supply voltages. 

REFERENCE SUPPLY 
All models are supplied with an internal 6.3 volt reference voltage 
supply. This voltage (pin 24) is accurate to ± 1% and must be 
connected to the Reference Input (pin 16) for specified operation. 
This reference may also be used externally with external current 
drain limited to 2.5mA. An external buffer amplifier is recom
mended if this reference is to be used to drive other system 
components. Otherwise, variations in the load driven by the 
reference will result in gain variations. All gain adjustments 
should be made under constant load conditions. 



ANALYZING DEVICE ACCURACY OVER THE 
TEMPERATURE RANGE 
For the purposes of temperature drift analysis, the major device 
components are shown in Figure 2. The reference element and 
buffer amplifier drifts are combined to give the total reference 
temperature coefficient. The input reference current to the 
DAC, IREF, is developed from the internal reference and will 
show the same drift rate as the reference voltage. The DAC 
output current, IoAc, which is a function of the digital input 
codes, is designed to track IREF; if there is a slight mismatch in 
these currents over temperature, it will contribute to the gain 
T.C. The bipolar offset resistor, Rnp, and gain setting resistor, 
R GAIN, also have temperature coefficients which contribute to 
system drift errors. The input offset voltage drifr-of the output 
amplifier, OA, also contributes a small error. 

There are three types of drift errors over temperature: offset, 
gain, and linearity. Offset drift causes a vertical translation of 
the entire transfer curve; gain drift is a change in the slope of 
the curve; and linearity drift represents a change in the shape of 
the curve. The combination of these three drifts results in the 
complete specification for total error over temperature. 

Total error is defined as the deviation from a true straight line 
transfer characteristic from exactly zero at a digital input which 
calls for zero output to a point which is defined as full scale. A 
specification for total error over temperature assumes that both 
the zero and full scale points have been trimmed for zero error 
at + 25°C. Total error is normally expressed a percentage of the 
full scale range. In the bipolar situation, this means the total 
range from - VFS to + VFS. 

Several new design concepts not previously used in DAC80-type 
devices contribute to a reduction in all the error factors over 
temperature. The incorporation of low temperature coefficient 
silicon-chromium thin-film resistors deposited on a single chip, 
a patented, fully differential, emitter weighted, precision current 
steering cell structure, and a T.C. trimmed buried zener diode 
reference element results in superior wide temperature range 
performance. The gain setting resistors and bipolar offset resistor 
are also fabricated on the chip, with the same SiCr material as 
the ladder network, resulting in low gain and offset drift. 

+15V 

RGAIN 

V-

Figure 2. Bipolar Configuration 

Performance Over Temperature 
MONOTONICITY AND LINEARITY 
The initial linearity error of ± 1I2LSB max and the differential 
linearity error of ± 3/4LSB max guarantee monotonic performance 
over the specified range. It can, therefore, be assumed that 
linearity errors are insignificant in computation of total temperature 
errors. 

UNIPOLAR ERRORS 
Temperature error analysis in the unipolar mode is straightforward: 
there is an offset drift and a gain drift. The offset drift (which 
comes from leakage currents and drift in the output amplifier 
(OA» causes a linear shift in the transfer curve as shown in 
Figure 3. The gain drift causes a change in the slope of the 
curve and results from reference drift, DAC drift, and drift in 
RGAIN relative to the DAC resistors. 

BIPOLAR RANGE ERRORS 
The analysis is slightly more complex in the bipolar mode. In 
this mode RBP is connected to the summing node of the output 
amplifier (see Figure 2) to generate a current which, exactly 
balances the current of the MSB so that the output voltage is 
zero with only the MSB on. 

Note that if the DAC and application resistors track perfectly, 
the bipolar offset drift will be zero even if the reference drifts. 
A change in the reference voltage, which causes a Shift in the 
bipolar offset, will also cause an equivalent change in IREF and 
thus IoAc, so that IoAc will always be exactly balanced by IBP 

with the MSB turned on. This effect is shown in Figure 3. The 
net e(fect of the reference drift then is simply to cause a rotation 
in the transfer around bipolar zero. However, consideration of 
second order effects (which are often overlooked) reveals the 
errors in the bipolar mode. The unipolar offset drifts discussed 
before will have the same effect on the bipolar offset. A mismatch 
of RBP to the DAC resistors is usually the largest component of 
bipolar drift, but in the ADDAC80 this error is held to lOppmfOC 
max. Gain drift in the DAC also contributes to bipolar offset 
drift, as well as full scale drift, but again is held to lOppml°C 
max. 

I-

~ 
I
::;) 

IDEAL 

UNIPOLAR INPUT --

- GAIN SHIFT 

o ~--~~~~------------___ 

BIPOLAR (IDEAL CASE) 

Figure 3. Unipolar and Bipolar Drifts 
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Using the AD DACaD Series 
POWER SUPPLY CONNECTIONS 
For optimum performance power supply decoupling capacitors 
should be added as shown in the connection diagrams. These 
capacitors (lI1F. electrolytic recommended) should be located 
close to the AD DAC80. Electrolytic capacitors, if used, should 
be paralleled with O.OIf.LF ceramic capacitors for optimum high 
frequency performance. 

EXTERNAL OFFSET AND GAIN ADJUSTMENT 
Offset and gain may be trimmed by installing external OFF
SET and GAIN potentiometers. These potentiometers should be 
connected as shown in the block diagrams and adjusted as described 
below. TCR of the potentiometers should be 100ppm/oC or less. 
The 3.9Mfi and 10Mf! resistors (20% carbon or better) should 
be located close to the AD DAC80 to prevent noise pickup. If it 

+Vs 

-Vs 

~-__ --o+Vs 

~---.--~-Vs 

Figure 4. External Adjustment and Voltage Supply 
Connection Diagram, Current Model 

10MII 
~ 

3.9Mll 
o--wv--o 

is not convenient to use these high-value resistors, a functionally 
equivalent "T" network, as shown in Figure 6 may be substituted 
in each case. The gain adjust (pin 23) is a high impedance point 
and a O.OIf.LF ceramic capacitor should be connected from this 
pin to common to IJrevent noise pickup. 

Offset Adjustment. For unipolar (CSB) configurations, apply the 
digital input code that should produce zero potential output and 
adjust the OFFSET potentiometer for zero output. For bipolar 
(COB, CTC) configurations, apply the digital input code that 
should produce the maximum negative output voltage. Example: 
If the FULL SCALE RANGE is connected for 20 volts, the 
maximum negative output voltage is -IOV. See Table II for 
corresponding codes. 

Gain Adjustment. For either unipolar or bipolar configurations, 
apply the digital input that should give the maximum positive 
voltage output. Adjust the GAIN potentiometer for this positive 
full scale voltage. See Table II for positive full scale voltages. 

+Vs 

-Vs 

~-__ >----<>+Vs 

1-----4>----<> -Vs 

Figure 5. External Adjustment and Voltage Supply 
Connection Diagram, Voltage Model 

270kll 270krl 

T-
1aOkrl 1aOkrl =T 

Figure 6. Equivalent Resistances 

Digital Input Analog Output 

12 Bit Resolution Voltage· Current 

MSB LSB Oto + IOV ±IOV Oto -2mA ±lmA 

1i 000000000000 +9.9976V +9.99SIV -1.999SmA -0.999SmA 
't:S 011111111111 + S.OOOOV O.OOOOV -l.OOOOmA O.OOOOmA 0 

~ 100000000000 +4.9976V 4.88mV 0.488mA + 1.000mA 
a 111111111111 O.OOOOV -IO.OOOOV O.OOOOmA 0.488f.LA 
U ILSB 2.44mV -0.0049V -0.999SmA +O.OOOSmA 

*To obtain values for other binary ranges 0 to + SV range: divide 0 to + 10 values by 2; 
::': SV range: divide::': lOY range values by 2; ::': 2.SV range: divide::': 10V range values by 4. 

Table II. DigitallnputiAnalog Output 
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VOLTAGE OUTPUT MODELS 
Internal scaling resistors provided in the AD DAC80 may be 
connected to produce bipolar output voltage ranges of ± 10, ± 5 
or ± 2.5V or unipolar output voltage ranges of 0 to + 5 or 0 to 
+ IOV (see Figure 7). 

REF 
INPUT 

Gp'8 
6.3k11 

TO REF - -._ .... ----"V·\II·.__----r.:l'7 BIPOLAR 
CONTROL CIRCUIT .~ l.!!.J OFFSET 

FROM WEIGHTED 

SUMMING 
JUNCTION 

~COM 

RESISTOR __ -._ ........ ~ __ '--.....J'\Ny--I 

NETWORK 
OUTPUT 

Figure 7. Output Amplifier Voltage Range 
Scaling Circuit 

Gain and offset drift are minimized in the AD DAC80 because 
of the thermal tracking of the scaling resistors with other device 
components. Connections for various output voltage ranges are 
shown in Table III. Settling time is specified for a full scale 
range change: 4 microseconds for a IOkO feedback resistor; 3 
microseconds for a 5kO feedback resistor when using the com
pensation capacitor shown in Figure 1. 

The equivalent resistive scaling network and output circuit of 
the current model are shown in Figures 8 and 9. External RLS 
resistors are required to produce exactly 0 to - 2V or ± 1 V 
output. TCR of these resistors should be ± 100ppmJ°C or less to 
maintain the AD DAC80 output specifications. If exact output 
ranges are not required, the external resistors are not needed. 

Output Digital Connect 
Range Input Codes PinlSto 

±10V COBorCTC 19 
±5V COBorCTC 18 
±2.5V COBorCTC 18 
Oto + 10V CSB 18 
Oto +5V CSB 18 
Oto + 10V CCD 19 

Applying the AD DAC80 

[

TO REF CONTROL CIRCUIT 

r=I 6.3k11 r,;, . 
REF IN t.2:..J>--..... - .... M L2!J 

Figure B. Internal Scaling Resistors 

Internal resistors are provided to scale an external op amp or to 
configure a resistive load to offer two output voltage ranges of 
± IV or 0 to -2V. These resistors (RLI: TCR = 20ppmJ°C) are 
an integral part of the AD DAC80 and maintain gain imd bipolar 
offset drift specifications. If the internal resistors are not used, 
external RL (or RF ) resistors should have a TCR of ±25ppmJ°C 
or less to minimize drift. This will typically add ± 50ppmJ°C + 
the TCR of RL (or RF) to the total drift. 

17 6.3k11 
BIPOLAR OFFSET 

REFERENCE INPUTt-'_6 --___ C~~:~6L 
CIRCUIT 

,....-___ -..._--':.::.j5 lOUT 

6.6k11 

_---~_----'2"'-1' COMMON 

L--______ ~2'44 REFERENCE OUT 

Figure 9. AD DACBO Current Model Equivalent 
Output Circuit 

Connect Connect Connect 
Pin 17to Pin 19to Pin 16to 

20 15 24 
20 N.C. 24 
20 20 24 
21 N.C. 24 
21 20 24 
N.C. 15 24 

Table 1If. Output Voltage Range Connections-Voltage Model AD DACBO 

1% 
Metal Film RLl Connections Reference Bipolar Offset 

Internal External 
Digital Output Resistance Resistance Connect Connect Connect Connect Connect 
Input Codes Range RLl RLS Pin ISto Pin 18to Pin20to Pin 16to Pin 17to ' RLs 

CSB Oto -2V 0.968kO 2100 20 19&RLs 15 24 Com (21) Between 
Pin18& 
Com(2l) 

COBorCTC ±IV 1.2kO 2490 18 19 RLS 24 15 Between 
Pin20& 
Com (21) 

CCD Oto ±2V 3kO N/A N.C. 21 N.C. 24 N.C. N/A 

Table IV. Current Model/Resistive Load Connections 
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DRIVING A RESISTIVE LOAD UNIPOLAR 
A load resistance, RL = RLI, + RLS, connected as shown in 
Figure 10 will generate a voltage range, VOUT, determined by: 

. (6.6k x RL) 
VOUT = -2mA 6.6k + RL 

. Where RL max = 1.S4kO 

and VOUT max = - 2.SV 

To achieve specified drift, connect the internal scaling resistor 
(RLI) as shown iIi Table IV to an external metal film trim resistor 
(RLS) to provide full scale output voltage range of 0 to - 2V. 
With RLS = 0, VOUT = -1.69V. 

~ __ ~~~~ __ ~16~ ______ ~+ 

~RLI 
t:l'\, ~ 9680 18 RLI 
'V~~ 8.6koL..---.......:;~JVI,.,...,1 
~ I 21 COMMON! 

\ CURRENT CONTROLLED 

VOUT 

BY DIGITAL INPUT 

Figure 10. Equivalent Circuit AD DAC80-CBI-1 
Connected for Unipolar Voltage Output with 
Resistive Load 

DRMNG A RESISTOR LOAD BIPOLAR 
The equivalent output circuit for a bipolar output voltage range 
is shown in Figure 11, RL = RLI"+ RLS. VOUT is determined 
by: 

(
RL x 3.22k) 

VOUT = ± ImA RL + 3.22k 

Where RL max = 11.lSkO 

and VOUT max = ±2.SV 

To achieve specified drift, connect the internal scaling resistors 
(RLI) as shown in Table IV for the COB or CTC codes and add 
an external metal fUm resistor (RLS) in series to obtain a full 
scale output range of ± IV. In this configuration, with RLS 
equal to zero, the full scale range will be ±0.S74V. 

DRIVING AN EXTERNAL OP AMP 
The current model AD DACSO will drive the summing junction 
of an op amp used as a current to voltage converter to produce 
an output voltage. As seen in Figure 12, 

VOUT = loUT X RF 

where lOUT is the AD DACSO output current and RF is the 
'feedback resistor. Using the internal feedback resistors 'of the 
current model AD DAC80 provides output voltage ranges the 

Output Digital Connect 
Range Input Codes Ato 

±10V COBorCTC 19 
±SV COBorCTC 18 
±2.SV COBorCTC 18 
Oto + 10V CSB 18 
Oto +SV CSB 18 

16 

{RLI 
1.21<0 20 RLS 

~t>1mA 
1 

V. 

\ 3.22kO 

CURRENT CONTROLLED 
21 COMMON 

BY DIGITAL INPUT 

+ 

OUT 

Figure 11. AD DAC80-CBI-1 Connected for Bipolar 
Output Voltage with Resistive Load 

same as the voltage model AD DACSO. To obtain the desired 
output voltage range when connecting an external op amp, refer 
to Table V and Figure 12. 

~ ____ -JoI,,-______ 1;.;;.9t--o..20V RANGE 

A 

VOUT 

"FOR FAST SETTLING TIMES 

Figure 12. External Op Amp-Using Internal 
Feedback Resistors 

OUTPUT LARGER THAN 20V RANGE 
For output voltage ranges larger than ± 10 volts, a high voltage 
op amp may be employed with an external feedback resistor. 
Use loUT values of ± lmA for bipolar voltage ranges and - 2mA 
for unipolar voltage ranges (see Figure 13). Use protection diodes 
when a high voltage op amp is used. 

The feedback resistor, RF, should have a temperature coefficient 
as low as possible. Using an external feedback resistor, overall 
drift of the circuit increases due to the lack of temperature 
tracking between RF and the internal scaling resistor network. 
This will typically add SOppmJ°C + RF drift to total drift. 

"FOR OUTPUT VOLTAGE SWINGS UP TO 140V pop. 

Connect 
Pin 17to 

IS 
IS 
IS 
21 
21 

Figure 13. External Op Amp-Using 
External Feedback Resistors 

Connect Connect 
Pin 19to Pin 16 to 

A 24 
N.C. 24 
IS 24 
N.C. 24 
IS 24 

Table V. External Op Amp Voltage Mode Connections 
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r.ANALOG 
WDEVICES 

FEATURES 
Complete Current Output Converter 
High Stability Buried Zener Reference 
Single Chip Monolithic Construction 
Wide Supply Range ±6V to ± 18V 
Trimmed Output Application Resistors 
Fast Settling - 225ns (8 Bits), 375ns (10 Bits) 
Guaranteed Monotonicity Over Full Operating Temper-

ature Range 
.TTL and DTL Compatible Logic Inputs 
Hermetically-Sealed 16-Pin Ceramic DIP (All Grades) 

PRODUCT DESCRIPTION 
The AD DAC100 is a lO-bit digital-to-analog converter with a 
high stability voltage reference fabricated on a monolithic chip. 
Using 10 precision high-speed current-steering switches, a control 
amplifier, voltage reference, and laser-trimmed thin-film SiCr 
resistor network, the device produces a fast, accurate analog 
output current. Laser trimmed output application resistors are 
also included to facilitate accurate, stable current-to-voltage con
version. 

The AD DAC100 also incorporates a low noise, high stability 
subsurface zener diode to produce a reference voltage with 
excellent long term stability and temperature cycle characteristics 
which challenge the best discrete zener references. A temperature 
compensation circuit is laser-trimmed to allow correction of the 
temperature coefficient of each device. This results in a maximum 
full-scale temperature coefficient of ISppmrC for the L version, 
30ppmrC max for the K and T versions, 60ppm;oC max for the 
J and S versions. 

All grades are packaged in a 16-pin hermetically-sealed ceramic 
dual-in-line package. The J, K, L versions are specified for 
operation over the - 25°C to + 85°C temperature range, the 
AD DAC100S and T for operation over the extended temperature 
range from - 55°C to + 125°C. 

10-Bit Monolithic 
0/ A Converter 

AD DAC100 I 
AD DACIOO FUNCTIONAL BLOCK DIAGRAM 

DIGITAL L,!GIC INPUTS 

R. R. 
BIPOLAR REF 

PRODUCT HIGHLIGHTS 
1. The AD DAC100 is a true second-source equivalent to the 

industry standard DACI00. 

2. The high impedance current output can be used with an 
external op amp and the internal applications resistors to 
produce a low impedance output voltage. 

3. The AD DAC100 is available with a 10 volt range; for 5 volt 
version, consult factory. 

4. The AD DAC100 is available in chip form for use in hybrid 
microcircui ts. 
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SPECIFICATIONS (Vs = ±15V, -25OC=sTA=s+85OCforJ,K,ldevices; 
- 55°C=sTA=s + 125°C for Sand T devices unless otherwise specified) 

PARAMETERS SYMBOL CONDITIONS MIN TYP 

Resolution 

Nonlinearity 

Full Scale Tempco 

SettiingTimeTA = ±25°C 

Full Range Output Voltage* 
(Adjustable to 10.0V with 
External 200n Trimmer) 
Zero Scale Output Voltage 

Logic Inputs: High 

Logic Inputs: Low 

Logic Input Current, Each Input 

Logic Input Resistance 

Logic Input Capacitance 

Output Resistance 

Output Capacitance 

Applied Power Supplies: V + 

Applied Power Supplies: V -

Power Supply Sensitivity 

Power Consumption 

Positive Supply Current 

Negative SupplyCurrem 
NOTES 

Nx. 
Nx. 

Tc 
Tc 
Tc 

ts 
ts 
ts 
ts 
ts 
VFR 

Vzs 

VINH 

V1NL 

lIN 

RIN 

C1N 

Ro 

Co 

Pss 

Po 

1+ 

1-

*Using external op amp for IN conversion (see Figure 3). 
Specifications subject to change without notice. 

ABSOLUTE MAXIMUM RATINGS 

V + Supply to V - Supply . 
V + Supply to Output 

K, L, T(± 1/2LSB-I0Bits) 
J, S (± Y2LSB-9 Bits) 

L 
K,T 
J, S 

to ±0.05%FS 
to ±O.I%FS 
to ±0.2%FS 
to ±O.4%FS 
to ±0.8%FS 
Connect FS Adjust to V -

VIN = 2.1V 

Measured with Respect to Output Pin 2.1 

Measured with Respect to Output Pin 

VIN = Oto +6V 

VIN =Oto +6V 

Linearity within Specification +6 

Linearity within Specification -6 

Vs + ±6Vto± 18V 

Vs= ±15V 

Vs= +15V 

Vs = -15V 

Operating Temperature Range 

o to + 36V 
o to + 18V 

AD DAClOOJ, K, L .. . 
AD DACIOOS, T .... . 

Storage Temperature Range . 
Lead Temperature' (Soldering) 
NOTE 

3 

2 

500 

13 

200 

MAX UNITS 

10 Bits 

±0.05 %FS 
±0.1 %FS 

± IS ppm/oC 
±30 ppm/oC 
±60 ppm/oC 

375 ns 
300 ns 
225 ns 
ISO ns 
100 ns 
ii.i V 

0.013 %FS 

V 

0.7 V 

5 f-LA 

Mn 

pF 

kH 

pF 

+ 18 V 

-18 V 

±0.10 % per volt 

250 mW 

8.33 rnA 

-8.33 rnA 

- 25°C to + 85°C 
- 55°C to + 125°C 
- 65°C to + 150°C 

+ 300°C (60 sec) V - Supply to Output 
Logic Inputs to Output 
Powp.r Dissipation' .. 

o to -18V 
-IV to +6V 
.. 500mW I Rating applies to ~bient temperature of 100°C. Above 100°C, derate at lOmW/ DC. 

DIGITAL 
LOGIC 

INPUTS 

LSB 

PIN CONFIGURATION 
TOP VIEW 

AD DAC100 

Rs 

FULL SCALE 
ADJUST 

v+ 

BIT 1 MSB 

BIT 2 

BIT 3 

BIT 4 
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Model 

ADDAClOOJD 
ADDAClOOKD 
ADDAClOOLD 

AD DACIOO ORDERING GUIDE 

Temperature 
Range 

- 25°C to + 85°C 
- 25°C to + 85°C 
- 25°C to + 85°C 

Maximum 
Linearity 
Error % 

0.1 
0.05 
0.05 

MaxT.C. 
ppmfOC 

60 
30 
IS 

Package 
Type l 

DI6A 
DI6A 
DI6A 

I See Section 19 for package outline information. 

Analog Devices 

ADDACIOOJD 
ADDACIOOKD 
ADDAClOOLD 

CROSS REFERENCE 

Precision Monolithics Inc. 

DAC-100BCQI,BCQ3,CCQl,CCQ3, DDQI, DDQ3 
DAC-I 00 ABQ I, ACQ 1, ACQ3, BBQ I, BBQ3 
DAC-lOOAAQl 
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Applying the AD DAC100 
DIGITAL INPUT CODES 
The AD DACIOO accepts complementary digital input codes in 
either binary, offset binary or two's complement (see Table I). 

DIGITAL INPUT 

Compl. 
MSB LSB Straight Binary 

0000000000 + Full Scale 
0111111111 + liz Full Scale 
1000000000 Mid-scale - LSB 
1111111111 Zero 

ANALOG OUTJ,1UT 

Compl. Compl.* 
Offset Binary Two'sCompl. 

+ Full Scale -LSB 
Zero -Full Scale 
-LSB + Full Scale 
-Full Scale Zero 

'Invert the MSB of the COB code with an external inverter to obtain CTC code. 

Table I. Digital Input Codes 

ACCURACY 
Accuracy error of a Df A converter is the difference between the 
analog output that is expected when a given digital code is applied 
and the output that is actually measured with that code applied 
to the converter. Accuracy error can be caused by gain error, 
zero error, linearity error, or any combination of the three. Of 
these three specifications, the linearity error specification is the 
most important since it cannot be corrected for. The linearity 
error of the AD DACI00 is specified over its entire temperature 
range. This means that the analog output will not vary by more 
than ± I/zLSB, maximum, from an ideal straight line drawn 

~ ~ -1+ FULL SCALE h 
lLtB LANGE OF 

GAIN ADJ 

ALL BITS = 1 H--t-1H--+-+-I?Sf<,......-4-HH-+-I ALL BITS = 0 

RANGE OF 
OFFSET AD~ 

T 
I.FULL SCALE 

Figure 1. Relationship of OFFSET and GAIN Adjustments 
for a BIPOLAR DIA Converter (Input, Horizontal; Output, 
Vertical) 

+1SV 

-1SV 

NOTE: 

o VOLTS 

between the end points (inputs all "1"s and all "O"s) over the 
specified temperature range (see Figures 1 and 2). 

Differential linearity error of a DfA converter is the deviation 
from an ideal lLSB voltage change from one adjacent output 
state to the next. A differential linearity error specification of 
± I LSB means that the output voltage step sizes can range from 
OLSB to 2LSB when the input changes from one adjacent input 
state to the next. Monotonicity over the full temperature range 
is guaranteed in the AD DACIOO to insure that the analog 
output will not decrease with increasing input digital codes. 

::> 

T 
RANGE OF 

OFFSET ADJ 

RANGE OF "-

OFFSET ADJ 11 ~H-+-=-+-+--II1-H-+-+-+-I 
- 1 I I I I I I 

.- ALL BITS = I 

L!l!~SET ADJ 
TRANSLATES 

THE LINE 

ALL BITS = 0 

Figure 2. Relationship of OFFSET and GAIN Adjustments 
for a UNIPOLAR DIA Converter (Input, Horizontal; Output, 
Vertical) 

FULL SCALE TEMPCO IS DEFINED AS THE CHANGE IN OUTPUT VOLTAGE MEASURED 
IN THE CIRCUIT ABOVE AND IS EXPRESSED IN PPM BETWEEN EITHER TEMPERATURE 
EXTREME DIVIDED BY THE CORRESPONDING TEMPERATURE CHANGE. 

Figure 3. Full Scale Test Circuit 
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CONNECTING THE AD DACIOO FOR BUFFERED 
VOLTAGE OUTPUT 
The standard current-to-voltage conversion connections using an 
operational amplifier are shown here with the preferred trimming 
techniques. If a low offset operational amplifier (AD544, AD547, 
ADS09, ADSIO, AD74IL) is used, excellent performance can 
be obtained in many situations without trimming. (A 5mV op 
amp offset is equivalent to IjlLSB on a 10 volt scale). 

The ADS09 is recommended for buffered voltage-output appli
cations which require a settling time to :t 1j2LSB of one micro
second. The feedback capacitor is shown with the optimum 
value for each application; this capacitor is required to compensate 
for the 13 picofarad DAC output capacitance. 

FIGURE 4. UNIPOLAR CONFIGURATION 
This configuration will provide a unipolar 0 to + 10 volt output 
range. 

STEP I ... ZERO ADJUST 
Turn all bits HIGH and adjust op amp trimmer, R4, until the 
output reads 0.000 volts (lLSB = 9.76mV). 

STEP II ... GAIN ADJUST 
Turn all bits LOW and adjust 200n gain trimmer, R2, until the 
output is 9.990 volts (Full scale is adjusted to ILSB less than 
nominal full scale of 10.000 volts.) 

FIGURE 5. BIPOLAR CONFIGURATION 
This configuration will provide a bipolar output voltage from 
- 5.000 to + 4.990 volts, with positive full scale occurring with 
all bits LOW (all O's). 

STEP I ... OFFSET ADJUST 
Turn all bits HIGH·, adjust soon trimmer, R3, to give a reading 
of - s.ooo volts. 

STEP II ... GAIN ADJUST 
Turn MSB LOW, turn all other bits HIGH. Adjust 200n gain 
trimmer to give 0.000 output volts. 

Please note that it is not necessary to trim the op amp to obtain 
full accuracy at room temperature. In most bipolar situations, 
the op amp trimmer is unnecessary unless the untrimmed offset 
drift of the op amp is excessive. If a FET-input op amp is used, 
RI can generally be omitted. 

+v 

v- °Rs 4.Bkll 

TYPICAL SETILING TIME 
FOR 1;2 SCALE CHANGE 
== 1.0J.15 

Figure 4. Unipolar Voltage Output Circuit 

v+ 

v-

Figure 5. ± 5V Bipolar Voltage Output Circuit 
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COMPLIANCE 
Compliance voltage is the maximum voltage swing allowed on 
the current output node in order to maintain specified accuracy. 

The AD DAC100 is designed to be operated with the output 
voltage near zero. Output voltage swings can affect linearity by 
causing improper switching of bits. Potentially damaging large 
voltage swings can be avoided by clamping the output within 
± 0.7 volts using a pair of back to back silicon diodes between 
the output and ground as shown in Figure 6. 

INTERFACING WITH CMOS LOGIC 
CMOS input~ may be used directly as long as the logic input 
voltages do not exceed 6.SV or V + (the lesser of the two). If a 
+ 6 (± S%)V input supply is used, no interfacing components 
are required. 

OUT IN 1-----..... 

5 VOLT ± 10% 
REGULATOR 

- 6V TO - 18V V -

Vr:.c 

LEVEL 
SHIFTING 
BUFFERI 

CONVERTERS 

2 EACH 
CD 4049A LOW LEVEL 
OR TIL OUTPUTS 
CD 4050A 

VDD 

'MUST BE CURRENT LIMITED TO AVOID DAMAGING 
THE LEVel SHIFTING BUFFER 

+6VTO+18V 

For CMOS levels between 6.SVand + ISV, a method of interfacing 
is shown in Figure 7. The high level inputs are stepped down to 
TTL level inputs not exceeding SV by using CMOS Hex buffer/ 
converters. These buffer/converters not only provide level shifting 
but allow input coding flexibility since they are available as 
inverting (CD4049A) or noninverting (CD40S0A) devices. The 
user can then choose betwen negative true and positive true 
binary coding. 

Figure 7. CMOS to AD DAC100 Interface 

REDUCED RESOLUTION APPLICATIONS 
For applications requiring less than 10 bits of resolution, all 
unused logic inputs must be tied high for proper operation (see 
Figure 8). 

+5V 

Figure 8. Reduced Resolution Application 

~--------~---------~--------~CLOCK IN 
MAXIMUM CLOCK RATE = 3.5MHz 

C 

2' 

24011 '1147400 ..... -------+-+-+--+------ DIGITAL 

ANALOG 

@of" OUT 

C 

FOR CLOCK RATE ~ 3.5MHz C = 470pF 

VON = OTO +10V 
RON = 4.8kll 

INPUT 0------------------------' 
MAXIMUM FULL SCALE 
SINE WAVE INPUT 
IS 4500Hz 

+5V +15V +15V 

1 ~ ~ 
lO.02 flF J, 0.02flF J,0.02~F ..J,. 

POWER 
GROUND 

..... +--+--+ ______ OUTPUT 

ANALOG 
GROUND 

r--.... ~.--o + 5V 

-15V 

Figure 6. Tracking (Servo Type) AID Converter 
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Applications of the AD OAC100 
+15V +15V 

-15V 

Figure 9. External Reference Connection 

V_ 

Figure 10. Analog Sum of Two Digital Numbers 

BIPOLAR REFERENCE ANALOG 
+15V INPUT INPUT 

MSB BIT 1 __ --...... 

START _-----' 

CO~~~~~~~~ _------.... 

~~~3~ _-------_---l 

+15V - ! ~ . +15V 

O.Ol"F ..l.:! l"F 

I 50V 1 35v 

- ......... -41-+---- ANALOG m 1 ~~ · GROUND 
O.Ol"F .J.:! l"F 

I 50V 135v 

-15V I • -15V 

Figure 11. 8-Bit Successive Approximation AID Converter 
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r.ANALOG 
WDEVICES 

FEATURES 
Ultra Fast 10ns Settling Time to 0.2% (HDD-0810) 

15ns Settling Time to 0.1% (HDD-1015) 
Internal Monolithic Reference 
Low 200pV-sec Glitch Energy 
Single -5.2V Power Supply 
Available Screened to MI L-STD·883 
Designed 'or General Output Compatibility with EIA 
Standards RS-170 and RS-343, including 10% Brightness 
Complete Composite Inputs (HDD-0810C, HDD-1015C) 

APPLICATIONS 
Raster Scan and Vector Graphic Displays 
TV Video Reconstruction 
Ultra Fast Current or Voltage Output DAC for Use in 
Analytical Instrumentation 
Digital VCOs 

GENERAL DESCRIPTION 
The HDD-081O and HDD-lOlS combine state-of-the-art tech
nology with the latest active laser trimming techniques to 
achieve the world's fastest 8- and lO-bit voltage output digital
to-analog converters of their type. 

Containing input registers and an ultra stable monolithic in
ternal reference, the HDD-08l0 8-bit D/A converter settles to 
within 0.2% in IOns, while the lO-bit version HDD-lOlS set
tles to within 0.1% in only lSns. They are compatible with 
standard ECL logic levels. The 7Sn output impedance allows 
them to drive 7Sn cables or filters directly, without costly 
external output drivers. This feature assures that a full one 
volt is available at the load, since the D/A output is a mini
mum of 27mA (HDD-1015)~ Additionally, these D/As are 
monotonic over the full operating temperature range of -2SoC 
to +8SoC (metal case versions), or 0 to +70oC for the com
mercial style glass-ceramic package, and require only a single 
-S.2V supply for operation. 

The HDD-08l0C and HDD-lOlSC combine all of the above 
features with full composite input capability, which allows 
operation directly with raster scan/output video display sys
tems. These controls include Composite Sync, Blanking, Setup 
and a 10% Brightness input which gives the user digital control 
of the picture'S intensity. Further, the HDD Series D/A con
verters contain provisions for external adjustments to optimize 
differential phase and gain, critical considerations in composite 
color video applications. 

Hybrid Video 
Low Glitch D/A Converter 

HOD Series I 
HOD SERIES FUNCTIONAL BLOCK DIAGRAM 

1.0 

w . .... 
< 0.8 (.J 
en 
.... .... 
~ 0.6 u.. 
0 
~ 
I 

> 0.4 
(.J 

< a: 
:J 
(.J 

0.2 (.J 

< 
0.1 

0.05 

\ 
\ 
\ 
~ ----o 10 15 20 25 

SETTLING TIME - ns 

TIME IS MEASURED FROM 50% TRANSITION POINT OF THE STROBE WITH 
INPUT DATA LINES DESKEWED AND 75!l LOAD. VOLTAGE OUTPUT. 
INHERENT DELAY OF INTERNAL REGISTER (3n5) 
HAS BEEN DISREGARDED. 

HDD Series D/A Converters Accuracy vs. Settling Time 
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SPECIFICATIONS (typical @ +25°C with nominal power supplies and 750 output load unless otherwise noted) 
MODEL UNITS 

RESOLUTION FS = FULL SCALE Bits 

LSB WEIGHT (Current) P.A 
LSB WEIGHT (Voltage) mV 

ACCURACY' ±% of FS 
±% ofGS 

Linearity ±IJA 
Monotonicity 
Zero Offset (Initial) mV 

TEMPERATURE COEFFICIENTS 
Linearity 
Zero Offset 
Gain 

STROBE INPUT 
Logic Compatibility 
Logic Voltage Levels "I" = 
(Positive Logic) "0" = 
Logic Loading 

Set-Up Time (Data) 
Hold Time (Data) 
Propagation Delay 

REFERENCE BLACK AND 
REFERENCE WHITE INPUTS2 

Logic Compatibility 
Logic Voltage Levels "I" = 

"0" " 
Logic Loading 

DATA INPUTS 
Logic Compatibility 
Logic Voltage Levels "I" = 

(Positive Logic) "0" = . 
Logic Loading 

(Each Bit) 
Coding (See Table) 

COMPOSITE SYNC INPUT 
Logic Compatibility 
Logic Voltage Levels "I" = 

"0" = 
Logic Loading for Logic "I" 

Logic "0" 

COMPOSITE BLANKING AND 
10% BRIGHT INPUTS 

Logic Compatibility 
Logic Voltage Levels "I" 

"0" 
Logic Loading 

SETUP .CONTROL 
Ground 
Open 
-SZy 

OUTPUT3 

Current 
Voltage4 

Compliance 
Internal Impedance 

OUTPUT - COMPOSITE SYNC 
Current 
Voltage 

OUTPUT - 10% BRIGHT 
Current 
Voltage 

OUTPUT - COMPOSITE 
BLANKINGs 

Current 
Voltage 

ppm/C 
ppm/C 
ppm/oC 

V 
V 

ns 
ns 
ns 

V 
V 

V 
V 

V 
V 

V 
V 

mV 
mV 

mA 
V(±I%) 
V 
n(±5%) 

mA(±5%) 
mV (±5%) 

mA (±5%) 
mV (±5%) 

mA (±1%) 
mV (±1%) 

HDD-0810 

8 

106 
4 

0.1 

26.S 
Guaranteed 
-1.4 

1 
80 

. ECL 
-0.9 
-1.7 
SOpF and 5kn 

to -5.2V 
2.5 min 
1.5 min 
3 

See Note 2 
ECL 
-0.9 
-1.7 
SOpF and Skn 

[0-5 zy 

ECL 
-0.9 
-1.7 
SpF and 50kn 

to -S.2V 
Complementary Binary 

(CBN) 

N/A 
N/A 
N/A 
N/A 
N/A 

N/A 
N/A 
N/A 

N/A 

o (0 IRE Units) 
71 (10 IRE Units) 
142 129 IRE Units) 

o to -27.2 
o to -1.020 
+1.1 to -1.1 
75 

N/A 
N/A 

N/A 
N/A 

N/A 
N/A 
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HDD-081OC 

67 
2.S 

0.1 
17 

HOD-lOIS 

10 

27 

o.OS 

13 

HDD-I015C 

10 

17 
0.625 

O.OS 
8.5 

5pF and 50kn . ~OpF and Skn ~pF and SOkn 

ECL 
-0.9 
-1.7 
5pF, +7.6mA 
SpF, -SOjJA 

ECL 
-0.9 
-1.7 
5pF and SOkn 

tp -5 2y 

o to -17 
o to -0.6375 

o or -7.6 
o or -286 

N/A 
N/A 
N/A 
N/A 
N/A 

N/A 
N/A 
N/A 

N/A 

o to -27.3 
o to -1.023 

N/A 
N/A 

o or -1.9 N/A 
o or -71 N/A 

0,-17.0, -18.9, or-20.8 N/A 
O,-637.5,-708.750r-780 N/A 

ECL 
-0.9 
-l.7 
5pF, +7.6mA 
5pF, -501JA 

ECL 
-0.9 
-1.7 
5pF and 50kn 

to 52V 

o to -17.05 
o to -0.639375 

o or -7.6 
o or-286 

o or -1.9 
00r-7.1 

0, -'17.05, -18.95, or-20.85 
0, -639.4, -710.6, or-781.9 



MODEL 

SPEED PERFORMANCE - FULL 
SCALE OR GRAY SCALE OUTPUT 

Settling Time (Voltage)6 

Slew Rate 
Update Rate 7 

Rise Time 
Glitch Energl 

SPEED PERFORMANCE -
CONTROL INPUTS 

Settling Time to 10% of 
Final Value for: 

Composite Sync 
Composite Blanking 
Reference White 
Reference Black 
10% Bright 

POWER REQUIREMENTS 
-5.2V ±O.25V 
Power Supply Sensitivity 
Reference 

TEMPERATURE RANGE 
Operating, Glass Case 
Operating, Metal Case ("1'.1") 
Storage 

MTBF9 
Mean Time Between Failure 

PACKAGE OPTIONS 10 

NOTES 

UNITS 

ns (to % FS) 
or (to %GS) 
V/p.s 
MHz 
ns 
pV-s 

ns 

ns 
ns 
ns 

rnA 
%1% 

°c Case 
°c Case 
°c 

hours 

HOO-o810 HoD-081OC HDD-I015 

10 (0.2) 15 (0.1) 
10(0.2) 

200 
100 100 67 
4 
200 

N/A 10 N/A 
N/A 10 N/A 
N/A 10 N/A 
N/A 10 N/A 
N/A 10 N/A 

380 390 450 
0.04/1 . 
Monolithic, Internal 

o to +70 
-25 to +85 
-55 to +125 

>300,000 

HY32A HY32C 

I Accuracy is relative to full scale (FS) for binary versions, or relative to gray scale (GS) for Composite ("C") versions, and includes linearity • 
• Reference White on models HDD-0810, -lOIS a logic "1" on Pin 30 Reference Black will produce all "0" code 0 volts output; a logic "1" 

on Pin 29 Reference White will produce all "I" code -1 volt output. 
On models HDD'()810C, 101SC a logic "0" on Pin 30 Reference llIack will produce all "1" code 0 volts output; a logic "0" on Pin 29 
Reference White will produce all "0" code -1 volt output. 

'The output is shown for full scale (FS) for binary versions, and for full gray scale (GS) for Composite ("C") versions. 
'The difference between the full-scale output of 637.SmV and 643mV shown elsewhere herein is due to the fact that we selected an LSB 

value of 2.SmV for ease of calibration. These differences arc well within the output and EIA standard RS-170 tolerances. 
'The three currents and voltaj;tes correspond to the three set-up levels of 0,10, and 20 IRE units as externally Klected. 
• Worst case settling time includes FS and most significant bit (MSB) transitions. The inherent 3ns proposition delay through the input 

registers (SO% point of Strobe to SO% point of register output) has been disregarded. Scttling time to a percentage of FS is given 
for straight versions, and settling time to a percentage of maximum gray scale (GS) is given for composite video output ("C") versions. 

'The update rates shown arc limited by a full scale settling time that is useable for the number of bits of resolution. Both DACs may be 
operated up to 12SMHz with settling time degradation. This is the limit of the logic switchinll speed. 

S Reducible to less than l00pV-s with appropriate deskewing of digital inputS, Sec Applications Sectlon. 
• Calculated for HDD-I01SCMB using MIL Handbook 217. Ground: Fixed Temperature Case. 6O"C. 

10 See Section 19 for package outline information. . 

HpD-I015e 

15 (0.1) 

67 

10 
10 
10 
10 
10. 

450 

• Specifications same as for HDD-0810. 
Specifications subject to change without notice. PiN DES1GNATIONS 

ORDERING NOTE 
1. To order devices with hermetically sealed metal cases, add 

"M" suffix to part number. 

Example: HDD-0810CMB 

PIN fUNCTION 

DEGLITCH BIT 1 
BIT llMSBI 

DEGLITCH elT 2 

DEGLITCH BIT 3 

BIT3 

BIT4 

BITS 

STROBE 

BITI 
12 liT 7 
13 BITI 

14 

15 BIT 10lLSSI 

II GROUND 
17 -5.2V 

GROUND 

II GROUND 

20 GROUND 

GROUND 

22 GROUND 

23 OUTPUT 

M GLITCH Al)JUST 

Z5 COMPOSITE S'tNC 

:IIi SETUP 
21 COMPOSITE BLANKING 

2t 111" BRIGHT 

REfERENCE WHIT£ 

30 RIfER£NCEBLACK 

31 GROUND 

32 -5.2V 

~ THE HDO-OI10 AND HOO-Ol1OC. PINS ,. AND 15 ,,"I! NOT USED. AND PIN 13 IS THE Lsa. ON THE 
HDO.,0 AND HOD.l01B, 'INS 21. 77, AND 21 ARE 
NOT USED. "LL GROUND PINS 1·1. II. 11-22. 311 
ARE CONNECTED INTERNALLY. 
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APPLICA TIONS INFORMATION 

HIGH-SPEED LOW-GLITCH OPERATION SUGGESTIONS 
The HOD Series D/As offer the highest available speed. How
ever, with this speed performance, certain precautions and 
operation conditions should be considered. 

1. The 01 A converter should be provided with a very low 
impedance grounding system to very high frequencies. A 
large ground plane is a must. 

2. Low frequency bypassing should be provided with a 1pF 
(or larger) tantalum capacitor mounted between the -5.2V 
supply line and ground near the 01 A. 

3. High frequency bypassing should be provided by ceramic 
capacitors of O.lpF or larger mounted 'vithin 0.25 inches 
of Pins 17 and 32 to ground (see Figure 1). 

4. The threshold of the,internal current switches can be opti
mized for low glitch energy by the addition of an external 
potentiometer connected to Pin 24 of the D/A (see Fig
ure 1). This potentiometer is adjusted for minimum glitch 
energy as shown in Photo 2. 

If required, variable capacitors can be added to "deskew" 
the most significant bits for lowest glitch-although this is 
not usually required in many applications. These capaci
tors are added as shown in Figure 1 (Cl-3). They are ad
justed in conjunction with the glitch adjust pot for mini
mum glitch energy as shown in Photo 2. 

In com'posite television applications, Cl-3 are adjusted for 
best differential phase performance, and the glitch adjust 
is adjusted for best differential gain performance. These 
may tend to interact, so going back and forth between 
adjustments may be required. 

5. Standard 32-pin sockets should be avoided. Individual 
"pin sockets" are most suited for evaluating devices, as 
lead inductance is reduced. In final designs, the D/As 
should be soldered directly into the printed circuit 
board withou t sockets. 

GAIN ADJUSTMENT 
The HOD Series D/As are actively laser-trimmed to provide a 
voltage into exactly 7Sn which is an even binary multiple; 
i.e., the HDD-0810 has an LSB of 4mV and the HOD-lOIS 
has an LSB of 1mV. This makes the full-scale output slightly 
greater than one volt. If an output of exactly one volt is re
quired-such as for TV reconstruction-a 2k potentiometer 
may be placed across the output of the D/A for gain adjust
ment. For a one volt output, the adjusted value of this pot 
will be about 1 SOon (see Figures 1 and 5). 
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OEGLITCH BIT 1 .--------"H"'---=-t 

DE GLITCH aiT 2 f-----.....rF--_'i 

OEGLITCH BIT 31-----".tF-~:--_'i 

BI1"9 >-----f-''''t 
BIT'O >-----t-''''t 

STROBE >-_---+-''''1 
:~~~:ENCE >-4--'--+~ 

:~~~=ENCE >-+--'-_+~ 

COMPOSITE >-+-..:.:.:.--+-=~ 
SYNC 

~~~~~~~1E >-4---+'1 
'0% BRIGHT )-6----,'1. __ --1 

, 
r-! 2k GAIN POT 
~IFR,aUIRED 

NOTES 
C1-ERIE 538·002F. 15·6OpF (OR EaUIVI 
C2. C3-ERrE 538 0020, 9·33pF OR EDUIV 
C4-100jolF TANTALUM 

" 16, 18 ~ 22,31 

C5, ce-O.l.1o1F CERAMIC 
Rl~R'O. R12-A16-2K ,/CW,S"!!. 

Figure 1. HDD-0810, HDD-1015C Typical Hook-Up Circuit 

ULTRA-LOW GLITCH OPERATION 
For extremely low glitch requirements «50 - 100pV-s), an 
HTS-0025 Track-and-Hold is recommended as a deglitcher (see 
Figure 2). The duration of the HOD Series D/A glitch is ap
proximately IOns. The hold time of the HTS-0025 should be 
at least 15ns to "mask out" the glitch. The minimum acqui
sition time of the HTS-002S for 0.1% accuracy is 30ns. This 
implies that the circuit of Figure 2 can be operated up to 
22MHz and still maIntain 10-bit accuracy. For 0.2% accuracy, 
the acquisition time for the T&H can be reduced to 25ns, 
allowing the circuit to operate to 2SMHz. This discussion 
assumes that the D/A will be required to slew full scale (one 
volt) between adjacent samples. In practice, the sample-to
sample variation is less than full scale depending on the 
amount of oversampling. In a practical situation, therefore, 
10-bit accuracy should be achievable at 25MHz update rates. 

8 OR 10BIT 
OliH AL INPUT 

~~:>-----+-----------------~ 

HOLD :::rLSL
lO 

TIMING . 
TIN", 0 20 50 70 TRACK 

Figure 2. HTS-0025 Track and Hold Used as a Deglitcher 
(Update::::: 20MHzj 



CHARACTERISTICS OF HDD-I015C [0810C) VIDEODACS 

COMPOSITE VIDEO SIGNAL' 
1024 (256) gray levels plus blanking and sync levels 

STEP SIZE 
0.625mV [2.5mV) 

GRA Y SCALE RANGE 
0.643V Peak to Peak 

SETUP CONTROL 
User programmable in three levels 

mV 

1. Input Grounded 0 
2. Input Open 71 
3. Input @ -5.2V 142 

REFERENCE WHITE LEVEL 
OV Absolute 

o 
10 
20 

100 [RE Units (+0.714V relative to blanking [evel with 
standard setup; +0.643V relative to Reference Black) 

DIGITAL INPUT FOR WHITE LEVEL 
All ones (IIllllllII) 

REFERENCE WHITE/BLACK CONTROLS1 

Overrides Video Input Word 
A logic 0 on Pin 30 (reference Black) will drive the output 
to reference black level of -643mV. 
A logic 0 on Pin 29 (Reference White) will drive the out
put to reference white level of 0 volts absolute. 

REFERENCE BLACK LEVEL 
-0.643V Absolute; +7ImV (10 [RE Units) 
Relative to blanking level with standard setup. 

D[G[TAL INPUT FOR REFERENCE BLACK 
All zeroes (0000000000) 

COMPOSITE BLANKING LEVEL 
-0.714V Absolute, (0 [RE Units) with standard setup. 

COMPOSITE BLANKING INPUT - PIN 271 
Logic 0 on Pin 27 resets input register to 0000000000, 
and causes output voltage to go negative by the amount 
of setup voltage with respect to the all "0" output voltage. 

COMPOSITE SYNC LEVEL 
-1.0V Absolute with standard setup. 
-0.286V (-40 IRE Units) relative to blanking level 
(Back Porch). 

COMPOSITE SYNC [NPUT - PIN 25 
Logic 0 resets input register to 0000000000, and the 
output voltage goes negative by 0.286V. 

10% BRIGHT - PIN 28 
Logic "0" causes output voltage to go positive by 7ImV. 

STROBE - PIN 10 
Logic "0" to Logic "I" transition clocks input register. 

ABSOLUTE 

HDD-D8l DC /HDQ-l D15C 
DEFINITION OF VIDEO TERMS 

BLANK[NG LEVEL 
The level separating the SYNC portion from the Video 
portion of the waveform. Usually referred to as the 
Front Porch of Back Porch. At 0 IRE Units, it is the 
~evel which will shut off the picture tube, resulting 
In the blackest possible picture. . 

COLOR VIDEO (RGB) 

This usually refers to the technique of combining the 
three primary colors of Red, Green, and Blue to produce 
color pictures within the usual spectrum. [n RGB moni
tors, three HDD "c" Series DACs would be required, 
one for each color. 

COMPOSITE SYNC S[GNAL (SYNC) 
The position of the composite video signal which syn
chronizes the scanning process. 

COMPOSITE VIDEO S[GNAL 
The video signal with or without setup, plus the com
posite SYNC signal. 

GRAY SCALE 
The discrete levels of video signal between Reference 
Black and Reference White levels. A lQ-bit DAC con
tains 1,024 different levels, while an 8-bit DAC con
tains 256. 

RASTER SCAN 
The most basic method of sweeping a CRT one line at a 
time to generate and display images. This method is 
used in commercial television in the USA. 

REFERENCE BLACK LEVEL 
The maximum negative polarity amplitude of the·video 
signal. 

REFERENCE WH[TE LEVEL 
The maximum positive polarity amplitUde of the video 
signal. 

SETUP 
The difference between the Reference Black level and the 
blanking level. This should not be confused with setup as 
used with digital logic. 

,SYNC LEVEL 
The peak level of the composite SYNC signal. 

VIDEO S[GNAL 
That portion of the composite video signal which varies 
in gray scale levels between Reference White and Refer
ence Black. Also referred to as the picture signal, this is 
the portion which may be visually observed. 

NOTE 
1 Reference White (Pin 29) should not be activated at the same time as 

composite blanking (Pin 27) or Reference Black (Pin 30). 

IRE OUTPUT 1 
UNITS VOLTA~E _______________ _ 

_ ______ 10% BRIGHT LEVEL 

71mV 

+100 -71mV -

IV 

-714mV 

o -785mV 

-40 -1071mV 

--- - -- - REFERENCE WHITE 
LEVEL (V,wl 

REFERENCE BLACK 
___ LEVEL (Vrb) 

-- COMPOSITE BLANKING 
LEVELIVbl 

SYNC LEVEL IV,I 

lOa IRE UNITS'" 714mV 

Figure 3. HDD-OB10C, HDD-1015C Output Waveforms 
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Figure 4. HDD.(J810; HDD-1015 Block Diagram 

DEGllTCH liT 1 r-----~~!!::....lf---:-_, 
DEGLITCH BIT:Z I------,.H~-_'i 

HDD·0810C 

>-+-_-:-4-=-1" HDD·101IC 

lIT' >-----+-'=-4 

:~~:INCI >-_-_-+-'"'"1 

:~:~:ENCE >-+---'--I't.-""T.~...J 

NOTES 
Cl· EAIE 631-OO2F,15-1OpF 
C2, C3· HUE 511-OO20.'~36pF 
C4· 1ooiolF TANTALUM 
C5, CI· O.1j,1F CERAMIC 
A1-Al0- Zk 
OMIT R12. A131F REFUUNCE 
WHITE AND REFERENCE BLACK 
ARE NOT USED 

I 
I 

OUTPUT 

I , 

,-.! :roo GAIN POT 
~".IQ~I.ID 

OUTPUT: O.2V/DIV 

STROBE: O.5V/DIV 

Photo 1. Full Scale Rise Time vs. Strobe 

., ! 
• I ! 

OUTPUT: 20mV/DIV 
; j 

STROBE: O.5V/DIV 

Photo 2. Midscale Glitch 

HDD.(J810C, HDD-1015C Output Waveform 
Figure 5. HDD.(J810,'HDD-1015 Typical Hook-Up Circuit 

ANALOG OUTPUT WITH 7Sn LOAD 
Digital Input HDo.o8l0 HDD-08l0C HOD-lOIS HDD-lOlSC 

111 ... 111 0 ·0 0 0 
11,1 ... 110 -4mV -2.SinV -lrnV -0.625mV 
110 ... 00'0 -2S2mV -lS7.SmV -2SSmV -159.375mV 
101 ... 111 -256mV -16OmV -256mV -160mV 
100 ... 111 -S08mV -317.SmV -Sl1mV -319.375mV 
011 .•. 111 -S12mV -32OmV -S12mV -320rnV 
010 ... 000 -764mV -477.SIT!V -767mV -479.375mV 
001 ... 111 -768rpV -48OmV -768mV -48OmV 
000 ... 001 -1016mV -63SrnV -1022mV -638.75mV 
000 ... 000 -1020mV -637.SinV -1023mV -639.375mV 

Coding Table 
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r.ANALOG 
WDEVICES 

FEATURES 
Registers, DIA, Amplifier in Single Hybrid 
Deglitched Voltage Output 
6MHz Update Rate 

APPLICATIONS 
Vector Scan Displays 
Analytical Instrumentation 
Digital VCOs 
Military Systems 

GENERAL DESCRIPTION 
The Analog Devices HDD-1206 D/A converter combines in
novative design techniques with remarkable hybrid construction 
to achievedeglitched voltage outputs at digital update rates as 
high as 6MHz. 

Despite its small size and low power, the HDD-1206 provides 
the user with a complete solution to demanding applications 
which require the conversion of high-speed digital inputs into 
deglitched analog output voltages. 

The unit is housed in an industry standard 32-pin hybrid and 
contains all the necessary circuit components to provide analog 
outputs at high update rates without the need for designing 
external circuits. Input registers, current-output D/A, deglitching 
circuits, and an output amplifier are all included inside the 
HDD-1206. 

With the deglitching problem solved in a single package, the 
user of the HDD-1206 is able to incorporate the solution into 
his system with a minimum of design effort. User involvement 
is limited to the simple task of establishing the "hold" time for 
an optimum value by selecting the correct resistor value. 

After that step is accomplished, the addition of a low-pass filter 
at the output of the D/A assures a "clean" voltage representation 
of the 12 bits of digital information applied to the inputs at 
video update rates. 

The HD D-1206 is available in 32-pin dual in-line ceramic packages. 

12-Bit Deglitched 
Voltage Out D/A Converter 

HDD-1206 i 

HDD-1206 FUNCTIONAL BLOCK DIAGRAM 

PIN 

1 

2 

3 
4 

5 

6 
7 

8 

9 
10 
11 

12 

13 

14 

15 
16 

PIN DESIGNATIONS 
HDD-1206 

FUNCTION PIN FUNCTION 

GROUND 17 GROUND 

TEST POINT 18 GROUND 

BIT 1 (MSB) 19 GROUND 

BIT 2 20 GROUND 

BIT 3 21 GROUND 

BIT 4 22 GROUND 

BIT 5 23 GROUND 

BIT 6 24 GROUND 

BIT 7 25 +15V 

BIT 8 26 -15V 

BIT 9 27 D/A OUTPUT 

BIT 10 28 GAIN ADJUST 

BIT 11 29 BIPOLAR 

BIT 12 (LSB) 30 OUTPUT 

+5V 31 HOLD ADJUST 

GROUND 32 STROBE 
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SPECIFICATIONS (typical @ +25°C with nominal power supplies and lkn output load unless otherwise noted) 
Model HDD·1206JW HDD·1206SM 

Parameter MIN TYP MAX MIN TYP 
RESOLUTION 12 · 
LSBWEIGHT(FS = 1O.24V) 2.5 · 
ACCURACY (Linearity) ±0.012S 

Differential Nonlinearity ±1/2 · Zero Offset 1 (Initial) ±3S ±SO · Monotonicity Guaranteed · 
TEMPERATURE COEFFICIENTS 

Linearity 5 · Gain 40 · Offset 100 · 
DYNAMICCHARACTERISTICS2 

Settling Time to 'hLSB 
±5.12VFSChange 2 · ILSBChange 60 · Internal Current DI A 50 · Slew Rate 25 · Gain Adjustable · 

DIGITAL DATA INPUTS 
Logic Compatibility TTL · Logic Levels 

"I" +2.4 +5 · "O'~ 0 +0.4 · Load (each bit) One Standard · Coding (see Table on last page) Complementary Binary (CBN); · Complementary Offset Binary (COB) · STROBE INPUT 
Logic Compatiblity TTL · . Logic Levels 

"I" +2.4 +5 · "0" 0 +0.4 · Load One Standard · Risetime/Falltime(IO%-90%) IS 
Width SO .6S/word rate · Frequency (see chart below) 

OUTPUT (see Coding Table) 
RFB = I,ooon 

Bipolar Voltage3 ±2.S6 
Unipolar Voltage Oto -5.12 
Current 8 

RFB = 2,OOOn 
Bipolar Voltage ±S.12 
Current 8 

Residual Glitch SO 
Output Impedance 0.1 
Capacitive Loading 1,000 

POWER REQUIREMENTS 
+ ISV ± 3%Current 55 
-ISV ± 3%Current 30 
+SV ± S%Current 85 
Power Supply Rejection Ratio 2 
Power Dissipation 1.7 

TEMPERATURE RANGE 
Operating' 0 
Storage -55 

THERMAL RESISTANCEs 
Junction to Air, Oja (free air) 32 
Junction to Case, Sjc \3 

MTBF" 
Mean Time Between Failures 

PACKAGEOPTION7 HY32A 

NOTES 
I Adjustable to zero. 
2AIl dynamic characteristics are based on FS = ±S.12VjRFB = 2,OOOn. 
3With RF8 = lk, analog output voltages are half those shown in Table on last page. 
4Case Temperature. 
5 Maximum junction temperature is 150°C. 
<Calculated per MIL-HDBK 217, Ground; Fixed; Case Temperature ~ 60°C. 
7 See Section 19 for package outline infonnation. 

·Specifications same as HD D-1206JW. 
Specifications subject to change without notice. 

6 

100 
I 

60 
35 
95 

1.9 

+70 
+ 125 
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· · · 
· · · · · 
· · · · · 

-55 · 
· · 

3.015 x lOS 

HY32C 

Max Output 
Change (LSBs) 

2 
4 
6 

15 

for 

MAX UN~ 
Bits 

mV 

· %FS 
LSB · mV 

ppml"C 
ppml"C 
ppml"C 

Il-S 
ns 
ns 
V/ll-s 
VN 

· V · V 
TTL Load 

· V · V 
TTL Load · ns · ns 

;. MHz 

V 
V 
mA 

V 
mA · mV · n 
pF 

· mA · mA · mA 
mVN · W 

+ 125 'c · 'c 

'CIW 
'CfW 

Hours 

Update 
Rate (MHz) 

6 
5 
4 
3 



THEORY OF OPERATION 
The equivalent circuit for the for the HDD-1206 D/A converter 
is shown in functional block diagram. 

The unit consists of input registers, fast-settling current output 
D/A, output amplifier, timing generator, and associated circuits. 

The purpose of the input register circuits is to de-skew the 
input bits and assure their simultaneous arrival at the input of 
the current D/A. This is critical because time skew on the input 
data bits is a major contributor to discontinuities, or "glitches," 
in the analog output of a D/A. 

The Timing Generator includes a Track & Hold circuit and 
generates the required internal pulses for operation whenever it 
receives a Strobe input pulse. See Figure I, the HDD-1206 
timing diagram. 

"1" 

STROBE 
I MINSOn. LJ 

~. MAX 0.651 • 
I WORD RATE 

I 
I HOLD HOLD 

I MAX MIN 30ns 
TIH TRACK I 55ns MAX lOOns TRACK 

I 
I 
I 

REGISTER 

MAX II ....... S,...,AM,..,E..-A...,S ....... I 
IOns -. H:lLD TIME '-___ ..... 

OUTPUT f 
Figure 1. HDD-1206 Timing Diagram (Digital Inputs not 
Changing) 

As shown, the Strobe pulse is a positive-going TTL pulse supplied 
by the user of the HDD-1206. Internal timing circuits establish 

. the maximum 55ns delay from the leading edge of the Strobe 
pulse to the leading edge of the T/H (Track/Hold) pulse; and 
the maximum IOns delay from the leading edge of the T/H 
pulse to the leading edge of the Register pulse. The data from 
the input registers are strobed into the current D/A at the end 
of this 65ns interval, so they must be valid by that time. 

The user determines the width of the T/H pulse (and the Register 
pulse) by selecting the value of the RHoLD resistor. See Figures 
I and 2. As shown, the width of the Hold pulse can vary from 
approximately 30ns to approximately lOOns by using resistor 
values from lk to 5k, respectively. 

I 100 

~ 90 

~ 
::l 
~ 60 

.... 
~ 
~ 30 

----
/ 

--- --- 7: ~ ..... 1-

/ I 

// I 
0 
I 
0 
I 
0 
I 
I 
I 
I 
I 

lk 2k 3k 4k 5k 
VALUE OF RHOlO - II 

VALUE OF 3.6k FOR 
RHOO.o WILL MAKE HOLD 
PULSE APPROXIMATELY 
85n. WIDE: THIS IS 
OPTIMUM FOR MOST 
APPLICATIONS. 

Figure 2. Hold Time vs. RHOLD 

For most applications, a value of 3.6k!l and a pulse width of 
approximately 85ns is the optimum choice. This pulse width 

, will "hold" the analog output of the HDD-1206 D/A until the 
"glitch" resulting from the most recent update has passed, 
without infringing on the word rate capabilities of the 
HDD-1206. 

Theory of Operation 
CURRENT-OUTPUT D/A CONVERTERS 
A brief review of the salient characteristics of current D/A con
verters may be a useful approach to understanding the operation 
of the HDD-1206 unit. 

Current-switching D/A converters are inherently faster than 
voltage-output types because of the absence of an output amplifier. 
This means current-switching converters have no slew rate limi
tation which can slow settling; nor are they subject to the overshoot 
and ringing problems often associated with feedback amplifiers. 

Both current-switching and voltage-output converters display a 
discontinuity, or "glitch," in their analog outputs because of. the 
basic characteristic of saturated logic (TTL is an example) which 
causes the propagation delay to be less for negative-going inputs 
than it is for positive-going inputs. 

This difference in propagation delay manifests itself as a "worst 
case glitch" at the major carry point, or mid-scale, of the output 
range of the current converter. This is the point at which nearly 
equal and opposite currents are being switched within the 
converter. 

The "glitch" at mid-scale, the switching point of the Most 
Significant Bit (MSB), will be halved at the Y4 and % points; • 
halved again at the VB and 7/8 points, etc. The amplitude of the 
"glitch," therefore, is a function of signal dynamics and cannot 
be eliminated with filtering. 

The variations in glitch amplitude caused by signal dynamics 
create a multitude of intermodulation (1M) products, some of 
which fall into the video pass-band as spurious signals, and 
increased noise level. These 1M products are also relatively 
immune to elimination by filtering. 

The amplitude of the glitch can be reduced by de-skewing the 
input bits; but no amount of de-skewing or filtering can negate 
the physics of saturated logic which cause the glitch to be generated 
initially. 

The best solution, then, is to cause the glitch to remain a constant 
across the entire output range of the·converter. The efficiencies 
of the circuit will be enhanced if the solution can also permit 
using the full drive capabilities of the current-output DI A in 
either unipolar or bipolar modes of operation. 

The design approach used in the Analog Devices HDD-1206 
D/A converter accomplishes these desired goals and provides 
voltage outputs at high update rates. 

NOTES ON DEGLITCHING 
Refer again to the equivalent circuit for the HDD-1206. The 
data bits are applied through the input register to the current-out
put D/A converter, which is capable of supplying up to 5.12mA 
of output current. 

The output of the current D/A, in turn, is applied to the input 
of the output amplifier via strapping external to the HDD-1206. 
The Timing Generator supplies the necessary pulses and timing 
to apply signals to the current D/A and output amplifier after 
the initial glitch caused by the digital inputs has subsided. 

The digital "I" (Hold) level of the T/H pulse causes the switch 
at the input of the amplifier to open, holding the last value of 
the current D/A converter. During this hold interval, the switching 
transients caused by updating digital inputs are masked from 
the amplifier, thereby avoiding HDD-1206 output discontinuities 
whose amplitude would be a function of signal dynamics. 

Ten nanoseconds after the T/H pulse goes to the digital "I" 
level, the register pulse also changes state from "0" to "I". 
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This transition moves the output of the current D/A to the new 
value established by the most recent digital inputs applied to the 
HDD-1206. 

Any change in the current D/A output has stablized by the time 
the T/H pulse returns to the digital "0" (Track) level. Re-estab
lishing the track mode closes the switch at the input of the 
amplifier and the output of the HDD-1206 moves to the new 
analog value dictated by the digital input word. 

As shown in Figure I, the output of the HDD-1206 will contain 
switching transients associated with the,T/H pulse. But these 
"glitches" will be constant in amplitude and duration and will 
occur at the update rate, since they are a function of the strobe 
pulse applied by the user. 

These switching transients will settle out in approximately sOOns, 
and will have uniform amplitude over the complete analog output 
range of the D/A. For strobe rates of 2MHz and above, the 
settling interval switching from "hold" to "track", and vice 
versa, will produce a constant dc offset on the output. The 
HDD-1206 is not intended to get rid of all glitches per se; it is 
designed to provide a constant-amplitude glitch. 

When the area under the transient curve is held constant, the 
frequency spectrum of the glitch is a fine line, i.e., a single-line 
spectrum at the sample rate frequencies, and harmonics of the 
sample frequency. 

The HDD-1206 effectively eliminates the 1M products discussed 
above. When it does, the signal-to-noise (SIN) ratio approaches 
that of an ideally-quantized signal, where the rms noise is 
q/Yl2, when frequencies above Nyquist are filtered out. 

GLITCH VS. PEDESTAL 
In addition to the "glitch" which is a characteristic of current 
D/As, the track & hold used in the HDD-1206 also contributes 
an anomaly to the output signal. 

Refer to Figure 3. This diagram compares the "glitch" created 
by the HDD-1206 to the pedestal created by the internal T/H 
circuits. 

............ 
TRACK· TO· HOLD 

SWITCHING TRANSIENT -------HOLD· TO· TRACK 

RESIDUAL fClITCH 

SWITCHING TRANSIENT 

Figure 3. Pedestal/Glitch Relationship 

As shown, the "glitch" is a transient signal which remains constant 
in width and amplitude over the entire output range, at all 
update rates. The pedestal, on the other hand, is an offset signal 
whose amplitude can vary (because of switching transient settling) 
as a function of hold time and word rate. 

This pedestal is caused by charge transfer associated with the 
hold capacitor; the transfer occurs when the HDD-1206 circuits 
are switched from a "track" to "hold" condition. The pedestal 
is basically an offset error in the HDD-1206 output and can be 
compensated with the Offset Adjust when the unit is installed in 
the user's system. 

Figure 3 is not drawn to scale; there is no attempt to imply the 
identified elements have preCisely that relationship to one another. 
They are exaggerated for illustrative purposes. 

Applications 
Bipolar connections for the HDD-1206 D/A converter are shown 
in Figure 4. As indicated, a unipolar negative output is accom
plished by connecting Bipolar Pin 29 to ground, instead of to 
Pins 27 and 28. 

VOL. I, 9-304 DIGITAL-TO-ANALOG CONVERTERS 

+5V +1SV -15V 

2 TEST POINT 

R .. 

ANALOG 
OUTPUT 

NOTE 1: FOR UNIPOLAR NEGATIVE 
OUTPUT, REMOVE STRAP 
BETWEEN PINS 28 AND 29, 
CONNECT 29 TO GROUND 

Figure 4. HDD-1206 Bipolar Connections 

The output voltage swing is established by the value of feedback 
resistor RFB • The table below indicates output levels for both 
unipolar and bipolar operation, with feedback resistors of either 
1,000!} or 2,000!}. . 

Hold resistor RHOLD connected between the + SV supply and 
Pin 31 sets the width of the Hold mode of the T/H pulse. Test 
Point Pin 2 is used for observing the pulse. 

The Offset Adjust potentiometer is used to set the desired analog 
output of the HDD-1206 and can be used to help assure correct 
voltages are present when the D/A is installed in the system. 

When operated in a unipolar mode with digital "0" applied to 
all inputs but no continuous strobe pulses applied, the Offset 
Adjust is set for an analog output of - S.12V less ILSB, with 
lk for the value of RFB• (NOTE: At least one strobe pulse 
needs to be applied to latch the input data into the registers.) 

If the HDD-1206 is installed in a system and the strobe pulse is 
applied continuously, the Offset Adjust is calibrated for the 
desired output value with a digital "0" applied to all input pins. 

HDD-1206 ANALOG OUTPUT WITH lkO LOAD 

Digital 
Inputs 

Ill. .. III 
111. .. 110 
110 ... 000 
101. .. 111 
100 ... 000 
011. .. 111 
010 ... 000 
001. .. 111 
000 ... 001 
000 ... 000 

Complementary 
Offset Binary (COB) 

Bipolar Output 
RFB = 2k 

+5.12(+FS) 
+ 5.1175 
+ 2.5625 (+ 1/2FS) 
+2.56 
+ 0.0025 (+ ILSB) 

0.0000 
-2.5575( -!/2FS) 
-2.56 
- 5.1150 
- 5.1175 (- FS -ILSB) 

ORDERING INFORMATION 

Complementary Binary (CBN) 
Unipolar Negative Output 

RFB = lk 

0.0000(0) 
- 0.00125( + ILSB) 

1.27875 
- 1.28 (1/4) 
- 2.55875 

2.56 (1/2) 
3.83875 

- .3.84(3/4) 
-5.1175 
- 5.11875 (FS - ILSB) 

Model HDD-1206JW D/A converter is housed in a ceramic 
package, the model HDD-1206SM is a hermetically sealed version; 
outline dimensions are shown elsewhere. 

Mating individual pin sockets are available from AMP. Part 
number 6-330808-0 are knockout end type; 6-330808-3 are open 
end type. 
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WDEVICES 

FEATURES 
14-Bit Resolution 
200kHz Word Rates 
RZ Gated Output 
32-Pin DIP 

APPLICATIONS 
FDM/TDM Transmultiplexers 
Digital Signal Processing 
PCM Systems 
Digital Audio 

GENERAL DESCRIPTION 
The HDD-1409KM OrA converter is a voltage-output, 32-pin 
hybrid digital-to-analog converter complete with input registers, 
current-output D/A, switching circuits, and output amplifier. 
The unit is capable of converting 14-bit digital inputs into gated 
analog output voltages· at update rates from dc through 200kHz. 

Monolithic ICs and hybrid microelectronic packaging have been 
combined in a grounded metal case hybrid which provides cost, 
space, and power savings for the system designer. The HDD-1409 
is a complete solution for converting high-resolution digital data 
into "clean" analog voltages and accomplishes it with maximum 
power dissipation of only 600 milliwatts. 

The HDD-1409 D/A has been characterized with a companion 
AID converter, the HAS-1409KM, to emphasize the superior ac 
performance which makes the AID - D/A combination especially 
attractive for use in Frequency Division Multiplex/Time Division 
Multiplex (FDMITDM) transmultiplexer systems. But the design 
concepts and versatility which are incorporated into it also make 
the HDD-1409 useful in Pulse Code Modulation (PCM) and 
other digital signal processing applications. 

The analog output voltage range is ± SV; output impedance is 
600 ohms, ideal for filter matching. The D/A output operates in 
a return-to-zero (RZ) mode, which provides deglitching and 
allows selecting the optimum duty cycle for FDMITDM and 
PCM applications. 

Small size, low power, and multiple functions in a single package 
make the HDD-1409 D/A converter attractive for a wide range 
of data processing uses. 

14-Bit, 200kHz 
Digital-to-Analog Converter 

HOO-1409 I 
HDD-1409 FUNCTIONAL BLOCK DIAGRAM 

86.5kHz 91kHz • 
~~~'W-""- - 20dB 

10dBIdiv Vertical; 5kHzldiv Horizontal 
Spectrum analyzer shows extremely low 

intermodulation (1M) products of 
back-to-back HAS-1409 AID and HDD-140B DIA 

(See Page 9-30B for details) 

-100dB 
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SPECIFICATIONS (typical @ + 25°C with nominal power supplies unless otherwise noted) 

Model Units 

RESOLUTION (FS = Full Scale) Bits 

LSBWEIGHT(FS = IOV;noload) fJ.V 

ACCURACY (Linearity) %FS 
Differential Nonlinearity LSB 
Zero Offset (Initial)' mV 
Monotonicity 
Gain Accuracy ( - 3dB) dB 

TEMPERATURE COEFFICIENTS 
Linearity ppml'C 
Gain ppml'C 
Offset ppml"C 

DYNAMIC CHARACTERISTICS I 
Settling Time to 1/2LSB 

:!: 5V FS Change fJ.s 
ILSBChange fJ.s 

Slew Rate V/fJ.s 
Update Rate kHz, max 
Harmonics2 dB 
Intermodulation Products2 dB 
Noise Power Ratio (NPR) I dB 
Idle Noise/kHz4 dB 
Frequency Respome 

, 
dB 

DIGITAL DATA INPUTS 
Logic Compatability 
Logic Levels 

"0" V 
"I" V 

Loading 
Each Bit CMOS Load 
STROBE (HIGHILOW) CMOS Load 
GATE TTL 

Coding 

OUTPUT6 

Bipolar Voltage (No Load) V 
Current mA 
Output Impedance ll(max%) 
Residual Glitch 

POWER REQU1REM~NTS 
+ 15V :!:5% mA 
-15V:!:5% mA 
+5V:!:5% mA 
Power Supply Rejection Ratio mVIV 
Power Dissipation W,max 

TEMPERATURE RANGEs 
Operating "C 
Storage "C 

THERMAL RESISTANCE" 
Junction to Air, flja 

(Free Air) "C/W 
Junction to Case, fljc "C/W 

MEAN TIME BETWEEN FAILURES IO 

(MTBF) Hours 

PACKAGE OPTION I I HY32C 

NOTES 

HDD·1409KM 

14 

610 

0.006 
1/2 
2 
Guaranteed 
:!:0.01 

10 
20 
10 

I 
5 
200 
-100 
-100 
68 
-104 
:!:0.2 

TTL;CMOS 

Oto+2.0 
+ 3 to + 5 

I Standard 
Two's Complement (2SC) 
Offset Binary (OBN) 

:!:5 
4.2 
600 ( :!: 2) 
(Sec Note 7) 

20 
20 

0.6 

-25 to + 85 
-55to + ISO 

38 
18 

4" 10' 

HDD-1409 PIN DESIGNATIONS 

!'IN FUNCTION PIN FUNCTION 

1 SIGNAL 17 DIGITAL GROUND 

2 SIGNAL 
I 

18 BIT8 

3 GATE 19 BIT7 

4 DIGITAL GROUND 20 BIT6 
5 ANALOG GROUND 21 BIT5 

6 NIC 22 BIT4 
7 +5V 23 BIT3 

8 DIGITAL GROUND 24 BIT2 

9 LOW STROBE 25 BIT11MSBI 
10 BIT14ILSB) 26 HIGH STROBE 

11 BIT13 27 -15V 
12 BIT12 28 +15V 
13 BIT 11 29 ANALOG OUTPUT 
14 BIT10 30 ANALOG GROUND 

15 I!IT9 31 ANALOG GROUND 

16 DIGITAL GROUND 32 ANALOG GROUND 

NOTES: __ _ 
WHEN USING WITH HAS·1409 AID. CONNECT BIT lIMSB) 
OF AID IPIN 22) to BIT 1 IMSB) OF HDD·1409 DIA IPIN 
25). 

TO USE HDD-1409 DIA AS STAND·ALONE DEVICE WITH 
OFFSET BINARY INPUT. APPLY BIT 1 DIGITAL INPUT 
SIGNAL TO SIGNAL IPIN 1) AND CONNECT SIGNAL IPIN 
2) TO ilIT; (MSB) IPIN 25). 

TO LOAD 14-BIT DATA FULLY PARALLEL. CONNECT 
HIGH STROBE IPIN 26) AND LOW STROBE IPIN 9) TO
GETHER EXTERNALLY. 

J AC performance characteristics are based on back-to-hack performance with HAS-1409 D/A converter. All signals arc referenced to ems value of full-scale sinewave. 
2Harmonics and inrermodularion products measured at 112kHz encode rate, with input frequencies of 86.5kHz and 91kHz at - 2IdB (see Figure 4). 
'oukHz to lU~kHz while noise bandwidth wilh slot frequency of 70kHz; and encode rate of 112kHz (see Figure 5). 
'Idle noise measured at 112kHz encode rate, with input frequency of 84kHz at -41dB (see Figure 6). 
5Indicates flatness of response over frequency range of 60kHz to 108kHz. 
60utpur is 25% dury cycle highj Return·to·Zero (RZ) between samples. 
7Not deglirchedj designed for gated operation. 
sCase Temperature. 
9l\iaximum junction temperature = 150°C 

IOCalculated per MIL-HOBK 217; Ground; Benign; Case Temperature~60°C. 
"See Section 19 for package outline information. 

Specifications subject to change without notice. 

CAUTION:------------------------------------------------------
ESD (Electro-Static-Discharge) sensitive device. The digital control inputs are zener protected; how
ever, permanent damage may occur on unconnected devices subject to high energy electrostatic fields. 
Unused devices must be stored in conductive foam or shunts. The foam should be discharged to the 
destination socket before devices are removed. 
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THEORY OF OPERATION 
Refer to the block diagram of the HDD-1409 D/A converter. 

When the HDD-1409 D/A converter is operated with its com
panion HAS-1409 AID converter, the 3-state digital logic inputs 
supplied by the HAS-1409 are applied to internal input 
registers. 

For full 14-bit parallel operation, HIGH STROBE and LOW 
STROBE are operated simultaneously from an external STROBE 
signal and cause the outputs of the registers to be applied to the 
internal current output D/A converter. 

The output of the converter, in turn, is applied to the output 
amplifier through switching circuits controlled by an external 
GATE signal. The timing of this GATE signal establishes the 
percentage of duty cycle during which the analog output will be 
at the voltage level indicative of the value of the digital inputs. 
During the time the GATE signal is at a digital "0" level, the 
voltage output of the HDD-1409 will be at ground. 

The glitch from the internal DI A converter subsides during that 
period of time the analog output is connected to ground and 
never appears as a discontinuity in its voltage level. In effect, 
this technique accomplishes "deglitching" of the HDD-1409 
D/A converter output by gating the output to be available only 
after internal settling times have been completed. 

APPLICATION SITE STING 
The testing and calibration of the HDD-1409 D/A converter are 
done in a back-to-back hookup with its companion HAS-1409 
AID converter. See Figure 1. 

Figure 1. Basic Test Setup 

The ac parameters of both converters have been optimized for 
operation at a word rate of 112kHz for reasons outlined in the 
detailed explanation of FDM/TDM Transmultiplexers included 

in the HAS-1409 AID converter data sheet. This word rate is 
the one used in test and calibration of the units. 

Analog signals in the frequency band of 60-lOSkHz are applied 
through a bandpass filter to the input of the HAS-1409 AID 
converter. The output of the AID is a digital representation of 
this signal and is applied to the HDD-1409 D/A converter as 
3-state TTL-compatible digital inputs. After reconstruction, the 
analog output of the D/A is filtered through the same type of 
filter used ahead of the AID and is applied to the test and meas
urement circuits. 

CLOCK and ENCODE signals generated by the test setup are 
synchronized to one another and are timed for correct inter- ' 
action with the STROBE and GATE signals applied to the 
HDD-1409. 

The timing relationships among the digital inputs, STROBE, 
GATE, and analog output signals are shown in Figure 2. 

DATA INPUT 

STROBE 

GATE 

ANALOG 
OUTPUT 

~~'~======~D~A~T~AV~A~L§ID~======~~ 
''1'' -..! I+- MIN500ns ~ ~ MIN500ns 

"0"--" "-
:::::~t'~===27~50;':":'===~'~ 

T GROUND ±I - ....-----------' 
Figure 2. HAS-1409 Timing Diagram 

The STROBE signal is shown as a single pulse for illustrative 
purposes to highlight that its positive-trigger leading edge estab
lishes timing. In actual use, both LOW STROBE (pin 9) and 
HIGH STROBE (pin 26) signals are simultaneously applied to 
the HDD-1409 to latch the digital inputs into internal registers. 
This is easily accomplished through the simple expedient of 
connecting pins 9 and 26 together externally. 

The GATE input shown in Figure 2 causes the analog output of 
the converter to be "on" for 25% of the duty cycle and "off' 
(connected to ground) for 75% of the duty cycle. This ratio 
makes the sin XIX compensation simpler when reconstructing 
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the digital inputs. If desired, the user could alter the timing of 
the GATE signal to allow the output to be "on" and/or "off' 
up to 50% of the duty cycle. 

The type of testing which is done checks performance parameters 
for both the AID and the D/A; as a result, it establishes the . 
baseline performance for both units. 

Refer to Figure 3 Intermodulation/Total Harmonic Distortion 
Test Circuit. 

Figure 3. IntermodulationlTotal Harmonic Distortion Test 

To assure optimum performance in FDM/TDM transmultiplexer 
applications, the levels of harmonics and intermodulation 
(1M) products are both measured in the same way. The purpose 
of testing these parameters is to insure that "beat" frequencies 
which result from the interaction of two signals are far enough 
below those signals to avoid interfering with the carrier 
frequencies. 

Spectrally pure sinewaves at frequencies of 91kHz and 86.5kHz 
are used because their interactions with one another will generate 
second and third-order harmonics which are easy to distinguish 
and measure. As in any sampling scheme, the generated frequencies 
are "folded" back into the passband of interest and their levels 
are a measure of converter performance. 

Each test frequency is applied to a summation amplifier at a 
precise level 21dB below the rms value of a full-scale sinewave. 
After being digitized, reconstructed by the HDD-1409 D/A 
converter, and filtered, the amplitudes of the residual harmonics 
and 1M products have typical levels of - 100dB. 

R~fer to Figure 4 Noise Power Ratio Test Circuit. 

FDM/TDM TRANSMUL TIPLEXERS 
Two standard formats are used in telephony for multiplexing 
voice signals. The older of the two, frequency division multiplex 
(FDM), is used throughout the world for transmitting long 
distance telephone calls. In this scheme, voiceband signals are 
"stacked" into adjacent 4kHz ch~nnels in their assigned frequency 
domain by using single sideband (SSB) amplitude modulation. 

In the newer time division multiplex, or TOM, each voice signal 
is digitized using pulse code modulation (PCM), at an 8kHz 
sample rate. As the name suggests, the resulting pulse streams 
are then interleaved in time and transmitted. 

Digital toll switching offices, first installed in the United States 
in the latter part of the 1970s, continue to proliferate at a high 
rate. One of their major characteristics is that they switch signals 
exclusively in the TOM format within the office. But the need 
to operate also with the older FDM format means all incoming 
and outgoing signals must be converted to and from digital form. 

The interface between the two standard sign I multiplexing formats 
which is used to make this conversion is the FDM/TDM trans
multiplexer system. 

The application of digital signal processing (DSP) to the interface, 
as shown above, is extremely attractive since the frequency 
ranges of the signals which are involved make efficient use of 
available technology. In addition, the stringent interface specifi
cations benefit from the precision which is inherent in a digital 
approach to the problem. 
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Figure 4. Noise Power Ratio Test Circuit 

The measurement of noise power ratio (NPR) is a critical indicator 
of converter performance in telecommunications systems, and 
the test conditions must replicate the system environment to the 
maximum possible extent. 

White noise in the frequency range of 60 to 108kHz is applied 
through the input filter, and the total power present in a narrow 
"slot" centered at 70kHz is computed. A bandstop filter 1kHz 
wide, also centered at 70kHz, is switched in and the total power 
still present in the "slot" is computed. The NPR is the ratio of 
these two readings and acceptable performance is typically 
68dB. 

Refer to Figure 5 Idle Noise Test Circuit. 

Figure 5. Idle Noise Test Circuit 

As shown in Figure 5, a sinewave of 84kHz and good spectral 
purity is applied through the input filter to the AID and D/A 
combination under test. As it is in the harmonics and 1M distortion 
tests, the input level of the test signal is critical; for this meas
urement, it is at - 41dB, referenced to the rms value of ~ full-scale 
sinewave. 

The combination of input frequency and encode rate cancels all 
harmonics, leaving only the fundamental 84kHz frequency and 
the idle noise components. The specification for acceptable 
performance requires that these components typically be at 
-104dB when using a 1kHz-bandwidth filter. 

FDM 

SIGNAL 

TOM 

SIGNAL 

Digital FDMITDM Translation 

TOM 

SIGNAL 

FDM 

SIGNAL 

The analog filter shown in the upper portion of the diagram is 
used to remove undesirable out-of-band components from the 
FDM signal. The output of the filter is then applied to the 
HAS-1409 AID converter whose output is a digital word stream. 
The individual channels within this stream are separated via a 
real-time processing algorithm in the block labeled Digital Pro
cessor. The resulting signal is now in the TOM format for 
switching andlor transmitting. 

The lower portion of the diagram depicts the process of going 
from TOM to FDM, using the HDD-1409 DIA converter, in a 
procedure which is basically an inverse operation. The exception 
to that is the analog filter, which performs essentially the same 
function in both directions. 

The reader is urged to consult the data sheet for the HAS-1409 
AID converter, which contains considerably more detail on the 
theory and application of FDM/TDM transmultiplexers. 
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WDEVICES 

FEATURES 
Ultra Fast 7ns Settling Time to 0.4% (8ns Max) 
Low 50 pV-s Max Glitch Energy 
Operates from Single -5.2V Power Supply 
Complete Composite Inputs 
Designed for General Output Compatibility with EIA 

Standards RS-170 and RS-343,lncluding 10% Brightness 
Low Price 

APPLICATIONS 
Raster Scan Graphics Displays 
TV Video Reconstruction 
Ultra Fast Current or Voltage Output DAC for Analytical 

Instrumentation 
Digital VCOs 

GENERAL DESCRIPTION 
The HDG series digital-to-analog converters are the fastest 
D/As with full composite capabilities presently available. The 
units are available in three resolutions (levels) of Gray Scale. 
The HDG-0805 has 8 bits of resolu tion (256 levels) and typi
cally settles in 7ns (8 max). The HDG-0605 has 6-bit resolu
tion (64 levels) and typically settles in 5ns (6 max), while the 
HDG-0~05 features 4-bit resolution (16 levels) and typically 
settles In less than 3ns (4 max). All three units are packaged 
in 24-pin metal hybrids and require only a single -5.2V power 
supply for operation. 

All three units have complete composite controls including 
self-contained, digitally-controlled sync, blanking, and 10% 
bright, a unique feature not found on most composite D/A 
converters. A reference white control input is also provided, 
thus assuring compatibility with EIA Standards RS-170, 
RS-330, and RS-343A. 

Absolute accuracies of the HDG-0805, HDG-060S and HDG-
0405 are ±0.19, 0.8, and 3.2% respectively. The output im
pedance is 75n and the full scale output current of -17mA is 
sufficient to develop IV across a 75n video load. Operation 
of all three units is specified over the case temperature range 
of -25°C to +8S°C. Monotonicity is guaranteed. 

Hybrid Video 
Digital-to-Analog Converters 

HOG SERIES I 
HDG SERIES FUNCTIONAL BLOCK DIAGRAM 

The HDG series D/A converters represent the most cost
effective high performance system solution for 8-bit raster 
scan D/A converter requirements. Older modular technology 
offers similar electrical performance but at much larger size 
and at a higher price. Monolithic technology has produced 
DACs at comparable speeds but without composite capabil
ities, thereby requiring external registers, sync and blanking 
circuits, and references for compatibility. 

Model 

HDG-080S 
HDG-060S 
HDG-040S 

%0£ Settling Time 
Resolution Gray Scale (max) 

8 Bits 0.4% 8ns 
6 Bits 1.6% 6ns 
4 Bits 6.4% 4ns 

Table I. Accuracy vs. Settling Time 
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SPECIFICATIONS (typical @+25°Cwith nominal power supplies and 75n output load unless otherwise noted) 

Modell 

RESOLUTION FS = FULL SCALE 

LSB WEIGHT (Current) 

LSB WEIGHT (Voltage) 

ACCURACy l 

Absolute 
Linearity 
Monotonicity 
Zero Offset (Initial) 

SPEED PERFORMANCE - GRAY SCALE OUTPUT 
Settling Time (Voltage) Max3 

Slew Rate 
Update Rate4 

Rise Time 
Glitch EnergyS 

TEMPERATURE COEFFICIENTS 
Linearity 
Zero Offset 
Gain 

STROBE INPUT 
Logic Compatibility 
Logic V qltage Levels" 1" 

Positive Logic) "0" 
Logic Loading 
Set-Up Time (Data) 
Hold Time (Data) 
Propagation Delay 

REFERENCE WHITE INPUT6 

Logic Compatibility 
Logic Voltage Levels "1" 

"0" 
Logic Loading 

DATA INPUTS 
Logic Compatibility 
Logic Voltage Levels "1" 

(Positive Logic) "0" 
Logic Loading (Each Bit) 
Coding (See Table) 

COMPOSITE SYNC, BLANKING, AND 
10% BRIGHT INPUTS 

Logic Compatibility 
Logic Voltage Levels "1" 

Logic Loading 

SETUP CONTROL 
Ground 
Open 
-S.2V 

OUTPUT 
Current 
Voltage' 
Compliance 

. Internal Impedance 

"0" 

OUTPUT - COMPOSITE SYNC 
Current 
Voltage 
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Units 

Bits 

p.A 

mV 

±% ofGS 
±% ofGS 

mV 

ns (to % GS) 
Vips 
MHz 
ns 
pV-s 

ppmlc 
ppm/oC 
ppmlC 

V 
V 

ns 
ns 
ns 

V 
V 

V 
V 

V 
V 

mV 
mV 
mV 

mA 
V (±1%) 
V 
n (±S%) 

mA (±S%) 
mV (±S%) 

HDG-040S 

4 

1072 

40 

3.2 
3.2 
Guaranteed 
0.9 

4(6.4) 
200 
100 
3 
SO 

16.0 
6.0 
17.0 

ECL 
~.9 

-1.7 ... 
SOpF and Skn to -S.2V 
2.5 min 
1.5 min 
3 

ECL 
~.9 

-1.7 
SpF and SOkn to -S.2V 

ECL 
~.9 

-1.7 

HDG-060S 

6 

268 

10 

0.8 
0.8 

6(1.6) . 

SpF and SOkn to -S.2V 
Complementary Binary (CBN) • 

ECL 
~.9 

-1.7 
SpF and SOkn to -S.2V 

o (0 IRE Units) 
71 (10 IRE Units) 
142 (20 IRE Units) 

o to -17 
o to ~.600 o to ~.630 
+1.1 to -1.1 
75 

o or -7.6 
o or-286 

HDG-080S 

8 

67 

2.5 

0.19 
0.19 

8(0.4) 
• 

• 

• 

• 

• 

o to ~.637S 



Model 

OUTPUT - 10% BRIGHT 
Current 
Voltage 

OUTPUT - COMPOSITE BLANKING8 

Current 
Voltage 

SPEED PERFORMANCE - CONTROL INPUTS 
Settling Time to 10% of Final Value for: 

Composite Sync 
Composite Blanking 
Reference White 
Reference Black 
lO% Bright 

POWER REQUIREMENTS 
-5.2V ±0.25V9 

Power Supply Sensitivity 

TEMPERATURE RANGE 
Operating, Metal Case 
Storage 

MTBF 10 

Units 

rnA (±5%) 
mV (±5%) 

rnA (±1.5%) 
mV (±1.5%) 

ns 
ns 
ns 
ns 
ns 

rnA 
%/% 

°c Case 
°c 

HDG-0405 

o or -1.9 
o or-71 

0, -17.0, -18.9, or -20.8 
0, -637.5, -708.75 or -780 

8 
8 
8 
8 
8 

200 
111 

-25 to +85 
-55 to +125 

HDG-0605 HDG-0805 

260 320 

Mean Time Between Failure hours 560,900 • 
---------~. 
PACKAGE OPTIONS ll HY24G HY24E 

NOTES 
I HDG-XXXXW specs same as HDG-XXXX. 
2 Accuracy is relative to Gray Scale and includes linearity. 
3Worst case settling to a percentage of maximum Gray Scale is given, and includes FS and MSB transitions. The inherent 3ns 
propagation dea 
propagation delay through the input registers (SO% points) has been disregarded. 

4 The update rates shown are limited by a full-scale settling time that is useable for the number of bits of resolution. The DACs 
may be updated to a maximum of 12SMHz with some settling time degradation. 

S Reducible to less than 2Sp V -s with glitch adjustment. 
6 A Logic "0" on Pin 29, Reference White will drive the output to the Reference White level regardless of digital input. 
'The diffrence between the full-scale output of 637.SmV and 643mV shown elsewhere herein (HDG-080S) is due to the 
fact that we selected an LSB value of 2.SmV for ease of calibration. These differences are well within the output and EIA 
Standard RS-170 tolerances. 

8The three currents and voltages correspond to the three set-up levels of 0, 10, and 20 IRE units as externally selected. 
9 Power Supply must have less than SmV pop ripple. 

IOCalculated for HDG-080S using MIL Handbook 217. Ground: Fixed; Ambient Temperature 2S6C. 
II See Section 19 for package outline information. 

·Specifications same as HDG-040S. 
Specifications subject to change without notice. 

PIN DESIGNATIONS 

PIN FUNCTION PIN FUNCTION 

1 GROUND 13 GLITCH ADJUST 
2 -S.2V 14 GROUND 
3 BIT 1 (MSB) 1S GROUND 
4 BIT 2 16 GROUND 
S BIT3 17 GROUND 
6 BIT4 18 ANALOG OUTPUT 
7 CLOCK 19 COMPOSITE SYNC 
8 BITS 20 SETUP 
9 BIT6 21 10% BRIGHT 

10 BIT7 22 COMPOSITE BLANKING 
11 BIT 8 (LSB) 23 REFERENCE WHITE 
12 GROUND 24 -S.2V 

NOTES: FOR HDG-0605 PIN 9 IS LSB AND PINS 10 AND 11 
ARE PRESENT BUT NOT USED. 
FOR HDG-0405 PIN 6 IS LSB AND PINS 8, 9, 10 AND 
11 ARE PRESENT BUT NOT USED. 
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Typical Applications 
A typical raster scan graphics display system is depicted in 
Figure 1. The system consists of a MOS RAM memory buffer 
for storing the data to be displa}led, one or more memory con
trollers for display updating and CRT refresh, and a program
mable pP for graphics generation and image manipulation. The 
system acts as an intelligent peripheral to the host CPU, and 
drives standard television monitors via the built-in DAC 
circuitry. 

The D/A converter controls the Z axis of the CRT modulating 
the brightness of the raster scan beam. A typical raster scan 
system requires resolution anywhere from 4 to 8 bits, which 
represents 16 to 256 levels of Gray Scale. For color displays 
three DACs are required-one each for the red, green, and blue 
color guns. 

Figure 1. Typical Raster Scan Display System 

APPLICATIONS INFO~ATION 
The HDG series D/A converters feature the fastest 8-bit set
tling times presently available: To insure maximum perform
ance at these speeds the following guidelines should be 
followed: 

1. The DI A converter should be provided with a very low im
pedance grounding system to very high frequencies. A large 
ground plane is a must. 

2. Low frequency bypassing should be provided with a lpF 
(or larger) tantalum capacitor mounted between the -5.2V 
supply line and ground near the D/A. 

3. High frequency bypassing should be provided by ceramic 
capacitors of O.lpF or larger mounted within 0.25 inches 
of Pins 2 and 24 to ground (see Figure 2). 
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Figure 2. HDG'()805 Typical Connection Diagram 

4. The threshold of the internal current switches can be opti
mized for low glitch energy by the addition of an external 
potentiometer connected to Pin 13 of the DI A (see Figure 
2). This potentiometer is adjusted for minimum glitch 
energy as shown in Photo 2. 
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5. Standard 24 pin sockets shouid be avoided. Individual "pin 
sockets" are most suited for evaluating devices, as lead 
inductance is reduced. In final designs, the D/As should be 
soldered directly into the printed circuit board without 
sockets. 

6. Microstrip techniques are recommended for routing digital 
and strobe inputs to the DAC for distances greater than 1" 
(2.54mm). 

Figure 3. Block Diagram HDG-Series DAC 

POWER SUPPLY SENSITIVITY - PRECISION -S.2V 
SUPPLY 
As shown in the Specifications section, the power supply 
sensitivity is 111. This means a 1% change in power supply 
voltage will cause a 1 % change in the full scale output.' 

As an example, a change of 52mV (1 %) in the -S.2V power 
supply will cause IlmV (1 %) change in the full scale out
put level (75fl load). 

If a "clean" (less than 5mV p-p ripple) -5.2V power supply 
is not readily available, it can be derived by using a MC7905.2 
or LM120 or equivalent 3-terminal negative regulator. This 
is particularly important when using the HDG-Q80S ; on the 
HDG-Q405 and HDG-0605, even 5mV ripple is less than 
1I2LSB. 

Well-regulated, precise -5.2V may be desirable to help counter
act the effects of time and temperature on D/A performance. 
A circuit to supply -5 .2V is shown in Figure 4; it uses ADS84 
and AD OP-Q7 components to achieve an ultra stable D/A 
power supply voltage. 
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Figure 4 .. Precision -5.2 V Supply 



TESTING THE HDG SERIES DACs 
Settling Time 
Measuring the full-scale settling time of an 8ns DAC presents 
a significant challenge even under perfect conditions. The only 
practical solu tion using oscilloscopes is to extrapolate the set
tling time from a rise-time measurement. This is because the 
vertical amplifier of the scope will undoubtedly be overdriven 
when the required gain is achieved. 
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Figure 5. Flat Pulse Generator 

Using the circuit of Figure S, a pulse generator with rise times 
of less than 2ns is a must. The scope probe is calibrated using 
the resistor/diode scheme shown, which results in a "flat pulse." 
The rise time (10% to 90%) of the all "Os" to all "Is" transi
tion, tTl is measured using a sampling oscilloscope having a 
bandwidth of SOOMHz minimum. The associated time constant, 
r, is related to tr by the following: 

tr = 2.2r 

Assuming an exponential function, the D/A output, V, is given 
by: 

The settling time required, ts ' to reach a percentage of the 
final output, Vo is given by the following table: 

Resolution % of Full Scale Settling Time 

8 0.4 2.S tr 
7 O.S 2.2 tr 
6 1.6 1.9 tr 
S 3.2 1.S tr 
4 6.4 1.2 tr 

It can then be seen that using the HDG rise time of 3ns results 
in settling times of 3.6, S.7, and 7.Sns for the HDG-040S, 
060S, and 080S respectively. 

Photo 1 shows an actual full-scale output signal measured 
using the above procedure indicating a rise time of 2.Sns. The 
corresponding settling time to 8-bit accuracy would thus be 
6.3ns. 
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STROBE 

Photo 1. Full Scale Output - Rise Time 

Testing the HOG Series OACs 
Glitch Energy 
The glitch amplitude of the HDG series DACs at the major 
carry point is typically less than 100mV. This allows the use.r 
to measure it directly since there is little danger of overdriving 
the oscilloscope's vertical amplifier. Distances from the DAC 
output to the scope input should be minimal (no more than a 
few inches). Photo 2 shows an actual HDG-D80S mid-scale 
glitch measured using the son input of the sampling scope as 
termination for the D/A. The D/A test set output was con
nected directly to the scope using the appropriate BNC fittings. 
Positive and negative glitch energy in the photo is less than 30 
picovolt-seconds. Net glitch energy is approximately zero. 
Note that glitch settling is less than 6ns. 

In the rare case that positive and negative glitch excursions 
are unequal the glitch adjust input (Pin 13) may be used as 
shown in Figure 2 to minimize the net glitch energy. 

OUTPUT 

STROBE 

Photo 2. Midscale Glitch. 

CHARACTERISTICS OF HDG-oSOS, [-060S], [-040S] 
VIDEODACs 

COMPOSITE VIDEO SIGNAL 
2S6 gray levels plus blanking and sync levels [64] [16] 

STEP SIZE 
2.S [10] [40]mV 

GRAY SCALE RANGE 
0.643V Peak to Peak 

SETUP CONTROL 
User programmable in three levels 

mV 
1. Input Grounded 0 
2. Input Open 71 
3. Input to -S.2V 142 

REFERENCE WHITE LEVEL 
OV Absolute 

IRE Units 
o 
10 
20 

100 IRE Units (+0.714V relative to blanking level with 
standard setup; +0.643 V relative to Reference Black) 

DIGITAL INPUT FOR WHITE LEVEL 
All ones (11111111) 

REFERENCE WHITE CONTROLS! 
Overrides Video Inpu t Word 
A Logic "0" on Pin 23 will drive the output to the Refer
ence White Level. 

REFERENCE BLACK LEVEL 
-o.643V Absolute; +71mV (10 IRE Units) 
Relative to blanking level with standard setup. 

DIGITAL INPUT FOR REFERENCE BLACK 
All zeroes (OOOOOOOO) 
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COMPOSITE BLANKING LEVEL 
-0.714V absolute, (0 IRE Units) with standard setup. 

COMPOSITE BLANKING INPUT - PIN 22 
Logic "0" on Pin 22 resets input register to 00000000, 
and causes output voltage to go negative by the amount 
of setup voltage with respect to the all "0" output voltage. 

COMPOSITE SYNC LEVEL 
-1.0V absolute with standard setup. 
-0.2B6V (-40 IRE Units) relative to blanking level 
(Back Porch). 

COMPOSITE SYNC INPUT -PIN 19 
Logic "0" resets input register to 00000000, and 
the output voltage goes negative by 0.2B6V. 

10% BRIGHT - PIN 21 
Logic "0" causes output to go positive by 71mV. 
Note: The most positive output voltage is still 0 volts 
absolute. All other levels are shifted down by 71mvj 
i.e., Sync Level (-40 IRE) becomes -1.071V. 

STROBE - PIN 7 
Logic "0" to Logic "1" transition docks input register. 

DEFINITION OF VIDEO TERMS 

BLANKING LEVEL 
The level separating the SYNC portion from the Video 
portion of the waveform. Usually referred to as the Front 
Porch or Back Porch. At 0 IRE Units, it is the level which 
will shut off the picture tube, resulting in the blackest 
possible picture. 

COLOR VIDEO (RGB) 
This usually refers to the technique of combining the three 
primary colors of Red, Green, and Blue to produce color 
pictures within the usual spectrum. In RGB monitors, three 
HDG "c" Series DACs would be required, one for each color. 
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Figure 6. HDG~805 Composite Output Waveform 
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COMPOSITE SYNC SIGNAL (SYNC) 
The portion of the composite video signal which syn
chronizes the scanning process. 

COMPOSITE VIDEO SIGNAL 
The video signal with or without setup, plus the composite 
SYNC signal. 

GRAY SCALE 
The discrete levels of video signal between Reference Black 
and Reference White levels. A 10-bit DAC contains 1,024 
different levels, while an B-bit DAC contains 256 (ZN). 

RASTER SCAN 
The most basic method of sweeping a CRT one line at a 
time to generate and display images. This method is used 
in commercial television in the USA. 

REFERENCE BLACK LEVEL 
The maximum negative polarity amplitude of the video 
signal. 

REFERENCE WHITE LEVEL 
The maximum positive polarity amplitude of the video 
signal. 

SETUP 
The difference between the Reference Black level and the 
blanking level. This should not be confused with setup as 
used with digital logic. 

SYNC LEVEL 
The peak level of the composite SYNC signal. 

VIDEO SIGNAL 
That portion of the composite, video signal which varies 
in gray scale levels between Reference White and Refer
ence Black. Also referred to as the picture signal, this is 
the portion which may be visually observed. 

NOTE 
I Reference White (Pin 23) should not be activated at the same time 
as composite blanking (Pin 22). 

ORDERING GUIDE 

Setding Time 
Model Resolution (max) 

HDG-oB05 B Bits Bns 
HDG-oB05W 
HDG-0605 6 Bits 6ns 
HDG-0605W 
HDG-0405 4 Bits 4ns 
HDG-0405W 



r.ANAlOG 
WDEVICES 

FEATURES 
Sm,all Size: 24-Pin DIP 
12-Bit Multiplying Accuracy 
Good Drive: 10.24mA 
Highest Speed Available 

APPLICATIONS 
CRT Displays 
Waveform Generation 
Vector Generation 
MHz-Rate Digital Attenuators 

GENERAL DESCRIPTION 
The HDM-1210 converter is an ultra-high-speed current output 
multiplying converter which offers circuit designers a chance to 
obtain high speed, good drive, and flexible design parameters in 
a DIP package. It can accept 12 bits of digital input data and 
combine them with two analog inputs into a multiplied outJ>ut 
for use in a wide variety of applications. ' 

Typical analog settling time to 12 bits of acc~racy is only} 75n5; 
and 3dB analog bandwidth is lOMHz. Digital 'Settlin!Uime to 
1I2LSB accuracy at the major carry tran~ition is a~ incredible 
6Sns, making the HDM-1210 D/Aextrt:mely,attr~ct~yefor a 
range of high-speed multiplying functions;' ' 

':.,." ".;." .. ;"',j 

In one mode of operation, its ouwut currentisprecisely;propor~ , 
tional to the analog input signal, multipliedbydledigital input' 
code. The analog signal being multiplied c3x,l, bea sine wave, 
triangle wave, sawtooth, or anyone of a variety of complex' 
waveforms. The output is an accurate scaled version of the 
input, with,the digital input used as the scale factor. 

In another mode of operation, the analog input voltage can be 
used as the scale factor for the digital input code. In addition to 
this kind of flexibility, the HDM-1210 also has various offsetting 
capabilities which allow the analog input, digital input, analog 
output, and/or an external amplifier to be combinrd. With these 
features, the HDM-1210 can be used to accommodate unipolar 
or bipolar operation; and provide either one-quadrant or two
quadrant multiplication. 

Ultra High Speed 
Multiplying D/A Converter 

HDM~121O I 
HDM-1210 FUNCTIONAL BLOCK DIAGRAM 

DIGITAL 
INPuTS 

DIGITAL-TO-ANALOG CONVERTERS VOL. 1,9-315 



SPECIFICATIONS (typical @ + 250C with nominal power supplies; V MAl.DG (1) = - 5V; 
and V ANALOG (2) = OV unless otherwise noted) 

Parameter HDM-1210BD 

RESOLUTION 12 

LEAST SIGNIFICANT BIT (LSB) WEIGHT 
Current 2.5 

LINEARITY 
Differential 
Integral 
Monotonicity 

TEMPERATURE COEFFICIENTS 
Differential Linearity 
Integral Linearity 
Full-Scale Gain 

DYNAMIC CHARACTERISTICS 
Digital Settling Time 

(To 1I2LSB; Major Carry Transition) 

DIGITAL DATA INPUTS 
Logic Compatability 
Logic Levels 

"I" 
"0" 

Coding 
Unipolar 
Bipolar 
AU "I's" Input 
AU "O's"lnput 

OUTPUT! (FS = Full Scale) 
Current Rangel (± 0.1% Accurate@ FS) 
Voltage Range'"( ± 0.5% Accurate@ FS) 
Zero Offset' 
Voltage Noise,rms(O. 1Hz to 15MHz) 
Compliance 
Resistance' 

MULTIPLYING CHARACTERISTICSs 

V ANALOG (I) Input Resistance 
V ANALOG (2) Input Resistance 
VANALOG(I)InputRange(Pin 14): 

V ANALOG (2) = OV 
to 

VANALOG(2) = -5V 
to 

VANALOG(2) = -IOV 
V ANALOG (2) Input Range (Pin 16): 

VANALOO(I) = OV 
to 

V ANALOG(I) = - 2.5V 

±112 
±112 
Guaranteed 

±2 
±2 
±20 

65 

TTL 

+2.4to +5.0 
Oto +0.4 

Binary (BIN) 
Offset Binary (OBN) 
Maximum Positive Output 
Maximum Negative Output 

o to + 10.24 FS 
Oto + 1.024FS 
10 
13 
+ 1.5;-2 
100(0.5) 

Oto -5FS 
to 

+2.5to -2.5FS 
to 

+5toOFS 

Oto -IOFS 
to 

+5to -5FS 
ro ro 

VANALOG(1) = -5V + 10toOFS 
Analog Feedthrough at I DAC I 

(V ANALOG (I) = 5V pop, 200kHz; All Digital Inputs (w "0") 
Analog Settling to ± 0.025% FS 175 

(VANALOG(1) = OVto -5VStep;AIIDigitallnputs(w"I") 
FS Analog bandwidth (3dB) 10 

POWER REQUIREMENTS 
+15V ±5% 60 
-15V ±5% 25 
Power Supply 

Rejection Ratio 0.05 

TEMPERATURE RANGE 
Operating (Case) 
Storage 

PACKAGE OPTION" 

NOTES 
IFS accuracies are = l%when using V ANAI.OG (2) input. 
2Current output into shon circuit. 

-25to +85 
-55to+125 

D24B 

'Voltage output into open circuit. 
4RdPin23)connected toiDAc(Pin 24). 
sTwo-quadrant multiplying requires external op amp operating in bipolar mode. 
'See Section 19 for package outline infonnation. 
Specifications subject to change without notice. 
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Units 

Bits 

/LA 

LSB 
LSB 

pprnrc 
pprnrc 
pprnrc 

v 
V 

kO 
kO 

V 

V 

V 

v 

V 

V 
LSB 

MHz 

rnA 
rnA 

'%N 

HDM-1210 PIN DESIGNATIONS 

PIN FUNCTION PIN FUNCTION 

1 BIT1(MSB) 13 +15V 

2 BIT2 14 VANAlOG(1) 
3 BIT3 15 AMPLIFIER GROUND 

4 BIT4 16 VANALOG(2) 
S BITS 17 -1SV 

6 BIT 6 la GROUND 

7 BIT7 19 GROUND 

a BITa 20 GROUND 

9 BIT9 21 GROUND 

10 BIT10 22 10VSPAN 

11 BIT 11 23 RL 
12 BIT12(LSB) 24 IOAc (OUTPUT) 

NOTE 
PINS 15, la, 19,20AND21 NEEDTO BE CONNECTED 
TOGETHER AND TO GROUND AS CLOSE TO CASE 
AS POSSIBLE. 



r. ANALOG 8-, 10-, 12-Bit Video Speed Hybrid 
W DEVICES Current & Voltage Out D / A Converter 

HDS-0820, -1025, -1250jHDH-0802, -1003, -12051 
FEATURES HDS-0820, HDS-1025 FUNCTIONAL BLOCK DIAGRAM 
25ns Current Settling to 0.1% (HDS) 
200n5 Voltage Settling to 0.1% (HDH) 
10mA Current Out (HDS) 
Guaranteed Monotonicity 
Over Temperature j

.z:~1 

DIGITAL Ii 

INPUTS 

INPUT 
BUFFER ELEe· 
lOGIC TRONIC 

DTL/TTl SWITCHES 

PAE 
CISION 

RESISTOR 
NETWORK 

L-Jo,NV----jf---O Rl 

f------+---O C~~TRp~~T 
BIPOLAR 
OFFSET No External Parts Required 

Reliable Hybrid Construction 

. APPLICATIONS 
CRT Vector Displays 
TV Video Reconstruction 
Analytical and Medical Instruments 

GENERAL DESCRIPTION 
The HDS/HDH se'ries of dlgital-to-analog converters are among 
the fastest precision settling current and voltage DACs avail
able. They can be processed to guarantee monotonic over 
their operating temperature range. The current output models 
provide lOrnA full scale allowing direct drive of capacitive 
loads and transmission lines. All versions have a precision ref
erence and are active laser trimmed to specified accuracy, so 
no external adjustment pots or other components are 
required. 

With six units available, engineering trade-offs can be made 
among resolution, speed, current or voltage output, and 
price. To facilitate this comparison major specifications are 
summarized in Table I. 

Other general specifications that apply to all devices include 
TTL logic; ceramic or hermetic metal package; unipolar or 
bipolar operation with internal offsetting reference. 

The HDH voltage output devices provide access to the op 
amp summing point so that reduced full-scale output voltage 
swing can be provided. Operation with an external resistor 
shunting the internal1k resistor will reduce the already low 
op amp offset drift. 

DIGITAL 
INPUTS 

Model Resolution 

Current Output 
HDS-0820 
HDS-1025 
HDS-1250 

Voltage Output 
HDH-0802 
HDH-1003 
HDH-1205 

8 Bits 
10 Bits 
12 Bits 

8 Bits 
10 Bits 
12 Bits 

Table I 

I 
I 
I 

BlllO 
lSB 

CQMP 

HDS·OB20. 1025 

NOTE: ON 8·BIT VERSIONS. PINS tl AND 12 ARE NOT CONNECTED 
INTERNAlL V. AND PIN 10 IS LSB 

HDS-1250 FUNCTIONAL BLOCK DIAGRAM 

MSB 
BIT 1 

I 
t--<~--...-t---<) GROUND 

I 
I INPUT 
I BUFFER ElEC· 

lOGIC TRONIC 
DTllTTl SWITCHES I 

I COMP 

I 
I 
I 

PRE 
CISION 

RESISTOR 
NETWORK 

L-Jo,NV---+''''-O Rl 

f------+'=-=-O C~~TRp~~T 
BIPOLAR 
OFFSET 

+lSV 

BIT 12 
lSB 

-15V 

HDS·1250 

HDH-0802, HDH-1003 AND HDH-1205 
FUNCTIONAL BLOCK DIAGRAM 

INPUT 
BUFFER 
TTL/DTl 

ELEC· 
TRONIC 

CURRENT 
SWITCHES 

BIPOLAR 
OFFSET 

OUTPUT 

~ ...... ---t---<) GND 

-15V +15V 

NOTE, ON HDH·OB02 DEVICES. GROUND PINS9. 10. 11 AND 12. 
ON HDH·l00J DEVICES. GROUND PINS 11 AND 12. 

Full Scale Step 
Setding Time 

lOrnA Step 
20ns to 0.4% 
25ns to 0.1% 
35ns to 0.025% 

lOV Step 
200ns to 0.4% 
300ns to 0.1% 
500ns to 0.125% 
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SPECIFICATIONS (typical @+25°C with nominal power supply voltages unless otherwise noted) 

CURRENT OUT VOLTAGE OUT 

MODEL UNITS 

RESOLUTION FS = Full Scale Bits 

LSB WEIGHT 

ACCURACY (Relative to FS Including Linearity) ±% FS 
Linearity 

LSB 
Monotonicity 
Zero Offset (Initial) 

TEMPERATURE COEFFICIENTS 
Linearity ppm/oC 
Gain ppm/oC 
Unipolar Offset ppm/oC 
Bipolar Offset ppmtC 

OATAINPUTS 
Logic Compatibility 
Logic Vol tage Levels Positive Logic "1" = V 

"0" '" V 
Logic Loading (Each Bit) "1" - ~A 

"0" = rnA 
Codes 

OUTPUT 
Current Range FS 

Unipolar rnA 

Bipolar rnA 

Voltage Out FsI, 2 

Unipolar HDS with 200n V 
Internal Connected RL 

Bipolar V 

Compliance V 
Impedance, Internal (See Figure 1) n 

SETTLING TIME 
Current ns to % FS 
Voltage2 

Unipolar or Bipolar Out, 75n Load, 
0.56V pop ns to % FS 

Unipolar or Bipolar Out, Internal 
200n Load, 1.024V pop ns to % FS 

10V Output Step ns to % FS 
5V Output Step ns to % FS 

POWER REQUIREMENTS 
+14.5V to +15.5V rnA max 
-12V to -16V rnA max 
Power Supply Rejection (+15V) %1% 
Power Supply Rejection Ration (-15V) %1% 

TEMPERATURE RANGE 
Operating - Glass Package °c 
Operating - "M" Metal Case3 °c 
Storage °c 

PACKAGE OPTIONS4 

NOTES 
I Other voltlies may be obtained with external resistor. 

HDS'()S20 HOS-I025 HDS-1250 HDH-OS02 

S 10 12 S 

40~A 10~A 2.5~A 40mV 

0.1 0.05 0.0125 0.1 
±10~A ±5~A ±1.25J.1A ±10mV 
±1I4 ±1I2 ±1I2 ±1I4 

Guaranteed Over Operating Temperature Range 
15nA max · · 10mV typ 

50mV max 

3 · · · 30 · · · 3 · · · 15 · · · 
TTL and 5V CMOS 

+2 to +7 · · · o to +0.8 · · · 40 · · · -2.6 · · · BIN,OBN 

+10.24 - +10.24 ±25 max 
±0.2% (max) 

±5.12 - ±5.12 ±25 max 
±0.2% (max) 

+1.024 - +1.024 -10.24 ±0.1% 
±0.05% 

±0.512 · ±0.512 +5.12 ±0.05% 
±0.025% 

+1.5, -2 - - N/A 
200 · - 0.1 max 

20 to 0.4 25 to 0.1 35 to 0.025 N/A 

30 to 0.4 3S to 0.1 50 to 0.025 N/A 

45 to 0.4 50 to 0.1 60 to 0.025 N/A 
N/A N/A N/A 200 to 0.4 
N/A N/A N/A 150 to 0.4 

42 - 55 70 
14 - 18 40 
0.06 - - -
0.04 - - . 
o to +70 - - -
-55to+125 - - -
-55 to +125 - .- -

HY24E 

'Contact factory or local Analog Devices sales office for "M" 
Metal Case device specifications and prices. 

2 For HDS series, VOUT • lOUT X Re'nlivalent which is the value of the 
200n internal impedance in parallel with the external load resistance. 
Thus, by correct selection of external Rl VOUT can be any magnitude 
up to the + or - compliance voltlie. See Figures 1 and 2. 

4 See Section 19 for package outline information. 
·Specifications same as HDS-<l820. 

"Specifications same as HDH-<l802. 
Specifications subject to change without notice. 
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HDH-I003 

10 

10mV 

0.05 
±5mV 
±1I2 

· 
· · · · 
· · · · BIN,OBN 

--
--

--_. 

_. 
--
N/A 

N/A 

N/A 
300 to 0.1 
200 to 0.1 

------
---

HY24G 

HOH-1205 

12 

2.5mV 

0.0125 
±1.25mV 
±1/2 

· 
· · · · 
· · · · 

--.-
--
--_. 

--
N/A 

N/A 

N/A 
500 to 0.025 
350 to 0.025 

.-.-
-. 
---



PIN DESIGNATIONS 
HDS-0820, HDS-I02S 

PIN FUNCTION 

1 +15V 
2,3* BIT 1 (MSB) 
4 BIT 2 
5 BIT3 
6 BIT4 
7 BIT5 
8 BIT 6 
9 BIT 7 

10 BIT8 
11 BIT 9 (HDS·1025) 
12 BIT 10 
13·20 GND 
21 OUTPUT (10) 
22 Rt 2000 
23 BIPOLAR OFFSET 

124 -1!iV 

*PINS 2 AND 3 MUST BE CONNECTED 
TOGETHER EXTERNALLY. 

Analog Output, ±S.12mA 

+S.l1mA (lLSB) 
+2.S6mA 
OmA 
-2.S6mA 
-S.12mA 

Analog Output, 0 to +10.24mA 

+10.23mA 
+7.68mA 
+S.12mA 
+2.S6mA 
OmA 

Offset Binary 

Ill. ..... 1 
110 ...... 0 
100 ...... 0 
010 ...... 0 
000 ...... 0 

Sttaight Binary 

111 ...... I 
110 ...... 0 
100 ...... 0 
010 ...... 0 
000 ...... 0 

Table II. Coding HDS Series 

PIN DESIGNATIONS 
HDS-12S0 

PIN DESIGNATIONS 
HDH SERIES 

PIN 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13·19 
20 
21 
22 
23 
24 

FUNCTION PIN FUNCTION 

BIT 1 IMSBI 1 BIT 1 (MSBI 
2 BIT2 

BIT2 3 BIT3 
BIT3 4 BIT4 

BIT4 _5_ BIT5 

BITS 
BIT6 

6 BIT6 
7 BIT 7 
8 BIT 8 

BIT7 9 BIT9 
BIT 8 10 BIT 10 

BIT9 11 BIT 11 

BIT 10 
BIT 11 

12 BIT 12 
13-19 GROUND 
20 SUM NODE 

BIT 12 21 OUTPUT 
GND 22 BIPOLAR OFFSET 

OUTPUT (10) 
Rt 2000 

23 -15V 
24 +15V 

BIPOLAR OFFSET ON HDH-0802 DEVICES, GROUND PINS 9,10,11 
AND 12. -1!iV 

+15V ON HDH-1003 DEVICES, GROUND PINS 11 AND 
1~ . 

Analog Output, ±S.12V 

-S.117SV 
-2.S6V 
OV 
+2.S6V 
+S.12V 

Analog Output, 0 to + 10.24 V 

-10.237SV 
-7.68V 
-S.12V 
-2.S6V 
OV 

Complement Offset 
Binary 

III ...... 1 
110 ...... 0 
100 .•.... 0 
010 ...... 0 
000 ...... 0 

Complement Binary 

111 ...... 1 
110 ...... 0 
100 ...... 0 
010 ...... 0 
000 ...... 0 

Table III. Coding HDH Series 
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DIGITAL 
INPUTS 

r - -;;.;;:;- - - --, 
I 
I 
I 
I 
I 
I 
I 

~-------I,---o OFFSET 

..--..... ---+--0 OUTPUT 

~ __ -~-+-,----~-oGROUND 

CURRENT CONTROLLED BY 
DIGITAL INPUT CODE 

Figure 1. HDS Current Equivalent Circuit 

r--------, 
I 
I 
I 
I 
I 
I 
I 

..----"-------------.L--o OFFSET 

..---JV'.oI\r---...... --o OUTPUT 

~--~~~----r--oGROUND 

VOLTAGE CONTROLLED BY 
DIGITIAL INPUT CODE 

Figure 2. HDS Voltage Equivalent Circuit 

MSB 
BIT 1 

LSB 

BIPOLAR OFFSET 

HDS 
D/A 10 OUTPUT 

CONVERTER 1----41t--_ ±O.512V FS OR 
±5.12mA FS 

GROUND 

-15V +15V O.'~ 
Figure 3. Bipolar Current Output 
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MSB 
BIT 1 BIPOLAR OFFSET 

I GROUND 

I 
I RL 

DIGITAL I 10 
INPUTS I OUTPUT 

DIGITAL 
INPUTS 

OV TO +1.024V OR 

I o TO +10.24mA 

I GROUND 

MSB 
BIT 1 

I 
I 
I 
I 
I 
I 
I 
I 
I 

LSB 

I 
LSB 

-15V +15V O.'~ 
Figure 4. Unipolar Current Output 

-15V +15V 

GROUND 

CIRCUIT PROVIDES UNIPOLAR NEGATIVE OUT
PUT WITH COMPLEMENT BINARY CODING 
(BIPOLAR OFFSET GROUNDED) OR BIPOLAR 
OUTPUT WITH COMPLEMENTARY OFFSET BINARY 
CODING (BIPOLAR OFFSET TO 10). 
SETTLING TIME FOR 10.24V OUTPUT IR1 • 1k) 
IS APPROXIMATELY 150m. 

VOLTAGE 
OUTPUT 
(VOUTm 

-R1 X 10.24mA) 

Figure 5. Inverting Unipolar or Bipolar Voltage Output 

ORDERING INFORMATION 
Order model number HDS-oS20, HDS-I02S, HDS-12S0, 
HDH-QS02, HDH-lO03, HDH-120S. Models with extended 
operating temperature range, hermetically-sealed metal-case 
construction (M versions). Consult factory or local Analog 
Devices sales office for further information. 
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WDEVICES 

FEATURES 
Settling Times to 10ns 
Low Glitch Energy - 200pV-sec. 
100MHz Update Rates 
a.. & 10-Bit Versions Available 
Low Power < 1 Watt 

APPLICATIONS 
Raster Scan & Vector Graphic Displays 
TV Video Reconstruction 
Digital VCO's 
High-Frequency Waveform Generators 
Analytical & Medical Instrumentation 

PRODUCT DESCRIPTION 
The HDS-081OE and HDS-lOl5E represent the state-of
the-art in ultra-high-speed hybrid DI A converters. They are 
designed to be input compatible with standard ECL logic 
families, and feature internal high-precision monolithic voltage 
reference, active laser-trimmed resistor network, and 75[2 out
put impedance - allowing them to be used to drive 75[2 cable 
directly without external driver amplifiers. This feature assures 
that a fulll volt is available at the load, since the D/A output 
is a full 27mA. In addition, these DI A's are monotonic over 
the full operating temperature range and require only one 
power supply· (-5.2V) for operation. 

Packaged in an industry standard size 24-pin double width dual 
in-line case, the HDS-E Series DIA's are available in either 
ceramic cases (commercial) or hermetically sealed metal cases 
(extended). 

Ultra High Speed ECL 
Hybrid D / A Converter 

HDS-081OE - HDS:-1015E I 
HDS-0810E, HDS-I015E FUNCTIONAL BLOCK DIAGRAM 

IMSBI 
BIT 1 21 CURRENT 
BIT 2 OUTPUT 

INPUT ELECTRONIC PRECISION 

BIT6 
BUFFER SWITCHES RESISTOR 

ECL NETWORK 
BIT 7 
BIT B 

BIT 9 

BIT 10 
ILSBI 

-S.2V GROUND GLITCH 
ADJUST 

ON THE HDS-OB10E. PINS 10 AND 11 ARE NOT CONNECTED INTERNALLY 

The HDS-E D/A's a" ideally suited for use in a wide variety of • 
applications, including graphic CRT displays, since they feature 
very low glitch energy and extremely fast settling time. 

21 

Zo = 
75fl 13-20 

23.24 

OUTPUT CURRENT CONTROLLED 
BY DIGITAL INPUT CODE 

OUTPUT 

GROUND 

Current Equivalent Circuit 

21 

Zo = 75fl 

13-20 
23,24 

OUTPUT VOLTAGE CONTROLLED 
BY DIGITAL INPUT CODE 

OUTPUT 

GROUND 

Voltage Equivalent Circuit 
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SPECIFICATIONS (typical @25°Cwith nominal power supplies and with 75n output load unless otherwise noted) 

MODEL 

RESOLUTION FS = Full Scale 

LSB WEIGHT (Current) 
LSB WEIGHT (Voltage) 

ACCURACY! ' 
Linearity 
Monotonicity 
Zero Offset (Initial) 

TEMPERATURE COEFFICIENTS 
Linearity 
Zero Offset 
Gain 

DATA INPUTS 
Logic Compatibility 
Logic Voltage Levels "I" = 

(Positive Logic) "0" = 
Logic Loading "1" = 

(Each Bit) "0" = 
Coding (See Coding Table) 

OUTPUT 
Current Range (Unipolar) FS 
Voltage with 75n Ext. Load 
Compliance 
Impedance, Internal 

SPEED PERFORMANCE 
Settling Time (Voltage)2 
Slew Rate 
Update Rate3 

Rise Time 
Glitch Energy4 

POWER REQUIREMENTS 
-5.2V ±0.25V 
Power Supply Rejection 

Ratio 
Reference 

TEMPERATURE RANGE 
Operating; Glass Case 
Operating; "M" Metal Case 
Storage 

PACKAGE OPTIONSs 

NOTES 
1 Relative to FS, including linearity. 

UNITS 

Bits 

JlA 
mV 

±% FS 
±JlA 

JlA 

ppm/C 
ppm/oC 
ppm/C 

V 
V 
rnA 
JlA 

rnA 
V (±1%) 
V 
n (±5%) 

ns (to % FS) 
VIJls 
MHz 
ns 
pV-sec 

rnA 

%1% 

2 Werst case settling thne. Includes FS and MSB transitions. 
3 Limited only by D/A settling time. 

HDS-0810E 

8 

106 
4 

0.1 
26.5 
Guaranteed 
5 

1 
80 

ECL 
-0.9 
-1.7 
+13.6 
-50 
BIN 

o to -27.2 
o to -1.020 
-1.1 to +1.1 
75 

10 (0.2) 
200 
100 
4 
200 

155 

0.04 
Monolithic, 
Internal 

o to +70 
-55 to +125 
-55 to +125 

HY24E 

4 Reducible to less than 100pV-sec with appropriate deskewing 
of digital inputs. 

S See Section 19 for package outline information. 
*Specifications same as HDS-0810E. 

Specifications subject to change without notice. 
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HDS-I015E 

10 

27 
1 

0.05 
13 

o to -27.3 
o to -1.023 

15 (0.1) 

67 
4 

180 

HY24G 

PIN DESIGNATIONS 

PIN FUNCTION 

1,12 -S.2V 
2 BIT 1 (MSB) 
3 BIT2 
4 BIT3 
S BIT4 
6 BITS 
7 BIT6 
a BIT7 
9 BITa 

10 BIT9 
11 BIT 10 (LSB) 
13-20 GROUND 
21 OUTPUT 
22 GLITCH ADJUST 
23,24 GROUND 

ON THE HDS-0810E, PINS 10 
AND 11 ARE NOT CONNECTED 
INTERNALLY, AND PIN 91S 
THE LSB.' ALL GROUND PINS 
ARE CONNECTED TOGETHER 
INTERNALLY. 
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WDEVICES 

FEATURES 
12-Bit Settling T.ime to 40ns 
low Glitch Energy 
ECl Compatible 
Replacement for ADH-030, DA-4000, DAC397 

APPLICATIONS 
Graphic Displays - Random Scan 
Digital vca's 
Waveform Generation 
High-SPeed ADC's 

GENERAL DESCRIPTION 
The HDS-1240E is a 12-bit high current output hybrid IC 
D/A cbnverter which has an output settling time of 40ns. Its 
inputs are compatible with standard ECL (emitter coupled' 
logic), and it features an actively trimmed resistor ladder 
network for high accuracy. The HDS-1240E can be operated 
connection. For voltage output applications, the feedback 
resistors required for use with an external op-amp are built in 
to allow various voltage ranges without the need for external 
components. Additionally, the HDS-1240E features practical
ly glitch-free operation without the need for external adjust
ments, and it operates on standard ±IS volt power supplies. 

IMSB) 
BIT 1 

BIT2 

BIT 3 

BIT4 

BITS 

BIT6 

BIT 7 

BIT 8 

BIT 9 

BIT 10 

BIT 12 
ILSB) 

Ultra High Speed ECl 
Hybrid D / A Converter 

HDS-1240E I 
HDS-1240E FUNCTIONAL BLOCK DIAGRAM 

ECL 
INPUT 

BUFFER 

ELECTRONIC 
SWITCHES 

HDS-1240E 

PRECISION 
RESISTOR 
NETWORK 1----.----+'--0 

312n 

10 

312n 

NOTE. PINS 8 80 11 A.RE NOT CONNECTED INTERNALLY, 1 

PIN 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 

+15V GROUNO 

PIN DESIGNATIONS 
HDS-1240E 

FUNCTION PIN FUNCTION 
+15 VOLTS 13 BIT 1 (MSB) INPUT 
BIPOLAR OFFSET CURRENT 14 BIT 2 INPUT 
GROUND 15 BIT 3 INPUT 
GROUND 16 BIT41NPUT 
GROUND 17 BIT51NPUT 
BIPOLAR OFFSET 18 BIT61NPUT 
FB 2 19 BIT71NPUT 
N.C. .20 BIT 8 INPUT 
OUTPUT 21 BIT91NPUT 
FB 1 22 BIT 10lNPUT 
N.C. 23 BIT 11 INPUT 
-15 VOL TS 24 BIT 12 (LSB) INPUT 

BIPOLAR 
OFFSET 
CURRENT 

BIPOLAR 
OFFSET 

CURRENT 
OUTPUT 

FB 1 

FB2 
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SPECIFICATIONS (typical @ +250 C with nominal power supply voltages unless otherwise noted) 
Model 

RESOLUTION FS = Full Scale 

LSB WEIGHT 

ACCURACY (Relative to FS) 
Linearity 
Differential Linearity 
Gain 
Zero Offset - Unipolar 
Zero Offset - Bipolar 
Monotonicity 

TEMPERATURE COEFFICIENTS 
Linearity 
Differential Linearity 
Gain 
Zero Oftset 

DATA INPUTS 
Logic Compatibility 

Logic "I" 
Voltage Range (Operating) 
Voltage Range (Absolute max) 
Current 

Logic "0" 
Voltage Range (Operating) 
Voltage Range (Absolute min) 
Current 

Coding 

OUTPUT 
Current - Unipolar 
Current - Bipolar 
Compliance 
Impedance 

. Capacitance 

SPEED PERFORMANCE 
Settling Time l 

For FS Input Change 
to 1% of FS 
to 0.1% of FS 
to 0.0125% of FS 

For lLSB Change from 
011...11 to 100 ... 00 to 0.0125% 

Internal Skewing Time 
Output Time Constant 
Glitch Energy (with lOOn Load) 

POWER REQUIREMENTS 
Voltage - Operating 
Voltage - Absolute Limit 
Current 
Rejection Ratio 

TEMPERATURE RANGE (Case) 
Operating 

HDS-1240E 
HDS-1240EM, HDS-1240EMB 

Storage 

THERMAL RESISTANCE2 

Junction to Air, 8ja (free air) 
HDS-1240E 
HDS-1240EM, HDS-1240EMB 

Junction to Case, 8jc 
HDS-1240E 
HDS-1240EM, HDS-1240EMB 

MTBF3 
Mean Time Between Failure 
Calculated Using MIL Handbook-217 

PACKAGE OPTIONS4 

NOTES 
1 Measured with output loaded with loon. 
2 Maximum junction temperature is lS0'C. 
Specifications subject to change without notice. 

Units 

Bits 

flA 

% FS 
% FS 
% FS 

IlA 

IlA 

ppmt"C 
ppm/0C 
ppm/oC 
ppmt"C 

V 
V 
rnA 

V 
V 

IlA 

rnA 
rnA 
V 
n 
pF 

ns 
ns 
ns 

ns 
ps 
ps 
pV-s 
mA-ns 

V 
V 
rnA 
%/V 

°c 
°c 
°c 

°CIW 
°CIW 

°C/W 
°C/W 

hours 

HDS-1240E 

12 

3.9 

±0.0125 max 
±0.0125 max 
±0.05 max 
1 
4 
Guaranteed 

±3 typ; ±5 max 
±3 typ; ±5 max 
25 
10 

-0.81 to -0.96 
o 
10 max 

-1.65 to -1.85 
-6 
1 max 
Complementary Binary (CBN) for Unipolar; 
Complementary Offset Binary (COB) for Unipolar 

o to -16 
±8 
+0.5V to -1.1V 
200 
25 

20 typ; 30 max 
35 typ; 50 max 
40 typ 

30 typ; 35 max 
400 typ; 800 max 
3 into lOOn load 
150 
2.5 

+15 ±10%: -15 ±10% 
+18, -18 
20 typ; 30 max: 60 typ; 80 max 
0.02 max 

o to +70 
-55 to +100 
-55 to +125 

38 
45 

15 
12 

>1.356 X 106 

HY24E, HY24G 

• HDS-1240EMB calculated using MIL Handbook-217 
Ground: Fixed Temperature Case = 60'C. 

• See Section 19 for package outline information. 
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APPLICATIONS 
The HDS-1240E is a current output D/A converter which is 
input compatible with standard ECL (emitter coupled logic). 
Each digital input controls an internal switch, which through 
a precision binary weighted resistor network, sets the output 
current of the device. Starting with the most significant bit 
(MSB) and proceeding toward the least significant bit (LSB), 
each lesser bit controls one-half the current value of the pre
ceeding bit. Therefore, the MSB (Bit 1) controls SmA, J;3it 2 
controls 4mA, and so on until the LSB is reached which has a 
weight of 3.9J.1.A. Thus, the output of the D/A varies from 0 
with all digital inputs at a logic "1" state to -16mA with all 
inputs at a logic "0" state. Thi3 operating condition is called 
unipolar. For bipolar operation, an SmA current source is 
provided. When this current source is connected to the output, 
it will then swing from -SmA to +SmA. See Figures 1 and 2 
for this hook-up. 

Transfer Characteristics 
With the DAC hooked-up as shown in Figure 1, the output will 
be 0 to -16mA. Since the output compliance is +0.5V to 
-1.1 V, care must be taken not to let the output voltage exceed 
these limits. The input/output relationships are shown in the 
table below. 

Analog Output Digital Input Code 

Unipolar Bipolar 

0 +FS 111. .. 11 
-1I2LSB +FS -lLSB 111. .. 10 
-1I4FS +112 FS 100 ... 00 
-112 FS +lLSB +lLSB 100 ... 00 
-l12FS 0 011. .. 11 
-112 FS -lLSB -lLSB 011. .. 10 
-3/4 FS -1I2LSB 001. .. 11 
-FS +lLSB -FS -lLSB 000 ... 00 

Table I. Coding Table 

ANALOG OUTPUT 

A. Normal Operation Without Amplification 

The HDS-1240E is a cur-rent output D/A converter. However, 
the wide voltage compliance of +0.5V to -1.1 V allows it to 
be used to generate an output voltage within this range 
which is proportional to the digital input code and the load 
impedance. When the DAC is operated in this mode the 
following formulae apply: 

Vo = -0.016 [Rd 

200 (Rd 

200 + RL 

Where: Ri = the internal resistance of the DAC (200n) 
RL = the external load resistance loading the DAC 
Rt = the total resistance seen by the DAC output 

current, i.e., Ri in parallel with RL . 

In general, the output voltage of DAC is limited to 1 V p-p. In 
this instance, from the above formulae, it can be determined 
that the maximum external load resistance will be about 90n. 
Since the bipolar offsetting provision is a true current source, 
this calculation does not differ even when the DAC is used in 
the bipolar mode. Full-scale gain may be adjusted by varying 
RL (see Figure 4). 

Applications 
-15V +15V 

O.I/lF CER. 

f--[> 

~ + I----C> 
3.3/lF TANT. 12 13.3/lF TANTCONNECT FOR 

r--........ _ ....... ---, BIPOLAR OPERATION 
2 (±SmAl 

MSB 13 
BIT 1 14 20k 

I 15 

I 16 
17 

~~~~TT~L I 18 

I 
19 
20 

-l) 
HDS-1240E 6 _..J 

. DAC 

10 ~O to -ISmA 
..,9:...--_---i .......... _ Vo 

+15VT--,5V 

1 Meg. 

21 
PINg 

I 22 

I 23 
BIT 12 24 

Ri ~ 200n Offsetting 
Provision 

LSB 

Figure 1. Current Output Operation 

B. Operation with Voltage Amplification 

There are certain applications that require more than the 1 V 
p-p that is directly obtainable with the DAC output. In these • 
circumstances, the use of an ultra-high speed operational am- I 

plifier is required. Figure 2 shows such an application uti-
lizing the ADI Model HOS-050 op amp. The HDS-1240E DAC 
has built-in feedback resistors which are actively laser trim-
med, and which eliminate the need for extra components. A 
variety of connections of these resistors allows various output 
voltages as shown in the table below. Care should be taken to 
keep all leads as short as possible, as the bandwidths encoun-
tered in these type circuits are quite high, and parasitics can 
be a very real problem. The power supply bypassing arrange-
ment shown in Figure 1 should be used. 

HDS-1240E 
~~;~TT~L DAC t---------t 

~~---i-VO I 

I 
I 

+15V 
OFFSET 

Figure 2. Voltage Output Operation 

Voltage 
Range Jumper Connections 

±1.25V 7 to 9, 10 to A, 2 to 6 
±2.5V 10 to A, 2 to 6 
±5V 7 to A, 2 to 6 
o to +2.5V 7 to 9,10 to A 
o to +5V 10to A 
o to +lOV 7toA 

Table II. Output Voltage Connections 

NOTE: The value of Cfb should be optimized for best settling time 
without overshoot. If absolute accuracy of gain is required, 
a large value of resistance can be introduced in parallel with 
Pins 7 and 9 of the DAC. 
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High-Speed Low-Glitch Operation Suggestions 
The HOS-1240E O/A offers the highest available speed. 
However. with this speed performance. certain precautions 
and operating conditions should be considered. You are now 
in the RF world. 

1. The 01 A converter should be provided with a very low 
impedance grounding system to very high frequencies. A 
large ground plane is a must. 

2. Low frequency bypassing should be provided with 1J.LF (or 
larger) tantalum capacitors mounted between the ±ISV 
supply lines and ground near the O/A (see Figure 1). 

3. High frequency bypassing should be provided by ceramic 
capacitors of O.IJ.LF or larger mounted within 0.2S inches 
of Pins 1 and 12 to ground (see Figure 1). 

4. The O/A converter should be driven with ECL registers as 
physically close to the O/A as possible. The 10176 HEX 

. "0" Master-slave flip-flop is recommended. The six most 
significant bits should cpme from the same package as 
sh<?wn in Figure 4. The six least significant bits should 
come from a second package. 

S. Each digital input should be terminated with a SlOn 
resistor connected between the input and -S.2V (see Fig
ure 4). 

6. If required. variable capacitors can be added to "deskew" 
the most significant bits for lowest glitch-although this is 
not usually required in many applications. These capacitors 
are added as shown in Figure 4 (CI-4). and are adjusted 
for minimum glitch energy. 

7. Standard 24-pin sockets should be avoided. Individual "pin 
sockets" are most suited for evaluating devices. as lead 
inductance is reduced. In final designs. the 01 A's should 
be soldered directly into the printed circuit board without 
sockets. 

ULTRA-LOW GLITCH OPERATION 
For extremely low glitch requirements «SO -100pV-s). an 
HTS-002S Track-and-Hold is recommended as a deglitcher 
(see Figure 3). The duration of the HOS-1240E O/A glitch is 
approximately IOns. The hold time of the HTS-002S should 
be at least 1 5ns to "mask out" the glitch. 

R4 

DEGLITCHED 
OUTPUT 

-5.2V 

CLOCK)-__ *-____________________ ~ 
INPUT \. COMPONENTS: Rl, 2, 3, 4 = 510n, 1/4 W, 5% 

"'.--. II Ul = 10102 

TIMING~ L---.J L-
Tin ns I I I 

o 35 65 

Figure 3. HTS-0025 Track & Hold Used with HDS-1240E 
D/A as Deglitcher @ 20MHz Update Rate 
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BIT 1 
(MSB) 

BIT 2 

BIT 3 

BIT4 

BITS 

BIT6 

BIT7 

BIT 8 

BIT9 

BIT 10 

BIT 11 

BIT 12 
(LSB) 

STROBE 
IN 

NOTES: 

Cl 

C2 

C3 

C4 

13 
BIT 1 

14 
BIT 2 

15 
BIT3 

16 BIT4 

17 
BIT5 

HDS·1240E 
DIA CONVERTER 

18 
BIT6 

19 BIT7 t-'-..... --.:+:-- +15V 

20 BIT B 

~C6 ~C5 

t-..... - ... --15V 

21 BIT 9 

~C7 ~CB 

22 
BIT 10 

23 
BIT II 

24 'BIT 12 

I. Rl-l = 510n, 1/4 W, 5%; Rl • OUTPUT LOAD; ADI PIN 79PR1K; Cl - ERIE 538-OO2F, 
15-60pF, OR EaUIVALENT; C2, 3, 4· ERIE 538-0020, 9-35pF, OR EaUIVALENT; 
C5, B = 3.3)lF TANTALUM; C6, 7 = O.l)lF CERAMIC; Ul, 2·10176, 10K ECL TYP 
"0" F-F. 

2. THE FIRST SIX MOST SIGNIFICANT BITS (BITS 1-6) SHOULD ALWAYS BE 
ROUTED THROUGH ONE 10176 FOR CONSISTENCY IN TIMING AND REDUCED 
DATA SKEW. 

3. RL IS ADJUSTED FOR ABSOLUTE GAIN (FULL-SCALE) ACCURACY. 

Figure 4. HDS-1240E - Typical Hook-Up and Test Circuit 

13 

ALL 
DIGITAL I 
INPUTS I 

-1.BV 

I 
24 

+15V -15V 

12 

HDS-1240E 
DAC 

3,4,5 

Figure 5. Recommended Burn-In Circuit 

ORDERING INFORMATION 
For commercial environment applications (0 to +70oC), order 
HOS-1240E. For extreme environment applications (-SSoC to 
+100oC), order HOS-1240EM. 
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Contents 

Selection Guides 

8-Bit AID Converters 

lO-Bit AID Converters 

12-Bit AID Converters 

High Resolution AID Converters 

Video AID Converters 

Gen~ral Information 

Specifications & Terms 

AD570j/S Low-Cost Complete Monolithic IC 8-Bit ADCs 

AD571j/K/S Complete Monolithic IC lO-Bit ADCs 

AD572A/B/S Complete Hybrid IC 12-Bit Successive-Approximation ADCs 

AD573j/K/S Fast, Complete 10-Bit AID Converter with Microprocessor Interface 

AD574Aj/AK/ALlAS/AT/AU Fast Complete 12-Bit AID Converter with Microprocessor Interface 

-AD575j/K/S Fast, Complete 10-Bit AID Converter with Serial Output 

AD578j/K/L Fast Complete Hybrid IC 12-Bit ADCs 

AD579j/K/T Very Fast, Complete 10-Bit ND Converter 

-AD670j/K/A/B/S Low Cost, Signal Conditioning 8-Bit AID Converter 

AD673j/S Complete 8-Bit AID Converter with Microprocessor Interface 

-AD50101 AD6020 50/100MHz, 6-Bit Monolithic AID Converters 

AD5200/5210 Series 12-Bit Successive Approximation High Accuracy AID Converters 

AD5240K/B Very Fast, Complete 12-Bit AID Converter 

AD7550B CMOS IC Quad-Slope Bus-Compatible 13-Bit ADC 

AD7552K CMOS 12-Bit Plus Sign Monolithic AID Converter 

AD7571j/KINB/S/T CMOS /-LP Compatible 10-Bit Plus Sign ND Converter 

AD7574j/K/A/B/S/T CMOS /-LP Compatible 8-Bit AID Converter 

AD7581j/K/LlNB/C CMOS /-LP Compatible 8-Bit 8-Channel DAS 

-AD9000 Series Ultra High-Speed 6-Bit Monolithic AID Converter 

AD ADC71/72 Complete, High Resolution 16-Bit AID Converters 

AD ADC80 Hybrid 12-Bit Successive Approximation AID Converter 

AD ADC84/85 Fast, Complete 12-Bit AID Converters 

-AD ADC-816K/B Ultra High Speed lO-Bit AID Converter 

HAS-0802/1002/1202 Ultra-Fast Hybrid ND Converters 

-HAS-1201S 12-Bit, IMHz AID Converter 

-HAS-1409 14-Bit 125kHz ND Converter 
eNew products since publication of 1982-1983 Databook Update. 

Page 

10-2 

10-5 

10-8 

10-12 

10-15 

10-20 

10-22 

10-27 

10-31 

10-39 

10-47 

10-55 

10-67 

10-73 

10-79 

10-85 

10-95 

10-103 

10-105 

10-111 

10-119 

10-127 

10-139 

10-151 

10-159 

10-167 

10-175 

10-183 

10-191 

10-199 

10-201 

10-205 

10-207 

ANALOG-TO-DIGITAL CONVERTERS VOL. I, 10-1 

II 



Selection Guide 
Analog-to-Digital Converters 
8-Bit AID Converters 

DIGITAL 
v' v- COMMON 

BLANK & 
CONVERT CONTROL 

ANALOG ::.:IN ... 1~3-'V11V-<'---1 
5k 

ANALOG 

COMMO~N-f-.!.=14~ ........ 

BIPOLAR 
OFFSET 
CONTROL 15 

10 BIT 
CURRENT 
OUTPUT 

OAC 

B&C 

10 BIT 
SAR 

TEMPERATURE COMPENSATEO 
BURIEO ZENER REFERENCE 
ANO OAC CONTROL 

AD570 

9 MSB 

2 LSB 

1· 

18 • 

CE cs RIiN FORMAT BPOIOJ5O 

POWER CROUND + Vee 
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BIT 
OUTPUTS 

AD570 
Complete AID Converter with Reference and Clock 
Fast Successive Approximation Conversion - 25p.s 
No Missing Codes Over Temperature 

o to + 70°C - AD570J 
- 55°C to + 125°C - AD570S 

Digital Multiplexing - 3 State Outputs 
18-PinCeramic DIP 

AD670 
Complete 8-Bit AID Converter 
Fast Conversion Time: 10p.s 
Full Microprocessor Bus Interface 
Flexible Input Stage: Instrumentation Amp Front 

End Provides Differential Inputs and Good 
Common-Mode Rejection 

No User Trims Required 
No Missing Codes Over Temperature 
Single + 5V Supply Required 
Convenient Input Ranges 
Small 20-Pin Package 
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DIGITAL AD673 Page 
V- COMMON CONVERT 

Complete a·Bit AID Converter with Reference, Clock Vol. I 

ANALOG MSB and Comparator 10-95 
IN OB7 Full Microprocessor Bus Interface 

ANALOG OB6 Fast Successive Approximation Conversion - 20 .... s 
COMMON 8BIT No Missing Codes Over Temperature CURRENT 8-BIT 

OBS OUTPUT SAR Operates on +5V and -12V to -15V Supplies OAC 
os. 

OBl 

OB2 

BIPOLAR OBI 
OFFSET -

CONTROL 

DATA ENABLE 

A0673 

III DATA 
READY 

VDD VREF AIN B OFS AD7574 
No Missed Codes Over Full Temperature Range Vol. I 
Fast Conversion Time: 15 .... s 10-151 
Interfaces to .... p like RAM, ROM or Slow Memory 
Low Power Dissipation: 30mW 

DB,- DB. 
Ratiometric Capability 

DATA OUT Single + 5V Supply 
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Analog-to-Digital Converters 
8-Bit AID Converters 

BIPOLAR 
OFFSET 

COMPARATOR 
INPUT 

A~~~~G O--:+ANI ...... --t 

GROUND O---+-'oNv-.....-i 

D/AIN 

5 ~~T; RlEADY 

l 

VOL. I, 1~4 ANALOG-TO-DIGITAL CONVERTERS 

AD7581 
a-Bit Resolution 
On-Chip 8 x a Dual-Port Memory 
No Missed Codes Over Full Temperature Range 
Interfaces Directly to zao/aoaS/6aoo 
CMOS. TIL Compatible Digital Inputs 
Three-State Data Drivers 
Ratiometric Capability 
Interleaved DMA Operation 
Fast Conversion 
AID Process Totally Transparent to J.lP 

HAS-0802 
Conversion Times as Low as 1.2J.ls 
Resolution: a Bits 
Exceptional Accuracy: 0.012% of F.S. 
Low Power 
Contained in Glass or Metal 32-Pin DIP 
Adjustment-Free Operation 

Page 

Vol. I 
10-159 

Vol. I 
10-201 



10-Bit AID Converters 

D/A OUT 0-=4-----::-:--:-:0=----1 

BIPOLAR 
OFFSET 

COMPARATOR 
INPUT 

A~~~~G O-==+-JVVI ...... -l 

GROUND <>-'=+-JVVI ....... -l 

DIGITAL 
GROUND 

ENCORE 
COMMAND 

-15V 

ANALOG GNO 

ZERO AOJ 

20V SPAN INPUT 

10V SPAN INPUT 

BIPOLAR OFFSET 

GAIN (REF INI 

REF OUT 

SERIAL OUT 

SERIAL OUT 

CLOCK ADJ 

5 :~T; "lEADY 

l 

AD579 
Complete 10-Bit AID Converter with Reference and 

Clock 
Fast Successive Approximation Conversion: 1.8J1s 
Buried Zener Reference for Long Term Stability and 

Low Gain T.C.: ±40ppmfOC max 
Max Nonlinearity: < ± 0.048% 
Low Power: 775m.W 

HAS-1002 
Conversion Times as Low as 1.7J1s 
Resolution: 10 Bits 
Exceptional Accuracy: 0.012% of F.S. 
Low Power 
Contained in Glass or Metal 32-Pin DIP 
Adjustment-Free Operation 
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Analog-to-Digital Converters 
10-Bit AID Converters 

y' y 
rm;ITAl 
CO~MnN 
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OFFSET -

CONTROL 

v+ v-
DIGITAL 

COMMON 

BLANK & 
CONVERT CONTROL 

BIT 
OUTPUTS 

CONVERT 
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l--f~04-~1- DB6 
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I--D--f--If- DBS BYTE 
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t--1 ~-+----1~ 082 

~-I--44- :::} ~~ 
LSB 
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AD571 
Complete AID Converter with Reference and Clock 
Fast Successive Approximation Conversion - 25fl5 
No Missing Codes Over Temperature 

o to + 70°C - AD571 K 
-55°C to + 125°C -AD571S 

Digital Multiplexing - 3 State Outputs 
18-Pin Ceramic DIP 
Low Cost Monolithic Construction 

AD573 
Complete 10·Bit AID Converter with Reference. 

Clock and Comparator 
Full 8- or 16·Bit Microprocessor Bus Interface 
Fast Successive Approximation Conversion - 15flS 
No Missing Codes Over Temperature 
Operates on +5V and -12V to -15V Supplies 
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ANALOG 
COMMON 

v+ v-

CMPOUT 

DIGITAL 
COMMON CONVERT 

voo 

EXTERNAL 
CLOCK 

SiiOii'fCYLE 
AND TERMINATE 

ClK ClK BUSY Vee Rii CS CE FORM HSEULSEL 
IN OUT 

AD575 
Complete 10·Bit AID Converter with Reference 

Clock and Comparator 
Serial Output 
Fast Successive Approximation Conversion - 20 .... s 

typ 
No Missing Codes Over Temperature 
Operates on + 5V and - 12V to -15V Supplies 
Low Cost Monolithic Construction 

AD7571 
10·Bit Plus Sign Resolution 
No Missed Codes Over Full Temperature Range 
Conversion Time 80 .... s 
Differential Analog Voltage Inputs, ± 10V Range 
Serial and Parallel Data Outputs 
Easy Interface to Most Microprocessors 
Internal Clock Oscillator 
Single Supply Operation for Positive·Only Signals 
Monolithic Construction 

Page 

Vol. I 
10-67 

Vol. I 
10-139 

ANALOG-TO-DIGITAL CONVERTERS VOL. I, 10-7 

• 



Selection Guide 
Analog-to-Digital Converters 
12-Bit AID Converters 
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Vee 
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Ae 

V" 
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AD572 
True 12-Bit Operation: Max Nonlinearity < ±0.012% 
Low Gain T.C.: <±15ppmI"C (AD572B) 
Low Power: 900mW 
Fast Conversion Time: <25Jls 
Monotonic Feedback DAC Guarantees No Missing 

Codes 

AD574A, 
Complete 12-Bit AJD Converter with Reference and 

Clock 
Full 8- or 16-Bit Microprocessor Bus Interface 
250ns Bus Access Time 
Guaranteed Linearity Over Temperature 

o to + 70°C - AD574AJ, AK, AL 
-55°C to + 125°C - AD574AS, AT, AU 

No Missing Codes Over Temperature 
Fast Successive Approximation Conversion - 25Jls 
Buried Zener Reference for Long-Term Stability and 

Low Gain T.C. 
10ppml"C max AD574AL 
12.5ppm1"C max AD574AU 

Low Profile 28-Pin Ceramic DIP 
Low Power: 390mW 
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BIT3 

BIT2 

BIT 1 

mTT 

SHORT CYCLE 

DIGITALGND 

+5V 

+5V 

SERIAL 
OUT 

TEST 
POINT 

ANALOG 
GND 

-VREF OUT 
-VREF IN 

AD578 
-15V 

+15V 

ANALOGGND 

ZEROADJ 

lOV SPAN INPUT 

10V SPAN INPUT 

BIPOLAR OFFSET 

GAIN IREF IN) 

REF OUT 

SERIAL OUT 

SERIAL OUT 

CONVERT START 

EOC 

CLOCK IN 

CLOCK OUT 

CLOCKADJ 

CLOCK IN 

DIGGND 

EOC 

BIT7 

BIT8 

BIT9 

BIT 10 

BIT 11 

BIT 12 

+15V 

ANALOG 
IN 

-15V 

AD578 
Complete 12-Bit AID Converter with Reference and· 

Clock 
Fast Conversion: 3 .... s (max) 
Buried Zener Reference for Long Term Stability and 

Low Gain T.C.: ±30ppm/oC max 
Max Nonlinearity: <±0.012% 
Low Power: 775mW 
Hermetic Package Available 
Positive-True Parallel or Serial Logic Outputs 
Short Cycle Capability 
Precision + 10V Reference for External Applications 
Adjustable Internal Clock 
"Z" Models for ± 12V Supplies 

AD5200 SERIES 
AD5200: 50 .... s Conversion Time 
AD5210: 13 .... s Conversion Time 

True 12-Bit Operation: ± 1/2LSB max Nonlinearity 
Totally Adjustment-Free 
Guaranteed No Missing Codes Over the Specified 

Temperature Range 
Hermetically·Sealed Package 
Standard Temperature Range: + 25°C to +85°C 
Extended Temperature Range: -55°C to + 125°C 
Serial and Parallel Outputs 
Monolithic DAC with Scaling Resistors for Stability 
Low Chip Count for High Reliability 
Industry Standard Pin Out 
Small 24-Pin DIP 
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Analog-to-Digital Converters 
12-Bit AID Converters 
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ANALOGGND 
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CONVERT 
COMMAND 

BIT 7 

BITS 

BIT9 
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BIT 11 

BIT 12 LSB 

SERIAL OUT 

-15VOR -12V 

REF OUT 
(6.3V) 

CLOCK OUT 

STATUS 

SHORT 
CYCLE 

CLOCK 
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CLOCK IN 

CONVERT 
START 

+15VOR +12V 
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AD5240 
Complete 12-Bit AID Converter with Reference and 

Clock 
Fast Successive Approximation Conversion: 5 .... s 
Buried Zener Reference for Long Term Stability and 

Low Gain T.C.: 10ppmfC 
Max Nonlinearity: < ±O.012% 
Low Power: 775mW Typical 
Hermetic Package Available 
Low Chip Count - High Reliability 
Pin Compatible with AD ADC84/AD ADC85 
"z" Models for ± 12V Supplies 

AD ADC80 
True 12-Bit Operation: Max Nonlinearity ±O.012% 
Low Gain T.C.: ±30ppmfC max 
Low Power: 800mW 
Fast Conversion Time: 25 .... s 
Precision 6.3V Reference for External Application 
Short-Cycle Capability 
Serial or Parallel Data Outputs 
Monolithic DAC with Scaling Resistors for Stability 
Low Chip Count - High Reliability 
Industry Standard Pin Out 
"z" Models for ± 12V Supplies 
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UNIPOLAR NEG ,... 
I 

OFFSETt 

UNIPOLAR POS L. 

AD ADC84/AD ADC85 
Complete 12-Bit AID Converter with Reference and 

Clock 
Fast Successive Approximation Conversion: 10JLs 
Buried Zener Reference for Long Term Stability and 

Low Gain T.C.: 10ppml"C 
Max Nonlinearity: < ± 0.012% 
Low Power: 880mW Typical 
Hermetic Package Available 
Low Chip Count - High Reliability 
Industry Standard Pin Out 
"Z" Mod~ls for ± 12V Operation Available 

HAS-1201 
12-Bit Resolution 
1MHz Word Rate 
T/H and Timing Circuits Included 
Single Hybrid Package 

APPLICATIONS 
Radar Systems 
Medical Instrumentation 
Electro-Optics Systems 
Test Systems 
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Analog-to-Digital Converters 
High Resolution AID Con,verters 

-10VREF -15VREF -10VREF POWER 
OUT IN IN GROUND 

Z 3'r-~Lr--~~&'-~~ 

BIPOLAR IN • ).-o.--...... H 

, SIGNALGNO ",)-----1 
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29 SERIAL DATA 
OUTl'IlT 

..... ----{ ')---.....(31), ---------1 
COMPARATOR GND ENCODE COMMANO 
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AD ADC71/AD ADC72 
Complete 16-Bit Converter with Reference and 

Clock 
±O,003% Maximum Nonlinearity 
No Missing Codes to 14 Bits 
Fast Conversion - 45f1s (14 Bit) 
Short Cycle Capability 
Parallel or Serial logic Outputs 

AD ADC-816 
10-Bit Resolution 
800ns Conversion Time 
Six Input Ranges 
Unipolar and Bipolar Operation 
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C=D 
EXTfANA 

CLOCK 

r---------------- -------------, 
I I 

I 

VREF1 IRIN IROUT 

BUSY OVRG OB12 - - - - - - OBO 

1481T 

OUTPUT 

Vee 

COUT 

STEN 

lBEN 

HBEN 

CON 

HAS-1409 
14-Bit Resolution 
125kHz Word Rates 
Internal Track-and-Hold 
40-Pin DIP 

APPLICATIONS 
FDMITDM Transmultiplexers 
CAT/NMR Scanners 
PCM Systems 
Digital Audio 

AD7552 
12-Bit Binary with Polarity and Overrange 
Accuracy ± 1 LSB 
Microprocessor Compatible 
Ratiometric Operation 
Low Power Dissipation 
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Analog-to-Digital Converters 
High Resolution AID Converters 

1381110 
12 BIT9 
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I tH-tttt-HH+---1 9 BIT 6 

III ~-mtutttm~! ::; ~ 
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g~~I~~~ 2 
gg~!~~ 21i}------i 

15 BIT12 

14 bIT11 
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ADC1130/ADC1131 
14-Bit Resolution and Accuracy 
Fast 121-'-s Conversion Time (ADC1131J/K) 
Low 10ppmfC Maximum Gain TC 
User Choice of Input Range 
No Missing Codes 

ADC1140 
Low Cost 16-Bit AID Converter 
Guaranteed Nonlinearity: ± 0.003% FSR max 
351-'-s Maximum Conversion Time 
Small Size 2" x X' x 0.4" 
Wide Power Supply Operation: ± 12V to ± 17V 

ADC1143 
High Performance 16-Bit AID Converter 
Low Power Consumption: 

175mW max, Vs = ± 15V 
150mW max, Vs = ± 12V 

Guaranteed Nonlinearity: 
±0.006% FSR max (ADC1143J) 
± 0.003% FSR max (ADC1143K) 

Guaranteed Differential Nonlinearity: 
± 0.006% FSR max (ADC1143J) 
± 0.003% FSR max (ADC1143K) 

Low Differential Nonlinearity T.C.: 
±2ppm/oC max (ADC1143J) 
± 1 ppm/oC max (ADC1143K) 

Fast Conversion Time: 
70 .... s max (ADC1143J) 
100 .... s max (ADC1143K) 

Wide Power Supply Operation: 
Vs= ±11.4V to ±18.0V 
VD = +3.0V to +18.0V 
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Video AID Converter$ 

~~~~ 2 
ITI(TO 
PfN161 

+v., 

,ST 
ENCODER 

.Va 

-Va 

.v, 

-v, 

AD501 01 AD6020 Page 

Scan Frequency to 100MHz (AD5010KD) Vol. I 
low 450mW Power Dissipation 10-103 
± 1/4lSB Linearity 
ECl logic Compatible 
No Sample & Hold Required 
Overflow Output for Extended Resolution 

APPLICATIONS 
Video Data Conversion 
High Speed Data Acquisition 
Radar/Sonar Data Conv!,rsion 

a 
9000 SERIES 
6-Bit, 75MHz Minimum Word Rates Vol. I 
No T/H Required 10-167 
- 55°C to + 125°C Temperature 
Overflow Bit for Cascading Units 

APPLICATIONS 
Image Processing 
Video Digitizing 
Radar Digitizing 
Military Systems 
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Analog-to-Digital Converters 
Video AID Converters 

VOL. I, 10-16 ANALOG-TO-DIGITAL CONVERTERS 

CAV-0920 
9-BIt Resolution 
20MHz Word Rate 
Single 35-ln2 PC Board 
ECl Compatible 
No External Circuits Required 

APPLICATIONS 
Television Digitizing 
Radar Digitizing 
Medical Instrumentation 
Digital Communications 
Spectrum Analysis 

CAV-1040 
10-Bit Resolution 
40MHz Word Rate 
Single 35-ln2 PC Board 
ECl Compatible 
No External Circuits Required 

APPLICATIONS 
Radar Digitizing 
Medical Instrumentation 
Digital Communications 
Spectrum Analysis 
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CAV-1210 
12-Bit Resolution 
10MHz Word Rate 
Single 35-ln2 PC Board 
ECl Compatible 
No External Circuits Required 

APPLICATIONS 
Radar Digitizing 
Medical Instrumentation 
Digital Communications 
Spectrum Analysis 
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Analog-to-Digital Converters 
Video AID Converters 
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MATV-OS'1/MATV-OS16 
MATV-0811: 11MHz Word Rates 
MATV 0816: 16MHz Word Rates 

8-Bit Accuracy - Guaranteed Monotonic 
Most Economical Video AID 
Smallest Available Complete AID - 5.5" x 4.38" x 0.85" 
Self Contained - Includes Input Buffer, Encoder, ' 

Reference, Timing, and Buffered Parallel Output 

APPLICATIONS 
Digitize Color Television at Up to Three or Four 

Times NTSC or PAL Color Subcarrier Frequencies 
Video Time Base Correction and Frame 

Synchronization 
Radar Signal Processing 
Real Time Transient and Continuous Spectrum 

Analysis 

MATV-OS20 
8-Bit Accuracy - Guaranteed Monotonic 
Ultra-High Speed - dc to 20MHz Word Rates 
Most Economical Video AID 
Smallest Available Complete AID - 5.5" x 4.38" x 0.85" 
Self Contained - Includes Input Buffer, Encoder, 

Reference, Timing, and Buffered Parallel.output 

APPLICATIONS 
Digitize Color Television at Up to Three or Four 

Times NTSC or PAL Color Subcarrier Frequencies 
Video Time Base Correction and Frame 

Synchronization 
Radar Signal Processing 
Real Time Transient and Continuous Spectrum 

Analysis 
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MSB MOD·1005 Page 
BIT 1 

I", 
15 10 Bits @ 5MHz Word Rate Vol. II I~ 
I~ One-27 Sq. In. PC Board 11-61 
I:! Built-In Track-and-Hold - 25ps Aperture Uncertainty 
I§ 

20MHz Analog Input Bandwidth 1° 
81110 TTL Compatible 

LSB 

low (10-Watt) Power Dissipation 
Signal-to-Noise Ratio Greater Than 58dB 
Noise Power Ratio Greater Than 49dB 
Completely Repairable 

APPLICATIONS 
Radar Digitizing 
Digital Communications 
Real Time Spectrum Analysis 
High Resolution TV 

37 elr1 lMSB) MOD·1020 • 36Bi'f1 
34SfT2 

10 Bits @ 20MHz Word Rates Vol. II lSBif1 
328fT3 

One-35 Sq. In. PC Board 11-65 33Bff1 
3181T4 
lOBi"f";i Built-In Track-and-Hold - 25ps Aperture 
H BITS 
ZIiiT'f"S 15MHz Large-Signal Input Bandwidth 
n BlTi 
21BiTi ECl Compatible 
248111 
258m Signal-to-Noise Ratio Greater Than 56dB 
21iiTfi Noise Power Ratio Greater Than 45dB 
21iii'Ti 
1181T10 
19Si"'f1O 

APPLICATIONS 1161T11 
1181111 

Television Digitizing 
Radar Digitizing 
Medical Instrumentation 
Digital Communications 
Spectrum Analysis 
Sonar Digitizing 

BiT-'- MOD·1205 
BITl 
MS. 

I 12 Bits @ 5MHz Word Rate Vol. II I ~ 
,'; One-27 Sq. In. PC Board 11-69 I ~ 
I g Built-In Track-and-Hold - 25ps Aperture Uncertainty I ~ 
It: 15MHz Analog Input Bandwidth I!< 

·D TTL Compatible 
Low (13-Watt) Power Dissipation 
Signal-to-Noise Ratio Greater Than 66dB 
Noise Power Ratio Greater Than 56dB 
Completely Repariable 

APPLICATIONS 
Radar Digitizing 
Digital Communications 
Real Time Spectrum Analysis 
Signature Analysis 
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Orientation 
Analog-to-Digital Converters 
FACTORS IN CHOOSING AN AID CONVERTER 
In the two volumes of this catalog, there are listed some 34 
different families of analog-to-digital converters (ADCs). If 
one were to consider all the variations, there would be con
siderably more than 92 different types to choose among. 
The reason for so many different types is the number of 
degrees of freedom in selection-technological, functional, 
performance, and package. Complete information on convert
ers may be found in the 250-page book, Analog-Digital Con
version Notes, published by Analog Devices and available for 
$5.95 from P.O. Box 796, Norwood, MA 02062. 

FUNCTIONAL CHARACTERISTICS 
Block diagrams illustrating the various conversion techniques 
appear on individual data sheets. 

The moderate-speed converters described in this catalog 
«lMHz) employ two fundamental techniques-successive 
approximations, for moderate-to-high resolution at moderate
to-high speed, and integration, for high resolution at modest 
speeds. The AD574A and ADC1l43 are examples of the 
former, the AD7552 the latter. 

Like a chemist's balance with binary weights (112, 114, 118, 
etc.), the successive-approximation converter compares the 
unknown input with sums of accurately-known binary frac
tions of full scale, starting with the largest (2-1), and rejecting 
any that change the comparator's state ("tip the scale"). At 
the end of conversion (EOC), the output of the converter 
is a digital word, representing the ratio of the input to full 
scale by a fractional-binary code. 

Integrating types count pulses for a period proportional to the 
input. Most-frequently used are dual slope types, which count 
off the period required for the integral of the reference to 
become equal to the average value of the input (over a fixed 
period). Integrating types can be made insensitive to drift by 
storing errors during an error-correcting cycle and subtracting 
them during the input-measuring cycle. This correction can be 
performed in analog fashion, using capacitance for storage, or 
digitally-using the information stored in a counter for cor
rection (AD7552). 

The video converters described here (MATV, MOD-1205, etc.) 
employ two basic encoding techniques: simultaneous, or flash 
convt;rsion, and serial-Gray-Code conversion. High resolution 
and high speed are obtained by subranging, i.e., by performing 
an n-bit conversion in two steps; Analog Devices has perfected 
a form of subranging, known as DSC-digitally corrected sub
ranging-,-which permits accurate resolutions of 12 bits and 
more.* 

In flash conversion, the analog signal is compared against 
2n - 1 graded voltage levels, using as many comparators, and 
the comparator output logic levels are processed by a priority 

• A considerable amount of useful information about the differences 
between video conversion and moderate-speed conversion can be found 
in the article "Very High Speed Data Acquisition," by Ed Graves, in 
Analog Dialogue 13-2, available upon request. 
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encoder, which converts the "thermometer" output to a bina
ry (or Gray) code. Since the whole conversion occurs essential
ly simultaneously, it is the fastest means of conversion, but it 
requires many accurate comparators and large numbers of gates. 

In serial-analog-parallel-digital conversion, there are a number 
of cascaded stages, each having a gain of +2 for signals less 
than one-half the reference, and a gain of -2 for signals be
tween one-half the reference and full scale. At each stage, a 
decision is made as to whether the signal is larger (1) or smal
ler (0) than one-half the reference; the stage's analog output 
becomes the input to the next stage. The complete time for 
one conversion is determined by the propagation delay of the 
analog signal through all stages; however, since the decision 
of each stage can be latched as soon as the stage has settled 
(and a new conversion can, in principle, be started as soon 
as the first bit has been latched), the rate at which conver
sions come out of the pipeline is considerably faster than the 
time for one sample to go through the conversion process. 
Though fast, this process is difficult to implement accurately 
for more than a few bits, because of the compounding of 
gain (hence errors). 

A subranging converter digitizes to a group of more-significant 
bits, and stores them in a latch. A fast, very-high-accuracy 
DI A converter converts them to an analog signal, which is then 
subtracted from the input. The difference, or residue, is ampli
fied and digitized, and (in DCS) the result is combined digit-
ally in such a way as to correct for mid-scale conversion errors. 

Whatever the technique, these AID converters comprise several 
essential functions: an analog section, a digital data-generating 
section, data outputs, and digital controls. 

Analog Section 
This section requires a reference, one or more high-gain com
parators, and either a Df A converter (successive approxima
tions) or a controllable integrator. The reference may be in
ternal or external, fixed or variable, and of a specified polarityl 
sense in relation to the analog input. In ratiometric conversion, 
the reference is usually external and variable. 

In successive-approximation converters the comparator is 
generally used in the current-summing mode; that is, the 
current output of the DAC is summed with the current devel
oped in the DAC's "feedback resistor" by the input voltage (of 
opposite polarity), and the balancing action of the converter 
tends to bring the summing junction towards a voltage null 
(much like that of an op amp) at the end of conversion._The 
typical DAC feedback options, when applied in an ADC, 
provide input-scaling choices. When the bipolar-offset connec
tion is jumpered to the summing point, input signals of both 
polarities can be handled. The current-switching action of the 
DAC, at the typically fast clock-rates used in successive-ap
proximation converters, can disturb the output of the analog 
signal source, especially if it is a slow high-precision op amp. 
In such cases, buffering may be necessary. 



Digital Data-Generating Section 
In successive-approximation types, this section consists of a 
discrete or integrated successive-approximations register (SAR), 
its controls, and inputs from the comparator and clock (which 
is on-board, but in many cases permits external clock pulses, 
frequency adjustment, and/or control). In integrating types, 
this section consists of the clock-pulse generator, the coun
ter(s), the input from the comparator, and the associated 
controls. Often, provisions are made for the pulse-train to be 
jumpered to the counter externally, so that the pulse train ean 
be operated on externally, or can transmit its train of pulses 
to a remote counter. In a few types there are no on-board 
counters or registers; the pulse train, magnitude, overrange, 
and control terminals are intended to communicate with 
external counters and registers. 

Data Outputs 
Factors to consider here include coding, resolution, overrange 
information, levels, format, validity, and timing. Coding is 
usually binary, including jumper-connected offset-binary andl 
or two's complement for bipolar input signals. For some types, 
BCD is available, with sign-magnitude for bipolar inputs. Out
put coding specs should always be checked for digital polarity 
(positive- or negative-true) of both magnitude and sign infor
mation. The resolution (number of output bits) must be suffi
cient for the application; in addition, the specifications must 
be checked to ascertain that not only will all 2n (binary) 
output codes be present (no missing codes), but they must all 
be present at any temperature in the operating range and 
related to the input with sufficient accuracy. Integrating types 
generally have no problems with missing codes (except some
times at zero, with sign-magnitude coding); nevertheless, non
linear integration can cause the conversion relationship to 
become nonlinear. Successive-approximation types have no 
way of determining overral1ge; they simply fill up. However, 
counter types roll over and put out a carry flag to signal 
overrange .. 

The data levels available at the converter output must be 
checked (TTL, low-voltage CMOS, high-voltage CMOS, ECL), 
as must the load-driving capability and fanout, and the supply 
conditions under which appropriate output levels will be 
furnished. The available choice of output [ormats must also be 
as desired-parallel, serial, byte-serial, and/or pulse-train. If the 
converter is intended to communicate directly with an 8-bit 
data bus, the output should have three-state capability, and 
parallel outputs must be enabled in bytes of 8 or fewer lines 
(AD573, AD574A). If the output is serial, it is usually NRZ 
(non-return-to-zero) and should be accompanied by a set of 
synchronized clock-pulses. 

A status (or busy or EOC) output changes state to indicate 
when the data becomes valid. The exact nature of this transi
tion should be specified-polarity, timing, levels, etc. For serial 

data, the exact relationship between the data and the synchro
nizing clock should be specified, to indicate when each bit 
becomes valid, and for how long. In general, the timing of the 
whole conversion process must be clearly understood, especial
ly if high speeds are necessary, either for conversion, or for 
communication with a processor (or both). The timing dia
grams on specification sheets are usually accompanied by 
adequate descriptions of the conversion process and specifica
tions of the critical interface parameters. 

Controls 
The functions, action (levels or edges), polarity, and timing of 
all control inputs and outputs should be clearly understood, as 
well as their loading characteristics and dependence on the 
supply. In addition to the essential start-conversion-command 
input and a status output, various control commands may be 
available, such as clock inbibit, bigh (low)-byte enable, status 
enable, and-for speeding up conversion at the cost of resolu
tion in successive-approximation converters-short-cycle. 

Power Supplies • 
Appropriate power supplies should be made available, con- I 
sidering the logic levels and analog input signals to be employed 
in the system. The appropriate degree of power-supply stability 
to meet the accuracy specifications should be provided. Any 
recommended external protection circuitry should be planned 
for. In many cases, separate analog and digital grounds are 
required; ground wiring should follow best practice to mini-
mize digital interference with high-accuracy analog signals, 
while ensuring that a connection between grounds can always 
exist at one point, even if the "mecca" point is inadvertently 
unplugged from the system. . 

Application Checklist 
The designer will generally require specific information in the 
following categories, before proceeding to the selection process: 

• Accurate description of input and output 

1. analog signal range and source or load impedance 

2. digital code needed - binary, offset binary, 2's com
plement, BCD, etc. 

3. logic level system, i.e., TTLlDTL compatible 

• What is the needed data throughput rate? 

• What are the control interface details? 

• What does the system error budget allow for the converter? 

• What are environmental conditions - temperature range, 
time, supply voltage - over which the converter should 
operate to the desired accuracy? 

For AID converters, the following considerations are typical. 

• What is the analog input voltage range, and to what resolu
tion must the signal be measured? 
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• What is the requirement for linearity error (or relative 
accuracy error)? ' 

• To what extent must the various sources of error be mini
mized as environmental temperature changes? 

• How much time can be allowed in the system for each 
complete conversion? What aperture uncertainty and 
acquisition time are needed for the sample-hold? 

• How stable is the system power supply? What errors will 
result from power supply terminal voltage variations of 
this order? 

• Can the system tolerate missed codes under any con
ditions? 

• What is the character of the input signal? Is it noisy, 
sampled, filtered, rapidly-varying, slowly-varying? What 
kind of pre-processing is to be (or can be) done that will 
affect the choice (and cost) of the converter? Is aliasing 
a potential problem? 

SPECIFICATIONS & TERMS 
Definitions of performance specifications, and related informa
tion, are to be found on the following pages, in alphabetical 
order. * 
Accuracy, Absolute . 
The error of an A/D converter at a given output code is the 
difference between the theoretical and the actual analog input 
voltages required to produce that code. Since the code can be 
produced by any analog voltage in a finite band (see Quantizing 
Uncertainty), the "input required to produce that code" is 
defined as the midpoint of the band of inputs that will prd
duce the code. For example, if 5 volts (±1.2mV) will theoreti
cally produce a 12-bit half-scale code of 100000000000, then 
a converter for which any voltage from 4.997V to 4.999V will 
produce that code will have absolute error of 
112(4.997 + 4.999) - 5 volts = -2mV. 

Absolute error comprises gain error, zero error, and nonlinear
ity, together with noise, Absolute-accuracy measurements 
should be made under a set of standard conditions with sources 
and meters traceable to an internationally accepted standard. 

Accuracy, Relative 
Relative accuracy error, expressed in %, ppm, or fractions of 
an LSB, is the deviation of the analqg value at any code (rela
tive to the full analog range of the device transfer characteris-

·For video converters, there are a number of additional application-
oricnted specifications pertaining to the devicc's usc in a system 
(e.g., noise power ratio, differential phase, differential gain, signal-to
noise ratio). Some useful references for understanding such specifica
tions can be found in the following publications, available from 
Analog Devices, Computer Labs Division, 7810 Success Road, 
Greensboro, NC 27409. 

Kester, W. A., "PCM Signal Codecs for Video Applications", SMPTE 
Journal, Volume 88, November 1979, pp 770-778. 

Pratt, W. J., "Test AID Converters Digitally", Electronic Design, 
December 6, 1975 

Smith, B.F. and Pratt, W.J., "Understanding High-Speed AID 
Converter Specifications", Computer Labs, 1974 
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tic) from its theoretical value (relative to the same range), after 
the full-scale range (FSR) has been calibrated. 

Since the discrete points on the theoretical transfer character
istic lie on a straight line, this deviation can also be interpreted 
as a measure of nonlinearity (see Linearity). 

The "discrete points" of an A/D transfer characteristic are the 
midpoints of the quantization bands at each code (sec Accu
racy, Absolute). 

Aperture Time 
This is the interval between the application of the bold com
mand to a sampleltrack-hold and the actual opening of the 
switch. The aperture time consists of a delay (which depends 
on the logic and the switching device-SOns for SHA1144) and 
an uncertainty (due to jitter-20ps max rms for HTS-0025). 
When a sample-hold is used in an application where timing is 
critical, the timing of the hold command can be advanc~d to 
compensate for the known component of aperture delay. The 
jitter, however, imposes the ultimate limitation on timing ac
curacy. When a sample-hold is used with an ADC, the timing 
uncertainty of the conversion process is reduced by the ratio 
of aperture jitter to the conversion time, i.e., the maximum 
frequency which can be handled with less than 1LSB error due 
to timing is 2-n /(1T Tau) instead of 2-n /(1T Tc), where Tau is the 
aperture uncertainty and Tc is the conversion time. 

Common Mode Rejection (CMR) 
The ability of a device to reject the effect of voltage applied 
to both input terminals simultaneously. Usually expressed as 
the log of a "common-mode rejection ratio," e.g., 1,000,000: 1 
(CMRR) or 120dB (CMR). A CMRR of 1,000,000 to 1 means 
that a 1 V common-mode voltage passes through the amplifier 
as through it were a differential signal of one "microvolt at 
the input. 

Conversion Time and Conversion Rate 
The time required for a complete measurement by an ADC is 
called conversion time. For most converters (assuming no sig
nificant additional systemic delays), this is identical to the 
inverse of conversion rate. However, in some high-speed con
verters, because of pipelining, new conversions are initiated 
before the results of prior conversions have been determined; 
thus, for example, the MOD-1205 can provide 12-bit output 
data at a 5MHz word rate (200ns/conversion), even though the 
time for anyone conversion, from start to finish, is two clock 
periods plus 275ns, or 675ns, at 5MHz. 

Dual-Slope Converter 
An integrating analog-to-digital converter in which the unknown 
signal is converted to a proportional time interval, which is 
then measured digitally. This is done by integrating the un
known for a predetermined time. Then a reference input is 
switched to the integrator, and integrates "down" from the 
level determined by the unknown until a "zero" level is 
reached. The time for the second integration process is propor
tional to the average of the unknown signal level over the 
predetermined integrating period. A digital time-interval meter 
(i.e., counter) is generally used as the output indicator. 



INTEGRATOR 
OUTPUT 

C3 
~~~--------~----~------~----~ 

Feedthrough 

SIGNAL INTEGRATE 
TIME 

REFERENCE INTEGRATE 
TIME 

Undesirable signal-coupling around switches or other devices 
that are supposed to be turned off or provide isolation, e.g., 
feedtbrougb error in a multiplexer. It is variously specified in 
%, ppm, fractions of 1 LSB, or fractions of 1 volt, with a given 
set of inputs, at a specified frequency. 

"Flash" Converter 
A converter in which all the bit choices are made at the same 
time. It requires 2n - 1 voltage-divider taps and comparators, 
and a comparable amount of priority encoding logic. An ex
tremely fast scheme, it requires large numbers of precision 
components. Flash converters are often used for partial con
versions in subranging converters. 

Gain Adjustment 
The "gain" of a converter is that analog scale factor setting 
that provides the nominal conversion relationship, t;.g., 10V 
full scale, in a fixed-reference converter, or 100% of full-scale 
in a ratiometric converter. Gain- and zero-adjustment princi
ples are discussed under zero. 

Least Significant Bit (LSB) 
In a system in which a numerical magnitude is represented by 
a series of binary (i.e., two-valued) digits, the "least significant 
bit" is that d'igit (or "bit") that carries the smallest value or 
weight. For example, in the natural binary number 1101 (dec
imal 13, or 23 + 22 + 0 + 2°), the rightmost" 1" is the LSB. 
Its analog weight, relative to full scale, is 2-n, where n is the 
number of binary digits. It represents the smallest change that 
can be resolved by an n-bit converter. 

Linearity Error 
Linearity error of a converter, expressed in percent or parts
per-million of full-scale range, or fractions of a least-significant 
bit, is thc deviation of the analog valucs from a straight line, in 
a plot of the measured conversion relationship. The straight 
line can be eithcl"a "best straight line," determined empirically 
by manipulation of the gain and/or offset to equalize maxi
mum positivc and negative deviations of the actual transfer 
characteristic from this straight line; or, it can be a straight line 
passing through the end points of the transfer characteristic 
after they have been calibrated. Sometimes referred to as 
"end-point" nonlinearity, the latter 1S both a more conserva
tive measure and is much easier to verify in actual practice. 
"End-point" nonlinearity is similar to relative accuracy error 
(see Accuracy, Relative). Linearity has two components
differential and integral nonlinearity. 

Linearity, Differential and Integral 
A digital output code should correspond to a quantum of 
analog input values exactly 1 LSB in width (2-n of full scale, 
for an n-bit converter). Any deviation of the measured "step" 
from the ideal width is called Differential Nonlinearity. It is 
an important specification, because a differential nonlinearity 
error greater than 1 LSB can lead to nonmonotonic behavior of 
of a D/A converter, and missed codes in an A/D converter 
employing such a DAC. A flagrant example of differential non
linearity is shown here. 

XX10l 

XX100 

DIFFERENTIAL 
XXOll WIDTH LINEARITY 

ERROR 

XX010 1 LSB 
-1/2 LSB -11/2 LSB 

XXOOI 
1 LSB 0 
21/2 LSB +1112 LSB 
1 LSB 

XXOOO 

/ ANALOG 
/ VALUES 

In the illustration, the horizontal bars represent the measured 
DAC output values corresponding to 6 adjacent digital codes. 
The DAC is nonlinear, in that the next-least-significant bit 
(XXOlO) is 1 ~ LSB too large. Thus, instead of the five quanta, 
or steps, being all equal ( = 1 LSB), quantum 2 is 2~ LSB and 
quantum 4 is -liz LSB. The differential linearity error, the dif
ference between the actual quantum width and the ideal 
1 LSB, is +ll1z LSB for quantum 2 and -ll1z LSB for 
quantum 4. 

When this DAC is used in successive-approximations conver
s;on, it will lead to a missed code. Analog inputs slightly larger 
than the value of XX 100 will be converted to XXlOO, and 
analog inputs slightly less than the value of XXIOO will be con
verted to XXOlO. The code XXOll will not exist; it will be a 
missed code. 

Often, instead of a maximum differential nonlinearity speci
fication, there will be a simple specification of "no missed 
codes", which implies a differential nonlinearity less than 
1 LSB. 

While differential nonlinearity deals with errors in step size, 
integral nonlinearity has to do with deviations of the overall 
shape of the conversion response. Even converters that are not 
subject to differential linearity errors (e.g., integrating types) 
have integral linearity (sometimes just "linearity") errors. 

Power-Supply Sensitivity 
The sensitivity of a converter to dc changes in power-supply 
voltages is normally expressed in terms of percentage change 
in analog input value (or fractions of the analog equivalent 
of 1 LSB), corresponding to a given code, for a 1% dc change 
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inthe power supply, e.g., O.05%1%t.Vs). Power-supply sensi
tivity may also be expressed in relation to a specified dc shift 
of the supply voltage. High-accuracy ADCs intended for 
battery operation require excellent rejection of large supply
variations. 

Quad-Slope Converter 
This is an integrating analog-to-digital converter that goes 
through two cycles of dual-slope conversion, once with zero 
input and once with the analog input being measured. The 
errors detennined during the first cycle are subtracted digitally 
from the result in the second cycle. The scheme results in an 
extremely accurate converter. For example, the 13-bit single
chip AD75S0 is a CMOS quad-slope AID converter with typ
ical tempcos (gain and zero temperature coefficients) of 
Ippm/C. 

Quantizing Uncertainty (or "Error") 
The analog continuum is partitioned into 2n discrete ranges 
for n-bit conversion. All analog values within a given range are 
represented by the same digital code, usually assigned to the 
nominal midrange value. There is, therefore, an inherent quan
tization uncertainty of ±~ LSB, in addition to the actual 
conversion errors. In integrating converters, this "error" is 
often expressed as "±1 count." 

Ratiometric Converter 
The output of an AID converter is a digital number propor
tional to the ratio of (some measure of) the input to a refer
ence. Most requirements for conversions call for an absolute 
measurement, i.e., against a fixed reference. In some cases, 
where the measurement is affected by a changing reference 
voltage (e.g., the voltage applied to a bridge), it is advantageous 
to use that same reference as the reference for the conversion, 
to eliminate the effect of variation. Ratiometric conversion 
can also serve as a substitute for analog signal division (where 
the denominator changes but little during the conversion). 

Stability 
Stability of a converter, usually applies to the insensitivity 
of its characteristics with time, temperature, etc. All measure
ments of stability are difficult and time consuming, but sta
bility vs. temperature is sufficiently critical in most applica
tions to warrant universal inclusion in tables of specifications 
(see "Temperature Coefficients"). 

Subranging Converters 
In this type of converter, an extremely fast conversion pro
duces the most-significant portion of the output word. This 
portion is converted back to analog with a fast high-accuracy 
DIA converter and subtracted from the input. The resulting 
residue is converted to digital at high speed and combined with 
the results of the earlier conversion to form the output word. 
In digitally corrected subranging (DCS), the two bytes are com
bined in a manner that corrects for the error of the LSB of the 
most-significant byte. For example, using 8-bit and 5-bit 
conversion, and this proprietary technique, a full-accuracy 
high-speed 12-bit converter can be built. 
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Successive Approximations 
Successive approximations is a high speed method of compar
ing an unknown against a group of weighted references. The 
operation of a successive approximations AID converter is 
generally similar to the orderly weighing of an unknown quan
tity on a precision chemical balance, using a set of weights 
such as: 1 gram, 112 gram, 114 gram, 1/8 gram, 1116 gram, etc. 
The weights are tried in order, starting with the largest. Any 
weight that tips the scale is removed. At the end of the process, 
the sum of the weights remaining on the scale will be within 
one LSB of the actual weight (±~ LSB, if the scale is properly 
biased - see zero). 

Temperature Coefficients 
In general, temperature instabilities are expressed in %/C, 
ppm/C, as fractions of 1 LSB/C, or as a change in a para
meter over a specified temperature range. Measurements are 
usually made at room temperature and at the extremes of the 
specified range, and the temperature coefficient (tempco, 
T.C.) is defined as the change in the parameter, divided by the 
corresponding temperature change. Parameters of interest 
include gain, linearity, offset (bipolar), and zero. The last three 
are expressed in % or ppm of full-scale range per Celsius degree. 

Gain Tempco: Two factors principally affect converter gain 
instability with temperature: 

a) In fixed-reference converters, the reference source will 
vary with temperature. For example, the tempco of an 
ADS81L is typically Sppm/C. 
b) The ratiometric circuitry has a sensitivity to temperature. 

Linearity Tempco: Sensitivity of linearity to temperature 
over the specified range. To avoid missed codes, it is suf
ficient that the differential nonlinearity error be less than 
1 LSB at any temperature in the range of interest. The dif
ferential nonlinearity temperature coefficient may be ex
pressed as a ratio, as a maximum change over a specified 
temperature range, andlor implied by a statement that there 
are no missed codes when operating within a specified temper
ature range. 

Offset Tempco The temperature coefficient of the all
DAC-switches-off (minus full-scale) point, of a bipolar 
successive-approximations converter, is dependent on three 
variables: 

1) The tempco of the reference source 
2) The voltage stability of the input buffer and the 
comparator 
3) The tracking capability of the bipolar-offset resistors 
and the gain resistors. 

Unipolar Zero The zero temp co of an ADC is dependent 
only on the zero stability of the integrator and lor the input 
buffer and the comparator. It may be expressed in #lV/oC, 
or in percent or ppm of full-scale per degree C. 



Zero- and Gain-Adjustment Principles 
The zero adjustment of a unipolar ADC is set so that the 

transition from all-bits-off to LSB-on occurs at -i x 2-n 

of nominal full-scale. The gain is set for the final transition 

OUTPUT CODE 

to all-bits-on to occur at F.S. (1 - +x 2-n). The "zero" of an 

offset-binary bipolar ADC is set so that the first transition 
occurs at -F.S. (1 - 2"") and the last transition at +F.S. 
(1 - 3 x2-n). The data sheet instructions should be followed. 
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r.ANALOG 
a...OEVICES 

FEATURES 
Complete AID Converter with Reference and Clock 
Fast Successive Approximation Conversion - 25J,Ls 
No Missing Codes Over Temperature 

o to +70
o

C - AD570J 
-55°C to +125°C - AD570S 

Digital Multiplexing - 3 State Outputs 
lB-Pin DIP 
Low Cost Monolithic Construction 

PRODUCT DESCRIPTION 
The ADS 70 is an 8-bit successive approximation AID converter 
consisting of a DAC, voltage reference, clock, comparator, suc
cessive approximation register and output buffers - all fabri
cated on a single chip. No external components are required 
to perform a full accuracy 8-bit conversion in 25J,Ls. 

The ADS 70 incorporates the most advanced integrated cir
cuit design and processing technology available today. 12 L 
(integrated injection logic) processing in the fabrication of the 
SAR function along with laser trimming of the high stability 
SiCr thin film resistor ladder network at the wafer stage (LWT) 
and a temperature compensated, subsurface Zener reference 
insures full 8-bit accuracy at low cost. 

Operating on supplies of +SV and -ISV, the ADS70 will ac
cept analog inputs of 0 to + lOV unipolar or ±5V bipolar, 
externally selectable. As the BLANK and CONVERT input is 
driven low, the three state outputs will be open and a conver
sion will commence. Upon completion of the conversion, the 
DATA READY line will go low and the data will appear at the 
output. Pulling the BLANK and CONVERT input high blanks 
the outputs and readies the device for the next conversion. 
The AD570 executes a true 8-bit conversion with no missing 
codes in approximately 2SJ,Ls. 

The AD570 is available in two versions; the ADS70J is spec
ified for the 0 to 70° C temperature range, the ADS 70S for 
-S5°C to +12SoC. Both guarantee fu1l8-bit accuracy and no 
missing codes over their respective temperature ranges. 
The AD570J is also offered in an I8-pin plastic DIP. 

·Protected by Patent Nos. 3940760,4213806 and 4136349. 

Low Cost, Complete IC 
8-Bit A-to-O Converter 

AD570*1 
ADS70 FUNCTIONAL BLOCK DIAGRAM 

DIGITAL BLANK& 
COMMON CONVERT CONTROL 

IS-PIN DUAL IN LINE PACKAGE 

PRODUCT HIGHLIGHTS 

.,T 
OUTPUTS 

1. The AD570 is a complete '8-bit AID converter. No 
external components are required to perform a con
version. Full scale calibration accuracy of ±0.8% (2LSB 
of 8 bits) is achieved without external trims. 

2. The AD570 is a single chip device employing the most 
advanced IC processing techniques. Thus, the user has at 
his disposal a truly precision component with the relia
bility and low cost inherent in monolithic construction. 

3. The ADS70 accepts either unipolar (0 to +lOV) or 
bipolar (-5V to +5V) analog inputs by simply grounding 
or opening a single pin. 

4. The device offers true 8-bit accuracy and exhibits no 
missing codes over its entire operating temperature 
range. 

S: Operation is guaranteed with -lSV and +SV supplies. The 
device will also operate with a -12V supply. 
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(TA = 25OC, V+ = +5V, V- = -12Vor -15V, SPECIFICATIONS all voltages measured with respect to digital common, unless otherwise indicated) 
AD570J 

Model Min Typ Max 

RESOLUTION! 8 

RELATIVE ACCURACY, T A !,2,3 ±1I2 
TmintoTmax ±1I2 

FULL SCALE CALIBRATION3,4 ±2 

UNIPOLAR OFFSET3 ±1I2 

BIPOLAR OFFSET3 ±I12 

DIFFERENTIAL NONLINEARITY, T A 8 
Tmin to Tmax 8 

TEMPERATURE RANGE 0 +70 

TEMPERATURE COEFFICIENTS3 

Unipolar Offset ±1 
Bipolar Offset ±1 
Full Scale Calibration2 ±2 

POWER SUPPLY REJECTION3 

Positive Supply 
+4.5:s:V+:s:+S.5V ±2 

Negative Supply 
- 16.00V:s:V -:s: -13.5V ±2 

ANALOG INPUT IMPEDANCE 3.0 5.0 7.0 

ANALOG INPUT RANGES 
Unipolar 0 +10 
Bipolar -5 +5 

OUTPUT CODING 
Unipolar P~sitive True Binary 
Bipolar Positive True Offset Binary 

LOGIC OUTPUT 
Output Sink Current 

(VOUT= OAVrnax, T min toT max) 3.2 
Output Source Current6 

(VouT =2AVrnax, TmintoTmax) 0.5 
Output Leakage ±40 

LOGIC INPUTS 
Input Current ±40 
Logic"I" 2.0 
Logic ','0" 0.8 

CONVERSION TIME, TAand 
Tmin to Tmax IS 25 40 

POWER SUPPLY 
V+ +4.5 +5.0 +7.0 
V- -12.0 -IS -16.5 

OPERATING CURRENT 
V+ 2 10 
V- 9 IS 

PACKAGE7 

Ceramic DIP NI8A 
Plastic DIP Dl8A 

NOTES 
'The ADS70 is selected version ofthe ADS71 I O-bit A to D converter. As such, some devices may 
exhibit 9 or 10 bits of relative accuracy or resolution, but that is neither tested nor guaranteed. 
Only TTL logicinputs should be connected to pins I and 18 (or no connection made) or damage 
may result. 

2Relative accuracy is defined as the deviation of the code transition points from the ideal transer 
point on straight line from the zero to the full scale of the device. 

lSpecifications given in LSB's refer to the weight of a least significant bit at the 8-bit level, which is 
0.39%offullscale. 

'Full scale calibration is guaranteed trimmable to zero with an external 20011 potentiometer in place 
ofthe ISO fixed resistor. Full scale is defined as 10 volts minus ILSB or 9.961 volts. 

sFull Scale Calibration Temperature Coefficient includes effects ofunipillar offset drift as well as 
gain drift. 

"The data output lines have active pull-ups to source 0.5mA. The DATA READY line is open collector with 
a nominal6kO internal pull-up resistor. 

'See Section 19 for package outline information. 
Specifications subject to change without notice. 

Specifications shown in boldface are tested on all production units at final electri
cal test. Results from those tests are used to calculate outgoing quality levels. All 
min and max specifications are guaranteed, although only those shown in 
boldface are tested on all production units. 
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ADS70S 
Min Typ Max Units 

8 Bits 

±1I2 LSB 
±1I2 LSB 

±2 LSB 

±I12 LSB 

± 112 LSB 

8 Bits 
8 Bits 

-55 + 125 °C 

±1 LSB 
±1 LSB 
±2 LSB 

±2 LSB 

±2 LSB 

3.0 5.0 7.0 kO 

0 +10 V 
-5 +5 V 

Positive True Binary 
Positive True Offset Binary 

3.2 rnA 

0.5 rnA 
±40 fJ-A 

±40 fJ-A 
2.0 V 

0.8 V 

IS 25 40 fJ-S 

+4.5 +5.0 +7.0 V 
-12.0 -IS -16.5 V 

2 10 rnA 
9 IS rnA 

NI8A rnA 
D18A rnA 



ABSOLUTE MAXIMUM RATINGS 

V+ to Digital Common ..................... 0 to +7V 

V- to Digital Common ................... 0 to -16.SV 

Analog Common to Digital Common ............... ± 1 V 

Analog Input to Analog Common ......... , ........ ±15V 

Control Inputs .......................... 0 to V+ 

Digital Outputs (Blank Mode) ............•....... 0 to V+ 
Power Dissipation ............................. 800mW 

CONNECTING THE ADS70 FOR STANDARD OPERATION 

The ADS70 contains all the active components required to 
perform a complete AID conversion. Thus, for most situa
tions, all that is necessary is connection of the power sup-
ply (+S and -IS), the analog input, and the conversion 
start pulse. But, there are some features and special con
nections which should be considered for achieving optimum 
performance. The functional pin-out is shown in Figure 1. 

·SEE NOTE I.SPEC TABLE 

Figure 1. AD570 Pin Connections 

FULL SCALE CALIBRATION 
The Skn thin film input resistor is laser trimmed to produce 
a current which matches the full scale current of the internal 
DAC-plus about 0.3%-when a full scale analog input voltage 
of 9.961 volts (10 volts - 1LSB) is applied at the input. The 
input resistor is trimmed in this way so that if a fine trimming 
potentiometer is inserted in series with the input signal, the 
input current at the full scale input voltage can be trimmed 
down to match the DAC full scale current as precisely as 
desired. However, for many applications the nominal 9.961 
volt full scale can be achieved to sufficient accuracy by simply 
inserting a lSn resistor in series with the analog input to pin 
14. Typical full scale calibration.error will then be about 
±2LSB or ±0.8%. If a more precise calibration is desired 
a 200n trimmer should be used instead. Set the analog input 
a'c 9.961 volts, and set the trimmer so that the output code 
is just at the transition between 11111110 and 11111111. 
Each LSB will then have a weight of 39.06mV. If a nominal 
full scale of 10.24 volts is desired (which makes the LSB have 
weight of exactly 40.00mV), a son resistor in series with a 
200n trimmer (or a soon trimmer with good resolution) 
should be used. Of course, larger full scale ranges can be ar-

ADS70 ORDERING GUIDE 

Model Package Number! 
Temperature 
Range 

ADS70JN 
ADS70JD 
ADS70SD 

18-Pin Plastic DIP (N 18A) 
18-Pin Ceramic DIP (D18A) 
18-Pin Ceramic DIP (D18A) 

o to +70
o
C 

Oto+70oC 
-SSoC to +12SoC 

1 See Section 19 for package outline information. 

ranged by using a larger input resistor, but linearity and full 
scale temperature coefficient may be compromised if the 
external resistor becomes a sizeable percentage of Skn. 

BIT 8 
LSB 2 

BIT 1 
MSB 

ANALOG COMMON ( TOLERATES 200mV ) 
TO DIGITAL COMMON 

r----Y{I..--4~)4- ANALOG IN 

RIN 
15,[l FIXED OR 

200n VARIABLE RESISTOR 
(SEE TEXT) 

·SEE NOTE 1. SPEC_TABLE 

Figure 2. Standard AD570 Connections 

BIPOLAR CONNECTION 
To obtain the bipolar -SV to +SV range with an offset binary 
output code the bipolar offset control pin is left open. 

A -5.00 volt signal will give a 10-bit code of 0000000000; an 
input of 0.00 volts results in an output code of 10000000 00 
and +4.99 volts at the input yields the 11111111 11 code. The 
nominal transfer curve is shown in Figure 3. 

OUTPUT 
CODE 

1000000010 

1000000001 

1000000000 

01111 11111 

01111 11110 

-80 -60 -40 0 40 60 80 

INPUT VOLTAGE - mV 

Figure 3. AD570 Transfer Curve - Bipolar Operation 

NOTE: That in the bipolar mode, the code transitions are 
offset 112LSB such that an input voltage of 0 volts ±20mV 
yields the code representing zero (10000000 00). Each output 
code is then centered on its nominal input voltage. 

-. 
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Full Scale Calibration 
Full Scale Calibration is accomplished in the same manner as 
in Unipolar operation except the full scale input voltage is 
+4.99 volts. 

Negative Full Scale Calibration 
The circuit in Figure 4a can also be used in Bipolar operation 
to offset the input voltage (nominally -5V) which results in 
the 00000000 00 code. R2 should be omitted to obtain a 
symmetrical range. 

ZERO OFFSET 
The apparent zero point of the AD570 can be adjusted by 
inserting an offset voltage between the Analog Common of the 
device and the actual signal return or signal common. Figure 4 
illustrates two methods of providing this offset. Figure 4A 
shows how the converter zero may be offset by up to ±3 bits 
to correct the device initial offset and/or input signal 'offsets. 
As shown, the circuit gives approximOately symmetrical ad
justment in unipolar mode. In bipolar mode R2 should be 
omitted to obtain a symmetrical range. 

Figure 4B shows how to offset the zero code by 1I2LSB 
to provide a code transition between the nominal bit weights. 

..-----------1 AIN r--------1AIN 

AD570 AD570 

.------4t--+---i ACOM ACOM 

R, R, R3 
3911 7.5k 4.7k 

SIGNAL COMMON 

+15V -15V 

ZERO OFFSET AOJ 
t3 BIT RANGE 

% BIT ZERO OFFSET 

Figure 4A. Figure 48. 

CONTROL AND TIMING OF THE AD570 
There are several important timing and control features on 
the AD570 which must be understood precisely to allow 
optimal interfacing to microprocessor or other types of con
trol systems. All of these features are shown in the timing 
diagram in Figure 5. 

The normal stand-by situation is shown at the left end of the 
drawing. The BLANK and CONVERT (B & C) line is held 
high, the output lines will be "open", and the DATA READY 
(DR) line will be high. This mode is the lowest power state 
of the device (typically 150mW). When the (B & C) line is 
brought low, the conversion cycle is initiated; but the DR 
and Data lines do not change state. When the conversion cycle 
js complete (typically 25/ls), the DR line goes low, and within 

° 500ns, the Data lines become active with the new data. 

BI!oC 
INPUT 

DR 
OUT 

DATA 
OUT 

J 
CONVERSION 

CONVERSION TIME START STOP START 

I--T~~"~ --l ~ CONVERSION CON~i':SION 

--500n----;' '1--',5"', ~ 
Imaxl ~ D~.f~~'Er:~Y NEW DATA READY 

BffiLAN~ ONE MlK ~~~~~ 
IOPENI OR lOP EN) IOPEN) 

}.. X X ~ ZERO l\AAo 

Figure 5. AD570 Timing and Control Sequence 
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About 1.5/ls after the B & C line is again brought high, the 
DR line will go high and the Data lines will go open. When the 
B & Cline is again brought low, a new conversion will begin. 
The minimum pulse width for the B & C line to blank previous 
data and start a new conversion is 2/ls. If the B & Cline is 
brought high during a conversion, the conversion will stop, and 
the DR and Data lines will not change. If a 2/ls or longer pulse 
is applied to the B & C line during a conversion, the converter 
will clear and start a new conversion cycle. 

CONTROL MODES WITH BLANK AND CONVERT 

The timing sequence of the AD570 discussed above allows the 
device to be easily operated in a variety of systems with differ
ing controi modes. The two most common control modes, the 
Convert Pulse Mode, and the Multiplex Mode, are illustrated 
here. 

Convert Pulse Mode - In this mode, data is present at the out
put of the converter at all times except when conversion is 
taking place. Figure 6 illustrates the timing of this mode. The 
BLANK and CONVERT line is normally low and conversions 
are triggered by a positive pulse. 

CONVERT 

_ Il~PULSE 

B&C ~ ~--------
CONVERT 

YINTERVAL 

5R---~~~-------
BLANK 
(OPEN) 

PREVIOUS ~ NEW 
OUTPUTS _....;O_A_TA __ ~_O_A_T_A ____ _ 

Figure 6. Convert Pulse Mode 

Multiplex Mode - In this mode the outputs are blanked except 
when the device is selected for conversion and readout; this 
timing is shown in Figure 7. 

B & C CONVERSION ° 

~"""",STARTS 

CONVERSION' 

DR --------,1' ENDS r-t=--E-NO-O-A-T-A-

. r -READOUT 

Figure 7. MUltiplex Mode 

This operating mode allows multiple AD570 devices to drive 
common data lines. All BLANK and CONVERT lines are held 
high to keep the outputs blanked. A single AD570 is selected, 
its BLANK and CONVERTIine is driven low and at the end of 
conversion, which is indicated by DATA READY going low, 
the conversion result will be present at the outputs. When this 
data has been read from the 8-bit bus, BLANK and CONVERT 
is restored to the blank mode to clear the data bus for other 
converters. When several AD570's are multiplexed in sequence, 
a new conversion may be started in one AD570 while data is 
being read from another. As long as the data is read and the 
first AD5 70 is cleared within 15/ls after the start of conversion 
of the second AD570, no data overlap will occur. 



r.ANALOG 
WDEVICES 

FEATURES 
Complete AID Converter with Reference and Clock 
Fast Successive Approximation Conversion - 25J.LS 
No Missing Codes Over Temperature 

o to +70
o

C - AD571K 
-55°C to +125°C - AD571S 
Digital Multiplexing - 3 State Outputs 

18-Pin Ceramic DIP 
Low Cost Monolithic Construction 

PRODUCT DESCRIPTION 
The ADS71 is a lO-bit successive approximation AID con
verter consisting of a DAC, voltage reference, clock, com
parator, successive approximation register and output 
buffers - all fabricated on a single chip. No external 
components are required to perform a full accuracy 100bit 
conversion in 2SJls. 

The ADS71 incorporates the most advanced integrated cir-
cuit design and processing technology available today. It is 
the first complete converter to employ 12 L (integrated in
jection logic) processing in the fabrication of the SAR function. 
Laser trimming of the high stability SiCr thin film resistor 
ladder network at the wafer stage (LWT) insures high accuracy, 
which is maintained with a temperature compensated, sub-
surface Zener reference. ' 

Operating on supplies of +SV to +ISV and -ISV, the 
ADS71 will accept analog inputs of 0 to +IOV, unipolar 
or ±SV bipolar, externally selectable. As the BLANK and 
CONVERT input is driven low, the three state outputs will 
be open and a conversion will commence. Upon completion 
of the conversion, the DATA READY line will go low and the 
data will appear at the output. Pulling the BLANK and CON
VERT input high blanks the outputs and readies the device 
for the next conversion. The ADS 71 executes a true lO-bit 
conversion with no missing codes in approximately 2SJls. 

The ADS71 is available in two versions for the 0 to +70oC 
temperature range, the ADS 71J and K. The ADS71 S guarantees 
10-bit accuracy and no missing codes from -5SoC to +12SoC. 

·Covered by Patent Nos. 3,940,760; 4,213,806; 4,136,3'49. 

Integrated Circuit 10-Bit 
Analog-to-Digital C,onverter 

AD571* I 
AD571 FUNCTIONAL BLOCK DIAGRAM 

DIGITAL 
COMMON 

BLANK & 
CONVERT CONTROL 

IS-PIN DIP 

PRODUCT HIGHLIGHTS 

BIT 
OUTPUTS 

1. The AD57I is a complete 10-bit AID converter. No 
external components are required to perform a con
version. Full scale calibration accuracy of ±0.3% is 
achieved without external trims. 

2. The ADS7I is a single chip device employing the most 
advanced IC processing techniques. Thus, the user has at 
his disposal a truly precision component with the relia
bility and lo~ cost inherent in monolithic construction. 

3. The ADS71 accepts either unipolar (0 to +lOV) or 
bipolar (-5V to +5V) analog inputs by simply grounding 
or opening a single pin. 

4. The device offers true 10-bit accuracy and exhibits no 
missing codes over its entire operating temperature 
range. 

5. Operation is guaranteed with .,.ISV and +5V to +15V sup
plies. The device will also operate with a -12V supply. 
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· SPECIFICATIONS (TA = 25°C, V + = + 5V, V - = -12V or -15V, all voltages measured with respect to digital common, 
unless otherwise indicated) 

AD571J AD571K 

Model Min Typ Max Min Typ Max 

RESOLUTION 10 10 

RELATIVE ACCURACY, TA l ±1 ±1I2 

T min to Tmax ±1 ±1I2 

FULL SCALE CALIBRA TION2 :t2 :t2 

UNIPOLAR OFFSET ±1 ±1I2 

BIPOLAR OFFSET ±1 ±1I2 

DIFFERENTIAL NONLINEARITY, T A 10 10 

TmintoTmax 9 10 

TEMPERATURE RANGE 0 +70 0 +70 

TEMPERATURE COEFFICIENTS 
Unipolar Offset ±2 ±1 
Bipolar Offset ±2 ±1 
Full Scale Calibration2 ±4 ±2 

POWER SUPPLY REJECTION 
CMOS Positive Supply 

+ 13.5V",V + ", + 16.5V - - - - ±1 
TTL Positive Supply 

+4.5V",V+",+5.5V ±2 ±1 
Negative Supply 

- 16.0V",V -", - 13.5V ±2 ±1 

ANALOG INPUT IMPEDANCE 3.0 5.0 7.0 3.0 5.0 7.0 

ANALOG INPUT RANGES \ 

Unipolar 0 +10 0 +10 
Bipolar -5 +5 -5 +5 

OUTPUT CODING 
Unipolar Positive True Binary Positive True Binary 
Bipolar Positive True Offset Binary Positive True Offset Binary 

LOGIC OUTPUT 
Output Sink Current 

(VOUT= OAVrnax, T min toT max) 3.2 3.2 
Output Source Current3 

(VOUT = 2AVrnax, T min toT max) 0.5 0.5 
Output Leakage ±40 

LOGIC INPUTS 
Input Current ±100 
Logic "I" 2.0 2.0 
Logic "0" 0.8 

CONVERSION TIME, T A and 

TmintoTmax 15 25 40 15 25 

POWER SUPPLY 

V+ +4.5 +5.0 +7.0 +4.5 +5.0 
V- -12.0 -IS -16.5 -12.0 -IS 

OPERATING CURRENT 

V+ 15 25 15 
V- 9 15 9 

PACKAGE4 

Ceramic DIP 0l8A 0l8A 

Plastic DIP NI8A NI8A 

NOTES 
IRelative accuracy is defined as the deviation of the code transition points from the ideal transfer point on a 
straight line from the zero to the full scale of the device. 

2Full scale calibration is guaranteed trimmable to zero with an external son potentiometer in place of the ISn 
fixed resistor. 
Full scale is defined as 10 volts minus ILSB, or 9.990 volts: 

l-fhe data output lines have active pull-ups to source O.SmA. The DATA READY line is open collector with 
a nominal6kn internal pull-up resistor. 

·See Section 19 for package outline information. 
Specifications subject to change without notice:. 
Specifications shown in boldface are tested on all production units at final 
electrical test. Results from those tests are used to calculate outgoing quality 
levels. All min and max specifications are guaranteed, although only those 
shown in boldface are tested on all production units. 
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±40 

±100 

0.& 

40 

+16.5 
-16.5 

25 
15 

AD571S 
Min Typ Max Units 

10 Bits 

±1 LSB 
±1 LSB 

:t2 LSB. 

±l LSB 

±1 LSB 

10 Bits 
10 Bits 

-55 + 125 °C 

±2 LSB 
±2 LSB 

±5 LSB 

- - - LSB 

±2 LSB 

±2 LSB 

3.0 5.0 7.0 kO 

0 +10 V 
-5 +5 V 

Positive True Binary 

Positive True Offset Binary 

3.2 rnA 

0.5 rnA 
±40 IlA 

±100 IlA 
2.0 V 

0.8 V 

15 25 40 IlS 

+4.5 +5.0 +7.0 V 
-12.0 -IS -16.5 V 

15 25 rnA 
9 15 rnA 

0l8A 



ABSOLUTE MAXIMUM RATINGS 

V+ to Digital Common ADS71J, S ............ 0 to +7V 

ADS71K .. '.' ....... 0 to +16.5V 

V- to Digital Common ................... 0 to -16.0V 

Analog Common to Digital Common ............... ±1 V 

Analog Input to Analog Common .................. ±lSV 

Control Inputs .......................... 0 to V+ 

Digital Outputs (Blank Mode) .................... 0 to V+ 

Power Dissipation ............................. 800mW 
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CIRCUIT DESCRIPTION 
The AD571 is a complete 10-bit AID converter which requires 
no external components to provide the complete successive
approximation analog-to-digital conversion function. A block 
diagram of the AD571 is shown in Figure 1. Upon receipt 
of the CONVERT command, the internal 10-bit current out
put DAC is sequenced by the 12 L successive-approximation 
register (SAR) from its most-significant bit (MSB) to least
significant bit (LSB) to provide an output current which 
accurately balances the input signal current through the 5kn 
input resistor. The comparator determines whether the ad
dition of each successively-weighted bit current causes the DAC 
current sum to be greater or less than the input current; if the 
sum is less the bit is left on, if more, the bit is turned off. After 
testing all the bits, the SAR contains a to-bit binary code 
which accurately represents the input signal to within ±'hLSB 

(0.05%). 

v· v-
DIGITAL 
COMMON 

ANALOG :;..IN+""""V\rv--__ --I 

ANALOG 
COMMON 14 

BIPOLAR 
OFFSET 
CONTROL 

BLANK & 
CONVERT CONTROL 

11 

9 MSB 

18 LSB 

Figure 1. AD571 Functional Block Diagram 

BIT 
OUTPUTS 

Upon completion of the sequence, the SAR sends out a 
DATA READY signal (active low), which also brings the 
three-state buffers out of their "open" state, making the bit 
output lines become active high or low, depending on the 
code in the SAR. When the BLANK and CONVERT line is 
brought high, the output buffers again go "open", and the 
SAR is prepared for another conversion cycle. Details of the 
timing are given further. 

The temperature compensated buried Zener reference 
provides the primary voltage reference to the DAC and 
guarantees excellent stability with both time and tempera-
ture. The bipolar offset input controls a switch which allows 
the positive bipolar offset current (exactly equal to the value of 
the MSB less 'hLSB)to be injected into the summing (+) node 
of the comparator to offset the DAC output. Thus the nominal 
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o to +IOVunipolar input range becomesa-5V to +5Vrange. 
The 5kn thin film input resistor is trimmed so that with a full . 
scale input signal, an input current will be generated which 
exactly matches the DAC output with all bits on. (The input 
resistor is trimmed slightly low to facilitate user trimming, as 
discussed on the next page.) 

POWER SUPPLY SELECTION 
The AD571 is designed for optimum performance using a 
+5V and -15V supply, for which the AD571] and AD571S 
are specified. AD57lK will also operate with up to a +15V 
supply, which allows direct interface to CMOS logic. The input 
logic threshold is a function of V + as shown in Figure 2. The 
supply current drawn by the device is a function of bothV+ 
and the operating mode (BLANK or CONVERT). These 
supply current variations are shown in Figure 3. The supply 
currents change only moderately over temperature as shown 
in Figure 7. 

1..1 

1/ 
V 

VTH V 
,V 

~ 
/i""" 

,./ V 

~V 
1 

12 13 16 

V+,Volts 

Figure 2. Logic Threshold (AD571K Only) 

12. 0 

0 

f 1-. CONVERT MODE 

0 1 I A,. - 0'o+10V -7 
11-. BLANK MODE I V 

10. 

SUPPLY 
CURRENT -
mA 
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0 

0 

0 
..... V 

V" 

V ...... V 

k1 
~VIN-OV V 

__ CONVE~T MODE / 

VIN-+l0V V 
I~ 

./ -- n 
O~ V I I V 
0 

/ BLANK MODE ./ 
,..,V 1+ ......... V 

0 
l.>" 

V V 

0 ---L---- I 

0 
-I--- I 

4. 

3. 

1. 
4.5 5.0 6.0 7.0 8.0 9.0 10.0 11.0 12.0 13.0 14.0 15.0 

V+or V- - Volts 

Figure 3. Supply Currents vs. Supply Levels and 
Operating Modes 
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CONNECTING THE ADS71 FOR STANDARD OPERATION 
The ADS 71 contains all the active components required to 
perform a complete AID conversion. Thus, for most situa
tions, all that is necessary is connection of the power sup-
ply (+S and -IS), the analog input, and the conversion 
start pulse. But, there arc some features and special con
nections which should be considered for achieving optimum 
performance. The functional pin-out is shown in Figure 4. 

Figure 4. AD571 Pin Connections 

FULL SCALE CALIBRATION 
The Skn thin-film input resistor is laser trimmed to produce 
a current which matches the full scale current of the internal 
DAC-plus about 0.3%-when a full scale analog input voltage 
of 9.990 volts (10 volts - lLSB) is applied at the input. The 
input resistor is trimmed in this. way so that if a fine trimming 
potentiometer is inserted in series with the input signal, the 
input current at the full scale input voltage can be trimmed 
down to match the DAC full scale current as precisely as 
desired: However, for many applications the nominal 9.99 
volt full scale can be achieved to sufficient accuracy by simply 
inserting a ISn resistor in series with the analog input to pin 
13. Typical full scale calibration error will then be about 
±2LSB or ±0.2%. If the more precise calibration is desired, 
a son trimmer should be used instead. Set the analog input 
at 9.990 volts, and set the trimmer so that the output code 
is just at the transition between 1111111110 and 1111111111. 
Each LSB will then have a weight of 9.766mV. If a nominal 
full scale of 10.24 volts is desired (which makes the LSB have 
weight of exactly 1O.00mV), a lOOn resistor in series with a 
lOOn trimmer (or a 200n trimmer with good resolution) 
should be used. Of course, larger full scale ranges can be ar
ranged by using a larger input resistor, but linearity and full 
scale temperature coefficient may be compromised if the 
external resistor becomes a sizeable percentage of Skn. 

ANALOG COMMON ( ~gA~~~~~~~g~m~oN ) 

r---~II't--""""o-/ 
",. 
15H FIXfODR 
SOu VARIABLE 
(SEE TEXT) 

Figure 5. Standard AD571 Connections 

Applying the AD571 
BIPOLAR OPERATION 
The standard unipolar 0 to + lOV range is obtained by shorting 
the bipolar offset control pin to digital common. If the pin is 
left open, the bipolar offset current will be switched into the 
comparator summing node, giving a -SV to +SV range with an 
offset binary output code. (-S.OO volts in will give a lO-bit 
code of 0000000000; an input of 0.00 volts results in an out
put code of 1000000000 and 4.99 volts at the inpu t yeilds the 
1111111111 code). The bipolar offset control inpu t is not di
rectly TTL compatible, but a TTL interface for logic control 
can be ~onstructed as shown in Figure 6. . 

Figure 6. Bipolar Offset Controlled by Logic Gate 

Gate Output = 1 Unipolar 0 - 10V Input Range 
Gate Output = 0 Bipolar ±5V Input Range 

COMMON MODE RANGE 
The ADS71 provides separate Analog and Digital Common 
connections. The circuit will operate properly with as much 
as ±200m V of common mode range between the two 
commons. This permits more flexible control of system 
common bussing and digital and analog returns. 

In normal operation the Analog Common terminal may gener
ate transient currents of up to 2mA during a conversion. In 
addition, a static current of about 2mA will flow into Analog 
Common in the unipolar mode after a conversion is complete. 
An additional ImA will flow in during a blank interval with 
zero analog input. The Analog Common current will be modu
lated by the variations in input signal. 

The absolute maximum voltage rating between the two com
mons is ±1 volt. We recommend the connection of a parallel 
pair of back-to-back protection diodes between the commons 
if they are not connected locally. 

SUPPLY 
CURRENTS -
rnA 

C = CONVERT MODe 
e·BlANKMODE 

1~~=4:==f:~;t~==~=e~~k~J~I-15V.C ~ 1+15V,C 

~F=*==~=-+ ..... -!--t-__ t-_"'''''''''''II-'5V.8 

~~~~~I"5V.B l-=l== I+5V.C 

TEMPERATURE _ °c 

Figure 7. AD571 Power Supply Current vs. Temperature 
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ZERO OFFSET 
The apparent zero point of the AD571 can be adjusted by 
inserting an offset voltage between the Analog Common of the 
device and the actual signal return or signal common. Figure 8 
illustrates two methods of providing this offset. Figure 8A 
shows how the converter zero may be offset by up to ±3 bits 
to correct the device initial offset and/or input signal offsets. 
As shown, the circuit gives approximately symmetrical ad
justment in unipolar mode. In bipolar mode R2 should be 
omitted to obtain a symmetrical range. 

r-------------i AIN 

AD571 

r---..... --..... -~ ACOM 

Rl 
10n 

SIGNAL COMMON 

+15V -15V 

ZERO OFFSET ADJ 
±3 BIT RANGE 

Figure 8. (A) 

r----------i .II'IN 

SIGNAL COMMON 

Rl 

2.7n 
OR 5n 
POT. 

AD571 

Y, BIT ZERO OFFSET 

Figure 8. (B) 

Figure 9 shows the nominal transfer curve near zero fqr an 
AD571 in unipolar mode. The code transitions are at the edges 
of the nominal bit weights. In some applications it will be pre
ferable to offset the code transitions so that they fall between 
the nominal bit weights, as shown in the offset characteristics. 
This offset can easily be accomplished as shown in Figure 8B. 
At balance (after a conversion) approximately 2mA flows into 
the Analog Common terminal. A 2.7n resistor in series with 
this terminal will result in approximately the desired 'h bit off
set of the transfer characteristics. The nominal 2mA Analog 
Common current is not closely controlled in manufacture. If 
high accuracy is required, a 5n potentiometer (connected as 
a rheostat) can be used as R 1. Additional negative offset range 
may be obtained by using larger values of R1. Of course, if 
the zero transition point is changed, the full scale transition 
point will also move. Thus, if an offset of 'hLSB is introduced, 
full scale trimming as described on previous page should be 
done with an analog input of 9.985 volts. 

NOTE: During a conversion transient currents from the Analog 
Common terminal will disturb the offset voltage. Capacitive 
decoupling should not be used around the offset network. 
These transients will settle as appropriate during a conversion. 
Capacitive decoupling will "pump up" and fail to settle re
sulting in conversion errors. Power supply decoupling which 
returns to analog signal common, should go to the signal 
input side of the resistive offset network. 
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OUTPUT 
CODE 

0000000100 

0000000011 

0000000010 

0000000001 
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I 
I 
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OUTPUT 
CODE 

0000000100 

0000000011 

0000000010 

0000000001 

OV 10l1lV 30mV 50mV 
INPUT VDL TAGE 

NOMINAL CHARACTERISTICS 
REfERRED TO ANALOG COMMON 

r-
I 
I 

0000000000 ~4--+--+--+--+---
OV 10mV 30mV 50mV 

INPUT VOLTAGE 

OFFSET CHARACTERISTICS WITH 
2.7n IN SERIES WITH ANALOG COMMON 

Figure 9. AD571 Transfer Curve - Unipolar Operation 
(Approximate Bit Weights Shown for Illustration, Nominal 
Bit Weights "'9. 766mV) 

BIPOLAR CONNECTION 
To obtain the bipolar -5V to +5V range with an offset binary 
output code the bipolar offset control pin is left open. 

A -5.0 volt signal will give a lO-bit code of 0000000000; an 
input of 0.00 volts results in an output code of 1000000000 
and +4.99 volts at the input yields the 11111111 11 code. The 
nominal transfer curve is shown in Figure 10. 

OUTPUT 
CODE 

10000 00010 

10000 0000 1 

10000 00000 

01111 11111 

01111 11110 

I __ ...J 

r--
I 

-30 -20 -10 a +10 +20 +30 

INPUT VOLTAGE - mV 

Figure 10. AD571 Transfer Curve - Bipolar Operation 



CONTROL AND TIMING OF THE ADS71 
There are several important timing and ~ontrol features on 
the ADS71 which must be understood precisely to allow 
optimal interfacing to microprocessor or other types of con
trol systems. All of these features are shown in the timing 
diagram in Figure 11. 

The normal stand-by situation is shown at the left end of the 
drawing. The BLANK and CONVERT (B & C) line is held 
high, the output lines will be "open", and the DATA READY 
(DR) line will be high. This mode is the lowest power state 
of the device (typically lS0mW). When the (B & C) line is 
brought low, the conversion cycle is initiated; butthe DR 
and Data lines do not change state. When the conversion cycle 
is complete (typically 2SJ.ls), the DR line goes low, and within 
SOOns, the Data lines become active with the new data. 

About l.SJ.ls after the B & C line is again brought high, the 
DR line will go high and the Data lines will go open. When the 
B & C line.is again brought low, a new conversion will begin. 
The minimum pulse width for the B & C line to blank previous 
data and start a new conversion is 2J.ls. If the B & C line is 
brought high during a conversion, the conversion will stop, and 
the DR and Data lines will not change. If a 2J.ls or longer pulse 
. is applied to the B & C line during it conversion, the converter 
will clear and start a new conversion cycle. 

DR 
OUT 

DATA 
OUT 

CONVERSION 

1---T~~ .. ~ --i 

500n, II ,'So'CAlES 
(max) ~ r-- DATA READY NEW DATA READY 

START 
NEW 

CONVERSION 

~LANK --~-",,-E - M~K ~~A",,!~ 
(OPEN) ZERO (OPEN) (OPEN) 
A~X ______ -F~VVVV·~ __ ~~~AAA 

Figure 11. AD571 Timing and Control Sequences 

CONTROL MODES WITH BLANK AND CONVERT 
The timing sequence of the ADS71 discussed above allows the 
device to be easily operated in a variety of systems with differ
ing control modes. The two most common control modes, the 
Convert Pulse Mode, and the Multiplex Mode, are illustrated 
here. 

Convert Pulse Mode - In this mode, data is present at the out
put of the converter at all times except when conversion is 
taking place. Figure 12 illustrates the timing of this mode. The 
BLANK and CONVERT line is normally low and conversions 
are triggered by a positive pulse. A typical application for this 
timing mode is shown in Figure IS in which J.lP bus interfacing 
is easily accomplished with three-state buffers. 

Multiplex Mode - In this mode the outputs are blanked except 
when the device is selected for conversion and readout; this 
timing is shown in Figure 13. A typical ADS71 multiplexing 
application is shown in Figure 16. 

This operating mode allows multiple ADS71 devices to drive 
common data lines. All BLANK and CONVERT lines are held 
high to keep the outputs blanked. A single ADS71 is selected, 
its BLANK and CONVERT line is driven low and at the end of 

Control and Timing of the AD571 
conversion, which is indicated by DATA READY going low, 
the conversion result will be present at the outputs. When this 
data has been read from the 10-bit bus, BLANK and CONVERT 
is restored to the blank mode to clear the data bus for other 
converters. When several ADS71 's are multiplexed in sequence, 
a new conversion may be started in one ADS71 while data is 
being read from another. As long as the data is read and the 
first ADS71 is cleared within lSps after the start of conversion 
of the second ADS 71, no data overlap will occur. 

CONVERT 
PULSE 

B& C ~L....-/ ______________ _ 

CONVERT 
_ ~iNTERVAL 

DA~ ~ 

Figure 12. Convert Pulse Mode 

8 & C ~~~i:~~~ON 

CONVERSION 
ENDS 

DR --------,~ ~~~g~J: 

Figure 13. Multiplex Mode 

SAMPLE-HOLD AMPLIFIER CONNECTION TO THE ADS71 
Many situations in high-speed acquisition systems or digitizing 
of rapidly changing signals require a sample-hold amplifier 
(SHA) in front of the A-D converter. The SHA can acquire and 
hold a signal faster than the converter can perform a conver
sion. A SHA can also be used to accurately define the exact 
point in time at which the signal is sampled. For the ADS71, 
a SHA can also serve as a high input impedance buffer. 

Figure 14 shows the ADS 71 connected to the AD582 monoli
thic SHA for high speed signal acquisition. In this configuration 
the AD582 will acquire a 10 volt signal in less than 10J.ls with a 
droop rate less than 100J.lV Ims. The control signals are arranged 
so that when the control ,line goes low, the ADS82 is put into 
the "hold" mode, and the ADS71 will begin its conversion 
cycle. (The AD582 settles ~o final value well in advance of the 

JOOpF 

5VOLT 
COM 

15 VOLT 
COM 

+5V 

Figure 14. Sample-Hold Interface to the AD571 
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first comparator decision inside the AD571). The DATA 
READY line is fed back to the other side of the differential 
input control gate so that the AD582 cannot come out of the 
"hold" mode during the conversion cycle. At the end of the 
conversion cycle, the DATA READY line goes low, auto
matically placing the AD582 back into the sample mode. 
This feature allows simple control of both the SHA and the A-D 
converter with a single line. Observe carefully the ground, sup
ply, and bypass capacitor connections between the two de
vices. This will minimize ground noise and interference during 
the conversion cycle to give the most accurate measurements. 

INTERFACING THE AD571 TO A MICROPROCESSOR 
The AD571 can easily be arranged to be driven from standard 
microprocessor control lines and to present data to any 
standard microprocessor bus (4-, 8-, 12-or 16-bit) with a mini
mum of additional control components. The configuration 
shown in Figure 15 is designed to operate with 8-bit bus 
and standard 8080 control signals. 

The input control circuitry shown is required to insur~ that 
the AD571 receives a sufficiently long B & C input pulse. 
When the converter is ready to start a new conversion, the 
B & C line is low, and DR is low. To command a conversion, 
the start address decode line goes low, followed by WR. The 
B & C line will now go high, followed about 1.5f..Ls later by 
DR. This resets the external flip-flop and brings B & C back 
to low, which initiates the conversion cycle. At the end of the 
conversion cycle, the DR lin'e goes low, the data outputs will 
become active with the new data and the control lines will 
return to the stand-by state. The new data will remain active 
until a new conversion is commanded. The self-pulsing nature 
of this circuit guarantees a sufficient ,convert pulse width. 

This new data can now be presented to the data bus by en-' 
abling the three-state buffers when desired. A data word 
(8-bit or 2-bit) is loaded onto the bus when its decoded ad
dress goes low and the RD line goes low. This arrangement 
presents data to the bus "left-justified," with highest bits in 
the 8-bit word; a "right-justified" data arrangement can be set 

Figure 15. Interfacing AD571 to an 8-bit Bus 
(8080 Control Structure) 
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BUS 

up by a simple re-wiring. Polling the converter to determine 
if conversion is complete can be done by addressing the gate 
which buffers the DRline, as shown. In this configuration, 
there is no need for additional buffer register storage since the 
data can be held indefinitely in the AD571, since the B & C 
line is continually held low. 

BUS INTERFACING WITH A PERIPHERAL INTERFACE 
CIRCUIT 
An improved technique for interfacing to a f..LP bus involves the 
use of special peripheral interfacing circuits (or 110 devices), 
such as the MC6821 Peripheral Interface Adapter (PIA). 
Shown in Figure 16 is a straighforward application of a PIA 
to mUltiplex up to 8 AD571 circuits. The AD571 has 3-state 
outputs, hence the data bit outputs can be paralleled, provided 
that only one converter at a time is permitted to be the active 
state. The DATA READY output of the AD571 is an open 
collector with resistor pull-up, thus several DR lines can be 
wire-ored to allow indication of the status of the selected 
device. One of the 8-bit portS of the PIA is combined with 
2-bits from the other port and programmed as a 10-bit 
input port. The remaining 6-bits of the second port are 
programmed as outputs and along with the 2 control bits 
(which act as outputs), are used to control the 8 AD571's. 
When a control line is in the "1" or high state; the ADC will 
be automatically blanked. That is, its outputs will be in the 
inactive open state. If a single control line is switched low, its 
ADC will convert and the outputs will automatically go active 
when the conversion is complete. The result can be read from 
the two peripheral ports; when the next conversion is desired, 
a different control line can be switched to zero, blanking the 
previously active port at the same time. Subsequently, this 
second device can be read by the microprocessor, and so-forth. 
The status lines are wire-ored in 2 groups and connected to the 
two remaining control pins. This allows a conversion status 
check to be made after a convert command, if necessary. The 
ADC's are divided into two groups to minimize the loading 
effect of the internal pull-up resistors on the DATA READY 
buffers. See the Motorola MC6821 data sheet for more ap
plication detail. 

I STATUS 
~ GROUP1 

Figure 16. Multiplexing 8 AD571s Using Single PIA for pP 
Interface. No Other Logic Required (6800 Control Structure). 
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12-Bit Successive Approximation 
Integrated Circuit AjD Converter 

FEATURES 
Performance 
True 12-Bit Operation: Max Nonlinearity < ±O.012% 
Low Gain T.C.: < ±15ppmtC (AD572B) 
Low Power: 900mW 
Fast Conversion Time: < 25ps 
Monotonic Feedback DAC Guarantees No Missing Codes 

Versatility 
Aerospace Temperature Range: 

_55°C to +125°C (AD572S) 
Positive-True Serial or Parallel Logic Outputs 
Short-Cycle Capability 

Value 
Precision +10V Reference for External Application 
Internal Buffer Amplifier 
High Reliability Package 

GENERAL DESCRIPTION 
The AD572 is a complete 12-bit successive approximation 
analog-to-digital converter that includes an internal clock, 
reference, comparator, and buffer amplifier. Its hybrid IC 
design utilizes MSI digital and linear monolithic chips and 
active laser trimming of high-stability thin-film resistors to 
provide superior performance, flexibility and ease of use, 
combined with IC size, price, and reliability. 

Important performance characteristics of the AD572 include 
a maximum linearity error at 25°C of ±0.012%, gain T.e. 
below 15ppm/C, typical power dissipation of 900mW, and 
conversion time of less than 25ps. Of considerable significance 
in aerospace apflications is the guaranteed performance from 
-55°C to +125 C of the AD572S. Monotonic operation of 
the feedback Df A converter guarantees noo missi~g output

o 
codes over temperature ranges of 0 to +70 C, -25 C to +85 C, 
and -55°C to +125°C. 

The design of the AD572 includes scaling resistors that 
provide analog input signal ranges of ±2.5, ±5.0, ±lO, 0 to 
+5, or 0 to +10 volts. Adding flexibility and value are the 
+ 10V precision reference, which also can be used for external 
applications, and the input buffer amplifier. All digital signals 

AD572 I 
AD572 FUNCTIONAL BLOCK DIAGRAM 

32-PIN DIP 

are fully DTL and TTL compatible, and the data output is 
positive-true and available in either serial or parallel form. 

The new ceramic AD572 package reduces the predicted failure 
rate by a factor of two. The new package integrates the device 
substrate and package in a single ceramic element to eliminate 
a number of bond wires and interconnections. 

The AD572 is available in three versions with differing guaran
teed performance characteristics and operating temperature 
ranges; the "A" and "B" are specified from -25°C to +85°C, 
and the "S" from -55°C to +125°C. \ 

PRODUCT DESCRIPTION 
The AD572 functional diagram and pin-out are shown in 
Figure 1. The deyice consists of the following monolithic 
bipolar circuit elements: 

'1. 12-bit successive-approximation register 
2. 12-bit DAC 
3. low-drift comparator 
4. temperature-compensated precision + 10V reference 
5. high-impedance buffer follower 
6. gated clock and digital control circuits 

AD572 ORDERING GUIDE 

Model 

AD572BD 

AD572SD 

Specification 
Temp Range 

-25°C to +85°C 

-55°C to +125°C 

Max 
Gain T.C. 

±30ppm/oC 

±15ppm/oC 

±15ppm/C (-25°C to +85°C) 

±25ppm/oC (-55°C to +125°C) 

NOTE: 1 See Section 19 for package outline information. 

Max Guaranteed Temp Range Package 
Reference T.C. No Missing Codes Outline 1 

- ±20ppm/C 

±1Oppm/C 
±20ppm/oC 

o to +70
0
C 

-25°C to +85°C 

-55°C to +125°C 

HY32G 

HY32G 

HY32G 
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SPECIFICATIONS 
MODEL 

RESOLUTION 
ANALOG INPUTS 

Voltage Ranges 
Bipolar 
Unipolar 

Impedance (Direct Input) 
o to +SV, ±2.SV 
O·to +IOV, ±sv 
±IOV 

Buffer Amplifier 
Impedance (min) 
Bias Current 
Settling Time 

to 0.01% of FSR for 20V step 

DIGITAL INPUTS 
Convert Command 
Logic Loading 

TRANSFER CHARACTERISTICS 
Gain Error (Note 2) 
Unipolar Offset Error 
Bipolar Offset Error 
Linearity Error (max) 
Inherent Quantization Error 
Differential Linearity Error 

No Missing Codes 
Power Supply Sensitivity 

±ISV 
±SV 

(typical @ +25°C, ±15V and +5V unless otherwise noted) 

ADS72AD 

12 Bits 

±2.S, ±S.O, ±IO.OV 
O'to +5,0 to +IOV 

2.Skil 
S.Okil 
10kil 

100Mil 
SOnA 

Note I 
I TTL Load 

±0.05% FSR (Adj to Zero) 
±O.OS% FSR (Adj to Zero) 
±O.I% FSR (Adj to Zero) 
0.012% FSR 
±'h LSB 
±'h LSB 
Guaranteed: 0 to +70

o
C 

±0.002% FSR/~Vs 
±0.001% FSR/~Vs 

ADS72BD ADS72SD 

TEMPERATURE COEFFICIENTS 
Gain (max) ±ISppm/oC (-25°C to +8S°C) ±ISppm/C (-25°C to +8So

C) 
!~Sppm/oC (-55°C to +12S

o
C) 

Unipolar Offset 
Bipolar Offset (max) 
Linearity 

CONVERSION TIME (max) 

±3ppm FSR/oC 
±ISppm FSR/oC 
±3ppm FSR/C 

±Sppm FSRfc (max) 
±7ppm FSR/oC 
±2ppm FSR/oC 

DIGITAL OUTPUTS (All Codes Positive-True) 
Parallel Data . 

Unipolar Code 
Bipolar Code 
Output Drive 

Serial Data (NRZ format) 
Unipolar Code 

, Bipolar Code 
Output Drive 

Status 
Starus 

Output Drive 
Internal Clock 

Ou tpu t Drive 
Frequency 

INTERNAL REFERENCE VOLTAGE 
Max External Current 
Voltage Temperature Coefficient (max) 

POWER REQUIREMENTS 
Supply Voltages/Currents 

Total Power Dissipation 
TEMPERATURE RANGE 

Specification 
Operating 
Storage 

NOTES 
·Same specification u ADS72AD. 
"Same specification u AD572BD. 

SpeciflCationa IUbject to 
chaDF without Dotice. 

Binary 
Offset BinarylTwo's Complement • 
2 TTL Loads 

Binary 
Offset Binary 
2 TTL Loads 
Logic "I" during Conversion 
Logic "0" during Conversion 
2 TTL Loads 

2 TTL Loads 
500kHz 

+IO.OOV, ±IOmV typ 
±lmA 
±20ppm/oC 

+ISV, ±5%@ +2SmA (40 max) 
-ISV, ±S% @ -20mA (35 max) 
+SV, ±S% @ +80mA (ISO max) 
92SmW 

-2SoC to +8SoC 
-SSoC to +12SoC 
-55°C to +ISOoC 

Note 1 Positive pulse 200ns wide (min). Leading edge 
("0" to "I ") resets registers. Trailing edge 
("1" to "0") initiates conversion. 

Note 2 With son, 1'!6 fIXed resistor in place of Gain 
Adjust pot; see Figurea 4 and 5. 
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Applying the AD572 
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Figure 1. AD572 Functional Diagram & Pinout 

The +10V reference is derived from a low T.C. zener refer
ence diode which has its zener voltage amplified and buffered 
by an op amp. The reference voltage is calibrated to +10V, 
±1OmV by active laser trimming of the thin-film resistors 
which determine the closed-loop gain of this op amp. 

The DAC chip uses 12 precision, high speed bipolar current 
steering switches, a control amplifier and a laser-trimmed thin 
film resistor network to produce a very fast, high accuracy 
analog output current. The DAC is laser-trimmed to calibrate 
all bit ratio scale factors to a precision of 0.0005% of FSR 
(full-scale range) to guarantee no missing codes over the 
appropriate temperature ranges specified for the AD572A, 
AD572B, and AD572S versions. 

Different unipolar and bipolar analog input ranges can be 
selected by changing connections at the device terminal pins. 
The analog v~ltage input can be applied to either of the span 
(direct input) resistors. Alternatively, the unity buffer follow
er can be connected between the analog signal and either 
direct input terminal when a high impedance input is required. 

THEORY OF OPERATION 
On receipt of a CONVERT START command, the AD572 
converts the voltage at its analog input into an equivalent 
12-bit binary number. This conversion is accomplished as 
follows: 

The 12-bit successive-approximation register (SAR) has its 
12-bit outputs connected both to the respective device bit 
output pins and to the corresponding bit inputs of the feed
back DAC. 

The analog input is successively compared to the feedback 
DAC output, one bit at a time (MSB first, LSB last). The 
decision to keep or reject each bit is then made at the 
completion of each bit comparison period, depending on the 
state of the comparator at that time. 

TIMING 
The timing diagram is shown in Figure 2. Receipt of a 
CONVERT START signal sets the STATUS flag, indicating 
conversion in progress. This, in turn, removes the inhibit 
applied to the gated clock, permitting it to run through 

BIT 12 
(LSB) 

SERIAL 

I-=~~~~==~.L-J 
I I 

L 

~ ________________ ~r-

~ ______________ ~r-

L........L __________ ~I 

L...-L...-__ --JI 

L.......J'--_~r-

Figure 2. Timing Diagram (Binary Code 110101011001) 
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13 cycles. All SAR parallel bit and STATUS flip-flops are 
initialized on the leading edge, and the gated clock inhibit 
signal removed on the trailing edge of the CONVERT 
START signal. At time to' B1 is reset and B2 -B12 are 
set unconditionally. At t1 the Bit 1 decision is made (keep) 
and Bit 2 is unconditionally reset. At t2' the Bit 2 decision 
is made (keep) and Bit 3 is reset unconditionally. This 
sequence continues until the Bit 12 (LSB) decision (keep) is 
made at t12' After a lOOns delay period, the STATUS flag 
is reset, indicating that the conversion is complete and that 
the parallel output data is valid. Resetting the STATUS flag 
restores the gated clock inhibit signal, forcing the clock 
output to the logic "0" state. 

Corresponding serial and panillel data bits become valid on 
the same positive-going clock edge. Serial data does not 
change and is guaranteed valid on negative-going clock edges, 
however; serial data can be transferred quite simply by clock
ing it into a receiving shift register on these edges (see Fig-
ure 8). . 

Incorporation of this lOOns delay period guarantees that 
. ~he parallel (and serial) data are valid at the Logic "1" to "0" 

transition of the STATUS flag, permitting parallel data 
transfer to be initiated by the trailing edge of the STATUS 
signal. 

BINARY CODING 
The AD572 binary output number No = B1 B2 B3 ... B12 
is related to the analog input voltage E jn for all unipolar 
ranges by the expression: 

Bl 211 + B2 210 + B329 + ... + B12 20 

212 FSR 
(1) 

... where Bl = MSB, B~ 2 = LSB, and FSR = full-scale range. 
For all bipolar ranges a fixed bipolar offset equal to ~ 
is internally summed with Ejn so that the sum of Ejn plus 
this offset will be positive over the rated operating ra~ge .. 
For bipolar ranges, expression (1) becomes: 

BI211 + B2 210 + B3 29 + .. + B12 20 

212 

E FSR 
in + Z-

FSR 

Expressions (1) and (2) can be put in an alternate form: 

(h +1h + h + +~) FSR - E (3) 2 4 8 . . .. 4096 ,,- in 

Unipolar (Binary Coding) 

... and ... 

(!!L +1!2 + .!!a. + ... + J!1.L) FSR- FSR = E. (4) 
2 4 8 4096 2 m 

(2) 

Bipolar (Offset Binary Coding) 

Several examples will illustrate how this binary coding works. 

o TO +IOV INPUT RANGE 
Assume FSR = 10V and BI' B2 B3 .. B12 = 110001000001, 
then from (3), Ein = +5V +2.5V +0.1563V + 0.0024V = 
+7.6587V. 
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-5V TO +5V INPUT RANGE 
Assume FSR = lOV as above, but that the bipolar offset is 
connected and B1 B2 B3 .. B12 = 0110000000001. Then 
from (4), Ein = (+2.5V + 1.25V + 0.0024V) - 5V = -1.2476V. 

-lOY TO +IOV INPUT RANGE 
Assume the bipolar offset is connected as above, but that the 
input span is now 20V. Assuming the same digital output code 
as in the -5V to +5V input range example, f~om (4), Ein = 
(+5V +2.5V +0.0049V) -lOY = -2.4951V, or twice the value 
of the previous example (neglecting round-off errors). 

The encoding process defined by the previous relations (1) 
and (2) or (3) and (4) determines that the analog input lies 
within one of the 212 = 4096 quantization levels between 0 
and FSR (or -FSRI2 and +FSR/2). Figures 3 (A) and 3 (B) 
show the actual device transfer curves for unipolar and bipolar 
ranges (offset binary coding). They also show the ideal 
straight-line transfer curves which pass through the center 
of each quantization level. As can be seen from these 
figures, the actual and ideal transfer curves differ by ex
actly ±~LSB at the end of each quantization interval, 
giving rise to the fundamental ±~LSB quantization error 
inherent in the digitizing process. 

1 J FSR -lLSB 

t~~ IDEAL TRANSFER CURVE 
llSB 

No 1: ACTUAL TRANSFER CURVE 

I 

(A) Unipolar Range (Binary Coding) 

~
~i +'/,FSR-llSB 

No 
IDEAL TRANSFER CURVE 

L ACTUAL TRANSFER CURVE 
lLSB 

-'/,FSR _I I II 

E'N --

(B) Bipolar Range (Offset Binary Coding) 

Figure 3. Unipolar and Bipolar Range Transfer Curves 

ANALOG INPUT AND POWER CONNECTIONS 
Offset Adjust: Analog and power connections for 0 to + lOV 
unipolar and -lOY to +lOV bipolar input ranges are shown 
in Figures 4 and 5, respectively. The Bipolar Offset pin 23 is 
open-circuited for all unipolar input ranges, and connected to 
Comparator Input pin 22 for all bipolar input ranges. The 
zero adjust circuit consists of a potentiometer connected 
across ±Vs with its slider connected through a 3.9MQ resis
tor to Comparator Input pin 22 for all ranges. The tolerance 
of this fixed resistor is not critical, and a carbon composition 
type is generally adequate. Using a carbon composition resis
tor having a -1200ppm/oC tempco contributes a worst-case 
offset temp co of 8 x 244 x 10-6 x 1200ppm/C = 2.3ppm/C 
of FSR, if the OFFSET AD] potentiometer is set at either 
end of its adjustment range. Since the maximum offset ad
justment required is typically no more than ±4LSB, use of a 
carbon composition offset summing resistor typically contri
butes no more than 1ppm/oC of FSR offset tempco. 



NOTE ANALOG I~) AND DIGITAL r~1 GNDS ARE 

~~;E~~~~~~ERNALL Y AND MUST BE CONNECTED 

Figure 4. Analog and Power Connections for Unipolar 
o to +10V Input Range with Buffer Follower 

-1SV 

NOTE' ANALOG (~) AND DIGITAL ("?) GNDS ARE 
NOT TIED INTERNALLY AND MUST BE CONNECTED 
EXTERNALLY, 

Figure 5. Analog and Power Connections for Bipolar-10V 
to +10V Input Range with Buffer Follower 

An alternate offset adjust circuit, which contributes negli
gible offset tempco if metal film resistors (tempco < 100 
ppmt C) are used, is shown in Figure 6. 

+15V 
~~ 

20k 200k, M~F. 200k, M.F. 22 
20T' >---~V\r---+---A,/I/Ir----<~D--I 

OFFSET ADJ 

( 

-15V 

(±8LSB's) 

11k, M.F. 

A 

AD572 

Figure 6. Low Tempco Zero Adj Circuit 

In either zero adjust circuit, the fixed resistor connected to 
pin 22 should be located close to this pin to keep the pin 
22 connection runs short, since the Comparator Input pin 22 
is quite sensitive to external noise pick-up, 

Gain Adjust: The gain adjust circuit consists of a lOOn 
potentiometer connected between +10V Reference Output 
pin 18 and Gain Adjust Input pin 27 for all ranges, Both 
GAIN and ZERO AD) potentiometers should be multi-turn, 
low tempco types; 20T cermet (tempco = 100ppmtC max) 

types are recommended. If the lOOn GAIN AD] potentio
meter is replaced by a fixed son resistor, absolute gain cal
ibration to ±0.1 % of FSR is guaranteed. 

Grounding: Analog and digital power supply grounds should 
be kept separate where possible to prevent digital signals from 
flowing in the analog ground circuit and inducing spurious 
analog signal noise. Analog Ground pin 26 and Digital Ground 
pin 15 are not connected internally; these two pins must be 
connected externally for the device to operate properly. 
Preferably, this connection is made at only one point, and 
as close to the device as possible. 

Power Supply Bypassing: The ±15V and +5V power leads 
should be capacitively bypassed for optimum device perfor
mance. 1pF tantalum types are recommended; these capaci
tors should be located close to the device. It is not necessary 
to shunt these capacitors with disc capacitors to provide ad
ditional high frequency power supply decoupling (as is requir
ed with some competitive products), since each power lead is 
bypassed internally with a 0.039pF ceramic capacitor. 

CALIBRATION 
External ZERO AD] and GAIN AD) potentiometers, con-
nected as shown in Figures 3 and 4, are used for device • 
calibration. To prevent interaction of these two adjustments, I 
Zero is always adjusted first and then Gain. Zero is adjusted 
with the analog input near the most negative end of the 
analog range (0 for unipolar and -lhFSR for bipolar input 
ranges). Gain is adjusted with the analog input near the most 
positive end of the analog range. 

o to +lOV Range: Set analog input to +lLSB = +0.0024V. 
Adjust Zero for digital output = 000000000001; Zero is now 
calibrated. Set analog input to +FSR -2LSB = +9.9952V. 
Adjust Gain for 111111111110 digital output code; full
scale (Gain) is now calibrated. Half-scale calibration check: 
set analog input to +5.0000V; digital output code should be 
100000000000. 

-lOY to +lOV Range: Set analog input to -9.9951V; adjust 
Zero for 000000000001 digital output (offset binary) code. 
Set analog input to +9.9902V; adjust Gain for 111111111110 
digital output (offset binary) code. Half-scale calibration 
check: set analog input to O.OOOOV; digital output (offset 
binary) code should be 100000000000. 

Other Ranges: Representative digital coding for 0 to + 1 OV, 
-5V to +5V, and -10V to +10V ranges is shown in Table I. 
Coding relationships and calibration points for 0 to +5V and 
-2.5V to +2.5V ranges can be found by halving the corres
ponding code equivalents listed for the 0 to +10V and -5V 
to +5V ranges, respectively. 

Zero and full-scale calibration can be accomplished to a pre
cision of approximately ±'ALSB using the static adjustment 
procedure described above. By summing a small sine or tri
angular-wave voltage with the signal applied to the analog 
input, the output can be cycled through each of the calibra
tion codes of interest to more accurately determine the 
center (or end points) of each discrete quantization level. A 
detailed description of this dynamic calibration technique is 
presented in "AID Conversion Notes", D. Sheingold, Analog 
Devices, Inc., 1977, Part II, Chapter 4. 
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Analog Input - Volts Input Normalized Digital Output Code 
(Binary for Unipolar Ranges; (Center of Quantization Interval) to FSR 
Offset Binary for Bipolar Ranges) 

o to +IOV -SV to +SV -IOV to +IOV Unipolar Bipolar BI BI2 
Range Range Range Ranges Ranges (MSB) (LSB) 

+9.9976 +4.9976 +9.9951 +FSR-l LSB +'hFSR-l LSB 111111111111 
+9.9952 +4.9952 +9.9902 +FSR-2 LSB +'hFSR-2 LSB 111111111110 

+5.0024 +0.0024 +0.0049 +'hFSR + 1 LSB +1 LSB 100000000001 
+5.0000 +0.0000 +0.0000 +'hFSR ZERO 100000000000 

+0.0024 -4.9976 -9.9951 +1 LSB -'hFSR+1 LSB 000000000001 
+0.0000 -5.0000 -10.0000 ZERO -'hFSR 000000000000 

Table I. Digital Output Codes vs Analog Input For Unipolar and Bipolar Ranges 

RANGE AND BUFFER FOLLOWER PIN CONNECTIONS 
Analog pin connections for each of the ranges, with and 
without the bufferfollower being used, are shown in Table II. 

Range Buffer Connect Connect Connect 
Follower Analog Span Pin: Bipolar 

Input To Pin: Pin 23 To: 

Used 30, and 29 to 24 
o to +5V 25 to 22 

Not Used 24 
-

Used 30, and 29 to 24 
o to +lOV -

Not Used 24 

Used 30, and 29 to 24 

1 
-2.5 to +2.5V 25 to 22 

Not Used 24 

Used 30, and 29 to 24 
-5 to +5V - 22 

Not Used 24 

j Used 30, and 29 to 25 
-10 to +10V -

Not Used 25 

Table II. Range and Buffer Follower Pin Connections 

When the analog signal source has a low impedance (as 
would be the case if it were the output of the sample-hold 
amplifier of Figure 9), it can be connected to either of .the 
direct input pins 24 or 2S. The buffer follower is used in the 
application as shown in Figure 6, in which the analog input 
to the converter comes directly from the output of a FET 
analog multiplexer. The selected channel has a typical ron = 
200n which has a 3000ppmt C tempco. If the multiplexer 
output were connected to the 0 to +10V direct input pin 24 
(Skn input impedance, nominal), this ron would introduce 
a 4% gain scale-factor loading error, which is well beyond 
the normal ±0.2S% FSR external gain adjustment range, and 
a tempco of approximately 3000ppm/oC x 4% = 120ppm/oC. 
By connecting the buffer between the multiplexer output and 
direct input,these errors are eliminated. The buffer amplifier 
input bias current (SOnA typical) must flow through the 
analog signal source, however. This limits the upper practical 
source impedance to several kilohms so that the offset volt
age IBIAS RSOURCE can be kept negligible, even though the 
buffer amplifier dynamic input impedance ~ 100Mn. The 
buffer amplifier has a 2IJ.s settling time to 0.01% FSR for a 
20V input step. This must be added to the conversion time' 
when the input voltage can change significantly between 
successive conversions (as could be the case in the circuit 
of Figure 7). 
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Figure 7. Using Buffer Follower With 
Multiplexed Analog Input 

Short Cycle Input: A Short Cycle Input pin 14 permits the 
timing cycle shown in Figure 2 to be terminated after any 
number of desired bits has been converted, permitting some
what shorter conversion times in applications not requiring 
full 12-bit resolution. When 12-bit resolution is required, 
pin 14 is connected to +SV (pin 16). When 10-bit resolution 
is desired, pin 14 is connected to Bit 11 output pin 2. The 
conversion cycle then terminates, and the STATUS flag 
resets after the Bit 10 decision (tlO + lOOns in timing dia
gram of Figure 2). Short Cycle pin connections and associat
ed maximum 12-, 10- and 8-bit conversion times are sum
marized in Table III. 

Connect Short Maximum Status Flag 
Cycle Pin 14 to Resolution Conversion Reset at: 

Pin: Bits (% FSR) Time (lJ.s) (Figure 2) 

16 12 0,024 2S t12 + lOOns 

2 10 0.10 21 tlO + lOOns 

4 8 0.39 17 t8 + lOOns 

Table III. Short Cycle Connections 

(One should note that the calibration voltages listed in Table 
I are for 12-bit resolution only, and are not those correspond
ing to the center of each discrete quantization interval at re
duced bit resolutions.) 

DIGITAL OUTPUT DATA 
Both parallel and serial data are in positive-true form and 
outputted from TTL storage registers. Parallel data output 
coding is binary for unipolar ranges and either offset binary 



or two's complement binary, depending on whether Bit 1 
(pin 12) or its logical inverse BIT 1 (pin 13) is used as the 
MSB. Parallel data becomes valid approximately 200ns 
before the STATUS flag returns to Logic "0::' p'erm~~ti,~g . 
parallel data transfer to be clocked on the 1 to 0 transI
tion of the STATUS flag. 

Serial data coding is binary for unipolar input ranges and 
offset binary for bipolar input ranges. Serial output is by 
bit (MSB first, LSB last) in NRZ (n.on-return-to-zero) format. 
Serial and parallel data outputs change state on positive-going 
clock edges. Serial data is guaranteed valid on all negative
going clock edges, permitting serial data to be clocked direct
ly into a receiving register on these edges as shown in Figure 
8. There are 13 negative-going clock edges in the complete 
12-bit conversion cycle, as shown in Figure 2. The first edge 
shifts an invalid bit into the register, which is shifted out on 
the 13th negative-going clock edge. All serial data bits will 
have been correctly transferred and be in the receiving shift 
register locations shown at the completion of the conversion 
period. 

APPLICATIONS 
Sample-Hold Amplifier: A sample-hold amplifier (SHA) is 
normally connected between the analog signal source and 
ADS72 analog input when the analog signal can change by 
more than 'IzLSB during conversion. Typical SHA-ADS72 
interconnections are shown in Figure 9. The STATUS output 
drives the SHA SAMPLE/HOLD input directly. On receipt of 
a CONVERT START pulse, the STATUS flag changes from 
"1" to "0" causing SHA mode to change from SAMPLE to 
HOLD. The SHA output voltage eo SoH is then held constant 
at the value existing just prior to application of the HOLD 
command for the complete conversion period. At the end of 
conversion, the STATUS flag returns to "1", restoring the 
SHA mode to SAMPLE, and eo S-H again tracks the analog 
signal voltage ein HI (after the signal acquisition transient 
has subsided). 

CONVERT 
START J"t....-

Figure 9. Sample-Hold Amplifier - AD572 Interconnections 

Note that the internal (gated) clock is inhibited for the du
ration of the CONVERT START pulse and does not start 
running until the termination ~f this pulse (see timing). This 
can be used to simpljfy control signal timing requirements. 
In the circuit of Figure 9, for example, the CONVERT 
START signal pulse-width can be extended beyond the ap
erture delay time of the SHA to assure that eo S-H is in 
steady-state before conversion is initiated. This assures 
accurate conversion without requiring additional delay tim
ing circuitry. The effect of varying the CONVERT START 
pulse-width on the conversion timing cycle is shown in Fig
ure 10. 

STAT~ INVALID 1.1 ____ ~ 

~~~I~ Bll B21 B31 B41 B51 B61 B71 B81 B9I Bl0 IBI1I 

la) NARROW CONVERT START PULSE 

L-____________________ ~~r-

STAT~ INVALID L.I ___ -' 

~~~':L *M Bl I B21 B31 B41 B51 B61 B71 BB I B9IBl01 BI1I 

(b) WIDE CONVERT START PULSE 

Figure 10. Effect of Convert'Start Pulse-Width on Timing 
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PARALLEL DATA XFR --II- 1-
Figure 8. Serial data Transfer Into Shift Register With Parallel Output to Data Bus 
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Digital Gain Control: Figure 11 shows a method of varying 
the ADS72 gain digitally, using an 8-bit DAC. The lOOn 
GAIN AD} potentiometer is replaced by a 1Sn fixed resistor. 
This biases full-scale high by approximately 3Sn/20,000n = 
+0.18% of FSR. The ADSS9 has a large positive compliance 
voltage which permits its Current Output pin 4 to be connect
ed directly to the ADS72 Reference Input pin 27. The ADSS9 
2.SmA output current is established by the ADS80 +2.SV 
voltage reference connected through a 1kn resistor to Refer
ence Curre_nt Input pin 14. The 2.SmA DAC full-scale output 
current removed from the ADS72 pin 27 node changes the 
pin 27 input current -2.SmA x 1Sn/20kn = -1.88J..LA, or 
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Figure 11. Digital Gain Control Using 8-Bit DAC 

-1.88J..LAISOOJ..LA = -0.38% of FSR; this permits a digital gain 
adjustment range of approximately ±0.2% FSR from nominal. 



r.ANALOG 
WDEVICES 

Fast, Complete 10-Bit AID Converter 
with Microprocessor Interface 

AD573* I 
FEATURES 
Complete 10-Bit AID Converter with Reference, Clock 

and Comparator 
Full 8- or 16-Bit Microprocessor Bus Interface 
Fast Successive Approximation Conversion - 20Jis 

typ 
No Missing Codes Over Temperature 
Operates on +5V and -12V to -15V Supplies 
Low Cost Monolithic Construction 

PRODUCT DESCRIPTION 
The AD573 is a complete lO-bit successive approximation analog 
to digital converter consisting of a DAC, voltage reference, 
clock, comparator, successive approximation register (SAR) and 
3 state output buffers-all fabricated on a single chip. No external 
components are required to perform a full accuracy lO-bit con
version in 20jJ.s. 

The AD573 incorporates the most advanced integrated circuit 
design and pro·cessing technology available today. The successive 
approximation function is implemented with JZL (integrated 
injection logic). Laser trimming of the high stability SiCr thin 
film resistor ladder network at the wafer stage (L WT) insures 
high accuracy, which is maintained with a temperature compen
sated sub-surface Zener reference. 

Operating on supplies of + 5V and - 12V to - 15V, the AD573 
will accept analog inputs of ° to + lOY or - 5V to + 5V. The 
trailing edge of a positive pulse on the CONVERT line initiates 
the 20fJ.s conversion cycle. DATA READY indicates completion 
of the conversion. HIGH BYTE ENABLE (HBE) and LOW 
BYTE ENABLE (LBE) control the 8-bit and 2-bit three state 
output buffers. 

The AD573 is available in two versions for the 0 to + 70°C 
temperature range, the AD573J and AD573K. The AD573S 
guarantees ± lLSB relative accuracy and no missing codes from 
- 55°C to + 125°C. 

*Protected by U.S. Patent Nos. 3,940,760; 4,213,806; 4,136,349; 
4,400,689; and 4,400,690 

AD573 FUNCTIONAL BLOCK DIAGRAM 
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Two package configurations are offered. All versions are also 
offered in a 20-pin hermetically scaled ceramic DIP. The AD573J 
and AD573K are also available in a 20-pin plastic DIP. 

PRODUCT HIGHLIGHTS 
1. The AD573 is a complete lO-bit AID converter. No external 

components are required to perform a conversion. 

2. The AD573 interfaces to many popular microprocessors 
without external buffers or peripheral interface adapters. The 
10 bits of output data can be read as a lO-bit word or as 8-
and 2-bit words. 

3. The device offers true lO-bit accuracy and exhibits no missing 
codes over its entire operating temperature range. 

4. The AD573 adapts to either unipolar (0 to + lOY) or bipolar 
( - 5V to + 5V) analog inputs by simply grounding or opening 
a single pin. 

5. Performance is guaranteed with + 5V and -12V or -15V 
supplies. 
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SPECIFICATIONS (T A = 25°C, V + = + 5V, V - = - 12V or -15V, all voltages measured with respect to digital common, 
unless otherwise indicated) 

AD573J AD573K 
Model Min Typ Max Min Typ Max 

RESOLUTION 10 10 

RELATIVE ACCURACY I ±1 ±112 
TA = T.runtoTmax ±1 ±112 

FULL SCALE CALIBRATION2 :!:2 :!:2 

UNIPOLAR OFFSET ±1 ±112 

BIPOLAR OFFSET ±1 ±112 

DIFFERENTIAL NONLINEARITy3 10 10 

TA = T .run toT max 9 10 

TEMPERATURE RANGE 0 +70 0 +70 

TEMPERATURE COEFFICIENTS4 

Unipolar Offset ±2 ±1 
Bipolar Offset ±2 ±1 
Full Scale Calibration2 ±4 ±2 

POWER SUPPL Y REJECTION 
Positive Supply 

+4.5:sV+:s +5.5V ±2 ±1 
Negative Supply 

-15.75V:sV -:s -14.25V ±2 :1:1 
-12.6V:sV -:s - 11.4V ±2 ±1 

ANALOG INPUT IMPEDANCE 3.0 5.0 7.0 3.0 5.0 7.0 

ANALOG INPUT RANGES 
Unipolar 0 +10 0 +10 
Bipolar -5 +5 -5 +5 

OUTPUT CODING 
Unipolar Positive True Binary Positive True Binary 
Bipolar Positive True Offset Binary Positive True Offset Binary 

LOGIC OUTPUT 
Output Sink Current 

(VOt:T = O.4Vrnax, T.run toT max) 3.2 3.2 
Output Source CurrentS 

(VOt:T = 2.4Vrnax, T.runto Tmax) 0.5 0.5 
Output Leakage ±40 ±40 

LOGIC INPUTS 
Input Current :1:100 ±100 
Logic "I" 2.0 2.0 
Logic "0" 0.8 0.8 

CONVERSION TIME 

TA = T.runtoTma; 10 20 30 10 20 30 

POWER SUPPLY 

V+ +4.5 +5.0 +7.0 +4.5 +5.0 +7.0 
V- -11.4 -15 -16.5 +11.4 -15 

OPERATING CURRENT 

V+ 15 25 15 
V- 9 15 9 

PACKAGE6 

Ceramic DIP D20A D20A 

Plastic DIP N20A N20A 

NOTES 
IRelative accuracy is defined as the deviation of the code transition points from the ideal transfer point on a 
straight line from the zero to the full scale of the device. 

2Full scale calibration is guaranteed trimmable to zero with an external son potentiometer in place of the ISn 
fixed resis tor. 
Full scale is defined as 10 volts minus ILSB, or 9.990 volts. 

3Defined as the resolution for which no missing codes will occur. 
·Change from + 25°C value from + 2SoC to T min or T max' 
5The data output lines have active pull-ups to source O.SmA. The DATA READY line is open collector with 
a nominal 6kn internal pull-up resistor. 

6See Section 19 for package outline information. 

Specifications subject to change without notice. 
Specifications shown in boldface are tested on all production units at final 
electrical test. Results from those tests are used to calculate outgoing quality 
levels. All min and max specifications are guaranteed, although only those 
shown in boldface are tested on all production units. 
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25 
15 

AD573S 
Min Typ Max Units 

10 Bits 

±1 LSB 

±1 LSB 

±2 LSB 

±1 LSB 

±1 LSB 

10 Bits 
10 Bits 

-55 +125 °C 

±2 LSB 
±2 LSB 

±5 LSB 

:1:2 LSB 

:1:2 LSB 
:1:2 LSB 

3.0 5.0 7.0 kO 

0 +10 V 
-5 +5 V 

Positive True Binary 
Positive True Offset Binary 

3.2 rnA 

0.5 rnA 
:1:40 .... A 

±100 .... A 
2.0 V 

0.8 V 

10 20 30 .... s 

+4.5 +5.0 +7.0 V 
-11.4 -15 -16.5 V 

15 25 rnA 
9 15 rnA 

D20A 



ABSOLUTE MAXIMUM RATINGS 
V + to Digital Common . . . . . . . 
V - to Digital Common . . . . . . . 
Analog Common to Digital Common 
Analog Input to Analog Common .. 
Control Inputs . . . . . . . . . . . . 
Digital Outputs (High Impedance State) . 
Power Dissipation . . . . . . . . . . . . 

o to +7V 
o to -16.SV 

;. ±IV 
± ISV 

o to V+ 
o to V+ 
800mW 

AD573 ORDERING GUIDE 

Model 
AD573JN 
AD573KN 
.AD573JD 
AD573KD 
ADS73SD 

Package Option 
20~Pin Plastic DIP 
20-Pin Plastic DIP 
20-Pin Ceramic DIP 
20-Pin Ceramic DIP 
20-Pin Ceramic DIP 

Temperature 
Range 
Oto + 70°C 
Oto + 70°C 
Oto + 70°C 

Relative 
Accuracy 
± ILSBmax 
± 1I2LSBmax 
± ILSBmax 

o to + 70°C ± 1I2LSB max 
- 55°C to + 125°C ± ILSB max 
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FUNCTIONAL DESCRIPTION 
A block diagram of the ADS73 is shown in Figure 1. The positive 
CONVERT pulse must be at least SOOns wide. DR goes high 
within 1. 5 J.1S after the leading edge of the convert pulse indicating 
that the internal logic has been reset. The negative edge of the . 
CONVERT pulse initiates the conversion. The internal IO-bit 
current output DAC is sequenced by the integrated injection 
logic (I2L) successive approximation register (SAR) from its 
most significant bit to least significant bit to provide an output 
current which accurately balances the input signal current through 
the SkO resistor. The comparator determines whether the addition 
of each successively weighted bit current causes the DAC current 
sum to be greater or less than the input current; if the sum is 
more, the bit is turned off. After testing all bit5, the SAR contains 
a 10-bit binary code which accurately represents the input signal 
to within V2LSB (0.05% of full scale). 

The SAR drives DR low to indicate that the conversion is complete 
and that the data is available to the output buffers. HBE and 
LBE can then be activated to enable the upper 8-bit and lower 
2-bit buffers as desired. HBE and LBE should be brought high 
prior to the next conversion to place the output buffers in the 
high impedance state. 
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V+ v-
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COMMON CONVERT 
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DB7 

DB& 
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DBS 
BYTE 
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DB2 

L...--j ~-+--HI- :::} ~~ 
LSB 

~~::::::::::::::::::::~ __________ J 

Figure 1. AD573 Functional Block Diagram 

The temperature compensated buried Zener reference provides 
the primary voltage reference to the DAC and ensures excellent 
stability with both time and temperature. The bipolar offset 
input controls a switch which allows the positive bipolar offset 
current (exactly equal to the value of the MSB less V2LSB) to be 
injected into the summing ( + ) node of the comparator t~ offset 
the DAC output. Thus the nominal 0 to + IOV unipolar input 
range becomes a - SV to + SV range. The SkO thin film input 
resistor is trimmed so that with a full scale input signal, an 
input current will be generated which exactly matches the DAC 
output with all bits on. 

UNIPOLAR CONNECTION 
The ADS73 contains all the active components required to 
perform a complete AID conversion. Thus, for many applications, 
all that is necessary is connection of the power supplies ( + SV 
and - 12V to - ISV), the analog input and the convert pulse. 
However, there are some features and special connections which 
should be considered for achieving optimum performance. The 
functional piri-out is shown in Figure 2. 
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The standard unipolar 0 to + 10V range is obtained by shorting 
the bipolar offset control pin (pin 16) to digital common 
(pin 17). 

HIGH BYTE ENABLE 

LOW BYTE ENABLE 

DIGITAL COMMON 

BIPOLAR OFFSET 

ANALOG COMMON 

ANALOG IN 

v-

CONVERT 

Figure 2. AD573 Pin Connections 

Full Scale Calibration 
The SkO thin film input resistor is laser trimmed to produce a 
current which matches the full scale current of the internal 
DAC-plus about 0.3%-wh~n an analog input voltage of 9.990 
volts (10 volts - lLSB) is applied at the input. The input resistor 
is trimmed in this way so that if a fine trimming potentiometer 
is inserted in series with the input signal, the input current at 
the full scale input voltage can be trimmed down to match the 
DAC full scale current as precisely as desired. However, for 
many applications the nominal 9.99 volt full scale can be achieved 
to sufficient accuracy by simply inserting a 150 resistor in series 
with the analog input to pin 14. Typical full scale calibration 
error will then be within ± 2LSB or ± 0.2%. If more precise 
calibration is desired, a 500 trimmer should be used instead. 
Set the analog input at 9.990 volts, and set the trimmer so that 
the output code is just at the transition between 11111111 10 
and 11111111 11. Each LSB will then have a weight of9.766mV. 
If a nominal full scale of 10.24 volts is desired (which makes the 
LSB have a weight of exactly 10.00mV), a 1000 resistor and a 
1000 trimmer (or a 2000 trimmer with good resolution) should 
be used. Of course, larger full scale ranges can be arranged by 
using a larger input resistor, but linearity and full scale temperature 
coefficient may be compromised if the external resistor becomes 
a sizeable percentage of SkO. Figure 3 illustrates the connections 
required for full scale calibration. 

LSB DBD 1 

I----'I/M.-+--o ANALOG IN 

MSB DB9 

Figure 3. Standard AD573 Connections 

Unipolar Offset Calibration 
Since the Unipolar Offset is less than ± lLSB for all versions of 
the ADS73, most applications will not require trimming. Figure 
4 illustrates two trimming methods which can be used if greater 
accuracy is necessary. 



Figure 4a shows how the converter zero may be offset by up to 
± 3 bits to correct the device initial offset and/or input signal 
offsets. As shown, the circuit gives approximately symmetrical 
adjustment in unipolar mode. 

.----------1 A'N 

ADS73 r----'-----fA,N 

Rl R2 R3 
Ion 7.5k 4.7k 

SIGNAL COMMON 
R4 
10k 

ADS73 

AcOM 
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+15V -15V 'It BIT ZERO OFFSET 

ZERO OFFSET ADJ 
:!:3 BIT RANGE 

Figure 4a. Figure 4b. 
Figure 5 shows the nominal transfer curve near zero for an 
AD573 in unipolar mode. The code transitions are at the edges 
of the nominal bit weights. In some applications it will be preferable 
to offset the code transitions so that they fall between the nominal 
bit weights, as shown in the offset characteristics. 

OUTPUT· 
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00000001 00 

00000000 " 

00000000 10 
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I 
I 

00000000 00 1--+---+-+--+--+--
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00000000 " 
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r-
I 

00000000 DO ~-+--+--I_+--+-__ 
OV IOmV 30mV 50mV 

INPUT VOLTAGE 

OFFSET CHARACTERISTICS WITH 
2.7n IN SERIES WITH ANALOG COMMON 

Figure 5. AD573 Transfer Curve - Unipolar Operation 
(Approximate Bit Weights Shown for Illustration, Nominal 
Bit Weights - 9. 766m V) 

This offset can easily be accomplished as shown in Figure 4b. 
At balance (aftcr a conversion) approximately 2mA flows into 
the Analog Common terminal. A 2.7!1 resistor in series with 
this terminal will result in approximately the desired Y2 bit 
offset of the transfer characteristics. The nominal 2mA Analog 
Common current is not closely controlled in manufacture. If 
high accuracy is required, a 5!1 potentiometer (connected as a 
rheostat) can be used as RI. Additional negative offset range 
may be obtained by using larger values of Rl. Of course, if the 
zero transition point is changed, the full scale transition point 
will also movc. Thus, if an offset of Y2LSB is introduced, full 
scale trimming as described on the previous page should be 
done with an analog· input of 9.985 volts. 

NOTE: During a conversion, transient currents from the Analog 
Common terminal will disturb the offset voltage. Capacitive 
decoupling should not be used around the offset network. These 
transients will settle appropriately during a conversion. Capacitive 

Applying the AD573 
decoupling will "pump up" and fail to settle resulting in conversion 
errors. Power supply decoupling, which returns to analog signal 
common, should go to the signal input side of the resistive 
offset network. 

BIPOLAR CONNECTION 
To obtain the bipolar - 5V to + 5V range with an offset binary 
output code, the bipolar offset control pin is left open. 

A - 5.000 volt signal will give a lO-bit code of 00000000 00; an 
input of 0.000 volts results in an output code of 10000000 00 
and + 4.99 volts at the input yields the 11111111 11 code. The 
nominal transfer curve is shown in Figure 6. 

OUTPUT 
CODE 

10000000 10 

10000000 01 

10000000 00 

01"1"1 " 

0"""110 

r--
I 

I __ ..J 

-30 -20 -10 0 +10 +20 +30 

INPUT VOLTAGE - mV 

Figure 6. AD573 Transfer Curve - Bipolar Operation 

Note that in the bipolar mode, the code transitions are offset 
Y2LSB such that an input voltage of 0 volts ± 5mV yields the 
code representing zero (10000000 00). Each output code is then 
centered on its nominal input voltage. 

Full Scale Calibration 
Full Scale Calibration is accomplished in the same manner as"in 
Unipolar operation except the full scale input voltage is +4.985 
volts. 

Negative Full Scale Calibration 
The circuit in Figure 4a can also be used in Bipolar operation to 
offset the input voltage (nominally - 5V) which results in the 
00000000 00 code. R2 should be omitted to obtain a symmetrical 
range. 

The bipolar offset control input is not directly TTL compatible 
but a TTL interface for logic control can be constructed as 
shown in Figure 7. 

+5V 

-15V 

Figure 7. Bipolar Offset Controlled by Logic Gate 
Gate Output = 1 Unipolar 0- 10V Input Range 
Gate Output = a Bipolar ± 5V Input Range 

SAMPLE·HOLD AMPLIFIER CONNECTION TO THE 
AD573 
Many situations in high-speed acquisition systems or digitizing 
rapidly changing signals require a sample-hold amplifier (SHA) 
in front of the A-D converter. The SHA can acquire and hold a 
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signal faster than the converter can perform a conversion. A 
SHA can also be used to accurately define the exact point in 
time at which the signal is sampled. For the ADs73, a SHA can 
also serve as a high input impedance buffer. 

Figure 8 shows the ADs73 connected to the ADS82 monolithic 
SHA for high speed signal acquisition. In this configuration, the 
ADS82 will acquire a 10 volt signal in less than 10J..Ls with a 
droop rate less than 100 J..L V Ims. 

+5V 

CONVERT PULSE 
CONVERT V+ 

OATA READY 

ill 
5 VOLT 

COM HBE 

ADS73 

DeOM 

DATA 

ACOM 

V-

-1SV 15 VOLT 
COM 

Figure 8. Sample-Hold Interface. to the AD573 

DR goes high after the conversion is initiated to indicate that 
reset of the SAR is complete. In Figure 8 it is also used to put 
the ADS82 into the hold mode while the ADS73 begins its 
conversion cycle. (The ADS82 settles to final value well in advance 
of the first comparator decision inside the ADs73) .. 

DR goes low when the conversion is complete placing the ADS82 
back in the sample mode .. Configured as shown in Figure 8, the 
next conversion can be initiated after a lOJ..Ls delay to allow for 
signal acquisition by the ADS82. 

Observe carefully the ground, supply, and bypass capacitor 
connections between the two devices. This will minimize ground 
noise and interference during the conversion cycle. 

GROUNDING CONSIDERATIONS 
The ADS73 provides separate Analog and Digital Common 
connections. The circuit will operate properly with as much as 
±200mV of common mode voltage between the two commons. 
This permits more flexible control of system common bussing 
and digital and analog returns. 

In normal operation, the Analog Common terminal may generate 
transient currents of up to 2mA during a conversion. In addition 
a static current of about 2mA will flow into Analog Common in 
the unipolar mode after a conversion is complete. The Analog 
Common current will be modulated by the variations in input 
signal. . 

The absolute maximum voltage rating between the two commons 
is ± 1 volt. It is recommended that a parallel pair of back-to-back 
protection diodes be connected between the commons if they 
are not connected locally. 

CONTROL AND TIMING OF THE AD573 
The operation of the ADS73 is controlled by three inputs: CON
VERT, HBE and LBE. 

Starting a Conversion 
The conversion cycle is initiated by a positive-going CONVERT 
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pulse at least SOOns wide. The rising edge of this pulse resets 
the internal logic, clears the result of the previous conversion, 
and sets DR high. The falling edge of CONVERT begins the 
conversion cycle. When conversion is completed DR returns 
low. During the conversion cycle, HBE and LBE should be 
held high. If HBE or LBE goes low during a conversion, the 
data output buffers will be enabled and intermediate conversion 
results will be present on the data output pins. This may cause 
bus conflicts if other devices in a system are trying to use the 
bus. 

~H-' tc~ OO"~~-4 ; 
DR ' ~~'VOl 

-z-
Figure 9. Convert Timing 

Reading the Data 
The three-state data output buffers are enabled by HBE and 
LBE. Access time of these buffers is typically IS0ns (250 
maximum). The Data outputs remain valid until SOns after the 
enable signal returns high, and are completely into the high-im
pedance state lOOns later. 

LBEOR HBE ----,1 
V 1H + V1l 

----r-

HIGH 
DBD-DB7 IMPEDANCE 

OR ~~~~-~~~~~~ 
DB~DB9 

Figure 10. Read Timing 

TIMING SPECIFICATIONS (All grades, T A = T min - T max) 

Parameter Symbol Min Typ Max. Units 

CONVERT Pulse Width tes 500 ns 
DR Delay from CONVERT tDse 1 1.5 J..Ls 
Conversion Time te 10 20 30 J..LS 

Data Access Time tDD 0 ISO 250 ns 
Data Valid after HBE/LBE 

High tHD 50 ns 
Output Float Delay tHL 100 200 ns 

MICROPROCESSOR INTERFACE CONSIDERATIONS -
GENERAL 
When an analog-to-digital converter like the ADS73 is interfaced 
to a microprocessor, several details of the interface must be 
considered. First, a signal to start the converter must be generated; 
then an appropriate delay period must be allowed to pass before' 
valid conversion data may be read. In most applications, the 
ADS73 can interface to a microprocessor system with little or no 
external logic. 

The most popular control signal configuration consists of decoding 
the address assigned to the ADS73, then gating this signal with 
the system's WR signal to generate the CONVERT pulse, and 
gating it with RD to enable the output buffers. The use of a 
memory address and memory WR and RD signals denotes 
"memory-mapped" 110 interfacing, while the use of a separate 
110 address space denotes "isolated 110" interfacing. In 8-bit 
bus systems, the 10-bit ADS73 will occupy two locations when 
data is to be read; therefore, two (usually consecutive) addresses 
must be decoded. One of the ~ddresses can also be used as 
the address which produces the CONVERT signal during WR 
operations. 

Figure 11 shows a generalized diagram of the control logic for 



an AD573 interfaced to an 8-bit data bus, where two addresses 
(ADC AD DR and ADC ADDR+ 1) have been decoded. ADC 
ADDR starts the converter when written to (the actual data 
being written to the converter does not matter) and contains the 
high byte data during read operations. ADC AD DR + 1 performs 
no function during write operations, but contains the low byte 
data during read operations. 

DB7 1-------------.--1 DB9 

DBB 
B-BIT DATA BUS 

DBO 1-----------++-1 DB2 
OBI 

DBO 

WR ~---------~ CONVERT 

W I---------+-~L-/ 

(SEE TEXT) DR 

Figure 11. General AD573 Interface to 8-Bit 
Microprocessor 

AD573 

In systems where this read-write interface is used, at least 30 
microseconds (the maximum conversion time) must be allowed 
to pass between starting a conversion and reading the results. 
This delay or "timeout" period can be implemented in a short 
software routine such as a countdown loop, enough dummy 
instructions to consume 30 microseconds, or enough actual 
useful instructions to consume the required time. In tightly-timed 
systems, the DR line may be read through an external three-state 
buffer to determine precisely when a conversion is complete. 
Higher-speed systems may choose to use OR to signal an interrupt 
to the processor at the end of a conversion. 

ADDRESS 
BUS 

Wii-U 

~
s 

"~'m ~tc:"'===~'~}L-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-
DR -=-r~:'--------jt 

Figure 12. Typical AD573 Interface Timing Diagram 

CONVERT Pulse Generation 
The AD573 is tested with a CONVERT pulse width of 500ns 
and will typically operate with a pulse as short as 300ns. However, 
some microprocessors produce active WR pulses which are 
shorter than this. Either of the circuits shown in Figure 13 can 
be used to generate an adequate CONVERT pulse for the AD573. 

Interfacing to the AD573 
In both circuits, the short low-going WR pulse sets the CONVERT 
line high through a flip-flop. The rising edge of DR (which 
signifies that the internal logic has been reset) resets the flip-flop 
and brings CONVERT low, which starts the conversion. 

Note that tDse is slightly longer when the result of the previous 
conversion contains a logic 1 on the LSB. This means that the 
actual CONVERT pulse generated by the circuits in Figure 13 
will vary slightly in width. 

):>-,--_~CONVERT 

AD573 

Figure 13a. Using 74LSOO Figure 13b. Using 1I274LS74 

Output Data Format 
The AD573 output data is presented in a left-justified format. 
The 8 MSBs (DB9-DB2, pins 10 through 3) are enabled by 
HBE (pin 20) and the 2 LSBs (OBI, DBO - pins 2 and 1) are 
enabled by LBE (pin 19). This allows simple interface to 8-bit 
system buses by overlapping the 2 MSBs and the 2 LSBs. The 
organi~ation of the data is shown in Figure 14 . 

When the least significant bits are read (LBE brought low), the 
six remaining bits of the byte will contain meaningless data. 
These unwanted bits can be masked by logically ANDing the 
byte with 11000000 (CO hex), which forces the 6 lower bits to 
logic 0 while preserving the two most significant bits of the 
byte. 

Note that it is not possible to reconfigure the AD573 for right 
justified data. 

HBE I DB91 DB81 DB71 DB61 085 1 DB41 DB31 DB21 

LBE I DB1 ,OBO 1 X X x X X X 

Figure 14. AD573 Output Data Format 

In systems where all 10 bits are desired at the same time, HBE 
and LBE may be tied together. This is useful in interfacing to 
16-bit bus systems. The resulting lO"bit word can then be placed 
at the high end of the 16-bit bus for left justification or at the 
low end for right justification. 

It is also possible to use the AD573 in 'a "stand-alone" mode, 
where the output data buffers are automatically enabled at the 
end of a conversion cycle. In this mode, the DR output is wired 
to the HBE and LBE inputs. The outputs thus are forced into 
the high-impedance state during the conversion period, and 
valid data becomes available approximately 500ns after the DR 
signal goes low at the end of the conversion. The 500ns delay 
allows propagation of the least significant bit through the internal 
logic. 

This mode is particularly useful for bench-testing of the AD573, 
and in applications where dedicated 110 ports of peripheral 
interface adapter chips are available. 
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CONVERT 
PULSE 

AD573 

Figure 15. AD573 in "Stand-Alone" Mode 
(Output Data Valid 500ns After DR Goes Low) 

Apple II Microcomputer Interface 
The AD573 can provide a flexible, low-cost analog interface for 
the popular Apple II microcomputer. The' Apple II, based on a 
IMHz 6502 microprocessor, meets all timing ,requirements for 
the AD573. Only a few TTL gates are required to decode the 
signals available on the Apple II's peripheral connector. The 
recommended connections are shown in Figure 16. 

APPLE II 
PERIPHERAL 
CONNECTOR 

Figure 16. AD573 Interface to Apple /I 

AD573 

The BASIC routine listed here will operate the AD573 circuit 
shown in Figure 16. The conversion is started by POKEing to 
the location which contains the AD573. The relatively slow 
execution speed of BASIC eliminates the need for a delay routine 
between starting and reading the converter. This routine assumes 
that the AD573 is connected for a ± 5 volt input range. Variable 
I represents the integer value (from 0 to 1023) read from the 
AD573. Variable V represents the actual value of the input 
signalCin volts). 

100 PRINT "WHICH SLOT IS THE AID IN";:INPUT S 
110 A= 49280+ 16*S 
120 POKE A,O 
130 L = PEEK(A) :H = PEEK(A + 1) 
140 I = (4*H) + INT(Ll64) 
150 V = (111024)*10-5 
160 PRINT "THE INPUT SIGNAL IS ";V;"VOLTS." 

It is also possible to write a faster-executing assembly-language 
routine to control the AD~73. Such a routine will require a 
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delay between starting and, reading the converter. This can be 
easily implemented by calling the Apple's WAIT subroutine 
(which resides at location $FCA8) after loading the accumulator 
with a number greater than or equal to two. 

SOSS-Series Microprocessor Interface 
The ADS73 can also be used with 8085-series microprocessors. 
These processors use separate control signals for RD and WR, 
as opposed to the single RlW control signal used in the 6800/6500 
series processors. 

There are two constraints related to operation of the ADS73 
with 808S-series processors. The first problem is the width of 
the CONVERT pulse. The circuit shown in Figure 17 (essentially 
the same as that shown in Figure 13) will produce a wide enough 
CONVERT pulse when the 8085 is running at SMHz. For 8085 
systems running at slower clock rates (3MHz), the flip-flop-based 
circuit can be eliminated since the WR pulse will be approximately 
SOOns wide. 

The other consideration is the access time of the ADS 73's three
state output data buffers, which is 2S0ns maximum. It may be 
necessary to insert wait states during RD operations from the 
ADS73. This will not ,be a problem in systems using memories 
with comparable access times, since wait states will have already 
been provided in the basic system design. 

SOSSA DB7 f-------------~~ ADS73 

DBOI-------------HH 

WR~-----_r~ 

A15 

Ao~----_4-_+~~ 

Figure 17. AD573-8085A Interface Connections 

The following assembly-language subroutine can be used to 
control an ADS73 residing at memory locations 3000H and 3001H • 

The 10 bits of data are returned (left-justified) in the DE register 
pair. 

ADC: 

LOOP: 

LXI H,3000 
MOVM,A 
MVI B,06 
DCR B 
JNZ LOOP 
MOVA,M 
ANI CO 
MOVE,A 
INR L 
MOVD,M 
RET 

; LOAD HL WITH AD573 ADDRESS 
; START CONVERSION 
; LOAD DELAY PERIOD 
; DELAY LOOP 

; READ LOW BYTE 
; MASK LOWER 6 BITS 
; STORE CLEAN LOW BYTE IN E 
; LOAD HIGH BYTE ADDRESS 
; MOVE HIGH BYTE TO D 
; EXIT 



r.ANALOG 
WDEVICES 

Fast, Complete 12-Bit AID Converter 
with Microprocessor Interface 

FEATURES 
Complete 12-Bit AID Converter with Reference 

and Clock 
Full 8- or 16-Bit Microprocessor Bus Interface 
250ns Bus Access Time 
Guaranteed Linearity Over Temperature 

o to + 70°C - AD574AJ, AK, AL 
- 55°C to + 125°C - AD574AS, AT, AU 

No Missing Codes Over Temperature 
Fast Successive Approximation Conversion - 25JLs 
Buried Zener Reference for Long-Term Stability 

and Low Gain T.e. 10ppm/oC max AD574AL 
12.5ppm/oC max AD574AU 

Low Profile 28-Pin Ceramic DIP 
Low Power: 390mW 

PRODUCT DESCRIPTION 
The ADS74A is a complete 12-bit successive-approximation 
analog-to-digital converter with 3-state output buffer circuitry 
for direct interface to an 8-, 12-or 16-bit microprocessor bus. 
The ADS74A design is implemented with two LSI chips each 
containing both analog and digital circuitry, resulting in the 
maximum performance and flexibility at the lowest cost. 

One chip is the high performance AD56SA 12-bit DAC and 
voltage reference. It contains the high speed current output 
switching circuitry, laser-trimmed thin film resistor network, 
low T.C. buried zener reference and the precision input scaling 
and bipolar offset resistors. This chip is laser-trimmed at the 
wafer stage (L WT) to adjust ladder network linearity, voltage 
reference tolerance and temperature coefficient, and the calibration 
accuracy of input scaling and bipolar offset resistors. 

The second chip uses the proven LCI (linear-compatible integrated 
injection logic) process to provide the low-power I2L successive
approximation register, converter control circuitry, clock, bus 
interface, and the high performance latching comparator. The 
precision, low-drift comparator is adjusted for initial input offset 
error at the wafer stage by the "zener-zap" technique which 
trims the comparator input stage to 1110 LSB typical error. This 
form of trimming, while cumbersome for complex ladder networks, 
is an attractive alternative to thin film resistor trimming for a 
simple offset adjustment and eliminates the need for thin film 
processing for this portion of the circuitry. 

The ADS74A is available in six different grades. The AD574AJ, 
AK, and AL grades are specified for operation over the 0 to 
+ 70°C temperature range. The AD574AS, AT, and AU are 
specified for the - S5°C to + 12SoC range. All grades are packaged 
in a low-profile, 0.600 inch wide, 28-pin hermetically-sealed 
ceramic DIP. 

AD574A I 
AD574A FUNCTIONAL BLOCK DIAGRAM 

ttiVSUPf'LV'"'--__ _ 

VLOOIC 

DATA MODE SELfCT 
,vi 

.----.12.\ ~:TUS 

CHU·SELECT 
CI 

IVUADDRESSI .. 
READ.'CONVERT .,f 

CHIrENA8LE 
CE 

+12/.,5YSUPf'LY 

"'" +10'11REFERENCf 

,-J---...J..., 

.::~7:':i.lll~q 
-,2).16\1SU"lY 

v" 
BIPO!..AROFFSET 

.1' OFF 

1OVSPANINf'UT 

' .... 

PRODUCT HIGHLIGHTS 

0810' 

l. The AD574A interfaces to most popular microprocessors ~ 
with an 8-, 12-, or 16-bit bus without external buffers or __ 
peripheral interface controllers. Multiple-mode three-state 
output buffers connect directly to the data bus while the read 
and convert commands are taken from the control bus. The 
12-bits of output data can be read either as onl! 12-bit word 
or as two 8-bit bytes (one with 8 data bits, the other with 4 
data bits and 4 trailing zeros). 

2. The precision, laser-trimmed scaling and bipolar offset resistors 
provide four c"alibrated ranges, 0 to + 10 and 0 to + 20 volts 
unipolar, or - 5 to + Sand -10 to + 10 volts bipolar. Typical 
bipolar offset and full scale calibration of ± 0.1 % can be 
trimmed to zero with one external component each. 

3. The internal buried zener reference is trimmed to 10.00 volts 
with 1% maximum error and ISppmrC typical T.C. The 
reference is a~ailable externally and can drive up to I.SmA 
beyond that required for the reference and bipolar offset 
resistors. 
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SPECIFICATIONS (@ = 250C with Vcc = + 15V, V or + 12V, VLOG1C = + 5V, VEE = -15V or -12V 
unless othelWise indicated) 

AD574AJ 
Model Min Typ 

RESOLUTION 

LINEARITY ERROR 
25°C (max) 

Tmin to Trnax 

DIFFERENTIAL LINEARITY ERROR 
(Minumum resolution for which no 
missing codes are guaranteed) 

25°C n 
Trnin toTma• n 

UNIPOLAR OFFSET (max) (Adjustable to zero) 

B1POLAR OFFSET (max) (Adjustable to zero) 

FULL SCALE CALIBRATION ERROR 
(with fixed 50n resistor from REF OUT TO REF IN) 
(Adjustable to zero) 25°C (max) 

T min to T rna. (Without Initial Adjustment) 0.47 
(With Initial Adjustment) 0.22 

TEMPERATURE RANGE 0 

TEMPERATURE COEFFICIENTS (Using internal reference) 
TmintoTma, 

Unipolar Offset 

Bipolar Offset 

Full Scale Calibration 

POWER SUPPLY REJECTION 
Max change in Full Scale Calibration 

+ 13.5sVccs + 16.5Vor + 11.4VsVccs+ 12.6V 
+ 4.5sVLOG1CS + 5.5V 
-16.5sVEES -13.5Vor -12.6VsVEEs-II.4V 

ANALOG INPUT 
Input Ranges 

Bipolar -5to +5 
-IOto+IO 

Unipolar Oto +10 
Oto +20 

Input Impedance 
10 Volt Span 3 5 
20 Volt Span 6 10 

POWER SUPPLIES 
Operating Range 

VLOG1C +4.5 

Vcc +11.4 

VEE -11.4 
Operating Current 

ILOG1C 30 
Icc 2 

VEE 18 

POWER DISSIPATION 390 

INTERNAL REFERENCE VOLTAGE 9.9 10.0 
Output current (available for extemalloads) 
(External load should not change during conversion) 

PACKAGE OPTION2 

(028A) - Ceramic DIP AD574AJD 

NOTES 
IThe reference should be buffered for operation on ± 12V supplies. 
2See Section 19 for package outline information. 
Specifications subject to change without notice. 

Specifications shown in boldface are tested on all production units at final electri
cal test. Results from those tests are used to calculate outgoing quality levels. All 
min and max specifications are guaranteed, although only those shown in 
boldface are tested on all production units. 
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AD574AK AD574AL 
Max Min Typ Max Min Typ 

12 12 

±1 ±1/2 
±1 ±1/2 

12 12 
12 12 

±2 :1:2 

±10 ±4 

0.25 0.25 
0.37 0.30 
0.12 0.05 

+70 0 +70 0 

±2 ±1 
10 5 
±2 ±1 
10 5 
±9 ±5 
50 27 

±2 ±1 
±1/2 ±112 
±2 ±1 

-5to +5 -5to +5 
-IOta +10 -IOta + 10 
Oto +10 Oto +10 
Oto +20 Oto +20 

7 3 5 7 3 5 
14 6 10 14 6 10· 

+5.5 +4.5 +5.5 +4.5 
+16.5 +11.4 +16.5 +11.4 
-16.5 -11.4 -16.5 -11.4 

40 30 40 30 
5 2 5 2 
30 18 30 18 

725 390 725 390 

10.1 9.9 10.0 10.1 9.9 10.0 
1.51 1.51 

AD574AKD AD574ALD 

Max Units 

12 Bits 

±112 LSB 
±1 LSB 

Bits 
Bits 

±2 LSB 

±4 LSB 

0.25 %ofF.S. 
%ofF.S. 
%ofF.S. 

+70 °C 

±1 LSB 
5 ppml"C 
±1 LSB 
5 ppml"C 
±2 LSB 
10 ppml"C 

±1 LSB 
±112 LSB 
±1 LSB 

Volts 
Volts 
Volts 
Volts 

7 kn 
14 kn 

+5.5 Volts 
+ 16.5 Volts 
-16.5 Volts 

40 rnA 
5 rnA 
30 rnA 

725 rnW 

10.1 Volts 
1.51 rnA 



AD574AS 
Model Min Typ 

RESOLUTION 

LINEARITY ERROR 
2S'C(max) 

TmintoTmax 

DIFFERENTIAL LINEARITY ERROR 
(Minumum resolution for which no 
missing codes are guaranteed) 

2SoC 11 
TmintoTmax 11 

UNIPOLAR OFFSET (max) (Adjustable to zero) 

BIPOLAR OFFSET (max) (Adjustable to zero) 

FULL SCALE CALIBRATION ERROR 
(with fixed 50n resistor from REF OUT T~ REF IN) 
(Adjustable to zero) 25°C (max) 
T min to T max (Without Initial Adiustment) 0.75 

(With Initial Adjustment) 0.5 

TEMPERATURE RANGE -55 

TEMPERATURE COEFFICIENTS (Using internal reference) 

TrruntoTmax 
Unipolar Offset 

Bipolar Offset 

Full Scale Calibration 

POWER SUPPLY REJECTION 
Max change in Full Scale Calibration 

+ 13.S:sVcc" + 16.SVor + 11.4V:sVcc:S + 12.6V 
+4.S:sVLOGIC:S + 5.SV 
-16.S:sVEE:s -13.SVor -12.6V;SVEE:S -11.4V 

ANALOG INPUT 
Input Ranges 

Bipolar -5to +S 
-10to+10 

Unipolar Oto +10 
Oto +20 

Input Impedance 
10 Volt Span 3 S 
20 Volt Span 6 10 

POWER SUPPLIES 
Operating Range 

VLOGIC +4.S 

Vcc +11.4 

VEE -11.4 
Operating Current 

ILOGIC 30 

Icc 2 

VEE 18 

POWER DISSIPATION 390 

INTERNAL REFERENCE VOLTAGE 9.9 10.0 
Output current (available for external loads) 
(Externa1load should not change during conversion) 

PACKAGE OPTION2 

D (D28A)-Cerarnic DIP AD574ASD 

NOTES 
IThereference should be buffered for operation on ± 12V supplies. 
2See Section 19 for package outline information. 
Specifications subject to change without notice. 
Specifications shown in boldface are tested on all production units at fmal electri
cal test. Results from those tests are used to calculate outgoing quality levels. All 
min and mu specifications are guaranteed, although only those shown' in 
boldface are tested on all production units. 

Max' 

12 

±1 
±1 

±2 

±10 

0.25 

+ 125 

±2 
5 
±4 
10 
±20 
50 

±2 
±1/2 
±2 

7 
14 

+S.S 
+16.5 
-16.5 

40 
5 
30 

725 

10.1 
1.51 

AD574AT AD574AU 
Min Typ Max Min Typ Max Units 

12 12 Bits 

±112 ±112 LSB 
±112 ±1 LSB 

12 12 Bits 
12 12 Bits 

±2 ±2 LSB 

=4 =4 LSB 

0.25 0.25 %ofF.S. 
0.5 0.37 %ofF.S. 
0.25 0.12 %ofF.S. 

-55 + 125 - S5 + 125 °C 

±1 ±1 LSB 
2.5 2.5 ppmJ°C 
±2 ±1 LSB 
5 2.5 ppmJ"C 
±10 ±5 LSB 
25 12.S ppmJ°C 

±1 ±1 LSI! 
±112 ±I12 LSI! 
±1 ±I LSB 

-Sto +S -Sto +5 Volts 
-10to + 10 -IOto+IO Volts 
Oto + 10 Oto +10 Volts 
Oto +20 Oto +20 Volts 

3 S 7 3 S 7 kn 
6. 10 14 6 10 14 kn 

+4.S +5.5 +4.5 +5.5 Volts 
+11.4 + 16.5 +11.4 +16.5 Volts 
-11.4 -16.5 -11.4 -16.5 Volts 

30 40 30 40 rnA 
2 5 2 5 rnA 
18 30 18 30 rnA 

390 725 390 725 mW 

9.9 10.0 10.1 9.9 10.0 10.1 Volts 
1.51 1.51 rnA 

ADS74ATD AD574AU 
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DIGITAL CHARACTERISTICS I (All grades, Tmin-Trnax) 

Logic Inputs2 (CE, CS, Ric, Ao) 
Voltages. 

Logic"l" 
Logic "0" 

Current 
Capacitance 

Min 

+2.0V 
-O.SV 
-SOJ.LA 

Typ 

SpF 

Max 

+S.SV 
+0.8V 
+SOJ.LA 

Logic Outputs (DB11-DBO, STS) 
Logic "0" 
Logic "1" 
Leakage (When in high-Z state) 
Capacitance 

+OAV ISINK :5 1.6mA 
IsouRcE:5 SOOJ.LA 
DBll-DBOOnly 

SpF 

I Detailed Timing Specifications appear in the Digital Interface Section. 
212/8 Input isnot TTL-compatible and must be harc\.-wired to VI.OGIC or DIGITAL COMMON. 

DATA MODE SELECT 

12/8 

CHIP SElECT 
c.

BYTE ADDRESS/ 
SHORT CYCLE .. 

Ao 
REAOfCONVEAT 

RIC 

CHIP ENABLE 
CE 

Vee 

+1OV REFERENCE 
REF our 

ANALOG COMMON 

AC 

REFERENCE ~~;~~ 10 1-k~4<>+:<;;;';;;;~...., 

·121-15VSUPPLY 
VEE 11 

BIPOLAR ~r:~~~ 12 

lOV SPAN I~:~: 13 I-{;.";";~// 

2OVSPANI~:~: 14~":;"":''''/·/ 15 ~GITALCOMMON 

~==:::::::::::::::::~-Y..J 

AD574A Block Diagram and Pin Configuration 

. ABSOLUTE MAXIMUM QATINGS 
(Specifications apply to all grades, except where noted) 

V cc to Digital Common . . 
V EE to Digital Common . . . . . . . 
V I.OGI~ to Digital Common . . . . . 
Analog Common to 'Digital Common 
Control Inputs (CE, CS, Ao, 12/8, RIC) to 

o to + 16.SV 
o to -I6.SV 

o to +7V 
±IV 

Digital Common .. -O.SV to VLOGIC +O.SV 
Analog Inputs (REF IN, BIP OFF, lOV1N) to 

Analog Common ........... ± 16.SV 

20V1N to Analog Common. 
REF OUT ....... . 

Chip Temperature (], K, L grades) 
(S, T, U grades) 

Power Dissipation . . . . . . 
Lead Temperature, Soldering 
Storage Temperature .. 
Thermal Resistance, aJA • 

AD574A ORDERING GUIDE 

Model 
ADS74AJD 
ADS74AKD 
ADS74ALD 
ADS74ASD 
ADS74ATD 
ADS74AUD 

Temp. Range 
Oto + 70°C 
Oto + 70°C 
Oto + 70°C 
- 55°C to + l2SoC 
- 55°C to + l2SoC 
- 55°C to + l2SoC 
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Linearity Error 
Max (T min to T max) 

±lLSB 
± 1I2LSB 
± 1I2LSB 
±lLSB 
±lLSB 
±lLSB 

Resolution 
No Missing Codes 
(T min to T max) 

11 Bits 
12 Bits 
12 Bits 
11 Bits 
12 Bits 
12 Bits 

. .......... ±24V 
Indefinite short to common 

Momentary short to V cc 
100°C 
150°C 

1000mW 

Max 

300°C, 10 sec. 
- 65°C to + 150°C 

60°CIW 

Full Scale 
T;C.(ppm/°C) 
50.0 
27.0 
10.0 
50.0 
25.0 
12.5 



THE AD574A OFFERS GUARANTEED MAXIMUM LINEARITY ERROR OVER THE FULL OPERATING 
TEMPERATURE RANGE 

DEFINITIONS OF SPECIFICATIONS 

LINEARITY ERROR 
Linearity error refers to the deviation of each individual code 
from a line drawn from "zero" through "full scale". The point 
used as "zero" occurs 'I2LSB (1.22mV for 10 volt span) before 
the first code transition (all zeros to only the LSB "on"). "Full 
scale" is defined as a level 1 'I2LSB beyond the last code transition 
(to all ones). The deviation of a code from the true straight line 
is measured from the middle of each particular code. 

The ADS74AK, AL, AT, and AU grades are guaranteed for 
maximum nonlinearity of :±: 'IzLSB. For these grades, this means 
that an analog value which falls exactly in the center of a given 
code width will result in the correct digital output code. Values 
nearer the upper or lower transition of the code width may . 
produce the next upper or lower digital output code. The ADS74AJ 
and AS grades are guaranteed to :±: lLSB max error. For these 
grades, an analog value which falls within a given code width 
will result in either the correct code for that region or either 
adjacent one. 

Note that the linearity error is not user-adjustable. 

DIFFERENTIAL LINEARITY ERROR (NO MISSING 
CODES) 
A specification which guarantees no missing codes requires that 
every code combination appear in a monotonic increasing sequence 
as the analog input level is increased. Thus every code must 
have a finite width. For the ADS74AK, AL, AT, and AU grades, 
which guarantee no missing codes to 12-bit resolution, all 4096 
codes must be present over the entire operating temperature 
ranges. The~ ADS74AJ and AS grades guarantee no missing 
codes to 11-bit resolution over temperature; this means that all 
code combinations of the upper 11 bits must be present; in 
practice very few of the 12-bit codes are missing. 

UNIPOLAR OFFSET 
The first transition should occur at a level 'I2LSB above analog 
common. Unipolar offset is defined as the deviation of the actual 
transition from that point. This offset can be adjusted as discussed 
on the following two pages. The unipolar offset temperature 
coefficient specifies the maximum change of the transition point 
over temperature, with or without external adjustment. 

BIPOLAR OFFSET 
Similarly, in the bipolar mode, the major carry transition (0111 
1111 1111 to 1000 0000 0000) should occur for an analog value 
'/2LSB below analog common. The bipolar offset error and 
temperature coefficient specify the initial deviation and maximum 
change in the error over temperature. 

QUANTIZATION UNCERTAINTY 
Analog-to-digital converters exhibit an inherent quantization 
uncertainty of :±: 'i2LSB. This uncertainty is a fundamental 
characteristic of the quantization process and cannot be reduced 
for a converter of given resolution. 

LEFT-JUSTIFIED DATA 
The data format used in the ADS74A is left-justified. This 
means that the data represents the analog input as a fraction of 
full-scale, ranging from 0 to ~. This implies a binary point 
to the left of the MSB. 

FULL SCALE CALIBRATION ERROR 
The last transition (from 1111 1111 III 0 to 1111 1111 1111) 
should occur for an analog value 1 1I2LSB below the nominal 
full scale (9.9963 volts for 10.000 volts full scale). The full scale 
calibration error is the deviation of the actual level at the last 
transition from the ideal level. This error, which is typically 
0.05 to 0.1% of full scale, can be trimmed out as shown in 
Figures 3 and 4. The full scale calibration error over temperature. 
is given with and without the initial error trimmed out. The I 
temperature coefficients for each grade indicate the maximum 
change in the full scale gain from the initial value using the 
internal 10 volt reference. 

TEMPERATURE COEFFICIENTS 
The temperature coefficients for full-scale calibration, unipolar 
offset, and bipolar offset specify the maximum change from the 
initial (25°C) value to the value at T min or T max. 

POWER SUPPLY REJECTION 
The standard specifications for the ADS74A assume use of 
+ 5.00 and :±: 15.00 or :±: 12.00 volt supplies. The only effect of 
power supply error on the performance of the device will be a 
small change in the full scale calibration. This will result in a 
linear change in all lower order codes. The specifications show 
the maximum change in calibration. from the initial value with 
the supplies at the various limits. 

CODE WIDTH 
A fundamental quantity for AID converter specifications is the 
code width. This is defined as the range of analog input values 
for which a given digital output code will occur. The nominal 
value of a code width is equivalent to 1 least significant bit 
(LSB) of the full scale range or 2.44mV out of 10 volts for a 12-
bit ADC. 
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CIRCUIT OPERATION 
The ADS74A is a complete 12-bit AID converter which requires 
no external components to provide the complete successive-ap
proximation analog-to-digital conversion function. A block dia
gram of the ADS74A is shown in Figure I. The device consists 
of two chips, one containing the precision 12-bit DAC with 
voltage reference, the other containing the comparator, successive
approximation register, clock, output buffers and control cir
cuitry. 

D.IGITAL 
COMMON 

~'2/-15V 

ff RIC 

~~~~g~ -I.!.-_t-+-J 

Bci~~~:: -l~-w.-+-'" 

REF IN -iF---t-~ 

REF OUT 
(lO,OOV) 

DIGITAL TO ANALOG 
CONVERTER'(AD565A CHIP) 

Figure 1. Block Diagram of AD574A 12-Bit A-to-D Converter 

When the control section is commanded to initiate a conversion 
(as described later), it then enables the clock and resets the 
successive-approximation register (SAR) to all zeros. Once a 
conversion cycle has begun, it cannot be stopped or re-started 
and data is not available from the output buffers. The SAR, 
timed by the clock, will then sequence through the conversion 
cycle and return an end-of-convert flag to the control section. 
The control section will then disable the clock, bring the output 
status flag low, and enable control functions to allow data read 
functions by external command. 

During the conversion cycle, the internal 12-bit current output 
DAC is sequenced by the SAR from the most-significant-bit 
(MSB) to least-significant-bit (LSB) to provide an output current 
which accurately balances the input signal current through the 
SkO (or 10kO) input resistor. The comparator determines whether 
the addition of each successively-weighted bit current causes the 
DAC current sum to be greater or less than the input current; if 
the sum is less, the bit is left on; if more, the bit is turned off. 
After testing all the bits, the SAR contains a 12-bit binary code 
which accurately represents the input signal to within ± IhLSB. 

The temperature-compensated buried Zener reference provides 
the primary voltage reference to the DAC and guarantees excellent 
stability with both time and temperature. The reference is trimmed 
to 10.00 volts ± 1%; it can supply up to l.SmA to an external 
load in addition to that required to drive the reference input 
resistor (0.5mA) and bipolar offset resistor (lmA) when the 
AD574A is powered from ± 15V supplies. If the AD574A is 
used with ± 12V supplies, or if external current must be supplied 
over the full temperature range, an external buffer amplifier is 
recommended. Any external load on the AD574A reference 
must remain constant during conversion. The thin film application 
resistors are trimmed to match the full scale output current of 
the DAC. There are two 5kO input scaling resistors to allow 
either a 10 volt or 20 volt span. The 10kO bipolar offset resistor 
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is grounded for unipolar operation or connected to the 10 volt 
reference for bipolar operation. 

DRIVING THE AD574A ANALOG INPUT 
. The AD574A is a successive-approximation type analog-to-digitd 

converter. During the conversion cycle, the ADC input current 
is modulated by the DAC test current at approximately a 500kHz 
rate. Thus it is important to recognize that the signal source 
driving the AD574A must be capable of holding a constant 
output voltage under dynamically-changing load conditions. 

ANALOG COMMON 

'IN IS MODULATED BY 
CHANGES IN TEST CURRENT. 
AMPLIFIER PULSE LOAD 
RESPONSE lIMITEOBV 
OPEN lOOP OUTPUT IMPEDANCE 

AD574A 

Figure 2. OpAmp-AD574A Interface 

The closed loop output impedance of an op amp is equal to the 
open loop output impedance (usually a few hundred ohms) 
divided by the loop gain at the frequency of interest. It is often 
assumed that the loop gain of a follower-connected op amp is 
sufficiently high to reduce the closed loop output impedance to 
a negligibly small value, particularly if the signal is low frequency. 
However, the amplifier driving an AD574A must either have 
sufficient loop gain at 500kHz to reduce the closed loop output 
impedance to a low value or have low open loop output 
impedance. 

This can be accomplished either by using a wideband op amp or 
by placing a discrete-transistor or integrated buffer inside the 
amplifier's feedback loop. 

SUPPLY DECOUPLING AND LAYOUT 
CONSIDERATIONS 
It is critically important that the ADS74A power supplies be 
filtered, well-regulated, and free from high frequency noise. Use 
of noisy supplies will cause unstable output codes to be generated. 
Switching power supplies are not recommended for circuits 
attempting to achieve 12-bit accuracy unless great care is used 
in filtering any switching spikes present in the output. Remember 
that a few millivolts of noise represents several counts of error 
in a 12-bit ADC. 

Decoupling capacitors should be used on all power supply pins; 
the + SV supply decoupling capacitor should be connected 
directly from pin 1 to pin 15 (digital common)and the + Vee 
and - VEE pins should be decoupled directly to analog common 
(pin 9). A suitable decoupling capacitor is a 47j..lF tantalum type 
in parallel with a 0.1 f-lF disc ceramic type. 

Circuit layout should attempt to locate the AD574A, associated 
analog input circuitry, and interconnections as far as possible 
from logic circuitry. For this reason, the use of wire-wrap circuit 
construction is not recommended. Careful printed-circuit con
struction is preferred. 
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UNIPOLAR RANGE CONNECTIONS FOR THE AD574A 
The ADS74A co~tains all the active co~ponents required to 
perform a complete 12-bit AID conversion. Thus, for most 
situations, all that is necessary is connection of the power supplies 
( + 5, + 121 + IS and -121 -IS volts), the analog input, and the 
conversion initiation command, as discussed on the next page. 
Analog input connections and calibration are easily accomplished; 
the unipolar operating mode is shown in Figure 4. 

OFFSET 

Rl 
lOOk 

-12f-15V~+12f+15V 

2 1218 

3 cs 
4 Ao 

5 RIC 

6 CE 

. STS 28 

HIGH BITS 
24·27 

MIDDLE BITS 
20·23 

GAIN 
R2 

AD574A LOW BITS 
16·19 

lOOk ...-'1"",,"-0--1 lOR E FIN 

L--~-1 8 REF OUT 

.....-'\1V'v-........ ----Q--I 12 BIP OFF 
lOon 

o TO +10V 

ANALOG 0------1 13 10V,N 

INPUTS 14 20V,N 

o TO +20V 9 ANA COM 

~ 

T5V , 

+15V 7 

-15V 11 

DIG COM 15 

Figure 3. Unipolar Input Connections 

All of the thin film application resistors of the ADS74A are 
trimmed for absolute calibration. Therefore, in many applications, 
no calibration trimming will be required. The absolute accuracy 
for each grade is given in the specification tables. For example, 
if no trims are used, the ADS74AK guarantees :±: 2LSB max 
zero offset error and:±: 0.25% (10LSB) max full scale error. 
(Typical full scale error is :±: 2LSB.) If the offset trim is not 
required, pin 12 can be connected directly to pin 9; the two 
resistors and trimmer for pin 12 are then not needed. If the full 
scale trim is not needed, a son· :±: 1 % metal film resistor should 
be connected between pin 8 and pin 10. 

The analog input is connected between pin 13 and pin 9 for a a 
to + 10V input range, between 14 and pin 9 for a a to + 20V 
input range. The ADS74A easily accommodates an input signal 
beyond the supplies. For the 10 volt span input, the LSB has a 
nominal value of 2.44mV, for the 20 volt span, 4.88mV. If a 
1O.24V range is desired (nominal 2.SmV/bit), the gain trimmer 
(R2) should be replaced by a son resistor, and a 200n trimmer 
inserted in series with the analog input to pin 13 (for a full scale 
range of 20.48V (SmV/bit), use a soon trimmer into pin·14). 
The gain trim described below is now done with these trimmers. 
The nominal input impedance into pin 13 is Skn, and IOkn 
into pin 14. 

UNIPOLAR CALIBRATION 
The ADS74A is intended to have a nominal1/zLSB offset so that 
the exact analog input for a given code will be in the middle of 
that code (halfway between the transitions to the codes above 

and below it). Thus, when properly calibrated, the first transition 
(from 0000 0000 0000 to 0000 0000 0001) will occur for an 
input level of + 1I2LSB (l.22mV for IOV range). 

If pin 12 is connected to pin 9, the unit typically will behave in 
this manner, within specifications. If the offset trim (R1) is 
used, it should be trimmed as above, although a different offset 
can be set for a particular system requirement. This circuit will 
give approximately:±: lSmV of offset trim range. 

The full scale trim is done by applying a signal 1 1I2LSB below 
the nominal full scale (9.9963 for a lOV range). Trim R2' to give 
the last transition (1111 1111 1110 to 1111 1111 1111). 

BIPOLAR OPERATION 
The connections for bipolar ranges are shown in Figure 4. Again, 
as for the unipolar ranges, jf the offset and gain specifications 
are sufficient, one or both of the trimmers shown can be replaced 
by a son:±: 1% fixed resistor. The analog input is applied as for 
the unipolar ranges. Bipolar calibration is similar to unipolar 
calibration. First, a signal IhLSB above negative full scale 
(- 4.9988V for the:±: SV range) is applied and R1 is trimmed to 
give the first transition (0000 0000 0000 to 0000 0000 0001). 
Then a signalllhLSB below positive full scale (+4.9963V for 
the:±: SV range) is applied and R2 trimmed to give the last 
transition (1111 1111 1110 to 1111 1111 1111). 

2 1218 STS 28 '. 3 cs HIGH BITS 

4 Ao 
24·27 

5 RIC MIDDLE BITS 
20·23 

6 CE 
LOW BITS 

AD 574A 16·19 
GAIN 10 REF IN 

8 REF OUT 

OFFSET 12 BIP OFF 
+5V 1 

±5V 

ANALOG 13 10V,N +15V 7 
INPUTS 

14 20V,N -15V 11 
±10V 

~ 
9 ANA COM DIG COM 15 

Figure 4. Bipolar Input Connections 

GROUNDING CONSIDERATIONS 
The analog common at pin 9 is the ground reference point for 
the internal reference and is thus the "high quality" ground for 
the ADS74A; it should be connected directly to the analog 
reference point of the system. In order to achieve all of the high 
accuracy performance available from the ADS74A in an environ
ment of high digital noise content, it is required that the analog 
and digital commons be connected together at the package. In 
some situations, the digital common at pin IS can be connected 
to the most convenient ground reference point; analog power 
return is preferred. 
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CONVERSION STARTIDATA READ 
CONTROL LOGIC 
The ADS74A contains on-chip logic to provide conversion initi
ation and data read operations from signals commonly available 
in microprocessor systems. Figure 5 shows the internal logic 
circuitry of the AD574A. 

NOTE 1: WHEN START CONVERT GOES LOW, THE Eoe (END OF CONVERSION) SIGNALS GO LOW. 
Eoce RETURNS HIGH AFTER AN 8-81T CONVERSION CYCLE IS COMPLETE, AND EOC12 
RETURNS HIGH WHEN All12 BITS HAVE BEEN CONVERTED. THE EOC SIGN.'lS PREVENT 
DATA FROM BEING READ DURING CONVERSIONS. 

NOTE 2: 12/8 IS NOT A TTL COMPATIBLE INPUT AND SHOULD ALWAYS BE WIRED DIRECTLY TO 
VLOGIC OR DIGIT At COMMON. 

Figure 5. AD574A Control Logic 

} 

TO 
OUTPUT 
BUFFERS 

The control signals CE, CS, and RIC control the operation of 
the converter. The state of RIC when CE and CS are both asserted 
determines whether a data read (RIC = 1) or a convert (RIC = 
0) is in progress. The register control inputs Ao and 1218 control 
conversion length and data format. The Ao line is usually tied 
to the least significant bit of the address bus. If a conversion is 
started with Ao low, a full 12-bit conversion cycle is initiated. If 
Ao is high during a convert start, a shorter 8-bit conversion 
cycle results. During data read operations, Ao determines whether 
the three-state buffers containing the 8 MSBs of the conversion 
result (Ao = 0) or the 4 LSBs (Ao = 1) are enabled. The 12i8 
pin determines whether the output data is to be organized as 
two 8-bit words (12/8 tied to DIGITAL COMMON) or a single 
12-bit word (12/8 tied to VLOGIC). The 12/8 pin is not TTL
compatible and must be hard-wired to either VLOGIC or DIG
ITAL COMMON. In the 8-bit mode, the byte addressed when 
Ao is high contains the 4 LSBs from the conversion followed by 
four trailing zeroes. This organization· allows the data lines to be 
overlapped for direct interface to 8-bit buses without the need 
for external three-state buffers. 

It is not recommended that Ao change state during a data read 
operation. Asymmetrical enable and disable times of the three-state 
buffers could cause internal bus contention resulting in potential 
damage to the AD574A. 

An output signal, STS, indicates the status of the converter. 
STS goes high at the beginning of a conversion and returns low 
when the conversion cycle is complete. 

CE CS Ric 12/8 Ao Operation 

0 X X X X None 
X 1 X X X None 

0 0 X 0 Initiate 12-Bit Conversion 
0 0 X 1 Initiate 8-Bit Conversion 

0 Pin 1 X Enable 12-Bit Parallel Output 

0 Pin 15 0 Enable 8 Most Significant Bits 
0 Pin 15 Enable 4LSBs + 4 Trailing Zeroes 

Table I. AD574A Truth Table 
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TIMING 
The AD574A is easily interfaced to a wide variety of micropro
cessors and other digital systems. Discussion of the timing re
quirements of the AD574A control signals will provide the 
system designer with useful insight into the operation of the 
device. 

Figure 6 shows a complete timing diagram for the AD574A con
vert start operation. RIC should be low before both CE and CS 
are asserted; if RIC is high, a read operation will momentarily 
occur, possibly resulting in system bus contention. Either CE or 
CS may be used to initiate a conversion. As shown in Figure 6, 

CE 

RIC 
--~I---4---~-----------------

AO 

STS 

-------f:;;;::::==+----- tc 
tosc 

OB11-0BO -------_+_ HIGH IMPEDANCE ------

Figure 6. Convert Start Timing 

CE is used. If CS is used to trigger conversion or if the specified 
set-up times are not met, appropriately longer pulses are necessary 
(to provide at least 200ns when. RIC, CE, and CS are all valid). 
Note that CE includes one less propagation delay than CS and is 
therefore the faster input. 

Once a conversion is started and the STS line goes high, convert 
start commands will be ignored until the conversion cycle is 
complete. The output data buffers cannot be enabled during 
conversion. 

CONVERT START TIMING-FULL CONTROL MODE 

Symbol Parameter Min Typ Max Units 

tosc STS Delay from CE 300 ns 
tHEC CE Pulse Width 300 ns 
tssc CS to CE Setup 300 ns 
tllSC CS Low During CE High 200 ns 
tSRC RIC to CE Setup 250 ns 
tllRC RIC Low During CE High 200 ns 
tSAC Ao to CE Setup 0 ns 
tllAC Ao Valid During CE High 300 ns 

Ie Conversion Time 
8-BitCyclc 10 24 I1S 

12·Bit Cycle 15 3S I1S 

Figure 7 shows the timing for data read operations. The ADS74A 
differs from the original ADS74 design in thin the three-state 
output buffers feature faster access time and shorter data latency 

Figure 7. ReadCycle Timing 



times. This speed impro~ement simplifies the interface to faster 
microprocessors. During data read operations, access time is 
measured from the point where CE and RIC both are high (as
suming CS is already low). If CS is used to enable the device, 
access, time is extended by lOOns. ' 

In the 8-bit bus interface mode (12/8 input wired to DIGITAL 
COMMON), the address bit, Ao , must be stable at least 150ns 
prior to CE going high and must remain stable during the entire 
read cycle. If Ao is allowed to change, damage to the AD574A 
output buffers may result. 

READ TIMING-FULL CONTROL MODE 

Symbol Parameter Min Typ Max Units 

tDD I Access Time (from CE) 210 250 ns 
. tHD Data ValidafterCE Low 25 ns 

tHL 2 Output Float Delay 110 150 ns 
tSSR CS to CE Setup 150 ns 
tSRR RIC to CE Setup 0 ns' 
tSAR Ao to CE Setup 150 ns 
tHSR CS Valid After CE Low 50 ns 
tHRR RIC High After CE Low 0 ns 
tllAR Ao Valid AfterCE low 50 ns 

'too is measured with the load circuit of Figure 8 and defined as the time required for an 
outputlocrossO.4VorZ.4V. 

2 tilL is defined as the time required for the data lines to change O.5V when loaded with the 
circuit of Figure 9. 

+5V 

DBN O-... I .... 3k--... f .... ,-00p-F 

~3k 
DBN~ 

J,'OOPF 

a. High-ZtoLogic 1 b. High-Zto Logic 0 

Figure 8. LoadCircuitforAccess Time Test 

DBN 0-0 """'-I.-:--3k--"'1>--tr-

1'OPF 

a. Logic 1 to High-Z 

+5V 

~ 3k 
DBN~ 

J'OPF 

b. Logic 0 to High-Z 

Figure 9. Load Circuit for Out/?ut Float Delay Test 

"STAND-ALONE" OPERATION 
The AD574A can be used in a "stand-alone" mode, which is 
useful in systems with dedicated input ports available and thus 
not requiring full bus interface capability. 

In this mode, CE and 12/8 are wired high, CS and Ao are wired 
low, and conversion is controlled by RIC. The three-state buffers 
are enabled when RIC is high and a conversion starts when RIC 
goes low. This gives rise to two possible control signals-a high 
pulse or a low pulse. Operation with a low pulse is shown in 
Figure 10. In this case, the outputs are forced into the high-

Figure 10. Low Pulse for Ric - Outputs Enabled After 
Conversion 

AD574A Digital Circuit Details 
impedance state in response to the falling edge of RIC and return 
to valid logic levels after the conversion cycle is completed. The 
STS line goes high 500ns after RIC goes low and returns low 
300ns after data is valid. 

If conversion is initiated by a high pulse as shown in Figure II, 
the data lines are enabled during the time when RIC is high. 
The falling edge of RIC starts the next conversion and the data 
lines return to three-state (and remain three-state) until the next 
high pulse of RIC. 

R/C-Ji ___ _ 
STS 1 tHRH r-to'l,-----------L 

ItooR.1-I 1-1 --tc---ll l--i I tHOR I 
DBll-DBO ~ I #to 

It--tH'~ 
Figure 11. Low Pulse for RIC - Outputs Enabled While RiC 
High, Otherwise High-Z 

. STAND-ALONE MODE TIMING 

Symbol Parameter Min Typ Max Units 

tHRL Low RIC Pulse Width 350 ns 
tos STS Delay from RIC 500 ns 
tHoR Data Valid After RIC Low 25 ns 
tHL Output Float Delay 110 150 ns 
tHS STS Delay After Data Valid 300 1000 ns 
tHRH High R/C Pulse Width 250 ns 
tooR Data Access Time 250 ns 

INTERFACING THE AD574A TO MICROPROCESSORS 
The control logic of the AD574A makes direct connection to 
most microprocessor system buses possible. While it is impossible 
to describe the details of the interface connections for every 
microprocessor type, several representative examples will be 
described here. 

GENERAL AID CONVERTER INTERFACE 
CONSIDERATIONS 
Analog-to-digital converters, like any I/O device, may be interfaced 
to microprocessors by several methods. These methods include 
(but are not limited to) direct memory access, isolated or ac
cumulator 110, and memory-mapped 110. Direct memory access 
(DMA) is the fastest, since conversions occur automatically and 
data updates into memory are transparent to the processor. 
DMA logic is very processor-dependent and makes use of dedicated 
specialized hardware. 

Memory-mapped and accumulator 110 are more often used and 
somewhat easier to understand. Memory-mapped 110 assigns 
the 110 device to one or more locations in the memory space of 
the microprocessor. This technique has the advantage that the 
full range of memory reference instructions may be used to 
operate on the data. The potential disadvantages include limiting 
the memory space available for program and data memory, 
somewhat more complex address decoding and more difficult 
isolation of device select pulses for system debugging. Many 
processors offer only memory-mapped I/O. 

Accumulator 110 uses a set of control signals which are distinct 
and different from the memory control signals. These control 
signals, combined with the address bus, serve to define a totally 
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separate I/O address space. This architecture is simpler from a 
hardware standpoint, since addres~ decoding requirements are 
less severe and distinct 110' read and write pulses are more easily 
located for system debugging purposes. However, processors 

. using accumulator 110 generally can only send data to an output 
device from the accumulator. This can make the software more 
cumbersome, since processor-controlled transfers of 1/0 device 
data to a memory location cannot be accomplished in a single 
instruction. 

A typical AID converter interface routine involves several opera
tions. First, a write to the ADC address initiates a conversion. , 
The processor must then wait for the conversion cycle to complete, 
since most integrated circuit ADCs take longer than one instruction 
cycle to complete a conversion. Valid data can, of course, only 
be read after the conversion is complete. The ADS74A provides 
an output signal (STS) which indicates when a conversion is in 
progress. This signal can be polled by the processor by reading 
it through an external three-state buffer (or other input port). 
The STS signal can also be used to generate an interrupt upon 
completion of conversion, if the system timing requirements are 
critical (bear in mind that the maximum conversion time of the 
ADS74A is only 35 microseconds) and the processor has other 
tasks to perform during the ADC conversion cycle. Another 
possible time-out method is to assume that the ADC will take 
35 microseconds to convert, and insert a sufficient number of 
"do-nothing" instructions to ensure that 35 microseconds of 
processor time is consumed. 

Once it is established that the converter is done with its cycle, 
the data can be read. In'the case of an ADC of 8-bit resolution 
(or less), a single data read operation is sufficient. In the case of 
converters with more data bits than are available on the bus, a 
choice of data formats is required, and multiple read operations 
'are needed. The AD574A includes internal logic to permit direct 
interface to 8-bit or 16-bit data buses, selected by connection of 

'the 12/8 input. In 16-bit bus applications (12/8 high) the data 
lines (DB11 through DBO) may be connected to either the 12 
most significant or 12 least significant bits of the data bus. The 
remaining four bits should be masked in software. The interface 
to an 8-bit data bus (12/8 low) is done in a left-justified format. 
The even address (AO low) contains the 8MSBs (DBll through 
DB4). The odd address (AO high) contains the 4LSBs (DB3 
through DBO) in the upper half of the byte, followed by four 
trai,ling zeroes, thus eliminating bit masking instructions. 

D7 DO 

XXXO(EVENADDRI: DBll I DB10 DB9 DBB DB7 DB6 DBS DB4 
(MSB) 

XXX1(ODDADDR): DBl I DB2 DBI DBO 
(LSB) 

Figure 12. AD574ADataFormatfor8-BitBus 

It is not possible to rearrange the AD574A data lines for right-jus
tified 8-bit bus interface. 

The AD574A three-state buffers feature access times and data 
latency times comparable to presently-available memory devices. 
Therefore, the AD574Acan interface directly to many processor 
buses without the need for wait states or external data buffers. 

SPECIFIC PROCESSOR INTERFACE EXAMPLES 
• 6800/6S02-Type Systems 

The control signals and bus architecture of the 6800 series and 
6502 series microprocessors are very similar. In each, the state 
of the RiW signal at the rising edge of the 82 (or equivalent) 
clock establishes whether a memory read or write is in progress. 
The memory address being exercised is signaled by decoding 
the address bits to (usually) an active low signal. 
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This control structure is directly compatible with the ADS74A. 
The RtW line can be used for RIC, the active-low decoded base 
address (the ADS74A occupies two memory locations) is applied 
to CS, and g2 is used for CEo The least-significant address line 
ties to the ADS74A AO input . 

In this interface, the processor can write to one address (AO 
low) ,to start a full 12~bit conversion or another address (AO 
high) to start a short 8-bit conversion. The contents of the data 
bus are meaningless during these writes. After sufficient time 
has passed for the conversipn to complete, the processor can 
read the data in the two memory locations occupied by the 
AD574A. The even location (AO low) contains the eight MSBs 
and the odd location contains the four LSBs and four trailing 
zeroes. 

The AD574A may be used directly with 6800 series processors 
running at clock speeds up to 1.5MHz. 

6800 
OR 

6502 
AD574A 

Figure 13. AD574A-6800165021nterface Connections 

808SA Intedace 
The 8085A microprocessor uses a multiplexed addressldata bus. 
At the beginning of a machine cycle, this bus contains the low 
byte of the address being exercised. The ALE output signal is 
available to strobe a latch to hold the low address byte. For the 
rest of the machine cycle, this bus carries data to or from the 
CPU. 

The 8085A can use either accumulator 110 or memory-mapping 
for 1/0 devices. The system RD and WR are gated with 101M 
to provide distinct 1/0 read and write signals and memory read 
and write signals. The control signals required for the AD574A 
are easily derived from the 808SA control bus. CS is taken from 
an address decoder on the high-order address bits. RIC can be 
taken from WR (either 110 write or memory write), AO is tied 
to the LSB of the address bus, and CE is taken from the output 
of a NAND gate driven from RD and WR. All bus access and 
float delay requirements are met for direct bus interface for 
808SA clock rates up to 3MHz. 

iiD ..... --~---.. 
WR r---r-'-'/ 

CE 

L..-------iRIC 

AI5-AB 

.------iAO 
BOB5A 

ALE 

AD574A 

DBll-DBB 

AD7-ADO 
DB7-DB4 

DBl-DBO 

Figure 14. AD574A-8085A Direct Bus Interface 



. II~------~----------------------------------------------------------------------~--~ 
In 808SA systems running at high clock frequencies some external 
circuitry is required. First, the ADS74A delay from CE going 
low to the data lines going into three-state will cause a bus 
conflict ~hen the 808SA sends out the low' byte of the next 
instruction address. This conflict will occur if the ADS74A data 
outputs are tied directly to the 808SA bus. In systems where 
bus transceivers (e.g., 74LS24S, 8286, etc.) are used to separate 
the address and data lines, the conflict is eliminated. The trans
ceivers are disabled at the end of the read cycle and thus isolate 
the ADS74A from the 808SA bus. Since most systems incorporate 
such buffers, this does not add to system complexity. 

A second consideration when interfacing to higher speed 808SA 
systems is the width of the convert start pulse. The WR pulse 
from a SMHz SOSSA is only guaranteed to be 230 nanoseconds 
wide and is thus not long enough to initiate a conversion. There 
are two solutions to this problem. One possibility is to use a . 
dual D-type flip-flop connected as shown in Figure 15 to insert 
a single wait state in read and write operations directed towards 
the ADS74A. Another solution is to substitute the earlier-occurring 
Sl and SO outputs from S08SA for RD and WR in the circuit of 
Figure 14 to generate the required control signals. It is important 
that bus transceivers be employed if S 1 and SO are used for 
control signals since these signals remain active longer than RD 
and WR, enabling the ADS74A output buffers in read operations 
for too long, causing potential bus conflicts. 

ADDRESS 
BUS 

r----------, 
I 74LS74 I 

TO BOB5A 
READY INPUT 

Figure 15. Wait State Generator for 5MHz8085A Interface 

Z-80 System Interface 
The Z-80 series of S-bit microprocessors, like the 808SA, offers 
both memory-mapped and accumulator 110 capability. While 
the SOSSA only includes two instructions for accumulator 110 
(IN and OUT), the Z-80 110 instruction set is considerably 
more extensive. 

The control signals available on the Z-80 include MREQ, 10RQ, 
RD, and WR. The RD and WR signals indicate direction of 
data flow while MREQ and 10RQ determine whether the read 
or write cycle in progress is a memory or 110 cycle. During 110 
reads and writes, only S address lines are active (as in the SOSSA). 
An interesting feature of the Z-80 is that 110 read and write 
cycles are automatically extended by one clock cycle (one wait 
state is inserted) and are thus slower. The Z-SO control signal 
connections to the ADS74A are identical to the 808SA 
connections. 

The ADS74A can be interfaced to Z-80 series processors with 
clock speeds up to 2.SMHz in the memory address space using 
the MWR and MRDsignals. At higher clock rates (4 and 6MHz), 
the memory write pulse is not wide enough to properly start a 
conversion. The extra wait state added during 1/0 write operations 
will extend this pulse to a suitable width at clock rates up to 
6MHz so that accumulator 110 is possible. 

INTERFACING THE AD574A TO THE APPLE II /: 
COMPUTER . . 
The ADS74A can be used to provide a low-cost precision analog 
input port for the Apple II microcomputer without the 'need'for 
additional power supplies or extensive digital interface logic. 
The ADS74A can be mounted on a hobby card designed to plug 
into an Apple II 110 slot. 

Hardware 
All required supply voltages and control signals are available on 
the Apple's peripheral connectors. Each connector contains, on 
pin 41, a DEVICE SELECT output which is active when the 
address bus holds a hexadecimal address between COnO and . 
COnF, where n is equal to the slot number plus S. This signal 
can be connected to pin 3 (CS) of the ADS74A. The cf>O clock . 
on pin 40 of the peripheral connector can be used for the ADS74A 
CE input (pin 6). The ADS74A RIC input (pin 5) can be driven 
directly by the R!W output available on peripheral connector 
pin 18. Pin 2 of the peripheral connector, AO, connects directly 
to the ADS74A pin 4. The connections between the peripheral 
connector and the ADS74A are shown in Figure 16. 

07 
42 27 DBll 

06
43 26

DB10 

OS 44 25
DB9 

04
45 24DBB 

03
46 23

0B7 

02
47 22

0B6 

01
48 21OB5 

DO 49 20 DB4 

AD574A 

OMAIN ~ 
~ DB3 

APPLE II 
DMAOUT 

24 ~ DB2 PERIPHERAL 
CONNECTOR 

INTIN !J ,-----1! DBl 

INT OUT 
23 16

0BO 

... 0 40 6 CE 

41 3 
DEVICE SELECT CS 

A!W 18 5 RIC 

AD 2 4 AD 

+sv 2S 1 VLOGIC 

+12V 50 1 Vee 

-12V 33 " VEE 

GNO 26 15 DCOM 

12/8 ACOM 

911~NALOG CIRCUITRY 
L..-_____ .... I OMITTED FOR CLARITY( 

Figure 16. AD574A Connections to Apple" Peripheral 
Connector 

• 

The Apple II represents a relatively hostile electrical environment 
to the ADS74A. The high frequency clocks radiate a large amo~nt 
of noise which can be inadvertently coupled into analog signal 
lines. Furthermore, the switching power supply in the Apple is 
noisy, and this noise will often pollute the analog signals. It is 
possible, however, by judicious bypassing, decoupling, and 
ground management, to achieve a data acquisition system with 
only occasional flicker. A suggested grounding and decoupling 
sche~e is shown in Figure 17. 

It is recommended that any signal preamplification used in such 
a system be physically located outside the Apple cabinet. A full
scale signal range is less susceptible to electromagnetically coupled 
interference than a smaller signal range would be. Thus, the 
preferred method is to deliver a buffered, high-level signal to 
the ADS74A through a shielded cable. The ± SV or ± lOV 
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range is'suggested. Full-scale and offset trims, if desired, are 
performed as shown on page 7. 

APPLE 
PERIPHERAL' 
CONNECTOR 

-12VQ----'rt---JH---{ 

GNOo----....---{ 
ANALOG 

INPUT 

Figure 17. Recommended Grounding Procedure 

Software 
In this discussion, the ADS74A is assumed to be located in 110 
slot 2 of the Apple II and be the only device in that slot. The 
ADS74A thus occupies the sixteen locations from $COAO through 
$COAF, even though only two locations are actually 
required. 

It is possible to operate the ADS74A from either machine language 
or a high-level language. In machine language, the converter is 
started by writing data to either $COAO or $COA1, using a STA 
instruction. Writing to $COAO will start a full 12-bit conversion 
cycle; writing to $COAI ':itarts an 8-bit cycle. Accumulator contents 
are unimportant during convert start operations. It is then nec
essary to wait for the ADS74A to finish converting before at
tempting to read the data. This can be accomplished by loading 
the accumulator with the value 02 and calling the WAIT subroutine 
located at $FCA8 in the Apple Monitor. 
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When data is read, it can be read only 8 bits at a time, as explained 
on page 10. The sample subroutine below starting at location 
$4000 performs the control for the ADS74A and returns the 
result in RAM locations $0300 and $0301., 

4000 A902 LOA #$02 
4002 80AOCO STA $COAO 
4005 20A8FC JSR $FCA8 
4008 AOAOCO LOA $COAO 
400B 800003 STA $0300 
400E AOA1 CO LOA $COA1 
4012 800103 STA $0301 
4015 60 RTS 

Figure 18. Assembly-LanguageAD574A Control Subroutine 

Programs written in Applesoft Basic can also operate the ADS74A. 
Conversion is started by POKEing into location 49312 decimal 
for a 12-bit conversion (or location 49313 for an 8-bit conversion). 
Basic executes slowly enough that no delay routines are needed. 
The output of the ADS74A is read by PEEKing into those 
locations. In order to compute the actual analog voltage, it is 
necessary to establish the proper weighting for the two bytes read. 

The Basic subroutine shown in Figure 19 will accomplish this 
arithmetic. This routine assumes a ± SV analog signal range 
and returns the value of actual analog signal voltage in the 
variable V. 

100 POKE (49312) 
110 A = PEEK (49312): B = PEEK (49313): C = 256 
120 A = (A + B/C)/C 
130 V = A*10-5 
140 RETURN 

Figure 19. Applesoft 1/ Basic Subroutine for AD574A Control 



r.ANALOG 
WDEVICES 

Fast, Complete, 1 O-Bit AID 
Converter with Serial Output 

AD575* I 
FEATURES AD575 FUNCTIONAL BLOCK DIAGRAM 
Complete 10-Bit AID Converter with Reference, Clock 

and Comparator 
Serial Output 
Fast Successive Approximation Conversion - 20J1s 
No Missing Codes Over Temperature 

. Operates on +5V and -12V to -15V Supplies 
Low Cost Monolithic Construction 
Internal/External Clock Option 
Triggered or Continuous Conversions 
Automatic Short CyCle Option 

ANALOG INPUT 1 1 

DIGITAL 
COMMON 

EXCTL~C~AL 

~--~ 10 CLOCK OUTPUT 

I>-----{" DATA OUTPUT 

P------{ 7 A:~~~~~I~l:TE 
END OF 

CONVERSION 

PRODUCT DESCRIPTION Two package configurations are offered. All versions are offered • 
The AD57S is a complete lO-bit successive approximation analog- in a 14-pin he.rm .... etically sealed ceramic DIP. The AD57SJ and ~ 
to-digital converter consisting of a DAC, voltage reference, ADS7SK are~so available in a 14-pin plastic DIP. .. 
clock, comparator, successive approximation register (SAR) and '" '<> '\ 
serial interface-all fabricated on a single chip. No external com- PRO~YGTHIGHLIGHTS 
ponents are required to perform a full accuracy IO-bit conversion. 1;'::Th~(ArlS75is a complete lO-bit AID converter. No external 
in 20ILs. . ,.""., '~>\ {:'(;OplPonents or control signals are required to perform a 

• ., .. ', " ..... c·.,.\\ '1 ,.'h 

The ADS7S incorporates the most advanced integrated ~t'\'<';,~::;:) ~l con~~~,s~~:,. . 
design and processing technology available today. Thcf'~~i~.e\J~ 2',.!he\~eplll~q~put of the ADS75 allows a wide range of 
approximation function is implemented with I~L (~tt~~~\'" '. .r', l{t~~~?rroCessor interfacing and data transmission pOs
injection logic). Laser trimming of the hi~;s~bjlity $1Ci thiIl.,,':\, \\ \ts.~,1@itles. 
mm resistor ladder network at the W'af<;r,s~e'(P\l'T) ins~S7\~.:,;.\\·~;~The device offers true lO-bit accuracy and exhibits no missing 
high accuracy, which is maint~~d ·,!ith~.~$peratllJ:'~ '~~~~\""") ,code~ over its entire operating temperature range. 
sated sub-surface zener refere~.:,'\;:' ,,:', fie -""" \;'\ \.~, "".,:,~\·,:,,Th~,:~R575 adapts to either unipolar or bipolar analog inputs 
o tin Ii f + SV ~ _ i;v... ·;·:".:·~.:".'.i.'·~~».I.L~ ~i>S75:"'>-." .'. ".·/\;I.\bYFply grounding or opening a single pin. 

willpera gt°analn supp. es 0 f OV t" + IOV"'O·to.·V·.· ... \~.,.· ..•..... +.'",,'o'V·YI'i' •. . 1::" ...... \.·." .... ··.".· .••. \\ .. s.\Performance is guaranteed with + 5V and -12V or -lSV accep og mputs 0 0 , \. Ly·,;.,.L ,:7·: .... ""to~,,:;,<:.. Ii 
+ SV or -lOY to + lOY. The rising edge of,a Positive pUke ~~ \",i supp es. 
the CONVERT line initiates the 20j.LS conversion cycle. EI¥rt· 
clock pulses will appear at the CLOCK OUTPUT pin with. data 
valid on the falling edges of the clock waveform. The data is 
presented serially at DATA OUTPUT beginning with the MSB 
which is valid on the falling edge of the second clock pulse. The 
part may be programmed to perform 8-bit conversions or short 
cycled to any desired data word width below 100bits using 
the SHORT CYCLE AND TERMINATE line. END OF 
CONVERSION indicates the completion of the conversion. The 
ADS7S may also be operated with an external clock if desired. 

The ADS7S is available in two versions for the 0 to + 70°C 
temperature range, the ADS7SJ and ADS7SK. The ADS7SS 
guarantees ± ILSB relative accuracy and no missing codes from 
- 55°C to + 125°C. 

*Protected by U.S. Patent Nos. 3,940,760; 4,213,806; 4,136,349; 4,400,689; 
and 4,400,690 
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SPECIFICATIONS (TA=25OC, V+ = +5V, V- = -12V or -15V, all voltages measured with respect to digital common,' 
unless otherwise indicated) . 

Model AD575J AD575K 
Min Typ Max Min Typ Max 

RESOLUTION 10 10 

RELATIVE ACCURACY, TAl ±1 ±112 
TmiatoTmu ±1 ±112 

FULL SCALE CALIBRA TION2 ±2 ±2 

UNIPOLAR OFFSET ±1 ±112 

BIPOLAR OFFSET ±1 ±112 

DIFFERENTIAL NONLINEARITY, T A 10 10 
TmiatoTmu 9 10 

TEMPERATURE RANGE 0 +70 0 +70 

TEMPERATURE DRIFT ERRORS 
Unipolar Offset ±2 ±1 
Bipolar Offset ±2 ±1 
Full Scale Calibration2 

\ ±4 ±2 

POWER SUPPLY REJECTION 
Positive Supply 

+ 4.SsV + s + S.SV ±2 ±1 
Negative Supply 

-IS.7SVsV - s -14.2SV ±2 ±1 
- 12.6VsV - s - 11.4V ±2 ±1 

ANALOG INPUT IMPEDANCE 
Pins I and 2 6 10 14 6 10 14 

ANALOG INPUT RANGES 
Unipolar 0 +10 0 +10 

0 +20 0 +20 
Bipolar -S +S -5 . +S 

-10 + 10 -10 +10 

OUTPUT CODING 
Unipolar Negative True Binary Negative True Binary 
Bipolar NegativeTrueOffsetBinary Negative True Offset Binary 

LOGI~OUTPUTS 

Output Sink Current 

(Vour=O.4Vmax, Tmia toTmaJ 3.2 3.2 
Output Source Current3 

(Vour = 2.4Vmax, TmiatoTmaJ 0.5 0.5 

LOGIC INPUTS 
Input Current ±100 

VlNH 2.0 2.0 

VINL 0.8 

CONVERSIONTIM~ 

TA and Tmm to Tmu 10 20 30 10 20 

POWER SUPPLY 
V+ +4.5 +S.O +7.0 +4.5 +5.0 
V- -11.4 -IS -16.5 +11.4 -15 

OPERATING CURRENT 

V+ IS 25 IS 
V'- 9 15 9 

PACKAGE5 

Ceramic DIP DI4A Dl4A 
Plastic DIP NI4A NI4A 

NOTES 
IRelative ICcuracy is defined as the deviation of the code transition points from the ideal transfer point on a 
straight line from the zero to the full scale of the device. 

2FulI scale calibration is specifted with a ISO fIXed resistor in series with the IOV input (Pin5 1 and 2 tied 
together) or a fIXed 30n resistor in series with the 20V input (either Pin I or 2 with the unused pin 
tied to analog common). Full scale calibration is guaranteed trimmable to zero with an external son 
potentiometer in place of the ISW300 resistor mentioned above. Full scale is defined as 
IOV for ± SV and 10V ranges and 20V for the ± 10V and 0, 20V ranges. 
~e data output lines have active pull-ups to source O.SmA. 
4Intemally clocked mode. 
'See Section 19 for package outline information. 
SpeciflClltiona subject to change without notice. 
Specifications shown in boldface are tested on all production units at final 
electrical test. Results from those tests are used to calculate outgoing quality 
levels. All min and mu specifications are guaranteed, although only those 
shown in boldface arc tested on all production units. 
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±100 

0.8 

30 

+7.0 
-16.5 

25 

IS 

AD575S 
Min Typ Max Units 

10 Bits 

±1 LSB 
±1 LSB 

±2 LSB 

±1 LSB 

±1 LSB 

10 Bits 
9 Bits 

-5S + 12S ·C 

±2 LSB 
±2 LSB 
±5 LSB 

±2 LSB 

±2 LSB 
±2 LSB 

6 10 14 kO 

0 + 10 V 
0 +20 V 
-5 +S V 
-10 +10 V 

Negative True Binary 
Negative True Offset Binary 

3.2 rnA 

0.5 rnA 

±100 ... A 
2.0 V 

0.8 V 

10 20 30 ... s 

.+4.5 +5.0 +7.0 V 
-11.4 -IS -16.5 V 

IS 25 rnA 
9 15 rnA 

DI4A 



ABSOLUTE MAXIMUM RATINGS 
V + to Digital Common . . . . . . . 
V - to Digital Common . . . . . . . 
Analog Common to Digital Common 
Analog Inputs to Analog Common 
Control Inputs ......... . 
Digital Outputs (High Impedance State) 
Power Dissipation . . . . . . . . . . . . 

FUNCTIONAL DESCRIPTION 

. . o to +7V 
o to -16.5V 

±lV 
±22V 

o to V+ 
o to V+ 
800mW 

A block diagram of the AD575 is shown in Figure 1. The positive 
convert pulse must be at least 300ns wide. EOC goes high within 
300ns indicating that a conversion has started. The internal 10-
bit current output DAC is sequenced by the integrated injection 
logic (I2L) successive approximation register (SAR) from its 
most significant bit to least significant bit to provide an output 
current which accurately balances the input signal current through 
the lOkO input resistor(s). The comparator determines whether 
the addition of each successively-weighted bit current causes the 
DAC current to sum to be greater or less than the input current, 
if the sum is less the bit is left on, (DO set low). If the sum is 
more, the bit is turned off (DO set high). The result of each bit 
decision is passed to DO as it is made with synchronizing infor
mation provided at CO. 

ANALOG INPUT2 2 

DIGITAL 
COMMON CONVERT 

EXTERNAL 
CLOCK 

!------{10 CLOCK OUTPUT 

P---___ -{11 DATA OUTPUT 

t>-----{ 1 A;~~~~~I~l:TE 

Figure 1. AD575 Functional Block Diagram 

After testing all bits, the DAC output current will match the 
input signal current to within 0.05% (1I2LSB). The EOC returns 
low after the fmal bit decision to indicate that the AD575 has 
been reset and is ready to perform a new conversion. The output 
data stream can be synchronized to an external clock using the 
XCL input and short cycled to any desired word length using 
the seAT line. 

UNIPOLAR CONNECTION 
The AD575 contains all the active components required to 
perform a complete AID conversion. Thus, for many applications, 
all that is necessary is connection of the power supplies (+ 5V 
and -12V to -15V), and the analog input. However, there are 
some features and special connections which are available to 
match a variety of applications and problems. The functional 
pinout is shown in Figure 2. 

The unipolar 0 to + 10V range is obtained by shorting the bipolar 
offset control pin (pin 14) to digital common (pin 13), and applying 
the input signal to the parallel combination of the input resistors 
(Pins I and 2). The unipolar 0 to + 20V input range is achieved 

AD575 ORDERING GUIDE 

Temperature Relative 
Model Package Option Range. Accuracy 
ADS7SJN 14-Pin Plastic DIP Oto + 70°C ± ILSBmax 
ADS7SKN 14-Pin Plastic DIP Oto + 70°C ± IIZLSB max 
ADS7SJD 14-PinCeramic DIP Oto +70°C ±ILSBmax 
ADS7SKD 14-Pin Ceramic DIP Oto +70°C ± IIZLSB max 
ADS7SSD 14-PinCeramic DIP -SSOCto + 125°C ± ILSBmax 

by applying the input signal to Pin 1 and tying the unused 
input (Pin 2) to Analog Common (Pin 3). 

ANALOG 
COMMON 

EXTERNAL 
CLOCK 

SiiCiRfCYcIT 
AND TERMINATE 

Figure 2. AD575 Pin Connections 

Full Scale Calibration 
The 10kO thin-film input resistors are laser trimmed to produce 
a current which matches the full scale current of the internal 
DAC-plus about 0.3%-when an analog input voltage of 9.990 
volts (10 volts - ILSB) is applied to both inputs. The input 
resistors are trimmed in this way so that if a flOe trimming 
potentiometer is inserted in series with the input signal, the 

10V ANALOG IN 

1511 FIXED OR 
5011 VARIABLE 

(SEE TEXTI 

Figure 3. AD575 Pin Connections for 10V Full Scale 
Range 

Figure 4. AD575 Pin Connections for 2011 Full Scale 
Range 
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input current at the full scale input voltage can be trimmed 
down to match the DAC full scale current as precisely as desired. 
However, for many applications the nOJ.llinal 10V and 20V full 
scale ranges can be achieved to sufficient accuracy by simply 
inserting a 15/30n resistor in series with the analog inputs. 
Typical full scale calibration error will then be within ± 2LSB 
or ± 0.2%. If more precise calibration is desired, a 50/IOOn 
trimmer should be used instead. Set the analog input at 9.990/ 
19.980 volts, and set the trimmer so that the output code is just 
at the transition between (0000000001) and (0000000000). 

BIPOLAR CONNECTION 
To obtain the bipolar - 5V to + 5V or - 10V to + lOV input 
ranges with an offset binary output code, the bipolar offset 
control pin is left open. The nominal transfer curve is shown in 
Figure 5. Note that in the bipolar mode, the code transitions 
are offset by 1I2LSB such that an input voltage of OV + l(~LSB 
yields the code representing zero. Each output code is then 
centered on its nominal input range. 

OUTPUT 
CODE 

0111111101 

0111111110 

0111111111 

1000000000 

1000000001 

I 
I 

--~--
I I __ oJ I 

I 

-30 -20 -10 0 +10 +20 +30 10V FSR 

-60 -40 -20 0 +20 +40 +80 20V FSR 

INPUT VOLTAGE - mV 

Figure 5. AD575 Transfer Curve Bipolar Operation 

Full Scale Calibration 
Full Scale Calibration is accomplished in the same manner as in 
Unipolar operation except the full scale input voltage is + 4.985 
volts for - 5V to + 5V range or + 9.990 volts for - 10V to 
+ lOV range. 

The bipolar offset control input is not directly TTL compatible 
but a TTL interface for logic control can be constructed as 
shown in Figure 6. 

·15V 

Figure 6. Bipolar Offset Controlled by Logic Gate 
Gate Output = 1 Unipolar 
Gate Output = 0 Bipolar 

VOL. I, 10-70 ANALOG-TO-DIGITAL CONVERTERS 

SAMPLE-HOLD AMPLIFIER CONNECTION TO THE 
ADS7S 
Many situations in high-speed data acquisition systems for 
digitizing rapidly changing signals require a sample-hold amplifier 
(SUA) in front of the A-D converter. The SHA can acquire and 
hold a signal faster than the converter can perform a conversion. 
A SUA can also be used to accurately defme the exact point in 
time at which the signal is sampled. For the AD575, a SHA can 
also serve as a high input impedance buffer. 

Figure 7 shows the AD575 connected to the AD582 monolithic 
SUA for high speed signal acquisition. In this configuration, the 
AD582will acquire a 10 volt signal in less than lO~s with a 
droop rate less than lOO~V1ms. 

+5V 

CONVERT PULSE CONVERT V+ 

AD575 

CO 

o---------~~------------~~~ 

-15V 15 VOLT 
COM 

Figure 7~ Sample-Hold Interface to the AD575 

EOC goes high after the conversion is initiated to indicate that 
conversion is underway. In Figure 7 it is also used to put the 
AD582 into the hold mode while the AD575 begins its conversion 
cycle. (The AD582 settles to fmal value well in advance of the 
first comparator decision inside the AD575). 

EOC goes low when the conversion is complete placing the 
AD582 back in the sample mode. Configured as shown in Figure 
7, the next conversion can be initiated after a lO~s delay to 
allow for signal acquisition by the AD582. 

Observe carefully the ground, supply, and bypass capacitor 
connections between the two devices. This will minimize ground 
noise and interference during the conversion cycle. 

GROUNDING CONSIDERATIONS 
The AD575 provides separate Analog and Digital Common 
connections. The circuit will operate properly with as much as 
± 200m V of common mode voltage between the two commons. 
This permits more flexible control of system common bussing 
and digital and analog returns. 

In normal operation, the Analog Common terminal may generate 
transient currents of up to 2mA during a conversion. In addition 
a static current of about 2mA will flow into Analog Common m' 
the unipolar mode after a conversion is complete. The Analog 
Common current will be modulated by the variations in input 
signal. 

The absolute maximum voltage rating between the two commons 
is ± I volt. It is recommended that a parallel pair of back-to-back 
protection diodes be connected between the commons if they 
are not connected locally. 
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Figure 8a. AD575 Timing Diagram (Internal Clock) 
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CONVERSION --i 'ose 
I 

DATA Bl0 Bl0 
O_UT_PU_T....::Q:...;.1 ___ ~1 

--11--100. 

Figure 8b. AD575 Timing Diagram (External Clock) 

CONTROL AND TIMING OF THE AD573 
The AD575 is controlled through four inputs: CONVERT, 
CLI, XCL, and SCAT. 

120ns after the rising edge of the eleventh CO clock pulse. The 
SAR is reset as well preparing the converter for the next conversion. 
The least significant bit remains latched at DO following the 
conversion as noted earlier. . 

AD575 TIMING SPECIFICATIONS 

II 

The CONVERT line is used to initiate the conversion cycle. 
The SAR in the AD575 is reset at the end of each conversion 
cycle. A positive going pulse on the CONVERT line of at least 
300ns duration will initiate a conversion. The CLI or·clock 
inhibit line is tied low to inhibit the operation of the internal 
clock when an external clock (XCL) is to be used. The XCL 
line should be tied to + V (Pin 12) along with CLI if the internal 
clock is to be used. 

Parameter Symbol Min Typ Max Units. 

The SCAT or the SHORT CYCLE AND TERMINATE line 
has two uses. If it is kept low for the duration of a conversion, 
the cycle will terminate at 8 bits. If it is held high at the beginning 
of a conversion, the cycle will end when SCAT is driven low. 

Starting a Conversion 
The conversion cycle is initiated by a positive-going CONVERT 
pulse at least 300ns wide. The rising edge of this pulse sets the 
EOC line high and starts the internal clock (or gates the external 
clock if used). Eleven clock pulses will be output from CO 
following a rising edge input on the CONVERT line. The least 
signficiant data bit from the previous conversion will remain at 
DO during the first clock pulse. The data is output in serial 
fashion at DO beginning with MSB which becomes valid 120ns 
after the rising edge of the second clock pulse. ECO is reset 

CONVERT Pulse Width tes 300 ns 
CONVERT to EOC Delay tosc 150 300 J.Ls 
Conversion Time te 10 20 30 J.Ls 

Internal Clock Timing 
CO to DO Output Delay to~ 70 120 ns 
CO to EOC Reset Delay tOSI 70 120 ns 

External Clock Timing 
XCLPeriod tee 2.5 J.Ls 
XCLHigh teH 500 ns 
XCLLow teL 500 ns 
XCLtoCO 

Output Delay toxc 50 100 ns 
XCLtoDO 

Output Delay toox 150 300 ns 
XCLto EOC 

Reset Delay tOSI 150 300 ns 
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FEATURES 

Performance 
Complete 12-Bit AID Converter with Reference and 

Clock 
Fast Conversion: 3J.ls (max) 
Buried Zener Reference for Long Term Stability and 

Low Gain T.C.: ±30ppm/oC max 
Max Nonlinearity: < ±O.012% 
No Missing Codes Over Temperature 
Low Power: 875mW 
Hermetic Package Available 

Versatility 
Positive-True Parallel or Serial Logic Outputs 
Short Cycle Capability 
Precision + 10V Reference for External Applications 
Adjustable Internal Clock 
"Z" Models for ± 12V Supplies 

GENERAL DESCRIPTION 
The ADS78 is a high speed 12-bit successive approximation 
analog-to-digital converter that includes an internal clock, refer
ence and comparator. Its hybrid IC design utilizes MSI digital 
and linear monolithic chips in conjunction with a 12-bit monolithic 
DAC to provide superior performance and versatility with IC 
size, price and reliability. 

Important performance characteristics of the ADS78 include a 
maximum linearity error at + 25°C of ± 0.012%, maximum gain 
temperature coefficient of ± 30ppmfOC, typical power dissipation 
of 87SmW and maximum conversion time of 3fLS. 

The fast conversion speeds of 3fLS (L grade) 4.SfLS (K grade) 
and 6fLS (J grade) make the ADS78 an excellent choice in a 
variety of applications where system throughput rates from . 
166kHz to 333kHz are required. In addition, it may be short 
cycled to obtain faster conversion speeds at lower resolutions. 

-The design of the ADS78 includes scaling resistors that provide 
analog input signal ranges of ± SV, ± IOV, 0 to + IOV or 0 to 
+20V. Adding flexibility and value is the + 10V precision 
reference which can be used for external applications. 

The ADS78 is available with either the polymer seal (N) for use 
in benign environmental applications or hermetic solder-
seal (D) for more harsh or rigorous surroundings. Both are 
contained in a 32-pin side-brazed, ceramic DIP. 

Very Fast, Complete 
12·Bit AID Converter 

AD578 I 
ADS78 FUNCTIONAL BLOCK DIAGRAM 

32 PIN DIP 

PRODUCT HIGHLIGHTS 
1. The ADS78 is a complete 12-bit AID converter. No external 

components are required to perform a conversion. 

2. The fast conversion rate of the ADS78 makes it an excellent 
choice for high speed data acquisition and digital signal proc
essing applications. 

3. The internal buried zener reference is laser trimmed to 1O.00V 
± 0.1 % and ± lSppmfOC typical T .C. The reference is available 
for external use and can provide up to 1mA. 

4. The scaling resistors are included on the monolithic DAC for 
exceptional thermal tracking. 

S. The component count is minimized, resulting in low bond 
wire and chip count and high MTBF. 

6. Short cycle and external clock capabilities are provided for 
applications requiring faster conversion speeds and/or lower 
resolutions. 

7. The integrated package construction provides high quality 
and reliability with small size and weight. 
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SPECIFICATIONS (typical @ + 25°C, ± 15V and + 5V unless otherwise noted) 

Model 

RESOLUTION 

ANALOG INPUTS 
Voltage Ranges 

Bipolar 
Unipolar 

Input Impedance 
Oto + IOV, ±SV 
± 10V,Oto +20V 

DIGITAL INPUTS 
Convert Command I 
Clock Input 

TRANSFER CHARACTERISTICS 
Gain Error2,3 
Unipolar Offset3 

Bipolar Error3,4 

Linearity Error 
+ 25°C 

DIFFERENTIAL LINEARITY ERRORS 
(Minimum resolution for which no 
missing codes are guaranteed) 

+2SoC 
TmintoTmax 

POWER SUPPL Y SENSITIVITY 
+ ISV ± 10% 
-ISV±IO% 
+SV±IO% 

TEMPERATURE COEFFICIENTS 
Gain 

Unipolar Offset 

Bipolar Offset 

Differential Linearity 

CONVERSIONTIME5,b,7(max) 

PARALLEL OUTPUTS 
U ni polar Code 
Bipolar Code 
Output Drive 

SERIAL OUTPUTS (NRZ FORMAT) 
Unipolar Code 
Bipolar Code 
Output Drive 

END OF CONVERSION (EOC) 
Output Drive 

INTERNALCLOCK7 

Output Drive 

INTERNAL REFERENCE 
Voltage 
External Current 

POWER SUPPLY REQUIREMENTS8 

Range for Rated Accuracy 
Supply Current + 15V 

-lSV 
+SV 

Power Dissipation 

TEMPERATURE RANGE 
Operating 
Storage 

NOTES 

ADS78J 

12Bits 

±S.OV, ± IOV 
Oto + IOV,Oto +20V 

Skfl 
IOkH 

I LSTTL Load 
I LSTTL Load 

± 0.1 % FSR, ± 0.2S% FSR max 
±O.I%FSR, ±0.2S%FSRmax 
±O.I%FSR, ±0.2S%FSRmax 

± 1I2LSBmax 

12 Bits 
12Bits 

O.OOS%/%~Vsmax 

O.OOS%/%~Vsmax 

O.OOI%/%~Vsmax 

± I Sppm/oC typ 
± 30ppm/oC max 
±3ppml"Ctyp 
± 10ppml"C max 
±8ppmrCtyp 
± 20ppml"C max 
± 2ppm/oC typ 

Binary 
Offse~ BinarylTwo's Complement 
2LSTTL Loads 

Binary/Complementary Binary 

AD578K 

4.5fJ.s 

Offset Binary/Comp. Offset Binary * 
2LSTTL Loads 

Logic "I" During Conversion 
8LSTTL Loads 

2LSTTL Loads 

10.000 ± 10mV 
± ImAmax 

4.75 to 5.25 and ± 13.5 to ± 16.5 
3mA typ, 8mA max 
22mA typ, 35mA max 
100mA typ, 150mAmax 
875mWtyp 

Oto + 70°C 
- S5°C to + lS0°C 

ADS78L 

'Positive pulse 200ns wide (min) leading edge (0 to I) resets outputs. Trailing edge 
initiates conversion. 

'With son, 1% fixed resistor in place of gain adjust potentiometer. 
3 Adjustable to zero. 

6Each grade is specified at the conversion speed shown. 
'Externally adjustable by a resistor or capacitor (see Figure 7). 
"For "Z"modelsorder AD578ZJ, ZK,ZL (± 11.6Vto ± 16.5V). 

·With SOn,! % resistor between Ref Out and Bipolar Offset (Pins24& 26). 
~Conversion time is defined as the time between the falling edge of 
convert start and the falling edge of the EOC. 
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THEORY OF OPERATION 

SHORT CYCLE 

DIGITAL GND 

+5V 

AD578 
-15V 

ANALOG GND 

ZERO ADJ 

20V SPAN INPUT 

10V SPAN INPUT 

BIPOLAR OFFSET 

GAIN (REF IN) 

REF OUT 

SERIAL OUT 

SERIAL OUT 

EOC 

CLOCK IN 

CLOCK OUT 

CLOCK ADJ 

Figure 1. AD578 Functional Diagram and Pinout 

The ADS78 is a complete pretrimmed 12-bit AID converter 
which requires no external components to provide the successive
approximation analog-to-digital conversion function. A block 
diagram of the ADS78 is shown in Figure 1. 

When the control section is commanded to initiate a conversion 
it enables the clock and resets the successive-approximation 
register (SAR). The SAR, timed by the clock, sequences through 
the conversion cycle and returns an end-of-convert flag to the 
control section. The control section disables the clock and brings 
the output status flag low. The parallel data bits become valid 
on the rising edge of the clock pulse starting with tl and ending 
with t12 (Figure 2), and accurately represent the input signal to 
within ± 1I2LSB. 

The temperature-compensated buried Zener reference provides 
the primary voltage reference to the DAC and guarantees excellent 
stability with both time and temperature_ The reference is trimmed 
to 10.00 volts ± 0.1 %, it is buffered and can supply up to l.OmA 
to an external load in addition to the current required to drive 
the reference input resistor (O.SmA) and bipolar offset resistor 
(lmA). The thin-film application resistors are trimmed to match 
the full scale output current of the DAC. Th~re are two SkD 
input scaling resistors to allow either a 10 volt or 20 volt span. 
The lOkD bipolar offset resistor is grounded for unipolar operation 
or connected to the 10 volt reference for bipolar operation. 

UNIPOLAR CALIBRATION 
The ADS78 is intended to have a nominal 1I2LSB offset so that 
the exact analog input for a given code will be in the middle of 
that code (halfway between the transitions to the codes above 
and below it). Thus, when properly calibrated, the first transition 
(from 0000 0000 0000 to 0000 0000 0001) will occur for an 
input level of + 1I2LSB (1.22mV for lOY range). 

If pin 26 is connected to pin 30, the unit will behave in this 
manner, within specifications. Refer to Table I and Figure 3 for 
further clarification. If the offset trim (Rl) is used, it should be 
trimmed as above, although a differeht offset can be set for a 
particular system requirement. This circuit will give approximately 
± 2Sm V of offset trim range. 

The full scale trim is done by applying a signal 1 1I2LSB below 
the nominal full scale (9.9963V for a ~OV range). Trim R2 to 
give the last transition (1111 1111 1110 to 1111 1111 1111). 

.-l ~200ns, min 

~~~~iR~-;-__ "';--___________ ...,j1L 
200ns--ji=80n5 

CLOCK 

I i . --l 1--160n. ---11--1 On. 

EOC ~l~on. 1 .... __ --'1 
BIT1. j L-
BIT 2 U 
BIT 3 

BIT 4 

~ ~------------~I ...... ~.........-----.U 

BIT 5 ~ ~----------~I 
BIT 6 

t'<"<'O~.....----..... U 
BIT 7 ~ ~--------~I 
BIT B 

~~~-------.U 

BIT 9 • U 
BIT 10 a 
BIT 11 u 
BIT 12 u 
SERIAl~~~~B;',T:, ~B2~ OUT ~ 

CLOCK 
INTERNAL: CONNECT CLOCK OUT (18) TO CLOCK IN (19) 
EXTERNAL: CONNECT EXTERNAL CLOCK TO CLOCK IN (19) 

CLOCK SHOULD BE AT LEAST 30% DUTY CYCLE WITH 
MINIMUM PERIOD, TMIN OF lOOn •. 

NOTE 
'THE RISING EDGE OF CONVERT START PULSE RESETS THE MSB TO ZERO, 
AND THE LSB. TO ONE. THE TRAILING EDGE INITIATES CONVERSION. 

Figure 2. AD5783ps Timing Diagram 

+15V 

OTO+20V 
20V (N 

10VIN BITS 1-12 
OTO+1DV 

AD578 

ClKOUT 
REF IN 

ClKIN 
REF OUT 

r-:
I I L ____________________ ~ 

Figure 3. Unipolar Input Connections 
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BIPOLAR. OPERATION 
The connections for bipolar ranges are shown in Figure 4. Again, 
as for the unipolar ranges, if the offset and gain specifications 
are sufficient the lOOn trimmer shown can be replaced by a 

. son ± 1% fixed resistor. The analog input is applied as for the 
unipolar ranges. Bipolar calibration is similar to unipolar cali
bration. First, a signal1l2LSB above negative full scale ( - 4. 99R8V 
for the ± 5V range) is applied, and Rl is trimmed to give the 
first transition (0000 0000 0000 to 0000 0000 0001). Then a 
signal 1 1I2LSB below positive full scale ( + 4. 9963V for the 
± 5V range) is 'applied and R2 trimmed to give the last transition 
(1111 1111 1110 to 1111 1111 1111). 

±10V 
20V IN 

BITS 1-12 10V IN 
i5V 

AD578 
~ 

ClKOUT 
REF IN 

ClKIN 
REF OUT 

6.BiJF 

DIG GND ANAGND --.., 
I I L ____________________ ~ 

Figure 4. Bipolar Input Connections 

LAYOUT CONSIDERATION 
Many data-acquisition components have two or more ground 
pins which are not connected together within the device. These 
"grounds"are usually referred to as the Logic Power Return, 
Analog Common (Analog Power Return), and Analog Signal 
Ground. These grounds must be tied together at one point, 
usually at the system power-supply ground. Ideally, a single 
solid ground would be desirable. However, since current flows 
through .the ground wires and etch stripes of the circuit cards, 
and since these paths have resistance and inductance, hundreds 
of millivolts can be generated between the system ground point 

Analog Input - Volts 

andthq~round pin of the AD578. Separate ground returns' 
should be provided to mini'mize the current flow in the path 
from sensitive points to the system ground point. In this way 
supply currents and logic-gate'return currents are not summed 
into the same return path as analog signals where they would 
cause measurement errors. 

Each of the AD578's supply terminals should be capacitively 
decouplcd as close to the AD578 as possible. A large value 
capacitor such as lOJ..lF in parallel with a 0.1 J..lF capacitor is 
usually sufficient. Analog supplies are bypassed to the Analog 
Power Return pin and the logic supply is bypassed to the Digital 
GND pin. 

@ 1 1 . -15V 

O.l1'F

i 
110l'F 

t3Q\f---~+--+-+_. ANALOG 
v::::/ COMMON 

O.l1'Fr r10l'F 
@ -+ I +15V 

Figure 5. Basic Grounding Practice 

To minimize noise the reference output (pin 24) should be 
decoupled by a 6.8J..lF capacitor to pin 30. 

CLOCK RATE CONTROL 
The internal clock is preset to a nominal conversion time of 
5.6J..ls. It can be adjusted for either faster or slower conversions. 
For faster conversion connect the appropriate 1% resistor between 
pin 17 and pin 18 and short pin 18 to pin 19. 

For slower conversions connect a capacitor between pin 15 and 
pin 17. 

The curves in Figure 6 characterize the conversion time for a 
given resistor or capacitor connection. 

Note: 12-bit operation with no missing codes is not guaranteed 
when operating in this mode if a particular grade's conversion 
speed specification has been exceeded. 

Short Cycle Input - A Short Cycle Input, pin 14, permits the 
timing cycle shown in Figure 2 to be terminated after any number 
of desired bits has been converted, allowing somewhat shorter 
conversion times in applications not requiring full 12-bit resolution. 
Short cycle pin connections and associated maximum 12-, 10-, 
and 8-bit conversion times are summarized in Table II. 

Digital Output Code 
(Binary For Unipolar Ranges; 

(Center of Quantization Interval) Offset Binary for Bipolar Ranges) 

Oto + 10V Oto +20V -SVto +SV -IOVto +10V Bl B12 
Range Range Range Range (MSB) (LSB) 

+9.9976 + 19.9951 +4.9976 +9.9951 111111111111 
+9.9952 + 19.9902 +4.9952 +9.9902 111111111110 

· · · · · · · · 
+5.0024 + 10.0049 +0.0024 +0.0049 100000000001 
+5.0000 + 10.0000 +0.0000 +0.0000 100000000000 

· · · · 
, . · · · · 

+0.0024 +0.0051 -4.9976 -9.9951 000000000001 
+0.0000 +0.0000 -5.0000 -10.0000 000000000000 

Table I. Digital Output Codes vs. Analog Input for Unipolar and Bipolar Ranges 
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~~----~~------~I 
3~, 

CONVERSION 
RATE 

L GRADE 

13.0 

~10.0 
UJ 

~ 8.0 
z 
o 
~ 6.0 

~ 4.0 

8 2.0 

1.5 

1000 

200 

0"' ~
9 

CONVERSION . 
RATE 

JGRADE 

CAPACITANCE - pF 
680 

2k 
RESISTANCE - n 

18 

TO SLOW :[

1 

CONVERSION. . 
USE C 
FROM T 

FIGURE6 QV 

330 

10k 

Figure 6. Conversion Times vs. R or C Values 

Resolution (Bits) 12 10 8 

Connect Pin 14 to Pin 16 2 4 

Conversion Speed (J.1s) 3 2.5 2 

Table II. Short Cycle Connections 

External Clock - An external clock may be connected directly 
to the clock input, pin 19. When operating in this mode, the 
convert start should be held high for a minimum of one clock 
period in order to reset the SAR and synchronize the conversion 
cycle. A positive going pulse width of 100 to 200 nanoseconds 
will provide a continuous string of conversions that start on the 
first rising edge of the external clock after the EOC output has 
gone low. 

External Buffer Amplifier - In applications where the AD578 is 
to be driven from high impedance sources or directly from an 
analog multiplexer a fast slewing, wide band op amp like the 
AD507 should be used. 

ANALOG INPUT 
0-10V 

Figure 7. Input Buffer 

MICROPROCESSOR INTERFACING 

AD578 

The 3J.1s conversion times of the AD578 suggests several different 
methods of interface to microprocessors. In systems where the 
ADS78 IS used for high sampling rates on a single signal which 
is to be digitally processed, CPU-controlled conversion may be 
inefficient due to the slow cycle times of most microprocessors. 
It is generally preferable to perform conversions independently, 
inserting the resultant digital data directly into memory. This 
can be done using direct memory access CDMA) which is totally 
transparent to the CPU. Interface to user-designed DMA hardware 

is facilitated by the guaranteed data validity on the falling edge 
of the. EOC signal. 

In many multichannel data acquisition systems, the processor 
spends a good deal of time waiting for the ADC to complete its 
cycle. Converters with total conversion times of 25J.1s to 100J.1s 
are not slow enough to justify use of interrupts, nor fast enough 
to finish converting during one instruction and are usually timed 
out with loops, or continuously polled for status. The AD578 
allows the microprocessor to time out the converter with just a 
few dummy instructions. For example, an 8085 system running 
at a SMHz clock rate will time out an ADS78 by pushing a 
register pair onto the stack and popping the same pair back off 
the stack. Such a time-out routine only occupies two bytes of 
program memory but requires 22 clock cyles (4.4J.1s). The time 
saved by not having to wait for the converter allows the processor 
to run much more efficiently particularly in multichannel 
systems. 

ANALOG 
INPUT 

0-10V 

GAIN 
TRIM 
loon 

HIGH 8YTE 
ADDRESS 

(ACTIVE lOW) 

lOW BYTE 
AODRESS 

(ACTIVE lOW) 

TI 

30 

26 

2S 

24 

15 

+5V +lSV -1SV 

MSB 

AD578 

74J2 
4 

7402 
4 

11 

74LS244 

18 
AD7 

16 
AD6 

14 
AD5 

11 
AD4. 

AD3 

13 
AD2 

15 ADI 

17 
ADO 

I 
I 
I 
: 
: , , 
I 
I 
I 
I 
I 
I' 
I 
I 
I 

3 _____ ..J 
IDPTlDNAl) 

19 

74LS244 

Figure 8. AD578-8085A Interface Connections··· 
Clearly, 12 bits of data must be broken up for interface to an 8-
bit wide data bus. There are two possible formats: right-justified 
and left-justified. In a right-justified system, the least-significant 
8 bits occupy one byte and the four MSBs reside in the low 
nybble of another byte. This format is useful when the data .. 
from the ADC is being treated as a binary n~mber between 0 
and 409S. The left-justified format supplies the eight most-sig
nificant bits in one byte and the 4LSBs in the high nybble of 
another byte. The data now represents the fractional binary 
number relating the analog signal to the full-scale voltage. An 
advantage to this organization is that the most-significant eight I 

bits can be read by the processor as a coarse indication of the 
true signal value. The full 12-bit word can then be read only. 
when all 12 bits are needed. This allows faster and more efficient 
control of a process. 

Figure 8 shows a typical connection to an 808S-type bus, using 
left-justified data format for unipolar inputs. Status polling is 
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optional, and can be read simultaneously with the 4LSBs. If it 
is desired to right-justify the data, pins 1 through 12 of the 
AD578 should be reversed, as well as the connections to the 
data bus and high and low byte address signals. 

When dealing with bipolar inputs (± 5V, ± lOY ranges), using 
the MSB directly yields an offset binary-coded output. If two's 
complement coding is desired, it can be produced by substituting 
MSB (pin 13) for the MSB. This facilitates arithmetic operations 
which are subsequently performed on the ADC output data. 

--I 1-200ns 

START 

CONVERSION 
EOC ___ ..I CONVERSION OF FIRST SAMPLE 1..-"";;';''';;;''''-;;;;;';;'''''''' OF SAMPLE 2 

EOC IS ASSUMED TO BE TIED TO HOLD INPUT OF SHA 

NOTES: tsE • 1 COns 
tCONV • 3~s (AD578LI 

• 4,5~ (AD578K, 11 
• 6~ (AD57&J, SI 

Figure 9. Start/EOC Timing for Sampled Data System 

SAMPLED DATA SYSTEMS 
The conversion speed of the AD578 allows accurate digitization 
of high frequency signals and high throughput rates in multi
channel data acquisition systems. The AD578LD, for example, 
is capable of a full accuracy conversion in 3f.Ls. In order to benefit 
from this high speed, a fast sample-hold amplifier (SHA) such 
as the HTC-0300 is required. This SHA has an acquisition time 
to 0.01% of approximately 300ns, so that a complete sample-con
vert-acquire cycle can be accomplished in approximately 4f.Ls. 
This means a sample rate of 250kHz can be realized, allowing a 
signal with no frequency components above 125kHz to be sampled 
with no loss of information. Note that the EOC signal from the 
AD578 places the SHA in the hold mode in advance of the 
actual start of the conversion cycle, and releases the SHA from 
the HOLD mode only after completion of the conversion. After 
allowing at least 300ns for the SHA to acquire the next analog 
value, the converter can again be started. 

AD578 ORDERING GUIDE· 

AD578]N(JD) 
AD578KN(KD) 
AD578LN(LD) 

Conversion 
Speed 

6.0f.Ls 
4.5f.Ls 
3.0f.Ls 

Temperature 
Range 

Oto + 70°C 
Oto + 70°C 
Oto + 70°C 

*For ± 12V operation "Z" version order: ADS78ZJN, ... 

'See Section 19 for package outline information. 
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Package 

Polymer (Solder) Seal 
Polymer (Solder) Seal 
Polymer (Solder) Seal 

Option} 

HY32H 
HY32H 
HY32H 
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Very Fast, Complete 
10-Bit AID Converter 

AD579 I 
FEATURES 

Performance 

Complete 10-Bit AID Converter with Reference and Clock 
Fast Successive Approximation Conversion: 1.BJls 
Buried Zener Reference for Long Term Stability and Low 

Gain T.C.: ±40ppmtC max 
Max Nonlinearity: <±O.048% 
Low Power: 715mW 

Versatility 

Positive-True Parallel or Serial Logic Outputs 
Short Cycle Capability , 
Precision +10V Reference for External Applications 
Adjustable Internal Clock 
"Z" Models for ±12V Supplies 

PRODUCT DESCRIPTION 
The AD579 is a high speed low cost lO-bit successive approxi
mation analog-to-digital converter that includes an internal 
clock, reference and comparator. Its hybrid IC design uti
lizes MSI digital and linear monolithic chips in conjunction 
with a IO-bit monolithic DAC to provide superior perform
ance and versatility with IC size, price and reliability. 

Important performance characteristics of the AD579 include 
a maximum linearity error at+25°C of±O.048%,maximum 
gain temperature coefficient of ±40ppmioC, typical power 
dissipation of 775mW and maximum conversion time of 
1.8Jls. 

The fast conversion speeds of 1.8Jls (K and T grades) and 
2.2Jls (J grade) make the AD579 an excellent choice in a 
variety of applications where system throughput rates from 
454kHz to 555kHz are required. In addition, it may be short 
cycled to obtain faster conversion speeds at lower resolutions. 

The design of the AD579 includes scaling resistors that provide 
analog input signal ranges of ±5V, ±IOV, 0 to +IOV or 0 to 
+20V. Adding flexibility and value is the +IOV precision refer
ence which can be used for external applications. 

The AD579 is available with either the polymer seal (N) for 
use in benign environmental applications or solder-seal (D) 
for more harsh or rigorous surroundings. Both are contained 
in a 32-pin side-brazed, ceramic DIP. 

AD579 FUNCTIONAL BLOCK DIAGRAM 

TEST POINT 1 

TEST POINT 2 

AD579 

a: 
... 

!::5 
~--_f++-f---I ~ ~ 

I----.t-H+I--l - 8 1-+------1 

a 1-+------1 

-15V 

ANALOG GND 

ZERO ADJ 

20V SPAN INPUT 

lOV SPAN INPUT 

BIPOLAR OFFSET 

GAIN (REF IN) 

REF OUT 

SERIAL OUT 

SERIAL OUT 

r-~~--12l CONVERTSTART 

EOC 

SHORT CYCLE 

CLOCKADJ 

32-PIN DIP 

PRODUCT HIGHLIGHTS 
1. The AD579 is a complete IO-bit AID converter. No external 

components are required to perform a conversion. 

2. The fast conversion rate of the AD579 makes it an excellent 
choice for high speed data acquisition on systems requiring 
high throughput rate. 

3. The internal buried zener reference is laser trimmed to 
lO.OOV ±O.l % and ±15ppm/o C typ T .C. The reference is . 
available externally and can provide up to ImA. 

4. The scaling resistors are included on the monolithi'c DAC 
for exceptional thermal tracking. 

5. Short cycle and external clock capabilities are provided for 
applications requiring faster conversion speeds andlor 
lower resolutions. 

6. The integrated package construction provides high quality 
and reliability with small size and weight. 

ADS79 ORDERING GUIDE 

Conversion Temperature Power Supply Package 
Model Speed Package Range Range Outline l 

AD579JN 2.2Jls Polymer~Seal o to +70°C ±15V ±lO% HY32H 
AD579KN 1.8Jls Polymer-Seal o to +70

o
C ±15V ±IO% HY32H 

AD579TD 1.8Jls Hermetic-Seal -55°C to 125°C ±15V ±IO% HY32H 
AD579ZJN 2.2Jls Polymer-Seal o to +70

o
C ±12V ±5% HY32H 

AD579ZKN 1.8Jls Polymer-Seal o to +70
o

C ±12V ±5% HY32H 
AD579ZTD 1.8Jls Hermetic-Seal -55°C to +125°C ±12V ±5% HY32H 

1 See Section 19 for package outline information. 
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SPECIFICATIONS. (typica'l @+25°C;±15V, and +5V power supplies unless otherwise noted) 
Model AD579JN AD579KN AD579TD 

RESOLUTioN 10 Bits 

ANALOG INPUTS 
Voltage Ranges 

Bipolar ±S.OV, ±10V 
Unipolar. o to +10V, 0 to +20V 

Input Impedance 
o to +10V, ±SV SkU (±20%) 
±10V, 0 to +20V 10kU (±20%) 

DIGITAL INPUTS 
Convert Command· lLS TTL Load 
Clock Input lLS TTL Load 

TRANSFER CHARACTERISTICS 
Gain Error2,3 ±O.l% FSR (±0.2S% FSR max) 
Unipolar Offset3 ±O.l % FSR (±0.2S% FSR max) 
Bipolar Offset3,4 ±0.1% FSR (±0.2S% FSR max) 
Linearity Error 

+2S
o

C ±1I2LSB max 

Tmin to Tmax ±3/4LSB max 

DIFFERENTIAL LINEARITY ERROR 
(Minimum resolution for which no 
missing codes are guaranteed) 

+2S
o
C 10 Bits 

Tmin to Tmax 10 Bits 

POWER SUPPLY SENSITIVITY 
+ISV ±10% 0.00S%I%6Vs max 
-ISV ±10% 0.00S%I%6Vs max 
+SV ±10% 0.001 %1%LWs max 
"Z" Versions 

+12V ±S% 0.007%1%6Vs max 
-12V ±S% 0.007%1%6Vs max 

TEMPERATURE COEFFICIENTS 
Gain ±2Sppm/C typ 

±4Oppm/ C max 
Unipolar Offset ±Sppm/oC typ 

±lSppm/oC max 
Bipolar Offset ±8ppm/C typ 

±20ppm/oC max 
Differential Linearity ±2ppm/oC typ 

CONVERSION TIMEs,6 (max) 2.21-1s 1.81-1s 
Conversion Time Tmin to Tmax 2.4l-1s 2.01-ls 

PARALLEL OUTPUTS 
Unipolar Code Binary 
Bipolar Code Offset Binary/Two's Complement 

• Output ~rive 2LSTTL Loads 

SERIAL OUTPUTS (NRZ FORMAT) 
Unipolar Code Binary/Complementary Binary 
Bipolar Code Offset Binary/Comp. Offset Binary 
Output Drive 2LSTTL Loads 

END OF CONVERSION (EOC) Logic "I" During Conversion 
Output Drive 8LSTTL Loads 

INTERNAL CLOCK? 
Output Drive 2LSTTL Loads 

INTERNAL REFERENCE 
Voltage 10.000 ±10mV typ 
Temperature: Coe:ffid~nt 15ppm/C 
External Current ±lmAmax 

POWER SUPPLY REQUIREMENTS 
Range for Rated Accuracy 4.75 to 5.25 and ±13.S to ±16.S 
Z Models8 4.75 to 5.25 and ±1l.4 to ±16.S 
Supply Current +lSV 3mA typo SmA max 

-ISV 22mA typo 3SmA max 
+SV 100m A typ, IS0mA max 

Power Dissipation 77SmW typ 

. TEMPERATURE RANGE 
Operating o to +70°C _SSoC to +12SoC 
Storage -55°C to +lS0°C 

NOTES' 
I Positive pulse 200ns wide (min) leading edge (0 to 1) resets outputs. Trailing edge • Each grade is specified at the conversion speed shown. See Figure 7 

for appropriate connections. initiates conversion. 
• With son, 1 % fixed resistor in place of gain adjust potentiometer. 
• Adjustable to zero. 
'With son, 1% resistor between Ref Out and Bipolar Offset (Pins 24 & 26). 
I Conversion time is dermed as the time between the falling edge of 
convert start and the falling edge of the EOC. 
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7 Externally adjustable by a resistor or capacitor. 
t For .. z" models order ADS79ZJN, ADS79ZKN or ADS79ZTD. 
·Specifications same as ADS79JN. 
··Specifications same as ADS79KN. 
Specifications subject to change without notice. 



THEORY OF OPERATION 
The AD579 is a complete 10-bit AID converter which requires 
no external cOll~ponents to provide the successive-approxi
mation analog-to-digital conversion function. A block diagram 
of the AD579 is shown in Figure 1. 

Figure 1. AD579 Functional Diagram and Pinout 

On receipt of a CONVERT START command, the AD579 
converts the voltage at its analog input into an equivalent 
bit binary number. This conversion is accomplished as follows: 
the 10-bit successive-approximation register (SAR) has its 
10-bit outputs connected both to the device bit output pins 
and to the corresponding bit inputs of the feedback DAC. 
The analog input is successively compared to the feedback 
DAC output, one bit at a time (MSB first, LSB last). The 
decision to keep or reject each bit is then made at the com
pletion of each bit comparison period, depending on the state 
of the comparator at that time. 

The temperature-compensated buried Zener reference pro
vides the primary voltage reference to the DAC and guaran
tees excellent stability with both time and temperature. The 
reference is trimmed to 10.00 volts ±0.1%; it is buffered and 
can supply up to LOrnA to an external load in addition to the 
current required to drive the reference input resistor (0.5mA) 
and bip olar offset resistor (lmA). The thin film application re
sistors are trimmed to match the full scale output current of 
the DAC. There are two 5kn input scaling resistors to allow 
either a 10 volt or 2.0 volt span. The 10kn bipolar offset re
sistor is grounded for unipolar operation or connected to the 
10 volt reference for bipolar operation. 

TIMING 
The timing diagram is shown in Figure 2. Receipt of a CON
VERT START signal sets the STATUS flag, indicating conve~
sion in progress. This, in tum, removes the inhibit applied to 
the gated clock, permitting it to run through 10 cycles. All 
SAR parallel bit and STATUS flip-flops are initialize~ on the 
leading edge, and the gated clock inhibit signal is removed on I 

the trailing edge of the CONVERT START signal. At time to, 
Bl is reset and B2 -BIO are set unconditionally. At'tl the 
Bit 1 decision is made (keep) and Bit 2 is unconditionally 
reset. At t2, the Bit 2 decision is made (keep) and Bit 3 is 
reset unconditionally. This sequence continues until Bit 10 
(LSB) decision (keep) is made at tw. After a 15ns delay 
period, the STATUS flag is reset, indicating that the cori
version is complete and that the parallel output data is 
valid. Resetting the STATUS flag restores the gated clock 
inhibit signal, forcing the clock output to Logic "0" state. 

CONVERT 
START 

GATED 
CLOCK 

EOC 

--l I-- 200n., min 

10 

1J 25n. 

-11--75n.: 
BIT 1 ~ I (MSB) 

-I III L 
BIT 2 ~ U 
BIT 3 WJ ~ ____________ ~r-
BIT 4 ~ U 
BIT 5 ~ .......... __________ r-
BIT 6 ~ U 
BIT 7 ~ ~ ___ ____Ir 
BIT 8 ~ U 
BIT 9 ~ U 
BIT 10 ~ U 
SERIAL ~ Bl i B21 B3 r;;1 B5 r;;;;l B7 i B8 ! B9 IB1O! 

_ I t.::J 0" t.::J DO t.:.:.J I I I 

CLOCK 
INTERNAL: CONNECT CLOCK OUT (18) TO CLOCK IN (19) 
EXTERNAL: CONNECT EXTERNAL CLOCK TO CLOCK IN (19) 

CLOCK SHOULD BE AT LEAST 30% DUTY CYCLE WITH 
MINIMUM PERIOD, TMIN OF lOOns, 

Figure 2. AD579 Timing Diagram 

Serial data does not change and is guaranteed valid on negative
going clock edges, therefore; serial data can be transferred 
quite simply by clocking it into a receiving shift register on 
these edges (see Figure 2). • 

Incorporation of this 15ns delay guarantees that the parallel 
(and serial) data are valid at the Logic" 1" to "0" transition 
of the STATUS flag, permitting parallel data transfer to be 
initiated by the trailing edge of the STATUS signal. 
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UNIPOLAR CALIBRATION 
The ADS79 is intended to have a nominal 1/2LSB offset so 
that the exact analog input for a given code will be in the mid
dle of that code (halfway between the transitions to the codes 
above and below it). Thus, when properly calibrated, the first 
transition (from 0000 0000 00 to 0000 0000 01) will occur 
for an input level of +1/2LSB (4.88mV for 10V range). 

applied as' for the unipolar ranges. Bipolar calibration is similar 
to unipolar calibration. First. a signal 1I2LSB above negative 
full scale (-4.99S7V for the ±SV range) is applied, and Rl is 
trimmed to give the first transition (0000 0000 00 to 
0000000001). Then, a signell 1/2LSB below positive 
full scale (+4.98S3V for the ±SV range) is applied and R2 
trimmed to give the last transition (1111 1111 10 to 
1111111111). If pin 26 is connected to pin 30, the unit will behave in this 

manner, within specifications. Refer to Table I and Figure 3 
. for further clarification. If the offset trim (Rl) is used, it 
should be trimmed as above, although a different offset can 
be set for a particular system requirement. This circuit will 
give approximately ±SOmVof offset trim range. 

The full scale trim is done by applying a signal 1 1/2LSB below 
the nominal full scale (9.98SV for a 10V range). Trim R2 to 
give the last transition (1111 111110 to 1111 1111 11). 

AD519 

r-
I I L ___________________ .J 

·SEE FIGURE7 

Figure 3. Unipolar Input Connections 

BIPOLAR OPERATION 
The connections for bipolar ranges are shown in Figure 4. 
Again, as for the unipolar ranges, if the offset and gain spec
ifications' are sufficient, the lOOn trimmer shown can be 
replaced by a SOn ±1 % fixed resistor. The analog input is 

AD519 

r-
I ... I 
L ____ ---- -------.; .. 'E.F~U_;~ 

Figure 4. Bipolar Input Connections 

Analog Input - Yolts 

ERROR SOURCES 
The analog continuum is partitioned into 210 discrete ranges 
for lO-bit conversion. All analog values within a given quan
tum are represented by the same digital code, usually assigned 
to the nominal midrange value. There is an inherent quantiza
tion uncertainty of ±1I2LSB, associated with the resolution, 
in addition to the actual conversion errors. 

The actual conversion errors that are associated with AID 
converters are combinations of analog errors due to the linear 
circuitry, matching and tracking properties of the ladder and 
scaling networks, reference error and power supply rejection. 

The matching and tracking errors in the ADS 79 have been mini
mized by the use of a monolithic DAC that includes the scaling 
network. The initial gain and offset errors are specified at ±0.1 % 
FSR typical. These errors may be trimmed to zero by the use 
of the external trim circuits as sh0wn in Figures 3 and 4. Lin
earity error is defined as the deviation from a true straight line 
transfer characteristic from a zero analog input which calls for 
a zero digital output to a point which is defined as full scale. 
The linearity error is unadjustable and is the most meaningful 
indication of AID converter accuracy. Differential nonlinearity 
is a measure of the deviation in staircase step width between 
codes from the ideal least significant bit step size (Figure 5). 

Monotonic behavior requires that the differential linearity 
error be less than 1 LSB, however a monotonic converter can 
having missing codes; the ADS79TD is specified as having no 
missing codes from -55°C to +12S

o
C and thus is monotonic. 

There are three types of drift error over temperature: offset, 
gain and linearity. Offset drift causes a shift of the transfer 
characteristic left or right over the operating temperature 
range. Gain drift causes a rotation of the transfer character
istic about the zero or minus full scale point. The worst case 
accuracy drift is the summation of all three drift errors over 
temperature. Statistically, however. the drift error behaves as 
the root-sum-squared (RSS) and can be shown as: 

RSS = ..jEG 2 + E02 + EL 2 

EG = Gain Drift Error (ppm/oC) 
EO = Offset Drift Error (ppm of FSR/ C) 
EL = Linearity Error (ppm of FSR/'C) 

Digital Output Code 
(Binary for Unipolar Ranges; 

(Center of Quantization Interval) Offset Binary for Bipolar Ranges) 

o to +10Y o to +20Y -5Y to +5Y -lOY to +10Y Bl B10 
Range Range Range Range (MSB) (LSB) 

+9.9902 +19.9804 +4.9902 +9.9804 1111111111 
+9.9804 +19.9609 +4.9804 +9.9609 1111111110 

+5.0097 +10.0195 +0.0097 +0.0195 1000000001 
+5.0000 +10.0000 +0.0000 +0.0000 1000000000 

+0.0097 +0.0195 -4.9902 -9.9804 0000000001 
+0.0000 +0.0000 -5.0000 -10.0000 0000000000 

Table I. Digital Output Codes vs. Analog Input for Unipolar and Bipolar Ranges 
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111 ... 111 

100 

000 

I 

~.lLSB 

Figure 5. Transfer Characteristic for an Ideal Bipolar AID 

LAYOUT CONSIDERATIONS 
Many data acquisition components have two or more ground 
pins which are not connected together within the device. These 
"grounds" are usually referred to as the Logic Power Return, 
Analog Common (Analog Power Return), and Analog Signal 
Ground. These grounds must be tied together at one point, 
usually at the system power-su pply ground. Ideally, a single 
solid ground would be desirable. However, since current flows 
through the ground wires and etch stripes of the circuit cards, 
and since these paths have resistance and inductance, hundreds 
of millivolts can be generated between the system ground point 
and the ground pin of the ADS79. Separate ground returns 
should be provided to minimize the current flow in the path 
from sensitive poiryts to the system ground point. In this way 
supply currents and logic-gate return currents are not summed 
into the same return path as analog signals where they would 
cause measurement errors. 

Each of the ADS79's supply terminals should be capacitively 
decoupled as close to the ADS79 as possible. A large value 
capacitor such as 10J.lF in parallel with a O.lJ.lF capaci
tor is usually sufficient. Analog supplies are bypassed to the 
Analog Power Return pin and the logic supply is bypassed to 

the Digital GND pin. 

Figure 6. Basic Grounding Practice 

To minimize noise the referl:nce output (Pin 24) should be 
decoupled by a 6.8J.lF capacitor to pin 30. 

CLOCK RATE CONTROL 
The internal clock is preset to a nominal conversion time of 
4.8J.ls. It can be adjusted for either faster or slower conver
sions. For faster conversion connect the appropriate 1% 
resistor between pin 17 and pin 18 and short pin 18 to pin 19. 

J GRADE 

2.21" 
CONVERSION 

RATE 
649n 

1% 

1.8!" 
CONVERSION 

RATE 
422n 

1% 

Figure 7. Clock Rate Control Connection 

Short Cycle Input - A Short Cycle Input, pin 14, permits the 
timing cycle shown in Figure 2 to be terminated after any 
number of desired bits has been converted, allowing some
what shorter conversion times in applications not requiring 
full lO-bit resolution. Short cycle pin connections and as
sociated maximum 10- and 8-bit conversion times are sum
marized in Table II. 

Resolution (Bits) 10 8 

Connect Pin 14 to Pin 2 4 

Conversion Speed (J.ls) 1.8 1. S 

Table II. Short Cycle Connections 

External Oock - An external clock may be connected directly 
to the clock input, pin 19. When operating in this mode ~he 
convert start should be held high for a minimum of one clock 
period in order to reset the SAR and synchronize the conver
sion cycle. 

External Buffer Amplifier - In applications where the ADS79 
is to be driven from high impedance sources or directly from 
an analog multiplexer a fast slewing, wideband op amp like 
the AD380 should be used. 

·Optional Differential Input Components Used to Reject 
Noise Between Input Ground and the AID Analog Ground. 

AD579 
10-81T 

AID 

Figure 8. Input Buffer 

SAMPLED DATA SYSTEMS 

DIGITAL 
OUTPUTS 

The conversion speed of the ADS79 allows accurate digiti
zation of high frequency signals and high throughput rates in 
multichannel data acquisition systems. The ADS79TD, for 
example, is capable of a full accuracy conversion in 1.8J.ls. In 
order to benefit from this high speed, a fast sample-hold 
amplifier (SHA) such as the HTC-0300 is required. This SHA 
has an acquisition time to 0.01 % of approximately 300ns, so 
that a complete sample-convert-acquire cycle can be accom
plished in approximately 2.SJ.ls. This means a sanlple rate of 
400kHz can be realized, allowing a signal with no frequency 
components above 200kHz to be sampled with no loss of in
fonnation. Note that the EOC signal from the ADS 79 places 
the SHA in the hold mode in advance of the actual start of 
the conversion cycle, and releases the SHA from the HOLD 
mode only after completion of the conversion. After allowing 
at least 300ns for the SHA to acquire the next analog value, 
the converter can again be started. 

CONVERT 
START 

f--200ns 

II 

EOC ___ ...I CONVERSION OF FIRST SAMPLE L..-";;";"";';';;;;';":=---' g~~~~~il~~ 

EOC IS ASSUMED TO BE TIED TO HOLD INPUT OF SHA 

NOTES: tSE = lOOn. 

Figure 9. StartlEOC Timing for Sampled Data System 
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ANALOG 
INPUT 

o TO -10V 

15 

Figure 10. 400kHz - 10-Bit, AID Conversion System 

ANALOG 
INPUT 

OTO 10V 

CONVERT 
START 

Figure 11. 154kHz - 10-Bit, AID Conversion System 

ANALOG 
INPUTS 

(16) 

DC POWER 

Figure 12. High Speed TO-Bit DAS 
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A fast (85kHz) lO~bit DAS can be configured using the AD362 
and the AD579: The AD362 contains two 8-channel multi
plexe~s, a differe~tial amplifier, a s'ample-and-hold with high
speed output amplifier, a channel address latch and control . 
logic. The multiplexers may be connected to the differential 
amplifier in either an 8-channel differential or 16-channel 
single-ended configuration. A feature of the AD362 is an 
internal user-controllable analog switch that connects the 
multiplexers in either a single-ended or differential mode. This 
allows a single device to perform in either mode without hard
wire programming and permits a mixture of single-ended and 
differential sources to be interfaced by dynamically switching 
the input mode control. 

~~~~:RTo-____________ ---' ~
680PF 8N7.:02 

1000pF 

4.9k 

Figure T3. High Speed-165kHz-10-Bit DAS 

A high speed lO-bit DAS with a throughput rate of 165kHz 
can be built around an AD579. The DAS of Figure 13 "Ping 
Pongs" two sample and hold amplifiers to eliminate the 
effects of the acquisition time of the sample and hold ampli
fiers. By applying sequential channel address the AO of the 
address enables one of the two multiplexers. The incorpora
tion of the flip-flops on the SHA mode controls and the 
switch address allows a new channel address to be latched in 
while a conversion is in progress. 
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FEATURES 
Complete 8-Bit Signal Conditioning AID Converter 

Including Instrumentation Amp, Reference, 
Comparator 

Full Microprocessor Bus Interface 
10fLS Conversion Speed 
Flexible Input Stage: Instrumentation Amp Front End 

Provides Differential Inputs and High Common-Mode 
Rejection 

No User Trims Required 
No Missing Codes Over Temperature 
Single + 5V Supply Operation 
Convenient Input Ranges 
Small 20-Pin Package 
Low Cost Monolithic Construction 

GENERAL DESCRIPTION 
The AD670 analog-to-digital converter is a complete 8-bit signal 
conditioning successive approximation analog-to-digital converter. 
It consists of an instrumentation amplifier front end along with 
a DAC, comparator, successive approximation register (SAR), 
precision voltage reference, and a three-state output buffer on a 
single monolithic chip. No external components or user trims 
are required to interface, with full accuracy, an analog system to 
an 8-bit data bus. The AD670 will operate off of the + 5V 
system supply. The input stage provides differential inputs with 
excellent common-mode rejection and allows direct interface to 
a variety of transducers. 

The device is configured with input scaling resistors to permit 
four input ranges: 0 to 2SSmV nmV/LSB) and 0 to 2.SSV 
(lOmV/LSB). The AD670 can be configured for both unipolar 
and bipolar inputs over these ranges. The voltage to current 
conversion on the input is completed by using the on-board 
instrumentation amplifier. The differential inputs and common
mode rejection of this front end are useful in applications such 
as amplification of transducer signals superimposed on common
mode voltages. 

The AD670 incorporates advanced circuit design and proven 
processing technology. The successive approximation function is 
implemented with J2L (integrated injection logic). Thin-film 
SiCr resistors provide the stability required to prevent missing 
codes over the entire operating temperature range while laser 
wafer trimming of the resistor ladder permits calibration of the 
device to within ± ILSB. Thus, no user trims for gain or offset 
are required. Conversion time of the device is lOfLS. 

Low Cost Signal 
Conditioning 8:-Bit ADC 

AD670 I 
AD670 FUNCTIONAL BLOCK DIAGRAM 

CE cs ItW FORMA,T BPQIOl'O 

The AD670 is available in two package types and five grades: • 
the AD670]N and AD670KN, in 20-pin plastic DIP packages 
are specified over 0 to + 70°C while the AD670AD and 
AD670BD ( ~ 25°C to + 85°C) are in 20-pin ceramic packages. 
A military grade designated as the AD670SD and specified over 
the - 5SoC to + 125°C temperature range is available in the 20-
pin ceramic package. 

PRODUCT HIGHLIGHTS 
I. The AD670 is a complete 8-bit AID including three-state 

outputs and microprocessor control for direct connection to 
8-bit data buses. No external components are required to 
perform a conversion. 

2. The flexible input stage features a differential instrumentation 
amp input with excellent common-mode rejection. This . 
allows direct interface to a variety of transducers without 
preamplification. 

3. No user trims are required for 8-bit accurate performance. 
4. Operation from a single + SV supply allows the AD670 to 

run off of the microprocessor's supply. 
5. Four convenient input ranges are available through internal 

scaling resistors: 0 to 25SmV (ImV/LSB) and 0 to 2.SSV 
(lOmV/LSB). 

6. Software control of the output mode is provided. The user 
can easily select unipolar or bipolar inputs and binary or 2's 
complement output codes. 
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SPECIFICATIONS (@ Vee = + 5V and + 250C unless otherwise noted) 

Model AD670j AD670K 
Min Typ Max Min Typ 

OPERATING TEMPERATURE RANGE 0 +70 0 

RESOLUTION 8 8 

CONVERSION TIME-T min to T mu 10 

RELATIVE ACCURACY 
TmintoTmu ±112 

DIFFERENTIAL LINEARITY ERROR 
TmintoTmu GUARANTEED NO MISSING CODES ALL GRADES 

FULL SCALE ACCURACY 
@ +2SOC 
TmintoTmu 

UNIPOLAR ZERO ERROR 
@+2SoC 
TmintoTm .. 

BIPOLAR ZERO ERROR I 
@ + 25°C 
TmintoTmu 

ANALOG INPUT RANGES 
AU Grades tlto+2SS 

-128to+127 
Oto+2.SS 
- 1.28 to + 1.27 

BIAS CURRENT (2SSmV RANGE) 
TuuntoTmu 200 

OFFSET CURRENT (2SSmV RANGE) 
TmintoTmu 20 

2.SSV RANGE INPUT RESISTANCE 8.0 

2.SSV RANGE FULL SCALE MATCH 
+ AND- INPUT :!: 112 

COMMON·MODERANGE(Vcc = 4.SV) 
2SSmVRANGE 

@ + 25°C -0.2 

TmintoTmu 0 

COMMON·MODE REJECTION 
RATIO (2SSmV RANGE) 

COMMON·MODEREJECTION 
RATIO (2.SSVRANGE) 

POWER SUPPLY 
Operating Range 4.5 
Currentlcc 30 
Rejection Ratio 

DIGITALOUTPUT(VotrT = 0.4V) 
SINK CURRENT 

@ +2SOC 1.6 
TmintoTmu 1.6 

SOURCE CURRENT (VOUT = 2.4V) 
@ +2SOC 0.5 
TmintoTmu 0.5 

THREE·STATE LEAKAGE CURRENT 

OUTPUT CAPACITANCE 5 

DIGITAL INPUT VOLTAGE 

VINL 

VIN" 
2.0 

INPUT CURRENT (0:sV1N:s + SV) 

IINL -100 

liN" 

INPUT CAPACITANCE 10 

NOTES 
'Refer to Figure 5 for characterization. 

Specifications subject to change without notice. 

Specifications sbown in boldface are tested on all production units at fmal electri· 
cal test. Results from those tests are used to calculate outgoing quality levels. All 
min and max specifications are guaranteed, although only those shown in 
boldface are tested on all production units. 
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±1.5 
:!:2.S 

±1.0 
:!:2.0 

±1.0 
:!:2.0 

Oto + 255 
-128to + 127 
Oto +2.55 
- 1.28 to + 1.27 

500 200 

100 20 

12.0 8.0 

:!: 112 

+1.4 -0.2 
+1.0 0 

1 

1 

5.5 4.5 
45 30 
0.015 

1.6 
1.6 

0.5 
0.5 

±40 

5 

0.8 
2.0 

-100 
+100 

10 

Max Units 

+70 °C 

Bit 

10 .... s 

±1/4 LSB 

±0.5 LSB 
:!:1.0 LSB 

±0.5 LSB 
:!:1.0 LSB 

±0.5 LSB 
:!: 1.0 LSB 

mV 
mV 
V 
V 

500 nA 

100 nA 

12.0 kO 

LSB 

+1.4 V 
+1.0 V 

1 LSB 

1 LSB 

5.5 V 
45 rnA 
0.015 % of FS/% 

rnA 
rnA 

rnA 
rnA 

±40 IlA , 
pF 

0.8 V 
V 

IlA 
+l1!9 IlA 

pF 



Model 

OPERATING TEMPERATURE RANGE 

RESOLUTION 

CONVERSION TIME- Tmia toTma. 

RELATIVE ACCURACY 
TmialoTma. 

DIFFERENTIAL LINEARITY ERROR 

TmialoT .... 

FULL SCALE ACCURACY 
@ + 25°C 
TmialoTmu 

UNIPOLAR ZERO ERROR 
@+25°C 
TminloTmu 

BIPOLAR ZERO ERROR I 
@+25°C 
TmialoTmu 

ANALOG INPUT RANGES 
AIl Gradcs 

BIAS CURRENT (255mV RANGE) 
TminloTmu 

OFFSET CURRENT (255mV RANGE) 
Tmia toT .... 

2.55V RANGE INPUT RESISTANCE 

2.55V RANGE FULL SCALE MATCH 
+ AND - INPUT 

COMMON-MODERANGE(Vcc = 4.5V) 
255mVRANGE 

@ +25OC 
TmiatoTmu 

COMMON-MODE REJECTION 
RATIO (255mV RANGE) 

COMMON-MODE REJECTION 
RA TIO(2.55VRANGE) 

POWER SUPPLY 
Operating Range 
Current Icc 
Rejection Ratio 

DIGITAL OUTPUT (VOUT = 0.4V) 
SINK CURRENT 

Tmin to Tmu 
SOURCECURRENT(VoUT = 2.4V) 

@ + 25°C 
Tmin to Tmu 

THREE-STATE LEAKAGE CURRENT 

OUTPUT CAPACITANCE 

DIGITAL INPUT VOLTAGE 

VINL 
VINH 

INPUT CURRENT (OsVINS + 5V) 

IINL 
IINH 

INPUT CAPACITANCE 

NOTES 
I Refer to Figure 5 for characterization. 
Specifications subject to change without notice. 

AD670A 
Min Typ 

-25 

8 

010+255 
-128to+127 
010+2.55 
- 1.28 to + 1.27 

200 

20 

8.0 

±112 

-0.2 
0 

4.5 
30 

1.6 
1.6 

0.5 
0.5 

5 

2.0 

-100 

10 

Specifications shown in boldface are tested on all production units at fmal electri
cal test. Results from those tests are used to calculate outgoing quality levels. All 
min and max specifications are guaranteed, although only those shown in 
boldface are tested on all production units. 

AD670B AD670S 
Mas Min Typ Max Min Typ Mas Units 

+85 -25 +85 -55 + 125 OC 

8 8 Bil 

10 10 10 11-' 

:t112 :tl/4 :t1l4 :t112 LSB 

GUARANTEED NO MISSING CODES ALL GRADES 

:tl.5 :to.5 :to.5 LSB 
:t2.5 :tl.0 :t2.0 LSB 

:t1.0 :to.5 :to.5 LSB 
:t2.0 :tl.0 :t1.0 LSB 

±1.0 :to.5 :to.5 LSB 
:t2.0 :t1.0 :t1.0 LSB 

o to +255 Oto +255 mV 
-12810 +127 - 128 to + 127 mV 
010 +2.55 010+2.55 V 
- 1.28 to + 1.27 - 1.28 to + 1.27 V 

500 200 500 200 500 nA 

100 20 100 20 ., 100 nA 

12.0 8.0 12.0 8.0 12.0 ill II 
±112 ±1I2 LSB 

.+1.4 -0.2 +1.4 -0.2 +1.4 V 
+1.0 0 +1.0 0 +1.0 V 

1 I 1 LSB 

1 I 1 LSB 

5.5 4.5 5.5 4.5 5.5 V 
45 30 45 30 45 mA 
0.015 0.015 0.015 %ofFS 1% 

1.6 1.6 mA 
1.6 1.6 mA 

0.5 0.5 mA 
0.5 0.5 mA 

:t4O :t4O :t4O .,.A 

5 5 pF 

0.8 0.8 0.7 V 
2.0 2.0 V 

-100 -100 .,.A 
+100 +100 +100 .,.A 

10 10 pF 
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CE Cs RJW FORMAT BPO/GPO 

12L 
DELAY LINE 

POWER GROUND + Vee 

EDC 

THREE 
STATE 

OUTPUT 
BUFFER 

Figure 1a. AD670 Block Diagram 

ABSOLUTE MAXIMUM RATINGS 

DB7 
8 (MSB) 

DBO 
(LSS) 

Vee to Ground ................. OV to +7.SV 
Digital Inputs (Pins 11-1S) ....... -O.SV to Vee +O.SV 
Digital Outputs (Pins 1-9) . Momentary Short to Vee or Ground 

AD670 8-BIT ADC 

LSB (DBO) 

POWER GROUND 

20-PIN DIP 

+ Vee (4.SV TO S.SV) 

+VON LOW 

+ VON HIGH 

-VON LOW 

-VON HIGH 

CE 

Cs 

RJW 
FORMAT 
(2'S COMPLEMENT/STRAIGHT BINARY) 

Figure 1b. AD670 Pin Connections 

Analog Inputs (Pins 16-19) . 
Power Dissipation . . . . . . 
Storage Temperature Range. 
Lead Temperature (Soldering, 10 Seconds) 

-30V to+30V 
.... 4S0mW 

- 6SoC to + IS0°C 
..... +300°C 

AD670 ORDERING GUIDE 

Model 

AD670JN 
AD670KN 
AD670AD 
AD670BD 
AD670SD 

Temperature 
Range 

Relative Accuracy 
Max (T min to T maJ 

Full Scale Accuracy 
(T min to T maJ 

Package! 
Type 

Oto + 70°C 
Oto+70°C 
- 2SoC to + 8SoC 
-2S0Cto +8SoC 
- SsoC to + 12SoC 

I See Section 19 for package outline information. 

± 1I2LSB 
± 1I4LSB 
± 1I2LSB 
± 1I4LSB 
± 1I2LSB 

CIRCUIT OPERATIONIFUNCTIONAL DESCRIPTION 
The AD670 is a functionally complete 8-bit signal conditioning 
AID converter with microprocessor compatibility. A block 
diagram and pin out are shown in Figures la. and lb. The 
input section uses an instrumentation amplifier to accomplish 
the voltage to current conversion. This front end provides a 
high impedance, low bias current differential amplifier. The 
ground inclusive common-mode range allows the user to' directly 
interface the rl.evice to a variety of transducers. 

The AID is signaled to begin a conversion using the three input 
signals, R/W, CS, and CEo The R!W line directs the converter 
to read or start a conversion. A minimum write/start pulse of 
300ns is required on either CE or CS. The conversion thus 
begun, the internal 8-bit DAC is sequenced from MSB to LSB 
using a novel successive approximation technique. In conventional 
designs, the DAC is stepped through the bits by a clock. This 
can be thought of as a static design since the speed at which the 
DAC is sequenced is determined solely by the clock. No clock 
is used in the AD670. Instead, a "dynamic SAR" is created 
consisting of a string of inverters with taps along the delay line. 
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±2.SLSB 
± 1.0LSB 
±2.SLSB 
± 1.0LSB 
±2.0LSB 

Plastic DIP (N20A) 
Plastic DIP (N20A) 
Ceramic DIP (D20A) 
Ceramic DIP (D20A) 
Ceramic DIP (D20A) 

Sections of the delay line between taps act as one shots. The 
pulses are used to set and reset the DAC's bits and strobe the 
comparator. When strobed, the comparator then determines 
whether the addition of each successively weighted bit current· 
causes the DAC current sum to be greater or less than the input 
current. If the sum is less, the bit is turned off. After all bits 
are tested, the SAR holds an 8-bit code representing the input 
signal to within 1I2LSB accuracy. Ease of implementation and 
reduced dependence on process related variables make this an 
attractive approach to a successive approximation design. 

The SAR provides an end-of-conversion signal to the control 
logic which then brings the STATUS line low. Data outputs 
remain in a high impedance state until edge-triggered by a 
signal sent to the R!W line; R!W is then brought high with CE 
and CS low and allows the converter to be read. Bringing CE or 
CS high during the valid data period ends the read cycle. The 
output buffers cannot be enabled during a conversion. Any 
convert start commands will be ignored until the conversion 
cycle is completed; once a conversion cycle has been started it 
cannot be stopped or restarted. 



The AD670 provides the user with a great deal of flexibility by 
offering two input spans and formats and a choice of output 
codes. Input format and input range can each be selected. The 
BPOIUPO pin controls a switch which injects a bipolar offset 
current of a value equal to the MSB less 1I2LSB into the 
summing node of the comparator to offset the DAC output. 
Two precision 10 to I attenuators are included on board to 
provide input range selection of 0 to 2.SSV or 0 to 2SSmV. 
Additional ranges of -1.28 to 1.27V and -128 to 127mV are 
possible if the BPOIUPO switch is high when the conversion is 
started. Finally, output coding can be chosen using the FORMAT 
pin when the conversion is staned. In the bipolar mode and a . 
logic I on FORMAT, the output is in two's complement; with a 
logic 0, the output is offset binary. 

CONNECTING THE AD670 
The AD670 has been designed for ease of use. All active 
components required to perform a complete AID conversion are 
on board and are connected internally. In addition, all calibration 
trims are performed at the factory assuring specified accuracy 
without user trims. There are, however, a number of options 
and connections that should be considered to obtain maximum 
flexibility from the pan. 

Standard connections are shown in the figures that follow. An 
input range of 0 to 2.SSV may be configured as shown in Figure 
2a. This will provide a one LSB change for each 10mV of input 
change. The input range of 0 to 2SSmV is configured as shown 
in Figure 2b. In this case, each LSB represents ImV of input 
change. As in Figure 2, when unipolar input signals are used, 
Pin 11, BPOIUPO, should be grounded. Pin 11 selects the 
input format for either unipolar or bipolar signals. Figures 3a 
and 3b show the input connections for bipolar signals. Pin II 
should be tied to + Vee for bipolar inputs. 

2a. 0 to 2.55V (10mV/LSB) 

2b. 0 to 255m V (1mV/LSB) 

NOTE: PIN 11. BPO/UPO SHOULD BE HIGH WHEN 
CONVERSION IS STARTED. 

Figure 2. Unipolar Input Connections 

3a. :!: 1.28V Range 

3b. :!: 128m V Range 
NOTE: PIN 11. BPO/UPO SHOULD BE LOWWHEN 

CONVERSION IS STARTED. 

Figure 3. Bipolar Input Connections 

Although the instrumentation amplifier has a differential input, 
there must be a return path to ground for the bias currents. If it 
is not provided, those currents will charge stray capacitances 
and cause .the output to drift uncontrollably or saturate. Such a 
return path is provided in Figures 2a and 3a (the larger input 
ranges) since the Ik register leg is tied to ground. This is not 
the case for Figures 2b and 3b (the lower input ranges). 
Therefore, when amplifying outputs of floating sources, such as 
transformers and ac-coupled sources, there must still be a dc 
path from each input to common. 

Input/Output Options 
Data output coding (2's complement vs~ straight binary) is 
selected using the FORMAT pin. The selection of input format 
(bipolar vs. unipolar) is controlled using Pin 11, BPOIUPO. 
Prior to a write/conven, the state of FORMAT and BPO/UPO 
should be available to the convener. These lines may be tied to 
the data bus and may be changed with each conversion if 
desired. BPOIUPO controls the bipolar offset currerit. A logic 0 
on this input sets up the AD670 for a unipolar input range and 
a logic I sets up the bipolar range. These choices are shown in 
Table I. 

BPOIUPO FORMAT INPUT FORMAT/OUTPUT CODE 

o 
I 
o 
I 

o 
o 
I 
I 

Unipolar/Straight Binary 
Bipolar/Offset Binary 
Unipolar/2's Complement 
Bipolar/2's Complement 

Table I. AD670 Input Selection/Output Format Truth Table 

An output signal , STATUS, indicates the status of the conversion. 
STATUS goes high at the beginning of the conversion and 
returns low when the conversion cycle has been completed. 
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Output coding can be selected for the AD670 by using Pin 12, 
the FORMAT pin. Holding FORMAT high when starting a 
conversion will give a 2's complement output. Holding FORMAT 
low will give an offset binary output. Coding for each of these 
outputs is shown in Figures 4a and 4b. 

DIFF STRAIGHT BINARY 
+VIN -VIN Y'N (FORMAT = 0, BPOIUPO = 0) 
0 0 0 0000 0000 
128mV 0 128mV 1000 0000 
255m V 0 255m V 11111111 
255mV 255mV 0 0000 0000 
128mV 127mV lmV 0000 0001 

Figure 4a. Unipolar Output Codes 

DIFF OFFSET BINARY 2'. COMPLEMENT _ 
+VIN -VIN Y'N (FORMAT = 0, BPOIUPO = 1 (FORMAT = 1. BPOIUPO = 1 
0 0 0 1000 0000 0000 0000 
128mV 0 128mV 11111111 0111 1111 
255mV 127mV 128mV 11111111 .0111 1111 
255m V 255m V 0 1000 0000 0000 0000 
128mV 127mV lmV 1000 0001 0000 0001 
127mV 128mV -lmV 0111 1111 11111111 
127mV 255mV -128mV 0000 0000 1000 0000 

Figure 4b. Bipolar Output Codes 

Calibration 
Because of its precise factory calibration, the AD670 is intended 
to be operated without user trims for gain and offset; therefore, 
no provisions have been made for such user-trims. Figures Sa, 
Sb, and Sc show the transfer curves at zero and full scale for the 
unipolar and bipolar modes. The code transitions are positioned 
so that the desired value is centered at that code. The first LSB 
transition for the unipolar mode occurs for an input of + 1I2LSB 
(SmV or O.SmV). Similarly, the MSB transition for the bipolar 
mode is set at -l/2LSB (- SmV or - O.SmV). The full scale 
transition is located at the full scale value -1 1I2LSB. These 
values are 2.545V and 2S4.SmV. 

OUTPUT 
CODES 

I , ...... '" 
(0000 0010) 

I 
(0000 0001) 

(0000 0000) 

OV 

LSB TRANSITION AT + 112LSB 

a. Unipolar Offset 

b. Bipolar Offset 

(0255V) 
2.550V 

(1111 1111) 

ANALOG INPUT 

ANALOG !!'JPUT 

FS TRANSITION AT 2.545V (0.2545V) 

c. Full Scale 

Figure 5. Transfer Curves 
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CONTROL AND TIMING OF THE AD670 
.Control Logic 
The AD670 contains on-chip logic to provide conversion initiation 
and data read operations from signals commonly avillable in 
microprocessor systems. Figure 6 shows the intemallogic circuitry 
of the AD670. The control signals, CE, CS, and RiW control 
the operation of the converter. The read or write function is 
determined by RiW when both CS and CS are low as shown in 
Table II. If all three control inputs are held low longer than the 
conversion time, the device will continuously convert until one 
input, CE, CS, or RiW is brought high. The relative timing of 
these signals is discussed later in this section. 

B~IUPO[]----------------------------~ 

FORMAT 

STATUS 

RiW 
o 
1 
X 
X 

Timing 

TO CONTROL 
LOGIC 

TRI-STA TE ENABLE 
TO OUTPUT BUFFER 

HIGH = THREE-STATE 

}------------- MASTER RESET 

NORMALLY HIGH 1---------- (LOW DURING 

STATUS OUTPUT 
BUFFER 

CONVERSIONI 

Figure 6. Control Logic Block Diagram 

CS 

o 
o 
X 

CE 

o 
o 
1 
X 

OPERATION 

WRITE/CONVERT 
READ 
NONE 
NONE 

Table II. AD670 Control Signal Truth Table 

The AD670 is easily interfaced to a variety of microprocessors 
and other digital systems. Discussion of the timing requirements 
of the AD670 control signals will provide the designer with 
useful insight into the operation of the device. 

Write/Convert Start Cycle 
Figure 7 shows a complete timing diagram for the write/convert 
start cycle. CS (chip select) and CE (chip enable) are active low 
and are interchangeable signals. Both CS and CE must be low 
for the converter to read or start a conversion. The minimum 
pulse width, tw, on either CS or CE is 300ns to start a 
conversion. 

I I 

~ RIW 

~ 
_ ---,!-tw-¥--
CE L-J.tnN 

I :;Jt~ 
FORMAT i ~i' 
BPO!uPO~ 

Iii to. r-- I 

------~I6::~~--~~~ toe ==-=;:j I 

STATUS 

Figure 7. Write/Convert Start Timing 



The RiW line is used to direct the converter to start a conversion 
(RiW low) or read data (RiW high). The relative sequencing of 
the three control signals (RIW, CE, CS) is unimportant. However, 
when all three signals remain low for at least 300ns (tw), STATUS 
will go high to signal that a conversion is taking place. 

Once a conversion is staned and the STATUS line goes high, 
convert start commands will be ignored until the conversion 
cycle is complete. The output data buffer cannot be enabled 
during a conversion. 

Figure 8. Read Cycle Timing 

Read Cycle 
Figure 8 shows the timing for the data read operation. The data 
outputs are in a high impedance state until a read cycle is initiated. 
To begin the read cycle, RIW is brought high. During a read 
cycle, the minimum pulse length for CE and CS is a function of 
the length of time required for the output data to be valid. The 
data becomes valid and is available to the data bus in a maximum 
of 250ns. This delay between the high impedance state and 
valid data is the maximum bus access time or tTO' Bringing CE 
or CS high during valid data ends the read cycle. The outputs 
remain valid for a minimum of IOns (to~ and return to the 
high impedance state after a delay, ton of 150ns maximum. 

STAND-ALONE OPERATION 
The AD670 can be used in a "stand-alone" mode, which is 
useful in systems with dedicated input pons available. Two 
typical conditions are described and illustrated by the timing 
diagrams which follow. 

Single Conversion, Single Read 
When the AD670 is used in a stand-alone mode, CS and CE 
should be tied together. Conversion will be initiated by bringing 

RIW low. Within 700ns, a conversion will begin. The RIW 
pulse should be brought high again once the conversion has 
staned so that the data will be valid upon completion of the 
conversion. Data will remain valid until CE and CS are brought 
high to indicate the end of the read cycle. The timing diagram 
is shown in Figure 9. 

I----WRITE_a""'I_. --REAO-----l 

RiW ----::::1. L : 
-~ I I 

:: ~ 
CE.CS I I I 
(LOW) I_WRITE_~REAO~ 

I, I I 

STATUS~tDC ~. II 
I I ' I 
I I---~---l I 1 I 

DATA~ ! K?m~~1§~---. 
itTOI-- --l tOT I--

Figure 9. Stand-Alone Mode Single Conversion/ 
Single Read 

Continuous Conversion, Single Read 
A variety of applications may call for the ND to be read after 
several conversions. In process control systems, this is often the 
case where a reading from a sensor may only need to be updated 
every few conversions. Figure 10 shows the timing relation
ships. 

Once again, CE and CS should be tied together. Conversion will 
begin when the RIW signal is brought low. The device will 
convert repeatedly as indicated by the status line. A final conversion 

AD670 TIMING SPECIFICATIONS 
(Guaranteed Over the Full Operating Temperature Range, Unless Otherwise Noted) 

Boldface indicates parameters tested 100% - See note on Specifications page. 

Symbol Parameter Min Typ Max Units 

WRITE/CONVERT START MODE 

tw Write/Start Pulse Width 300 ns 
tos Input Data Setup Time 200 ns 
tOH Input Data Hold 10 ns 
tRWC ReadlWrite Setup Before Control 0 ns 
toe Delay to Convert Start 700 ns 
tc Conversion Time 10 J..Ls 

READ MODE 

tso Delay from Status Low to Data Read 0 250 ns 
ho Bus Access Time 200 250 ns 
tOH Data Hold Time 25 ns 
tOT Output Float Delay 150 ns 
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will take place once the RiW line has been brought high.' Th~ 
rising edge of RiW must occur while STAtUS ishigh~ 'RiW' 
should not return high while STATUS is low since the circUit is 
in a reset state prior to the next conversion. Since the rising '. 
edge of R!W must occur while STATUS is high; RiW's length 
must be high per a minimum of 10.2511S etc + tTD); Data becomes 
valid upon completion of the conversion and will remain so 
until the CE and CS lines are brought high indicating the end of 
the read cycle or RiW goes high initiating a new series of con
versions. 

R~ --1 i rt---"I 
~.--------------~\~; ~ 

CS. CE;;;\ I . I I' I 
(TIE TOGETHER) \ I I I 1L 

: II I,' I I 
I WRITE.oe WRITE.oe WRITE ~.oc~READ-:I .• 

STATUS 'oc..j ~'~~'DC~ Ll-te~. II-'OH 
IOUTI~tc-t.J-tc~tc~ I I 

DATA I I j :~">7'7'ST~7"l~""D;%-"T7'\ 
-114-

Figure 10. Stand-Alone Mode Continuous Conversion/ 
Single Read 

APPLYING THE AD670 
The AD670 has been designed for ease of use, system compatibility, 
and minimization of external components. Transducer interfaces 
generally require signal conditioning and preamplification before 
the signal can be converted. The AD670 will reduce and even 
eliminate this excess circuitry in many cases. To illustrate the 
flexibility and superior solution that the AD670 can bring to a 
transducer interface problem, the following discussions are 
offered. . 

Temperature Measurements 
Temperature transducers are one of the most common sources 
of analog signals in data acquisition systems. These sensors 
require circuitry for excitation' and preamplificationlbuffering. 
The instrumentation amplifier input of the AD670 eliminates 
the need for this signal conditioning. The output signals from 
temperature transducers are generally sufficiently slow that a 
sample/hold amplifier is not required. Figure 11 shows the 
AD590 IC temperature transducer interfaced to the AD670. 
The AD580 voltage reference is used to offset the input for O°C 
calibration. The current output of the AD590 is converted into 
a voltage by Rl. The high impedance unbuffered voltage is 
applied directly to the AD670 configured in the -128mV to 
127mV bipolar range. The digital output will have a resolution 
of 1°C. 

§:5~--

-t-Vs 
(SV) 

~ ~':- _4>-----4--------__......-1 

loan 
SPAN 
TRiM 

950U 

1.02k 273.2mV 

~ 

AD670 DIGITAL OUTPUT 
BIPOLAR ±127'C 

MODE 1'C RESOLUTION 

Figure 11. AD670 Temperature Transducerlnterface 
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Platinum RTDs are. also a popular, temperature transducer. 
.. Typical RTDs have a resistance of 1000 at O°C and change 
.. resistance of,O.4,O per °e. If a constant excitation current is 

caused to flow in the RTD, the change in voltage drop will be a 
measure of the change in temperature. Figure 12 shows such a 
method and the required connections to the AD670. The 
AD580 2.5V reference provides the accurate voltage for the 
excitation current and range offsetting for the RTD. The op
amp is configured to force a constant 2.5mA current through 
the RTD. The differential inputs of the AD670 measure the 
difference between a fixed offset voltage and the temperature 
dependent output of the op-amp which varies with the resistance 
of the RTD. The RTD change of approximately O.4nt°e results 
in a ImV/oe voltage change. With the AD670 in the ImV/LSB 
range, temperatures from 0 to 255°C can be measured. 

PLATINUM RTD 
10011 ea O'C 

·,0.4111"C 

250l! 

2.5mA 

+5V 

AD670 

VA" 2.5V 

65011 

loon 
OFFSET 
ADJUST 

25011 
SPAN 

ADJUST 

2.SmA 

+5V 

lmVI"C 
DIGITAL OUTPUT 

o to 2SS'C 
IOC RESOLUTION 

Figure 12. Low Cost RTD Interface 

Differential temperature measurements can be made using an 
AD590 connected to each of the inputs as shown in Figure 13. 

f These configurations will allow the user to measure the relative 
temperature difference between two points with a 1°C or 119°C 
resolution. Although the internal Ik and 9k resistors on the 
inputs have ::!: 20% tolerance, trimming the AD590 is unnecessary 
as most differential temperature applications are concerned with 
the relative differences between the two. 

However the user may see up to a 20% scale factor error in the 
differential temperature to digital output transfer curve: 

This scale factor error correction can be accomplished through 
software correction. Offset corrections can be made by adjusting 
for any difference that results when both sensors are held at the 
same temperature. A span adjustment can then be made by 
immersing one AD590 in an ice bath and one in boiling water 
and eliminating any deviation from 100°C. For a low cost 
version of this setup, me piastic ADS92 can be substituted for 
the AD590. 

+9V OR GREATER 

AD670 

DIGITAL OUTPUT = 
~T ±127"C 

l'e RESOLUTION 
( ± 20% OF ABSOLUTE ERROR) 

Figure 13a. Differential Temperature Measurement Using 
the AD590 



AD670 DIGITAL OUTPUT = 
.loT 9mVrC lLSB - lmV 

1/9'C RESOLUTION 

Figure 13b. Differential Temperature Measurement Using 
theAD590 

STRAIN GAUGE MEASUREMENTS 
Many semiconductor-type strain gauges, pressure transducers, 
and load cells may also be connected directly to the AD670. 
These types of transducers typically produce 30 millivolts full
scale per volt of excitation. In the circuit shown in Figure 14, 
the AD670 is connected directly to a Data Instruments model 
JP-20 load cell. The ADS84 programmable voltage reference is 
used along with an AD741 op-amp to provide the ± 2.SV 
excitation for the load cell. The output of the transducer will be 
± IS0mV for a force of ±20 pounds. The AD670 is configured 
for the ± 128 millivolt range. The resolution is then approximafely 
2.1 ounces per LSB over a range of ± 17 pounds. Scaling to 
exactly 2 ounces per LSB can be accomplished by trimming the 
reference voltage which excites the load cell. 

Figure 14. AD670 Load Cell Interface 

INTERFACING THE AD670 TO MICROPROCESSOR 
DATA BUSES 
The control logic of the AD670 allows it to be interfaced with 
many popular microcomputers and microprocessors with few or 
no additional components. For example Figure IS shows how 
the AD670 can be interfaced to an APPLE II microcomputer. 

The DEVICE SELECT signal available on the APPLE's 
peripheral connector can serve as the CS for the AD670. The 
C~ line can be connected to the APPLE's phase 1 clock, and 
RlWcan be connected directly to the APPLE's R!W line. The 
BPOIUPO and FORMAT controls can be latched into the 
AD670 from the data bus. 
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COl 
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~ 
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CS 
DEVICE 41 15 _ 
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vRMi 
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Riiiii 
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+ Vee 

/ GND 
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GND I 

Figure 15. APPLE II Interface 

The program shown in Figure 16 is used in interfacing the 
AD670 to the JP-20 load.cell. The load cell output is ± IS0mV 
for ± 20 pounds and a ± 2.SV input to the AD670. This routine 
determines the weight of the object, averages 100 readings and 
provides an answer in pounds. The AD670 is interfaced to an 
APPLE II computer as in Figure IS. 

I PRlI I: PRINT CHRS (9); "~ZN": LIST : PRlI 
1/1: END: REM HARDCOPY OF LIST 

REM PROGRAM IN APPLESoFT TO I NTER-
REM FACE AD67111 8-BIT ADC TO DATA 
REM INSTRUMENTS MDDEL JP-ZI/I LOAD 
REM CELL WHICH HAS +/-I~III MV 
REM OUTPUT FOR +I-ZIII POUNDS AND 
REM +1-2. ~ VOLT INF·UT. 

1111 PRINT: PRINT : PRINT : PRINT 
2121 PRINT "TARE (T) OR WEIGH (W)" "; 
3121 INPUT AS 
41/1 IF AS ~ > "T" THEN GoTo 1111121 
5121 PRINT: PRINT "CLEAR SCALE NOW" 
61/1 FOR I • I TO 11/11/11/1: NEXT I 
71/1 TARE = W 
81/1 PRINT "TARE IS ";TARE;" POUNDS" 
9121 PRINT: PRINT : PRINT 
9~ ,GoTo 2121 
11/11/1 REM ACTUAL WEIGHT ROUTINE 
11215 PRINT "PUT THE OBJECT ON THE SCALE." 
I HI GoSUB 67111 
IZI/I NETWT = W - TARE 
125 PRINT: PRINT : PRINT : PRINT 
131/1 PRINT "NET WEIGHT IS "'NTWT;" POUNDS." 
141/1 PRINT: PRINT: PRINT 
I~I/I GO TO 11111 
67111 REM THIS ROUTINE INTERFACES THE 
671 REM AD670 TO THE APPLE AND 
672 REM AVERAGES 1111111 READINGS, THEN 
673 REM CONVERTS THE ANSWER TO POUNDS. 
675 W a 1/1 
681'1 FOR I - I TO 1 I'll" 
681 PoVE 4936121,2 REM THE '2' SETS THE 
682 REM AD6711' FOR OFFSET 
6B3 REM BINARY OPERATION 
684 REM AND BIPOLAR INPUT 
69111 X = PEEK (49361/1) REM TO READ OUTPUT 
691 REM AFTER CONVERSION 
695 X = X - 128 
71211/1 X = (X / 15121) * 2121 
711/1 W = W + X 
72121 NEXT I 
731/1 W = INT (W / 1121) + 121.~) 

74111 W = W / 1121 
7~121 RETURN 
1111111111 END 

Figure 16. APPLE II Software for AD670 Interface 
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NANALOG 
WDEVICES 

Fast, Complete, a-Bit AID Converter 
with Microprocessor Interface 

FEATURES 
Complete 8-Bit AID Converter with Reference, Clock 

and Comparator 
Full 8- or 16-Bit Microprocessor Bus Interface 
Fast Successive Approximation Conversion - 20 .... s 
No Missing Codes Over Temperature 
Operates on +5V and -12V to -15V Supplies 
Low Cost Monolithic Construction 

PRODUCT DESCRIPTION 
The AD673 is a complete 8-bit successive approximation analog-to
digital converter consisting of a DAC, voltage reference, clock, 
comparator, successive approximation register (SAR) and 3 state 
output buffers-all fabricated on a single chip. No external com~ 
ponents are required to perform a full accuracy 8-bit conversion 
in 20,""s. 

The AD673 incorporates the most advanced integrated circuit 
design and processing technology available today. The successive 
approximation function is implemented with I2L (integrated 
injection logic). Laser trimming of the high stability SiCr thin 
film resistor ladder network at the wafer stage (L WT) insures 
high accuracy, which is maintained with a temperature compen
sated sub-surface Zener reference. 

Operating on supplies of + SV and -12V to - lSV, the AD673 
will accept analog inputs of 0 to + IOV or - SV to + SV. The 
trailing edge of a positive pulse on the CONVERT line initiates 
the 20,""s conversion cycle. DATA READY indicates completion 
of the conversion. 

The AD673 is available in two versions. The AD673J as specified 
over the 0 to + 70°C temperature range and the AD673S guarantees 
± Y2LSB relative accuracy and no missing codes from - 55°C to 
+ 125°C. 

Two package configurations are offered. All versions are also 
offered in a 20-pin hermetically sealed ceramic DIP. The AD673J 
is also available in a 20-pin plastic DIP. 

*Protected by U.S. Patent Nos. 3,940,760; 4,213,806; 4,136,349; 
4,400,689; and 4,400,690 

AD673* I 
AD673 FUNCTIONAL BLOCK DIAGRAM 

ANALOG 
COMMON 

BIPOLAR 
OFfSET -

CONTROL 

DIGITAL 
COMMON 

~~~-t=================-__ A_D6_73 ____ -l 

DATA 
ENABLE 

PRODUCT HIGHLIGHTS III 
1. The AD673 is a complete 8-bit AID converter. No external 

components are required to perform a conversion. 

2. The AD673 interfaces to many popular microprocessors 
without external buffers or peripheral interface adapters. 

3. The device offers true 8-bit accuracy and exhibits no missing 
codes over its entire operating temperature range. 

4. The AD673 adapts to either unipolar (0 to + IOV) or bipolar 
( - SV to + SV) analog inputs by simply grounding or opening 
a single pin. 

5. Performance is guaranteed with + SV and - 12V or -lSV 
supplies. 
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SPECIFICATIONS (TA = 25OC, V + = + 5V, V - = -12V or -l5V, all voltages measured with respect to digital common, 
unless otherwise indicated) 

AD673J AD673S 

Model Min Typ Max Min Typ Max 

RESOLUTION 8 8 

RELATIVE ACCURACY, 1 ±112 ±112 
TA=TmintoTmu ±112 ±112 

FULL SCALE CALlBRA TION2 :t2 ±2 

UNIPOLAR OFFSET ±112 ±112 

BIPOLAR OFFSET ±112 ±112 

DIFFERENTIAL NONLINEARITY, 3 8 8 

TA= Tminto Tmu 8 8 

TEMPERATURE RANGE 0 +70 -55 +125 

TEMPERATURE COEFFICIENTS 
Unipolar Offset ±1 ±1 
Bipolar Offset ±1 ±1 
Full Scale Calibration2 ±2 ±2 

POWER SUPPLY REJECTION 
Positive Supply 

+4.5,,;V +,,; + 5.5V ±1 ±2 
Negative Supply 

- IS. 75V,,;V -,,; -14.25V ±I ±2 
-12.6V,,;V -,,; - 11.4V ±I ±2 

ANALOG INPUT IMPEDANCE 3.0 5.0 7.0 3.0 5.0 7.0 

ANALOG INPUT RANGES 
Unipolar 0 +10 0 +10 

"Bipolar -5 +5 -5 +5 

OUTPUT CODING 
Unipolar Positive True Binary Positive True Binary 

Bipolar Positive True Offset Binary Positive True Offset Binary 

LOGIC OUTPUT 
Output Sink Current 

(VouT=0.4V max, T min toT maJ 3.2 3.2 

Output Source Current4 

(V OUT = 2.4 V max, T min to T maJ 0.5 0.5 

Output Leakage ±<W 

LOGIC INPUTS 
Input Current ±IOO 
Logic "1" 2.0 2.0 
Logic "0" 0.8 

CONVERSION TIME, T A and 

TmintoTmu 10 20 30 10 20 

POWER SUPPLY 
V+ +4.5 +5.0 +7.0 +4.5 +5.0 
V- +11.4 -IS -16.5 -11.4 -15 

OPERATING CURRENT 

V+ IS 25 IS 
V- 9 IS 9 

PACKAGES 

Ceramic DIP Ol0A Ol0A 

Plastic DIP N20A 

NOTES 
'Relative accuracy. is defmed as the deviation of the code transition points from theidcal transfer point on a 
straight line from the zero to the full scale of the device. 

2Full scale calibration is guaranteed trimmable to zero with an external 500 potentiometer in place of the 150 
fIXed resistor. 
Full scale is defmed as 10 volts minus ILSB, or 9.961 volts. 

3Defmed as the resolution for which no missing codes will occur. ____ _ 
4-fhe data output lines have active pull-ups to source O.SmA. The DATA READY line is open collector with 
a nominal 6kO internal pull-up resistor. 

sSee Section 19 for package outline information. 
Specifications subject to change without notice. 
Specifications shown in boldface are tested on all production units at final " 
electrical test. Results from those tests are used to calculate outgoing quality 
levels. All min and max specifications are guaranteed, although only those 
shown in boldface are tested on all production units. " 
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ABSOLUTE MAXIMUM RATINGS 
V + to Digital Common . . . . . . . 
V - to Digital Common . . . . . . . 
Analog Common to Digital Common 
Analog Input to Analog Common . . 
Control Inputs . . . . . . . . . . . . 
Digital Outputs (High Impedance State) . 
Power Dissipation . . . . . . . . . . . . 

FUNCTIONAL· DESCRIPTION 

. . 0 to +7V 
o to "-16.5V 

±IV 
. ±15V 
o to V+ 
o to V+ 
800mW 

A block diagram of the AD673 is shown in Figure 1. The positive 
CONVERT pulse must be at least 500ns wide. DR goes high 
within 1.5f.Ls after the leading edge of the convert pulse indicating 
that the internal logic has been reset. The negative edge of the 
CONVERT pulse initiates the conversion. The internal 8-bit 
current output DAC is sequenced by the integrated injection 
logic (I2L) successive approximation register (SAR) from its 
most significant bit to least significant bit to provide an output 
current which accurately balances the input signal current through 
the 5kO resistor. The comparator determines whether the addition 
of each successively weighted bit current causes the DAC current 
sum to be greater or less than the input current; if the sum is 
more, the bit is turned off. After testing all bits, the SAR contains 
a 8-bit binary code which accurately represents the input signal 
to within (0.05% of full scale). 

The SAR drives DR low to indicate that the conversion is complete 
and that the data is available to the output buffers. DATA 
ENABLE can then be activated to enable the 8-bits of data 
desired. DATA ENABLE should be brought high prior to the 
next conversion to place the output buffers in the high impedance 
state. 

BIPOLAR 
OFFSET -

CONTROL 

v+ v-
DIGITAL 

COMMON 

~~1~~------------------~ 

CONVERT 

MSB 
>-----+_ DB7 

>-+---+_ DB6 

~+----+- DB5 

~+----+- DB4 

>-+--+-DB3 

>-+---+- DB2 

>-+---+- OBI 

>-I----If- DBO 

AD673 

LSB 

~ 
ENABLE 

Figure 1. AD673 Functional Block Diagram 

AD673 ORDERING GUIDE 

Temperature Relative 
Model Package Option Range Accuracy 
AD673JN 20·Pin Plastic DIP Oto + 70°C ±1I2LSBmax 
AD673JD 20·Pin Ceramic DIP Oto + 70°C ± 1I2LSBmax 
AD673SD 20·Pin Ceramic DIP - 55°C to + 125°C ±ILSBmax 

The temperature compensated buried Zener reference provides 
the primary voltage reference to the DAC and ensures excellent 
stability with both time and temperature. The bipolar offset 
input controls a switch which allows the positive bipolar offset 
current (exactly equal to the value of the MSB less ~LSB) to be 
injected into the summing ( + ) node of the comparator to offset 
the DAC output. Thus the nominal 0 to + 10V unipolar input 
range becomes a - 5V to + 5V range. The 5kO thin film input 
resistor is trimmed so that with a full scale input signal, an 
input current will be generated which exactly matches the DAC 
output with all bits on. 

UNIPOLAR CONNECTION 
The AD673 contains all the active components required to 
perform a complete AID conversion. Thus, for many applications, 
all that is necessary is connection of the power supplies ( + 5V 
and - 12V to - 15V), the analog input and the convert pulse. 
However, there are some features and special connections which 
should be considered for achieving optimum performance. The 
functional pin-out is shown in Figure 2. 

The standard unipolar 0 to + 10V range is obtained by shorting 
the bipolar offset control pin (pin 16) to digital common 
(pin 17). 

Figure 2. AD673 Pin Connections 
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Full Scale Calibration 
The SkO thin fUm input resistor is laser trimmed to produce a 
current which matches the full scale current of the internal 
DAC-plus about O.3%-when an analog input voltage of 9.961 
volts (10 volts - lLSB) is applied at the input. The input resistor 
is trimmed in this way so that if a fme trimming potentiometer 
is inserted in series with the input signal, the input current at 
the full scale input voltage can be trimmed down to match the 
DAC full scale current as precisely as desired. However, for 
many applications the nominal 9.961 volt full scale can be achieved 
to sufficient accuracy by simply inserting a ISO resistor in series 
with the analog input to pin 14. Typical full scale calibration 
error will then be within ± 2LSB or ± 0.8%. If more precise 
calibration is desired, a 500 trimmer should be used instead. 
Set the analog input at 9.961 volts, and set the trimmer so that 
the output code is just at the transition between 111111 10 and 
11111111. Each LSB will then have a weight of 39.06mV. If a 
nominal full scale of 10.24 volts is desired (which makes the 
LSB have a weight of exactly 40.0mV), a 1000 resistor and a 
1000 trimmer (or a 2000 trimmer with good resolution) should 
be used. Of course, larger full scale ranges can be arranged by 
using a larger input resistor, but linearity and full scale temperature 
coefficient may be compromised if the external resistor becomes 
a sizeable percentage of SkO. Figure 3 illustrates the connections 
required for full scale calibration. 

Figure 3. Standard AD673 Connections 

Unipolar Offset Calibration 
Since the Unipolar Offset is less than ± 1I2LSB for all versions 
of the AD673, most applications will not require trimming. 
Figure 4 illustrates two trimming methods which can be used if 
greater accuracy is necessary. 

Figure 4a shows how the converter zero may be offset to correct 
for initial offset and/or input signal offsets. As shown, the circuit 
gives approximately symmetrical adjustment in unipolar mode. 
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Figure 4a. Figure 4b. 

Figure 5 shows the nominal transfer curve near zero for an 
AD673 in unipolar mode. The code transitions are at the edges 
of the nominal bit weights. In some applications it will be preferable 
to offset the code transitions so that they fall between the nominal 
bit weights, as shown in the offset characteristics. 

OUTPUT 
CODE 

00000100 

00000011 

00000010 

00000001 

oooooooo~~~~~-+_+-__ 

OUTPUT 
CODE 

00000100 

00000011 

00000010 

00000001 

ov 40 160 240 
INPUT VOLTAGE -mV 

NOMINAL CHARACTERISTICS 
REFERRED TO ANALOG COMMON 

r-
I 

00000000 t-L-+---+-+--+---i-
ov 40 160 240 

INPUT VOLTAGE -mV 

OFFSET CHARACTERISTICS WITH 
2.7n IN SERIES WITH ANALOG COMMON 

Figure 5. AD673 Transfer Curve - Unipolar Operation 
(Approximate Bit Wedights Shown for Illustration, Nominal 
Bit Weights - ~9.06mV) 

This offset can easily be accomplished as shown in Figure 4b. 
At balance (after a conversion) approximately 2mA flows into 
the Analog Common terminal. A 2.70 resistor in series with 
this terminal will result in approximately the desired V2 bit 
offset of the transfer characteristics. The nominal 2mA Analog 
Common current is not closely controlled in manufacture. If 
high accuracy is required, a 50 potentiometer (connected as a 
rheostat) can be used as R1. Additional negative offset range 
may be obtained by using larger values of R1. Of course, if the 
zero transition point is changed, the full scale transition point 
will also move. Thus, if an offset of V1LSB is introduced, full 
scale trimming as described on the previous page should be 
dO':le with an analog input of 9.941 volts. 

NOTE: During a conversion, transient currents from the Analog 
Common terminal will disturb the offset voltage. Capacitive 
decoupling should not be used around the offset network. These 
transients will settle appropriately during a conversion. Capacitive 
decoupling will "pump up" and fail to settle resulting in conversion 



errors. Power supply decoupling, which returns to analog signal 
common, should go to the signal input side of the resistive 
offset network. 

BIPOLAR CONNECTION 
To obtain the bipolar - SV to + SV range with an offset binary 
output code, the bipolar offset control pin is left open. 

A - 5.00 volt signal will give a IO-bit code of 00000000; an 
input of 0.00 volts results in an output code of 10000000 and 
+ 4.61 volts at the input yields the 11111111 code. The nominal 
transfer curve is shown in Figure 6. 

I 
I r--OUTPUT 

CODE 

10000010 

10000001 

10000000 

01111 111 

011 11110 

--)C--
I __ .J I 

I 
I 

-100-S0 -40 0 +40 +SO +160 

INPUT VOLTAGE - mV 

Figure 6. AD673 Transfer Curve-Bipolar Operation 

Note that in the bipolar mode, the code transitions are offset 
Y4LSB such that an input voltage of 0 volts ± Sm V yields the 
code representing zero (10000000). Each output code is then 
centered on its nominal input voltage. 

Full Scale Calibration 
Full Scale Calibration is accomplished in the same manner as in 
Unipolar operation except the full scale input voltage is + 4.61 
volts. 

Negative Full Scale Calibration 
The circuit in Figure 4a can also be used in Bipolar operation to 
offset the input voltage (nominally - SV) which results in the 
000000 00 code. R2 should be omitted to obtain a symmetrical 
range. 

The bipolar offset control input is not directly TTL compatible 
but a TTL interface for logic control can be constructed as 
shown in Figure 7. 

USE 
ACTIVE 
PULL·UP 
GATE 

IN4148 

/I"\. 

+5V 

·15V 

Figure 7. Bipolar Offset Controlled by Logic Gate 
Gate Output = 1 Unipolar 0-10V Input Range 
Gate Output = 0 Bipolar ± 5V Inp~t Range 

Applying the AD673 
SAMPLE·HOLD AMPLIFIER CONNECTION TO THE 
AD673 
Many situations in high-speed acquisition systems or digitizing 
rapidly changing signals require a sample-hold amplifier (SHA) 
in front of the A-D converter. The SHA can acquire and hold a 
signal faster than the converter can perform a conversion. A 
SHA can also be used to accurately defme the exact point in 
time at which the signal is sampled. For the AD673, a SHA can 
also serve as a high input impedance buffer. 

Figure 8 shows the AD673 connected to the ADS82 monolithic 
SHA for high speed signal acquisition. In this configuration, the 
ADS82 will acquire a 10 volt signal in less than lOlLS with a 
droop rate less than 100ILV/ms. 

DR goes high after the conversion is initiated to indicate that 
reset of the SAR is complete. In Figure 8 it is also used to put 
the ADS82 into the hold mode while the AD673 begins its 
conversion cycle. (The ADS82 settles to fmal value well in advance 
of the first comparator decision inside the AD673). 

DR goes low when the conversion is complete placing the ADS82 
back in the sample mode. Configured as shown in Figure 8, the 
next conversion can be initiated after a lOlLS delay to allow for 
signal acquisition by the ADS82. 

Observe carefully the ground, supply, and bypass capacitor II 
connections between the two devices. This will minimize ground I 
noise and interference during the conversion cycle. . 

CONVERT PULSE 

-15V 15 VOLT 
COM 

+5V 

Figure 8. Sample-Hold Interface to the AD673 
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GROUNDING CONSIDERATIONS 
The AD673 provides separate Analog and Digital Common 
connections. The circuit will operate properly with as much as 
± 200m V of common mode voltage between the two commons. 
This permits more flexible control of system common bussing 
and digital and analog returns. 

In normal operation, the Analog Common terminal may generate 
transient currents of up to 2mA during a conversion. In addition 
a static current of about 2mA will flow into Analog Common in 
the unipolar mode after a conversion is complete. The Analog 
Common current will be modulated by the variations in input 
signal. 

The absolute maximum voltage rating between the two commons 
is ± 1 volt. It is recommended that a parallel pair of back-to-back 
protection diodes be connected between the commons if they 
are not connected locally. 

CONTROL AND TIMING OF THE AD673 
The operation of the AD673 is controlled by two inputs: CON
VERT and DATA ENABLE. 

Starting a Conversion 
The conversion cycle is initiated by a positive-going CONVERT 
pulse at least 500ns wide. The rising edge of this pulse resets 
the internal logic, clears the result of the previous conversion, 
and sets DR high. The falling edge of CONVERT begins the 
conversion cycle. When conversion is completed DR returns 
low. During the conversion cycle, DE should be held high. If 
DE goes low during a conversion, the data output buffers will 
be enabled and intermediate conversion results will be present 
on the data output pins. This may cause bus conflicts if other 
devices in a system are trying to use the bus. 

CONVERT __ ...J~.....::;~\, ______ tc~ 
tosc-4 r 

DR -------r--~J VOL 

-----r--

Figure ~_ Convert Timing 

Reading the Data 
The three-state data output buffers is enabled by DE. Access 
time of these buffers is typically 150ns (250 maximum). The 
Data outputs remain valid until SOns after the enable signal 
returns high, and are completely into the high-impedance state 
lOOns later. 

BiCII 
IMPEDANCE 

DBG-DB7 -------:~J-------"!7~:--: 

Figure 10. Read Timing 
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TIMING SPECIFICATIONS 
Parameter Symbol Min Typ Max Units 

CONVERTPulseWidth tcs 500 ns 
DR Delay from CONVERT tDSC 1 1.5 j.Ls 
Conversion Time tc 10 20 30 j.Ls 

Data Access Time tDD 0 150 250 ns 
Data Valid after DE 

High tHD 50 ns 

Output Float Delay tHL 100 200 ns 

MICROPROCESSOR INTERFACE CONSIDERATIONS -
GENERAL 
When an analog-to-digital converter like the AD673 is interfaced 
to a microprocessor, several details of the interface must be 
considered. First, a signal to start the converter must be generated; 
then an appropriate delay period must be allowed to pass before 
valid conversion data may be read. In most applications, the 
AD673 can interface to a microprocessor system with little or no 
external logic. . 

The most popular control signal configuration consists of decoding 
the address assigned to the AD673, then gating this signal with 
the system's WR signal to generate the CONVERT pulse, and 
gating it with RD to enable the output buffers. The use of a 
memory address and memory WR and RD signals denotes "mem
ory-mapped" 110 interfacing, while the use of a separate 110 
address space denotes "isolated I/O" interfacing. 

Figure 11 shows a generalized diagram of the control logic for 
an AD673 interfaced to an 8-bit data bus, where an address 
ADC ADDR has been decoded. ADC AD DR starts the converter 
when written to (the actual data being written to the converter 
does not matter) and contains the high byte data during read 
operations. 

",p 

DB7 I--------------j DB7 

8-BIT DATA BUS 

DBO I---------------j DBO 

WR 

A"-AO{ 

AD 

ISEE TEXT) 

Figure 11. General AD673 Interface to 8-Bit 
Microprocessor 

AD673 



In systems where this read-write interface is used, at least 30 
microseconds (the maximum conversion time) must be allowed 
to pass between starting a conversion and reading the results. 
This delay or "timeout" period can be implemented in a short 
software routine such as a countdown loop, enough dummy 
instructions to consume 30 microseconds, or enough actual 
useful instructions to consume the required time. In tightly-timed 
systems, the DR line may be read through an external three-state 
buffer to determine precisely when a conversion is complete. 
Higher-speed systems may choose to use DR to signal an interrupt 
to the processor at the end of a conversion. 

ADC ADDR ADC AD DR 

ADDRESS ~ 0J BUS 

Wii ---u 
CONVERT ~ "\ DR 
~~ 

Figure 12. Typical AD673 Timing Diagram 

Interfacing' to the AD673 
CONVERT Pulse Generation 
The AD673 is tested with a CONVERT pulse width of 500ns 
and will typically operate with a pulse as short as 300ns. However, 
some microprocessors produce active WR pulses which are 
shorter than this. Either of the circuits shown in Figure 13 can 
be used to generate an adequate CONVERT pulse for the AD673. 
In both circuits, the short low-going WR pulse sets the CONVERT 
line high through a flip-flop. The rising edge of DR (which 
signifies that the internal logic has been reset) resets the flip-flop 
and brings CONVERT low, which starts the conversion. 

Note that tDse is slightly longer when the result of the previous 
conversion contains a logic 1 on the LSB. This means that the 
actual CONVERT pulse generated by the circuits in Figure 13 
will vary slightly in width. 

p..-._---..~CONVERT 

AD673 

Figure 13a. Using 74LSOO Figure 13b. Using 1I274LS74 
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r.ANALOG 
WDEVICES 

FEATURES 
Scan Frequency to 100MHz (AD5010KD) 
low 450mW Power Dissipation 
±1/4lSB Linearity 
ECl logic Compatible 
No Sample & Hold Required 
Overflow Output for Extended Resolution 

APPLICATIONS 
Video Data Conversion 
High Speed Data Acquisition 
Radar/Sonar Data Conversion 

GENERAL DESCRIPTION 
The AD6020KD is a 6-bit monolithic analog-to-digital con
verter capable of performing at conversion rates up to 50MHz. 
Packaged in a 16-pin hermetic ceramic dip, it performs true 
6-bit AID conversions with ±1/4LSB max linearity error. The 
extremely high scanning rate is ideal for video and other data 
acquisition applications that require digitizing of high frequen
cy signals. 

For other applications where even higher speed can be traded 
off against price, the AD5010KD represents the latest in state
of-the-art monolithic technology. Capable of performing true 
6-bit conversions at rates up to 100MHz, the AD5010KD 
represents the ultimate in conversion speeds currently available 
in monolithic form. It is ideal for applications such as radar 
and X-ray equipment, medical systems such as ultra-sound, 
and measurement,instruments such as digital storage oscil
loscopes and transient recorders. 

A unique feature of both units is the overflow output which 
allows the user to cascade two units to achieve 7-bit resolu
tion, or four units for 8-bit resolution. Another salient feature 
is the power dissipation specification of only 450mW which 
is almost 50% less than the nearest competitive product. 

THEORY OF OPERATION 
The low linearity and ultra-high conversion rates are achieved 
by combining ECL logic and the parallel or "Flash" method 
of conversion. This consists of 64 comparator stages whose 
reference is set from an external voltage reference by a linear 
resistive voltage divide!; (see Block Diagram). The results of . 
the comparator stage are then transferred to the 64 latches. 

This comparison and transfer occurs when the encode input is 
at a "low" logic level. When the encode input goes "high", the 
latches are separated from the comparators and their contents 
encoded and brought to the output as a digital word. Since 
the latches are separated from the comparators during this 
cycle, the analog signal is always present at the input which 
eliminates the need for a track-and-hold. 

50/100MHz, 6-Bit 
Monolithic ADC's 

AD5010KD/AD6020KD I 
ADSOI0KD/AD6020KD FUNCTIONAL BLOCK DIAGRAM 

+v., +v, 

-v. 

TYPICAL CIRCUIT FOR 6-BIT OPERATION 
The circuit of Figure 1 may be used for either the AD6020KD II 
or AD5010KD. When the analog input equals or exceeds 
+VREF' the overflow bit goes "high" and bits 1-6 go "low". 
If it is desirable to latch all bits high in this condition configure 
a 10197 (or equivalent) as shown to hold all bits including the 
overflow "high", as long as AIN equals or exceeds +VREF. 

For applications at lower scan frequencies (below::::: 50MHz), 
hysteresis control (VH) may be left floating. At frequencies 
approaching lOOMHz, the use of a nonsymmetrical encode 
pulse may enhance the overall performance. 

HOLD 

EXAMPLE: ~ 
1-6n.-\ 

Because of the high frequencies involved, attention to detail 
becomes most important (circuit layout, power supply de
coupling, timing, etc.). A large ground plane is mandatory. 

•• ""'''I)PIIIA. TE I'Ull DOWN AUISTORS 
t HVSTfRESlS'INMAV8EUFTFLOATING 

FOAAOI02OKD 
2ICL'DIoLOGICMAYlfUSlDATSCAN 

FRlOUEfrlCIU8ELOW6OMH. 

Figure 1. Typical Circuit - 6-Bit Operation 
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SPECIFICATIONS (typical at +25°C and nominal power supply unless otherwise noted) 

AD6020KD AD5010KD 

PARAMETER MIN TYP MAX MIN TYP MAX UNITS 

RESOLUTION 

INPUT RANGE 

LINEARITY ERROR I 

INPUT CURRENT 
Hold 
Sample4 

INPUT CAPACITANCEs 

DYNAMIC 
Conversion Time 
Apenure Time (To) 
Apenure Jitter (Uncenainty) 
TENCOOE 
Scan Frequency 
Signal Transition Time 

THLQ 
hHQ 

Recovery Time (tV Step) 

DATA INPUTS 
Logic Compatibility 
Encode 

Logic Lcvd "I" 
Logic Levd "0" 
Encode Current "I" 
Encode Current "0" 

REFERENCE INPUTS 
Positive Reference Voltage 
Negative Reference Voltage 
Reference Resistance 

DATA OUTPUTS· 
Logic Compatibility 

-10 

15 

-1.1 
-2.0 
5 
5 

-2.0 
-2.5 
96 

Logic Levd "I" -1.1 
Logic Levd "0" -2.0 

POWER SUPPLY REQUIREMENTS 
+VS 4.75 
-VS -5.46 

CURRENT 
+VS = +5.0V 
-VS = -5.2V 

POWER DISSIPATION 

TEMPERATURE RANGE (Ambient) 0 

NOTES 

200 

35 

20 
2 
25 
8 
50 

±2.5 

+10 
800 

12 20 
12 20 
5 

ECL 

-{).9 -{).6 
-1.7 -1.5 
30 100 
30 100 

+2.5 
+2.0 

128 256 

ECL 
-{).9 
-1.7 

5.0 
-5.2 

30 
55 

450 

-{).7 
-1.5 

5.25 
-4.94 

60 
80 

70 

10 

150 

10 

5 
100 

. -. 

500 

15 
15 

195 

Bits 

V 

LSB 

jJ.A 

jJ.A 

pF 

ns 
ns 
ps 
ns 
MHz 

ns 
ns 
ns 

v 
V 
jJ.A 

jJ.A 

V 
V 
n 

V 
V 

V 
V 

rnA 
rnA 

mW 

C 

I Measured with 2V, 1kHz triangular input. 
t Uno TENCOOE. 

• Data Outputs terminated to -2V through lOOn. 
'-VREF <AIN <+VREF. 

"iOns TENCOOE. ·Specifications same as A06020. 
• Measured with AIN • +VREF in oanlple mode. 
I Measured with AIN >-VREF. 

Specifications subject to change without notice. 

ORDERING INFORMATION 
P ka ac ge 

Model Description Option l 

AD6020KD 6 Bits. 50MHz D16B 
AD6020KDI AD6020KD ADC with D16B 

PCB Evaluation Board 
AD5010KD 6 Bits. 100MHz D16B 
1 See Section 19 for package outline information. 

DGND 

OVERFLOW 

BIT I (MSB) 

BIT2 

BIT3 

PIN 
I 
2 

4 
5 

, 8 

7 
B 

-.JI 
10 
II 
12 

14 
IS 
Ie 

SYMBOL 
GND 
+VR£~ 
AIN 
,VRf.f. 
V 
EN ~ 
.V. 
,VI 
BITe 
BIT5 
BIT4 
BIT3 
B\,'2 
BITI 
OVERFLOW 
GND 

ABSOLUTE MAXIMUM RATINGS 
Lower Upper 

Parameter' Limit Limit Unit 

Supply Voltage·, +Vs 
-Vs 

Input Voltages 
AIN +VREF -VREF 

Encode 

Hysterisis Control 

Temperature 

-0.3 
-6.0 

-3.0 

-VS 

Operating 0 
Storage -55 
Lead, Soldering (lOsec) 

EVALUATION BOARD 

+6.0 
+0.3 

+3.0 

0.0 

+3.0 

Volts 
Volts 

Volts 
Volts 

Volts 

+70 °c 
+125 °c 
+300 °c 

An evaluation board is available. The AD6020KDI 
PCB contains everything needed to verify the per 
formance of the ADC. The effects of changes in 
the analog input. +VREF. -VREF. hysteresis. and 
encode can be monitored by an on-board DAC. 
Each card is shipped with the ADC and a com
plete instruction set. The only user requirement 
is to supply power to the board: +5 ±2% @ 

100mAj -5.2 ±2% @ 2000mAj ±15 ±1% @ 

100mA each. 

SIGNAL INPUT 

,,/ 

.::\ "-I~rl,---
ENCODE INPUT ~IV ~g~~' ~ 

DATA QUTPUT 
IBITS l.el DATA 

FORCED VALID 
FORCED 

LOW 

Figure 3. Timing Diagram 

FUNCTION 
GROUND (ANALOG) 
POSITIVE VOLTAGE REFERENCE 
ANALOG INPUT 
t~EGATIVE VOLTAGE REFERENCE 
HYSTERESIS CONTROL 

NP 
POSITIVE SUPPLY VOLTAGE 
NEGATIVE SUPPL Y VOLTAGE 

EAST SIGNIFICANT BIT OUTPUT 
IBI"50l P 
BIT 4 OUTPUT 
BIT 3 OUTPUT 

MOST SIGNIFICANT BIT OUTPUT 

GROUND (DIGITAL) 
NOTE. GND PINS(I.18) SHOULD BE TIED TOGETHER 

AS CLOSE TO THE UNIT AS POSSIBLE. 

Figure 2. Outline & Pin Designations 
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r.ANALOG 
WDEVICES 

12-Bit Successive Approximation 
High Accuracy, AID Converter 

FEATURES 
True 12-Bit Operation: ±1/2LSB max Nonlinearity 
Totally Adjustment-Free 
Guaranteed No Missing Codes Over the Specified 

Temperature Range 
Hermetically -Sealed Package 
Standard Temperature Range: - 2SOC to +8SoC 
Extended Temperature Range: -SSoC to +12SoC 
Serial and Parallel Outputs 
Monolithic DAC with Scaling Resistors for Stability 
Low Chip Count for High Reliability 
Industry Standard Pin Out 
Small 24-Pin DIP 

GENERAL DESCRIPTION 
The AD52XX series devices are 12-bit successive approximation 
analog-to-digital converters. The hybrid design utilizes MSI 
digital, linear monolithic chips and active laser trimming of 
high-stability thin-film resistors to provide a totally adjustment 
free converter-no potentiometers are required for calibration. 

The innovative design of the AD52XX series devices incorpo
rates a monolithic 12-bit feedback DAC for reduced chip 
count and higher reliability. The exceptional temperature 
coefficients of the monolithic DAC guarantees ±l/2LSB line
arity over the entire operating temperature range of -25°C 
to +85°C for the BD grade and -55°C to +125 C for the 
TD grade. 

The AD52XX series converters are available in 2 input voltage 
ranges: ±5V (AD521Xl/AD52X4) and ±lOV (AD52X2/ 
AD52X5). The converters are available either complete with 
an internal buried zener reference or with the option of an 
external reference for improved absolute accuracy. 

The AD52XX series converters are available in two per
formance grades; the "B" is s~ecified from -25°C to +85° and 
the "T" is specified from -55 C to +125°C. All units are avail
able in a'24-pin hermetically sealed ceramic DIP. 

AD5200 / AD5210 SERIES I 
AD5200/AD5210 FUNCTIONAL BLOCK DIAGRAM 

TEST 
POINT 

ANALOG 
GNO 

-VAEF OUT 
-VAEF IN 

'PIN 12 FUNCTION: -VAEF OUT - AD52X1. AD52X2 
-VAEF IN - AD52X4; AD52X5 

PRODUCT HIGHLIGHTS 

CLOCK IN 

DIGGND 

EOC 

BIT7 

BIT8 

BIT9 

BIT 10 

BIT 11 

BIT 12 

+15V 

ANALOG 
IN 

-15V 

1. The AD 5 2XX series devices are laser trimmed at the factory 
to provide a totally adjustment free converter-no potenti
ometers are required for 12-bit performance. 

2. A monolithic 12-bit feedback DAC is used for reduced chip 
count and higher reliability. 

3. The AD52XX series'directly replaces other devices of this 
type with significant increases in performance. 

4. The devices offer true 12-bit accuracy and exhibits no 
missing codes over the entire operating temperature range. 

5. The fast conversion rate of the AD5210 series makes it an 
excellent choice for applications requiring high system 
throughput rates. 
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SPECIFICATIONS (typical @+25°C, ±15Vand +5V unless otherwise noted) 

INPUT 
RANGEl 

INPUT 
IMPEDANCE 

-5V to +5V 
-lOY to +lOV 

REFERENCE 
RESOLUTION 

5.0kn 
IO.Okn 

LINEARITY ERROR, MAX 
No Missing Codes Tmin to Tmax 

ZERO ERROR, MAX 

ZERO ERROR, MAX 
Tmin to Tmax 

ABSOLUTE ACCURACY, MAX 

ABSOLUTE ACCURACY, MAX 

TmintoTmax 

CONVERSION TIME, MAX 
Clock = lMHz (5210 Series) 
Clock = 260kHz (5200 Series) 

LOGIC RATINGS 
Input Logic Commands 

Logic "0" 
Logic "1" 
Loading 

CLOCK INPUT PULSE WIDTH 

OUTPUT LOGIC 
Logic "0" 
Logic "1" 

FANOUT - HIGH 

FANOUT-LOW 

POWER SUPPLY REQUIREMENTS 

VLOGIe 
Vee 
VDD 

OPERATING CURRENT 

VLOGIe 
Vee 
VDD 
VREF 

ADS2XIB 
ADS2X2B 

Internal 
12 Bits 

±1I2LSB 
Guaranteed 

±ILSB 

±2LSB 

±2LSB 

±0.4% of FSR2 

13J,Ls 
SOJ,Ls 

O.SV max 
+2.0V min 
O.STTL Load 

lOOns min 

OAV max 
3.6V (204 min) 

STTL Loads 

2TTL Loads 

+5V ±10% 
+15V ±10% 
-lSV ±10% 

2SmA (42mA max) 
lOrnA 06mAmax) 
20mA (2SmA max) 

AD52XIT 
ADS2X2T 

POWER SUPPLY REJECTION 

Vee 
VPD 

±O.OOS%/% (±0.02%/% max) '" 
±O.OOS%/% (±0.02%/% max) '" 

POWER CONSUMPTION 

OPERATING TEMPERATURE 
RANGE 

NOTES 
·Same specifications as ADS2XlIX2B. 
··Same specifications as ADS2Xl/X2T. 
···Same specifications as ADS2X4/XSB. 

S7SmW (S70mW max) 

1 Other input ranges are available, consult factory. 
2 FSR is Full Scale Range and is equal to the peak to peak input signal. 
Specifications subject to change without notice. ' 
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ADS2X4B 
ADS2XSB 

External -lO.OOOV 

±O.l% of FSR2 

0.5mA 

S7SmW (S7SmW max) 

ADS2X4T 
ADS2XST ... 

... 

."'''' 

••• 

"'. 



ABSOLUTE MAXIMUM RATINGS 

Storage Temperature 
Positive Supply 
Negative Supply 
Logic Supply 
Analog Input 
Digital Outputs 
Digital Inputs 
Reference Supply 

+5Vo--t---i 
1. 

12 

AD52XX SERIES 

-65°C to +lS0oC 
+18V 
-18V 
-O.SV to +7V 
±2SV 
Logic Supply 
+S.SV 
-lSV 

24 
I--.--..... -.() GND 

1kn· 

50on· 

1--+-+-+--0() +15V 

131---+-..... -0() -15V 

SERIAL 
OUT 

TEST 
POINT 

ANALOG 
GND 

-VREF OUT 
-VREF IN 

·DIVIDER ADDED FOR EXTERNAL REFERENCE MODELS ONLY. 
·PIN 12 FUNCTION: -VREF OUT - AD52X1. AD52X2 

-VREF IN - AD52X4. AD52X5 

Figure 1. Burn In Circuit Figure 2. Pin Designations 

Model 

ADS21 *BD 
ADS21 *TD 
ADS20*BD 
ADS20*TD 

ADS2XX SERIES ORDERING GUIDE 

Linearity 

1I2LSB 
1I2LSB 
1I2LSB 
1I2LSB 

Absolute 
Accuracy 

2LSB 
2LSB 
2LSB 
2LSB 

Temperature 
Range 

-25°C to +8S
o

C 
_SSoC to +12SoC 
-25°C to +8S

o
C 

-55°C to +12S
o
C 

·Insert number according to desired input voltage range as shown in Table II. 
Package is HY24C or HY24D at the option of Analog Devices, Inc. 
See Section 19 for package outline information. 

Conversion 
Time 

13JLs 
13JLs 
SOJLs 
SOJLs 

CLOCK IN 

DIG GND 

EOC 

BIT7 

BITS 

BIT9 

BIT 10 

BIT 11 

BIT12 

+15V 

ANALOG 
IN 

-15V 
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THEORY OF OPERATION 
On receipt ofa CONVERT START command, the AD52XX 
converts the voltage as its analog input into an equivalent 
12-bit binary number. This conversion is accomplished as 
follows: the 12-bit' successive-approximation register (SAR) has 
its 12-bit outputs connected both to the device bit ou tput pins 
and to the corresponding bit inputs of the feedback DAC. 
The analog input is successively compared to the feedback 
DAC output, one bit at a time (MSB first, LSB last). The 
decision to keep or reject each bit is then made at the com~ 
pletion of each bit comparison period, depending on the state 
of the comparator at that time. 

TIMING 
The timing diagram is shown in Figure 3. A conversion is initi
ated by holding the ~tart convert low during a rising edge of 
the clock. The start convert transition must occur at a mini
mum of 25 ns prior to the clock transition. The end of conver
sion (E.O.C.) signal will be set simultaneously with the initia-

START --, I 
CONVERT L...J 

EXTERNAL 
CLOCK 

STATUS 

tion of conversion. The actual conversion will not start until 
the first rising edge of the clock after the start convert is again 
set high. At time to. Bl is reset and B2-B12 are set uncon
ditionally. At tl the Bit 1 decision is made and Bit 2 
is unconditionally reset. At t2. the Bit 2 decision is made 
(keep) and Bit 3 is reset unconditionally. This sequence con
tinues until the Bit 12 (LSB) decision (keep) is made at t12. 
The STATUS flag is reset at time t12 indicating that the 
conversion is complete and that the parallel output data is 
valid. 

Corresponding serial and parallel data bits become va.lid on 
the same positive-going clock edge. Serial data does not change 
and is guaranteed valid on negative~going clock edges. however; 
serial data can be transferred quite simply by clocking it into a 
receiving shift register on these edges (see Figure 3). An ex
ternal clock of IMHz (AD5210) will yield 13J.Ls conversion 
time. An external clock of 260kHz (AD5200) will yield 
50J.Ls conver-sion time. 

ITa 
* 

MSB ===, "0" \ I 
BIT2 ==:JU",,, i \ I \ \ I \ \ 
BIT3 :::J L.j"'" I I I I I I I 
BIT 4 -::] 1"0" 
BIT 5 :: =J!-----~~j,-'o-" T--t-t-J-I -'I -t--t-I -1---

BIT 6 ===J L.J',,, I I I 
BIT7 ==] L-Ji-:-:"-:-:-:""--:I-+\-+--+-I ~---
BIT 8 ===Jr----------------.L.Jr-,,-,,-, ...:..I--+--...:..I-~----
BIT 9 ==] 1"0" 

BIT'O ===J U "'" I I 
BIT" ===J~--------------~--~L.J~,,-,:-, ~I----

LSB ==] ~~:-"'!"~ '~O~~ 
SERIAL =-=--=-~ 2 : 3 1 4 : 5 I 6 : 7 : 8 LU'O "l...3L 

DATA OUT I ~" "'" "'" "0" "0" "'" "'" "'" "0" "'" "'" "0;' I 
Figure 3. Timing Diagram 

The analog continuum is partitioned into 212 discrete ranges 
for 12-bit conversion. All analog values within a given quan
tum are represented by the same digital code, usually assigned 
to the nominal midrange value. There is an inherent quantiza
tion uncertainty of ±1/2LSB, associated with the resolution, 
in addition to the actual conversion errors. 

The actual conversion errors' that are associated with AID 
converters are combinations of analog errors due to the linear 
circuitry. matching and tracking properties of the ladder and 
scaling networks, reference error and power supply rejection. 
The matching and tracking errors in the converter h ave been 
minimized by the use of a monolithic DAC that includes the 
scaling network. The initial gain and offset errors have been 
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. internally trimmed to provide an absolu te accuracy of ±O.05%. 
Linearity error is defined as the deviation from a true straight 
line transfer characteristic from a zero analog input which 
calls for a zero digital output to a point which is defined as 
full scale. The linearity error is unadjustable and is the most 
meaningful indication of AID converter accuracy. Differential 

- nonlinearity is a measure of the deviation in the staircase step 
width between codes from the ideal least significant bit step 
size (Figure 4). 

Monotonic behavior requires that the differential linearity 
error be l!!ss than lLSB. however a monotonic converter can 
have missing codes; the AD52XX is specified as having no 
missing codes over the eiuire temperature range as specified 
on the data page. 



There are three types of drift error over temperature: offset, 
gain and linearity. Offset drift causes a shift of the transfer 
characteristic left or right over the operating temperature 
range. Gain drift causes a rotation of the transfer characteristic 
about the zero or minus full scale point. The worst case ac
curacy drift is the summation of all three drift errors over 
temperature. Statistically, however, the drift error behaves 
as the root-sum-squared (RSS) and can be shown as: 

RSS = JEC 2 + Eo 2 + EL 2 

EC = Gain Drift Error (ppm/oC) 

EO = Offset Drift Error (ppm of FSR/oC) 

EL = Linearity Error (ppm of FSRtC) 

ALL BITS ON-:l 
000 ... 000 GAIN 

0 
u 

'" 8 
I ... 
~ all 

:::l 
0 
..J 

;: 
c:; 
Ci 

III 

~ "", r:~~ , ' 
... 111 ~l/~ 

OFFSET +1/2LSB 

E~~/ 

.. '" t -F;'''1 . 
-F

2
SR'-.. ANALOG INPUT 1--+F-~-R+-I_-IL""SB 

Figure 4. Transfer Characteristics for an Ideal Bipolar AID 

GROUNDING 
Many data-acquisition components have two or more ground 
pins which are not connected together within the device. These 
"grounds" are usually referred to as the Digital Ground and 
Analog Ground (Analog Power Return). These grounds must 
be tied together at one point, usually at the system power
supply ground. Ideally, a single solid ground would be de
sirable. However, since current flows through the ground 
wires and etch stripes of the circuit cards, and since these 
paths have resistance and inductance, hundreds of millivolts 
can be generated between the system ground point and the 
ground pin of the AD52XX. Separate ground returns should 
be provided to minimize the current flow in the path from 
sensitive points to the system ground point. In this way sup
ply currents and logic-gate return currents are not summed 
irao the same return path as analog signals where they would 
cause measurement errors. 

,..-----, 

'IF INDEPENDENT. OTHERWISE 
RETURN AMPLIFIER REFERENCE 
TO MECCA AT ANALOG P.S. COMMON 

Figure 5. Basic Grounding Practice 

Each of the AD52XX's supply terminals should be capacitively 
decoupled as close to the AD52XX as possible. A large value 
capacitor such as IpF in parallel with O.OlpF capacitor is 
usually sufficient. Analog supplies are bypassed to the Analog 
Ground pin and the logic supply is bypassed to the Digital. 
Ground pin. 

@ 1 1· +15V 

@"'1 I':'"'''' GROUND 

o.o'I'F

1 
I,·oI'F 

@ • -15V 

Figure 6. Power Supply Decoupling 
SAMPLED DATA SYSTEMS 
The conversion speed of the AD52XX allows accurate digit
ization of high frequency signals and high throughput rates 
in multichannel data acquisition systems. To make the 
AD52XX capable of full benefit from this high speed, a fast 
sample-hold amplifier such as the AD346 or ADSHC-85 is 
required. Figures 7 and 8 show the use of an AD346 and 
ADSHC-85 as sample and holds in combination with the 
AD52XX. 

ANALOG 
INPUT 

·IOVTO +IOV 

CONVERT 
START 

CLOCK IN 

13 

Figure 7. 66.6kHz-12 Bit, AID Conversion System 

ANALOG 
INPUT 

-IOV TO +IOV 

CONVERT 
START 

CLOCK IN 

Figure 8. 18.3kHz-12-Bit, AID Conversion System 
In sampled data systems th~re are two limiting factors in 
digitizing high frequency signals. The maximum value of 
input signal frequency that can be acquired and digitized 
using a sample and hold amplifier and AID converter com
bination is influenced by the bandwidth of the SHA, but it 
is also dictated by: 

A. The aperture uncertainty (jitter) of the sample and 
hold amplifier. 
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B. The desired accuracy and corresponding resolution of 
the converter. 

The resolu tion of an AD S 210 is 1 part in 4096 to a tolerance 
of 0.012% of the full scale range, the maximum value of input 
signal frequency which can be digitized is determined by: 

2-N 
FMAX/= . (21T)(Aperture Uncertamty) 

1 
FMAX/AD346 = (21T) (4096) (4 X 10-10 ) = 97.1kHz 

FMAX /ADSHC-8S = ____ 1 ____ = 77.7kHz 
(21T) (4096) (S X 10-1°) 

The maximum throughput rate for each of these combinations 
is again different. The maximum throughput rate is the sum 
of the sample and hold acquisition time and AID conversion 
time as shown in Figure 9. 

EXTERNAL 
CLOCK 

CO~~~=~'l..J 
I---TcONV.---l 

E.O.C. -.J CONVERSION OF L--.J CONVERSION OF L-
SAMPLE 1 ACOUISTION SAMPLE 2 

OF 
SAMPLE 2 

E. O.C. CONNECTED TO SAMPLE AND HOLD MODE CONTROL 

Figure 9. START/E.O.C. Timing for Sampled Data 
System 

When using an AD346 with an ADS212 the throughput 
rate is, 2.0ps acquisition time plus 13ps conversion time, 
66.6kHz. The ADSHC-8S used in combination with an 
ADS202 is,4.Sps acquisition time plus SOps conversion time; 
18.3kHz. To meet the requirements of the Nyquist sampling 
criteria, the AD346 and ADS210 combination can be used 
for input frequencies from dc through 33.3kHz; the ADSHC-
8S and ADS210 combination for inputs from dc through 
9.2kHz. Input frequencies higher than these (up to the maxi
mum frequency) would result in "under-sampling" of the 
input signal. Signals up to the maximum frequency could be 
processed if their bandwidth is less than one-half the sample 
frequency. 

A fast (32kHz) 12-bit DAS can be configured using the AD362 
and the ADS21X. The AD362 contains two 8-channel multi
plexers, a differential amplifier, a sample-and-hold with high
speed output amplifier, a channel address latch and control 
logic. The multiplexers may be connected to the differential 
amplifier in either an 8-channel differential or 16-channel 
single-ended configuration. A feature of the AD362 is an 

Input Range Speed 

-SV to +SV SOps 
13ps 

-10V to +lOV SOps 
13ps 

internal user-controllable analog switch that connects the 
multiplexers in either a single-ended or differential mode. This 
allows a single device to perform in either mode without hard
wire programming and permits a mixture of single-ended and 
differential sources to be interfaced by dynamically switching 
the input mode control. 

ANALOG 
INPUTS 

(16) 

DC POWER 

DATA 
BITS 
OUT 

(1-121 

STATUS OUTPUT 

Jl 
CONVERT DATA STROBE 

START (~~~m~r 

Figure 10. High Speed 12-8it DAS 

CONVERT START USING A POSITIVE EDGE 
In some systems it may be inconvenient to generate a negative 
going start convert pulse of the proper width. The circuit of 
Figure 11 can be used to start a conversion on the ADS21X 
series of AIDs with a positive going edge. To perform a con
version both the convert start signal and the E.O.C. must be 
low. The output of the inverter and nand gate will then be in 
the high state. The converter will reset on the next rising 
clock edge. Resetting brings the E.O.C. to a high state; the 
inverter goes low; the convert start is still high so the output 
of the nand gate goes high allowing the conversion to continue 
immediately. The convert start line has only to be brought 
back down before the conversion is complete. 

START o----r-lo 
SIGNAL JL--" ..... ~---. -2-'-1: ,--_A_D_5_2_XX_--, 

CLOCK JL.f1..f'l..JL.~ 
:~'----START 

SIGNAL ___ --I 

Figure ". Convert Start Using a Positive Edge 

Internal External 
Reference Reference 

ADS201 ADS204 
ADS211 AOS214 

ADS202 ADS20S 
ADS212 ADS21S 

i.e., - the 13ps conversion time, ±10V input, external reference, 
extended temperature unit is the ADS21STD. 

Table II. 
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r.ANALOG 
WDEVICES 

FEATURES 
Performance 

Complete 12-Bit AID Converter with Reference and Clock 
Fast Successive Approximation Conversion: 5~s 
Buried Zener Reference for Long Term Stability and Low 

Gain T.C.: 10ppmfC 
Max Nonlinearity: <±O.01:Z01o 
Low Power: 775mW Typical 
Hermetic Package Available 
Low Chip Count - High Reliability 
Pin Compatible with AD ADC84/AD ADC85 
"Z" Models for ±12V Operation Available 
Extended Temperature Range -25°C to +85°C 

Versatility 

Negative-True Parallel or Serial Logic Outputs 
Short Cycle Capability 
Precision +6.3V Reference for External Applications 

PRODUCT DESCRIPTION 
The AD5240 is a high speed low cost 12-bit successive approx
imation analog-to-digital converter that includes an internal 
clock, reference and comparator. Its hybrid IC design utilizes 
MSI digital and linear monolithic chips in conjunction with a 
12-bit monolithic DAC to provide modular performance and 
versatility with IC size, price and reliability. 

Important performance characteristics of the ADS 240 include 
a maximum linearity error at +25°C of 0.012%, gain T.C. 
below 15ppm/'C, typical power dissipation of 775mW, and 
conversion time of less than 5~s for 12-bit conversions. 
Monotonic operation of the feedback DI A converter guaran
tees no missing output codes over temperature ranges of 0 to 
+70oC (K grade) and -25°C to +85°C (8 grade). 

The design of the AD5240 includes scaling resistors that pro
vide analog input signal ranges of ±2.5V, ±5V, ±10V, 0 to +5V, 
or 0 to +lOV. Adding flexibility and value are the +6.3V pre
cision reference, which also can be used for external applica
tions, and the input buffer amplifier. All digital signals are 
fully DTL and TTL compatible, and the data output is nega
tive-true and available in either serial or parallel form. 

The AD5240K is specified for operation over the 0 to +70
o
C 

tem.ferature r;nge and the AD52408 is specified for the 
-25 C to +85 C range. 

Very Fast, Compiete 
12-Bit AID Converter 

AD5240 I 
AD5240 FUNCTIONAL BLOCK DIAGRAM 

32-PIN DIP 

PRODUCT HIGHLIGHTS 
1. The AD5240 is a complete 12-bit AID converter. No ex

ternal components are required to perform a conversion. 

2. The AD5240 directly replaces other devices of this type 
with significant increases in performance. 

3. The fast conversion rate of the AD5240 makes it an excel
lent choice for applications requiring high system through
put rates. 

4. The internal buried zener reference is laser trimmed to 
6.3V ±0.1 % and 10ppm/oC typical T.C. The. reference is 
available externally and can provide up to ImA. 

5. The integrated package construction provides high quality 
and reliability with small size and weight. 

6. The monolithic 12-bit feedback DAC is used for reduced 
chip count and high reliability. 
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SPECIFICATIONS (typical @+25°C, ±15Vand +5V unless otherwise noted) 

MODEL 

RESOLUTION 

ANALOG INPUTS 
Vohage Ranlf<'s 

Bipolar 
Unipolar 

Impedance (Direct Input) 
OV to +5V, ±2.5V 
OV to +lOV, ±5V 
:!:lOV 

Buffer Amplifier! 
Impedance (min) 
Bias Current 
Offset Volulf<' 
Settling Time 

To 0.01 % for 20V Step 

DIGITAL INPUTS' 
Conven Command 

Logic Loading 

AD5240KD 

12 Bits 

±2.5V, tsv, ±lOV 
OV to +5V, OV to +lOV 

2.5kO(±20%) 
SkO(t20%) 
10kO(±20%) 

100MO 
SOnA 
6nlV 

Positive Pulse SOns min Trailing 
Edge Initiates Conversion 
ITTL Load 

TRANSFER CHARACTERISTICS 
Gain Error' 'to.2% 
Offset Error' 

Unipolar 
Bipolar' 

Linearity Error (max)' T mia to T max 
Inherent Quantization Error 
Differential Linearity Error 
No Missing Codes Temperature Range 
Power Supply Sensitivity 

t15V 
+SV 

DRIFT 
Specification Temperature Range 
Giin (max) 
Offset 

Unipolar 
Bipolar (max)s 

Linearity (max) 
Monotonicity 

CONVERSION SPEED (MAX) 

DIGITAL OUTPUT 
(all codes compl<mentary) 

Parallel 
Output Codes 1 

Unipolar 
Bipolar 

Output Drive 
Serial Data Code, (NRZ) 

Output Drive 
Status 

Status Output Drive 
Internal Clock 

~~~e~~ut Drive 

INTERNAL REFERENCE VOLTAGE 
Max. External Current (with no 

degradation of specifications) 
Tempco of Reference 

POWER REQUIREMENTS 
Rated Voltages 
Range for Rated Accuracy 
Z Models' 
Supply Drain +tSV 

-tSV 
+SV 

Total Power Dissipation 

TEMPERATURE RANGE 
Specification 
Operating (Derated Specs) 
Storage 

PACKAGE 

NOTES 

Adjustable to Zero 
to.l % of FSR4 

to.2% of FSR4 

to.012% FSR 
to.012% FSR 
±1/2LSB 
o to +70·C 

to.OM% of FSRI% V 
to.OOl % of FSR/% V 

o to +70·C 
±3OppmfC 

t3ppmfC 
±lSppmfC 
±2ppmfC 
GUARANTEED 

CSB 
COB,CTC 
2TTL Loads 
CSB, COB 
2TTL Loads 
Logic "1" during Conversion 
2TTL Loads 

2TTL Loads 
2.6MHz . 

6.3V/±lSmV max 

1.0mA 
±lOppm/·C 

+SV, tlSV 
4.7SV to S.2SV and t13.SV to t16.SV 
4.7SV to S.2SV and ±11.4V to ±16.SV 
ISmAmax 
3SmAmax 
100mAmax 
llOOmW max 

o to +70·C 
-2S·C to +8S·C 
-6S·C to +lSO·C 

Hennetic Ceramic 

I Buffer Settling time adds to conversion speed when buffer is connected to input. 
'DTLlTTL compatible LoJie "0". O.8V max, Lope "I" • 2,OV min for 
diJital input, LoJic "0". O.4V max, LoJic "1". 2.4V min, diJital output. 

I Adju!olahlc (0 Zloro • 

• FSR ~."s Full S("lltr tllngr, 
'Guaranteed at VIN = () volts. 
'Enor shown is the umc u 1112LSB max error in 'bof FSR. 
'See Table I. 
'Pin 17 tied to +5V. 
t Por:t: 12V openton add "Z" to model number. Input ranp 
limited to a maimum of t 5V when input buffer iJ uoed. 

·SpcciflcatiOD.llme uAD5l40KD. 
Specif"lCation. IUbject CO chanp without notice. 
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AD 5240BD 

12 Bits 

-2S·C to +8S·C 

-2S·C to +8S·C 
t2Sppm/·C 

-2S·C to +8S·C 
-SS·C to +12S·C 

ltermetic Ceramic 

Model 

ADS 240KD 
ADS240ZKD 
ADS240BD 
ADS240ZBD 

ORDERING GUIDE 

Power 
Requiremenu 

±lSV 
±12V 
±lSV 
±l2V 

Temperature Range 

o to +70·C 
o to +70°C 
-2S·C to +8S·C 
-2S·C to +8S·C 

I See Section 19 for p.c~ outline information. 

Package' 

HY32F 
HY32F 
HY32F 
HT32F 



1/2 r--~r---.....,--.....,----'r-----r--....,..--....,..--..., 

1/4 t---t---!r---!r\---j----t----t--==---t---1 

CONVERSION TIME -"' 

Figure 1. Linearity Error vs. Conversion Speed 

+0.25 

+0.2 

5i +0.16 

~ +0.1 
I 

a: +0.06 

~ ... 
~ -0,05 

~ ~.1 

" ~.16 

AD62411~ ./ 

I'"\-.. I'-... V .... 
I\\\' ~ ~\\ 
1\ \\: ~ ~\' 
K' V 

"""'~ AD624IIB " 
-25 +25 +70 +86 +125 

TEMPERATURE _·C 

Figure 3. Gain Drift Error (% FSR) vs. Temperature 

The analog continuum is partitioned into 212 discrete ranges 
for l2-bit conversion. All analog values within a given quan
tum are represented by the same digital code, usually assigned 
to the nominal midrange value. Thereis an inherent quantiza
tion uncertainty of ±1/2LSB, associated with the resolution, 
in addition to the actual conversion errors. . 

The actual conversion errors that are associated with AID 
converters are combinations of analog errors due to the linear 
circuitry, matching and tracking properties of the ladder and 
scaling networks, reference ~rror and power supply rejection. 
The matching and tracking errors in the converter have been 
minimized by the use of a monolithic DAC that includes the 
scaling network. The initial gain and offset errors are specified 
at iO.2% FSR for gain and iO.l % FSR for offset. These 
errors may be trimmed to zero by the use of the external trim 
circuits as shown in Figures 10 and 12. Linearity error is defined 
as the deviation from a true straight line transfer characteristic 
from azew analog input which calls for a zero digital output 
to a point which is defined as full scale. The linearity error is 
unadjustable and is the most meaningful indication of AID 
converter accuracy. Differential nonlinearity is a measure of 
the deviation in the staircase step width between codes from 
the ideal least significant bit step size (Figure 5). 

Monotonic behavior requires that the differential linearity 
error be less than lLSB, however a monotonic converter can 
have missing codes; the AD5240 is specified as having no 
missing codes over the entire temperature range as specified 
on the data page. 

Typical Performance Curves 

1/2 I----!r---j----t----t---+--"~_+_--_+_--~ 

CONVERSION TIME -"' 

Figure 2. Differential Linearity Error vs. Conversion Speed 

10r--~--~--r---~-~-~~--r--~-~--' 

~Bt--~~-+~-t---r---t-r-+--_+_--t--~-~ 
I 

::;; 

~6t--1.--=~~-~~~---t-,~+--_+_--t--~-~ 
a 

~ 
~ 4 

CONTROL VOLTAGE ON PIN 17 - V 

Figure 4. Conversion Speed vs. Control Voltage 

There are three types of drift error over temperature: offset, 
gain and linearity. Offset drift causes a shift of the transfer 
characteristic left or right over the 9perating temperature 
range. Gain drift causes a rotation of the transfer characteristic 
about the zero or minus full scale point. The worst case ac
curacy drift is the summation of all three drift errors over 
temperature. Statistically, however, the drift error behaves 
as the root-sum-squared (RSS) and can be shown as: 

EG ~ Gain Drift Error (ppmtC) 

EO = Offset Drift Error (ppm of FSR/oC) 

EL = Linearity Error (ppm of FSRt C) 

000 .. 000 

;3 
CIl 
a 
u 
I ... 

::;) 

... 
::;) 
a 

" .... 
0 
5 

111 

Figure 5. Transfer Characteristics for an Ideal Bipolar AID 
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THEORY OF OPERATION BI2 are set unconditionally. At tl the Bit 1 decision is made 
(keep) and Bit 2 is unconditionally reset. At t2, the Bit 2 
decision is made (keep) and Bit 3 is reset unconditionally. 

On receipt of a CONVERT START command, the ADS240 
converts the voltage as its analog input into an equivalent 12-
bit binary number. This conversion is accomplished as follows: 
the 12-bit successive-approximation register (SAR) has its 12-
bit outputs connected both to the device bit output pins and 
to the corresponding bit inputs of the feedback DAC. The 
analog input is successively compared to the feedback DAC 
output, one bit at a time (MSB first, LSB last). The decision 
to keep or reject each bit is then made at the completion of 
each bit comparison period, depending on the state of the 
comparator at that time. 

This sequence continues until the Bit 12 (LSB) decision (keep) 
is made at tiZ' After a 40ns delay period, the STATUS flag is 
reset, indicating that the conversion is complete and .that the 
parallel output data is valid. Resetting the STATUS flag re
stores thc gated clock inhibit signal, forcing the clock ou tpu t 
to the Logic "0" state. 

Corresponding serial and parallel data bits become valid on 
the same positive-going clock edge. Serial data does not change 
and is guaranteed valid on negative-going clock edges, however; 

TIMING 
The timing diagram is shown in Figure 6. Receipt of a CON
VERT START signal sets the STATUS flag, indicating conver
sion in progress. This, in turn, removes the inhibit applied to 
the gated clock, permitting it to run through 13 cycles. All the 
SAR parallel bits, STATUS flip-flops, and the gated clock 
inhibit signal are initialized on the traili':lg edge of the 
CONVERT START signal. At time to, Bl is reset and B2 -

, serial data can be transferred quite simple by clocking it into a 
receiving shift register on these edges (see Figure 6). 

Incorporation of this 40ns delay guarantees that the parallel 
(and serial) data are valid at the Logic "1" to "0" transition 
of the STATUS flag, permitting parallel data transfer to be 
initiated by the trailing edge of the STATUS signal. 

CONVERT' 
START 

INTERNAL 
CLOCK 

1-ooIIIr--------- MAXIMUM THROUGHPUT TIME ------__ ~ 

..... ;----------- CONVERSION TIME (2) ______ ....J~~I 

STATUS ~to I (~) ! t2 ! t3 ! ~ 1 ts ! ts 1 t7 ! ts ! tg 

MSB 

BIT2 

BIT 3 

BIT4 

BIT 5 

BIT6 

BIT7 

BIT B 

BIT 9 

BIT '0 

BIT " 

LSB 

SERIAL 
DATA OUT 

= = = 1 "0" I 1 1 1 I I 1 1 
==:r------LJ"" ill i 
=:=J L-j"'" I I I \ ---J 1"0" r----- :...-------------=" :::::r-r-j--;----t---t-----t----t~~ 
===J j"o" I· ! ,I r--
===J U",,, I 1 : =:1 LJr-",-" -'-1--:-1 ---'---:.---...:..----
= ::Jr--------------,L.j"," I 
::] 1"0" 
~==J U",,, I I 
:::J L.Jr---"'''~I--
==] ~~"O~" r--
=-:--=-~ 2 : 3 I 4 : 5 I 6 : 7 : B LU10 "t...IiYfff27& 

I'-!" "'" "'" "0" "0" "'" "'" "'" '''0'' "'" "'" "0;'1 

NOTES: 
,. THE CONVERT START PULSE WIDTH IS 50ns MIN AND MUST REMAIN LOW DURING 

A CONVERSION. THE CONVERSION IS INITIATED BY THE "TRAILING EDGE" OF THE 
CONVERT COMMAND. 

2. 5/ls FOR 12 BITS AND 4.2/ls FOR 10 BITS (MAX - PIN 17 TIED TO +5V) 
3. MSB DECISION 
4. LSB DECISION 40ns PRIOR TO THE STATUS GOING LOW 
*BIT DECISIONS 

Figure 6. Timing Diagram (Binary Code 0 11 00 111 0 11 0) 
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DIGITAL OUTPUT DATA 
Both parallel and serial data from TTL storage registers are in 
negative true form. Parallel data output coding is complemen
tary binary for unipolar ranges and either complementary off
set binary or complementary two's complement binary. de
pending on whether BIT 1 (pin 12) or its logical inverse BIT 1 
(pin 13) is used as the MSB. Parallel data becomes valid approx
imately 40ns before the STATUS flag returns to Logic "0". 
permitting parallel data transfer to be clocked on the "I" to 
"0" transition of the STATUS flag. 

Serial data coding is complementary binary for unipolar input 
ranges and complementary offset binary for bipolar input 
ranges. Serial output is by bit (MSB first. LSB last) in NRZ 
(non-return-to-zero) format. Serial and parallel data outputs 
change state on positive-going clock edges. Serial data is guaran
teed valid 200ns after the rising clock edges. permitting serial 
data to be clocked directly into a receiving register on the 
negative-going clock edges as shown in Figure 6. There are 13 
negative-going clock edges in the complete 12-bit conversion 
cycle. as shown in Figure 6. The first edge shifts an invalid bit 
into the register. which is shifted out on the 13th negative
going clock edge. All serial data bits will have been correctly 
transferred and be in the receiving shift register locations 
shown at the completion of the conversion period. 

Short Cycle Input: A Short Cycle Input. pin 14. permits the 
timing cycle shown in Figure 6 to be terminated after any 
number of desired bits has been converted, pennitting some
what shorter conversion times in applications not requiring full 
12-bit resolution. When 12-bit resolution is required, pin 14 is 
connected to +5V (pin 16). When 10-bit resolution is desired, 
pin 14 is connected to Bit 11 output pin 2. The conversion 
cycle then terminates, and the 'ST ATUS flag resets after the 
Bit 10 decision (tlO +40ns in timing diagram of Figure 6). 
Short Cycle pin connections and associated maximum 12-, 10-
and 8-bit conversion times are summarized in the table below. 

Connect Short 
Cycle Pin 14 To 

Pin: 

16 

2 

4 

Connect Clock 
Rate Control 

Pin 17 To 

16 

16 

16 

Bits 

12 

10 

Resolution 
(%FSR) 

0.024 

0.100 

0.390 

Maximum 
Conversion Status Flag 
Time (Jls) Reset 

5.0 

4.1 

3.3 

tl2 +40n5 
tlO + 40ns 
t8 + 40n5 

CLOCK RATE CONTROL ALTERNATE CONNECTIONS 
If adjustment of the CLOCK RATE is desired for faster con
version speeds, the CLOCK RATE CONTROL may be con-

Analog Input 
Voltage Range ±10V ±5V 
Code COB· COB· 
Designation orCTe·· orCTe·· 

One Least FSR 20V 10V 
Significant 2il F 2n 

Bit (LSB) n=8 78.13mV 39.06mV 
n= 10 19.53mV 9.77mV 
n= 12 4.88mV 2.44mV 

Transition Values 
MSB LSB 

Applying the AD5240 
nected to an external multi-turn trim potentiometer with a 
TCR of ±100ppm/C or less as shown in Figures 7 and 8. 

If the potentiometer is connected to -15V. conversion time 
can be increased as shown in Figure 6. If these adjustments are 
used, delete the connections shown in the previous table for 

. pin 17. See Figure 1 for linearity error vs. conversion speed 
and Figure 4 for the effect of the control voltage on clock 
speed. +5V 

CLOCK I CLOCK 

cON~~6~ @- - - - -12kfl ~~~8~iNCY 

112·BIT RESOLUTION) 
RANGE OF ADJUSTMENT IS 5 TO 6.1", 

. Figure 7. 12-Bit Clock Rate Control Optional Fine Adjust 

+15V 

CLOCK ~ CLOCK 
RATE @----- 5kn FREQUENCY 

CONTROL ADJUST 

18· OR lO·BIT RESOLUTION) 
RANGE OF ADJUSTMENT IS 2.5 TO 5", 

lO·BIT AND 2.2 TO 4.1"' FOR B·BIT RESOLUTIONS 

Figure 8. 8-Bit Clock Rate Control Optional Fine Adjust 

INPUT SCALING 
The AD5240 inputs should be scaled as close to the maximum 
input signal range as possible in order to utilize the maximum • 
signal resolution of the AID converter. Connect the input sig-
n~l as shown in Table II. See Figure 9 for circuit details. 

Figure 9. AD5240 Input Scaling Circuit 

Input 
Signal 
Range 

±10V 

±5V 

±2.5V 

OV to +5V 

OV to +lOV 

Output 
Code 

COB or eTC 

COB orCTC 

COB or CTC 

CSB 

CSB 

Connect 
Pin 23 
To Pin 

22 

22 

22 

26 

26 

For Direct 
Input 

Connect Connect 
Pin 25 Input 

To Signal To 

Input Signal 25 

Open 24 

Pin 22 24 

Pin 22 24 
Open 24 

Table II. Input Scaling Connections 

±2.5V OV to +10V OV to +5V 

COB· 
oreTe·· C5B··· e5B··· 

IT 10V 2Y 
2n 2n 2n 

19.53mV 39.06mV 19.53mV 
4.88mV 9.77mV 4.88mV 
l.22mV 2.44mV 1.22mV 

TOSAR 

For Buffered 
Input Pin 30 

Connect 
Pin 29 
To Pin 

25 

24 

24 

24 
24 

000 ... 000···· +Full Scale +10V -3/2LSB +5V -3/2LSB +2.5V -3/2LSB +10V -312L5B +5V -3/2LSB 
011 ... 111 Mid Scale 0 0 0 +5V +2.SV 
111 ... 110 -Full Scale -lOY +1/2LSB -SV +1I2LSB -2.5V +II2LSB 0+ 1/2LSB o +1/2LSB 

NOTES: 
·COB = Complementary Offset Binary ···CSB = Complementary Straight Binary. 
··CTC = Complementary Two's com~ent-obtained by using the complement ••• ·Voltages given are the nominal value for transition to the code specified. 

of the most significant bit (MSB). MSB is available to pin 13. 

Table I. Input Voltage Range and LSB Values 
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OFFSET ADJ USTMENT 
The zero adjust circuit consists of a potentiometer connected 
across ±VS with its slider connected through a 1.8Mn resistor 
to Comparator Input pin 22 for all ranges. As shown in Figure 
10 the tolerance of this fixed resistor is not critical, and a car
bon composition type is generally adequate. Using a carbon 
composition resistor having a -1200ppm/

u 
C tempco contributes 

a worst-case offset t~mpco of 8X 244X 10-6 X 1200ppm/OC = 
2.3ppm/oC of FSR, if the OFFSET ADJ potentiometer is set 
at either end of its adjustment range. Since the maximum off
set adjustment required is typically no more than ±4LSB, use 
of a carbon composition offset summing resistor typically' con
tributes no more than Ippm/oC of FSR offset tempco. 

+lSV 

'~~! ~ AD5240 
lOOk!! 

-ISV 

Figure 10. Offset Adjustment Circuit 

An alternate offset adjust circuit, which contributes negli
gible offset tempco if metal film resistors (tempco <100 
ppm/ C) are used, is shown in Figure 11. 

Figure 1,. Low Tempco Zero Adjustment Circuit 

In either zero adjust circuit, the fixed resistor connected to 
pin 22 should be located close to this pin to keep the pin 
connection runs short (Comparator Input pin 22 is quite 
sensitive to external noise pick-up). 

GAIN ADJUSTMENT 
The gain adjust circuit consists of a potentiometer connected 
across ±Vs with its slider connected through a lOMn re
sistor to the gain adjust pin 27 as shown in Figure 12. 

'~~! ~----Nv--,--{: 
10Qkf! 

Figure 12. Gain Adjustment Circuit 

An alternate offset adjust circuit, whIch contributes,negli
gible tempeo if metal film resistors (Temp co <100ppm/°C) 
are used is shown in Figure 13. 

10kU 
TO 5+---'\N'.----<~.JW ......... ,.-{ 

lOOk!! 

Figure 13. Low Tempco Gain Adjustment Circuit 
CALIBRATION 
External ZERO ADJ and GAIN ADJ potentiometers, con
nected as shown in Figures 10 and 12, are used for device 
calibration. To prevent interaction of these two adjustments, 
Zero is always adjusted first and then Gain. Zero is adjusted 
with the analog input near the most negative end of the analog 
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ANALOG 10/) AND DIGITAL I ~) GNDS -I5V 
ARE NOT TIED INTERNAllY AND MUST BE 
CONNECTED EXTERNALLY. 

Figure 14. Analog and Power Connections for Unipolar 
o to +10V Input Range with Buffer Follower 

NOTE, ANALOG 10/ ) AND DIGITAL (~ ) GNDS - 15V 
ARE NOT TIED INTERNALLY AND MUST BE 
CONNECTED EXTERNALLY. 

Figure 15. Analog and Power Connections for Bipolar -10V 
to +10V Input Range with Buffer Follower 

range (0 for unipolar and -FS for bipolar input ranges). Gain 
is adjusted with the analog input near the most positive end of 
the analog range. 

o to +10V Range: Set analog input to +lLSB = +0.0024V. 
Adjust Zero for digital output = 111111111110. Zero is now 
calibrated. Set analog input to +FSR -2LSB = +9.9952V. 
Adjust Gain for 000000000001 digital output code; full
scale (Gain) is now calibrated. Half-scale calibration check: 
set analog input to +5.0000V; digital output code should be 
011111111111. 

-10V to +10V Range: Set analog input to -9.9951 V; adjust 
Zero for 111111111110 digital output (complementary offset 
binary) code. Set analog input to +9.9902V; adjust Gain for 
000000000001 digital output (complementary offset binary) 
code. Half-scale calibration check: set analog input to O.OOOOV; 
digital output (complementary offset binary) code should be 
0111111111111. 

Other Ranges: Representative digital coding for 0 to + 1 OV and 
-10V to + 10V ranges is given above. Coding relationships and 
calibration points for 0 to +5V, -2.5V to +2.5V and -5V to 
+5Vranges can be found by halving the corresponding code 
equivalents listed for the 0 to +10V and -10V to +10V ranges, 
respectively. 



Zero and full-scale calibration can be accomplished to a pre
cision of approximately ±1/4LSB using the static adjustment 
procedure described above. By summing a small sine or tri
angular-wave voltage with the signal applied to the analog in
put, the output can be cycled through each of the calibration 
codes of interest to more accurately determine the center (or 
end points) of each discrete quantization level. A detailed 
description of this dynamic calibration technique is presented 
in "AID Conversion Notes", D. Sheingold, Analog Devices, 
Inc., 1977, Part II, Chapter 4. 

GROUNDING 
Many data-acquisition components have two or more ground 
pins which are not connected together within the device. These 
"grounds" are usually referred to as the Logic Power Return, 
Analog Common (Analog Power Return), and Analog Signal 
Ground. These grounds must be tied together at one point, 
usually at the system power-supply ground. Ideally, a single 
solid ground would be desirable. However, since current flows 
through the ground wires and etch stripes of the circuit cards, 
and since these paths have resistance and inductance, hundreds 
of millivolts can be generated between the system ground point 
and the ground pin of the AD5240. Separate ground returns 
should be provided to minimize the current flow in the path 
from sensitive points to the system ground point. In this way 
supply currents and logic-gate return currents are not summed 
into the same return path as analog signals where they would 
cause measurement errors. 

Each of the AD5240's supply terminals should be capacitively 
decoupled as close to the AD5240 as possible. A large value 
capacitor such as 1pF in parallel with a O.lpF capacitor is 
usually sufficient. Analog supplies are bypassed to the Analog 
supplies are bypassed to the Analog Power Return pin and the 
logic supply is bypassed to the Logic Power Return pin. 

"I F INDEPENDENT. OTHERWISE 
RETURN AMPLIFIER REFERENCE 
TO MECCA AT ANALOG P.S. COMMON 

Figure 16. Basic Grounding Practice 

SAMPLED DATA SYSTEMS 

DIGITAL 
DATA 
OUTPUT 

The conversion speed of the AD5240 allows accurate digitiza
tion of high frequency signals and high throughput rates in 
multichannel data acquisition systems. To make the AD5240 
capable of full benefit from this high speed, a fast sample-hold 
amplifier such as the AD346 or ADSHC-85 is required. Fig
ures 16 and 17 show the use of an AD346 and ADSHC-85 as 
sample and hold's in combination with the AD5240. 

Figure 17. 142.BkHz-12-Bit,A/D Conversion System 

--t------<r--------..... - +15V 
--t-~---t--t_----~--t-- ·15V 

ANALOG 71----".;..::...;.;..:...---i 

ol~6~6v ADSHC·85 

CONVERT 
START 

STATUS 

24 

26 

AD5240 

15 

20 21 

Figure 1B. 105kHz-12-Bit,A/D Conversion System 

In sampled data systems there are two limiting factors in digi
tizing high frequency signals. The maximum value of input 
signal frequency that can be acquired and digitized using a 
sample and hold amplifier and AID converter combination is 
influenced by the bandwidth of the SHA, but it is also dictated· 
by: 

A. The aperture uncertainty (jitter) of the sample and hold 
amplifier. 

B. The desired accuracy, and corresponding resolu tion of the 
converter. 

The resolution of an AD5240 is 1 part in 4096 to a tolerance 
of 0.012% of the full scale range, the maximum value of input 
signal frequency which can be digitized is determined by: 

FMAXI = 
(21T) (Aperture Uncertainty) 

1 
FMAX/AD346 = (21T) (4096) (4 X 10-10) = 97.1kHz 

1 
FMAX /ADSHC-85 = (21T)(4096)(5X10 10) = 77.7kHz 
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The maximum throughput rate for each of these combinations 
is again different. The maximum throughput rate is the sum of 
the sample and hold acquisition time and AID conversion time 
as shown in Figure 19. 

~. 11 
OO~M~-~~ ~ 

START I--- T CON V ~ 

STATUS 

STATUS CONNECTED TO SAMPLE AND HOLD MODE CONTROL 

Figure 19. Start/Status Timing for Sampled Data System 

When using anAD346 with anAD5240the throughput rate is, 
2.0ps acquisition time plus 5ps conversion time, 142.8kHz. The 
ADSHC-85 used in combination with an AD5240 is, 4.5ps 
acquisition time plus 5ps conversion time, 105.3kHz. To meet 
the requirements of the nyquist sampling criteria, the AD346 
and AD5240 combination can be used for input frequencies 
from dc through 71kHzjthe ADSHC-85 and AD5240 combin
ation for inputs from dc through 52kHz. Input frequencies 
higher than these (up to the maximum frequency) would 
result in '.'under-sampling" of the input signal. Signals up to 
the maximum frequency could be processed if their bandwidth 
is less than one-half the sample frequency. 

ANALOG 
INPUTS 

1161 

DC POWER 

Figure 20. High Speed 12-8it DAS 

A fast (43.5kHz) 12-bit DAS can be configured using the 
AD362 and the AD5240. The AD362 contains tw08-channel 
multiplexers, a differential amplifier, a sample-and-hold with 
high-speed output amplifier, a channel address latch and con
trollogic. The multiplexers may be connected to the differen
tial amplifier in either an 8-channel differential or 16-channel 
single-ended configuration. A feature of the AD362 is an in
ternal user·controllable analog switch that connects the multi
plexers in either a single-ended or differential mode. This 
allows a single device to perform in either mode without hard
wire programming and permits a mixture of single-ended and 
differential sources to be interfaced by dynamically switching 
the inpll;t mode control. 

MICROPROCESSOR INTERFACING 
The 5ps conversion time of the AD5240 suggests several dif
ferential methods of interface to microprocessors. In systems 
where the AD5240 is used for high sampling rates on a single 
signal which is' to be digitally processed, CPU-controlled con
version may be inefficient due to the slow cycle times of most 
microprocessors. It is generally preferable to perform conver
sions independently, inserting the resultant digital data 
directly into memory. This can be done using direct memory 
access (DMA) which is totally transparent to the CPU. Inter
face to user-designed DMA hardware is facilitated by the guar
anteed data validity on the falling edge of the EOC signal. 
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Clearly, 12 bits of data must be broken up for interface to an 
8-bit wide data bus. There are two possible formats: right
justified and left-justified. In a right-justified system, the 
least significant 8 bits occupy one byte and the four MSBs 
reside in the low nybble of another byte. This format is use-

START 
ADDRESS 

(ACTIVE LOW) 

HIGH BYTE 
ADDRESS 

(ACTIVE LOW) 

LOW BYTE 
ADDRESS 

(ACTIVE LOW) 

+15V-15V 

29 

30 
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! 
~ __ ~~>-__ r1~8 ! 
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I 
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I 
I 
I 

3 _____ ~ 

(OPTIONAL) 

Figure 21. AD5240 Interface Connections 
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AD5 

AD4 

AD3 

AD2 

AD1 

ADO 

ful when the data from the ADC is being treated as a binary 
number between 0 and 4095. The left-justified format sup-

'plies the eight most-significant bits in one byte and the 
4LSB's in the high nybble of another byte. The data now re
presents the fractional binary number relating the analog 
signal to the full-scale voltage. An advantage to this organiza
tion is that the most-significant eight bits can be read by the 
processor as a coarse indication of the true signal value. The 
full 12-bit word can then be read only when a1112 bits are 
needed This allows faster and more efficient control of a 
process. 

Figure 21 shows a typical connection to an 8085-type bus, 
using a left justified data format for unipolar inputs. Status 
polling is optional, and can be read simultaneously with the 
4LSBs. If it is desired to right-justify the data, pins 1 through 
12 of the AD5240 should be reversed, as well as the connec
tions to the data bus and high and low byte address signals. 

When dealing with bipolar inputs (±5V, ±10V ranges), using 
the MSB directly yields a complementary offset binary-coded 
output. If complementary two's complement coding is desired, 
it can be produced by substituting MSB (pin 13) for the MSB. 
This facilitates arithmetic operations which are subsequently 
performed on the ADC output data. 
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CMOS 
l3-Bit Monolithic A/D Converter 

FEATURES 
Resolution: 13 Bits, 2's Complement 
Relative Accuracy: ±1/2 LSB 
"Quad Slope" Precision 

Gain Drift: 1ppmfC 
Offset Drift: 1ppmtC 

Microprocessor Compatible 
Ratiometric 
Overrange Flag 
Very Low Power Dissipation 
TTL/CMOS Compatible 
CMOS Monolithic Construction 

GENERAL DESCRIPTION 
The AD7550 is a 13-bit (2's complement) monolithic CMOS 
analog-to-digital converter on a 118 x 125 mil die packaged 
in a 40-pin ceramic DIP. Outstanding accuracy and stability 
(lppm/C) is obtained due to its revolutionary integrating 
technique, called "Quad Slope" (Analog Devices patent 
No. 3872466). This conversion consists of four slopes of 
integration as opposed to the traditional dual slope and 
provides much higher precision. 

The AD7550 parallel output data lines have three-state logic 
and are microprocessor compatible through the use of two 
enable lines which control the lower eight LSB's (low byte 
enable) and the five MBS's (high byte enable). An overrange 
flag is also available which together with the BUSY and 
BUSY flags can be interrogated through the STATUS 
ENABLE providing easy microprocessor interface. 

The AD7550 conversion time is about 40ms with a 1MHz 
clock. Clock can be externally controlled or internally gen
erated by simply connecting a capacitor to the clock pin. A 
positive start pulse can be self-generated by having a capacitor 
on the start pin or can be externally applied. ' 

PACKAGE IDENTIFICATION 1 

Suffix "D" - Ceramic DIP (D40A) 

NOTE 
I See Section 19 for package outline information. 

AD7550 I 

AD7550 FUNCTIONAL BLOCK DIAGRAM 
VAEF1 AIN lAIN IAJCT IAOUT 

VDD 

Vee 
VAEF 2 

OGNO 

AGNO 

ClK toUT 

STAT STEN 

lBEN 
HBEN 

C'N 

40-PIN DIP 

For most applications, the AD7550 needs only three resistors, 
one capacitor, and a reference voltage since the integrating 
amplifier, comparator, switches and digital logic are all on 
the CMOS chip. 

A wide range of power supply voltages (±5V to ±12V) with 
minuscule current requirements make the AD7550 ideal for 
low power and/or battery operated applications. Selection 
of the logic (Vee) supply voltage (+5V to Voo ) provides 
direct TTL or CMOS interface on the digital input/output 
lines. 

The AD7550 uses a high density CMOS process featuring 
double layer metal and silicon nitride passivation to ensure 
high reliability and long-term stability. 

PIN CONFIGURATION 

NC VREF1 AIN VREF2 Vss NC 
IAJCT lAIN IROUT AGNO NC NC STAT 

TOP VIEW 

ANALOG-TO-DIGITAL CONVERTERS VOL. I, 1~ 119 

• 



SPECIFICATIONS (VDD = +12V, Vss = -5V,'VCC = +5V, VREFl = +4.25V unless otherwise noted)! 

OVER SPECIFIED 
PARAMETER TA = +25°C TEMPERATURE RANGE TEST CONDITIONS 

ACCURACY 
Resolution 13 Bits 2's Comp min 
Relative Accuracy ±lLSB max ±l LSB max fCLK = 500kHz, RI = lMn, 
Gain Error ±lLSB max C1 = O.OlJ..lF. IRjCT Voltage 
Gain Error Drift lppm/oC typ Adjusted to VREF1 ±0.6% 
Offset Error ±0.5LSB max 2 
Offset Error Drift lppm/oC typ 

ANALOG INPUTS 
AIN Input Resistance2 RlMn min 
V REF 1 Inpu t Resistance2 RlMn min 
V REF2 Leakage Current lOpA typ 

DIGITAL INPUTS I 

CIN, LBEN, HBEN, STEN 
V INL +O.BV max +O.BV max VCC = +5V 
VINH +2.4V min +2.4V min 
VINL +1.2V max +1.2V max Vcc = +l2V 
VINH +lO.BV min +lO.BV min 

IINL' IINH 5nA typ 

START 
V INL +O.BV max +O.BV max VCC = +5V to Voo 
VINH +3.0V min +3.0V min 

IINL -IJ..IA typ Vcc = +5V to Voo ' BUSY = Low 
IINH +lSOJ..lA typ Vcc = +5V to Voo ' BUSY = High 

CLOCK 
VINL +O.BV max +O.BV max Vcc = +5V 
V INH +3V min +3V min 
VINL +1.2V max +1.2V max Vcc = +12V 
VINH +lO.BV min +IO.BV min 

IINL -lOOJ..lA typ VIN = VINL; Vcc = +5V to +l2V 

IINH +lOOJ..lA typ VIN = VINH; Vcc = +SV to + l2V 

DIGITAL OUTPUTS 

VOUTL +O.SV max +O.BV max Vcc = +5V,IsINK = 1.6mA 
YOUTH +2.4V min +2.4V min Vcc = +5V,lsoURCE = 40J..lA 
VOUTL +1.2V·max +1.2V max Vcc = +l2V,IsINK = 1.6mA 

YOUTH +lO.BV min +10.BV min Vcc = +12V,lsoURCE = 0.6mA 
Capacitance (Floating State) 5pF typ 

(OVRG, BUSY, BUSY, 
and DBO-DB12 

ILKG (Floating State) ±5nA typ Vcc = +5V to +12V 
(OVRG, BUSY,BUSY, VOUT = OV and Vcc 
and DBO-DB12) 

DYNAMIC PERFORMANCE 

90ms typ VIN(CLK) = 0 to +3V, 

Conversion Time 
fcLK = 500kHz 

40ms typ 
VIN(CLK) = 0 to +3V, 
fCLl{ = 1MHz 

STEN,HBEN,LBEN 
Propagation 25005 typ, 500ns max V1N(STEN, HBEN, LBEN) 

Delay toN' tOFF o to +3V 

External STRT BOOns min VIN(STRT) = 0 to +3V 
Pulse Duration 

POWER SUPPLIES 
Voo Range +10V min, +12V max 
VSS Range -SV min, -12V max 
Vcc Range +5V min, Voo max 

100 0.6mA typ, 2mA max 

Iss O.3mA typ, 2mA max fCLK = 1MHz 

Icc 0.06mA typ, 2mA max 

NOTES 
I Full Scale Voltage = ±VREFI .;. 2.125. For VREFI = +4.2SV, FS voltage is ±2.000V. 

2 The equivalent input circuit is the integrator resistor R 1 (lMO min, lOMO max) in series with a voltage source VREFI ,(see Figure 1). 

Specifications subject to change withou t notice. 2 
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ORDERING INFORMATION 

Model Temperature Range Package 

AD7550BD Ceramic 

CAUTION: 

1. The digital control inputs are zener protected; however, 
permanent damage may occur on unconnected units 

. under high energy electrostatic fields. Keep unused 
units in conductive foam at all times. Prior to pulling 
the devices from the conductive foam, ground the 
foam to deplete any accumulated charge. 

2. Vee should never exceed Voo by more than OAV, 
especially during power ON or OFF sequencing. 

ABSOLUTE MAXIMUM RATINGS 

Voo to AGND ......................... OV, +14V 
Voo to DGND ......................... OV, +14V 
Vss to AGND .......................... OV, -14V 
Vss to DGND .......................... OV, -14V 
AGND to DGND ........................ OV, +14V . 

Vee to DGND .......................... OV, Voo 
VREF1 · ....•.•.....•.•.......•.•..•.. Vss ' Voo 
VREF2 · ..•....•.....•.•..•.••••..•• AGND, Voo 
AIN ................................ Vss , Voo " 
IRIN ................................ Vss , Voo 

IRJCT ............................. AGND, Voo 

IROUT .......................... " .... Vss , Voo 
Digital Input Voltage 

HBEN, LBEN, STEN, em ....... DGND, (DGND +27V) 
CLK, START ...................... DGND, Voo 

Digital Output Voltage 
DBO-DB12, OVRG, BUSY, BUSY, CoUT .•. DGND, Vee 

Power Dissipation (Package) 
Up to +50

o
C ...................... , .. 1000mW 

Derates above +50
o
C by ................. 10mW/C 

Storage Temperature ................ -65°C to +150
o
C .,.. 

Operating Temperature ................ -25°C to +85°C .. 
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PIN FUNCTION DESCRIPTION 

PIN MNEMONIC 

NC 
2 IRJCf 
3 VREP1 
4 IRIN 

5 AIN 
6 IROUT 

7 VREP2 . 

8 AGND 

9 VSS 
10 NC 

11 NC 
12 NC 

13 NC 

14 STRT 

15 CLK 

16 CoUT 

17 GN 

18 BBEN 

19 LBEN 

20 DGND 

21 DBO 
22 DB1 
23 DB2 
24 DB3 
25 DB4 
26 DB5 
27 DB6 
28 DB7 
29 DB8 
30 DB9 

31 DB10 
32 DBll 
33 DB12 

34 OVRG 

35 BUSY 

36 BUSY 

37 STEN 
38 NC 
39 Vee 

40 VDD 

DESCRIPTION 

No Connection 

IntegratoR JunCfion. Summing junction (negative input) of integrating amplifier. 
Voltage REFerence Input 
IntegratoR INput. External integrator input R is connected between IRJCT and IRIN. 

Analog INput. Unknown analog input voltage to be measured. Fullscale AIN equals VREp /2.125. 
IntegratoR OUTput. External integrating capacitor <; is connected between IROUT and lRJCT. 
Voltage REFerence -;- 2 Input 

Analog GrouND 

Negative Supply (-5V to -12V) 

No Connection 

~o Connection 
No Connection 

No Connection 
STaRT Conversion. When STRT goes to a Logic "I," the AD7550's digital logic is set up and 

BUSY is latched "high." When STRT returns "low," conversion begins in synchronization with 
CLK. Reinitiating STRT during conversion causes a conversion restart. STRT can be driven from 
an external logic source or can be programmed for continuous conversion by connecting an 
external capacitor between STRT and DGND. An externally applied STRT command must be 
a positive pulse of at least 800 nanoseconds to ensure proper set-up of the AD7550 logic. 
CLocK Input. The CLK can be driven from external logic, or can be programmed for internal 
oscillation by connecting an external capacitor between CLK and DGND. 
Count OUT provides a number (N) of gated clock pulses given by: 

N J~IN 2.125 + 1J 4096 
[ REFl 

Count IN is the input to the output counter. 2's complement binary data appears on the DBO 

through DB12 output lines (if the BBEN and LBEN enable lines are "high") if CoUT is con

nected to GN. 
High Byte ENable is the three-state logic enable input for the DB8-DB12 data outputs. When 

HBEN is low, the DB8-DB12 outputs are floating. When HBEN is "high," digital data appears 
on the data lines. 

Low Byte ENable is the three-state logic enable for DBO-DB7. When LBEN is "low," DBO
DB7 are floating. When "high," digital data appears on the data lines. 

Digital GrouND is the ground return for all digital logic and the comparator. 

Data Bit 0 (least significant bit) 

1 
CODE: 2 's Complement 

1 , 
Data Bit 12 (most significant bit) 

OVerRange indicates a Logic "1" if AIN exceeds plus or minus full scale by at'Ieast 112 LSB. 

OVRG is a three-state output and floats until STEN is addressed with a Logic "I ". 
Not BUSY. BUSY indicates whether conversion is complete or in progress. BUSY is a three
state output which floats until STEN is addressed with a Logic "1." When addressed, BUSY 
will indicate either a "I" (conversion complete) or a "0" (conversion in progress). 

BUSY indicates conversion status. BUSY is a three-state output which floats until STEN is 
addressed with a Logic "1." When addressed, BUSY indicates a "0" (conversion complete) or a 
"1" (conversion in progress). 

STatus ENable is the three-state control input for BUSY, BUSY, and OVRG. 
No Connection 

\ 

Logic Supply. Digital inputs and outputs are TTL compatible if Vee = +5V, CMOS compatible 

for Vee = +10V to VDD . 

Positive Supply +10V to +12V. 
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PRINCIPLES OF OPERATION 

BASIC OPERATION 

The essence of the quad slope technique is best explained 
through Figures 1 and 2. 

swo 

VREF200------"""'""-1 TO CONTROL LOGIC 

Vs = VREF2 + Vas + IBIAS Rl + ILKGSWa Rl 

AGND 

Figure 1. Quad Slope Integrator Circuit 

The inputs AGND (analog ground), VREFI and AIN (analog 
input) are applied in sequence to an integrator (Figure 1), 
creating four slopes (phases 1 through 4, Figure 2) at the 

. I V:"d all al VREFI mtegrator output. Vo tage S IS 1 e yequ to --2-' - , 

but if not, will create an error count "n" that will be mini
mized by the "quad-slope" conversion process. VREFI and 
VREF2 must be positive voltages. 

The equivalent integrator input voltages and their integration 
times are shown in Table I. 

TABLE I. 
INTEGRATOR EQUIVALENT INPUT VOLTAGES 

AND INTEGRATION TIMES 

Phase Input Voltage Integration Time 

1 . AGND-VS tl = Kl t 

2 VREFI-VS t2 = (K1 + n)t 

3 AIN-VS t3 = (2Kl - n)t 

4 VREFl-VS t4 = (Kr 2Kl + n -2Nh 
NOTE: Ideally Vs = VREF2 = 1/2 VREFI 

PHASE 0 PHASE 1 PHASE 2 

where: 
t = The CLK period 
n = Svstem error count 
Kl ='A fixed count equal to 4352 counts 
K2 = A fixed count equal to 17408 counts (K2 = 4Kl) 
K3 = A fixed count equal to 25600 counts 
N = Digital output count correspondi~g to the analog input 

voltage, AIN 

PHASE 0 
After the start pulse is applied, switch SW2 is closed (all other 
switches open) and the integrator output is ramped to compar
ator zero crossing. Phase 0 can be considered the reset phase 
of the converter, and always has a duration to = R1 Cl (integra
tor time constant). Upon zero crossing, counters K1 and K2 
are started, switch SW2 is opened and SW1 is closed. 

PHASE 1 
Phase 1 integrates (AGND - Vs) for a fixed period of time 
(by counter Kl) equal to tl = Kl t. At the end of phase 1, 
switch SW1 is opened and SW2 is closed. 

PHASE 2 
The integrator input is switched to (VREFI - Vs) and the 
output ramps down until zero crossing is achieved. The integra- III 
tion time t2 = (K1 + n)t includes the error count "n" due to I 
offsets, etc. At the end of phase 2, switch SW2 is opened, SW3 
is closed, and a third counter (K3) is started. 

PHASE 3 
Phase 3 integrates the analog input (AIN - Vs) until counter 
K2 counts 4Kl t. At this time SW3 is opened and SW2 is 
closed again. 

PHASE 4 
Phase 4 integrates (VREFI - VS) and the comparator output 
ramps down until zero crossing once again is achieved. Since 
the comparator always approaches zero crossing from the 
same slope, propagation delay is constant and hysteresis effect 
is eliminated. 

PHASE 3 PHASE .. PHASE 5 

I " / " OS SHOWN 1N BOLD ARE 
ED BY n SINCE THEY ARE 

NOTES 
I.-"CLK. 
2TIMEPERIO 

UNAFFECT 
DETERMIN 
ORK3. 

'§ill!!- LOG 
BUSY AND 
STATE. 

IROUT 
(PIN 51 

ED BY COUNTERS K1. K2. 

Ie 1. IF STEN" D. BUSY. 
OVRG ARE IN FLOATING 

~ V ~ It 
"-

~ 
~"''/ 

"f/ .'ll?:" .r ?! '-I~~-" 
cf>y 

I t-'''';' " "-l/...-/ "- V "-

STRT 
(PIN 14 

I!liW (PIN 35 
(NOTE 31 

r---
)....--.. BOOn',MIN 

--I LOGIC RESET 
DATA 
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'0-
R,el 

" "'-
~ K2t - .. K,t 

K3t (NOTES 1 AND 21 
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DATAVALlD~ 

~ TOTAl! 
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Figure 2. Quad Slope Timing Diagram 
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The time t5 between the phase 4 zero crossing and the termin
ation of counter K3 is considered equal to 2N counts. N, the 
number of counts at the CoUT terminal, is obtained by a di
vide-by-two counter stage. This reduces "jitter" effect. Bar
ring third (and higher) order effects, it can be proven that: 

(EQN 1) 

N = (~ - 1) • 2Kt + .!S1 +i- AIN - 1,,[AGND (1 + 20) - 0 2] . 2KI 
VIUT1 2 \VREF1 J LVREF1 

\ v .I \, "'_------.... 1 

ideal transfer function error term 

where: 

~ = 2VS-VREF1 

VREF1 

The ideal case assumes: 

AGNO = OV 
VREF1 

Vs = --2-' therefore ~ = 0 

Then (EQN 1) simplifies to: 

N = ~ • 8704 + 4096 
VREF1 

or 

IN =~ . 4096 + 4096, 

where: 

. V 
VFS = full scale mput voltage = REF1 

2.125 

(EQN 2) 

(EQN 3) 

The parallel output (OBO-OB12) of the A07550 represents 
the number N in binary 2's complement coding when the 
COUT pin is connected to the CIN pin (see Table 11). 

TABLE II 
OUTPUT CODING (Bipolar 2's Complement) 

Analog Input N Parallel Digital Output 

(Note 1) (Note 2) (Note 3) 

OVRG DB12 . DBO 

+Overrange - 1 0 1 1 1 1 1 1 1 1 1 1 1 1 
+VFS (1-2-12 ) 8191 0 0 1 1 1 1 1 1 1 1 1 1 1 1 
+VFS (2-12 ) 4097 0 0 0000 0000 0001 
0 4096 0 0 0000 0000 0000 
-VFS (2-12) 4095 0 1 1 1 1 1 1 1 1 1 1 1 1 1 
-VFS 0 0 1 0000 0000 0000 
-Overrange - 1 1 0000 0000 0000 

Notes V
REF1 

VFS = 2.125 

2 N = number of counts at COUT pin 
3 COUT strapped to CINi LBEN, HBEN and STEN = Logic 1 

ERROR ANALYSIS 

Equation 1 shows that only a and AGNO generate error terms_ 
Their impact can be analyzed as follows: 

Case 1,' AGNO = 0, a =1= 0 

Error sources such as capacitor-leakage (It> and op 
amp offset (e) cause a to be different from zero. 
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Under this condition, 

~ = 2 (e + IL R1 ) 

VREFl 

where ILR1 is the equivalent error voltage generated 
by leakage IL. 

The evaluation of this error term is best demonstrated 
through the following example: 

Assume: 

e = 5mV, IL = 5nA, R1 = 1Mn and VREF1 = 4.25V. 

Then: 

a = 4.7 x 10-3 

and: 

N= [~-1]X8704+12800- [ AIN -1]X22.1XlO-.X8704 
VREF1 VREF1 

, 1 
V 

error term Ne 

Therefore, the error count N( is as follows: 

For AIN = -VFS: Ne = 0.28 counts = 0.28LSB 
AIN = 0: Ne = 0.19 counts = 0.19LSB 
AIN = +VFS : Ne = 0.09 counts = 0.09LSB 

The above example shows the strong reduction of 
the circuit errors because of the a2 term in (EQN 1). 
Another consequence of this' effect is that N( is 
always positive, regardless of the polarity of the cir
cuit errors. 

Case 2: AGNO =1= 0, a = 0 

When AGNO is different from the signal ground, then 
. this error will come through on a first-order basis. 

Indeed: 

N =~ - J. 8704 + 12800 JAIN _ J. AGND 
LVREF1 J LVREF1 J VREF1 

~'-------v~------~I 

error term N e 

The following example demonstrates the impact 
of AGNO. 

Let AGNO = 1mV and VREF1 = 4.25V. 

For AIN = -VFS ' then Ne = 3.01 counts 
AIN = 0, then Ne = 2.05 counts 
AIN = + VFS ' then Ne = 1.08 counts 

Therefore, ground loops should be minimized 
because a BOIlV difference between AGNO and 
signal ground will cause 1 count (1 LSB) of error 
when the analog input is at minus full scale. An 
optimized ground system is shown in Figure 7. 



OPERATING GUIDELINES 

The following steps, in conjunction with Figure 3, explain the 
calculations of the component values required for proper 
operation. 

1. DETERMINATION OF VREF1 

When fhe full scale voltage requirement (VFS) has been 
ascertained, the reference voltage can be calculated by: 

VREF1 = 2.125 (VFS ) 

VREF1 must be positive for proper operation. 

2. SELECTION OF C3 (INTERNAL CLOCK OPERATION) 

For internal clock operation, connect capacitor C3 to the 
clock pin as shown in Figure 3. The clock frequency versus 
capacitor C3 is shown in Figure 4. 

The clock frequency must be limited to 1.3MHz for proper 
operation. 

3. SELECTION OF INTEGRATOR COMPONENTS (Rl 
AND Cl) 

To ensure that the integrator's output doesn't saturate to 
its bound (Voo ) during the phase (3) integration cycle, 
the integrator time constant (R1 C1) should be approxi
mately equal to: 

The integrator components Rl and Cl can be selected by 
referring to Figure 5 and/or Figure 6. Figure 5 plots the time 
constant (RlCl) versus clock frequency for different refer
ence voltages. Figure 6 is a direct plot of the required Cl _ 
versus feLK for Rl values of lMil and lOMil. 

Rl can be a standard 10% resistor, but must be selected 
between lMil to 10Mil. 

The integrating capacitor "Cl" must be a low leakage,low 
dielectric absorption type such as teflon, polystyrene or 
polypropylene. To minimize noise, the outside foil of Cl 
must be connected to IRoUT ' 

4. CONVERSION TIME 

As shown in Figurf! 2, the conversion time is independent of 
the analog input voltage AIN, and is given by: 

34306 
tconvert = tSTRT + --- + RlCl 

fCLK 

where: 

tSTRT = STRT pulse duration 
RlCl = Integrator Time Constant 
fCLK = CLK Frequency 

For example, if VEEFI = 4.25V, Rl = lMil, Cl = 4,OOOpF 
and CLK = lMHz, the conversion time (not including 
tSTRT ' which is normally only microseconds in duration) 
is approximately 40 milliseconds. 

5. EXTERNAL OR AUTO STRT OPERATION 

The STRT pin can be driven externally, or with the addition 
of C2, made to self-start. 

The size of C2 determines the length of time from end of 
conversion until a new conversion is initiated. This is the 
"data valid" time and is given by: 

tOAV ~ (1.7 x 106il) Cz + 20l1s 

When first applying power to the AD7550, a OVto Voo 
positive pulse (power up restart) is required at the STRT 

) terminal to initiate auto STRT operation. 

6. INITIAL CALIBRATION 

II 

Trim R4 (Figure 3) so that pin 2 (IR]CT) equals 112 VREF1 
±O.6%. When measuring the voltage on IR]CT, apply a Logic 
"1" to the STRT terminal. 

+5V TO 
+12V -5V +12V STEN lBEN HBEN BUSY SuSY 

40 39 20 37 19 18 36 35 C2 
14 

STRT 

C~DGND 
15 

ClK 

~DGND AD7550 
OVRG 

34 
DB12 

33 
I 
I 

21 
DBO 

16 17 

C1N 

Rl Cl 

Figure 3. Operation Diagram 
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APPLICATION HINTS 

When operating at fcLK greater than 500kHz, the following 
steps are recommended to minimize errors due to noise 
coupling (see Figure 7). 

1. Decouple AIN (pin 5), VREFl (pin 3) and VREF2 (pin 7) 
through O.OlJ.LF to signal ground. 

2. Signal ground must be located as close to pin 8 (AGND) 
as possible. 

3. Keep the lead lengths of R 1 and C1 toward pin 2 (I RJ CT) 
as short as possible. In addition, both components should 
lie over the analog ground plane. If C1 has an outside foil, 
connect it to pin 6 (IROUT), not pin 2. 

4. Hold the data bit enables (HBEN, LBEN) in th,e 0 state 
during conversion. This is easily accomplished by tying 
STEN to the 1 state and driving HBEN and LBEN with 
BUSY. This prevents the DBO through DB12 outputs from 
coupling noise into the integrator during the phase 1-4 
active integration periods, 

AIN 

'" 

40 ---=,---------, 

39~--__+-...., 

AD7SS0 

20~~~==:;-

Figure 7. Ground System 
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WDEVICES 

FEATURES 
12-Bit Binary with Polarity and·Overrange 
Accuracy ± 1 LSB 
Microprocessor Compatible 
Ratiometric Operation 
Low Power Dissipation 
Low Cost 

GENERAL DESCRIPTION 
The AD7552 is a 12-bit plus sign and ovcrrange monolithic 
CMOS analog to digital converter. The "Quad Slope" conversion 
algorithm (Analog Devices patent No. 3872466) converts any 
offset voltages due to the integrator, comparator etc. to a digital 
numher and subsequently reduces the total system drift error to 
a second order effect. 

The AD7552 parallel output data lin(;s have three-state logic and 
arc microprocessor compatible. Separate enable lines control the 
lower eight LSBs (low byte enable) and the five MSBs (high 
byte enable). An overrange flag is also available which together 
with the BUSY and BUSY flags can be interrogated through the. 
STATUS ENABLE providing easy microprocessor interface. 

PACKAGE IDENTIFICATION l 

Suffix "N" - Plastic DIP (N40A) 

ISee Section 19 for package outline information. 

CMOS 12-Bit Plus Sign 
Monolithic AID Converter 

AD7552 I 

AD7552 FUNCTIONAL BLOCK DIAGRAM 

IRIN IRJCT IROUT 

BUSY BUSY ('VRG DB12 - - - - - - DBO 

PRODUCT HIGHLIGHTS 

STEN 

LBEN 

HBEN 

l. The output data (12-bits plus sign) may be directly accessed 
under control of two byte enable signals for a simple parallel 
hus interface. The overrange and converter busy signals arc 
accessed by a status enable signaL 

2. The AD7552 conversion time is approximately 160ms with a 
250kHz clock. 

3. Serial count out available for isolated AID conversion via 
opto-isolators. 

4. A conversion start can be controlled by an externally applied 
signal or, with the addition of a capacitor, the converter can 
be made to self start. 

5. For most applications, the AD7552 needs only three resistors, 
one capacitor, and a reference voltage since the integrating 
amplifier, comparator, switches and digital logic are all on 
the CMOS chip. 
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SPECIFICATIONS (Voo = + 12V, Vee = + 5V, Vss = - 5V, VREFl 

Parameter 

ACCURACY 
Resolntion 
Accuracy of Reading (Including Noise) 

Noise (Flicker) 

ANALOG INPUTS 
AIN (pin 5) Input Resistance2 

V REF! (pin 3) Input Resistance2 

V REF2 (pin 7) Leakage Current 

DIGITAL INPUTS 
CIN(pin 17),HBEN(pin 18), 

LBEN (pin 19), STEN (pin 37) 
VII. 
VIH 
VII. 
VIH 

111.,11\1 
START (pin 14) 

VII. 
VIH 

Ill. 
IIH 

CLOCK (pin IS) 
VII. 
V IH 

VII. 
Vm 
Ill. 
IIH 

DIGITAL OUTPUTS 
CouT(pin 16),OVRG(pin34) 

BUSY(pin 35), BUSY (pin 36) and 
DBO-DB 12'(pins 21-33) 

Val. 
VOH 
VOL 
VOH 

Capacitance per Pin3 

Leakage per Pin 

DYNAMIC PERFORMANCE 
Conversion Time 
Propagation Delays3 

STEN to BUSY, BUSY, or OVRG 

LBEN to DBO-DB7 

HBEN to DBB-DB 12 

STRT Pulse Width 

POWER SUPPLIES 
Voo 
Vss 
Vcc 
100 

Iss 
lee 

NOTES 

TA = +2S"C 

12~bits plus sign 
±I 

±I 
±2 

RI 
RI 
I 

+0.8 
+2.4 
+ 1.2 
+ 10.8 
I 

+0.8 
+3.0 
-5/-50 
+0.5/+2.0 

+0.8 
+3.0 
+ 1.2 
+ 10.8 
-0.11-1.0 
+0.11+ 1.0 

+0.8 
+4.0 
+1.2 
+ 10.8 
5 
I 

160 

400 

300 

300 

300 

+ 10/+ 12 
-5/-12 
+SNoo 
0.8/2 
0.3/2 
0.111 
0.5/2 

TA = Oto +.70"C 

12-bits plus sign 
±I 

±I 
±2 

RI 
RI 
10 

+0.8 
+2.4 
+1.2 
+ 10.8 
I 

+0.8 
+3.0 
-5/-50 
+0.5/+2.0 

+0.8 
+3.0 
+1.2 
+ 10.8 
-0.11-1.0 
+0.1/+ 1.0 

+0.8 
+4.0 
+1.2 
+ 10.8 
5 
I 

160 

700 

500 

500 

500 

+ 10/+ 12 
-5/·-12 
+SNoo 
0.8/2 
0.3/2 
0.111 
0.5/2 

'Full scale voltage = ~VREF' .,. 2.\25. For VREF , = +4.25V FS voltage is ~2.00V. 
lThe equivalent input circuit is the integrator resistor RI in series with a voltage source 

VREF2 = VREF/I .,. 2, see Figure I. 
'Guaranteed but not tested. 

Specificatio~s subject to change without notice. 
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Units 

Counts max 

Counts max 
Counts max 

Mflmin 
Mflmin 
nAtyp 

V max 
Vmin 
Vmax 
Vmin 
ftAmax 

V max 
Vmin 
ftAtyp/max 
mAtyp/max 

V max 
Vmin 
Vmax 
Vmin 
mAtyp/max 
mAtyp/max 

Vmax 
Vmin 
V max 
Vmin 
pFtyp 
ftAmax 

mstyp 

nsmax 

nsmax 

nsmax 

nsmin 

V minimax 
V minimax 
V minimax 
mAtyp/max 
mAtyp/max 
mAtyp/max 
mAtyp/max 

+ 4.25V unless otherwise noted)! 

Conditions/Comments 

Binary 2's complement coding 
fCl.K = 2S0kHz,RI = 1.8MH.CI =O.OlftF 
95% of conversions meet this specification 
From nominal reading, not exceeded 95% of time 
From nominal reading, not exceeded 99% oftime 

R I is the external integrating resistor 
connected between IROUT and IRJCT 

Vcc = +SV 

Vcc= +12V (VIl. = lO%ofVcc) 
(V IH = 90% o~V cc) 

Vee = +SVto + 12V 

Vcc = +SVtoVoo 

Vcc = +SV toVoo, BUSY (pin 36) = VOL 
Vcc = +SVtoVoo,BUSY(pin36) = VOH 

Vcc = +SV 

Vcc= +12V (VII. = 10% of Vee) 
(VIH = 90%ofVcc) 

VIN = VII.;VCC = +SVto + 12V 
VIN = VIH ; Vee = + SVto + 12V 

V cc = + SV, ISINK = 1.6mA 
Vcc = +SV,ISOURCE = 40ftA 
Vcc = + 12V,lsINK = 1.6mA 
Vee = + 12V,IsouRcE = 0.6mA 
Outputs in high impedance state 
Outputs in high impedance state 

RI = 1.8Mfl,CI = O.OlftF,fCLK = 250kHz 

Typically 250ns at + 25°C (see next page) 
Flag load = 20pF 
Typically 160ns at + 25°C (see next page) 
DBO-DB710ad = 20pF 
Typically 160nsat + 25°C (see next page) . 
DBB-DBI210ad = 20pF 
Typically 220ns at + 25°C 
VIN(STRT) = Oto +3V. 

STRT(pin 14) held HIGH, 
digital outputs floating. 
Vee = +SV 
Vec = +12V 



ABSOLUTE MAXIMUM RATINGS· 
(T A = + 2SoC unless otherwise noted) 

Vnn to AGND 
Vnn to DGND 
Vss to AGND . 
Vss to DGND . 
AGND to DGND 
Vee to DGND 
VREF1 

VREF2 

AIN . 
IRIN 
IRJCT. 

OV, + 14V 
OV, + 14V 
OV, -I4V 
OV, -I4V 
OV, + 14V 
. OV, VDD 

Vss, VDD 

AGND, VDD 

Vss, VDD 

Vss, VDD 

AGND, VDD 

·Stresses above those listed under "Absolute Maximum Ratings" may 
cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or any other condition above 

IROUT ........... . 
Digital Input Voltage 

HBEN, LBEN, STEN, CIN 
CLK, START ...... . 

Digital Output Voltage 

DGND, (DGND + 27V) 
DGND, Vnn 

DBO-DBI2, OVRG, BUSY, BUSY, COUT 
Operating Temperature Range 

. DGND, Vee 
o to +70°C 

-6SoC to + ISO°C Storage Temperature ... 
Power Dissipation (Package) 

Up to +SO°C ........... . 
Derates above + SO°C by . . . . . . 

Lead Temperature (Soldering, IOsecs) 

. lOOOmW 
lOmWrC 

. +300°C 

those indicated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 

CAUTION:-----------------------------------------------------
ESD (E1ectro-Static-Discharge) sensitive device. The digital control inputs are zener protect- WARNING! eJ 
ed; however, permanent damage may occur on unconnected devices subjectto high energy 
electrostatic fields. Unused devices must be stored in conductive foam or shunts. ,The foam 
should be discharged to the destination socket before devices are remo~ed. ~~DEVICE 

ORDERING INFORMATION 

Price 
Model Temperature Range Package l 

STEN ____ JI 

AD7552KN 010 + 70°C Plastic-N40A 

ISee Section 19 for package outline information. BUSY. ~~~~ __ ..;H_IG_H..;;Z;.... __ < HIGH Z 

PIN CONFIGURATION TIMING MEASUREMENT REFERENCE LEVEL IS V,H +2 V,L 

STEN to BUSY, BUSY, or OVRG Propagation Delays 

3V 

LBEN. HBEN-____ 
J1 

OV 

HIGH Z 

LBEN to DBO-DBl, HBEN to DB8-DB12 Propagation Delays 
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PIN FUNCTION DESCRIPT~ON 

PIN MNEMONIC 

1 NC 
2 IRJCT 
3 VREF1 
4 IRIN 
5 AIN 
6 IROUT 
7 VREF2 
8 AGND 
9 Vss 
10 NC 
11 NC 
12 NC 
13 NC 
14 STRT 

IS CLK 

16 Cou-r 

17 C1N 

18 HBEN 

19 LBEN 

20 DGND 
21 DBO 
22 DBI 
23 DB2 
24 DB3 
25 DB4 
26 DB5 
27 DB6 
28 DB7 
29 DB8 
30 DB9 
31 DB 10 
32 DB11 
33 DBI2 
34 OVRG 

35 BUSY 

36 BUSY 

37 STEN 

38 NC 
39 Vee 

40 Voo 

DESCRIPTION 

No Connection 
IntegratoR JunCTion. Summing junction (negative input) of integrating amplifier. 
Voltage REFerence Input (normally + 4.25 volts). 
IntegratoR IN put. External integrating resistor R 1 is connected between IRJCT and IRIN. 
Analog INput. Unknown analog input voltage to be measured. Full scale AIN equals V REF/2 .125. 
IntegratoR OUTput. External integrating capacitor CI is connected between IROUT and IRJCT. 
Voltage REFerence -:- 2 Input. V REF2 is normally obtained by a potential divider cir~uit as shown in Figure 3. 
Analog GrouND 
Negative Supply ( - 5Vto -I2V) 
No Connection 
No Connection 
No Connection 
No Connection 
STaRT Conversion. When STRT goes to a Logic" 1 " , the AD7552's digital logic is set up 
and BUSY is latched "high". When STRT returns "low", conversion begins in synchronization 
with CLK. Reinitiating STRT during conversion causes a conversion restart. STRT can be 
driven from an external logic source or can be programmed for continuous conversion by con
necting an external capacitor between STRT and DGND. An externally applied STRT command 
must be a positive pulse of at least 300 nanoseconds to ensure proper set-up of the AD7552 internal logic. 
CLocK Input. The CLK can be driven from external logic, or can be programmed for internal 
oscillation by connecting an external capacitor between CLK and DGND. 
Count OUT provides anum ber (N) of gated clock pulses given by; 

N = [::I~I 2.125 + 1] 4096 

Count IN is the input to the output counter. 2's complement binary data appears on the DBO 
through DBI2 output lines (if the HBEN and LBEN enable lines are "high") ifCoUTis 
connected to C'N. 
High Byte ENable is the three-state logic enable input for the DB8-DBI2 data outputs. When 
HBEN is "low" , the DB8-DB 12 outputs are floating. When HBEN is "high," digital data 
appears on the data lines. 
Low Byte ENable is the three-state logic enable for DBO-DB7. When LBEN is "low," 
DBO-DB7 are floating. When "high," digital data appears on the data lines. 
Digital GrouND is the ground return for all digital logic and the comparator. 
Data Bit 0 (least significant bit) 

I 
CODE, 2'rompj,mon, 

Data Bit 12 (most significant bit) 
OVer RanGe indicates a Logic" 1 " if AIN exceeds plus or minus full scale by at least 1I2LSB. 
OVRG is a three-state output and floats until STEN is addressed with a Logic" 1". 
Not BUSY. BUSY indicates whether conversion is complete or i~ progress. BUSY is a three
state output which floats until STEN is addressed with a Logic "1." When addressed, 
BUSY will indicate either a" 1" (conversion complete) or a "0" (conversion in progress). 
BUSY indicates conversion status. BUSY is three-state output which floats until STEN is 
addressed with a Logic" 1." When addressed, BUSY indicates a "0" (conversion complete) 
or a "I" (conversion in progress). 
STatus ENable is the three-state control input for BUSY, BUSY, and OVRG. When STEN is "high", 
the three outputs are enabled. 
No Connection 
Logic Supply. Digital inputs and outputs are TTL compatible if V ee = + 5V, CMOS 
compatible for Vee = + IOVtoVoo. 
Positive Supply + lOY to + 12V. 
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Component limitations such as switch leakage, as well as opera-' 
tional amplifier offset voltage and bias current (and the temperature 
dependency of these errors), are major obstacles when designing 
high resolution integrating AID converters. The AD7552 utilizes 
a patented quad slope conversion technique (Analog Devices 
Patent No. 3872466) to reduce the effects of such errors to 
second order effects. 

Figure 1 shows a simplified quad slope integrator circuit. The 
various inputs AGND (Analog Ground), VREFll and AIN (Analog 
Input) are applied in sequence to the integrator via switches 1-3 
(see Table I), creating four slopes at the integrator output (phase 
1-4 of Figure 2). If the equivalent summing junction voltage V s 
is precisely 0.5VREFll the phase I and phase 2 integration times 
are equal, indicating there are no input errors. If Vs 400.5VREF) 
(due to amplifier offset voltage, bias current, etc.), an error 
count "n" is obtained. The analog input integration cycle (phase 
3) is subsequently lengthened or shortened by "n" counts, 
depending on whether the error was positive or negative. 

VREF2 o----------~ 
AD7552 

Vs = VREF2 + Vas + laR1 + IswoR1 

Figure 1. Simplified Quad Slope Integrator Circuit 

Phase Input Voltage Integration Time 

AGND-Vs tl = KIt 
2 VREFJ-VS t2 = (K J + n)t 
3 AIN-Vs t3 = (2KJ -- n)t 
4 VREFJ-VS t4 = (K3 - 2K J + n -2N)t 

Table I. Integrator Equivalent Input Voltages and 
Integration Times 

PHASE 0 PHASE 1 PHASE 2 

Quad Slope Theory of Operation 
where: 

t = The CLK period 
n = System error count 
K J A fixed count equal to 4352 counts 
K2 = A fixed count equal to 17408 counts (K2 = 4K1) 
K3 = A fixed count equal to 25600 counts 
N = Digital output count corresponding to the analog input 

voltage, AIN 

The time ts between the phase 4 zero crossing and the termination 
of counter K3 is considered equal to 2N counts. N, the number 
of counts at the COUT terminal, is obtained by a divide-by-two 
counter stage. This reduces "jitter" effect. Barring third (and 
higher) order effects, it can be proven that: 

(EQN 1) 

N ~ (_A_IN __ 1)'2KI + ~+ (_A_I_N _ 1)' [_AG_N_D_ C1 + 2a) - az] '2K, VREFI 2 VREFI VREF1 

~'~------------~vr------------~/ 
ideal term error term 

where: 

AGND Voltage at AD7552 pin 8 (AGND) measured 
with respect to VREFJ and AIN signal com
mon ground. (Ideally, AGND = OV) 

a is an error term equal to 2V SV- V REFl 
REFI 

Ideally a o when Vs 0.5VREF1 . 

NOTE: 
Vs = VREF2 + Vos + IB R I , + Iswo R) 

WHERE: 
VREF2 = 0.5VREFI if no error is present 
Vos = Offset voltage of integrator amplifier 
IB RI = Equivalent integrator amplifier offset voltage due to 

bias current of integrator amplifier 
Iswo RI Equivalent integrator amplifier offset voltage due 

to SWO leakage current. 

PHASE 3 I PHASE 4 PHASE 5 

~ 
OS SHOWN IN aOLD ARE 

NOTES 
It-l/fClK. 
2T1MEPERIO 

UNAFFECT ED BY n SINCE THEY ARE 
ED BY COUNTERS K" K2, DETERMIN 

OR K,. 
'STEN- LOG 
iiUSY AND 
STATE. 

IROUT 
(PIN 61 

IC 1. IF STEN' 0, BUSY, 
OVRG ARE IN FLOATING 

I~ V ~ 

/ I "- "-

~ 
~"''1 I "-

.l'''"/'' "-
.'l~' "'-
~~ ~"" \-.l~ "- "l. / osy 
~\"y "- I '" I I- ./ "- "-V/ "- "-

STRT 
(PIN 141 

IiUSY (PIN 351 
(NOTE 31 

-300nl.MIN --LOGIC RESET 
DATA 
VP,LID 

'o-
R1e, 

K,. I 
K2t E 4K,t 

K,. (NOTES 1 AND 21 

Il = IK2 - 2K, - nit 

t1" K1t t,l = (K, + nit tJ = 12K, - nit I" - (K] - 2Kl + n - 2Nlt Is·2Nt .. -2. 

Ie - (34306 + nit + Rl e1 (NOTE l' I 
I 

I 
CON· INTEGRATOR 

I--VERTER 
REr

T 
RESET 

CONVERSION (4 SLOPESI 
DATA VALID __ 

Figure 2. Quad Slope Timing Diagram 
I TOTALIZE I 

COUNT 
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The ideal case assumes: 
+12V 

AGND = OV +5V TO +12V 

Vs = VR~'FI , therefore a = 0 
R2 

Then (EQN 1) simplifies to: 
R3 S ... -----fTl 

N AIN. 8704 + 4096 
VREF1 

(EQN 2) R4 

or 

N = AIN . 4096 + 4096 
FS 

(EQN 3) 

where: 

FS = full scale. input voltage 

Equation I shows that only a and AGND generate error terms. 
Errors due to a ,;: 0 are strongly reduced because of the a 2 term 
in equation 1. Errors due to AGND ';:0 will, however, have a 
first order effect on the system performance. Great care should 
be taken in any circuit layout to minimize or eliminate ground 
loops between AGND and signal ground. A recommended ground
ing system is shown in Figure 5. 

OUTPUT CODING 
The parallel output (DBO-DBI2) of the AD7552 represents the 
number N in binary 2's complement coding when the COUT pin 
is connected to the C1N pin (sec Table II). 

Analog Input N Parallel Digital Output 
(Notel) (Note 2) (Note 3) 

OVRG DBl2 DBll DBO 

+Ovcrrange 8191 I 0 1III IIII III1 
+(FS-ILSB) 8191 0 0 1III IIII III1 
+ILSB 4097 0 0 0000 0000 0001 
0 4096 0 0 0000 0000 0000 
-ILSB 4095 0 I 1III IIII IIII 
-(FS-ILSB) I 0 I 0000 0000 0001 
-FS 0 0 I 0000 0000 0000 
-Overrangc 0 I I 0000 0000 0000 

NOTES: 
IFS = ~.~~~I ; 1 Least Significant Bit (LSB) ., FS(2· 12

) 

2N = number of counts at COVT pin 

'COVTstrapped IOC tN ;LBENand HBEN ~ Logic 1 • 

Table II. Output Coding (Bipolar 2'5 Complement) 

ANALOG CIRCUIT SET-UP AND OPERATION 
The following steps, in conjunction with the analog circuitry of 
Figure 3 explain the selection of the various component values 
required for proper operation. 

1. Determination of V REFl 
The reference voltage V REFI and the full scale input voltage 
FS are related hy 

VREF1 = 2.125 (FS) 

VREF1 must be positive for proper operation. A typical value 
ofVREFl is +4.25V. An AD584 may be used to provide the 
reference. 

2. Selection of Integrator Components Rl and Cl 
The integrator time constant should be approximately equal 
to 

RICI 
V REF1 (9 X 10l) 
fCLK (VDD -4V) 

The integrating capacitor CI should be a low leakage, low 
dielectric absorption type such as Teflon, polystyrene or 
polypropylene. To minimize noise, the outside foil of CI 
should be connected to the output of the integrating amplifier 
and not to its summing junction. 
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Figure ,3. AD7552 Operational Diagram 

Improper selection of the integrator time constant (time 
constant = RI CI) may cause excessive noise due to the 
integrator output swing being too low, or may cause. nonlinear 
operation if the integrator output attempts to exceed the 
rated output voltage of the amplifier. 

3. Determining Conversion Time 
As shown in Figure 2, the conversion time is independent of 
the analog input voltage AIN, and is given by: 

34306 
tCONVERT = tSTRT + fCLK + RI CI 

where: 
tSTRT = STRT pulse duration. 
RIC I = Integrator Time Constant. 
fCLK = CLK Frequency at pin IS. 

4. External or Auto STRT Operation 
The STRT pin can be driven externally, or with the addition 
of C2, made to self-start. ' 

The value of C2 determines the length of time from end of 
conversion until a new conversion is initiated. This is the 
"data valid" time and is given by: 

tDAV = (1.17 X 106m C2 + 20j.Ls 

When first applying power to the AD7552, a OV to V DD 
positive pulse (power up restart) is required at the STRT 
terminal to initiate auto STRT operation. See APPLICATIONS 
HINTS No.5. 

5. Internal Clock Operation 
The CLK input, pin IS, should normally be driven from an 
external crystal frequency source, particularly if operation 
above 250kHz is required. However, for noncritical applications 
an internal clock oscillator can be activated when a capacitor 
is connected from pin IS to DGND. Figure 4 shows a 
typical curve of clock frequency versus capacitance, C3. Due 
to process variations the actual operating frequency for a 
given value of C3 can vary from device to device by up to 
100%. Consequently it may be necessary to "tune" C3 to 
provide the correct clock frequency for a given VREF1 and 
RICI. For proper operation the clock frequency should be 
limited to 250kHz. Conversion speeds of up to SOms can be 
obtained by increasing the clock frequency to 500kHz. 
However the flicker due to noise will also increase. See 
APPLICATIONS HINTS No. S. 

6. Initial Calibration 
Trim R3 (Figure 3) so that the voltage on pin 2 (IRJCT) 
equals 1I2VREFI ± 0.6%. During this trim and measurement 
cycle apply a logic HIGH to pin 14 (STRT). This will 
prevent the AD7552 from executing a conversion. 
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Figure 4. Internal Clock Frequency vs. C3 

Figure 5. Recommended Grounding System 

APPLICATIONS HINTS 
1. Decouple AIN (pin 5), VREF1 (pin 3) and VREF2 (pin 7) 

through O.OlfJ-F to signal ground. 

2. Signal ground must be located as close to pin 8 (AGND) as 
possible. 

3. Keep the lead lengths of Rl and Cl toward pin 2 (IR]CT) as 
short as possible. In addition, both components should lie 
over the analog ground plane. If Cl has an outside foil, 
connect it to pin 6 (IROUT), not pin 2. 

4. Hold the data bit enables (HBEN, LBEN) in the 0 state 
during conversion. This is easily accomplished by tying 
STEN to the 1 state and driving HBEN and LBEN with 
BUSY. This prevents the DBO through DB12 outputs from 
coupling noise into the integrator during the phase 1-4 active 
integration periods. . 

S. To avoid the requirement of providing a positive STRT 
pulse on power-up to initiate the auto start operation, the 
following circuit may be used. 

Application Hints 

Vee-+--.--_---~ 

The output of the open collector NAND gate is initially high 
on power-up. When the charging voltage on CS reaches the 
input threshold level of the NAND gate, the output goes low 
and remains low to allow the AD7552 to self start. 

6. Under no circumstances should Vcc exceed Voo especially 
during power-up and power-down. In cases where this 
situation could occur the following diode protection scheme 
is recommended. 

Vee Voo 

7. Some solder fluxes and cleaning materials can form slightly 
conductive films which cause leakage effects across the 
integrating capacitor. The user is cautioned to ensure that 
the manufacturing process for circuits using the AD7552 
does not allow such films to remain after assembly. Otherwise 
the accuracy and noise performance of the device will be 
affected. 

8. A suggested crystal oscillator circuit is shown below for use 
with a V cc of + 5V. It uses a standard 4.096MHz crystal 
which is divided down by 16 to produce a clock frequency of 
256kHz. 

+5V +5V 

TO 
PIN 15 _"'------.!!o< 

OF A07552 

J~o-l~N9.14-4 ____________ ~~_-J 

9. A printed circuit layout for an evaluation board is shown in 
Figure 8a and 8b. Figure 6 shows the circuit diagram for this 
evaluation board with component values for fCLK = 250kHz, 
VREF1 = + 4.25V operation. Figure 7 shows the component 
overlay for Figure 8a. Note that either BUSY (pin 35) or 
BUSY (pin 36) is available at the edge connector via a wire 
link. Note also that STEN (pin 37) may be tied high via a 
wire link. 
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NOTES: 
'Sl IS A PUSHBUTTON SWITCH TO INITIATE AUTO-START 
OPERATION. Sl AND C2 ARE NOT REQUIRED FOR EXTERNAL. 
START OPERATION. 

2C3 IS NOT REQUIRED FOR EXTERNAL CLOCK OPERATION. 
3FOR CALIBRATION HOLD PIN 14 (STRT) HIGH. ADJUST 
R6 UNTIL THE VOLTAGE ON PIN 3 (VREF,) IS 4.250V. ADJUST 
R3 UNTIL THE VOLTAGE ON PIN 2 (iRJCT) IS 2.125 ±O.025V. 

4Rl. R2. R4. R5 1% TOLERANCE. METAL FILM. 

).... __ .... __ """"'lI+-__ O+12V 

+5V 

·)-.4~--------o STEN 

------00 BUSY 

DGND 

'Cl MUST BE A LOW LEAKAGE. LOW DIELECTRIC ABSORPTION 
TYPE SUCH AS TEFLON. POLYSTYRENE OR POLYPROPYLENE. 

·ca. C10 AND C12 ARE SOLID ELECTROLYTE TANTULUM CAPACITORS. 
7Ll - L14 ARE LEOS. MONSANTO MV55 OR EQUIVALENT. 
8R7 - R13 AND R14 - R20 ARE PROVIDED BY TWO THICK·FILM. 
RESISTOR NETWORKS. EACH IN AN a·PIN SINGLE-IN-LiNE 
PACKAGE. SUITABLE NETWORKS AVAILABLE FROM BECKMAN 
INSTRUMENTS INC .• 2500 HARBOR BOULEVARD. FULLTERTON. 
CA 92634. MODEL NO. 764-1-4K7. 

Figure 6. Evaluation Board Circuit with Component Values 
for feLK = 250kHz, VREF1 = +4.25V 

o-c:ro C11 0.01~lF o R515k ~ 
R6 o-e:J-oIC2 

R11.SM 

5k ~ AD584LH C5 ~ 
" C13 0 0.01~F 0--.0 o-+-oL1 

0.01.F ~ $ LlNK~ o--.-oL~ 
o-o--OL3 

C6 O.01.F R2 S 0-- LINK 
C>-+-OL4 

R7~ ~o~: C4 

le1 -R13 C>-+-OL5 

AD7552 o-e--oL6 

R4 2 1k O.o1.F o-.......oL7 
10k 

o--e--<)LS 

C7 ~ <>-+--OLS 
0.Q1 ~F 

qC8 R14~ o-e-:-o L10 
3:F -R20 

Q--4-O L11 
o--e-oL12 

O--O-OL13 

aS1 

o-.--oL14 
C3 cn::so 

C9 ~ qclO 6C::6O 
O.01~F ~~F C2 

Figure 7. Component Overlay for Figure 8a 
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Figure 8a. Component Side 

Figure 8b. Foil Side 
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OBTAINING SIGN-MAGNITUDE 4 DIGIT BCD CODING 
FROM THE AD7SS2 
Referring to Figure 9 when a convert start pulse is received the 
four decade presettable up/down counter is loaded with the 
value 4096. The low level on the up/down count input (Q of Xl 
= 0) places the CD4029 counters into the count down mode. 
The contents of the four decade BCD counter are decremented 
each time a pulse is detected on CmIT. The number of pulses 
appearing on COUT is related to both the magnitude and the 
polarity of the input voltage. If the counter reaches the all O's 
state, the flip-flop (Xl) is set, placing a high level signal on the 
up/down count input. The counter will now count up on 
succeeding COUT pulses. 

OVRG 

FROM 
AD7S52 ~~~---------------~~~ 

cou,-I-----I---+--+ 
LEAST 
SIGNIFICANT 
DIGIT 

MOST 
SIGNIFICANT 
DIGIT 

Figure 9. Sign-Magnitude BCD Conversion Circuitry 

Analog Input2 N] OVRG DBI2 DBll 

+Overrange 8191 1 0 
+FS -ILSB 8191 0 0 
+ILSB 4097 0 0 
0 4096 0 0 
-ILSB 4095 0 I 
-(FS -ILSB) I 0 I 
-FS 0 I 1 
-Overrange 1 1 

NOTES 
tUsingcircuit of Figure 10. 
'FS = VRH , -;- 2.125; 1 Least Significant Bit (LSB) = FS(2·"). 
IN = numberofcountsatC«)l-rpin. 

1 
I 
0 
0 
0 
1 
0 
0 

DBI0 DB9 

1 1 
1 1 
0 0 
0 0 
0 0 
1 1 
0 0 
0 0 

SIGN-MAGNITUDE BCD CODING! 

Analog Input2 N] OVRG Sign Digit 4 Digit 3 Digit 2 DigitI 

+Overrange 8191 1 0 4 
+FS -ILSB 8191 0 0 4 
+ILSB 4097 0 0 0 
0+ 4096 0 0 0 
0- 4096 0 I 1 0 
-ILSB 4095 0 1 0 
-(FS -ILSB) 1 0 1 4 
-FS 0 1 1 4 
-Overrange 0 1 1 4 

NOTES 
'Using circuit of Figure 9. 
'FS = VR',FI -;- 2.125; 1 Least Significant Bit(LSB) = FS(2·").· 

3N = numbcrofcQU'lts at CoL-r pin. 

0 
0 
0 
0 
0 
0 
0 
0 
0 

Table III. Sign-Magnitude BCD Coding 

9 5 
9 5 
0 1 
0 0 
0 0 
0 1 
9 5 
9 6 
9 6 

Referring to Table III no counts occur on COUT when the input 
voltage is either overrange or equal to - FS. Since the most 
negative value which can be represented in sign-magnitude 
coding is -(FS - ILSB) whereas in two's complement coding it 
is - FS, the X2 flip-flop of Figure 9 ensures that the OVRG 
output is high if either AIN is overrange or AIN = - FS. Note 
that there are two codes for zero analog input. This is the result 
of gating the carry out signal from X6 with the input clock 
signal COUT. As mentioned previously, the number of counts at 
the COUT terminal is obtained by an internal divide-by-two 
counter stage. Depending on whether the number of counts to 
this divide-by-two was odd or even COUT can remain in either a 
high or a low state at the end of phase 4. If AIN is negative and 
less than 1I2LSB (A IN = 0 -), CoUT is high after outputting 
4096 counts thus preventing the sign flag from changing. If 
AIN is positive and less than 1I2LSB, COUT is low after 
outputting 4096 counts allowing the sign flag to change. If the 
carry out signal from X6 is directly connected back to Xl, then 
the code for AIN = 0.;... vanishes leaving one code (the 0 + 
one) for OV. 

This circuit may be used to provide direct readout of analog 
input voltage with proper scaling of the reference voltage and 
serial output Com. For instance, dividing COUT by two and 
adjusting VREF1 = +4.352V gives a FS voltage of 2.048V 
which will be displayed directly. 

SIGN-MAGNITUDE CODING! 

DB8 DB7 DB6 DBS DB4 DB3 DB2 DBI DBO 

1 1 1 1 1 1 1 1 1 
1 1 1 1 1 1 1 1 1 
0 0 0 0 0 0 0 0 1 
0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 1 
I 1 1 1 I I 1 1 1 
0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 

Table IV. Sign-Magnitude Binary Coding 
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OBTAINING SIGN-MAGNITUDE BINARY CODING 
FROM THE AD7552 
The circuit of Figure 10 converts the two's cornplernent coding 
frorn the AD7552 into sign-rnagnitude coding. It does this by 
cornplernenting the AD7552 data and adding lLSB whenever 
DB12 is high. In sign-rnagnitude coding the rnost negative value 
that can be represented is - (FS - lLSB); in two's cornplernent 
coding it is - FS. The-OR gate in Figure 10 ensures only valid 
output codes are produced (see Table IV). Note that there is 
only one code for zero scale. 

FROM 
AD7552 

OVRG-----------------~~ 

DB12 --............. ----------+------

DBll ---+-+-11 S4 

DB10 ---+-+-/} S3 

DB9 ---+--t--f} S2 

DBB ---+-+-11 SI 

CD400B 

DB7 --+--+--f} 54 

DB6 --t-+-fJL/ S3 

DB5 ---+-+-f J S2 

DB4 -++-11'-_/ SI 

CD400B 

DB3 --t-+-fJ'_/ 
S4 

DB2 ---+--+--11 S3 

OBI --++-1 J 
S2 

DBO --+---11 SI 

CD400B 

OVRG 

SIGN 

DBll 

DB10 

DB9 

DBB 

DB7 

DB6 

DB5 

DB4 

DB3 

DB2 

OBI 

DBO 

Figure 10. Sign-Magnitude Binary Conversion ~ircuitry 

MICROPROCESSOR INTERFACING 
The three-state output capability of the AD7552 allows the 
rnultiplexing of the data and status lines onto a single 8-bit wide 
bus. Figure 11 shows the A07552 directly interfaced to the 
6800 with convert start, data read, etc., all under prograrn· 
control. Note that the two status lines OVRG and BUSY are 
connected to the data bus in the MSB and LSB positions so that 
they can easily be interrogated by reading the status word to the 
rnicroprocessor accurnulator, rotating right or left through carry 
and then checking the carry flag. 

AO - A15 

VMAL......_.J""" ....... 

~2~--~-l~--~~~~r-~r-~-J 
6800 

STEN lBEN HBEN STRT 

DBO - DB7 

DBB - DB12 

OVRG 
L... __ --1 BUSY 

DATA BUS 

AD7552 

Figure 11. AD7552-6800 Direct Interface 

Care should be taken when using fast-access rnernory or 
operating at high ternperatures to ensure that the A07552 
output drivers relinquish the data bus in time to avoid any 
possible bus conflict with the following instruction. In any 
situation where bus conflict is likely, the interfacing technique 
of Figure 12 is recornrnended. 

AD7552-8085A INTERFACE 
Figure 12 shows the A07552 interfaced to the 80S5A. In this 
application the two status lines share the data bus with the data 
high byte (OB8-0BI2) since the STEN and HBEN inputs are 
driven simultaneously frorn a single decoded address. The 8282 
data latch which buffers the A07552 three state drivers from 
the microprocessor bus ensures that the bus is relinquished 
promptly at the end of a data read instruction. 

B085A 

ADDRESS/DATA BUS 

Figure 12. AD7552-8085A Direct Interface 
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CONTINUOUS CONVERSION MODE 
Figure 13 shows the AD755Z connected for continuous conversion. 
The conversion STRT signal is synchronized with the ALE 
signal of the 8085A. The BUSY signal is used to update the 8-
bit data latches at a time when the microprocessor is not 
attempting a read operation. Thus the AD7552 appears to the 
microprocessor as memory which can be read at any time 
although scrambled data can result if a data update occurs 
between reading the high byte and low byte data. One method 
of avoiding this is to read data only after an update has occurred. 
The microprocessor can be interrupted to perform a data read 
by tying the AD755Z STRT input to one of the RST inputs on 
the 8085A. 

OPTO-ISOLATED SERIAL INTERFACE 
Figure 14 shows a serial interface to the MCS-85 system. This 
system can accommodate a remote interface where a common-mode 
voltage is expected to exist ,between system grounds. 

Port C of the 8155 is configured as a control port. Port B is an 
input port. This port configuration is necessary if sign and/or 
overrange information is required. Magnitude information is 
obtained by interrogating the 8155 counter value. The rising 
edge of BUSY is used to cause an interrupt on the RST 7.5 
line. The value (Z14 - COUT) in the 8155 timer should now be 
read. When BUSY returns low, the 8155 counter is reset to 
FFH • The falling edge of BUSY also latches the sign and 
overrange data into port B. This is indicated by a rising edge on 
BF (buffer full) which can be used to call the 8085 CPU to read 
port B data. 

ANALOG 
INPUT 

ISOLATED AD7552 POWER SYSTEM 

*AD7552 USING AUTO-START FACILITY 

Vee 

STEN LBEN HBEN 

BOB5A 

ALE 1--+--+-"'1 

AD7552 

ADo- AD, 

Figure 13. AD7552 in Continous Conversion Mode 

MCS-B5 POWER SYSTEM 

TO BOB5 
INTERRUPT INPUTS 

} PORT C 

8155 

}PORTB 

TIMER! 
COUNTER 
SECTION 

Figure 14. Optically Isolated Serial AD75521MCS-85 Interface 

VOL. I, 1~138 ANALOG-TO-DIGITAL CONVERTERS 



r.ANALOG 
WDEVICES 

CMOS 
JLP-Compatible 1 O-Bit Plus Sign ADC 

FEATURES 
10-Bit Plus Sign Resolution 
No Missed Codes Over Full Temperature Range 
Conversion Time 80Jl.s 
Differential Analog Voltage Inputs, ± 10V Range 
Serial and Parallel Data Outputs 
Easy Interface to Most Microprocessors 
Internal Clock Oscillator 
Single Supply Operation for Positive-Only Signals 
Monolithic Construction 

GENERAL DESCRIPTION 
The AD7571 is a high speed, low cost lO-bit plus sign CMOS 
A/D converter which uses the successive approximation technique 
to provide a conversion time of 80ILS. The device is designed for 
easy microprocessor interface allowing full parallel or double 
byte reading over three-state outputs. Conversion results are 
also available in serial form allowing opto-isolated operation 
using as few as two wires for the interconnect. 

A new differential analog input configuration is used in the 
AD7571, increasing the common-mode rejection performance 
and allowing the analog zero input voltage to be offset from true 
analog ground. Analog input voltage range is :±: lOY using a 
single positive reference. With positive-only input signals the 
AD7571 can be operated from a single positive power supply. 

PRODUCT HIGHLIGHTS 
1. Pin Programmable Data Output Formats 

The output format for the lO-bits plus sign data is pin pro
grammable allowing full parallel, two byte (left justified) and 
serial output formats. 

2. Proven Control Logic 
The AD7571 control logic is similar to that used in the highly 
successful AD7574. This allows the AD7571 to be operated 
as a memory mapped input device interfacing to the ILP via 
the control lines CS (chip select) and RD (READ/WRITE). 

AD7571 I 

AD7571 FUNCTIONAL BLOCK DIAGRAM 

CMP OUT Voo 

ClK ClK BUSY Vee iID CS CE FORM 
IN OUT 

3. All Active Components on Chip 

DB9 

DBl 

DB2 

DBD 

The addition of a few passive support components makes the 
AD7571 a complete lO-bit plus sign converter requiring only 
a reference voltage and power supply(ies). An on chip clock 
is also provided but the device can run from an external 
clock if required. 

4. Differential Analog Inputs 
The analog input voltage can be unipolar or bipolar with an 
input range of :±: 1 OV. The differential input allows asymmetric 
input voltage ranges to be easily accommodated. 

5. Single Supply Operation 
The AD7571 may be operated with a single positive supply if 
the input signal range is always positive with respect to 
AGND. 

PACKAGE IDENTIFICATION 
Suffix "N" - Plastic DIP (N28A) 
Suffix "Q" - Cerdip (Q28A) 
Suffix "D" -Ceramic DIP (D28B) 
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SPEC IFI CATIONS (Yoo = :15~, Vss = -15V, Vee = +5V,.VREF = +5.12V, feU( = 550kHz External, Bipolar Configuration. 
All specifications 1min to Tmax unless othelWlse noted) 

Parameter 

ACCURACY' 
Resolution 
Relative Accuracy 
Zero Input Reading 

RolI·Over Error 

Minimum Resolution for which no 
Missing Codes are Guaranteed, 

Full Scale Error (Gain Error) 
+ 25°C 
TmintoTnwr 

Offset Errors 
Positive Differential Input 
Negative Differential Input 
Sign Bit Offset Error 

+ 25°C 
TmintoTmn 

Offset Error TC 
Sign Bit Offset TC 
Full Scale Error TC 

(Gain ErrorTC) 

POWER SUPPLY REJEt.'TION 
VooOnly 
VssOnly 
Vooand Vss Together 

ANALOG INPUTS 
Analog Input Range 
Analogdc Input Impedance, 

A,N( + ),AIN( -) 
Input Common Mode Voltage 
Common Mode Rejection 

REFERENCE INPUT 
V REF (for specified perfonnance) 
VREFRange' 
lREF' Input Reference Current 

LOGIC INPUTS 
FORM (pin 7),HSEIJLSEL(pin 8), 

Clili!in 22),Cs (pin 24), 
RD(pin25) 

VII. Input Low Voltage 

Vm Input High Voltage 

l'N Input Current + 25°C 
Trnin to Tmu: 

C'n Input Capacitance' 
CLKIN(Pin26) 

V,L Input Low Voltage 
Vm Input High Voltage 
I,L Input Low Current-
1m Input High Current 

LOGIC OUTPUTS 
DB9toDBO(pins~, 

SIGN (pin 20), BUSY (pin 23), 
CLK OUT (pin 27),CMPOUT(pin 28) 

VOH Output High Voltage 

VOL Output Low Voltage 

Floating State Leakage Current 
(DB9-DBO, BUSY,CLKOUT, 

CMPOUT) 
Floating State Output Capacitance 1 

POWER REQUIREMENTS 
Voo 

NOTES 

Vss 
Vee 
100 +25°C 

Iss 
Icc 

TmintoTnwr, 
TmintoTnwr. 

AD1571JN' 

10bits plus sign 
0:1 
o:OOOH 

0:2 

10 bits plus sign 

0:4 
0:5 

-3/4; +2 
- 3/4; +2 

0:1 
0:1 
0:5 
0:5 

0:5 -

I 
0.1 
1 

0: 10.24 

10 
0: 10 
0.1 

+5.12 
+ Ito +6 
1.5 

+0.8 
+1.5 
+204 
+ 13.5 
1 
10 
8 

+1.5 
+ 13.5 
10 
3 

+4.0 
+ 13.5 
+004 
+1.5 
0: 10 

+ liAto + 16.5 
-11.4to -16.5 
+4.5toVoo 
7.5 
9.75 
5.0 
10 
50 

200 
0.5 

\.0 

'Temperaturc Range II foUows: A0757IJN,KN;Oto +70"C 
AD757IAQ,BQ; -25-<: to +85-<: 
A07571S0, TO; - 55°C to + 125'C 

'The analog input voltage It either AIN + or AIN - mUlt Dot 

exceed the V DO or V ss IUpply voltage.. However, with 
only positive analog input lignalo, the A07571 may be operated 
with V .. ~ OV. AU relevant opecificationJ in 
the lbove table willipply in thiJ unipolar con/iJUl'lltioo. 

AD7571KN AD1571AQ AD1571BQ 

· 0:3/4 

0:1 

· 
0:3 
0:4 

-3/4; + I 
-3/4; + 1 

0: 112 
0:1 

· · 

l-J'ypical value, notJUatanteed or lubject to test. 
'Guaranteed but not ICIted. 
·Specifications lime IS A075 71JN. 

··Specifications lime II A075 71 KN. 
Specification.lubjcct to change without notice. 
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AD7571SD AD1571TD Units Conditions/Comments 

LSBmax 
Hex Full Scale Reading is 

0:3FFH 
LSBmax Difference in reading for equal 

positive and negative inputs near 
full scale 

LSBmax 
LSBmax 

LSBmax 
LSBmax 

LSBmax 
LSBmax 
ppm?Ctyp 
ppm?Ctyp 

ppm?Ctyp 

LSBmax 14.25sVooSI5.75V 
LSBmax -15.75sVsss -14.25V 
LSBmax Same Limits as Above. 

Worst Case Combination. 

V FuliScalewithVREF = +5.12V 

MOmin 
V 
LSBNtyp 

V ::t5% 
V Degraded transfer accuracy 
mAmax VREF = +5.12V 

V max Vee = +5V 
V max Vee = +15V 
V min Vee = +5V 
V min Vee = + 15V 
I1A max V,N = OVorVcc 

I1Amax VIN =OVorVee 
pFmax 

V max 
V min 

I1Amax 
mAmax 

V min V cc = + 5V, ISOURCE = 40 .... A 
V min Vee = + 15V,IsouRcE = lOOI1A 
V max Vee = +5V,IstNJ< = 1.6mA 
V max Vee = + 15V, ISINJ< = 2mA 

I1Amax 

pFmllX 

V 
V' 
V 
mAmax 
mAmax 
mAtyp 
I1A tyP 
.... Atyp 

I1Amax VIN = OVor Vcc 

mAtyp t 
mArnax VIN = VtLOrVtH 



SPECIFICATIONS (Voo = + 15V, Vss = -15V, Vee = + 5V, feU( = 550kHz. External unless otherwise noted) 

Limit at Limitat 
Limit at + 2S'C Tmin,Tm .. Tmi.,Tm .. Conditions! 

Parameter (AU Grades) U, K, A & B Grades) (5 & TGrades) Units Comments 

STATIC RAM INTERFACE MODE (Sce Figure 5) 

tcs CS Pulse Width Requirement 100 130 150 nsmin Start Conversion Only 

tBSR BUSY to ~ Setup Time nsmin 

tBSCS BUSY to CS Set'!£Iime' nsmin 

tSELS HSELILSEL to RD Setup Time nsmin 

tRD ~ Pulse Width tRAD tRAD tRAD nsmin tRD"tRAD 

tCBPD CS to BUSY Propagation Delay 150 190 220 nstyp 
BUSY Load -, ]OpF 

210 250 300 

175 220 250 nstyp 
BUSY Load' 100pF 

240 300 340 

tRAD Data Access Time 300 360 390 nstyp 
Bus Load ,- 20pF 

430 510 550 

460 540 600 nstyp 
B~s Load ~, 100pF 

680 800 900 

tRHD Data Hold Time 300 330 360 nstyp 
200 220 260 nsmin 
400 450 480 

tRHCS CS to RD Hold Time 200 350 500 

tSELH HSELILSEL to RD Hold Time 

tRESET Reset Time Requirement 0.5 0.6 0.8 J.lsmin 

tCONVERT Conversion Time Using Internal 
Clock Oscillator See Typical Data of Figure 14. fCLK ~ 550kHz 

tcONVERT Conversion Time Using External Clock 80 80 80 IJ.smax See Figure IS. 

ROM INTERFACE MODE (See Figure 8.) 

tRD RD Pulse Width Requirement Same as tRD in RAM mode. 

tSELS HSELILSEL to RD Setup Time Same as RAM mode. 

tSELH HSELILSEL to RD Hold Time Same as RAM mode. 

tRAD Data Access Time Same as RAM mode. 

tRIID Data Hold Time Same as RAM mode. 

II tWBPD RD High to BUSY Propagation Delay 0.5 0.7 0.8 IJ.styp 
BUSY Load ~ 20pF 

0.9 1.0 1.4 J..l.smax 

tCONVERT Conversion Time Using Internal 
Clock Oscillator Add t .... BPD to Typical Data Shown in Figure 14. 

SLOW-MEMORY INTERFACE MODE (See Figure II). 

tCBPD CS to BUSY Propagation Delay Same as RAM mode. 

tRAD Data Access Time 40 60 70 nstyp 
Bus Load 20pF 

70 100 120 
180 230 280 nstyp 

Bus Load ~ 100pF 
300 370 420 

tRHD Data Hold Time Same as RAM mode. 

tSELS HSELILSEL to RD Setup Time Same as RAM mode. 

tSELH HSELILSEL to RD Hold Time Same as RAI,,\ mode. 

tRESET Reset Time Requirement Same as RAM mode. 

tCONVERT Conversion Time Same as RAM mode. 

SERIAL DATA OUTPUT (Applies to all Three Modes, see Figures 5, 8 and 11). 

tCEL CE to Low Impedance Outputs 60 100 120 Low Impedance 
(BUSY, CLK OUT, CMP OUT) wDGNDorVcC 

tCEII CE to High Impedance Outputs ' 60 100 120 High Impedance 
@.USY, CLK OUT, CMP OUT) to DGNDorVCC 

tCBPD CS to BUSY P~ation Delay Same as RAM mode, 

tWBPD RD HIGH to BUSY Propagation Delay Same as ROM mode. 

tSDS Serial Data to eLK OUT Setup Time 20 20 20 nsmin 

tSDII Serial Data to eLK OUT Hold Time 500 500 500 nsmin 

NOTE 
All specified control signals are measured with t, = tf = 20ns (10% to 90%) for T 5V logic and timed from a mltage level of 
+ 1.6V. Data is timed from VUlt V1L or VOIh VOL. Sample tested at +2Soc to ensure conformance. 

Specifications subject to change without notice. 
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ABSOLUTE MAXIMUM RATINGS· 
(T A = + 25°C unless otherwise noted) 

Voo to AGND 
Voo to DGND 
Vee to DGND 
Vss to AGND . 
Vss to DGND . 
AGND to DGND 
Digital Input Voltage to DGND 

(pins 7, 8, 22, 24, 25) .... 
CLK IN Input Voltage (pin 26) to DGND 
Digital Output Voltage to DGND 

(pins 10-20, 23, 27, 28) .. . 
VREF to AGND ....... . 
AIN (+), AIN (-) to AGND 

CAUTION 

... OV, +17V 

... OV, + 17V 
OV, Voo +0.4 
. . OV, -17V 
. . OV, -17V 

-0.3V, Voo 

-0.3V, Vee 
-0.3V, Voo 

-0.3V, Vee 
-0.3V, Voo 
. Vss, Voo 

Operating Temperature Range 
IN,KN. 
AQ,BQ ..... . 
SD,TD .... ' .. 

Storage Temperature 
Lead Temperature (Soldering, 10secs) 
Power Dissipation (Any Package) 

To +75°C ............ . 
Derates above + 75°C . . . . . . . . 

. .. 0 to +70°C 
- 25°C to + 85°C 

- 55°C to + 125°C 
+ 65°C to + 150°C 

. +300°C 

1,000mW 
10mWrC 

·Stresses above those listed under "Absolute Maximum Ratings" may 
cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or any other condition above 
those indicated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 

Note: Vee should never exceed Voo by more than OAV, especially 
during power ON or OFF sequencing. See diode protection in 

, Figure 16. 

ESD (Electro-Static-Discharge) sensitive device. The digital control inputs are zener protect
ed; however, permanent damage may occur on unconnected devices subject to high energy , 
electrostatic fields. Unused devices must be stored in conductive foam or shunts. The protective 
foam should be discharged to the destination socket before devices are removed. 

WARNING! eJ 
~~DEVICE 

PIN CONFIGURATION 

TERMINOLOGY AND DEFINITIONS 
LEAST SIGNIFICANT BIT (LSB) 

RELATIVE ACCURACY 
Relative accuracy is the deviation of the ADC's actual code 
transition points from a straight line drawn between the device's 
measured first LSB transition point and the measured full scale 
transition point. For the purpose of specifying the relative accuracy 
of a lO-bit plus sign ADC, the AD7571 is treated as two separate 
unipolar ADCs with the transfer characteristics for both positive 
and negative differential inputs measured independently. 

DIFFERENTIAL NONLINEARITY (NO MISSING 
CODES) 
A specification which guarantees no missing codes requires that 
every code combination appear in a monotonic increasing sequence 
as the analog input level is increased. Thus every code must 
have a non-zero width. Since all grades of the AD7571 guarantee 
'no missing codes to lO-bits plus sign resolution, all 1024 codes 
plus sign bit (i.e., total of 2048 codes) must be present over the 
entire operating temperature ranges. 

OFFSET ERRORS 
Positive Differential Inputs: A measure of the difference between 
the ideal (+ lLSB) and the actual differential analog input level 
required to produce the first positive LSB code transition 
(000 ... 00 to 000 ... 01), see Figure 1. 

An ADC with lO-bits plus sign resolution can resolve 1 part in 
210 of either positive or negative full scale. For the AD7571 
with ± 1O.24V full scale one LSB is 1O.0mV. 

Negative Differential Inputs: A measure of the difference between 
the ideal (-ILSB) and the actual differential input level required 
to produce the first negative LSB code transitiori (100 ... 00 to 
100 ... 01). 

ORDERING INFORMATION 

Temperature Range and Package 

Relative Accuracy Plastic (N28A) Cerdipl (Q28A) Side-Brazed Ceramic (D28B) 
(T min to T max) Oto + 70°C - 25°C to + 85°C - 55°C to + 125°C 

±ILSB AD7571JN AD7571AQ AD7571SD 

± 1I2LSB AD7571KN AD7571BQ AD7571TD 

NOTES 
I Analog Devices reserves the right to ship ceramic packages in lieu of cerdip packages. 

See Section 19 for package outline information. 
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IDEAL 
POSITIVE 

i ACTUAL 
DIGITAL 
OUTPUT 

000 .. 100 (----
I', 

/ I 
000 .. 11 ,-f--oJ 

/ , 
000 .. 10 f--J 

/, 

/ : 
000 .. 01 ,f--.J 

/: 
000 .. 00 "--+~c......,.......L..-r---.-___ r--__ 

o + 1 + 2 + 3 + 4 + 5 POSITIVE DIFFERENTIAL 
INPUT. LSBs 

Figure 1. ADC Trarisfer Characteristics for Positive 
Differential Input with Offset Error of + 1 112 LSBs 

SIGN BIT OFFSET ERROR 
Ideally occurring at OV input, the sign bit transition may shift 
by up to ± 1I2LSB for the AD7571 K/B/T grades and by ± lLSB 
for J/A/S grades. However, since all grades of the AD7571 are 
guaranteed to have no missed codes over their entire temperature 
ranges, the sign bit transition will always occur before the first 
LSB transitions occur. 

The magnitude and polarity of offset errors depends on the 
. clock frequency and Voo power supply used to operate the 
AD7571. See Figure 2 and Figure 3. 

+0.8.---,.--.,-----r---,---..,----, 

+0.61----+---+---1----+--+---i 

III +0.4 CI) 

, 
a: 

~ 
+0.2 

tu 
~ 
0 

-0.2 ... 
> 
~ -0.4 
~ 

-0.6 

650 

CLOCK FREQUENCY - kHz 

Figure 2. Typical Positive Offset Error vs. Clock Frequency 
for Different Supply Voltages 

FULL SCALE ERROR (GAIN ERROR) 
The gain of a unipolar ADC is defined as the difference between 
the analog input levels required to produce the first and the last 

AIN(+I, AIN(-l, Differential 
Volts Volts Input, Volts Sign DB9 DBB 

+6 +6 0 0 0 0 
+6.01 +6 +0.01 0 0 0 
+10.24 +6 +4.24 0 0 1 
+S.99 +6 -0.01 1 0 0 
-4.24 +6 -10.24 1 1 1 
+6 +6.01 -0.01 1 0 0 
+6 +10.24 -4.24 1 0 1 
+6 +S.99 +0.01 0 0 0 
+6 -4.24 +10.24 0 1 1 

+1.6 

+1.2 

+0.8 

+0.4 

-0.4 

-0.8 

-1.2 

-1.6 
350 

VD~ = +13,)11 ..IV 

/ / V 
/ / / 

./' // V/ ~DD = +15V 

~ 
VDD = +14V 

~ 
V' 

Vss = ov to -15V 
T. = +25'C 

400 450 500 550 600 650 

CLOCK FREQUENCY - kHz 

Figure 3. Typical Sign Bit Offset Error vs. Clock Frequency 
for Different Supply Voltages 

digital output code transitions. Gain error is a measure of the 
deviation of the actual span from the ideal span of FS-2LSBs. 
In the AD7571 both positive and negative differential input 
ADC transfer characteristics exhibit the same magnitude and 
direction of gain error. This correspondence also extends to the 
gain error drift performance over temperature. 

ZERO INPUT READING 
Digital output which results when AIN ( + ) AIN (-). 

ROLL-OVER ERROR 
This is the difference in digital output, i.e., reading, for equal 
positive and negative inputs near full scale. 

POWER SUPPLY REJECTION 
A measure of the maximum change in the full scale range of the 
AD7571 resulting from a change in supply voltage. 

INPUT COMMON MODE VOLTAGE 
For the AD7571, the voltage at both inputs can be raised above 
(or lowered below) analog ground potential. The common mode 
voltage represents the voltage range over which this is allowed. 
However, the maximum possible differential input signal range 
will be directly affected by this common mode voltage signal. 
Table I shows the analog input signal range with a common 
mode voltage of + 6V. 

Note that the supply voltage V ss must be at least as negative as 
the most negative analog input applied to the AD7571. 

Output Code 
DB7 DB6 DBS DB4 DB3 DB2 DB1 DBO 

0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 1 
1 0 1 0 1 0 0 0 
0 0 0 0 0 0 0 1 
1 1 1 1 1 1 1 1 
0 0 0 0 0 0 0 1 
1 0 1 0 1 0 0 0 
0 0 0 0 0 0 0 1 
1 1 1 1 1 1 1 1 

Table I. Realizable Output Codes vs. Analog Inputs with a Common Mode Voltage 
of + 6V. Note that All Error Sources are Assumed to be Zero and VREF = + 5. 12V. 
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ANALOG INPUT RANGE 
With VREF = +S.12V the maximum analog input voltage range 
is ± 1O.24V. The digital output data is related to the reference 
and differential input voltages by the following expression: 

DATA ;" AIN ( +) - AIN ( - ) x 1024 
2VREF 

The sign of this data is determined by the sign of AIN ( + ) -
AIN (-). 

The negative supply (V ss) must be equal to or more negative 
than the most negative analog input signal applied to AIN + or 
AIN - (pins 3 and 4). 

BIPOLAR TRANSFER CHARACTERSTIC 
The ideal composite transfer characteristic for the AD7S71 is 
shown in Figure 4. The sign bit transition which ideally occurs 
at OV analog input is not shown for ease of illustration. 

The first LSB transition points are mirror images of each other. 
The effect of non-zero offset errors is to either broaden or narrow 
the zero code widths. The effect of non-zero Gain Error is to 
pivot the composite transfer characteristic around the OV origin. 

-FS 
• I 

DIGITAL 
CODE 

:::::+ 
011 .•. 01 t 

I FIRST LSB 
: TRArSITION 

000 ... 10 , 

I 
FIRST LSB I 

100 ... 10 

. 111. .. 01 TRANSITION tl 
111. .. 10 

111. .. 11 

DIGITAL 
CODE 

FULL SCALE 
TRANSITION 

I • 
+FS 

Figure 4. Composite AD7571 Transfer Characteristic 

PIN MNEMONIC 

10-19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

Vss 

Vpn 

AIN+ 
AIN-

AGNO 

. FORM 

HSELILSEL 

Vee 

OB9-0BO 

SIGN 

OGNO 

CE 

CLKIN 

CLKOUT 

CMPOUT 

DESCRIPTION 

Negative supply ov to - 1 sv. V s", must be equal to or more negative than the most 
negalive analog input voltage. With positive only input signals A07571 may be operated 
wilhVss = OV. 

Pusitive supply, + 15V. 

ru~i(ivc differential input. 
Negative differential input. 

Voltage reference input. The A07571 is specified with VREF = + 5.12V. 

Analog ground. 

Data format select. See pin 8 description . 

HIGH BYTE/LOW BYTE select. Used in conjunction with FORM (pin 7) to select the 
data output format. 

DATA OUTPUT 
FORM HSELILSEL FORMAT 

o X SIGN + IO-BiT 
PARALLEL 

x = "Don'tcarc"state. 

LOW BYTE 
(3LSBs) 

HIGH BYTE 
(SIGN + 7MSBs) 

ACTIVE OUTPUT 
PINS 

PIN 20 (SIGN) & 
PINS 10-19 
(OB9-0BO) 

PINS 17,18& 19 
OB2, OBI & OBO) 

PIN 20(SIGN)& 
PINS 10-16 
(OB9-0B3) 

LoSic Supply. For Vee = + 5V digital inputs and outputs are TTL compatible. For 
Vee = V DI,digital inputs and outputs are CMOS compatible. 
DATA OUTPUT. Three state output. OB9 = MSB. 

SIGN BIT OUTPUT. Three state output. Sign ~ AIN( +) - AIN( - )andisalogiczero 
for positive differential inputs and logic one for negative differential inputs. 

Digital Ground. 

CHIP ENABLE. This isan enabling signal for the A07571. 
CE = I: Normal device operation. 
CE = 0: All outputs are placed in high impedance state, CS and Ri5 input activity 

is ignored. Conversion results, if they have not previously been read, 
arc sto·red internally and can be read when device returns to 
normal operation. 

BUSY indicates conversion status. Three-state output. BUSY is low during conversion. 
BiJSY is placed into a high imPedance state "hen CE ~ o. 
CHIP SELECT. Oecnded device address, used with W(pin25) 10 control 
conversion sequences (sec operating modes). 

READ/WRITE control. Used with CS (pin 24) to control conversion sequences 
(sceoperating modes). 

CLOCK INPUT for internaVexternal clock operation. 
Jl1tl;:"rn:\l: C:onnt"ct Rct.K and C -eLK timing compont'nts. See Figure 21 and 

Figure 22. 
External: Connect external clock via three-state buffer (sec Figure 23), See section 

entitled "Internal/External clock". 

CLOCK OUTPUT. Three-stateou·tput. Used in conj~nction with CMP OUT (pin 28) for 
serial data transfer. During a conversion CLK OUT frequency is CLK IN frequency 
divided by 4 olherwiseCLK OUT is held at a logic HIGH. CLK OUT . 
is placed into a high impedance state when CE = o. 
CaMPARA TOR OUTPUT. Three·state outpUt is used in conjunction with CLK OUT (pin 27) 
for serial data transfer. Output occurs during conversion and data is valid on rising edges ofCLK 
OUT. Format is SIGN, MSB ........ LSB. CMP OUT is placed illto a high impedance 
state when CE = O. 

Table /I. Pin Function Description 
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FUNCTIONAL DESCRIPTION 
The AD7571 uses the successive approximation technique to 
generate lO-bit plus sign conversion data. A block diagram of 
the device is shown previously. The comparator is a sampled 
data type comparator providing true differential analog inputs to 
allow conversion of both positive and negative input signals with 
a single positive reference. The comparator output drives the 
successive approximation register, which in turn, controls the 
output of the lO-bit thin-film R-2R D/A converter. 

The control logic has been designed to allow easy interface to 
most microprocessors. Conversion start and data read are under 
the control of two input signals, CS (CHIP SELECT) and RD 
(READIWRITE). Their timing determines the AD7571 operating 
mode (see Operating Modes Section). Upon receipt of a start 
command, BUSY goes low indicating conversion is in progress. 
The first decision made by the comparator concerns the sign of 
the differential input voltage AIN ( + ) - AIN ( - ). Based on the 
result of the sign decision, the comparator and its control logic 
then proceeds to successively approximate the differential input 
voltage by making differential voltage comparisons between 
AIN (+) - AIN (-) and the DAC output voltage VDAC - AGND. 
Note that all comparator decisions are available at CMP OUT 
(pin 28) allowing serial data interfacing. To avoid misinterpretation 
of the serial data stream, a synchronizing signal (providing 11 
rising edges) is available on CLK OUT (pin 27). Comparator 
output data is guaranteed valid on the rising edge of this syn
chronizing signal (see Operating Modes Section). 

When the conversion is complete BUSY returns HIGH indicating 
the successive approximation register contains a valid represen
tation of the differential analog input. This data can now be 
read out via the three-state data outputs. To allow easy interfacing 
to both 8-bit and 16-bit microprocessors, the data output format 
is controlled by FORM (pin 7) and HSELILSEL (pin 8) to 
provide sign plus lO-bits in parallel (one READ operation) or 3 
lower bits followed by sign plus 7 upper bits (two READ opera
tions). The internal successive ~pproximation register is always 
reset after a sign plus lO-bit or sign plus 7-bit read operation 
(see Data Output_Formats Section). 

The CE input (CHIP ENABLE, pin 22) is an enabling signal 
for the AD7571. When CE is HIGH, normal device operation 
as outlined above occurs. When CE is LOW, all outputs are 
placed in the high impedance state and CS and RD activity is 
ignored. This device enabling signal allows a number of AD7571 
to share common data and control lines in either serial or parallel 
data transfer configurations. ' 

DATA OUTPUT FORMATS 
The AD7571 has three possible data output formats, one serial 
and two parallel. Serial data is only available while a conversion 

. is in progress. Parallel data, being the contents of the Successive 
Approximation Register, can be read before a conversion starts 
(ROM Mode) or after a conversion finishes (RAM and SLOW 
MEMORY Modes). Parallel data cannot be read during a con
version since control inputs CS and RD are ignored while BUSY 
is LOW. 

SERIAL DATA OUTPUT FORMAT 
The output of the comparator is available at CMP OUT (COM
PARATOR OUTPUT, pin 28). To avoid misinterpretation of 
this serial output data stream, a synchronizing signal is made 
available at CLK OUT (CLOCK OUT, pin 27). Serial output 
data is valid on the rising edge of this synchronizing signal, II 
rising edges in total.- The format of this output data is SIGN, 
DB9, DB8 ....... DBO. When a conversion is not taking 
place the CMP OUT output will continue to register activity 
but the CLK OUT output will be held at a logic HIGH. The 
CLK OUT frequency is synchronized to the converter's input 
clock frequency present on CLK IN (CLOCK INPUT, pin 26), 
but is divided by 4. Both CLK OUT and CMP OUT are placed 
in the high impedance state when the CE input (CHIP ENABLE, 
pin 22) is taken LOW. This feature allows numerous AD7571s 
to send digital data to a microprocessor using as few as three 
wires for the interconnect. Both CLK OUT and CMP OUT can 
drive one low power TTL load. 

to-BITS PLUS SIGN FORMAT 
This parallel format allows the AD7571 to interface directly to 
12- and 16-bit microprocessors. his also the more useful format 
in non-microprocessor based applications. This data can only be 
read once since an automatic internal reset occurs whenever the 
RD input returns HIGH regardless of the operating mode (ST A-a 
TIC RAM, ROM or SLOW MEMORY). This format is selected I 
by holding the FORM input (DATA FORMAT SELECT, pin 
7) at a logic LOW. When the FORM input is LOW, the Low 
Byte/High Byte select input (HSELILSEL, pin 8) is ignored. 

2 BYTE LEFT-JUSTIFIED FORMAT 
This format has been included to allow direct interfacing to 8-
bit microprocessors. The data is broken into two bytes, sign 
plus upper 7 bits as one byte, and lower 3 bits as the second 
byte. To configure a left-justified 8-bit output data bus, DB2 
should be connected to SIGN, OBI to DB9 and DBO to DB8. 
This is shown in the typical circuits s~ch as' Figure 12. Two 
READ operations are thus required to obtain the full lO-bits 
plus sign data. The byte select input (HSELILSEL) is used to 
select which byte of data is placed on the data bus during the 
next data READ operation. This input can be connected to the 
microprocessor's lowest address line AO, thus'giving the AD7571 
two effective memory addresses, one for high byte conversion 
data, and one for low byte conversion data. If the full lO-bits 
plus sign data is required, then the two bytes must be read in 
an ordered sequence oflow byte first then high byte. This sequence 
is required because an automatic internal reset occurs when RD 
returns HIGH after reading the sign plus 7 bits of data. Reading 
the low byte does not cause the internal reset to occur. In appli
cations where only sign plus 7-bit resolution is required this 
can be obtained by one READ operation. The conversion time 
is not altered as the AD7571 always completes a full lO-bits 
plus sign conversion regardless of the output data format 
requirements. 
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RD (PIN 25) ....j t tc~po 
f4--------tcONVE"T---------<~ 

BUSY (PIN 23) ---i I,---;-----:---:"i 

l I :j 
DATA 

(PINS 10 TO 20) 

HSELJLSEL 
(PIN 8) 

DATA 
(PINS 10 TO. 20) 

HIGH IMPEDANCE BUS 7 $ 

HIGH IMPEDANCE BUS 

} 

FORM (PIN 7) = 0 

}----i---~---- bOUWJrL~gR~~~ 
HSEULSEL = DON'T CARE 

I FORM (PIN 7) = 1 
2 BYTE LEFT 
JUSTIFIED OUTPUT 
FORMAT 

Voo 

""N'''N'''~~' 

SIGN BIT DB9 (MSB) DBB 
VALID VALID VALID 

NOTES 

DBl 
VALID 

DBO (LSB) 
VALID 

FORM (P!!:Ul 
= HSEULSEL (PIN 8) 
= DON'T CARE 
SERIAL DATA 
OUTPUT FORMAT 

• AUTOMATIC INTERNAL RESET (TYP 0.5115) 
1. t RHO IS TIMED FROM THE RISING EDGE OF CS OR RD, WHICHEVER OCCURS FIRST. 
2. CSMUST RETURN HIGH WITHIN tRHCS AFTER RD GOES HIGH OTHERWISE A NEW CONVERSION 

MAY BE INITIATED AND THE AD7571 WILL BEGIN OPERATING IN THE ROM MODE. 
l. CS LOW HAS NO EFFECT WHILE A CONVERSION IS IN PROGRESS. 
4. RD HAS NO EFFECT WHILE CS IS HIGH. 

Figure 5. AD7571 Static RAM Mode Timing Diagram 

OPERATING MODES 
The AD7571 has been designed to interf~ce with microprocessors 
as a memory mapped peripheral device. As such, its control 
logic allows it to mimic such standard memory systems as static 
RAM, ROM or SLOW MEMORY. 

STATIC RAM MODE 
In this mode, the AD7571 is controlled by microprocessor READ 
and WRITE instructions and offers complete control over the 

+5V 

DATA BUS 

• LINEAR CIRCUITRY OMITTED FOR CLARITY 

Figure 6. AD7571 to 6502 Interface, Static RAM Mode 
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converter operation. A single WRITE instruction to the AD7571 
assigned memory address commands the AID to start a conversion 
and 80f-ls later, depending on the data format decision, either 
one or two READ instructions retrieves the conversion result. 
To operate in this mode, the AD7571 must be connected so that 
executing a WRITE instruction to the AD7571 address pulls the 
CS input LOW while RD remains HIGH. Executing a READ, 
instruction to the AD7571 addressees) must cause both CS and 
RD inputs to be pulled LOW for the duration of the READ 
instruction. BUSY must have returned HIGH before a data 
READ is attempted, i.e., delay from conversion start to data 
READ must be at least as great as the AD7571 conversion time. 
Figure 5 shows the timing diagram for all output data formats. 
Figures 6 and 7 show typical hookup examples to 8-bit and 16-
bit microprocessors respectively. 

MC68000 
(4MHz) 

~~------~~ 

VL-------------~~~~ 

~ 
DBO 

'lINEAR CIRCUITRY OMITTED FOR CLARITY 

+5V 

Vee 

AD7571" 

Figure 7. AD7571 to MC68000, Static RAM Mode 
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:: 
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DATA 
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} 
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OUTPUT FORMAT 
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Figure B. AD7571 ROM Mode Timing Diagram 

A151--------, 

AS 

8085 CPU 
12MHzI 

RD 
ALE 

AD7 

ADOI~ __________ ~-+4-~ 
L..-__ .... 

'LINEAR CIRCUITRY OMITIED FOR CLARITY 

+5V 

Figure 9. AD7571 to BOB5 Interface, ROM Mode 

ROM MODE 
This is the simplest method of interfacing the AD7571 to any 
microprocessor. Only READ instructions with a minimal amount 
of interface logic control the device's operation. This mode has 
the disadvantage that the time reference for the AID conversion 
data is not well defined since the data read is the result of the 

MC68000 
14MHzI 

+5V 

Vee 

FORM' 

AD7571" 

'---------------tSIGN 
DB9 

"LINEAR CIRCUITRY OMITIED FOR CLARITY 

Figure 10. AD7571 to MC6BOOO, ROM Mode 

previous conversion. This means that the time reference for the 
data sample will depend on when the previous READ operation 
finished. In applications where this uncertainty creates problems 
it can be eliminated by executing two complete READ operations 
separated by a software delay. To operate in this mode the CS 
input must be held LOW continuously and the RD input only 
pulled LOW when a READ instruction to the AD7571 memory 
address (es) is executed. A timing diagram is shown in Figure 8 
and typical hookup examples to 8-bit and 16-bit microprocessors 
are shown respectively in Figures 9 and 10. 
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SLOW MEMORY MODE 
In this mode, the normal A/D conversion time is trcated as if it 
were the long access time of a slow memory device. It simplifies 
the software and can be used with any microprocessor which 
can be forced into a WAIT state for at least the duration of a 
conversion (e.g., Z80, 8085A). To operate in this mode, the 
AD7571 should he connected so that executing a memory READ 
instruction to its address causes both CS and RD inputs to be 
pulled low. BUSY suhsequently goes LOW indicating a conversion 
start. Since BUSY is connected to the microprocessor READY 
input, the microprocessor is forced into a wait state thus suspending 
execution of the READ instruction. When BUSY returns HIGH 
(conversion finished), the microprocessor is released from the 
wait state to read the conversion data placed on the data bus by 
the AD7571. Many microprocessors test the condition of the 
READY/WAIT input shortly after the start of an instruction 
cycle. For this reason, the timing of the AD7571 and its associated 
address decode logic must be such that BUSY goes LOW early 
enough in the processor instruction cycle for the READY /W AIT 
input to be effective in forcing the processor into aWAIT state. 
In applications where the processor's memory READ/WRITE 
signal is not available early enough in the machine cycle for it to 
be used to enable or disable the address decode logic, the system 
software must be such that a WRITE operation to the AD7571 
addressees) is never attempted, otherwise a bus conflict may 
occur between processor and AD7571. 

+5V 

READY 

ALE 

AD7 

ADO~r ____________________ ~-+~~ 

"LINEAR CIRCUITRY OMITIED FOR CLARITY 

Figure 12. AD7571 to 8085 Interface Slow Memory Mode 

A timing diagram for this mode is shown in Figure II. A typical 
hookup example to the 8085A is shown in Figure 12. 

RD{PIN25) ---i'---------1:f-'_~'--'~~tcs~ 
&CS(PIN24) tCR~'-'------- $I _ 1 .. H I\-

BUSY (PIN 23) ~.-----teONV'RT--IS------~r----1-:-t-RH-D-~S~I-:-I--"';I----

tRADfZj } FORM (PIN 71 = 0 

(PINSDfoT~o 20) HIGH IMPEDANCE BUS S ~l --10-B-IT-+-S-IG-N- ~ ;' 6°ti~~:"L~gR~~~ 
Dm ~ '''''~ ~ .""",,. DDN"." 

-~) ~ RAD 2 BYTE LEFT 
~ tRHD JUSTIFIED OUTPUT 

tRAD t RHo FORMAT 

HSELiLSEL S S 
(PIN 8) --------------SSS ""1 t +'"~j~t J''''f-} FORM (PIN 71 = 1 

(PINi'foT~O '20) _______ H_IG_H_IM_P_ED_A_N_C_E_B_U_S---s §--------<J --" / 

VDD 

CLK IN (PIN 261 ", ..... , "' ..... , ..... 

FORM(P!N.IL 
Vee 

"'D~"'Nnl ~rvu 

'M'O",I"N'''~~ 

= HSELILSEL (PIN 81 
= DON'T CARE 
SERIAL DATA 
OUTPUT FORMAT 

ov ,Jr ~ , 1 '\ 
SIGN BIT DB9 (MSBI DB8 DB1 DBO (LSBI 

VALID VALID VALID VALID VALID 

• AUTOMATIC INTERNAL RESET (TYP 0,51'5) 

Figure 11. AD7571 Slow Memory Mode Timing Diagram 
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INTERNAL/EXTERNAL CLOCK 
The AD7571 can be used with either its own internal asynchronous 
clock or with an externally applied clock. Whichever clock 
source IS used, a single conversion (BUSY = LOW) lasts fur 44 
input clock cycles. Internal logic propagation delays add less 
than 0.5j-Ls to this time. 

INTERNAL CLOCK 
A simplified equivalent circuit for the AD7571 internal clock 

, circuitry,is shown in Figure 13. 
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Figure 13. Simplified AD7571 Internal Clock Circuit 

Clock pulses are generated by the action of an external capacitor 
CCLK charging through an external resistor RCI .K and discharging 
through switch SWI. The clock speedup circuit acts to shorten 
the last clock period of a conversion. When a conversion is 
complete, the internal clock stops operation. However, in addition 
to conversion the internal clock also controls the automatic 
internal reset. For this reset operation, the internal clock runs 
for one cycle. Reset occurrences are indicated by asterisks in 
Figures 5, 8 and 11. 

Nominal conversion times versus temperature for different RCl.K 
and CCI.K combinations arc shown in Figure 14. The internal 
clock is useful in that it provides a convenient clock source for 
the AD7571. Due to process variations the actual operating 
frequency for a given RCI.K and CCI.K combination can vary 
from device to device by up to 10%. For this reason Analog 
Devices recommends using an external clock in the following 
situa~jons. 

1. Applications requiring a conversion time which is within 
lO(Yo of 80f.ls, the minimum conversion time for specified 
accuracy. (A 550kHz clock frequency gives an 80f.ls conversion 
time.) 

2. Applications where software constraints on time cannot ac
commodate time differences which may occur due to unit to 
unit clock frequency variations or temperature variations. 

90 __ ----~------~------~----_,------~ 

~85~----~------~------+_~--~~----~ 
I 

~ 80~----~~~--~------+_----~r_----~ 
Z 
o 
~ 75~----~------~-=~--~~~~~--~~ 

> 8 70~----~------~------+_----~------~ 
65L------+~2-5------+~50~----+~7~5----~~--~+~125 

AMBIENT TEMPERATURE - "C 

Figure 14. Typical Conversion Times vs. Temperature for 
Different RCLK and CCLK 

EXTERNAL CLOCK 
Due to the automatic internal reset cycle of the AD7571 the 
external clock source used to drive the CLK IN input must be 
capable of three-state operation. Figure 15 sh9wS how the external 
clock (TTL compatible) should be connected. The BUSY output 
of the AD7571 controls the three-state enable input of a CD40109B 
three-state buffer. Rl is used as a pullup resistor and can be any 
value between 6kn and 100kf1. The reset timing is still performed 
by the converter's internal logic and does not require an external 
clock pulse. The CD40109B also functions as a low-to-high 
voltage level shifter since the CLK IN input is not TTL compatible: 

If a high level clock is already available, then an MCl4503B 
three-state buffer can be used. The mark/space ratio of the 
external clock can vary from 70/30 to 30/70. 

Figure 75. External Clock Connection 

The AD7571 can be used with an external clock when configured 
in either the STATIC RAM or SLOW MEMORY modes, but 
is not recommended in the ROllI mode. This is because the 
internal reset timing in this mode occurs after a conversion start 
command but before BUSY goes LOW (tWBI'D of Figure 8). 
With an external clock, it is possible for the comparator to have 
insufficient settling time before making the SIGN decision. 

Timing constraints for external clock operation are as follows: 

STATIC RAM MODE: When initiating a conversion, CS should 
go LOW on a negative clock edge to provide optimum settling • 
time for the MSB. I 
SLOW MEMORY MODE: When initiating a conversion, CS 
and RD should go LOW on a negative clock edge to provide 
optimum settling time for the MSB. 

APPLICATION HINTS 
1. INPUT CURRENT: Due to the internal comparator switch

ing action, displacement currents will flow at the analog 
inputs. The magnitude and polarity of these displacement 
currents will depend upon the differential analog input voltage 
levels. 

The effect of placing bypass capacitors at the analog inputs. is 
to integrate the transient currents over the switching cycle. 
This causes a dc current to flow through any output resistance 
of the analog signal sources, thereby causing an input error. 
This dc current has a maximum value under conditions of 
continuous conversions with an input clock frequency of 
550kHz and a differential input voltage of 1O.24V. Under 
these conditions the dc current is a maximum of approximately 
25f.lA. Therefore, to ensure that ,the input error will remain 
less than 1I4LSB, bypass capacitors should not be used at 
either the analog inputs or the V REF input for source resistances 
greater than lOOn. Where bypass capacitors are not used, 
large values of source resistance will not cause errors as the 
transient input currents have reduced to zero by the time 
data is accepted from the comparator. If it is necessary to 
filter the incoming analog signals through a low pass filter, 
use a passive RC low pass filter with series R < lOOn or else 
an active RC low pass filter. If input bypass capacitors are 
necessary for noise filtering and high source resistance is 
unavoidable, the input error can be compensated for by a 
full scale adjustment while the given source resistance and 
bypass capacitor are in place. 
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2. NOISE: The leads to the analog inputs (pins 3 and 4) should 
be kept as short as possible to minimize input noise coupling. 
In applications where this is not possible a twisted pair trans
mission line between source and ADC is recommended. The 
twisted pair keeps induced noise (due to <.:apacitive and inductive 
coupling) to a minimum. Also any potential difference in 
grounds between signal source and ADC appears as a common 
mode voltage to the ADC's differential inputs. In general, 
the source resistance should be kept below 2k!L Large values 
of bypass capacitors will eliminate this system noise pickup, 
but will also introduce input scaling errors as outlined in the 
previous section. 

3. PROPER LA YOUT: Layout for a printed circuit board 
should ensure that digital and analog signal lines are kept 
separated as mu<.:h as possible. In particular, care should be 
taken not to run any digital track alongside an analog signal 
track. Both analog inputs and the reference input should be 
screened by AGND. A single point analog ground which is 
separate from the logic ground system should be established 
at or near the AD7571. This single point analog ground 
subsystem should be connected to the digital ground system 
by a single-track connection only. Any reference bypass 
capacitors, analog input filter capacitors or input signal shield
ing should be returned to the analog ground point. 

+15V +5VTO +15V 

OV TO -15V 

10-BIT 
PLUS SIGN 
PARALLEL DATA 

Figure 16. AD7571 Operational Diagram (see Table I for 
Pin Function Description) 
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4. OFFSET ERROR: For either positive or negative differential 
inputs, the procedure for adjusting the input offset error to 
zero is similar. The circuit for zero offset adjust is shown 
connected to the AIN( -) input which is assumed to be at 
some common mode voltage V CM. For positive differential 
inputs the AIN( +) input is forced to V CM + iOmV (V CM + 
1 LSB) while the potentiometer is adjusted until the ADC 
output code flickers between 000 .... 00 and 000 .... 01. 
For negative differential inputs the AIN( + ) input is forced 
to VCM - iOmV (VCM - ILSB) while the potentiometer is 
adjusted until the ADC output code flickers between 
100 .... 00 and 100 .... 01. 

In applications where the differential input voltage can swing 
both positive and negative no offset adjust is required since 
the offset errors for both positive and negative differential 
inputs are already mirror images of each other due to the 
architecture of the AD7571. 

V DD AIN(+) 

AD7571 

10k So--'l.Mr ..... ----i AIN(-I 

100 

Figure 17. Zero Offset Adjust Circuit 

5. FULL-SCALE ADJUST: The full-scale adjustment is made 
by applying a positive or negative differential input voltage 
to the analog inputs which is lLSB down from the required 
positive or negative analog full scale range. The magnitude of 
the reference voltage V REF is then adjusted until the ADC 
output code flickers between 011 .... 10 and 011 .... 11 
for a positive differential input or between III .... 10 and 
III .... 11 for a negative differential input. 

6. SUPPLY SEQUENCING: Do not allow V cc to exceed 
V DD. In cases where Vee could exceed V DD, the diode pro
tection scheme shown in Figure 16 is recommended. 
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FEATURES 
a-Bit Resol~tion 
No Missed Codes over Full Temperature Range 
Fast Conversion Time: 15ps 
Interfaces to pP like RAM, ROM or Slow - Memory 
Low Power Dissipation: 30mW 
Ratiometric Capability 
Single +5V Supply 
Low Cost 
Internal Comparator and Clock Oscillator 

GENERAL DESCRIPTION 
AD7574 is a low-cost, 8-bit pP compatible ADC which uses 
the successive-approximations technique to provide a con
version time of 15ps. 

Designed to be operated as a memory mapped input device, 
the AD7574 can be interfaced like static RAM, ROM, or slow 
memory. It's CS (dec'oded device address) and Rl) 
(READ/WI{ITE control) inputs are available in all pP memory 
systems. These two inputs control all ADC operations such as 
starting conversion or reading data. The ADC output data bits 
use three-state logi<;, allowing direct connection to the pP data 
bus or system input port. 

Internal clock, +5V operation, on-board comparator and 
interface logic, as well as low power dissipation (30mW) and 
fast conversion time make the AD7574 ideal for most ADClpP 
interface applications. Small size (18-pin DIP) and monolithic 
reliability will find wide use in avionics, instrumentation, and 
process automation applications. 

ORDERING INFORMATION 

Temperature Range and Package! 
Differential Nonlinearity Plastic (NISB) Ceramic (DlSB) Ceramic (DlSB) 

o to +70·C -2SoC to +SS·C -SS·C to +12S·C 

±7/SLSB AD7574JN AD7574AD AD7574SD 
±3/4LSB AD7574KN AD7574BD AD7574TD 

! See Section 19 for package outline information. 

CMOS 
~P-Compatible a-Bit ADC 

AD7574 I 

AD7574 FUNCTIONAL BLOCK DIAGRAM 

PIN CONFIGURATION 

18-PIN DIP 
TOP VIEW 

PACKAGE IDENTIFICATION I 

Suffix "N" - Plastic DIP (NI8B) 
Suffix "D" - Ceramic DIP (DI8B) 

! See Section 19 for package outline information. 
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CAUTION:----------------------~---------------------------------

WARNING! ~ ESD (Electro - Static - Discharge) sensitive device. The digital control inputs are zener 
protected; however, permanent damage may occur on unconnected devices subject to high 

~~~ I energy electrostatic fields. Unused devices must be stored in conductive foam or shunts. The 
foam should be discharged to the destination socket before devices are removed. 

DC SPECIFICATIONS (VOO=+5V, VREF=-10V, Unipolar Configuration, 
RCLK = 180kn, CCLK = 100pF, unless otherwise noted) 

PARAMETER 

ACCURACY 
Resolution 
Relative Accuracy Error 

AD7574jN, AD, SO 
AD7574KN, BD, TO 

Differential Nonlinearity 
AD7574jN, AD, SO 
AD7574KN, BD, TO 

Full Scale Error (Gain Error) 
AD7574jN, AD, SO 
AD7574KN, BD, TO 

Offset Error2 

AD7574jN, AD, SO 
AD7574KN, BD, TO 

Mismatch Between BOFS (pin 3) 
and AIN (pin 4) Resistances' 

ANALOG INPUTS 
Input Resistance 

At VREF (pin 2) 
At BOFS (pin 3) 
At AIN (pin 4) 

VREF (for sp<cified performance) 
VREF Range

4 

Nominal Analog Input Range 
Unipolar Mode 
Bipolar Mode 

LOGIC INPUTS 
RD (pin 15), CS (pin 16) 

VI NH Logic HIGH Input Voltage 
VINL Logic LOW Input Voltage 
liN Input Current 
CIN Input CapacitanceS 

CLK (pin 17) 
VINH Logic HIGH Input Voltage 
VINL Logic LOW Input Voltage 
IINH Logic HIGH Input Current 
IINL Logic LOW Input Current 

LOGIC OUTPUTS 
BUSY (pin 14), DB7 to DBO (pins 6·13) 

VO H Output HIGH Voltage 
VOL Output LOW Voltage 

LIMITS 

TA=+25°C 

±3/4 
±I/l 

±7/8 
±'/. 

±5 
±3 

±60 
±30 

±1.5 

5/10/15 
10120/30 
10120130 

-)0 

-5 to -15 

Tmin' Tmax 

±% 
±11l 

±7/8 
±'/4 

±6.5 
±4.5 

±SO 
±50 

±1.5 

5/10/15 
10120/30 
10120/30 

-10 
-5 to -15 

o to +IVREFI 
-IVREFI to +IVREFI 

+3.0 +3.0 
+0.8 +0.8 

I 10 
5 

+3.0 +3.0 
+0.4 +0.4 

+2 +2 
I 10 

+4.0 +4.'0 
+0.4 +O.S 

10 

7 

I UNITS 

Bits 

LSB max 
LSB max 

LSB max 
LSB max 

LSB max 
LSB max 

mVmax 
mVrnax 

% 

Hl min/typ/max 
Hl min/typ/max 
Hl minltyplmax 

V 
V 

v 
V 

Vmin 
V max 

/JA max 
pI' max 

Vmin 
V max 

mAmax 
/JA max 

Vmin 
Vmax 

/JA max 

pF max 

I LKG DB7 to DBO Floating Stage Leakage 

Floating State OutpUt Capacitan'ce (087 to DBo) s 

Output Code Unipolar Binary, Offset Binary 

POWER REQUIREMENTS 

VDD 
100 (STANDBY) 

+5 
5 

+5 
5 

IREF VREF divided by 5krl 

NOTES 
I Temper~ture ranges as follows: jN, KN (0 to +70°C) 

AO, BO (-25°C to +85°C) 
SO, TO (-55°C to +125°C) 

'Typical offset temperature coefficient is ±l50,.!V/oC. 

V 
mAmax 

, CONDlTlONS/COMMENTS 

Relative Accuracy and Differential Nonlinearity are measured 
dynamically using the external clock circuit of Fig. 7b. 
Clock frequency is 500kHz (conversion time 15/Js) 

Full Scale Error is measured afrer calibrating OUt offset error. See 
Fig. Sa and associated calibration procedure for offset. Max Full 
Scale change from +25°C to T min or T max is ±2 LSB. 

Maximum Offset change from +25°C to 
Tmin or Tmax is ±20mV. . 

±5% for specified transfer accuracy. 
Degraded transfer accuracy. 

During Conversion: VIN(CLK);;>VINH(CLK) 
During Conversion: VIN(CLK)';;;VINL(CLK) 
(see circuit of Fig. 7b if external clock operation is required). 

I SOURCE = 40/JA 
ISINK = 1.6mA 

VOUT = OV or VOO 

See Figs. Sa. 9a, lOa and 8b, 9b, lOt>. 

±5% f';r 'pecified performance. 
AIN = OV, ADC in RESET condition. 
Conversion complete, prior to RESET. 

• RBOFS/RAIN mismatch causes transfer function rotation about positive Full Scale. The effect is an offset and a gain term when using the 
circuit of Figure 9a. 

"Typical value, not guaranteed or subject to test. 
'Guaranteed but not tested. 

Specifications subject to change without notice. 
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AC Specifications 
(Voo = +5V, CCLK = 100pF, RCLK = 180kn unless otherwise noted) 

SYMBOL SPECIFICATION 
LIMIT at 

TA=+25°C 
LIMIT at 

TA =Tmin 
LIMIT at 

TA = Tmax 
CONDITIONS 

STATIC RAM INTERFACE MODE (See Figure 1 and Table I) 

tcs CS Pulse Width Requirement lOOns min 150ns min 150ns min 
tWSCS RD to CS Setup Time 0 min Omin Omin 

tCBPD 

tRHD 

tRHCS 
tRESET 
tCONVERT 

tCONVERT 

ES to BUSY Propagation Delay 

BUSY to RD Setup Time 
BUSY to CS Setup Time 

Data Access Time 

Data Hold Time 

CS to RD Hold Time 
Reset Time Requirement 
Conversion Time 
using internal clock oscil1ator 
Conversion Time 
using external clock 

90ns typ 
120ns max 
120ns typ 
150ns max 

Omin 
Omin 

120ns typ 
150ns max 
240ns typ 
300ns max 

80ns typ 
SOns min 
120ns max 

250ns max 
3/lsmin 

70ns typ 
120ns max 
lOOns typ 
150ns max 

Omin 
Omin 

lOOns typ 
150ns max 
220ns typ 
300ns max 

40ns typ 
30ns min 
80ns max 

200ns max 
3/ls min 

150ns typ } 
180ns max 
180ns typ } 
200ns max 

Omin 
Omin 

180ns typ } 
220ns max 
300ns typ } 
400ns max 

120ns typ 
80ns min 
180ns max 

500ns max 
3/ls min 

See typical data of Figure 7a 

15/ls 15/ls 

BUSY Load = 20pF 

BUSY Load = 100pF 

DBO' DB7 Load = 20pF 

DBO' DB7 Load = 100pF 

fCLK = 500kHz 
circuit of Figure 7b, 

ROM INTERFACE MODE (See Figure 2 and Table II) 
Data Access Time 
Data Hold Time 

RD HIGH to BUSY 
Propagation Delay 

BUSY to RD LOW Setup Time 

tCONVERT Conversion Time 
using internal clock oscil1ator 

400ns typ 
1.5/ls max 

Same as RAM Mode 
Same as RAM Mode 

3 SOns typ 
1.0/ls max 

l/ls typ } BUSY Load = 20pF 
2.0/ls max 

RD can go LOW prior to BUSY = HIGH, but must not 
return HIGH until BUSY = HIGH. See Table II. 

See typical data of Figure 7a. Add 2/ls to 
data shown in Figure 7a for ROM Mode 

SLOW - MEMORY INTERFACE MODE (See Figure 3 and Table III) 

tCBPD CS to BUSY Propagation Delay Same as RAM Mode 
tRESET Reset Time Requirement Same as RAM Mode 
t RAD Data Access Time Same as RAM Mode 
t RHD Data Hold Time Same as RAM Mode 
tCONVERT Conversion Time Same as RAM Mode 

ABSOLUTE MAXIMUM RATINGS Operating Temperature Range 

VDDto AGND ..•....... 
VDDto DGND ..•....... 
AGND to DGND ........ . 
Digital Input Voltage to DGND 

(pins 15 and 16) ....... . 
Digital Output Voltage to DGND 

(pins 6 -14) .......... . 
CLK Input Voltage (pin 17) to DGND. 
VREF (pin 2) .... . 
VBOFS (pin 3) ... . 
VAIN (pin 4) .... . 

TERMINOLOGY 

· . OV, +7.0V 
· . OV, +7.0V 
· -O.3V, VDD 

.. -O.3V, +ls.0V 

· -O.3V, VDD 
· -O.3V, VDD 

· ±20V 
· ±20V 
· ±20V 

IN, KN .. . 
AD,BD ........... . 
SD,TD ........... . 

Storage Temperature Range .. . 
Lead Temperature (soldering, 10 secs.). 
Power Dissipation (Package) 

Plastic (suffix N) 
to +70

o
C ......... . 

Derate above +70
o

C by. 
Ceramic (~uffix D) 

to +75 C ........ . 
Derate above +75°C by. 

... OoC to +70oC 

. -25°Gto +85°C 
-55°C to +125°C 
-65°C to +150

o
C 

. ... +300
o

C 

· • 670mW 
8.3mw/oC 

· • 450mW 
· 6mW/oC 

RESOLUTION, Resolution is a measure of the nominal analog change 
required for a 1 - bit change in the AID converter's digital output. While 
normally expressed in a number of bits, the analog resolution of an 

device's measured zero and measured full scale transition points. Rel
ative accuracy, therefore, is a measure of code position. 

n - bit unipolar AID converter is (2-n)(VREF)' Thus the AD7574, an 
8 - bit AID converter, can resolve analog voltages as small as 
(%56)(VREF) when operated in a unipolar mode. When operated in a 
bipolar mode, the resolution is (!filS )(VREF)' Resolution does not 
imply accuracy. Usable resolution is limited by the differential nonlin
earity of the AID converter. 

RELATIVE ACCURACY, Relative accuracy is the deviation of the ADC's 
actual code transition points from a straight line drawn between the 

DIFFERENTIAL NONLINEARITY, Differential nonlinearity in an ADC 
is a measure of the size of an analog voltage range associated with any 
digital output code. As such differential nonlinearity specifies code 
width (usable resolution). An ADC with a specified differential nonlin
earity of ±n bits will exhibit codes ranging in width from 1 LSB - nLSB 
to 1 LSB + nLSB. A specified differential nonlinearity of less than 
± 1 LSB guarantees no - missing - codes operation. 
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TIMING & CONTROL OF THE AD7574 

STATIC RAM INTERFACE MODE 
Table 1 and Figure 1 show the truth table and timing require
ments for AD7574 operation as a static RAM. 

A convert start is initiated by executing a memory WRITE 
instruction to the address location occupied by the AD7574 
(once conversion has started, subsequent memory WRITES 
have no effect). A data READ is performed by executing a 
memory READ instruction to the AD7574 address location. 

BUSY must be HIGH before a data READ is attempted, i.e. 
the total delay beiween a convert start and a data READ must 
be at least as great as the AD7574 conversion time. The delay 

Figure 1. Static RAM Mode Timing Diagram 

ROM INTERFACE MODE 
Table II and Figure 2 show the truth table and timing require
ments for interfacing the. AD7574 like Read Only Memory. 

CS is held LOW and converter operation is controlled by the 
RD input. The AD7574 RD input is derived from the decoded 
device address. MEMRD should be used to enable the address 
decoder in 8080 systems. VMA should be used to enable the 
address decoder in 6800 systems. A data READ is initiated by 
executing a memory READ instruction to the AD7574 address 
location. The converter is automatically restarted when RD 

Figure 2. ROM Mode Timing Diagram rcs Held LOW) 

SLOW-MEMORY INTERFACE MODE 
Table 111 and Figure 3 show the truth table and timing require
ments for interfacing the AD75 74 as a slow - memory. This 
mode is intended for use with processors which can be forced 
into a WAIT state for at least 12ps (such as the 8080, 8085 
and SC/MP). The major advantage of this mode is that it 
allows the pP to start conversion, WAIT, and then READ data 
with a single READ instruction. 

In the slow -memory mode, CS and RD are tied together. Iris 
suggested that the system ALE signal (8085 system) or SYNC 
signal (8080 system) be used to latch the address. The decoded 
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can be generated by inserting NOP instructions (or other 
program instructions) between the WRITE (start convert) and 
READ (read data) operations: Once BUSY is HIGH (conver
sion complete), a data READ is performed by executing a 
memory READ instruction to the address location occupied 
by the AD7574. The data readout is destructive, i.e. when RD 
returns HIGH, the converter is internally reset. 

The RAM interface mode uses distinctly different commands 
to start conversion (memory WI{ITE) or read the data (memory 
READ). This is in contrast to the ROM mode where a memory 
READ causes a data READ and a conversion restart. 

A07574 INPUTS A07574 OUTPUTS 

CS RO BUSY DB7 · DBO 
A07574 OPERATION 

II 11 IlIGIl Z WRITE CYCLE (START CONVERT> .... II IIIGIl Z -DATA READ CYCLE (DATA READ) 
...r DATA-IlIGIl Z RESET CONVERTER _ 

11 Xl X IIIGIl Z NOT SELECTED 
L 11 L IlIGIl Z NO EFFECT. CONVERTER BUSY 
L .... L IlIGIl Z NO EFFECT. CONVERTER BUSY 
L ...r L IlIGIl Z NOT ALLOWED. CAUSES 

INCORRECT CONVERSION 

Note 1: If AD goes LOW to HIGH when Cs is LOW, the ADC is 
internally reset. AD has no effect while Cs is HIGH. 
See application hint No.1. 

Table I. Truth Table, Static RAM Mode 

returns HIGH. As in the RAM mode, attempting a data READ 
before BUSY is HIGH will result in incorrect data being read. 

The advantage of the ROM mode is its simplicity. The major 
disadvantage is that the data obtained is relatively poorly 
defined in time inasmuch as executing a data READ auto
matically starts a new conversion. This problem can be over
come by executing two READs separated by NO - OPS (or 
other program instructions) and using only the data obtained 
from the second READ. . 

:\1)7574 I:\PUTS :\1)7574 OUTPUTS 

CS RD BUSY OB7 · DBo 
AlJ7574 OPERATION 

L 
L 

II .... IIIGIl Z - DATA DATA READ 
DATA -IlIGIl Z RESET AND 

START NEW CONVERSION 

IlIGII Z NO EFFECT. CONVERTER Bl'SY 
IlIGII Z NOT ALLOWED. CAUSES 

INCORRECT CONVERSION 

Table II. Truth Table, ROM Mode 

device address is subsequently used to drive the AD7574 CS 
and RD inputs. BUSY is connected to the microprocessor 
READY input. 

When the AD7574 is NOT addressed, the CS and RD inputs 
are HIGH. Conversion is initiated by executing a memory 
READ to the AD7574 address. BUSY subsequently goes LOW 
(forcing the pP READY input LOW) placing the pP in a WAIT 
state. When conversion is complete (BUSY is HIGH) the pP 
completes the memory READ. 

Do not attempt to perform a memory WRITE in this mode, 
since three - state bus conflicts will arise. 



Timing & Control of the AD7574 [cont.) 

Figure 3. Slow Memory Mode Timing Diagram 
(CS and RD Tied Together) 

GENERAL CIRCUIT INFORMATION 

BASIC CIRCUIT DESCRIPTION 
The AD7574 uses the successive approximations technique to 
provide an 8 - bit parallel digital output. The control logic was 
designed to provide easy interface to most microprocessors. 
Most applications require only passive clock components (R & 
C), a -IOV reference, and +5V power. 

Figure 4.. AD7574. Functional Diagram 

Figure 4 shows the AD7S74 functional diagram. Upon 
receipt of a start command either via the CS or RD pins 
for Control Logic and Timing Details), BUSY goes low 
indicating conversion is in progress. Successive bits, starting 
with the most significant bit (MSB), are applied to the input of 
a DAC. The comparator determines whether the addition of 
each successive bit causes the DAC output to be greater than 
or less than the analog input, AIN' If the sum of the DAC bits 
is less than AIN' the trial bit is left ON, and the next smaller 
bit is tried. If the sum is greater than AIN' the trial bit is 
turned OFF and the next smaller bit is tried. 

AD75741:-';PlITS 

CS & RD 

II 
""1.... 

AI)75740IJTPliTS 

IIIGIl Z 
II-L IIIGIl Z 

L 111(;11 Z 

DATA-IIIGIIZ 

IIIGIl Z 

AD7574 OPERATION 

NOT SELECTED 
STAKT CONVEKSION 
CONVEKSION IN PKOGKESS, 
111' IN WAIT STATE 
CONVEKSION COMPLETE, 
111' KEADS DATA 
CONVERTER KESEl' 
AND DESELECTED 
NOT SELECTED 

Table III. Truth Table, Slow Memory Mode 

Each successively smaller bit is tried and compared to AIN in 
this manner until the least significant bit (LSB) decision has 
been made. At this time BUSY goes HIGH (conversion is com
plete) indicating the successive approximation register contains 
a valid representation of the analog input. The RD control (see II 
the previous page for details) can then be exercised to activate I 
the three-state buffers, placing data on the DBo - DB7 data 
output pins. RD returning HIGH causes the clock oscillator to 
run for I cycle, providing an internal ADC reset (i.e. the SAR 
is loaded with code 10000000). 

DAC CIRCUIT DETAILS 
The current weighting D/A converter is a precision multiplying 
DAC. Figure 5 shows the functional diagram of the DAC as 
used in the AD7574. It consists of a precision Silicon Chrom
ium thin film RIZR ladder network and 8 N - channel MOS
FET switches operated in single - pole - double - throw. 

The currents in each ZR shunt arm are binarily weighted, i.e. 
the current in the MSB arm is VREF divided by ZR, in the 
second arm is VREF divided by 4R, etc. Depending on the 
DAC logic input (AID output) from the successive approx
imation register, the current in the individual shunt arms is 
steered either to AGND or to the comparator summing point. 

SUCCESSIVE - APPROXIMATIONS REGISTER 

""NO 

Figure 5. D/A Converter As Used In AD7574. 
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OPERATING THE AD7574 

APPLICATION HINTS 

1. TIMING & CONTROL 
In the AD7S 74 when a conversion is finished the fresh data 
must be read before a new conversion can be started. 
Failure to observe the timing restrictions of Figures I, 2 or 3 may 
cause the AD7S74 to change interface modes. For example, in the 
RAM mode, holding CS LOW too long after RD goes HIGH will 
cause a new convert start (i.e. the converter moved into the ROM 
mode). 

2. LOGIC DEGLlTCHlNG IN uP APPLICATIONS 
Unspecified states on the address bus (due to different rise and fall 
times on the address bus) can cause glitches at the AD7S74 CS or 
RD terminals. These glitches can cause unwanted convert starts, 
reads, or resets. The best way to avoid glitches is to gate the address 
decoding logic with RD or WR (8080) or VMA (6800) when in the 
ROM or RAM mode. When in the slow-memory mode, the ALE 
(808S) or SYNC (8080) signal shoul,! be used to latch the address. 

3. INPUT LOADING AT VREF, AIN AND BOFS 
To prevent loading errors due to the finite input resistance at the 
VREF, AIN or BOFS pins, low impedance driving sources must be 
used (i.e. op amp buffers or low output - Z reference). 

4. RATIOMETRIC OPERATION 
Ratiometric performance is inherent to AID converters such as the 
AD7S74 which use a multiplying DAC weighting network. However, 

CLOCK OSCILLATOR . 
The AD7574 has an internal asynchronous clock oscillator 
which starts upon receipt of a convert start command, and 
ceases oscillating when conversion is complete. 

The clock oscillator requires an external Rand C as shown in 
Figure 6. Nominal conversion times versus RCLK and CCLK is 
shown in Figure 7a. The curves shown in Figure 7a are applic
able when operating in the RAM or slow - memory interface 
modes. When operating in the ROM interface mode, add 2f..ls 
to the typical conversion time values shown. 

The AD7574 is guaranteed to provide transfer accuracy to 
published specifications for conversion times down to 15f..ls, 
as indicated by the unshaded region of Figure 7a. Conversion 
times faster than 15f..ls can cause transfer accuracy degradation. 

OPERATION WITH EXTERNAL CLOCK 
For applications requiring a conversion time close to or equal 
to 15f..ls, an external clock is recommended. Using an external 
clock preclupes the possibility of converting faster than 15f..ls 
(which can cause transfer accuracy degradation) due to temp
erature drift - as may be the case when using the internal 
clock oscillator. 

Figure 7b shows how the external clock must be connected. 
The BUSY output of the AD7574 is connected to the three
state enable input of a 74125 three - state buffer. Rl is used as 
a pullup, and can be between 6H2 and lOOkn. A 500kHz 
clock will provide a conversion timt; oI 15f..ls. 

The external clock should be used only in the static - RAM or 
slow - memory interface mode, and not in the ROM mode. 

Timing constraints for external clock operation are as follows: 

STATIC RAM MODE 
1. When initiating a conversion, CS should go LOW on a pos

itive clock edge to provide optimum settling time for the 
MSB. 

2. A data READ can be initiated any time after BUSY = 1. 

SLOW-MEMORY MODE 
1. When initiating a conversion, CS and RD should go LOW 

on a positive clock edge to provide optimum settling time 
for the MSB. 
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the user should recognize that comparator limitations such as offset 
voltage, input noise and gain will cause degradation of the transfer 
characteristics when operating with reference voltages less, than 
-lOY in magnitude. 

5. OFFSET CORRECTION 
Offset error in the transfer characteristic can be trimmed by off
setting the buffer amplifier which drives the AD7S74 AIN pin (pin 
4). This can be done either by summing a cancellation current into 
the amplifier's summing junction, or by tapping a voltage divider 
which sits between VDD and VREf and applying the tap voltage to 
the amplifier's positive input (an example of a resistive tap offset 
adjust is shown in Figure lOa where R8, R9 and RIO can be used to 
offset the ADC). 

6. ANALOG AND D1GrrAL GROUND 
It is recommended that AGND and DGND be connected locally to 
prevent the possibility of injecting noise into the AD7S74. In 
systems where the AGND - DGND intertie is not local, connect 
back - to - back diodes (IN9l4 or equivalent) between the AD7S74 
AGND and DGND pins. 

7. INITIALIZATION AFTER POWER - UP 
Execute a memory READ to the AD7S74 address location, and 
subsequently ignore the data. The AD7S74 is internally reset when 
reading out data, i.e. the data readout is destructive. 

VOO(+5VI 

Figure 6. Connecting RCLK and CCLK To CLK Oscillator 

I -

RClK· 75kH. CClK .. 100pF 

I 
AMBIENT TEMPERATURE ("Celciuslo 

Figure la. Typical Conversion Time vs. Temperature 
For Different R CLK and CCLK 
(Applicable to RAM and Slow ~ Memory Modes. For ROM 
Mode add 2f..lS to values shown) 

VOOI+SVI 

Figure lb. External Clock Operation 
(Static RAM and Slow- Memory Mode) 



UNIPOLAR BINARY OPERATION 

Figures 8a and 8b show the analog circuit connections and 
typical transfer characteristic for unipolar operation. An 
AD584 is used as the -lOV reference. 

Calibration is as follows: 

OFFSET 
Offset must be trimmed out in the signal conditioning cir
cuitry used to drive the signal input terminals shown in Figure 
8a. An example of an offset trim is shown in Figure lOa, 
where R8, R9 and RIO comprise a simple voltage tap which is 
applied to the amplifier's positive input. 

Note 1: R 1 and R2 can be omitted if 
gain trim is not required 

Figure 8a. AD7574 Unipolar (OV to +10V) Operation 
(Output Code is Straight Binary) 

BIPOLAR (OFFSET BINARY) OPERATION 

Figures 9a and 9b illustrate the analog circuitry and transfer 
characteristic for bipolar operation. Output coding is offset 
binary. As,in unipolar operation, offset correction can be per
formed at the buffer amplifier used to drive the signal input 
terminals of Figure 9a (Resistors R8' R9 and RIO in Figure 
lOa show how offset trim can be done at the buffer amplifier). 

Calibration is as follows: 
1. Adjust R6 and R7 for minimum resistance across the 

potentiometers. 
2. Apply +10.000V to the buffer amplifier used to drive the 

signal input (i.e. -1O.000V at R6)' 

3. While performing continuous conversions, trim R6 or R7 
(whichever required) until DB7 - DB1 are LOW and the LSB 
(DBO) flickers. 

Note 1: Rland R2 can be omitted if 
gain trim is not required 

Figure 9a. AD7574 Bipolar (-10V to +10V) Operation 
(Output Code is Offset Binary) 

Operating the AD7574 (cont.) 

1. Apply -39.1mV (1 LSB) to the input of the buffer ampli-
fier used to drive R1 (i.e. +39.1mV at R 1). . 

2. While performing continuous conversions, adjust the offset 
potentiometer (described above) until DB7 - DB 1 are LOW 
and the LSB (DBO) flickers. 

GAIN (FULL SCALE) 
Offset adjustment must be performed before gain adjustment. 
1. Apply -9.961V to the input of the buffer amplifier used to 

drive R1 (i.e. +9.961Vat R1). 
2. While performing continuous conversions, adjust trim pot 

R2 until DB7 - DB1 are HIGH and the LSB (DBO) flickers. 

O~6;~T I 'Ull "Al' "AN''''O"--'''''' "'''''' F 
11111110 

111 ~1101 I " 

: . /' 

ol,,~' ,'/ 
00000000 

0000000' 

000000000040080120---· ... -9~ 
INPUT\lOlUGE.\lOLlS 

IR[F(RR£O TO "'''''''~OG GROUNO ',fIrI ~ Of "'OI~'4' 

Note: Approximate bit weights are shown for illustration. 
Nominal bit weight for a -10V reference is :::::: 39.1mV 

Figure 8b. Nominal Transfer Characteristic For Unipolar 
Circuit of Figure 8a . 

. 4. Apply OV to the buffer amplifier used to drive the signal 
input terminals. -

5. Doing continuous conversions, trim the offset circuit of the 
buffer amplifier until the ADC output code flickers 
between 01111111 and 10000000. 

6. Apply + 1O.000V to the input of the buffer amplifier 
(i.e. -lO.OOOV as applied to R6)' 

7. Doing continuous conversions, trim R2 until DB7 - DB1 are 
LOW and the LSB (DBO) flickers. 

8. Apply -9.922V to the input of the buffer amplifier (i.e. 
+9.922V at the input side of R6)' 

9. If the ADC output code is not 11111110 ±1 bit, repeat the 
calibration procedure. 

OUTPUT 

10000100 r-------,----T"""1 

-320-240 ·160 -80 0 flO ,'60_240_320 •• 00 
INPUT VOLTAGE. MilliVOLTS 

.IIIHfIllIUDTO ......... LOGGIiOUNOJ 

Note: Approximate bit weights are shown for illustration. 
Nominal bit weight for ± 10V full scale is:::::: 78.1mV 

Figure 9b. Nominal Transfer Characteristic Around 
Major Carry for Bipolar Circuit of Figure 9a 
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OPERATING THE AD7574 

BIPOLAR (COMPLEMENTARY OFFSET 
BINARY) OPERATION 
Figure lOa shows the analog connections for complementary 
offset binary operation. The typical transfer characteristic is 
shown in Figure lOb. In this bipolar mode, the ADC is fooled 
into believing it is operated in a unipolar mode - i.e. the + IOV 
to -IOV analog input is conditioned into a 0 to +10V signal 
range. R2 is the gain adjust, while R9 is.the offset adjust. 

Calibration is as follows (adjust offset before gain); 

OFFSET 
1. Apply OV to the analog input shown in Figure lOa. 

Notes: 
1. R 1 and R2 can oe omitted if gain trim is not required 
2. RS, Rg and R 10 can be omitted if offset trim is not required 
3. R611RsIIRlO = 5kD. If RS, Rg and RlO not used, make R6 = 5kQ 

Figure 10a. AD7574 Bipolar Operation (-10V to +10V) 
(Output Code is Complementary Offset Binary) 
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2. While performing continuous conversions, adjust R9 until 
the converter output flickers between codes 01111111 and 
10000000. 

GAIN (FULL SCALE) 
1. Apply -9.922V across the analog input terminals shown in 

Figure lOa. 
2. While performing continuous conversions, adjust R2 ul1til 

DB7 - OBI are HIGH and the LSB (OBO) flickers between 
HIGH and LOW. 

OUTPUT 
CODE 

J10·140 ·160 ·800 *80 '160-240.3200-400 

INPUT VOLTAGE. MilliVOLTS 
IItEJlAlIlOTO .. "'AlOGGROUIIIO',I\j50J"075'.' 

Note: Approximate bit weights are shown for illustration. Nominal 
bit weight for ±10V full scale is ~7S.1mV 

Figure 10b. Nominal Transfer Characteristic Around Major 
Carry for Bipolar Circuit of Figure 10a 



r-IANALOG 
WDEVICES 

CMOS 
,..,P-Compatible a-Bit a-Channel DAS 

FEATURES 
8-Bit Resolution 
On-Chip 8 X 8 Dual-Port Memory 
No Missed Codes Over Full Temperature Range 
Interfaces Directly to Z80/8085/6800 
CMOS, TTL Compatible Digital Inputs 
Three-State Data Drivers 
Ratiometric Capability 
Interleaved DMA Operation 
Fast Conversion 
A/D Process Totally Transparent to pP 
Low Cost 

GENERAL DESCRIPTION 
The AD7581 is a microprocessor compatible 8 bit, 8 channel, 
memory buffered, data-acquisition system on a monoli'thic 
CMOS' chip. It consists of an 8 bit successive approximation 
AID converter, an 8 channel multiplexer, 8 X 8 dual-port 
RAM, three-state DATA drivers (for interface), address latches 
and microprocessor compatible control logic. The device inter
faces directly to 8080, 8085, Z80, 6800 and other micro
processor systems. 

The successive approximation conversion takes place on a 
continuous, channel sequencing, basis using microprocessor 
control signals for the clock. Data is automatically transferred 
to its proper location in the 8 X 8 dual-port RAM at the end 
of each conversion. When under microprocessor control, a 
READ DATA operation is allowed at any time for any channel 
since on-chip logic provides interleaved DMA. The facility to 
latch the address inputs (Ao - A2) with ALE enables the 
AD7581 to interface with pP systems which feature either 
shared or separate address and data buses. 

ORDERING INFORMATION 

Temperature Range and Package 
Differential 
Nonlinearity , 

Plastic Ceramic 
o to +70o C -25°C to +85°C 

±17/8LSB 
±7/8LSB 
±3/4LSB 

AD7581JN 
AD7581KN 
AD7581LN 

PACKAGE IDENTIFICATION! 
Suffix "N" - Plastic DIP (N28A) 
Suffix "D" - Ceramic DIP (D28B) 

AD7581AD 
AD7581BD 
AD7581CD 

1 See Section 19 for package outline information. 

AD7581 I 
AD7581 FUNCTIONAL BLOCK DIAGRAM 

PIN CONFIGURATION 
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DC SPECIFICATIONS (Voo = +5V, VREF = -10V, Unipolar qperation, unless otherwise stated) 

Typical at Limit Over 
Parameter Version l +2SoC Temperature Units 

ACCURACY 
Resolution All 8 8 Bits 
Relative Accuracy IN,AD ±17/8 ±1 7/8 max LSB 

KN,BD ±3/4 ±3/4 max LSB 
LN,CD ±112 ±1I2 max LSB 

Differential Nonlinearity IN,AD ±17/8 ±1 718 max LSB 
KN,BD ±7/8 ±7/8 max LSB 
LN,CD ±3/4 ±3/4 max LSB 

Offset Error2 IN,AD. 200 200 max mV 
KN,BD 80 80 max mV 
LN,CD SO SO max mV 

Gain Error 
Worst Channel IN,AD ±3 ±6 max LSB 

KN,BD ±2 ±4max LSB 
LN,CD ±1 ±2 max LSB 

Gain Match Between Channels IN,AD 2 3 max LSB 
KN,BD 1 1/2 2 max LSB 
LN,CD 1 1 max LSB 

BOFS Gain Error All -2112 LSB 

ANALOG INPUTS 
Input Resistance 

At VREF (pin 10) All 10120/30 10/20/30 k11 min/typ/max 
At BOFS (pin 1)3 All 10/20130 10/20/30 . k11 min/typ/max 
At Any Analog Input (pins 2-9) All 10120/30 10/20/30 k11 min/typ/max 

VREF (For Sjecified Performance) All -10 -10 V 
VREF Range All -5 to -15 -5 to -15 V 
Nominal Analog Input Range 

Unipolar Mode All o to +VREF' o to +VREF V 
o to -VREF o to -VREF V 

Bipolar Mode All -VBoFS ~ V Am ~ IVREF I-VBoFS 

DIGIT AL INPUTS 
CS (pin 13), ALE (pin 16), Ao - A2 

(pins 17-19), CLK (pin 15) 
VINH Logic HIGH Input Voltage All +2.2 +2.4 min V 
VINL Logic LOW Input Voltage All +1.2 +0.8 max V 
lIN Input Current All 0.01 1 max pA 
CIN Input CapacitanceS All 4 5 max pF 

DIGITAL OUTPUTS 
STAT (pin 12), DB7 to DBo (pins 20-27) 
VOH Output HIGH Voltage! All +4.8 +4.5 min V 
VOL Output LOW Voltage All +0.4 +0.6 max V 
ILKG DB7 to DBo Floating State 

Leakage All 0.3 lOmax J.lA 
Floating State Output Capacitance 

(DB7 -DBo) All lOmax pF 
Output Code All Unipolar Binary Figure 7 

Complementary Binary Figure 8 
Offset Binary Figure 9 

POWER REQUIREMENTS 
Voo All +5 +5 
100 - Static All 3 typ 5 max 
100 - Dynamic All 3 typ 8 max 

NOTES 
I Temperature range as follows: IN, KN, LN (0 to +70°C), AO, BO, CO (-25°C to +SSOC). 
'Typical offset temperature coefficient is ±lS0j.lV/oC. 

V 
rnA 
rnA 

s ROOFS/RAIN (0-7) mismatch causes transfer function rotation about positive full scale. The effect is an offset 
and a gain term when using the circuits of Figure Sa, and Figure 9a. 

4 TrPiCai value, not guaranteed or subject to test. 
'Guaranteed but not usted. 
'Typical change in BOFS gain from +2SoC to Tmin or Tmax is±2LSBs. 
Specifications subject to change without notice. 
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Conditions/Comments 

Adjustable to zero, see Figure 7a. 

Adjustable to zero, see Figure 7a. 
Gain Error is Measured After Offset 
Calibration. Max Full Scale Change 
for Any Channel from +2S

o
C to 

Tmin or T max is ±2LSB. 

Adjustable to zero, see Figure 7a. 

±5% 

See Figure 7 and 8. 

See Figure. 9 

VIN =OV, Voo 

ISOURCE = 40J.lA 
ISINK = 1.6mA 

VOUT = OV to Voo 

fCLK = IMHz 



AC SPECIFICATIONS (Vpn = +5V, VREF = -10V, Unipolar Operation, unless otherwise noted) 

Symbol Specification 

tH 
tALS 
tALH 
tLCS 
tAce 
tcw 
tcF 
tcLZ 
fCLK 

ALE pulse width 
Address valid to latch set-up time 
Address valid to latch hold time 
Address latch to CS set-up time 
CS to output propagation delay 
CS pulse width 
CS to output float propagation delay 
CS to low impedance bus 
Clock frequency for stated accuracy 

50 
45 
10 
10 
200 
250 
50 
100 
1600 

Limit Over 
Temperature 

80 min 
70 min 
20 min 
20 min 
250 max 
280 min 
80 max 
150 max 
1200 max! 

Units Conditions 

ns See "Switching Terminology" 
ns 
ns 
ns 
ns CL = 100pF 
ns 
ns 
ns 
kHz 

1 Guaranteed conversion time of 66.61-1s/channel with 1200kHz clock. 

ABSOLUTE MAXIMUM RATINGS 
VOO to AGND ............................. +7V AD, BD, CD ..................... -25°C to +85°C 
VOO to DGND ............................. +7V 
AGND to DGND ....................... -0.3V, Voo 

Storage Temperature ................ -65°C to +150
o

C 
Lead Temperature (Soldering, 10 sees) .......... +300°C 

Digital Input Voltage to DGND 
(pins 13, 16-19) .................... -0.3V, +15V Power Dissipation (Package) 

Digital Output Voltage to DGND Plastic (Suffix N) 
(pins 12, 20-27) ..................... -0.3V, Voo to +50

o
C ............................ 1200mW 

CLK (pin 15) input voltage to DGND ........ -0.3V, +15V Derate above +50
o
C by ................... 12mW/C 

VREF (pin 10) to AGND ...................... ±25V Ceramic (Suffix D) 
VBOFS (pin 1) to AGND ...................... ±17V to +50

o
C ................... ~ ........ 1000mW 

AIN (0-7) (pin 9-2) ......................... ±17V Derate above +50
o

C by .................... lOmW/oC 
Operating Temperature Range II 

jN, KN, LN ........................ 0 to +70o C I 
CAUTION:---------------------------------------------------------------------------

ESD (Electro-Static-Discharge) sensitive device. The digital control inputs are zener protected; 
however, permanent damage may occur on unconnected devices subject to high energy electro
static fields. Unused devices must be stored in conductive foam or shunts. The foam should be 
discharged to the destination socket before devices are removed. 

WARNING! 0 
~~DlVlc[ 
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GENERAL CIRCUIT INFORMATION 

BASIC CIRCUIT DESCRIPTION 
The AD7581 accepts eight analog inputs and sequentially con
verts each input into an eight-bit binary word using the succes
sive approximation technique. The conversion results are 
stored in an 8 X 8 bit dual-port RAM. The device runs either 
direcdy from the microprocessor clock (in 6800 type systems) 
or from some suitable signal (e.g. ALE in 8085 type systems). 
Most applications require only a -10V reference and a +5V 
supply. Start-up logic is included on the device to establish 
the correct sequences on power-up. A maximum of 800 clock 
pulses are required for this period. Figure 1 shows the AD7581 
functional diagram. 

Vee 

DGND eLK STAf ALE AO A1 A2 

Figure 1. AD7581 Functional Diagram 

Conversion of a single channel requires 80 input clock periods 
and a complete scan through all channels requires 640 input 
clock periods. When a channel conversion is complete, the suc
cessive approximation register contents are loaded into the 
proper channel location of the 8 X 8 RAM. At this time a 
status signal output, STAT (pin 12), gives a short negative 
going pulse (8 clock periods). This negative going STAT pulse 
is extended to 72 clock periods when channel 1 conversion is 
complete. An external pulse-width detector connected to the 
status piri can be used to derive conversion-related timing sig
nals for microprocessor interrupts (see Channel Identification 
opposite page). Simultaneous with STAT going low, the MUX 
address is decremented. Eight clock periods later the next con
version is started. 
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Automatic interleaved DMA is provided by on-chip logic to 
ensure that memory updates take place at instants when the 
microprocessor is not addressing memory. Memory locations 
are addressed by Ao, Al and A2. This address may be latched 
by ALE for systems which feature a multiplexed address/data 
bus or alternatively, for systems which have separate address 
and data buses, the address latches can be made transparent by 
tying ALE (pin 16) HIGH. CS (pin 13) activates three-state 
buffers to place addressed data on the DBo - DB7 data out
put pins. 

AID CIRCUIT DETAILS 
In the successive approximation technique, successive bits, 
starting with the most significant bit (DB7), are applied to the 
input of the D/A converter. The DAC output is then compared 
to the unknown analog input voltage, AIN (n), using a com
parator. If the DAc output is greater than AIN(n), the data 
latch for the trial bit is reset to zero, and the next smaller data 
bit is tried. If the DAC output is less than AIN(n), the trial 
data bit stays in the "1" state, and the next smaller data bit is 
tried. Each successive bit is tried, compared to AIN(n), and set 
or reset in this manner until the least significant bit (DBo) 
decision is made. The successive approximation register now 
contains a valid digital representation of AIN(n). AIN(n) is 
assumed to be stable during conversion. 

The current weighting DI A converter is a precision multiplying 
DAC. Figure 2 shows the functional diagram of the DAC as 
used in the AD7581. It consists of a precision Silicon Chromi
um thin film R/2R ladder network and 8 N-channel MOSFET 
switches operated in single-pole-double-throw. 

The currents in each 2R shunt arm are binarily weighted i.e., 
the current in the MSB arm is VREF divided by 2R, in the 
second arm is VREF divided by 4R, etc. Depending on the 
D/A logic input (AID output) from the successive approxima
tion register, the current in the individual shunt arms is steered 
either to AcND or to the comparator summing point. 

SUCCESSIVE 
APPROXIMATION REGISTER 

AIN (0) AIN (7) BOFS 

Figure 2. D/A Converter as Used in AD7581 



TIMING AND CONTROL OF THE AD7581 
CHANNEL SELECTION 
Table I shows the truth table for the address inputs. The input 
address is latched when ALE goes LOW. When ALE is HIGH 
the address input latch is transparent. 

Channel Data 
A2 Al AO ALE To Be Read 

0 0 0 1 Channel 0 
0 0 1 Channell 
0 1 0 Channel 2 
0 1 1 Channel 3 

0 0 Channel 4 
0 1 Channel 5 
1 0 Channel 6 

1 Channel 7 

Table I. Channel Selection Truth Table 

TIMING AND CONTROL 
A typical timing diagram is shown in Figure 3. When CS is 
HIGH, the three-state data drivers are in the high-impedance 
state. When CS goes LOW the data drivers switch to the low
impedance state (i.e., low impedance to DGND or to VDD). 
Output data is valid after time tACC' 

Figure 3. Timing Diagram for the AD7581 

SWITCHING TERMINOLOGY 
tH: ALE pulse width requirement. 
tALH :Address Valid to latch hold time. 
tALS:Address Valid to latch set-up time. 
tLCS: Address latch to Chip Select set-up time. 
tcw: Chip Select pulse width requirement. 
tACC: Chip Select to valid data propagation delay. 
tcF: Chip Select to output data float propagation delay. 
tcLZ: Chip Select to low impedance data bus. 

CHANNEL IDENTIFICATION 
In some real-time applications, it may be necessary to provide 
an interrupt signal when a particular channel receives updated 
data. To achieve this, it is necessary to identify which channel 
is currently under conversion. The STAT output provides an 

identifying signal by staying low for an additional 64 clock 
periods over normal (8 clock periods) when channel 0 is active. 
This is illustrated in Figure 4. Memory update takes place on a 
rising edge of a clock pulse and is completed in 200ns. This 
,occurs 6 clock periods before STAT goes low. 

I-80 CLOCK PERIOOs-1 

FOR CHANNELS 1 TO 7 H-, I i rS 
STAT U U 

~ ~
~~kl~~~ ~ r-~~~I~~~ 

PREVIOUS CHANNEL START NEXT g~~~~~~ 
g~~~LLfT~~TE CONVERSION DATA 
MUX ADORESS WITH MSB UPDATE 
DECREMENTED TRIAL COMPLETE 

FOR CHANNEL 0 STAT S1 Ilf~ 

~
L--~----l---J I 18CLOCK 

PERIODS PERIODS I---- -
8 ~~CL~CK PER~O:LSOCK ~Ij PERIODS 

CHANNEL 1 START CHANNEL 0 
UPDATE TRIAL CHANNEL 0 UPDATE 

COMPLETE, MUX 
ADDRESS RESET TO 
CHANNEL 7 

Figure 4. STA T Output for Channel Identification 

One simple circuit using the STAT output is shown in Figure 
5. The time constant RC is chosen such that X2 ignores the 
normal STAT low pulse width (8 clock periods wide) but 
respond to the much wider STAT low pulse width (72 clock 
periods wide) occurring during channel 0 conversion. Typically 
for a lJLs clock period C = 0.022J-lF, R = 1.8kn. 

1/SCD4009A 1/SCD4009A liS CD4009A 

Figure 5. Hardware Channel Identification 

Another possibility is to use the microprocessor to interrogate 
the STAT output and hence determine channel identity. A 
simple routine is shown in Figure 6. 

Figure 6. Software Channel Identification 
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OPERATING THE AD7581 

UNIPOLAR BINARY OPERATION 
Figures .7a and 7b show the analog circuit connections and 
typical transfer characteristic for unipolar operation (OV to 
+IOV). An ADS84 is used for the -lOY reference. Calibration 
is as follows (device clocked i.e., continuous conversions); 
OFFSET: 
Comparator offset is trimmed out via the bipolar offset pin 
BOFS' RlO, Rll and'Rl2 comprise a simple voltage tap 
buffered by Al and feeding into BOFS. 

1. Since comparator offset will be the same regardless of 
which channel is active, take Ao, Al and A2 LOW and 
and exercise ALE to latch the address. 

2. With AIN 0 = 19.5mV (lI2LSB) adjust Rll, i.e., the offset 
voltage on BOFS, until DB7 - DBl are LOW and DBo (LSB) 
flickers. . 

NOTES' 
'Al, R10. Rll AND Rl2 CAN BE OMITTED IF OFFSET TRIM 

IS NOT REQUIRED AND BOFS CAN BE TIED TO AGND. 
2Al-RS AND R9CAN BE OMITTED IF GAIN TRIM IS 

NOT REQUIRED. 

Figure la. AD1581 Unipolar (OVto +10V) Operation (Output 
Code is Straight Binary) 

GAIN (FULL SCALE) 
In many applications gain adjustment is not required thus 
removing the need for trimmers in the analog channels. For 
channels requiring gain trim, the following procedure is recom
mended. Offset adjustment must be performed before gain 
adjustment. . 
1. Apply +9.94IV (FS - 3/2LSB) to all input channels 

AIN (0-7). 
OUTPUT 

'i"":"iE 11111110 

11111101 

I ' 

FULL SCALE 
TRANSITION 

, , , , 

)-
00000011lL' 

00000010 

00000001 
00000000 . ____ _ 

I • 
o 0.40'0.80 1.20 9.92 9.96'10.00 

INPUT VOLTAGE, VOLTS (REFERRED TO ANALOG GROUND) 

NOTE: APPROXIMATE BIT WEIGHTS ARE SHOWN FOR ILLUSTRATION. 
BIT WEIGHT FOR A -10V REFERENCE IS'" 39.1mV. 

Figure 7b. Transfer Characteristic for Unipolar Circuit of 
Figure 7a 
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2. Select required channel n via Ao, At. A2 and latch the 
Address using ALE. 

3. Adjust trimmer RN of selected chaQnel until DB7 - DBl 
are HIGH and the LSB (DBo) flickers. 

4. Select next channel requiring gain trim and repeat steps 
2 and 3. 

UNIPOLAR (COMPLEMENTARY BINARY) OPERATION 
Figures 8a and 8b show the analog circuit connections and 
typical transfer characteristic for unipolar (complementary 
binary) operation. 
Calibration is as follows (continuous conversions); 

OFFSET: 
Comparator offset is trimmed out via the bipolar offset pin 
BOFS. RlO, Rll and Rl2 comprise a simple voltage tap buf
fered by Al and feeding into BOFS. 

1. Since comparator offset will be the same regardless of 
which channel is active, take Ao, Al and A2 LOW and 
exercise ALE to latch the address. 

2. With AIN 0 = -9.98V (-FS + 1I2LSB) adjust Rll, i.e., the 
offset voltage on BOFS, until DB7 - DBl are LOW and the 
LSB (DBo) flickers. 

RID' 
27k5% 

+5V Q--.JINo---, 

-IDV O-_V'.-_...J 
R12' 
5Gk 5% 

RIG' 
6.Bk 

-15V 

RI3 
1.2k 

-IDV 

RI51Dk 0.1% 

I 
I 

lAINool_...p.~ 
V.EF L------...;.;.:......:.;;...:..:.:.:,;.t 

NOTES: 
, RID, R11 AND RI2 CAN BE OMITTED IF OFFSET TRIM IS NOT REOUIRED. 
'RI - RS AND R9 CAN BE OMITTED IF GAIN TRIM IS NOT REOUIRED. 
'RI6/RID/RI2=5kn.IF RID. RII AND RU ARE NOT USED, MAKE RIG- 5kn. 

Figure 8a. AD7581 (OV to -10V) Operation (Output Code 
is Complementary Binary) 

GAIN (FULL SCALE) 
In many applications gain adjustment is not required thus 
removing the need for trimmers in the analog channels. For 
channels requiring gain trim, the following procedure is recom
mended. Offset adjustment must be performed before gain 
adjustment. 

1) Apply -58.6mV (3I2LSB) to all input channels AIN (0-7). 
2) Select required channel n via Ao, Al, A2 and exercise ALE 

to latch the address. 
3) Adjust trimmer RN of selected channel until DB7 - DBI are 

HIGH and the LSB (DBo) flickers. 
4) Select next channel requiring gain trim and repeat step 2 

and 3. 



OUTPUT 
CODE 

11111111! 

11111110 

11111101 r 
I 

I , 

00000001 

, , 
, 

, , , , 

::::::~~~ 
?OOOOOOO ----- I I I I 

-10 -9.6 -9.2. -0.160 -{I.OS 0 
-0.120 -{I.040 

• 

INPUT VOLTAGE, VOLTS (REFERRED TO ANALOG GROUND) 

NOTE: APPROXIMATE BIT WEIGHTS ARE SHOWN FOR ILLUSTRATION. 
BIT WEIGHT FOR A -10V REFERENCE IS'" 39.1mV. 

Figure 8b. Transfer characteristic for Unipolar Circuit of 
Figure 8a 

BIPOLAR (OFFSET BINARY) OPERATION 
Figures 9a and 9b illustrate the analog circuitry and transfer 
characteristic for ±5V bipolar operation. Output coding is off
set binary. Comparator offset correction is again applied to the 
BOFS pin. 

Calibration is as follows (continuous conversions); 

OFFSET: 
1. Apply -4.980V (-F.S. + 1/2LSB) to all input channels, 

AIN (0-7). 
2. Trim R11 of the comparator offset circuit until DB7 - DB! 

are LOW and the LSB (DBo) flickers. 

GAIN (FULL SCALE) 
1. Apply +4.941V (+F.s. -312LSB) to all input channels, 

AIN (0 -7). 
2. Select required channel n via Ao, Ail A2, and latch the 

address using ALE. 
3. Adjust trimmer RN of selected channel until DB7 -DB! 

are HIGH and the LSB (DBo) flickers. 
4. Select next channel requiring gain trim and repeat steps 

2 and 3. 
5. Apply -19.5mV to each gain-trimmed channel. If the ADC 

output code does not flicker between 01111111 and 
10000000 repeat the calibration procedure. 

R1510k 0.1% 
RIO' 
27k5% 

+5V O-...... ..,.,.,---, 

-10V 0-......... ,..,.,.----' 

NOTES: 

R12' 
56k 5% 

DIGITAL 
SUPPLY RETURN 

'RIO, Rll AND RI2 CAN BE OMITTED IF OFFSET TRIM IS NOT REQUIRED. 
'RI - R8 AND R9 CAN BE OMITTED IF GAIN TRIM IS NOT REQUIRED. 
'R16/Rl0/R12' 6.SkO.IF RIO, Rll AND R12 ARE NOT USED, MAKE R16 = 6.SkO. 

Figure 9a. AD7581 Bipolar (-5V to +5V) Operation (Output 
Code is Offset Binary) 

10000100 

10000011 

10000010 

10000001 

100000004--+-+--+-~-+~~~~-~~ 

01111111 

01111110 

01111101 

01111100 

01111011 ~~-~~~~4--1-4--+-+-~ 
-200 -160 -120 -80 -40 0 +40 +80 +120 +160 +200 

INPUT VOLTAGE, MILLIVOLTS (REFERRED TO ANALOG GROUND) 

NOTE: 
APPROXIMATE BIT WEIGHTS ARE SHOWN FOR ILLUSTRATION. 
BIT WEIGHT FOR ±5V FULL SCALE IS'" 39.1mV. 

Figure 9b. Transfer Characteristic Around Major Carry for. 
Bipolar Circuit of Figure 9a 
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INTERFACING THE AD7581 

AO-A15 

VMA I---_~ 

6800 ,1 ~ __________________ ~ 

~DO - 07 ~ _______________ '--______________ -.I 

~---.... 
Figure 10. AD7581/6800 Interface 

NOTES: 
1. ANALOG AND DIGITAL GROUND 

It is recommended that AGND and DGND be connected 
locally to prevent the possibility of injecting noise into the 
AD7581. In systems where the AGND - DGND intertie is 
not local, connect back-to-back diodes (lN914 or equiv
alent) between the AD7581 AGND and DGND pins. 
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A8-A15 

AD t------Q 

AD7581 

8085A 
ALEr---------------~--~ 

MULTIPLEXED 
ADO - AD7 ADDRESS/DATA BUS (8) 

Figure ". AD7581/8085 Interface 

2. LOGIC DEGLITCHING IN /lP APPLICATIONS 
Unspecified states on the address bus (due to different rise 
and fall times on the address bus) can cause glitches at the 
AD7581 CS terminal. These glitches can cause unwanted 
reads. The best way to avoid glitches is to gate the address 
decoding logic, e.g., with RD (8080), RD (8085) or VMA 
(6800). 
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FEATURES 
6-Bit, 75MHz Minimum Word Rates 
No T/H Required 
-55°C to + 125°C Temperature 
Overflow Bit for Cascading Units 

APPLICATIONS 
Image Processing 
Video Digitizing 
Radar Digitizing 
Military Systems 

GENERAL DESCRIPTION 
The AD9000 AID Converter is another addition to the expanding 
line of monolithic high-speed data converters available from 
Analog Devices. As model number AD9000SD, this 6-bit, 7SMHz 
AID can be operated over a temperature range extending from 
- SsoC to + 12SoC, making it useful for a variety of applications 
in a wide diversity of environments. For applications requiring 
operation from 0 to + 70°C, the AD9000JD is the recommended 
choice. 

The AD9000 is a "flash" converter which uses 64 parallel com
parators to digitize fast-moving analog input signals without the 
need for external track-and-hold (T/H) circuits. An overflow bit 
can be used for connecting multiple units in a cascade arrangement 
to obtain up to eight bits of digital data at MHz word rates. 

, Two cascaded devices can be used to obtain seven bits, and four 
units will provide eight bits of ECL-compatible output data .. 

Careful design techniques assure temperature coefficients which 
allow the unit to be operated over extended temperature ranges. 
The flexibility and usefulness of the AD9000 are also enhanced 
by its ability to operate with maximum positive and negative 
reference voltages applied simultaneously, as contrasted with 
other flash converters which often limit the user to a small 
range of voltage within,the extremes. 

All models of the AD9000 are packaged in standard ceramic 
DIP 16-pin configurations. 

~~~b~~ 2 
ITIE TO 
PlN16J 

Ultra High-Speed 
6-Bit Monolithic ADC 

AD9000 I 
AD9000 FUNCTIONAL BLOCK DIAGRAM 

+v, 

-v, 

Outline & Pin Designations 
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S PEe I Fie ATI 0 N S (typical @ + 25°C and nominal power supplies unless otherwise noted) 

Model AD9000SD AD9000JD 
Parameter Units Min Typ Max Min Typ Max' 

RESOLUTION (FS = Full Scale) Bits 6 6 

LSBWEIGHT 
+ VREF = - VREF =0.512V mV 16 16 
+ VREF = - VREF = 1.024V mV 32 32 
+VREF= -VREF=2.048V mV 64 64 

DC ACCURACY %FS :t1/4LSB 0.4 0.4 
Nonlinearity vs. Temperature %ofFSrC 0.003 0,003 
Differential Linearityl 

+ VREF = - VREF =0.512V LSB 0.75 1.0 0.75 
+ VREF = - VREF = 1.024V LSB 0.25 0.5 0.25 
+VREF= -VREF=2.048V LSB 0.2 0.4 0.2 

Integral Linearity2 
+ VREF = - VREF =0.512V LSB 1.25 1.5 \ 1.25 
+VREF= -VREF =1.024V LSB 0.7 1.0 0.7 
+VREF= -VREF=2.04SV LSB 0.4 0.75 0.4 

Monotonicity Guaranteed - 55°C to + l25°C Guaranteed 0 to + 70°C 

DYNAMIC CHARACTERISTICS 
In-Band Harmonics2 

(dcto IMHz) 
+VREF= -VREF =0.512V dBbe10wFS 44 44 
+ VREF = - VREF = 1.024V dB be10wFS 47 47 
+ VREF = -VREF=2.048V dB be10wFS 47 47 

(lMHz to 5MHz) 
+VREF= -VREF =0.512V dB below FS 40 40 
+ VREF = - VREF = 1.024V dB be10wFS 40 40 
+VREF= -VREF =2.04SV dB be10wFS 41 41 

(5MHz to SMHz) 
+VREF= -VREF =0.512V dBbelowFS 30 30 
+ VREF = - VREF = 1.024V dBbelowFS 30 30 
+VREF= -VREF=2.04SV dB below FS 31 31 

Conversion Time ns 13 13 
Conversion Rate3 MHz 75 100 50 
Aperture Uncertainty (Jitter) ps 25 25 
Aperture Time (Delay) (T D) ns 2 2 
Setup Time (t,)4 ns 2 2 
Hold Time (th)S ns 2 2 
Signal Transition Time6 

Input to Output Low (tpd - ) ns 11 13 14 11 13 14 
Input to Output High (tpd + ) ns 8 10 12 S 10 12 

Signal to Noise Ratio (SNRf 
+VREF= -VREF=0.512V dB 36 36 
+ VREF = - VREF = 1.024V dB 37 37 
+VREF= -VREF=2.04SV dB 36 36 

Signal to Noise Ratio (SNR)8 
+ VREF = - VREF =0.512V dB 45 45 
+ VREF = - VREF = 1.024V dB 46 46 
+VREF= -VREF=2.04SV dB 45 45 

Noise Power Ratio (NPR)9 
+ VREF = - VREF =0,512V dB 27 29 29 
+ VREF = - VREF = 1.024V dB 27 29 29 
+ VREF = - VREF = 2.048V dB 27 29 27 29 

Transient Response lo ns 10 10 
Overvoltage Recovery II ns 5 5 

ANALOG INPUT (AIN) 

Voltage Range, Rated Performance V :to.5 :+::2 
Input Type Unipolar (positive or negative) or Bipolar 
Input Current 

Hold (Latch) Mode I1A -10 +10 -10 +10 
Track (Sample) Model2 I1A 550 SOO 550 SOO 

Input Capacitance 13 pF 30 30 
Impedance l2 kn 3.6 3.6 
Frequency Response 14 

(75MHz Encode Rate) 
+VREF= -VREF=0.512V MHz 24 24 
+ VREF = - VREF = 1.024V MHz 20 20 
+VRFF - -VREF -2.048V MHz 15 15 

REFERENCE INPUT 
Positive Reference ( + VREF) V -1.5 +2.0 -1.5 +2.0 
Negative Reference ( - V REF) V -2.0 +1.5 -2.0 + 1.5 
Resistance n so 100 200 SO 100 200 
Bandwidth 

Small Signal, 3dB MHz 25 25 
Large Signal, 3dB MHz 20 20 
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Model 
Parameter Units 

ENCODE COMMAND INPUT 
Logic Compatibility 

Digital "1 "(Hold/Latch) V 
Digital "0" (Track/Sample) V 
Digital "1" Current ILA 
Digital "0" Current ILA 

Required Termination (to - 2V) n 
Pulse Width 

Hold/Latch [tpw(H)] ns 
Track/Sample [tpw(T)] ns 

Frequency3 MHz 

DIGITAL OUTPUT 
Format Bits 
Logic Compatibility 

Digital "I" V 
Digital "0" V 

Required Termination (to - 2V) n 
Time Skew ns 
Coding 

POWER REQUIREMENTS 
+5V ±5%(+Vs) mA 
-5.2V ±S%( - Vs) mA 
Power Dissipation 

(+VREF= -VREF=OV) mW 
(+ VREF = - VREF = IV) mW 
(+ VREF = - VREF=2V) mW 

TEMPERATURE RANGE 
Operating (Case) °C 
Storage °C 

THERMAL RESISTANCE 15 

Junction to Air, 6ja (Free Air) °CIW 
Junction to Case, Ojc °CIW 

PACKAGE TYPE I6 

NOTES 
'Encode Ra[e= 75MHz; Analog Inpu[= 1kHz. 
'Spurious in-band signals generated a[ 20MHz encode rate a[ analog 
inputs shown in ( ). 

3Some spec degradation may occur a[ word rates (encode frequencies) 
above minimum shown. See Figure 4 for [ypical rela[ionship between 
analog input frequencies and encode rates. 

'This is in[ernal lime set by design and is [he minimum lime before positive 
leading edge of Encode Command [hal a la[ch OUtput must be a[ "I" for 
digi[al output [0 be generated by [he la[ch. 

'This is in[ernal lime set by design and is [he minimum lime after positive 
leading edge of Encode Comand [hal a la[ch output must remain a[ "I" 
for digi[al output [0 be generated by [he la[ch. 

·Specifications with digital outputs terminated in lOon connected to -2V. 
'RMS signal to rms noise ratio with 500kHz analog input. 

AD9000SD AD9000JD 
Min Typ Max Min Typ 

ECL ECL 
-l.l -0.9 -0.6 -l.l -0.9 
-2.0 -1.7 -1.5 -2.0 -1.7 
5 15 35 5 15 
5 15 35 5 15 

50 

5 7 5 7 
4 6 4 6 
75 100 50 

6 Parallel (RZ) plus Overflow (NRZ) 
ECL 

-l.l -0.9 -0.6 

I 
-l.l -0.9 

-2.0 -1.7 -1.5 -2.0 -1.7 
100 100 

0.4 
Binary (BIN) 

Offset Binary (OBN) 
No Data Ready Output Pulse 

60 75 60 
67 85 67 

650 650 
690 690 
810 810 

-55 + 125 0 
-55 + 150 -55 

95 95 
20 20 

D16A DI6A 

'Peak-to-peak signal to rms noise ratio with 500kHz analog input. 
'DC to 8.2MHz white noise bandwidth with slot frequency of 3.886MHz; 
and encode rate of 20MHz. 

'"For full-scale step input, 6-bit accuracy attained in specified time. 
"Recovers to 6-bit accuracy in specified time after 150% FS input 

overvoltage. 
"Measured in track (sample) mode with A'N = + VREF• 

13Measured with A'N= +VREF • 

"Specified frequencies are maximums with no missing codes. 
"Recommended maximum junction temperalUre is + 150·C. When using 

± 2V references, this temperature may be exceeded unless some form of 
heat sinking and/or cooling air is used. Note Oja specification. 

'·See Section 19 for package outline information. 

Specifications subject to change without notice. 

Max 

-0.6 
-1.5 
35 
35 
50 

-0.6 
"':1.5 

0.4 

75 
85 

+70 
+ 150 
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ABSOLUTE MAXIMUM RATINGS 
Lower Upper 

Parameter Units Limit Limit 

Supply Voltages 
+Vs Volts -0.3 +6.0 
-Vs Volts -6.0 +0.3 

Analog Input (AIN) Volts -3.0 +3.0 

Encode Command Input Volts -6.0 0.0 

Reference Inputs 
+VREF Volts -3.0 +3.0 
-VREF Volts -3.0 +3.0 

Hysteresis Control 
Input Volts 0 +3.0 

Temperature 
Operating 

AD9000SD °C -55 + 125 
AD9000JD °C 0 +70 

Storage °C -55 + 150 
Lead Soldering °C +300 

(10 seconds) 

THEORY OF OPERATION 
Refer to the Block Diagram of the AD9000. 

Reference voltages (+ VREF and - VREF) applied across an array 
of identical resistors establish the analog operating span of the . 
unit (+ VREF) - (- VREF). The 64 resistors in the array divide 
the range into quantization levels equal to intervals of one least 
significant bit (LSB) between each resistor. 

Each tap of the resistor array is connected to its associated voltage 
comparator input; the other input of each comparator is connected 
to the analog input (AIN) signal. In this way, the comparator 
stages simultaneously compare the analog input with each one of 
the 64 (including OVERFLOW) quantization levels within the 
analog span set by the reference voltages. 

Any comparator whose reference level is less than the analog 
input voltage will change its output state to a digital "I". Com
parators whose reference levels are greater than the analog input 
will remain at digital "0". . 

Depending on the value of AIN, anywhere from none to 64 
comparators might have digital" 1" at their outputs; the remaining 
comparators will be at digital "0". Obviously, processing that 
many bits of digital information is impractical if the data remain 
in this type of unwieldy format. 

Wired-or logic circuits within the AD9000 re-encode the com
parator outputs into a manageable, binary format of six bits of 
parallel data; along with an overflow bit which allows cascading 
units to obtain higher resolution. 

The outputs of the comparators are applied to latches controlled 
by the ENCODE input. When the encode command is low 
(digital "0"), the latches are transparent; this is the track (sample) 
mode of the AD9000. 

When the ENCODE input changes to high (digital "I"), the 
latches go into a "hold" (latch) condition, "freezing" the most 
recent digital outputs of the comparators and applying them to 
,the encoding circuits. 
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PIN SYMBOL FUNCTION 

1 -Vs - 5.2V NEGATIVE SUPPLY VOLTAGE 

2 AGND ANALOG GROUND 

3 VH HYSTERESIS CONTROL 

4 ENCODE ENCODE COMMAND INPUT 

5 -VREF NEGATIVE VOLTAGE REFERENCE 

6 A'N ANALOG INPUT 

7 +Vs + 5V POSITIVE SUPPLY VOLTAGE 

8 +VREF POSITIVE VOLTAGE REFERENCE 

9 BIT6 LEAST SIGNIFICANT BIT (LSB) OUTPUT 

10 BITS BITS OUTPUT 

11 BIT4 BIT40UTPUT 

12 BIT3 BIT30UTPUT 

13 BIT2 BIT20UTPUT 

14 BIT1 MOST SIGNIFICANT BIT (MSB) OUTPUT 

15 OVERFLOW OVERFLOW BIT OUTPUT 

16 DGND DIGITAL GROUND 

NOTE: AGND (PIN 2) and DGND (PIN 16) SHOULD BE CONNECTED 
TOGETHER AS CLOSE TO CASE AS POSSIBLE. 

The signal held in the latches is converted to binary form by the 
encoders and applied to the output stages as a six-bit digital 
representation of the analog signal which was present at the 
comparator inputs at the instant the ENCODE command made 
the change to the "hold" mode. 

After 5-7 nanoseconds in the "hold" mode, the ENCODE 
input again transitions to a "track" condition; and the six bits 
of parallel data (but not the OVERFLOW output) return to 
zero (RZ). The "track" portion of the ENCODE command 
is 4-6 nanoseconds and during this interval the latches respond 
to the new state of the comparator outputs. The ENCODE 
signal then transitions again to the hold/latch (digital "I") mode 
and the cycle repeats. Track mode and hold mode intervals are 
dependent on duty cycle; times cited here are approximations 
for an encode frequency of 75MHz. 

Time relationships of the hold/latch mode and track/sample 
mode of the ENCODE command are often influenced by the 
word rate selected by the user. At higher rates, it may be desirable 
to shorten the "hold" portion and lengthen the "track" portion; 
this technique can often enhance overall performance of the 
unit. 

There is no need for an external track-and-hold circuit because 
the latches are performing the track/hold function. The aperture 
uncertainty (jitter) and aperture time (delay) specifications shown 
on the Specifications Table are "worst case" specs for the individual 
comparator cells, but are valid for the AD9000 because they 
manifest themselves as converter characteristics. 

The good linearity tempco of the AD9000 is the result of using 
matched diffused resistors in the input network. Linearity in 
this type of converter is dependent primarily on the tracking of 
resistors; expressed in another way, resistance ratios are more 
important than absolute resistance values. Comparator thresholds 
in the AD9000 remain constant within a small fraction of lLSB 
over the complete operating· temperature range because of the 
close tracking of the resistors within the network. The temperature 
coefficients of comparator input bias currents and initial offset 
voltages which contribute to nonlinearity are kept small in the 
design of the AD9000 to minimize their effects. 
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Low offset voltages in the comparators are critically important 
for establishing the lower limit of the analog span set by the 
voltage references. When the reference voltage across the resistor 
chain decreases (the difference between + VREF and - VREF 

becomes less), the smaller value of the LSB approaches the 
value of the "worst case" comparator offset voltage. As the two 
get closer to one another, increasing linearity errors can restrict 
the lower limit of the analog span if comparator offset is relatively 
large. 

The upper limit of the analog span is established by the common
mode range of the comparators because this range sets the 
maximum differential between + VREF and - VREF• In this 
characteristic, too, the design of the AD9000 suggests its use 
instead of some competing devices. 

Unlike some units, the AD9000 allows maximums of positive 
and negative reference voltages to be applied simultaneously. In 
some "flash" A/D's, the analog span is limited to some small 
range within the range of references, as opposed to being equal 
to the extremes. The ability of the AD9000 to operate with full
scale references improves its usefulness to the designer by imposing 
fewer constraints on operating conditions. 

Like all flash converters, the input resistance of the AD9000 
varies as a function of analog input voltage. This is because the 
individual comparators draw no current until the input voltage 
exceeds the reference voltage of the comparator; after that, the 
comparator's input current remains essentially constant. Con
sequently; the converter's input current and input resistance 
increase in a series of small steps as successive comparators are 
operated by an increasing analog input. 

The input capacitance of the unit is the sum of the junction 
capacitances of the individual comparators. For many flash 
converters, this total is sometime sufficiently high to require a 
low-impedance driving source for the analog input. In the AD9000, 
however, input capacitance is typically 30pF, which is considerably 
lower than many competing devices and imposes fewer restrictions 
on the driving source. 

AD9000 TIMING DIAGRAM 
Refer to Figure 1, AD9000 Timing Diagram. 

LATCH 
OUTPUT 

ENCODE 
COMMAND 

BIT 
OUTPUT 

t". 

(FROM (FROM 
#2) #4) 

Figure 1. AD9000 Timing Diagram 

(FROM 
#71 

The comparator input shown on the top of the diagram is the 
analog input applied to one of the 63 comparators used to establish 
the digital value of the output word. The latch output is the ' 
latch associated with that comparator. 

Each time the analog input applied to the comparator exceeds 
the reference level of the comparator, the corresponding latch 
output transitions to a digital "I" level. 

When the encode command is at -0.9V (digital "I") and the 
latch outut is at digital" 1", a bit output associated with the 
comparator/latch combination will appear at the output. This 
statement is true only if: 

A. The latch output is at digital "I" for a minimum of two 
nanoseconds before the positive-going leading edge of the 
encode signal (ts). 

B. The latch output remains at digital "I" for a minimum 
of two nanoseconds after the positive-going leading edge 
of the encode signal (th). 

In Figure 1, there is no bit output associated with encode command 
#1 because the latch output was at the digital "I" level for less 
than the required two nanoseconds before the encode command 
changed. Encode command #2 however, combines with the 
same latch output to cause a bit output to appear. 

At first glance, it might appear encode command #5 should 
combine with the second latch output to cause a bit output. It 
does not, however, because the latch output did not remain at a 
digital "I" level for a minimum two nanoseconds after the positive
going leading edge of the encode command. 

Like ts and th, the latch delay interval shown in Figure 1 is 
based on internal timing and is approximately one nanosecond 
long, but has only academic interest for the user. The important II 
time intervals for proper use of the AD9000 are conversion time I 
(typically 13ns); and signal transition time from the input to a 
positive output (tpd + ), and a negative output (tpd - ). Both 
signal transition times are typically IOns. 

In Figure 1, the widths of the digital "I" latch signals vary 
because of interaction with the hold commands. The first one is 
longer than normal because of encode pulse #2 causing the 
latch to continue to hold the "I" level. The second latch output 
is the expected width; while the third is shorter than normal 
because of encode pulse #6, which delays its transition by keeping 
it latched at digital "0". 

APPLYING THE AD9000 
The wired-or logic used in the AD9000 causes the data bits to 
go low (logic "0") whenever the OVERFLOW bit goes high. 
This characteristic allows two or more AD9000's to be operated 
in a cascaded arrangement when more than six bits of resolution 
are required. 

When operating as a single 6-bit A/D, however, that feature of 
the AD9000 might be undesirable. This is because analog inputs 
greater than the positive reference voltage will appear as digital 
outputs of all "0", the same digital output expected of maximum 
negative inputs. The OVERFLOW bit can serve as a "flag" by 
going to digital "I" when the positive reference is exceeded. 

For some applications, it may be preferable to have the logic 
output bits "lock up" at digital "I" for positive overvoltages; 
and digital "0" for negative overvoltages. 

This can be accomplished with external logic, as shown in Figure 
2, a typical connection for 6-bit operation of the AD9000. 

A hex AND gate is used to bring the digital outputs high any 
time the OVERFLOW bit indicates the positive reference has 
been exceeded; this gate is wire-ored with the outputs of the 
AD9000. 

Figure 2 contains other details on the preferred method for 
connecting the AD9000 into circuit applications. The suggested 
buffer amplifier for the analog input is the Analog Devices' 
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Figure 2. AD9000 6-8it Operation 

ADLH0033 or HOS-IOO; for the two reference voltages, AD741 
devices are recommended. These high performance amplifiers 
are available in various models, making it easy for the user to 
select the unit best suited for his application. 

The outputs of the reference buffer amplifiers are capacitively 
bypassed to help prevent noise from interfering with the per
formance of the AD9000. The ENCODE input is terminated in 
son connected to - 2V; the CLOCK and digital outputs shown 
in Figure 2 are terminated in lOOn, also to -2V. 

If preferred, the hysteresis input (VH ) can be left floating, but 
experience indicates operation of the AD9000 may be improved 
with a variable voltage applied; this is particularly true at higher 
word rates. 

Refer to Figure 3, which shows the effect of varying hysteresis 
control voltages. 
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Figure 3, Comparator Output vs, Hysteresis Voltage 

In this illustration of a typical comparator's output versus changes 
in hysteresis voltage, the combination of the two results in a 
"family" of classic hysteresis curves. The analog input (AIN) 
voltage is measured in millivolts at the input of the comparator; 
the other comparator input, of course, is the voltage established 
by the tap on the resistor array discussed earlier. The comparator 
output shown on the vertical scale is internal to the AD9000 
and appears at the output as an ECL-Ievel signal. 
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For purposes of discussion of this particular comparator, 
+ VREF = - VREF=OV. Under these circumstances, the threshold 
of the illustrated comparator is close to OmV. The thresholds of 
adjacent comparators would be at slightly different values, but 
the V H hysteresis voltage would have the same general effect on 
the comparators' outputs. 

Basically, the variations in hysteresis voltages change the gains 
of the comparators and slightly alter their outputs, as shown in 
Figure 3. In many applications, VH could be left floating, which 
establishes a hysteresis voltage of approximately + 1.3V. In 
other applications, however, the ability to introduce a small, 
predictable amount of hysteresis can enhance the AD9000's 
performance. 

The hysteresis control input voltage can vary over a range of OV 
to + 3.0V, with voltages on the lower end of this span having 
only negligible effect. Variations between OV and approximately 
+ O.SV cannot generally be detected as having an impact on the 
comparator gain. 

The interaction between analog input frequencies and the encoding 
word rate is shown in Figure 4. 

E.NCODE: HA TE _ MHz 

Figure 4. Analog Input vs. Encode Rate 

The "Nyquist rate" is shown as a dotted line extending diagonally 
from dc to an analog input of SO MHz, and a word rate of 100MHz. 
As illustrated, the range of the analog input reference has a 
major effect on how closely the AD9000 approaches the Nyquist 
criteria. 

In this figure, the analog input frequencies which are shown are 
the typical frequencies a user can expect to digitize without 



missing codes. Note that as the "spread" of the reference voltages 
becomes larger, the expected analog input frequency becomes 
lower. 

CASCADING AD9000's FOR MORE BITS 
Earlier, there was an allusion to the capability for connecting 
multiple AD9000 units in a cascade arrangement to obtain more 
than six bits of digital information. Two cascaded devices would 
be used to obtain seven bits; and four cascaded devices used for 

POSITIVE 
FULL SCALE 
REFERENCE 

eight bits of output. Although it is theoretically possible to 
generate multiple bits by employing this method, the practical 
limitations involved in doubling the number of AD9000's for 
each additional bit tend to restrict the technique to a maximum 
of eight bits of digital data. 

A possible arrangement for achieving a 7-bit AID converter is 
shown in Figure S. 
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Figure 5. Cascaded A09000's 

When cascading units, the reference-resistor strings are connected 
in series and driven at the high, low, and mid-scale points. The 
6-bit outputs of the two AD9000's are wired together and perform 
an or function; the Most Significant Bit (MSB) is provided by 
the OVERFLOW output of ADC # 1. 

If the analog input to the cascaded arrangement is below half-scale, 
the overflow bit of ADC #2 is low, and so are its output bits. 
This means the outputs of ADC # 1 drive the output lines in 
response to the analog input. 

When the analog input is above half-scale, the OVERFLOW bit 
of ADC #1 (the MSB) is high and acts as a carry; all the digital 
output bits of ADC #1 go low. ADC #2 converts the residual 
upper half-range, and its outputs drive the output lines. The 
conversions are occurring in parallel, so there is no loss of speed, 

regardless of whether or not one or both of the cascaded AID's 
are operating. The OVERFLQW bit of ADC #2 is wire-ored 
with external logic in a fashion similar to the method used when 
operating the AD9000 as a six-bit converter. 

If this same technique is expanded to eight bits with four cascaded 
AD9000 devices, the analog reference span is divided into four 
equal parts; and a small amount of external logic is used to 
establish Bit 2 and minimize time skew. The need to double the 
divisions of the reference span with each succeeding bit is a 
major deterrent in extending this method beyond eight bits of 
resolution. 

The loads used in cascade are the same as those with a single 
AD9000, i.e., the ENCODE input is terminated in son and the 
CLOCK and digital outputs are terminated in lOOn, with all 
loads connected to - 2V. 
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AD9000 EVAULUATIONITEST BOARD 
Evaluating and/or testing the AD9000 AID converter is made 
easier with the use of a printed circuit board which contains an 
AID and the necessary test and reconstruction circuits. 

A block diagram of this circuit is shown in Figure 6. 

The AD9000 being evaluated or tested is connected in a back-to
back arrangement with a high-speed, high-resolution D/A con
verter. This combination allows the user to select a reconstructed 
version of the digitized analog input; or to examine the error 
signal when checking linearity. All necessary circuit components 
are contained on the 8.5" x 6.3" printed circuit board; the user 
needs to provid~ only power supply voltages ... 

Two models of boards are available, but the only difference 
between them is the model number of the AID which is installed 
at the time of shipment. The AD9000JD/PCB includes a model 
AD9000JD unit; the AD9000SD/PCB has a model AD9000SD. 

In bo,h boards, the AID converter is installed in a socket; and 
all other circuits are soldered into place. This technique allows 

ANALOG 
IN 

-5.2V 

i 
+5V 

~ 

AD9000 
AID 

the evaluation board to be used as a test circuit for incoming 
AD9000 devices when production quantities are required. Com
plete operating instructions and a schematic are included with 
each board. 

The test/evaluation board allows the user to check the performance 
of converters by providing a method for adjusting + V REF, 

- VREF, VH , encode command pulse width, encode rate, and 
latch strobe delay. This kind of flexibility in assessing 'the unit's 
performance can supply valuable insight on how to obtain optimum 
performance from the AD9000 and get maximum benefit from 
its characteristics. 

ORDERING INFORMATION 
All versions of the AD9000 AID converter are housed in 16-pin 
ceramic monolithic packages. Units operating over the standard 
temperature range of 0 to + 70°C are designated AD9000JD; for 
operation over an extended temperature range of - 55°C to 
+ 125°C, order model number AD9000SD. 

ERROR 
OUTPUT 
--0 
~ 

ANALOG 
OUTPUT 

RECONSTRUCTED 
ANALOG 

Figure 6. AD9000/PCB Block Diagram 
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WDEVICES 

FEATURES 
Complete 16-Bit Converter With Reference 

and Clock 
± 0.003% Maximum Nonlinearity 
No Missing Codes to 14 Bits 
Fast Conversion - 45~s (14 Bit) 
Short Cycle Capability 
Parallel or Serial Logic Outputs 
Low Power: 850mW Typical 
Industry Standard Pin Out 

PRODUCT DESCRIPTION 
The AD ADC71 and AD ADCn are high resolution 16-bit 
hybrid IC analog-to-digital converters including reference, clock, 
and laser-trimmed thin-film components. The package is a compact 
32-pin metal (AD ADC71) or hermetic metal (AD ADCn) 
DIP. The thin-film scaling resistors allow analog input ranges of 
±2.5V, ±5V, ± lOV, 0 to +5V, 0 to + lOV, and 0 to +20V. 

Important performance characteristics of the devices are maximum 
linearity error of ± 0.003% of FSR (AD ADC71K, AD ADCnK 
and B), and maximum conversion time of SOll-s. This performance 
is due to innovative design and the use of proprietary monolithic 
D/A converter chips. Laser-trimmed thin-film resistors provide 
the linearity and wide temperature range for no mi~sing codes. 

The AD ADC71 and AD ADCn provide data in both parallel 
and serial form with corresponding clock and status outputs. All 
digital inputs and outputs are TTL compatible. 

APPLICATIONS 
The AD ADC71 and AD ADCn are excellent for use in appli
cations requiring 14-bit accuracy over extended temperature 
ranges. Typical applications include medical and analytic in
strumentation, precision measurement for industrial robots, 
automatic test equipment (ATE), multi-channel data acquisition 
systems, servo control systems and anywhere that excellent 
stability and wide dynamic range in the smallest space is 
required. 

Complete, High Resolution 
16-Bit AID Converter 

AD ADC711ADC72 I 
AD ADC7l/ADC72 FUNCTIONAL BLOCK DIAGRAM 

PRODUCT HIGHLIGHTS 
1. The AD ADC71 and AD ADCn provide 16-bit resolution ~ 

with maximum linearity error less than ±0.003% (±0.006% .
for J and A grades) at 2SoC. 

2. Conversion time is 45~s typical to 14 bits with short cycle 
capability. 

3. Two binary codes are available on the AD ADC71 and AD 
ADCn output. They are complementary straight binary 
(CSB) for unipolar input voltage ranges and complementary 
offset binary (COB) for bipolar input ranges. Complementary 
two's complement (CTC) coding may be obtained by inverting 
pin 1 (MSB). 

4. The proprietary chips used in this hybrid design provide 
excellent stability over temperature and lower chip count for 
improved reliability. 
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SPECIFICATIONS (typical atTA = +25OC, Vs = ±15, +5 volts unless othelWise noted) 

Model ADADC71)M,KM AD ADC72jM, KM AD ADC72AM, BM 

RESOLUTION 

ANALOG INPUTS 
Voltage Ranges 

Bipolar 
Unipolar 

Impedance (Direct Input) 
Oto +SV, ±2.SV 
Oto + lOY, ± S.OV 
Oto +20V, + lOY 

16 (max) 

±2.S,±S,±10 
Oto + S,Oto + 10,Oto +20 

DIGITAL INPUTS I 
Convert Command 
Logic Loading 

Positive Pulse 1 SOns Wide (min) Trailing Edge Initiates Conversion 
1 (max) * * 

TRANSFER CHARACTERISTICS 
ACCURACY 

Gain Error 
Offset Error 

Unipolar 
Bipolar 

Linearity Error (max) 

Inherent Quantization Error 
Differential Linearity Error 
No Missing Codes@ 2S·C4 

POWER SUPPLY SENSITIVITY 
± lSVdc 
+SVdc 

CONVERSION TIME 5 (14 BITS) 

WARM-UPTIME 

DRIFT 
Gain 
'Offset 

Unipolar 
Bipolar 

Linearity 
Guaranteed No Missing Code 
Temperature Range4 

7lJW, 72JD, 72AD (13 Bits) 
7lKW, 72KD, 72BD (14 Bits) 

DIGITAL OUTPUT I 
(All Codes Complementary) 

Parallel 
Output Codes6 

Unipolar 
Bipolar 
Output Drive 

Seria1DataCode(NRZ) 
Output Drive 

±0.12(±0.2max) 

±0.Os2(±0.1 max) 
±0.12(±0.2max) 
±0.006(J) 
±0.003(K) 
±112 
±0.003 
To l4Bits(KGrade) 

0.003 
0.001 

45 (SO max) 

5 (min) 

± 15 (max) 

±2(±4max) 
±lO(max) 
±2(3max) 

Ot050 
10 to 40 

CSB 
COB,CTC' 
2 
CSB,COB 
2 

±0.006(J) 
± 0.003 (K) 

± 10(±20max) 

±2(±4max) 
±8(± lOmax) 
± 1.S (2 max) 

Status Logic "I" During Conversion 
Status Output Drive 

Internal Clock 
2 (max) 

Clock Output Drive 2 (max) 
Frequency 280 

INTERNAL REFERENCE VOLTAGE 6.3 
Error 
Max External Current Drain 

With no Degradation of Specs 
Temperature Coefficent 

POWER SUPPLY REQUIREMENTS 
Power Consumption 
Rated Voltage, Analog 
Rated Voltage, Digital 
Supply Drain + lSV de 
Supply Drain - l5V de 
Supply Drain + 5V dc 

TEMPERATURE RANGE 
Specification 
Operating (Derated Specs) 
Storage 

N~ , 

±Smax 

±200max 
±IOmax 

0.85 
± 15 ±0.5max 
+5 ±0.25max 
+20 
-20 
+70 

Oto +70 
-25to+85 
-55to+ 125 

I Logic ''0'' ~ O.BV, max. Logic "I" = 2.0V, min for inPUtl. For diaitalOUtpUtl Logic "0" = + 0.4V max. Logic "I" = 2.4V min. 
J AdjUitablc to zero. 
JFuU Sc:aJc Ranae. 
4Fordefmition of"No MiIIins Codes", refer to Theory of Operation. 
'Converoion time may be Ihortened with "Short CycJc"lCt for lower resolution. 
'CsB_ComplemcntoryStraigbtBinIry.COB_ComplemcotoryOffoetBinIry.CTC_ComplementaryTwo'.Complemcnt. 
'CTCcoc:Jinaobtained by invertinl MSB (Pin I). 
*SpeciflClltionooamtuADADC7I]M,KM. 

Specifteationo lubject tocJtan,c without notice. 
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±O.OO6(A) 
±0.003(B) 

To 14 Bits (B Grade) 

+7(± 15 max) 

±2max 
±s(±lOmax) 
± 1.0(2 max) 

±Smax 

-2Sto+85 
-2Sto+12S 

Units 

Bits 

Volts 
Volts 

kG 
kG 
kG 

TTL Load 

% 

%ofFSR3 

%ofFSR 
%ofFSR 
%ofFSR 
LSB 
%ofFSR 
Guaranteed 

%ofFSR/Ofo.1Vs 
%ofFSRI%.1Vs 

ILs 

Minutes 

ppmrC 

ppmofFSRrC 
ppm of FSRrC 
ppmofFSRrC 

TTL Loads 

TTL Loads 

TTL Loads 

TTL Loads 
kHz 

Vdc 
% 

ILA 
ppmfC 

W 
Vde 
Vdc 
mA 
mA 
rnA 



1::3ppmrc, 1::0.006-;', (f/ 2S"C 
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Figure 1. Linearity Error vs. Temperature Figure 2. AD ADC72 Gain Drift Error vs. Temperature 
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Figure 3. AD ADC71 Gain Drift Error vs. Temperature 

ORDERING GUIDE 

Linearity Error Specification Package 
Model (Max) Temp Range Identification l 

ADADC7lJM ± 0.006% ofFSR Oto + 70°C HY32D 
ADADC71KM ± 0.003% ofFSR Oto + 70°C HY32D 
ADADC72JM ± 0.006% ofFSR Oto + 70°C HY32D 
ADADC72KM ± 0.003% ofFSR Oto + 70°C HY32D 
ADADC72AM ± 0.006% ofFSR - 25°C to + 85°C HY32D 
ADADC72BM ±0.003%ofFSR - 25°C to + 85°C HY32D 

I See Section 19 for package outline information. 
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THEORY OF OPERATION 
The analog continuum is partitioned into 216 discrete ranges for 
16-bit conversion. All analog values within a given quantum are 
represented by the same digital code, usually assigned to the 
nominal midrange value. There is an inherent quantization 
uncertainty of ± 1I2LSB, associated with the resolution, in 
addition to the actual conversion errors. 

The actual conversion errors that are associated with AID con
verters are combinations of analog errors due to the linear circuitry, 
matching and tracking properties of the ladder and scaling net
works, reference error and power supply rejection. The matching 
and tracking errors in the converter have been minimized by the 
use of monolithic DACs that include the scaling network. The 
initial gain and offset errors are specified at ± 0.2% FSR for 
gain and ±O.l% FSR for offset. These errors may be trimmed 
to zero by the use of external trim circuits as shown in Figures 
5 and 7. Linearity error is defined for unipolar ranges as the 
deviation from a true straight line transfer characteristic from a 
zero voltage analog input, which calls for a zero digital output, 
to a point which is defined as a full scale. The linearity error is 
based on the DAC resistor ratios. It is unadjustable and is the 
most meaningful indication of AID converter accuracy. Differential 
nonlinearity is a measure of the deviation in the staircase step 
width between codes from the ideal least significant bit step size 
(Figure 4). 

Monotonic behavior requires that the differential linearity error 
be less than lLSB, however a monotonic converter can have 
missing codes; the AD ADC711AD ADCn are specified as 
having no missing codes over temperature ranges as specified on 
the data page. 

No Missing Code Definition for the AD ADC7l and 
AD ADC72: 
A code is defined as being present and not missing if it is at 
least 0.2LSB wide and not overlapped by the adjacent codes 
including their noise when viewed on a dynamic cross plot. For 
testing details, please refer to the "ADC Testing" section in 
"Analog-Digital Conversion Notes", by Dan Sheingold, Analog 
Devices, Inc., 1977, Pages 211 through 215. 

There are three types of drift error over temperature: offset, 
gain and linearity. Offset drift causes a shift of the transfer 
characteristic left or right on the diagram over the operating 
temperature range. Gain drift causes a rotation of the transfer 
characteristic about the zero for unipolar ranges or minus full 
scale point for bipolar ranges. The worst case accuracy drift is 
the summation of all three drift errors over temperature. Statis
tically, however, the drift error behaves as the root-sum-squared 
(RSS) and can be shown as: 

RSS = VEGz+ Eoz+ EL2 

EG = Gain Drift Error (ppmfOC) 
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Figure 4. Transfer Characteristics for an Ideal Bipolar AID 
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EO = Offset Drift Error (ppm of FSRl°C) 
EL = Linearity Error (ppm of FSRl°C) 

DESCRIPTION OF OPERATION 
On receipt of a CONVERT START command, the AD ADC711 
AD ADCn converts the voltage at its analog input into an 
equivalent 16-bit binary number. This conversion is accomplished 
as follows: the 16-bit successive-approximation register (SAR) 
has its 16-bit outputs connected both to the device bit output 
pins and to the corresponding bit inputs of the feedback DAC. 
The analog input is successively compared to the feedback DAC 
output, one bit at a time (MSB first, LSB last). The decision to 
keep or reject each bit is then made at the 'completion of each 
bit comparison period, depending on the state of the comparator 
at that time. 

TIMING 
The timing diagram is shown in Figure 6. Receipt of a CONVERT 
START signal sets the STATUS flag, indicating conversion in 
progress. This, in turn, removes the inhibit applied to the gated 
clock, permitting it to run through 16 cycles. All the SAR parallel 
bits, STATUS flip-flops, and the gated clock inhibit signal are' 
initialized on the trailing edge of the CONVERT START signal. 
At time to, BI is reset and B2 - BI6 are set unconditionally. At 
tl the Bit 1 decision is made (keep) and Bit 2 is reset uncondi
tionally. This sequence continues until the Bit 16 (LSB) decision 
(keep) is made at t16' After a 40ns delay period, the STATUS 
flag is reset, indicating that the conversion is complete and that 
the parallel output data is valid. Resetting the STATUS flag 
restores the gated clock inhibit signal, forcing the clock output 
to the high Logic "0" state. Note that the "clock remains high 
until the next conversion. 

Corresponding serial and parallel data bits become valid on the 
same positive-going clock edge. Serial data docs not change and 
is guaranteed valid on negative-going clock edges, however; 
serial data can be transferred quite simply by clocking it into a 
receiving shift register on these edges (see Figure 6). 

Incorporation of this 40ns delay guarantees that the parallel (and 
serial) data are valid at the Logic" 1" to "0" transition of the 
STATUS flag, permitting parallel data transfer to be initiated 
by the trailing edge of the STATUS signal. 

GAIN ADJUSTMENT 
The gain adjust circuit consists of a 100ppmfOC potentiometer 
connected across ± V s with its slider connected through a 510kD. 
resistor to the gain adjust pin 29 as shown in Figure 5. 

If no external trim adjustment is desired, pins 27 (offset adj) 
and pin 29 (gain adj) may be left open .. 

+15V 

10kfl 510kH 
100ppm/oC TO >oI~...JV'V\r""--( 

100kfl 

-15V 

AD ADC71 
AD ADC72 

Figure 5. Gain Adjustment Circuit 

OFFSET ADJUSTMENT 
The zero adjust circuit consists of a 100pprn/°C potentiometer 
connected across ± V s with its slider connected through a 1.8MD. 
resistor to Comparator Input pin 27 for all ranges. As shown in 
Figure 7, the tolerance of this fixed resistor is not critical, and a 
carbon composition type is generally adequate. Using a carbon 
composition resistor having a - 1200pprn/°C tempco contributes 
a worst-case offset tempco of 32LSB I4 x 61ppm/LSB14 x ~ 
1200pprn/°C = 2.3pprn/°C of FSR, if the OFFSET ADJ poten
tiometer is set at either end of its adjustment range. Since the 
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BI~~:~;~i Y"'"I"o''' ~ 

DAT
SAEROIUATL :::M 2 3 4 I 5 6 I 7 I 8 9 '0 I' '2 '3 '4 ,'5 '6 /)1I17.l[l. I':" "'" "'" "0" "0" "'" "'" "'" "0" "'" "'" "'" "0" "'" "'" ":'1 

NOTES 
,. THE CONVERT START PULSE WIDTH IS '50n5 MIN AND MUST REMAIN LOW DURING 

A CONVERSION. THE CONVERSION IS INITIATED BY THE "TRAILING EDGE" OF THE 
CONVERT COMMAND. 

2. 501'5 FOR '4 BITS AND 461'5 FOR '3 BITS (MAXI. 
3. MSB DECISION. 
4. LSB DECISION 40ns PRIOR TO THE STATUS GOING LOW. 
5. CLOCK REMAINS HIGH AFTER LAST BIT DECISION. 

Figure 6, Timing Diagram (Binary Code 01100111011110110) • 

maximum offset adjustment required is typically no more than Serial data coding is complementary binary for unipolar input I 
:±: I6LSB I4, use of a carbon composition offset summing resistor ranges and complementary offset binary for bipolar input ranges. 
typically contributes no more than IppmfDC of FSR offset Serial output is by bit (MSB first, LSB last) in NRZ (non-return-
tempco. to-zero) format. Serial and parallel data outputs change state on 

+15V positive-going clock edges. Serial data is guaranteed valid 200ns 

10kn l,SMn 
TO ~--'VI/'v--l 

100kn 

-15V 

AD ADC71 
AD ADC72 

Figure 7. Offset Adjustment Circuit 

An alternate offset adjust circuit, which contributes negligible 
offset tempco if metal film resistors (tempco < 100ppmfDC) are 
used, is shown in Figure 8. 

+15V 

OF FSET l~~n )ooit--""""VV-..... --'\M..-{ 
ADJ 100kn 

-15V 

AD ADC71 
AD ADC72 

Figure 8. Low Tempco Zero Adjustment Circuit 

In either adjust circuit, the fixed resistor connected to pin 27 
should be located close to this pin to keep the pin connection 
runs short (Comparator Input pin 27 is quite sensitive to external 
noise pick-up). 

DIGITAL OUTPUT DATA 
Both parallel and serial data from TTL storage registers are in 
negative true form (Logic "1" = OV and Logic "0" = 2AV). 
Parallel data output coding is complementary binary for unipolar 
ranges and complementary offset binary for bipolar ranges. 
Parallel data becomes valid approximately 40ns before the 
STATUS flag returns to Logic "0", permitting parallel data 
transfer to be clocked on the" 1" to "0" transition of the STATUS 
flag. 

after the rising clock edges, permitting serial data to be clocked 
directly into a receiving register on the negative-going clock 
edges as shown in Figure 6. There are only 16 negative-going 
clock edges in the complete I6-bit conversion cycle. The first 
negative edge shifts an invalid bit into the register, which is 
shifted out on the last negative-going clock edge. All serial data 
bits will have been correctly transferred and be in the receiving 
shift register locations shown at the completion of the conversion 
period. 

Short Cycle Input: A Short Cyclc Input, pin 32, permits the 
timing cyclc shown in Figure 6 to be terminated after any number 
of desired bits has been convcrtcd, permitting somewhat shorter 
conversion times in applications not requiring fullI6-bit resolution. 
Whcn lO-bit rcsolution is desired, pin 32 is connected to Bit 11 
output pin 11. The convcrsion cycle then terminates and the 
STATUS flag resets after thc Bit 10 decision (t\O + 40ns in 
timing diagram of Figurc 6). Short cycle conncctions and associated 
maximum 8-, 10-, 12-, 13-, 14-, and IS-bit conversion times arc 
summarized in Table I. 

Connect Short 
Cycle Pin 32 to 
Pin: . 

16 
15 
14 
13 
11 
9 

Resolution 
Bits (%FSR) 

IS 0.003 
14 0.006 
13 0.012 
12 0.024 
10 0.100 
8 0.390 

Maximum 
Conversion 
Time (fLS) 

53.5 
50.0 
46.5 
42.8 
35.6 
28.5 

Table I. Short Cycle Connections 

Status Flag 
Reset 

tl6 + 40ns 
tl5 + 40ns 
t14 + 40ns 
t12 + 40ns 
tlO + 40ns 
t8 + 40ns 
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INPUT SCALING 
The AD ADC71 and AD ADCn inputs should be scaled as 
close to the maximum input signal range as possible in order to 
utilize the maximum signal resolution of the AID converter. 
Connect the input signal as shown in Table II. See Figure 9 for 
circuit details. 

TOSAR 

Input 
Signal 
Line 

±IOV 

±5V 
±2.5V 

OVto +5V 
OVto + 10V 

OVto +20V 

Output 
Code 

COB 

COB 
COB 

CSB 
CSB 

CSB 

For Direct 
Input, 

Connect Connect Connect 
Pin 26 Pin 24 Input 
to Pin to Signal to 

27 Input 24 
Signal 

27 Open 25 
27 Pin 27 25 

22 Pin 27 25 
22 Pin 27 25 

Input 
22 Signal 24 

ANALOG~ 
COMMON~ Table II. AD ADC71/AD ADC72 Input Scaling Connections 

Figure 9. AD ADC71/AD ADC72 Input Scaling Circuit 

Transition Values 
MSB LSB Range ±IOV ±SV 

000 ... 000* + Full Scale +10V +SV 
-3/2LSB -3/2LSB 

011 ... III Mid Scale 0 0 

III ... 110 - Full Scale -lOY -SV 
+ 1I2LSB + 1I2LSB 

*Voltages given are the nominal value for transition to the code specified. 

Note: For LSB value for range and resolution used, see Table IV. 

±2.SV 

+2.SV 
- 3/2LSB 

0 

-2.SV 
+ 1I2LSB 

Table III. Transition Values vs. Calibration Codes 

Analog Input 
Voltage Range ±10V ±SV ±2.SV 

Code COB* COB* COB* 
Designation orCTC** orCTC** orCTC** 

One Least 
FSR 20V lOY 5V 

Significant 2n 2n 2n 2n 

Bit~LSB~ 
n=8 78.13mV 39.06mV 19.53mV 
n= 10 19.53mV 9.77mV 4.88mV 
n= 12 4.88mV 2.44mV 1.22mV 
n= 13 2.44mV 1.22mV 0.61mV 
n= 14 1.22mV 0.61mV 0.31mV 
n= 15 0.61mV 0.31mV O.ISmV 

NOTES 
*COB = Complementary Offset Binary. 

**CTC = Complementary Two's Comple(l1ent - achieved by using an inverter to complement 
the most significant bit to produce (MSB). 

***CSB = Complementary Straight Binary. 

Table IV. Input Voltage Range and LS8 Values 
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Oto + lOY Oto +SV 

+1OV +SV 
-3/2LSB -3/2LSB 

+SV +2.SV 

OV OV 
+ 1I2LSB + 1/2LSB 

OVto + 10V OVto +SV 

CSB*** CSB*** 

lOY SV 
2n 2n 

39.06mV 19.53mV 
9.77mV 4.88mV 
2.44mV 1.22mV 
1.22mV 0.61mV 
0.61mV 0.31mV 
0.31mV 0.15mV 



NOTE: ANALOG IWI AND DIGITAL 1*1 GNDS -15V 
ARE NOT TIED INTERN All V AND MUST BE 
CONNECTED EXTERNAll V. 

Figure 10. Analog and Power Connections for Unipolar 
o to + 10V Input Range 

10k!! 
TO 

100k1! ~~~o 

NOTE ANALOG IW I AND DIGITAL 1 * I GNDS 
ARE NOT TIED INTERNALLY AND MUST BE 
CONNECTED [XTERNAll Y 

Figure 11. Analog and Power Connections for Bipolar 
+ 10V to + 10V Input Range 

CALIBRATION (14-Bit Resolution Examples) 
External ZERO ADJ and GAIN ADJ potentiometers, connected 
as shown in Figure 5 and 7, are used for device calibration. To 
prevent interaction of these two adjustments, Zero is always 
adjusted first and then Gain. Zero is adjusted with the analog 
input near the most negative end of the analog range (0 for 
unipolar and - FS for bipolar input ranges). Gain is adjusted 
with the analog input near the most positive end of the analog 
range. 

o to + lOY Range: Set analog input to + lLSB 14 = 0.0006IV. 
Adjust Zero for digital output = III I II II II II 10. Zero is now 
calibrated. Set analog input to + FSR - 2LSB = + 9. 9987V. 
Adjust Gain for 00000000000001 digital output code; full-scale 
(Gain) is now calibrated. Half-scale calibration check: set analog 
input to + S.OOOOOV; digital output code should be 
Olllllllllllli. 

-lOY to +IOV Range: Set analog input to -9.99878V; adjust 
zero for 1l11l1l1l1liO digital output (complementary offset 
binary) code. Set analog input to 9.997S6V; adjust Gain for 
00000000000001 digital output (complementary offset binary) 
code. Half-scale calibration check: set analog input to O.OOOOOV; 
digital output (complementary offset binary) code should be 
Olllllllllllii. 

Other Ranges: Representative digital coding for 0 to + lOY and 
- lOY to + lOY ranges is given above. Coding relationships and 
calibration points forO to +SV, -2.SVto +2.SVand -SVto 
+ SV ranges can be found by halving proportionally the corres
ponding code equivalents listed for the 0 to + lOY and - lOY to 
+ lOY ranges, respectively, as indicated in Table III. 

Zero and full-scale calibration can be accomplished to a precision 
of approximately ± I12LSB using the static adjustment procedure 
described above. By summing a small sine or triangular wave 
voltage with the signal applied to the analog input, the output 
c~n be cycled through each of the calibration codes of interest to 
more accurately determine the center (or end points) of each 
discrete quantization level. A detailed description of this dynamic 
calibration technique is presented in "AID Conversion Notes", 
D. Sheingold, Analog Devices, Inc., 1977, Part II, Chapter 4. 

GROUNDING, DECOUPLING AND LAYOUT 
CONSIDERATIONS 
Many data-acquisition components have two or more ground 
pins which are not connected together within the device. These 
"grounds" are usually referred to as the Logic Power Return, 
Analog Common (Analog Power Return) and Analog Signal 
Ground. These grounds (pins 19 and 22) must be tied together 
at one point for the AD ADC7l1AD ADCn as close as possible 
to the converter. Ideally, a single solid analog ground plane • 
under the converter would be desirable. Current flows through 
the wires and etch stripes of the circuit cards, and since these 
paths have resistance and inductance, hundreds of millivolts can 
be generated between the system analog ground point and the 
ground pins of the AD ADC71/AD ADCn. Separate wide 
conductor stripe ground returns should be provided for high 
resolution converters to minimize noise and IR losses from the 
current flow in the path from the converter to the system ground 
point. In this way AD ADC7I1AD ADCn supply currents and 
other digital logic-gate return currents are not summed into the 
same return path as analog signals where they would cause 
measurement errors. 

Each of the AD ADC7l1AD ADCn's supply terminals should 
be capacitively decoupled as close to the AD ADC7I1AD ADCns 
as possible. A large value capacitor such as IfJ.F in parallel with 
a 0.1 fJ.F capacitor is usually sufficient. Analog supplies are to be 
bypassed to the Analog Power Return pin and the logic supply 
is bypassed to the Logic Power Return pin. 

The metal case is floating with respect to the power supplies, 
grounds and electrical signals. It must remain floating to perform 
to specifications. Do not ground the case. Glass beads standoff 
on the bottom will prevent shorting to board circuitry beneath 
the unit. 
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T/H REQUIREMENTS FOR HIGH RESOLUTION 
APPLICATIONS 
The AD389 is a companion T/H designed for use with the AD 
ADC711n family. The characteristics required for high resolution 
track-and-hold amplifiers are low feedthrough, low pedestal 
shifts with changes of input signal or temperature, high linearity, 
low temperature coefficients, and minimal droop rate. 

The aperture jitter is a result of noise within the switching 
network which modulates the phase of the hold command and is 
manifested in the variations in the value of the analog input that 
has been held. The aperture error which results from this jitter 
is directly related to the dV/dt of the analog input which is 
easily calculated as shown below. The error calculation takes 
into account the desired accuracy corresponding to the resolution 
of the AiD converter. 

F = (Full Scale Voltage) (2-N ) 

max (Full Scale Voltage) (27T) (Aperture Jitter) 

For an application with a 14-bit AID converter with a 10V full 
scale: 

F (10) 2-14 = 24kHz 
max = (10) (27T) (4 X 10-10 sec) 

For an application with a 12-bit AID converter with a IOV full 
scale: 

(10) 2-12 

Fmax = (10) (27T) (4 x 10-10 sec) = 97kHz 

Note that some additional aperture delay and jitter are added if 
the AD389 .is not driven directly from the convert start line, but 
from the status line, which from some converters is delayed. 

The T/H amplifier slew rate determines the maximum frequency 
tracking rate and part of the settling time when sampling pulses 
and square waves_ The feed through from input to output while 
in the hold mode should be less than lLSB. The amplitude of 
1 LSB of the companion AID converter for a given input range 
will vary from 61OfJ-V for a 14-bit AID using a 0 to IOV input 
range to 4.88mV for a 12-bit AID using a :±: lOY input range. 

Spec 

Aperture Jitter (max) 
Slew Rate (max w/20V pk-pk signal) 
Feedthrough (ILSB max) 
Droop Rate (1LSB maxin 15fJ-s) 
Droop Rate (1LSB max in 50fJ-s) 
Acquisition Time (to:±: 1 LSB max) 

for 20kHz Signal wi 15IJ.s ADC 
Pedestal Shift (max) with Input Signal 
Gain Temperature Coefficient (max) 

for:±: 10°C Ambient Operation 
Thermal Tail (max) within 50IJ.s after Hold 
Linearity Error (max) 

The hold mode droop rate should produce less than lLSB of 
droop in the output during the conversion time of the AID 
converter. For 61OfJ-V/LSB, as noted in the example above, for 
a 50fJ-s 14-bit AID converter, the maximum droop rate will be 
61OfJ-V/50fJ-s or 12fJ-V/fJ-s dring the 50fJ-s conversion period. 

Minimal thermal tail effects are another requirement of high 
resolution applications. The self-heating errors induced by the 
changing current levels in the output stages of T/H amps may 
cause more than lLSB of error due to thermal tail effects. 

The linearity error should be less than 1 LSB over the transfer 
function,as set by the resolution of the AID converter. The 
TIH acquisition time, T/H settling time along, with the conversion 
time of the AID converter determines the highest sampling rate. 
This in turn will determine the highest input signal frequency 
that can be sampled at twice a cycle. 

The maximum input frequency is constrained by the Nyquist 
sampling theorem to be half of the maximum throughput rate. 
Input frequencies higher than half the maximum throughput 
rate result in "under sampling" or aliasing errors of the input 
signal. In the following table the maximum input frequency is 
reported as half of the throughput rate, with an ideal brickwall 
low pass filter placed in the signal path prior to the AD389 and 
AID converter to eliminate aliasing. 

The pedestal shift due to input signal changes should either be 
linear, to be seen as a gain error, or negligible as with the feed
through spec. The temperature coefficients for drift should be 
low enough such that full accuracy is maintained over some 
minimum temperature range. The droop rate and pedestal will 
shift more above + 70°C ( + 158°F). For commercial and industrial 
users, these shifts will only appear above the highest temperatures 
their equipment will ever expect to experience. Most precision 
instrumentation is installed only in human inhabitable work 
spaces or in controlled enclosures if the area has a hostile envi
ronment. Thus, the ADC7l or ADCn used with a companion 
AD389T/H offers high accuracy sampling in high precision 
applications. 

14 Bit 16 Bit AD389KD Units 

2.4 0.6 0.4 nS 
1.26 1.26 30 V/fJ-s 
-84.3 -96.3 -86 dB 
40.7 10.2 0.1 fJ-V/fJ-s 
12.2 3.0 0.1 fJ-V/fJ-s 
10 10 3-5 IJ.S 

-84.3 -96.3 -86 dB 

6.1 1.5 2.0 ppm/oC 
1.2 0.3 0.1 mV 
:±:0.0061 0.0015 0.003 %FSR 

Table V. TIH Amplifier Requirements vs. AD389 Specs 

AD389in 
Combination 
With an 

AD ADC71 (13 bit) 
AD ADCn (14 bit) 

Throughput 
Rate 

22.2kHz 
16.7kHz 

Input Frequency 
Range 

dc to 11.1 kHz 
dct08.3kHz 

Table VI. TIH & ADC Combinations and Maximum 
Throughput Rate 
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r.ANALOG 
WDEVICES 

12-Bit Successive Approximation 
Integrated Circuit AID Converter 

FEATURES 
True 12-Bit Operation: Max Nonlinearity ±O_012% 
Low Gain T.C.: ±30ppmfC max 
Low Power: 800mW 
Fast Conversion Time: 25ps 
Precision 6.3V Reference for External Application 
Short-Cycle Capability 
Serial or Parallel Data Outputs 
Monolithic DAC with Scaling Resistors for Stability 
Low Chip Count--High Reliability 
Industry Standard Pinout 
"Z" Models for ±12V Supplies 

PRODUCT DESCRIPTION 
The AD ADC80 is a complete 1Z-bit successive approximation 
analog-to-digital converter that includes an internal clock, refer
ence and comparator. Its hybrid IC design utilizes MSI digital 
and linear monolithic chips in conjunction with a 1Z-bit mono
lithic DAC to provide modular performance and versatility with 
IC size, price and reliability. 

Important performance characteristics of the AD ADC80 in
clude a maximum linearity error at +ZSOC of ±O.OlZ%, max 
gain T.C. of 30ppm/oC, typical power dissipation of 800mW 
and max conversion time of ZSps. Monotonic operation of the 
feedback DI A converter guarantees no missing codes over the 
temperature range of -ZSoC to +S,SoC. 

The design of the AD ADCSO includes scaling resistors that 
provide analog signal ranges of ±Z.S, ±S.O, ±lO, 0 to +S or 0 
to +10 volts. The 6.3V precision reference may be used for ex
ternal applications. All digital signals are fully DTL and TTL 
compatible; output data may be read in both serial and par
allel form. 

The AD ADCSO is available in two performance grades, the 
AD ADCSO-1Z (O.OlZ% of FSR max) and the AD ADC80-1O 
(0.048% of FSR max). Both grades are specified for use over 
we -ZSoC to +8SoC temperature range and both are available 
in a 3Z-pin ceramic DIP. 

AD ADC80 I 
AD ADC80 FUNCTIONAL BLOCK DIAGRAM 

32-PIN DIP 

PRODUCT HIGHLIGHTS 
1. The AD ADC80 is a complete 1Z-bit AID converter. No 

external components are required to perform a conversion. 

Z. A monolithic 1Z-bit feedback DAC is used for reduced 
chip count and higher reliability. 

3. The internal buried zener reference is laser trimmed to 6.3 
volts. The reference voltage is available externally and can 
supply up to l.SmA beyond that required for the reference 
and bipolar offset current. 

4. The scaling resistors are included on the monolithic DAC 
for exceptional thermal tracking. 

S. The AD ADC80 directly replaces other devices of this type 
with significant increases in performance. 

6. The fast conversion rate of the AD ADC80 makes it an 
excellent choice for applications requiring high system 
throughput rates. 

7. The short cycle and external clock options are provided for 
applications requiring faster conversion speeds or lower 
resolutions. 
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SPECIFICATIONS (typical @ +250 C, ±15V and +5V unless otherwise noted) 

MODEL 

RESOLUTION 

ANALOG INPUTS 
Voltage Ranges 

Bipolar 
Unipolar 

Impedance (Direct Input) 
OV to +SV, i2.SV 
OV to +10V, iSV 
il0V 

DIGITAL INPUTS1 

Convert Command 

Logic Loading 
External Clock 

TRANSFER CHARACTERISTICS ERROR 

ADADCSO-12 ADADCSO-l0 

12 Bits 10 Bits 

i2.SV, iSV, ilOV 
OV to +SV, OV to +10V 

2.Skn 
Skn 
10kn 

Positive Pulse lOOns Wide (min) 
("0" to "1" Initiates Conversion) 

lTTL Load 
lTTL Load 

Gain Error2 iO.l%ofFSR3 

Offset Error2 

Unipolar 
Bipolar 

Linearity Error (max)4 
Inherent Quantization Error 
Differential Linearity Error 
No Missing Codes Temperature Range 
Power Supply Sensitivity 

ilSV 
+SV 

DRIFT 
Specification Temperature Range 
Gain (max) 
Offset 

Unipolar 
Bipolar (max) 

Linearity (max) 
Monotonicity 

CONVERSION SPEEDS 

DIGITAL OUTPUT 
(all codes complementary) 

Parallel 
Output Codes6 

Unipolar 
Bipolar 

Output Drive 
Serial Data Codes (NRZ) 

Output Drive 
Status 

Status Output Drive 
Internal Clock 

Clock Output Drive 
Frequency' 

INTERNAL REFERENCE VOLTAGE 
Max. External Current (with no 

degradation of specifications) 
Tempco of Drift 

POWER REQUIREMENTS 
Rated Voltages 
Range for Rated Accuracy 
ZModelss 

Supply Drain +lSV 
-lSV 
+SV 

TEMPERATURE RANGE 
Specification 
Operating (Derated Specs) 
Storage 

NOTES 

iO.OS% of FSR 
iO.l%ofFSR 
iO.012% of FSR 
il/2LSB 
il/2LSB 
- 2SOC to +SSOC 

iO.04S% of FSR . 
iO.0030% of FSR/% Vs • 
iO.001S% of FSR/% Vs • 

-2S0C to +SSOC 
i30ppm/C 

i3ppm of FSR/oC 
ilSppm of FSR/oC 
i3ppm of FSR/C 
GUARANTEED 

22/ls typ, 2S/ls max 

CSB 
COB, CTC 
2TTL Loads 
CSB, COB 
2TTL Loads 

21/lsmax 

Logic "1" During Conversion 
2TTL Loads 

2TTL Loads 
S7SkHz 

6.3V ilOmV 

l.SmA 
il0ppm/oC typ, i20ppm/oC max 

ilSV, +SV 
4.7SV to S.2SV and i14.0V to i16.0V 
4.7SV to S.2SV and ill.4V to i16.0V 

+lOmA 
-20mA 
+70mA 

-2SoC to +SSoC 
-SSoC to +lOOoC 
-SSoC to +12SoC 

I DTL/TTL compatible i.e., Logic "0" =O.8V max, Logic "1" = 2.0V min for digital inputs, 
Logic "0" = +O.4V max and "1"= 2.4V min digital outputs. 

2 Adjustable to zero with external trim pots. 
'FSR means Full SCllc Range-for example, unit connected for ±IOV range has 20V FSR. 
4 Error shown is the same'as ±lI2LSB max for resolution of AID converter. 
JConversion time with internal clock. 
• See Table 1. CSB - Complementary Straight Binary 

COB - Complementary Offset Binary 
eTC - Complementary Two's Complement 

'For conversion speeds specified. 
"For Z models order AD ADC80Z-12 or AD ADC80Z·10. 
·Specifications same as AD ADC80-12. 

Si'cdfications subject to change without notice. 
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+5V ANALOG 
SUPPLY 

~S 

OIGITAL GND 

COMPARATOR 
IN 

BIPOLAR 
OFFSET 12 

OUT 

ANALOG GND 

GAIN ADJUST AD ADCBO 

BIT7 

BITS 

BIT9 

BIT 10 

BIT 11 

BIT 12 LSB 

SERIAL OUT 

-15VOR -12V 

REF OUT 
(6.lVI 

CLOCK OUT 

STATUS 

CLOCK 
INHIBIT 

EXTERNAL 
CLOCK IN 

CONVERT 
START 

Figure 1. AD A DC80 Functional Diagram and Pinout 

ORDERING G VIDE 

Model Supplies 
Package 
Option 1 

AD ADC80-l0 ±15V +5 HY32E 
AD ADC80-Z-1O ±12V, +5 HY32E 
AD ADC80-l2 ±15V, +5 HY32E 
AD ADC80-Z-l2 ±12V, +5 HY32E 

I See Section 19 for package outline information. 
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Figure 4. Maximum Gain Drift Error - % of 
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The analog continuum is partitioned into 212 discrete ranges 
for 12-bit conversion. All analog values within a given quan
tum are represented by the same digital code, usually assigned 
to the nominal midrange value. There is an inherent quantiza
tion uncertainty of ±1/2LSB, associated with the resolution, 
in addition to the actual conversion errors. 

The actual conversion errors that are associated with AID 
converters are combinations of analog errors due to the linear 
circuitry, matching and tracking properties of the ladder and 
scaling networks, reference error and power supply rejection. 
The matching and tracking errors in the AD ADCBO have been 
minimized by the use of a monolithic DAC that includes the 
scaling network. The initial gain and offset errors are specified 
at ±0.1 % FSR for gain and ±0.05% FSR for offset. These 
errors may be trimmed to zero by the use of the external trim 
circuits as shown in Figures 7 and 9. Linearity error is defined 
as the deviation from a true straight line transfer characteristic 
from a zero analog input which calls for a zero digital output 
to a point which is defined as full scale. The linearity error is 
unadjustable and is the most meaningful indication of AID 
converter accuracy. Differential nonlinearity is a measure of 
the deviation in staircase step width between codes from the 
ideal least significant bit step size (Figure 6). 

Monotonic behavior requires that the differential linearity 
error be less than 1LSB, however a monotonic converter can 
have missing codes j the AD ADCBO is specified as having no 
missing codes over the entire temperature range from -25°C 
to +BS°C. 

There are three types of drift error over temperature: offset, 
gain and linearity. Offset drift causes a shift of the transfer 
characteristic.left or right over the operating temperature 
range. Gain drift causes a rotation of the transfer ch'aracteristic 
about the zero or minus full scale point. The worst case ac
curacy drift is the summation of all three drift errors over 
temperature. Statistically, however, the drift error behaves 
as the root-sum-squared (RSS) and can be shown as: 

Gl 

;3 
In o 
u 
I 

I

EG = Gain Drift Error (ppm 1°C) 

EO = Offset Drift Error (ppm of FSR/o C) 

EL = Linearity Error (ppm of FSR/oC) 

000 ... 000 

~ 011 ... 111 ..... --ilf----· .. !"W!. 
I
:::l o 
..J 
c:t 
l-
e; 
C 

I 

+FSR -1LSB 
2 

Figure 6. Transfer Characteristic for an Ideal Bipolar AID 
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OFFSET ADJUSTMENT 
The zero adjust circuit consists of a potentiometer connected 
across ±Vs with its slider co.nnected through a 1.BMS1 resistor 
to Comparator Input pin 11 for all ranges. As shown in Figure 
7 the tolerance of this fixed resistor is not critical, and a car
bon composition type is generally adequate. Using a carbon 
composition resistor having a -1200ppm/o C tempco contributes 
a worst-case offset tempco of BX 244X 10-6 X 1200ppmtC = 
2.3ppm/oC of FSR, if the OFFSET AD} potentiometer is set 
at either end of its adjustment range. Since the maximum off
set adjustment required is typically no more than ±4LSB, use 
of a carbon composition offset summing resistor typically con
tributes no more than 1ppm/oC of FSR offset tempco. 

+15V 

10kn 1.BMn ~ 
1o~~n >oI-JVoIII, .r---o-l AD ADCBO 

-15V 

Figure 7. Offset Adjustment Circuit 

An alternate offset adjust circuit, which contributes negli
gible offset temp co if metal film resistors (tempco <100 
ppm/oC) are used, is shown in Figure B. 

OFFSET 
ADJ 

+15V 

10kn 1BOk M.F. 11 
TO >oI-..IV'.,..,..-..... -oI\IIof'v--~-t AD ADCBO 

100kn 

Figure 8. Low Tempco Zero Adjustment Circuit 

In either zero adjust circuit, the fixed resistor connected to 
pin 11 should be located close to this pin to keep the pin 11 
connection runs short (Comparator Input pin 11 is quite 
sensitive to external noise pick-up). 

GAIN ADJUSTMENT 
The gain adjust circuit consists of a potentiometer connected 
across ±Vs with its slider connected through a 10MS1 resistor 
to the gain adjust pin 16 as shown in Figure 9. 

+15V 

10kn 10Mn 16 
TO ~-..AI\"""-o--t AD ADCBO 

100kn O.01IlF~ 
-15V 

Figure 9. Gain Adjustment Circuit 

An alternate gain adjust circuit which contributes negligible 
gain tempco if metal film resistors (Tempco <100ppmtC) are 
used is shown in Figure 10. 

+15V 

10kn 
TO >oI-J\l.,..,..-..... -IIt,/I;IIr----4~_t AD ADC80 

100kn 

Figure 10. Low Tempco Gain Adjustment Circuit 



THEORY OF OPERATION 
On receipt of a CONVERT START command, the AD ADC80 
converts the voltage at its analog input into an equivalent 12-
bit binary number. This conversion is accomplished as follows: 
the 12-bit successive-approximation register (SAR) has its 
12-bit outputs connected both to the device bit output pins 
and to the corresponding bit inputs of the feedback DAC. 
The analog input is successively compared to the feedback 
DAC output, one bit at a time (MSB first, LSB last). The 
decision to keep or reject each bit is then made at the com
pletion of each bit comparison period, depending on the state 
of the comparator at that time. 

TIMING 
The timing diagram is shown in Figure 11. Receipt of a CON
VERT START signal sets the STATUS flag, indicating conver
sion in progress. This, in turn, removes the inhibit applied to 
the gated clock, permitting it to run through 13 cycles. All 
SAR parallel bit and STATUS flip-flops are initialized on the 
leading edge, and the gated clock inhibit signal is removed on 
the trailing edge of the CONVERT START signal. At time to, 

Applying the AD ADC80 
BI is reset and B2 -B 12 are set unconditionally. At tl the Bit 1 
decision is made (keep) and Bit 2 is unconditionally reset. At 
t2, the Bit 2 decision is made (keep) and Bit 3 is reset uncon
ditionally. This sequence continues until the Bit 12 (LSB) de" 
cision (keep) is made at t12. After a 40ns delay period, the 
STATUS flag is reset, indicating that the conversion is com
plete and that the parallel output data is valid. Resetting the 
STATUS flag restores the gated clock inhibit signal, ·forcing the 
clock output to the Logic "0" state. 

Corresponding serial and parallel data bits become valid on 
the same positive-going clock edge. Serial data does not change 
and is guaranteed valid on negative-going clock edges, however; 
serial data can be transferred quite simply by docking it into a 
receiving shift register on these edges (see Figure 11). 

Incorporation of this 40ns delay guarantees that the parallel 
(and serial) data are valid at the Logic "1" to "0" transition 
of the STATUS flag, permitting parallel data transfer to be 
initiated by the trailing edge of the STATUS signal. 

MAXIMUM THROUGHPUT TIME 

CONVERT' 
START CONVERSION TIME (2) 

INTERNAL 
CLOCK 

STATUS 

MSB 

BIT2 

BIT3 

BIT4 

BIT5 

BIT6 

BIT 7 

BIT8 

BIT9 

BIT 10 

BIT 11 

LSB 

SERIAL 
DATA 
OUT 

I I I I I I I I 

~To IT, I T3 I T4 ITs ITs IT7 ITa I Tg I T,o 
(3) * * * * * * * ---1 "0" I I I I I I I 

---r-Lj"1" i I I I I 

I I I I I I I ---:::1 L.J"1" 

I I I I I I 
, 

:::J 1"0" r-
:::1 i "0"1 I I I I r---- I I "1" i I I :::J LJ"1" I I :::J LJ'"", :::J 1"0" r-
:::J U"1" 

! 

I :::J L..J"1" 

1"0" :::J r-
:::l?~ 2 i 3 I 4 I 5 I 6 i 7 I 8 L!L.J 10 11 ~$Y~ I I I I 

1:°" "1" "1" "0" "0" "1" "1" "1" "0" "1" "1" 
"0: I 

NOTES: 
1. THE CONVERT START PULSE WIDTH IS 100ns MIN AND MUST REMAIN LOW DURING 

A CONVERSION. THE CONVERSION IS INITIATED BY THE "RISING EDGE" OF THE 
CONVERT COMMAND. 

2.25115 FOR 12 BITS AND 21115 FOR 10 BITS (MAX). 
3. MSB DECISION 
4. LSB DECISION 40ns PRIOR TO THE STATUS GOING LOW 
*BIT DECISIONS 

Figure 11. Timing Diagram (Binary Code 011001110110) 
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DIGITAL OUTPUT DATA Connect Short Maximum Status Flag 
Both parallel and serial data from TTL storage registers are in 
negative true form. Parallel data output coding is complemen
tary .binary for unipolar ranges and either complementary off
set binary or complementary two's complement binary, de
pending on whether BIT 1 (pin 6) or its logical inverse BIT 1 
(pin 8) is used as the MSB. Parallel data becomes valid approx
imately 40ns before the STATUS flag returns to Logic "0", 
permitting parallel data transfer to be clocked on the" 1" to 
"0" transition of the STATUS flag. 

Cycle Pin 21 to Resolution Conversion Reset 

Serial data coding is complementary binary for unipolar input 
ranges and complementary offset binary for bipolar input 
ranges. Serial output is by bit (MSB first, LSB last) in NRZ 
(non-return-to-zero) format. Serial and parallel data outputs 
change state on positive-going clock edges. Serial data is guaran-.. 
teed valid 200ns after the rising clock edges, permitting serial 
data to be clocked direcdy into a receiving register on these 
edges as shown in Figure 11. There are 13 negative-going clock 
edges in the complete 12-bit conversion cycle, as shown in Fig
ure 11. The first edge shifts an invalid bit into the register, 
which is shifted out on the 13 th negative-going clock edge. All 
serial data bits will have been correcdy transferred and be in 
the receiving shift register locations shown at the completion 
of the conversion period. 

Short Cycle Input: A Short Cycle Input, pin 21, permits the 
timing cycle shown in Figure 11 to be terminated after any 
number of desired bits has been converted, permitting some
what shorter conversion times in applications not requiring full 
12-bit resolution. When 10-bit resolution is desired, pin 21 is 
connected to Bit 11 output pin 28. The conversion cycle then 
terminates, and the STATUS flag resets after the Bit 10 de
cision (tlO +40ns in timing diagram of Figure 11). Short 
Cycle pin connections and associated maximum 12-, 10- and 
8-bit conversion times are summarized in Table I. When 12-
bit resolution is required, pin 21 is connected to +5V (pin 9). 

Pin: Bits (%FSR) Time (ps) 

9 12 0.024 25 t12 +40ns 
28 10 0.100 21 tlO +40ns 

30 8 0.390 17 t8 +40ns 

Table I. Short Cycle Connections 

INPUT SCALING 
The AD ADC80 input should be scaled as close to the maxi
mum input signal range as possible in order to utilize the 
maximum signal resolution of the AID converter. Connect the 
input signal as shown in Table II. See Figure 12 for circuit 
details. 

10V RANGE 13 0----., 
R25kn 

20V RANGE 14 O-~W,..... .. 

COMPIN 110--"'-"'--1 
TOSAR 

BIPOLAR 6.3k 
OFFSET 12 ~ VREF 

ANALOG 15 0...-
COMMON -"S:' 

Figure 12. AD A DC80 Input Scaling Circuit 

Connect 
Input Connect Connect Input 
Signal Output Pin 12 Pin 14 Signal 
Range Code To Pin To To 

±10V COBorCTC 11 Input Signal 14 

±5V COB orCTC 11 Open 13 

±2.5V COB orCTC 11 Pin 11 13 

OV to +5V CSB 15 Pin 11 13 

OV to +10V CSB 15 Open 13 

Table II. AD A DC80 Input Scaling Connections 

Binary (BIN) 
INPUT VOLTAGE RANGE AND LSB VALUES Output 

Analog Input 
Voltage Range 
Code 
Designation 
One Least 
Significant 
Bit (LSB) 

Transition Values 
MSB LSB 

000 ... 000· .. • 
011 ... 111 
111 ... 110 

NOTES 

Defined As: 

FSR 
2n 
n=8 
n= 10 
n= 12 

+Full Scale 
Mid Scale 
-Full Scale 

·COB = Complementary Offset Binary 

±10V 
COB· 
orCTC" 
20V 
F 
78.13mV 
19.53mV 
4.88mV 

,+10V -312LSB 
o 

-10V +1I2LSB 

±SV 
COB· 
orCTC" 
10V 
F 
39.06mV 
9.77mV 
2.44mV 

+SV -312LSB 
o 

-SV +1I2LSB 

• ·CTC = Complementary Two's com~ent-obtained by using the complement 
of the most significant bit (MSB). MSB is available on pin 8. 

"·CSB = Complementary Straight Binary . 
•• "Voltages given are the nominal value for transition to the code specified. 

±2.SV 

COB· 
orCTC" 
SV zn 
19.53mV 
4.88mV 
1.22mV 

+2.SV -3/2LSB 
o 

-2.SV +1I2LSB 

Table III. Input Voltages and Code Definitions 

VOL. I, 10-188 ANALOG-TO-DIGITAL CONVERTERS 

OV to +10V 

CSB·" 
10V 
zn 
39.06mV 

9.77mV 
2.44mV 

+10V -312LSB 
+SV 

0+ 1/2LSB 

OV to +SV 

CSB"· 
SV 
2n 

19.53mV 
4.88mV 
1.22mV 

+SV -3/2LSB 
+2.SV 

o +1I2LSB. 



GROUNDING 
Many data-acquisition components have two or more ground 
pins which are not connected together within the device. These 
"grounds" are usually referred to as the Logic Power Return, 
Analog Common (Analog Power Return), and Analog Signal 
Ground. These grounds must be tied together at one point, 
usually at the system power-supply ground. Ideally, a single 
solid ground would be desirable. However, since current flows 
through the ground wires and etch stripes of the circuit cards, 
and since these paths have resistance and inductance, hundreds 
of millivolts can be generated between the system ground point 
and the ground pin of the AD ADC80. Therefore, separate 
ground returns should be provided to minimize the current 
flow in the path from sensitive points to the system ground 
point and the two device grounds should be tied together. In 
this way supply currents and logic-gate return currents are not 
summed into the same return path as analog signals where 
they would cause measurement errors. 

Each of the AD ADCtiO's supply terminals should be capaci
tively decoupled as close to the AD ADC80 as possible. A 
large value capacitor such as 1pF in parallel with a O.1pF 
capacitor is usually sufficient. Analog supplies are bypassed 
to the Analog Power Return pin and the logic supply is by
passed to the Logic Power Return pin. 

'IF INDEPENDENT. OTHERWISE 
RETURN AMPLIFIER REFERENCE 
TO MECCA AT ANALOG P.S. COMMON 

Figure 13. Basic Grounding Practice 

CONTROL MODES 
The timing sequence of the AD ADC80 allows the device to 
be easily operated in a variety of systems with different con
trol modes. The most common control modes are illustrated in 
Figures 14-16. 

Jl AD ADCBO 
18 CONV 28 10-BIT 

CONVERT COM 
BIT 11 

OPERATION 
COMMAND 

SHORT 
CYCLE 

I 12-BIT 
CLOCK OPERATION 

INHIBIT 

EXTERNAL +5V CLOCK 

Figure 14. Internal Clock-Normal Operating Mode. 
Conversion Initiated by the Rising Edge of the Convert 
Command. The Internal Clock Runs Only During 
Conversion. 

10-BIT 

J1JlI\.. 19 
~~~~~NAL BIT 11 

28 
/ OPERATION 

EXTERNAL 
CLOCK 

I 12-BIT AD ADCBO 
:/OPERATION 

SHORT 21 
CYCLE -- +5V 

18 CONV. CLOCK 20 
COM. INHIBIT 

DIGITAL 
DIGITAL COMMON 
COMMON 

Figure 15. Continuous Conversion with External Clock. 
Conversion is Initiated by 14th Clock Pulse. Clock Runs 
Continuously. 

10-BIT 

.JlIUl.. 
~~~~~NAL BI TIl 

28 
/ OPERATION 

: EXTERNAL 
.CLOCK 

AD ADCBO • 12-BIT 
• : / OPERATION 
• 22 SHORT 21 
• STATUS 

• 
CYCLE -~+5V 

• 
• 
• 18 20 Jl CONV. CLOCK DIGITAL 

I CONVERT 
COM. INHIBIT ... COMMON 

• COMMAND 

Figure 16. Continuous External Clock. Conversion Initiated 
by Rising Edge of Convert Command . . Th,e Convert Command 
must be Synchronized with Clock. 
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CALIBRATION 
External ZERO ADJ and GAIN ADJ potentiometers, con
nected as shown in Figures 17 and 18, are used for device 
calibration. To prevent interaction of these two adjustments, 
Zero is always adjusted first and then Gain. Zero is adjusted 
with the analog input near the most negative end of the, analog 
range (0 for unipolar and -FS for bipolar input ranges). Gain 
is adjusted with the analog input near the most positive end of 
the analog range. 

o to +10V Range: Set analog input to +ILSB = +0.0024V. 
Adjust Zero for digital output = 111111111110. Zero is now 
calibrated. Set analog input to +FSR -2LSB = +9.9952V. 
Adjust Gain for 000000000001 digital output code; full, 
scale (Gain) is now calibrated. Half-scale calibration check: 
set analog input to +5.0000V; digital output code should be 
011111111111. 

-lOY to +10V Range: Set analog input to -9.9951 V; adjust 
Zero for 111111111110 digital output (complementary offset 
binary) code. Set analog input to +9.9902V; adjust Gain for 
000000000001 digital output (complementary offset binary) 
code. Half-scale calibration check: set analog input to O.OOOOV; 
digital output (complementary offset binary) code should be 
0111111111111. 

Other Ranges: Representative digital coding for 0 to +10V and 
-10V to + 1 OV ranges is given above. Coding relationships and 
calibration points for 0 to +5V, -2.5V to +2.5V and -5V to 
+5V ranges can be found by halving the corresponding code 
equivalents listed for the 0 to +10V and -10V t<;> +10V ranges, 
respectively. 

Zero and full-scale calibration can be accomplished to a pre
cision of approximately ±1/4LSB using the static adjustment 
procedure described above. By summing a small sine or tri
angular-wave voltage with the signal applied to the analog in
put, the output can be cycled through each of the calibration 
codes of interest to more accurately determine the center (or 
end points) of each discrete quantization level. A detailed 
description of this dynamic calibration technique is presented 
in "AID Conversion Notes", D. Sheingold, Analog Devices, 
Inc., 1977, Part II, Chapter 3. 

+15V 

-15V 

ANALOG 
INPUT 

+15V 

Figure 17. Analog and Power Connections for Unipolar 
0-10V Input Range 
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10M 
10k>+_"IV-..... 

+1SV 

ANALOG 
INPUT 

+15V 

Figure 18. Analog and Power Connections for Bipolar ± 10V 
Input Range 

MULTICHANNEL CONVERSION 
In multichannel conversion systems, elements of the acquisi
tion chain may be shared by two or more input sources. This 
sharing may occur in a number of ways, depending on the 
desired properties of the multiplexed system. 

The data acquisition system shown in Figure 19 is a low cost 
solution to digitizing data from many analog channels. For 
most efficient use of time, the multiplexer is acquiring the next 
channel to be converted while the sample-hold is holding the 
previous output level for conversion. When conversion is com
plete, the status line from the converter causes the S/H to 
return to the sample mode and acquire the new data. After the 
acquisition time is completed, the sample hold can be switched 
to hold. A conversion can then begin and the multiplexer can 
be switched to the next channel. 

IN+ STATUS 
750n 

OUT 

MSB I DATA 

OUT 

Figure 19. Data Acquisition System 
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FEATURES 

Performance 
Complete 12-Bit AID Converter with Reference and Clock 
Fast Successive Approximation Conversion: 10~s 
Buried Zener Reference for Long Term Stability and Low 

Gain T.C.: 10ppmfC 
Max Nonlinearity: <±O.012"~ 
Low Power: 880mW Typical 
Hermetic Package Available 
Low Chip Count - High Reliability 
Industry Standard Pin Out 
"Z" Models for ±12V Operation Available 
Extended Temperature Range _55°C to +125°C 

Versatility 

Negative-True Parallel or Serial Logic Outputs 
Short Cycle Capability 
Precision +6.3V Reference for External Applications 

PRODUCT DESCRIPTION 
The AD ADC84/AD ADC85 series devices are high speed low 
cost 10- and 12-bit successive approximation analog-to-digital 
converters that include an internal clock, reference and com
parator. Its hybrid IC design utilizes MSI digital and linear 
monolithic chips in conjunction with a 12-bit monolithic DAC 
to provide modular performance and versatility with IC size, 
price and reliability. 

Important performance characteristics of the AD ADC841 
AD ADC85 series include a maximum linearity error at +25° C 
of ±0.012%, gain T .C. below 15ppm/o C, typical power dis
sipation of 880mW, and conversion time of less than 10~s for 
the 12-bit versions. Of considerable significance in severe 
and aerosrace applications is the guaranteed performance 
from -55 C to +125°C of the AD ADC85S which is also avail
able with environmental screening. Monotonic operation of the 
feedback D/A converter guarantees ~o miss~ng outpu~ codes. 
over temperature ranges of 0 to +70 C, -25 C to +85 C, and 
-55°C to +125°C. 

The design of the AD ADC841 AD ADC85 includes scaling 
resistors that provide analog input signal ranges of ±2.5, ±5, 
±10,0 to +5, or 0 to +10 volts. Adding flexibility and value 
are the +6.3V precision reference, which also can be used for 
external applications, and the input buffer amplifier. All digital 
signals are fully DTL and TTL compatible, and the data out
put is negative-true and available in either serial or parallel 
form. 

The AD ADC84/AD ADC85 series devices are available in two 
different performance grades. The devices are specified for 
either lO-bit accuracy (±0.048% FSR max) or 12-bit acCuracy 

Fast, Complete 
12-Bit AID. Converter 

AD ADC84/AD ADC85 I 
AD ADC84/AD ADC85 FUNCTIONAL BLOCK DIAGRAM 

BIT 12 
(lSB FOR 12 BITS) 

BIT 10 
Ilse FOR 10 BITSI 

~---+-+----t22 ~~MPARATOR 

CONVERT 
COMMAND 

(±0.012% FSR max) with 6~s, lOllS max conversion times 
respectively. 

The AD ADC84 and AD ADC85C specified for operation over 
the 0 to +70°C temperature range. The AD ADC85 and 
AD ADC85S are specified for the -25°C to +85°C, -55°C to 
+125°C ranges respectively. 

PRODUCT HIGHLIGHTS 
1. The AD ADC84/AD ADC85 series devices are complete 12-

bit AID converters. No external components are required 
to perform a conversion. 

2. The AD ADC84/AD ADC85 directly replaces other devices 
of this type with significant increases in performance. 

3. The fast conversion rate of the AD ADC84/AD ADC85 
makes it an excellent choice for applications requiring 
high system throughput rates. 

4. The internal buried zener reference is laser trimmed to 
6.3V ±0.1% and ±lOppm/C typical T.C. The reference 
is available externally and can provide up to 1mA. 

5. The integrated package construction provides high quality 
and reliability with small size and weight. 

6. The monolithic 12-bit feedback DAC is used for reduced 
chip count and higher reliability. 
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SPECIFICATIONS (typical @+25°C, ±15V and +5V unless otherwise noted) 

MODEL ADAD~84 ADADC85C ADADC85 ADADC8~S UNITS 

RESOLUTION 10/12 10/12 10112 10/12 Bils 

ANALOG INPUTS 
Voltage Ranges 

Bipolar ±2.5, ±5, ±1O Volts 
Unipolar o to +5, 0 to +10 Volts 

Impedance (Direct Input) 
OV to +5V, ±2.5V 2.5(±20%) kn 
OV to +10V, ±5V 5(±20%) kn 
±10V 10(±20%) kn 

Buffer Amplifierl 
Impedance (min) 100 Mn 
Bias Current 50 . nA 
Settling Time 

To 0.01% for 20V Stel! I:!s 
DIGIT AL INPUTS2 

Convert Command Positive Pulse SOns min Trailing 
Edge Initiates Conversion 

Logic Loading 1 TTL Load 

TRANSFER CHARACTERISTICS ERROR 
Gain Error3 ±0.1(±0.25% max) % 
Offset Erro~ Adjustable to Zero 

Unipolar ±0.05(±0.2% max) % of FSR4 

Bipolar5 ±0.1(±0.25% max) % of FSR 
Linearity Error (max)6 ±0.048/±0.012 % of FSR 
Inherent Quantization Error ±0.5 LSB 
Differential Linearity Error ±0.5, LSB 
No Missing Codes Temperature Range o to +70 o to +70 -25 to +85 -55 to +125 °c 
Power Supply Sensitivity 

% of FSR/%V ±15V ±0.004 
+5V ±0.001 %of FSR/%V 

DRIFT 
Specification Temperature Range o to +70 -25 to +85 -55 to +125 °c 
Gain (max) ±30 ±40/±25 ±20/±15 ±25 ppm/C 
Offset 

Unipolar ±3 ±5 max ppm/C 
Bipolar (max)5 ±15 ±20/±12 ±10/±7 ±10 ppm/C 

Linearity (max) ±3 ±3/±2 ppm/oC 
Monotonicity GUARANTEED 

CONVERSION SPEED (MAX) 6/10 /-IS 

DIGITAL OUTPUT 
(all codes complementary) 

Parallel 
Output Codes 7 

Unipolar CSB 
Bipolar COB,erC 

Output Drive 2 TTL Loads 
Serial Data Codes (NRZ) CSB, COB 

Output Drive 2 TTL Loads 
Status Logic "I" during Conversion 

Status Output Drive 2 TTL Loads 
Internal Clock 

Clock Output Drive 2 TTL Loads 
Frequency 1.9/1.22 MHz 

INTERNAL REFERENCE VOLTAGE 6.3/±15mV max Volts 
Max. External Current (with no 

degradation of specifications) 1.0 rnA 
Tempco of Drift, (max) ±20/max ±10 typ ±5 typ ±5 !lP ppm/C 

POWER REQUIREMENTS 
Rated Voltages +5, ±15 Volts 
Range for Rated Accuracy 4.75 to 5.25 and ±13.5 to ±16.5 Volts 
Z ModelsB 4.75 to 5.25 and ±11.4 to ±16.5 Volts 
Supply Drain +15V 25 max rnA 

-15V 30 max rnA 
+5V 100 max . rnA 

Total Power Dissipation 1100 max rnW 

TEMPERATURE RANGE 
Specification o to +70 -25 to +85 -55 to +125' °c 
Operating (Derated Specs) -25 to +85 -55 to +125 -55 to +125 °c 
Storase -55 to +125 °c 

PACKAGE Ceramic Hermetic Ceramic Hermetic Ceramic Hermetic Ceramic 

NOTES 
1 Buffer Settling time adds to conversion speed when buffer is connected to input. • Error shown is the same as ±1/2LSB max error in % of FSR. 
• DTL/TTL compatible Logic "0" • 0.8V max, Logic "1" • 2.0V min for 'See Table I. 

digital output, Logic "0". 0.4V max, Logic "1" = 2.4V min. aFor il2V operation add "z" to model number. Input range limited to a 
• Adjustable to zero. maximum of ±SV. 
• FSR means Full Scale Range. • Specifications same as AD ADC84. 
·Gu .... anteed at VIN - 0 volts. Specifications subject to change without notice. 
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Figure 3. Gain Drift Error (% FSR) vs. Temperature Figure 4. Conversion Speed vs. Control Voltage 

ORDERING GUIDE 

Temperature Gain Package 
Modell Linearity Range Package T. C.-ppmlC ' Outline2 

ADADC84-10 ±O.O48% o to +70
o

C Ceramic ±30 HY32F 
AD ADC84:I2 ±O.OI2% o to +70

o
C Ceramic ±30 HY32F 

AD ADC85C·1O ±O.O48% o to +70
o
C Hermetic Ceramic ±40 HY32F 

AD ADC85C·12 ±O.OI2% o to +70
o
C Hermetic Ceramic ±25 HY32F 

AD ADC85·10 ±O.O48% -25°C to +85°C Hermetic Ceramic ±20 HY32F 
AD ADC85·I2 ±O.OI2% -25°C to +85°C Hermetic Ceramic ±15 HY32F 
AD ADC85S·1O ±O.O48% -55°C to +125°C Hermetic Ceramic ±25 HY32F 
AD ADC85S·I2 ±O.OI2% -55°C to +125°C Hermetic Ceramic ±25 HY32F 

NOTES 
I For complete model number suffixes must be added for • Model Number 
"z" option (±12V operation),linearity and military •• "z" Version Designator 

Typical Part Numbers 
AD ADC84·12 

screening. The following guide shows the proper suffix order. • •• Linearity AD ADC85SZ·12 
AD ADC(O)(.o)-(oOO) 

• See Section 19 for package outline information. 
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The analog continuum is partitioned into 212 discrete ranges 
for 12-bit conversion. All analog values within a given quan
tum are represented by the same digital code, usually assigned 
to the nominal midrange value. There is an inherent quantiza
tion uncertainty of ±1!2LSB, associated with the resolution, 
in addition to the actual conversion errors. 

The actual conversion errors that are associated with AID 
converters are combinations of analog errors due to the linear 
circuitry, matching and tracking properties of the ladder and 
scaling networks, reference error and power supply rejection. 
The matching and tracking errors in the converter have been 
minimized by the use of a monolithic DAC that includes the 
scaling network. The initial gain and offset errors are specified 
at ±0.1 % FSR for gain and ±0.05% FSR for offset. These 
errors may be trimmed to zero by the use of the external trim 
circuits as shown in Figures 6 and 8. Linearity error is defined 
as the deviation from a true straight line transfer characteristic 
from a zero analog input which calls for a zero digital output 
to a point which is defined as full scale: The linearity error is 
unadjustable and is the most meaningful indicati6n of AID 
converter accuracy. Differential nonlinearity is a measure of 
the deviation in the staircase step width between codes from 
the ideal least significant bit step size (Figure 5). 

Monotonic behavior requires that the differential linearity 
error be less than lLSB, however a monotonic converter can 
have missing codes; the AD ADC84/AD ADC85 are specified 
as having no missing codes over the entire temperature range 
as specified on the data page. 

There are three types of drift error over temperature: offset, 
gain and linearity. Offset drift causes a shift of the transfer 
characteristic left or right over the operating temperature 
range. Gain drift causes a rotation of the transfer characteristic 
about the zero or minus full scale point. The worst case ac
curacy drift is the summation of all three drift errors over 
temperature. Statistically, however, the drift error behaves 
as the root-sum-squared (RSS) and can be shown as: 

CII 
-c o 
(.) 

OJ 
o 
(.) 

I 
I

EG = Gain Drift Error (ppm/C) 

EO = Offset Drift Error (ppm of FSR/oC) 

EL = Linearity Error (ppm of FSR/C) 

000 •.. 000 

~ 011 ... 111 +---/ J""-'---.~!-W! 
I
::J 
o 
...J 

~ 
(3 
c 

I 

+F~R -1LSB 

Figure 5. Transfer Characteristics for an Ideal Bipolar AID 
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OFFSET ADJUSTMENT 
The zero adjust circuit consists of a potentiometer connected 
across ±Vs with 'its slider connected through a 1.8Mn resistor 
to Comparator Input pin 22 for all ranges. As shown in Figure 
6 the tolerance of this fixed resistor is not critical, and a car
bon composition type is generally adequate. Using a carbon 
composition resistor having a -1200ppm/o C tempco contributes 
a worst-case offset tempco of sX 244X 10-6 X 1200ppm/oC = 
2.3ppm/oC of FSR, if the OFFSET AD) potentiometer is set 
at either end of its adjustment range. Since the maximum off
set adjustment required is typically no more than ±4LSB, use 
of a carbon composition offset summing resistor typically con
tributes no more than 1 ppm/oC of FSR offset temp co. 

+15V 

10kU 1.BMU 
TO 2-"If---'\I1I"V'"-{ 

100kU 

-15V 

AD ADC84/ 
AD ADC85 

Figure 6. Offset Adjustment Circuit 

An alternate offset adjust circuit, which contributes negli
gible offset temp co if metal film resistors (temp co <100 
ppm/oC) are used, is shown in Figure 7. 

+15V 

AD ADC84/ 
AD ADC85 

Figure 7. Low Tempco Zero Adjustment Circuit 

In either zero adjust circuit, the fixed resistor connected to 
pin 22 should be located close to this pin to keep the pin 
connection runs short (Comparator Input pin 22 is quite 
sensitive to external noise pick-up). 

GAIN ADJUSTMENT 
The gain adjust circuit consists of a potentiometer connected 
across ±Vs with its slider connected through a 10Mn resistor 
to the gain adjust pin 27 as shown in Figure 8. 

+15V 

10kU 10MU 
TO ~~~~~.-~ 

100kU 

-15V O.Ol"F 7 
AD ADC84/ 
AD ADC85 

Figure 8. Gain Adjustment Circuit 

An alternate gain adjust circuit which contributes negligible 
gain tempco if metal film resistors (Tempco < 10Oppm/o C) 
are used is shown in Figure 9 . 

+15V 

10kU 270kU M.F. 
TO >-~~~~~~~~~--~ 

100kU 

-15V 

AD ADC84/ 
AD ADC85 

Figure 9. Low Tempco Gain Adjustment Circuit 



Applying the AD ADC84/AD ADC85 
THEORY OF OPERATION 
On receipt of a CONVERT START command, the AD ADC841 
AD ADC85 converts the voltage as its analog input into an equiv
alent 12-bit binary number. This conversion is accomplished as 
follows: the 12-bit successive-approximation register (SAR) has 
its 12-bit outputs connected both to the device bit output pins 
and to the corresponding bit inputs of the feedback DAC. 

B12 are set unconditionally. At t1 the Bit 1 decision is made 
(keep) and Bit 2 is unconditionally reset. At t2, the Bit 2 
decision is made (keep) and Bit 3 is reset unconditionally. 
This sequence continues until the Bit 12 (LSB) decision (keep) 
is made at t12' After a 40ns delay period, the STATUS flag is 
reset, indicating that the conversion is complete and that the 
parallel output data is valid. Resetting the STATUS flag re
stores the gated clock inhibit signal, forcing the clock output 
to the Logic "0" state. 

The analog input is successively compared to the feedback 
DAC output, one bit at a time (MSB first, LSB last). The 
decision to keep or reject each bit is then made at the com
pletion of each bit comparison period, depending on the state 
of the comparator at that time. 

Corresponding serial and parallel data bits become valid on 
the same positive-going clock edge. Serial data does not change 
and is guaranteed valid on negative-going clock edges, however; 
serial data can be transferred quite simply by clocking it into 

TIMING 
The timing diagram is shown in Figure 10. Receipt of a CON
VERT START signal sets the STATUS flag, indicating conver
sion in progress. This, in turn, removes the inhibit applied to 
the gated clock, permitting it to run through 13 cycles. All the 
SAR parallel bits, STATUS flip-flops, and the gated clock 
inhibit signal are initialized on the trailing edge of the 
CONVERT START signal. At time to, B1 is reset and B2-

a receiving shift register on these edges (see Figure 10). 

Incorporation of this 40ns delay guarantees that the parallel 
(and serial) data are valid at the Logic" 1" to "0" transition 
of the STATUS flag, permitting parallel data transfer to be 
initiated by the trailing edge of the STATUS signal. 

CONVERT' 
START 

INTERNAL 
CLOCK 

STATUS 

MSB 

BIT 2 

BIT 3 

BIT4 

BIT 5 

BIT6 

BIT7 

BITS 

BIT9 

BIT '0 

BIT " 

LSB 

SERIAL 
DATA OUT 

..... f-------- MAXIMUM THROUGHPUT TIME -------~ 

1-"'11:----------' CONVERSION TIME (2) ------....;,.,.-1_1 

IT, IT2 IT3 IT4 IT5 IT6 IT7 

(3) * * * * * * 

= = = 1 "0" I I I I I I ===r-LJ",,, i I I I I 
:::J Lj"'" I I I I I ---J 1"0" r--
===J~------~~i"o~"~'I--'I~I--'1 ~~--~~r--

===J U",,, iii :==Jr--------------,L-j . .,.. I I 
::] LJ~"'''--:-I ---:-----'---:---
:::J 1"0" r-
:::J LJ "'" I I 
::=J~------------------------------~LJ~,,-,·-· ~I-------

::::::J "0" r-
:.~-=-~ 2 : 3 I 4 : 5 I 6 : 7 : S UU'O "~ff$& 

I ~" "'" "'" "0" "0," "'" "'" "'" "0" "'" "'" "0; I 
NOTES: 
,. THE CONVERT START PULSE WIDTH IS 50n5 MIN AND MUST REMAIN LOW DURING 

A CONVERSION. THE CONVERSION IS INITIATED BY THE "TRAILING EDGE" OF THE 
CONVERT COMMAND. 

2. 'OJ.l5 FOR '2 BITS AND 6J.l5 FOR '0 BITS (MAX). 
3. MSB DECISION 
4. LSB DECISION 40n5 PRIOR TO THE STATUS GOING LOW 

*BIT DECISIONS 

Figure 10. Timing Diagram (Binary Code 0 11 001110110) 
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DIGITAL OUTPUT DATA 
Both parallel and serial data from TTL storage registers are in 
negative true form. Parallel data output coding is complemen
tary binary for unipolar ranges and either complementary off
set binary or complementary two's complement binary, de
pending on whether BIT 1 (pin 12) or its logical inverse BIT 1 
(pin 13) is used as the MSB. Parallel data becomes valid approx
imately 40ns before the STATUS flag returns to Logic "0", 
permitting parallel data transfer to be clocked on the "1" to 
"0" tran.sition of the STATUS flag. 

Serial data coding is complementary binary for unipolar input 
ranges and complementary offset binary for bipolar input 
ranges. Serial output is by bit (MSB first, LSB last) in NRZ 
(non-return-to-zero) format. Serial and parallel data outputs 
change state on positive-going clock edges. Serial data is guaran
teed valid 200ns after the rising clock edges, permitting serial 
data to be clocked directly into a receiving register on the 
negative-going clock edges as shown in Figure 10. There are 13 
negative-going clock edges in the complete 12-bit conversion 
cycle, as shown in Figure 10. The first edge shifts an invalid bit 
into the register, which is shifted out on the 13th negative
going clock edge. All serial data bits will have been correctly 
transferred and be in the receiving shift register locations 
shown at the completion of the conversion period. 

Short Cycle Input: A Short Cycle Input, pin 14, permits the 
timing cycle shown in Figure 10 to be terminated after any 
number of desired bits has been converted, permitting some
what shorter conversion times in applica tions not requiring full 
12-bit resolution. When 12-bit resolution is required, pin 14 is 
connected to +5V (pin 16). When 10-bit resolution is desired, 
pin 14 is connected to Bit 11 output pin 2. The conversion 
cycle then terminates, and the STATUS flag resets after the 
Bit 10 decision (tlO +40ns in timing diagram of Figure 10). 
Short Cycle pin connections and associated maximum 12-, 10-
and 8-bit conversion times are summarized in Table I. 

Connect Short Connect Clock Maximum 
Cycle Pin 14 To Rate Control Resoluti~n Conversion Status Flag 

Pin~ Pin 17 To Bits (%FSR) Time (l1s) 

16 15 12 0.024 10 

2 16 10 0.100 6 
4 28 8 0.390 3.2 

Table I. Short Cycle Connections 

INPUT SCALING 

Reset 

tl2 +40ns 
tlO + 40ns 

t8 +40ns 

The AD ADC84/AD ADC85 inputs should be scaled as close 
to the maximum input signal range as possible in order to 
utilize the maximum signal resolution of the AID converter. 
Connect the input signal as shown in Table II. See Figure 11 
for circuit details. . 

~r 
29 -0\ 

30 + L 

TOSAR 

Bg'~~~ @~..-J611\~"'~~ ___ VREF 
COMPARATOR 

CAON:~g~~ 

Figure 11. AD ADC841AD A DC85 Input Scaling Circuit 

For Direct For Buffered 
Input Input Pin 30 

Input Connect Connect Connect Connect 
Signal Output Pin 23 Pin 25 Input Pin 29 
Range Code To Pin To Signal To To Pin 

±10V COB or CTC 22 Input Signal 25 25 

±5V COB or CTC 22 Open 24 24 

±2.5V COB or CTC 22 Pin 22 24 24 

OV to +5V CSB 26 Pin 22 24 24 

OV to +10V CSB 26 Open 24 24 

Table II. AD ADC841AD A DC85 Input Scaling Connections 

INPUT VOLTAGE RANGE AND LSB VALUES 

Analog Input 
Voltage Range ±lOV ±5V 

Code COB· COB· 
Designation or CTC·· or CTC·* 

One Least FSR 20V lOY 
Significant 2n zn zn 
Bit (LSB) n=8 78.13mV 39.06mV 

n= 10 19.53mV 9.77mV 
n = 12 4.88mV 2.44mV 

Transition Values 
MSB LSB 

000 ... 000* * ** +Full Scale +lOV -3/2LSB +5V -3/2LSB 
011 ... 111 Mid Scale 0 0 
111 ... 110 -Full Scale -lOY +1I2LSB -5V +1/2LSB 

NOTES 
·COB = Complementary Offset Binary 
• ·CTC = Complementary Two's com~ent-obtained by using the complement 

of the: most significant bit (MSB). MSB is available to pin 13. 
···CSB ,: Complementary Straight Binary . 
•• ··Voltages given are the nominal value for transition to the code specified. 

±2.5V 

COB* 
or CTC** 

2Y 
2n 

19.53mV 
4.88mV 
1.22mV 

+2.5V -·312LSB 
0 

-2.5V +1I2LSB 

Table III. Input_ Voltages and Code Definition 
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OV to +lOV OV to +5V 

CSB*·* CSB*· • 
lOV 5V zn 2n 

39.06mV 19.53mV 
9.77mV 4.88mV 
2.44mV 1.22mV 

+10V -312LSB +5V -3/2LSB 
+5V +2.5V 

0+ 1/2LSB o +1/2LSB 



NOTE, ANALOG (~) AND DIGITAL (*) GNDS -15V 
ARE NOT TIED INTERNALLY AND MUST BE 
CONNECTED EXTERNALLY, 

Figure 12. Analog and Power Connections for Unipolar 
o to +10V Input Range with Buffer Follower 

ANALOG (~) AND DIGITAL (*) GNDS -15V 
ARE NOT TIED INTERNALLY AND MUST BE 
CONNECTED EXTERNALLY, 

Figure 13. Analog and Power Connections for Bipolar -10V 
to + 10V Input Range with Buffer Follower 

CALIBRA nON 
External ZERO AD] and GAIN AD] potentiometers, con
nected as shown in Figures 12 and 13, are used for device 
calibration. To prevent interaction of these two adjustments, 
Zero is always adjusted first and then Gain. Zero is adjusted 
with the analog input near the most negative end of the analog 
range (0 for unipolar and -FS for bipolar input ranges). Gain 
is adjusted with the analog input near the most positive end of 
the analog range. 

o to +10V Range: Set analog input to +lLSB = +0.0024V. 
Adjust Zero for digital output = 111111111110. Zero is now 
calibrated. Set analog input to +FSR -2LSB = +9.9952V. 
Adjust Gain for 000000000001 digital output code; full
scale (Gain) is now calibrated. Half-scale calibration check: 
set analog input to +5.0000V; digital output code should be 
011111111111. 

-lOY to +IOV Range: Set analog input to -9.9951 V; adjust 
Zero for 111111111110 digital output (complementary offset 
binary) code. Set analog input to +9.9902V; adjust Gain for 
000000000001 digital output (complementary offset binary) 
code. Half-scale calibration check: set analog input to O.OOOOV; 
digital output (complementary offset binary) code should be 
0111111111111. 
Other Ranges: Representative digital coding for 0 to +10V and 
-10V to+1OV ranges is given above. Coding relationships and 
calibration points for 0 to +5V, -2.5V to +2.5V and -5V to 

+5V ranges can be found by halving the corresponding code 
equivalents listed for the 0 to +10V and-foV to +10V ranges, 
respectively. 

Zero and full-scale calibration can be accomplished to a pre
cision of approximately ±1/4LSB using the static adjustment 
procedure described above. By summing a small sine or tri
angular-wave voltage with the signal applied to the analog in
put, the output can be cycled through each of the calibration 
codes of interest 'to more accurately determine the center (or 
end points) of each discrete quantization level. A detailed 
description of this dynamic calibration technique is presented 
in "AID Conversion Notes", D. Sheingold, Analog Devices, 
Inc., 1977, Part II, Chapter 4. 

GROUNDING 
Many data-acquisition components have two or more ground 
pins which are not connected together within the device. These 
"grounds" are usually referred to as the Logic Power Return, 
Analog Common (Analog Power Return), and Analog Signal 
Ground. These grounds must be tied together at one point, 
usually at the system power-supply ground. Ideally, a single 
solid ground would be desirable. However, since current flows 
through the ground wires and etch stripes of the circuit cards, 
and since these paths have resistance and inductance, hundreds 
of millivolts can be generated between the system ground point III 
and the ground pin of the AD ADC84/AD ADC85. Separate I 
ground returns should be provided to minimize the current 
flow in the path from sensitive points to the system ground 
point. In this way supply currents and logic-gate return cur-
rents are not summed into the same return path as analog 
signals where they would cause measurement errors. 

Each of the AD ADC84/AD ADC85's supply terminals should 
be capacitively decoupled as close to the AD ADC841 
AD ADC85 as possible. A large value capacitor such as 11lF 
in parallel with a O.lIlF capacitor is usually sufficient. Analog 
supplies are bypassed to the Analog Power Return pin and the 
logic supply is bypassed to the Logic Power Return pin. 

CLOCK RATE CONTROL ALTERNATE CONNECTIONS 
If adjustment of the CLOCK RATE is desired for faster con
version speeds, the CLOCK RATE CONTROL may be con
nected to an external multi-tum trim potentiomer with a 
TCR of ±100ppm/C or less as shown in Figures 14 and 15. 
If the potentiometer is connected to -15V, conversion time 
can be increased as shown in Figure 10. If these adjustments 
are used, delete the connections shown in Table I for pin 17. 
See Figure 1 for nonlinearity error vs. conversion speed and 
Figure 4 for the effect of the control voltage on clock speed. 

-5V 

CLOCK i CLOCK 
RATE @-~--- 2kIl FREOUENCY 

CONTROL ADJUST 

(12,BIT RESOLUTION) 
RANGE Of ADJUSTMENT IS 10 TO 7.5~s 

Figure 14. 12-Bit Clock Rate Control Optional Fine Adjust 

+15V 

CLOCK i CLOCK 
RATE @----- 5kn FREQUENCY 

CONTROL ADJUST 

(8· OR lOBIT RESOLUTION) 
RANGE OF ADJUSTMENT IS 8 TO 4~s FOR 

lO·BIT AND 6.5 TO 3", FOR 8·BIT RESOLUTIONS 

Figure 15. 8-Bit Clock Rate Control Optional Fine Adjust 
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MICROPROCESSOR INTERFACING 
The lOps conversion time of the ADC84/ADC85 suggests 
several different methods of interface to microprocessors. In 
systems where the AD ADC841 AD ADC85 is used for high 
sampling rates on a single signal which is to be digitally pro
cessed, CPU-controlled conversion may be inefficient due to 
the slow cycle times of most microprocessors. It is generally 
preferable to perform conversions independently, inserting 
the resultant digital data directly into memory. This can be 
done using direct memory access (DMA) which is totally 
transparent to the CPU. Interface to user-designed DMA hard
ware is facilitated by the guaranteed data validity on the fall
ing edge of the EOC signal. 

Clearly, 12 bits of data must be broken up for interface to an 
8-bit wide data bus. There are two possible formats: right
justified and left-justified. In a right-justified system, the 
least-significant B bits occupy one byte and the four MSB's 
reside in the low nybble of another byte. This format is use
ful when the data from the ADC is being treated as a binary 
number between 0 and 409S. The left-justified format sup
plies the eight most-significant bits in one byte and the 
4LSB's in the high nybble of another byte. The data now re
presents the fractional binary number relating the analog 
signal tothe full-scale voltage. An advantage to this organiza
tion is that the most-significant eight bits can be read by the 
processor as a coarse indication of the true signal value. The 
full 12-bit word can then be read only when all 12 bits are 
needed. This allows faster and more efficient control of a 
process. 

Figure 7 shows a typical connection to an BOBS-type bus, using 
a left-justified data format for unipolar inputs. Status 
polling is optional, and can be read simultaneously with the 
4LSBs. If it is desired to right-justify the data, pins 1 through 
12 of the AD ADCB4/AD ADCB5 should be reversed, as well 
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I. 

ANAl_DC 
INPUT 

0-10V 

START 
ADDRESS 

(ACTIVE LOW) 

HIGH BYTE 
ADDRESS 

(ACTIVE LOW) 

RD 

LOW BYTE 
ADDRESS 

(ACTIVE LOW) 

30 

+15V -15V 

AD ADC841 
AD ADC85 

74LS244 

1-"---+-~I-----~>-+-+-t-1>---AD6 

1----+---1I--~ >-+--+-+-!-+-__ AD4 

13 

17 
1----1---+--1 >-!-;~-+-+-+_ ADO 

18 

14 

12 

3 

(OPTIONAL) 

74LS244 

Figure 16. AD ADC84/ADC85-8085A Interface Connection 

as the connections to the data bus and high and low byte 
address signals. 

When dealing with bipolar inputs (±SV, ±IOV ranges), using 
the MSB directly yields a complementary offset binary-coded 
output. If complementary two's complement coding is desired, 
it can be produced by substituting MSB (pin 13) for the MSB. 
This facilitates arithmetic operations which are subsequently 
performed on the ADC output data. 
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WDEVICES 

FEATURES 
10-Bit Resolution 
800ns Conversion Time 
Six Input Ranges 
Unipolar and Bipolar Operation 

APPLICATIONS 
Data Acquisition Systems 
Radar Systems 
Analytical Instruments 
Real-Time Waveform Analysis 

GENERAL DESCRIPTION 
The AD ADC-SI6 AID Converter is an ultra high speed successive 
approximation converter capable of 10 bits of resolution with a 
conversion time of only SOOns. 

It is a thin-fUm hybrid, packaged in a 32-pin DIP. Three different 
models offer temperature ranges of 0 to + 70°C, - 25°C to + 85°C, 
and - 55°C to + 125°C. 

The design offers the user flexibility in both input and output 
configurations. Six different analog inputs are available with 
strap options: OV to -SV; OV to -lOY; OV to -20V; ±2.SV; 
± SV; and ± lOY. Output data are available in either serial or 
parallel format, also with external connections. 

The AD ADC-SI6 can be incorporated into a wide variety9( 
circuit and system applications with a minimunl of external 
components and design effort. When used withtht;HTC-0300~ 
HTC-0300A, HTC-OSOO, or other Analog Devices' high-per-' ~ 
formance track-and-hold units, the ADADC~816 Alp cani>ea: 
cost-effective solution for a broad range of digitizIDg problems. 

Model number suffixes designate the various temPerature ranges. 
The AD ADC-SI6KD operates over a range of 0 to + 70°C; the 
AD ADC-816BD is for - 25°C to + 85°C; and the AD ADC-SI6SD 
is for use in operating environments between - 55°C and 
+ 125°C. 

Ultra High Speed 
10-Bit AID Converters 

AD ADC-816 I 
AD ADC-816 FUNCTIONAL BLOCK DIAGRAM 

-10V REF - 1SV REF - 10V REF POWER 
OUT IN IN GROUND 

COMPARATOR GND ENCODE COMMAND 

PIN DESIGNATIONS 

PIN FUNCTION PIN FUNCTION 
POWER GROUND 17 +5VPOWER 
-IOV REFERENCE OUT 18 MSB{BITtI 
-15V REFERENCE IN 19 MSB{BITtI 
-15VPOWER 20 BIT2 
-IOVREFERENCEIN 21 BITJ 
SIGNAL GROUND 22 BIT4 
COMPARATOR GROUND 23 BIT5 
IlIPOLAIUNPUT 24 BIT6 
~ av ANALOG INPUT 25 BIT7 

10 -IOVANALOG INPUT 26 BITS 
II - 20V ANALOG INPUT 27 BIT9 
12 +ISVPOWER 28 LSB{BITtOI 
13 NC 29 SERIAL DATA OUT 
14 NC 30 CLOCK OUTPUT 

" .. 15 NC 31 ENCODE COMMAND 
16 NC 32 DAfAREADY OUTPUT 

POWER GROUND (PIN II. SIGNAL GROUND {PIN 61. AND 
COMPARATOR GROUND {PIN 71 MUST BE CONNECTED TO-
GETHER AND TO LOW-IM~EDANCE GROUND FOR PROPER 
OPERATION. MAKE CONNECTIONS AS CLOSE TO DEVICE 
AS POSSIBLE. 
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SPECIRCATIONS 
Parameter Ullib ADADC-S16KD ADADC-S16BD NOTES 

RESOLtmON 
(FS = Full Scale) I 

LSBWEIGHT 
5V/IOV/20V pop FS 

ACCURACY 
Nonlinearity 
Differential Nonlinearityl 
Monotonicity 

DYNAMIC CHARACTERISTICS 
Conversion Time 
Conversion Rate 

ANALOG INPUT 
Voltage Ran£CS 

UnipoJarl 
Bipolar 
Reference 

Pin 5 
Impedance 

Unipolar 5V Input 
Unipolar 10V Input 
Unipolar 20V Input 
Bipolar Input 
Reference 

Zero Error Before Adjustment 
Unipolar 

Offset Error Before Adjustment 
Bipolar 

Gain Error Before Adjustment 
UnipolarlBipolar 

Reference Output Tempco 

ENCODE COMMAND INPur 
Logic Levels, 

ITL-Compatible 
Loading 
Rise and Fall Times 
Width 
Frequency 

DIGITAL OUTPUT 
Parallel 

@Pins 19-28 + Pin 18 
Time Skew 
Fonnat 

Series 
@Pin29 
Timing 

Fonnat 
Coding' 

Unipolar Input 
Bipolar Input 

2's Complement (2SC)" 
Logic Levels, 

ITL-Compatible 
Loading 

CLOCK OUTPUT 
Fonnat 
Amplitude 

Minimum 
Maximum 

Width 
Frequency 

REFERENCEOUTPUT7 

Voltage 
Current (sink only) 
Impedance 

DATA READY OUTPUT 
Signal Status 

Logic Levels, 
ITL-Compatible 

Loading 
Rise and Fall Times 

POWERREQUJREMENTS· 
+ 15V ±0.5%(Pin 12,Power) 
-15V ±3%(Pin4,Power) 
-15V ±3%(Pin3,Reference) 
+5V ±5%(Pin 17) 
Power Consumption 
Power Supply Rejection Ratio 

(PSSR) for Rated Supplies 

TEMPERATURERANGE9 

Operating 
Storage 

PACKAGEOPTION" 

Bits 10 
%FS 0.1 

mV 4.8819.76119.53 

LSB,max ±1I2 
LSB, Max ±1/2 

Guaranteed 

ns,maxz 800 
MHz 1.25 

V,p-pFS 5,IO,or20 
V,p-pFS ± 2.5, 5, or 10 

V (max) - 1O(±0.5) 

0 250 
0 500 
0 1000 
0 1000 
0 2000 

%ofFS 0.2 

%ofFS 0.1 

%ofFS 0.3/0.2 
ppntrCmax ±20 

V (max) "0"= +0.4( +0.8) 
V,min(max) "1"= +2.0(+5.5) 
ITLLoads 1 

10 
ns,min 50 
MHz 1.25 

Bits II (10 + MSB) 
ns,max 5 
Non-Retum·to-Zero (NRZ) 

Bits II (10 + MSB) 
Successive decision pulses with MSB 
(or MSB) first; at internal clock frequency • 
Non·Retum-to-Zero (NRZ) 

Binary (BIN) 
Offset Binary (OBN) or 

V,mu "0"= +0.4 
V,min "1"= +2.4 
ITLLoads 2 

Series Train 

V 
V +5 
ns 30 
MHz 14.3 

V (max) 1O(±0.02) 
rnA Oto +20 
Ohms, max 10 

Logic u 1" during reset and conversion 
Logic "0" when conversion is complete 
V,max "0"= +0.4 
V,min "1"= +2.4 
ITLLoads 4 
nS,max 5 

rnA,max 
mA,max 
rnA,max 
rnA,max 
W,max 

%/% 

'C 
'C 

105 
25 
35 
180 
3.4 

Infinite 

Oto +70 
-65to + 125 

HY32A 

-25to +8510 
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ITested over full rated opc:nting temperature nDgc. 
'M ... UJ<d from \elding edll" Encode Command 10 uailing edge Da .. 
Ready; use trailing edge to strobe outpUt dati into external circuits. 

'Bipolar inpul (Pin 8) musl be tied 10 .round. 
"Logic "'" resets convener; logic '10" initiates convenion. 
:JAil codin, is inverted analoa. I 

'Two's Complement available for parallel output only. 
'To use intemal reference, coMect -IIV REFERENCE IN (Pin 3) to 
-IIV POWER (Pin 4); and -IOV REFERENCE OUT (Pin 2) to 
-IOV REFERENCE IN (Pin 5). To uae eltemal reference, \eave 
Pins 2 and 3 open or groundedi connect external reference to Pin 5. 
IC Pin 3 is left dilCOMected or grounded, internal reference is disabled 
and powcr decreases approximately 200mW. 

IBypass power supplies with t..,F electrolytic C8paciton IS close to 
supply pins I. possible. 

'Maximum junction temperature is + 15O"C. At temperatures above 
+ 7O"C, cooling air It ntc of 70 Linear Feet Pcr Minute (LFPM) is 
required. 

lOAD ADC.816SD operating temperature - II"'C 10 + 125"'C. 
IlSee Section 19 (or package outline information. 
*Specifications wnc as AD AIX::'S16KD. 

Specifications subject to change without notice . 

ABSOLUTE MAXIMUM RATINGS 

Positive Supply (Pin 12) ••• 
Negative Supply (Pins 3 & 4) 
Logie Supply (Pin 17) 
Logie Inputs 
Analog Inputs . . . . 

+ 16V de 
-16V de 

. +7V de 

. +7V de 
± 2 x Seleeted Analog 

Input Range 
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FEATURES 
Conversion Times as Low as 1.2~s 
Resolution: 8, 10 and 12 Bits 
Exceptional Accuracy, 0.012"10 of F.S. 
Low Power 
Contained in Glass or Metal 32·Pin DIP 
Adjustment·Free Operation 

APPLICATIONS 
Waveform Analysis 
Fast Fourier Transforms 
Radar 

GENERAL DESCRIPTION 
With a typical conversion time of only 2.2~s for complete 12-
bit conversion, the Analog Devices' HAS series hybrid AID con
verters are among the fastest, smallest, most complete successive
approximation AID's available. Housed in 32-pin DIP packages, 
these converters feature laser trimming for accuracy and line
arity surpassing the best modular competitive AID's. This 
series offers a unique combination of flexibility and simpli
city which allows them to be used as stand-alone AID con
verters requiring no additional external potentiometers and 
needing only an analog inpu t signal and encode command 
for operation. 

The HAS-1202 AID features an accuracy of 0.012% and when 
combined with an HTC-0300 track-and-hold, forms an AID 
conversion system capable of up to 350kHz sampling rates. 

The HAS series AID's are ideally suited for applications re
quiring excellent performance characteristics, small size, low 
power consumption and adjustment-free operation. Some of 
these applications include radar, PCM, data-acquisition, and 
digital-signal-processing systems where FFT's and other digital 
processing techniques are to be performed on analog input 
data. 

Ultra-Fast Hybrid 
Analog-to-Digital Converters 

HAS-0802/1002/1202 I 
HAS-0802/1002/1202 FUNCTIONAL BLOCK DIAGRAM 

OIA OUT o--t---==:=----i 

BIPOLAR 
OFFSET 

COM:;:'~~ TOR o---t--~ 

AINN~~~G O--+--~---f 

OIA IN 

DIGITAL 
GROUN~ 

ENCORE 
COMMAND 

DATA READY 

BIT 1 
6 IMSSI 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Bl'r 12 
IlSSI 

1. FUNCTIONAL CONFIGURATION SHOWN IS FOR THE HAS-l202. • 
FOR THE HAS-l002 PINS 15 AND 16 ARE NOT CONNECTED IN· I 
TERNALl Y. FOR HAS-0802 PINS 13. '4. 15 AND 16 ARE NOT OON· 
NECTED INTERNALLY. 

2. FOR BIPOLAR OPERATION, CONNECT PINS 21. 22 AND 29. 
FOR UNIPOLAR OPERATION,CONNECT PIN 21 TO PIN 22 
AND GROUND PIN 29. 

Extreme care in circuit layout should be exercised when using 
these hybrids in order to obtain rated performance. In partic
ular, input and output runs should be as short as possible, a 
ground plane should be used to tie all ground pins together. 
and power supplies should be bypassed as close to the hybrid 
circuit power supply pins as possible. Do not allow input or 
other analog signal lines to be in close proximity to or cross 
over any digital output line. 

ANALOG-TO-DIGITAL CONVERTERS VOL. I, 10-201 



SPECIFICATIONS (typical @+25°C with no'minal voltages unless otherwise noted) 

MODEL 

RESOLUTION 
LSB Weight 

RELATIVE ACCURACY (INCLUDING LINEARITY) 
Quantization Error 

LINEARITY VS. TEMPERATURE 

INPUT OFFSET VOLTAGE 
Initial (Trimmable to Zero) 
Zero Offset vs. Temperature 
Bipolar Offset vs. Temperature 

GAIN ERROR 
Initial (Trimmable to Zero) 
Gain vs. Temperature 

INPUT 
Ranges (Full Scale) 

"Built-In" Standard Unipolar 
Bipolar 

Resistor Programmable (See Figure 3) 
Impedance 
Ovcrvoltage 

CONVERSION TIME (COMPLETE CYCLE TIME) 

CONVERSION RATE 

ENCODE COMMAND - TTL LOGIC INPUT 
Logic Levels (Positive Logic) 
Function l 

Loading 

Pulse Width 
Repetition Rate 

LOGIC OUTPUTS 
Data Ready (DR) 

Function 

Timing 
Loading 
Parallel Data 

Fonnat 

Logic Levels 

Loading 

Coding2 

POWER REQUIREMENTS 
+14.5V to +15.5V (+18V Absolute Max) 
-14.5V to -15.5V (-18V Absolute Max) 
+4.75V to +5.25V (+7V Absolute Max) 

TEMPERATURE RANGE 
Operating (Case) 
Storage 

PACKAGE OPTION3 

NOTES 
I After convener is reset, all other logic signals, including 
clock, are internally generated. 

'When HAS series AID's are used with HTC'{)300 track/hold, 
output coding is complementary binary (CBN) for unipolar 
inputs and complementary offset binary (COB) for bipolar 
inputs (see Table I). 

'See Section 19 for package outline information. 

'Specifications same as model HAS'{)802. 
Specifications subject to change without notice. 

UNITS 

BITS 
% Full Scale 
mV 

% Full Scale 
LSB 

ppmfC 

HAS-0802 HAS-100l HAS-1202 

8 10 12 
0.4 0.1 0.025 
40 10 2.5 

0.05 0.025 0.012 
±1I2 

(No Missing Codes over Temperature Range) 

10 
15 
100 

% Full Scale 0.1 
ppmfC 30 

V ±0.1% 
V ±0.05% 
V,Oto: 
Umin 
V 

+10.24 
±5.12 
+5, +7.5, +15, +20, ±2.5, ±3.75, ±7.5, ±10 

1000 • • 
Two Times Full Scale + or -

ps max (typ) 1.5 (1.2) 1.7 (1.4) 2.8 (2.2) 

kHz max 

V 

nsmin 

rnA 
rnA 
rnA 

667 588 357 

"0" = 0 to +0.4, "1" = +2 to +5 
Logic "I" Resets Converter 
Logic "0" Starts Conversion 
1 Standard TTL Load: 

"0" = -1.6mA, max 
"I" = 40pA, max 

100 • 
o to Maximum Conversion Rate 

Signals conversion is complete when low. 
After DR goes low, data is valid. A new con
version may be initiated at this time. DR may 
be used to strobe data into external register if 
adequate register setup time is allowed. 
See Figure 1 
5 Standard TTL Loads, max 

8-, 10-, or 12-bits parallel data. Valid from time 
DR output goes low until 20ns after receipt of next 
encode command. 
TTL Compatible: 

"0" = OV to +O.4V 
"I" = +2.4V to +5V 

Will drive up to 5 Standard TTL Loads or 2 TTL 
"S" or "H" Loads. 
Offset Binary (BIN) for Unipolar Inputs: 

+10.24V= 1111 .... 1 
OV = 0000 .... 0 

Offset Binary (OBN) for Bipolar Inputs: 

40 
15 
200 

+5.12V = 1111 .... 1 
OV = 0 111 .... 1 

-5.12V = 0000 .... 0 

°c 0 to +70 
°c -55 to +125 

HY32A (ceramic package) HY32C (metal package) 

VOL I, 10-202 ANALOG-TO-DIGITAL CONVERTERS 



~----------------~I 
Table I. Output Coding * 

SCALE INPUT OF HTC-0300 INPUT OF HAS-1202 

UNIPOLAR OPERATION 
FS-ILSB -10.2375V +10.2375V 
3/4 FS - 7.6800V + 7.6800V 
112 FS - 5.1200V + 5.1200V 
114 FS - 2.5600V + 2.5600V 
+lLSB - 0.0025V + 0.0025V 
0 O.OOOOV O.OOOOV 

BIPOLAR OPERATION 
+FS-1LSB - 5.1175V + 5.1175V 
0 O.OOOOV O.OOOOV 
-FS+1LSB + 5.1175V - 5.1175V 
-FS + 5.1200V - 5.1200V 

·Coding and input levels shown are for HAS-1202. For 8- and 10-bit 
AID's the input levels are less by the values of the LSB weight for 
each type, and the digital output will show only 8 or 10 bits, respectively. 

PIN DESIGNATIONS 

HAS-1202* 

PIN FUNCTION 
1,30 DIGITAL GROUND 
2,27,31 +5V 
3 DATA READY 
4 +15V 
5 BIT 1 OUTPUT (MSB) 
6 BIT 2 OUTPUT 
7 BIT 3 OUTPUT 
8 BIT 4 OUTPUT 
9 BIT 5 OUTPUT 

10 BIT 6 OUTPUT 
11 BIT 7 OUTPUT 
12 BIT 8 OUTPUT 
13 BIT 9 OUTPUT 
14 BIT 10 OUTPUT 
15 BIT 11 OUTPUT 
16 BIT 12 OUTPUT (LSB) 
17, 18, 19 ANALOG GROUND 
20,23,24 ANALOG GROUND 
21 D/A OUT 
22 D/A IN 
25 COMP INPUT 
26 ANALOG INPUT 
28 -15V 
29 BIPOLAR OFFSET 
32 ENCODE COMMAND 

*HAS-1002, PINS 15 AND 16 ARE NOT 
CONNECTED INTERNALLY. 
HAS-0802, PINS 13. 14. 15 AND 16 
ARE NOT CONNECTED INTERNALLY. 

DIGITAL OUTPUT 

111111111111 
110000000000 
100000000000 
010000000000 
000000000001 
000000000000 

111111111111 
100000000000 
000000000001 
000000000000 
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ENCODE __ --.n 
COMMA~ ,-- 150ns 

I ,~-------------------------------
I I 
I I 

DATA 60ns --: I .1 2.B/ls (MAX)-----.... L 
READY ::...:....u: 

:--: 1 __ 150ns : 
I I I I 

BIT 1 ~: r--fI : 
(MSB)..6.J: I I 

I I I 

: : : 
BIT 12 ~ I. 2.65/ls (MAX) R 
(LSB) ~ I IL--

TIMING SHOWN FOR HAS-1202. TIMING IS SIMILAR FOR HAS-1002 AND 
HAS-OB02 EXCEPT LSB IS BIT 10 AND B. RESPECTIVELY. AND TOTAL 
TYPICAL CONVERSION TIME IS 1.4/ls AND 1.2J.ls. RESPECTIVELY. 

Figure 1. Timing Diagram (Typical) 

FS ADJUST 
son 

STANDARD 
+10.24V 

INPUT 

---n---
OPTIONAL a TO+l0.000 ±2% 

RANGE WITH 
GAIN ADJUSTMENTS 

26 

17 

1B 

19 

20 

23 

24 

GND 29 FOR fJ- "'---1 29 
UNIPOLAR RANGES OR 
UNGND 29 AND TIE TO 

21 FOR BIPOLAR INPUTS 

NOTES: 

+15V 

150kn 
22 

"'--4t---4 21 
OPTIONAL OFFSET ADJ 

-15V 

HAS-OB02 
HAS-l002 
HAS-1202 

1. THIS CIRCUIT SHOWN FOR UNIPOLAR (0 TO +10.24V) 
INPUT. OV INPUT = OOOOOOOOOOOO;+10.24INPUT = 
111111111111. 

2. FOR BIPOLAR (±5.12V) INPUT. UNGROUND PIN 29 AND 
CONNECT PIN 29 TO PIN 21. 

3. FOR EXTRA-PRECISE GAIN (FULL-SCALE) ADJUSTMENT. 
CONNECT A 50n VARIABLE RESISTANCE IN SERIES WITH 
PIN 26 OF HAS-1202. THIS WILL RESULT IN 0 TO +10.000V 
INPUT WITH ADJUSTMENT RANGE OF ±2% OF FULL SCALE. 

4. FOR EXTRA-PRECISE ZERO OFFSET ADJUSTMENT. CONNECT 
150k RESISTOR FROM PIN 21 TO THE TAP OF A 10k POTEN
TIOMETER. END TERMINATIONS OF POTENTIOMETER CONNECT 
TO +15V AND -15V. THIS ZERO OFFSET ADJUSTMENT WILL 
HAVE A RANGE OF APPROXIMATELY ±100mV. 

Figure 2_ Input Connections For Standard Input Ranges 
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ABSOLUTE 
MAXIMUM 

INPUT RANGE Rl R2 ZIN SIGNAL 

o to +5V, ±2.5V SHORT 800 500 ±10V 
o to +7.5V, ±3.75V SHORT 2500 750 ±15V 
o to +15V, ±7.5V 500 OPEN 1500 ±30V 
o to +20V, ±lOV 1000 OPEN 2000 ±40V 

Input Connections For Optional Input Ranges 

ANALOG 
SIGNAL - Rl 

OPTIONAL FS 
FINE ADJ 

.-

U 
50n 

~ 

R2 

26 

HAS-0802 
HAS-l002 
HAS-1202 

25 

Figure 3. Full Scale Trim 

APPLICATION CIRCUIT 

--+------4~------4~---- +15V 
--+--'---I-~P----I-"""--- -15V 
-~-+--4~~-~~--4~~---r-,--+5V 

28 2.27.31 

ANALOG 

o T~N~~0~24V HTC-0300 
13 T~~gK 21 t-----4~----I 17. 18. 19.20 

HOLD 23.24 

HAS-1202 
AID 10 

29 CONVERTER 11 

30 

12 
13 
14 
15 
16 

DR 
BIT 1 (MSBI 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

BIT 12(LSB) 

Figure 4. DC to 350kHz, 12-Bit, AID Conversion System 

ORDERING INFORMATION 
Order model number HAS-0802, HAS-1002, or HAS-1202 for 
8-, 10-, or 12-bit operation, respectively. Mating connector for 
the HAS series AID's is model number HSA-2. Metal cased ver
sions of this AID with extended operating temperature range 
are also available. Consult the factory or nearest Analog 
Devices' sales office for further information. 
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FEATURES 
12-Bit Resolution 
1 MHz Word Rate 
T/H and Timing Circuits Included 
Single Hybrid Package 

APPLICATIONS 
Radar Systems 
Medical Instrumentation 
Electro-Optics Systems 
Test Systems 

GENERAL DESCRIPTION 
Resolution and speed are combined in a single hybrid package 
with the HAS-1201 AID converter. This is a complete 12-bit, 
IMHz unit which includes a track-and-hold and timing circuits. 
It's a total solution for the system designer who needs to perform 
the entire analog-to-digital conversion function in the smallest 
possible space. 

This remarkable converter is the complete answer to the question 
of digitizing analog signals into high-resolution data olltputs'and\ 
doing it in the most cost-effective way. The HAS':'1201is$e' ' 
ideal choice for the designer who needs state-of7th~:-artperforInance, 
in high-resolution, high speed AID conversion., " . . 

12-Bit,lMHz 
Analog-to-Digital Converter 

HAS-1201 I 
HAS-1201 FUNCTIONAL BLOCK DIAGRAM 

All digital inputs and the three-state digital output are TTL 
compatible .. ,An. al ... og input impedance is 1,000 or 2,000 ohms and~ 
the unit can operate with SV or 10V bipolar or unipolar ranges. _ 
The user needs to supply only an encode command and external 
power supplies for operation. 
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S PEe I Fie AT ION S (typical @ + 250C with nominal power supplies unless othelWise noted) 

Parameter 

RESOLUTION (FS = Full Scale) 

ACCURACY 
Gain 
Offset 
Linearity @ de 
Monotonicity 
Gain vs. Temperature 
Offset vs. Temperature 

DYNAMIC CHARACTERISTICS 
In-Band Harmonics I 

(de to 100kHz) 
Conversion Rate 
Aperture Time (Delay) 
Signal to Noise Ratio (SNR)2 
Signal to Noise Ratio (SNR); 
Transient Response· 
Input Bandwidth 

Small Signal, 3dBs 

Large Signal, 3dB6 

ANALOG INPUT 
Voltage Ranges 
Impedance 
Offset7 

Initial 
Input Type 

ENCODECOMMANDINPUT8 

Logic Levels, TTL-Compatible 

Impedance 
Rise and Fall Times 

Width 
Min 
Max 

Frequency 

DIGITAL OUTPUT 
Format 
Logic Levels, TTL-Compatible 

Drive 
Coding 

POWER REQUIREMENTS 
+15V ±3% 
.-15V ±3% 
+5V ±5% 
-5.2V +5% 
Power Consumption 

TEMPERATURE RANGE9 

Operating 
Storage 

PACKAGE OPTION10 

NOTES 

Units 

Bits (%FS) 

%FS 
%FS 
%FS ±1/2LSB 
°c 
%ofFSrC 
% of FSrC 

dB below FS 
MHz, max 
ns 
dB (min) 
dB (min) 
ns(max) 

kHz 
kHz 

V,p-pFS 
n 

mV(max) 

V 
V 
TTL Loads 
nS,max 

ns 
ns 
MHz, max 

Bits 
V 
V 
TTL Loads 

mA(max) 
mA(max) 
mA(max) 
mA(max) 
W(max) 

°C 
°C 

HY46A 

HAS·1201SM 

12(0.025) I 

±1.5 
±1.0 
0.0125 
Guaranteed - 25 to + 85 
0.005 
0.01 

80 
1.05 
30 
68(65) 
77(74) 
500(1000) 

3000 
500 

5.0/10.0 
1000/2000 

2.0(10) 
Bipolar or Unipolar 

"O"=Oto +0.4 
"I":: +2.4to +5 
2 
25 

50 
Time Period - SOns 
1.05 

12 Parallel; 3-State; NRZ 
"O"=Oto +0.4 
"1"= +2.4to +5 
I 
Straight Binary (BIN) 
Offset Binaty (OBN) 
2's Complement (2SC) 

60(70) 
65(80) 
180(220) 
30(35) 
3.0(3.5) 

-25to +85 
-55to+150 

'In-Band Harmonics expressed in terms of spurious in-band signals generated at IMHz encode rate at aruolog inputs shown in ( ). 
'RMS signa! to rms noise ratio with 100kHz analog input. 
'Peak-to-peak signal to rms noise ratio with 100kHz analog input. 
'For full-scale step input, 12-bit accuracy attained in specified time. 
'With analog input 40dB below FS. 
"With FS analog input. (Large-signal bandwidth flat within O.SdB, de to 100kHz). 
7 Externally adjustable to zero. 
8Transition from digital "0" to digital "1" initiates encoding. 
'Case Temperature. 

IOSee Section 19 for package outline information. 

Specifications subject to change without notice. 
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HAS-120l PIN DESIGNATIONS 

PIN FUNCTION PIN FUNCTION 

1 +5V 24 GROUND 

2 GROUND 25 GROUND 

3 ENCODE COMMAND 26 GROUND 
4 GROUND 27 GROUND 
5 GROUND 28 GRClUND 

6 DO NOT CONNECT" 29 GROUND 

7 GROUND 30 GROUND 

8 GROUND 31 +15V 
9 +5V 32 +15V 

10 ENABLE 33 NO CONNECTION 
11 BIT1IMSB) 34 NO CONNECTION 

12 BITlIMSB) 35 -15V 

13 BIT2 36 GROUND 
14 BIT3 37 DO NOT CONNECT" 
15 BIT4 38 OFFSET 
16 BIT5 39 10V RANGE IN 
17 BIT6 40 5V RANGE IN 
18 BIT7 41 GROUND 

19 BITS 42 -5.2V 

20 BIT9 43 UNIPOLAR NEGATIVE 
21 BIT10 44 UNIPOLAR POSITIVE 

22 BIT11 45 -15V 

23 BIT12ILSB) 46 +5V 

NOTE: 
PINS 2.4. 5. 7,8.24-30,36and41 NEEDTO BE CONNECTED 
TOGETHER AND TO GROUND AS CLOSE TO CASE AS 
POSSIBLE. 
"FOR FACTORY USE ONLY. 
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14-Bit, 125kHz 
Analog-to-Digital Converter 

HAS-1409 I 
FEATURES HAS-1409 FUNCTIONAL BLOCK DIAGRAM 
14-Bit Resolution 
125kHz Word Rates 
Internal Track-and-Hold 
40-Pin DIP 

APPLICATIONS 
FDMfTDM Transmultiplexers 
CAT/NMR Scanners 
PCM Systems 
Digital Audio 
General Instrumentation 

GENERAL DESCRIPTION 

EXTERNAL 
CLOCK 

The HAS-I409KM, HAS-I409LM, and HAS-I409AKM hybrid 
AID converters' offer designers performance characteristics which 
have never before been available. 

Now, for the first time, high resolution and high speed come 
together in a hybrid package which includes an internal track-and
hold. The HAS-1409 units have resolutions of 14 bits, are capable 
of word rates up to 125kHz, and are complete with track-and-hold; 
all of these features are housed in a single 4O-pin DIP package 
which dissipates only two watts. 

The HAS-I409KM and HAS-I409LM both include internal 
clocks, which allow the converters to be operated at any word 
rate from dc through 120kHz; the HAS-I409AKM is designed 
for applications which use an external system clock whose fre
quency establishes the user's optimum word rate, up to 
125kHz. 

The HAS-I409 AID has been characterized with a companion 
D/A converter, the HDD-1409KM, to emphasize the superior 
ac performance needed for use in Frequency Division Multiplex! 
Time Division Multiplex (FDMlTDM) transmultiplexer systems. 
Although specifically designed for these kinds of applications, it 
can also be used for other digital signal processing such as Computer 
Aided Tomography (CAT) and Nuclear Magnetic Resonance 
(NMR) scanners, and'Pulse Code Modulation (PCM). 

Conventional data converters often display errors at midscale 
which make them inadequate for use in the types of systems 
cited above. The unique Digitally Corrected Subranging technique 
pioneered by Analog Devices, used with other proprietary tech
niques, virtually cancels midscale errors in the HAS-I409, thereby 
eliminating a major source of system errors. 

- ------ -----, 

86.5kHz 91kHz 

10dBIdiv Vertical; SkHzldiv Horizontal 
Spectrum analyzer shows extremely low 

intermodulation (1M) products of 
back-to-back HAS-1409 AID and HDD-1409 DIA 

I 
I 

14-BIT 
DATA 

OUTPUT 

-20dB II!I 

-lOOdB 

The logic outputs are TIL-compatible and are presented as 14 
bits of parallel data. Buffer output registers and a 3-state format 
provide dual advantages of good drive and bus compatibility. 
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S PEe I Fie AT ION S (typical @ + 25°C with nomin~1 power supplies unless otherwise noted) 

Model Units HAS·I409KM HAS·l409AKM HAS·l409LM 

RESOLUTION (FS = Full Scale) Bits (%FS) 14 (0'()06) 

LSBWEIGHT !LV 610 or 1221, depending on input range 

ACCURACY 
Linearity @ dc 
Monotonicity 
Nonlinearity vs. Temperature 
Gain Error 
Gain vs. Temperature 

DYNAMIC CHARACTERISTICS' 
Harmonics2 

Intermodulation Products2 

Conversion Rate 
Aperture Time (Delay) 
Signal to Noise Ratio (SNR)' 
Noise Power Ratio (NPR)5 
Transient Response" 
Overvoltage Recovery 
Input Bandwidth 

SmaIl Signal, 3dB8 

Large Signal, 3dB9 

Idle NoiselkHz'o 

ANALOG INPUT 
Voltage Ranges 
Overvoltage 
Input Type 
Impedance 
Offset 

Initial-Set at Factory 
vs. Temperature 

ENCODE COMMAND INPUT" 
Logic Levels, TTL·Compatible 

Impedance 
Width 

Min 
Max 

Frequency 

CLOCK INPUT 
Logic Levels, TTL·Compatible 

Impedance 
Frequency 13 

DIGITAL OUTPUT 
Format 
Logic Levels, TTL·Compatible 

Drive 
Time Skew 
Coding 

POWER REQUIREMENTS 
+15V ±5% 
-15V ±5% 
+5V ±5% 
Power Dissipation 

TEMPERATURE RANGE" 
Operating 
Storage 

THERMALRESISTANCE'5 
Junction to Air, Oja 

(Free Air) 
Junction toCase,Ojc 

MEAN TIME BETWEEN FAILURES'" 
(MTBF) 

PACKAGE OPTION '7 
NOTES 

%FS ± 1/2LSB 0.006 
DC Guaranteed 0 to + 85 
ppmrC 5 
%FS I 
ppm/DC 20 

dB -100 
dB -100 
kHz 120 (112 guaranteed) 

50 
dB 80 
dB 68 
!LS 8 
!LS 8 

kHz 200 
kHz 200 
dB -104 

V,FS ±5; ± 10 
V,max ±20 

Bipolar 
kfl 5; 10 

mV(max) 2(10) 
!LVrC 100 

V "O"=Oto +0.4 
"\"= +2.4to +5 

TTL Loads I 

50 
ns T_501l 

kHz dc to 125 

V 
N/A 
N/A 

TTL Loads N/A 
MHz, max N/A 

Bits 14 ParaIlel; 3 State 
V "O"=Oto +0.4 

"1"= +2.4to +5 
TTL Loads 5 
nS,max 20 

Offset Binary (MSB); 
2's Complement (MSB) 

rnA 20 
rnA 40 
rnA 220 
W(max) 2.0(2.4) 

DC -25 to +85 
DC -55to+150 

DCIW 25 
DCIW 16 

Hours 4.15 x 10' 

HY40B 

'AC performance characteristics are hosed on back·t()oback performance with HDD·I409 D/A Converter. All 
aignals are referenced to rms value of full-scale sinewave. 

lHL"1I:OniC1 L'1d k"'.ltermodu!:tion products masured at 112kHz enc:od~ f!te, with input frequencies of 
86.5kHz 

and 91kHz at - 21dB (sa: Figure 5). 
'Requires external clock. 
·FulI-tcaIe lignaI to rDll Doise with 10kHz analog input frequency and encode Utc of 112kHz; input signal 
at -6dB. 

'60kHz to 108kHz white noise bandwidth with slot frequency of 70kHz; and encode rate of 112kHz (see 
Figure 6). 

'For full·scale IO-volt input, ± ILSB attained in specified time. 
'Recoven to 14-bit accuracy in specified time after 2 x FS input overvoltoge. 
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1253 

I Clock 
Period 
Synchronous to 
External Clock 

"O"=Oto +0.4 
"1"= +2.4to +5 
2 
4.5 

180 
\.8(2.2) 

'With analog input 40dB below FS. 

-80 
-90 

65 
2 
6 

800 
300 

'With FS snalog input. (Large·signal bandwidth flat within O.5dB, de to 100kHz). 
IOIdIe noise measu.red at 112kHz encode rate. with input frequency of 84kHz at -41dB (ste Fig'Un 7), 
"HAS·I409KM bas pin-selectable positive· or negative~dge triggering. HAS·I409AKM requires negative 

pulse synchronized [0 rising clock edgc. 
I2T = Encode Command clock period. 
1JClock frequency shown based on typically using 50% dury cycle and 36:1 division of external clock. 
14Case Temperature. 
·'Maximum junction temperature = ISO"C 
''Calculated using MIL;HDBK 217; Ground; Benign; Case Temperature=6O"C. 
17See Section 19 for package outline information. 
'Specifications same IS HAS-I409KM. 

Specifications subject to chansc without notice. 



Theory of Operation 
CAUTION:-----------------------------------------------------
ESD (Electro-Static-Discharge) sensitive device. The digital control inputs are zener protected; how
ever, permanent damage may occur on unconnected devices subject to high energy electrostatic fields. 
Unused devices must be stored in conductive foam or shunts. The foam should be discharged to the 
destination socket before devices are removed. 

WARNING! 0 
~~DEVICE. 

HAS-1409PINDESIGNATION 

PIN FUNCTION (All) PIN FUNCTION (AKM) PIN FUNCTION(KM&lM) 

1 :!:10VINPUT 21 DIGITAL GROUND 21 DIGITAL GROUND 

2 :!:5VINPUT 22 BIT1(MSB) 22 BIT 1 (MSB) 

3 ANALOG GROUND 23 BIT1(MSB) 23 BIT1(MSB) 

4 DIGITAL GROUND 24 BIT2 24 BIT2 

5 +5V 25 BIT3 25 BIT3 

6 +5V 26 BIH 26 BIT4 

7 NIC 27 BIT5 27 BIT5 

8 NIC 28 BIT6 28 BIT6 

9 +5V 29 ENABLE HIGH (MSBs) 29 ENABLE HIGH (MSBs) 

10 DIGITAL GROUND 30 CLOCK/ENCODE 30 ENCODE 

11 ENABLE lOW (lSBs) 31 ENCODE 31 ENCODE 

12 BIT 14(lSB) 32 +5V 32 +5V 

13 BIT 13 33 DIGITAL GROUND 33 DIGITAL GROUND 

14 BIT12 34 -15V 34 -15V 

15 BIT11 35 +15V 35 +15V 

16 BIT10 36 DIGITAL GROUND 36 DIGITAL GROUND 

17 BIT9 37 ANALOG GROUND 37 ANALOG GROUND 

18 BIT8 38 ANALOG GROUND 38 ANALOG GROUND 

19 BIT7 39 +5V 39 +5V 

20 DIGITAL GROUND 40 ANALOG GROUND 40 ANALOG GROUND 

PIN 30 USED FOR CLOCK INPUT ON HAS·I409AKM; USED FOR ENCODE INPUTON HAS·1409KM. 
All + 5V PINS ARE CONNECTED TOGETHER INTERNAllY (5.6.9.32.39). MUST ALSO BE 
CONNECTED TOGETHER EXTERNAllY CLOSE TO CASE. 
All ANALOG GROUND PINS ARE CONNECTED TOGETHER INTERNAllY (3.37. 38.40). 
All DIGITAL GROUND PINS ARE CONNECTED TOGETHER INTERNAllY 14.10.20.21.33.36). 
FOR BEST PERFORMANCE. ANALOG GROUND AND DIGITAL GROUND PINS MUST All BE 
CONNECTED TOGETHER AND TO GRcroNI)EXTERNAllY AS CLOSE TOTHE CASE AS POSSIBLE. 

HAS-l409KMIHAS-l409AKM TIMING 
Refer to. the block diagram of the HAS-1409AKM AID 
converter. 

In the HAS-I409KM, and HAS-1409LM, signals applied to the 
timing circuits will be different from those shown. For them, 
these signals will be ENCODE or ENCODE. 

In all units, the analog input to be digitized is applied first to a 
track-and-hold (TIH) circuit, which is normally in "track", 
following all changes in analog as they occur since the TIH is 
operating as a buffer amplifier. 

Refer to Figure I, the timing diagram for the HAS-I409KM 
and HAS-I409LM AID converters. 

MIN WIDTH = 50ns 
MAX WIDTH = T·50ns 
IT = ENCODE CLOCK PERIOD) 

ENCODE 

(ENCODE 
TO +5V) 

DATA 
OUTPUT 

DATA VALID 
IPUlSE#2) 

L 

______________ A-____________ ~, ________ ___ 

Figure 1. HAS-1409KMandHAS-1409LMAIDTiming 
Diagram 
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The user determines the point at which digitizing is to be done 
by applying an external TTL-compatible signal to the timing 
circuits; this causes the T/H to switch from the "track" mode to 
the "hold" mode. In the HAS-I409KM and HAS-1409LM, this 
"track" to "hold" transition can be accomplished with either 
positive triggering or negative triggering. As shown, positive-edge 
triggering is done with an ENCODE command and ENCODE 
connected to ground. Negative-edge triggering is accomplished 
with an ENCODE signal and ENCODE connected to + 5V. 
The HAS-I409KM and HAS-I409LM return to "track" auto
matically approximately 5JLs after the encode command. 

Output data will be valid after a nominal delay of 8JLs from the 
leading edge of the encode command. Strobing the output data 
into external circuits might best be accomplished by using a 
square-wave signal for the encode command and using its negative
going trailing edge as a time reference for the strobing action. 
Output data will not yet be valid when that trailing edge occurs, 
but the edge can be used as a known reference point for measuring 
the 8JLs conversion time. 

Internal timing circuits within the HAS-I409 generate the nec
essary control and timing pulses to operate the unit at a word 
rate of 112kHz. This rate is based on: 

KMlLM: The internal clocks adjusted at the factory 
for this conversion rate. 

AKM: The HAS-I409AKM divides the external clock 
frequency of 4.032MHz by a factor of 36: I and 
provides 14 bits of parallel data at the 112kHz 
word rate established by this ratio. The 112kHz 
cited in this example is the minimum guaranteed 
word rate of the HAS-1409, and is a sample rate 
commonly used in transmultiplexer applications. 
(See FDMlTDM Transmultiplexers section of 
data sheet). 

Figure 2 shows the timing relationship of the HAS-1409AKM 
AID converter signals when the converter is being operated 
from an external clock. 

CLOCK PULSE., 1 

l 
CLOCK 

DATA 
OU~UT~~~~ __________ ~J ___ ~~~~~~~ 

Figure 2. HAS-1409AKM AID Timing Diagram (External 
Clock Operating at 4.032MHz) 

As shown, the leading edge of the negative-going ENCODE 
pulse supplied by the user should occur from 0 to lOOns after 
the leading edge of the clock pulse which is shown (for purposes 
of illustrating timing relationships) as Clock Pulse * 1. The 
trailing edge of this pulse should occur from 0 to lOOns after the 
leading edge of the next clock pulse (designated here as Clock 
Pulse *2). 
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The output data associated with the preceding clock pul~e and 
ENCODE pulse will be valid within 200ns of the leading edge 
of Clock Pulse * 1. Data associated with Clock Pulse * 1 will be 
valid within 200ns of the leading edge of Clock Pulse * 37. 
When the HAS-1409AKM is operated from a 4.032MHz clock, 
the trailing edge of the ENCODE pulse could be used to determine 
when the output data will be strobed into external circuits. 

The ENCODE pulse is used to insure output data will remain 
in synchronization with the clock pulses. Using the leading edge 
of the first ENCODE as a reference, the HAS-I409AKM goes 
into "track" after 21 clock pulses (on Clock Pulse *22); and 
goes into "hold" after 34 clocks (Clock Pulse *35). 

THEORY OF OPERATION 
With the exception of the difference in input signals applied 
to the timing circuits, all converters operate in essentially the 
same way. 

Referring again to the block diagram, the timing circuits "freeze" 
the analog signal at the output of the track-and-hold. This held 
value is applied to an AID converter in the HAS-I409, and the 
same value is applied to one input of a difference amplifier. 

The output of the internal AID converter is digitized and applied 
to a D/A converter which is 14-bit accurate and optimized for ac 
applications; the AID output is also applied to correction logic 
circuits. 

The D/A output is applied to the second input of the difference 
amplifier, which generates an error signal indicative of the dif
ference between the "held" analog input and a digital represen
tation of that signal. This residue signal is then converted and is 
also applied to the digital correction circuits. 

The correction circuits combine the two bytes to compensate for 
nonlinearities and other circuit errors. Basically, the information 
contained in the second byte is used as the Least Significant 
Bits (LSBs) and determines what corrective action is needed for 
the first byte (the MSBs) to insure its accuracy. 

APPLICATIONSITESTING 
For FDMlTDM applications, the analog input frequency applied 
to the HAS-1409 will be in the frequency band of 60-108kHz; 
the combined HAS-1409/HDD-1409 performance parameters 
have been optimized for this use. 

Refer to Figure 3 HA~-1409 Basic Interface. 

HAS·1409 
BYPASS WITH O.OI.F +5V '} CERAMIC AND >3.3.F 

-15V 34 TANTALUM CAPACITORS 
CLOSE TO CASE 

+15V 35 

'LOGIC OUTPUTS ON 
PINS 12·19AND22· 
28; +5VONPINS5. 
6.9.32. AN~ 39 

Figure 3. HAS-1409 Basic Interface 

As shown, the anlog input is applied to Pin 1 or Pin 2, depending 
on the amplitude of the signal to be digitized. A TTL-compatible 
pulse is applied as ENCODE; and another TTL-compatible 
signal is applied as the clock. As indicated earlier in the timing 
diagram, these signals must be synchronous. 

The ENABLE HIGH and ENABLE LOW signals applied to 
Pins 29 and II control the state of the digital outputs. The 
TTL ENABLE HIGH signal affects BIT I (MSB), Bit I (MSB), 
and Bits 2-6; the ENABLE LOW affects Bits 7-14. When 
ENABLE HIGH and/or ENABLE LOW inputs are connected 



to ground or logical "0", their corresponding bit outputs will be 
present. When they are connected to a logical "I" voltage, their 
associated bit outputs will be open. 

The 3-state TTL digital output signals will be available at Pins 
12-19 and Pins 22-28. Pins 34 and 35 are used for -15V and 
+ 15V supplies; + 5V is applied to several places-Pins 5, 6, 9, 
32, and 39 (all pins should be connected). All three supplies 
should be bypassed as close as possible to the hybrid case. For 
best performance, all ANALOG GROUND and DIGITAL 
GROUND pins must be connected together and to ground ex
ternally; this should also be done close to the case. 

Refer to Figure 4 Basic Test Setup. 

Figure 4. Basic Test Setup 

The HAS-1409 AID converter has been characterized for per
formance in a back-to-back hook-up with the HDD-1409 D/A 
converter. The analog signal to be digitized and reconstructed is 
applied to this test arrangement through a bandpass fIlter of 
60kHz-108kHz; the resulting analog output is also passed through 
the same kind of filter. 

CLOCK and ENCODE signals are generated in synchronization 
with one another and are timed for correct interaction with the 
STROBE and GATE signals applied to the D/A. Because of the 
back-to-back configuration of the two converters, the performance 
tests are indicative of the baseline characteristics of both units. 

Refer to Figure 5 Intermodulation (Total Harmonic) Distortion 
Test Circuit. 

Figure 5. Intermodulation (Total Harmonic) Distortion Test 
Circuit 

Harmonics levels and intermodulation (1M) products are measured 
in the same way to assure optimum performance in FDMffDM 
system applications. The purpose of the testing is to insure that 
"beat" frequencies generated by the interaction of two signals 
are sufficiently suppressed to avoid interfering with the carrier 
frequencies and masking their information contents. 

In these tests, the HAS-1409 is operated at a 112kHz word rate, 
established by the external 4.032MHz clock. Two pure sinewave 
signals at frequencies of 91kHz and 86.5kHz are applied to a 

summation amplifier at precise levels 21dB below the rms value 
of a full-scale sinewave. 

These particular input frequencies are selected on the basis that 
their interaction with one another will generate second and 
third-order harmonics and 1M products which are easily distin
guished and measurable. As in any sampling scheme, these 
signals are "folded" back into the passband of interest and their 
amplitudes are a measure of AID and D/A performance. 

, The output of the summation amplifier is applied through the 
60-IOSkHz filter, digitized, reconstructed, and refiltered. Typi
cally, the levels of harmonics and intermodulation products are 
-100dB. 

Refer to Figure 6 Noise Power Ratio Test Circuit. 

Figure 6. Noise Power Ratio Test Circuit 

Noise Power Ratio (NPR) is a critical measure of AID and D/A 
performance for FDMITDM systems and the method of measuring 
this ratio must replicate the conditions which are present when II 
the units are operating as a part of those systems. In this test, 
also, the HAS-1409 is operating at 112kHz word rates. 

White noise in the frequency band of 60kHz to 108kHz is applied 
to the AID, and the total power which is present in a narrow 
"slot" at a frequency of 70kHz is computed. A narrow bandstop 
filter whose center frequency is 70kHz is then switched in, and 
the total power remaining in the "slot" is computed. The ratio 
of these two readings is the NPR and the result for the HAS-1409 
is typically 68dB. CAUTION: The high-performance character
istics of the HAS-1409 stress the measurement capabilities of 
most NPR test sets. 

Refer to Figure 7 Idle Noise Test Circuit. In this test, a spectrally
pure sinewave of 84kHz is applied through a fIlter to the HAS-14091 
HDD-1409 combination at a level of -41dB. An encode rate of 
112kHz is used; the combination of input frequency and encode 
rate cancels all harmonics, leaving only the fundamental input 
frequency and noise components. 

Figure 7. Idle Noise Test Circuit 

The results of digitizing and recOnstructing this signal are examined 
with a spectrum analyzer to determine the level of noise compo
nents contributed by the converters. Acceptable performance 
will show average idle noise components to be at -104dB when 
using a 1kHz-resolution fIlter. 
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FDMlTDM TRANSMULTIPLEXERS 
There are two standard formats used in telephony for multiplexing 
voice signals. The older of the two, frequency division multiplex 
(FDM), is used throughout the world for transmitting long 
distance telephone calls. In this scheme, voiceband signals are 
"stacked" into adjacent 4kHz channels in their assigned frequency 
domain by using single sideband (SSB) amplitude modulation. 

Standard FDM hierarchy assembles twelve of these 4kHz channels 
into units called "groups", and then assembles five groups (60 
channels) into "supergroups." The frequencies of group bands 
range from 60kHz to 108kHz, and the supergroup bands have 
center frequencies between 312kHz and 552kHz. 

In the newer time division multiplex, or TDM, each voice signal 
is digitized using pulse code modulation (PCM), at an 8kHz 
sample rate. The resulting pUlse streams are then interleaved in 
time and transmitted. 

The assembly of time slots (channels) for TDM is not as universal 
as it is for FDM. In North America and Japan, the basic unit is 
24 time slots, all of which are available to users. In Western 
Europe, the basic unit is 32 time slots; 30 are active, one is for 
signaling, and one is for framing. 

TDM processing is growing at a rapid pace because the voice 
signals have good fidelity, and the hardware which is used benefits 
from the economics of lower and lower prices for digital integrated 
circuits. 

Digital toll switching offices were first installed in the United 
States in the latter part of the 1970s. One of the major characteristics 
of these types of telephone offices is that they switch signals 
exclusively in the TDM format within the office. But their need 
to operate also with the older FDM format means all incoming 
and outgoing signals must be converted to and from digital 
form. 

The interface between the two standard signal multiplexing 
formats used to make this conversion is the FDMffDM trans
multiplexer system. The translation from one format to the 
other can be accomplished with conventional analog and digital 
techniques by demultiplexing signals in one format down to 
baseband, and remultiplexing them again into the other format. 

Digital signal processing (DSP) for the interface is attractive, 
however. The frequency ranges of the signals which are involved 
make efficient use of available technology; and the stringent 
interface specifications benefit from the inherent precision of a 
digital approach. Since the problem is well defmed, digital 
techniques are distinctly viable solutions. An example of these 
techniques is shown in Figure 8. 

FDM 

SIGNAL 

TDM 

SIGNAL 

---

--

ANALOG 
FILTER 

DIGITAL 
PROCESSOR 

HAS-1409 - AID 
CONVERTER 

HDD-1409 - DIA 
CONVERTER 

DIGITAL - PROCESSOR 

ANALOG - FILTER 

f--

---

TDM 

SIGNAL 

FDM 

SIGNAL 

Figure 8. Digital FDMITDM Translation 

Undesirable out-of-band components are removed from the 
FDM signal by the analog ftlter. The output of the filter is then 
applied to the HAS-I409 AID converter whose output is a digital 
word stream. The individual channels within this stream are 
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separated via a real-time processing algorithm in the block labeled 
Digital Processor. The resulting signal is now in the TDM 
format for switching and/or transmitting. 

The lower portion of Figure 8 depicts the process of going from 
TDM to FDM, using the HDD-I409 D/A converter, in a pro
cedure which is basically an inverse operation. The exception is 
the analog ftlter, which performs essentially the same function 
in both directions. 

Interfacing FDM and TDM occurs at two different levels. In 
North America and Japan, this translation takes place between 
two 12-channel group bands and a 24-channel TDM unit. In 
Europe, it is between a 60-channel supergroup and two 30-channel 
European TDM units. 

Theoretically, the minimum word rate for the HAS-1409 AID is 
equal to twice the bandwidth of the FDM group signal; that 
signal, in turn, is equal to the word rate of the TDM signal, 
i.e., 96kHz for the group band. 

This minimum rate falls into the passband of interest because 
group frequencies occupy the band from 60kHz to 108kHz; as a 
consequence, the theoretical minimum rate would severely com
plicate the processing algorithm and introduce aliasing errors 
into the signal. 

Operating at a conversion rate near this minimum is desirable, 
however, because the cost of the AID and DI A converters increases 
as their word rates increase. In addition, a sampling rate which 
is an even multiple of the basic 8kHz peM frequency simplifies 
the algorithm. 

Since any sampling rate between the (108kHz) upper band and 
two times the 60kHz lower band (120kHz) will suffice, the 
HAS-I409 AID converter is operated at 112kHz. 

This rate provides the benefits enumerated above and prevents 
overlapping between channels caused by aliasing. A conversion 
rate of 112kHz also supplies a guard band of 8kHz between 
signal images; that guard band reduces the complexity of the 
analog reconstruction filter. 

Computer Labs Division of Analog Devices uses this 112kHz 
word rate when testing the performance of the HAS-1409 AID 
and HDD-I409 D/A converters back-to-back to help assure test 
conditions are a good replication of the operating conditions. 

For some of the testing, the word rate interacts with the analog 
input frequencies to provide additional insight into performance. 
Harmonics tests and intermodulation products tests are 
examples. 

Another is the test for idle noise, the sum of various noise spectra 
not influenced by modulation. Thermal noise, oscillator shot 
noise, baseband amplifier noise, and other sources are examples. 
Their sum is measured on a power basis because of their uncor
related nature. 

In the test, the input frequency is a spectrally-pure 84kHz. The 
combination of input frequency and encode rate cancels all 
harmonics, leaving only the fundamental frequency and the. idle 
noise components. 

Evaluating the amount of idle noise generated by the converters 
helps evaluate their nonlinear distnrtinn_ without ri20rouslv 
testing for that characteristic. In transmultiplexer systems, the 
converters are the only important sources of this distortion, but 
converters which meet requirements for idle noise easily meet 
requirements for nonlinearity. 
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Selection Guide 
Voltage-to-Frequency Converters 

BIPOLAR 
OFFSET 4 

CURRENT 

ONE 
SHOT 

CAPACITOR 
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OFFSET 
NULL 

OFFSET 
NULL 

+Vs 

ANALOG 
GND 

DIGITAL 
GND 

COMPARATOR 
INPUT 

AD537 
Low Cost AID Conversion 
Versatile Input Amplifier 

Positive or Negative Voltage Modes 
Negative Current Mode 
High Input Impedance, Low Drift 

Single Supply, 5 to 36 Volts 
Linearity: ±0.05% FS 
Low Power: 1.2mA Quiescent Current 
Full Scale Frequency up to 100kHz 
1.00 Volt Reference 
Thermometer Output (1mV/K) 
FN Applications 

AD650 
V/F Conversion to 1MHz 
Reliable Monolithic Construction, 
Very High Linearity 

0.002% typ at 10kHz 
0.005% typ at 100kHz 
0.07% typ at 1 MHz 

Input Offset Trimmable to Zero 
CMOS or TTL Compatible 
Unipolar, Bipolar, or Differential VlF 
V/F or FN Conversion 
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ONE SHOT 
CAPACITOR 

OFFSET 
~~ILJAGE 8}-----""N--~ 

COMMON 

COMPARATOR 
INPUT 

7 T2lOUTPUT 

R] ~5n.n.. 

ADVFC32 
High Linearity 

±0.01% max at 10kHz FS 
±0.05% max at 100kHz FS 
± 0.2% max at 0.5MHz FS 

Output DTLfTTUCMOS Compatible 
V/F or FIV Conversion 
6 Decade Dynamic Range 
Voltage or Current Input 
Reliable Monolithic Construction 

MODEL 458/MODEL 460 
Model 458: Full Scale Output 100kHz 
Model 460: Full Scale Output lMHz 
High Stability: 5ppm/oC max, Model 458L 

15ppm/oC max, Model 460L 
High Linearity: ±0.01% max at 100kHz, Model 458 

±0.015% max at 1MHz, Model 460 
Versatility: Differential Input Stage 

Voltage and Current Inputs 
Floating Inputs: ± 10V CMV 

Wide Dynamic Range: 6 DecCldes, Model 460 
TTUDTl Compatible Output / 
No External Components to Meet Rated 

Performance 
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Frequency-to-Voltage Converters 
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MODEL 451/MODEL 453 
Model 451: Full Scale Input 10kHz 
Model 453: Full Scale Input 1kHz, 
Versatility: Adjustable Threshold, Gain & Output 

Offset 
Guaranteed Low Nonlinearity: 80ppm max, 451L 

and 453L 
Accepts TTL, CMOS, HNIL, Sinewave, Pulse, 

Squarewave and Triangle Wave Input Signals 
No External Components to Meet Rated . 

Performance 
+ 20mA Output to Operate Relays and Meters 
Low Profile Package, 0.4" Case Height 
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Orientation 
Voltage-to-Frequency & 

Frequency-to-Voltage Converters 
VOLTAGE-TO-FREQUENCY CONVERTERS 

Voltage-to-frequency converters (VFC's) convert analog volt
age or current levels to pulse trains or square waves in a logic
compatible form (usually TTL) at frequencies that are accu
rately proportional to the analog quantity. The output contin
uously tracks the input signal, responding directly to changes 
in the input signal; external-clock synchronization is not re
quired. V/F converters find applications in analog-to-digital 
converters with high resolution, long-term high-precision inte
grators, two-wire high-noise-immunity digital transmission, and 
digital voltmeters. 

FREQUENCY-TO-VOLTAGE CONVERTERS 
Frequency-to-voltage converters (FVC's) perform the inverse 
operation; they accept a wide variety of periodic waveforms 
and produce an analog output proportional to frequency. 
Combining adjustable threshold, gain, and output offset with 
low linearity-error, F/V converters offer economical solutions 
to a wide variety of applications where it is required to convert 
frequency to an analog voltage. Examples are motor-speed con
trollers, power-line frequency monitors, and VCO stabiliza
tion circuits. In analog-to-analog data transmission, they con
vert serially transmitted data in the form of pulse streams back 
to analog voltage. 
Applications of both forms of conversion, as-appropriate to 
specific device types, are illustrated with varying degrees of 
detail on the individual data sheets. 

FACTORS IN CHOOSING VFC's AND FVC's 

Voltage-tojrequency converters are available from Analog 
Devices in both pulse train and square wave outpu ts. The 
output of the change balance types, operate up to IMHz F.S., 
is a train of pulses of constant height and width, with very 
low duty cycle for small analog inputs. The output of the 
ADS37 is unique in that its output is square-wave, an 
advantage in some applications. 

The most-popular VFC designs (Figure 1) contain an integra
tor, which charges at a rate proportional to die value of the -
input signal. Each time the integrator's charge has been in
creased by a precisely metered increment, the threshold crossing 
produces a pulse of accurately known area. The pulse serves 
both as the output (via a buffer) and as a subtractive charge 

ONE SHOT 
CAPACITOR 

+IN 

10 COMPARATOR 
INPUT 

Figure 1. Block Diagram of the AD VFC32 

increment to reduce the integrator's net charge. The next pulse 
is triggered when the net integral has again reached the thresh
old. The relationship between the pulse rate and the input 
level is linear. The ADS37* operates on a somewhat different 
principle (Figure 2): an input current charges a capacitor 
between 2 threshold levels, first in one direction, then in the 
other, in an emitter-coupled astable multivibrator circuit. 
Since the time required to reach the switching threshold is 
inversely proportional to the analog input, the frequency is 
directly proportional. For constant analog input, the charging 
rate and the discharge rate are equal, so the output is a 
square wave. 

SYNC 

r------- 2 ------------------

1mVfK I 
VTEMP 6 

1.00V 
VREF 7 

Figure 2. Block Diagram of the AD537 

*A useful20-page Application Note, "Applications of the ADS37 IC 
Voltage-to-Frequency Convener", by Doug Grant, is available 
upon request. 

VlF & FN CONVERTERS VOL. I, 11-5 



Figure 3. Block Diagram - Models 451 & 453 FVC's 

Frequency-to-voltage converters (Figure 3) average a train 
of equal-area pulses that are generated internally by a 
precision charge dispenser, in response to each crossing of an 
input threshold. The analog output voltage is proportional to 
the sum of the pulse areas over a given period. F/V conversion 
can also be obtained by using the ADVFC32. 
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SPECIFICATIONS 
The salient specifications for VFC's are (nim)linearity, as a 
percentage of full-scale frequency;frequency range, the greater 
the frequency range, the greater the resolution for a given 
counting period ;full-scale-calibration error; gain-temperature 
coefficient, in ppm of signal per 0 C, where "gain" is the ratio of 
full-scale frequency to full-scale voltage, input-offset tempera
ture coefficient; overrange capability, within rated specifica
tions, and step response, the worst-case time interval required 
for the frequency to respond to a full-scale-step input change. 

For FVC's, important specs, in addition to accuracy specs cor
responding to the above, include output ripple (for specified 
input frequencies), threshold (for recognition that another 
cycle has been initiated, and for versatility in interfacing vari
oustypes of sensors directly), hysteresis, to provide a degree 
of insensitivity to noise superimposed on a slowly-varying 
input waveform, and dynamic response (important in motor 
control). 

Definitions of some critical specifications, and the conditions 
for adjusting or measuring them, are detailed on individual 
data sheets. 
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WDEVICES 

FEATURES 
Low Cost A-D Conversion 
Versatile Input Amplifier 

Positive or Negative Voltage Modes 
Negative Current Mode 
High Input Impedance, Low Drift 

Single Supply, 5 to 36 Volts . 
Linearity: ±0.05% FS 
Low Power: 1.2mA Quiescent Current 
Full Scale Frequency up to 100kHz 
1.00 Volt Reference 
Thermometer Output (1mV/K) 
F-V Applications 

PRODUCT DESCRIPTION 
The AD537 is a monolithic V-F converter consisting of an in
put amplifier, a precision oscillator system, an accurate inter
nal reference generator and a high current output stage. Only 
a single external RC network is required to set up any full 
scale (F.S.) frequency up to 100kHz and any F.S. input vol
tage up to ±30V. Linearity error is as low as ±0.05% for 10kHz 
F.S., and operation is guaranteed over an BOdB dynamic range. 
The overall temperature coefficient (excluding the effects of 
external components) is typically ±30ppm/oC. The AD537 
operates from a single supply of 5 to 36V and consumes only 
1.2mA quiescent current. 

A temperature-proportional output, scaled to 1.00mV/K, 
enables the circuit to be used as a reliable temperature-to
frequency converter; in combination with the fixed reference 
output of 1.00V, offset scales such as O°C or OOF can be 
generated. 

The low drift (lJ,J.V/C typ) input amplifier allows operation 
directly from small signals (e.g., thermocouples or strain gages) 
while offering a high (250M!'!) input resistance. Unlike most 
V-F converters, the AD537 provides a square-wave output, and 

. can drive up to 12 TTL loads, LEDs, very long cables, etc. 

The e~cellent temperature characteristics and long-term stabil
ity of the ADS 37 are guaranteed by the primary band-gap 
reference generator and the low T.C. silicon chromium thin 
film resistors used throughout. 

The device is available in either a TO-116 ceramic DIP or a 
TO-IOO metal can; both are hermetically sealed packages. 

The ADS 3 7 is available in three performance/temperature 
grades; the J and K grades are specified for operation over the 
o to +70

o
C range while the AD537S is specified for operation 

over the extended temperature range, _SSoC to +125 C. 

·COVERED BY PATENT NUMBERS 3,887,963 and RE 30,586. 

Integrated Circuit 
Voltage-to-Frequency Converter 

AD537* I 
AD537 FUNCTIONAL BLOCK DIAGRAMS 

-Vs ICONNECTEO TO CASE I 

TO-tOO 
TOP VIEW 

PRODUCT HIGHLIGHTS 

TO-116 STYLE 
TOP VIEW 

1. The AD537 is a complete V-F converter requiring only an 
external RC timing network to set the desired full scale 
frequency and a selectable pull-up resistor for the open- • 
collector output stage. Any full-scale input voltage range 
from 100mV to 10 volts (or greater, depending on +Vs) can 
be accommodated by proper selection of timing resistor. 
The full scale frequency is then set by the timing capacitor 
from the simple relationship, f = V/lORC. 

2. The power supply requirements are minimal, only 1.2mA 
quiescent current is drawn from a single positive supply 
from 4.5 to 36 volts. In this mode, positive inputs can vary 
from 0 volts (ground) to (+ V S - 4) volts. Negative inputs can 
easily be connected for below ground operation. 

3. F-V converters with excellent characteristics are also easy 
to build by connecting the ADS 37 in a phase-locked loop. 
Application particulars are shown in Figure 7. 

4. The versatile open-collector NPN output stage can sink up 
to 20mA with a saturation voltage less than 0.4 volts. The 
Logic Common terminal can be connected to any level be
tween ground (or -Vs) and 4 volts below +VS' This allows 
easy direct interface to any logic family with either positive 
or negative logic levels. . 
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SPECIFICATIONS (typical @ +25°C with Vs (total) = 5 to 36V, unless otherwise noted) 

MOOEL 

CURRENT-TO-FREQUENCY CONVERTER 
Frequency Rllnge 
Nonlinearityl 

fmlX = 10kHz 
fmlX = 100kHz 

Full Scale Calibration Error 
C = O_Ol/-1F, lIN = 1.000mA 
vs. Supply (fmax < 100kHz) 
vs. Temp. (Tmin to Tmax) 

ANALOG INPUT AMPLIFIER 
(Vol tage-to-Cu rren t Converter) 
Voltage Input Range 

Single Supply 
Oual Supply 

Input Bias Current 
(Either Input) 

Input Resistance (Non-Inverting) 
Input Offset Voltage 

(Trimmable in "0" Package Only) 
vs. Supply 
vs. Temp. (Tmin to Tmax> 

Sue Input Voltage3 

REFERENCE OUTPUTS 
Voltage Reference 

Absolute Value 
vs. Temp. (T min to T max) 
vs. Supply 
Output Resistance4 

Absolute Temperature References 
Nominal Output Level 
Initial Calibration @ +25°C 
Slope Error from 1.00mV/K 
Slope Nonlinearity 
Output ResistanceS 

OUTPUT INTERFACE (Open Collector Output) 
(Symmetrical Square Wave) 

Output Sink Current in Logic "0" 
VOUT = OAVmax, Tmin to Tmax) 

Output Leakage Current in Logic "I" 
(Tmin to Tmax) 

Logic Common Level Range 
Rise/Fall Times (CT = O.OI/-lF) 

lIN = ImA 
lIN = lilA 

POWER SUPPLY 
Voltage, Rated Performance. 

Single Supply 
Dual Supply 

Quiescent Current 

TEMPERATURE RANGE 
Rated Performance 
Storage 

PACKAGE OPTIONS6 

"D" Package: TO-1l6 Style (D14A) 
"H" Package: TO-IOO 

NOTES 
·Specifications same as ADS37JH. 

··Specifications same as ADS37K. 

Specifications subject to change without' notice. 

AOS37JH ADS37JO AOS37K 

o to 150kHz 

0.15% mllX (0.1% typ) 0.07% max 
0.25% max (0.15% typ) 0.1% max 

±10% max ±7% max ±5% max 
±O.l%N max (0.01% typ) 
±15Oppm/oC max (SOppm typ) SOppm/oC max (30ppm typ)2 

o to (+Vs - 4) Volts (min) 
-Vs to (+Vs - 4) Volts (min) 

100nA 
2S0Mn 

5mVmax 2mV max 
200/-lVN max lOOJlVN max IOO/-IV/V max 
5JlV/oC . IJlV/C 
±Vs 

1.00 Volt ±5% max 
50ppm/C IOOppm/oC max3 

±0.03%/V max . 
380n 

1.00mV/K 
298mV (±SmV) ;98mV (±5mV max) 
±O.02mV/K 
±O.IK 
900n 

lOrnA min 20mA min 20mA min 

200nA max 
-VS to (+Vs - 4) Volts 

0.2Jls 
l/-ls 

4.5V to 36V 
±S to ±18V 
1.2mA (2.SmA max) 

o to +70o C 
-6SoC to +ISOoC 

ADS37]D AD537KD 
ADS37]H ADS37KH 

• Maximum voltage input level is equal to the supply on either 

I Nonlinearity is specified for a current input level (lIN) to the 
converter from 0.1 to l000!,A. Converter has 100% overrange 
capability up to lIN = 2000!,A with slightly reduced linearity. 
Nonlinearity is defined as deviation from a straight line from 
zero to full scale, expressed as a percentage of full scale. 

input terminal. However, large negative voltage levels can be 
applied to the negative terminal if the input is scaled to a nominal 
ImA full scale through an appropriate value resistor (see Figure 2). 

• Loading the 1.0 volt or ImV/K outputs can cause a significant change 
in overall circuit performance, as indicated in the applications section. 
To maintain normal operation, these outputs should be operated 
into the external buffer or an external amplifier. 

'Temperature reference output performance is specified from 0 to +70°C 
for "J" and "K" devices, -55°C to +12SoC for "s" model. 2 Guaranteed not tested. 

• See Section 19 for package outline information. 
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AOS37S1 

150ppm(C max 

IOJlV/oC max 

. 

lOmA min 

2JlA max . 

-55°C to +12SoC 

AD537SD 
ADS37SH 



CIRCUIT OPERATION 
A block diagram of the AD537 is shown on the first page. A 
versatile operational amplifier (BUF) serves as the inpu t stage; 
its pupose is to convert and scale the input voltage signal to a 
drive current in the NPN follower. Optimum performance is 
achieved when, at the full scale input voltage, a 1mA drive cur
rent is delivered to the current-to-frequency converter. The 
drive current to the current-to-frequency converter (an astable 
multivibrator) provides both the bias levels and the charging 
current to the externally connected timing capacitor. This 
"adaptive" bias scheme allows the oscillator to provide low 
nonlinearity over the entire current input range of 0.1 to 
2000pA. The square wave oscillator output goes to the output 
driver which provides a floating base drive to the NPN power 
transistor. This floating drive allows the logic interface to be 
referenced to a different level than -Vs. The "SYNC" input 
("D" package only) allows the oscillator to be slaved to an 
external master oscillator; this input can also be used to shut 
off the oscillator. 

The reference generator uses a band-gap circuit (this allows 
single-supply operation to 4.5 volts which is not possible with 
low T.C. ·zeners) to provide the reference and bias levels for the 
amplifier and oscillator stages. The reference generator also 
provides the precision, low T.C. 1.00 volt output and the 
VTEMP output which tracks absolute temperature at 1mV/K. 

,j 

Applying the AD537 
V-F CONNECTION FOR POSITIVE INPUT VOLTAGES 
The positive voltage input range is from -V s (ground in single 
supply operation) to 4 volts below the positive supply. The 
connection shown in Figure 1 provides a very high (250Mn) 
input impedance. The input voltage is converted to the proper 
drive current at pin 3 by selecting a scaling resistor. The full 
scale current is 1mA, so, for example a 10 volt range would 
require a nominallOkn resistor. The trim range required will 
depend on capacitor tolerance. Full scale currents other than 
1mA can be chosen, but linearity will be reduced; 2mA is the 
maximum allowable drive. 
As indicated by the scaling relationship in Figure 1, a O.OIJ,LF 
timing capacitor will give a 10kHz full scale frequency, and 
O.OOlpF will give 100kHz with a ImA drive current. The maxi
mum frequency is 150kHz. Polystyrene or NPO ceramic capa
citors are preferred for T .C. and dielectric absorption; poly
carbonate or mica are acceptable; other types will degrade line
arity. The capacitor should be wired very close to the AD537. 

Figure 1. Standard V-F Connection for Positive Input Voltages 
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V-F CONNECTIONS FOR NEGATIVE INPUT VOLTAGE 
OR CURRENT 
A wide range of negative input voltages can be accommodated 
with proper selection of the scaling resistor, as indicated in 
Figure 2. This connection, unlike the buffered positive con
nection, is not high impedance since the lrnA F .S. drive cur
rent must be supplied by the signal source. However, very large 
negative voltages beyond the supply can be handled easily; just 
modify the' scaling resistors appropriately. Diode CRI (HPS082-
2811) is necessary for overload and latchup protection for cur
rent or voltage inputs. 

If the input signal is a-true current source, Rl and R2 are not 
used. Full scale calibration can be accomplished by connecting 
a-200kn pot in series with a fixed 27kn from pin 7 to -Vs 
(see calibration section, below). 

Figure 2. V-F Connections for Negative Input Voltage or 
Current 

CALIBRATION 
There are two independent adjustments: scale and offset. The 
first is trimmed by adjustment of the scaling resistor R and the 
second by the (optional) potentiometer connected to +Vs and 
the Vos pins (liD" package only). Precise calibration requires 
the use of an accurate voltage standard set to the desired FS 
value and a frequency meter; a scope is useful for monitoring 
output waveshape. Verification of linearity requires the avail
ability of a switch able voltage source (or a DAC) having a lin
earity error below ±O.OOS%, and the use of long measurement 
intervals to minimize count uncertainties. Every AD537 is 
automatically tested for linearity, and it will not usually be 
necessary to perform this verification, which is both tedious 
and time-consuming. 

Although drifts are small it is good practice to allow the op
erating environment to attain stable temperature and to en
sure that the supply, source and load conditions are proper. 

VOL. /, 11-10 VIF & FN CONVERTERS 

Begin by setting the input voltage to 1110,000 of full scale. 
Adjust the offset pot until the output frequency is 1110,000 
of full scale (for example 1Hz for FS of 10kHz). This is most 
easily accomplished using a frequency meter connected to the 
output. Then apply the FS input voltage and adjust the gain 
pot until the desired FS frequency is indicated. In applications 
where the FS input is small, this adjustment will very slightly 
affect the offset voltage, due to the input bias current of the 
buffer amplifier. A change of 1kn in R will affect the input 
by approximately 1001lV, which is as much as 0.1 % of a 
100mV FS range. Therefore, it may be necessary to repeat 
the offset and scale adjustments for the highest accuracy. The' 
design of the input amplifier is such that the input voltage 
drift after offset nulling is typically below 11lV / C. 

In some cases the signal may be in the form of a negative cur
rent source. This can be handled in a similar way to a negative 
input voltage. However, the scaling resistor is no longer re
quired, eliminating the capability of trimming full scale in this 
fashion. Since it will usually be impractical to vary the capac
itance, an alternative calibration scheme is needed. This is 
shown in Figure 3. A resistor-potentiomt!ter connected from 
the VR output to -Vs will alter the internal operating con
ditions in a predictable way, providing the necessary adjust
ment range. With the values shown, a range of ±4% is available; 
a larger range can be attained by reducing Rl. This technique 
does not degrade the temperature-coefficient of the converter, 
and the linearity will be as for negative input voltages. The 
minimum foupply voltage may be used. 

Unless it is required to set the input node at exactly ground 
potential, no offset adjustment is needed. The capacitor C is 
selected to be S% below the nominal value; with R2 in its mid
position the output frequency is given by 

f = I 
1O.S XC 

where f is in kHz, I is in rnA and C is in IlF. For example, for 
a FS frequency of 10kHz at a FS input of 1mA, C = 9500pF. 
Calibration is effected by applying the full-scale input and 
adjusting R2 for the correct reading. 

This alternative adjustment scheme may also be used when it 
is desired to present an exact input resistance in the negative
voltage mode. The scaling relationship is then 

f = __ V ____ • __ 1_ 
R exact 10.S C 

The calibration procedure is then similar to that used for posi
tive input voltages, except that the scale adjustment is by 
means of R2. 
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Figure 3. Scale Adjustment for Current Inputs 

INPUT PROTECTION 
The ADS37 was designed to be used with a minimum of ad
ditional hardware. However, the successful application of a 
precision IC involves a good understanding of possible pitfalls 
and the use of suitable precautions. 

The -VIN' +VIN and lIN pins should no't be driven more than 
300mV below -Vs. This would cause internal junctions to con
duct, possibly damaging the Ie. The AD S 37 can be protected 
from "below -VS" inputs by a Schottky diode, CRI (HPS082-
2811) as shown in Figure 4. It is also desirable not to drive 
+VIN' -VIN and lIN above +Vs. In operation, the converter 
will become very nonlinear for inputs above (+Vs -3.5V). 
Control currents above 2mA will also cause nonlinearity. 

The 80dB dynamic range of the ADS37 guarantees opera-
tion from a control current of lmA (nominal FS) down to 
lOOn A (equivalent to lmV to 10V FS). Below 100nA im
proper operation of the oscillator may result, causing a false 
indication of input amplitude. In many cases this might be 
due to short-lived noise spikes which become added to the 
input. For example, when scaled to accept a FS input of 1 V, 
the -80dB level is only 100J,.LV, so when the mean input is 
only 60dB below FS (1mV), noise spikes of 0.9mV are·suf
ficient to cause momentary malfunction. 

This effect can be minimized by using a simple low-pass 
filter ahead of the converter and a guard ring around the 
lIN or -VIN pins. For a FS of 10kHz a single-pole filter with 
a time-constant of lOOms (Figure 3) will be suitable, but the 
optimum configuration will depend on the 'application and 
type of signal processing: Noise spikes are only likely to be a 
cause of error when the input current remains near its mini
mum value for long periods of time; above 100nA (1 m V) 
full integration of additive input noise occurs. 

The ADS 37 is somewhat susceptible to interference from 
other signals. The most sensitive nodes (besides the inputs) 
are the capacitor tenninals and the SYNC pin. The timing 
capacitor should be located as close as possible to the 
ADS37 to minimize signal pickup in the leads. In some 
cases, guard rings or shielding may be required. The SYNC 
pin should be decoupled through a O.OOSJ,.LF (or larger) ca
pacitor to pin 13 (+Vs). This minimizes the possibility that 

II 

the ADS37 will attempt to synchronize to a spurious signal.. 
This precaution is unnecessary on the metal can package since 
the SYNC function is not brought out to a package pin 
and is thus not susceptible to pickup. 

DECOUPLING 
It is good engineering practice to use bypass capacitors on 
the supply-voltage pins and to insert small-valued resistors 
(10 to lOOn) in the supply lines to provide a measure of 
decoupling betwee'n the various circuits in a system. Ceramic 
capacitors of O.lJ,.LF to 1.0J,.LF should be applied between the 
supply-voltage pins and analog signal ground for proper by-
passing on the ADS37. . . 

A decoupling capacitor may also be useful from +Vs to SYNC 
in those applications where very low cycle-to·cycle period vari
ation (jitter) is demanded. By placing a capacitor across +Vs 
and SYNC this noise is reduced. On the 10kHz FS range, a 
6.8J,.LF capacitor reduces the jitter to one in 20,000 which is 
adequate for most applications. A tantalum capacitor should 
be used to avoid errors due to dc leakage. 

NONLINEARITY SPECIFICATION 
The preferred method for specifying linearity error is in tenns 
of the maximum deviation from the ideal relationship after 
calibrating the converter at full scale and "zero". This error 
will vary with the full scale frequency and the mode of opera
tion. The ADS37 operates best at a 10kHz full scale frequency 
with a negative voltage input; the linearity is typically within 
±O.05%. Operating at higher frequencies or with positive inputs III 
will degrade the linearity as indicates in the Specifications 
table. The shape of a typical linearity plot is given in Figure 4. 
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OUTPUT INTERFACING CONSIDERATIONS 
The design of the output stage allows easy interfacing to all 
digital logic families. The collector and emitter of the output 
NPN transistor are both uncommitted; the emitter can be tied 
to any voltage between -Vs and 4 volts below +Vs. The open 
collector can be pulled up to a voltage 36 volts above the emit
ter regardless of +Vs. The high power output stage can supply 
up to 20mA (lOmA for "H" package) at a maximum satura
tion voltage of 0.4 volts. The stage limits the output current 
at 2SmA; it can handle this limit indefinitely without dam
aging the device. 

Figure 5 shows the ADS 3 7 with a standard 0 to +10 volt input 
connection and the output stage connections. The vaIues for 
the logic common voltage, pull-up resistor, positive logic level, 
and -v s supply are given in the accompanying chart for several 
logic forms. 

10k 

V,N 

.--___________ -o~~~ICCOM 

~--..--~fOUT 

lOGIC Vee 

+Vs 
(+15VI 

TlL/OlL 
5V CMOS 
15VC~Nll 
tCll0k 

ECl2.5k 
PMOS 

Vee VEE 
+5 GNO 
+5 NO 
+15 GNO 
0 ·8 

+1.3 ·2 
0 ·15 

Figure 5. Interfacing Standard Logic Families 

APPLICATIONS 

RL ·v. 
51< GNO 
20k N 
10k GNO 
51< ..s '0 

·15 
51< ·5 
10k ·15 

The diagrams and descriptions of the following applications 
are provided to stimulate the discerning engineer with alter
native circuit design ideas. "Applications of the AD537 IC 
Voltag~-to-Frequency Converter", available from Analog 
Devices on request, covers a wider range of topics and con
cepts in data conversion and data transmission using voltage
to-frequency converters .. 

TRUE TWO-WIRE DATA TRANSMISSION 
Figure 6 shows the ADS 3 7 in a true two-wire data transmission 
scheme. The twisted-pair transmission line serves the dual pur
pose of supplying power to the device and also carrying fre
quency data in the form of current modulation. The PNP cir
cuit at the receiving end represents a fairly simple way for 
converting the current modulation back into a voltage square 
wave which will drive digital logic directly. The 0.6 volt square 
wave which will appear on the supply line at the device ter
minals does not affect the performance of the AD537 because 

V,N 
+ 

-v, (CONNECTED TO CASE I 

Figure 6. True Two-Wire Operation 

F-V CONVERTERS 
The ADS 37 can be used as a high linearity VCO in a phase
locked loop to accomplish frequency-to-voltage conversion . 

+VI 

By operating the loop without a low-pass filter in the feedback 
path (first-order system), it can lock to any frequency from 
zero to an upper limit determined by 'the design, responding 
in three or four cycles to a step change of input frequency. In 
practice, the overall response time is determined by thecharac
teristics of the averaging filter which follows the PLL. 

Figure 7 shows a connection using a low-power TTL quad 
open-collector nand gate which serves as the phase comparator. 
The input signal should be a pulse train or square wave with 
characteristics similar to TTL or S-volt CMOS outputs. Any 
duty cycle is acceptable, but the minimum pulse width is 40lls. 
The output voltage is one volt for a 10kHz input frequency . 
.The output as shown here is at a fairly high impedance level; 
for many situations an additional buffer may be required. 

Trimming is similar to V -F application trimming. First set the 
Vas trimmer to mid-scale. Apply a 10kHz input frequency and 
trim the 2kn potentiometer for 1.00 volts out. Then apply a. 
10Hz waveform and trim the Vas for 1mV out. Finally, retrim 
the full scale output at 10kHz. Other frequency scales can be 
obtained by appropriate scaling of timing components. 

+5V 

of its excellent supply rejection. Also, note that the circuit . 2k 

operates at nearly constant average power regardless of 
frequency. 

Figure 7. 10kHz F-V Converter 
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TEMPERA TURE-TO-FREQUENCY CONVERSION 
The linear temperature-proportional output of the ADS 37 can 
be used as shown in these applications to perform various direct 
temperature-to-frequency conversion functions; it can also be 
used with other external connections in a temperature sensing 
or compensation scheme. If the sensor output is used externally, 
it should be buffered through an op amp since loading that 
point will cause significant error in the sensor output as well 
as in the main V-F converter circuitry. 

An absolute temperature (Kelvin) -to-frequency converter 
is very easily accomplished, as shown in Figurt: 8. The lmV 
per K output serves as the inpu t to the buffer amplifier, which 
then scales the oscillator drive current to a nominal 298J.!A at 
+2S

o
C (298K). Use of a lOOOpF capacitor results in a corres

ponding frequency of 2.98kHz. Setting the single 2kn trimmer 
for the correct frequency at a ~ell-defined temperature near 
+2S

o
C will normally result in an accuracy of ±2°C from -55°C 

to +12S
o
C (using an AD537S). An NPO ceramic capacitor is 

recommended to minimize nonlinearity due to capacitance 
drift. 

r---.---o f = 10HziK 

v 

+ 

-Vs (CONNECTED TO CASE) 

Figure 8. Absolute Temperature to Frequency Converter 

.OFFSET TEMPERATURE SCALES 

Many other temperature scales can be set up by offsetting the 
temperature output with the voltage reference output. Such a 
scheme is shown by the Celsius-to-frequency converter in 
Figure 9. Corresponding component values for a Fahrenheit
to-frequency converter which give 10HztF are given in paren
theses. 

A simple calibration procedure which will provide ±2°C accu
racy requires substitu tion of a 7.2 7k resistor for the series 
combination of the 6.04k with the 2k trimmer; then simply 
set the SOOn trimmer to give 250Hz at +2S

o
C. 

High accuracy calibration procedure: 

1. Measure room temperature in K. 

2. Measure temperature output at pin 6 at that temperature. 
3. Calculate offset adjustment as follows: 

Offset Voltage (mV) = VTEMP (pin 6) (mV) x 273.2 
Room temp (K) 

4. Temporarily disconnect 49il resistor (or SOOn pot) and 
trim 2kn pot to give the offset voltage at the indicated 
node. Reconnect 49n resistor. 

S. Adjust slope trim~er to give proper frequency at room 
temperature (+2S

o
C = 250Hz). 

Adjustment for of or any other scale is analogous. . 

SOO\! 

2.74k 
14.02kl 

491! 
(205!!) 

6.04k 
(lOki 

}--<f---O ~~~:rc 
10k (10HzrFI 

3900pF 
(1S00pFI 

+SV 

Figure 9. Offset Temperature Scale Converters-Centigrade 
and (Fahrenheit) to Frequency 

SYNCHRONOUS OPERATION . 111 
The SYNC terminal at pin 2 of the DIP package can be used to 
synchronize a free running ADS37 to a master oscillator, either.' 
at a multiple or a sub-multiple of the primary frequency. The 
preferred connection is shown in Figure 10. The diodes are 
used to produce the proper drive magnitude from high level· 
sign~ls. The SYNC terminal can also be used to shut off the 
oscillator. Shorting the terminal to +VS will stop the oscillator, 
and the output will go high (output NPN off). 

fOUT 

+Vs 

Y,N 

NOTE-:- if V;;;;;;; 2V ~ i 
USE THIS LIMITER I 

VSYNC Cs I 

o. f 1'1-ITl I 7 10k I 
IN4148: ...... --___ ~ 

-= ':" I 

Figure 10. Connection for Synchronous Operation 
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Figure 12 shows the maximum pull-in range available at a given 
signal level; the optimum signal is a 0.8 to 1.0 volt square wave; 
signals below 0.1 volt will have no effect; signals above 2 volts 
pop will disable the oscillator. The ADS 37 can normally be 
synchronized to a signal which forces it to a higher frequency 
up to 30% above the nominal free-running frequency, it can 
only be brought down about 1-2%. 

FREQUENCY 
LOCK·IN 
RANGE 

0.2 0.4 0.6 0.8 1.0 

VSYNC SQUARE·WAVE INPUT VOLTS P1' 

Figure ". Maximum Frequency Lock-In Range Versus Sync. 
Signal 

LINEAR PHASE LOCKED LOOP 
The phase-locked-loop F N circuit described earlier operates 
from an essentially noise-free binary input. PLL's are also used 
to extract frequency information from a noisy analog signal. 
To do this, the digital phase-comparator must be replaced by 
a linear multiplier. In the implementation shown in Figure 12, 
the triangular waveform appearing across the timing capacitor . 
is used as one of the multiplier inputs; the signal provides the 
other input. It can be shown that the mean value of the multi
plier output is zero when the two signals are in quadrature. In 
this condition, the ripple in the error signal is also quite small. 
Thus, the voltage at pin 5 is essentially zero, and the frequency 
is detennined primarily by the current in the timing resistor, 
controlled either manually or by a control voltage. 

CONTFIOllNPUT 
OTO·1OV ~ 

Figure 12. Linear Phase-Locked Loop 

COMIIOSITE 
ERROR 

SIGNAL. !,...,,, 

Noise on the input signal affects the loop operation only 
slightly; it appears as noise in the timing current, but this 
is averaged out by the timing capacitor. On the other hand, 
if the input frequency changes there is a net error voltage 
at pin 5 which acts to bring the oscillator back into quadra
ture. Thus, the output at pin 14 is a noise-free square-wave 
having exactly the same frequency as the input signal. The 
effectiveness of this circuit can be judged from Figure 13 
which shows the response to an input of IV rms 1kHz sinu
soid plus IV rms Gaussian noise. The positive supply to the 
AD537 is reduced by about 4V in order to keep the voltages 
at pins 11 and 12 within the common-mode range of the 
AD534. 

Since this is also a first-order loop the circuit possesses a very 
wide capture range. However, even better noise-integrating 
properties can be achieved by adding a filter between the 
multiplier output and the VCO input. Details of suitable 
filter characteristics can be found in the standard texts on 
the subject. 
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_ IV RMS SIGNAL 
+ IV RMS NOISE 

_OUTPUT 

Figure 13. Performance of AD537 Linear Phase
Locked Loop 

. By connecting the multiplier output to the lower end of the 
timing resistor and moving the control input to pin 5, a high
resistance frequency-control input is made available. However, 
due to the reduced supply voltage, this input cannot exceed 
+6V. 

TRANSDUCER INTERFACE 
The AD537 was specifically designed to accept a broad range 
of input signals, particularly small voltage signals, which may 
be converted directly (unlike many V-F converters which re
quire signal pre-conditioning). The 1.00V stable reference out
put is also useful in interfacing situations, and the high input 
resistance al10ws non-loading interfacing from a source of 
varying resistance, such as the slider of a potentiometer. 

THERMOCOUPLE INPUT 
The output of a Chromel-Constantan (Type E) thermocouple, 
using a reference junction at 0° C, varies from 0 to 53 .14m V 
over the temperature range 0 to +700

0
C with a slope of 

80.678J.LV/degree over most of its range and some nonlinearity 
over the range 0 to +200°C. For this example, we assume that 
it is desired to indicate temperature in Degrees Celsius using a 
counter/display with a lOOms gate width. Thus, the V-F con
verter must deliver an output of 7kHz for an input of 53.14mV. 
If very precise operation down to ooC is imperative, some sort 
of linearizing is necessary (see, for example, Analog Devices' 
Nonlinear Circuits Handbook, pp92-97) but in many cases 
operation is only needed over part of the range. 

The circuit shown in Figure 14 provides good accuracy from 
+300

0
C to +700

0
C. The extrapolation of the temperature

voltage curve back to OoC shows that an offset of -3.34mV is 
required to fit the curve most exactly. This small amount of 
voltage can be introduced without an additional calibration 
step using the +l.OOV output of the AD537. To adjust the 
scale, the thermocouple should be raised to a known refer-

, ence temperature near 500
u
C and the frequency adjusted to 

value usin§ Rl. Theoerror should be within ±0.2% over the 
range 400 C to 700 C. 

Figure 14. Thermocouple Interface with First-Order 
Linearization 



r.ANAlOG 
WDEVICES 

Voltage-to-Frequency and 
Frequency-to-Voltage Converter 

FEATURES 
V/F Conversion to 1MHz 
Reliable Monolithic Construction 
Very Low Nonlinearity 

0.002% typ at 10kHz 
0.005% typ at 100kHz 
0.07% typ at 1 MHz' 

Input Offset Trimmable to Zero 
CMOS or TTL Compatible 
Unipolar, Bipolar, or Differential V/F 
V/F or FN Conversion 

PRODUCT DESCRIPTION 
The AD650 V/FIV (voltage-to-frequency or frequency-to-voltage 
converter) provides a combination of high frequency operation 
and low nonlinearity previously unavailable in monolithic form. 
The inherent mono tonicity of the V/F transfer function makes 
the AD650 useful as a high-resolution analog-to-digital converter. 
A flexible input configuration allows a wide variety of input 
voltage and current formats to be used, and an open-collector 
output with separate digital ground allows simple interfacing to 
either standard logic families or opto-couplers. 

The linearity error of the AD650 is typically 20ppm (0.002% of 
full scale) and 50ppm (0.005%) maximum at 10kHz full scale. 
This corresponds to approximately 14-bit linearity in an analog-to
digital converter circuit. Higher full-scale frequencies or longer 
count intervals can be used for higher resolution conversions. 
The AD650 has a useful dynamic range of six decades, allowing 
extremely high resolution measurements. Even at IMHz full 
scale, linearity is guaranteed less than 1000ppm (0.1%) on the 
AD650KN, BD and SD grades. 

In addition to analog-to-digital conversion, the AD650 can be 
used.in isolated analog signal transmission applications, phased
locked-loop circuits, and precision stepper motor speed controllers. 
In the FIV mode, the AD650 can be used in precision tachometer 
and FM demodulator circuits. 

The input signal range and full-scale output frequency are user
programmable with two external capacitors and one resistor. 
Input offset voltage can be trimmed to zero with an external 
potentiometer. 

AD650 I 
AD650 FUNCTIONAL BLOCK DIAGRAM 

BIPOLAR 
OFFSET 4 

CURRENT 

ONE 
SHOT 

CAPACITOR 

COMPARATOR 
INPUT 

The AD650}N and AD650KN are offered in a plastic 14-pin 
DIP package and are specified for the commerical (0 to + 70°C) 
temperature range. For industrial temperature range (- 25°C to 
+ 85°C) applications, the AD650AD and AD650BD are offered 
in a ceramic package. The AD650SD is specified for the full 
- 55°C to + 125°C extended temperature range. 

PRODUCT HIGHLIGH,TS 
1. In addition to very high linearity, the AD650 can operate at 

full scale output frequency up to IMHz. The combination of 
these two features makes the AD650 an inexpensive solution 
for applications requiring high resolution monotonic AID 
conversion. 

2. The AD650 has a very versatile architecture that can be 
configured to accommodate bipolar, unipolar, or differential 
input voltages, or unipolar input currents. 

3. TTL or CMOS compatibility is achieved using an open collector 
frequency output. The pullup resistor can be connected to 
voltages up to + 30V, or + 15V or + 5V for conventional 
CMOS or TTL logic levels. 

4. The same components used for V/F conversion can also be 
used for FIV conversion by adding a simple logic biasing 
network and reconfiguring the AD650. 

5. The AD650 provides separate analog and digital grounds. 
This feature allows prevention of ground loops in real-world 
applica tions. 
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S PEe I Fie AT ION S (@ + 25°C with Vs = ± 15V, unless otherwise noted) 

AD650jlAD650A AD650Kl AD650B AD650S 

Model Min Typ Max Min Typ Max Min Typ Max 

DYNAMIC PERFORMANCE 

Full Scale Frequency Range 0 I 0 1 0 1 

Nonlinearityl fmax = 10kHz 0.002 0.005 0.002 0.005 0.002 0.005 

100kHz 0.005 0.02 0.005 0.02 0.005 0.02 

500kHz 0.02 0.05 0.02 005 002 0.05 

IMHz 0.1 0.07 0.1 0.07 0.1 

Full Scale Calibrati'on Errorz, 100kHz :::5 5 5 

IMHz ::: 10 :::10 :::5 

vs. Supply3 ±0.002 ±0.002 ±0.002 

vs. Temperature 

A, B, and S Grades 

at 10kHz :::75 :::75 ::: 75 

at 100kHz ::: 150 ::: 150 :: 150 

J and K Grades 

at 10kHz :::75 :::75 

at 100kHz ::: 150 ::: 150 

BIPOLAR OFFSET CURRENT 
Activated by I. 24k!l betweenpins4and 5 0.45 0.5 0.55 0.45 0.5 0.55 0.45 0.5 0.55 

DYNAMIC RESPONSE 
Maximum Settling Time for Full Scale 

Step Input 1 Pulse ofN ew Frequency Plus 1 iJ.S 1 Pulse of New Frequency Plus liJ.s I Pulse of New Frequency Plus liJ.s 

Overload Recovery Time 

Step Input 1 Pulse of New Frequency Plus liJ.s 1 Pulse of New Frequency Plus 1 iJ.S I Pulse of New Frequency Plus I iJ.S 

ANALOG INPUT AMPLIFIER (ViF Conversion) 

Current Input Range (Figure I) 0 
Voltage Input Range (Figure 5) -10 

Differential Impedance 

Common Mode Impedance 

Input Bias Current 

Noninverting Input 

Inverting Input 

Input Offset Voltage 

(Trimmable to Zero) 

vs. Temperature (T min to T max) 

Safe Input Voltage 

COMPARATOR (FIVConversion) 

Logic "0" Level -Vs 
Logic "1" Level 0 
Pulse Width Range4 0.1 

Input Impedance 

OPEN COLLECTOR OUTPUT (V/F Conversion) 

Output Voltage in Logic "0" 

ISINK :5 SmA, T min to T max 

Output Leakage Current in Logic "1" 

Voltage Range5 0 

AMPLIFIER OUTPUT (F IV Conversion) 

Voltage Range (I 500fl min load resistance) 0 
Source Current (750fl max load resistance) 10 

Capacitive Load (Without Oscillation) 

POWER SUPPLY 

Voltage, Rated Performance :::9V 

Quiescent Current 

TEMPERATURE RANGE 

Rated Performance - N Package 0 

DPackage -25°C 

Storage -NPackage -25°C 

DPackage -65°C 

PACKAGE OPTIONS6 

PlasticDIP-N14A 

Ceramic DIP - Dl4A 

NOTES 

INonlioearity is defined as deviation from a straight line from zero 
to full scale, expressed as a fraction offull scale. 

2Full scale calibration error adjustable to zero. 
3 Measured at full scale output frequency of 10kHz. 
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+0.6 0 
0 -10 

2MflillOpF 2MflillOpF 

1 oooMnll1 OpF l000MfllllOpF 

40 100 40· 

:::S ±20 :::S 

±4 
:::30 :::30 

:::Vs :::Vs 

-1 -Vs 

+Vs 0 

(0. 3 xtos) 0.1 

250 250 

0.4 

100 

+36 0 

+10 0 

10 

100 

±lS :::9V 

S 

+70 0 

+85 -25 

+S5 -25 

+ 150 -65 

AD650JN AD650KN 

AD650AD AD650BD 

4Refer to FIV conversion section of the text. 
5Referred to digital ground. 
6See Section 19 for package outline information. 

*SpecificationssameasAD650J/A. 
**Specifications same as AD650KIB. 
Specifications subject to change without notice. 

+0.6 0 +0.6 

0 -10 0 

2MflillOpF 

1000Mnlll0pF 

100 40 100 

±20 :::S ±20 

±4 ±4 
:::30 

:::Vs 

-1 -Vs +1 

+Vs 0 +Vs 
(0.3 x tos) 0.1 (0.3x tos) 

250 

0.4 0.4 

100 100 

+36 0 +36 

+10 0 +10 

10 

100 100 

±lS :::9V ±lS 

S 8 

+70 

+85 -55°C + 125°C 

+S5 

+ 150 -65 + 150 

AD650SD 

Specifications shown in boldface are tested on all 
production units at final electrical test. Results 
from those tests are used to calculate outgoing 
quality levels. All min and max specifications are 
guaranteed, although only those shown in boldface 
are tested on all production units. 

Units 

MHz 

% 

% 

% 

% 

% 

% 

ofFSRI% 

ppml"C 
ppmJ°C 

ppmloC 

ppmJ°C 
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rnA 

V 

nA 
nA 

mV 

iJ.WC 
C 

V 

V 

iJ.S 
kfl 

V 

nA 

V 

V 

rnA 
pF 

V 

rnA 

°C 

°C 

°C 



ORDERING GUIDE 

Gain 
Tempco 

Part ppm/oC 
Number 100kHz 

AD650}N 150typ 
AD650KN 150 typ 
AD650AD 150max 
AD650BD 150 max 
AD650SD 150max 

IMHz 
Linearity 

O.I%typ 
O.I%max 
O.I%typ 
O.I%max 
O.I%max 

Specified 
Temperature 
Range °C Package 

o to + 70 Plastic DIP 
o to + 70 Plastic DIP 
- 25 to + 85 Ceramic 
- 25 to + 85 Ceramic 
- 55 to + 125 Ceramic 

CIRCUIT OPERATION 
UNIPOLAR CONFIGURATION 
The AD6S0 is a charge balance voltage-to-frequency converter. 
In the connection diagram shown in Figure I, or the block 
diagram of Figure 2a, the input signal is convex:ted into an 
equivalent current by the input resistance R1N• This current is 
exactly balanced by an internal feedback current delivered in 
short, timed bursts from the switched ImA internal current 

BIPOLAR 
OFFSET 4 

CURRENT 

ONE 
SHOT 6 

CAPACITOR 

11 ~~~LOG 

COMPARATOR 
INPUT 

AD650 Pin Configuration 

ABSOLUTE MAXIMUM RATINGS 

Total Supply Voltage + Vs to - Vs 
Storage Temperature Ceramic ... 

Plastic 
Differential Input Voltage (Pins 2 & 3) 
Maximum Input Voltage ...... . 

...... , 36V 
- SsoC to + 16SoC 
- 2SoC to + 12SoC 

±lOV 
· ±Vs 

Open Collector Output Voltage Above Digital GND 
Current 

· 36V 
SOmA 

Indefinite 
· ±Vs 

Amplifier Short Ckt to Ground . 
Comparator Input Voltage (Pin 9) . 

source. These bursts of current may be thought of as precisely 
defined packets of charge. The required number of charge packets, 
each producing one pulse of the output transistor, depends 
upon the amplitude of the input signal. Since the number of 
charge packets delivered per unit time is dependent on the 
input signal amplitude, a linear voltage-to-frequency transforma
tion will be accomplished. The frequency output is furnished 
via an open collector transistor. 

-15Vo---...... ---i 

}-I--............. ---o + 15V 

ANALOG 
GROUND 

r---_--o fOUT 

I 

• 
Figure 1. Connection Diagram for VIF Conversion, Positive 
Input Voltage 
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A more rigorous analysis demonstrates how the charge balance 
voltage-to-frequency conversion takes place. 

A block diagram of the device arranged as a V to F converter is 
shown in Figure 2a. The unit is comprised of an input integrator, 
a current source and steering switch, a comparator and a one-shot. 
When the output of the o~e-shot is low, the current steering 
switch SI diverts all the current to the output of the op amp; 
this is called the Integration Period. When the one-shot has 
been triggered, and its output is high, the switch SI diverts all 
the current to the summing junction of the op amp; this is 
called the Reset Period. The two different states are shown in 
Figure 2 along with the various branch currents. It should be 
noted that the output current from the op amp is the same for 
either state, thus minimizing transients. 

INTEGRATOR 

+<>-""",,~HH~ 

V'N 

-Vs 

Figure 2a. Block Diagram 

+ <>-'VV'orl------l 
V 1N RIN 

-Vs 

Cos 

-I'N 

-Vs 

Figure 2b. Reset Mode Figure 2c. Integrate Mode 

: RESET I INTEGRATE 

Figure 2d. Voltage Across CINT 

The positive input voltage develops a current (lIN = VINIRIN) 
which charges the integrator capacitor CINT. As charge builds 
up on CINT' the output voltage of the integrator ramps downward 
towards ground. When the integrator output voltage (pin I) 
crosses the comparator threshold ( - 0.6 volt) the comparator 
triggers the one shot, whose time period, tos is determined by 
the one shot capacitor Cos. 

VOL. I, 11-18 VIF & FN CONVERTERS 

Specifically, the one shot time period is: 

tos = Cos x 6.8 X 103 sec/F + 3.0 x 1O-7sec 

The Reset Period is initiated as. soon as the integrator output 
voltage crosses the comparator threshold, and the integrator 
ramps upward by an amount: 

aV=tos • dd
V 

= ctas (ImA - lIN ) 
t INT 

After the Reset Period has ended, the device starts another 
Integration Period, as shown in Figure 2, and starts ramping 
downward again. The amount of time required to reach the 
comparator threshold is given as: 

a V tos/CINT(1mA - lIN) _ (ImA _ ) 
TI dV I IC - tos I I _ IN INT IN 

dt 

The output frequency is now given as: 

(I) 

(2) 

(3) 

1 lIN F·Hz VINIRIN 
foUT= tos +TI = tosX lmA = 0.15 -x--- Cos+4.4x lo-llF (4) 

Note that CINT' the integration capacitor has no effect on the 
transfer relation, but merely determines the amplitude of the 
sawtooth signaL out of the integrator. 

- One Shot Timing 
A key part of the preceding analysis is the one shot time period 
that was given in equation (1). This time period can be broken 
down into approximately 300ns of propagation delay, and a 
second time segment dependent linearly on timing capacitor 
Cos. When the one shot is triggered, a voltage switch that holds 
pin 6 at analog ground is opened allowing that voltage to change. 
An internal O.smA current source connected to pin 6 then draws 
its current out of Cos, causing the voltage at pin 6 to decrease 
linearly. At approximately - 3.4V, the one shot resets itself, 
thereby ending the timed period and starting the V/F conversion 
cycle over again. The total one shot time period can be written 
mat4ematicallyas: 

aV Cos 
tos I DISCHARGE + T GATE DELAY 

substituting actual values quoted above, 

tos 
--'-3.4VxCos . 9 

_ 0.5 x 10-3.1 + 300 x 10- sec 

This simplifies into the timed period equation given above. 

COMPONENT SELECTION 

(5) 

(6) 

Only four component values must be selected by the user. These 
are input resistance RIN, timing capacitor Cos, logic resistor Rz, 
and integration capacitor CINT. The first two determine the 
input voltage and full scale frequency, while the last two are 
determined by other circuit c~nsiderations. 

Of the four components to be selected, R2 is the easiest to define. 
As a pull up resistor, it should be chosen to limit the current 
through the output transistor to 8mA if a TTL maximum VOL 
of O.4V is desired. For example, a SV logic supply is used, R2 
should be no smaller than 5V/8mA or 6250. A larger value can 
be used if desired. 

Ru'f and Cos are the only two parameters available to set the full 
scale freq~ency to accommodate the given signal range. The 



"swing" variable that is affected by the choice of RIN and Cos is 
nonlinearity. The selection guide of Figure 3 shows this quite 
graphically. ·In general, larger values of Cos and lower full scale 
input currents (higher values of {{IN) provide better linearity. In 
Figure 3, the implications of four different choices of RIN are 
shown. Although the selection guide is set up for a unipolar 
configuration with a zero to IOV input signal range, the results 
can be extended to other configurations and input signal ranges. 
For a full scale frequency of 100kHz (corresponding to IOV 
input), you can see that among the available choices, RIN = 20k 
and Cos = 620pF gives the lowest nonlinearity, 0.0038%. Also, 
if you wish to use the highest frequency that will give the 20ppm 
minimum nonlinearity, it is approximately 33kHz (40.2kO and 
1000pF). 

FULL SCALE 
FREQUENCY 

lMHz 

100kH z 

10kH z 

I r"~ 

Ir--. r-. ........ 
" ~r--. 

........ 

I " I 
I 
I 
I 

I 

50 100 

~ 
~" ~~ 

I'.. 

" l\. ~ INPUT 

~ESISTOR 

~ ~ ~~~r 1"r-., 
"-
~J02k _ 

, 
"l

1
OOk , 

1000 

Figure 3a. Full Scale Frequency vs. Cos 

lOOOppm 

TYPICAL 
NONLINEARITY 

100ppm 

20ppm 

I INPUT 

f-- RESIS~OIR 

-!-16.9k" 

I " - I-- 20

1

k; 

~~ ~ 

-

40.2r ~ r-... '" ~ f- lOOk, :-... 
....... "' " " I ........... ~ "-

! """'" ~~ -
I 

50 100 1000 

ONE SHOT CAPACITOR -
Cos IN PICOFARADS 

r-

Figure 3b. Typical Nonlinearity vs. Cos 

Cos 

For input signal spans other than lOV, the input resistance 
must be scaled proportionately. For example, if 100kO is called 
out for a O-IOV span, 10k would be used with a O-lV span, or 
200kO with a ± 10V bipolar connection. 

The last component to be selected is the integration capacitor 
CINT• In almost all cases, the best value for CINT can be calculated 
using the equation: 

10-4PIsec 
CINT=f--- (lOOOpF minimum) 

MAX 
(7) 

. When the proper value for CINT is used, the charge balance 
architecture of the AD650 provides continuous integration of 
the input signal, hence large amounts of noise and interference 
can be rejected. If the output frequency is measured by counting 
pulses during a constant gate period, the integration provides 
infinite normal mode rejection for frequencies corresponding to 
the gate period and its harmonics. However, if the integrator 
stage becomes saturated by an excessively large noise pulse, the 
continuous integration of the signal will be interrupted, allowing 
the noise to appear at the output. If the approximate amount of 
noise that will appear on CINT is known (V NOISE), the value of 
CINT can be checked using the following inequality: 

tos X 1 X 10-3 A 
C1NT > -;-;-----::;-;-;-7;---

+ V S - 3 V - V NOISE 

For example, consider an application calling for a maximum 

(8) 

frequency of 75kHz, a 0-1 volt signal range, and supply voltages 
of only ± 9 volts. The component selection guide of Figure 3 is 
used to select 2.0kO for RIN and 1000pF for Cos. This results 
in a one shot time period of approximately 71-1s. Substituting 
75kHz into equation 7 yields a value of 1300pF for CINT• When 
the input signal is near zero, 1mA flows through the integration 
capacitor to the switched current sink during the reset phase, 
causing the voltage across CINT to increase by approximately 5.5 
volts. Since the integrator output stage requires approximately 3 
volts head room for proper operation, only 0.5 volt margin 
remains for integrating extraneous noise on the signal line. A III 
negative noise pulse at this time might saturate the integrator, 
causing an error in signal integration. Increasing C1NT to 1500 
or 2000pF will provide much more noise margin, thereby elimi-
nating this potential trouble spot. 

BIPOLAR V/F 
Figure 4 shows how the internal bipolar current sink is used to 
provide a half-scale offset for a ± 5V signal range, while providing 
a 100kHz maximum output frequency. The nominally 0.5mA 
(± 10%) offset current sink is enabled when a 1.24kO resistor is 
connected between pins 4 and 5. Thus, with the grounded 
10kO nominal resistance shown, a - 5V offset is developed at 
pin 2. Since pin 3 must also be at - 5V, the current through 
RIN is lOV/40kO= +0.25mA at V1N = +5V, and OmA at 
VIN = -5V. 

Components are selected using the same guidelines outlined for 
the unipolar configuration with one alteration. The voltage 

-lSV 

ANALOG 
GROUND 

HI-_-ll-_--o +sv 

~---...... --o FOUl 

Figure 4. Connections for:!:: 5V Bipolar VIF with 0 to 100kHz 
TTL Output 
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across the total signal range must be equated to the maximum 
input voltage in the unipolar configuration. In other words, the 
value of the input resistor RIN is determined by the input voltage 
span, not the maximum input voltage. 

As in the unipolar circuit, RIN and Cos must have low temperature 
coefficients to minimize the overall gain drift. The 1.24kO 
resistor used to activate the O.SmA offset current should also 
have a low temperature coefficient. The bipolar offset current 
has a temperature coefficient of approximately -200ppmrC. 

UNIPOLAR VIF, NEGATIVE INPUT VOLTAGE 
Figure S shows the connection diagram for VIF conversion of 
negative input voltages. In this configuration full scale output 
frequency occurs at negative full scale input, and zero output 
frequency corresponds with zero input voltage. 

A very high impedance signal source may be used since it only 
drives the noninverting integrator input. Typical input impedance 
at this terminal is IGO or higher. For VIF conversion of positive 
input signals using the connection diagram of Figure I, the 
signal generator must be able to source the integration current 
to drive the AD6S0. For the negative VIF conversion circuit of 
Figure S, the integration current is drawn from ground through 
RI and R3, and the active input is high impedance. 

,--~~"""'---------------<lVOUT 

R3 

Rl 

-15Vo-...... ---{ 

l--.......... --<l+15V 

ANALOG 
GROUND 

Figure 6. Connection Diagram for FN Conversion 

input signals with slower edges, a larger capacitor andlor resistor 
may be used as long as the comparator is never exposed to a 
voltage lower than - 0.6V for longer than the one shot time 
period. If this happens, the one shot will trigger itself more 
than once per cycle, creating discontinuities in the FIV transfer 
function. An input pulse greater than lOOns but less than 0.3 x tos 
is recommended (tos is defined by equation I in the circuit 
operation section, unipolar configuration). 

HIGH FREQUENCY OPERATION 
Proper RF techniques must be observed when operating the 
AD6S0 at or near its maximum frequency of IMHz. Lead lengths 
must be kept as short as possible, especially on the one shot and 
integration capacitors, and at the integrator summing junction. 
In addition, at maximum output frequencies above SOOkHz, a 
3.6kO pulldown resistor from pin 1 to - V s is required (see 
Figure 7). The additional current drawn through the pulldown 

+VLoa,e resistor reduces the op amp?s output impedance and improves 
its transient response. 

}----...... --o FOUT 

Figure 5. Connection Diagram for VIF Conversion, Negative 
Input Voltage 

Circuit operation for negative input voltages is very similar to 
positive input unipolar conversion described in a previous section. 
For best operating results use component equations listed in 
that section. 

FN CONVERSION 
The AD6S0 also makes a very linear frequency-to-voltage con
verter. Figure 6 shows the connection diagram for FN conversion 
with TTL input logic levels. Each time the input signal crosses 
the comparator threshhold going negative, the one shot is activated 
and switches ImA into the integrator input for a measured time 
period (determined by Cos). As the frequency increases, the 
amount of charge injected into the integration capacitor increases 
proportionately. The voltage across the integration capacitor is 
stabilized when the leakage current through RI and R3 equals 
the average current being switched into the integrator. The net 
result of these two effects is an average output voltage which is 
proportional to the input frequency. Optimum performance can 
be obtained by selecting components using the same guidelines 
and equations listed in the VIF conversion section. 

The circuit of Figure 6 can be biased to accommodate almost 
any input signal waveform. With a TTL input, the 1000pF 
coupling capacitor and 2.ikO resistor creates a clean negative 
spike that triggers the one shot on negative going edges. For 
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DECOUPLING AND GROUNDING 
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, It is good engineering practice to use bypass capacitors on the 
supply-voltage pins and to insert small-valued resistors (10 to 
1000) in the supply lines to provide a measure of decoupling 
between the various circuits in a system. Ceramic capacitors of 
O.lfLF to 1.0fLF should be applied between the supply-voltage 
pins ahd analog signal ground for proper bypassing on the 
AD6S0. 

In addition, a larger board level decoupling capacitor of IfLF to 
lOfLF should be located relatively close to the AD6S0 on each 
power supply line. Such precautions are imperative in high 
resolution data acquisition applications where one expects to 



exploit the full linearity and dynamic range of the AD6S0. Although 
some types of circuits may operate satisfactorily with power 
supply decoupling at only one location on each circuit board, 
such practice is strongly discouraged in high accuracy anaiog 
design. 

Separate digital and analog grounds are provided on the AD6S0. 
The emitter of the open collector frequency output transistor is 
the only node returned to the digital ground. All other signals 
are referred to analog ground. The purpose of the two separate 
grounds is to allow isolation between the high precision analog 
signals and the digital section of the circuitry. As much as several 
hundred millivolts of noise can be tolerated on the digital ground 
without affecting the accuracy of the VFC. Such ground noise is 
inevitable when switching the large currents associated with the 
frequency output signal. 

At IMHz full scale it'is necessary to use a pull-up resistor of 
about soon in order to get the rise time fast enough to provide 
well defined output pulses. This means that from a S volt logic 
supply, for example, the open collector output will draw lOmA. 
This much current being switched will surely cause ringing on 
long ground runs due to the self inductance of the wires. For 
instance, *20 gauge wire has an inductance of about 20nH per 
inch; a current of lOmA being switched in SOns at the end of 12 
inches of 20 gauge wire will produce a voltage spike of SOmV. 
The separate digital ground of the AD6S0 will easily handle 
these types of switching transients. 

A problem will remain from interference caused by radiation of 
electro-magnetic energy from these fast transients. Typically, a 
voltage spike is produced by inductive switching transients; 
these spikes can capacitively couple into other sections of the 
circuit .. Another problem is ringing of ground lines and power 
supply lines due to the distributed capacitance and inductance 
of the wires. Such ringing can also couple interference into 
sensitive analog circuits. The best solution to these problems is 
proper bypassing of the logic supply at the AD6S0 package. A 
Ij.1F to lOj.1F tantalum capacitor should be connected directly to 
the supply side of the pull-up resistor and to the digital ground 
- pin 10. The pu1l7up resistor should be connected directly to 
the frequency output - pin 8. The lead lengths on the bypass 
capacitor and the pull up resistor should be as short as possible. 
The capacitor will supply (or absorb) the current transients, and 
large ac signals will flow in a physically small loop through the 
capacitor, pull up resistor, and frequency output transistor. It is 
important that the loop be physically small for two reasons: 
first, there is less self-inductance if the wires are short, and 
second, the loop will not radiate RFI efficiently. 

The digital ground (pin 10) should be separately connected to 
the power supply ground. Note that the leads to the digital 
power supply are only carrying de current and cannot radiate. 
RFI. There may also be a de ground drop due to the difference 
in currents returned on the analog and digital grounds. This 
will not cause any problem. In fact, the AD6S0 will tolerate as 
much as 0.2S volt dc potential difference between the analog 
and digital grounds. These features greatly ease power distribution 
and ground management in large systems. Proper technique for 
grounding requires separate digital. and analog ground returns to 
the power supply. Also, the signal ground must be referred 
directly to analog ground (pin 11) at the package. All of the 
signal grounds should be tied directly to pin 11, especially the 
one-shot capacitor. More information on proper grounding and 
reduction of interference can be found in reference 1. 

TEMPERATURE COEFFICIENTS 
The drift specifications of the AD6S0 do not include temperature 
effects of any of the supporting pcsistors or capacitors. The drift 
of the input resistors Rl and R3 and the timing capacitor Cos 
directly affect the overall temperature stability. In the application 
of Figure 2, a lOppmfOC input resistor used with a 100ppm/oC 
capacitor may result in a maximum overall circuit gain drift of: 

150ppm/oC (AD650A)+ 100ppmrc (Cos) + lOppm/°C (R1N)=260ppmrc 

In bipolar configuration, the drift of the I.24kn resistor used to 
activate the internal bipolar offset current source will directly 
affect the value of this current. This resistor should be matched 
to the resistor connected to the op amp noninverting input (pin 
2), see Figure 4. That is, the temperature coefficients of these 
two resistors should be equal. If this is the case, then the effects 
of the temperature coefficients of the resistors cancel each other, 
and the drift of the offset voltage deVeloped at. the op amp non
inverting input will be determined solely by the AD6S0. Under 
these conditions the TC of the bipolar offset voltage is typically 
- 200ppml 'C and is a maximum of - JOOppmfOC. The offset 
voltage always decreases in magnitude as temperature is 
increased. 

Other circuit components do not directly influence the accuracy 
of the VFC over temperature changes as long as their actual 
values are not so different from the nominal value as to preclude 
operation. This includes the integration capacitor, C1NT• A 
change in the capacitance value of C1NT simply results in a III 
different rate of voltage change across the capacitor. During the 
Integration Phase (refer to Figure 2), th~ rate of voltage change 
across C1NT has the opposite effect that it does during the Reset 
Phase. The result is that the conversion accuracy is unchanged 
by either drift or tolerance of CINT• The net effect of a change 
in the integrator capacitor is simply to change the peak to peak 
amplitude of the sawtooth waveform at the output of the 
integrator. 
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Figure 8. Gain TC vs. Temperature 

The gain temperature coefficient of the AD6S0 is not a constant 
value. Rather the gain TC is a function of both the full scale 
frequency and the ambient temperature. At a low full scale 
frequency, the gain TCis determined primarily by the stability 
of the internal reference-a buried zener reference. This low 
speed gain TC can be quite good; at 10kHz full scale, the gain 
TC near 2SoC is typically 0 ± SOpprn/°C. Although the gain TC 
changes with ambient temperature (tending to be more positive 

1"Noise Reduction Techniques in Electronic Systems", by H. W. OTT, 
(John Wiley, 1976). 
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at higher temperatures), the drift remains within a ± 7sppmfOC 
window over the entire military temperature range. At full scale 
frequencies higher than 10kHz dynamic errors become much 
more important than the static drift of the dc reference. At a 
full scale frequency of 100kHz and above, these timing errors 
dominate the gain TC. For example, at 100kHz full scale frequency 
(RIN = 40k and Cos = 330pF) the gain TC near room temperature 
is typically - 80 ± sOppmfOC, but at an ambient temperature 
near + 125°C, the gain TC tends to be more positive and is 
typically + 15 ± sOppm/oC. This information is presented in a 
graphical form in Figure 8. The gain TC always tends to become 

, more positive at higher temperatures. Therefore it is possible to 
adjust the gain TC of the AD6s0 by using a one-shot capacitor 
with an appropriate TC to cancel the drift of the circuit. For 
example, consider the 100kHz full scale frequency. An average 
drift of - 100ppm/oC means that as temperature is increased, 
the circuit will produce a lower frequency in reponse to a given 
input voltage. This means that the one-shot capacitor must 
decrease in value as temperature increases in order,to compensate 
the gain TC of the AD6s0; that is, the capacitor must have a 
TC of -100ppmfOC. Now consider the IMHz full scale frequency. 
It is not possible to achieve very much improvement in performance 
unless the expected ambient temperature range is known. For 
example, in a constant low temperature application such as 
gathering data in an Arctic climate (approximately - 20°C), a 
Cos with a drift of - 31 OppmfOC is called for in order to compensate 
the gain drift of the AD6s0, However, if that circuit should see 
an ambient temperature of + 75°C, the Cos cap would change 
the gain TC from approximately Oppm to + 31Oppm/oC. 

The temperature effects of the components described above are 
the same when the AD6s0 is configured for negative or bipolar 
input voltages, and for FIV conversion as well. 

NONLINEARITY SPECIFICATION 
The linearity error of the AD6s0 is specified by the end point 
method. That is, the error is expressed in terms of the deviation 
from the ideal voltage to frequency transfer relation after calibrating 
the converter at full scale and "zero". The nonlinearity will vary 
with the choice of one-shot capacitor and input resistor (see 
Figure 3), Verification of the linearity specification requires the 
availability of a switch able voltage source (or a DAC) having a 
linearity error below 20ppm, and the use of very long measurement 
intervals to minimize count uncertainties, Every AD6s0 is auto
matically tested for linearity, and it will not usually be necessary 
to perform this verification, which is both tedious and time 
consuming. If it is required to perform a nonlinearity test either 
as part of an incoming quality screening or as a final product 
evaluation, an automated "bench-top" tester would prove useful. 
Such a system based on the Analog Devices' LTS-201O is described 
in Reference 2. 

The voltage-to-frequency transfer relation is shown in Figure 9 
with the nonlinearity exaggerated for clarity, The first step in 
determining nonlinearity is to connect the end points of the 
operating range (typically at lOmV andlOV) with a straight 
line, This straight line is then the ideal relationship which is 
desired from the circuit. The second step is to find the difference 
between this line and the actual response of the circuit at a few 
points between the end points - typically ten intermediate points 
will suffice. The difference between the actual and the ideal 
response is a frequency error measured in hertz. Finally, these 
frequency errors are normalized to the full scale frequency and 
expressed either as parts per million of full-scale (ppm) or parts 

2"V_F Converters Demand Accurate Linearity Testing", by L. DeVito, 
(Electronic Design, March 4, 1982) 
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Figure 9b. Exaggerated Nonlinearity at 1 MHz Full Scale 

per hundred of full scale (%). For example, on a 100kHz full 
scale, if the maximum frequency error is 5Hz, the nonlinearity 
would be specified as sOppm or 0.005%. Typically on the 100kHz 
scale, the nonlinearity is positive and the maximum value occurs 
at about midscale (Figure 9a). At higher full scale frequencies, 
(500kHz to IMHz), the nonlinearity becomes "S" shaped and 
the maximum value may be either positive or negative. Typically, 
on the IMHzscale (RJN= 16.9k, Cos=SlpF) the nonlinearity is 
positive below about 2/3 scale and is negative above this point. 
This is shown graphically in Figure 9b. 

PSRR 
The power supply rejection ratio is a specification of the change 
in gain of the AD6s0 as the power supply voltage is changed. 
The PSRR is expressed in units of parts-per-million change of 
the gain per percent change of the power supply - ppm/%. For 
example, consider a VFC with a 10 volt input applied and an 
output frequency of exactly 100kHz when the power supply 
potential is ± 15 volts. Changing the power supply to± 12.5 
volts is a 5 volt change out of 30 volts, or 16.7%. If the output 
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Figure 10. PSRR VS. Full Scale Frequency 



frequency changes to 99. 9kHz, the gain has changed 0.1% or 
1000ppm. The PSRR is 1000ppm divided by 16.7% which 
equals 6Oppm/%. 

The PSRR of the AD650 is a function of the full scale operating 
frequency. At low full scale frequencies the PSRR is determined 
by the stability of the reference circuits in the device and can be 
very good. At higher frequencies there are dynamic errors which 
become more important than the static reference signals, and 
consequently the PSRR is not quite as good. The values of 
PSRR are typically 0 ± 20ppm/% at 10kHz full scale frequency 
(RIN = 40k, Cos = 3300pF). At 100kHz (RIN = 40k, Cos = 330pF) 
the PSRR is typically + 80 ± 40ppm/%, and at 1MHz 
(RIN = 16.9k!1, Cos = 51pF) the PSRR is + 350 ± 50ppm/%. 
This information is summarized graphically in Figure 10. 

OTHER CIRCUIT CONSIDERATIONS 
The input amplifier connected to pins 1, 2 and 3 is not a standard 
operational amplifier. Rather, the design has been optimized for 
simplicity and high speed. The single largest difference between 
this amplifier and a normal op amp is the lack of an integrator 
(or level shift) stage. Consequently the voltage on the output 
(pin 1) must always be more positive than 2 volts below the 
inputs (pins 2 and 3). For example, in the F to V conversion 
mode, se.e Figure 6, the noninverting input of the op amp (pin 
2) is grounded, which means that the output (pin 1) will not be 
able to go below - 2 volts. Normal operation of the circuit as 
shown in lhe figure will never call for a negative voltage at the 
output; but one may imagine an arrangement calling for a bipolar 
output voltage (say ± 10 volts) by connecting an extra resistor 
from pin 3 to a positive voltage. This will not work. A second 
major difference is that the output will only sink 1mA to the 
negative supply, There is no pulldown stage at the output other 
than the 1mA current source used for the V to F conversion. 
The op amp will source a great deal of current from the positive 
supply, and it is internally protected by current limiting. The 
output of the op amp may be driven to within 3 volts of the 
positive supply when it is not sourcing external current. When 
sourcing lOrnA the output voltage may be driven to within 6 
volts of the positive supply. 

A third difference between this op amp and a normal device is 
that the inverting input, pin 3, is bias current compensated and 
the noninverting input is not bias current compensated. The 
bias current at the inverting input is nominally zero, but may be 
as much as 20nA in either direction. The noninverting input 
typically has a bias current of 40nA that always flows into the 
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Figure 11. Bipolar Offset Current vs. External Resistor 

Applications 
node (an npn input transistor). Therefore, it is not possible to 
match input voltage drops due to bias currents by matching 
input resistors. 

The op amp has provisions for trimming the input offset voltage. 
A potentiometer of 20kfl is connected to pins 13 and 14 and the 
wiper is connected to the positive supply through a 250k!1 resistor. 
A potential of about 0.6 volt is established across the 250k!1 
resistor, and the 31-lA current is injected into the null pins. It is 
also possible to null the op amp offset voltage by using only one 
of the null pins and use a bipolar current either into or out of 
the null pin. The amount of current required will be very small 
- typically less than 3f.1A. This technique is shown in the appli
cations section of this data sheet: the auto-zero circuit uses this 
technique. 

The bipolar offset current is activated by connecting a 1.24k!1 
resistor between pin 4 and the negative supply. The resultant 
current delivered to the op amp noninverting input is nominally 
0.5mA and has a tolerance of ::!:: 10%. This current is then used 
to provide an offset voltage when pin 2 is tied to ground through 
a resistor. The 0.5mA which appears at pin 2 is also flowing 
through the 1.24k!1 resistor and this current may be measured 
by observing the voltage across the 1.24k!1 resistor. An external 
resistor is used to activate the bipolar offset current source to 
provide the lowest tolerance and temperature drift of the resultant 
offset voltage. It is possible to use other values of resistance 
between pin 4 and - V s to obtain a bipolar offset current different 
than 0·.5mA. Figure 11 is a graph of the relationship between III 
the bipolar offset current and the value of the resistor used to 
activate the source. 

APPLICATIONS 
DIFFERENTIAL VOLTAGE-TO-FREQUENCY 
CONVERSION 
The circuit of Figure 12 accepts a true floating differential input 
signal. The common mode input, V 01. may be in the range 
+ 15 to - 5 volts with respect to analog ground. The signal 
input, VIN, may be ± 5 volts with respect to,the common mode 
input. Both inputs are low impedance: the source which drives 
the common mode input must supply the O.SmA drawn by the 
bipolar offset current source; and the source which drives the 
signal input must supply the integration current. 

VCM IS THE COMMON MODE INPUT - + 1SV to - 5V WITH RESPECT TO ANALOq GROUND 
V1N IS THE SIGNAL INPUT~±5V WITH RESPECT TO VCM 

VeM 0-"""'------+-< 

V,~ 0-"""'----_-< 

Figure 12. AD650 Differential Input 
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If less common mode voltage range is required, a lower voltage 
zener may be used. For example, if a 5 volt zener is used, the 
VCM input may be in the range + 10 to - 5 volt. If the zener is 
not used at 'all, the common mode range will be :!: 5 volts with 
repect to analog ground.' If no zener is used, the 10k pulldown 
resistor is not needed, and the integrator output (pin 1) is connected 
directly to the comparator input (pin 9). 

AUTO ZERO CIRCUIT 
In order to exploit the full dynamic range of the AD650 VFC, 
very small input voltages will need to be converted. For example, 
a six decade dynamic range based on a full scale of 10 volts will 
require accurate measurement of signals down to lOf.1V. In these 
situations a well-controlled input offset voltage is imperative. A 
constant offset voltage will not affect dynamic range, but simply 
shift all of the frequency readings by a few hertz. However, if 
the offset should change, then it will not be possible to distinguish 
between a small change in a small input voltage and a drift of 
the offset voltage. Hence, the useable dynamic range is less. 
The circuit shown in Figure 13 provides automatic adjustment. 
of the op amp offset voltage. The circuit uses an AD582 sample 
and hold amplifier to control the offset, and the input voltage to 
the VFC is switched between ground and the signal to be measured 
via an AD7512DI analog switch. The offset of the AD650 is 
adjusted by injecting a current into or drawing a current out of 
pin 13. Note that only one of the offset null pins is used. During 
the "VFC Norm" mode, the SHA is in hold mode and the hold 
capacitor is very large, O.lf.1F, to hold the AD650 offset constant 
for a long period of time. 

{

• ~ VOL rs _ VFC NORMAL 

GNO-AUTOZERO 

Figure 13. Auto-Zero Circuit for AD650 Vol,age-to
Frequency Converter 

When the circuit is in the "Auto Zero" mode the SHA is in 
sample mode and behaves like an op amp. The circuit is a variation 
of the classical two amplifier servo loop, where the output of the 
Device Under Test (DUT) - here the DUT is the AD650 op 
amp - is forced to ground by the feedback action of the control 
amplifier - the SHA. Since the input of the VFC circuit is 
connected to ground during the auto zero mode, the input current 
which can flow is determined by the offset voltage of the AD650 
op amp. Since the output of the integrator stage is forced to 
ground it is known that the voltage is not changing (it is equal 
to ground potential). Hence if the output of the integrator is 
constant, its input current must be zero, so the offset voltage 
has been forced to be zero. Note that the output of the DUT 
could have been forced to any convenient voltage other than 
ground. All that is required is that the output voltage be known 
to be constant. Note also that the effect of the bias current at 
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the inverting input of the AD650 op amp is also nulled in this 
circuit. The lOOOpF capacitor shunting the 200kH resistor is 
compensation for the two amplifier servo loop. Two integrators 
in a loop requires a single zero for compensation. Note that the 
3.6kH resistor from pin 1 of the AD650 to the negative supply 
is not part of the auto-zero circuit, but rather it is required for 
VFC operation at 1MHz. 

PHASE LOCKED LOOP FIV CONVERSION 
Although the FIV conversion technique shown in Figure 6 is 
quite accurate and uses only a few extra components, it is very 
limited in terms of signal frequency response and carrier feed
through. If the carrier (or input) frequency changes instantane
ously, the output cannot change very rapidly due to the integrator 
time constant formed by C1NT and RIN• While it is possible to 
decrease the integrator time constant to provide faster settling of 
the F to V output voltage, the carrier feed through will then be 
larger. For signal frequency response in excess of 2kHz, a phase 
locked FIV conversion technique such as the one shown in 
Figure 14 is recommended. 

Figure 14. Phase Locked Loop FIV Conver~ion 

In a phase locked loop circuit, the oscillator is driven to a frequency 
and phase equal to an input reference signal. In applications 
such as a synthesizer, the oscillator output frequency is first 
processed through a programmable "divide by N" before being 
applied to the phase detector as feedback. Here the oscillator 
frequency is forced to be equal to "N times" the reference 
frequency, and it is this frequency output which is the desired 
output signal and not a voltage. In this case, the AD650 offers 
compact size and wide dynamic range. 

In signal recovery applications of a PLL, the desired output 
signal is the voltage applied to the oscillator. In these situations 
a linear relationship between the input frequency and the output 
voltage is desired; the AD650 makes a superb oscillator for FM 
demodulation. The wide dynamic range and outstanding linearity 
of the AD650 VFC allow simple embodiment of high performance 
analog signal isolation or telemetry systems. The circuit shown 
in Figure 14 uses 'a digital phase detector which also provides 
proper feedback in the event of 'unequal frequencies. Such phase
frequency detectors (PFD's) are available in integrated form. 
For a full discussion of phase lock loop circuits see Reference 3. 

An analysis of this circuit must begin at the 7474 dual D flip 
flop. When the input carrier matches the output carrier in both 
phase and frequency, the Q outputs of the flip flops will rise at 
exa'ctly the same time. With two zero's, then two one's on the 

3Phase Lock Techniques", by F.M. Gardner, 2nd Edition, 1979, John 
Wiley and S,)lls. 



inputs of the exclusive or (XOR) gate, the output will remain 
low keeping the DMOS FET switched off. Also, the NAND 
gate will go low resetting the flip-flops to zero. Throughout the 
entire cycle just described, the DMOS integrator gate remained 
off, allowing the voltage at the integrator output to remain un
changed from the previous cycle. However, if the input carrier 
leads the output carrier by a few degrees, the XOR gate will be 
turned on for the small time span that the two signals are mis
matched. Since Q2 will be low during the mismatch time, a 
negative current will be fed into the integrator, causing its output 
voltage to rise. This in turn will increase the frequency of the 
AD650 slightly, driving the system towards synchronization. In 
a similar manner, if the input carrier lags the output carrier, the 
integrator will be forced down slightly to synchronize the two 
signals. 

U sing a mathematical approach, the ± 251lA pulses from the 
phase detector are incorporated into the phase detector 
gain, K d• 

amperes/radian 

Also, the V/F converter is configured to produce IMHz in 
response to a 10 volt input, so its gain Ko is: 

radians 

volt· sec 

(9) 

(10) 

The dynamics of the phase relationship between the input and 
output signals can be characterized as a second order system 
with natural frequency Wn: 

and damping factor 

CARRIER FREQUENCY CONTROL 
o TO 10V GIVES 0 TO lMHz 

Be e>-< ..... ..,.,.. ...... .(]) 
MODULATION 

INPUT 

-1SV 

VOL TAGE·TO·FREOUENCY 
CONVERTER 

3.6kll 
-1SV 

+15V GND 

(11) 

(12) 

Applications 
For the values shown in Figure 14, these relations simplify to a 
natural frequency of 35kHz with a damping factor of 0.8. 

For those desiring a simple approach to determining component 
. values for other PLL frequencies and VFC full scale voltage, 
the following cookbook steps can be used: 

1. Determine Ko (in units of radians per volt second) from the 
maximum input carrier frequency Fmax (in hertz) and the 
maximum output voltage V max' 

211' x Fmax 
Vmax 

(13) 

2. Calculate a value for C based upon th~ desired loop bandwidth, 
fn. Note that this is the desired frequency range of the output 
signal. The loop bandwidth (fn) is not the maximum carrier 
frequency (fmax): the signal may be very narrow even though 
it is transmitted over a IMHz carrier. 

C units FARADS 
fn units HERTZ (14) 
Ko units RADNOL T·SEC 

3. Calculate R to yield a damping factor of approximately, 0.8 
using this equation: 

R units OHMS III 
fn units HERTZ (15) 
Ko units RADNOL ToSEC 

fn 6 Rad·n 
R=i< o 2.5 x 10 -V-

o 

If in actual operation the PLL overshoots or hunts excessively 
before reaching a final value, the damping factor may be raised 
by increasing the value ofR. Conversely, if the PLL is overdamped, 
a smaller value of R should be used. 

PLL PERFORMANCE 
The performance of the PLL circuit is demonstrated by the 
system shown in Figure 15; an analog signal is converted into a 
frequency, and then this frequency is converted back into an 
analog voltage by the PLL. 
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Figure 15. 
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The source of the frequency input signal used to drive the PLL 
is an AD650 with two separate inputs: one for dc to set the 
carrier frequency, and one for ac to establish a modulation. 
Note how the summing junction input to the AD650 allows 
such flexibility. The output frequency is then relayed to the 
PLL via a jumper cable. The signal at this point is a 5 volt 
digital pulse train and as such may be transmitted in any fashion 
suitable to the application at hand. For example, galvanic isolation 
is achieved with a simple transformer or opto-isolator; extremely 
high voltage isolation or transmission through severe RF envi
ronments can be accomplished with a fiber-optic link; telemetry 
can be accomplished with a radio link. The actual method of 
conveying the pulses is not crucial to the system performance. 
The PLL is the circuit shown in Figure 14, and the filter shown 
on the output signal is simply to attenuate carrier feed through 
to allow easy interpretation of the signal with an oscilloscope 
and spectrum analyzer. 

The step response of the system is shown in Figure 16a. The 
signal output is swinging between 5 volts and 10 volts, for an 
input step of 500kHz to IMHz. Note that the AD650 is actUlllly 

Figure 16a. Step Response 

lC); MI/f'e NB WTG H MI IV 1012 IV RMS 
40 

DB ~ 

~ 

1000 leo:; x HZ 1001< 
Y...- HZ y 10 0 DB P£f¥( 

Figure 16b. Frequency Response 
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overshooting to 1.1MHz and the response remains well controlled. 
Note the slight irregularity during the transition: this is caused 
by cycles lipping during the slew where feedback is lost temporarily 
and the PLL actually loses phase lock. The frequency response 
of the system when driven with sinewave excitation is shown in 
Figure 16b. Here the output level is set to 2 volts peak to peak, 
and the carrier is SOOkHz. Note that the - 3dB bandwidth is 
about 70kHz, which is consistent with a damping factor of O.S 
and a natural frequency of 35kHz4 • When an unmodulated 
carrier is applied to the PLL, the noise that appears at the 
output d~termines the dynamic range of the system. The spectrum 
of the noise at the output of the PLL is shown in Figure 16c. 
By comparing this with Figure 16b, the dynamic range of the 
system is seen to be SOdB. Th~ harmonic distortion of the system 
is shown in Figure 16d. The output is a 2V p-p sinewave at 
5kHz, and the amplitude of the first harmonic is seen to be 
4SdB below the fundamental. The harmonic distortion can be 
improved to the level of 60dB by reducing the amplitude of the 
modulation, but this is at the expense of dynamic range since 
the intensity of the noise floor remains constant. 

Figure 16c. Noise Output from PLL 

Figure 16d. Harmonic Distortion of PLL System 

·Sce page 13 of reference 3. 



r.ANALOG 
WDEVICES 

Voltage-to-Frequency and 
Frequency-to-Voltage Converter 

FEATURES 
High Linearity 

±0.01% max at 10kHz FS 
±0.05% max at 100kHz FS 
± 0.2% max at 500kHz FS 

Output TTL/CMOS Compatible 
V/F or FIV Conversion 
6 Decade Dynamic Range 
Voltage or Current Input 
Reliable Monolithic Construction 

PRODUCT DESCRIPTION 
The industry standard ADVFC32 is a low cost monolithic voltage
to-frequency (VI F) converter or frequency-to-voltage (FlY) 
converter with good linearity (0.01% max error at 10kHz) and 
operating frequency up to O.SMHz. In the V/F configuration, 
positive or negative input voltages or currents can be converted 
to a proportional frequency using only a few external components. 
For FlY conversion, the same components are used with a simple 
biasing network to accommodate a wide range of input logic 
levels. 

TTL or CMOS compatibility is achieved in the V/F operating 
mode using an open collector frequency output. The pullup 
resistor can be connected to voltages up to 30 volts, or to + lSV 
or + SV for conventional CMOS or TTL logic levels. This 
resistor should be chosen to limit current through the open 
collector output to 8mA, A larger resistance can be used if 
driving a high impedance load. 

Input offset drift is only 3ppm of full scale per ec, and 
full scale calibration drift is held to a maximum of 100ppm;oC 
(ADVFC32BH) due to a low T.C. zener diode. 

The ADVFC32 is available in commercial, industrial, and extended 
temperature grades. The commercial grade is packaged in a 14-
pin plastic DIP while the two wider temperature range parts are 
packaged in hermetically sealed TO-lOO cans. 

ADVFC32 I 
ADVFC32 FUNCTIONAL BLOCK DIAGRAM 

ONE SHOT 
CAPACITOR 

PRODUCT HIGHLIGHTS 

+IN 

VOUT 

10 COMPARATOR 
INPUT 

1. The ADVFC32 uses a charge balancing circuit technique (see 
Functional Block Diagram) which is well suited to high 
accuracy voltage-to-frequency conversion. The full-scale 
operating frequency is determined by only one precision • 
resistor and capacitor. The tolerance of other support compo-
nents (including the integration capacitor) is not critical. 
Inexpensive ::t 20% resistors and capacitors can be used without 
affecting linearity or temperature drift. 

2. The ADVFC32 is easily configured to satisfy a wide range of 
system requirements. Input voltage scaling is set by selecting 
the input resistor which sets the input current to 0.2SmA at 
the maximum input voltage. 

3. The same components used for V/F conversion can also be 
used for FlY conversion by adding a simple logic biasing 
network and reconfiguring the ADVFC32. 

4. The ADVFC32 is intended as a pin-for-pin replacement for 
VFC32 devices from other manufacturers. 
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SPECIFICATIONS (typical @+25°C with Vs = ±15V, unless otherwise noted) 
Model 

DYNAMIC PERFORMANCE 
Full Scale Frequency Range 
Nonlinearity t 

fmax = 10kHz 
fmax = 100kHz 
fmax = O.SMHz 

Full Scale Calibration Error (adjustable to zero) 
vs. Supply (Full Scale Frequency = 100kHz) 
vs. Temperature 

(Full Scale Frequency = 10kHz) 

DYNAMIC RESPONSE 
Max Scttling Time for Full Scale 

Step Input 
Overload Recovery Time 

ANALOG INPUT AMPLIFIER (VII' Conversion) 
Current Input Range 
Voltage Input Range 
Differential Impedance 
Common Mode Impedance 
Input Bias Current 

Noninverting Input 
Inverting Input 

Input Offset Voltage 
(trimmable to zero)2,3 
vs. Temperature (Tmin to Tmax) 

Safe Input Voltage 

COMPARATOR (FlY Conversion) 
Logic "0" Level 
Logic "1" Level 
Pulse Width Range 
Input Impedance 

OPEN COLLECTOR OUTPUT (V IF Conversion) 
Output Voltage, Logic "0" 

ISINK = SmA 
Output Leakage Current in Logic "I" 
Voltage Range • 
Fall Times (Load = SOOpF and 

ISINK = SmA) 

A\1PLlFIER OUTPUT (F/V Conversion) 
Voltage Range (OmA~lo~7mA) 
Source Current (O~VO ~7V) 
Capacitive Load (without oscillation) 
Closed Loop Output Impedance 

POWER SUPPLY 
Rated Voltage 
Voltage Range 
Quiescent Current 

TEMPERATURE RANGE 
Specified Range 
Operating Range 
Storage 

PACKAGE OPTIONS4 

Plastic DIP - Nl4A 
TO-IOO 

NOTES 

ADVFC32KN 

o to SOOkHz 

±0.01% max 
±O.OS% max 
±0.2% max, ±O.OS% typ 
±S% 
±O.OIS% of FSR/%max 

±7Sppm/C 

1 Pulse of New Frequency 
Plus IJ.Ls 

1 Pulse of New Frequency 
Plus IJ.Ls 

o to +0.2SmA 

ADVFC32BH 

±100ppm/0C max 

o to -10V2, 0 to 0.2SmA X RIN 3 • 
2MQIIIOpF (300kQIIIOpF min) 
7S0MQII3pF (300MQ1I3pF min) 

40nA (2S0nA max) 
±SnA (±lOOnA max) 

4mV max 
30J.LV/C 
±VS 

-Vs to -0.6V 
+IV to +VS 
O.IJ.Ls to (O.ISlfmax ) 
2S0kQ (sokQlllOpF min) 

O.4V max 
IJ.LA max 
o to +30V 

400ns max 

o to +10V 
+10mA min 
100pF max 
lQmax 

±ISV 
±9V to ±ISV 
6mA typ, SmA max 

o to +70
o
C 

-2SoC to +SSoC 
-2SoC to +SSoC 

ADVFC32KN 
N/A 

-2SoC to +SSoC 
-SSoC to +12SoC 
-6S

o
C to +'lSOoC 

N/A 
ADVFC32BH 

1 Nonlinearity is defined as deviation from a straight line from zero to full scale, expressed as a percentage of full scale. 
2 See Figure 3. 
3 See Figure 1. 
4See Section 19 for package outline information. 
·Specifications same as ADVFC32KN. 
Specifications subject to change without notice. 
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ADVFC32SH 

-SSoC to +12SoC 
-SSoC to +12SoC 
-6SoC to +150oC 

N/A 
ADVFC32SH 



PIN CONFIGURATION 
(TOP VIEWS) 

"N" PACKAGE 

ONE SHOT 
CAPACITOR 

10 COMPARATOR 
INPUT 

"H" PACKAGE - TO-tOO 

Four 

UNIPOLAR V/F, POSITIVE INPUT VOLTAGE 
When operated as a V/F converter, the transformation from 
voltage to frequency is based on a comparison of input signal 
magnitude to the ImA internal current source. 

A more complete understanding of the ADVFC32 requires a 
close examination of the internal circuitry of this part. Consider 
the operation of the ADVFC32 when connected as shown in 
Figure l. At the start of a cycle, a current proportional to the 

C2 

)-...... --+-00 +15V 

-15V o----.-~ 

fOUT~~---{ 

Figure 1. Connection Diagram for V/F Conversion, 
Positive Input Voltage 

Applying the ADVFC32 
input voltage flows through R3 and RI to charge integration 
capacitor C2. As charge builds up on C2, the output voltage of 
the input amplifier decreases. When the amplifier output voltage 
(pin 13) crosses ground (see Figure 2 at time tl), the comparator 
triggers a one shot whose time period is determined by capacitor 
Cl. Specifically, the one shot time period (in nanoseconds) is: 

tos == (C I + 44pF) x 6.7k!1 

During this period, a current of (lmA - lis) flows out of the 
integration capacitor. The total amount of charge depleted during 
on~ cycle is, therefore (lmA - II!\I) x tos. This charge is replaced 
during the remainder of the cycle to return the integrator to its 
original voltage. Since the charge taken out of C2 is equal to the 
charge that is put on C2 every cycle, 

(lmA -liN) x tos = liN X ( -F 1 -tos) 
OCT 

or, rearranging terms, 

liN 
FacT = ImA x tos 

The complete transfer equation can now be derived by substituting 
liN = V1N/R,N and the equation relating Cl and tos. The final 
equation describing ADVFC32 operation is: 

VIN/RIN 

FOUT = ImA x (C I + 44pF) x 6.7k!1 

Components should be selected to optimize performance over II 
the desired input voltage and output frequency range using the 
equations listed below: 

3.7 x 107pF/sec -44pF 
FOUT FS 

10- 4 Farads/sec (1000 F .. ) 
F P mmlmum 

OUT FS 
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.... I.-----ONE CYCLE --------<.~I 

CHARGE h DISCHARGE 

I i I 
i'l I 
:~TCHARG<=IOS I IDISCHARGE=~-IOS : 

Vou, I ~I 
:.............I~!L 

OV i I r-
I i I 

+VlOGtC I 
FREQUENCY ~----l 

OUTPU:V __ .... ~!-__ i_os_~_--4'--__________ -+i_ 
I i I 

ONESH~~--'"'1: ... ~;:::------1-----------... ;, 
CA~~~"I~gR : ~ - 3.4V : 

I 
I I I 

Figure 2. Voltage-to-Frequency Conversion Waveforms 

V IN FS 

RIN = 0.2SmA 

+ VLOGIC 
R2 ;o.----smA 

Both RIN and C) should have very low temperature coefficients 
as changes in their values will result in a proportionate change 
in the V/F transfer function. Other component values and tem
perature coefficients are not critical. 

V1NFS FOUTFS C1 RIN C2 

IV 10kHz 3650pF 4.0kO O.OIf-LF 
lOV 10kHz 36S0pF 40kO O.OIf-LF 
IV 100kHz 330pF 4.0kO 1000pF 
lOY 100kHz 330pF 40kO 1000pF 

Table I. Suggested Values for C
" 

R/N and C2 

Input resistance RIN is composed of a fixed resistor (Rl) and a 
variable resistor (R3) to allow for initial gain error compensation. 
To cover all possible situations, R3 snpuld be 20% of RIN, and 
RI should be 90% of RIN. This allows a :!:: 10% gain adjustment 
to compensate for the ADVFC32 full-scale error and the tolerance 
of Cl. 

If more accurate initial offset is required, the circuit of R4 and 
RS can be added. RS can have a value between IOkfl and lOOk!!, 
and R4 should be approximately IOMf1. The amount of current 
required to trim zero offset will be relatively small, so the tem
perature coefficients of these resistors are not critical. If large 
offsets are added using this circuit, temperature drift of both of 
these resistors is much more important. 

BIPOLAR V/F 
By adding another resistor from pin I (pin 2 of TO-IOO can) to 
a stable positive' voltage, the ADVFC32 can be open:ted with a 
bipolar input voltage. For example, an 80kf1 resistor to + lOY 
causes an additional current of 0.I2SmA to flow into the integrator 
so that the net current flow to the integrator is positive even for 
negative input voltages. At negative full scale input voltage, 
0.12SmA will flow into the integrator from VIN cancelling out 
the 0.12SmA from the offset resistor, resulting in an output 
frequency of zero. At positive full scale, the·sum of the two 
currents will be 0.2SmA and the output will be at its maximum 
frequency. 

UNIPOLAR V/F, NEGATIVE INPUT VOLTAGE 
Figure 3 shows the connection diagram for V/F conversion of 
negative input voltages. In this configuration full scale output 
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frequency occurs at negative full scale input, and zero output 
frequency corresponds to zero input voltage. 

A very high impedance signal source may be used since it only 
drive the noninverting integrator input. Typical input impedance 
at this terminal is 250MH or higher. For V/F conversion of 
positive input signals the signal generator must be able to source 
0.2SmA to properly drive the ADVFC32, but for negative V/F 
conversion the 0.2SmA integration current is drawn from ground 
through R 1 and R3. • 

C2 

Figure 3. Connection Diagram for V/F Conversion, 
Negative Input Voltage 

Circuit operation for negative input voltages is very similar to 
positive input u.nipolar conversion described in the previous 
section. For best operating results use component equations 
listed in that :lection. 

F/V CONVERSION 
Although the mathematics of FlY conversion can be very complex, 
the basic principle is easy to understand. Figure 4 shows the 
connection diagram for FlY conversion with TTL input logic 
levels. Each time the input signal crosses the comparator threshold 
going negativl!, the one shot is activated and switches ImA into 
the integrator input for a measured time period (determined by 
CI). As the frequency increases, the amount of charge injected 
into the integration capacitor increases proportionately. The 
voltage across the integration capacitor is stabilized when the 
leakage current through RI and R3 equals the average current 
being switched into the integrator. The net result of these two 
effects is an average output voltage which is proportional to the 
input frequency. Optimum performance can be obtained by 
selecting components using the same guidelines 'and equations 
listed in the V/F conversion section. 

GAIN ADJUST 

.... ------1 t---------. VOUT 

.r.----4....-o() +15V 

12k!l 
-15V 0--...---( 

2.2k!l 

}-_--4H /-0 fiN 

l000pF 

Figure 4. Connection Diagram for FN Conversion, TTL 
Input 



DECOUPLING 
Decoupling power supplies at the device is good practice in any 
system,' but absolutely imperative in high resolution applications. 
For the ADVFC32, it is important to remember where the 
voltage transients and ground currents flow .. For example, the 
current drawn through the output pulldown transistor originates 
from the logic supply, and is directed to ground through pin 11 
(pin 8 ofTO-lOO). Therefore, the logic supply should be decoupled 
near the ADVFC32 to provide a low impedance return path for 
switching transients. Also, if there is a separate digital ground it 
should be connected to the analog ground at the ADVFC32. 
This will prevent ground offsets that could be created by directing 
the full 8mA output current into the analog ground, and sub
sequently back to the logic supply. 

Although some circuits may operate satisfactorily with the power 
supplies decoupled at only one location on each board, this 
practice is not recommended for the ADVFC32. For best results, 
each supply should be decoupled with 0.1 jl.F capacitor at the 
ADVFC32. In addition, a larger board level decoupling capacitor 
of If.lF to lOjl.F should be located relatively close to the ADVFC32 
on each power supply. 

COMPONENT TEMPERATURE COEFFICIENTS 
The drift specifications of the ADVFC32 do not include tem
perature effects of any of the supporting resistors or capacitors. 
The drift of the input resistors RI and R3 and the timing capacitor 
C 1 directly affect the overall temperature stability. In the appli
cation of Figure 2, a lOppmJOC input resistor used with a 
IOOppmrC capacitor may result in a maximum overall circuit 
gain drift of: 

100ppmrC (ADVFC32BH) + 100ppmJOC (Cl) 
+ lOppmJOC (R1N) = 21OppmJOC 

Although RIN and C1 have the most pronounced effect on tem
perature. stability, the offset circuit of resistors R4 and RS may 
also have a slight effect on the offset temperature drift of the 
circuit. The offset will change with variations in the resistance 
of R4 and supply voltage changes. In most applications the 
offset adjustment is very small, and the offset drift attributable 
to this circuit will be negligible. In the bipolar mode, however, 
both the positive reference and the resistor used to offset the 

+~.~~F kll 

AD7590 

Application Hints 
signal range will have a pronounced effect on offset drift. A 

, high quality reference and resistor should be used to minimize 
offset drift errors. 

Other circuit components do not directly influence temperature 
performance as long as their actual values are not so different 
from nominal value as to preclude operation. This includes 
integration capacitor C2. A change in the capacitance value of 
C2 results in a different rate of voltage change across C2, but 
this is compensated by an equal effect when C2 is discharged by 

. the switched ImA current source so that no net effect occurs. 

The temperature effects of the components described above are 
the same when the ADVFC32 is configured for negative or 
bipolar input ranges, or FlY conversion. 

OTHER CIRCUIT CONSIDERATIONS 
The input amplifier connected to pins 1, 13, and 14 is not a 
standard operational amplifier. Although it operates like an op 
amp in most applications, two key differences should be noted. 
First, the bias current of the positive input is typically 40nA 
while the bias current of the inverting input is ::t 8nA. Therefore, 
any attempt to cancel input offset voltage due to bias currents 
by matching input resistors will create worse offsets. Second, 
the output of this amplifier will sink only ImA, even though it 
will source as much as lOrnA. When used in the FlY mode, the 
amplifier must be buffered if large sink currents are required. 

MICROPROCESSOR OPERATED AID CONVERTER III 
With the addition of a few external components the ADVFC32 
can be used as a ::t lOY AID microprocessor front end. Although 
the nonlinearity of the ADVFC32 is only 0.05% maximum 
(0.01% typ), the resolution is much higher, allowing it to be 
used in 16-bit measurement and control systems where a monotonic 
transfer function is essential. The resolution of the circuit shown 
in Figure 5 is dependent on the amount of time allowed to 
count the ADVFC32 frequency output. Using a full scale frequency 
of 100kHz, an 8-bit conversion can be made in about IOms, and 
a 2 second time period allows a I6-bit measurement, including 
offset and gain calibration cycles. 

As shown in Figure 5, the input signal is selected via the AD7590 
input multiplexer. Positive and negative references as well as a 

1000pF 

,,... __ ~--<) + 15V 

INPUTC>I-..l_---Cy -15V 0-...... ----( 

A1 A2 A3 A4 +VLOmc 

TO MICRO;ROCESSOR 

TO COUNT INPUT OF "p __ +------:---( 

Figure 5. High Resolution, Self-Calibrating, Microprocessor 
. Operated AID Converter 
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AD580 
125VJ 

t 15V 

VIN o--'II'V'r-+-{ 
0-10V 

t 15V 

AD580 
12.5VJ 

1000pF 

t 15V 

12kll 

Figure 6. High Noise Immunity Data Link 

ground inpur arc provided to calibrate the AID. This is very 
important in systems subject to moderate or extreme temperature 
changes since the gain temperature coefficient of the ADVFC32 
is as high as ::':: 150ppm/oC. By using the calibration cycles, the 
AID conversion will be as accurate as the references provided. 
The AD542 following the input multiplexer provides a high 
impedance input (10 12 ohms) and buffers the switch resistance 
from the relatively low impedance ADVFC32 input. 

If higher linearity is required, the ADVFC32 can be operated at 
10kHz, bur this will require a proportionately longer conversion 
time. Conversely, the conversion time can be decreased at the 
expense of nonlinearity by increasing the maximum frequency 
to as high as 500kHz. 

HIGH NOISE IMMUNITY, HIGH CMRR ANALOG DATA 
LINK 
In many applications, a signal must be sensed at a remote site 
and sent through' a very noisy environment to a cent~al location 
for further processing. In these cases, even a shielded cable may 
not protect the signal from noise pickup. The circuit of Figure 
6 provides a solution in these cases. Due to the optocoupler and 
voltage-to-frequency conversion, this data link is extremely 
insensitive to noise and common mode voltage interference. For 
even more protection, an optical fiber link substituted for the 
HCPL2630 will provide common mode rejection of more than 
several hundred kilovolts and virtually total immunity to electrical 
noise. For most applications, however, the frequency modulated 
signal has sufficient noise immunity without using an optical 
fiber link, and the optocoupler provides common mode isolation 
up to 3000V dc. 

The data link inpur voltage is changed in a frequency modulated 
signal by the first ADVFC32. A 42.2kD input resistor and a 
100kD offset resistor set the scaling so that a OV input signal 
corresponds to 50kHz, and a lOV input results in the maximum 
ourput frequency of 500kHz. A high frequency optocoupler is 
then used to transmit the signal across any common mode voltage 
potentials to the receiving ADVFC32. The optocoupler is not 
necessary in systems where common mode noise is either very 
small or a constant low level dc voltage. In systems where common 
mode voltage may present a problem, the connection between 
the two locations should be through the optocoupler; no power 
or ground connections need to be made. 
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The output of the optocouplcr drives an ADVFC32 hooked up 
in the FlY configuration. Since the reconstructed signal at pin 
10 has a considerable amount of carrier feed through, it is desirable 
to filter our any frequencies in the carrier range of 50kHz to 
500kHz. The frequency response of the FlY converter is only 
3kHz due to the pole made by the integrator, so a second 3kHz 
filter will not significantly limit the bandwidth. With the simple 
one pole filter shown in Figure 6, the input to outpur 3dB point 
is approximately 2kHz, and the output noise is less than 15mV. 
If a lower output impedance drive is needed, a two pole active 
filter is recommended as an output stage. 

Although the FlY conversion technique used in this circuit is 
quite simple, it is also very limited in terms of its frequency 
response and out pur ripple. The frequency response is limited 
by the integrator time constant and while it is possible to decrease 
that time constant, either signal range or ourpur ripple must be 
sacrificed. The performance of the circuit of Figure 6 is shown 
in the photograph below. The top trace is the inpur signal, the 
middle trace is the frequency-modulated signal at the optocoupler's 
outpur, and the bottom trace is the recovered signal at the outpur 
of the FlY converter. 



Digital Signal Processing Components 

Selection Guide 

General Information 

ADSP-100S SX S-Bit CMOS Multiplier/Accumulator 

-ADSP-1009 12X 12-Bit CMOS Multiplier/Accumulator 

ADSP-1010 16X16-Bit CMOS Multiplier/Accumulator 

-ADSP-1012 12X 12-Bit CMOS Multiplier 

ADSP-1016 16X 16-Bit CMOS Multiplier 

-ADSP-1024 24X24-Bit CMOS Multiplier 

ADSP-10S0 SXS-Bit CMOS Multiplier 

-ADSP-10S1 SXS-Bit Precision CMOS Multiplier 

-ADSP-1l10 16X16-Bit CMOS Single Port Multiplier/Accumulator 
eNew product since publication of 1982-1.983 Databook Update 
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Selection Guide 
Digital Signal Processing Component~ 
CMOS Multipliers 
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reY, RND 

ADSP-1016 Functional Block Diagram 

SPECIFICATIONS (max over power supply and temperature range unless otherwise noted). 

Multiply, 
Time (ns) Power Temp. 

Model Bit Size + 2SoClOver T amb Dissipation Package Rangel Notes Page 

ADSP-I080JD 8x8 1001115 75mW 4O-PinDIP C Two's Complement 12-51 
ADSP-I080KD 8x8 85/100 75mW 40-PinDIP C Two's Complement 12-51 
ADSP-1080SD 8x8 1001130 100mW 40-PinDIP E Two's Complement 12-51 
ADSP-1080TD 8x8 85/115 loomW 4O-PinDIP E Two's Complement 12-51 

ADSP·I08IjD 8x8 901105 75mW 4o-pinDIP~ ~ C ir nsjgn~ Magt\itude 12-S7 
ADSP·I081KD 8x8 75/90 7SmW 4O-PinDIP C Unsigned Magnitude 12-57 
ADSP-I081SD 8x8 90/120 loomW 4O-PinDIP E Unsigned Magnitude 12-S7 
ADSP-I081TD 8x8 75/105 loomW 4O-PinDIP E Unsigned Magnitude 12-57 

ADSP.I012jD2 12x 12 140/165 125mW 64·PinDlP C Two's Complement 12-27 
ADSP·1012KD 12x 12 llOll30 125mW 64-PinDIP C Two's Complement 12-27 
ADSP·I012SD 12x 12 140/195 150mW 64-PinDIP E Two's Complement 12-27 
ADSP.I012TD 12x 12 110/1S0 15Om\V~ .~P~DlP E, ~ ~ Two's Complement p-27, 

ADSP.I016jD2 16x 16 180/220 125mW 64-PinDIP C Two's Complement 12-35 
ADSP·I016KD 16x 16 145/170 125mW 64-PinDIP C Two's Complement 12-35 
ADSP-I016SD 16x 16 180/250 150mW 64-PinDIP E Two's Complement 12-35 
ADSP-I016TD 16x 16 145/200 150mW 64-PinDIP E Two's Complement 12-35 

ADSP·I024jG 24x24 235/275 125mW 84.pi~Grid· ~ C Two'; Complement 12-43 
ADSP·I024KG 24x24 200/235 125mW 84-PinGrid C Two's Complement 12-43 
ADSP·I024SG 24x24 235/325 150mW 84·PinGrid E Two's Complement 12-43 
~DSP·I024TG 24x24 206/275 15OmW. . .84.-Pin Grid E Two~s Complement 12-:43 

NOTES 
·C = Commercial 0 to + 70°C; E=Extended -55°C to + 125°C. 
2ADSP-I012 and ADSP-I016 are also available in 68-Terminal Ceramic LeadJess Chip Carrier and 68-Terrninal Pin Grid Package. ' 

Shading indicates new product since publication of 1982-1983 Databook Update. 
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CMOS Multiplier/Accumulators 

16_16 
BIT 

ASYNCHRONOUS 
MULTIPLIER 

ARRAY 

ADSP1010 Functional Block Diagram 

SPECIFICATIONS (max over power supply and temperature range unless otherwise noted). 

Multiply 
Accumulate 
Time (ns) Power Temp. 

Model Bit Size + 25°C/Over T amb Dissipation Package Rangel Page 

-ADSP-1008JD 8x8 135/160 75mW 48-PinDIP C 12-7 
ADSP-l008KD 8x8 105/125 75mW 48-PinDIP C 12-7 
ADSP-1008SD . 8x8 135/185 100mW 48-PinDIP E 12-7 
ADSP-l008TD 8x8 105/145 100mW 48-PinDIP E 12-7 

ADSP-l009JD2 12x 12 165/195 125mW 64-PinDIP C 12-13 
, ADSP-l009KD 12x 12 130/155 125mW 64.PinDIP:' C 12-13 
ADSP-lOO9SD 12>< 12 1651225 150mW 64-PinDIP E 12-13 

, ADSp·l009TD 12 X 12 130/180 150mW 64-PinDIP E 12-13 
m " .,~ .:,", ,0 ->.. i '~;'.N.,,,,*, ~ ,v)" ~ ., 

ADSP-1010JD2 16x 16 200/240 125mW 64-PinDIP 
ADSP-I0IOKD 16x 16 165/190 125mW 64-PinDIP 
ADSP-I010SD 16x 16 180/250 150mW 64-PinDIP 
ADSP-IOIOTD 16x 16 165/220 150mW 64-PinDIP 

:ADSPlil()JD 16x16 200/240 125mW '28:Pitl Dip' 
ADSPll10KD 16x 16 165/190 125mW 28-PinDIP· 
~ADSPl1l0SD 16x 16 180/250 150mW 28-PinDIP 
" 4DSPl1 10TD 16x 16 165/220 150mW 28-PinDIP 

NOTES 
IC = Commercial 0 to + 70°C; E = Extended - SsoC to + 12SoC 
2ADSP-lOO9 and ADSP-IOIO are also available in 68-Terrninal Ceramic Leadless Chip Carrier and 68-Terminal Pin Grid Package. 

Shading indicates new product since publication of 1982-1983 Databook Update. 
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Orientation 
Digital Signal Processing Components 
WHAT IS DSP? 
Digital signal processing is not new. In its most general form, 
the term describes all of the operations that are done by and 
with digital logic circuitry and computers to condition or extract 
meaning from signals acquired in the real world. However, most 
computers process information sequentially, and they have diffi
culty performing timely and error-free number-crunching of 
large arrays of fast-changing data. 

DSP, an analogy to analog signal processing, consists of specialized 
techniques using high-performance circuits and programs that 
enable signals to be processed numerically at high speeds, often 
approaching real time i.e., "analog speeds and digital 
accuracy. " 

Three of these techniques---filtering, correlation, and fast Fourier 
transformations (FFT)-comprise sixty or seventy percent of all 
current DSP practice. Another twenty percent involve matrix 
operations (multiplication or addition of two matrices) typically 
required for graphics and control. 

FILTERING, CORRELATION AND FFT 
Digital filters are used for exactly the same purposes as analog 
filters; to pass signals in certain frequency bands and to attenuate 
signals in other frequency bands. Modern digital filtering is 
carried out by performing the successive multiplications and 
additions required to perform convolution in the time domain
corresponding to multiplication in the frequency domain. 

To understand how a digital filter works, remember that, in the 
frequency domain, the spectrum of the input signal is multiplied 
by the frequency response function of the filter circuit to produce 
an output signal having a predetermined set of frequency com
ponents. You may recall that this multiplication in the frequency 
domain is equivalent to the convolution of two signals in the 
time domain, i.e., integration of the product of the folded input 
time function, f(7-t), and an indicial response function, get), 
with respect to time, to give a response which is a function of 7. 
An analog filter circuit automatically performs the convolution 
implied by its physical circuit architecture and coefficients to 
provide the (real) time-domain response, but manually computed 
response predictions are easier to perform in the frequency 
domain, using the classical continuous calculus. 

Digital signal processing, however, makes it possible to perform 
large numbers of accurate incremental calculations in a" short 
time. In digital signal processing, difference calculus replaces 
differential calculus, and time-response of the fllter can be cal
culated directly by convolution. The input signal is already 
available in the form of a sampled time function in suitable 
increments (for all values of 7), the indicial response function 
for each time increment can be computed initially and stored in 
memory, and integration is replaced by summation. 

A typical digital filtering process is illustrated by (1): 

n - 1 

Y(n) = I H(m) X(n - m) (1 ) 

m = 0 
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Each output sample, Yen), is obtained by mUltiplying m input 
samples, X(n - m), by m coefficients, H(m), and summing the 
results. 

The filter coefficients, H(m), are weighted in the time domain 
so that, when transformed to the frequency domain, they describe" 
the desired fllter response. An ideal brick-wall low-pass filter, 
for example, is a square-wave in the frequency domain; thus the 
time-domain representation of its amplitude would be a (sin x)/x 
function of infinite duration. The H(m) would then be weighted 
according to a realizable approximation to that function. The 
convolving of the X(n-m) with the H(m) through equation 1 has 
the effect of multiplying the spectrum of the X(n-m) with that 
of the H(m). Since the frequency spectrum of the H(m) approx
imates the desired filter response, the Yen) represent the correct 
values of time response appropriate to the filter characteristic 
and input waveshape. 

Correlation is used to compare two signals, one of which is translated 
in time by a range of time delays. Auto-correlation compares a 
signal with delayed versions of the same signal; cross-correlation 
compares two different signals over a range of delay times. An 
algorithm for the digital implementation is 

n - 1 

R(N) ~ I X(m) Y(m + N) 0 < N ::; n - 1 (2) 

m = 0 

The degree to which X(m), the values of X at different times, 
m, are the same as the values of Y, Y(m + N), for a given delay 
time, N, determines the magnitude of R(N}-and thus the 
correlation between the two signals at time N - and provides a 
correlation function over all N, in the range 0 to n - 1. 

As in the case of filtering, the algorithm employs a large number 
of successive multiplications and additions and is thus well 
suited for computation by DSP. 

The Discrete Fourier Transfonn, very similar to the function 
performed by the more-efficient fast Fourier transform (FYI), 
is simply a sampled version of the Fourier transform where: 

N-l 

F(k) I ((m) e-j21TmklN (3) 

m = 0 

The transform variable, k, corresponds to frequency, m to time, 
and N is a normalizing factor. The Fourier components, F(k), 
of the Discrete Fourier Transform are equivalent to the H(w) of 
the continuous Fourier Transform shown below. 

H(w) f
+x 

-x h(t) e-
jwt 

dt 

The fast Fourier transform performs the same function as the 
discrete Fourier transform but is much more computationally 
efficient. 

(4) 



MATRICES 
Modern graphics and control systems make extensive use of 
matrix multiplications. For example, to reduce the scale of an 
object on a graphics screen one must mUltiply the address of 
every point on the object by a number less than 1. To scale the 
point P(X, Y ,Z) 

Sx 
= [X, Y,Z, 1]' 0 

o 
o 

o 
Sy 
o 
o 

o 
o 
Sz 
o 

o 
o 
o 
1 

Similar operations abound in the control and graphics 
industries. 

(5) 

Note that each DSP technique requires multipliers to multiply 
two variables, and/or multiplier-accumulators to perform the 
multiplication and accumulate the sum of the products. Since 
the fastest microprocessors require about 5J..Ls to perform a mul
tiplication, their throughput rate-while performing the many 
repetitive operations called for by DSP-is quite slow. To enhance 
the speed of computation, dedicated peripheral devices operating 
at around 150ns per multiplication are required to obtain the 
throughput necessary for most of today's real-world signals. For 
this reason, multipliers are today the fundamental building 
block of DSP. Future unit device-functions for DSP will contain, 
in addition to mUltiplication, the on-chip memory, sequencing, 
and programming hooks necessary to perform the complete DSP 
algorithms shown above at considerably lower cost for comparable 
operations. 

WHY USE DSP? 
DSP is used to perform many of the same basic functions as 
analog signal processing. For example, analog filters and digital 
filters both pass signals in certain bands and attenuate signals 
outside that band. Digital signal processing, due to its higher 
cost, is used only when very high performance is required. For 
example, the 90th order FIR (finite impulse-response) filter 
transfer function shown in Figure 1 has a rolloff of 80dB/octave 
and can operate on 50kHz input signals. The phase response in 
the passband is linear. 

The equivalent 13-pole analog filter would require at least seven 
op amps, many capacitors and resistors, and a long time to 
design. Moreover, the resulting filter would not be stable over 
time, temperature and power supply fluctuations; and to make 
it adjustable would be a near-impossible task. 

Since the response of a digitally implemented filter is both stable 
and calculable-hence predictable-DSP is ideal for use in 
processors where stable implementation of very sharp rolloffs is 
required (e.g., spectrum analyzers and transmultiplexers) and/or 
where it is necessary to dynamically alter the transfer function 
of the system (e.g., adaptive filtering in the equalizer of a 
modem). 

90-TAP FIR FILTER 
+20.0 0.024'10 PASSBAND RIPPLE 

FREQ. (PASS) = 0.050 
FREQ. (STOP) = 0.100 

0.00 

CD 

" -20.0 
I 

w 
0 

~ -40.0 
Z 

" « 
::!! 

-60.0 0 
z 

~ -80.0 
;t 

~mr{fffffm~~~ -100.0 

-120.0 

0.00 0.07 0.14 0.21 0.28 0.35 0.42 0.49 0.56 

. NORMALIZED FREQUENCY = (ACTUAL FREQ.)/(SAMPLING FREO.) 

Figure 1. Normalized transfer function of 90-tap FIR filter 
having 0.024% passband ripple and BOdB/octave 
attenuation. 

The advantages of digital signal processing in product development 
are substantial: prototype changes are commonly just software 
changes (high flexibility), and software simulation of the system 
will reflect the exact system performance. Simulation of analog 
systems cannot duplicate this precise correspondence. These 
advantages make DSP desirable in many applications where 
predictable performance is an inescapable requirement. 
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r.ANALOG 
WOEVICES 

FEATURES 
8 x 8-Bit Parallel Multiplication/Accumulation 
90mW Power Dissipation with CMOS 

Technology 
105ns Multiply/Accumulate Time 
Improved TDC1008J Second Source 
Double Precision Adder With Three Guard Bits 
Available in 48-Pin DIP 
Single + 5V Power Supply 
Specified from - 55°C to + 125°C Ambient 

APPLICATIONS 
Matrix Manipulations 
Fourier Transformations 
Digital Filtering 
Image Processing 

GENERAL INFORMATION 
The ADSP-1008 is a TTL compatible high speed low power 8 
x 8-bit multiplier accumulator that is pin for pin compatible 
with TRW's TDC1008J4. The ADSP-1008 has essentially the 

. same speed as the TDC1008J but consumes only about 1120 the 
power. Low power dissipation prevents the existence of a large 
temperature differential between the device's junction temperature 
and the ambient temperature. Thus, unlike existing bipolar and 
ECL devices, it is safe to both specify and operate the ADSP-1008 
over the extended temperature range ( - 55°C to + 125°C ambient) 
without impairing its useful life. 

The low power is obtained by using CMOS technology. The 
high speed is obtained by the use of three time saving techniques. 
A modified Booth algorithm reduces time consuming operations. 
Feed-forward carry organization is used. Finally, a conditional 
sum adder speeds the final adder stage of the multiplier. 

The ADSP-1008 has two 8-bit input buses, two 8-bit product 
buses and a 3 bit extra product bus. All inputs are diode protected. 
The independent input registers are D-type positive edge triggered 
flip-flops as are the product registers. Each product register has 
its own three state output control which, when combined with 
the independent input clocks, allows the ADSP-1008 to operate 
on an 8-bit bus. 

The ADSP-1008 has a RND control which rounds the product 
to the 11 most significant bits by adding a 1 to the MSB of the 
LSP. The preload control is used in conjunction with the three 
state control to initialize the contents of the output registers. 

8x8-Bit CMOS 
Multiplier/Accumulator 

ADSP-1008 I 

ADSP-I008 FUNCTIONAL BLOCK DIAGRAM 

a.a 
81T 

ASYNCHRONOUS 
MULTIPLIER 

ARRAY 

r---">'l/":O rrrv MSPOUl 

XTPOUT 

The ACC and SUB controls are used to determine whether a 
multiply/add or a multiply/subtract, or a straight multiply is 
performed. The TC control is used to distinguish between two's 
complement or unsigned magnitude inputs. 

The ADSP-1008 is available in a 48-pin ceramic DIP in high 
reliability or commercial grades. 

PRODUCT HIGHLIGHTS 
1. CMOS technology results in low 90mW max power 

dissipation. . 

2. Fast, 105ns, multiply time is ideal for digital signal processing 
applications. 

3. The ADSP-1008 is an improved second source for the 
TDC1008J1. 

4. The ADSP-1008 is specified and will operate over the extended 
temp range ambient. 
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SPECIFICATIONS1 

RECOMMENDED OPERATING CONDITIONS 
ADSP-IOO8jD 
ADSP-IOO8KD 

Parameter . Min Max 

Voo Supply Voltage 4.75 5.25 

TAMB Operating Temperature (T AMBIENT) 0 70 

ELECTRICAL CHARACTERISTICS 
ADSP-IOO8jD 
ADSP-IOO8KD 

Parameter Test Conditions Min Max 

VIH High-Level Input Voltage @VDD=max 2.0 

VIl_ Low-Level Input Voltage (fi VDD:=min 0.8 

VOH High-Level Output Voltage @VoD=min&loH = -O.4mA 2.4 

VOI~ Low-Level Output Voltage @VDD =min&loL =4.0mA 0.8 

IOH High-Level Output Current (fi' VoD=min&VoH=2.4V -0.4 

IOL Low-Level Output Current (fi~ VDD =min&VOL =0.8V 4 

1m High-Level Input Current ([ VDD=max&VIN = 5.0V 10 

Ill, Low-Level Input Current (fi VDD=max&VIN=O 10 

1m Clocks, Control Inputs 

High Level Input Current (it Voo =max&VIN =5.0V 10 

IIl_ Clocks, Control Inputs 

Low Level Input Current @ V 00 = max & V IN = 0 10 

lozH Three State Leakage Current (li V DO = max & High Z; V IN = max 50 

lozL Three State Leakage Current (i/ VDD=max&HighZ;VIN=O 10 

Icc Supply Current2 15 

Icc Quiescent All VIN = OV; Trim & Tril == 5.0V 400 

Icc Quiescent AllVIN =2.4V 10 

SWITCHING CHARACTERISTICS3
,4 

ADSP-IOO8jD ADSP-IOO8SD ADSP-IOO8KD 

Max@ Max@ Max@ 
Parameter Min 25°C Max Min 25°C Max Min 25°C Max 

tD Output Delay 35 40 * 45 * 45 

Three State Enable/Disable 

tENA Z to High or Low 25 35 * 40 * * 
tDiS High or Low to Z Figure 4 

tpw Clock Pulse Width 25 * * 
ts Input Register Set-Up Time 25 * * 
tH Input Register Hold Time 0 * * 

\ 

tMAC Multiply/Accumulate Time4 135 160 * 185 ·105 125 

NOTES 
I All min & max specifications are over the power suply and temperature ranges indicated (unless otherwise noted). 
2 Maximum current is measured with the clock cycle = I OMHz and TTL input voltages. 

ADSP-IOO8SD 
ADSP-IOO8TD 

Min Max 

4.5 5.5 

-55 125 

ADSP-IOO8SD 
ADSP-IOO8TD 

Min Max 

2.0 

0.8 

2.4 

0.8 

-0.4 

4 

10 

10 

10 

10 

50 

10 

18 

1500 

15 

ADSP-IOO8TD 

Max@ 
Min 25°C Max 

* 45 

* 40 

* 
* 
* 

105 145 

3 All transitions are measured at a 1. SV level except for tENA and tDIS which are shown below. 
4Measuredwithpowersurply =. +S.OVand TTLlevelsofOAVand2AV. 

TSX. TSM. TSi-L ____________ .... , 

*Speclfications same as ADSP-I008JD. 
Specifications subject to change without notice. 
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--~--! o.sv 
THREE STATE 

OUTPUTS 
o.sv - --r 

HIGH IMPEDANCE 

Unit 

V 

°C 

Unit 

V 

V 

V 

V 

rnA 

rnA 

J.lA 

J.lA 

J.lA 

J.lA 

J.lA 

J.lA 
rnA 

J.lA 
rnA 

Unit 

ns 

ns 

os 

os 

ns 

ns 



TSX 
TSM. TSL 

~ HIGH IMPEDANCE { ') 
THREE STATE ____ ---"j>-------------~ '--_O..:..~A;,.:.TL:::;cPIU+_D T_...J >--~--

~tH----t 

----~Xl I, Xlr-------X,N• Y'N RND 
TC ACC SUB 

------' I I 1'----------

I 
I 
I 
I 
I ~~U~ CLOCKS A 

-~.~,---, -
1--t------tMAc 

t
pw 

I tH I 

.. 1 .... 1 Its ~: 
I.\;~ 

OUTPUT CLOCK _________ --'-______ ---J. I I' I;; ~ 

'I I I 
OUTP~TA 
PINS~OADED 

~ I I 

PREL __________________________ to _____ ~~ 

Figure 1. ADSP-100B Timing Diagram 

METHOD OF OPERATION 
The X and Y input registers are separately controlled positive 
edge triggered D-type flip-flops. The RND, ACC, SUB and TC 
controls have a separate register which is loaded by the positive 
edge of either the X or Y input clocks. A logic 1 on the RND 
line rounds the product of the X & Y inputs to the S most 
significant bits by adding a 1 to the MSB of the S LSBs of the 
product. 

Once the inputs are loaded, they are multiplied and the product 
is then either added to the previous value of the output registers, 
or the value of the output registers is subtracted from the product, 
or the product is routed directly to the output registers. The 
ACC and SUB controls are used to determine which operation is 
performed (see Table II). 

The output consists of three words: an S-bit LSP, an S-bit MSP 
and a 3-bit extended product, XTP. The rising edge of CLKP 
latches the LSP, MSP and the XTP into the output flip-flops. 

TSL, TSH and TSX are the three state controls for the LSP, 
MSP, and XTP respectively. A logic 1 on TSL, TSH or TSX 
causes the appropriate output to be disabled. Similarly a logic 0 
on TSL, TSH or XTP enables the appropriate output. These 
controls can be used in conjunction with the separate input 
clocks to interface the ADSP-lOOS to an S-bit bus. 

The preload control, PREL, is used to initialize the output 
registers. If PREL is high and either the TSH, TSL or TSX 
control is also high the data located on the output pins controlled 
by the high three state is loaded into the output register on the 
rising edge of CLKP. PREL along with TSL, TSH and TSX 
can be used to preload either one, two, or all of the output 
registers simultaneously (see Table III) on the rising edge of 
CLKP. 

The registered two's complement control, TC, allows multipli
cation of either two's complement or unsigned magnitude inputs 
(see Table I). When TC is a logic 1 the inputs are two's complement 
numbers. When TC is low, the inputs are in an unsigned magnitude 
format. (Negative full scale) x (negative full scale) will yield a 
valid + 1 product in the ADSP-lOOS. The three additional most 
significant bits, XTP, accommodate valid summation of several 
large products. The sign bit is extended into these bits when the 

VOOHVOO 

INPUT 

3pF 

=tfvoo 

---if OUTPUT 

a. Equivalent Input Circuit b. Equivalent Output Circuit 

Figure 2. 

+Voo 
810n 

TO 
OUTPUTo-~-~--e 

PIN 

IN3062 

LOAD 1 7 

Figure 3. Normal Delay Measurement Loads 

THREE·STATE 
DELAY LOAD 

TO 500n 
OUTPUT ~ (tols,) 
~N ~__ _ ~w 

T 15pF 12,6V 

- 1.. (tOISO) 
LOAD 2 -=-

Figure 4. Three State Delay Measurement Load 

summation only occupies the lesser significant bits of the ac
cumulator. For example, if the accumulated product only occupies 
the least eight significant bit positions the sign would extend 
from bit 8 through bit IS. 
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X & V INPUT DATA OUTPUT DATA FORMATS 

BIT LSB XTP MSP 
7 J 6 I 5 I 4 I 3 I 2 I 1 I 0 18 117 I 16 15 I 14 I 13 I 12 I 11 j 10 I 9 I 8 

FRACTIONAL TWO'S COMPLEMENT 

_201 2" 1 2,2 12" I 2" I 2 5 1 2 6 I 2" _24 12' I 22 2' 1 2° I 2" I 2,2 I 2" I 2,4 I 2,5 I 2'" 

INTEGER TWO'S COMPLEMENT 

_2'1 28 I 25 1 24 I 2' I 22 1 2' 1 2° -2'.' 217 I 2'" 2'5 1 214 I 2" I 212 I 2" 12'° I 2- I 2" 

UNSIGNED MAGNITUDE 

2' 1 28 I 25 I 24 
1 2' I 22 I 2' 1 2° 2'8 1217 I 2'" 2'5 I 214 I 2" I 2'2 I 2" 12'° I 2" I 28 

Table I, Data Formats 

ACC SUB Function 

1 1 Outputt = Xt,Yt - Outputt_l 

PREL 

0 
0 
0 
0 
0 
0 
0 
0 
1 
1 
1 
1 
1 
1 
1 
1 

NOTE: 
Z 
Q 

Preload = 

1 0 Outputt = Xt,Yt+ Outputt_l 
0 X Outputt = Xt'Yt 

Table II, Function Truth Table 

TSX TSM TSL XTP MSP 
0 0 0 Q Q 
0 0 1 Q Q 
0 1 0 Q z 
0 1 1 Q z 
1 0 0 z Q 
1 0 1 Z Q 
1 1 0 Z z 
1 1 1 Z Z 
0 0 0 Z Z 
0 0 1 Z Z 
0 1 0 Z Preload 
0 1 1 Z Preload 
1 0 0 Preload Z 
1 0 1 Preload Z 
1 1 0 Preload Preload 
l' 1 1 Preload Preload 

Output buffers at high impedance (output disabled) 
Output buffers at low impedance. Contents of output 
register will be transferred to output pins. 
Output buffers at high impedance. 
Preload data (PD) supplied externally at output pins will be 
loaded into the output register at the rising edge ofCLK p, 

Table III. Preload Truth Table 

LSP PIN 

1 

Q 2 

z 3 

Q 
4 

5 
z 6 

Q 7 

z 8 

Q 
Z 

9 

10 

11 
Z 12 

Preload 13 

Z 14 

Preload 
15 

16 
Z 17 

Preload 18 

Z 19 

Preload 20 
21 

22 

23 

24 
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LSP 

7 I 6 I 5 I 4 I 3 I 2 11 I 0 

2" I 2,81 2-1 2"10 I 2-1
') 2-12 1 2" 13 1 2-1

" 

2' 1 2" I 25 1 24 I 2' I 22 I 2' I 2° 

2' I 2" 1 2
5 I 24 I 2' I 22 

1 2' 1 2° 

PIN CONFIGURATION 

FUNCTION PIN FUNCTION 
P12 25 X3 
Pll 26 X4 
Pl0 27 X5 
P9 28 X6 
P8 29 X7 
TSM 30 CLKX 
CLKP 31 CLKV 
PREL 32 VO 
P7 33 Vl 
P6 34 V2 
P5 35 V3 
GND 36 Y4 
P4 37 Vee 
P3 38 Y5 
P2 39 V6 
Pl 40 Y7 
PO 41 TC 
TSL 42 TSX 
SUB 43 P18 
ACC 44 P17 
RND 45 P16 
XO 46 P15 
Xl 47 P14 
X2 48 P13 
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OPERATIONS WITH NON-TTL SUPPLY VOLTAGES 
By virtue of its CMOS construction the speed of the ADSP-1008 
can be increased by the use of a power supply voltage larger 
than S.OV. When using non-TTL power supplies four parameters 
will change which in turn will effect the circuit design~ These 
parameters are: input thresholds, output voltage swings, MAC 
speed and power supply current. 

The thresholds of the input inverter stages are selected to meet 
the TTL specs over the recommended power supply voltages. If 
the supply voltage is not within the recommended range the 
inputs should be driven from 0 volts to the power supply voltage 
to ensure that the thresholds are crossed. 

The output of the MAC will swing from ground to the supply 
voltage if no load is applied. As the output loading increases the 
output voltage swing will decrease. 

As Figure 7 shows the MAC speed will increase as the supply 
voltage increases and decrease as the supply voltages decreases. 
The change in speed is due to the dependence of the transcon
ductance of CMOS devices on supply voltages. 
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u.r 
a: a: 
:;) 
u 

15 

7.5 

100ns 1115 

TYPICAL MAC TIME 

Figure 6. Typical 100 vs. Frequency of Operation 
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Figure 8. Typical 100 vs. Voo at f=8MHz; ta=25°C; 
CMOS Inputs 

l,'igure 8 shows that increasing power supply voltage also increases 
the power consumption of the device. Notice, however, that the 
worst case current consumption is only 22mA when using a 
7.0V power supply. 

ABSOLUTE MAXIMUM RATINGS 

Supply Voltage 
Input Voltage . . . . . . . . . . . . . 
Output Voltage ........... . 
Operating Temperature Range (TA.\\BIENT) 
Storage Temperature Range ... 
Lead Temperature (10 Seconds) 
Junction Temperature ..... 

ORDERING INFORMATION 

Part Number 
Temperature 
Range Package 

-O.3V to 7V 
-0.3 to VDp 
-0.3 to Vnn 

- SsoC to + 12SoC 
- 65°C to + Isoac 

300°C 
I7S~C 

ADSP-lO08KD 
ADSP-lO08JD 
ADSP-I008TD 
ADSP-lO08SD 

o to + 70°C 48-Pin Ceramic DIP (D48A) 
o to + 70°C 48-Pin Ceramic DIP (D48A) 
-55°Cto + 125°C 48-PinCeramicDIP(D48A) 
- 55°C to + 125°C 48-Pin Ceramic DIP (D48A) 

See Section 19 for package outline information. 

CAUTION:----------------------------------------------------
1. ESD sensitive device. The digital control inputs are zener protected; however, permanent 

damage may occur on unconnected devices subjected to high energy electrostatic fields. 
Unused devices must be stored in conductive foam or shunts. 

2. Do not insert this device into powered sockets. Remove power before insertion or removal. 

WARNING! eJ 
~~DEVICE 
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APPLICATIONS 
Temporal Averaging . 
Temporal Averaging is a well known method of reducing the 
noise in a picture or waveform. It is accomplished by averaging 
successive frames of an image or samples of a waveform. One 
particularly useful technique of temporal averaging is exponential 
smoothing. 

The gen~ral form of the exponential smoothing model can be 
expressed as: 

)tt = aXt + (1- a) )(t-I 

where: 

Xt is a waveform or image frame with noise in it; 

)tt is the averaged or smoothed waveform or signal; and 

)tt - 1 is the smoothed sample one time period prior to Xl. 

To see how exponential smoothing works like an average let 
a = 1/2. Then 

)tt = 1/2Xt + 1/2){t - 1 

Which says that the "averaged" sample is equal to 1I2 the new 
sample (image or waveform plus noise) plus 1I2 the previous 
smoothed sample. This result is similar to the straight average 
of 2 frames. Notice, however, that for the t + I frame or 
waveform: 

)tt+ 1 1I2 X t+ j + 1/2)(t 

1I2 X t+ 1 + 1I2 (l/2 X t + 1I2 )t1_1) 

1I2 XI+ 1 + 1/4 XI + 1/4 )tt-I 

As is shown, the weight of the sample XI and its effect on the 
smoothed image will be exponentially decreasing "over time. 

It can be shown that the noise reduction achieved with exponential 
smoothing is 

From a' heuristic viewpoint, the random noise in a frame will 
add to the average only once whereas any stationary object will 
add to the average many times. Thus the power of the object in 
the averaged image is increased relative to the power of the 
random noise". 

If a = 1/2 as in the above example the noise reduction would 
be 1IV3. Figure 9 sho~s the improvement in the signal to noise 
ratio of an image or waveform for different values of IX. 

!Z 
4 

w 
as 3 
> o 
a: 
0.. 
~ 2 

~ 

Figure 9. Noise Improvement with Exponential 
Smoothing 
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Noise Reduction vs. Motion Artifacts 
If the objects in the image are not stationary, averaging will 
introduce motion artifacts. These artifacts are directly analogous 
to the effect obtained by taking a picture of a fast moving object 
with film that is too slow. The greater the number of frames or 
waveforms averaged and the faster the objects in the image or 
transients in the waveform are moving, the worse will be the 
motion artifacts induced by an average. 

Notice from the general form of the exponential smoothing 
model that for different values of a the weight of the most 
recent sample Xt on the smoothed image or waveform can be 
varied. If a = I the smoothed or averaged waveform is identically 
equal to the most recent sample. Thus no averaging takes place. 
If, on the other hand, a is very small, say 1/32, the effect of the 
most recent sample XI will be very small. For images with fast 
moving objects, a must be made larger to avoid motion artifacts. 
For stationary images and waveforms, small a's guarantee sig
nificant noise reduction. Froman empirical knowledge of the 
artifact inducing effects of motion and from Figure 9 an optimal 
value of a can be chosen. Since a can be larger than 1/2 in an 
exponential smoothing scheme, it can be used to obtain some 
SIN reduction in images with fast moving objects or waveforms 
with some variation. The improvement of the signal to noise 
ratio under these circumstances is unobtainable using other 
averaging techniques. 

ADSP-1008 is an easy low power method of implementing expo
nential smoothing as is shown in Figure 10. Notice that no 
additional image or waveform memory, beyond that for the 
display, is required. 

FROM CONTROLLER 

n BY n 
IMAGE OR 

WAVEFORM 
MEMORY 

Figure 10. Exponential Smoothing with the ADSP-100B 

The ilh pixel of the smoothed )tl _ 1 frame is fe"tched from the 
n by n image memory when reading the ilh pixel of the new XI' 

The ilh pixel of the )tl _ 1 frame is multiplied by I - a and stored 
in the accumulator. The ilh pixel of XI is then multiplied by a 
and added to (I - a) Xt _ I' This result is then stored in the ilh 

pixel as )tt. Waveform smoothing is similar except the memory 
is n by l. With minimal control logic the ADSP-1008 is capable 
of smoothing a 512 x 512 x 8 image memory in real time (30 
frames/sec). If higher resolutions are required, say 1024 x 1024 
x 8, then 2 ADSP-1008s should operate in a parallel architecture 
to handle real time imaging. 

In many imaging situations, objects within the scene are sometimes 
in motion and sometimes at rest. If the motion can be detected 
or predicted the coefficients, a and I - a can be changed in real 
time to always provide the optimal trade off between smoothing 
and motion artifacts. 
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FEATURES 
12 x 12-Bit Parallel Multiplication/Accumulation 
150mW Power Dissipation with CMOS Technology 
130ns Multiply/Accumulate Time 
Improved TDC1009J Second Source 
Available in 64-Pin Ceramic DIPs, or 68-Terminal 

Leadless Chip Carrier or 68-Pin Grid Arrays 
Specified from - 55°C to + 125°C Ambient 

APPLICATIONS 
Digital Signal Processing 

Digital Filtering 
Fourier Transformations 
Correlations 

Matrix Manipulations 
Image Processing 

GENERAL INFORMATION 
The ADSP-lO09 is a TTL compatible high speed low power 12 
by 12-bit multiplier/accumulator that, in DIP form, is pin for 
pin compatible with TRW's TDClO09]. The ADSP-lO09 has 
essentially the same speed as the TDCI009] but consumes only 
about 1120 the power. Low power dissipation prevents the existence 
of a large temperature differential between the device's junction 
temperature and the ambient temperature. Thus unlike most 
bipolar and ECL devices it is safe to both specify and operate 
the ADSP-1009 over the extended temperature range (- 55°C to 
+ 125°C ambient) without impairing its useful life. 

The low power is obtained by using CMOS technology. The 
high speed is obtained by the use of three time saving techniques. 
A modified Booth algorithm is used. Feed-forward carry organi
zation is used. Finally, a conditional sum adder speeds the final 
adder stage of the multiplier. 

The ADSP-1009 has two 12-bit input buses, a 12-bit MSP product 
bus, a 12-bit LSP product bus, and a 3-bit extended product 
bus. All inputs are diode protected. The independently controlled 
input registers are D-type positive edge triggered flip-flops as 
are the product registers. Each product register has its own 
three state output control which, when combined with the inde
pendent input clocks, allows the ADSP-lO09 to operate from a 
single bus. 

The ADSP-lO09 has a RND control that rounds the product to 
the 12 most significant bits by adding a 1 to the MSB of the 12 
LSBs of the multiplier array., The preload control is used in 

, conjunction with the three state controls to initialize the contents 

12x12-Bit CMOS 
Multiplier / Accumulator 

ADSP-1009 I 

ADSP-I009 FUNCTIONAL BLOCK DIAGRAM 

12 ~ 12 
BIT 

ASVNCHRONOUS 
MULTIPLIER 

of the output registers. The ADSP-lO09 will perform either a 
multiplication and addition or multiplication and subtraction or 
a straight multiplication depending upon the status of the ACC 
and SUB controls. The TC control provides the capability for 
either two's complement or unsigned magnitude data formats. 

The ADSP-lO09 is available in either hermetically sealed 64-pin 
ceramic DIPs or 68-terminal leadless chip carriers or 68-pin grid • 
arrays. Each package is available in high reliability or commercial 
grades. 

PRODUCT HIGHLIGHTS 
1. The ADSP-lO09, by virtue of its fast CMOS technology, 

provides both low power (l50mW) and high speed (130ns). 
Full TTL compatibility is supplied without the need for 
external buffering. 

2. The ADSP-lO09 provides full pin-for-pin compatibility with 
the TDClO09]1. High performance is available to the user 
with greater than an order of magnitude reduction in power 
consumption. 

3. The ADSP-lO09 is also available in a 68-pin grid array or 68-
terminalleadless chip carrier. Now designers can reduce 
their systems physical size without worrying about power 
dissipation. ' 
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ADSP-l 009 SPECIFICATIONS1 

RECOMMENDED OPERATING CONDITIONS 
ADSP-IOO9jX2 

ADSP-IOO9KX 
Parameter Min Max 

Von Supply Voltage 4.75 5.25 

TAMIl Operating Temperature (T AMBIENT) 0 70 

ELECTRICAL CHARACTERISTICS 
ADSP-IOO9jX 
ADSP-IOO9KX 

Parameter Test Conditions Min Max 

VIII High-Level Input Voltage ((1·Voo=max 2.0 

Vn. Low-Level Input Voltage (lIVoo=min 0.8 

Vall High-Level Outpllt Voltage (il V no = min & 1011 = - OAmA 204 

VOL Low-Level Output Voltage (it· Voo=min & 1m. =4.0mA 004 

1111 High-Level Input Current (u Voo =max&VIN =5.0V 10 

In. Low-Level Input Current (u Voo=max&VIN=OV 10 

lIB Clocks, Control Inputs 

High Level Input Current (u Vno =max&VIN =5.0V 10 

In. Clocks, Control Inputs 

Low Level Input Current (il Vnn=max&VIN=OV 10 

IoZl. Three State Leakage Current ((t V 00 = max; High Z; VIN = max 50 

10zL Three State Leakage Current (ii V DO = max; High Z; VIN = 0 50 

Ino Supply Current' 25 

100 Quiescent All VIN = OV; Trim & Tril = 5.0V 400 

Ion Quiescent AllVIN =2AV 15 

SWITCHING CHARACTERISTICS4,5 
ADSP-IOO9jX ADSP-IOO9SX ADSP-IOO9KX 

IMax@~: 
Min 25°C ax 

IMaX@lj 
Min 25°C Max :1 Max@ll Min 25°C Max 

tD Output Delay 35 40 * 45 * * 
tENA Z to High or Low 25 35 * 40 * * 
tDIS High or Low to Z (Figure 5) 

tP\1\' Clock Pulse Width 25 * * 
ts Input Register Setup Time 2S * * 
til Input Register Hold Time 0 * * 
tMAC Multiply/Accumulate Time 165 195 * 225 130 155 

NOTES 
I All min & max specifications have + S.OV power supply and are over specified temperature ranges unless otherwise stated. 
2When ordering, substitute for X: D for 64-pin DIP, E for 68-terminalleadless chip carrierG for 68-pin grid array. 
3Maximum current is measured with the clock cycle = 8MHz and TIL input voltages. 
4All transitions arc measured at a 1. SV level except fortEN A and tDIS which are shown below. 
s,\\easured with power supply a~ + S.OVand TTL input voltages ofO.4Vand 2.4V. 

ADSP-IOO9SX 
ADSP-IOO9TX 

Min Max 

4.5 5.5 

-55 125 

ADSP-IOO9SX 
ADSP-IOO9TX 

Min Max 

2.0 

0.8 

204 

0.6 

10 

10 

10 

10 

50 

50 

30 

500 

20 

ADSP-IOO9TX 

IMaX@lj 
Min 25°C Max 

* 45 

* 40 

* 
* 
* 

130 180 

*Specifications same as ADSP-I 009 JX. TSX. TSM. TSL 

Specifications subject to change without notice. r-----------_., 

HIGH IMPEDANCE 
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Unit 

V 

°C 

Unit 

V 

V 

V 

V 

fJ..A 

fJ..A 

fJ..A 

fJ..A 

fJ..A 

fJ..A 

rnA 

fJ..A 
rnA 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 
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TSM. TSL tDiS 

~ 
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) HIGH IMPEDANCE { OUTPYT ) THREE STATE VALID 
I .... I. tH~ I 

ts I X : X I I 
XIN• YIN RND I TC ACC SUB 

I I I I 

A I 
X&Y I 
INPUT CLOCKS tH I 

~ 
t pw 

I ~ t MAC .. I .... 1 

h ~ts ~: 

OUTPUT CLOCK :TL I I I· I I 
OUTPUT I 
PINS I 

I 

I I 
to 

~ PREL 

Figure 1. ADSP-1009 Timing Diagram 

METHOD OF OPERATION 
The X and Y input registers are separately controlled positive 
edge triggered D-type flip-flops. The RND, ACC, SUB and TC 
controls have a separate register which is loaded by the positive 
edge of either the X or Y input clocks: The output consists of 
three words: a l2-bit LSP, a l2-bit MSP and a 3-bit extended 
product. The rising edge of CLKP latches the LSP, MSP and 
the XTP into the output flip-flops. 

Additionally each output register has its own three state control. 
A logic 1 on the TSL, TSH or TSX line disables the correspqnding 
LSP, MSP or XTP product register. Similarly a logic 0 on 
TSL, TSH or TSX enables the appropriate output. 

A logic 1 on the RND line rounds the product of the X & Y 
inputs to the 15 most significant bits by adding a 1 to the MSB 
of the LSP. Once the inputs are loaded, they are multiplied and 
the product is then either added to the previous value of the 
output registers, or the value of the output registers is subtracted 
from the product, or the product is stored directly in the output 
registers. The status of the ACC and SUB controls determines 
which operation is performed (see Table II). 

The preload control PREL is used to initialize the output registers. 
If PREL is high and either TSH, TSL or TSX is also high the 
data located on the output pins controlled by the high three 
state is loaded into the output register on the rising edge of 
CLKP. PREL along with TSL, TSH and TSX can be used to 
preload either one, two or all of the output registers simultaneously 
(see Table III). 

The registered two's complement control, TC, allows multipli
cation of either two's complement or unsigned magnitude inputs. 
When TC is a logic 1 the inputs are two's complement numbers. 
When TC is low the inputs are in an unsigned magnitude format. 
(Negative full scale) X (negative full scale) will yield a valid 
positive full scale product in the ADSP-lO09. 

The three additional most significant bits, XTP, accommodate 
valid summation of several large products. The sign bit is extended 
into these bits when the summation only occupies lesser significant 

3pF 

Figure 2. Equivalent Input Circuits II 

Figure 3. Equivalent Output Circuits 

, 810n 
TO 

OUTPUT d
VOO 

PIN 

... ' . ~ ,,~~ 

Figure 4. Normal Load Circuit for Delay Measurements 

TO soon 
OUTPUT~ 

PIN 
. 15 F OV. ITOIsll 

p T 1- 2.6V IT 015
01 

Figure 5. Three-State Delay Load Circuit 

bits of the accumulator. For example if the accumulated product 
only occupies the least 18 significant bit positions the sign would 
extend from Bit 19 through Bit 26. 
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Figure 7. Typical 100 vs. Frequency of Operation Figure 9. Typical 100 vs. Voo at f = BMHz; ta = 25°C; 
CMOS Inputs 

OPERATIONS WITH NON-TTL SUPPLY VOLTAGES 
By virtue of its CMOS construction the speed of the ADSP-1009 
can be increased by the use of a power supply voltage larger 
than S.OV. When using non-TTL power supplies four parameters 
will change which in turn will effect the circuit design. These 
parameters are: input thresholds, output voltage swings, multi
plication speed and power supply current. ' 

The output of the multiplier will swing from ground to the 
supply voltage if no load is applied. As the output loading increases 
the output voltage swing will decrease. 

As Figure 8 shows the multiplication speed will increase as the 
supply voltage increases and decrease as the supply voltages 
decreases. The change in speed is due to the dependence of 
transconductance of CMOS devices on supply voltages. 

The thresholds of the input inverter stages are selected to meet 
the TTL specs over the recommended power supply voltages. If 
the supply voltage is not within the recommended range the 
inputs should be driven from 0 volts to the power supply voltage 
to ensure that the thresholds are crossed. 

Figure 9 shows that increasing power supply voltage also increases 
the power consumption of the device. Notice, however, that the 
worst case power consumption is only 32mA when using a 7.0V 
power supply. 

CAUTION:-----------------------------------------------------
1. ESD sensitive device. The digital control inputs are zener protected; however, permanent 

damage may occur on unconnected devices subjected to high energy electrostatic fields. 
Unused devices must be stored in conductive foam or shunts. 

2. Do not insert this device into powered sockets. Remove power before insertion or removal. 

ABSOLUTE MAXIMUM RATINGS 

Supply Voltage ... . 
Input Voltage ............ . 
Output Voltage Range ....... . 
Operating Temperature Range CTAMlliENT) 
Storage Temperature Range ... 
Lead Temperature (10 Seconds) 

ORDERING INFORMATION· 

-O.3V to 7V 
-O.3V to Von 
-0.3V to VOD 

. - SsoC to + 12SoC 
- 6SoC to + ISO°C 

....... ' 300°C 

Part Number 
Temperature 
Range Package· 

WARNING! eJ 
~~DEVICE 

ADSP-1009KD 
ADSP-1009JD 
ADSP-I009TD 
ADSP-I009SD 

Oto +70°C 
Oto + 70°C 
- SsoC to + 12ScC 
- SsoC to + 12SoC 

64-Pin Ceramic DIP CD64A) 
64-Pin Ceramic DIP CD64A) 
'64-Pin Ceramic DIP CD64A) 
64-Pin Ceramic DIP C064A) 

*To obtain a 68-pin Grid Array, replace the suffix D by G (G68A) . 
.To obtain a 68-terminal Leadless Chip Carrier, replace the suffix D by E (E68C). 
See Section 19 for package outline information. 
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OUTPUT DATA FORMATS 
X & Y INPUT DATA FORMATS XTP MSP LSP 
11 110 1 9 1 - - - - - - I 2 1 1 J 0 26 i 25 I 24 23 J 22 I 21 J ------ I 14 I 13 112 11 L 10 1 9 I --- --- I 2 11 I 0 

INTEGERTWO'SCOMPLEMENTTC = 1 

SGN 
(-2")1 2'0 I 2' I ~ - -- - - I 22 

1 2' I 
FRACTIONAL TWO'SCOMPLEMENTTC = 1 

SGN 
(_2°) 12-' 1 

2-2 
1 

._-- .. 1 2-' 1 2-'01 

UNSIGNED MAGNITUDE (INTEGER) TC = 0 

215 1214 I 2 13 I ---_.- I 22 I 2' I 

20 _2 28 1225 
1 

224 223 I 222 I 2" 1 ------ I 214 1 2
13 I 2" 2" 

2'" _24 1 2' 1 
22 2' I 2° 1 2-' 1 ------ 1 2

8 I 2-' I 2,10 2-" 

20 22• I 225 I 224 223 I 222 1 2" I ------ 1 214 1 213 1 2'2 2" 

Table 1_ Data Formats 

ACC SUB Function 

PREL 

0 
0 
0 
0 
0 
0 
0 
0 
1 
1 
1 
1 
1 
1 
1 
1 

NOTE: 
Z 
Q 

1 
1 
0 

Preload = 

1 Output, = X,'Y, - OutPut'_1 
0 Outputt = X,'Y t + Outputt_1 
X Output t = X['Yt 

Table 11_ Function Truth Table 

TSX TSM TSL XTP MSP 

0 0 0 Q Q 
0 0 1 Q Q 
0 1 0 Q z 
0 1 1 Q z 
1 0 0 z Q 
1 0 1 Z Q 
1 1 0 Z z 
1 1 1 Z Z 
0 0 0 Z Z 
0 0 1 Z Z 
0 I 0 Z Preload 
0 1 1 Z Preload 
1 0 0 Preload Z 
1 0 1 Preload Z 
1 1 0 Preload Preload 
1 ~ 1 Preload Preload· 

Output buffers at high impedance (output disabled) 
Output buffers at low impedance. Contents of output 
register will be transferred to output pins. 

LSP 

Q 
z 
Q 
z 
Q 
z 
Q 
Z 
Z 
Preload 
Z 
Preload 
Z 
Preload 
Z 
Preload 

Output buffers at high impedance, or output disabled. 
Preload data (PD) supplied externally at output pins will be 
loaded into the output register at the rising edge ofCLK P. 

Table IJI. Preload Truth Table 

1 2'0 1 2' 1 .----- 1 22 
1 2' I 20 

1 2-'21 2-13 1 ------ I 2-20 I 2-21 I 2-22 

1 2'0 I 2' 1 .----- I 22 I 2' I 2-0 
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PIN CONFIGURATION FOR DIP PIN CONFIGURATION FOR LCC 

PIN FUNCTION PIN FUIIOCTION 
PIN FUNCTION PIN FUNCTION 1 X4 35 P19 

1 X4 33 P19 2 X3 36 P20 
2 X3 34 P20 3 X2 -37 P21 
3 X2 35 P21 4 Xl 38 P22 
4 Xl 36 P22 5 XO 39 P23 
5 XO 37 P23 6 ACC 40 P24 
6 ACC 38 P24 7 SUB 41 P25 
7 SUB 39 P25 8 RND 42 P26 
8 RND 40 P26 9 NC 43 N'C 
9 TSL 41 TSX 10 TSL 44 TSX 

10 PO 42 TC 11 PO 45 TC 
11 PI 43 Yll 12 PI 46 ' Yll 
12 P2 44 Yl0 13 P2 47 Yl0 
13 P3 45 Y9 14 P3 48 Y9 
14 P4 46 Y8 15 P4 49 Y8 
15 P5 47 Y7 16 P5 50 Y7 
16 GND 48 Y6 17 GND 51 Y6 
17 P6 49 VDD 

18 P7 50 Y5 
18 P6 52 VDD 

19 P7 53 Y5 
19 P8 51 Y4 20 P8 54 < Y4 
20 P9 52 Y3 21 P9 55 V3 
21 Pl0 53 Y2 22 Pl0 56 Y2 
22 Pll 54 Yl 23 Pll 57 VI 
23 CLKP 55 YO 24 CLKP 58 VO 
24 PREL 56 CLKY 25 PREL 59 CLKY 
25 TSM 57 CLKX 26 N,C 60 NC 
26 P12 58 XII 27 TSM 61 CLKX 
27 P13 59 Xl0 28 P12 62 XII 
28 P14 60 X9 29 P13 63 Xl0 
29 P15 61 X8 30 P14 64 X9 
30 PI6 62 X7 31 P15 65 X8 
31 P17 63 X6 32 P16 66 X7 
32 P18 64 X5 33 P17 67 X6 

34 PIS 68 X5 

PACKAGE D64A 
PACKAGE E68C 

PIN CONFIGURATION FOR PIN GRID ARRAY 

PIN FUNCTION PIN FUNCTION 

1 TSL 35 TSX 

2 PO 36 TC 

3 PI 37 Yll 

4 P2 38 Yl0 

5 P3 39 Y9 

6 P4 40 Y8 

7 P5 41 Y7 

8 GND 42 Y6 

9 P6 43 V DO 

10 P7 44 Y5 

11 P8 45 Y4 
12 P9 46 Y3 

13 Pl0 47 V2 

14 Pll 48 Yl 

15 CLKP 49 YO 

16 PREL 50 CLKY 

17 NIC 51 N'C 

18 TSM 52 CLKX 

19 P12 53 XII 

20 P13 54 Xl0 
21 P14 55 X9 

22 P15 56 X8 

23 P16 57 X7 

24 P17 58 X6 

25 P18 59 X5 

26 P19 60 X4 

27 P20 61 X3 

28 P21 62 X2 

29 P22 63 Xl 

30 P23 64 XO 

31 P24 65 ACC 

32 P25 66 SUB 

33 P26 67 RND 

34 NIC 68 NIC 

PACKAGE G68A 
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FEATURES 
16 x 16-Bit Parallel Multiplication/Accumulation 
150mW Power Dissipation With CMOS Technology 
165ns Multiply/Accumulate Time 
Improved TDC1010J Second Source 
Two's Complement or Unsigned Magnitude 

Data Formats 
Single + 5V Power Supply 
Available in Hermetically Sealed 64-Pin Ceramic DIPs, 

0.7 Square Inch Ceramic Flat Packs, 68-Pin Grid 
Array or 68-Terminal Leadless Chip Carrier 

Specified Over the Extended Temperature Range 

APPLICATIONS 
Digital Signal Processing 

Digital Filtering 
Fourier Transformations 
Correlations 
Power Series Expansions 

Matrix Manipulations 
Microprocessor Acceleration 

GENERAL INFORMATION 
The ADSP-lOlO is a TTL compatible high speed low power 16 
by 16-bit monolithic multiplier/accumulator that, in DIP form, 
is pin for pin compatible with TRW's TDClOIOJ. The ADSP-lOlO 
has essentially the same speed as the TDClOlOJ but consumes 
only about 1120 the power. Low power dissipation prevents the 
existence of a large temperature differential between the device's 
junction temperature and the ambient temperature. Thus unlike 
most bipolar and ECL devices it is safe to both specify and 
operate the ADSP-lOlO over the extended temperature range 
( - 55°C to + 125°C ambient) without impairing its useful life. 

The low power is obtained by using CMOS technology. The 
high speed is obtained by the use of three time saving techniques. 
A modified Booth algorithm is used. Feed-forward carry organi
zation is used. Finally, a conditional sum adder speeds the final 
adder stage of the multiplier. 

The ADSP-lOlO has two 16-bit input buses, a 16-bit MSP product 
bus, a 16-bit LSP product bus, the output port of which is 
shared with the Y input port, and a 3-bit extended product bus. 
All inputs are diode protected. The independently controlled 
input registers are D-type positive edge triggered flip-flops as 
are the product registers. Each product register has its own 
three state output control which, when combined with the inde
pendent input clocks, allows the ADSP-lOlO to operate on a 16-
bit microprocessor bus. 

Ace,SUB 
RND,TC 

16x16-Bit CMOS 
Multiplier / Accu mulator 

ADSP-1010 I 
ADSP-IOIO FUNCTIONAL BLOCK DIAGRAM 

16,,16 
BIT 

ASVNCHRONOUS 
MULTIPLIER 

The ADSP-lOlO has a RND control that rounds the product to 
the 16 most significant bits by adding a 1 to the MSB of the 16 
LSBs of the multiplier array. The preload control is used in 
conjunction with the three state controls to initialize the contents 
of the output registers. The ADSP-I01O will perform either a 
multiplication and addition or multiplication and subtraction or 
a straight multiplication depending upon the status of the ACC 
and SUB controls. The TC control provides the capability for II 
either two's complement or unsigned magnitude data formats. 

The ADSP-lOlO is available in either hermetically sealed 64-pin 
ceramic DIPs, 64-pin 0.7 square inch flat packs, a 68-pin Grid 
Array or a 68-terminal Leadless Chip Carrier. Each package is 
available in high reliability or commercial grades. 

PRODUCT HIGHLIGHTS 
1. The ADSP-lOlO, by virtue of its fast CMOS technology, 

provides both low power (l50mW) and high speed (l65ns). 
Full TTL compatibility is supplied without the need for 
external, buffering. 

2. The ADSP-lOlO in DIP form, provides full pin-far-pin com
patibility with the TDClOlOjl. High performance is available 
to the user with greater than an order of magnitude reduction 
in power consumption. 

3. The ADSP-lOlO is also available in a M-pin hermetically 
scaled flat pack, 68-pin Grid Array or 68-terminal LCC. 
Now designers can reduce their systems physical size without 
worrying about power dissipation and board space problems. 
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ADSP-1 01 0 SPECIFICATIONS1 

RECOMMENDED OPERATING CONDITIONS 
ADSP-IOlOjX2 ADSP-IOIOSX 
ADSP-IOIOKX ADSP-IOIOTX 

Parameter Min Max Min Max 

Voo Supply Voltage 4.75 5.25 4.5 5.5 

TAMB Operating Temperature (T AMBIENT) 0 70 -55 125 

ELECTRICAL CHARACTERISTICS 
ADSP-IOIOjX ADSP-IOIOSX 
ADSP-IOIOKX ADSP-IOIOTX 

Parameter Test Conditions Min Max Min Max 

VIH High-Level Input Voltage @lVoo=max 2.0 2.0 
VIL Low-Level Input Voltage (fDVoo=min 0.8 0.8 
VOH High-Level Output Voltage @Voo=min&loH = -1.0mA 2.4 2.4 

VOL Low-Level Output Voltage @! V DO = min & IOL = 4.0mA 0.4 0.6 
IIH High-Level Input Current @Voo =max&VIN =5.0V 10 10 

IlL Low-Level Input Current @Voo=max&VIN=OV 10 10 

IIH Clocks, Control Inputs 

High Level Input Current @ V DO = max & V IN = 5V 10 10 

IlL Clocks, Control Inputs 

Low Level Input Current @Voo=max&VIN=OV 10 10 

lozH Three State Leakage Current @ V DO = max; High Z; V IN = max 50 50 

IOZL Three State Leakage Current @ V DO = max; High Z; VIN = 0 50 50 

Inn Supply Current3 25 30 

Inn Quiescent AIIVIN =OV;TSM&TSL=5.0V 500 2000 

Inn Quiescent All VIN = 2.4V 15 20 

SWITCHING CHARACTERISTICS4,5 

ADSP-IOIOjX ADSP-IOIOSX ADSP-IOIOKX ADSP-IOIOTX 

IMax@1 
Min 25°C Max 

J Max@1 
Min 25°C Max 

1 Max@1 
Min 25°C Ma~ 

I Max@i 
Min 25°C Max 

to Output Delay 35 40 * 45 * * * 45 

tENA Three State Enable Delay 25 35 * 40 * * * ·40 

tDiS Three State Disable Delay 25 35 * 40 * * * 40 
tpw Clock Pulse Width 25 * * Ir 

ts Input Register Setup Time 25 * * * 
tH Input Register Hold Time 0 * * * 
tMAC Multiply/Accumulate Time 200 240 180 250 165 190 165 220 

NOTES 
I All min & max specifications are over power supply and temperature range indicated (unless otherwise stated). 
2When ordering substitute for X: D for 64-pin DIP, E for 68-terminalleadless chip carrier, G for 68-pin grid array or F for 64~pin flat pack. 
3 Maximum current is measured with the clock cycle = 6MHz and TTL input voltages. 
4AlI transitions are measured at a + l.SV level except fortENA and tDlS which are shown below: 
5 Measured with power supply at + SV and TTLlevels ofO.4V and 2.4V. 
* Specifications same as ADSP-IOIO]D. TSX, TSM, TSL 

Specifications subject to change without notice. ,------------'\, 

HIGH IMPEDANCE 

VOL. I, 12-20 DIGITAL SIGNAL PROCESSING COMPONENTS 

Unit 

V 

°C 

Unit 

V 

V 

V 

V 

f.1A 

f.1A 

f.1A 

f.1A 

f.1A 

f.1A 
rnA 

f.1A 
rnA 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 



TSX 
TSM. TSL tOlS 

~ 
1 

--------~\).--------H-IG--H-IM--P-ED-A-N-C-E--------~f OUTPUT ) 
THREE STATE I ).. VALI~ . >-~---

________ JI I,,:, : II tH~ '------I _oJ 

X
IN 

YIN RND Xl i, !'r------------- I I 
TC ACC SUB . _ A. I 

------' I I 1'---------- I 
I I I 

X&Y ~ I 
INPUT CLOCKS _____________ --11 t pw !\.'-_______ I tH I 

~ tMAC--.... ~~ I ~ ~ -..,ts~: 

'------~:~~ OUTPUT CLOCK -------------------1 
OUTPUT 
PINS 

I I 

'--____ oJ 1 

I I 

PREL _____________________ t_D ___ ~~ 

Figure 1. ADSP-1010 Timing Diagram 

METHOD OF OPERATION 
The X and Y input registers are separately controlled positive 
edge triggered D-type flip-flops. The RND, ACC, SUB and TC 
controls have a separate register which is loaded by the positive 
edge of either the X or Y input clocks. The output consists of 
three words: a 16-bit LSP, a 16-bit MSP and a 3-bit extended 
product. The rising edge of CLKP latches the LSP, MSP and 
the XTP into the output flip-flops. 

into these bits when the summation only occupies lesser significant 
bits of the accumulator. For example if the accumulated product 
only occupies the least 16 significant bit positions the sign would 
extend from Bit 17 through Bit 35. 

Additionally each output register has its own three state control. 
A logic 1 on the TSL, TSH or TSX line disables the corresponding 
LSP, MSP or XTP product register. Similarly a logic 0 on 
TSL, TSH or TSX enables the appropriate output. These controls 
can be used in conjunction with the separate input clocks to 
interface the ADSP-lOlO to a 16-bit bus. 

A logic 1 on the RND line rounds the product of the X & Y 
inputs to the 19 most significant bits by adding a 1 to the MSB 
of the LSP. Once the inputs are loaded, they are multiplied and 
the product is then either added to the previous value of the 
output registers', or the value of the output registers is subtracted 
from the product, or the product is stored directly in the output 
registers. The status of the ACC and SUB controls determines 
which operation is performed (see Table I). 

The preload control PREL is used to initialize the output registers. 
If PREL is high and either TSH, TSL or TSX is also high the 
data located on the output pins controlled by the high three 
state is loaded into the output register on the rising edge of 
CLKP. PREL along with TSL, TSH and TSX can be used to 
preload either one, two or all of the output registers simultaneously 
(see Table II). 

The registered two's complement control, TC, allows multipli
cation of either two's complement or unsigned magnitude inputs. 
When TC is a logic 1 the inputs are two's complement numbers. 
When TC is low the inputs are in an unsigned magnitude format. 
(Negative full scale) X (negative full scale) will yield a valid 
positive full scale product in the ADSP-lOlO. 

The three additional most significant bits, XTP, accommodate 
valid summation of several large products. The sign bit is extended 

ACC SUB Function 

PREL 

0 
0 
0 
0 
0 
0 
0 
0 
1 
I 
1 
I 
1 
1 
I 
1 

NOTE: 
Z 
Q 

1 
1 
0 

Preload = 

1 Outputt = Xt·Yt - Outputt_l 
0 Outputt = Xt'Yt+ Outputt_l 
X Outputt = Xt'Yt 

Table I. Function Truth Table 

TSX TSM TSL XTP MSP 

0 0 0 Q Q 
0 0 1 Q Q 
0 1 0 Q z 
0 I I Q z 
I 0 0 z Q 
1 0 1 Z Q 
1 1 0 Z z 
1 1 1 Z Z 
0 0 0 Z Z 
0 0 1 Z Z 
0 1 0 Z Preload 
0 I 1 Z Preload 
1 0 0 Preload Z 
1 0 1 Preload Z 
1 1 0 Preload Preload 
1 1 I Preload Preload 

Output buffers at high impedance (output disabled) 
Output buffers at low impedance. Contents of output 
register will be transferred to output pins. 

LSP 

Q 
z 
Q 
z 
Q 
z 
Q 
Z 
Z 
Preload 
Z 
Preload 
Z 
Preload 
Z 
Preload 

Output buffers at high impedance, or output disabled. 
Preload data (PD) supplied externally at output pins will be 
loaded into the output register at the rising edge ofCLK P. 

Table II. Preload Truth Table 
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OUTPUT DATA FORMATS 
X 8. Y INPUT DATA FORMATS 

XTP I MSP I LSP , 
15 114 1 13 1 .•..•. I 2 I 1 I 0 34 1 33 1 32 I 31 I 30 I 29 I· ..... I 18 I 17 1 16 : 15 114 113 I ...... I 2 11 1 0 I 

I 
" INTEGERTWO'SCOMPLEMENT TC ~ 1 I 
, 

I I 

SGN I I 
I 

1-215)12 14 I 213 I ------ I 2' I 2' I 2° -2341 233 1 2
32 ! 231 I 2

30 I 2'· 
1 ------ 1 2'"1 217 1 2" : 215 1 2" 1 213 

1 ······1 2' 1 2' 
1 

2° 

FRACTIONAL TWO'SCOMPLEMENT TC ~ 1 I I 

: I 

SGN 
I 

I I 

1_2°) 12-' I 2-' I ....... I 2-13 1 2-"1 2-15 -2' I 2' 1 2' 
I 2' I 2° I 2-' I······ I 2-"1 2-"1 2-"! 2-" I 2-" 1 2-17 1 ······1 2-21 1 2-21 1 2-.0 

UNSIGNED MAGNITUDE (INTEGER) TC ~ 0 ! 
I 

I 
221 1 •..... 1 2'" 1 217 I ······1 22 1 2' I 2" 12" I 213 I _ .. _ .... 2' I 2' I 2° 234 I 233 I 2" I 231 I 2'° I 2" : 2'5 I 214 I 213 1 2· I 

Table III. Data Formats 
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w 
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Figure 2. Approx. Worst Case Mutiply Time vs. Temperature Figure 3. TypicallDD vs. Frequency of Operation 

ABSOLUTE MAXIMUM RATINGS ORDERING INFORMATION· 

Supply Voltage .... 
Input Voltage Swing 
Output Voltage Range 
Operating Temperature Range (Ambient) 
Storage Temperature Range . . . 
Lead Temperature (10 Seconds) 

-0.3V to 7V 
-0.3V to Vnn 
-0.3V to Vnn 

- 55°C to + 125°C 
- 6SoC to + ISO°C 
. . . . .. 300°C 

Figure 4. Equivalent Input Circuits 

Figure 5. Equivalent Output Circuits 

Part Number 
ADSP-lOlOKD 
ADSP-lOlOJD 
ADSP-lOlOTD 
ADSP-lOlOSD 

Temperature 
Range 
Oto + 70°C 
Oto + 70°C 
- 55°C to + 125°C 
- 55°C to + 125°C 

Package 
64-Pin Ceramic DIP (D64A) 
64-Pin Ceramic DIP (D64A) 
64·Pin Ceramic DIP (D64A) 
64-Pin Ceramic DIP (D64A) 

*To order 64·pin ceramic flat packs, replace the suffix D by F (F64A). 
To order a 68-pin grid array, replace the suffix D by G (G68A). 
To order a 68-terminalleadless chip carrier, replace the suffix D by E (E68C). 
See Section 19 for package outline information. 

:d
VDD 

810n 
TO 

OUTPUT 
PIN 

@.' . ~ '''''' 

Figure 6. Normal Load Circuit for Delay Measurements 

TO 500n 
OUTPUT~ 

PIN 
15pF OV,TD,.lI T 12_6V IT OIS0) 

Figure 7. Three-State Delay Load Circuit 

CAUTION:------------------------------------------------------
1. ESD sensitive device. The digital control inputs are zener protected; however, permanent 

damage' may occur on unconnj!cted devices subjected to high energy electrostatic fields. 
Unused devices must be stored in conductive foam or shunts. 

2. Do not insert this device into powered sockets. Remove power before insertion or removal. 
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FIR FILTER DESIGN 
Recent improvements in VLSI technology have led to the ability 
to economically implement digital filters. Compared to analog 
filtering the digital approach offers the advantages of no short-term 
drift with temperature or power supply fluctuations, no long 
term drift with age, architectures that eliminate phase distortion, 
identical performance in final products without individual tuning, 
and the capability for extremely high performance. 

There are three classes of digital filters; finite impulse response 
(FIR), infinite impulse response (IIR), and lattice filters. Lattice 
filters have no general design theory, precluding their wide 
acceptance. Tradeoffs between FIR and IIR usually dictate 
which is appropriate for a given application. 

The advantages of FIR filters are that the phase response can be 
made linear, that the filter has no poles and is, therefore, always 
stable, and that they are relatively easily designed and imple
mented. IIR filters, on the other hand, require fewer multiplica
tions to yield a specified rolloff, which makes them faster and 
less expensive. 

Since FIR filters have such unique and advantageous properties, 
their design will be discussed below: 

Design of FIR Filters 
The equation for a FIR filter is 

(1) 

where 

n·} 

Y n = ~ ~(k) X(n.k) 

YCn) = the filter output at time n 
XCn-k ) = the filter inputs 
hCk) = coefficients corresponding to the impulse 

response of the filter 

To see how (1) describes a filter, remember that the convolution 
of two signals in the time domain is equivalent to multiplication 
in the frequency domain. Assume that the coefficients hCk) can 
be weighted in the time domain so that 'when transformed to the 
frequency domai~ they describe the desired filter response. 
Then convolving the XCn-k) with the h(k) through equation 1 has 
the effect of multiplying the spectrum of the Xcn-k) with that of 
the hCk). Since the spectrum of the h(k) is the desired filter response, 
the Xcn-k) are filtered. 

To design a FIR filter, then, requires one to determine the 
number of and value of the coefficients h(k). Several techniques 
exist to determine the coefficients. A very powerful and easy-to-use 
technique is the Remez Exchange, which will yield the best 
possible set of coefficients in the large majority of all filter designs. 
Optimal in this case means that, for a given filter's specifications, 
the Remez Exchange will design a filter with the minimum 
number of coefficients. Futhermore, the ripples in the passband 
will all have the same amplitude. 

''''~ 
'",~:'~_-

l-...- 'E 'IS I - PASSBAND ' r· STOPBAND----

TRANSITION 
BAND 

Figure 8. Filter Parameter Definition 

The Remez Exchange is a linear programming algorithm that 
has been coded in FORTRAN. While it is relatively new (1973), 
it is well tested and reliable. The algorithm, the program flow 
chart and the FORTRAN listing arc available from ADI by 
calling your local sales office. 

To use the Remez Exchange, four steps are required: 

(1) Specify the desired filter characteristics; &1> and &2, fp, fs 
and the sample rate of the data, (see Figure 8). 

For the program listing supplied by ADI, these definitio'1s 
are the traditional FIR representations. 

Passband Ripple = 20 LOG IO (1 + (1) 

Stopband Ripple = 20 LOG IO (&2) 
fp and fs are normalized to the sample rate. 

(2) The order of the filter (for a FIR filter the number of coeffi
cients) N is determined from the empirical formula 

10 LOG JO (&1·&2)-15 
N = 141lF + 1 

This formula will yield a value of N which is around ± 3 to 
the optimal number of coefficients for the filter parameters 
specified. The program could also be used to derive an 
estimate of N, as explained in the listing. 

(3) Four cards are punched containing the relevant information. 
The format of these cards is explained in the program 
listing. 

(4) The program is run and the coefficients are obtained. 

To demonstrate the ease with which a filter can be designed 
suppose that you were designing a spectrum analyzer that required II 
a low pass filter with the following charcteristics. The input 
sample frequency = 50kHz. The passband is from 0-1.2kHz. 
At 5kHz the stopband must be at - 80dB. The maximum allowable 
passband ripple is .024%. 

For the above filter the inputs would be: 

Card #1 90, 1,2,0, 32 
Card #2 0,0.05, .1,0.5 
Card #3 1,0 
Card #4 1,2.5 

The coefficients as determined from the Remez Exchange are: 

~***************************************************** 

FILTER 

FINITE IMPULSE RESPONSE (FIR) 
LINEAR PHASE DIGITAL FILTER DESIGN 
REMEZ EXCHANGE ALGORITHM 

BANDPASS FILTER 

LENGTH 90 

***** IMPULSE RESPONSE 
H( 1> O. 93799514E-04 H( 90) 
H( 2) O. 10488340E-03 H( 89) 
H( 3) O. 11847904E-03 H( 88) 
H( 4 ) O. 85088803E-04 H( 87> 
H( 5) -0. 12898787E-04 H( 86) 
H( 6) -0. 17661217E-03 H( 85) 
H( 7l -0. 38194761E-03 H( 84) 
H( 8) -0. 57682040E-03 H( 83) 
H( 9) -0. 68772736E-03 H,( 82) 
H( 10) -0. 63653802E-03 H( 81> 
H( 11> -0. 36574117E-03 H( 80) 
H( 12) O. 13416487E-03 H( 79) 
H( 13) 0 80301304E-03 H( 78) 
H( 14) O. 15048269E-02 H( 77) 
H( 15) O. 20436598E-02 H( 76) 
H( 16) O. 22036058E-02 H( 75) 
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H( 17) O. 18073542E-02 H( 74) 
H( 18) 0 78227866E-03 H( 73) 
H( 19) -0. 78809389E-03 H( 72) 
H( 20) -0. 26394441E-02 H( 71 ) 
H( 21> -0. 43506525E-02 H( 70) 
H( 22) -0. 54176589E-02 H( 69) 
H( 23) -0. 53703832E-02 H( 68) 
H( 24) -0. 39105113E-02 H( 67> 
H( 25) -0. 10369754E-02 H( 66) 
H( 26) O. 28777565E-02 H( 65) 
H( 27> O. 70922608E-02 H( 64) 
y( 28) O. 10598276E-Ol H( 63) 
H( 29) 0.12314963E-Ol H( 62) 
H( 30) O. 11345266E-Ol H( 61> 
H( 31> O. 72430554E-02 = H( 60) 
H( 32) O. 22823620E-03 H( 59) 
H( 33) - -0. 87108370E-02 H( 58) 
H( 34) -0. 17870698E-Ol H( 57) 
H( 35) '-0 25054727E-Ol H( 56) 
H( 36) -0. 27939234E-Ol H( 55) 
H( 37) -0. 24523273E-Ol H( 54) 
H( 38) -0. 13575817E-Ol H( 53) 
H( 39) O. 50147623E-02 H( 52) 
H( 40) O. 30071916E-Ol ='H( 51> 
H( 41> O. 59194371E-Ol H( 50) 
H( 42) O. 89057893E-Ol H( 49) 
H( 43) O. 11591199E+00 H( 48) 
H( 44) O. 13618520E+00 H( 47) 
f.j( 45) O. 14708640E+00 H( 46) 

A plot of such a filter's transfer function would appear as: 

25.00 

-25.00 
Q 
::l 
!:: z 
~ -50.00 ::Ii 
Q 
Z 

~ : 
-100.00 

-125.00 
0.00 007 

Figure 9. 

32-BIT SIMULATION OF 
90-TAP FIR FILTER 
o 024% PASSBAND RIPPLE 
FREO. (PASS) = 0.050 
FREO. (STOP) = 0100 

\~~~IIWff~~m~m~f 
0.14 0.21 0.28 0.35 0.42 

NORMALIZED FREOUENCY 
= (ACTUAL FREO.J,(SAMPLING FREQ.1 

32-8it Simulation of 90-Tap FIR Filter 

056 

Once the filter coefficients have been determined, the hardware 
implementation is relatively straightforward. Equation (1) for a 
5th order FIR filter can be expressed in hardware as: 

INPUT 

ELECTRONIC 
SWITCH 

r---- ----, 
I I 
I I 

I 
I 
I AOSP-l0l0 
I 
I 
I L ___________ J 

OUTPUT 

Figure 10. Hardware Implementation of FIR Filter 

Note that the multiplier and accumulator can be combined on a 
single chip such as the ADSP-lOlO; 

Notice that each output is the sum of the products of the five 
previous inputs and five coefficients. The sixth output Y 6 would 
then be: 

Y6 = X6 ho + Xs hi + X4 h2 + X3 h3 + X2 h4 

One multiplier can be used sequentially to perform all the 
multiplications with intermediate products stored in the 
accumulator. Not:ce that the maximum frequency response of a 
5th order FIR filter, as shown, assuming a multiply/accumulate 
time of 200ns', would be O.SMHz (5 mult.laccum. x 200ns = 

1 ~s. Since 2 samples/cycle are needed to satisfy Nyquist's sam
pling theory, a O.SMHz input is the upper limit for the frequency 
response). Two techniques can be employed to increase the 
frequency response. First, several multipliers can be used in a 
pipeline structure. Second, one can take advantage of the symmetry 
of the coefficients of a FIR filter. For the fifth order filter this 
allows one to write the output as 

The number of multiplies is halved and the number of accumulates 
stays the same. Thus with an extra accumulator and some control 
logic the bandwidth of a FIR filter can be doubled. 

Higher order filters, like the 90th order filter discussed above, 
can also be implemented with a single multiplier/accumulator 
such as the ADSP-lOlO. Additional RAM for the input samples 
X(n.k) ~nd additional ROM for the h(k) would be required. The 
maximum input frequency that a single MAC could filter in a 
90th order structure would be about 25kHz. 

Sources of Error 
One significant advantage of digital filters is that their performance 
can be modeled exactly by software. Modeling is necessary to 
foresee and design around problems that may occur as a result 
of the finite register lengths in the hardware. 

The coefficients h(k) were calculated on a VAX 111750, which is 
a 32-bit machine. Since the ADSP-lOlO is only a 16-bit device, 
the coefficients must be rounded or truncated before they are 
stored in RAM. This rounding or truncation can have undesirable 
effects on the filter transfer function. 

To examine the effect of finite length coefficients on a 90th 
order filter we rounded the coefficients in Figure 11 to the 16 
most significant bits. The filter response was then simulated in 
a software equivalent of a I6-bit MAC. The results are shown 
below. 

As shown, the ripple in the stopband is increased significantly. 
This "extra" ripple is undesirable when the attenuation in the 
stopband using the I6-bit MAC is less than that specified. In 
this example, the minimum stopband attenuation is -71.2SdB 
whereas the specified attenuation was - 80dB. To live with this 
finite word length problem the designer must overspecify the 
filter. Some ex'tra performance (l-2dB in this example) can be 
gained by "tweaking" the coefficients. Several commercially 
available programs for optimizing the coefficients to get the 
most attenuation possible for a given filter order considering 
finite register lengths are available. By rounding, however, the 
coefficients and resulting filter performance are very close to the 
theoretical optimum. Truncation, on the other hand, will lead 
to significantly worse filter performance. Since rounding is not 
much more difficult that truncation, one should never truncate 
the filter coefficients. 
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Roundoff error results from rounding the product of two 16-bit 
inputs to 16 bits. Fortunately the ADSP-lOlO has a 32-bit product 
bus which minimizes this source of error to the roundOff errors 
in the LSPs of the products. 

Finally, overflow or saturation of the accumulator can occur 
as a result of sequentially accumulating many products. The 
ADSP-lOlO has three extended product bits in the accumulator 
to accommodate overflow. For the 90th order filter shown here, 
the three extra bits were sufficient. However, it is possible to 
saturate the accumulator. To determine whether overflow will 
be a problem, it is first necessary to calculate an upper bound 

'" .., 

25.00 

0.00 

I -25.00 
w 
Q 
:::l 
t: z 
~ -50.00 
::i! 
Q 
Z 

~ -75.00 

~ 

-100.00 

for the filter response. A good estimate is the sum of the squares 
of the filter coefficients. If it appears that the filter will overflow, 
it must be "tinkered" with to avoid saturation. For low pass 
filtering, "tinkering" means that multiplications by positive 
coefficients should be alternated with multiplication by negative 
coefficients. 

It is hoped that the design procedure described above will assist 
anyone in the design of high-performance FIR filters. As the 
cost of VLSI decreases even further, designs using FIR filters 
will become more popular than ever. 

9G-TAP FIR FILTER 
0.024% PASSBAND RIPPLE 
FREQ. (PASS) = 0.050 
FREQ. (STOP) = 0.100 
- SIMULATED FILTER -

-125.00 -/---.,---,..--_.--_-. __ -.,. __ ......,-__ ..... _---, 

0.00 0.07 0.14 0.21 0.28 0.35 0.42 0.49 0.56 

NORMALIZED FREQUENCY - (ACTUAL FREQ.)/(SAMPLING FREQ.) 

Figure 11. Performance of a 90-Tap Filter with 16-Bit Precision 

PIN CONFIGURATION FOR 

PIN GRID ARRAY 

PIN FUNCTION PIN FUNCTION 

1 Yl.Pl 3S P32 

2 Y2,P2 35 P33 

3 YJ,P3 31 P34 

4 V4.P4 38 elKP 

5 V5,PS 3. TSM 

5 Y6,P& '0 PREt 

7 Y1.P7 41 TSX 

8 GND 42 TC . VB,pa 43 VDD 

10 Y9,P9 44 ClKY 

11 Yl0,Pl0 45 ClKX 

12 Vl1,Pl1 45 ACC 

13 Y12,P12 47 SUB 

14 Y13,P13 48 RND ,. V14.P14 4' TSL 

15 V1S,P'S 50 X,. 

11 NC 51 NC 
18 P15 52 X14 

I. P11 53 X13 

20 P18 54 X12 

21 PI. 55 X11 

22 P20 56 Xl0 

23 P21 57 X. 

24 P22 58 X8 

25 P23 5. X7 

25 P2' 50 X5 

27 P25 51 X5 

28 P25 62 X4 

2. P27 53 X3 

30 P28 54 X2 

31 P," 55 XI 

32 P30 66 XO 

33 P31 67 YO,PO 

34 NC 58 N.C 

PACKAGE G68A 

PIN CONFIGURATION FOR 

DIP AND FLAT PACK 

PIN FUNCTION PIN FUNCTION 

1 X5 33 P2' 

2 X5 3' P25 

3 X' 35 P25 · X3 35 P27 

5 X2 37 P2. · XI 3. P29 

7 XO 3' P30 · YO,PO '0 P31 · Vl,Pl 41 P32 

10 V2,P2 .2 P33 

11 YJ.P3 43 P3. 

12 Y4.P4 .. elKP 
13 V5.PS '5 TSM 

" 
V6,P6 .. PREL 

15 V1,P7 .7 TSX ,. GND 4' TC 

11 V8,pa 4' VDD 

18 Y9,P9 50 CLKY 

I. Vla.P'" 51 CLKX 

20 Vl1,P" 62 Ace 

21 V12,P12 53 SUB 

22 Y13.P13 / 54 RND 

23 V14.P14 55 TSL 

2. V1S,P1S 55 X15 

25 P15 57 XI' 

25 P17 58 X13 

27 P1W 5. X12 

28 PI. 50 X11 

2. P20 ., Xl0 

30 P21 52 X. 

31 P22 53 X8 

32 P23 64 X7 

PACKAGE D64A/F64A 

PIN CONFIGURATION 

FOR LCC 

PIN FUNCTION PIN FUNCTION 

1 ", 35 P2' 
2 X. 35 P25 

3 X4 37 P25 . X3 38 P27 

5 X2 3. P28 

5 XI 40 P2. 
7 XO 41 P30 

8 YO,PO 42 P31 . Ne '3 NC 

10 Vl,Pl 44 P32 

11 V2,P2 45 P33 

12 Y3,PJ .5 P3. 

13 V4,P4 '7 elKP 

I. Y5,P5 48 TSM 

15 Y6,P6 .. PREL 
15 Yl,P7 50 TSX 

17 GNO 51 Te 

18 Ya.pa 52 Voo 

I. Y9.P9 53 CLKY 

20 Yl0.Pl0 54 CLKX 

21 Yl1.Pll 55 Ace 

22 Y12,P12 56 SUB 

23 Y13.P13 57 RND 

2' Y14.P14 58 TSL 

25 Y15.P1S 5. X15 

25 N·C 50 N,C 

27 PI. 61 X14 

28 P17 52 X13 

2. P18 53 X12 

30 PI. 64 XII 

31 P20 55 Xl0 

32 P21 66 X. 

33 P22 .7 X8 

3' P23 58 X7 

PACKAGEE68C 
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r.ANALOG 
a...OEVICES 

FEATURES 
12 x 12 Parallel Array Multiplier 
150mW max Power Dissipation with CMOS 

Technology 
110ns Multiply Time 
Improved MPY-12HJ Second Source 
Two's Complement, Unsigned Magnitude or Mixed 

Mode Multiplication 
Single + 5 Volt Power Supply Operation 
Available in Hermetically Sealed 64-Pin DIP, 

68 Terminal LCC, or 68-Pin Grid Array 

APPLICATIONS 
Fourier Transformations 
FIR & IIR Digital Filters 
Matrix Multiplications 

GENERAL DESCRIPTION 
The ADSP-I012 is a TTL compatible high speed low power 12 
x l2-bit multiplier that, in DIP form, is pin for pin compatible 
with TRW's MPY-12HJl. The ADSP-I012 has essentially the 
same speed as the MPY-12HJ but consumes only about 1I20th 
the power. Low power dissipation prevents the existence of a 
large temperature differential between the device's junction 
temperature and the ambient temperature. Thus unlike most 
bipolar and ECL devices it is safe to both specify and operate 
the ADSP-I012 over the extended temperature range (- 55°C to 
+ 125°C ambient) without impairing its useful life. 

The low power is obtained by using complementary MOS tech
nology. The high speed is achieved by use of three speed saving 
techniques. A modified Booth algorithm reduces time consuming 
operations. Feed-forward carry organization is used. Finally a 
conditional sum adder speeds the fmal adder stage. 

The ADSP-IOI2 has two 12-bit input buses and two 12-bit 
product buses. The inputs can be in either 2's complement, 
unsigned magnitude or mixed mode formats. All inputs are 
diode protected. The independent input registers are D-type 
positive edge triggered flip-flops as are the LSP and MSP product 
registers. The product registers have three-state outputs which, 
when combined with the independent control of the input registers, 
allow the ADSP-I0l2 to operate on a 12-bit microprocessor bus. 

Y'N 
IlSPnurl 

TCX 
Tev, RNO 

12x12-Bit CMOS Multiplier 
ADSP-lm2 I 

ADSP-1012 FUNCTIONAL BLOCK DIAGRAM 

The ADSP-I0l2 has a RND control which rounds the product 
to the 12 most significant bits by adding a 1 to the MSB of the 
LSP. The FA control formats the output for 2's complement 
by shifting the MSP up one bit and then repeating the sign bit 
in the MSB of the LSP. It should only be used for 2's comple
ment arithmetic. The FT control makes the output latches 
transparent. 

The ADSP-I0l2 is available in both commercial and extended 
temp ranges. Additionally, all versions are available in either a 
64-pin hermetically sealed ceramic DIP, 68 terminal LCC, or 
68-pin grid array. 

PRODUCT HIGHLIGHTS 
l. The ADSP-IOI2, by virtue offast CMOS technology, provides 

both low power (lSOmW) and high speed (lIOns) multiplica-
tion. . 

2. The ADSP-IOI2 provides full pin-for-pin compatibility with 
the MPY-12HJl. 

3. The ADSP-I012 is also available in a 68 terminal LCC or 68-
pin grid array, allowing designers to reduce their system's 
physical size without worrying about power dissipation and 
board space problems. 
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ADSP-l 012 SPECIFICATIONS1 

RECOMMENDED OPERATING CONDITIONS 
ADSP-l O12jX2 

ADSP-I012KX 
Parameter Min Max 

Vnn Supply Voltage 4.75 5.25 

TAMR Operating Temperature (T AMBIENT) 0 70 

ELECTR I CAL CHARACTER ISTI CS 
ADSP-I012jX 
ADSP-I012KX 

Parameter Test Conditions Min. Max 

VIH High-Level Input Voltage (rvVnn =max 2.0 

Vn, Low-Level Input Voltage (/DVnn=min 0.8 

VOH High-Level Output Voltage (iii V nn = min & lOB = - O.4mA 2.4 

VOL Low-Level Output Voltage @ V nn = min & 101. = 4.0mA 0.4 

IIH High-Level Input Current @)Vnn =max&VIN =5.0V 10 

In, Low-Level Input Current @ V nn = max & V IN = 0 10 

IIH Clocks, Control Inputs 

High Level Input Current @Vno =max&VIN =5.0V 10 

In, Clocks, Control Inputs 

Low Level Input Current @Voo=max&VIN=O 10 

10zH Three State Leakage Current @ V nn = max; High Z; V IN = max 50 

IOZL Three State Leakage Current @:' V nn = max; High Z; V IN = 0 50 

Inn Supply Current3 25 

Inn Quiescent All VIN=OV; Trim & Tril =5.0V 400 

Inn Quiescent AllVIN =2.4V 15 

SWITCHING CHARACTERISTICS4,5 

ADSP-I012jX ADSP-I012SX ADSP-I012KX 

IMax@I, 
Min 25°C Max 

IMax@IJ 
Min 25°C Max 

II Max@1 
Min 25°C Max 

tn Output Delay 35 40 * 45 * * 
tENA Three State Enable Delay 25 35 * 40 * * 
tOlS Three State Disable Delay 25 35 * 40 * * 
tpw Clock Pulse Width 25 * *. 
ts Input Register Setup Time 25 * * 
tH Input Register Hold Time 0 * * 
tMUC U nc10cked Multiply Time 175 205 175 240 145 170 

tMC Clocked Multiply Time 140 165 140 195 110 130 

NOTES 
I All min & max specifications have + 5.0V power supply and are over specified temperature ranges unless otherwise stated. 
2When ordering, substitute for X; D for 64-pin DIP, E for 68-terminalleadless chip carriers, or G for 68-pin grid array. 
3 Maximum current is measured with the clock cycle = 91viHz and TTL input voltages. 
4AII transitions are measured at a 1.5V level except for tENA and tDlS which are shown below. 
5Measured with power supply = 5.0V and TTL voltages of 0.4 and 2.4 volts. 
*Specifications same as ADSP-I012JX. 
Specifications subject to change without notice. TRIM. TRIL 

ADSP-I012SX 
ADSP-I012TX 

Min Max 

4.5 5.5 
-55 125 

ADSP-I012SX 
ADSP-1012TX 

Min Max 

2.2 

0.8 

2.4 

0.6 

10 

10 

10 

10 

50 

50 

30 

500 

20 

ADSP-I012TX 

IMax@k: 
Min 25°C ax 

* 45 

* 40 

* 40 

* 
* 
* 

145 195 

110 150 

HIGH IMPEDANCE 
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Unit 

V 
°C 

Unit 

V 

V 

V 

V 

flA 

flA 

flA 

flA 

flA 

flA 
rnA 

flA 
rnA 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 
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Figure 1. ADSP-1012 Timing Diagram 

TO soon 
OUTPUT~ 
PIN 

OV (Tols1) 
15pf T 1 2.6V (TDlSO) 

INPUT o-c.--.... --.. 

3pF 

a. Equivalent Input Circuit 

OUTPUT 

Figure 4. Three-State Delay Load Circuit 
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I 
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o 
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u 

<3 

~ 
145 10 

MULTIPLY TIME -",s 

TYPICAL 100 VS, FREQUENCY OF OPERATION 

Figure 5. Typical Power Dissipation vs. Frequency 

b. Equivalent Output Circuit 

Figure 2. 

Voo 

810n 
TO 
OUTPUTO-~--~-__ 
PIN 

40pf IN3062 

Figure 3. Normal Load Circuit for Delay Measurements 
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0 
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Figure 6. Approx. Multiply Time vs. Temperature 
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METHOD OF OPERATION 
The X and Y input registers are separately controlled positive 
edge triggered D-type flip flops. The X and Y input data can be 
either two's complement or unsigned magnitude. A logic I on 
the appropriate TCX or TCY control line is required to signify 

loaded into the separately controlled output registers by the 
rising edge of CLKL and CLKM. The FA control is used to 

adjust the output format. 2 

a two's complement input while a logic 0 is required to signify 
an unsigned magnitude input. I 

The output latches can be bypassed, however, by applying a 
logic 1 to the feed through, FT, line. This does not affect the 
data tha~ was previously stored in the latches. 

A logic 1 on the RND line rounds the product to the 12 most 
significant bits by adding a 1 to the MSB of LSP3. TCX, TCY 
and RND are registered inputs that are loaded by the rising 
edge of either CLKX or CLKY. 120nslater the product can be 

The output consists of two words, a 12-bit MSP and a 12-bit 
LSP. TRIL and TRIM are the three state controls for the LSP 
and MSP respectively. A logic I on TRIL or TRIM causes the 
appropriate output latch to be in the high impedance state. 

OUTPUT DATA FORMATS (FA= 1) 

X & V INPUT DATA FORMATS' MSP LSP 

11 110 I 9 I ...... I 2 1 1 1 0 23 122 I 21 1 ------ 1 14 I 13 1 12 11 /10 L 9 I ---_.o- J 2 1 1 I 0 

INTEGER TWO'S COMPLEMENT TCX. TCV = 1 

SGN SGN ! 
(-2")12'° I 2 9 I ._---- I 22 I 2' I 2° (_223)1222 I 2

2
' I ----- .. I 214 I 213 I 2'2 2" 12'0 I 29 I ...... -- I 22 I 2' I 2° 

FRACTIONAL TWO'S COMPLEMENT TCX. TCV = 1 

SGN SGN 
(_2°) 12" I 2,2 

1 
.. _ .. _-. 

1 
2,91 2,'°1 2'" (-2') 120 I 2" 1 ------ 1 2'· 

1 
2,9 1 2,'° 

I 
2'" 12,12 I 2'13 1 --_ .. _-

1 2,20 1 2,2' 1 2,22 

UNSIGNED MAGNITUDE (INTEGER) TCX. TCV = 0 I 

2" 12'° I 2 9 1 -- ..... 1 22 I 2' I 2° 223 1222 I 221 1 .. ----- 1 214 I 213 I 2'2 12" 12'° I 29 I -----. I 22 I 2' I 2° 

FRACTIONAL TWO'S COMPLEMENT (SHIFTED. FA = 0)2 : 

SGN 'SGN 
(_2°) 12" I 2,2 I ... _-- .. 

1 
2,9 I 2,'° I 2'" 1(-2°) 12,12 1 2,13 1 ------ 1 2,2°1 2,2' 1 2,22 

INTEGER TWO'S COMPLEMENT (SHIFTED. FA = 0)2 I 

SGN I SGN 
(_222) 1221 I 220 I -_ .. _--

1 2
13 I 212 I 2" 1(-222 11 2'° I 29 I ----_. 1 22 1 2' I 2° 

Table I. Data Formats 

NOTES 
1. As Shown Above Both X and Y Input Data Have the Same Format. For Mixed·Mode Operation. (X and Y Inputs Having Different 

Formats) the Output Product Format is Determined as Follows: 

X INPUT DATA 

YINPU 
DATA 

T 

ED UNSIGN 
MAGNITU DE 

TWO'S 
COMPLEM ENT 

UNSIGNED 
MAGNITUDE 

UNSIGNED 
MAGNITUDE 

TWO'S 
COMPLEMENT 

TWO'S 
COMPLEMENT 

TWO'S 
COMPLEMENT 

TWO'S 
COMPLEMENT' 

FA Must Equal 1 to Get a Valid Product for Unsigned Magnitude or Mixed Mode Multiplications. When Performing Mixed·Mode 
Operations the Sign Bit is Contained in Product Bit 23. 

2. The Format Adjust (FA = 0) is Used for the Two's Complement Data Format. The MSP is Left Shifted One Bit and the Sign Bit 
Duplicated in the MSB of the LSP as Shown Below: 

When Using this Format (FA = 0). an Overflow Occurs By Attempting to Multiply 1.000 ( -1 Base 10 in Fractional Two's Complement 
Notation or _2" in Integer Two's Complement Notation) By Itself. The Result is Negative Full Scale Rather than Positive Full 
Scale. When FA = 0 this Input Condition Should Be Disallowed. If FA = 1, However. the Output Will Always Be Correct. 

LSP 

2 o 

j 
3. When Using the Round (RND) Control, a One is Added to the MSB of the LSP Regardless of Shift Position. When FA = 0 this 

is Product Bit Number 10 and when FA = 1 this is Product Bit Number 11. 
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Figure 7. Typical Multiply Time vs. Power Supply 

OPERATIONS WITH NON-TTL SUPPLY VOLTAGES 
By virtue of its CMOS construction the speed of the ADSP-1012 
can be increased by the use of a power supply voltage larger 
than 5.0V. When using non-TTL power supplies four parameters 
will change which in turn will affect the circuit design. These 
parameters are: input thresholds, output voltage swings, multi
plication speed and power supply current. 

The thresholds of the input inverter stages are selected to meet 
the TTL specs over the recommended power supply voltages. If 
the supply voltage is not within the recommended range the 
inputs should be driven from 0 volts to the power supply voltage 
to ensure that the thresholds are crossed. 

The output of the multiplier will swing' from ground to the 
supply voltage if no load is applied. As the output loading increases 
the output voltag;;: swing will decrease. 

40mA 

........ ~ 

/ 
/.' 

/ 
/"" 

JOmA 

20mA 

~~ 
4V 5V 6V 7V 

voo---

Figure 8. Typical 100 vs. Voo at f=9MHz; t=25°C; 
CMOS Inputs 

As Figure 7 shows, the multiplication speed will increase as the 
supply voltage increases and decrease as the supply voltages 
decreases. The change in speed is due to the dependence of 
transconductance of CMOS devices on supply voltages. 

Figure 8 shows that increasing power supply voltage also increases 
the power consumption of the device. Notice, however, that the 
worst case power consumption is only 32mA. 

ABSOLUTE MAXIMUM RATINGS 

Supply Voltage ... . 
Input Voltage ............ . 
Output Voltage Swing ........ . 
Operating Temperature Range (Ambient) 
Storage Temperature Range ' ... 
Lead Temperature (10 Seconds) 

-0.3V to 7V 
-0.3V to Vnn 
-0.3V to Vo~ 

- 55°C to + 125°C 

. . . . .. 300°C 
- 65°C to + 150

a
C III 

ORDERING INFORMATION* 

Part Number 

ADSP-1012KD 
ADSP-1012JD 
ADSP-1012TD 
ADSP-1012SD 

Temperature 
Range 

Oto + 70°C 
Oto + 70°C 
- 55°C to + 125°C 
- 55°C to + 125°C 

Package 

64-Pin Ceramic DIP (D64A) 
64-Pin Ceramic DIP (D64A) 
64-Pin Ceramic DIP (D64A) 
64-Pin Ceramic DIP (D64A) 

*To obtain a 68-pin grid array, replace the suffix D by G (G68A). 
To obtain a 68-terminal lead less chip carrier, replace the suffix D by E (E68C), 
See Section 19 for package outline information. 

CAUTION: ----------------------------
1. ESD sensitive device. The digital control inputs are zener protected; however, permanent 

damage may occur on unconnected devices subjected to high energy electrostatic fields. 
Unused devices must be stored in conductive foam or shunts. 

2. Do not insert this device into powered sockets. Remove power before insertion or removal. 

WARNING! eJ 
~~OEVICE 
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24x24 MULTIPLICATION 
Often one needs more precision than can be provided by a 
12 x 12-bit multiplication. Figure 9 illustrates four ADSP-I012s 
being used as a low power double precision multiplier. Here the 
ADSP-lOI2's (A, B, C, D) are used in conjunction with five 
external 12-bit adders (E, F, G, H, 1). This configuration yields 
a full 24-bit product. 

Any multiplication can be represented as (MSBx + LSBx) x 
(MSBy + LSBy). The product of two equal 24-bit inputs using 
4 I2-bit multipliers would then be MSB2 + 2 (MSB • LSB) + 
LSB2• Multiplier A and C perform the LSBx • LSBy and the 
MSBy • LSBx multiplications respectively. Multiplier B performs 
the MSBx • LSBy multiplication. Finally, multiplier D does the 
MSBx • MSBy product. 

For two's complement multiplications, the rule for handling the 
mode controls, TCX and TCY, is; whenever the input contains 

(TO MULTIPLIER D) 24·BIT 
MULTIPLIER 

a sign bit, set the mode control to logic" 1". Thus the TCX and 
TCY inputs for multiplier A are both low since sign bits are not 
carried in the LSBs. Multipliers Band C require a 1,0 and a 0, 
1 respectively for TCX and TCY. Multiplier D has both mode 
controls set to 1 since both inputs are MSBs containing a sign 
bit. 

The partial produCts and their carry bits are added as shown in 
accordance with the requirements for binary multiplication. 

For unsigned magnitude multiplication TCX and TCY must 
equal 0 for all multipliers since no sign information is carried in 
the inputs. Finally the carry from adder G drives the LSB of 
adder J. All the remaining 11 bits of that input to adder J are 
tiecllow. 

This configuration can handle a 24 x 24-bit multiply in the time 
it takes to perform 1 12 x I2-bit multiplication plus the required 
additions. 

~ 
L~ 

rr:o MULTIPLIER Cl TCX=O , 
TCY=O --

ADSP-1012 LSPB 
r-------,.A 

MIXED 

(TO MUl TlPLIER Al 

24·BIT 
MULTIPLICAND 

(TO MULTIPLIER C) 

TCY=1 TCY=1 --

TWO'S 
COMPLEMENT 

MSPo 

12 

MSP, 

INTEGER 

X1N LSB 

TCX=O 

C 

MSPo 

LSPc 

12 

12 

12 

LSP, LSPo 

~----------48-BIT PRODUCT -------------1 

Figure 9. 24x 24-8it Expanded Multiplier Using the ADSP-l012 
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PIN CONFIGURATION FOR LCC 

PIN FUNCTION PIN FUNCTION 

1 X7 35 P16 

2 X6 36 P17 

3 X5 37 P18 

4 X4 38 P19 

5 X3 39 P20 

6 X2 40 P21 

7 Xl 41 P22 

8 XO 42 P23 

9 N,C 43 NC 

10 PO 44 TCY 

11 PI 45 Yll 

12 P2 46 Yl0 

13 P3 47 Y9 

14 P4 48 Y8 

15 P5 49 Y7 

16 P6 50 Y6 

17 P7 51 ' Voo 

18 P8 52 ~ Voo 

19 P9 53 • Voo 

20 Pl0 54 Y5 

21 Pll ,5 Y4 

22 TRIL 56 Y3 

23 TRIM 57 Y2 

24 GNO 58 Yl 

25 GNO 59 YO 

26 N,C 60 NC 

27 FT 61 TCX 

28 FA 62 RND 

29 CLKL 63 CLKY 

30 CLKM 64 CLKX 

31 P12 65 XII 

32 P13 66 Xl0 

33 P14 67 X9 

34 P15 68 X8 

PACKAGE E68C 

PIN CONFIGURATION FOR 
PIN GRID ARRAY 

PIN FUNCTiON PIN FUNCTION 

1 PO 35 TCV 

2 PI 36 VII 

3 P2 37 Vl0 

4 P3 38 V9 

5 P4 39 V8 

6 P5 40 V7 

7, P6 41 V6 

8 P7 42 Voo 

9 P8 43 VOD 

10 P9 44 VOD 

11 Pl0 45 V5 

12 Pll 46 V4 

13 TRIL 47 V3 

14 TRIM 48 V2 

15 GND 49 VI 

16 GND 50 VO 

17 N/C 51 N'C 

18 FT 52 TCX 

19 FA 53 RND 

20 CLKL 54 CLKV 

21 CLKM 55 CLKX 

22 P12 56 XII 

23 P13 57 Xl0 

24 P14 58 X9 

25 P15 59 X8 

26 P16 60 X7 

27 P17 61 X6 

28 P18 62 X5 

29 P19 63 X4 

30 P20 64 X3 

31 P21 65 X2 

32 P22 66 Xl 

33 P23 67 XO 

34 N'C 68 N'C 

PACKAGE G68A 

PIN CONFIGURATION FOR DIP 

PIN FUNCTiON PIN FUNCTION 

1 X7 33 P16 

2 X6 34 P17 

3 X5 35 P18 
4 X4 36 P19 

5 X3 37 P20 

6 X2 38 P21 

7 XI 39 P22 

8 XO 40 P23 

9 PO 41 TCY 
10 PI 42 Yll 
11 P2 43 Vl0 

12 P3 44 V9 

13 P4 45 V8 
14 P5 46 V7 
15 P6 47 V6 
16 P7 48 +Voo 
17 P8 49 +VOD 
18 P9 50 +VOD 
19 Pl0 51 V5 

20 Pll 52 V4 
21 TRIL 53 V3 
22 TRIM 54 V2 

23 GNO 55 VI 

24 GND 56 VO 

25 FT 57 TCX 
26 FA 58 RND 

27 CLKL 59 CLKV 

28 CLKM 60 CLKX 
29 P12 61 XII 
30 P13 62 Xl0 
31 P14 63 X9 
32 PIS 64 X8 

PACKAGE D64A 

• 
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r.ANALOG 
WDEVICES 

FEATURES 
16 x 16 Parallel Array Multiplier 
150mW max Power Dissipation with CMOS 

Technology 
145ns"Multiply Time 
Improved MPY-16HJ Second Source 
Two's Complement, Unsigned Magnitude or Mixed 

Mode Multiplication 
Single + 5 Volt Power Supply Operation 
Available in Hermetically Sealed 64-Pin DIP, 

0.7 Square Inch Flat Pack, 68-l;lin Grid Array 
or 68-Terminal Leadless Chip Carrier 

Specified from -55°C to + 125°C Ambient 

APPLICATIONS 
Fourier Transformations 
Digital Filtering 
Microprocessor Acceleration 
Matrix Manipulations 

GENERAL DESCRIPTION 
The ADSP-1016 is a TTL compatible high-speed low-power 16 
x 16-bit multiplier that, in DIP form, is pin for pin compatible 
with TRW's MPY-16HJ1. The ADSP-1016 has essentially the 
same speed as the MPY-16HJ but consumes only about 1/20 the 
power. Low power dissipation prevents the existence of a large 
temperature differential between the device's junction temperature 
and the ambient temperature. Thus, unlike most equivalent 
bipolar and ECL devices, it is safe to both specify and operate 
the ADSP-1016 over the extended temperature range (- 55°C to 

+ 125°C ambient) without impairing its useful life. 

The low power is obtained by using complementary MOS tech
nology. The high speed is achieved by use of three speed saving 
techniques. A modified Booth algorithm reduces time consuming 
operations. Feed-forward carry organization is used. Finally, a 
conditional sum adder speeds the final adder stage .. 

The ADSP-1016 has two 16-bit input buses and two 16-bit 
product buses. The LSP output port is shared with the Y input 
port. The inputs can be in either 2's complement, unsigned 
magnitude or mixed mode formats. All inputs are diode protected. 
The independent input registers are D-type positive edge triggered 
flip-flops as are the LSP and MSP product registers. The product 
registers have three-state outputs which, when combined with 
the independent control of the input registers, allow the ADSP-
1016 to operate on a 16-bit microprocessor bus. 

16x16-Bit CMOS Multiplier 
ADSP-1016 I 

ADSP-I016 FUNCTIONAL BLOCK DIAGRAM 

YON 
(lSPou,i 

Tex, 
TCV, RND 

MSPOUT 

The ADSP-1016 has a RND control which rounds the product 
to the 16 most significant bits by adding a 1 to the MSB of the 
LSP. The FA control formats the output for 2's complement 
by shifting the MSP up one bit and then repeating the sign bit 
in the MSB of the LSP. It should only be used for 2's comple
ment arithmetic. The FT control makes the output latches 
transparent. 

The ADSP-1016 is available in both commercial and extended 
temp ranges. Additionally, all versions are available in either a 
64-pin hermetically sealed ceramic DIP, a 64-pin hermetically 
sealed flat pack, a 68-pin Grid Array or a 58-terminal Leadless 
Chip Carrier. 

PRODUCT HIGHLIGHTS 
1. The ADSP-1016, by virtue of CMOS technology, provides 

both low power (lSOmW) and high speed (l45ns) multiplica
tion. Full TTL compatibility is supplied without the need 
for external buffering. 

2. The ADSP-1016 provides full pin-for-pin compatibility with 
the l\1PY-16HJl. 

3. The ADSP-1016 is also available in a M-pin flat pack, 68-pin 
Grid Array or 68-terminal LeC, allowing designers to reduce 
their system's physical size without worrying about power 
dissipation and board space problems. 
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ADSP-l016 SPECIFICATIONS' 
K t<.~OM MENDED OPERATING CONDITIONS 

ADSP-IOI6jX2 ADSP-1016SX 
ADSP-IOI6KX ADSP-IOI6TX 

Parameter Min Max Min Max 

Vnn Supply Voltage 4.75 5.25 4.5 5.5 

TAMB Operating Temperature (T AMBIENT) 0 70 -55 125 

ELECTRICAL CHARACTERISTICS 1 

ADSP-IOI6jX ADSP-IOI6SX 
ADSP-I016KX ADSP-IOI6TX 

Parameter Test Conditions Min Max Min Max 

VIH High-Level Input Voltage @Vnn =max 2.0 2.2 

Vn. Low-Level Input Voltage ([t·Vnn=min 0.8 0.8 

VOH High-Level Output Voltage ([IVnn=min& 10H= -1.0mA 2.4 2.4 

VOL Low-Level Output Voltage ([iVnn=min& IOL =4.0mA 0.4 0.6 

IIH High-Level Input Current ([i Von=max& VIN = 5.0V 10 10 

IlL Low-Level Input Current ([i Vnn=max&V'N=OV 10 10 

IIH Clocks, Control Inputs 

High Level Input Current (it Vnn=max&VIN = 5.0V 10 10 

In. Clocks, Control Inputs 

Low Level Input Current ([i Vnn=max&V1N=OV 10 10 

10ZH Three State Leakage Current ~i Vnn=max;HighZ;V'N=max 50 50 

10zL Three State Leakage Current (Ii Vnn=max;HighZ;V'N=OV 50 50 

Inn Supply Current3 25 30 

Inn Quiescent All VIN=OV;TRIM&TRIL= 5.0V 500 2000 

Inn Quiescent All VIN=2.4V 15 20 

SWITCHING CHARACTERISTICS4,5 

ADSP-IOI6jX ADSP-IOI6SX ADSP-IOI6KX ADSP-IOI6TX 
Max@ Max@ Max@ Max@ 

Min I 25°C I Max Min 125°C I Max Min 125°C I Max Min 125°C I Max 

tn Output Delay 35 40 * 45 * * * 45 

tENA Three State Enable Delay 25 35 * 40 * * * 40 

tOlS Three State Disable Delay 25 35 * 40 * * * 40 

tpw Clock Pulse Width 25 * * * 
ts Input Register Setup Time 25 * * * 
tH Input Register Hold Time 0 * * * 
tMUC Unclocked Multiply Time 215 260 * 295 180 210 180 245 

tMC Clocked Multiply Time 180 220 * 250 145 170 145 200 

NOTES 
I All min & max specifications are over power supply and temperature range indicated (unless otherwise stated). 
2When ordering, substitute for X: D for 64-pin DIP, E for 68-terminal Leadless Chip Carrier, G for 68-pin Grid Array, or F for 64-pin Flat Pack. 
3Maximum current is measured with the clock cycle = 6MHz and TTL input voltages. 
4AII transitions are measured at a 1.5V level except fortENA and tDIS which are shown below. 
5Measured with power supply = + 5 .OV and TTL voltages of 0.4 and 2.4 volts. 
* Specifications same as ADSP-1016JX. 
Specifications subject to change without notice. 

HIGH IMPEDANCE 
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Figure 1. ADSP-1076 Timing Diagram 

Voo 
Voo 

INPUT01t-.... --... 

3pF 

a. Equivalent Input Circuit 

Voo 

OUTPUT 

b. Equivalent Output Circuit 

Figure 2. 

ABSOLUTE MAXIMUM RATINGS 

Supply Voltage ... . 
Input Voltage ............ . 
Output Voltage Swing ........ . 
Operating Temperature Range (Ambient) 
Storage Temperature Range ... 
Lead Temperature (10 Seconds) 

-0.3V to 7V 
-0.3V to VDD 

-0.3V to VDD 

- SsoC to + 12SoC 
- 6SoC to + ISO°C 
. . . . .. 300°C 

TO 
OUTPUTo-~--~---e 
PIN 

40pF 

810n 

IN3062 

Figure 3. Normal Load Circuit for Delay Measurements 

TO 500n 
OUTPUT~ 

PIN ..L -L- OV (tOls 1) 

,,,F T r 2." "., " 

Figure 4. Three-State Delay Load Circuit 

ORDERING INFORMATION 

Part N umber* 

ADSP-I016KD 

ADSP-1016JD 

ADSP-1016TD 

ADSP-1016SD 

Temperature 
Range 

Oto + 70°C 

o to + 70°C 
- 55°C to + 125°C 

- 55°C to + 125°C 

Package 

64-Pin Ceramic DIP (D64A) 

64-Pin Ceramic DIP (D64A) 

64-Pin Ceramic DIP (D64A) 
64-Pin Ceramic DIP (D64A) 

*To obtain 64-pin ceramic flat packs, replace the suffix D by F (F64A). 
To obtain 68-pin leadlcss chip carriers, replace the suffix D by E (E68C). 
To obtain 68-pin grid arrays, replace the suffix D by G (G68A). 
See Section 19 for package outline information. 

CAUTION:-----------------------------------------------------
1.. ESD sensitive device. The digital control inputs are zener protected; however, permanent 

damage may occur on unconnected devices subjected to high energy electrostatic fields. 
Unused devices must be stored in conductive foam or shunts. 

2. Do not insert this device into powered sockets. Remove power before insertion or removal. 

WARNING! eJ 
@~DEVICE 
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Figure 5. Typical Power Dissipation vs. Frequency 
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Figure 7. Typical Multiply Timp vs. Power Supply 
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Figure 6. Approx. Multiply Time vs. Temperature 
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Figure 8. Typical 100 vs. Voo at f=6MHz; t=25°C 

OUTPUT DATA FORMATS 

LSP 

15 1 14 1 1l 1 ...... 1 2 1 1 1 0 31 1 30 1 29 1 ...... 1 18 1 17 1 16 15 1 14 1 13 1 ...... 1 2 1 1 1 0 

INTEGER TWO'S COMPLEMENTTCX, TCY = 1 (UNSHIFTED FA = 1)' 

SGN 
(_215)12'. 1 213 1 ------ I 2' I 2' I 2° 

SGN 
(_231 )1230 I 2.9 I······ 1 2'8 I 2" 1 2'8 215 I 2'· I 213 I ------ I 2' 1 2' I 2° 
(SHIFTED FA = 0)' 

SGN 

I······ I 1 2'6 1 (-23°)1229 1 2.8 2" 2" 
SGN 
(_23°)12'. I 213 I ------ I 2' 1 2' 1 2° 

FRACTIONAL TWO'S COMPLEMENT TCX, TCY = 1 (UNSHIFTED FA=1)' 

SGN 

1 2-13 1 2-"1 
SGN 

2-2s l (_20) 2-' 1 2-2 1 - .. -- ... 2-" (_2') 120 I 2-' I······ 1 2-" I 2-'3 I 2-14 2-" I 2-'· 1 2-11 I --_ .. _-
1 2-29 1 2-30 

(SHIFTED, FA = 0)' 

SGN SGN 
(_20) 12-' I 2-' I······ 1 2-'3 1 2-'· 1 2-" (_20) 12- lG 1 2-17 1 ------ 1 2-.8 1 2-29 I 2-30 

I UNSIGNED MAGNITUDE (INTEGER) TCX, TCY = 0 (UNSHIFTED FA = 1)' 

2" 1 2'· I 213 1 ------ 1 2' I 2' 1 2° 231 1 230 I 229 I······· 1 2'8 I 217 I 2'· 2" 1 2'4 1 213 I ------ 1 22 I 2' 1 2° 

Table I. Data Formats 
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METHOD OF OPERATION 
The X and Y input registers are separately controlled positive 
edge triggered D-type flip flops. The X and Y input data can be 
either two's complement or unsigned magnitude. A Logic I on 
the appropriate TCX or TCY control line is required to signify 
a two's complement input while a Logic 0 is required to signify 
an unsigned magnitude input (see note I, below). 

A Logic I on the RND line rounds the product to the 16 most 
significant bits by adding a I to the MSB of LSP (see note 3, 
below). TCX, TCY and RND are registered inputs that are 
loaded by the rising edge of the logical OR of CLKX and CLKY. 
145ns later the product can be loaded into the separately controlled 
output registers by the rising edge of CLKL and CLKM. The 

NOTES 

FA control is used to adjust the output format (see note 2, 
below). 

The output latches can be bypassed, however, by applying a 
Logic I to the feedthrough, FT, line. This does not affect the 
data that was previously stored in the latches. 

The output consists of two words, a 16-bit MSP and a 16-bit 
LSP. The LSP port is shared with the Y input data port. TRIL 
and TRIM are the three state controls for the LSP and MSP 
respectively. A Logic I on TRIL or TRIM causes the appropriate 
output latch to be in the high impedance state. Care must be 
taken to make sure TRIL is high and the Y input data is settled 
before clocking the Y input into the Y input register. 

1. If Both X and Y Inputs are in a Two's Complement Format. then the Output Will Be in a Two's Complement Format. Similarly 
if Both X and Yare Unsigned Magnitude the Output Will Be Unsigned Magnitude. If X is Unsigned Magnitude and Y Two's 
Complement or Vice Versa the Output Will Be in a Two's Complement Format. This is Summarized Below. 

X INPUT DATA 

YINPU 
DATA 

T UNSIGNED TWO'S 
MAGNITUDE COMPLEMENT 

ED UNSIGN 
MAGNITU 

UNSIGNED TWO'S 
DE MAGNITUDE COMPLEMENT 

TWO'S TWO'S TWO'S 
COMPLEM ENT COMPLEMENT COMPLEMENT 

FA Must Equal 1 to Get a Valid Product for Unsigned Magnitude or Mixed Mode Multiplications. When Performing Mixed·Mode 
Operations the Sign Bit is Contained in Product Bit 31. 

2. The Format Adjust (FA:.:: 0) is Used for the Two's Complement Data Format. The MSP is Left Shifted One Bit and the Sign Bit 
Duplicated in the MSB of the LSP as Shown Below. 

When Using this Format (FA = 0). an Overflow Occurs By Attempting to Multiply 10 ... 0 (-1 Base 10 in Fractional Two's Com
plement Notation or - 215 in Integer Two's Complement Notation) By Itself. The Result is Negative Full Scale Rather than Positive 
Full Scale. When FA = 0 this Input Condition Should Be Disallowed. If FA = 1. However. the Output Will Always Be Correct. 

LSP I MSP 
~1 I 30 29 18 17 I 16 15 14 13 I 2 o 

I 
I 
I 
I 
I 
I 
I 

.1 
! 

3. When Using the Round (RND) Control. a One is Added to the MSB of the LSP. When FA = 0 this is Product Bit Number 14 
and when FA = 1 this is Product Bit Number 15. 

OPERATIONS WITH NON-TTL SUPPLY VOLTAGES 
By virtue of its CMOS construction, the speed of the ADSP-1016 
can be increased by the use of a power supply voltage larger 
than S.OV. When using non-TTL power supplies, four parameters 
will change which in turn will affect the circuit design. These 
parameters are: input thresholds; output voltage swings; multi
plication speed; and, power supply current. 

The thresholds of the input inverter stages are selected to meet 
the TTL 'specs over the recommended power supply voltages. If 
the supply voltage is not within the recommended range, the 
inputs should be driven from 0 volts to the power supply voltage 
to ensure that the thresholds are crossed. 

The output of the multiplier will swing from ground to the 
supply voltage if no load is applied. As the output loading increases 
the output voltage swing will decrease. 

As Figure 7 shows, the multiplication speed will increase as the 
supply voltage increases and decrease as the supply voltage 
decreases. The change in speed is due to the dependence of the 
transconductance of CMOS devices on supply voltages. 

Figure 8 shows that increasing power supply voltage also increases 
the power consumption of the device. Notice, however, that 
the worst case current consumption is only 33mA with a 7.0V 
supply. 
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32 x 32 MULTIPLICATION 
Often one needs more precision than can be provided by a 16 
x 16-bit multiplication. This situation could occur, for example, 
when trying to address points on a very high resolution graphics 
screen. Figure 9 illustrates four ADSP-1016s being used as a 
low power double precision multiplier. Here the ADSP-1016's 
(A, 13, C, D) are used in conjunction with five external l6-bit 
adders (E, F, G, H, J). This configuration yields a full 64-bit 
product. 

Any multiplication can be represented as (MSBx + LSBx) x 
(MSBy + LSBy). The product of two equal 32-bit inputs using 
4 16-bit multipliers would then be MSB2 + 2 (MSB • LSB) + 
LSB2• Multiplier A and C perform the LSBx • LSBy and the 
MSBy • LSBx multiplications respectively. Multiplier 13 performs 
the MSBx • LSI3y multiplication. Finally, multiplier D docs the 
MSBx MSBy product. 

(TO MULTIPLIER D) '---"'---t----4.--' 
32-BIT 

MULTIPLIER 

(TO MULTIPLIER C) 

TCY=O --

(TO MULTIPLIER A) 

32-BIT 
MULTIPLICAND 

TCY=1 

TWO'S 
COMPLEMENT 

MSPo 

For two's complement multiplications, the rule for handling the 
mode controls, TCX and TCY, is; whenever the input contains 
a sign bit, set the mode control to logic" I". Thus the TCX and 
TCY inputs for multiplier A are both low since sign bits are not 
carried in the LSBs. Multipliers Band C require a I, 0 and a 0, 
1 respectively for TCX and TCY. Multiplier D has both mode 
controls set to 1 since both inputs are MSBs containing a sign 
bit. 

The partial products and their carry bits are added as shown in 
accordance with the requirements for binary multiplication. 

For unsigned magnitude multiplication TCX and TCY must = 

o for all multipliers since no sign information is carried in the 
inputs. Finally the carry from adder G drives the LSB of adder 
J. All the remaining II bits of that input to adder J are tied 
low. This configuration can handle a 32 x 32-bit multiply in 
the time it takes to perform one 16 x 16-bit multiplication plus 
the required additions. 

16 

16 

MSP, MSP. LSP, LSP. 

1L--________ 64_BIT PRODUCT------------JI 

Figure 9. 32 x 32-Bit Expanded Multiplier Using the ADSP-l016 . 
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MICROPROCESSOR ACCELERATION 
Microprocessors are optimized for manipulating data. In many 
cases, especially when working with signals or in graphics, a 
microprocessor may require a dedicated multiplier to augment 
its number crunching capability. The ADSP-1016 is an easy, 
low power way to extend the number crunching capabilities of 
16-bit microprocessors such as the 8086 or 68000. Following is a 
note on interfacing the ADSP-1016 to the 8086. 

CLKX 
CLKY 
MODECLK 
CLKL 
CLKM 
TRIL 
TRIM 
NOTE 
DI or DO 

CS A2 
0 X 
1 0 
1 0 
1 1 
1 1 
1 0 
1 0 

A2oAloWRoCSoRD 
A2oAloWRoCSoRD 
A2oAloWRoCSoRD 
A2 ° Al ° WR oCS ° RD ° DO 
A2oAloWRoCSoRD-DI 
A2oAloRDoCSoWR 
A2oAloRDoCSoWR 
When Latching Data 

1 Latches Product; DI or DO o No Latch 

PAL Product Terms 

Al RD WR OPERATION 
X X X NO OPERATION 
0 1 0 WRITE X VALUE 
1 1 0 WRITEYVALUE 
0 1 0 WRITE MODE 
1 1 0 LATCHLSP 
0 0 1 READLSP 
1 0 1 READMSP 

DO 

01 

LOADX EQUO 
LOADY EQU2 
LOAD MODE EQU4 
LATCH PRODUCT EQU6 
READ LSP EQU 0 
READ MSP EQU 2 

START MOV AX, MODE 
OUT LOAD MODE, AX 
MOV AX,XVALUE 
OUT LOADX,AX 
MOV AX, Y VALUE 
OUT LOADY,AX 
MOV AX,03 

CLK L 

CLKM 

X VALUE DW 123H 
YVALUEDW4567H 
MODEDWOH ;FT,FA,RND, TCY,iCX 

GETMODE 
OUTPUT IT 

LOADX 

LOADY 

OUT LATCH RESULT, AX LATCH MSP AND LSP 
IN AX,READMSP GET MS PRODUCT 
MOV DX,AX 
IN AX,READLSP GETLSPRODUCTINTO AX 

1 1 1 1 0 LATCHMSP 8086 Assembly Language Program for Multiplier 

ADSP-I016 PIN CONFIGURATIONS 

PIN . FUNCTION . PIN . FUNCTION . 
NO. DIP FLAT LCC PIN·GRID NO. DIP FLAT LCC PIN·GRID 

1 X4 X4 X4 PO, YO 35 P26 P26 P24 CLKM 
2 X3 X3 X3 Pl,Yl 36 P27 P27 P25 TRIM 

3 X2 X2 X2 P2,Y2 37 P28 P28 P26 FA 
4 Xl Xl Xl P3, Y3 38 P29 P29 P27 FT 

5 XO XO XO P4, Y4 39 P30 P30 P28 GND 
6 TRIL TRIL TRIL P5, Y5 40 P31 P31 P29 GND 
7 CLKL CLKL CLKL P6, Y6 41· CLKM CLKM P30 GND 

8 CLKY CLKY CLKY P7,Y7 42 TRIM TRIM P31 Voo 
9 PO,VO PO, YO N/C P8, Y8 43 FA FA N/C Voo 

10 Pl, Yl Pl,Yl PO,YO P9,Y9 44 FT FT CLKM TCY 
11 P2.Y2 P2,Y2 Pl,Yl Pl0,Yl0 45 GND GND TRIM Tex 
12 P3,Y3 P3, Y3 P2.Y2 P11, Y11 46 GND GND FA RND 
13 P4,Y4 P4,Y4 P3,Y3 P12,Y12 47 GND GND FT CLKX 
14 P5,Y5 P5, Y5 P4,Y4 P13, Y13 48 Voo Voo GND X15 

15 P6,Y6 P6,Y6 P5,Y5 P14, Y14 49 Voo Voo GND X14 
16 P7,Y7 P7, Y7 P6,Y6 P15, Y15 50 TCY TCY GND X13 

17 P8, Y8 P8, Y8 P7,Y7 N/C 51 TCX TCX Voo N/C 
18 P9.Y9 P9, Y9 P8.Y8 P16 52 RND RND Voo X12 

19 Pl0, Yl0 Pl0, Yl0 P9,Y9 P17 53 CLKX CLKX TCY Xl1 

20 Pl1, Yll Pll,Yll Pl0,Yl0 P18 54 X15 X15 TCX Xl0 
21 P12, Y12 P12,Y12 P11, Yll P19 55 X14 X14 RND X9 

22 P13,Y13 P13,Y13 P12,Y12 P20 56 X13 X13 CLKX X8 

23 P14,Y14 P14. Y14 P13, Y13 P21 57 X12 X12 X15 X7 

24 P15, Y15 P15.Y15 P14, Y14 P22 58 Xll Xl1 X14 X6 

25 P16 P16 P15, Y15 P23 59 Xl0 Xl0 X13 X5 

26 P17 P17 N/C P24 60 X9 X9 N/C X4 

27 P18 P18 P16 P25 61 X8 X8 X12 X3 

28 P19 P19 P17 P26 62 X7 X7 Xll X2 

29 P20 P20 P18 P27 63 X6 X6 Xl0 Xl 

30 P21 P21 P19 P28 64 X5 X5 X9 XO 

3.1 P22 P22 P20 P29 65 N/A N/A X8 TRIL 

32 P23 P23 P21 P30 66 N/A N/A X7 CLKL 

33 P24 P24 P22 . P31 67 N/A N/A X6 CLKY 

34 P25 P25 P23 N/C 68 N/A N/A X5 N/C 

PACKAGE D64A - F64A - E68C - G68A 
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~ANALOG 
WDEVICES 

FEATURES 
24 x 24-Bit Parallel Array Multiplier 
150mW max Power Dissipation with Monolithic CMOS 

Technology 
200ns Multiply Time 
Two's Complement Format Multiplication 
Single + 5 Volt Power Supply Operation 
Available in 84-Pin Grid Array 

APPLICATIONS 
Fast Fourier Transforms 
High-Accuracy Digital Filtering 
Matrix Multiplications 
Mantissa Multiply for Floating Point Operations 

24><24-Bit CMOS Multiplier 
ADSP-l024 I 

ADSP-I024 FUNCTIONAL BLOCK DIAGRAM 

GENERAL DESCRIPTION product. The flag lines NORM and OVF tag the two's complement 
The ADSP-1024 is a TTL compatible high-speed low-power output as already npnmilized and overflowed, respectively. The 
24 x 24-bit multiplier. The ADSP-1024 is a three-port device prOduct output~y alsO be asynchronously shifted by using the 
which has two 24-bit input buses and two 24-bit product buses. lines SH A, SHJ;J,'and'SH C, which shift left ~e 48-bit output 
The MSP output port is shared with the LSP output port. The by zero, one; ortwri' bits. 
inputs are in 2's complement format. All inputs are diode protected. 'Th~~S~~1024is available in both commercial and extended 
The independent input registers are D-type positive edge trigger,e~ ", range,s. All versions are available in an 84-lead pin grid array. 
flip-flops as are the LSP and MSP product registers. The product '., .. 
registers have three-state outputs which, when combined with, "~;' PR~DtJCT ~GHLiGHTS \ 
the independent control of the input registers, allow,ih~\, I. The ADSP-l024, by virtue of fast CMOS technology, provides 
ADSP-I024 to operate on a microprocessorbyS;'7,"',' ',both'low po\Ver (150mW) and high speed (2oons) multiplica-

The ADSP-1024 attains a multiply time,()f2qO~wtilledissipating "Jtion. Full Tl'Lcompatibility is supplied without the need 
only 150mW, by using complementaryMOS teChnology;:'L6w i" for eXtemalbuffering. 
power dissipation prevents the existence (If a lar~e!em~~tuie " ~. Tii~ i\DSr-1024 is available in an 84-lead pin grid array, 
differential between the device's junction tempera~re aitdthe "::',>allowing designers to reduce their system's physical size 
ambient temperature. Thus the ADSP-I024 will operate over " ; < without worrying about power dissipation and board space 
the extended temperature range ( - 55°C to + 125°C ambient) '/ problems. 
without impairing its useful life. 

The high speed multiply time is achieved by use of three speed 
saving techniques. A modified Booth algorithm reduces time 
consuming operations. Feed-forward carry organization is used. 
Finally, a conditional sum adder speeds the fmal adder stage. 

The ADSP-I024 has two round control lines (RND A and RND 
B) which enable rounding on three different bits in the 48-bit 
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ADSP~ 1024 SPECIFICATIONS' 
RECOMMENDED OPERATING CONDITIONS 

ADSP.I024jG 
ADSP·I024KG 

Parameter Min Max 

Voo Supply Voltage 4.75 5.25 

TAMB Operating Temperature (T AMBIENT) 0 70 

ELECTRICAL CHARACTERISTICS 
ADSP.I024jG 
ADSP·I024KG 

Parameter Test Conditions Min Max 

VIH High-Level Input Voltage @Voo=max 2.0 

VIL Low-Level Input Voltage @Voo=min 0.8 
VOH High-Level Output Voltage @Voo=min&IoH = -1.0rnA 2.4 

VOL Low-Level Output Voltage @VoO=min&IOL=4.0mA 0.4 

IIH High-Level Input Current @Voo=max&VIN=5.0V 10 

IlL Low-Level Input Current @ V 00 = max & VIN = OV 10 

IIH Clocks, Control Inputs 

High Level Input Current @Voo=max&VIN=5.0V 10 

IlL Clocks, Control Inputs 

Low Level Input Current @VoO=max&VIN=OV 10 

IozH Three State Leakage Current @ V 00 = max; High Z; V IN = max 50 

IOZL Three State Leakage Current @ V 00 = max; High Z; V IN = OV 50 

100 Supply Current2 25 

100 Quiescent AllVIN=OV;SHA=OV, 

SHB=OV,SHC=5.0V SOO 

100 Quiescent All VIN = 2.4V 15 

SWITCHING CHARACTERISTICS3,4 

ADSP.I024jG ADSP·I024SG ADSP.I024KG 

~ax@ Max@ Max@ 
Min 25°C Max Min 25°C Max Min 25°C Max 

to Output Delay 35 40 * 45 * * 
tENA Three State Enable Delay 25 3S * 40 * * 
tDlS Three State Disable Delay 25 35 * 40 * * 
tpw Clock Pulse Width 25 *. * 
ts Input Register Setup Time 2S * * 
tH Input Register Hold Time 5 * * 
tMe Clocked Multiply Time 235 275 * 325 200 235 

NOTES 
1 All mID & max specifications are over power supply and temperature range indicated (unless otherwise stated). 
2Maximum current is measured with the clock cycle = SMHz and TTL input voltages. 
3 All transitions are measured at a I.SV level except for tENA and tms which are shown below. 
tms I (see Figure 4) denotes the transition time from logical I to tri-state. 
tms 0 denotes the transition time from logical 0 to tri-state. 

4Measured with power supply = + S.OV and TTL voltages of 0.4 and 2.4 volts. 
*Specifications same as ADSP-1024JG. 
Specifications subject to change without notice. 
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THREE STATE 
OUTPUTS 

ADSP·I024SG 
ADSP·I024TG 

Min Max Unit 

4.5 5.5 V 
-55 125 °C 

ADSP·I024SG 
ADSP·I024TG 

Min Max Unit 

2.2 V 

0.8 V 
2.4 V 

0.6 V 
10 ILA 
10 ILA 

10 ILA 

10 ILA 
50 ILA 
50 ILA 
30 rnA 

2000 ILA 
20 rnA 

ADSP·I024TG 

Max@ 
Min 25°C Max Unit 

* 45 ns 

* 40 ns 

* 40 ns 

* ns 

* ns 

* ns 

200 275 ns 

HIGH IMPEDANCE 
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Figure 1. ADSP-1024 Timing Diagram 
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Figure 3. Normal Load Circuit for Delay Measurements 

Figure 4. Three-State Delay Load Circuit 
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Figure 5. Typical Power Dissipation vs. Frequency 

0 

0 

..--~ 
0 ..-....------
0 

~ .. 
AMBIENT TEMPERATURE-·C 
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METHOD OF OPERATION 
The X and Y input registers are separately controlled positive 
edge triggered Ootype flip flops. The X and Y input data must 
be in two's complement data format. 

The output consists of two words, a 24-bit MSP and a 24-bit 
LSP. The MSP output port is shared with the LSP output port. 
200ns after the inputs are clocked in by CLKX or CLKY, the 
product is loaded into the output registers by the rising edge of 
CLKP. The output words MSP and LSP may be read out at 
twice the input data clock rate, so as to keep the input data 
pipeline rate running at its full 200ns speed. MSP and LSP are 
read out by enabling the output words with the SH A, B, C 
control lines. 

The lines SH A, SH B, and SH C are the three state ~d shifting 
controls for the output lines. A logic 0 on all three lines causes 
the output latch to be in the high impedance state. The output 

X & Y INPUT DATA FORMATS MSP 

can also be shifted upward by zero, one, or two bits by using 
these lines (see notes 2 and 3). These shift lines are direct non
registered inputs (not clocked), and they have no effect on the 
flag outputs NORM and OVF. The shifting of MSP and LSP 
bytes may be controlled independently of each other. 

Two flags appear at the same time as the output product. NORM 
flags the two's complement output as already normalized, and 
OVF flags the two's complement output as overflowed (see 
notes 4 and 5). The flags are generated from the latched product 
register, and are valid at the same time as the MSP & LSP 
output lines become valid. 

A logic 1 on RND A or RNO B rounds the product by adding 
a 1 to one of three places (see note 6). RNO A and RNO Bare 
registered inputs that are loaded by the rising edge of the logical 
expression (CLKX OR CLKY). Thus positive true logic on the 
input clocks is recommended. 

OUTPUT DATA FORMATS 

LSP 

23 I 22 I 21 I ------ I 2 11 I 0 47 I 46 I 45 I ------ -, 26 125 124 23 I 22 I 21 I ---- -- I 2 11 10 

INTEGER TWO'S COMPLEMENT NOSHIFT(SHC,B,A=001 FOR MSP; = 100FORLSPI 

SGN 
(- 22311222 1 221 1 .- .. -'O. 1 22 1 2' 1 2° 

SGN 
(-24711 248 1 245 1------ 1 22• 1 2

25 1 224 223 1 222 1 221 1------ 1 22 1 2' 1 2° 

SHIFTED 1 BIT(SHC,B,A=010FORMSP; = 101 FOR LSPI 

SGN 
(-24611 245 1 244 1------ 1 225 1 224 1 223 222 1 221 1 220 1 ------ 1 2' 1 2° 1 0 

SHIFTED 2 BITS ISH C, B, A, = 01 1 FOR MSP; = 110 FOR LSPI3 

245 I 244 1 243 1 ------ 1 224 I 223 I 222 221 1 220 1 2" 1------ I 2° 1 0 10 

FRACTIONAL TWO'S COMPLEMENT NOSHIFT(SH C,B,A=OO1FOR MSP; = 100 FOR LSPI 

SGN 
(_2°112-' 1 2-2 1 .--- .. 1 ;<2' I ;<22 I 2-23 (_2'112° 1 2-' 1------ 1 ;<20 1 ;<21 1 ;<22 ;<23 1 2-24 1 

;<25 1 ______ 1 2-44 1 2-45 1 ;<4. 

SHIFTED 1 BIT(SHC,B,A=010FORMSP; = 101FORLSPI 

SGN 
(_2011 ;<' 1 2":2 1------ 1 ;<21 1 ;<22 1 2-23 ;<24 1 2-25 1 ;<2. 1 ------ 1 2-45 I 2-4• I 0 

SHIFTED 2 BITS (SH C, B, A = 011 FOR MSP; = 110 FOR LSPI3 

;<' 1 2-2 1 2-3 1------ 1 ;<22 I ;<23 1 ;<24 ;<25 1 2-2• 1 ;<27 I ... _ .. 
1 r· I 0 1 0 

Table I. Data Formats 

NOTES TO METHOD OF OPERATION 
1. Double-Precision Multiplies are Available on the ADSP-1024, with the Constraint that the Least Significant 24 Bits of Each 48-Bit 

Double-Precision Operand Must Have a Logic 0 in the Most Significant Bit (Sign Bit). Thus in the Double-Precision Multiply, All 
Cross-Products will Yield a Product Whose Two MSB's are the Sign Bit (Same Result as for Two's Complement). 

2. The Shift Control and Three-State Lines SH A, SH B, and SH C Control the Output Lines as Below: 

SH C SHB SH A FUNCTION 

o 0 0 Tri-State All Output Lines. 
o 0 1 Enable MSP, Shifted up Zero Bits. 
o 1 0 Enable MSP, Shifted up One Bit. 
o 1 1 Enable MSP, Shifted up Two Bits. 
1 0 0 Enable LSP, Shifted up Zero Bit. 
1 0 1 Enable LSP, Shifted up One Bit. 
1 1 0 Enable LSP, Shifted up Two Bits_ 
1 1 1 Undefined. 

Note that the MSP and LSP May Be Shifted Independently. When Shifting up the MSP, the Most Significant Bits of the LSp 
Cross the Boundary and Are Read Out with the MSP;' For Example, Shifting up the MSP by 2 Bits will Shift LSP Bit 23 into 
MSP Bit 25 and LSP Bit 22 into MSP Bit 24. Shifting up the LSP Has No Effect on Any MSP Bits. Note that Because the Shifter 
is Situated after the Output Register (Note 4), the MSP and LSP can be Read and Shifted Out in Either Order without Losing 
Any Bits in Either Word. 

3. In All Multiply Cases Except Full-Scale Negative Times Full-Scale Negative (-1 Base 10 Times -1 Base 10 in Fractional Two's, 
Complement Arithmetic), the Two MSP Product Bits are Identical Sign Bits. Thus, When Reading Out the MSP, the Output Can 
Be Shifted up One Bit to Eliminate a Redundant Sign Bit and Gain Another Magnitude Bit from the MSB of the LSP. This is 
Shown Below for the Different Shifting Options: 

No Shift Bit47 = Bit46 = Sign. 
Shifted 1 Bit Bit 47 = Sign. 

Shifted 2 Bits No Sign Bits. 

Because Shifting Up Two Bits Results in the Loss of the Sign Information, Shifting up Two Bits Should Only Be Performed for 
A Positive Product. When Shifted up Two Bits, the Positive MSP Product Appears in Unsigned Magnitude Format, with 24 Bits 
of Significance and No Sign Bits. 

VOL. I, 12-46 DIGITAL SIGNAL PROCESSING COMPONENTS 



4. The Flags NORM and OVF Signify Output Normalized and Output Overflowed. Respectively. OVF is Set to 1 Only if P47 and P46 
are Opposite States. NORM is Set to 1 Only if P46 and P45 are Opposite States AND OVF is Low. The Flag and Shift Logic is 
Shown Below. Note that Since the Flags are Generated from the Latched Product Register. the Shift Position Will Have No 
Effect on the States of the Flags. 

SHIFTING {SH A 
AND 

TRI-STATE SH B 
CONTROL SH C 

FROM INTERNAL MULTIPLIER ARRAY 

OUTPUT SHIFTER 

Figure 7. Flag and Shift Logic 

Both Positive and Negative Numbers can Trigger Each Flag. Below is Shown the Ranges of Output Values. in Two's Complement 
Integer Format. Which Trigger OVFand NORM: 

Range of Product Register (PI 
OVF NORM P47 P46 P45 Fractional TC Format 

0 0 0 0 0 O:;;;P<+Yz 
1 1 1 -YZ:;;;P<O 

0 1 0 0 1 +YZ:;;;P<+1 
1 1 0 -1:;;;P<-Yz 

0 1 1 +1YZ:;;;P<+2 

1 0 1 0 0 -2:;;;P< -1Yz 
0 1 0 +1:;;;P<+1Yz 
1 0 1 -1YZ:;;;P< -1 

Range of Product Register (PI 
OVF NORM P47 P46 P45 TC Integer Format 

0 0 0 0 0 O:;;;P< +245 
1 1 1 _245 :;;;p:;;; -1 

0 1 0 0 1 +245 :;;;p< +246 
1 1 0 _246 :;;; P < (_246 +245) 

0 1 1 (+246 +2451:;;; P< +247 

1 0 1 0 0 _247 :;;; P < (_247 +2451 
0 1 0 +246 :;;; P < (+246 +2451 
1 0 1 (_247 +245):;;; P < _246 

5. OVF Signals when the Product of the TC Inputs Overflows the Lower 47 Bits of the Product Register. OVF Will Only Be True in 
the Case when Both Inputs are Full Scale Negative. In that One Multiply Case. _2' Will Be a 0 and 2° Will Be a 1 (Denoting a 
Result of + 1 I. all Other Bits Will Be Zero. The OVF Flag (- 2' XOR 2°1 Will Be a 1. and the NORM Flag [(2° XOR 2-') AND OVF = 0] 
Will BeaO. --

This Usage of OVF is Different from Overflow in an Accumulator. In an Accumulator. Overflow Denotes that the Sum has Exceeded 
the Number of Bits in the Register. Here. OVF Denotes that the Product has Overflowed the Two's Complement Product Format. 
Which Normally has Two Sign Bits in Bits 46 'and 47 of the Product Register. The Full Scale Negative Times Full Scale Negative 
Case Yields a Correct Result (Bit 46 = 1 I. but Now Bit 46 is a Magnitude Bit. Not a Sign Bit. 

6. RND A and RND B Round the Product as Below: 

RNDA RNDB 

o 0 
o 1 
1 0 
1 1 

EFFECT ON 
TWO'S COMPLEMENT NUMBER 

No Round. 
Adds a 1 to LSP Bit 21. 
Adds a 1 to LSP Bit 22. 
Adds a 1 to LSP Bit 23. 
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Figure 8. Typical Multiply Time vs. Power Supply 

OPERATIONS WITH NON-TTL SUPPLY VOLTAGES 
By virtue of its CMOS construction the speed of the ADSP-I024 
can be increased by the use of a power supply voltage larger 
than S.OV. When using non-TIL power supplies four parameters 
will change which in turn will affect the circuit design.' These 
parameters are: input thresholds, output voltage swings, multi
plication speed and power supply current. 

The thresholds of the input inverter stages are selected to meet 
the TIL specs over the recommended power supply voltages. If 
the supply voltage is not within the recommended range the 
inputs should be driven from 0 volts to the power supply voltage 
to ensure that the thresholds are crossed. 

The output of the multiplier will swing from ground to the 
supply voltage if no load is applied. As the output loading increases 
the output voltage swing will decrease. 

A 

A 
....... ~ 

V 
V 

./ A 

/" 

~~ .. 
4V IV IV 7V 

voo ---

Figure 9. Typical 100 vs. Voo at f=5MHz; t=25°C; 
CMOS Inputs 

As Figure 8 shows, the multiplication speed will increase as the 
supply voltage increases. The change in speed is due to the 
dependence of transconductance of CMOS devices on supply 
voltages. 

Figure 9 shows that increasing power supply voltage also increases 
the power consumption of the device. Notice, however, that the 
worst case power consumption is only 32mA. 

ABSOLUTE MAXIMUM RATINGS 

Supply Voltage .... 
Input Voltage . . . . . . . . . . . . . 
Output Voltage Swing ........ . 

. Operating Temperature Range (Ambient) . 
Storage Temperature Range ... 
Lead Temperature (10 Seconds) 

-O.3V to 7V 
-O.3V tOVDD 

-O.3V to VDD 
- SsoC to + 12SoC 
- 6SoC to + lSO°C 
...... 300°C 

CAUTION:------------------------------------------------~--

WARNING! 0 1. ESD sensitive device. The digital control inputs are zener protected; however, permanent 
damage may occur on unconnected devices subjected to high'energy electrostatic fields. 
Unused devices must be stored in conductive foam or shunts. 

2. Do not insert this device into powered sockets. Remove power before insertion or removal. 

Part Number 

ADSP-1024KG 
ADSP-1024JG 
ADSP-1024TG 
ADSP-1024SG 

ORDERING INFORMATION 

Temperature 
Range 

Oto +70oe 
Oto +70oe 
- SsoC to + 12SoC 
- ssoe to + 12Soe 

Package 

84-Pin Grid Array (G84A) 
84-Pin Grid Array (G84A) 
84-Pin Grid Array (G84A) 
84-Pin Grid Array (G84A) 

~~OEVICE 

Note: For packaging options other than the pin grid array, contact Analog Devices, DSP Marketing 
Dept. 
See Section 19 for package outline information. 
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32-BIT FLOATING POINT MULTIPLICATION -
TWO'S COMPLEMENT 

A 32-bit, 250ns floating point multiplier can be implemented 
using the ADSP-I024. This floating point multiplier achieves 
low power consumption by using the ADSP-I024 for the mantissa 
multiply. The floating point operands can be fed to the ADSP-I024 
at a pipeline rate of 200ns (the multiply rate of the ADSP-1024); 
adding the peripheral control circuitry produces a typical input-to
output floating point multiply time of 2S0ns. The data format is 
a 24-bit mantissa and an 8-bit exponent. 

In the floating point multiplier architecture, the ADSP-I024 
performs the mantissa multiply, with the mantissa represented 
as a two's complement operand. The ADSP-I024, with its output 
shifter, performs the normalization of the mantissa product. 
The NORM and OVF flags supply the control lines to the 
external adders to denormalize the exponent as the mantissa is 
normalized. 

The multiply cycle is divided into two phases by the clock (CLK 
X, Y, P). In phase I, the rising edge of CLK X, Y, P clocks in 
a new multiplier and multiplicand to the input latches of the 
ADSP-1024 and the MLI latches. Then, in parallel, the two 
operands are multiplied in the ADSP-I024 while the exponents 
are added in the 'LS283 adders. 

EXPONENT 
(TWO'S COMPLEMENT) 

XIN YIN 

'LS283 'LS283 
4-BIT FULL ADDER 4-BIT FULL ADDER 

EXPONENT 
RESULT 

MANTISSA 
RESULT 

The rising edge of the following clock cycle marks the beginning 
of phase II. The rising edge clocks the product into the output 
register of the ADSP-1024 and into the latches ML2; simultane
ously, new operands are clocked into the input registers of the 
multiplier and input latches ML1• The flag outputs NORM and 
OVF are then used to normalize the mantissa and exponent of 
the product. 

OVF and NORM are used to eliminate the redundant sign bits 
in the product, preserving maximum precision in the 24-bit 
mantissa output. IF OVF = I and NORM = 0, then we increm ... nt 
the exponent by 1 (because we have overflowed the two's com
plement format) and shift up the mantissa zero bits (because the 
product is already normalized in the two's complement input 
data format). If OVF = 0 and NORM = 1, then we shift up the 
mantissa one bit (to make it compatible with the two's complement 
input data format) and leave the exponent alone (we are just 
formatting the mantissa, but the exponent is already correct). If 
OVF = 0 and NORM = 0, then we shift up the mantissa two bits 
(because there are more than two redundant sign bits) and 
decrement the exponent by 1 (to account for the extra shift in 
the mantissa). 

When the output data from the shifter and ALU have settled 
(typical propagation delay time 41ns), the normalized product 
may be read on the product output bus. 

CLOCK 
X, Y, P 

MANTISSA 
(TWO'S COMPLEMENT) 

XIN YIN 

24 24 

MSP 
OUT 

Figure 10. Floating Point Multiplier Circuit 
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FUNCTION 

P16, P40 
P15,P39 
P14,P38 
P13,P37 
P12,P36 
Pl1,P35 
Pl0.P34 
P9,P33 
P8,P32 
P7,P31 
P6,P3Q 

PS,P29 
P4,P28 
P3,P27 
P2,P26 

Pl,P25 
PO,P24 

CTLA 
CnB 
cnc 
CLKP 
GNO 
XO 
Xl 
X2 
X3 
X4 
X5 
X6 
X7 
X8 
X9 
Xl0 
Xl1 
X12 
X13 

X14 
X15 
X16 
X17 
X18 
X19 

PIN CONFIGURATION FOR 

PIN GRID ARRAY 

PIN NO. FUNCTION 

J6 X20 

L6 X21 

L5 X22 

K5 X23 

J5 CLKX 

L4 CLKY 

K4 RN02 

L3 RNOI 

L2 YO 

K3 Y~ 

Ll Y2 

K2 Y3 

J2 Y4 

Kl Y5 

Jl Y6 

H2 Y7 

HI Y8 

G3 Y9 

G2 Yl0 

Gl Yll 

F2 VDD 

F3 Y12 

E3 Y13 

El Y14 

E2 Y15 

Fl Y16 

01 Y17 

02 Y18 

Cl Y19 

Bl Y20 

C2 Y21 

Al Y22 

B2 Y23 

B3 OVR 

A2 NOR 

A3 P23,P47 

B4 P22,P46 

A4 P21,P45 

C5 P20,P44 

B5 P19,P43 

A5 P18, P42 

B6 P17,P41 

PACKAGE G84A 
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PIN NO. 
C6 
C7 
A7 
B7 
A6 
A8 
B8 
A9 
Al0 
B9 
All 
Bl0 
Cl0 
Bll 
Cll 
010 
011 
FlO 
El0 
Ell 
E9 
F9 
Fll 
GIl 
Gl0 
G9 
Hl1 
Hl0 
Jll 
Kll 
Jl0 

Lll 
Kl0 
K9 
LtO 
L9 
K8 
L8 
K6 

K7 
L7 
J7 



~ANALOG 
WDEVICES 

FEATURES 
8 x 8-Bit Parallel Multiplication with Double Precision 

Product 
85ns Multiply Time 
100mW Power Dissipation with Monolithic CMOS 
Technology 

Two's Complement Data Format 
Improved MPY -8HJ Second Source 
Single + 5 Volt Power Supply Operation 
Available in 40-Pin DIP 
Specified Over the Extended Temperature Range 

APPLICATIONS 
Digital Signal Processing 

Digital Filters 
Fourier Transforms 

Digital Image Processing 
Matrix Multiplication 
Microprocessor Acceleration 

PRODUCT DESCRIPTION 
The ADSP-lOSO is a TTL compatible high-speed low-power 
S by S-bit multiplier that is pin-for-pin compatible with TRW's 
MPY-SHJ. The ADSP-I0S0 offers lOMHz speed (lOOns worst 
case multiply time over the commercial temperature range), 
while consuming an order of magnitude less power than the 
MPY-SHJ. The ADSP-lOSO utilizes a two's complement data 
format for inputs and outputs. 

The ADSP-I0S0's speed derives from several sources: a modified 
Booth algorithm implements the multiplier array; innovative 
feed-forward carry organization is used; and, a conditional sum 
adder accelerates the final adder stage.The ADSP-lOSO's low 
power results from its complementary MOS semiconductor 
technology. 

The ADSP-I0S0 has two S-bit input buses and two S-bit product 
buses. All inputs and outputs are interpreted as two's complement 
numbers, allowing the ADSP-lOSO to operate on positive and 
negative values. The product of the S-bit inputs is a 16-bit 
output word, accessible through the S-bit LSP (Least Significant 
Product) and MSP (Most Significant Product) signed product 
registers. 

8x8-Bit CMOS Multiplier 
ADSP-1080 I 

x,. 

ADSP-I080 FUNCTIONAL BLOCK DIAGRAM 

8.:8-8IT 
ASYNCHRONOUS 

MULTIPLIER 
ARRAY 

ADSP·'080 

lSP 

On the ADSP-I0S0, the independent input registers, as well as 
the product registers, are D-type positive edge triggered flip-flops. 
The product registers have three-state outputs which, when 
combined with the independent control of the input registers, 
allow the ADSP-lOSO to operate on an S-bit bus. A round control 
(RND) can be used to round the product to the eight most 
significant bits. 

The ADSP-lOSO. is available in a 40-pin ceramic DIP in either • 
military or commercial grades. Two different speed grades (J 
and K in commercial; Sand T in extended) allow the user to 
make speed and price trade-offs. 

PRODUCT HIGHLIGHTS 
1. Fast CMOS technology allows the ADSP-lOSO to provide 

both high speed (SSns) and low power (lOOmW). 

2. The ADSP-lOSO is pin-far-pin compatible with the 
MPY-SHJ. 

3. Full TTL compatibility is supplied without the need for 
external buffering. 
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ADSP-l 080 SPECIFICATIONS1 

RECOMMENDED OPERATING CONDITIONS 
ADSP-I080jD 
ADSP-I080KD 

Parameter Min Max 

Vnn Supply Voltage 4.75 5.25 

TAMB Operating Temperature (T AMBIENT) 0 70 

ELECTRICAL CHARACTERISTICS 
ADSP-I080jD 
ADSP-I080KD 

Parameter Test Conditions Min Max 

VIH High-Level Input Voltage @Vnn=max 2.0 

VIL Low-Level Input Voltage @Vnn=min O.S 

VOH High-Level Output Voltage @Vnn=min&loH = -l.OmA 2.4 

VOL Low-Level Output Voltage @ V nn = min & IOL = 4.0mA 0.4 

IIH High-Level Input Current @Vnn =max&VIN =5.0V 10 

IlL Low-Level Input Current @ V nn = max & V IN = OV 10 

IIH Clocks, Control Inputs 

High Level Input Current @Vnn =max&VIN =5.0V 10 

IlL Clocks, Control Inputs 

Low Level Input Current @Vnn=max&VIN=OV 10 

lozH Three 8tate Leakage Current @Vnn=max; High Z; VIN = max 50 

IOZL Three State Leakage Current @Vnn=max;HighZ;VIN=O 50 

Inn Supply Current2 15 

Inn Quiescent All VIN = OV; TRIM & TRIL = 5.0V 500 

Inn Quiescent AllVIN=2.4V 15 

SWITCHING CHARACTERISTICS3,4 
ADSP-I080jD ADSP-IOSOSD ADSP-I080KD 

Parameter 
IMax@~: 

Min 25°C ax 
IMax@l, 

Min 25°C Max 
IMax@1 

Min 25°C Max 

tn Output Delay (Figure 5) 35 40 * 45 * * 
tENA Three State Enable Delay 25 35 * 40 * * 
tDIS Three State Disable Delay 25 35 * 40 * * 
tpw Clock Pulse Width 25 * * 
ts Input Register Setup Time 25 * * 
tH Input Register Hold Time 0 * * 
tMe Clocked Multiply Time 100 115 * 130 S5 100 

NOTES 
I All min & max specifications are over power supply and temperature range indicated (unless otherwise stated). 
2Maximum current is measured with the clock cycle = 10M Hz and TTL input voltages. 
3 All transitions are measured ata + l.SV level except [OrtENA and tDiS which are shown below. 
4Measured with power supply at + S.OVand TTL input voltages o[O.4Vand 2.4V. 
*Specifications same as ADSP-I080JD. 
Specifications subject to change without notice. 

HIGH IMPEDANCE 
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ADSP-I080SD 
ADSP-I080TD 

Min Max Unit 

4.5 5.5 V 
-55 125 °C 

ADSP-I080SD 
ADSP-I080TD 

Min Max Unit 

2.2 V 

O.S V 

2.4 V 

0.6 V 

10 f.LA 
10 f.LA 

10 f.LA 

10 f.LA 
50 f.LA 
50 f.LA 
20 rnA 

2000 f.LA 
20 rnA 

ADSP-I080TD 

.1 Max@t 
Min 25°C Max Unit 

* 45 ns 

* 40 ns 

* 40 ns 

* ns 

* ns 

* ns 

S5 115 ns 
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3pF 

. Figure 1. Equivalent Input Circuit 

+Voo 

TO 
OUTPUT o-...... --ioIII--~ 
PIN 

IN3062 

Figure 3. Three-State Disable Delay Load 

METHOD OF OPERATION 
The X and Y input registers are separately controlled positive 
edge triggered D-type flip-flops. The RND contr~l has a separate 
register which is loaded by the rising edge of the ORing of the 
X and Y input clocks. A logic I on the RND line rounds the 
product to the 8 most significant bits by adding a 1 to the MSB 
of the 7 LSBs. 

The output consists of two 8-bit words: a 7-bit plus sign two's 
complement MSP and a 7 bit LSP. The sign bit is repeated in 
bit 7 of the LSP. The rising edge of the eLK P latches both 
the LSP and the MSP into the output flip-flops. TRIL and 

TRIM, TRIL 

THREE-STATE 

INPUTS 
& RND 

X & Y INPUT 
CLOCKS 

OUTPUT 
CLOCK 

~voo 

fOU~UT 

Figure 2. Equivalent Output Circuit 

TO 500n . 

OUTPUT~ 
PIN 

OV (tolS 1) 

",F Y '.'V "0"," 

LOAD 2 = 

Figure 4. Test Load for Other Delay Measurements 

TRIM are the three state controls for the LSP and MSP respec
tively. A logic 0 on TRIL or TRIM enables the appropriate 
output. A logic 1 on TRIL or TRIM causes the appropriate 
output latch to go to a high impedance state. 

An overflow occurs if the fractional two's complement represen
tation of - 1 is multiplied by itself; tne product is - 1 instead 
of + 1. To avoid this condition, disallow an input of - 1 on the 
X and Y input simultaneously. Similarly, in integer two's com- • 
plement multiplication, the product of negative full scale times 
negative full scale does not yield a valid result. 

HIGH IMPEDANCE 

OUTPUT 
PINS 

Figure 5. Timing Diagram 
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Figure 7. Typical Multiplication Time vs. Power Supply 

OPERATIONS WITH NON·TTL SUPPLY VOLTAGES 
By virtue of its CMOS construction, the speed of the ADSP-I080 
can be increased by the use of a power supply voltage larger 
than 5.0V. When using non-TTL power supplies, four parameters 
will change, which in turn will effect the circuit design. These 
parameters are": input thresholds; output voltage swings; multi
plication speed; and, power supply current. 

The thresholds of the input inverter stages are selected to meet 
the TTL specs over the recommended power supply voltages. If 
the supply voltage is not within the recommended range, the 
inputs should be driven from 0 volts to the power supply voltage 
to ensure that the thresholds are crossed. 

ABSOLUTE MAXIMUM RATINGS 

Supply Voltage .,. 
Input Voltage Range ........ . 
Output Voltage ........... . 
Operating Temperature Range (Ambient) . 
Storl!ge Temperature Range ... 
Lead Temperature (10 Seconds) 

-O.3V to 7.0V 
-0.3V to Voo 
-0.3V to Voo 

- 55°C to + 125°C 
- 65°C to + 150°C 
. . . . .. 300°C 

10r---------~--------~------~ 
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Figure 8. Tyical 100 vs. Frequency of Operation 
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Figure 9. Typical 100 vs. Voo at f=8MHz; ta=25°C; 
CMOS Inputs 

The output of the multiplier will swing from ground to the 
supply voltage if no load is applied. As the output loading increases 
the output voltage swing will decrease. 

As Figure 7 shows, the multiplication speed will increase as the 
supply voltage increases. The change in speed is due to the 
dependence of transconductance of CMOS devices on supply 
voltages. 

Figure 9 shows that increasing power supply voltage also increases 
the power consumption of the device. However, the worst case 
power consumption is only 12mA when using a 7V power 
supply. 

ORDERING INFORMATION 
Temperature 

Part Number Range Package 

ADSP-I080KD 0 to + 70°C 40-Pin Ceramic DIP (D40A) 
ADSP-I080JD Oto + 70°C 40-Pin Ceramic DIP (D40A) 
ADSP-1080TD -SSOCto + 12SoC 40-PinCeramic DIP (D40A) 
ADSP-1080SD -SSOCto + 12SoC 40-PinCeramicDIP(D40A) 
N ote: For packaging options other than the DIP, contact Analog Devices; DSP 
Marketing Department. 

See Section 19 for package outline information. 

CAUTION:-------------------------------------------------------------------
I. ESD sensitive device. The digital control inputs are zener protected; however, permanent 

damage may occur on unconnected devices subjected to high energy electrostatic fields. 
Unused devices must be stored in conductive foam or shunts. 

2. Do not insert this device into powered sockets. Remove power before insertion or removal. 
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INPUT DATA 
FORMAT (X & V) 

FRACTIONAL TWO'S COMPLEMENT 

SGN 

SGN 

PIN 
1 
2 
3 
4 
5 
6 
7 

8 
9 

10 
11 
12 
13 
14 
15 
16 
17 

18 
19 
20 

OUTPUT Q.ATA FORMATS (P) 

MSP LSP 

o 

Table I, Data Formats 

PIN CONFIGURATION 

FUNCTION PIN FUNCTION 
P10 40 P11 
P9 39 P12 
P8 38 P13 
CLKP 37 P14 II 
TRIM 36 P15(MSB) 
TRIL 35 Y7(MSB) 
P7 34 Y6 
P6 33 Y5 
P5 32 GND 
P4 31 Y4 
P3 30 Voo 
P2 29 Y3 
P1 28 Y2 
PO 27 Y1 
XO 26 YO 
X1 25 RND 
X2 24 CLKY 
X3 23 CLKX 
X4 22 X7(MSB) 
X5 21 X6 

PACKAGE D40A 
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NANALOG 
WDEVICES 

FEATURES 
8 x 8-Bit Parallel Multiplication with Double 

Precision Product 
75ns Multiply Time 
100mW Power Dissipation with Monolithic 

CMOS Technology 
Unsigned Integer Data Format 
Improved MPY-8HUJ Second Source 
Single + 5 Volt Power Supply Operation 
Available in 40-Pin DIP 
Specified over the Extended Temperature Range 

APPLICATIONS 
Digital Signal Processing 

Digital Filters' 
Fourier Transforms 

Digital Image Processing 
Matrix Multiplications 
Microprocessor' Acceleration 

PRODUCT DESCRIPTION 
The ADSP-I081 is a TTL-compatible high-speed low-power 8 
by 8-bit multiplier which is pin-for-pin compatible with TRW's 
MPY-SHUJ. The ADSP-I0Sl offers sub-H)() nanosecond speed 
(90ns worst case multiply time over the commercial temperature 
range), while consuming an order of magnitude less power than 
the MPY-8HUJ. Unlike the ADSP-I080 (an 8 x 8-bit multiplier 
with a two's complement data format), the ADSP-IOSI uses an 
unsigned integer data format, providing additional precision. 

The ADSP-1081's speed derives from several factors: a modified 
Booth algorithm, accelerated by a modified Wallace tree sttUcture,, 
is used to implement the multiplier array; innovative feed-forward 
carry organization is used; and, a conditional sum adder speeds 
the fmal adder stage. The ADSP-I081's low power results from 
its complementary MOS semiconductor technology. 

The ADSP-I081 has two 8-bit input buses and two 8-bit product 
buses. All inputs and outputs are interpreted as unsigned integers, 
allowing operands and products to be represented with full 
magnitude precision. The product of the two 8-bit inputs is a 
full 16-bit word, accessible through the 8-bit LSP (Least Significant 
Product) and MSP (Most Significant Product) product registers. 

a x a-Bit CMOS Multiplier 
ADSP-l081 I 

ADSP-I081 FUNCTIONAL BLOCK DIAGRAM 

8)1;8-BIT 
ASYNCHRONOUS 

M~~T~~~ER 

LSP 

On the ADSP-I081, the independent input registers, as well as 
the product registers, are D-type positive edge triggered flip-flops. 
The product registers have three-state controls which, when 
combined with the independent control of the input registers, 
allow the ADSP-I081 to operate on an S-bit bus. A round control 
(RN, ' ,D)Ca"n be,used to fuund the product to the eight most II 
significant bits. 

'The ADSP·IOSlisav:ailable in a 4O-pin ceramic DIP, in either 
extended or commercial grades. Two different speed grades (J 
and K in commercial; S and T in extended) allow the user to 
make speed andprice trade-offs. 

PRODUCT HIGHLIGHTS 
1. FastCMOStec~ology allows the ADSP-lOS1 to provide 

both high speed (75ns) and low power (lOOmW). 
2;The ADSP-lOS1 is pin-for-pin compatible with MPY-SHUJ. 
3. FUll TTL compatibility is supplied without the need for 
, external buffering. 
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ADSP-l081 SPECIFICATIONS1 

RECOMMENDED OPERATING CONDITIONS 
ADSP-I08IJD 
ADSP-I08IKD 

Parameter Min Max 

Vnn Supply Voltage 4.75 5.25 

TAMB Operating Temperature (T AMBIENT) 0 70 

ELECTRICAL CHARACTERISTICS 
ADSP-I08IJD 
ADSP-I08IKD 

Parameter Test Conditions Min Max 

VIH High-Level Input Voltage @Vnn=max 2.0 

VIL Low-Level Input Voltage @Vnn=min 0.8 

VOH High-Level Output Voltage @Vnn=min&loH = -l.OrnA 2.4 

VOL Low-Level Output Voltage @ V Dr> = min & IOL = 4.0rnA 0.4 

IIH High-Level Input Current @Vnn=max&VIN=5.0V 10 

IlL Low-Level Input Current @ V nn == max & V IN=OV 10 

IIH Clocks, Control Inputs 

High Level Input Current @Vnn=max&VIN=5.0V 10 

IlL Clocks, Control Inputs 

Low Level Input Current @Vnn=max&VIN=OV 10 

lozH Three State Leakage Current @ V nn = max; High Z; V IN = max 50 

IOZL Three State Leakage Current @Vnn=max;HighZ;VIN=O 50 

Inn Supply Currene 15 

Inn Quiescent All VIN = OV; TRIM & TRIL = 5.0V 500 

Inn Quiescent All VIN = 2.4V 15 

SWITCHING CHARACTERISTICS3
,4 

ADSP-I08ljD ADSP-I08ISD ADSP-I08IKD 

Parameter 
IMax@\ 

Min 25°C Max 
IMax@1 

Min 25°C Max 
IMax@j 

Min 25°C Max 

tn Output Delay (Figure 5) 35 40 * 45 * * 
tENA Three State Enable Delay 25 35 * 40 * * 
tDiS Three State Disable Delay 25 35 * 40 * * 
tpw Clock Pulse Width 25 * * 
ts Input Register Setup Time 25 * * 
tH Input Register Hold Time 0 * * 
tMC Clocked Multiply Time ? ? * ? 75 90 

NOTES 
I All min & max specifications are over power supply and temperature range indicated (unless otherwise stated). 
2 Maximum current is.measured with the clock cycle = IOMHz and TTL input voltages. 
3 All transitions are measured at a + 1.5V level except for tENA and tDiS which are shown below. 
4Measured with power supply at + 5.0V and TTL input voltages ofO.4V and2.4V. 
*Specifications same as ADSP-I08ljD. 
Spe--...ificaticns subject to change without notice. 

HIGH IMPEDANCE 
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ADSP-I08ISD 
ADSP-I08ITD 

Min Max Unit 

4.5 5.5 V 

-55 125 °C 

ADSP-I08ISD 
ADSP-I08ITD 

Min Max Unit 

2.2 V 

0.8 V 

2.4 V 

0.6 V 

10 J.LA 
10 J.LA 

10 J.LA 

10 J.LA 
50 J.LA 
50 J.LA 
20 rnA 

2000 J.LA 
20 rnA 

ADSP-I08ITD 

"IMax@1 
Min 25°C Max Unit 

* 45 ns 

* 40 ns 

* 40 ns 

* ns 

* ns 

* ns 

75 105 ns 
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Figure 1. Equivalent Input Circuit 

TO soon 
OUTPUT~ 
PIN 

OV (tOIS 11 

."F L--J. 2.6V I'~ 01 

LOAD 2 ':" 

Figure 3. Three-State Disable Delay Load 

METHOD OF OPERATION 
The X and Y input registers are separately controlled positive 
edge triggered D-type flip-flops. The RND control has a separate 
register which is loaded by the rising edge of the ORing of the 
X or Y input clocks. A logic 1 on the RND line rounds the 
product to the 8 most significant bits by adding a 1 to the MSB 
of the 8 LSBs. 

TRIM. TRIL 

THREE-STATE 

INPUTS 
& RND 

X & Y INPUT 
CLOCKS 

OUTPUT 
CLOCK 

-----_--/ 

Figure 2. Equivalent Output Circuit 

+Voo 

TO 
OUTPUT 0-1---111'1141------. 
PIN 

40pF 

LOAD 1 

81011 

IN3062 

Figure 4. Test Load for Other Delay Measurements 

The output consists of two 8-bit words: the MSP (Most Significant 
Product) and the LSP (Least Significant Product). The rising 
edge of the eLK P latches both the LSP and the MSP into the 
output flip-flops. TRIL and TRIM are the three state controls 
for the LSP and MSP respectively. A logic 0 on TRIL or TRIM 
enables the appropriate output. A logic 1 on TRIL or TRIM 
causes the appropriate output latch to go to a high impe-
dance state. 

HIGH IMPEDANCE 

to 

Figure 5. Timing Diagram 
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Figure 6. Approximate Worst Case Multiply Time vs. 
Temperature 
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Figure 7. Typical Multiply Time vs. Power Supply 

OPERATIONS WITH NON·TTL SUPPLY VOLTAGES 
By virtue o.f its CMOS co.nstructio.n, the speed o.f the ADSP·lOSI 
can be increased by the use o.f a power supply vo.ltage larger 
than 5.0V. When using no.n-TTL power supplies, fo.ur parameters 
will change, which in tum will affect the circuit design. These 
parameters are: input thresho.lds; o.utput vo.ltage swings; multi
plicatio.n speed; and, power supply current. 

The thresho.lds o.f the input inverter stages are selected to. meet 
the TTL specs o.ver the reco.mmended power supply vo.ltages. If 
the supply vo.ltage is no.t within the reco.mmended range, the 
inputs sho.uld be driven fro.m 0 vo.lts to. the power supply vo.ltage 
to. ensure that the thresho.lds are cro.ssed. 

ABSOLUTE MAXIMUM RATINGS 

Supply Vo.ltage . . . -O.3V to. 7.0V 
Input Vo.ltage Range ....... ,. . . :"'O.3V to. Voo 
Output Vo.ltage. . . . . . . . . . . . . -0.3V to. Voo 
Operating Temperature Range (Ambient) . - 55°C to. + 125°C 
Sto.rage Temperature Range . . - 65°C to. + 150°C 
Lead Temperature (10 Seco.nds) . . . . . . . . . .. 300°C 

10~------~--------~---------, 

lOOns 10"s 

MULTIPLY TIME 

Figure 8. Typical 100 vs. Frequency of Operation 
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Figure 9. Typical 100 vs. VOD at f=8MHz; tA = 25°C; 
CMOS Inputs 

The o.utput o.f the multiplier will swing fro.m gro.und to. the 
supply vo.ltage if no. lo.ad is applied. As the o.utput lo.ading increases, 
the o.utput vo.ltage swing will decrease. 

As Figure 7 sho.ws, the multiplicatio.n speed increases as the 
supply vo.ltage increases. The change in speed is due to. the 
dependence o.f transco.nductance o.f CMOS devices o.n supply 
vo.ltages. 

Figure 9 sho.ws that increasing power supply vo.ltage alSo. increases 
the power co.nsumptio.n o.f the device. Ho.wever, the wo.rst case 
power co.nsumptio.n is o.nly 12mA when using a 7V power 
supply. 

ORDERING INFORMATION 

Part Number 

ADSP-lOSIKD 
ADSP-lOS IJD 
ADSP-lOSITD 
ADSP-I0SlSD 

Temperature 
Range 

o to. + 70°C 
Otb + 70°C 
- 55°C to + 125°C 
- 55°C to. + 125°C 

Package 

40-Pin Ceramic DIP (D40A) 
40-Pin Ceramic DIP (D40A) 
40-Pin Ceramic DIP (D40A) 
40-Pin Ceramic DIP (D40A) 

Note: For packaging options other than the DIP, contact Analog Devices, 
DSP Marketing Department. 

See Section 19 for package outline information. -

CAUTION:-----------------------------------------~-------------------------------

WARNING! eJ 1. ESD sensitive device. The digital co.ntro.l inputs are zener pro.tected; ho.wever, permanent dam
age may o.ccur o.n unco.nnected devices subjected to. high energy electro.static fields. Unused de
vices must be sto.red in co.nductive fo.am o.r shunts. 

2. ,Do. no.t insert this device into. po.wered so.ckets. Rem~ve po.wer befo.re insertio.n o.r remo.val. 
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APPLICATION NOTE 
Unsigned vs.Two's Complement Arithmetic 
ADSP multipliers support two different data formats: unsigned 
magnitude and two's complement. Generally, multipliers (e.g., 
the ADSP-1016 and ADSP-1012) support both modes, with 
control pins provided for mode selection. Pin limitations on 
S x S-bit multipliers, however, dictate that separate devices be 
dedicated to each data format. The purpose of this note is to 
examine unsigned magnitude and two's complement formats 
and, relatedly, the trade-offs between the ADSP-lOS1 and the 
ADSP-I0S0. 

Representing Numbers: 
Numbers can be represenied in a wide variety of formats. Base 
10 numbers, for instance, have the following interpretation: 

dndn--l ... d.".fi .... fm=dnx IOn + ... +dox 100 

+fl x 10-1 + ... +fmx lO-m 

For digital processing machines, binary representations of numbers 
are generally used. Such representations allow efficient represen
ta~on, powerful arithmetic design, and reliable operation. The 
two most commonly-used binary representations, unsigned and 
two's complement, are described below. 

Unsigned Integer Data Format 
An n-bit binary unsigned integer number has the following 
interpretation: 

Bit Number bn--l bn--2 ... bo 

Unsigned Integer 
Weight 2n--l 2n--2 ... 20 

where bi is the ith bit of the number and has the value 0 or 1. In 
base 101 this number is equal to 

For example, the number 1011 is equal to 1 x 23 + 0 X 22 + 
1 X 21 + 1 x 20 = S + 2 + 1 = 11. 

Adding two unsigned integer numbers is straightforward. If we 
have c = a + b, where c = (cn, Cn-I> ... , co), a = (an--I> ... , 
ao) and b = (bn-l' ... , bo), then Ci = ai + bi +CARi_1 , where 
CARi-l is the carry from the addition performed on the i_pt bit. 
As an example, 

101010 
100111 

1010001 

Note that two n-bit numbers, when added, could require n + 
bits to represent the output. More generally, when m n-bit 
numbers are added together, (n + log2(m)) bits are needed to 
ensure that the result is adequately represented. So, for example, 
a 35-bit wide accumulator can accumulate just eight adds of 32-
bit wide operands without risking overflow. If 256 32-bit words 
are to be added, the accumulator must be (32 + log2 256), or 
40, bits wide to ensure that the result won't overflow. 

Multiplying binary numbers is structurally similar to the common 
method used for multiplying base 10 numbers. However, the 

Applications 
fact that each binary digit is either a 0 or a 1 allows a multiplication 
to be reduced to a series of shifts and adds. To see why, consider 
11001 x 10101: 

1 100 1 
1010 1 
1 100 1 

00000 
1 1001 

00000 
1 1 00 1 

1000001101 

Another way to implement this operation is to begin with the 
multiplier 10101 and, wherever a 1 appears, shift the multiplicand 
the corresponding number of places and add it to the total. In 
this case, a 1 appears in the Oth, 2nd, and 4th digit of the multiplier 
term, meaning we add together the multiplicand 11001 three 
times--once without a shift, once shifted two places to the left, 
and once shifted four places to the left: 

1100 1 
1 1001 

1 1001 
1 00 000 1 1 0 1, 

yielding the same answer as was previously obtained. 

The table below reflects the input and output data formats 
when multiplying two n-bit unsigned integer operands: 

Input Output 

Bit Number bn--l bn--2 .. . bo P2n--l P2n-2 . .. 
Unsigned Integer 

Weight 2n--1 2n-2 .. . 20 22n-1 22n-2 ... 

Po 

20 

In general, multiplying two n-bit inputs yields a result that 
requires 2n bits to represent. The numbers spanned by the n-bit 
input values fall in the range 0 to 2n - 1; output values fall in 
the range 0 to 22n - 1. 

Finally, it is trivial to interpret unsigned integers as unsigned 
fractions or nlixed numbers. Simple scaling by 2-tn shifts the 
implied binary point from after the Least Significant Bit (LSB) 
to after the mth bit. 

Bit Number bn-l bn-2 ... bo 

Unsigned Integer Weight 2n-l 2n-2 ... 20 

Shifted Unsigned Weight 2n-m-l 2n-m-2 ... 2-tn 

In the table above, either interpretation of the binary number 
bn-I . . . bo is valid. Provided binary points are aligned, adds of 
mixed numbers follow the procedure described earlier. When 
multiplying unsigned nuxed numbers, the location of the binary 
point can be readily determined from the product of the two 
scale factors; for example, the product of two n-bit numbers -
one with the binary point after the pth digit and the other after 
the qth digit -- is a 2n-bit number with the binary point after the 
(p + q)th digit. Dynamic range can be preserved for blocks of 
numbers by utilizing a common scaling factor, or exponent; this 
technique is commonly referred to as block floating point. 
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Two's Complement Data Format 
A general binary two's complement number has the following 
interpretation: 

Bit Number bn-I bn-2 ... bo 

Integer Two's 
Complement Weight -2n-1 2n-2 ... 2° 

Fractional Two's 
Complement Weight _2° 2-1 ... 2-(n-1) 

where bi is the ith bit of the numbers and has the value 0 or 1. 
In base 10, the value of an integer two's complement number is 

0-2 
- bn-I x 2n-1 + ~ bi 2i 

A fractional two's complement number, in base 10, has the 
value: 

- bn-l + ~ bi i-(n-I) 

For example, in integer two's complement arithmetic, the number 
1011 is equal to -1 x23 + Ox22 +1 x21 + I x2° = -5. 

For positive integers, the sign bit, or the Most Significant Bit 
(MSB), of a two's complement number will always be O. Therefore, 
an n-bit two's complement number does no better than an 
(n - 1) - bit unsigned integer number in terms of representing 
positive numbers. 

The advantage of two's complement arithmetic is that negative 
numbers can also be represented. A full scale negative number 
is 1000 ... 0, corresponding in integer format to - 2n-1; the 
smallest negative number is 1111 . . . 1, corresponding to - 1 
in integer two's complement format. An integer two's comple
ment n-bit number, then, spans"the range -2n-1, ... 0, 
... , 2n-1-1. 

While the way negative two's complement numbers are represented 
may seem cumbersome, it has advantages for additions, logical 
complements, and subtractions. When adding two's complement 
numbers, we have c = a + b, where c = (Cn-I' ... , co), a = 
(an-b' .. , :to), b = (bn-I, .. , bo) and Ci = ai + bi + CARi_l • 

Here, two n-bit numbers are added and the result is limited to 
an n-bit field. In addition, the carry bit into the sign bit must 
be compared to the carry bit out of the sign bit; provided they 
have the same value (both 0 or 1), the carry out of the sign bit 
is ignored and the n-bit result is valid. If the carry bits into and 
out of the sign bit differ, the result is invalid because of addition 
overflow. Examples are provided below. 

1011 
0010 
1101 

Valid Negative 
Result 

1110 
0110 

10100 

1001 
1010 

10011 

Valid Positive Invalid' 
Result with MSB (overflow) 
Ignored 

0111 
0111 

" 1110 

Invalid 
(overflow) 

Complementing a two's complement number can be accomplished 
by reversing all bits and adding 1 to the LSB. If we let bi denote 
the logical negative of bi> then the complement of bn-I, ... , bo 
is bn-I ... "60 + 1. For example, 0101 becomes 1010 + 1 = 
1011, or in base 10, 5 becomes - S. To subtract b from a, we 
simply complement b and add it to a. For example, 11101 -
00001 = 11101 + 11111 = 11100, or, in base 10, -3 - 1 = 
-4. 

Multiplying two's complement inputs can be understood by 
decomposing it into its partial products. We defme inputs a and 

b as (as, aw) and (bs, bw), where as and bs are the sign bits (given 
weights - 2n

-
1 in integer two's complement form) and aw and 

bw are (n - I)-bit least significant words. Then the product c of 
a x b is 

c = asbs x 22n-2 - (asbw + bsaw) x 2n-1 + awbw. 

In integer two's complement form, all possible products can be 
represented by a 2n-bit product word of the form: 

Product Number P2n-1 P2n-2 ... Po 

Integer Two's 
Complement Weight _22n-1 22n-2 ... 2° 

Fractional Two's 
Complement Weight -21 2° ... 2-(2n-2) 

This representation is provided by industry standard mUltiplier/ac
cumulators (such as the ADSP-IOI0, the ADSP-loo9, and the 
ADSP-I008). For industry standard 16 x 16-bit and 12 x 12-bit 
multipliers (such as the ADSP-I016 and ADSP-I012), this format 
is provided when the format adjust control is asserted. 

With the above output representation, the two most significant 
bits are redundant for all but one special case (negative full scale 
x negative full scale). As can be easily demonstrated, all other 
combinations of positive and negative inputs will result in a 
product whose two MSB's are identical. Redundancy in the two 
MSB's is a serious limitation in many applications," since it ef
fectively restricts the precision of the Most Significant Word 
(MSW) of the output to 14 bits of magnitude. 

Another limitation of the above output format is that, with a 
fractional two's complement representation, the MSW of the 
output does not have the same format as the inputs ( - 21 2° . . . 
2n-2 versus - 2°2-1 ... 2n-1). This discrepancy means that outputs 
must be scaled down to preserve consistency in the data. 

" Since the two MSB's in a two's complement representation are 
generally redundant, and since eliminating one of these bits 
makes "inputs and outputs consistent for fractional two's comple
ment arithmetic, an alternative representational scheme may be 
preferable for many applications: 

Product Bit P2n-2 P2n-3 ... Po 

Integer Two's 
Complement Weight _22n-2 22n-3 ... 2° 

Fractional Two's 
Complement Weight -2° 2-1 ... 2-(2n-2) 

which requires just 2n-l bits to represent the product of two 
n-bit two's complement inputs. Many DSP multipliers utilize 
this format (16 x 16-bit multipliers and 12 x 12-bit multipliers, 
such as the ADSP-I016 and ADSP-I012, with the format adjust 
low, and 8 x 8-bit multipliers, such as the ADSP-I080). The 
spare bit that is available is inserted in the MSB of the Least 
Significant Word (LSW), where the sign bit is repeated. The 
only restriction placed on this output format is that negative 
full scale x negative full scale does not provide a meaningful 
product. 

Frequently in DSP, an n-bit number is to be moved to, or 
added to, the contents of a wider field. For instance, we may 
want to add a 32-bit product to a 3S-bit accumulator. With an 
unsigned representation, effecting this operation is trivial. With 
a two's complement representation, implementing this operation 
can be accomplished with the aid of sign-extend logic. 
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The basic idea behind embedding an n-bit two's complement 
number into a larger field is to right justify the n-bit number 
and extend the sign bit into the MSB's of the wider field. For 
instance, if we want to represent the four bit number b3b2b1bo 
in an eight-bit field, the proper representation is b3b3b3b3b3b2b1bo. 
For positive two's complement numbers, this sign extension 
results in filling in the MSB's with O's, obviously preserving the 
value of the initial number. For negative two's complement 
numbers, we fill in the MSB's with I's. To see why such a 
maneuver doesn't affect the value of the number, recall- that 2m 

+ 2m-1 + . . . + 20 = 2m + 1 - I. In the case of a sign extend 
of two's complement negative numbers, we have changed - 20-1 
+ bw into - 2D+m-1 + 2D+m-2 + ... + 2D + 20-1 + bw • 

However, 2D+m-2 + 2D+m-3 + . .. + 20-1 = 2D+m-1 _ 20-1, 
so the representations are equivalent. 

Finally, the implied binary point of two's complement numbers 
can be positioned anywhere in the word, provided the scaling 
factor is tracked. It may be necessary to shift numbers to maintain 
consistency with the location of the binary point. When down
shifting negative two's complement numbers, the sign bit (which 
is shifted down) must be sign extended into the MSB's. When 
upshifting a two's complement number, the vacated LSB's are 
filled with zeroes. As an example, suppose the 4-bit two's com
plement integers 1100 and 0110 are to be downshifted (to prevent 
overflow on subsequent operations). The numbers would be 
downshifted to 1110 and 0011, and the implied binary point 
would be shifted up. Consequently, the shifted numbers are 
interpreted using the following weights: (-24, 23, 22, 21). To 
verify equality, we check that 1100 unshifted is the base 10 
number - 4; in its new representation, it has the same value 
( - 16 + 8 + 4). -. 

7 

X & Y INPUT 
DATA FORMAT 

UNSIGNED FRACTIONAL 

UNSIGNED INTEGER 

MSP 

Applications 
Conclusion 
The preceding discussion allows the relative trade-offs in using 
unsigned magnitude versus two's complement arithmetic, or 
more specifically, the ADSP-IOS1 vs the ADSP-I080, to be 
summarized. . 

Clearly, if an application requires that a mixture of positive and 
negative numbers be multiplied together, two's complement 
multiplication is essential. However, if all products are obtained 
by multiplying pairs of numbers of the same sigD., an unsigned 
magnitude multiplier offers distinct advantages. In this case, the 
magnitude of inputs has an extra bit of dynamic range using 
unsigned magnitude arithmetic. Also, with unsigned arithmetic, 
the magnitude of the product has an extra bit of dynamic range. 
To see why, consider unsigned inputs of n-I bits. If we add an 
extra bit to the two multiplier inputs and use it to double the 
magnitude of these inputs, we quadruple the range of the output 
products. In contrast, if the additional bit is used to represent 
the sign of each input, the output range is only doubled -- since 
its magnitude range stays constant, with the sign of the output 
positive or negative. This difference in range is consistent with 
the fact that outputs in two's complement multiplication require 
one less bit to represent than outputs for unsigned magnitude 
multiplication. 

Finally, in some applications, a multiplier may be used as a 
barrel shifter, since multiplying by 0 ... 010 ... 0, where the 
I is in the mth bit, is equivalent to shifting the multiplicand up 
(to the left) by m bits. Then, by reading either the MSW or 
LSW of the product register, the barrel-shifted result can be 
obtained. In some cases, it may be desirable to shift an n-bit 
word into the upper n bits of a 2n-bit result register. Multiplying 
in two's complement mode cannot accomplish this shift, since • 
the n-bit number 10 ... 0 is a full scale negative. To perform 
the required shift, a full scale positive input must be used in 
unsigned integer format. 

OUTPUT DATA FORMATS 

LSP 

o 

Table I. Data Formats for the ADSP-l081 
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PIN CONFIGURATION 

PIN FUNCTION PIN FUNCTION 

1 P10 40 ' P11 
2 P9 39 P12 
3 P8 38 P13 
4 CLKP 37 P14 
5 TRIM 36 P15(MSB) 
6 TRIL 35 Y7(MSB) 
7 P7 34 Y6 
8 P6 33 Y5 
9 P5 32 GND 

10 P4 31 Y4 
11 P3 30 Voo 
12 P2 29 Y3 
13 P1 28 Y2 
14 PO 27 Y1 
15 XO 26 YO 
16 X1 25 RND 
17 X2 24 CLKY 
18 X3 23 CLKX 
19 X4' 22 X7(MSB) 
20 X5 21 X6 

PACKAGE D40A 
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r.ANALOG 
WDEVICES 

16><16-Bit CMOS 
Single Port Multiplier/Accumulator 

FEATURES 
16 x 16-Bit Parallel Multiplication/Accumulation 
28-Pin Ceramic DIP or Plastic Package 
150mW Power Dissipation with CMOS Technology 
200ns Multiply/Accumulate Time 
40-Bit Wide Accumulator with Overflow Flag, Satura-

tion Arithmetic, and Shift-Left Control 
Two's Complement or Unsigned Magnitude Inputs 
Specified Over the Full MIL Temperature Range 

APPLICATIONS 
Digital Filtering 
Fast Fourier Transforms 
Double-Precision Operations 
Matrix Multiplication 
Microprocessor Acceleration 

GENERAL INFORMATION 
The ADSP-III0 is a high-speed, low-power single-port 16 x 16-bit 
multiplier/accumulator (MAC), with processing throughput 
comparable to existing three-port MAC's. Its single-bus structure 
offers unique advantages: more compact packaging in a 28-pin 
DIP; simpler system interface to single-bus peripherals; and, 
significantly reduced cost. In addition, innovative on-chip features 
extend the ADSP-lllO's capabilities and eliminate external 
hardware. 

All inputs to and outputs from the ADSP-ll10 pass through its 
single 16-bit 110 port. All 110 operations are single cycle. A 
multiply or MAC operation requires two cycles to complete
consistent with the two cycles required to load input pairs to the 
multiplier. An internal pipeline register enables a new input to 
be loaded as the previous multiply/accumulate is computed
allowing the device's full SMHz computational bandwidth to 
be utilized. 

A six-bit microcode instruction word governs the ADSP-ll10's 
operation. The instruction set centers around 110 and multiply/ 
accumulate operations. Additional instructions allow extra preci
sion in single and double precision operlltioristo be obtained 
efficiently. 

Multiplier products are accumulated in a 40-bit wide Multiplier 
Result (MR) register. Multiplier inputs can be either two's 
complement or unsigned magnitude numbers. Overflow from 
the lower 32 bits of the MR into the upper eight guard bits is 

ADSP-lll0 I 
ADSP-l110 FUNCTIONAL BLOCK DIAGRAM 

detected and can be monitored externally. Outputs can, conditional 
upon overflow status; !>e saturated to full scale. An MR register 
can be shifted ,left by one bit upon output; two independent 
round coritrolsatIow rounding consistent with output 
formatting. 

The ADSp':'l1 lO'is optimal for applications where board space is 
limited but the performance of a DSP processor is required. In 
addition, a microprocessor-based system can realize greater 

, throughput by utilizing the ADSP-l1l0 as an accelerator. 
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ADSP-l110 SPECIFICATIONS1 

RECOMMENDED OPERATING CONDITIONS 
ADSP-IllOjX" 
ADSP-lllOKX 

Parameter Min Max 

Voo Supply Voltage 4.75 5.25 

TAMB Operating Temperature (T AMBIENT) 0 70 

ELECTRICAL CHARACTERISTICS 
ADSP-IllOjX 
ADSP-lllOKX 

Parameter Test Conditions Min Max 

VIH High-Level Input Voltage @Voo";max 2.0 

VIL Low-Level Input Voltage @Voo=min 0.8 

VOH High-Level Output Voltage @Voo=min&loH = -l.OmA 2.4 

VOL Low-Level Output Voltage @Voo "';min&IOL =4.0mA 0.4 

IIH High-Level Input Current @Voo =max&VIN =5.0V 10 

IlL Low-Level Input Current @VoO=max&VIN=OV 10 

IIH Clocks, Control Inputs 

High Level Input Current @Voo =max&VIN =5V 10 

IlL Clocks, Control Inputs 

Low Level Input Current @VoO=max&VIN=OV 10 

lozH Three State Leakage Current @ V 00 = max; High Z; V IN = max 50 

IOZL Three State Leakage Current @ V 00 = max; High Z; V IN = 0 50 

100 Supply Current3 25 

100 Quiescent AUVIN =OV=5.0V 500 

100 Quiescent AllVIN =2.4V 15 

SWITCHING CHARACTERISTICS 
ADSP-IllOjX ADSP-IllOSX ADSP-lllOKX 

Max@ Max@ Max@ 
Min 25°C Max Min 25°C Max Mio 25°C Max 

tpw Clock Pulse Width 15 * * 
tos Data to Clock Setup Time 20 * * 
tcs Control Inputs to Clock 

Setup 30 * * 
tcH Input Cootrol Hold Time 0 * * 
tOH Input Data Hold Time , 0 * * 
tiMe Multiplyl Accumulate Time 200 240 180 250 165 190 

to Control to Bus Delay 55 60 * 65 * * 
tos Control to Bus Delay 

with Saturation 60 65 * 70 * * 
tOLS Control to Bus Delay 

w/SL and Saturation 60 65 * 70 * * 
to Clock to Overflow 30 * * 
tLO Output W ISL to 

Valid Overflow 60 65 * 70 * * 
NOTES 
I All min & max specifications are over power supply and temperature range indicated (unless otherwise stated). 
2When orderm.g substitute for X: D for 28-pin ceramic DIP, N for 28-pin plastic 
3 Maximum current is measured with the clock cycle = IOMHz and TTL input voltages. 
*Specifications same as ADSP-lllOJX. 
Specifications subject to change without notice. 
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ADSP-lllOSX 
ADSP-lllOTX 

Min Max Unit 

4.5 5.5 V 
-55 125 °C 

ADSP-lllOSX 
. ADSP-lllOTX 
Min Max Unit 

2.0 V 

0.8 V 

2.4 V 

0.6 V 
10 ~A 

10 ~A 

10 ~A 

10 ~A 

50 ~A 

50 ~A 

30 rnA 

2000 ~A 
20 rnA 

ADSP-lllOTX 

Max@ 
Min 25°C Max Unit 

* os 

* os 

* os 

* os 

* os 

165 220 os 

* 65 ns 

* 70 ns 

* 70 ns 

* ns 

* 70 ns 
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Figure 1. ADSP1110 Timing Diagram 
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Figure 2a. Equivalent 

Input Circuits 

Figure 2b. Equivalent 

Output Circuits Figure 4. Typical Power Dissipation vs. Frequency 
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Figure 3. Normal Load Circuit for Delay Measurements 
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Figure 5. Typical Multiply Time vs. Temperature 
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METHOD OF OPERATION 
The ADSP-lllO's operation is controlled by a six-bit microcode 
instruction ~d two rounding control pins. Table I presents the 
32 instructions that are executed by the ADSP-ll10, along with 
the corresponding six-bit microcode instruction. Table II describes 
the mnemonics that are used in Table I's instruction set. The 
sections below further describe the instruction groups presented 
in Table I. 

A dedicated input instruction loads the X input; this instruction 
executes in one cyCle. An extensive set of mulli-operation instructions 
load the Y input and otherwise control the ADSP-lllO's multiplier/ 

Instruction 

NOP 

CKMR 

X=BUS 

BUS = EX 
BUS = EX(SL) 
BUS = MS 
BUS = MS(SL) 
BUS = MS (SAT) 

BUS = MS (SL,SAT) 

BUS = LS 
BUS = LS(SL) 
BUS = LS (SAT) 
BUS = LS (SL,SAT) 

LS = BUS 
MS = BUS 
EX = BUS 

LS =MS 
MS=EX 

EX = SIGN EXT MS 
MS = SIGN EXT LS 

Y = BUS; Xus*Yus; CKMR 
,Y = BUS; -(Xus*Yus);CKMR 
Y = BUS;Xus*Yus + MR;CKMR 
Y = BUS; -(Xus*Yus) + MR;CKMR 
Y = BUS; (Xus*Yus) - MR;CKMR 
Y = BUS; - (Xus*Yus) - MR; CKMR 
Y = BUS; XTC*YUS; CKMR 
Y = BUS; -(XTc*Yus);CKMR 
Y = BUS; XTC*YUS + MR; CKMR 
Y = BUS; -(XTC*YUS) + MR;CKMR 
Y = BUS; XTC*YUS - MR; CKMR 
Y = BUS; = - (XTC*YUS) - MR; CKMR 
Y = BUS; XUS*YTC; CKMR 
Y = BUS; -(Xus*YTC);CKMR 
Y = BUS;IXus*YTc + MR;CKMR 
Y = BUS; -(XUS*YTc) + MR;CKMR 
Y = BUS; (XUS*YTC) - MR;CKM.R 
Y = BUS; -(XUS*YTc) - MR;CKMR 
Y = BUS; XTC*YTC; CKMR 
Y = BUS; -(XTC*YTC);CKMR 
Y = BUS;XTC*YTC + MR;CKMR 
Y = BUS; -(XTC*YTC) + MR;CKMR 
Y = BUS;XTC*YTC - MR;CKMR 
Y = BUS; -(XTC*YTc) - MR;CKMR 

accumulator. Specifically, a multi-operation instruction i) loads 
Y; ii) specifies which multiply or MAC instruction is executed; 
and iii) clocks the result of the previous multiply or MAC into 
the MR register. Executing a multi-operation instruction requires 
two cycles. 

During the first cycle of a multi-operation instruction, the X 
input is transferred to an internal pipeline register (XD), allowing 
a new X value to be loaded onto the chip during the second 
cycle. The register XD will not be overwritten until a new X 
value is loaded. Consequently, if a stream of data is to be scaled 
by a constant, the constant need only be loaded once into X. 

Microcode 
Instruction 
5 43 2 1 0 

OOOOxx 

000 1 x x 

o 0 lOx x 

001 101 
001100 
011001 
011000 
001111 
011011 
o 1 1 0 1 0 
001110 
011101 
011100 
011111 
011110 

o 1 0 000 
010 1 x 0 
o 1 0 0 1 0 

o 1 000 1 
010 101 

010011 
010111 

1 0 0 x 0 0 
1 0 0 x 0 1 
100 0 1 0 
100011 
100110 
100111 
1 0 1 x 0 0 
1 0 1 x 0 1 
1 0 1 0 1 0 
1 0 101 1 
101110 
101111 
1 lOx 0 0 
1 lOx 0'1 
1 100 1 0 
110011 
110 1 1 0 
110111 
l11xOO 
1 1 1 x 0 1 
1 1 1 010 
111011 
111110 
111111 

Operation 

ClockMR 

Input 

Output 

Preload 

Shift 

Sign Extend 

Multi-operation 

Table I. ADSP-1110 Instruction Set 
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Mnemonic Description 

Assign right side to left. 
BUS 
X 

16-bit external data bus used for all I/O operations. 
Input register for multiplier. 

Y 
EX 
MS 
LS 
MR 

Input register for multiplier. 
8-bit extension register for accumulator. 
16-bit most significant product register. 
16-bit least significant product register. 
40-bit accumulator comprising EX, MS and LS. 
Shift left. SL 

SAT 
TC 

Conditional on overflow, saturate the outputted value. 
Two's complement number. 

US 
SIGN 
CKMR 
x 

Unsigned magnitude number. 
Sign bit (MSB) of specified register. 
Clock product into EX, MS, and LS. 
Microcode instruction bit can be either a 0 or 1. 

Table II. Summary of Mnemonics for ADSP-1110 
Instruction Set 

The ADSP-l110's multiply and multiply/accumulate operations 
consist of the following: 

± x*y 
and, 

± x*y ± MR 

The ADSP-ll10 allows inputs to be specified as two's complement 
or unsigned magnitude numbers. Table III describes, for all 
combinations of inputs, the proper interpretation of the MR 
register if it is output with or without the left shift option. 

On the ADSP-l110, the result of a multiply or MAC operation 
is not latched into the MR register until the MR is explicitly 
clocked. A dedicated "CKMR" instruction performs this clocking. 
In addition, all multi-operation instructions clock the MR in 
parallel with other operations, eliminating overhead when com
puting MAC's (see Instruction Sequences). It is important to note 
that whenever "CKMR" is executed, it clocks the result of the 

INPUTS (X & V) EX (8 BITS) 

b15 I b14 I ................ I bo b39 I b38 1 - - - - -. I b32 

TWO'S COMPLEMENT INTEGER - (W/OSL) 
_215 1 214 1 ------ 1 2° _ 239 1 238 I - - - - - - 1 232 

(W/SL) 
_ 238 I 237 I - - - - - - I 2

31 

TWO'S COMPLEMENT FRACTIONAL IW/OSLI 
_20 I 2-1 I ........ _- I 2-15 -29 1 28 1------ I 22 

(W/SL) 
_28 I 27 1------ 121 

UNSIGNED MAGNITUDE INTEGER 
215 I ------ I 2° 239 I ------ I 232 

UNSIGNED MAGNITUDE FRACtiONAL 
2-1 I ............. I 2-16 27 

1 
-- .. - ..... I 2° 

MIXED MODE INTEGER 
_215 1 214 I ------ I 2° 
215 I 214 I ------ 1 

2° .& _ 239 1 238 1 . - - - - - I 232 

MIXED MODE FRACTIONAL 
_2° 12-1 

I ------ 1 
2-15 

2-1 I 2-2 1 ------ I 2-18 & _28 I 27 1------ I 21 

previous multiply into the MR. For example, when the multi-op
eration instruction "Y = BUS; x*y + MR; CKMR" is executed, 
the "CKMR" operation clocks the result of the preceding-not 
the current-MAC into the MR. 

A number of the ADSP-l110's instructions affect the contents 
of the MR register-including preload instructions, transfer in
structions, and sign extend instructions. In addition, this device's 
output instructions provide options for format adjusting the MR 
upon output. . 

The accumulator in the ADSP-IllO is 40 bits wide, segmented 
into three registers: a 16-bit most significant product register 
(MS); a 16-bit least significant product register (LS); and, an 8-
bit extended product register (EX) (see Table III). The eight 
additional significant bits in EX allow up to 256 multiply/ac
cumulates without risk of overflow. 

Preloading the MR's three registers requires one cycle each. 
The proper sequence for preloading a value Z into MR and 
adding/subtracting it from the product Xl * Y 1 is: 

Instruction 

1. X=BUS 
2. Y=BUS;X*Y+MR;CKMR 

3. LS=BUS 
4. MS=BUS 
5. EX=BUS 
6. X=BUS, 
7. X*Y±MR;Y=BUS;CKMR 

Comment 

Load Xl 
Load Y 1, initiate MAC, 
clock garbage into MR 
Preload MR with Z 
Preload MR with Z 
Preload MR with Z 
LoadX2 

MR=XI*YI +Z,initiate 
next multiply. 

This sequence ensures that the value Z preloaded in cycles 3, 4, 
and 5 is added to the product of Xl and Y 1 and, at the start of 
cycle 7, clocked into MR. If Z were preloaded prior to the first 
multiply, the "CKMR" operation would overwrite the Z value 
with whatever values were last placed in the multiplier array. 

MR 

MS (16 BITS) LS (16 BITS) 

b31 I b30 I .. ....... -- I b16 b15 I ... _---- I b1 I bo 

231 I ..... -- ... - I 216 215 1 .............. I 21 I 2° 

230 I ------ I 215 214 I - .. - ........ I 2° I 0 

21 I 2° I -_ ... - .... I 2-14 2-15 
1 - ... - ....... I 2-29 I 2-30 

2° I 2-1 I ------ I 2-15 2-16 I ------ I 2-30 I 0 

231 I ........ _-- I 216 215 I ............. I 21 I 2° 

2-1 I .. ...... - ..... 
1 

2-16 2-17 I -- .. --- I 2-31 
1 

2-32 

231 I ............ - I 216 215 I --_ ...... I 21 
1 

2° 

2° I --_ ... _ ... 
1 

2-15 2-16 I ------ I 2-30 I 2-31 

Table III. ADSP-111O Data Formats 
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At the beginning of a chain of multiply/accumulates, preloading 
MR can be avoided by first executing a multiply (overwriting 
previous contents of the accumulator) and then multiply/ac
cumulate instructions on following cycles. 

Transfer operations allow one MR register to be moved down to 
an adjacent one-useful in double-precision operations. The 
ADSP-IllO can, in one cycle, shift the EX to the MS or the 
MS to the LS register. 

Anytime the result of a multiply or multiply/accumulate operation 
is clocked into the accumulator, the result is automatically sign 
extepded into the upper MSB's of the accumulator. In addition, 
explicit instructions allow the MSB of the LS to be sign extended 
to the MS ("MS = SIGN EXT LS") or the MSB of the MS to 
be sign extended to the EX register ("EX = SIGN EXT MS"). 
This instruction is useful if the MS or LS of the MR is preloaded, 
or after an MR register transfer. 

Output instructions allow any of the three registers comprising 
the MR register to be read in a single cycle. When written onto 
the ADSP-lllO's 16-bit bus, the 8-bit EX register is automatically 
sign extended into the upper 8 MSB's. Standard output instructions 
of the ADSP-IllO are supplemented with two important options: 
a left shift capability and conditional saturation. 

The ADSP-llI0's output instructions include the ability to shift 
any MR register (EX, MS, or LS) left by one bit upon output. 
This shift does not affect the contents of MR, but does affect 
what appears on the ADSP-llI0's 16-bit 110 port. Figure 6 
shows which bits of the 40-bit wide MR register are output if 
the shift left option is invoked. 

WITHOUT SHIFT ·LEFT 

!-Ex-jIr-·---MS----j'"""I---LS-j 

WITH SHIFT·LEFT· 
t-Ex·-· .... I-·---MS·----t-I--- LS' I I 

1391381 1311301 1151141 101 Isuol 

Figure 6. Accumulator register maps illustrating left-shift 

effects 

The shift-Ieft-on-output control, which scales up the MR register 
outputs by a factor of two, is useful under many circumstances. 
For example, two's complement multiplication results-for all 
but one case (negative full scale times negative full-scale~in . 
redundancy in the two MSB's of the 32-bit product. This re
dundancy means that the 16-bit MS register contains two identical 
sign bits (bits 31 and 30 of MR) and just 14 bits of magnitude. 
The ADSP-l1 lO's shift-left control allows full precision in two's 
complement operations to be attained. Left shift control also 
provides a means for maximizing resolution when using block 
floating point, when downscaling two's complement results, and 
when upscaling mixed and unsigned magnitude results. 

The shift left extend register, SL, is a one-bit latch that is loaded 
with the value of the MSB of the LS register whenever the MS 
is transferred to LS. The SL register retains its value until the 
next downshift of MS into LS overwrites its contents. Whenever 
the RNDl4/SLE pin is asserted during a "BUS = LS (SL)" or 
"BUS = LS (SL, SAT)" instruction, the SL bit will be appended 
to the upper 15 bits of the shifted LS. If the RND14/SLE is 
low, however, a zero will be inserted into the LSB of LS. Ap
pending the SL bit to the shifted LS provides an extra bit of 

, precision in applications such as double precision multiplyl 
. accumulates. 

The RND14/SLE and RNDl5 pins are two independent controls 
that allow rounding consistent with whether the shifted or un
shifted output option is used. The round control signals are 
latched at the beginning of only those cycles during which the 
device receives a multiply or MAC instruction. Asserting the 
RND15 (RNDI4/SLE) pin will cause a 1 to be added to Bit 15 
(Bit 14) of the LS. The rounding will not occur until the subsequent 
cycle in which the result of the multiply or MAC operation is 
clocked into the MR. The RND14/SLE control can be used to 
ensure that a left-shifted MS (Bits 30 through 15) is rounded in 
the proper location. 

The ADSP-lllO's overflow flag monitors 9 bits (8 in the EX 
register and the 1 MSB of the MS register). If any bits in EX 
differ from the MSB of MS then an overflow has occurred from 
the MS into the EX, and the overflow flag is asserted (logic 
level one). Generally, the status of the overflow flag reflects the 
current contents of the MR and is updated each time a new 
result is clocked into the MR. However, if the MS register is 
output with a left-shift, the overflow logic determines whether 
the shifted MS overflows into the EX (when Bits 38 through 31 
are identical) and is set accordingly. On the cycle following any 
left-shifted output, the overflow flag status reverts to reflect the 
contents of the MR. 

Serious glitches can result from wraparound effects due to overflow 
in long multiply/accumulate chains. For example, if a positive 
number is added to positive full-scale, the 32 MSB's of the MR 
register will overflow into the 8-bit EX register. Simply reading 
the MS register may yield a negative two's complement number. 
To prevent this wraparound, the ADSP-llI0 can--conditioned 
on overflow status-saturate an output to full scale. 

The ADSP-llI0's saturation logic operates only on output values; 
it has no effect 011 the contents of the MR register. This logic 
examines the sign of the MR (Bit 39, the MSB of the EX register) 
and the overflow status. As Table IV indicates, the low 32 bits 
of the MR are saturated to full scale positive (negative) if overflow 
has occurred in a positive (negative) MR. 

Either the MS or LS registers can be left-shifted on output with 
conditional saturation. If the shifted value overflows the lower 
32 bits, the outputted result will be saturated to full scale. 

While the saturation control protects against overflow from the 
MS to the EX register, the user is not protected in the event the 
accumulated result overflows the entire 40-bit MR register. 

MR BIT 39 
OVF (SIGN BIT) 

o 
o 
1 
1 

o 
1 
o 
1 

Output Value with Saturation 
MS LS 

..... ----NoChange ~ 

.. No Change • 
0111111111111111 1111111111111111 
1000000000000000 0000000000000000 

Table IV. Overflow and Saturation Circuitry Conditions 

Clock and Timing 
Figure 1 presents a timing diagram for the ADSP-l110. Control 
inputs consist of the six-bit wide microcode instruction and the 
two rounding control pins. The system clock for the ADSP-llI0 
operates at lOMHz, defining a basic cycle time of lOOns. 

Microcode instructions are fetched from the microprogram 
store, decoded and used immediately for input and output control. 
On a CKMR and on a multiply instruction, the array controls 
are latched and used on the following two cycles to control the 
array (see ADSP-III0 Functional Block Diagram) . 
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The ADSP-lllO's instruction set contains two types of instruc
tions: un clocked (all output instructions) and clocked (all other 
instructions). 

For un clocked output instructions, the relevant timing specifica
tion is the delay between control inputs and valid outputs on 
the bus. The use of saturation and shift left with saturation 
controls slows down the availability of a valid output on the 
ADSP-lllO's 110 bus; delay times are specified accordingly. 

For clocked operations, the appropriate setup,hold, and clock-to
clock delays are specified. Specifications pertain to both control 
inputs (instructions a,nd control pins) and data inputs. 

The ADSP-lllO's OVF flag is set according to the contents of 
the MR register. However, upon outputting the MR with the 
shift left control, the OVF flag may be modified if the left shift 
results in overflow. The relevant timing for this case is 
specified. 

Instruction Sequences 
All ADSP-lllO instructions are single cycle with the exception 
of a multiply/accumulate, which requires two cycles to complete. 
The sequencing of operations for three commonly-used instruction 
sequences is discussed below. .. 

Data String 1 2 

X=BUS -----

Y=BUS;X*Y;CKMR -----

X=BUS 
Y = BUS;X*Y + MR;CKMR 

X=BUS 
Y ~ BUS;X*Y + MR;CKMR 
NOP 
CKMR 
BUS=MS 

3 

A single multiply operation involves three overhead statements 
in addition to the multiply command. The basic instruction 
sequence used is: "X = BUS" (load X value into X input register), 
"Y = BUS; MR = X*Y; CKMR" (load Y, multiply and clock 
MR), "NOP" (because a multiply requires two cycles), "CKMR" 
(clock MR), and "BUS = MS" (place MS register contents 
onto bus). 

While a multiply/accumulate sequence operates in a manner 
similar to a single multiply, overhead as a percentage of mUltiply 
time is reduced substantially. In the instruction flow diagram 
shown in Table V, a NOP is needed only in the final multiply/ 
accumulate operation. Also, new X values are loaded as multiply/ 
accumulate instructions complete. In this sequence; the three 
cycles of overhead can be spread out over a large number of 
multiply/accumulates. 

For a series of multiply/accumui3.te sequences, 110 operations 
can be further overlapped. At the end of each multiply/accumulate 
string, a new string is initiated. In this instance, the three overhead 
cycles become negligible in importance; the multiply/accumulate 
rate of the ADSP-llIO approaches 5MHz. 

CYCLE • 
4 ... N-3 N-2 N-I N 

---- ... 

-----

----- -----

-----
----- -----

-----
-----

-----
Table V. Multiply/Accumulate ''!struction Sequence 

ABSOLUTE MAXIMUM RATINGS 

Supply Voltage .... 
Input Voltage . . . . . . . . . . . . . 
Output Voltage Swing ........ . 
Operating Temperature Range (Ambient) . 
Storage Temperature Range ... 
Lead Temperature (10 Seconds) 

-O.3V to 7V 
-O.3V to Voo 
-O.3V to Voo 

- 55°C to + 125°C 
- 65°C to + 150°C 
. . . . .. 300°C 

Part Number* 
ADSP-lllOKD 
ADSP-lllOJD 
ADSP-IllOTD 
ADSP-IIIOSD 

ORDERING INFORMA TION* 
Temperature 
Range Package 
o to + 70°C 28-Pin Ceramic DIP (D28B) 
Oto + 70°C 28-PinCeramicDIP(D28B) 
- 55°C to + 125°C 28-Pin Ceramic DIP (D28B) 
- 55°C to + 125°C 28-Pin Ceramic DIP (D28B) 

*The ADSP-llI0 will be available in plastic in rnid-1984 (N28A). 

See Section 19 for package outline information. 

CAUTION:------------------------------------------------------
1. ESD sensitive device. The digital control inputs are zener protected; however, permanent 

damage may occur on unconnected devices subjected to high energy electrostatic fields. 
Unused devices must be stored in conductive foam or shunts. 

2. Do not insert this device into powered sockets. Remove power before insertion or 
removal. 

WARNING! eJ 
~~DEVICE 
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APPLICATIONS 
The ADSr-lllO is a high-performance component for a host of 
digital signal processing applications including digital filters, 
FFT's, table look-up, and matrix operations. Other applications 
include acceleration for microprocessors requiring fast multipli
cation. This section examines some of these applications: the 
FFT, digital filters, and double precision multiplication. 

FFT Applications 
The fast Fourier transform (FFT) is the principal algorithm 
used to analyze the frequency components of a signal. The FFT 
significantly reduces the time required to compute a Fourier 
transform by taking advantage of patterns in the computations 
to economize on multiplications. The ADSP-l110 performs the 
"butterfly," the key arithmetic operation in an FFT, entirely 
on-chip. 

Figure 7 illustrates a decimation-in-time butterfly. As outlined 
by equations (1) 

Ao'=Ao+Ale j6 

AI' = Ao- Ale j6 

(1) 

the complex number Al is multiplied by a rotation, R = e jS, and 
subtracted from the complex number Ao, producing Ao'. AI' is 
obtained by adding Ao to the complex multiplication of Aland 
R. The rotation R can be written: 

R=e j6=COS e+j SIN e 

=C+jS 

In an FFT Ao and Al are complex numbers. Let 

Then, 

Ao=Xo+jYo 

AI=XI+jYI 

(Al)e j6=(XI+jYI)(C+jS) 

=(XIC- YIS)+j(XIS+ YIC) 

allowing Ao' and AI' to be represented as: 

Ao' =Xo+jYO+[(XIC- YIS)+j(XIS+ YIC)] 

=Xo'+jYo' 

AI' =Xo+jYo- [(XIC- YIS)+j(XIS+ YIC)] 

=XI'+jYI' 

Expanding and equating real and imaginary terms yields: 

Xo' =Xo+(XIC- YIS) 

Yo' =YO+(XIS+ YIC) 

Xl' =Xo-(XIC- YIS) 

YI'=YO-(XIS+ YIC) 

(2) 

(3) 

(4) 

(5) 

(6) 

AO_-----....... ---------:.+.,.------- A'o 

A,_------.1 1------.4t------- A', 

Figure 7. FFT "Butterfly" Diagram 

Equations 6 can be used by the ADSP-IIIO to efficiently implement 
the butterfly computation. First, Xo is loaded into MR by 
multiplying it by positive full scale (Olll...l=k). Xo' is ob
tained as follows: 

(7) 

Note that the factor k is not equal to unity. To ensure consistency 
in results, all stored cosine and sine factors (C and S) should 

. similary be scaled by k. 

Xl' =kXo-(XIC- YIS) 

=2kXo- Xo' 

(8) 

where Xo' is the accumulator's contents, and 2kXo results from 
a mixed-mode multiplication of 2k and Xo . This operation 
represents a multiply and subtraction which illustrates an addi
tional feature of the ADSP-lllO. Conventional MAC's cannot 
perform mixed mode multiplies or multiply/subtracts. 

Table VI provides the details for computing an FFT Butterfly 
with the ADSP-lllO. Each point requires ten cycles to compute 
the real component and ten cycles for the imaginary component. 
At 100 nan'Oseconds per cycle, this equals 2.0 microseconds. A 
1024-point FFT requires about 5000 butterflies and therefore 
takes 10 milliseconds. 

A butterfly calculation contains a series of multiply/accumulates 
and multiply/subtracts. This presents a challenge in rounding 
the result, because rounded outputs from earlier cycles become 
inputs in later cycles. The rounding on cycles 4, 6, 14, and 16 
ensures that the outputs (on lines 7, 10, 17, and 20) are rounded 
correctly. Lines 4 and 14 round on bit 14 to prepare for a left 
shifr during output. However, lines 6 and 16 round on bit 15. 
This is necessary because in performing the multiply and subtract 
on these lines, the original round on lines 4 and 14 becomes 
inverted-it becomes a subtraction of one, rather than an addition 
of one. To compensate, 2 must be added to the 14th bit, 1 to 
compensate for the previous round, and then 1 to round the 
current result. This can be easily accomplished in one step 
by adding a 1 to bit 15 rather than 2 to bit 14. 'Thus, the result 
in MS maintains the correct rounded result after the next 
accumulation. 

Block floating point techniques extend dynamic range and prevent 
overflows when performing FFT~. Outputs are down scaled by a 
factor of 2 during an iteration where the possibility of overflow 
exists. The ADSP-llI0 performs the division by 2 by not left-shift
ing the two's complement MR output. 
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Cycle Instruction 

18'. X=BUS 
19'. Y=BUS;XTC*YTC;CKMR 
20'. BUS=MS 

1. X=BUS 
2. Y=BUS;XTC*YTC+MR;CKMR 
3. X=BUS 
4. Y = BUS;MR - XTC*Y Tc;CKMRlRND 14 
5. X=BUS 
6. Y=BUS;Xus*YTc -MR;CKMRlRNDI5 
7. BUS=MS 
8. X=BUS 
9. Y=BUS;XTC*YTC;CKMR 

10. BUS=MS 
11. X=BUS 
12. Y=BUS;XTC*YTC+MR;CKMR 
13. X=BUS 
14. Y=BUS;XTc*YTc +MR;CKMRlRNDI4 
15. X=BUS 
16. Y=BUS;Xus*YTc -MR;CKMRlRNDI5 
17. BUS=MS 
18. X=BUS 
19. Y=BUS;XTC*YTC+MR;CKMR 
20. BUS=MS 

Contents 

LoadK 
Load Xo, MR = Previous 

LoadC 
LoadXI,MR=KXo 
LoadS 
LoadYI,MR=KXo+XIC 
Load2K 
Load Xo, MR = KXo -+ (XIC - Y IS) + RND 14 
OutputXo' 
LoadK 
Load Yo, MR = KXo - (XIC - Y IS) + RND14 
Output XI' 
LoadS 
LoadXI,MR=KYo 
LoadC 
LoadYI,MR=KYo+XIS 
Load2K 
Load Yo, MR=KYo+(XIS + YIC) + RND14 
Output Yo' 
LoadK 
Load new Xo, MR = KYo - (XI S + Y IC) + RND 14 
OutputYI' 

Table VI. Sample FFT "Butterfly" Sequence 

FIR Filters 
The ADSP-lllO is readily included in an FIR filter configuration. 
Figure 8 diagrams an N-tap finite impulse response (FIR) filter. 
FIR filters perform convolution in the time domain, corresponding 
to multiplication in the frequency domain. The coefficients Cn 
represent the filter's impulse response-the time domain equiva
lent of the filter's desired frequency response. 

When implemented with the ADSP-lllO, FIR filters employ a 
single RAM with a memory map as diagrammed in Figure 9. 
This contrasts with the multiple RAMs usually required in 
three-port MAC designs. Except in adaptive filters, where the 
filter response changes to meet changing system requirements, 
the filter coefficients Cn remain constant. 

Input data, on the other hand, is continuously updated. Each 
new data sample overwrites the oldest data point in RAM, an 
action that is tracked by an address counter. The ZN_I sample, ' 
for instance, is overwritten with the new Zo sample, and the 
previous ZN-2 sample becomes the new ZN_I data point. 

In the time interval between new data samples, the filter multiplies 
each of the N previously stored data samples, Zn, by the respective 
filter coefficients, Cn. The resulting sum of the products represents 
the filtered signal output. An overflow flag and optional saturation 
logic allows long FIR filters to be implemented without risking 
overflow. 

Note that the use of the ADSP-l110 does not require a complicated 
control circuit. Figure 10, for example, diagrams the controller 
circuit flow-chart for the FIR filter described above. When 
implemented in hardware, the controller's complexity remains 
comparable to that of the controller required for a three-port 
MAC-based filter design. 

ADC 
OATA 

Figure 8. FIR Filter Design 

DATA 
STACK 

Z" 

Z, 
Z, 

ZN' 

:~A~~~:I~~~~ ~~~UREESS I 
DATA ADDRESS ENDS HERE 

IN Z OVERWRITE THIS DATA 

Z. 

Co 

POINT WITH NEW Aoe DATA 
AND BEGIN FILTER AT 
NEXT OLDEST POINT 

COEFfiCIENT ADDRESS 
BEGINS HERE I 

, Figure 9. Memory Map 
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IIR Filters 
Infinite impulse reponse (IIR) filters use feedback to improve 
filter performance at the cost of a more complicated design. The 
principal advantage of an IIR filter is the relatively small number 
of multiplies needed to, achieve a high-performance filter. The 
ADSP-lllO, unlike conventional MAC's, has architectual features 
that eliminate some of the disadvantages associated with imple
menting IIR's. 

The time required for the ADSP-lllO to calculate a biquad 
section of an IIR filter is (5 MAC operations) x (200 nanoseconds/ 
operation) + lOOns (output cycle), or 1.1 microseconds. In the 
equation for a biquad, 

Yo= aoXo+ aJ}LJ + a2}L2- b JY_2- b2Y_2 (9) 

the coefficient b J often'ranges from 1 to 2. The most conventional 
way to represent the coefficients and data is in fractional two's 
complement notation. Since this numbering system only ranges 
from -1 to 0.999 ... , all coefficients and data for the IIR 
filter have to be divided by 2 to handle b J when using a conventional 
MAC. To compensate, external shifters are needed on output to 
shift the result up by one bit (multiply by 2). 

A coefficient in the + 2 to - 2 range can be handled with the 
ADSP-I110 by using a mixed-mode multiply. Since the coeffi
cient's sign is known in advance, the multiply-and-add, and 
multiply-and-subtract functions supply the sign to an unsigned 
magnitude number. The MS register is left-shifted as usual on 
output to obtain the correct result. 

Stability is an important issue for IIR filters. The ADSP-lllO's 
wide accumulator, together with the hard-limiting provided by 
its saturation circuit, prevent the overflow problems and large-scale 
oscillations that often plague IIR filters. 

Register Transfers Aid DP Multiplies 
In order to handle double precision multiplication (multiplying 
two 32-bit two's complement numbers), conventional MACs 
require additional external logic. The ADSP-l1lO, in contrast, 
performs these operations without external support. Moreover,. 
the device performs a double precision multiplication in 15 100-
nanosecond cycles, 7 of which represent overhead. 

Equation 10 represents a double precision multiply: 

P=(X)(Y) 
=(MSWx+ LSWx·2-J6)(MSWy + LSWy·2-J6) (10) 

= MSW x·MSW y + (MSW x" LSW y + MSW y' LSW x)'2-J6 

+ LSWx·LSWy·2-32 

where P is the 64-bit product of two 32-bit two's complement 
numbers, X and Y. MSWx represents the 16 most significant 
bits of word X, and LSWx represents the 16 least significant 
bits. The product P equals the sum of partial products; each 
partial product's sign and significance must be taken into account 
in order to obtain the proper result. 

A double precision multiply requires no external logic. Further
more, as illustrated in the following sequence, the ADSP-lllO 
performs the operation in 15 cycles. 

Cycle *' Operation 
1. X=BUS 
2. Y = BUS;Xus*Yus; 

CKMR 
3. NOP 
4. Y=BUS;XUS*YTC 

+MR;CKMR 

Coinments 
Load LSWx' 
Load LSW y and multiply 
(unsigned). 
Noop. 
Load MSW y and perform 
MAC (mixed-mode). 

VOL. I, 12-74 DIGITAL SIGNAL PROCESSING COMPONENTS 

5. 

6. 
7. 
8. 

9. 
10. 

11. 
12. 
13. 

14. 
15. 

LS=MS 

MS=EX 
X=BUS 
Y = BUS;Xus*Y TC 

+MR;CKMRI 
RND15 

NOP 
Y = BUS;XTC*Y TC 
+MR;CKMR 
LS=MS 
MS=EX 
CKMR 

BUS =MS(SL) 
BUS = LS(SL) 

MS shifts into LS. (The LS 
of the (LSW x)(LSW y) product 
can be discarded since 
usually only 32 bits of 
precision are needed in the 
final product.) 
Shift EX into MS. 
Load MSWx' 
Load LSW y and perform MAC 
(mixed-mode) with round 
in bit 15. 
Noop. 
Load MSW y and perform 
MAC (two's complement). 
Shift MS into LS. 
Shift EX into MS. 
Clock the output registers. 
This loads the MAC from 
step 10 into the accumulator. 
Output MS with left shift. 
OutputLS with left shift. 
The SLE register provides 
an extra bit. 

Table VII. 

Figure 10. Controller Flow Chart for FIR Filter 



In this double precision multiply sequence, shown in Table VII, 
the four basic multiplications require only eight cycles. Cycles 
5,6, 11, 12, 13, 14, and 15 represent overhead time. 

S-Bit Extend Register Simplifies Double Precision MAC 
The previous discussion concerned double precision multiplies. 
The ADSP-lllO also readily handles double precision multiply/ 
accumulate operations. For example: 

N 
AP=:L XiYi 

i= 1 

N 

(11) 

=:L (MSW xi + LSW xi ·2-16)(MSW yi + LSW yi .2-16
) 

i= 1 

where each X and Y is a 32-bit number, and AP is a 72-bit 
accumulated product. Note that AP can be expressed as the 
sum of accumulated partial products as follows: 

N 
AP= [{:L (MSWxi)(MSWyi)}] + 

i= 1 

(12) 

N 
+[{:L «MSWxi)(MSWyi) + (LSWxi)(MSWyi))}] .2-16 

i= 1 

N 
+{:L (LSWxi)(LSWyi)}.2-32 

i= 1 

Computing the accumulated double precision product AP requires 
the same basic sequence as in computing a single precision 
MAC. Simply compute a summation of partial products, rather 
than the summation of products themselves. 

The summation of partial products often leads to sums greater 
than 32-bits. The 8-bit extension register stores any overflow, 
letting the summation proceed without error. The output and 
shift cycles occur once each at the end of the appropriate partial 
product calculation. A 32-point double precision FIR filter, 
requires (32-points)(4-multiplies)(2 cycles/multiply) + 9 overhead 
cycles- = 273 total cycles. At 100 nanoseconds per cycle, this 
represents a total of 273 microseconds or roughly 800ns/double 
precision multiply. 

An optional procedure, which cuts the multiply/accumulate time 
by roughly 25%, entails omitting the LSW x x LSW y accumulation 
and instead adding Y4 of the number of accumulations to the 
final result. This removes the bias because the LSW's of both 
words have a mean value of Y2 and when multiplied together 
have a mean product of Y4. Thus any bias in the answer is removed. 
A simple way to add 1 's to the LSB is to assert the round control 
on the appropriate number of multiply operations. 

PIN DESIGNATIONS 

28-PIN DIP 

PIN FUNCTION PIN FUNCTION 
1 RND15 15 ClK 
2 RND14/SlE 16 CTLo 
3 1/0'4 17 CTlE 

4 1/0'2 18 CTlF 

5 1/0'0 19 OVF 
6 II0a 20 1/0, 

7 1/06 21 1/03 

8 1/04 22 1/05 
9 1/02 23 1/07 

10 1/00 24 II0g 

11 CTlA 25 1/0" 
12 CTlB 26 1/013 

13 CTl.-c 27 1/0'5 
14 GND 28 Voo 

PACKAGE D28B/N28A 
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Synchro & Resolver Converters 

Contents 

Selection Guide 

General Information 

DRC174511746 High Power Output, Hybrid Digital-to-Resolver Converters 

DRC1765/1766 14- and 16-Bit Hybrid Digital-to-Resolver Converters 

-IRDCI732 Hybrid, Tracking Inductosyn ™ Resolver-to-Digital Converter 

SDC/RDC1740/174111742 12- and 14-Bit Hy?rid Synchro/Resolver-to-Digital Converters 

-IS20/40160161 Hybrid, Tracking Resolver-to-Digital Converters 

-New product since publication of 1982-1983 Databook Update. 

Inductosyn is a registered trademark of Farrand Industries, Inc. 

Page 
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13-29 

SYNCHRO & RESOLVER CONVERTERS VOL. /, 13-1 

lEI 



Selection Guide 
Synchro & Resolver Converters 
The products in this section are generally concerned with angular measurements. They include the following classes of 
device: 

Digital Angle to Trigonometric (sine-cosine) Analog Voltage 
Digital-to-Resolver Converters 
Digital-to-Synchro Converters 
Inductosyn TM_to-Digital Converters 
Resolver-to-Analog Voltage Converters 
Resolver-to-Digital Converters 
Resolver-to-Digital Display (Angular-Position Indicators) 
Synchro-to-Analog Voltage Converters 
Synchro-to-Digital Converters 
Synchro-to-Digital Display (Angular-Position Indicators) 

Complete descriptions, specifications, and applications information on the products in this section can be found in the data 
sheets. Brief general information can be found overleaf. 

The Selection Guide is provided to ease the job of finding the right unit to do your job. Devices are listed in the Selection 
Guide vertically, by model number, in alphabetic, then numeric order, as well as by furiction and type of input. Salient 
characteristics are listed horizontally. A bullet is placed at each intersection that is appropriate for each device. 

/ ANALOG DIGITAL 110 
1/0 / J;f#Jrf; / "" / $ / "mW",.N """. / 

~ "~~. ~flfJII/ ~~ c" .;;;0 .; ~ y.~ ~~ ;.' 

.;; ","5 §i ~ ~' ~ 0 ,'0/ 
~ ~. ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 

SYNCltlW 
RESOLVER INPUT 

DIGITAL 
INPUT 

INDUCTOSYN 
INPUT 

RESOLVER INPUT 

r-

SYNCHRO INPUT 

Angle: ('uSltion 

Indu::ator 

Digital to 
Synchro Resolver 

Digital to 
Trig. (Analog) 

Inductosynl 
Resolver to 
DIgital 

Resolver to 
Digital 
Converters 

SynclResolver 
Analog 

Synchro or 
Resolver to 
BCD Converters 

Synchro or 
Resolver to 
Binary 

Synchro to 
Digital 

NOTES 
Ill-Bit BCD plus sign. 
214-Bits BCD. 

1\1'1 161U 
API1718 

DSC1705 
DSC1706 
DRCl745 
DRCl746 

DRC1765 
DRC1766 
DHI1716 
DTM1717 

IRDC1730 
IRDC1731 
IRDC1H2 
IRDC1733 
1520 
1540 
1560 
IS61 

RDCl740 
RDC1Hl 
RDC1742 

SAC1763 

SIlCLJ1752 ' 
SBCD1753' 
SBCD1756 I 

SBCD1757' 

SDC1700 
SDC1702 
SDC1704 
SLJCl721 
SDCl725 
SDCl726 

SDCl740 

SDC1741 
SDC1742 

· · · · · · · · · · · · · · · · · · · · · • · · · · · · · · · · · · · · · 
· · · · · · · · · · · · · · · · · · · · · · · 

Industosyn is a registered trademark of Farrand Industries Inc. 

· · · · · · · · · · · · · · · · · · · · · · · . . 
· · · · · · · · · 

Shading indicates new products since publication of 1982-198~ Databook UpJcJtc. 
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Here's an example of its use: if you were looking for a 14-bit digital-to-resolver converter with the highest accuracy in the 
smallest package, you might start at the 14-bit column; you would see that there are two resolver families that have 14-bit 
resolution and error less than 5 arc-minutes: DRC1745 and DRC1705; the DRC1745 is a hybrid, and the DRC1705 is in a 
>0.4" module. Thus, you would be quickly led to look at the DRC1745, data sheet and be guided to its location by the 
page number at the right. 

In addition to the devices listed in the chart, data sheets for the following accessory products are also to be found in this 
section: 

Resolver and Synchro 5VA Output Transformers, models 
RTM/STM1686/169611736/1687 11697 11737 

Synchro/Resolver 5VA-output Power Amplifier, model SPA1695 

Two-Speed Processor for Coarse/Fine Synchro/Resolver Systems, 
model TSL1612 . 

/ 

ACCURACY / ASSEMBLY/PACKAGE / PAGE / 
(arc-min) TECHNOLOGY 

• · · · 
. . 
· · • · 

13-5 
13-5 

13-13 
13-13 

13-17 

13-29 
13-29 
13-29 
13-29 

13-23 
13-23 
13-23 

13-23 
13-23 
13-23 

13 5 
13-5 

13-9 
13-9 

13-13 
13-13 

13-21 
13-27 

13-21 

13-37 

13-41 
13-41 
13-41 
13-41 

13-49 
13-49 
13-49 
13-55 
13-59 
13-59 

API1620 
AP11718 

DSC17U5 
D5C1706 
DRCI745 
DRC1746 

DRC1765 
DRC1766 
DTM1716 
DTM1717 

IRDC1730 
IRDCI731 
IRDCI73Z 
IRDCI733 
IS20 
IS40 
1560 
IS61 

RDC1740 
RDCI741 
RDC1742 

5AC1763 

5BCD1752' 
5BCDI753' 
5BCD1756' 
5BCD1757' 

S0C17UO 
SDC17U2 
5DC17U4 
5DCI721 
5DCI725 
5DCI726 

SOCI740 
SDC1741 
5DC1742 

Volume II, Page 13-33 
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Orientation 
Synchro & Resolver Converters 
These products constitute a complete line of devices for the 
digital measurement and control of angular and linear displace
ments by means of synchros, resolvers, and Inductosyns. In 
addition to modules and hybrid circuits that perform the. 
appropriate conversions, the line also includes modules that 
perform purely algebraic or logical functions; in some cases, 
solid-state circuitry emulates the functions of electromechan
ical devices. 

The range of synchro processing modules now available covers 
a wide area of application. They are widely used in'military and 
radar applications, but there are additional fields in which they 
could be used to advantage because of the proven ruggedness 
and high precision of the electromechanical hardware, their 
standardized specifications, and their low cost. They have a . 
number of advantages over potentiometers and optical systems. 

In this introductory section, there will be provided a' brief set 
of device definitions. Detailed data and applications informa
tion is given in the data sheets. For a complete introduction to 
synchro/digital conversion, Analog Devices has available a 208-
page book, Synchro and Resolver Conversion, edited by G. 
Boyes (1980), $11.50. 

In this section, and in much of the text, the word "Synchro" 
appears frequently. In many cases, the word "Resolver" could 
be used in its place. The modules make use of angular data in 
resolver form; if the input data is in three-wire synchro form, 
transformers in "Scott T" configuration convert it to resolver 
form; analog outputs are available in both forms. There are a 
number of voltage and frequency options. 

REPRESENTATION OF ANGLES IN DIGITAL FORM 
Binary 
The most commonly used method of representing angles in 
digital form is simple natural binary weighting, where the most
significant bit (MSB) represents 180°, the next represents 90°, 
etc. The table shows the bit weights in degrees, degrees-and
minutes, and radians for this coding method: 

BCD 
When angular measures have to be displayed in visual form, 
BCD coding is used, through the use of binary-to-BCD con
verters, such as the BDM1615, which provides the necessary 
scaling and conversion, e.g., from 10100000000000 (180° 
+ 45°) to 1000100101.0000000 (or 225.00°). 

TYPICAL S/D/S DEVICES 

Binary-to-Binary-Coded-Digital Converter (BDM1615/16/17) 
A device that accepts angular data in binary form and converts 
it to BCD form, with fractional degrees in decimal fractions of 
1° (1615, 1617) or minutes and seconds (1616). The BCD 
output is modulo 360°. 
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Bit No. Degrees Degrees, minutes Radians 

1 180 180 0 3.141593 
2 90 90 0 1.570796 
3 45 45 0 0.785398 
4 22.5 22 30 0.392699 
5 11.25 11 15 0.196349 
6 5.625 5 37.5 0 . .098175 
7 2.8125 2 48.75 0.049087 
8 1.40625 24.38 0.024544 
9 0.70312 0 42.19 0.012272 

10 0.35156 0 21.09 0.006136 
11 0.17578 0 10.55 0.003068 
12 0.08789 0 5.27 0.001534 
13 0.04395 0 2.64 0.000767 
14 0.02197 0 1.32 0.000383 
15 0.01099 0 0.66 0.000192 
16 0.00549 0 0.33 0.000096 

Digital-to-Synchro Converters (DSC1705 106) 
Devices that accept parallel binary digital inputs (14 or 12 
bits) and an ac reference signal, and provide outputs in 3-wire 
synchro form. 

Inductosyn/Resolver-to-Digital Converter (IRDC1730) 
A device that produces a digital output capable of resolving 
(to 12 bits) intermediate distances within a single track-pitch 
of a Farrand linear-Inductosyn stator in displacement- and 
angle-measuring Inductosyn systems. The moving element is 
used as though it were a resolver input; hence the device will 
also convert resolver information to digital. 

Synchro-to-Digital Converter 
A device that accepts either 3-wire synchro- or 4-wire resolver 
inputs, together with a 2-wire ac reference, and outputs angu
lar binary data in a continuously tracking mode, employing a 
Type 2 servo loop. The inputs may be from either remote 
synchros or from electrically simulated synchros (e.g., DSC's). 

Digital Converter and Processor for Two-Speed Synchros 
(TSL1612) 
A two-speed processor takes as inputs two sets of digital infor
mation, representing the angles from coarse and fine synchros, 
and combines them to produce a single 19~bit word represent
ing the actual angle of the "coarse" shaft. The TSL consists of 
the processing logic alone-it can be used with a pair of SDC's, 
which provide the two sets of digital information. 



r.ANALOG 
WOEVICES 

FEATURES 
14- or 16-Bit Resolution 
2 or 4 Arc-Minutes Accuracy 
2VA ~ax Mean Output Drive Capability 
Full Accuracy for dc to 2.6kHz Reference 
Full Accuracy with dc or Pulsating Power 

Supplies (PPS) 
Guaranteed Operation With 3V dc Pedestal on PPS 
Can Drive Pure Inductive, Resistive or Highly 

Capacitive Loads 
LS or CMOS Latched Inputs With Separate High/Low 

Byte Enable 
Low Radius Vector Variation (0.03%) 
Optional TransZorb ™ Protection Against 

Inductive Spikes on Output 
Protected Against + 200% Overvoltage on 

Analog Input 
Remote Output Sensing Facility 
No Trims or External Adjustments 
Full Output Short Circuit Protection 
Single 40-Pin Package 

APPLICATIONS 
Driving Synchro and Resolver Control Transformers 
Avionic Equipment (e.g., Air Data Computers) 
Interfacing With Servo Systems 
Fire Control System Outputs 
Naval Retransmission Unit Outputs 
Outputs to Radars and Navigational Aids 
Aircraft and Naval Simulators 

GENERAL DESCRIPTION 
The DRC1745 and DRC1746 are hybrid packaged Digital to 
Resolver converters. They accept a 14-bit or 16-bit digital input 
word representing angle and output sine and cosine voltages 
multiplied by an analog input. The converters maintain full 
accuracy when the analog input frequency is in the range dc to 
2.6kHz. 

The units have internal power amplifiers capable of driving a 
2V A load which can be pure inductive, resistive or highly capaci
tive. The output is fully short circuit protected against overcurrent. 
The output of the converter can be used to drive directly into I 

resolver control transformers or in conjunction with an external 
transformer module to drive synchro control transformers. The 
power available is more than adequate to drive all standard 
synchro control transformers. 

The separately powered output stage is compatible with conven
tional ± 15V dc power supplies or pulsating power supplies with 
pedestal components as low as 3V dc (guaranteed) 2V (typical). 

High Power Output, Hybrid, 
Digital-to-Resolver Converters 

o RC1745 , DRC1746 i 

DRC1745, DRC1746 FUNCTIONAL BLOCK DIAGRAM 

VREF ALO 
IA SIN wtl 

+15V -1SV 

LBE HBE DIGITAL 
INPUT 

1"1 

SIN SENSE 

SIN 
12A SIN wt SIN "I 

SIG GND 

COS SENSE 

COS 
12A SIN wt SIN COS 81 

NOTE: "Aco"o "GND"o AND "SIG GND" ARE INTERNALLY CONNECTED 
IN STAR POINT. 

The use of pulsating power supplies greatly reduces the internal 
power dissipation in the hybrid package which in turn maximizes 
the converter's Mean Time Between Failures (MTBF). 

A particular feature of the converters is that they have a remote 
sensing facility which means that output accuracy can be main
tained even when long lines have to be driven. 

The converters are latched and the latches can be CMOS or 
Low Power Schottky (LS). The former gives advantages in 
terms of power dissipation and the latter in terms of glitch III 
performance when used in fast dynamic update modes. The 
latches are transparent and have a separate high and low byte 
enable. 

As an option, the output stage can be fitted with internal 
TransZorb ™ protection. This gives full protection against trans
ient voltages generated by an inductive load in response to an 
abrupt change in load current: This condition can occur at 
switch off or as a consequence of external power supply fault condi
tions. 

The units are packaged in 40-pin dual in line hybrid packages 
and require no external trims or adjustments. 

MODELS AVAlLABLE 
The DRC1745 (14-bit resolution) and DRC1746 (16-bit resolution) 
are available with accuracies of ± 2 or ± 4 arc-minutes. Both 
units have optional TransZorb protection and a choice of either 
LS or CMOS inputs (see Ordering Information). 

TransZorb is a trade name of General Semiconductor Industries, Inc. 

SYNCHRO & RESOLVER CONVERTERS VOL. I, 13-5 



SPECIFICATIONS (typical @ + 25°C, unless otherwise noted) 

Models 

DIGITAL INPUT RESOLUTION 

DIGITAL INPUT FORMAT 

RECOMMENDED ANALOG INPUT (VREF) 

OUTPUT WITH RECOMMENDED ANALOG INPUT 

GAIN OUTPUT TEMPERATURE COEFFICIENT 

AN ALOG INPUT (V REF) FREQUENCY RANGE 

ANALOG INPUT IMPEDANCE 

ANALOG OUTPUT IMPEDANCE 

OUTPUT OFFSET VOLTAGE 

OUTPUT OFFSET VOLTAGE DRIFT 

OUTPUT DRIVE CAPABILITY 

PHASE SHIFT (V REF to Yo) 

OUTPUT PROTECTION 
Overvoltage 

Overcurrent 

RESPONSE TO A STEP INPUT 

VECTOR ACCURACY 
Radius Error 
Angular Error 

POWER SUPPLY (NO LOAD) 
LS Latch Options + 15 Volts 

-15 Volts 
+ 15(P) Volts 
- 15(P) Volts 
+ 5 Volts 

CMOS Latch Options + 15 Volts 
-15 Volts 

Additional Current 

+ 15(P) Volts 
-15(P) Volts 

(Load Dependent) + 15(P) Volts 
-15(P)Volts 

PULSATING POWER SUPPLY PEDESTAL 

POWER DISSIPATION 

CASE TEMPERATURE RANGEl 

PACKAGE2 

WEIGHT 

NOTES 

DRC1745 

14 Bits (1. 32 arc-minutes) 

Parallel natural binary. TTL compatible. 
Includes internal 27kf! pull-up resistors. 

3.4 Volts rms (single ended input) 

6.8 Volts rms 

2 ±0.1% 

5ppm/oC ofFSR (typ) 25ppm/oC (max) 

dct02.6kHz 

1O.2kf! 

0.02mf! (typ)0.2mf! (max) 

10mV (typ) 25mV (max) 

15f.L V;oC (typ) 50f.L V/oC (max) 

. 2V A (max mean) 
± 400mA peak @1 0 volt peak 

0.08° @ 400Hz 

DRC1746 

16 Bits (0.33 arc-minutes) 

* 

* 
* 
* 
* 
* 
* 
* 
* 
* 
* 

* 

TransZorb (optional) * 
± 12 volts standoff, ± 15 volt clamp. 
Limit set@ 550mA peak. (Case header must be * 
maintained @ 125°C max). All 4 quadrants 
individually trimmed. 

20f.Ls (max) to within accuracy of converter. 
Any size digital step input. 

0.03% 
± 2 or ± 4 arc-minutes 

15mA(typ) 22mA(max) 
15mA(typ) 22mA(max) 
20mA (typ) 34mA (max) 
20mA(typ) 34mA(max) 
44mA(typ) 72mA(max) 
24mA(typ) 30mA(max) 
15mA(typ) 22mA(max) 
20mA(typ) 34mA(max) 
20mA(typ) 34mA(max) 

400mA Peak (max) 
400mA Peak (max) 

2V de (typ) 3V de (Guaranteed Operation) 

* 

* 
± 2 or ± 4 arc-minutes 

* 
* 
* 
* 
* 
* 
* 
* 
* 

* 
* 
* 

See Power Dissipation section of this data sheet. * 
. - 55°C to + 125°C Operating 
- 65°C to + 150°C Storage 

40-Pin DIL-HY40A 

0.90z(25 grams) 

* 
* 
* 
* 

I Adequate heat sinking must be provided to keep the case temperature less than 125°C. 
2See Section 19 for package outline information. 

*Spccifications same as DSC1745. 
Specifications subject to change without notice. 

ABSOLUTE MAXIMUM INPUTS 
+ 15V to GND 
-15V to GND .. 
+5V to GND' ... 
+ 15(P) to -15(P) 
VREF •....•. 

+17V 
-17V 

+5.5V 
+40V 

.. ± 15V 
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CAUTION: 
1. The + 5 volt power supply must never go below GND potential. 
2. Correct polarity voltages must be maintained on the ± 15V and 

the ± 15V(P) pins. . 



~--------------~I THEORY OF OPERATION 
The operation of the DRCI745 and DRCI746 is illustrated in 
the block diagram shown in Figure I. 

The reference voltage, VREF, (A sin wt) is multiplied by both 
Sin () and Cos 0 where (J is the digital angle. The resultant outputs 
then pass through the current booster output stage to provide 
the resolver format output voltages viz: 

and 
2A Sin wt Sin 0 
2A Sin lJ)t Cos (J 

(Sine output) 
(Cos output) 

(Note: Converter has a gain of2 from input to output.) 

+15V -lSV 

LBE HBE OIGITAL GNO -15V(PI 
INPUT 
Iltl 

SIN SENSE 

SIN 
12A SIN wt SIN 01 

SIG GNO 

COS S[NSE 

COS 
12A SIN wt SIN COS 81 

NOTE; "Aw", "GNO", ANO "SIG GNO" ARE INTERNALLY CONNECTED 
IN STAR POINT. 

Figure 1. Theory of Operation 

CONNECTING THE CONVERTER 
The connections to the DRCI745 and DRC1746 are very 
straightforward. 

The digital inputs should be connected to the converter using pins 
1 (MS8) through 14 (LSB) in the case of the DRCI745 and through 
16 (LSB) in the case of the DRC1746. The format of the digital an
gular input is shown under the "Bit Weight Table" section on this 
page. 

The digital input control lines should be connected as described 
under the "Digital Data Input" section. 

ALo and AlIi are for the analog input reference voltage (VREF). It 
should be noted that this is a single ended input where ALa is 
grounded internally. If it is desired, the VREF input can be exter
nally isolated using the STM1681 transformer. See the section on 
"Output and Reference Transformers". 

The converters have separate power supply inputs for the output 
amplifier stage ( + 15V(P) and - 15V(P)) and for the remainder of 
the converter (+ 15V and - 15V). When dc power supplies are used 
for the output stage, the supplies may be linked. However, when 
pulsating power supplies are used for the output stage, a separate 
de supply must be provided for the + 15V and -15V requirement. 
The converters have internal capacitive decoupling of 47nF on both 
power stage and converter supply but it is recommended that 6.8/-LF 
capacitors are taken from the + 15V and - 15V pin to "GND". 

The "Case" pin is joined to the case which is isolated and should 
be connected to a convenient zero potential point in the system. 

The sine and cosine outputs are taken from the "Sin" and "Cos" 
pins with "SIG GND" as the common connection. 

The remote sense facility using "Cos Sense" and "Sin Sense" con
nections should be used as described under the "Remote Output 
Sensing" heading. If not used, the sense outputs should be con
nected to the corresponding Sin and Cos outputs. 

DIGITAL DATA INPUT 
The digitial input to the converters is internally buffered by trans
parent latches: The latches will be CMOS (type 54C373) or low 
power Schottky (LS) (type 54LS373) depending on the option. 

The "HBE" input controls the input of the most significant 8 bits 
and the "LBE" input controls the input of the least significant bits 
(6 in the case ofthe DRCl745 and 8 in the case of the DRC1746). 

A logic "Hi" on the control lines causes the input to appear transpa
rent and the converter output will follow the changes on the digital 
input. When "HBE" and "LBE" are taken to a logic "Lo" state, 
the converter output will be latched at the level of the data present 
on the input at the low going edge and remains constant until 
"HBE" and "LBE" are taken to a "Hi".state again. If the latches 
are not required, "HBE" and "LBE" can be left open circuit. The 
timing diagram in Figure 2 illustrates the use of "HBE" and 
"LBE". 

Internal resistive pull-ups (to + 5V using 27k resistors) are employ
ed on all digital inputs. This ensures full TTL compatibility for 
either latch option even when sourcing 50/-LA ofleakage current into 
each external digital driver. 

DWJ~d~ XXX) STABLE DATA PO<XX: 
HBE/LBE 

I 
I 
I 

I 
I 

I 
I 
I 

I I 
1"'1 .H.--tI"'".I---...... ~! !:u ~ ~~~~I~AX CMOS OPTIONS 
It,": th I 10nsMAXLSOPTIONS 

I I I 

NOTE; INTERNAL LATCHES ARE: 54LS3731LS) 54C373 (CMOS) 

Figure 2. Data Transfer Diagram 

BIT WEIGHT TABLE 

Bit Number 

1 (MSB) 
2 

4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 (LSB DRC1745) 
15 
16 (LSB DRC1746) 

Weight in Degrees 

180.000 
90.0000 
45.0000 
22.5000 
11.2500 
5.6250 
2.8125 
1.4063 
0.7031 
0.3516 
0.1758 
0.0879 
0.0439 
0.0220 
0.0110 
0.0055 
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POWER DISSIPATION, PULSATING POWER SUPPLIES 
AND HEAT SINKING 
The DRCI745 and the DRCI746 can be used with conventional 
dc power supplies or a pulsating power supply on the output 
stage. The latter gives significant reductions in power dissipation 
within the hybrid package without any attendant loss of 
accuracy. 

When using a pulsating power supply full advantage can be 
taken of the special design which allows the power supply to 
have a very low dc pedestal voltage. This results in minimized 
power dissipation. The pedestal voltage can in fact be as low as 
2 volts (typical) 3 volts (guaranteed operation). It need not 
exceed 5 volts even at 2VA loading. 

Full accuracy is retained during operation on pulsating power 
supplies because the output stage employing these supplies is 
only used to provide current gain. Overall operational loop gain 
is independently powered. There are no special switch-on/switch
off power supply sequencing requirements, and full internal 
protection is provided (except when driving capacitive loads.) 

The section below demonstrates the power dissipation differences 
for different load conditions when using dc supplies and pulsating 
power supplies. 

Dc Power Supplies: When using dc power supplies, the ex
pression for additional load dependent power dissipation is: 

P = 2 Vdell (ISinOI + ICosOl) _ Voll,COSO: 
n 2 

Where Va is the peak output voltage. 
1\ is the peak value of the output load current. 
e is the digital angle. 
a is the load phase angle. 

(1) 

Ydc is the dc power supply voltage (usually ± 15 volts). 

Pulsating Power Supplies: 
When using a pulsating power supply, the expression for additional 
load dependent power dissipation within the hybrid is: 

P = 2 Vpll (ISinOI + ICosOl) + Vaell (Sino:-o:Coso:) 
n n 

(2) 

Where Vac is the peak ac component of the pulsating 
power supply assumed equal to the peak output voltage, 
Va.' 
1\ is the peak value of the output load current. 
e is the digital angle 
a is the load phase angle. 
V p is the dc pedestal voltage of the pulsating power 
supply. 

Vo 
Note that 11 = 1Zi where Vo = Peak output voltage 

= 2 X VREF 

IZI = output load 

WAVEFORM MUST BE IN PHASE WITH CONVERTER REFERENCE 
IVRE, :c A SIN cut) CONSISTENT WITH MAINTAINING A POWER 
SUPPLY EXCESS OVER THE OUTPUT WAVEFORM GREATER 
THANVp 

IV.c USUALLY EQUALS Vol 

Figure 3. Pulsating Power Supply Format 
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Examples of Power Dissipation: 
Many factors influence the power dissipation within the hybrid. 
The following four examples, using typical load values and worst 
case digital angle conditions (45 degrees)~ illustrate the saving in 
power dissipation which can be achieved by using a pulsating 
power supply employing a low pedestal yoltage. 

Note that in the following examples we have chosen: 

V de = ± 15 volts 
Vp = 3 volts 
Va = 9.6volts(6.8 volts rms) 
Vac = 9.6 volts (should be chosen to equal Va) 
1\ = 292mA (equivalentto a 1.4VA mean load) 

I) DC power supply, e = 45° resistive load. 

P = 2X1SXO.292(Sin4So +Cos4So)- 9.6XO.292X1 

= 3.943 - 1.402 

= 2.S4 Watts 

n 2 

2) As example (1) but with a 3 volt pedestal pulsating power supply. 

From equation (2): 

P = 2X3XO.292(Sin4So +Cos4So) + 9.6XO.292XO 
n n 

= 0.79 Watts 

Thus the pulsating power supply has cut down the internal dissipa
tion by 1. 75 watts, a ratio of3.2: 1. 

3) DC power supply, 0 = 4So, pu~e inductive load (0: = ~ ) 
From equation (1): 

2XlSXO.292(Sin4S
o 

+Cos4S
o

) - 9.6XO.292XO 
P= n 2 

= 3;94 Watts 

(4) As example (3) but with 3 volt pedestal pulsating power supply. 

From equation (2): 

P = 2X3XO.292(Sin4S
o 

+Cos4So) + 9.6XO.292X1 
n n 

= 1.68 Watts 
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LOAD POWER - VA 
NOTE: 
1. AMBIENT TEMPERATURE 21"c. NO HEAT SINK. 
2. TEMPERATURE MONITORED WITH WORST CASE DIGITAL INPUT 145'1. 
3. TEMPERATURE MEASURED ON HOTTEST PART OF CASE. 

Figure 4. Case Temperature for Resistive Loads 



Thus the pulsating power supply has cut down the internal dissipa
tion by Z.Z6 watts, a ratio ofZ.3.: 1. 

The graph shown in Figure 4 shows the temperature at the hottest 
part of the base of the hybrid (in the middle of the base between 
"+ ISV(P)" and the opposite "N/C" pin) for resistive loads up to 
ZV A using dc supplies and pulsating supplies with pedestals of 3 
volts and S volts. 

Figure S shows a similar graph for inductive loads up to 1 VA. 
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NOTE: 
1. AMBIENT TEMPERATURE 21"<:. NO HEAT SINK. 

'" 

1.6 I.B 

2. TEMPERATURE MONITORED WITH WORST CASE DIGITAL INPUT (45"1. 
3. TEMPERATURE MEASURED ON HOTTEST PART OF CASE. 

2.0 

Figure 5. Case Temperature for Inductive Loads 

As can be seen from Figures 4 and S, it will be necessary to provide 
heat sinking when driving significant loads in order to keep the tem
perature ofthe case below its 12SoC maximum. 

The converters have been designed with a flat metal base to facili
tate mounting on heat sinking materials. Special thermal manage
ment techniques have been employed within the hybrid output 
stage to give: 

Angle 

8Junctionlcase = less than 12°C/watt 
8Junction/case = less than 6°C/watt 

Consequently the internal junction temperatures do not exceed case 
header temperature by more than ZO°C when using pulsating power 
(even under worst case pure inductive load conditions. The 
maximum permitted junction temperature is ISS°C). 

CALCULATING THE LOAD 
The following describes how to calculate the load. 

In the case of synchro control transformers first determine the 
value of Zso' This impedance is normally quoted by the synchro 
manufacturer. 

The load presented by the control transformer will be: . 

where V2 is the rms signal input voltage. 

When the STMI68I output transformers are used it is necessary 
to add O.ZSVA to the calculated figures. 

For example, assume that a 90V rms signal, 400Hz synchro 

control transformer is to be driven by the DRCI74S in conjunction 
with the STMI68116IZ output and reference isolation transformer 
set. (The STMI68116IZ boosts the 6.8V rms signal from the 
DRCI74S to the 90V rms required by the control transformer.) 

Zso for the control transformer is quoted as: 

700 + j4900 

Therefore 

IZso 1= )7002 + 49002 = 4950 Ohms 

Therefore, the load presented by the control transformer is: 

90
2 X~ = 1.23VA 

4950 4 

Adding to this value O.ZSVA for the STMI68I gives a figure of 
1.48V A total. 

In the case of a resolver control transformer the same exercise 
must be performed but it is not necessary to multiply by 3/4. 
Some resolver manufacturers quote rms input current and in 
this case the load will be the product of the input current and 
the rms voltage used to drive it. The O.ZSVA Must be added if 
the STMI68I transformers are to be used. . 

DRIVING CAPACITIVE LOADS 
In many cases, synchros or resolvers have capacitively tuned 
inputs in order to minimize power dissipation. The tuning of 
the synchro or resolver can either be on the load itself or on the 
primary of the transformer driving the load. If the capacitors 
are fitted on the load, (i.e., on the secondary of the driving 
transformers) then the capacitive value will appear to the DRCI74S 
or DRCI746 as n2 times the value of the capacitor used where n 
is the transformer turns ratio. II 
The DRCI74S and DRCI746 can readily drive capacitive inputs 
up to ISOnF at the primary of the output transformer without 
special precautions. However when the effective capacitance to 
be driven is greater than ISOnF special precautions must be 
taken. Viz: 

1. An additional resistor must be included with each tuning 
capacitor' as shown in Figure 6. A minimum of 3 ohms is 
recommended referred to the converter output. This figure 
will vary with the square of the turns ratio when driving the 
output transformers. 

SIN SENSE 

SIN 

DRC1745/1746 
SIG GND 

COS 

COS SENSE L.... ____ --I 

LOAD 
e.g .. STM1681 

TRANSFORMER 

NOTE: THE REMOTE SENSE FACILITY IS SHOWN IN THE ABOVE DIAGRAM. 

Figure 6, Incorporating a Resistor in the Tuning Circuit 
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2. A delayed switch on power sequencing system must be em
ployed that inhibits the application of power to the output 
stage (and hence the tuned load) for at least IOOf.Ls after the 
+ 15V and -15V supplies have been established to the com
puting core of the converter (+ 15V and -15V pins). This 
allows the negative feedback loop encompassing the output 
stage of the converter to be established prior to the application 
of additional phase shift associated with the tuning, thereby, 
avoiding a potential limit cycle. 

3. Care must be taken in tolerancing the tuning capacitors in 
order to retain the accuracy under tuned load conditions. 

The use of these precautions enables the converters to drive 
fully tuned 2V A loads. 

SHORT CIRCUIT PROTECTION 
The short circuit current limit is set at 550mA peak and is 
individually trimmed for each output and the sign of each 
output. 

Under short circuit or excessive current conditions the overcurrent 
protection circuit will trip and linearly reduce the output current 
to zero. The output stage will then enter a wait period before 
attempting to red rive the load. This function, which will be 
performed at approximately 500kHz and a mark space of 3:1, 
affords additional protection to the converter. 

When the overload conditions are removed, the output is auto
matically restored to its normal condition. 

VECTOR ERRORS AND EFFECTS 
The error law used in the converter has no inherent vector 
errors. The figure of 0.03% given in the specification is accounted 
for by tolerances in some of the thin film resistor networks used 
in the converter. 

These very low vector errors make the converters ideally suited 
for applications such as displays, or metal cutting control where 
perfect circles have to be generated. 

BANDWIDTH 
The open loop gain bandwidth product of the DRC1745 and 
DRC1746 has been tailored to ensure that the full.angular accuracy 
is maintained over the broadband range of dc to 2.6kHz. This 
results in a closed loop bandwidth of 300kHz. 

REMOTE SENSE FACILITY AND ADDITIONAL OUTPUT 
ERRORS 
A remote sense facility is included in the DRC1745 and DRC1746 
in order to reduce errors caused by the output interconnection 
wiring when driving large loads. The magnitude of this error is 
illustrated by two examples below. 

Assume that the sine and cosine load impedances are perfectly 
matched and the sine output wiring resistance matches the cosine 
output wiring resistance to within 5%. Then for a resistive load 
of lAVA (33 ohms) and the worst case angle of 45 degrees, 
there will be l.3 arc-minutes of extra error introduced for every 
250 milliohms of resistance for the loop wiring between the 
converter and the load. 

In the case of an inductive load under similar conditions, 500 
milliohms would produce the same error. 

Example 1. 

Take the case of a lAVA resistive load at an angle of 45 degrees 
driven via a printed circuit board track 0.010" wide in 1 ounce 
copper (400 milliohms per foot) matched to ± 5% as above. 

Then 1.3 arc-minutes of extra error is introduced for a length of 
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250 . 
track equal to: 400 ft. = 7.5 Inches 

or 3.75 inches to the load arid back 

Example 2. 

Take·the case of a lAVA inductive load at an angle of 45 degrees 
driven via 22 gauge wire of resistance 17 milliohms per foot, 
method to ± 5% as above. 

Then 1.3 arc-minutes of extra error is introduced when the loop 
500 

.wiring is: 17 ft. = 2904 feet 

or 14.7 ft. to the load and back 

Using the remote sense facility as shown in Figure 7 will half 
this error or allow twice the distance to be driven for the same 
additional error. 

If the remote sense is not used then "COS SENSE" should be 
joined to "COS" and "SIN SENSE" should be joined to "SIN" 
at the converter. 

Note also that when output transformers are used with the 
converters they should be regarded as the load and the remote 
sense wires taken to the transformer primary inputs. 

Sense wiring may employ minimum wire gauge; it does not 
carry load current. 

cos ---.,jCOSI:P 

DRC1745/1746 SIN SIN liP 

COS SENSE LOAD 

SIN SENSE 

SIG GND ----IGND 

Figure 7. Using the Remote Sense Facilitv 

TRANSZORB™ OUTPUT PROTECTION 
As an option, the output stages of the converter can be internally 
fitted with TransZorb protection. This form of protection can 
be advantageous and significantly increase the Mean Time Between 
Failures when driving inductive loads. The TransZorbs, which 
are effectively back to back zener diodes, give full protection 
against transient voltages generated by an inductive load in 
response to an abrupt change in load current. Such a change 
can occur at switch off or as a consequence of external power 
supply fault conditions. The TransZorbs are rated to give pro
tection against worst case transients corresponding to an instan
taneous interruption of the converter when driving into a full 
2V A pure inductive load with the converter operating at the 
maximum case temperature of 125°C. . 

Figure 8 shows a simplified diagram of the converter output 
stage indicating the action of the TransZorb when the 15 volt 
supply is interrupted. 

It is important to appreciate that destructively high voltages can 
be generated (given by E = Ldi/dt) even for modest inductive 
loading, under many fault conditions, since di/dt is effectively 
uncontrolled. Internal TransZorb protection is a better and 
more direct solution to the problem than employing a pair of 
reverse biased diodes to the output stage power supplies. This is 
because the transient is contained within the specific load disturbed 
and does not escape into the power supply wiring and hence 
cause p'ossible damage to other equipments and devices. A domino 
effect of catastrophic failure is therefore prevented. 

TransZorb is a registered trade name of General Semiconductor Industries, 
fu~ . , 



y +16~(P) 

-15V(P) 

OIP (SIN OR COS) 
~~~----------~~ --- ---"\ I, I 

I 
I 
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o
1 
__ -' J -'~ 

SIG GND 

NO PROTECTION 

SIG GND 
WITH PROTECTION 

Figure 8. DRC17451DRC1746 Output Stage Showing 
TransZorb Protection 

TRANSZORB CLAMP
LEVEL 

POWER SUPPLY 
INTERRUPTED 

OUTPUT CURRENT 

Figure 9. Transient Waveforms and TransZorb Clamping 

Figure 9 shows the nature of the transient waveforms where by 
the very large transient voltage generated by the inductive load 
is limited to a safe clamp level when it is applied to the output 
stage. 

OUTPUT AND REFERENCE TRANSFORMERS 
The STM1681 module contains a reference input isolation trans
former as well as a pair of output transformers which are capable 
of handling the full drive capability of the DRC174S and 
DRC1746. 

The reference transformer part of the STM1681 can accept 
voltages of 11.8 volts, 26 volts or 115 volts depending on the 
option and its output is 3.4 volts rms which is suitable for con
necting to AHi and AlA> on the converter. 

The pair of output transformers accept the 7 volt rms output of 
the converter and provide a synchro or resolver format output 
depending on the option. (Note that for resolver output options, 
the part number is RTMI681). 

The specification below defines the STM1681 module. 

Note that smaller output transformers are available if full load 
capability is not required. Please consult the factory. 

REFERENCE INPUT TRANSFORMER 

Input Voltage 
(RH;,RlA» 

Output Voltages 
(AHi' AlA» 

Frequency Range 

Input Impedance 
11.8Vinput 

26Vinput 
11SVinput 

. OUTPUT TRANSFORMERS 

Input Voltage 
(SIN,COS) 

Output Voltages 
(SI, S2, S3, [S4]) 

Output Format 

Accuracy 
O. IVA load 

1.4VAload 
2.0VAload 

Output Impedance 
11.8Voutput 
26Voutput 
90Voutput 

Module Size 

Operating Temperature 

11.8,26, 115 volts rms 
depending on option 
( + 10% max voltage) 

3.4voltsrms ±0.1% 

360 to 2600Hz 

Sk!1(min) 
2Sk!1(min) 
47Sk!1(min) 

6.8voltsrms ±0.1% 

11.8,26,90 volts rms 
depending on option 

Synchro or Resolver 
depending on option 

± I Arc Min 

± 2.5 Arc Mins 
± 3.5 Arc Mins 

6!1(max) 
30!1(max) 
400!1(max) 

3.12S"x 1.S"x I" 
(79.4 x 38.1 x 2S.4mm) 

- 55°C to + 105°C 

The pin out and dimensions of the STM1681 are shown on the 
next page, and the connection to the converter and load in 
Figure 10. 

LBE HBE 

SIN SENSE 1--____ --/ 

CDSI----~ 

COS SENSE 1--------/ STM1681 

SIG GND 1--------lGND 

DRC1745/1746 

Aw 1----------1 ALO RLO 

CASE 

SYNCHRO 
CONTROL 

TRANSFORMER 

'V REFERENCE 

DIGITAL NOTE: PIN OUT SHOWN DOES NOT CORRESPOND 
INPUT TO ACTUAL PIN OUT. 

Figure 10. ConnectingtheDRC1745totheSTM1681 
Transformers and a Synchro Control Transformer Load 

RESISTIVE INPUT SCALING 
The analog reference input can be externally resistively scaled to 
cater for a wide range of voltage both when used with or without 
the reference and output transformer STMI681. 

When the converters are used with the STMI681 transformer, a 
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resistance of value 3kfl per extra volt required should be inserted 
in the AHi line. Care should be taken t6 ensure that the voltage 
On the analog input (All;, ALo) is 3.4 volts rms in order to provide 
a full scale analog output. The maximum output voltage of the 
converter is proportional to the input voltage (gain of 2) and 
therefore the resistor tolerance should be chosen so that the 
correct voltage appears across the All;' ALo pins. Note that the 
input to the reference transformer should not exceed the rated 
max. 

Note that the best dc output offset performance is achieved 
when the STM1681 transformers are used: However the use of 
resistive scaling can never cause an additional offset of greater 
than 6.5mV (max), 2.6mV (typ). 

OTHER PRODUCTS 
We manufacture a wide range of hybrid and modular circuits 
for processing synchro and resolver information. Please ask for 
our comprehensive literarure. 

OUTLINE DIMENSIONS 
Dimensions shown in inches and (mm). 

RTM1681 

1

r-.. ------]I;;54~~0005~O--------1 
r-5PITCHESOFO.11021=20(501l1~~1!63~~ . 

S2 
. 
54' 

. 
Rw 

. 
R. 

. 
OJ 

. s, IT 
*RTM1681 ~ ~~ 

cos A,o A. GNO SIN M~ ~~ , . . . . . 
~ 4 PIT~~EI~OO:I ~~I~021 ;~~!~~~ BRASS ~Ao,:g ~o~go~~~E 

.PART NO. FOR SYNCHRO OUTPUT MODULES IS "STM,681" is 2,~ 11.0 " 031 

~s: ~~~~~ciT~~E~~~~g~~~&HT~~E~~~~~ES G~t~~~N~i~E;~,~~O~~~~iID 

ORDERING INFORMATION 
The converter part number should be suffixed with an option code as shown below in order to fully specify the device. 

L 

1745 

1746 

DRC174S/LT4 

14-bit resolution ,~ 
16-bit resolution ~ 

Low power Schottky input latches 

C = CMOS input latches 

2 ± 2 Arc-Mins Accuracy 

4 ± 4 Arc-Mins Accuracy 

T = Internal TransZorb protection 

o = Without TransZorb protection 

The STM1681 transformer should be ordered as follows: 

STM for synchro 
output options 

RTM for resolver 
output options 

STM16811611 

~! 
26V rms Ref. input, 11.8V rms output, synchro format 

115V rms Ref. input, 90V rms output, synchro format 
11.8V rms Ref. input, 11.8V rms output, resolver format 

26V rms Ref. input, 26V rms output, resolver format 

26V rms Ref. input, 11.8V rms output, resolver format. 

360 to 2600Hz operation 

6 - 55°C to + lO5°C operating temperature range. 
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r.ANALOG 
WDEVICES 

FEATURES 
Single Rank Transparent LS or CMOS Latched 

Inputs Registers With High and Low Byte 
ENABLE 

14- or 16-Bit Resolution 
±2 or ±4 Arc-Minutes Accuracy 
Very Low dc Offset Voltage 
4.3mA Peak Output Will Drive Resistive, 

Inductive or Capacitive Load 
Low Radius Vector Variation (Transformation) 

Ratio). (0.03%) 
CMOS Version Requires Only ± 15V Supplies 
Low Power Dissipation (CMOS Option) 
DC to 2.6kHz Operation 
Single 32 Pin Package 
Protection Against + 200% Overload 

On Analog Input 

APPLICATIONS 
Polar to Rectangular Coordinate Conversion 
Missile and Fire Control Systems 
Simulators 
Low Frequency Oscillators 
PPI Displays 
Radar and Navigational Systems· 
Axis Rotation 
Avionics 

GENERAL DESCRIPTION 
The DRC176S and DRC1766 are hybrid digital to resolver 
converters which accept a 14-bit or 16-bit digital input work 
representing angle and output Sine and Cosine voltages which 
are multiplied by an analog input reference voltage. The 
analog input voltage can either be de or ac voltage of frequency 
up to 2.6kHz. 

The digital input to the converter is latched with a transparent 
high and low byte ENABLE system to facilitate easy interfacing 
to microprocessor systems. The input latches can be CMOS 
or Low Power Schottky. 

The units are available in accuracy grades of ± 2 and ± 4 
arc-minutes. 

A particular feature of the converters is their low de output 
offset voltage (± 2m V typ). This compares very favorably 

14- & 16-Bit, Hybrid 
Digital-to-Resolver Converter 

DRC1765, DRC1766 I 
DRC1765, DRC1766 FUNCTIONAL BLOCK DIAGRAM 

+15V -15V GND 

with similar products on the market where the offset voltage 
can be as high as ± SOm V. This low offset voltage means 
that external trim adjustments are not required which is 
particularly important in display applications. 

The converters have a closed loop bandwidth of 300kHz and 
are able to drive into a load which can be inductive, resistive 
or capacitive to the extent of lSnF. 

A further feature of the converters is that the radius vector 
variation (transformation ratio) is very low at 0.03%. This 
means that the individual Sine and Cosine outputs are inde
pendently accurate which is important in coordinate conversion 
or display applications. 

The power consumption of the DRC176S and DRC1766 is 
particularly low in the case of the CMOS latch option which 
only requires ± 15 volts power rails. 

The converters are housed in a 32-pin triple DIP hybrid 
package and hermetically sealed. 

MODELS AVAILABLE 
The DRC176S (l4-bit resolution) is available with accuracies 
of ± 2 or ± 4 arc-minutes. The DRC1766 (l6-bit resolution) 
is available with accuracies of ± 2 or ± 4 arc-minutes. Both 
models offer a choice of LS or CMOS logic inputs. 
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S PEe I Fie AT ION S (typical @25°C, unless otherwise stated) 

Models 

DIGITAL INPUT RESOLUTION 

DIGITAL INPUT FORMAT 

RECOMMENDED ANALOG INPUT (V REF) 

OUTPUT (SINE AND COSINE) WITH 
RECOMMENDED ANALOG INPUT 

OUTPUT TEMPERATURE COEFFICIENT 

ANALOG INPUT FREQUENCY RANGE 

ANALOG INPUT IMPEDANCE 

ANALOG OUTPUT IMPEDANCE 

ANALOG OFFSET VOLTAGE 

OUTPUT DRIVE CAPABILITY 

OUTPUT PROTECTION 

RESPONSE TO A STEP INPUT 

VECTOR ACCURACY 
Radius Error 
Angular Error 

POWER SUPPLIES 
CMOS Options 

+ 15 Volts 
-15 Volts 

LSOptions 
+ 15 Volts 
-15 Volts 
+5 Volts 

TEMPERATURE RANGE 
Operating 
Storage 

DIMENSIONS 

PACKAGE TYPE 1 

WEIGHT 

NOTES 
'See Section 19 for package outline information. 
*Specifications same as DRC1765. 

Specifications subject to change without notice. 

DRC1765 

14 Bits (1.3 arc-minutes) 

Parallel natural binary. TTL compatible. 
Includes internal pull ups of27kO. 

3.4 Volts rms 

6.8 Volts rrns ± 0.1 % 

5ppmJ°C ofFSR (typ) 
25ppmJ°C ofFSR (max) 

dct02.6kHz 

10.2kO 

20mO(max) 
2mO(typ) 

±2mV(typ) 
± 12mV(max) 

4.3mApeak 
@ ±10Vpeak 
Anyone output may be grounded mdefimtely 

20llS (max) to within accuracy of converter. 
Any size step inp~t. 

0.03% 
± 2, ± 4 minutes 

18mA(typ) 26mA(max) 
ISmA(typ) 23mA(max) 

18mA(typ) 2SmA(max) 
ISmA(typ) 23mA(max) 
43mA(typ) 80mA(max) 

- 55°C to + 125°C 
- 65°C to + 150°C 

1.74" x 1.14" x 0.28" 

32-pin triple DIP - HY32C 

20 grams (typ) 
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DRC1766 

16 Bits (0.33 arc-minutes) 

* 

* 

* 
* 
* 
* 
* 
* 
* 
* 
* 
* 

* 
* 

* 
* 

* 
* 

* 
* 
* 

* 
* 
* 
* 
* 



THEORY OF OPERATION 
The block diagram below illustrates the operation of the 
DRCl765 and DRC1766. 

+ 15V -15V GND 

NOTE: "ALD'" "GND", AND "SIG GND" ARE INTERNALLY CONNECTED 

Figure 1. Theory of Operation 

An input signal applied between AHI (analog input HI) and 
ALO (analog input LO) is multiplied by both sineO and cosineO 
where 0 is represented by a digital input word. 

The resulting outputs at pins Sin and Cos are; 

Vo Sin = 2V j SinO 
Vo Cos = 2V j CosO 

All the signal inputs and outputs are referred to the SIG 
GND. 

CONNECTING THE CONVERTER 
The connections to the DRC1765 and DRC1766 are very 
straightforward. 

The digital inputs should be connected to the converter 
using pins 1 (MSB) through 14 (LSB) in the case of the 
DRC1765 and through 16 (LSB) in the case of the DRC1766. 
The format of the digital angular input is shown under the 
"Bit Weight Table" section on this page. 

The digital input control lines should be connected as described 
under the "Digital Data Input" section. 

ALO and AHI are for the analog input reference voltage (VREF). 

It should be noted that this is a single ended input where 
ALo is grounded internally. If it is desired, the VREF input 
can be externally isolated using the STM1680 transformer. 
See the section on Reference Transformer. 

The "Case" pin is joined to the case which is isolated and 
should be connected to a convenient zero potential point in 
the system. 

The sine and cosine outputs are taken from the "Sin" and 
"Cos" pins with "SIG GND" as the common connection. 

DIGITAL DATA INPUT 
The digital input to the converters is internally buffered by 
transparent latches. The latches can be CMOS (type 54C373) 
or low power Schottky (LS) (type 54LS373) depending on 
the option. 

The "HBE" input controls the input of the most significant 
8-bit and the "LBE" input controls the input of the least 
significant bit (6 in the case of the DRC1765 and 8 in the 
case of the DRC1766). 

A logic "Hi" on the control lines causes the input to appear 
transparent and the converter output will follow the changes 
on the digital input. When "HBE" and "LBE" are taken to 
a logic "La" state the converter output will be latched at the 
level of the data present on the input at the low going edge 
and remains constant until "HBE" and "LBE" are taken to 
a "Hi" state again. If the latches are not required, "HBE" 
and "LBE" can be left open circuit. The timing diagram in 
Figure 2 illustrates the use of "HBE" and "LBE". 

DII%I~C~ XXX] STABLE DATA ~XXX 
HBE/LBE 

I 
I 
I 

1""1 • ... ·-+001 .... --..... ~: ~:u ~ ~~g~I~AX CMOS OPTIONS 
I t,u: to I 10nsMAXLSOPTIONS 

I I 

NOTE: INTERNAL LATCHES ARE: 54LS373 (LS) 54C373 (CMOS) 

Figure 2. Data Transfer Diagram 

Internal resistive pull-ups (to + 5V using 27k resistors) are lEI 
employed on all digital inputs, This ensures full TTL com-
patibility for either latch option even when sourcing 50l-lA of 
leakage current in each external digital driver. 

BIT WEIGHT TABLE 

Bit Number 

1 (MSB) 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 (LSBDRC1765) 
15 
16 eLSB DRC1766) 

Weight in Degrees 

180.000 
90.0000 
45.0000 
22.5000 
11.2500 
5.6250 
2:8125 
l.4063 
0.7031 
0.3516 
0.1758 
0.0879 
0.0439 
0.0220 
0.0110 
0.0055 
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VECTOR ERRORS AND EFFECTS 
The conversion technique has no inherent vector errors. The 
figure of 0.03% given in the specification is accounted for by 
tolerances in some of the internal components used in the 
converter. 

These very low vector errors make the converters ideally 
suited for applications such as displays, or metal cutting 
control where perfect circles have to be generated. 
BANDWIDTH 
The open loop gain bandwidth product of the DRC1765 and 
DRC1766 has been tailored to ensure that the full angular 
accuracy is maintained over the broadband range of de to 
2.6kHz. This results in a closed loop bandwidth of 300kHz. 

DEGLITCHING THE CONVERTERS 
The DRC1765 and DRC1766 are fundamentally digital to 
analog converters and can, therefore, produce glitches on the 
output at the major transition points of the digital input. For 
most applications these glitches can be removed by simple 
smoothing circuits on the outputs. However, in applications 
where the smoothing is not an acceptable solution, sample 
and hold amplifiers such as the Analog Devices type AD582 
can be used to remove the glitches. 

ABSOLUTE MAXIMUM INPUTS 

AHI to ALo 
+ 15V Pin ...... . 
-15V Pin ...... . 
+ 5V Pin (LS Option) . 
Case to GND ... 
Any Logical Input 

±VSUPPLY 
. .. + 17V 
. .. -17V 

-OAV to +7V 
. .... ±20V 

-OAV to +5.SV 

RESISTIVE INPUT SCALING 
The analog reference input can be externally resistively scaled 
to cater for a wide range of voltage. 

A resistance of value 3kH per extra volt required should be 
inserted in the AHI line. Care should be taken to ensure that 
the voltage on the analog input (Am, ALO) is 3.4 volts rms in 
order to provide a full scale analog output. The maximum 
output voltage of the converter is proportional to the input 
voltage (gain of 2) and, therefore, the resistor tolerance should 
be chosen so that the correct voltage appears across the AHI, 
ALOpins. 

REFERENCE INPUT TRANSFORMER 

Input Voltage 
(RHI,RLO) 

Ou tpu t Voltages 
(AHI,ALO) 

Frequency Range 

Input Impedance 
11.8Vinput 

11.8,26,115voltsrms 
depending on option 

I ( + 10% max voltage) 

3Avoltsrms ±0.1% 

360 to 2600 Hz 

5kH(min) 

ORDERING INFORMATION 
The converter part number should be suffixed with an option code 
as shown below in order to fully specify the device. 

DRC1765/L 0 2 

DRC1765 = 14Bit 
Resolution 

DRC1766 = 16Bit 
Resolution 
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L 2 = ± 2 Arc-Minute Accuracy 

L 4 = ± 4 Arc-Minute Accuracy 

L = Low Power Schottky Input Latches 

C = CMOS Input Latches 



r.ANALOG 
WDEVICES 

FEATURES 
Low Cost 
High Tracking Rate 
Reference Frequency 400Hz to 10kHz 
Hybrid Construction 
Tri-State Digital Output 
No External Adjustment 

APPLICATION 
Industrial Controls 
Machine Tool and Robots 

GENERAL DESCRIPTION 
The IRDC1732 converts resolver format (sine and cosine) signals 
into a 12-bit parallel digital word. A resolver input is converted 
into a 12-bit natural binary digital word that represents the shaft 
angle. An Inductosyn input is similarly converted. The 12-bit 
word now represents the distance moved through an Inductosyn 
pitch. 

The converter is of the continuous tracking loop type employing 
a type 2 servo loop and operates at input rates in excess of 100 
revolutions or pitches per second. 

Operation of the converter is possible over the reference frequency 
range of 400Hz to 10kHz; the signal and reference voltages are 
nominally 2.SV rms. The signal and reference inputs are noniso
lated resistive. 

As the IRDC1732 uses only the ratio of sine to cosine value for 
the conversion of the angle it is insensitive to reference voltage, 
frequency and waveform variations. The ratiometric amplitude 
measurement technique also ensures a high degree of input 
noise immunity. The inclusion of a phase sensitive demodulator 
within the tracking loop means that the converter is insensitive 
to signals which are not phase and frequency coherent with the 
reference input. 

Inductosyn is a registered trademark of Farrand Industries, Inc. 

Hybrid, Tracking Inductosyn™j 
Resolver -to-Digital Converter 

IRDC1732 I 
IRDC1732 FUNCTIONAL BLOCK DIAGRAM 

The IRDC1732 is of hybrid manufacturing technique using only 
three integrated circuit chips, including 1 LSI custom chip, for 
the realization of the converter function. Hybrid construction 
and the small number of chips ensures high realiability. The 
IRDC1732 is housed in a triple DIP 32-pin enclosure. The 
industrial temperature range (0 to + 70°C) version IRDC1732/S60 
is housed in a ceramic case and the extended temperature range 
(- SsoC to + 12S°C) version IRDC1732/460 and 410 are housed 
in a hermetically sealed metal case. 

MODELS AVAILABLE 
Three versions of the IRDC1732 are available: the industrial 
temperature range and the extended temperature range. Details 
of how to specify the exact part number are listed under "Ordering 
Information" . 
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S PEe I Fie AT ION S (typical @ + 25°C, unless otherwise noted) 

Models 

RESOLUTION 

ACCURACy l 

DIGITAL OUTPUT 

IRDC1732/S60 

12 Bits 
(Natural Binary) 

±2larcmins 

Parallel I LS TTL Load 
MSB = 1800 0r Halfpitch 

SIGNAL & REFERENCE FREQUENCY lkHzto 10kHz 

SIGNAL VOLTAGE 

SIGNAL INPUT IMPEDANCE 

REFERENCE VOLTAGE 

ALLOWABLE PHASE SHIFT 
(SIGNAL TO REFERENCE) 

TRACKING RATE 

SETTLING TIME (179° Step) 

ACCELERATION CONSTANT (Ka) 

BUSY OUTPUT 

INHIBIT INPUT 

POWER SUPPLIES 

POWER DISSIPATION 

TEMPERATURE RANGE 

PACKAGE TYPE2 

WEIGHT 

NOTES 

2.SVrms 

SOkO±2% 

2.SV to lOY rms 

± 20° Will Give No 
Additional Static Error 

100 Revolution or Pitches 
Per Second Minimum 

20msmax 

6S0,000/sec/sec 

Logic "Hi" When BUSY I J.l.S max 
ILSTTLLoad 

Logic "Lo" to INHIBIT 
lLSTTLLoad 

+ Vs + 12Vto + ISV@ lOrnA 
- Vs -12Vto-ISV@ lOrnA 
+SV@3mA 

0.320 Watts 

o to + 70°C Operating 
- 60°C to + 150°C Storage 

HY32J 

I oz (28 grams) 

I Accuracy applies over the operating range and for ± 10% signal and reference voltage 
and frequency variation. ± S% power supply variation. 

2See Section 19 for package outline information. 

*Specifications same as IRDCI732/S60. 
Specfications subject to change without notice. 
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IRDC1732/460 IRDC1732/410 

* * 
* * 

* * 
* 400Hz 

* 
* * 
* * 

* * 
SO Revolution or Pitches 

* Per Second Minimum 

* 40msmax 

* 159,878 

* * 

* * 
* * 
* * 
* * 
* * 

HY32B * 
* * 



OPERATION OF THE CONVERTER 
The IRDC 1732 is a tracking converter. This means that the 
output automatically follows the input for speeds up to and 
including 100 rps. There is no requirement for a convert command 
as the conversion is initiated by each LSB increment of the 
input. Each LSB increment of the converter is indicated by a 
BUSY pUlse. 

ONiC -VsO 
ONiC +Vs 0 

+5VO 
R2 GND 

SIG COM N/CO 

R4 SIG COM RHI 
SIN HI N/C 0 

N!C 0 
ON/C BUSY 0 
ONC INHIBIT 0 
012LSB 10 
011 20 
010 30 
09 40 
08 50 
07 60 

Figure 1. 

CONNECTING THE CONVERTER 
The electrical connection of the converter is straightforward. 
The power supply voltages connected to + V sand - V spins 
can be ± 12V to ± 15V but must not be reversed. The + 5V 
supply connects to the + 5V pin and should not be allowed to 
become negative with respect to the GND pin potential. 

The resolver connection S 1 through S4 are made to the sine and 
cosine inputs as shown in the IRDC1732 electrical connection 
diagram, Figure 1. 

It is suggested that decoupling capacitors of O.lJ.LF and 6.8J.LF 
are connected in parallel between the power supply lines (+ Vs, 
- V sand + 5V) and GND adjacent to the converter. When 
more than one converter is used on a card, then separate decoupling 
capacitors should be used for each converter. 

THEORY OF OPERATION 
The sine and cosine signals are applied to the signal input. 

VI = K Eo Sin wt Sin I} 

V 2 = K Eo Sin wt Cos I} 

Where I} is the angle of the resolver shaft or the distance through 
a particular pitch of the Inductosyn. 

To understand the conversion process, then assume that the 
current wor.d state of the up-down counter is <1>. 

The VI is multiplied by Cos <1> and V2 is multiplied by Sin <1> to 
give: 

K Eo Sin wt Sin 0 Cos <1> 

and K Eo Sin wt Cos 0 Sin <1> 

These signals are subtracted by the error amplifier to give: 

K Eo Sin wt (Sin I} Cos <1> -Cos 0 Sin <1» 

or K Eo Sin wt Sin (0 - <1» 

A phase sensitive detector, integrator and Voltage Controlled 
Oscillator (VCO) form a closed loop system which seeks to null 
Sin (0 - <1». 

When this is accomplished, the word state of the up-down counter 
(<1», equals within the rated accuracy of the converter, the resolver 
shaft angle o. 

"HI 
SIN HI 

Bit Number 
1 (MSB) 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 (LSB) 

Weight in Degrees 

180.0000 
90.0000 
45.0000 
22.5000 
11.2500 
5.6250 
2.8125 
1.4063 
0.7031 
0.3516 
0.1758 
0.0879 

Bit Weight Table 

DIGITAL OUTPUT WORD 
112BIT5) 

Figure 2. Functional Diagram 
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DATA TRANSFER 
The readiness of the converter for data transfer is given by the 
state of the BUSY output. The signal appearing on the BUSY 
output pin is a series of pulses of TTL levels when the angular 
input of the converter is changing. A BUSY pulse is initiated 
each time the input moves by an LSB and the internal counter 
is incremented or decremented. With the INHIBIT input pin in 
the "Hi" TTL state, data will be transferred automatically to 
the output latches. 

The ENABLE input pin state determines the state of the output 
data. A TTL logic "Hi" maintains the output data pins in a 
high impedance condition, the application of a logic "Lo" presents 
the data in the latches to the output pins. 

From the above it can be seen that there are two methods available 
for transferring data. 

The first is to detect the state of the BUSY which is "Hi" for 
ll-ls max and transfer the data when BUSY is "Lo". Both INHIBIT 
and ENABLE must be in their correct state of "Hi" and "Lo" 
respectively to present data to the output. 

BUSY 

DATA 
VALID ""'/1 "/.r" 

Figure 3. 

The alternative method is to use the INHIBIT input. As can be 
seen from the functional diagram, application of the INHIBIT 
prevents the two internal munoslable circuits being triggered 
and consequently the latches being updated. Data will always be 
valid ll-ls after the application of a logic "Lo" to the INHIBIT. 
This is true regardless of the time when INHIBIT is applied. 

The three state ENABLE can be used at any time to present 
the data in the latches to the output pins. 

The internal operation of the converter cannot be affected by 
the logic state present on either the ENABLE or INHIBIT 
input pins. 

Use of the BUSY pulses output as an incremental counter input 
is not recommended as the BUSY output signals a change of 
output irrespective of direction. 

DYNAMIC PERFORMANCE 
The transfer function of the converter is given below. 

Open loop gain: 

00UT = Ka. 1 + ST] 

OIN S2 1 + ST2 

Closed luup gain: 

+ ST] 
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IRDCl732/s60 and IRDC1732/460 

ka 650,000 
T] 2.3ms 
T2 O.4ms 

IRDC1732/410 

159,878 
3.7ms 
0.7ms 

ACCELERATION ERROR 
A tracking converter like the IRDC 1732 employing a type 2 servo 
loop does not suffer any velocity lag, however, there is an additional 
error due to acceleration. This additional error can be defined using 
the acccleration constant Ka of the converter. 

k = Input acceleration 
a Error in output angle 

The numerator and denominator have the same units. Ka does not 
define maximum acceleration only the error due to acceleration, 
maximum acceleration is in the region of 5 times the Ka figure (degl 
sec2

). 

An example using the Ka of the IRDC1732/s00. 

Acccleration of SO revolutions scc·2 with Ka = 650,000 

. LSB' 50 x 4096 0 3LSB error In s = 650,000 =. . 

PR()CESSING FOR HIGH RELIABILITY 

STANDARD PROCESSING 
As part of the standard manufacturing procedure, all converters 
receive the following processing: 

PROCESS CONDITION 

1. Pre-Cap Visual Inspection In-House Criteria 

2. Burn-In 70°C 

3. Constant Acceleration sOOOG 

4. Gross Leak Test In-House Criteria 

5. Final Electrical Test Performed at 25°C 



PIN FUNCTION DESCRIPTION 

-Vs 

+Vs 

+5V 

GND 

Bit 1-12 

Sin Hi 
Cos Hi 

RHI 

INHIBIT 

BUSY 

ENABLE 

CASE 

NIC 

SIGCOM 

Main negative power supply -12V dc to -15V dc. 

Main positive power supply + 12V dc to + 15V dc. 

Logic voltage. 

Power supply ground. Digital ground. 
Reference voltage low. 

Parallel output data bits IMSB = 180°. 

Input analog signals. 

Reference voltage input HI. Reference low 
connects to GND. 

Inhibit logic input. Taking this pin "10" inhibits 
data transfer from counter to output latches. The 
conversion loop continues to track. 

Converter BUSY. A "Hi" output indicates that the 
the output latches are heing updated. Data should 
not be transferred from the converter output while 
BUSY is "Hi". 

The output data bits are set to a low impedance 
state by application uf a logic "10". 

This should normally be grounded. Case can be 
be taken to any voltage with a low impedance 
up ±20V. 

Pins designated N IC not connected internally. 

Internally connected to GND. 

ABSOLUTE MAXIM.UM INPUTS (with respect to GND) 

+VSl 
_VSl .... 
+5V2 

•••• 

RHJ to GND . 
Sin Hi/Cos Hi 
Case to 

Any Logical Input 

CAUTION: 

OV to + 17V dc 
OV to -17V dc 

OV to + 5.5V 
±20V de 
±20V dc 
±20V de 

-OAV to + S.5V dc 

1. Correct polarity voltages must be maintained on the + V s 
and - V spins. 

2. The + 5 volt power supply must never go below GND 
potential. 

co 

" I 
Z 
Ci: 

12 

t:I -3 

-6 

-9 

-12 
10 

PIN CONFIGURATION 

N/C 
N/C 

CASE 
COS HI 

SIG COM 
SIG COM 

SIN HI 

N/C 
N/C 

12 (LSB) 
11 
10 

9 

032 10 
031 20 
030 30 
029 40 
028 50 
027 60 

026 70 
025 80 
024 90 
023 100 
022 110 
021 120 
020 130 

019 140 
018 150 
017 160 

BOTTOM VIEW 

-Vs 
+Vs 
+5V 
GND 

N/C 
RHI 

N/C 
N/C 
BUSY 
I 
( 
NHIBIT 
MSB) 1 

--:::::::: t::---' r\ 
~PTION -

560,460 

OPTION\ 
410 \ 

1\ \ 
\ 

, 
\ 1\ 

20 50 100 200 500 lk 

, FREQUENCY - Hz 

Figure 4. Magnitude of Gain vs. Frequency 

~ 
I 

~ 
t:I 
Z 
<t 
w 
en 
<t 
:t: 
c.. 

180 

135 

90 

45 

-45 

-90 

-135 

-180 
10 20 

---"" ~ OPTION r----
OPTION 

, ~0,460 

410 "- '" "'-... ~ 
50 100 200 500 lk 

fREQUENCY - Hz 

Figure 5, Output Angular Phase vs. Frequency 
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MEAN TIME BETWEEN FAILURES (MTBF) 
The reliability of these products is very high due to the extensive 
use of custom chip circuitry. For details of MTBF figures under 
particular condi tions please consult the factory. 

An example of the MTBF results: IRDC1732 at Naval Sheltered 
conditions 50°C = 974,000 hours or 111 years (410,460 options). 

ORDERING INFORMATION 

InductosynlResol ver-to
Digital Converter 

IRDC1732 X 

TI 
Y 0 

T 

Y=1 

Y=6 

400Hz Reference Frequency 

1kHz to 10kHz Reference Frequency 

X=4 

X = 5 

- 55°C to + 125°C Operating Temperature Range 

o to + 70°C Operating Temperature Range 
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r.ANALOG 
WDEVICES 

FEATURES 
Internal Isolating Transformers 
14-Bit or 12-Bit Resolution 
Three Accuracy Options 
Three-State Latched Output 
Continuous Tracking-Even During Data Transfer 
Simple Data Transfer 
Laser Trimmed-No External Adjustments 
Hi Rei Options Available 
Hermetically Sealed 

APPLICATIONS 
Avionic Systems 
Servo Mechanisms 
Coordinate Conversion 
Axis Transformation 
Antenna Monitoring 
Artillery Fire Control Systems 
Engine Controllers 

GENERAL DESCRIPTION 
The SDC1740, SDC1741 and SDC1742 arc hybrid, continuous 
tracking synchro or resolver to digital converters which employ 
a type 2 servo loop and contain three-state latches on the digital 
outputs. 

The input signals can either be 3-wire synchro plus reference or 
4-wire resolver format plus reference depending on the option; 
and the outputs are presented in TTL compatible parallel natural 
binary buffered by three-state latches. 

The three-state output facility, which has separate ENABLE 
inputs for the most significant 8 bits and the least significant 4 
bits (or 6 bits in the case of the SDCI740), not only simplifies 
multiplexing of more than one device onto a single data bus, 
but also enables the INHIBIT to be used without opening the 
internal converter loop. 

An outstanding feature of these converters is that although the profile 
height is only 0.28 inches (7.1mm) they contain illlernaltransfonners 
which provide for true isolation on the signal and reference inputs. 

The converters are hermetically scaled in a metal 32-pin dual-in-line 
package. . 

To ensure a high level of reliability each converter receives a 
stringent pre-cap visual inspection, constant accelcrationand 
final electrical test. 

12- and 14-Bit Hybrid Synchro/ 
Resolver -to-Digital Converters 

SDC/RDC1740/174111742 I 
SDC/RDCl740/174111742 FUNCTIONAL BLOCK DIAGRAM 

MODELS AVAILABLE 
The three synchro/resolver-to-digital converters described in this 
data sheet differ primarily in the areas of resolution, accuracy 
and dynamic performance as follows: 

Model SDC1740XYZ is a 14-bit converter with an overall accuracy 
of ± 5.3 arc minutes and a resolution of 1.3 arc minutes. 

Model SDC1741XYZ is a 12-bit converter with an overall accuracy 
of ± 15.3 arc minutes and a resolution of 5.3 arc minutes. 

Model SDC1742XYZ is a 12-bit converter with an overall accuracy 
of ± 8.5 arc minutes and a resolution of 5.3 arc minutes. 

Each model has two operating temperature range versions, those 
eovering the industrial temperature range (0 to + 70°C) and the 
extended temperature range ( - 55°C to + 125°C). 

The XYZ code defines the option as follows: (X) signifies the 
operating temperature range, (Y) signifies the reference frequency, 
(Z) signifies the signal and reference voltage and whether it will 
accept synchro or resolver'format. 

More information about the option codes is given under the 
heading of "Ordering Information". 
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S PEe I Fie AT ION S (typical @ + 25°C unless otherwise specified) 

Models 

ACCURACY 1,2 

RESOLUTION 

OUTPUT 

SIGNAL & REFERENCE FREQUENCY 

SIGNAL VOLTAGE (Line-to-Line) 

SIGNAL INPUT IMPEDANCE 
90VSignai 
26VSignal 
II.8V Signal 

REFERENCE VOLTAGE 

REFERENCE IMPEDANCE 
115 V Reference 
26V Reference 
II.8V Reference 

TRANSFORMER ISOLATION 

TRACKING RATE (min) 

ACCELERATION CONSTANT (Ka) 

STEP RESPONSE (179° Step for 
Settling to ILSB of Error) 

POWER LINES 
+I5V 
-I5V' 
+5V 

POWER DISSIPATION 

DATA LOGICOUTPUT3 

BUSY OUTPUT LOGIC LOADING3 

BUSY LOGIC OUTPUT WIDTH 

INHIBIT INPUT (to INHIBIT) 

ENABLE INPUTS (to ENABLE)4 

TEMPERATURE RANGE 
Operating Range 
Storage Range 

PACKAGE TYPEs. 

WEIGHT 

NOTES 

SDC/RDC1740 

:t5.3arcmin 

14 Bits 
(lLSB = 1.3 arc min) 

14-Bits Parallel 
Natural Binary 

400Hz or 2.6kHz 

90V, 26Vor II.8V 

200k (Resistive) 
57.7k (Resistive) 
26k (Resistive) . 

1I5V, 26Vor I1.8Vrms 

120k (Resistive) 
27k (Resistive) 
12.3k (Resistive) 

350V de 

12R.P.S. 

39,OOO/sec2 

150ms 

I4mA(typ) 17mA(max) 
14mA(typ) 16mA(max) 
60mA(typ) 72mA(max) 

0.72 Watts (typ) 
0.86 Watts (max) 

6TTLLoads 

2TTLLoads 

1. 2 J.lS (typ) 3J.ls (max) 

Logic "0" 1 TTL Load 

Logic "0" 1 TTL Load 

Option 5YZ Option 4 YZ 
o to + 70°C - 55°C to + 125°C 
-65°Cto + 150°C * 
Hermetic DIP 
HY32B 

0.8 oz (23 grams) 

I Specified over the appropriate operating temperature range and for: 
(a) ± 10% signal and reference amplitude variation; (b) 10% signal and 
reference harmonic distortion; (c) ± 5% power supply variation; 
(d) ± 10% variation in reference frequency. 

2 2.6kHz options accuracy decreases 1 x 1. 3 arc min on SDC/RDC 1740, 
3Schottky logic loading rules apply. 
4ENABLE M enable most significant 8 bits 
ENABLE L enable least significant 4 bits (or 6 bits for SDClRDCI740). 

sSee Section 19 for package outline information. 

*Specifications same as SDCIRDC 1740, 
**Specifications same as SDC/RDCI741. 
Specifications subject to change without notice. 
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SDC/RDC1741 SDC/RDC1742 

:t 15.3arcmin :t8.5arcmin 

12 Bits ** 
(lLSB = 5.3 arc min) ** 
12-Bit Parallel ** 
Natural Binary 

* * 
* * 

* * 
* * 
* * 
* * 

* * 
* * 
* * 
* * 
18R.P.S. ** 
82,000/sec2 ** 

lOOms lOOms 

19mA(typ) 23mA(max) ** 
19mA(typ) 23mA(max) ** 
45mA (typ) 1l0mA (max) ** 
0.8 Watts (typ) ** 
1.3 Watts (max) ** 
* * 
* * 
* * 

'* * 
* * 

* * 
* * 
* * 
* * 
* * 



THEORY OF OPERATION 
If the unit is a synchro-to-digitalconverter the 3-4 wire synchro 
output will be connected to S I, S2 and S3 on the unit and the 
·Scott T transformer pair will convert these signals into resolver 
format. 

i.e., VI = K Eo Sin (dt Sin 0 
V 2 = K Eo Sin wt Cos 0 

Where 0 is the angle of the synchro s~aft. 

If the unit is a resolver-to-digital converter, the 4-wire resolver 
output will be connected to S I, S2, S3 and S4 on the unit and 
the transformers will act purely as isolators. 

To understand the conversion process, then assume that the 
current word state of the up-down counter is <I). 
The V I is multiplied by Cos <I) and V 2 is multiplied by Sin <~ to 
give: 

K Eo Sin wt Sin 0 Cos <I) 
and K Eo Sin wt Cos 0 Sin <jJ 

These signals are subtracted by the error amplifier to give: 

K Eo Sin wt (Sin 0 Cos <jJ - Cos 0 Sin <jJ) 
or K Eo Sin wt Sin (0 - <jJ) 

A phase sensitive detector, integrator and Voltage Controlled 
Oscillator (VCO) form a closed loop system which seeks to null 
Sin (8 - <jJ). 

When this is accomplished, the word state of the up-down counter 
(<jJ), equals within the rated accuracy of the converter, the synchro 
shaft angle O. 

Assuming that the "INHIBIT" is at a logic high state, then the 
digital word 0 will be strobed into the latches l/-ls after the 
updown counter has been updated. If the three state "ENABLE" 
is at a logic low, then the digital output word will be presented 
to the output pins of the unit. 

RHI 

RLO 

SI 
S2 
S3 
S4 

DIGITAL OUTPUT WORD 
1l20R 1481T51 

Functional Diagram of the SDC/RDC1740/1741/1742 

DATA TRANSFER 
Data transfer from the converters is straightforward. 

Consider the timing sequence shown in the timing diagram 
which assumes that the input to the converter is changing. 

From this diagram, it can be seen that there are two ways to 
transfer data. 

One method is to detect the state of the BUSY signal, which is 
high for up to 1.2/-ls (typical) while the updown counters and 
latches are settling, and transfer data when it is in a low state. 

An alternative method is to use the INHIBIT input. As can be 
seen from the functional diagram, application of the INHIBIT 

prevents the two monostables being triggered and consequently 
the latches being updated. Therefore, it follows that data will 
always be valid after 3/-ls has elapsed from the application of the 
INHIBIT (i.e., taken to logic low). It can also be seen that this 
method of data transfer is valid regardless of when INHIBIT is 
applied. 

The three-state ENABLE can be used at any time in order to 
present the data in the latches to the output pins. ENABLE M 
enables the most significant 8 bits while ENABLE L enables 
the least significant 4 bits (6 bits in the SDC/RDCI740). 

Note that the operation of the internal converter loop cannot be 
affected in any way by the logic state present on the INHIBIT 
and ENABLE pins. 

VCO OUTPUT 
(POINT "A" 

ON DIAGRAM) 

DISTANCE DEPENDS ON 
-VELOCIn'OF INPUT

ROTATION 

ASSUMING 
INHIBIT = "I'" 

DATA 
VALID 

(HIGH STATE) 

UP·DOWN 
COUNTER 

I UPDATED 

I--l"s 
I 

LATCHES 
UPDATED 

: 31'S (MAX) 

I 

Figure 1. Timing Diagram 

Bit Number W eight in Degrees 

1 (MSB) 180.0000 
2 90.0000 
3 45.0000 
4 22.5000 
5 11.2500 
6 5.6250 
7 2.8125 
8 1.4063 
9 0.7031 

10 0.3516 
11 0.1758 
12 (LSB) for 1741142 0.0879 
13 0.0439 
14 (LSB) for 1740 0.0220 

Table I. Bit Weight Table 

CONNECTING THE CONVERTER 
The electrical connections to the converter are straightforward. 
The power lines, which must not be reversed, should be connected 
to the "+ l5V", "-I5V" and "+5V" pins with the common 
connection to the ground pin "GND". It is suggested that a 
parallel combination of a O.I/-lF and a 6.8/-lF capacitor is placed 
in each of the three positions from" + I5V" to "GND", from 
"-I5V" to "GND" and from" + 5V" to "GND". 

The pin marked "case" is connected electrically to the case and 
should be taken to a convenient zero volt potential in the 
system. 

The digital output is taken from pin "1" through to pin "12" 
for the SDC/RDCI7411I742 and pin "1" through to pin "14" 
for the SDC/RDCI740 where pin "1" is the MSB. 

The reference connections are made to "RHI" and "RLO". 
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200 

In the case of a synchro, the signals are connected to "S 1", 
"S2" and "S3" according to the folowing convention: 

ES1- S3 ERLO--RIII Sin wt Sin 0 
ES3- S2 = ERLO--RIII Sin wt Sin (0 + 120°) 
Es2- s1 = ERLO-- RIII Sin wt Sin (0 + 240°) 

400 

For a resolver, the signals are connected to "SI", "S2", "S3" 
and "S4" according to the following convention: 

EsI- s3 

Es2- s-l 

ER\.(i-RIII Sin (J)t Sin 0 

ERIII-RLO Sin lut Cos 0 

The "BUSY", "INHIBIT" and "ENABLE" pins should be 
connected as described under the heading "Data Transfer". 

RESISTIVE SCALING OF INPUTS 
A feature of these converters is that the signal and reference 
inputs can be resistively scaled to accommodate any range of 
input signal and reference voltages. 

This means that a ~tandard converter can be used with a personality 
card in systems where a wide range of input and reference voltages 
arc encountered. 

To calculate the values of the external scaling resistors in the 
case of a synchro converter, add 1.11 k!! per extra volt of signal 
in series with "SI" , "S2" and "S3", and IkH per extra volt of 
reference in series with "RHI". 

In the case of a resolver-to-digital conveter, add 2.22kn in series 
with "SI" and "S2" per extra volt of signal and lkH per extra 
volt of reference in series with "RHI". 

DYNAMIC PERFORMANCE 
The tr~nsfer function of the converter is given below. 

1 + ST, 
1 + ST2 

1-..... --0 BOUT 
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Figure 3. 

Open loop gain: 

O{)l:T Ka.~ 

0IN S2 I + ST2 

Closed loop gain: 

1 + ST
I 

+ S2 + S3 T2 
K" Ka 

Model SDClRDCI74111742 

where k" 82,000 
TI 0.0086 
T 2 0.0015 

Refer: - Figures 2 and 3 
Model SDC/RDC1740 

where ka 39,000 
T) = 0.013 
T z = 0.002 

Refer: - Figures 4 and 5 

ACCELERATION ERROR 

~ ---200 400 

- A tracking converter employing a type 2 servo loop docs not 
suffer any velocity lag, however, there is an additional error due 
to acceleration. This additional error can be defined using the 
acceleration constant K" of the converter. 

k = Input acceleration 
" Error in output angle 

The numerator and denominator have the same units. Ka does 
not define maximum acceleration only the error due to acceleration, 
maximum acceleration is in the region of 5 times the Ka figure. 

An example using the Ka of the SDC1742. 

Accelenition of SO revolutions sec·2 with Ka 

error in LSB's = SO x 4096 = 2 5LSB 
82,000 . . 

82,000 
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Figure 4. 

ABSOLUTE MAXIMUM INPUTS 

+VSl to GND 
_VSl to GND 
+SV2 

••••• 

RHI to GND .. 
S" Sz, S3, S4 to GND . 
Case to GND ... 
Any Logical Input 

CAUTION: 

\ 
200 400 

OV to + 17V dc 
OV to -17V dc 

OV to + S.SV dc 
±3S0V dc 

... ±3S0V dc 
±20V dc 

- O.4V to + S.SV dc 

1. Correct polarity voltages must be maintained on the + V s 
and - V spins. 

2. The + S volt power supply must never go below GND 
potential. 

OTHER PRODUCTS 
Many other hybrid products concerned with the conversion of 
synchro data are manufactured by us, some of which are listed 
below. If you have any questions about our products or require 
advice about their use for a particular application, please contact 
our Applications Engineering Department. 
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Figure 5. 

200 400 

The IRDC 1732 is a low cost hybrid Inductosyn ™ or resolver-to
digital converter with a tri-state latched 12-bit natural binary 
output. 

The DRC1745 and DRC1746 are 14- and 16-bit natural binary 
latched output hybrid digital-ta-resolver converters. The ac
curacies available are ± 2 and :±: 4 arc mins., and the outputs 
can supply 2V A at 7V rms. 

The DRC1765 and DRC1766 are 14- and 16-bit natural binary 
latched input hybrid digital-to-resolver converters. The accuracies 
available are :±: 2 and ± 4 arc mins., and the outputs of ± lOY 
can supply 4.3mA peak. 

The SDCIRDC1767 and 1768 are hybrid synchro-to-digital 
converters with transformer isolation similar to the SDC1740/41 
and 42 described on this data sheet with the additional features In 
of analogue velocity output, dc error output and enhanced dynamic IIiI 
characteristics. 

As well as this range of hybrid converters we manufacture an 
extensive range of modular products for synchro data conversion, 
with operating temperature ranges of 0 to + 70°C and - SsoC to 
+ IOsoC. 

Inductosyn is a registered trademark of Farrand Industries, Inc. 
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RELIABILITY 
The reliability of these products is very high due to the extensive 
use custom chip circuits that decreases the active components. 

Calculations of the MTBF figure under various environmental 
conditions are available on request. 

As an example of the Mean Time Between Failures (MTBF) 
calculated according to MIL-HDBK-217D, the curve below 
shows the MTBF in years versus case temperature in Naval 
Sheltered conditions for SDC1742. 
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Figure 6. 
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PROCESSING FOR HIGH RELIABILITY 

STANDARD PROCESSING 
As part of the standard manufacturing procedure, all converters 
receive the following processing: 

ORDERING INFORMATION 

PROCESS CONDITIONS 

1. Pre-Cap Visual Inspection In-House Criteria 

2. Constant Acceleration 5000G 

3. Final Electrical Test Performed at 25°C 

Extended temperature range versions receive additional proc
essing as follows: 

B,urn-In 160 hrs at 125°C 

Gross Leak Test In-House Criteria 

When ordering, the converter part numbers should be suffixed by an option code in order to fully define them. All the standard op
tions and their option codes are shown below. For options not shown, please consultthe factory. 

SDC 1740 

SDC ~ Synch<o-to-DigitalConvert« ~ 
RDC = Resolver to Digital Converter 

1740 = 14-BitResolution, ±5.3arcminAccuracy 
1741 = 12-BitResolution, ± 15.3 arc min Accuracy 
1742 = 12-BitResolution, ±8.5arcminAccuracy 
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x y z l Z~ 1 Sign,l 11.8V Reference 
Z = 2 Signal 90V Reference 
Z = 3 Signal 11.8V Reference 
Z = 4 Signal 26V Reference 
Z = 8 Signal 11.8V Reference 

Y = 1400Hz Reference Frequency 

Y = 4 2.6kHz Reference Frequency 

26V Synchro 
l15V Synchro 

11.8V Resolver 
26V Resolver 
26V Resolver 

x = 4 -550Cto + 125°C Operating Temperature Range 
X = 5 0 to + 70°C Operating Temperature Range 



r.ANALOG 
WDEVICES 

FEATURES 
Low Cost 
32-Pin Hybrid 
High Tracking Rate 170rps at 12 Bits 
Velocity Output 
DC Error Output 
Logic Outputs for Extension Pitch Counter 

APPLICATIONS 
Numerical Control of Machine Tools 
Robotics 

SIN II 

COS" 

Hybrid, Tracking 
Resolver-to-Digital Converters 

lS20/1~O/lS6~lS61 I 
IS20/1S40/1S60/1S61 FUNCTIONAL BLOCK DIAGRAM 

REF 

1-< __ -0 ~~ROR 

DIRECTION 0---_--..., 
~~~~~----_L~ ____ ~ 

1-----...-----0 VELOCITY 

GENERAL DESCRIPTION 

ENABLE M 

ENABLE L 

The IS20/40/60/61 are a series of low cost hybrid converters 
with a high tracking rate and all essential features for numerically 
controlled machine applications. These converters are housed in 
a 32-pin triple DIP ceramic package measuring 1.1" x 1.7" X 0,205" 
(28 x 43.2 x 5.2mm). 

The IS20/40/60/61 convert resolver format input signals into a 
parallel natural binary digital word. Typically, these signals 
would be obtained from a brushless resolver and the resolverl 
converter combination gives a parallel absolute angular output 
word similar to that provided by an absolute encoder. The 
ratibmetric conversion principle of the IS20/40/60/61 series" 
ensures high noise immunity and tolerance of lead length when 
the converter is at" a distance from the resolver. 

The output word is in three-state digital logic form with a high 
and low byte enable input so that the converter can communicate 
with an 8- or 16-bit digital' highway. In this series there are 12-, 
14- and two 16-bit resolution (±4 arc mins and ± 10 arc mins 
accuracy) models available. 

Repeatability is ILSB for all models under constant temperature 
conditions. 

The IS20/40/60/61 are available with three frequency options 
covering the range 400Hz to 10kHz. 

Models Available 
Four models are available in this range and three frequency 
options for each model. 

IS20 is a 12-bit up to 170 revolutions per second 
IS40 is a 14-bit up to 42.5 revolutions per second 
IS60 is a 16-bit up to 10.5 revolutions per second 
IS61 is a 16-bit up to 10.5 revolutions per second 

r----------......-<J iNH!BIT 

}--------_--o BUSY 

DIGITAL ANGLE ,I. 

APPLICATIONS/USER BENEFITS 
The IS20/40/60/61 has been specifically designed for the numer
ically controlled machine and robot industry. Using the type 2 
servo loop tracking principle ideally suits these converters to 
the electrically noisy environment found in these industrial 
applica tions. 

By using hybrid construction techniques, small size, low power III 
and high reliability are further benefits offered by these converters. 
This small size with the three-state digital outputs makes these 
converters ideal for multichannel operation. 

The layout of the connections simplifies the parallel connection 
to a digital highway. 

The provision of the digital outputs of DIRECTION and RIPPLE 
CLOCK allow simple extension counters for multi-pitch operation 
to be implemented. 

Analog outputs of velocity and dc error for control loop stabili
zation and bite (built in test) provide two more features required 
in these applications. 

SYNCHRO & RESOLVER CONVERTERS VOL. /, 13-29 



SPEC I F I CATION S (typical @ + 25OC, unless otherwise specified) 

Models IS20 

RESOLUTION 12 

ACCURACy l :!:8.5 

REPEATABILITy2 

SIGNAL AND REFERENCE FREQUENCy3 4OO-IOk 

DIGITAL OUTPUT 
Max Load 

TRACKING RATE (min) 
400Hz - 2.6kHz 
2.6kHz- 5kHz 
5kHz-10kHz 

SETTLING TIME 
4OOHz-2.6kHz 
2.6kHz-5kHz 
5kHz-10kHz 

ACCELERATION CONSTANT (K.) 
4ooHz-2.6kHz 
2.6kHz - 5kHz 
5kHz-10kHz 

SIGNAL VOLTAGE 

SIGN AL INPUT IMPEDANCE 

REFERENCE VOLTAGE 

REFERENCE INPUT IMPEDANCE 

ALLOWABLE PHASE SHIFT' 
(Signal to Reference) 

BUSY OUTPUT5 

Max Load 

BUSY WIDTH 

ENABLE INPUTS 
Load 

ENABLE AND DISABLE TIMES 

INHIBIT INPUT 

Load 

DIRECTION OUTPUT (DlR)5 

Max Load 

RIPPLE CLOCKS 

Parallel natural binary 
20 

50 
90 
170 

150 
40 
20 

9,500 
144,000 
713,000 

2.0 

>10 

2.0 

125 

:!: 10 

Logic "Hi" when Busy . 
20 

430 

Logic "Lo" to EN ABLE 
I 

120(typ) 
220(max) 

Logic "Lo" to INHIBIT 

I 

Logic "Hi" when counting up 
Logic "Lo" when counting down 
20 

Negative pulse indicating when 
internal counters change from all 
"l's" to 311 "O's" or vice versa. 

MaJlLoad 20 
VELOCITY OUTPUT" (at specified min tracking rate). 

Polarity positive for increasing angle 
OutputVoitage7 :!: 10 
Accuracy :!: 10 
Zero Offset :!: 8 

DC ERROR OUTPUT VOL TAGE6 

POWER SUPPLIES 
+Vs 
-Vs 
+5V 

POWER SUPPLY CONSUMPTION7 

+Vs 
-Vs 
+5V 

POWER DISSIPATION7 

TEMPERATURE RANGE 
Operating 

. Storage 

PACKAGE TYPE8 

WEIGHT 

NOTES 

40 

+ 11.5to + 16 
-11.510 -16 
+4.75 to + 5.25 

20,30(max) 
20,30(max) 
105,125 (max) 

1.1, \:S(max) 

Oto +70 
-5510 + 125 

HY32J 

1(28) 

IS40 

14 

:!: 5.3 

12.5 
22.5 
42.5 

180 
50 
25 

10 

IS60 IS61 

16 16 

:!:4.0 :!:1O 

3.0 3.0 
5.5 5.5 
10.5 10.5 

350 350 
130 130 
60 60 

2.5 2.5 

Units 

Bits 

arc-mins 

LSB 

Hz 

LSTTL 

rps 
rps 
rps 

ms 
ms 
ms 

Vrms 

MO 

Vrms 

kO 

Degrees 

LSTTL 

ns 

LSTTL 

ns 
ns 

LSTTL 

LSTTL 

LSTTL 

Vdc 
%FSD 
mV 

mV/LSB 

V 
V 
V 

rnA 
rnA 
rnA 

W 

°C 
°C 

oz. (grms) 

'Specified over the operating temperature range and for: 
a). ± 10% signal and reference amplitude variation. 
b). 10'% signal and reference hannonic distortion. 

"For no additional error with a static input, sec "Dynamic Accuracy vs. Resolver Phase Shift", 
5Sec timing diagram. 

c). ± 10% on frequency range of option. 
2Specified at constant temperature. Over the operating temperature range, 
worst case repeatabiliry could be up to 1.5 Arc Mins for all models. 

lSee frequency range options. 

t.-rhcse outpms should be connected via buffers or comparator inputs lmax load tOOpF). 
7±VS == ±15volts. 
·See Section 19 for package outline infonnation. 

*Spt~cifications same as I S20. 
Specifications subject to change without notice. 
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FUNCTIONAL DIAGRAM 
REF 

SIN II 

COS II 

BIT WEIGHT TABLE 

Bit Number Weight in Degrees 

1 (MSB) 
2 
3 
4 
5 
6 
7 
8 
9 

180.0000 
90.0000 
45.0000 
22.5000 
11.2500 

DIRECTION O---------l 

RIPPLE 0---_------1 1----...... ---<> VELOCITY 10 
11 
12 
13 
14 
15 
16 

5.6250 
2.8125 
1.4063 
0.7031 
0.3516 
0.1758 
0.0879 
0.0440 
0.0220 
0.0110 
0.0055 

CLOCK 

I-----------~ iNH!BIT 

I---------__ ~ BUSY 

ENABLE M 

ENABLE L 

DIGITAL ANGLE d. 

THEORY OF OPERATION 
The sine and cosine signals are applied to the signal input. 

V 1 = K Eo Sin wt Sin 0 
V 2 = K Eo Sin wt Cos 0 

Where 0 is the angle of the resolver shaft or the distance through 
a particular pitch of the Inductosyn TM. 

To understand the conversion process, then assume that the 
currenuyord state of the up-down counter is 4>. 

V 1 is multiplied by Cos 4> and V 2 is multiplied by Sin 4> to give: 

K Eo Sin wt Sin 0 Cos 4> 
and K Eo Sin wt Cos 0 Sin 4> 

These signals are subtracted by the error amplifier to give: 

K'Eo Sin wt (Sin 0 Cos 4> - Cos 0 Sin 4» 
or K'Eo Sin wt Sin (0 - 4» 

A phase sensitive detector, integrator and Voltage Controlled 
Oscillator (VCO) form a closed loop system which seeks to null 
Sin (8 - 4». 
When this is accomplished, the word state of the up-down counter 
(4)), equals, within the rated accuracy of the converter, the 
resolver shaft angle o. 
OPERATION OF THE CONVERTER 
The IS20/40/60/61 are tracking converters, this means that the 
output automatically follows the input for speeds up to the 
maximum tracking rate for the frequency option specified. No 
convert command is necessary as the conversion is initiated by 
each LSB increment of the input. Each LSB increment of the 
converter i~itiates a BUSY pUlse. 

As the digital output of the converter passes through the major 
carry; i.e., all "1's" to all "O's" or the converse, a RIPPLE 
CLOCK (RC) logic output is initiated indicating that a revolution 
or a pitch of the input has been completed. 

The direction of input rotation is indicated by the DIRECTION 
(DIR) logic output. This direction data is always valid in advance 
of a RIPPLE CLOCK pulse. 

The INHIBIT logic input only inhibits the data transfer from 
the up-down counter to the output latches and therefore does 
not interrupt the operation of the tracking loop. Releasing the 
INHIBIT automatically generates a BUSY pulse to refresh the 
output data. 

Two ENABLE inputs are provided, ENABLE M for the Most 
Significant 8 bits and ENABLE L for the Least Significant 
remainder. The operation of these enables has no effect on the 
conversion process. 

The tracking conversion technique produces an internal signal 
at the input to the VCO that is proportional to the rate of the 
input angle. This is a bipolar dc analog signal that is made 
available at the VELOCITY (VEL) pin. As this is an internal 
control signal it is not closely characterized. 

The signal at the output of the phase sensitive detector is the 
input to the internal nulling loop and hence is proportional to 
the error between the input angle and the output digital angle. 
As the converter is a type 2 servo loop, this DC ERROR signal 
will increase if the output angle fails to track the input for any 
reason, it is therefore an indication that the input has exceeded 
the maximum tracking rate of the converter or due to some 
internal malfunction, the converter is unable to reach a null. By 
the use of two external comparators this voltage can be used as 
a "built in test". 

NOTE: The DC ERROR voltage has no internal filtering. 

™lnductosyn is a registered trademark of Farrand Industries, Inc. 

II 
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TO OTHER 
RDCs 

L 61'F 

(IF REQUIRED) .-,l--..... ----+-+-<_-~ 

NOTES: 

100nF 

DATA { 
TRANSFER 

OUTPUT 
ANGLE 

1. GND AND AGND ARE INTERNALLY CONNECTED. 
2. THE 100nF CAPACITORS ARE CERAMIC TYPE. 
3. THE 61'F CAPACITORS ARE TANTALUM TYPE. 

DC ERROR 

VELOCITY 

-V. ,. 

+V. 

+5V 

GND 

ENAillM 
ENABITL 
1 (MSB) 

COS 

SIN 

AGND 

REF 

DIRECTION 
RIPPLE 
CLOCK 

BUSY 

INHIBIT 

16 

15 

14 

13 

12 

11 

10 

9 • 

} 
PITCH 
COUNTER 

} 
DATA 
TRANSFER 

OUTPUT 
ANGLE 

RESOLVER 

2V,ms 
REFERENCE 

Figure 1. Electrical Connections 

DC ER COS 

VEL SIN 

-V. AGND 

+V. REF 

+5V DIR 

GND RC 

L-__________________ ...... ~ ... } REFERENCE 
ENM BUSY 

ENL iNti 
1 (MSB) 16 L-___ .-_________ .-_______________________ * 

15 

14 

13 
~r_r_-------._~-----------+_* 

12 

11 

10 

9 • 
*TO FURTHER 
STAGES IF 

LS169A REQUIRED 

CLEAR 

PITCH COUNT DATA 

Figure 2. Connections for Use with Industosynl"LS" External Counters 

. CONNECTING THE CONVERTER 
The electrical connection of the converter is straight-forward. 
The power supply voltages connected to +'V sand - V spins 
can be ± 12V to ± ISV but must not be reversed. The + SV 
supply connects to the + SV pin and should not be allowed to 
become negative with respect to the GND pin. 

It is suggested that decoupling capacitors of lOOnF are connected 
in parallel between the power lines (+ Vs, - Vs and + SV) and 
GND adjacent to the converter. 
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When more than one converter is used on a card, then separate 
decoupling capacitors should be used for each converter (refer 
to Figure I). 

The converter has some HIF decoupling provided internally, as 
well as input protection on the signal and reference inputs. 

The resolver connections are made to the sine and cosine inputs, 
reference and analog ground as shown in the electrical connection 
diagram (Figure I). 



·.----1 --,---______ ----'--_-----11 
min = 936ns (a 170RPS' 

500n5 max max DEPENDS ON LOGIC 

I· 370n5 min INPUT RATE ·1 STATE 

BUSY -.J I NOTE' C-_-_~~:: 
365n5 max 

I ~7~~s~1 min 

DATA VALID ~ VALID ~ VALID 

--l ~ !~~~st~ax 
RIPPLE 
CLOCK J 

----HI 

,--_N_O_TE_' ____ ' _____________ LO 

r--+ ~~~n~~in .., r-
75ns SOns 

DIRECTION VALID IXXXX) 
NOTES: 
,. DUE TO SAME UP-DATE 
2. 'S20-560 

min min 

VALID 

Figure 3. Timing Diagram 

.---------------------.-~CLEAR 

5k 

DIRECTION ___ -+-. 

5k 

v 
PITCH COUNT DATA 

Figure 4. CMOS External Counter 

DATA TRANSFER 
The readiness of the converter for data transfer is given by the 
state of the BUSY output. Th~ signal appearing on the BUSY 
output pin is a series of pulses of TTL levels when the angular 
input of the converter is changing. A BUSY pulse is initiated 
each time the input moves by an LSB and the internal counter 
is incremented or decremented. With the INHIBIT input pin in 
the "Hi" TTL state, data will be transferred automatically to 
the output latches. 

The ENABLE input pin determines the state of the output 
data. A TTL logic "Hi" maintains the output data pins in a 
high impedance condition, the application of a logic "Lo" presents 
the data in the latches to the output pins. 

From the above it can be seen that there are two methods available 
for transferring data. 

. One method is to transfer data when the BUSY is in a "Lo" 

state or clock the data out on the trailing edge of the BUSY 
pUlse. Both the INHIBIT and the ENABLES must be in their 
correct state of "Hi" and "La's" respectively. 

The alternative method is to use the INHIBIT input. Data will 
always be valid one microsecond after the application of a logic 
"Lo" to the INHIBIT. This is regardless of the time when the· 
INHIBIT is applied. 

In order to count input revolutions or pitches, an external extension 
counter is required. A circuit performing this function is shown 
in Figure 2. 

The DIRECTION (DIR) and RIPPLE CLOCK (RC) logic 
outputs should always be used in the manner shown in the 
application circuit. We recommend the circuit in Figure 2 to be 
used as the circuit in Figure 4 uses CMOS and great care must 
be taken to keep the stray capacitances low because of the high 
tracking rate of the converter. . 
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DYNAMIC PERFORMANCE 
The transfer function of the converter,is given below . 

Open loop gain: 

eOUT K. 1 + ST\ 
e;- = Si· I + ST 2 

Closed loop gain: 

eOUT = 1 + ST\ 

elN 

IS20/1S40/1S60/1S61 (typical values) 

~ Constant 

Ka 

T\ 

T2 

Gain Plot 

Phase Plot 

~ 

-'2 

5 

'" 
-'3 5 

-'10 
'0 

510 550 

9,500 144,000 

l7Ams 4.1ms 

2.6ms 0.6ms 

FigureS Figure 7 

Figure 6 Figure 8 

"-\ 
\ 

\ 
\ 

FREQUENCY - Hz 

Figure 5 

'" , r---.... 
....... 1'"--

FREQUENCY - Hz 

Figure 6 

............ --o80UT 

560 

713,000 

1.85ms 

0.25ms 

Figure 9 

Figure 10 
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ACCELERATION ERROR 
A tracking converter like the IS20 employing a type 2 servo 
loop does not suffer any velocity lag, however, there is lin additional 
error due to acceleration. This additional error can be defined 
using the acceleration constant Ka of the converter. 

K = Input acceleration 
a Error in output angle 

The numerator and denominator have the same units. Ka does 
not define maximum acceleration only the error due to acceleration, 
maximum acceleration is in the region of 10 times the Ka figure 
(deg/sec2). 

. An example using the Ka of the IS60/560 

Acceleration of 33 revolutions sec-2 with Ka = 713,000 

Additional error = 1 arc-min 

DYNAMIC ACCURACY VS. RESOLVER PHASE SHIFT 
Most resolvers, particularly those of the brushless type, exhibit 
a phase shift between the signal and the reference. This phase 
shift will give rise under dynamic conditions to an additional 
error defmed by: 

Shaft Speed (RPS) x Phase Shift (DEGS) 
Reference Frequency 

For example, for a phase shift of 20°, a shaft rotation of 22rps 
and a reference frequency of 5kHz, the converter will exhibit, an 
additional error of: 

20 x 22 = 0 0880 
5000 . 

This effect can be eliminated by putting a phase shift in the 
reference to the converter equivalent to the phase shift in the 
resolver. 

PROCESSING FOR HIGH RELIABILITY 

STANDARD PROCESSING 
As part of the standard manufacturing procedure, all converters 
receive the following processing: 

Process 

I. Pre-Cap Visual Inspection 
2. Burn-In 
3. Constant Acceleration 
4. Gross Leak Test 
5. Final Electrical Test 

Condition 

In-House Criteria 
70°C 
5000G 
In-House Criteria 
Performed at 25°C 

MEAN TIME BETWEEN FAILURES (MTBF) 
The reliability of these products is very high due to the extensive 
use of custom chip circuitry. For details of MTBF figures under 
particular conditions please consult the factory. 

The graph below shows the typical variation of MTBF with 
temperature for the IS20, under ground benign environment. 

~ 
'" "" ~~ 

~ 
........... 

............... 

I----

ABSOLUTE MAXIMUM INPUTS (with respect to GND) 

+VSl 
_VSl .. 
+5V2 

•• 

Reference 
Sine ... 
Cosine .. 
Any Logical Input 

CAUTION: 

OV to + 17V dc 
OV to -17V dc 

OV to +7.OV dc 
± 17V dc 
± 17V dc 
± 17V dc 

-OAV to +5.5V dc 

I. Correct polarity voltages must be maintained on the + V s 
and - V spins. 

2. The + 5 volt power supply must never go below GND 
potential. 

PIN CONFIGURATION 

DC ER COS 

VEL SIN 

-V. AGND 

+V. REF 

+5V DIR 

GND TOP VIEW RC 

ENM BUSY 

ENL INH 

IMSBll 16 

15 

14 

13 

12 

11 

10 
PIN 1 IDENTIFICATION_e 
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IRDCI732-
IPA1751-
OSC1754-
OSC1758-
IPA1764-
MC11794-

T 

OTHER PRODUCTS 

Inductosyn T~lResolver to Digital Converter (Hybrid) . 
Inductos~n ™ Pre-Amplifier 
Power Oscillator 
Power Oscillator (Hybrid) 
Inductosyn ™ Pre-Amplifier (Hybrid) 
3 Channel Inductosyn ™IResolver 
to Digital Converter (Multibu~ Compatible Card) 

™Inductosyn is a registered trademark of Farrand Industries, Inc. 

ORDERING INFORMATION 

5YO 

~ 1 = 400Hz - 2.6kHz 
5 = 2.6kHz - 5kHz 
6 = 5kHz - 10kHz 

IS20 - 12 Bit 
IS40 - 14 Bit 
IS60 - 16 Bit 
lS61 - 16 Bit 
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Sample/Track-Hold Amplifiers 

Selection Guide 

General Information 

Definition of Specifications 

AD346J/S High-Speed Sample-and-Hold Amplifier 

-AD389K/B High Resolution Track-and-Hold Amplifier 

AD582K/S Monolithic IC Sample-Hold Amplifier, Low Cost 

AD583K Monolithic IC Sample-Hold Amplifier, High Speed 

-AD585 Fast, Monolithic Sample-Hold Amplifier 

ADSHC-85 Fast 0.01 % Track/Sample-Hold Amplifiers 

HTC-0300/A/M Ultra High Speed Hybrid Track-and-Hold Amplifier 

HTC-0500AM/SM High Speed Hybrid Track-and-Hold Amplifier 

HTS-0010K/S Ultra High Speed Hybrid Track-and-Hold Amplifier 

HTS-0025/M Ultra High Speed Hybrid Track-and-Hold Amplifier 

eNew product since publication of 1982-1983 Databook Update. 
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Selection Guide 
Sample/Track-Hold Amplifiers 
General Purpose 

LOGIC LOGIC 
NC NC IN + IN - +Vs -IN 

+IN NC NULL NULL -Vs CH 

V-

OUT 

SAMPLE/HOLD 
CONTROL 

GND 

N.C. 

CAP. 

N.C. 

V+ 

CASE 

VOL. I, 14-2 SAMPLEITRACK-HOLD AMPLIFIERS 

AD,582 
Suitable for 12-BIt Applications 
High Sample/Hold Current Ratio: 10' 
Low Acquisition Time: 6p.s to 0_1% 
Low Charge Transfer: <2pC 
High Input Impedance in Sample and Hold Modes 
Connect In Any Op Amp Configuration 
Differential Logic Inputs 

AD583 
High Sample-to-Hold Current Ratio: 10' 
High Slew Rate: 5Vp.s 
High Bandwidth: 2MHz 
Low Aperture Time: SOns 
Low Charge Transfer: 10pC 
DTLITTL Compatible 
May Be Used as Gated Op Amp 

Page 
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High Speed 

TIL 
LOGIC REF 

HOLD REF OUT +Vs RON RfB VOUT 

-VON + VON NULL -Vs NULL GND 

AD346 
Fast 2.0 .... s Acquisition Time to ± 0.01% 
Low Droop Rate: 0.5mV/ms 
Low Offset 
Low Glitch: <40mV 

~~~~8~ Aperture Jitter: 400ps 

ANALOG 
GND 

Extended Temperature Range: -55°C to +125°C 
Internal Hold Capacitor 

AD585 
Fast 2.5 .... s Acquisition Time to ± 0.01% 
Low Droop Rate: 0.5mV/ms 
Low Offset: 1mV 
Sample/Hold Offset Step: 1mV 
Aperture Jitter: 0.5ns 
Extended Temperature Range: -55°C to + 125°C 
Internal Hold Capacitor 

APPLICATIONS 
Data Acquisition Systems 
Data Distribution Systems 
Analog Delay & Storage 
Peak Amplitude Measurements 

Page 
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Selection Guide 
Sa01ple/Track-Hold Amplifiers 
High Speed 

ANALOG 
INPUT 

£ kTO---' 
5k I 

r , I 
I OFFSET I I 
I ADJ.UST I 

HTC-0500 

3k 

EXTERNAL 
STRAP BY 

USER 

GAIN\ 

A~JUST] 

OUTPUT 

9 +15V ---~, 

12 } -----: : 
OFFSET ~ 
ADJUST 

2k TO 
11 -----' 5k 

ANALOG 
IN 

-15V MODE ANALOG EXT. OUTPUT 
CONTROL COMMON C 

N/C = NO CONNECTION 
INTERNALLY 

I I 
L __ - ?r-- - .J 
OPT~NALEXTERNALC 

VOL. I, 1~ SAMPLEffRACK-HOLD AMPLIFIERS 

HTC-0500 
700ns Acquisition Time 
<750mW Power Dissipation 
14-Pin DIP 
0.01% Linearity 

APPLICATIONS 
Data Acquisition Systems 
Data Distribution Systems 
Analog Delay and Storage 
Peak Amplitude Measurements 

ADSHC-85 
Improved SHC-a5 Replacement 
500ns Sample-to-Hold Transient 
50J,t V rms Noise 
Low Droop Rate of 0.2mV/ms 

Page 
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Very High Speed 

+15V de -15V de POWER 
GROUND 

ANALOG 
OUTPUT 
GROUND 

ADSHM-5 
2nd Source-Replaces All SHM-5 Series 
Fast 3S0ns Acquisition Time to ±O.01% 
Aperture Uncertainty 2S0ps 
ADSHM-SK 
Ultra Fast 2S0ns Acquisition Time to ±O.01% 

100ns Acquisition Time to ±O.1% 
Wide 12MHz Bandwidth 
300VJLs Slew Rate 
Super Low 2nA Input Bias Current 

HTS-0010 
Aperture Jitter of Sps 
Acquisition Time 10ns 
Output Current ± 40mA 
Slew Rate 300V/JLs 
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ANALOG 
OUTPUT 

HTS-0025 
Aperture Time to 20ps 
Acquisition Time to 20ns 
Linearity 0.01% 
101°0 Input Z (HTS·002S) 
± SOmA Output Current 

HTC-0300 
Aperture Jitter of 100ps 
Input Range ± 10V 
Output Current ± SOmA 
Max Droop Rate 5JLV/JLs 
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High Resolution 

-15V 

+INPUT 

-INPUT 

ANALOG 
GROUND +15V 

HOLD CAPACITOR 

COMNOT~~L o-t--------' 
DIGITAL 
GROUND 

AD389 
Companion to High Resolution AID Converters 
Fast Acquisition Time: 2.5J1.s to ± 0.003% 
Low Droop Rate: 0.1J1.V/J1.s 
Aperture Jitter: 400ps 
Internal Hold Capacitor 
Unity Gain Inverter 
Low Power Dissipation: 300mW 

SHA1144 
High Resolution 14-Bit Sample-and-Hold Amplifier 
±10V Range 
SOns Aperture Delay 
0.5ns Aperture Jitter 
Acquisition Time: 6J1.s to ± 0.003% 
6J1.s Settling Time 
0.001% Max Gain Linearity Error 
Complete with Input Buffer: No External 

Components Required to Meet Rated Performance 
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Orientation 
Sample/Track-Hold Amplifiers 
The principal application for sample/track-hold amplifiers is to 
maintain an analog-to-digital converter's input constant during 
conversion, at a value representing the analog input as of a cer
tain precisely known time. The characteristics of the SHA are 
crucial to system accuracy and the reliability of the digital 
data, especially in 12-bit and/or high-throughput-rate 
applications. 

A sample/track-hold amplifier (s/h or SHA), as its name indi
cates, has two modes of operation, programmed by a digital 
control-input. In the track- or sample-mode, the output 
follows the input, usually with a gain of +1. When the mode
input switches to hold, the output of the SHA ideally retains 
the last value it had when the command to hold was given, 
and it retains that value until the logic input dictates track 
(sample), at which time the output ideally jumps to the input 
value and follows the input until the next hold command is 
given. 

Analog Devices track-holds and sample-holds are functionally 
identical; they are designed to acquire input signals for either 
immediate hold or for a possibly extended period of tracking. 
They should not be confused with ac devices termed "sample
hold" that can only obtain quick samples and cannot track the 
input continuously_ 

SHA CIRCUITRY AND HARDWARE 
A sample-hold amplifier usually consists of a storage capacitor, 
input- and output buffer-amplifiers, and a switch and its drive
circuitry. During sample, the circuit is connected to promote 
rapid charging of the capacitor. During hold, the capacitor is 
disconnected from its charging source and-ideally- retains 
its charge. The figure below shows a typical feedback con
figuration (AD583): the input buffer is a high-gain differ
ential amplifier with a current output that charges the capaci
tor through the logic-controlled switch. The capacitor is . 
unloaded by a unity-gain buffer-follower. The output is fed 
back to the negative input (as in an op-amp follower con
figuration), and thus, in sample, the charge on the capacitor 
is compelled to follow the input. In hold, the input amplifier 
no longer drives the capacitor; it retains its charge, unloaded 
by the output follower. In another popular configuration, the 
capacitor is used as the feedback element of an inside-the-Ioop 
integrator (AD582, AD585, SHA1l44, HTC-0300). The 
highest-speed devices (HTS-0025) usually run open loop. 

HIGH GAIN 

,~~1Ti+o~, 
~I

MODE CONTROL 

VOL. 1,14-8 SAMPLEITRACK-HOLD AMPLIFIERS 

Since drive current is finite, and leakage current in hold is not 
zero, the capacitance-if large-limits the slewing rate in sam-' 
pie and-if small-converts leakage current to "droop" in 
hold. In s/h hybrids, the capacitance is usually fixed, and the 
properties of the complete device are optimized for one con
dition- and so specified. In s/h monolithic ICs, the capacitor 
is omitted, and furnished by the user (both for flexibility and 
because good capacitors for this purpose are hard to integrate). 
The optimum capacitance can be selected for th.e specific appli
cation. Design curves of performance vs. capacitance, given on 
the IC data sheets (AD582 and AD583) facilitate this process. 
In some types, the gain connections are external, like those of 
an op amp (AD582, AD583, SHA1l44), permitting gains 
other than + 1. 

.PERFORMANCE 
In the sample mode, it is useful to consider that a SHA's per
formance can be characterized by specifications similar to 

. those of a closed-loop operational amplifier (offset, drift, 
nonlinearity, gain error, bias current, etc.), but with somewhat 
slower response (gain-bandwidth, slewing rate, settling time) 
because of the need to charge the storage capacitor. 

However, during the sample-to-hold, hold, and hold-to-sample 
states, the dynamic nature of the mode-switching introduces a 
number of specifications that are peculiar to SHAs. The most
important of these are defined below and illustrated in the 
adjoining figure. They include the aperture time and its uncer
tainty, the sample-to-hold step, feedthrough and droop (in 
hold), and acquisition time. 

HOLD/SAMPLE DELAY 

HOLD 

1 
LOGIC INPUT SAMPLE 

DEFINITIONS 
Acquisition Time is the time required by the output of the 
device to reach its final value, within a specified error band, 
after the sample command has been given. Included iue 
switch-delay time, the slewing interval, and settling time for 
a specified output-voltage change. 



Aperture (Delay) Time is the time required after the bold com
mand for the switch to open fully. The sample is, in effect, 
delayed by this interval, and the bold command would have to 
be advanced by this amount for precise timing. 

Aperture Uncertainty-or Aperture (Delay) Jitter-is the range 
of variation in the aperture time. If the aperture time is "tuned 
out" by advancing the bold command a suitable amount, this 
spec establishes the ultimate timing error, hence, the max
imum sampling frequency to a given resolution. 

Charge Transfer (or offset step), the principal component of 
sample-to-hold offset (or pedestal), is the charge transferred 
to the storage capacitor via stray capacitance when switching 
to the hold mode. It can sometimes be reduced by lightly 
coupling an appropriate-polarity version of the hold signal to 
the capacitor for cancellation. The associated voltage error 
(bQ/C) can be reduced by using greater capacitance for storage; 
but this increases response time. ' 

Droop is the change of the output voltage during bold as a 
result of leakage or bias currents flowing through the storage 
capacitor. Its polarity depends on the sources of leakage 
current within a given device. In ICs, it is specified as a (droop 
or drift) current, in modules, a dV/dt. (Note: I=:: CdV/dt.) 

Feedthrough is the fraction of the input signal variation or ac 
input waveform that appears at the output in bold. It is caused 
by stray capacitive coupling from the input to the storage ca
pacitor, principally across the open switch. 

Sample-to-Hold Offset, a shift in level between the last value in 
sample and the value settled-to in bold, is the residual step er
ror after the charge transfer is accounted for and/or cancelled. 
Since it is unpredictable in magnitude and may be a function 
of the signal, it is also known as offset nonlinearity. 
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~ANALOG 
WDEVICES 

FEATURES 
Fast 2.0Jl.s Acquisition Time to ± 0.01% 
Low Droop Rate: 0.5mV/ms 
Low Offset 
Low Glitch: <40mV 
Aperture Jitter: 400ps 
Extended Temperature Range: -55°C to + 125°C 
Internal Hold Capacitor 

PRODUCT DESCRIPTION 
The AD346 is a high speed (2f.Ls to 0.01%), adjustment free 
sample-and-hold amplifier designed for high throughput rate 

, data acquisition applications. The fast acquisition time (2J.Ls to 
0.01%) and low aperture jitter (400ps) make it suitable for use 
with fast AID converters to digitize signals up to 97kHz. 

The AD346 is complete with an internal hold capacitor and it 
incorporates a compensation network which minimizes the sample 
to hold charge offset. The AD346 is also laser trimmed to eliminate 
the need for external trimming potentiometers. 

Typical applications for the AD346 include sampled data sy,stems, 
D/A deglitchers, peak hold functions, strobed measurement 
systems and simultaneous sampling converter systems. 

The device is available in two versions: the "J" specified for 
operation over the 0 to + 70°C commercial temperature range 
and the "S" specified over the extended temperature range, 
- 55°C to + 125°C. 

ORDERING GUIDE 

Model 

AD346JD 
AD346SD 

NOTE 

Temperature 
Range 

Oto + 70°C 
- 55°C to + 125°C 

ISee Section 19 for package outline information. 

Package 
Outline l 

HY14C 
HY14C 

High Speed 
Sample~and-Hold Amplifier 

AD346 I 
AD346 FUNCTIONAL BLOCK DIAGRAM 

SUMMING PT 

PRODUCT HIGHLIGHTS 

ANALOG 
OUTPUT 

ANALOG 
GND 

1. The AD346 is an improved second source for other sample 
and holds of the same pin configuration. 

2. The AD346 provides separate analog and digital grounds, 
thus improving the device's immunity to ground and switching 
transients. 

3. The droop rate is only O.SmV/ms so that it may be used in 
slower high accuracy systems without the loss of accuracy. 

4. The fast acquisition time and low aperture make it suitable 
for very high speed data acquisition systems. 

PIN CONFIGURATION 

DIGITAL INPUT 

PIN OUT 

-15V 

ANALOG INPUT 

SUMMING PT 

+15V 

N/C 
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I.' 

'S P E' elF I CAT ION S . (~piCal @ ~ 25°C, Vs = ± 15V unless otherwise ~oted) 
Model AD346JD AD346SD Units 

ANALOG INPUT 
Voltage Range ± 10.0 * Volts 
Input ~mpedance 3.0 * kO 

DIGITAL INPUT 
"0" Input Threshold Voltage (Hold) +0.8max * Volts 
"1" Input Threshold Voltage (Sample) 2.0min * Volts 
"0" Input Current 50.0 * !-LA 
"I" Input Current 1.0 * !-LA 

TRANSFER CHARACTERISTICS 
Gain -1.0 * VN 
GilinError ±0.02max(±0.OI typ) * %FSR 
Gain Error, T min - T max ±O.OS max(±0.03typ) * %FSR 
Offset Voltage ± 3 max(± 1 typ) * mV 
Offset Voltage, T min - T max ± 20 max (± 6 typ) * mV 
Pedestal ± 4 max ( ± 2 typ) * mV 
Pedestal, T min - T max ±20max(± 8typ) ±20max(± IOtyp) mV 
Droop Rate O.Smax(O.1 typ) * mV/ms 
Droop Rate, T min- T max 60 max (20 typ) 700 max (200 typ) mV/ms 

DYNAMIC CHARACTER~STICS 
Full Power Bandwidth 

VOUT = + IOV, -3dB 1.4 * MHz 
Output Slew Rate SO * V/!-LS 
Acquisition Time 

To ±O.OI% IOVStep 2.0 max (1.0 typ) * !-LS 
To ± 0.01% 20V Step 2:5 max (1.6 typ) * !-LS 

Aperture Delay 60 max (30 typ) * ns 
Aperture Jitter 0.4 * ns 
S'ettling Time 

Sample Mode (1 OV Step) 2.0max(1.0typ) * !-LS 
Sample to Hold 500 * ns 

Feedthrough (Hold Mode) 
-at 1kHz 0.02 max (0.005 typ) * %FSR 

Transient Peak Amplitude 
('" 

Sample/Hold/Sample 40 * mV >, 

ANALOG OUTPUT 
Output Voltage Swing) ± 10.0 min * Volts 
Output Current 3.0 * rnA 

POWER REQUIREMENTS 
Operating Voltage Range ± 12to ± 18 * Volts 
Supply Current 

+V 18 max (9 typ) * rnA 
-V -lOmax( - 3 typ) * rnA 

- Power Supply Rejection Ratio 100 * !-LVN 
Power Consumption 500 max (200 typ) * mW 

NOTES 
I Maximum output swing is 4V less than + V S. SUMMINGPT 

*Specifications same as AD346JD. 

Specifications subject to change without notice. 

+v. 

Figure 1. Functional Block Diagram 
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Figure 2. Acquisition Time vs. Output Voltage 
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Figure 3. Acquisition Time vs. Temperature 

TERMINOLOGY 
Aperture Time is the time required after the "hold" command 
until the switch is fully open and produces a delay in the effective 
sampling timing. 

Aperture Jitter is the uncertainty in Aperture Time. If the Aperture 
Time is "tuned out" by advancing the sample-to-hold command 
with respect to the input signal, the Aperture Jitter now determines 
the maximum sampling frequency. 

Acquisition Time is the time required by the device to reach its 
final value within a given error band after the sample command 
has been given. This includes switch delay time, slewing time 
and settling time for a given output voltage change. 

Droop is the change in the output voltage from the "held" value 
as a result of device leakage. 

Feedthrough is that component of the output which follows the 
input signal after the switch is open. As a percentage of the 
input, feed through is determined as the ratio of the feed through 
capacitance to the hold capacitance (CF/CH ). 

Pedestal during hold is a sample-to-hold offset. This is an offset 

, +5r-----r------.------r----------.------~----_, 

S/H 
OFFSET 
INMV 

VI 
::!i 
:> 
:!! 
~ 
0.. 
0 
0 a: 
Q 

-55 

450 

405 

360 

315 

270 

225 

180 

135 

90 

45 

o 
-55 

-25 +25 +70 +125 

TEMPERATURE -'C 

Figure 4. SIH Offset Drift (Typical) 

j 

I 
I 

I 
/ 

L 
/ 

V 
-25 +25 +70 +125 

TEMPERATURE -'C 

Figure 5. Droop vs. Temperature (± 5 Volts) 

HOLD/SAMP,LE DELAY 

~~ ___________ H_O_L_D __________ ~ 

LOGIC INPUT 

Figure 6. -Pictorial Showing Various SIH Characteristics 

that occurs from such phenomena as charge dumps when switches 
are opened, coupling of the logic signal transients. 

Transients are the spikes or glitches that occur on the output at 
the start and end of hold time. 
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GROUNDING 
Many data-acquisition components have two or more ground 
pins which are not connected together. within the device. These 
"grounds." are usually referred to as the Logic Power Return,. 
Analog Common (Analog Power Return), and Analog Signal 
Ground. These grounds must be tied togethe~ at one point, 
usually at the system power-supply ground. Ideally, a single 
solid ground would be desirable. However, since current flows 
through the ground wires and etch stripes of the circuit cards, 
and since these paths have resistance and inductance, hundreds 
of millivolts can be generated between the system ground point 
and the ground pins of the AD346. Separate ground returns 
should be provided to·minimize the current flow in the path 
from sensitive points to the system ground point. In this way 
supply currents and logic-gate return currents are not summed 
into the same return path as analog signals where they would 
cause measurement errors. 

'IF INDEPENDENT. OTHERWISE 
RETURN AMPLIFIER REFERENCE 
TO MECCA AT ANALOG P.S. COMMON 

Figure 7. Basic Grounding Practice 

SAMPLED DATA SYSTEMS 

DIGITAL 
DATA 
OUTPUT 

The fast acquisition time of the AD346 when used with a high 
speed AID converter allows accurate digitization of high frequency 
signals and high throughput rates in multichannel data acqusition 
systems. The AD346 can be used with a number of different 
AID converters to achieve high throughput rates. Figures 8, 9 
and 10 show the use of an AD346 with the AD578, AD5240 
and AD ADC85. 

---.----------~--------------------~~--+15V 
--~--~------~--~~----------~~--~---15V 

ANALOG 
INPUT 

o TO 10V 

CONVERT 
START 

r---~--;_--;_--+5V 

11 14 

13 . AD346 61------------......,. 30 t~~ 

AD578K 

~--------------~15 

STATUS 

Figure 8. 153kHz-12-Bit, AID Conversion System 
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---.----------~--------------------~~--+15V 
--~--~--__ --~--~~----------~~~~---15V 

ANALOG 
INPUT 

OTO 10V 

CONVERT 
START 

r---...... --+---+--+5V· 

11 

13 AD346 6~----------"""",!.26 

AD5240 

~--------------~15 

20 21 
STATUS 

Figure 9. 142.8kHz-12-Bit, AID Conversion System 

---.----------~--------------------~~--+15V 
--~--...... ------_r--~._----------~~~~---15V 

ANALOG 
INPUT 

. OTO 10V 

CONVERT 
START 

r--...... -;_-;_--+5V 

11 

13 AD346 6 r-----------~:lllt26 

~--------------~15 

STATUS 

BITS 
1-12 

AD ADC85 

20 21 

Figure 10. 83.3kHz-12-Bit, AID Conversion System 

In sampled data systems there are two limiting factors in digitizing 
high frequency signals. The first limitation is the bandwidth 
and aperture uncertainty of the sample-and-hold amplifier. The 
second limitation is the maximum update rate for the SH.A and 
AID converter combination. For high throughput rate data 
acquisition systems all factors must be understood. 

The aperture time is the time required for the sample and hold 
amplifier to switch from sample to hold. Since this is a constant 
it can be tuned out by advancing the sample-to-hold command 
by 60ns with respect to the input signal and, therefore, can be 
eliminated as an error source. Once the aperture time has been 
eliminated the aperture jitter which is the variation aperture 
time from sample-to-sample, remains. The aperture jitter is a 
true error source and must be considered. The aperture jitter is 
a result of noise within the switching network which modulates 
the phase of the hold command and is manifested in the variations 
in the value of the analog input that has been held. The aperture 
error which results from this jitter is directly related to the dVI 
dt of the analog input. 



The error due to aperture jitter is easily calculated as shown 
below. The error calculation takes into account the desired 
accuracy corresponding to the resolution of the AID converter. 

F = (Full Scale Voltage) (2-N ) 

max (2) (Full Scale Voltage) 'IT (Aperture Jitter) 

For an application with a 1O-bit AID converter with a 10V full 
scale: 

Fmax 
(10) 2-10 

(2) (10) 'IT (4 x 10-10 sec) 

388.6kHz. 

For an application with a 12-bit AID converter with a 10V full 
scale: 

(10) 2-12 

Fmax = 2 (10) 'IT (4 x 10-10 sec) 

Fmax = 97.1kHz. 

The maximum throughput rate is the sum of the sample-and-hold 
acquisition time, settling time and the AID conversion time as 
shown in Figure 11. 

~ n CONVERT --==:J --... C ________ ---' '-____ _ 
START ~ T CON V ~ 

STATUS ___ ---' 

STATUS CONNECTED TO SAMPLE AND HOLD MODE CONTROL 

Figure 11. Start/Status Timing for Sampled Data System 

MULTICHANNEL CONVERSION 
In multichannel conversion systems, elements of the acquisition 
chain may be shared by two or more input sources. This sharing 
may occur in a number of ways, depending on the desired prop
erties of the multiplexed system. 

The data acquisition system shown in Figure 12 is one solution 
to digitizing data from many analog channels. For most efficient 

Figure 12. Data Acquisition System 

The maximum input frequency is constrained by the Nyquist 
sampling theorem to be half of the maximum throughput rate. 
Input frequencies higher than half the maximum throughput 
rate result in "under sampling" or aliasing errors of the input 
signal. In the following table the maximum input frequency is 
reported as half of the throughput rate, what has been assumed 
is that an ideal brickwall filter has been placed in the signal 
path prior to the AD346 and ND converter. 

AD346in 
Combination Throughput Input Frequency 
With an Rate Range 

AD578K 153kHz dc to 76.5kHz 
AD5240 143kHz dc to 71.5kHz 
ADADC85 83.3kHz dc to 41.6kHz 
AD579 263kHz dcto 131kHz 
HAS 1002 250kHz dcto 125kHz 
MAHI001 333kHz dcto 166kHz 

Table I. SHA & ADC Combinations and Maximum 
Throughput Rate 

use of time, the multiplexer is acquiring the next channel to be 
converted while the sample-hold is holding the previous output 
level for conversion. When conversion is complete, the status 
line from the converter causes the SIH to return to the sample 
mode and acquire the new data. After the acquisition time is III 
completed, the sample hold can be switched to hold. A conversion 
can then begin and the multiplexer can be switched to the next 
channel. 

In applications where the AD346 is to be driven from high 
impedance sources or directly from an analog multiplexer, a fast 
slewing, fast settling ~ideband op amp like the ADLH0032 
should be used as an input buffer. 
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~.ANALOG 
WDEVICES 

I 
FEATURES 
Companion to High Resolution AJD Converters 
Fast Acquisition Time: 2.5f.ls to ± 0.003% 
Low Droop Rate: 0.1 f.l V/f.ls 

- Aperture Jitter: 400ps 
Internal Hold Capacitor 
Unity Gain Inverter 
Low Power Dissipation: 300mW 

PRODUCT DESCRIPTION 
The AD389 is a high accuracy, adjustment free track-and-hold 
amplifier designed for high resolution data acquisition applications. 
The fast acquisition time (2.5IJ.s to 300IJ. V) and low aperture 
jitter (400ps) make it suitable for use with fast AID converters 
to digitize signals up to 40kHz. 

The AD389 is complete with an internal hold capacitor and it 
incorporates a compensation network which minimizes the sample 
to hold charge offset. 

Typical applications for the AD389 include sampled data systems, 
peak hold functions, strobed measurement systems and simul
taneous sampling converter systems. When used with autozero 
and autocalibration techniques, this T/H combined with a high 
linearity AID will offer 14-bit performance over the converter's 
full no-missing-code temperature range. 

The device is available in two versions: the "K" specified for 
operation over the 0 to + 70°C _commercial temperature range 
and the "B" specified over the full industrial temperature range, 
- 25°C to + 85°C. 

ORDERING GUIDE 

Model 

AD389KD 
AD389BD 

NOTE 

Temperature 
Range 

Oto + 70°C 
- 25°C to + 85°C 

ISee Section 19 for package outline information. 

Package 
Outline! 

HYI4G 
HYI4C 

High Resolution 
Track-and-Hold Amplifier 

AD389 I 
AD389 FUNCTIONAL BLOCK DIAGRAM 

PRODUCT HIGHLIGHTS 
I. The AD389 is the ideal companion track-and-hold amplifier 

to 14-bit accurate AID converters. 

2. The AD389 provides separate analog and digital grounds, 
thus improving the device's immunity to ground and switching 
transients. 

3. The droop rate is only O.If,L VllJ.s so that it may be used in 
slower high resolution systems without the loss of accuracy. 

4. The fast acquisition time and low aperture make it suitable 
for high speed data acquisition systems and digital audio re-
cording. . 

5. The AD389T/H amplifier is ideal for applications requiring • 
wide dynamic range. 

6. Clever circuit design eliminates any measurable thermal tail 
(see Figures lIa and lIb). 

PIN CONFIGURATION 

DIGITAL INPUT -15V 

ANALOG INPUT 

SUMMING PT 

+15V 

N/C 
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S PEe I Fie AT ION S (typical @ + 25°C and nominal power supply voltage of ± 15V unless otherwise noted) 

Model 

ANALOG INPUT 
Voltage Range 
Overvoltage, no damage 
Impedance 

DIGITAL INPUT (TTL Compatible) 
Track Mode, Logic "1" 
Hold Mode, Logic "0" 
Logic" 1" Current 
Logic "0" 'Current 

ANALOG OUTPUT 
Voltage 
Current 
Short Circuit Current 
Impedance 

DC ACCURACY/ST ABILITY 
Gain 
Gain Error 
Gain Nonlinearity (± IOV Output Track) 
Gain Temperature Coefficient 
Offset Voltage 
Output Offset @ T min> T max (Track) 

TRACK MODE DYNAMICS 
Frequency Response 

Small Signal ( - 3d B) 
Full Power Bandwidth 

Slew Rate 
Noise in Track Mode, dc to 1.0MHz 

TRACK-TO-HOLD SWITCHING 
Aperture Time 
Aperture Uncertainty (Jitter) 
Offset Step (Pedestal) 

Pedestal with Temperature 
Switching Transient 

Amplitude 
Settling to ImV 
Settling to O.3m V 

HOLD MODE DYNAMICS 
Droop Rate 
Droop Rate at T max 

Feedthrough Rejection (IOV p-p@20kHz) 

HOLD-TO-TRACK DYNAMICS 
Acquisition Time to ±0.01%of20V 
Acquisition Time to ± 0.003% of 20V 

POWER REQUIREMENTS 
Nominal Voltages for Rated Performance 
Operating Rangel 
Power Supply Rejection 
Supply Current 

+Vs 
-Vs 

Power Dissipation 

TEMPERATURE RANGE 
Operating 
Storage 

THERMAL RESISTANCE 
Junction to Air, aja (free air) 
Junction to Case, ajc 

NOTES 
'Operating to derated performance with IV'NI<IV s-5VI. 
*Specifications same as AD389KD. 
Specifications subject to change without notice. 

AD389KD 

± 10min 
±l5max 
3000 

2 to 5.5V 
OtoO.8V 
20 
360 

± 10 min 
3 
20 
I 

-1.00 
±0.01 (±O..o2max) 
±O.OOI 
I (5 max) 

AD389BD 

, * 

± 3 max, adjustable to zero * 
±6 

1.5 
0.5 
30 
200 

30 
0.4 
±2(4max) 
±4 

200 
0.5 (2 max) 
1.0(3 max) 

O.l(lmax) 
lOmax 
86 (74 min) 

1.5 (3 max) 
2.5(5max) 

± 15(±3%) 
± 11 to ± 18 
100 

15 (20 max) 
-4(10max) 
300 (500 max) 

Oto +70 
- 55to + 125 

60 
20 

±6 

40 max 

-25to + 85 
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UNITS 
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Temperature 

--~ ~ ,....... 
/ 

V 
V Cc = 20pF 

I 

I 
-50 -25 25 50 75 100 125 

TEMPERATURE -'C 

Figure 5. Pedestal vs. Temperature 

VOUT 

ERROR 
VOLTAGE 

TRACK 

~ V 
"-V 

C,=20pF 

-2 
-10 -5 10 

1.5 

1 

0.5 

-0.5 

1 

INPUT - v 

Figure 3. Pedestal vs. Input 
Voltage 

/v 
/ 

V 

/~ 

V 
V 

10 20 30 40 50 
LOAD CAPACITOR - pf 

Figure 6. Pedestal vs. Load 
Capacitor 

CLAMPING AMPLIFIER 

60 

Figure 7. Hold to Track Acquisition Time Figure 8. Pedestal and Acquisition Time Test Circuit 

SAMPLEITRACK-HOLD AMPLIFIERS VOL. /, 14-19 

• 



,I 

TERMINOLOGY 
Aperture Time is .the time required after the "hold" command 
until the switch is fully open and it produces a delay in the 
effective sampling timing. 

Aperture Jitter is the uncertainty in Aperture Time. If the Aperture 
Time is "tuned out" by advancing the track-to-hold command 
with respect to the input signal, the Aperture Jitter now determines 
the maximum sampling frequency. 

Acquisition Time is the time required by the device to reach its 
final value within a given error band after the track command 
has been given. This includes switch delay time, slewing time 
and settling time for a giyen output voltage change. 

Droop is the change in the output voltage from the "held" value 
as a result of device leakage. 

lOGIC INPUT 

Figure 9. Pictorial Showing Various TIH Characteristics 

Feedthrough is that component of the output which follows the 
input signal after the switch is open. As a percentage of the 
input, feed through is determined as the ratio of the feedthrough 
capacitance to the hold capacitance (CF/CH ). 

Pedestal during hold is a track-to-hold offset. This is an offset 
that occurs from such phenomena as charge dumps when switches 
are opened, and coupling of the logic signal transients. 

Thermal Tail is the slow drift of the output stage as it settles to 
the final value with a thermally induced offset due to self-heating; 
see Figures Ila. and llb. 

Transients are the spikes or glitches that occur on the output at 
the start and end of hold time. 

GROUNDING 
Many data-acquisition components have two or more ground 
pins which are not connected together within the device. These 
"grounds" are usually referred to as the Logic Power Return, 
Analog Common (Analog Power Return), and Analog Signal 

, Ground. These grounds must be tied together at one point, 
usually at the system power-supply ground. Ideally, a single 
solid ground would be desirable. However, since current flows 
through the ground wires and etch stripes of the circuit cards, 
and since these paths have resistance and inductance, hundreds 
of millivolts can be generated between the system ground point 
and the ground pins of the AD389. Separate ground returns 
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should be provideCl to minimize the current. flow in the path 
from sensitive points to the system ground point. In this way 
supply currents and logic-gate return currents are not summed 
into the same return path as analog signals where they would 
cause measurement errors. 

·IF INDEPENDENT, OTHERWISE 
RETURN AMPLIFIER REFERENCE 
TO MECCA AT ANALOG P.S. COMMON 

DIGITAL 
DATA 
OUTPUT 

Figure 10. Basic Grounding and Decoupling Practice 

DECOUPLING 
The AD389 can only settle accurately and fast if the power 
supplies do not change during transients. Therefore, it is necessary 
to put 0.1 microfarad (0.1 f.LF) decoupling capacitors right between 
the supply and analog ground pins and to have SOf.LF tantalum 
caps close by. 

VIN (10V/DIV) 

Your (10V/DIV) 

T/H TRACK 

ii ••••• 11 ERROR VOLTAGE 
(lmV/DIV) 

CONTROL HOLD~ __ u. ____________________ ~ 

Figure lla. Acquisition Time after 100/-ts in the Hold Mode. 
The AD389 Shows no "Thermal Tail". 

VIN (10V/DIV) 

Your (10V/DIV) 

T/H HOLD 
CONTROL TRACK 

IIIIII'!1 ERROR VOLTAGE 
(lmV/DIV) 

Figure llb. Typical Thermal Tail and Acquisition Time of 
Other 12-Bit TIHs Make them Unsuitable for High 
Resolution Applications 



~~------~--~----~I 
SAMPLED DATA SYSTEMS' 
The fast acquisition time of the AD389 when used with a high 
speed AID converter allows accurate digitization of high frequency 
signals and high throughput rates in multichannel data acquisition 
systems. Figures 12 and I3 show the usc of an AD389 with the 
ADen and AD376. 

ANALOG 
INPUT 

OTO 10V 

CONVERT 
START 

13 

L-------,l19 

18 31 

Figure 12. 20kHz-14-Bit, AID Conversion System 

ANALOG 
INPUT 

o TO IOV 

CONVERT 
START 

13 

L---'-___ ~19 

18 31 

Figure 13. B.3kHz-14-Bit, AID Conversion System for 
- 25°C to + B5°C Operation 

In sampled data systems there are two limiting factors in digitizing 
high frequency signals. The first limitation is the bandwidth 
and aperture uncertainty of the sample-and-hold amplifier. The 
second limitation is the maximum update rate for the TIH and 
AID converter combination. For high throughput rate data 
acquisition systems all factors must be understood. 

The ape;ture jitter is, a result of noise within .the switching 
. network which modulates the phase of the hold command and is 

manifested in the variations in the value of the analog input that 
has been held. The aperture error which results from this jitter 
is directly related to the dVldt of the analog input which is 
easily calculated as shown below. The error calculation takes 
into account the desired accuracy corresponding to the resolution' 
of the AID converter. 

F = (Full Scale Voltage) (Z·N) 

max (Full Scale Voltage) (27T) (Aperture Jitter) 

For an application with a 14-bit AID converter with a 'lOy full 
scale: 

F (10) 2-14 = 24kHz 
max = (10) (27T) (4 X 10-10 sec) 

For an application with a 12-bit AID converter with a 10V full 
scale: 

(10) 2.12 

Fmax ,= (10) (27T) (4 X 10-10 sec) = 97kHz 

Note that some additional aperture delay and jitter are added if 
the AD389 is not driven directly from the convert start line, but 
from the status line, which from some converters is delayed. 

The maximum throughput rate is the sum of the sample-and-hold 
acquisition time, settling time and the AID conversion tirpe. 

The maximum Input frequency is constrained by the Nyquist 
sampling theorem to be half of the maximum throughput rate. 
Input frequencies higher than half the maximum throughput 
rate result in "under sampling" or aliasing errors of the input 
signal. In the following table the maximum input frequency is 
reported as half of the throughput rate, with an ideal brickwall 
low pass filter has been placed in the signal path prior to the 
AD389 and AID converter to eliIpinate aliasing. 

AD389in 
Combination 
With an 

ADe71 (13 bit) 
ADe72 (14 bit) 
AD376 (14 bit) 

Throughput 
Rate 

22.2kHz 
16.7kHz 
40.0kHz 

Input Frequency 
Range 

dc to 11. 1kHz 
dcto 8.3kHz 
dct020kHz 

Table I. T/H & ADC Combinations and Maximum 
Throughput Rate 
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TIH REQUIREMENTS FOR HIGH RESOLUTION 
APPLICATIONS 
The characteristics required for high resolution track-and-hold 
amplifiers are low feedthrough, low pedestal shifts with changes 
of input signal or temperature, high linearity, low temperature 
coefficients, and minimal droop rate. 

For sampling a 20kHz signal to 14 bit and 16 bits for example, 
the following specs are required: 

Spec 14Bit 16Bit AD389KD Units 

Aperture Jitter (max) 2.4 0.6 0.4 ns 
Slew Rate (max w/20V pk-pk'signal) 1.26 1.26 30 V/!'-s 
Feedlhrough (I LSB max) -84.3 -96.3 -86 dB 
Droop Rate (1 LSB max in 15!'-s) 40.7 10.2 0.1 !'-V.'!'-s 
Droop Rale (1 LSB max in 50!'-s) 12.2 3.0 0.1 !'-V/!'-s 
AcquisilionTime(lo z 1LSBmax) 10 10 3-5 !,-S 

for 20kHz Signalwil5!,-sADC 
Pedestal Shifl (max) with Input Signal -84.3 -96.3 -86 dB 
Gain Temperature Coefficient (max) 

for z IO°CAmbientOperalion 6.1 1.5 2.0 ppm/oC 
Thermal Tail (max)wilhin 50!,-s after Hold 1.2 0.3 0.1 mV 
Linearity Error (max) . zO.0061 0.0015 0.003 %FSR 

Table II. TIH Amplifier Requirements vs. AD389 Specs 

Aperture Jitter will affect exactly when the switch closes, even 
though the T/H control line is driven by a very precise clock. 
All high speed sampled data systems are very dependent on low 
aperture jitter for digitizing high frequency signals for spectrum 
analysis and accurate signal reconstruction. 
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The T/H amplifier slew rate determines the maximum frequency 
tracking rate and part of the settling time when sampling pulses 
and square waves. The feedthrough from input to output while 
in the hold mode should be less than ILSB. The amplitude of 
ILSB of the companion AID converter for a given input range 
will vary from 6lOf.LV for a 14-bit AID using a 0 to lOY input 
range to 4.88mV for a 12-bit AID using a :!:: IOV input range. 
The hold mode droop rate should produce less than ILSB of 
droop in the output during the conversion time of the AID 
converter. For 610f.LV/LSB, as noted in the example above, for 
a SOf.LS 14-bit AID converter, the maximum droop rate will be 
6lOf.L V/S0f.Ls or 12f.L V/f.Ls during the SOf.LS conversion period. 

The linearity error should be less than ILSB over the transfer 
function, as set by the resolution of the AID converter. The 
T/H acquisition time, T/H settling time along, with the conversion 
time of the AID converter determines the highest sampling rate. 
This in turn will determine the highest input signal frequency 
that can be sampled at twice a cycle per the Nyquist criteria. 
The pedestal shift due to input signal changes should either be 
linear, to be seen as a gain error, or negligible as with the feed
through spec. The temperature coefficients for drift should be 
low enough such that full accuracy is maintained over some 
minimum temperature range. The droop rate and pedestal will 
shift more over temperature above + 70°C (+ IS8°F). For com
mercial and industrial users, these shifts will only appear above 
the highest temperatures their equipment will ever expect to 
experience. Most precision instrumentation is installed only in 
human inhabitable work spaces or in controlled enclosures iflhe 
area has a hostile environment. 

Minimal thermal tail effects are another requirement of high 
resolution applications. The self-heating errors induced by the 
changing current levels in the output stages of T/H amps may 
cause more than I LSB of error due to thermal tail effects. The 
performance of a typical AD389 in contrast to a typical 12-bit 
T/H circuit is shown in Figures 11a. and llb. The test circuit is 
shown in Figure 8. 

OFFSET ADJUST TRIM 
In most data acquisition systems only one offset adjustment is 
made. In many cases it is the offset adjust of the ADC that is 
used to cancel all other accumulated system offsets. The offset 
or pedestal of the AD389 can be nulled by means of SkU poten
tiometer between pins 7, 9, and II. If the offset of the AD389 
is not adjusted, then connect pins 7 and 9 to pin 14, the negative 
supply. Otherwise the high impedance of the null pin together 
with parasitic capacit~nces can cause tail effects. 
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FEATURES 
Suitable for 12-Bit Applications 
High Sample/Hold Current Ratio: 107 

Low Acquisition Time: Glls to 0.1% 
Low Charge Transfer: <2pC 
High Input Impedance in Sample and Hold Modes 
Connect in Any Op Amp Configuration 
Differential Logic Inputs 

lOGIC 
IN -

-Vs 

Low Cost 
Sample/Hold Amplifier 

AD582 I 
ADS82 PIN CONFIGURATION AND 
FUNCTIONAL BLOCK DIAGRAM 

LOGIC LOGIC 
NC NC IN + IN - +Vs -IN OUTPUT 

NC NULL NULL -Vs CH NC 

IO-PIN TO-IOO 
TOP VIEW 

14-PIN TO-116 
TOP VIEW 

PRODUCT DESCRIPTION 
The ADS82 is a low cost integrated circuit sample and hold 
amplifier consisting of a high performance operational ampli
fier, a low leakagt! analog switch and a JFET integrating ampli
fier - all fabricated on a single monolithic chip. An external 
holding capacitor, connected to the device, completes the sam
ple and hold function. 

With the analog switch closed, the ADS82 functions like a stan
dard op amp; any feedback network may be connected around 
the device to control gain and frequency response. With the 
switch open, the capacitor holds the output at its last level, 
regardless of input voltage. 

Typical applications for the ADS82 include sampled data sys
tems, D/A deglitchers, analog de-multiplexers, auto null systems, 
strobed measurement systems and AID speed enhancement. 

The device is available in two versions: the "K" specified for 
operation over the 0 to +70

o
C commercial temperature range 

and the "s" specified over the extended temperature range, 
-SSoC to +12SoC. All versions may be obtained in either the 
hermetic sealed, TO-IOO can or the TO-1l6 DIP. 

PRODUCT HIGHLIGHTS 
1. The specially designed input stage presents a high impedance 

to the signal source in both sample and hold modes (up to 
±12V). Even with signal levels up to ±Vs. no undesirable 
signal inversion, peaking or loss of hold voltage occurs. 

2. The ADS82 may be connected in any standard op amp con
figuration to control gain or frequency response and provide 
signal inversion, etc. 

3. The ADS82 offers a high, sample-to-hold current ratio: 107
: 

The ratio of the available charging current to the holding 
leakage current is often used asa figure of merit for a sam
ple and hold circuit. 

4. The ADS82 has a typical charge transfer less than 2pC. A II 
low charge transfer produces less offset error and permits 
the use of smaller hold capacitors for faster signal acquisition. 

S. The ADS82 provides separate analog and digital grounds, 
thus improving the device's immunity to ground and switch
ing transients. 
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SPECIFICATIONS (typical @+25°C, Vs = ±15V and CH = 1000pF, A = +1 unless otherwise specified) 

MODEL 

SAMPLEIHOLD CHARACTERISTICS 
Acquisition Time. 10V Step to 0.1%. 

CH = 100pF 
Acquisition Time. 10V Step to 0.01 %. 

CII = 1000pF 
Aperture Time, 20V pop Input. 

Hold OV 
Aperture Jitter. 20V pop Input. 

Hold OV 
Settling Time. 20V pop Input. 

Hold OV. to 0.01% 
Droop Current. Steady State. ±lOVOUT 
Droop Current. Tmin to Tmax 
Charge Transfer 
Sample to Hold Offset 
Feedthrough Capacitance 

20V pop. 10kHz Input 

TRANSFER CHARACTERISTICS 
Open Loop Gain, 

VOUT = 20V pop. RL = 2k 
Common Mode Rejection 

VCM = 20Vp-p 
Small Signal Gain Bandwidth 

VOUT = lOOmV pop. CH = 100pF 
Full Power Bandwidth 

VOUT = 20V pop. CII = 100pF 
Slew Rate 

VOUT = 20V pop. Cll = 100pF 
Output Resistance 

Hold Mode, lOUT = ±SmA 
Linearity 

VOUT = lOV pop. RL = 2k 
Output Short Circuit Current 

ANALOG INPUT CHARACTERISTICS 
Offset Voltage 
Offset Voltage, Tmin to Tmax 
Bias Current 
Offset Current 
Offset Current. Tmin to Tmax 
Input Capacitance. f = lMHz 
Input Resistance. Sample or Hold 

20V pop Input. A = +1 
Absolute Max Diff Input Voltage 
Absolute Max Input Voltage. Either Input 

DIGITAL INPUT CHARACTERISTICS 
+Logic Input Voltage 

Hold Mode. Tmin to Tm.,.. -Logic @ OV 
Sample Mode. Tmin to Tmax. -Logic @ OV 

+Logic Input Current 
Hold Mode. +Logic@ +SV. -Logic@ OV 
Sample Mode, +Logic@ OV. -Logic@ OV 

-Logic Input Current 
Hold Mode, +Logic@ +SV. -Logic@ OV 
Sample Mode. +Logic@ OV. -Logic@ ov 

Absolute Max Diff Input Voltage. +L to-L 
Absolute Max Input Volt..ge. Either Input 

POWER SUPPLY CHARACTERISTICS 
Operating Voltage Range 
Supply Current. RL = 00 

Power Supply Rejection. 
t:.Vs = SV, Sample Mode (see next page) 

TEMPERATURE RANGE 
Specified Performance 
Operating 
Storage 
Lead Temperature (Soldering. 15 sec) 

PACKAGE OPTION I 
"H" Package: TO-IOO 
"D" Package: TO-116 Style (D14A) 

NOTES 
·Specifications same as AD582K. 
I See Section 19 for package outline information. 
Specifications subject to change without notice. 

ADS82K 

6ps 

2Sps 

200ns 

lSns 

O.Sps 
100pA max 
InA 
SpC max (l.SpC typ) 
O.SmV 

O.OSpF 

2Sk min (SOk typ) 

60dB min (70dB typ) 

l.5MHz 

70kHz 

3V/ps 

±0.01% 
±2SmA 

6mV max (2mV typ) 
4mV 
3pA max (I.SpA typ) 
300nA max (7SnA typ) 
100nA 
2pF 

30MU 
30V 
±Vs 

+2V min 
+0.8V max 

l.5pA 
InA 

24pA 
4J.lA 
+lSV/-6V 
±VS 

±9V to ±18V 
4.SmA max (3mA typ) 

60dB min (7SdB typ) 

o to +70°C 
_25°C to +8S

o
C 

_65°C to +lSOoC 
+300

o
C 

ADS82KH 
AD582KD 
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ADS82S 

lSOnA max 

~mV max (SmV typ) 

400nA max (lOOnA typ) . 

±9V to ±22V 

-55°C to +12S
o
C 

-55°C to +12S
o
C 

ADS82SH 
ADS82SD 



APPLYING THE ADS82 
Both the inverting and non-inverting inputs are brought out to 
allow op amp type versatility in connecting and using the 
ADS82. Figure 1 shows the basic non-inverting unity gain con
nection req\liring only an external hold capacitor and the usual 
power supply bypass capacitors. An offset null pot can be 
added for more critical applications. 

HOLO 
lo+5_V ____ ---. 

OV-.J 
SAMPLE 

Figure 1. Sample and Hold with A = + 1 

Figure 2 shows a non-inverting configuration where voltage 
gain, Ay, is set by a pair of external resistors. Frequency shap
ing or non-linear networks can also be used for special applica
tions. 

Hro+5_V ____ -, 

ov -.J 
SAMPLE 

VOUT • :tl0V 

RL ;, 2k 

Figure 2. Sample and Hold with A = (1 + R FIR I) 

Applying the AD582 
The hold capacitor, CH' should be a high quality polystyrene 
(for temperatures below +8S°C) or Teflon type with low 
dielectric absorption. For high speed, limited accuracy applica
tions, capacitors as small as lOOpF may be used. Larger values 
are required for accuracies of 12 bits and above in order to 
minimize feedthrough, sample to hold offset and droop errors 
(see Figure 6). Care should be taken in the circuit layout to 
minimize coupling between the hold capacitor and the digital 
or signal inputs. 

In the hold mode, the output voltage will follow any change 
in the -v s supply. Consequently, this supply should be well 
regulated and filtered. 

Biasing the +Logic Input anywhere between -6V to +O.8V with 
respect to the -Logic will set the sample mode. The hold mode 
will result from any bias between +2.0V and (+Vs - 3V). The 
sample and hold modes will be controlled differentially with 
the absolute voltage at either logic input ranging from -v s to 
within 3V of +Vs (Vs - 3V). Figure 3 illustrates some examples 
of the flexibility of this feature. 

+3V/+15V CMOS/MOS 
OR 
+5V TTL/OTL 

Figure 3A. Standard Logic Connection 

+3V/+12V CMOS/MOS 

+LOGIC 

-LOGIC 

Figure 38. Inverted Logic Sense Connection 

+15V HTL 

AD582 

Figure 3C. High Threshold Logic Connection 
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DEFINITION OF TERMS 
Figure 4 illustrates various dynamic characteristics of the 
AD582. 

SAMPLE 
! 

I 
I 
I 
I 
I 
I 
~ _____ J 

HOLD 

LOGIC INPUT 

HOLD/SAMPLE DELAY 

SAMPLE 

Figure 4. Pictorial Showing Various S/H Characteristics 

Aperture Time is the time required after the "hold" command 
until the switch is fully open and produces a delay in the effec
tive sample timing. Figure 5 is a plot giving the maximum fre
quency at which the AD582 can sample an input with a given 
accuracy (lower curve). 

Aperture Jitter is the uncertainty in Aperture Time. If the 
Aperture Time is "tuned out" by advancing the sample-to-hold 
command 200ns with respect to the input signal, the Aperture 
Jitter now determines the maximum sampling frequency (upper 
curve of Figure 5). 

Acquisition Time is the time required by the device to reach its 
final value within a given error band after the sample command 
has been given. This includes switch delay time, slewing time 
and settling time for a given output voltage change. 

Droop is the change in the output voltage from the "held" 
value as a result of device leakage: In the AD582, droop can 
be in either the positive or negative direction. Droop rate may 
be calculated from droop current using the following formula: 

6V (Volts/sec) = I(pA) 
6T CH(pF) 

(See also Figure 6.) 

Feedthrough is that component of the output which follows 
the input signal after the switch is open. As a percentage of the 
input, feedthrough is determined as the ratio of the feed
through capacitance to the hold capacitance (CF/CH)' 

Charge Transfer is the charge transferred to the holding capa
citor from the interelectrode capacitance of the switch when 
the unit is switched to the hold mode. The charge transfer gen
erates a sample-to-hold offset where: 

S/H Offset (V) = Charge (pC) 
CH(pF) 

(See also Figure 6.) 

Sample-to-Hold Offset is that component of D.C. offset inde
pendent of CH (see Figure 6). This offset may be nulled using 
a null pot, however, the offset will then appear during the 
sampling mode. 
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FEATURES 
High Sample-to-Hold Current Ratio: 106 

High Slew Rate: 5V/jJ.s 
High Bandwidth: 2MHz 
Low Aperture Time: SOns 
Low Charge Transfer: 10pC 
DTL/TTL Compatible 
May Be Used as Gated Op Amp 

PRODUCT DESCRIPTION 
The AD583 is a monolithic sample-and-hold circuit consisting 
of a high performance operational amplifier in series with an 
ultra-low leakage analog switch and unity gain amplifier. An 
external holding capacitor, connected to the switch output, 
completes the sample-and-hold or track-and-hold function. 

With the analog switch closed, the AD583 functions like a stan
dard op amp; any feedback network may be connected around 
the device to control gain and frequency response. With the 
switch open the capacitor holds the output at its previous level. 

The AD583 may also be used as a versatile operational ampli
fier with a gated output for applications such as analog switches, 
peak holding circuits, etc. 

PRODUCT HIGHLIGHTS 
1. Sample-and-hold operation is obtained with the addition of 

one external capacitor. 

2. Low charge transfer (lOpC) and high sample-to-hold current 
ratio insure accurate tracking. 

3. Any gain or frequency response is available using standard 
op amp feedback networks. 

4. High slew rate and low aperture time permit sampling of 
rapidly changing signals. 

5. Output, gated through a low leakage analog switch, also 
makes the AD583 useful for applications such as analog 
switches, peak holding circuits, etc. 

Ie Sample-and-Hold 
Gated Op Amp 

AD583 I 
AD583 FUNCTIONAL BLOCK DIAGRAM 

TO-U6 

Schematic Diagram 

SAMPLE/HOLD 
CONTROL 

GND 

N.C. 

HOLD CAP. 

N.C. 

V+ 

CASE 
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SPECIFICATIONS (~ypical @+25°C, hold capacitor of 1000pF and ±15V dc unless otherwise specified) 

MODEL 

OPEN LOOP GAIN 
RL = 2kn, Tmin to Tmax 

OUTPUT VOLTAGE SWING 
RL = 2kn, Tmin to Tmax 

OUTPUT CURRENT 

OUTPUT RESISTANCE 

OFFSET VOLTAGE 
Tmin to Tmax 

BIAS CURRENT 
Tniin to Tmax 

OFFSET CURRENT 
Tmin toTmax 

INPUT RESISTANCE 

COMMON MODE RANGE 

COMMON MODE REJECTION 
Tmin toTmax 

GAIN BANDWIDTH PRODUCT 

SLEW RATE 
Av = +1, Rl. = 2kn, CL = 50pF, 

Vout = ±10V p-p 

RISE TIME 
Av = +1, RL = 2kn, CL = 50pF, 

Vout = 400m V p-p 

OVERSHOOT 
Av = +1, RL = 2kn, CL = 50pF, 

Vout = 400m V p-p 

DIGITAL INPUT CURRENT 
Yin· = 0, Tmin to Tmax 
Yin = +5_0V, Tmin toTmax 

DIGITAL INPUT VOLTAGE 
Low T min to T max 
High T min to T max 

ACQUISITION TIME 
Av = +1, RL = 2kn, CL = 50pF 
to 0.1 % of final value: 
to 0.01 % of final value: 

APERTURE TIME 

APERTURE JITTER 

DRIFT CURRENT' 
Tmin toTmax 

CHARGE TRANSFER 

SUPPLY CURRENT 

POWER SUPPLY REJECTION 2 

OPERATING TEMP 

STORAGE TEMP 

PACKAGE STYLE3 

NOTES 
I Voltage on hold is zero. 
• Sample mode only. 

AD583KD 

25k min (SOk typ) 

±10V min 

±IOmAmin 

6mV max (3mV typ) 
8mV max (4mV typ) 

200nA max (50nA typ) 
400nA max . 

50nA max (lOnA typ) 
100nA max 

SMn min (lOMn typ) 

±10V min 

74dB min (90dB typ) 

2MHz 

5V/p.s 

lOOns 

20% 

O.SmA max (Logic "Sample") 
20p.Amax (Logic "Hold~') 

O.SV max 
2.0V min 

50ns 

5ns 

50pA max (5pA typ) 
1.0nA max (0.05nA typ) 

20pC max (lOpC typ) 

5.0mA max (2.5mA typ) 

74dB min (90dB typ) 

TO-116 Style D14A 

• See Section 19 for package outline information. 
Specifications subject to change without notice. 
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ABSOLUTE MAXIMUM RATINGS 

Voltage between V + and V-Terminals 
Differential Input Voltage 
·Digital Voltage (Pin 14) 
Output Current 
Internal Power Dissipation 

40V 
±30V 
+8V. -15V 
Short Circuit Protected 
30mW (Derate power 
dissipation by 4.3mW/C 
above +150°C ambient 
temperature) 



I-
APPLYING THE AD58? 
Figure 1 shows the AD583 connected in a simple sample and 
hold configuration with unity gain and offset nulling. Any other 
standard op amp gain and frequency response configuration . 
may also be used. Note that the holding capacitor, CH , should 
have extremely high insulation resistance and low dielectric 
absorption. Polystyrene (below +85°C), teflon or Mica types 
are recommended. 

CONTROL 

100kS1 OUT 
OFFSET TRIM 

Figure 1. Basic Track-and-Ho/dISamp/e-and-Ho/d 

Figure 2 shows the guard ring used to reduce leakage paths be
tween the pc board and the package. This minimizes drift during 
the hold command. 

CONTROL 

r t;' . GNDN~-

HOLDING~ I • 

(BOTTOM VIEW) 

-~IN(-) 

~IN+ 

$ 
$ 

V-

Figure 2. Guard Ring Layout 

Also note that the input amplifier of the AD583 may be used 
as a gated amplifier by utilizing Pin 11 as the output. This 
amplifier has excellent drive capabilities along with exception
ally low switch leakage. 

Applying. the Ao583 

IN 

OUT 

"ZERO" 0-4_--------------J 

Figure 3. Automatic Offset Zeroing 

The circuit of Figure 3 illustrates how the AD583 may be used to 
automatically zero a high gain amplifier. Basically, the input is . 
periodically grounded and the output offset is then.sampled 
and fed back to cancel the error. This technique is useful in 
AID conversion, instrumentation, DVM's to eliminate offset 
drift errors by periodically rezeroing the system. 

Care should be taken to assure that the zeroing loop is dynamic
ally stable. A second sample-and-hold could be added in series 
with the output to remove trye output discontinuity. 

DEFINITION OF TERMS 
Acquisition Time: 
Acquisition Time is the time required by the device to reach 
its final value within iO.1 % after the sample command has 
been given. This includes switch delay time, slewing time, and 
settling time and is the minimum sample time required to ob
tain a given accuracy. 

Charge Transfer: 
Charge Transfer is the small charge transferred to the holding 
capacitor from the interelectrode capacitance of the switch 
when the unit is switched to the sample mode. Sample-to-hold 
offset error is directly proportional to this charge, where·: 

Charge (pC) • 
Offset Error (V) = ~ 

CH(pF) 

Aperture Time: 
The time required after the "hold" command until the switch 
is fully open. This delays the effective sample timing with 
rapidly changing input signals. 

Drift Current: 
Leakage currents from the holding capacitor during the hold 
mode cause the output voltage to drift. Drift rate (or droop 
rate) is calculated from drift current values using the formula: 

flY 

in 

I(pA) 
(Volts/sec) = CH(pF) 
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Performance Curves 
VSUPPL Y = ±15V dc, TA = +25°C, CH = 1 ,OOOpF unless' otherwise specified 
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WDEVICES 

FEATURES 
Fast 3.0fJ.s Acquisition Time to ±0.01% 
Low Droop Rate: 1.0mV/ms 
SamplelHold Offset Step: 3mV 
Aperture Jitter: 0.5ns 
Extended Temperature Range: -55°C to +125°C 
Internal Hold Capacitor 

APPLICATIONS 
Data Acquisition Systems 
Data Distribution Systems 
Analog Delay & Storage 
Peak Amplitude Measurements 

High Speed 
Sample-and-Hold Amplifier 

AD585 I 

AD585 FUNCTIONAL BLOCK DIAGRAM 

LOGIC 
HOLO REF HOLD +Vs RON R,o VOUT 

PRODUCT DESCRIPTION PRODUCT HIGHLIGHTS 
The AD585 is a monolithic sample-and-hold circuit consisting 1. The droop rate'is only 1.0mV/ms so that it may be used in 
of a high performance operational amplifier in series with an slower high accuracy systems without the loss of accuracy. 

ultra-low leakage analog switch and a FET input integrating 2. The fa~tacquisition time and low aperture make it suitable 
amplifier. An internal holding capacitor and connections to the f~r.very.· .high speed data acquisition systems. 
internal feedback resistors, completes the sample and hold. 3: The AD585 has internal pre trimmed application resistors for 
With the analog switch closed, the AD585 functions like a standiir:d'. "':;. .. ,. app~cations versatility. 
op amp; any feedback network may be connected aroundthe.\· 
device to control gain and frequency response. With the switch . 4~\~~AD5~5is ~omplete with an internal hold capacitor for 
open, the capacitor holds the output at its preyio~slev~~"" .. ' ease of;use. Capacitance can be added externally to reduce 

The AD585 offers performance previou,sly:~~~~b.~·~ ... ' ..... ,. ., ,,~:~: rate when long hold times and high accuracy are 

monolithic sample-and-hold amplifi.ers~ The comb~~~?nof~" 
fast acquisition time (3.0~s to O.Ol~) imd'low. offse~,st~p9mV) 
are suitable for high speed 12-bit data: acquj~tion~ systems:' ..... . 

The device is available in three versions: the ';l~: ~~illed fo~:: \\ 
operation over the 0 to + 70°C commerCial temPerature range i$,,.;' i 

available in a 14-pin plastic DIP; the "A" specified for the .. 
- 25°C to + 85°C industrial temperature range, and the "S" 
specified over the extended temperature range - 55°C to + 125°C. 
The "A" and "S" versions are available in a 14-pin hermetic 
ceramic package. 

;".:, • 
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SPECIFICATIONS (typical@ +25OCandVs = ± 15V and CH = Internal A = + 1 unless otherwise specified) 

Model ADS8SJ ADS8SA ADS8SS 

SAMPLElHOLD CHARACTERISTICS 
Acquisition Time, 10V Step toO.Ol% 3ILsmax * * 

20V SteptoO.Ol% 5ILsmax * * 
Aperture Time, 20V pop Input, 

HoldOV 35ns * * 
Aperture Jitter, 20V pop Input, 

HoldOV 0.5ns * * 
Settling Time, 20V pop Input, 

HoldOV,toO.Ol% 0.5ILs * * 
Droop Rate ImV/msmax * * 
Droop Rate T miD to T max Doubles Every lOoC * * 

CHARGE TRANSFER 0.3pC * * 
Sample-to-Hold Offset 3mVmax * * 
Feedthrough 

20V pop, 10kHz Input 0.5mVp-p *. * 
TRANSFER CHARACTERISTICS 

Open Loop Gain 
Vom = 20V pop, RL = 2k 200kVN * * 

Closed Loop Gain Accuracy 0.05% * ~ 
Common Mode Rejection 

V CM = 20V POp, F = 50Hz 80dBmin * * 
Small Signal Gain Bandwidth 

Vom = 1000Vp-p 2MHz * * 
Full Power Bandwidth 

Vom = 20V pop 160kHz * * 
Slew Rate 

Vom = 20V pop 10VIILS * * 
Output Resistance Hold Mode 

10m = ± 10mA O.osn * * 
Output Short Circuit Current SOmA max * * 

ANALOG INPUT CHARACTERISTICS 
OffsetVoltage 2mVmax * * 
Offset Voltage, T miD to T max 3mVmax * * 
Bias Current 2nA * 
Input Capacitance, f = IMHz lOpF * * 
Input Resistance, Sample or Hold 

20V pop Input, A = + I 10120 * * 
Absolute Max DiffInput Voltage 30V * * 
Absolute Max Input Voltage, Either Input ±Vs * * 

DIGITAL INPUT CHARACTERISTICS 
Input Voltage With Respect to Pin 13 

. (TTL Compatible) 
Logic Reference IAV ±0.2V * * 
Hold Mode, Hold - Logic Reference 

or Logic Reference - Hold 
TmiatoTmax +OAVrnin * * 

Sample Mode, T miD to T max -OAVmax .* * 
Logic Input Current (Either Input) 50ILAmax * * 

POWER SUPPLY CHARACTERISTICS 
Operating Voltage Range + 5V, -12Vto ± 18V * * 
Supply Current, RL = 00 10mAmax * * 
Power Supply Rejection, Sample Mode 70dBmin * 

TEMPERATURE RANGE 
Specified Performance Oto + 70°C - 25°C to + 85°C - 55°C to + 12SoC 
Operating - 25°C to + 8SoC - 55°C to + 125°C - 55°C to + 12SoC 
Storage - 65°C to + 150°C * * 
Lead Temperature (Soldering, IS sec) + 300°C * * 

PACKAGE OPTION l 

(NI4A) AD585JN 
AD585SD (Dl4A AD585AD 

(E20A) AD585AE AD585SE 

NOTES 
·Specifications same as AD585 J 
Specifications subject to change without notice. I See Section 19 for package outline information. 
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CHANGE IN 
SAMPLE-TO-HOLD 

OFFSET 

~-+----+----'lr---+---+-----< LOG~~~~~J ~~VEL 

HOLD DRIVEN 

Figure 1. Sample-to-Hold Offset vs. Logic Level 
(HOLD Active) 

Figure 3. Follower, Sample Mode (Large Signal) . 

Figure 5. Pin Config!1ration 
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:g 
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o 
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:; 
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..: / 

100pF lnF 10nF 

HOLD CAPACITANCE 

Figure 2. Acquisition Time vs. Hold Capacitance 

Figure 4. Sample-to-Hold Settling Time (HOLD Active) 

SIGNAL 
INPUT 

Figure 6. Connection Diagram, Gain + 1, HOLD Active 
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SIHCOMMAND 

~GIC -----, 
HOLD REF 

SIGNAL 
INPUT 

Figure 7. Connection Diagram, Gain 

SAMPLE DATA SYSTEMS 

VOUT 

+ 2, HOLD Active 

In sample data systems there are a number of limiting factors in 
digitizing high frequency signals accurately. Figure 9 shows 
pictorially the sample-and-hold errors that are the limiting factors. 
In the following discussions of error sources the errors will be 
divided into the following groups: I. Sample-to-Hold Transition, 
2. Hold Mode and 3. Hold-to-Sample Transition. 

HOLD/SAMPLE DELAY 

SAMPLEl HOLo 
LOGIC INPUT 

Figure 9. Pictorial Showing Various SIH Characterstics 
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Figure 10. Aperture Delay Error vs. Frequency 
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S/HCOMMAND 
SIGNAL. S/H 
INPUT OUTPUT 

1----, 
VOUT I 

CH 

I 
I 
I 
I 
I 

: OPTIONAL I 

TCA~f~I~OR I L.. ____ I 

Figure 8. Connection Diagram Gain = - 1, HOLD Active 

SAMPLE-TO-HOLD TRANsmON 
The aperture time is the time required for the sample-and-hold 
amplifier to switch from sample to hold. Since this is effectively 
a constant then it may be tuned out. If however, the aperture 
delay time is not accounted for then errors of the magnitude as 
shown in Figure 10 will result. 

To eliminate the aperture delay as an error source the sample-to
hold command may be advanced with respect to the input 
signal. 

Once the aperture time has been eliminated as an error source 
then the aperture jitter which is the variation in aperture time 
from sample-ta-sample remains. The aperture jitter is a true 
error source and must be considered. The apertUre jitter is a 
result of noise within the switching network which modulates 
the phase of the hold command and is manifested in the variations 
in the value of the analog input that has been held. The aperture 
error which results from this jitter is directly related to the 
dV/dT of the analog input. 

The error due to aperture jitter is easily calculated as shown 
below. The error calculation takes into account the desired 
accuracy corresponding to the resolution of the NO 
converter. 

2-(N+ 1) 

Fmax = 1T (Aperture Jitter) 

For an application with a lO-bit NO converter with a 10V full 
scale to a 1I2LSB error maximum. 

F _ 2-(10+1) 

max - 1T (0.5 X 10-9) 

F!D"" = 310.8kHz. 

For an application with a 12-bit ND converter with a 10V full 
scale to a 1I2LSB error maximum. 

F _ 2-(12+1) 

max - 1T (0.5 x 10-9) 

Fmax = 77.7kHz. 

Figure II shows the entire range of errors induced by aperture 
jitter with respect to the ?tput signal frequency. 



% 

I I I 
I 

" 1/2 BIT « 
8 BITS A-FULL SJA~E 

0.1 % 

1/2 BIT « 
10 BITS ' ... 

1/2 BIT « 
12 BITS '; 

0.01 

1/2 BIT (n 
14 BITS '-. 

/ 
/ 

I/k' 
1 V FU LL SCALE 

/ 

A 
10V FU LL SCALE 

./ 

~ AjERTUT Jrjj TYPICjL AT r 5"j 
10kHz 100kHz lMHz 

~t-

10MHz 

Figure 11. Aperture Jitter Error vs. Frequency 

Sample-to-hold offset is caused by the transfer of charge to the 
holding capacitor via the gate capacitance of the switch when 
switching in to hold. Since the gate capacitance couples the 
switch-control voltage applied to the gate on to the hold capacitor, 
the resulting sample-to-hold offset is a function of the logic level 
as shown in Figure I. 

The sample-to-hold offset can be reduced by adding capacitance 
to the internallOOpF capacitor. This may be easily accomplished 
by adding an external capacitor between Pins 7 and 8. The 
sample-toehold offse~ is then governed by the relationship: 

SIH Offset (V) = Charge (pC) 
CH Total (pF) 

For the AD585 in particular it becomes: 

_ 0.3 pC 
SIH Offset (V) - lOOpF + (C

EXT
) 

The addition of an external hold capacitor also effects the ac
quisition time of the AD585. The change in acquisition time 
with respect to the CEXT is shown graphically in Figure 2. 

HOLD MODE 
In the hold mode there are two important specifications that 
must be considered, feedthrough and the droop rate. Feedthrough 
errors appear as an attenuated version of the input at the output 
while in the hold mode, hold-mode feedthrough varies with 
frequency, increasing at higher frequencies. Feedthrough is an 
important specification when a sample and hold follows an 
analog multiplexer that switches between many different 
channels. 

Hold-mode droop rate is the change in output voltage per unit 
of time while in the hold mode. Hold mode droop originates as 
leakage from the hold capacitor, of which the major leakage 
current contributors are switch leakage current and bias current. 
The rate of voltage change on the capacitor dV/dT is the ratio 
of the total leakage current IL to the hold capacitance CH • 

dVOUT IL(PA) 
. Droop Rate = crr-- (Volts/Sec) = CH(pA) 

For the AD585 in particular, 

lOOpA 
Droop Rate = lOOpF + (C

EXT
) 

Additionally the leakage current doubles for every lOoC increase 
in temperature; therefore, the hold-mode droop rate characteristic 
will also double in the same fashion. The hold-mode droop rate 
can be traded-off with acquisition time to provide the best com
bination of droop error and acquisition time. The tradeoff is 
easily accomplished by varying the value of CEXT• 

Since a sample and hold is used typically in combination with 
an AID converter, then the total droop in the output voltage has 
to be less than 1I2LSB during the period of a conversion. The 
maximum allowable signal change on the input of an AID converter 
is: 

AV _ Full Scale Voltage 
L.1 max - 2(N + 1) 

Once the maximum il V is determined then the conversion time 
of the AID converter (T CONV) is required to calculate the maximum 
allowable dV/dT. 

dV max ilV max 
-d-t-- = T CONY 

Th . dV max h b th· .. e maxImum ~ as sown y e prevIous equauon IS 

the limit not only at 25°C but at the maximum expected operating 
temperature range. Therefore, over the operating temperature 
range the following criteria must be met (T OPERATION - 25°C) 
= ilT. 

dV 25°C 2 (il rC) dV max 
~ x 100C ~ err-

HOLD-TO-SAMPLE TRANSITION 
The Nyquist theorem states that a band-limited signal which is 
sampled at a rate at least twice the maximum signal frequency 
can be reconstructed without loss of information. This means 
that a sampled data system must sample, convert and acquire 
the next point at a rate equal to twice the signal frequency. 
Thus the maximum input frequency is equal to 

2(TACQ 1 TCONV + TAP) • 

Where T ACQ is the acquisition time of the sample-to-hold 
amplifier , TAP is the maximum aperture time (small enough to 
be ignored) and T CONV is the conversion time of the AID 
converter. 

ANALOG 
INPUT 

o TO 10V 

-'---~~-------~""'--+15V 

--i--__ -f---<t-------...-l--15V 

Figure 12. AID Conversion System, 117.6kHz Throughput 
58. 8kHz max Signal Input 
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ANALOG 
INPUT 

o TO 10V 

- .... ---.... ------------.-+15V 

--t--....... -+--.... ------....... -l--15V 

C~~X~~To----------------------~ 

Figure 13. 12 Bit AID Conversion System, 26.3kHz 
Throughput Rate, 13. 1kHz max Signal Input 

OPTIONAL CAPACITOR SELECTION 
If an additional capacitor is going to be used in conjunction 
with the internal l00pF capacitor it must have a low dielectric 
absorption. Dielectric absorption is just that; it is the charge 
absorbed into the dielectric that is not immediately added to or 
removed from the capacitor when rapidly charged or discharged. 
The capacitor with dielectric absorption is modeled in 
Figure 14., 

~~ 
Rx COA = (O.A.) x (C) 

Figure 14. Capacitor Model with Dielectric Absorption 

. If the capacitor is charged slowly, COA will eventually charge to 
the same value as C. But unfortunately, good dielectrics have 
very high resistances, so while COA may be small, Rx is large 
and the time constant Rx COA typically runs into the millisecond 
range. In fast-charge, fast-discharge situations the effect of dielec
tric absorption resembles "memory". In a data acquisition system 
where many channels with widely varying data are being sampled 

• the effect is to have an ever changing offset which appears as a 
very nonlinear sample-ta-hold offset since the difference between 
the voltage being measured and the voltage previously measured 
determines the fraction by which the dielectric absorption figure 
is multiplied. It is impossible to readily connect for this error 
source. The only solution is to use a capacitor with dielectric 
absorption less than the maximum tolerable error. Capacitor 
types such as polystyrene, polypropylene or Teflon are 
recommended. 
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• GROUNDING . 
Many data-acquisition' c~mpOnents have two or more ground 
pins which are not connected together within the device. These 
"grounds" are usually referred to as the Logic Power Return, 
Analog Common (Analog Power Return), and Analog Signal 
Ground. These grounds must be tied together at one point, 
usually at the system power-supply ground. Ideally, a single 
solid ground would be desirable. However, since current flows 
through the ground wires and etch'stripes of the circuit cards, 
and since these paths have resistance and fuductance, hUndreds 
of millivolts can be generated between the system ground point 
and the ground pin of the ADS8S. Separate ground returns 
should be provided to minimize the current flow in the path 
from sensitive points to the system ground point. In this way 
supply currents and logic-gate retlJrn currents are not summed 
into the same return path as analog signals where they would 
cause measurement errors. 

Figure 15. Basic Grounding Practice 
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Fast 0.01% 
T~ack/Sample~and-Hold Amplifiers 

FEATURES 
Improved SHe-8S Replacement 
SOOns Sample-to-Hold Transient 
SOfJ.V rms Noise 
low Droop Rate of 0.2mV/ms 

APPLICATIONS 
Data Acquisition Systems 
Data Distribution Systems 
Analog Delay and Storage 
Peak Amplitude Measurements 

GENERAL DESCRIPTION 
The ADSHC-85 Sample/Hold amplifier combines fast acquisition 
time and linear performance with low cost to provide an economical 
solution for a variety of applications. 

The unit is an improved second source for the SHC-85, featuring 
faster sample-to-hold settling, and lower noise. It is pin-for-pin 
compatible with other 14-pin DIP packages of this type; designed 
to acquire and hold analog signals as large as ± lOY dc. 

Accuracies of ±O.Ol% can be achieved in 4.5Jl.s for lO-volt input 
steps, and in only 5Jl.s for 20-volt steps. 

Both commercial temperature ranges and extended temperature 
ranges are available, respectively, in the ADSHC-85 and the 
ADSHC-8SET. 

TRACK-AND-HOLD (T/H) MODE 
When operated in the T/H mode, the ADSHC-85 "tracks" all 
changes in analog input as they occur, functioning like a unity 
gain amplifier. The "hold" mode is initiated by the user and causes 
the output of the T IH unit to be "frozen". 

A logic "1" at Pin 3 causes the unit to be in a "track" (or sample) 
mode; a logic "0" puts the output in "hold". 

ADSHC-85 I 

ADSHC-85 FUNCTIONAL BLOCK DIAGRAM 
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SPECIFICATIONS (typical @ + 25°C, l,OOOpF internal capacitance, and nominal supply voltages unless 
otherwise. noted) 

MODEL 

ANALOG INPUT 
Voltage Range 
Overvol tage, no damage 
Impedance 
Capacitance 
Bias Current 

• Initial Offset Voltage 

DIGITAL INPUT (TTL Compatible) 
Mode Control 
"SamplelTrack" Logic" 1" 
"Hold" Logic "0" 

ANALOG OUTPUT 
Voltage . 
Current 
Impedance 
Capacitive Load 
Noise 

(I1,100kHz 
(I1'I.OMHz 

DC ACCURACY/STABILITY 
Gain 
Gain Error 
Gain Nonlinearity 
Gain Temperature Coefficient 
Input Offset vs. Temperature 

SAMPLE (TRACK) MODE DYNAMICS 
Frequency Response 

Small Signal ( - 3dB) 
Full Power ( - 3dB) 

Slew Rate 

SAMPLE (TRACK)-TO-HOLD SWITCHING 
Aperture Time 
Aperture UncertaintyOitter) 
Offset Step (Pedestal) 
Switching Transient ' 

Amplitude 
Settling to 1 m V 

HOLD MODE DYNAMICS 
Droop Rate 

Typical (Maximum) , 
Variation with Temperature 

Feedthrough Rejection 
(20V POp (iI' 1kHz) 

HOLD-TO-SAMPLE (TRACK) DYNAMICS 
Acquisition Time (to ::':0.01%) 

lOVStep 
20VStep 

POWER REQUIREMENTS! 
Nominal Voltages 
Current 
Power Supply Rejection 

(dc - 50kHz) 

TEMPERATURE RANGE 
Operating (Case) 
Storage 

MTBF2 
Mean Time Between Failures 

PACKAGE OPTION3 

NOTES 
*Specifications same as Model ADSHC-8S. 

UNITS 

V 
Vmax 
Ohms 
pF 
nA,max 
mV,max 

Voltage 
+2.0Vto +5.5V 
OVto +0.8V 

V 
rnA 
Ohms,max 
pF 

j.lVIIDS 
j.lVrms 

VN 
% 
% 
ppml°C (max) 
j.lVrC(max) 

MHz 
kHz 
V/j.lS 

ns 
ns 
mV 

mV 
ILs,max 

mV/ms 

dB 

j.ls,max 
j.ls,max 

V(%) 
mA,typ(max) 

j.lVN(max) 

°C 
°C 

hours 

'Recommended power supply ADI Model 902-2 ± ISV (r~ ± 100mA 
2Calculated using MIL-HNBK-217; Ground; Fixed; + 70°C case 
3See Section 19 for package outline information. 

Specifications subject to change without notice. 
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ADSHC-85 

::,:10 
::': 15 
lOll 

10 
0.5 
::': 6, adjustable to zero 

Current 
50nAmax 
-50j.lAmax 

::,:10 
::,:10 
I 
1,000 

50 
150 

+1 
::':0.01 
::':0.01 
::':2(::': 10) 
::':25(::,: 100) 

3 
200 
15 

25 
0.5 
1.0 

325 
0.5 

0.2 (0.5) 
Doubles/10°C Change 

80 

4.5 
5.0 

::': 15(::':3) 
::': 18(::':20) 

100(200) 

Oto +70 
-55to + 125 

466,797 

HY14D 

ADSHC-85ET 

* 

* 

* 

-SSto + 125 

* 
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Figure 1. 

As shown in Figure 2, two different intervals of time can affect 
the point on the analog input which is sampled when the T/H is 
switched from "track" to "hold". One of these, aperture time, 
is a constant and, therefore, should not be regarded as an error 
source. The other, aperture uncertainty (or "jitter"), may vary 
from one "hold" command to the next and qualifies as a valid 
error source. 

This "jitter" is the result of noise signals of various kinds which 
modulate the phase of the hold command and are manifested as 
sample-to-sample variations in the value of the analog input which 
is being "frozen". The aperture error which results from this jitter 
is directly related to the dV/dt of the analog input. 

-1--- ::: 
III 

~I'- APERTURE 
III UNCERTAINTY 

SAMPLE "1" TRACK ! 
C?~T~~l . 

------1 I----APERTURE TIME I 
~HOLD PERIQD--------t 

~ I~:RRTOURR~~%~i~¥!I~~y DROOP 

I 
ACQUISITION TIME ~ 

I 

Figure 2. Track-and-Hold Operation 

Another phenomenon associated with the hold period which can 
contribute to error is feed through. High feed through rejection is 
important in a track-and-hold to prevent leakage from input to 
output during the hold interval. 

Acquisition time is the interval required for the T/H to reestablish 
accurate tracking of the analog input signal after the "hold" period 
has ended. 

Applications 
Longer intervals will be required for greater accuracy; but the 
interval is also affected by the rate of change of the input. Nyquist 
sampling is the most stringent tracking requirement. 

SAMPLE-AND-HOLD (S/H)MODE 
In the S/H mode, the output of the ADSHC-85 is left in the "hold" 
mode most of the time, but is switched to the "sample" (track) 
mode for brief intervals. 

The width of the sample pulse at the MODE CONTROL in
put is dictated by (1) the acquisition time of the ADSHC-8S, 
in combination with (2) the desired accuracy of the sampled 
output. 

A third factor which affects the accuracy is the amount of change 
which has occurred since the preceding sample; this is analogous 
to the situation which happens between successive "hold" com
mands when operating as a T/H. 

OPTIONAL EXTERNAL CAPACITOR 
The droop, charge offset, and acquisition time of the ADSHC-8S 
are determined by the holding capacitor. 

(Charge offset is caused by the transfer of charge to the holding 
capacitor via the gate capacitance of the switching FET when 
switching into "hold". The charge is essentially restored by a 
compensation circuit inside the ADSHC-8S when the unit goes 
into the "hold" mode.) 

The droop rate can be reduced with the use of an external capacitor, 
but this technique is not an unmixed blessing, since additional 
capacitance which improves droop rate characteristics also adds 
to settling time. 

Figure 1 approximates the relationship of acquisition time and 
added external capacitance. The droop rate is' determined by: 

Droop = dV = 0.5 X 10-9 

dt 1,000pF + CCXI 

OFFSET ADJUSTMENT 
Offset in the Functional Diagram should be adjusted with the 
analog input grounded, and with the sample/hold switching 
continuously between the "sample" and "hold" modes. 

Output offset error is adjusted to zero when the unit is in the 
"hold" mode. This will compensate for both charge offset (see 
above) and amplifier offset. 

APPLICATIONS 
The most common application for a track-and-hold is to place it 
ahead of a converter to allow digitizing of signals with 
bandwidths higher than the converter alone can handle. 

For these kinds of applications, the ADSHC-8S series can 
reduce system aperture to 500 picoseconds or less. 

Their ability to be operated as either track-and-hold or sample
and-hold devices adds to their flexibility, and makes them 
appropriate for multiple uses. 
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OPERATION WITH A/D CONVERTER 
Figure 3 shows in simplified form the use of an ADSHC-85 as a 
track-and-hold in combination with a converter. 

END OF CONVERSION SIGNAL 
(DEPENDING ON CONVERTER USED. 

EOC SIGNAL MAY REaUIRE INVERTED) 

Figure 3. 

OUTPUT 
OATA 

The maximum value of input signal frequency that can be 
acquired and digitized using this combination is influenced by 
the bandwidth of the T/H, but is also dictated by: 

A. The aperture uncertainty (jitter) of the ADSHC-85 
and 

B. The desired accuracy, and corresponding resolution of the con
verter (the larger the number of bits, the lower the maximum 
instantaneous input frequency). 

If the desired accuracy of digitizing were 0.1 % to a tolerance of 
± 1I2LSB, the maximum value of input signal frequency which 
can be digitized is determined by: 

Z-N 1 
Fmax = 27TT. = 27Tol,OZ4o5 x 10-10 = 31O.8kHz 

where 0.1 % is 10 bits; and aperture uncertainty of the 
ADSHC-85 is 0.5ns. 

For this situation, the converter in Figure 3 could be either 
the Analog Devices Model HAS-1002, or the Analog Devices 
Model AD579. 

Either of these units and the ADSHC-85 could acquire and 
digitize an analog input frequency of slightly less than 
311kHz. 

The maximum throughput rate of each of these combinations 
would be different, however. 

When using an ADSHC-85 with HAS-100Z, throughput 
would be 169k samples per second (a period of 4.5f.1s plus 
1.4f.1s). Using the AD579 results in 154k (4.5f.1s plus 
Z.Of.1s). NOTE: These update rates are based on using the 
ADSHC-85 without external capacitance; none is required 
because droop is insignificant during the conversion time. 

Without violating the Nyquist sampling theorem, the HAS-1002 
could be used for input frequencies from dc through 84kHz; the 
AD579'for inputs from dc through 77kHz. Input frequencies 
higher than these (up to the maximum of 311kHz) would result 
in "undersampling" of the input signal. Signals up to 311kHz 
could be processed if their bandwidth is less than one-half the 
sample frequency (example: IF signals). 

SIMULTANEOUS SAMPLE/HOLD 
The ADSHC-85 can be used for time correlation of sampled 
data signals by using one sample/hold for each analog signal. 
The outputs of the units are then applied to the input of an 
analog multiplexer. 

The worst-case droop error of the sample/hold in the last 
channel to be sampled is determined by the maximum "Hold" 
time of the system. This maximum hold time, in turn, is 
established by the A/D conversion rate, and the number of data 
channels. 

Droop error is computed by: 

MAX DROOP ERROR (for Channel N) =(T x n) 
(Droop Rate) 
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where T = A/D Conversion Rate 

and n = number of multiplexer data channels 

Figure 4 shows an 8-channel system using ADSHC-85 units for 
simultaneous sampling. Their outputs are applied to either a 
Model AD7501 or Model AD7503 CMOS analog multiplexer; 
the output of the MUX is then applied through an amplifier to 
a Model HAS-1202. 

Figure 4. 

When the input signal range is ± 10 volts, this 1Z-bit system 
will have a value for the Least Significant Bit (LSB) of slightly 
less than 5mV (4.88mV). 

If the system is going to maintain 1Z-bit integrity, the droop 
rate must be appreciably l~ss than lIZLSB. In this example, if 
one assumes a system sample rate of 20kHz, the computed 
droop error of the last channel meets that requirement: 

Droop = (S S 1 I R t ) (max T/H droop) ystem amp e a e 

Droop = (20 ~ 103 ) (0.5mV/ms) = Z5f.1V 

The computed droop error is negligible; therefore, no external 
capacitance need be added to the ADSHC-85s. This should hold 
true for all except the very slowest AIDs which might be 
substituted for the HAS-120Z. 

RECOMMENDED CONVERTERS 
The application notes above offer suggestions on converters 
from the Analog Devices product line which are candidates for 
use with the ADSHC-85 Sample/Hold units. 

Depending on the application and desired resolution, a number 
of units should be considered. 
They include: 

ADC84 
ADC85 
AD578 

AD579 
HAS-080Z 
HAS-1002 

HAS-1202 
MAH-0801 
MAH-IOOl 

MAS-0801 
MAS-IOOI 
MAS-IZ02 



r.ANALOG 
WDEVICES 

FEATURES 
Aperture Jitter of 100ps 
Input Range ± 10V 
Output Current ± 50mA 
Max Droop Rate 5fl V/flS 

APPLICATIONS 
Data Acquisition Systems 
Peak Measurement Systems 
Simultaneous Sample & Hold 
Analog Delay 

GENERAL DESCRIPTION 
The HTC-0300 is a hybrid microcircuit track-and-hold amplifier 
useable for a wide range of signal processing applications, including 
waveform measurements, analog signal delay, and signal 
sampling. 

The HTC-0300 has an aperture jitter of only 100 picoseconds; 
wide dynamic input range of ± 10 volts; and laser-trimmed gain 
and offset which preclude the need for external adjustments. Its 
speed and precision are the result of innovative design techniques 
using high-speed op amps and diode switches. These techniques 
also enhance the HTC-0300 performance in feedthrough rejection, 
linearity, harmonic distortion, droop rate, and output voltage 
swing. 

Applications which require a minimum temperature coefficient 
on offset voltage and a slight increase in bandwidth are likely 
candidates for the "A" series of the HTC-0300 family. 

Units are available in glass packages as the HTC-0300 and HTC-
0300A; and in metal packages as the HTC-0300M and HTC-
0300AM. 

ORDERING INFORMATION 
Models HTC-0300 and HTC-0300A are ceramic package versions; 
models HTC-0300M and HTC-0300AM are hermetically-sealed 
metal packages. 

Mating individual pin sockets are available from AMP. Part 
number 6-330808-0 is the knockout end type; part number 6-330808-
3 is the open end type. 

Ultra High Speed Hybrid 
Track-and-Hold Amplifiers 

HTe-0300 I 
HTC-0300 FUNCTIONAL BLOCK DIAGRAM 

HOLD 
COMMAND 

G~~tl~Do-""""-+--"'" 

NOTE: PIN 12 SHOULD BE GROUNDED IF NOT USED. 

APPLICATIONS 
Track-and-hold amplifiers can be used in a number of different 
ways, but the most common application for these units is to 
place them ahead of an AID converter to digitize signals with 
bandwidths higher than the digitizer can handle by itself. 

The HTC-0300 is designed to be used with the Analog Devices 
HAS-Series of AID converters; but it lends itself readily for use 
with the Analog Devices hybrid AD578, AD579, ADC84, ADC85 
as well as the modular MAH and MAS units. 

The use of the HTC-0300 T/H can reduce system aperture to 
100 picoseconds, when used with the appropriate AID converter. 
It can also be used for peak-holding functions, simultaneous 
sampling AID's (when combined with analog multiplexers), and III 
other high-speed analog signal processing applications. 
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S PEe I Fie AT ION S (typical @ + 25"C and nominal power supplies unless otherwise noted) 

ANALOG INPUT 
Voltage Range 
Overvoltage, no damage 
Impedance 
Initial Offset Voltage 

DIGITAL INPUT (TTL Compatible) 
Mode Control 

Hold Input Hold Input 
"0" = Track "0" = Hold 
'''1'' = Hold "I" = Track 

ANALOG OUTPUT 
Voltage 
Current (not short circuit protected) 
Impedance (dc) 
Noise in Track Mode2 

Co 100kHz 
Co 1.0MHz 
(ii 5,OMHz 

DC ACCURACY/STABILITY 
Gain 
Gain Error 
Gain Nonlinearity 
Gain Temperature Coefficient 
Input Offset vs. Temperature 

SAMPLE (TRACK) MODE DYNAMICS 
Frequency Response 

Small Signal ( - 3dB) 
Full Power ( - 3dB) 

Slew Rate 
Harmonic Distortion (4Vp-p; R .. = Ik) 

SAMPLE (TRACK)-TO-HOLD SWITCHING 
Aperture Time 
Aperture Uncertainity (Jitter) 
Offset Step (Pedestal) 

Sensitivity to Temperature 
Sensitivity to + 5V 

Switching Transient 
Amplitude 
SettlingtoO.I% 

HOLD MODE DYNAMICS 
Droop Rate 

Variation with Temperature 
Feedthrough Rejection 

(20V POp dc to 2.5MHz) 

HOLD-TO-SAMPLE (TRACK) DYNAMICS 
Acquisition Time(to :!: 0.1%) 

IOVStep 
20VStep 

POWER REQUIREMENTS 
Nominal Voltages 

Power Supplies 
Logic Supply 

Currents 
+ 15V 
-15V 
+5V 

Power Dissipation 
Power Supply Rejection Ratio:!: 15V 

(de to 50kHz) 

TEMPERATURE RANGE 
Operating (case) 
Storage 

THERMAL RESISTANCE3 

Junction to Air, Oja (free air) 
Junction to Case, Ojc 

MTBF4 
Mean Time Between Failures 

PACKAGE OPTIONSs 

NOTES 
·Specifications same as HTC-0300. 

. ··Specifications same as HTC-0300A. 
lUMB" version specs same as "M" versions. 

UNITS 

V 
Vmax 
!l(max) 
mV(max) 

Volt~ 

OVto +OAV 
+2.5Vto +5V 

Vmin 
mAmax 
!l(max) 

p.Vrms 
p.Vrms 
mVrms 

VIV 
% 
(!lomax 
ppm/OC(max) 
p.VrC(max) 

MHz 
MHz 
V/fls(min) 
dB (max) 

ns(max) 
ps(rms) max 
mV(max) 
p.V/OC(max) 
mVIV 

mV 
ns(max) 

flV/fls(max) 

dB 

ns(max) 
ns(max) 

V(:!:) 
V(:!:) 

mA,max 
mA,max 
mA,max 
mW,max 

mVIV 

°c 
°C 

°C/W 
°C/W 

hours 

'Noise level increases when high duty cycle repetitive hold command is applied. 
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HTC-0300 HTC-030OA HTC-0300M1 HTC-0300AM I 

:!:IO * * * 
± 15 * * * 
I,OOO(:!: 50) * * * 
:!:2(:!:,20) * * * 

Current 
-2mAmax * * * 
50p.Amax * * * 

:!: 10 * * * 
:!: 50 * * * 
0.1 (1.0) * * * 

15 * * * 
34 * * * 
0,1 * * * 

-1.00 * * * 
:!:0,2 * * * 
:!:0.01 * * * 
10(50) * * * 
400(750) 100(200) * ** 

8 10 * ** 
6 8 * ** 
250(120) 260(180) 250(100) ** 
75(62) * * * 

6(:!:2) * * * 
100 * * * 
5(50) 5(20) * ** 
200(400) 100(200) * ** 
60 25 * ** 

200 * * * 
100(200) * * * 

5(7) 1.0(5) * ** 
Doubles/l O°C change * * * 

70 74 * ** 

170(200) 150(170) * ** 
220(270) 200(250) * ** 

:!: 15(3) * * * 
+ 5 (0.25) * * * 

38 28 * ** 
27 21 * ** 
25 * * * 
1100 860 * ** 

0.5 * * * 

Oto +70 * - 55 to + 100 -5510+125 
- 55 to + 125 . * * 

48 * 45 45 
20 * 12 12 

6.44 x 105 9.4 x lOs 

HY24E * HY24G ** 

3Maximum junction temperature is IS0aC. 
'Calculated for "MB" versions using MIL-HNBK·217; Ground Fixed; + 70°C case . 
'See Section 19 for package outline information. 

Specifications subject to change without notice. 



Theory of Operation 
OUTLINE DIMENSIONS 

Dimensions shown in inches and (mm). 

PIN DESIGNATIONS 

PIN FUNCTION 

1 ANALOG OUTPUT 
2 N/A 
3 N/A 
4 N/A 
5 N/A 
6 N/A 
7 N/A 
8 N/A 
9 +5V 
10 LOGIC GROUND 
11 HOLD 
12 HOLD 
13 ANALOG INPUT 
15 GROUND 
18 N/A 
19 N/A 
21 GROUND 
22 -15V 
23 GROUND 
24 +15V 

TRACK-AND-HOLD (T/H) MODE 
When operated in the "track" mode, the HTC-0300 'functions 
as an operational amplifier with a gain of -1, following all 
changes in the analog input signal as they occur. 

When a TTL-compatible digital logic "1" is applied to the Hold 
Command input (Pin 11) of the T/H, the inverted analog output 
of the HTC-0300 is "held" at the value which was present at 
the time of the Hold Command, plus the aperture time. 

For applications which require an inverted Hold Command, this 
"freezing" of the inverted analog output can be accomplished 
with a digital "0" applied to the Hold input port (Pin 12); in 
this case, a digital"I" establishes the "track" mode of operation. 

Refer to Figure 1, the Track/Hold Waveforms for the HTC-
0300. 

ACTUAL 

APERTURE 
ERROR 

-1 ___ _ 
SAMPLED -----,(: 

POINT 

ANALOG INPUT 

ANALOG OUTPUT ------:}EJl:~~ 

I 
I 
I 
I 
I 
I 

I-- ACQUISITION TIME 

Figure 1. Track/Hold Waveforms-HTC-0300 

As shown, two different intervals of time can affect the point on 
the analog input which is sampled when the T/H is switched 
from "track" to "hold" (there is no major difference in operation 
whether this change in state is accomplished via the Hold or 
Hold input; the functioning of the HTC-0300 is essentially the 
same, with only a slight difference in timing because of an addi
tionallogic package in the Hold signal path.) 

The delay interval, aperture time, is a constant and, therefore, 
should not be regarded as an error source. The care used in the 
design of the HTC-0300 assures that aperture time is within its 
spec from unit to unit; and is also repeatable from one "hold" 
command to the next in any given unit. In this way, aperture 
time can be compensated with system timing to assure an optimum • 
sampling point on the signal being digitized. Refer to Figure 2. 

15.0 

> 12.5 

~ 10.0 

; ::: 
2.5 

o 

-10V ~-p INPUT SIG~AL I 

/ 
/ 

/ --
_ ...... 

50 500 5000 

INPUT ANALOG BANDWIDTH - kHz 

Figure 2. HTC-0300 Error Due to Aperture Uncertainty 

The other interval affecting the held value is aperture uncertainty, 
or "jitter." It is the result of noise signals of various kinds which 
modulate the phase of the hold command and shows up as 
sample-to-sample variations in the value of the analog signal 
which is being "frozen." 

The error resulting from this jitter, as one might' expect, is 
directly related to the dV/dt of the analog input being applied to 
the HTC-0300 T/H. If very high-speed inputs are sampled, any 
given value of jitter will result in larger errors in the held value 
at the output as the dV/dt increases. 

The high feed through rejection of the HTC-0300 is an important 
characteristic of the unit in the hold mode because it precludes 
errors being introduced during the conversion interval of the 
digitizer used at the output of the T/R. Basically, high feed through 
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rejection is important to prevent leakage from analog input to 
analog output during the h~ld interval. , 

As shown in Figure 1, droop is the amount the output changes 
during the hold period; this change is the result of loading on 
the internal hold capacitor. Low droop rates are important in 
using tr~ck-and-hold amplifiers with converters to assure they 
are appropriate for applications requiring high-resolution digitiz
ing. Excessive droop rates can negate the effectiveness of having 
converters of 10 or 12 bits or more; the lower-order bits may be 
in error because of the change in the value being held during 
the conversion cycle. This comment is particularly germane to 
success,ive-approximation converters. 

The return to the "track" mode at the end of the hold period is 
accomplished by changing the digital logic level of the Hold 
Command; Figure 1 depicts the hold command as it would 
appear at the (Pin 11) Hold input. 

Acquisition Time is the interval required for the analog output 
to reestablish accurate tracking of the changing input and remain 
within a specified error band around its final value. Not unex
pectedly, the greater the change in the input value, the longer 
this interval will be. Nyquist sampling is the most stringent 
application. 

The transients shown in Figure 1 are "spikes" which occur on 
the output of the T/H at the beginning and end of the "hold" 
period because of switching transients within the unit. When a 
track-and-hold is used at the output of a D/A converter for 
"deglitching" discontinuities in the output of the converter, 
these transients occur at the update rate and can be filtered. 

SAMPLE-AND-HOLD (S/H) MODE 
Although it is generally used in the track-and-hold mode as 
described above, the HTC-0300 can also be used as a sample-and
hold device for applications requiring this capability. 

In the S/H mode, the output of the unit is usually in the "hold" 
mode, but is switched to the "sample" (track) mode of operation 
for brief intervals. 

The width of the sample pulse which is applied to the Hold 
input (or, if using inverted logic, the Hold input) is determined 
by (1) the acquisition time of the HTC-030o., and (2) the desired 
accuracy of the sampled output. 

In addition to 'these considerations, the accuracy of the output 
will also be a function of the amount of change which has occurred 
since the preceding sample. 

This latter phenomenon is illustrated in Figure 3. In that drawing, 
the analog input has changed drastically between the first and 
second hold commands. There is a considerably smaller change 
between the third and fourth pulses; as a consequence, movement 
in the held value of the output is correspondingly smaller. 

ANALOG INP::

V 

: i 
I I I I 

-5V I I I I 
I I I I I 

TRACK I :! ! ! 
mmlH~ 

COMMAND I I I I I 
I 1 I I I 
I I I I I 
I I 1 , I 
I I 1 : I 
I I I I I 
I I I I I 

... ~~~ 
Figure 3. Sample/Hold Operation 
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Refer to Figure 4, which illustrates settling accuracy versus 
acquisition time. This graph shows dramatically that closer 
accuracies require increasing aI1}ounts of time to acquire the 
signal. As shown, the relationship approaches an. asymptotic 
curve and is not a linear function. 

i 1. 0 

~ O. 3 

~ o. 1 

1 

~ 0.03 

~ 0.0 

\ . 1 I 
l'.. I I 

"'" 
'10V OUTPUT CHANGE ~ 

"-l I 
1 J--.... 
1 I 

50 100 150 200 250 300 
TIME -ns 

Figure 4. Settling Accuracy vs. Acquisition Time 

As in any amplifier, amplitude and phase response are important 
in the HTC-0300. Typical phase and gain characteristics versus 
input frequency are shown in Figure S. The two parameters are 
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Figure 5. Amplitude and Phase Response 

relatively flat from dc to 1-2MHz and then decay gracefully to 
help assure stable operation. As shown, the cutoff frequency is 
approximately lOMHz. 

The HTC-0300 is suitable for most applications requiring a 
track-and-hold for update rates up to SMHz. (Note: In this 
instance, SMHz conversion rates are only a guide and are based 
on system acquisition time, not logic speed. Higher rates are 
possible with trade-offs in acquisition time.) 

The HTC-0300 is a "closed loop" track-and-hold unit. As shown 
in the block diagram, the switches are located within the feedback 
loop, hence the "closed loop" nomenclature. 

The internal power supply bypass capacitors which are shown 
may have to be supplemented with external bypassing, depending 
upon the application. For most applications, electrolytic capacitors 
of 10-22 microfarads on each supply will enhance performance 
of the unit. 

Bypassing all power supplies with 0.01 - O.IJ.LF ceramics is 
another of the considerations in assuring optimum performance. 
A massive ground plane, careful component layout, and physically 
separating digital and analog signals as much as possible are also 
among the multitude of items which can affect the operation of 
circuits containing the HTC-0300 track-and-hold. 

Cross-coupling of analog and digital signals is generally the 
major problem at high frequencies. Relatively low levels of 
ground plane noise can "mask" lower-order bits when the HTC-
0300 is used in high-resolution digitizing. The user should exercise 
great care in both electrical and mechanical design to assure 
satisfactory performance. 
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FEATURES 
700ns Acquisition Time 
<750mW Power Dissipation 
14-Pin DIP 
0.01% Linearity 

APPLICATIONS 
Data Acquisition Systems 
Data Distribution Systems 
Analog Delay and Storage 
Peak Amplitude Measurements 

GENERAL DESCRIPTION 
The Analog Devices HTC-OSOO Track/Sample Hold is a remark
able combination of speed and low power dissipation in a l4-pin 
DIP. Its low cost makes it extremely attractive for a wide range 
of applications which were often uneconomical until now. 

Exceptional speed and minimum power in a small, cost-effective 
package are not the only characteristics which make this unit 
worth serious consideration for a variety of uses. The innovative 
design ideas which have been included make it possible for the 
user to vary the gain of this inverting amplifier. 

In many instances, Track/Sample-Hold devices may allow the 
user to decrease the gain, but increasing the gain is impossible. 
This is because the majority of these units close the feedback 
loop internally. 

The HTC-OSOO, however, gives the designer flexibility when it 
is incorporated into its system application because it can be 
varied around its normal unity gain. In fact, as shown in the 
functional block diagram, the user must close the feedback loop 
externally with a strap to get proper operation. 

Figure 2 shows a suggested method for changing gain over a 
range which is approximately 8 percent below to approximately 
17 percent above nominal. This kind of potential gain variation 
can be an important element when the HTC-OSOO is combined 
with other components in a system design. The gain of the 
HTC-OSOO can be changed as necessary to compensate for varia
tions in other portions of the system. External adjustments also 
allow the offset to be nulled. 

High Speed Hybrid 
Track~and-Hold Amplifiers 

HTC-0500 I 
HTC-OSOO FUNCTIONAL BLOCK DIAGRAM 

The HTC-OSOO is a perfect choice for use with Analog Devices' 
converters such as the HAS-1202, ADS78, and ADS79 in • 
applications which do not require the speed of the model HTC-0300 
Track-and-Hold, but require higher speed than the ADSHC-8S. 

The standard unit is housed in a metal dual in-line package; its 
model number is HTC-OSOOAM. A temperature range of ,- 55°C 
to + 125°C is available with model HTC-OSOOSM. ' 
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BY USER 

( 
25011 ANALOG 
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Figure 2. 
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S PEe I Fie AT ION S (typical @ + 25°C and nominal power supply voltage unless otherwise n~ted) , 
UNITS 

ANALOG INPUT . 
Voltage Range V(min) 
Overvoltage, no damage V,max 
Impedance H(max) 
Initial Offset Voltage mV,max 

DIGITAL INPUT (TTL Compatible) 
Mode Control Voltage 
"Samplerrrack" Logic "0" OVto +0.8V 
"Hold" Logic "1" +2.0Vto +5.5V 

ANALOG OUTPUT 
Voltage 
Current 
Impedance 
Noise 

dcto 100kHZ.} T kM d 
dcto 1.0 MHz rac 0 e 

DC ACCURACY/STABILITY 
Gain 
Gain Error 
Gain Nonlinearity ( ± 10V Output) 
Gain Temperature Coefficient 
Input Offset vs. Temperature (Track) 

SAMPLE (TRACK) MODE DYNAMICS 
Frequency Response 

Small Signal ( - 3d B) 
Large Signal( - 3dB) 

Slew Rate 

SAMPLE (TRACK)-TO-HOLD SWITCHING 
A perture Time 
Aperture Uncertainty (Jitter) 
Offset Step (Pedestal) 

Variation with Temperature 
Switching Transient 

Amplitude 
Settling to 1m V 

HOLD MODE DYNAMICS 
Droop Rate 

Variation with Temperature 
Fecdthrough Rejection 

(IOV Pop (II 300kHz) 

HOLD-TO-SAMPLE (TRACK) DYNAMICS 
Acquisition Time(to ±O.I%) 

IOVStep 
20VStcp 

Acquisition Timc(to ±0.01%) 
10VStcp 
20V Step 

POWER REQUIREMENTS 1 

Nominal Voltages 
Current 
Power Supply Rejection 

(dc-50kHz) 
Pedestal Sensitivity to 

Power Supply 
+15V 
-15V 

Power Dissipation 

TEMPERATURE RANGE 
Operating (Case) 
Storage 

THERMAL RESISTANCE 2 

Junction to Air,Oja (free air) 
Junction to Case,O jc 

MfBF 
Mean Time Between Failures 

PACKAGE OPTION3 

14-Pin Metal DIL 

NOTES 
*Specifications same as HTC-SOOAM. 

V (min) 
mA(min) 
H,max 

I1Vrms 

I1Vrms 

VIV 
% (max) 
% (max) 
ppm/OC(max) 
I1VrC (max) 

MHz (min) 
MHz (min) 
V/l1s(min) 

ns(max) 
ps(max) 
mV,max 
I1VrC,max 

mV,max 
ns(max) 

I1V/l1s(max) 

dB (min) 

ns(max) 
ns(max) 

ns(max) 
ns(max) 

V(%) 
mA(max) 

mVIV(max) 

mVIV(max) 
mVIV(max) 
mW(max) 

°C 
°C 

°ClW 
°CiW 

hours 

'Recommended power supply ADI Model 902-2 ± ISV @ ± lOOmA. 
'Maximum junction temperature is ISO·C. 
'See Section 19 for package outline information. 

Specifications subject to change without notice. 
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HTC-0500AM HTC-0500SM 

± 12(± 10) * 
± 15 * 
3000(± 15) * 
± 5, adjustable to zero * 

Current 
2 Standard TfL Loads * 
2 Standard TIL Loads * 

± 12(± 10) * 
±15(±1O) * 
I * 

15 * 
60 * 

-1.00 * 
±O.I (±0.2) * 
±0.01(±0.02) * 
10(15) * 
100(200) * 

2(1.5) * 
1.5 (I) * 
55(40) * 

30(±5) * 
60(100) * 
±5 * 
25 * 

100 * 
400(600) * 

0.5(2) * 
Doublcsl 10°C Change * 

80(75) * 

700(800) * 
900(1100) * 

850(1000) * 
1100(1300) * 

± 15(±3) * 
±25(±27) * 

1.5(3) * 

3(5) * 
3(5) * 
750(810) * 

- 25 to + 85 -55to+I25 
-55to+I25 * 

53 * 
12 * 

HY14D 



APPLICATIONS 
The HTC-OsOO Track-and-Hold amplifier bridges the gap in 
price/performance trade-offs between monolithic Sample-Hold 
amplifiers such as the Analog Devices ADs82 and ADs83; and 
high-speed hybrid T/Hs such as the Analog Devices HTC-0300 
and HTS-002s. 

Designs which require faster acquisition speeds than those available 
with the ADs82, ADs83 or ADSHC-8s, but do not need the 
high performance capabilities of either the HTC-0300 or HTS-
0025, are ideal candidates for the HTC-OsOO. 

The hallmarks of the HTC-OsOO family are outstanding perfor
mance in a small I4-pin hybrid package at an economical price, 
which provides the designer with a cost-effective solution to 
digitizing applications. 

TRACK-AND-HOLD (T/H) MODE 
The HTC-OSOO, like other track-and-hold units, is a circuit 
which can continuously follow a changing analog signal; but can 
quickly switch into a hold mode to "capture" or "freeze" the 
signal at a point selected by the user. After the desired hold 
interval is completed, it is returned to the track mode of operation 
and reacquires the input signal. 

Generally speaking, the HTC-OsOO is used ahead of analog-to-digi
tal converters to allow digitizing signals whose bandwidth is too 
high for the AID alone to handle. It can also be used as a deglitcher 
on the output of DI A converters; analog holding functions, and 
for other processing of analog signals. 

The T/H used with an AID directly affects multiple parameters 
of performance within the system; resolution, accuracy, signal-han
dling capabilities, and multiple other characteristics are dependent 
on both the track-and-hold and the converter. The user needs to 
understand the interactions between the devices to assure optimum 
system use. 

In the "track" mode, the HTC-OsOO operates as an amplifier 
with a gain of - 1, following all changes in the analog input. 

The user determines the point at which the analog input will be 
"captured" by applying a TTL digital "I" logic signal to the 

Track/Hold (Pin 3) input of the HTC-OsOO. The inverted analog 
output of the HTC-OsOO is "held" at the value which was present 
at the time of the Hold Command, plus the aperture time. 

The time relationships and the characteristics which affect the 
performance are illustrated in Figure 3. 

APERTURE 

ERROR APERTURE 

ACTUAL~i____ UNCERTAINTY 
SAMPLED , / 

POINT -,--- J:: / 
ANALOG INPUT --1, ~ 

_.~~~·_HOL~ 
TRACK HOLD INPUT .~ : APERTURE L--

----i;-TlME : 
:P~~:OOD~ 

I I 
I I 

ANALOG OUTPUT ~TRANSIENTS I ------} ERROR 
'/ I --- BAND 

_L' -: 
-f--- ----,.--- : 

ERROR RANGE I DROOP, 

DUJN~~:::,~~~RE ~ f-
ACQUISITION TIME 

Figure 3. Track-and-Hold Operation 

Applications 
As shown, aperture time is a predictable, repeatable delay between 
the application of the Hold Command and the instant the analog 
input is sampled. Because of its characteristics, aperture delay 
should not be considered an error source, since it can be negated 
with correct system timing. Careful attention to the timing used 
within the system will assure the "freezing" of the signal being 
digitized will occur at the optimum point on the changing analog 
input. 

Aperture uncertainty (or "jitter"), on the other hand, is a valid 
error source which has an effect on the sample point. This 
uncertainty is the result of noise signals of various kinds which 
modulate the phase of the hold command; its results show up as 
variations in the value of the signal being "captured," on a 
sample-to-sample basis. These variations manifest themselves as 
an effective aperture error on the input signal and a corresponding 
range of errors in the al}alog output which is "held". 

The width of the aperture error (and, consequently, the output 
error range) is directly related to the dV/dt of the analog input. 

. If one assigns a fixed aperture error for purposes of illustration, 
it is easy to visualize the effect of increasing the dV Idt of the 
analog signal; the error range at the output increases as the 
bandwidth of the input increases. 

The amount of error vis-a-vis bandwidth is illustrated in 
Figure 4. 
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Figure 4. HTC-0500 Error Due to Aperture Uncertainty 

The droop shown in Figure 3 is the amount the analog output 
changes during the hold period and is the result of loading on 
the internal hold capacitor. The exceptionally low droop rate of 
the HTC-OsOO is a "plus" for the system designer interested in 
using the unit with high-resolution AID converters. Excessive 
droop rates in a T/H can cause converters of 10 or 12 bits or 
more to perform at less than their rated accuracies; the lower-order 
bits might be in error if there is a change at the converter input 
during the conversion cycle. Using the HTC-OSOO for these 
kinds of applications decreases that possibility. 

The acquisition time shown in Figure 3 is the interval from the 
change of state of the Hold Command to the time when the 
analog output has been reacquired and remains within a specified 
error band around its final value. Nyquist sampling is the most 
stringent application, since this would cause the maximum change 
from one sample to the next. 

As shown in the SPECIFICATIONS section, the arquisition 
time of the HTC-OSOO is truly remarkable for a unit in its price 
category, even when settling to accuracies of 0.01%. This char
acteristic makes it extremely attractive for the user who cannot 
compromise technical performance, but must also consider the 
economic consequences of his design. 

The transients which are called out in Figure 3 are "spikes" 
which occur on the output of the T/H at the beginning and end 
of the hold period; they are the result of switching transients 
within the unit. 
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Refer to Figure 5, which illustrates these switching transients, 
and pedestal voltage; and their time relationships to the Hold 

HOLD COMMAND 

ANALOG OUTPUT 
(DC INPUT) 

"'" HOLD 

~ 
~ ~ 

'TRACK-TO-HOLD HOLD-TO-TRACK 
SWITCHING TRANSIENT SWITCHING TRANSIENT 

Figure 5. 

Command. No inference should be drawn from the illustration 
regarding the relative amplitudes of the Hold Command, trans
ients, and pedestal; refer elsewhere in this data sheet for actual 
values. 

Pedestal during the hold period is a sample-to-hold offset caused 
by charge dumps ~hen electronic switches are opened; coupling 
of the logic signal transients; and other phenomena. This pedestal 
can be eliminated with calibration when using the HTC-OSOO 
with an AID converter, since it shows up as an offset. 

SAMPLE-AND-HOLD (S/H) MODE 
Although it is classified as a track-and-hold unit and is usually 
operated in that mode as described above, the HTC-0500 can 
also be used as a sample-and-hold device. . 

When used in this manner, the output of the unit remains in 
the "hold" mode most of the time, but is switched to the "sample" 
(track) mode for brief intervals. 

Refer to Figure 6. 

ANALOG INPUT + 5V i i 
I I I 

-5V I I I I 

: 1: : : 
HOLD I I I 1 I 

TRACK/HOLDINPUT TR~ 

: I: : : 
: : : : 
, 1 I I I 

ANALOG OUTPUT _ j ~ i 
---u "--

Figure 6. Sample/Hold Operation 

When operating as a S/H, the signal applied to the Track/Hold 
(Pin 3) input will usually be a digital logic "1" which holds the 
HTC-0500 output at the input value present at the time of the 
leading edge of the Track/Hold pulse. 

Figure 6 shows asynchronous pulses applied to cause the output 
to reslew to new values. The trailing edge establishes the sample 
(track) mode; the leading edge returns the output to "hold". 

The exceptional acquisition time of the HTC-OSOO makes it 
attractive for sample-hold applications because of its ability to 
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acquire new output values quickly. This characteristic allows 
the width of the sample pulse to be considerably narrower than 
might be possible if using competing units. 

The width of the sampling pulse applied at the Track/Hold 
input will be dependent on: 

A. The acquisition time of the HTC-OSOO 
B. The desired accuracy of the sample output 
C. The amount of change which has occurred since the 

preceding sample. 

Settling accuracy versus acquisition time is shown pictorially in 
Figure 7. 

1.0 

0.9 

0.8 

~ 0.7 
::I 
~ 0.6 

.... 0.5 
I 

!Z 0.4 

j 0.3 

- 0.2 

o. 1 

0 

, 
1\ 
1\ ,ov OUTPUT CHANGE -

\ 
l 
\ 

" I"' ""'r--, 
200 400 600 800 1000 

TIME - ns 

Figure 7. Settling Accuracy vs. Acquisition 
Tiine - HTC-0500 

When operating in the track mode, the HTC-OSOO is no different 
from any other amplifier; phase and gain are important to assure 
stable operation. In Figure 8, these charcteristics are plotted as 
a function of input frequency. 
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Figure 8. Amplitude and Phase Response - HTC-0500 

ORDERING INFORMATION 
All versions of the HTC-OSOO are housed in 14-pin metal dual 
in-line packages. For commercial applications operating over a 
case temperature range of - 25°C to + 85°C, specify model 
HTC-OSOOAM. For a temperature range of - 55°C to + 125°C, 
specify model HTC-OSOOSM. 

Mating individual pin sockets are available from AMP. Knock
out end type are part number 6-330808-0; open end type are 
6-330808-3. 
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FEATURES 
Aperture Jitter of 5ps 
Acquisition Time 10ns 
Output Current ± 40mA 
Slew Rate 300V/J.1s 

APPLICA TIONS 
Data Acquisition Systems 
Radar Systems 
Instrumentation Systems 
Medical Electronics 

GENERAL DESCRIPTION 
The Analog Devices HTS-OOIO Track-and-Hold is another 
example of Analog's continuing efforts to advance the state of 
the art in high-speed' circuits. 

The HTS-OO 10 adds breadth to a line of devices which offers 
designers the industry's widest range of track-and-hold and 
sample-and-hold units. 

Its pinouts are similar to its predecessor HTS-0025 Track-and
Hold, but it provides enchanced performance in many of the 
characteristics established by that device. Two pins which are 
unused on the HTS-0025 are used on the HTS-OOIO, but with 
those exceptions, the two devices have identical pin assignments. 
This plug-in compatibility gives designers remarkable flexibility 
in selecting those parameters which are optimum for their 
applications. 

Ultra High Speed Hybrid 
Track-and-Hold Amplifiers 

HOLD 
COMMAND 

HTS-0010 I 
HTS-OOIO FUNCTIONAL BLOCK DIAGRAM 

vcc - Vee + PWR 
GND 

PWR 
GND 

The HTS-OOIO Track-and-Hold (TlH) uses many of the proven 
design concepts which have made the HTS-0025 T/H the standard 
of comparison for high-speed circuits of this type. A dc-coupled 
Schottky diode bridge is driven by a high impedance buffer ' 
amplifier and followed by a low impedance. output amplifier to 
achieve the best possible combination of speed and drive 
capabilities. 

All modcls of the HTS-OOIO are housed in a standard 24-pin 
metal DIP. The unit operating over a temperature range of 0 to 
+ 70°C is HTS-OOIOKD; the unit for a range of - 55°C to + 100°C 
is HTS-OOlOSD. 
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SPECIFICATIONS (typical @ + 25°C and nominal power supplies unless otherwise noted) 

ANALOG INPUT 
Voltage Range 

For Rated Performance 
Maximum Without Damage 

Impedance 
Capacitance 
Bias Current 

DIGITAL INPUT (ECL Compatible) 
Mode Control 

Hold Command Input 
"0" = Track 
"1" = Hold 

ANALOG OUTPUT 
Current (Not Short Circuit Protected) 
Impedance 
Noise in Track Mode 

(u S.OMHz Bandwidth 

DC ACCURACY/STABILITY (FS ~~ Full Scale) 
Gain eN 0 Load) I 
Gain Nonlinearity; 2V FS Input 
Gain Nonlinearity; I V FS Input. 
Gain Temperature Coefficient 
Initial Offset Voltage 
Offset vs. Temperature 

TRACK (SAMPLE) MODE DYNAMICS 
Frequency Response 

Full Power Bandwidth 
Small Signal ( - 3dB) Bandwidth 

Slew Rate 
Harmonic Distortion (Track Mode; 

4MHz, 2V pop Input) 
RL = Ik!l 
RL = soon 
RL = 200n 
RL = 7sn 

TRACK (SAMPLE)-TO-HOLD SWITCHING 
Effective Aperture Delay Time 2 

Aperture Uncertainty (Jitter) 
Offset Step (Pedestal) 

Sensitivity to Temperature 
Sensitivity to - S.2V 

Switch Delay Time 
Switching Transient 

Amplitude 
Settling to 1m V 

HOLD MODE DYNAMICS 
Droop Rate 
Variation ~ith Temperature4 

Feedthrough Rejection 
(2V POp Input) 

@IMHz 
@lOMHz 

HOLD-TO-TRACK (SAMPLE) DYNAMICSs 

Acquisition Time (l V Step) 
to ± 1% 
to±O.I% 

Acquisition Time (2V Step) 
to ±I% 
to ±O.l% 

Switch Delay Time 
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Units HTS-OOIOKD HTS·OOIOSD 

Vp-p 2 * 
V ±3 * 
n 105 * 
pFmax 7 * 
f.LAmax 20 * 

V - 1.5 to -1.8 * 
V . - 0.8 to -l.l * 

mAmax ±40 * 
!l(max) 9(12) * 

f.LV rms (max) 20(40) * 

VIV(min) 0.96(0.93) * 
%max 0.1 * 
%max 0.01 * 
ppmrC(max) 30(40) 30(50) 
mV(max) ±2 (± 5) * 
f.LVrC(max) 125 (175) * 

MHzmin 40 * 
MHz min 60 * 
V/f.Ls(min) 300(250) * 

dB max -68 * 
dB max -65 * 
dB max -64 * 
dB max -50 * 

ns(max) -2(± 1) * 
ps(rms)max 5 * 
mV(max) ±2(± 10) * 
!-lVrCmax 50 2503 

mVlVmax 10 * 
ns 1.5 * 

mV(max) 15 (30) * 
ns(max) 5 (14) * 

mV/f.Lsmax 0.1 * 
Doublesl 10°C Change 

dBmin 62 * 
dB min 52 * 

ns(max) 10(15) * 
ns(max) 14 (19) * 

ns(max) 13(16) * 
ns (max) 16(22) * 
ns 1.5 * 



POWER REQUIREMENTS 
V + (+ 15V ±0.5V) 
V- (-15V ±0.5V) 
Vcc + (+ 5.0V ±0.25) 
VCC - (- 5.0V ±0.25)6 
Vlm(-S.2V ±0.25)6 
Power Dissipation 
Power Supply Rejection Ratio' 

(cleto 10kHz) 

TEMPERATURE RANGE 
Operating (Case) 
Storage 

THERMAL RESIST ANCE8 

Junction to Air, I:Jja (Free Air) 
Junction to Case, Ojc 

MTBF9 
Mean Time Between Failures 

PACKAGE OPTION10 

NOTES 
I . RLx 0.96 
Gam = RL + 9 

2Effective Aperture Delay Time is delay between 
Hold strobe and held value of analog output, 
referenced to analog input (see text). 

3Pedestal temperature variation on HTS·OOIOSD 
is same as HTS·OOlOKD below + 70°C, but increases 
between + 70°C and + 100°C. 

4Droop rate never exceeds 3m V/J.Ls at + 70°C, nor 
lOmV/J.Lsat + 100°C. 

Units HTS·OOIOKD 

mAmax 38 
rnA max 48 
mAmax 20 
rnA max 20 
rnA max 50 
Wrnax 1.75 
rnVNrnax 10 

°C Oto +70 
°C -55 to + 125 

°CIW 42 
°CIW 12 

Hours 

HY24G 

5 For acquisition time measurements, RL = 2000;CL = 3pF. 
6V cc - may be tied to VEE with adequate bypass capacitors 
(see text). 

7Variationsin V - (-ISV) have greater effect on 
unit performance than variations in other supplies; 
PSRR shown is for V - . 

8 Maximum junction temperature is + ISO°C. 

HTS·OOlOSD 

* 
* 
* 
* 
* 
* 
* 

-55to +100 

* 

* 
* 

6.83 x 105 

* 

9Ca1culatedusing MIL·HNBK 217; Ground; Fixed; + 70°C case temperature. 
IOSee Section 19 for package outline information. 

*Specifications same as HTS·OOIOKD. 
Specifications subject to change without notice. 

PIN DESIGNATIONS 

PIN FUNCTION 

1 Vcc + (+5VI 
2 VCC - (-5VI 
3 V-I 15VI 
4 V • .(-5.2VI 
5 HOLD COMMAND 
6 DIGITALGROLJND 
7 POWER GROUND 
8 V+ (+15VI 
9 Vcc+ (+5VI 

10 VCC - (-5VI 
11 POWER GROUND 
12 V- -15V 
13 ANALOG INPUT 
14 N'A 
15 N/A 
16 N!A 
17 N:A 
18 ANALOG GROUND 
19 ANALOG GROUND 
20 AUXILlARYHOLD 
21 POWER GROUND 
22 V+ +15V 
23 N/A 
24 ANALOG OUTPUT 

POWER GROUND (PINS 7.11 AND 
211. ANALOG GROUND (PINS 18 
AND 191. AND DIGITAL GROUND 
(PIN 61 MUST BE CONNECTED TO· 
GETHER AND TO A LOW·IMPED· 
ANCE GROUND FOR PROPER OP· 
ERATION. MAKE CONNECTIONS 
AS CLOSE TO DEVICE AS POSSIBLE. 
HYBRID CASE IS CONNECTED TO 
ANALOG GROUND INTERNALLY. 
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Applications 
One of the main uses for track-and-hold (T/H) units is ahead of 
analog-to-digital (AID) converters to allow digitizing signals with 
bandwidths higher than the AID can handle by itself. The use 
of an appropriate T/H allows the converter to become a true 
"Nyquist converter", i.e., capable of digitizing analog signals 
whose maximum bandwidth is one-half the encoding rate. 

Th\! characteristics of the HTS-OOlO T/H make it useful in 
multiple other applications beside this "standard" use of devices 
of this kind. It can be used in sample and hold circuits, peak 
holding applications~ simultaneous sampling AIDs (with appro
priate analog multiplexing), and for many other data processing 
needs. 

Refer to Figure 1, HTS-OOlO Interconnection Diagram. 

HOLO 
COMMAND 

Vcc + Vcc - v- VEE V+ 

Figure 1. HTS-0010 Interconnection Diagram 

Bypass capacitors are used internally on all power supply leads 
on the HTS-OOlO track-and-hold. External bypassing of all 

. power supplies with 0.01fLF-0.1fLF ceramics will help perform
ance. In addition, electrolytic capacitors of 10-22 microfarads on 
each supply' will also enhance the HTS-0010's operation 

A massive ground plane, careful component layout, and physically 
separating analog and digital signals are among the other consid
erations which can hive major effects in improving the high-speed 
characteristics of the HTS-OOlO track-and-hold. 

As shown in Figure 1, supply voltages must be applied to all 
pins for which they are designated. In addition, it is extremely 
important to connect all grounds together, and to a solid, low
impedance ground plane. These connections must be made as 
close to the hybrid as physically possible. 

Five different voltages are shown for powering the HTS-OOlO. 
These are the voltages which are used in final test and calibration 
and are the recommended voltages for best performance, but 
minor variations from these recommendations are possible. 

For best performance, the amplifier supplies, Vee - and Vee + 
should be equal and opposite, as shown. If desired, the ECL 
logic supply (Vrm = - 5.2V) can be used also for Vcc-, to 
eliminate the need for a separate power supply voltage. If it is, 
bypass capacitors should be used at each supply pin to decrease 
the possibility of logic switching noise introducing extraneous 
signals. 

TRACK-AND-HOLD MODE 
When operated in the "track" mode, the HTS-OOlO T/H functions 
as a buffer amplifier, following all changes in analog input as 
they occur. The user selects the point at which digitizing is to 
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be done by applying an external ECL-comNtibJe HOLD 
. COMMAND to'Pin 5. 

o Refer to Figure 2, Track/Hold Waveforms. 

Figure 2. Track/Hold Waveforms 

A varying, ideal analog input is shown at the top o(Figure 2 for 
purposes of illustrating the response of the HTS-OOlO to various 
types of inputs. This method of presentation helps show some 
of the critical, and often misleading, parameters of high-speed 
track-and-hold devices. 

During the track mode, the unit operates as a high-speed buffer 
amplifier, with the output following input changes as they occur. 
In this mode, the response of the HTS-OOlO is limited primarily 
by the slew rate characteristics of the device. As a result, the 
analog output is a faithful reproduction of the input as long as 
the highest frequency component of the input signal does not 
exceed the bandwidth of the unit. 

The analog output shown on the bottom of Figure 2 tracks the 
input until a HOLD COMMAND is applied to Pin 5. When 
this pulse arrives, the sample bridge of the HTS-OOlO disconnects 
the hold capacitor from the input. The short, but finite, interval 
required for this action is called aperture time. 

Two other delay intervals combine with aperture time. One is 
delay in the hold command caused by propagation delay in the 
bridge driver; for purposes of discussion, this is a digital delay 
(td) because it is the time required for logic switching to occur. 
The other is propagation delay through the input buffer amplifier, 
which is an analog delay (ta) because it affects the analog input 
signal being applied to the hold capacitor (see HTS-OO 10 Block Dia-. 
gram). 

Each ofthese three components is critical in the design oftrack-and
hold circuits, but the user needs to be concerned only with their 
combined overall effect. The combin~tion is specified here as 
Effective Aperture Delay Time and is defined as the interval 
between the leading edge of the hold command and that instant 
when the input signal is equal to the held value. 

Basically, effective aperture delay time'is a measure of the dif
ference between the analog and digital delay (td-ta) and can 
assume a zero, positive, or negative value depending upon the 
comparative lengths of the two delays. In the HTS-0010, the 
analog delay (ta) is greater than the switching delay (td), and 
causes the unit to hold an input voltage which occurred before 
the hold command because the hold capacitor sees a delayed 
version of the input signal. 

The specification for Effective Aperture Delay Time is a more 
useful measurement for assessing T/H performance than is the 
measurement of only aperture time because it includes all three 



of the components which have an effect on how quickly the 
device can make the change from the track mode to the hold 
mode. 

The time intervals discussed above help explain what happens 
when the HTS-OOIO makes the change from the track mode to 
the hold mode. In normal operation, however, they become 
academic discussions since most users of the T/H are more 
interested in when the held value has reached its steady state. 

Aperture uncertainty or "jitter," is the result of noise signals of 
various kinds which modulate the phase of the hold command. 
This jitter shows up as a sample-to-sample variation in the value 
of the analog signal which is being "frozen." 

Aperture uncertainty manifests itself as an aperture error, as 
shown in Figure 2. The amplitude of the error is related to the 
dV/dt of the analog input. For any given value of aperture 
uncertainty, aperture error will increase as the input dV/dt 
increases. 

The design characteristics of theHTS-OOlO insure that effective 
aperture delay time is within its specification from unit to unit; 
and is also repeatable from one "hold" command to the next 
within any unit. Therefore, it should not be regarded as an 
error source the way aperture uncertainty is. Effective aperture 
delay time can be compensated with system timing which correctly 
establishes the beginning of the hold period:-

Referring again to Figure 2, a switching transient appears in' the 
analog output as a result of this transition from "track" to "hold." 
The Specifications table includes the maximum amplitude and 
duration of this transient; and also includes information on the 
switch delay time which precedes it. The held output is settled 
to within lmV 6-l5ns after the leading edge of the hold signal. 

Feedthrough rejection is a measure of the amount of leakage 
from input to output during the hold interval after the HTS-OOIO 
has settled to its specified accuracy. High feed through rejection 
is important because it assures no errors will be introduced 
during the conversion interval of the converter used at the output 
of the T/H. 

In the illustration, V}<l is the small amount of "ripple" voltage 
on the held value of analog output. The ratio of output feed through 
to input signal is measured in dB and is equal to: 

20 log [V FT p-P] 
V1N p-p 

As shown, droop is that amount of change in the analog output 
which occurs during the hold interval. Improving (lessening) the 
droop rate can be accomplished by adding capacitance in parallel 
with the internal hold capacitor, but at the expense of slowing 
down the T/H and its ability to handle high-speed signals. 

Applications which require longer hold times than the standard 
HTS-OOIO provides may require external capacitance in parallel 
with the internal hold capacitor. For these, the user can parallel 
extra capacitance by connecting it between pin 20 and ground. 
The droop rate will be improved, but the overall speed and 
bandwidth of the T/H will be reduced. This extra connection 
should be made close to the hybrid case or it may introduce 
small amounts of electrical noise. 

Switch delay time shown in Figure 2 is the interval between the 
end of the hold command and the start of movement in the 
analog output as it begins to retrack the analog input. This 
delay occurs at both the beginning and the end of the hold 

jnterval and is primarily the result of propagation delay through 
the output buffer amplifier. 

Acquisition time is the time required for the output of the T/H 
to reacquire and begin tracking accurately the analog input after 
the T/H has returned to the "track" mode. The acquisition time 
"clock" starts when the output begins moving and stops when 
the output has settled to its specified accuracy. As might be 
expected, longer acquisition times are required for larger signals 
and/or greater accuracy. 

High slew rates are also important during acquisition time, but 
the desire for speed must be tempered with practical consider
ations. If the design of the unit achieves only speed without 
regard for overshoot, the acquisition time will be lengthened. 
Excessive "ringing" around the signal being acquired precludes 
applying successive hold commands at MHz update rates. 

SAMPLE-AND-HOLD (S/H) MODE 
Although generally used in the track-and-hold mode, the HTS-
0010 can also be used as a sample-and-hold device for applications 
where this capability is needed. 

The operation of the unit is essentially a "mirror" of the T/H 
operation, in that the output is usually in the "hold" mode but 
is switched to the "sample" (track) mode for brief intervals. 

The width of the sample pulse which is used will be based on 
factors which are different for each application. Basically, the 
use~ establishes the width of this pulse by taking into account: 

l. The acquisition time of the HTS-OOIO. 

2. The desired accuracy of the sampled output. 

3. The maximum amount of change which has occurred since 
the preceding sample. 

This latter phenomenon is illustrated in Figure 3 Sample/Hold 
Operation. 

ANALOG 
INPUT 

HOLD 
COMMAND 

INPUT 

ANALOG 
OUTPUT 

Figure 3. Sample/Hold Operation 

When operating as a S/H, the signal applied to the HOLD 
COMMAND input (Pin 5) is usually a digital logic "1" which 
holds the HTS-OOIO output at the input value present at the 
time of the sample/hold pulse. 

Figure 3 shows asynchronous pulses applied to cause the output 
to res lew to new values. The trailing edge establishes the sample 
(track) mode; the leading edge returns the output to "hold". 

In Figure 3, the analog input applied to the unit has changed . 
drastically between the first and second sample (track) pulses. 
Smaller differences in the input values are present at the times 
of the second and third pulses. These differences in input show 
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up as differences in the amount of movement of the analog 
output. 

The exceptional acquisition time of the HTS-OOIO makes it 
extremely attractive for sample-hold applications because of its 
ability to acquire new output values quickly. This characteristic 
of the device allows the usc of a narrow sample pulse and an 
inherently faster sample rate, limited only by the factors enum
erated earlier. 

Refer to Figure 4 Settling Accuracy vs. Acquisition Time. 
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Figure 4. Settling Accuracy vs. Acquisition Time 

Thi~ graph illustrates that closer accuracies require correspond
ingly longer amounts of time to acquire the signal. As shown, 
the accuracy/time relationship approaches an asymptotic curve, 
as opposed to being a linear function. 

Another point to consider in Figure 4 is the output change 
which is illustrated is for a IV change. If the output is required 
to change less than one volt (as· it is between the second and 
third pulses in Figure 3, for example), the amount of time required 
to acquire the new value will be less than that which is shown. 

When using the HTS-OOIO or any other high-speed track-and-hold 
in the real world of data acquisition for fast-changing signals, 
the line between the device operating as a T/H or a S/H tends 
to "blur." 

The designer using it as a T/H ahead of an AID converter will 
generally vary the amount of "hold" time to obtain optimum 
operation for his particular application. When that performance 
is achieved, the HTS-OO 10 may, in the strictest sense of the 
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word, be operating as a saniple-and-hold. But it is useful to 
regard the two modes of operation separately when discussing 
the theory of operation of the unit. 

. DIFFERENCES: HTS-OOIO VS: HTS-0025 
As noted earlier, pin designations for the HTS-OOIO T/H are 
similar to the predecessor HTS-OOZS T/H. Two pins not used 
on the HTS-OOZS are used for HTS-OOIO functions, and attempts 
to use it as a "drop-in" replacement for the HTS-OOZS need to 
take this into account. 

Pins ZO and ZIon the HTS-00I0 are used for auxiliary hold and 
power ground, respectively. These pins are not used on the 
HTS-OOZS because that unit does not have a capability for accepting 
external capacitance in parallel with the hold capacitor; nor does 
it have as many ground connections. If circuits using the HTS-OOZS 
are using those pin locations as tie points, it may preclude the 
possibility of substituting a model HTS-00I0 unit in the circUIt. 

Current drive on the HTS-00I0 is slightly less than it is on the 
HTS-OOZS (± 40mA vs. ± SOmA) but 3dB bandwidth is higher 
(60MHz vs. 30MHz). 

The user of the HTS-OOIO can reasonably expect higher speeds 
because of improvements in aperture uncertainty (Sps rms vs. 
ZOps rms); switching transient amplitude (1SmV vs. 30mV); and 
acquisition time (lOns vs. ZOns for 1% settling). Noise levels in 
the track mode are also improved (40f-LV vs. O.lmV maximum). 

Voltage supplies for the internal amplifiers (Vcc+ and Vcc-) 
have a wider range on the HTS-OOZS than they do on the HTS-00I0 
but Vcc - can be connected to VEE if desired, as explained 
elsewhere in the data sheet. 

ORDERING INFORMATION 
All versions of the HTS-OO 10 track/hold are housed in Z4-pin 
metal dual in-line hybrid packages. For commercial applications 
operating over a temperature range of 0 to + 70°C, specify model 
HTS-OOIOKD. For a temperature range of - SsoC to + 100°C, 
specify model HTS-OOIOSD. 

Mating individual pin sockets are available from AMP. Knockout 
end type are part number 6-330808-0; open end type are 
6-330808-3. 



r.ANA"LOG 
WDEVICES 

FEATURES 
Aperture Jitter of 20ps 
Acquisition Time 25ns 
Output Current ± SOmA 
Slew Rate 250V/JLs 

APPLICATIONS 
Data Acquisition Systems 
Radar Systems 
Instrumentation Systems 
Medical Electronics 
High Resolution Displays 

GENERAL DESCRIPTION 
The Analog Devices HTS-002S Track-and-Hold is another in 
Analog's range of track-and-hold (T/H) amplifiers useable in a 
variety of high· speed circuits. The HTS-002S is part of a line of 
devices which offers designers the industry's widest range of 
track-and-hold and sample-and-hold units. 

The design concepts used in the HTS-002S T/H have made it 
the standard of comparison for high-speed circuits of this type. 
A dc-coupled Schottky diode bridge is driven by a high-impedance 
buffer amplifier and followed by a low impedance output amplifier. 
This achieves the best possible combination of speed and' drive 
capabilities. 

HOLD 
COMMAND 

Ultra High Speed Hybrid 
Track-and-Hold Amplifiers 

HTS-0025 I 
HTS-0025 FUNCTIONAL BLOCK DIAGRAM 

vcc -

'---~--<18 ~~~b~~ 

19 ~~~b~~ 

Vee + PWR 
GND 

The pinouts of the HTS-002S are similar to the HTS-OOIO 
Track-and-Hold, so designers can select either the HTS-002S or 
HTS-OOIO for their particular applications. This kind of flexibility 
makes it possible to choose those parameters which are optimum 
for each application. 

All models of the HTS-002S are housed in a standard 24-pin 
metal DIP. The unit operating over a temperature range of 0 to 
+ 70°C is HTS-002S; the unit for a range of - 55°C to + 100°C 
is HTS-002SM. 
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SPECIFICATIONS 
ANALOG INPUT 

Voltage Range 
For Rated Performance 
Maximwn Without Damage 

Impedance 
Capacitance 
Bias Current 

DIGITAL INPUT (ECL Compatible) 
Mode Control 

Hold Command Input 
"0" = Track 
"I" = Hold l 

ANALOG OUTPUT 
Current (N ot Short Circuit Protected) 
Impedance 
Noise in Track Mode 

«i 5.0MHzBandwidth 

DCACCURACYISTABILITY(FS = Full Scale) 
Gain (No Load) 
Gain Nonlinearity; 2V FS Input 
Gain Nonlinearity; IVFS Input 
Gain Temperature Coefficient 
Output Offset Voltage 

(Track Mode) 
vs. Temperature 

TRACK (SAMPLE) MODE DYNAMICS 
Frequency Response 

Full Power Bandwidth 
Small Signal (- 3dB) Bandwidth 

Slew Rate 
Harmonic Distortion (Track Mode; 

4MHz, 2V Pop Input) 
Rt. = IkU 
Rt. = soon 
Rt. = 200n 
RL = 750 

TRACK (SAMPLE)-TO-HOLD SWITCHING 
Effective Aperture Delay Time2 

Apenure Uncertainty (Jitter) 
Offset Step (Pedestal) 

Sensitivity io Temperature 
Sensitivity to - 5.2V 

Switch Delay Time 
Switching Transient 

Amplitude 
Settlingt05rnV 

HOLD MODE DYNAMICS 
Droop Rate 
Variation with Temperature 
Feedthrough Rejection 

(2V pop Input) 
((1)IMHz 
(ii) IOMHz 

HOLD-TO-TRACK (SAMPLE) DYNAMICS' 
Acquisition Time(IV Step) 

to±l% 
to±O.I% 

Acquisition Time (2V Step) 
to±l% 
to ±O.I% 

Switch Delay Time 

POWER REQUIREMENTS 
V+ (+ 15V ±:O.5V) 
V- (-15V ±:O.5V) 
Va:. + (+ 5.0Vto + 15.5V)5 
Va:.- (-5.0Vto -15.5V)5 
VEE ( -5.2V ±:0.25)5 
Power Dissipation· 
Power Supply Rejection Rati07 

(dctoIOkHz) 

TEMPERATURE RANGE 
Operating (Case) 
Storage 

THERMAL RESISTANCE8 

J unction to Air, 6ja (Free Air) 
Junction to Case, Ojc 

MTBF" 
Mean Time Between Failures 

PACKAGE OPTION 10 

(typical @ + 25"C and nominal pl7Ner supplies unless otherwise noted) 
Units 

Vp-p 
V 
n 
pFmax 
nAmax 

V 
V 

mAmax 
n(max) 

mVrmsmax 

VN(min) 
0/0 max 
%max 

ppmt'C(max) 
mV(max) 

f.LVrC(max) 

MHz min 
MHz min 
V/f.Ls(min) 

dB max 
dB max 
dB max 
dB max 

ns 
ps (rms) max 
mV(max) 
f.LVloCmax 
mVNmax 
ns 

mV(max) 
ns(max) 

mV/f.Ls(max) 

dB min 
dB min 

ns(max) 
ns(max) 

ns(max) 
ns(max) 

mAmax 
mAmax 
mAmax 
mAmax 
mAmax 
Wmax 
mVNmax 

°C 
°C 

°CJW 
°CJW 

Hours 

HTS-0025 

±4 
1010 

7 
IS 

-1.5to -1.8 
-0.8 to -1.\ 

±50 
3(10) 

0.1 

0.95 (0.92) 
0.1 
0.01 
30(40) 
±5(±20) 

100(150) 

20 
30 
250(140) 

-68 
-65 
-64 
-50 

5 
20 
±5(±20) 
100 
10 
5 

20(25) 
20(30) 

0.2(0.8) 
Doubles/ 10°C Change 

70 
65 

20(30) 
25(35) 

25(35) 
30(40) 
1.5 

55 
55 
IS 
IS 
40 
2.3 
18 

Oto +70 
- 55 to + 125 

42 
12 

HY24G 

HTS-0025M 

200(300) 

15 
20 
250(120) 

ISO' 

20(40) 
25(40) 

25(40) 
30(45) 

* 

54 
54 

34 
2.4 

-55to+lOO 

NOTES 

lOne EeL 10k Gate,noresistofj requires lkn to - S.2V 
lEffective Aperture Delay Time is delay between 
Hold strobe and held value of analog output, 
referenced (0 analog input (see text). 

3Pedestal temperature variation on HTS-002SM 
is same as HTS-002S below + 70°C, but increases 
between + 70°C and + lOO'C. 

"For acquisition time measurements, RL = 200fl;CL = 13pF. 
sYcc + may be tied to V T; Vcc - may be:: tic;J to V-
or VEE with adequate bypass capacitors (see text). 

6Maximum power shown based on Y cc + = Y + ; Y cc - = V - . 
Powerisreducedto2.0WmaximumwithYcc + ::= +5Y 
andVcc - = -SV. 

7Yariations in V - ( - 15V) have greater effect on unit 
performance than variations in other supplies; PSRR 
shown is for V - . 

'Maximum junction temperature is + 150"'C. 
'CalculatedusingMIL.HNBK217. 

10See Section 19 for package outline infonnation. 
,.. Specifications same as HTS-0025. 

Specifications subject to change without notice. 
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PIN DESIGNATIONS 

PIN FUNCTION 

1 V~~+ (+5VTO +15.5VI 
2 VCC - (-5VTO -15.5VI 
3 V-~-15Vl 
4 VEe!-5.2VI 
5 HOLD COMMAND 
6 DIGITAL GROUND 
7 POWER GROUND 
8 V+ (+15VI 
9 \'cc+ (+5VTO +15.5VI 

10 VCC - (-5VTO -15.5VI 
11 POWER GROUND 
12 V- (-15VI 
13 ANALOG INPUT 
14 N/A 
15 N/A 
16 N/A 
17 N/A 
18 ANALOG GROUND 
19 ANALOG GROUND 
20 N/A 
21 N/A 
22 V+(+15VI 
23 N/A 
24 ANALOG OUTPUT 

Applications 
One of the main uses for Track-and-Hold (T/H) units is ahead 
of analog-to-digital (AID) converters to allow digitizing signals 
with bandwidths higher than the AID can handle by itself. The 
use of an appropriate T/H allows the converter to become a true 
"Nyquist converter", i.e., capable of digitizing analog signals 
whose maximum bandwidth is one-half the encoding rate. 

The characteristics of the HTS-0025 TIH make it useful in 
multiple other applications besides this "standard" use of devices 
of this kind. It can be used in sample and hold circuits, peak 
holding applications, simultaneous sampling AIDs (with appro
priate analog multiplexing), and for many other data processing 
needs. 
Refer to Figure 1, HTS-0025 Interconnection Diagram. 

Figure 1. HTS-0025 Interconnection Diagram 

POWER GROUND (PINS 7 AND 111. 
ANALOG GROUND (PINS 18 AND 
191. AND DIGITAL GROUND (PIN 61 
MUST BE CONNECTED TOGETHER 
AND TO A LOW·IMPEDANCE 
GROUND FOR PROPER OPERATION. 
MAKE CONNECTIONS AS CLOSE 
TO DEVICE AS POSSIBLE. HYBRID 
CASE IS CONNECTED TO ANALOG 
GROUND INTERNALLY. 

Bypass capacitors are used internally on all power supply leads 
on the HTS-0025 Track-and-Hold. External bypassing of all 
power supplies with O.01JLF-O.l/LF ceramics will help perform
ance. In addition, electrolytic capacitors of 10-22 microfarads on 
each supply will also enhance the HTS-0025's operation. 

A massive ground plane, careful component layout, and physically 
separating analog and digital signals are among the other consid
erations which can have major effects in improving the high-speed 
characteristics of the HTS-0025 Track-and-Hold. 

As shown, supply voltages must be applied to all pins for which 
they are designated; it is extremely important to connect all III 
grounds together, and to a solid, low-impedance ground plane • 
as close to the hybrid as physically possible. 

The five different voltages shown are the voltages used in fmal 
test and calibration, and are the recommended voltages for best 
performance; minor variations are possible. 

For best performance, amplifier supplies, Vcc- and Vcc + 
should be equal and opposite. The ECL logic supply (VEE = 
- 5.2V) can be used also for V cc- ; if it is, bypass capacitors 
should be used at each supply pin to decrease the possibility of 
logic switching noise introducing extraneous signals. 

TRACK-AND-HOLD MODE 
When operated in the "track" mode, the HTS-0025 TIH functions 
as a buffer amplifier, following all changes in analog input as 
they occur. The user selects the point at which digitizing is to 
be done by applying an external EeL-compatible HOLD 
COMMAND to Pin 5. 

Refer to Figure 2, Track/Hold Waveforms. 
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Figure 2. Track/Hold Waveforms 

A varying, ideal analog input is shown at the top of Figure 2 for 
purposes of illustrating the response of the HTS-0025 to various 
types of inputs. This method of presentation shows many of the 
critical, and sometimes confusing, parameters of high-speed 
track-and-hold devices. 

In the track mode, the response of the HTS-0025 is limited 
primarily by the slew rate characteristics of the device. As a 
result, the analog output is a faithful reproduction of the input 
as long as the highest frequency component of the input signal 
does not exceed the bandwidth of the unit. 

The analog Olltput shown on the bottom of Figure 2 tracks the 
input until a HOLD COMMAND is applied to Pin 5. When 
this pulse arrives, the sample bridge of the HTS-0025 disconnects 
the hold capacitor from the input. The short, but ftnite, interval 
required for this action is called aperture time (tsa,). 

Other delay intervals combine with aperture time. One is delay 

I 
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o 

o 
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I 
I 
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in the hold command caused by propagation delay in the bridge 
driver; for purposes of discussion, this is a digital delay because 
it is the time required for logic switching to occur. Another is 
propagation delay through the input buffer amplifier, which is 
an analog delay because it affects the analog input signal being 
applied to the hold capacitor (see HTS-0025 Block Diagram). 

Each of these three components is critical in the design of track-and
hold circuits, but user concern is limited only to their combined 
effect. The combination is specified here as Effective Aperture 
Delay Time and is defined as the interval between the leading 
edge of the hold command and that instant when the input 
signal is equal to the held value. 

Additional details on the timing intervals in T/H circuits are 
shown in Figure 3. 

The model T/H shown at the top of Figure 3 contains the basic 
elements of the HTS-0025, shown in their simplest form. The 
lower portion of the figure calls out multiple intervals of incre
mental time involved in switching from "track" to "hold" but 
no attempt is made to assign numerical values to them. Their 
defmitions are intended solely to help understand the theory of 
T/H operation. 

Effective aperture delay time (t,,) is digital delay plus averaging 
of the switch delay, minus analog delay. Depending on the 
comparative lengths of these combined delays, the value of ~ 
can be zero, positive, or negative. 

The specification for Effective Aperture Delay Time is a more 
useful measurement for assessing T/H performance than aperture 
time because it includes all three of the components which have 
an effect on how quickly the device can make the change from 
the track mode to the hold mode. 

In normal 'operation, these time intervals become academic 
discussions since users of the T/H are more interested in when 
the held value has reached its steady state. 

o ANALOG INPUT 

CD ENCODECOMMANDINPUT 

CD SWITCH CONTROL 

o HOLD CAPACITOR 

@ ANALOG OUTPUT 

t •• 

ANALOG DELAY INPUT TO HOLD CAPACITOR 

(DElAY FROM CD TO 0 ) 
DIGITAL DELAY THROUGH BRIDGE DRIVER 

(DELAY ® TO G) ). 
APERTURE TIME OF SWITCH 

EFFECTIVE APERTURE DELAY TIME = 

tbd +~ - tih (DELAY CD TO CD)· 
SWITCH DElAY TIME = tbd + to 

(DElAY ® TO ® ). 
OUTPUT BUFFER DELAY (DELAY 0 TO@ ) 

Figure 3. TIH Timing Intervals 
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The waveforms in Figure 3 are idealized and based on an analog 
. input which has a constant dV/dt. Other phenomena which are 
involved, such as transients, "jitter," etc. are illustrated in 
Figure 2. 

Aperture uncertainty, or "jitter," is the result of noise signals of 
various kinds which modulate the phase of the hold command. 
This jitter shows up as a sample-to-sample variation in the value 
of the analog signal which is being "frozen". 

Aperture uncertainty manifests itself as an aperture error, as 
. shown in Figure 2. The amplitude of the error is related to the 

dVidt of the analog input. For any given value of aperture 
uncertainty, aperture, error will increase as the input dV/dt 
increases. 

The design of the HTS-0025 insures that effective aperture 
delay time is within its specification from unit to unit; and is 
also repeatable from one "hold" command to the next within 
any unit. Therefore, it should not be regarded as an error source 
the way aperture uncertainty is. Effective aperture delay time 
can be compensated with system timing which correctly establishes 
the beginning of the hold period. 

A switching transient appears in the analog output as a result of 
the transition from "track" to "hold." The Specifications table 
includes the maximum amplitude and duration of this transient; 
and also includes information on the switch delay time which 
precedes it. The held output is settled to within 5mV 20-25ns 
after the leading edge of the hold signal. 

Feedthrough rejection is a measure of the amount of leakage 
from input to output during the hold interval after the HTS-0025 
has settled to its specified accuracy. High feed through rejection 
is important because it assures no errors will be introduced 
during the conversion interval of the converter used at the output 
of the TIH. 

In the illustration, V FT is the small amount of "ripple" voltage 
on the held value of analog output. The ratio of output feed through 
to input signal is measured in dB and is equal to: 

20 10 [V FT P-P] 
g VINP-P 

As shown, droop is that amount of change in the analog output 
which occurs during the hold interval. 

Switch delay time shown in Figure 2 is the interval between the 
edges of the hold command and the start of movements in the 
analog output. This delay occurs at both the beginning and the 
end of the hold interval and is primarily the result of propagation 
delay through the output buffer amplifier. 

Acquisition time is the time required for the output of the TIH 
to reacquire and begin accurate tracking of the analog input , 
after the TIH has returned to the "track" mode. The acquisition 
time "clock" starts when the output begins moving and stops 
when the output has settled to its specified accuracy. As might 
be expected, longer acquisition times are required for larger 
signals and/or greater accuracy. 

High slew rates are also important during acquisition time, but 
the desire for speed must be tempered with practical consider-

ations. If the design of the unit achieves only speed without 
regard for overshoot, the acquisition time will be lengthened . 
Excessive "ringing" around the signal being acquired precludes 
applying successive hold commands at MHz update rates. 

SAMPLE-AND-HOLD (SIH) MODE 
Although generally used in the track-and-hold mode, the HTS-
0025 can also be used as a sample·and-hold device for applications 
where this capability is needed. 

The operation of the unit is essentially a "mirror" of the TIH 
operation, in that the output is usually in the "hold" mode but 
is switched to the "sample" (track) mode for brief intervals. 

)"he width of the sample pulse which is used will be based on 
factors which are different for each application. Basically, the 
user establishes the width of this pulse by taking into account: 

1. The acquisition time of the HTS-0025. 

2. The desired accuracy of the.sampled output. 

3. The maximum amount of change which has occurred since 
the preceding sample. 

This latter phenomenon is illustrated in Figure 4 Sample/Hold 
Operation. 

ANALOG 
INPUT 

HOLD 
COMMAND 

INPUT 

ANALOG 
OUTPUT 

Figure 4. Sample/Hold Operation 

When operating as a SIH, the signal applied to the HOLD 
COMMAND input (Pin 5) is usually a digital logic "1" which 
holds the HTS-0025 output at the input value present at the 
time of the samplelhold pulse. . 

Figure 4 shows asynchronous pulses applied to cause the output 
to reslew to new values. The trailing edge establishes the sample 
(track) mode; the leading edge returns the output to "hold". 

In Figure 4, the analog input applied to the unit has changed 
drastically between the first and second sample (track) pulses. 
Smaller differences in the input values are present at the times 
of the second and third pulses. These differences in input show 
up as differences in the amount of movement of the analog 
output. 

• 

The acquisition time of the HTS-0025 makes it extremely attractive 
for sample-hold applications because of its ability to acquire new 
output values quickly. This characteristic of the device allows 
the use of a narrow sample pulse and an inherently faster sample 
rate, limited only by the factors enumerated earlier. 
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, Refer to Figure 5 Settling Accuracy vs. Acquisition Time .. 
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Figure 5. Settling Accuracy vs. Acquisition Time 

This graph illustrates that closer accuracies require correspond
ingly longer amounts of time to acquire the signal. As shown, 
the accuracy/time relationship approaches an asymptotic curve, 
rather than being a linear function. 

Another point to consider in Figure 5 is the illustrated output 
change is for a 1 V change. If the output is required to change 
less than one volt (as it is between the second and third pulses 

Typical HTS-0025 Operation 

INPUT: 2V. P-P. 4MHz 
LOAD: 1kU 

OHz 

Figure 6a. Harmonic Distortion - Track Mode 

HOLD COMMAND 
1V/DIV 

250kHz SINE 
WAVE INPUT 

ANALOG OUTPUT 
0.5V/DIV 

l/1s/DIV 

Figure 6c. Track/Hold Operation 
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in Figure 4, for example), the amount of time required to acquire 
the new value will be ~ess than that shown. 

When using th~ HTS-002S or any other high-speed track-and-hold 
in the real world of data acquisition for fast-changing signals, 
the line between the device operating as a T/H or a S/H .tends 
to "blur." 

The designer using it as a T/H ahead of an AID converter will 
generally vary the amount of "hold" time to obtain optimum 
operation for his particular application. When that performance 
is achieved, the HTS-002S may, in the strictest sense of the 
word, be operating as a sample-and-hold. But it is useful to 
regard the two modes of operation separately when discussing 
the theory of operation of the unit. 

ORDERING INFORMATION 

All versions of the HTS-002S tracklhold are housed in 24-pin 
metal dual in-line hybrid packages. For commercial applications 
operating over a temperature range of 0 to + 70°C, specify model 
HTS-002S. For a temperature range of - 55°C to + 100°C, 
specify model HTS-002SM. 

Mating individual pin sockets are available from AMP. Knockout 
end type are part number 6-330808-0; open end type are 
6-330808-3. 

RATE: 15MHz 
INPUT: 2V. pop. 3M Hz 
LOAD: 1kn 

OHz 

Figure 6b. Frequency Domain Outputs 

HOLD COMMAND 
lV/DIV 

ANALOG OUTPUT 
5OmV/DIV 

20nsIDIV 

15MHz 

Figure 6d. Expanded View of Output Signal Showing 
Switching Transients and Pedestal with dc Input 
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AD362 
16 Single-Ended or 8 Differential Channels with 

Switch able Mode Control 
True 12-Bit Precision: Nonlinearity :S ± 0.005% 
High Speed: 10Jls Acquisition Time to 0.01% 
Complete and Calibrated: No Additional Parts 

Required 
Small. Reliable: 32-Pin Hermetic Metal DIP 
Versatile: Simple Interface to Popular Analog-to

Digital Converters 
High Differential Input Impedance (10'°0) and 

Common-Mode Rejection (80dB) 
Fully Protected Multiplexer Inputs 

AD363 
Complete System in Reliable IC Form 
Small Size 
16 Single-Ended or 8 Differential Channels 

with Switch able Mode Control 
Versatile Input/Output/Control Format 
Short-Cycle Capability 
True 12-Bit Operation: Nonlinearity :s±O.012% 
Guaranteed No Missing Codes Over Temperature 

Range 
High Throughput Rate: 30kHz 
Low Power: 1.7W 

AD364 
Complete Data Acquisition System in 2-Package 

IC Form 
Full 8- or 16-Bit Microprocessor Bus Interface 
16 Single-Ended or 8 Differential Channels with 

Switchable Mode Control 
True 12-Bit Operation: Nonlinearity :s±0.012% 
Guaranteed No Missing Codes Over Specified 

Temperature Range 
High Throughput Rate: 20kHz 
Fast Successive Approximation Conversion: 25Jls 
Buried Zener Reference for Long-Term Stablility and 

Low Gain TC . 
Small Size: Requires Only 2.8 Square Inches 
Short Cycle Capability . 
Low Power: 1.4W 
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DAS1128 
Complete Data Acquisition System 
12-Bit Digital Output 
16 Single or 8 Differential Analog Inputs 
High Throughput Rate 
Selectable Analog Input Ranges 
Versatile Input/Output/Control Format 
Low 3 Watt Power Dissipation 
Small 3" x 4.6" x 0.375" Module 

DAS1152/DAS1153 
14-Bit & 15-Bit Sampling AID Converter 
Complete with High Accuracy Sample/Hold and 

AID Converter 
Differential Nonlinearity: ± 0.002% FSR max 

(DAS1153) 
Nonlinearity: DAS1152: ±0.0050/0 FSR max 

DAS1153: ±0.0030/0 FSR max 
Low Differential Nonlinearity T.C.: ±2ppm/oC max 
High Throughput Rate: 25kHz min (DAS1152) 
High Feedthrough Rejection: -96dB 
Byte-Selectable Tri-State Buffered Outputs 
Internal Gain & Offset Potentiometers 
Improved Second Source to AID/AIM 824 and 

AID/AIM 825 Modules 

DAS1155/DAS1156 
14-Bit&15-Bit Low Level Data Acquisition System 
Functionally Complete: 

Includes Instrumentation Amplifier, Sample/Hold 
Amplifier, and Analog-to-Digital Converter 

Differential Nonlinearity: ± 0.002% FSR max 
(DAS1156) 

Guaranteed Nonlinearity: ±O.005% FSR (DAS1155) 
±0.003% FSR (DAS1156) 

High Common-Mode Rejection: -80dB (up to 
500Hz) 

High Feedthrough Rejection:-96dB 
Resistor Programmable Gain: 1V/V to 1000VIV 
Byte Selectable Tri-State Buffer Outputs 
Internal Gain and Offset Potentiometers 
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r.ANALOG 
WDEVICES 

FEATURES 
16 Single-Ended or a Differential Channels with Switchable 

Mode Control 
True 12-Bit Precision: Nonlinearity ~±0_005% 
High Speed: 10ps Acquisition Time to 0_01% 
Complete and Calibrated: No Additional Parts Required 
Small, Reliable: 32 Pin Hermetic Metal DIP 
Versatile: Simple Interface to Popular Analog to Digital 

Converters 
High Differential Input Impedance (1010n) and Common 

Mode Rejection (aOdB) 
Fully Protected Multiplexer Inputs 

PRODUCT DESCRIPTION 
The AD362 is a complete, precision 16-channel data acquisi
tion system analog input section in hybrid integrated circuit 
form. Large-scale linear integrated circuitry, thick- and thin
film technology and active laser trimming gives the AD362 
extensive applications versatility along with full 12-bit 
accuracy. 

The AD362 contains two 8-channel multiplexers, a differential 
amplifier, a sample-and-hold with high-speed output amplifier, 
a channel address latch and control logic. The multiplexers may 
be connected to the differential amplifier in either an 8-chan
nel differential or 16-channel single-ended configuration. A 
unique feature of the AD362 is an internal user-controllable 
analog switch that connects the multiplexers in either a single
ended or differential mode. This allows a single device to per
form in either mode without hard-wire programming and per
mits a mixture of single-ended and differential sources to be 
interfaced by dynamically switching the input mode control. 

The sample-and-hold mode control is designed to connect 
directly to the "Status" output of an analog to digital con
verter so that a convert command to the ADC will automati
cally put the sample-and-hold into the "Hold" mode. A 
precision hold capacitor is included with each AD362. The 
AD362 output amplifier is capable of driving the unbuffered 
analog input of most high-speed, 12-bit successive-approxima
tion ADCs. Interface is thereby reduced to two simple con
nections with no additional components required. 

When used with a 12-bit, 2S-microsecond ADC such as the 
ADS72, ADS74 or AD ADC80, system throughput rate is as 
high as 30kHz at full rated accuracy. The AD362KD is specified 
for operation over a 0 to +700 C temperature range while the 

Precision Sample-and-Hold 
with 16-Channel Multiplexer 

AD362 I 

AD362 FUNCTIONAL BLOCK DIAGRAM 

'-------, .-----------' 
"LOW" ANALOG INPUTS 

32-PIN DIP 

SINGlEEND/DIFFERENT1Al 
+611 MOOESELECTINPur 

INPUT 
CHANNEL 

SELECT 

AD362SD operates to specification from -S SoC to + 12SoC. 
Both grades are packaged in a hermetic, electrostatically 
shielded 32-pin metal dual-in-line package. 

PRODUCT HIGHLIGHTS 
1. The AD362, when used with a precision analog to digital 

converter, forms a complete, accurate, high-speed data 
acquisition system. 

2. The 16-input channels may be configured in single-ended, 
differential or a mixture of both modes. Mode switching is 
provided by a user-controllable internal analog switch. 

3. Multiplexers, differential amplifier, sample-and-hold and 
high-speed output buffer provide complete analog inter
facing capabilities. 

4. Internal channel address latches are provided to facilitate 
interfacing the AD362 to data, address or control buses. 

S. All grades of the AD362 are hermetically sealed in rugged 
metal DIP packages. . 

6. A precision hold capacitor is provided with each AD362. 

7. The AD362SD is specified over the entire extended tem
perature range, -S SO C to + 12So C. 
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SPECIFICATIONS (typical @ +25°C, ±15V and +5V with 2000pF hold capacitor as provided 
unless otherwise noted) 

MODEL AD362KD AD362SD 

ANALOG INPUTS· 
Number of Inputs 

Input Voltage Range, Linear 
Tmin to Tmax 

Input (Bias) Current, Per Channel 
Input Impedance 

On Channel 
Off Channel 

Input Fault Current (Power Off or On) 
Common Mode Rejection 

Differential Mode 
Mux Crosstalk (Interchannel, 

16 Single-Ended or S Differential 
(Electronically Selectable) 

±10Vmin 
±SOnA 

1010 n, 100pF 
1010 n,10pF 
20mA, max, Internally Limited 

70dB min (SOdB typ) @ 1kHz, 20V p-p 

Any Off Channel to Any On Channel) -SOdB max (-90dB typ) @ 1kHz, 20V p-p 
Offset, Channel to Channel ±2.SmV max 

ACCURACY 
Gain Error, Tmin to Tmax 
Offset Error, Tmin to Tmax 
Linearity Error 

Tmin to Tmax 
Noise Error 

Tmin to Tmax 

TEMPERATURE COEFFICIENTS 
Gain, T min to Tmax 
Offset, ±10V Range, Tmin to Tmax 

SAMPLE AND HOLD DYNAMICS 
Aperture Delay 
Aperture Uncertainty 
Acquisition Time, for 20V Step to 

±O.Ol % of Final Value 
Feedthrough 
Droop Rate 

DIGITAL INPUT SIGNALS 1 

Input Channel Select (Pins 2S-31) 

Channel Select Latch (Pin 32) 

Single Ended/Differential 
Mode Select (Pin 1) 

Sample and Hold Command (Pin 13) 

POWER REQUIREMENTS 
Supply Voltages/Currents 

Total Power Dissipation 

TEMPERATURE RANGE 
Specification 
Storage 

NOTES 

±0.02% FSR, max 
±4mV 
±O.OOS% max 
±0.01% max 
1mV p-p, 0.1 to 1MHz, max 
2mV p-p, 0.1 to 1MHz, max 

±4ppmtCmax 
±2ppm/oC max 

lOOns max (SOns typ) 
SOOps max (lOOps typ) 

18J,Ls max (lOJ,Ls typ) 
-70dB max (-SOdB typ) @ 1kHz 
2mV/ms max (lmV/ms typ) 

4-Bit Binary, Channel Address 
1LS TTL Load 
"1": Latch Transparent 
"0": Latched 
SLS TTL Loads 

"0": Single-Ended Mode 
"I": Differential Mode (@ +4.0V min) 
3TTL Loads 

"0": Sample Mode 
"I": Hold Mode 
1TTL Load 

+lSV, ±S% @ 30mA max 
-lSV, ±S% @ 30mA max 
+SV, ±S% @ 40mA max 

1.1 Watts max 

o to +70
o
C 

-SSoC to +8S0C2 

lOne TTL Load is defined as IlL = -1.6mA max@ VIL = O.4V, IIH = 40llA max @ VIH = 2.4V. 

• 
• 

±2ppmfcmax 
±1.SppmfC max 

• 

-SSOC to +12SOC 
-SSoC to +lS0oC 

One LS TTL Load is dermed as IlL = -O.36mA max@VIL = O.4V,IIH" 20llA max@VIH" 2.7V. 
2 AD362KD External Hold Capacitor is limited to +8So C; AD362 device itself may be stored at up to +lS0°C. 

·Specifications same as AD362KD. 
Specifications subject to change without notice. 
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ABSOLUTE MAXIMUM RATINGS 

(ALL MODELS) 

+V, Digital Supply 

+V, Analog Supply 

-V, Analog Supply 

VIN, Signal 

+5.5V 

+16V 

-16V 

±V, Analog Supply 

VIN, Digital 

AcND to DGND 

o to +V, Digital Supply 

±lV 

Model 

AD362KD 
AD362SD 

NOTE 

AD362 ORDERING GUIDE 

Specification 
Temp Range 

o to +70
o

C 
-55°C to +125°C 

Max Gain 
TC 

±4ppm/C 
±2ppm/C 

Package 
Option! 

HY32D 
HY32D 

I See Section 19 for package outline information. 

HOLD CAPACITOR 

·THIS DIMENSION IS FOR POLYSTYRENE CAPACITOR 
SUPPLIED WITH AD362KD 

MAX BODY LENGTH OF TEFLON CAPACITOR SUPPLIED 
WITH AD362SD IS 1.00". 

Pin 
Number 

2 
3 
4 
5 
6 

7 

8 
9 

10 
11 
12 
13 

14 
15 
16 

17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 

AD362 PIN FUNCTION DESCRIPTION 

Function 

Single-End/Differential Mode Select 
"0": Single-Ended Mode 
"1": Differential Mode 

Digital Ground 
Positive Digital Power Supply, +5V 
"High" Analog Input, Channel 7 
"High" Analog Input, Channel 6 

"High" Analog Input, Channel 5 
"High" Analog Input, Channel 4 
"High" Analog Input, Channel 3 
"High" Analog Input, Channel 2 
"High" Analog Input, Channell 
"High" Analog Input, Channel 0 
Hold Capacitor (Provided) 
Sample-Hold Command 

"0": Sample Mode 
"1": Hold Mode 
Normally Connected to ADC Status 

Offset Adjust (See Figure 5) 
Offset Adjust (See Figure 5) 
Analog Output 

Normally Connected to ADC 
"Analog In" 

Analog Ground 
"High" ("Low") Analog Input, Channel 15 (7) 

"High" ("Low") Analog Input, Channel 14 (6) 

Negative Analog Power Supply, -15V 
Positive Analog Power Supply, +15V 
"High" ("Low") Analog Input, Channel 13 (5) 
"High" ("Low") Analog Input, Channel 12 (4) 
"High" ("Low") Analog Input, Channel 11 (3) 
"High" ("Low") Analog Input, Channel 10 (2) 
"High" ("Low") Analog Input, Channel 9 (1). 

"High" ("Low") Analog Input, Channel 8 (0) 
Input Channel Select, Address Bit AE 
Input Chanrlel Select, Address Bit AO 
Input Channel Select, Address Bit Al 
Input Channel Select, Address Bit A2 
Input Channel Select Latch 

"0": Latched 
"1": Latch Transparent 
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AD362 DESIGN 
The AD362 consists of two 8-chann~1 multiplexers, a differen
tial amplifier, a,sample-and-hold with high-speed output buf
fer, channel address latches and control logic as shown in 
Figure 1. The multiplexers can be connected to the differential 
amplifier in either an 8-channel differential or 16-channel 
single-ended configuration. A unique feature of the AD362 is 
an internal analog switch controlled by a digital input that 

, performs switching between single-ended and differential 
modes.'This feature allows a single AD362 to perform in 
either mode without external hard-wire interconnections. 
Of more significance is the ability to serve a mixture of both 
single-ended and differential sources with a single AD362 by 
dynamically switching the input mode control. 

"LOW" A~ALO~ INnJTS 

SINGlE-ENO/DIFfEAENTIAl 
.. sv MOOE SEUCT INPUT 

INPUT 
CHANNEL 
SELECT 

CHANNEL 
SelECT 
LATCH 

Figure 1. AD362 Analog Input Section Functional Block 
Diagram and Pinout 

Multiplexer channel address inputs are interfaced through a 
level-triggered ("transparent") input register. With a Logic "I" 
at the Channel Select Latch input, the address signals feed 
through the register to directly select the appropriate input 
channel. This address information can be held in the register 
by placing a Logic "0" on the Channel Select Latch input. In
ternallogic monitor~ the status of the Single-Ended/Differen-

• tial Mode input and addresses the multiplexers accordingly. 

A differential amplifier buffers the multiplexer outputs while 
providing high input impedance in both differential and single
ended modes. Amplifier gain and common mode rejection are 
actively laser-trimmed. 

The sample-and-hold is a high speed monolithic device that can 
also function asa gated operational amplifier. Its uncommitted 
differential inputs allow it to serve a second role as the output 
subtractor in the differential amplifier. This eliminates one 
amplifier and decreases drift, settling time and power consump
tion. A Logic "I" on the Sample-and-Hold Command input 
will cause the sample-and-hold to "freeze" the analog signal 
while the ADC performs the conversion. Normally the Sample
and-Hold Command is connected to the ADC Status output 
which is at Logic "I" during conversion and Logic "0" be
tween conversions. For slowly-changing inputs, throughput 
speed may be increased by grounding the Sample-and-Hold 
Command input i~stead of connecting it to the ADC status. 

A Polystyrene hold capacitor is provided with each commer
cial temperature range device (AD362KD) while a Teflon ca
pacitor is provided with units intended for operation at tem
per;ttures up to 125°C (AD362SD). Use of an external 
capacitor allows the user to make his own speed/accuracy 
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tradeoff; a smaller capacitor will allow faster sample-and-hold 
response but will decrease accuracy while a larger capacitor 
will increase accuracy at slower conversion rates. 

'The output buffer is a"high speed amplifier whose output 0 
i~pedance remains low and constant at high frequencies. 
Therefore, the AD362 may drive a fast, unbuffered, precision 
ADC without loss of accuracy. 

The AD362 is constructed on a substrate that includes thick
film resistors for non-critical applications such as input pro
tection and biasing. A separately-mounted laser-trimmed thin
film resistor network is used to establish accurate gain and 
high common-mode rejection. The metal package affords 
electromagnetic and electrostatic shielding and is hermetically 
welded at low temperatures. Welding eliminates the possibility 
of contamination from solder particles or flux while low tem
perature sealing maintains the accuracy of the laser-trimmed 
thin-film resistors. 

THEORY OF OPERATION 
Concept 
The AD362 is intended to be used in conjunction with a high
speed precision analog-to-digital converter to form a complete 
data acquisition system (DAS) in microcircuit form. Figure 2 
shows a general AD362-with-ADC DAS application. 

Figure 2. AD362 with ADC as a Complete Data Acquisition 
System 

By dividing the data acquisition task into two sections, several 
important advantages are realized. Performance of each design 
is optimized for its specific function. Production yields are 
increased thus decreasing costs. Furthermore, the standard 
configuration packages plug into standard sockets and are 
easier to handle than larger packages with higher pin counts. 

System Timing _ 
Figure 3 is a timing diagram for the AD362 connected as 
shown in Figure 2 and operating at maximum conversion rate. 
The ADC is assumed to be a conventional 12 bit type such as 
the AD572 or AD ADC80. 

ADDRESS 

ADDRESS LATCH 

CONVERT COMMAND 

STATUS (SAMPLE·HOLDI 

GATED CLOCK 

ADDRESS MAY BE CHANGED 

<£ D<XXXXXXkXxxxm m 
I I-- S/H ACQUISITION 

l
-:-l f--~'l' MIN STATE DOESN'T MATTER I 
~ ~20nsMIN 
~MINCONVCOMMAND(ADCI rL 

p~~,~:~:;; r--i ~::\:;\\'!,~" 
~ 

Figure 3. DAS Timing Diagram 



The normal sequence of events is as follows: 
1. The appropriate Channel Select Address is latched into the 

address register. Time is allowed for the multiplexers to 
settle. 

2. A Convert Start command is issued to the ADC which, in 
response, indicates that it is "busy" by placing a Logic "1" 
on its Status line. 

3. The ADC Status controls the sample-and-hold. When the 
ADC is "busy", the sample-and-hold is in the Hold mode. 

4. The ADC goes into its conversion routine. Since the sample
and-hold is holding the proper analog value, the address 
may be updated during conversion. Thus multiplexer set
tling time can coincide with conversion and need not affect 
throughput rate. 

5. The ADC indicates completion of its conversion by return
ing Status to Logic "0". The sample-and-hold returns to 
the Sample mode. 

6. If the input signal has changed full-scale (different channels 
may have widely-varying data) the sample-and-hold will 
typically require 10 microseconds to "acquire" the next 
input to sufficient accuracy for 12-bit conversion. 

After allowing a suitable interval for the sample-and-hold to 
stabilize at its new value, another Convert Start command may 
be issued to the ADC. 

+1SV 

Skll 

20kll 

NOTE: 

ANALOG 
INPUT 

ADe 
UNDER TEST 

BUSY 

C'~S~~~~~'~ :::::~ 
I I 
I , 

CHANNEL B 
"LSB" ~A 

-, .-STATUS DELAY 

Figure 4. ADC Status Valid Test 

Valid Output Data 

o 

Not all ADCs have all data bits available when Status indicates 
that the conversion is complete. Successive approximation 
ADCs based on the 2502/3/4 type of register must have a Status 
delay built in or the final data bit will lag Status by approx
imately SOns. This will result in two problems: 
1. The sample-and-hold will return to Sample, disturbing the 

analog input to the ADC as it is attempting to convert the 
least significant bit. This may result in an error. 

2. If the falling edge of Status is being u'sed to load the data 
into a register, the least significant bit will not be valid 
when loaded. 

An external lOOns delay or use of an ADC with a valid Status 
output is necessary to prevent this problem. The applications 
shown in this data sheet ensure that all data bits will be valid. 

The following test may be made to determine if the ADC 
Status timing is correct: 
1. Connect the ADC under test as shown in Figure 4. 

Applying theAD362 
2. Trigger the oscilloscope on Status. Delay the display such 

that Status is mid-screen. 

3. Observe the LSB d~ta output of the ADC. 
4. Vary the analog input control to confirm that the LSB 

transition precedes the Status transition. 

Single-EndedlDifferential Mode Control 
The AD362 features an internal analog switch that configures 
the Analog Input Section in either a 16-channel single-ended 
or 8-channel differential mode. This switch is controlled by a 
non-TTL logic input applied to pin 1 of the Analog Input 
Section: 

"0": Single-Ended (16 channels) 
"1 ": Differential (8 channels) (+4.0V min) 

When in the differential mode, a differential source may be 
applied between corresponding "High" and "Low" analog 
input channels. 

It is possible to mix SE and DIFF inputs by using the mode, 
control to command the appropriate mode. In this case, four 
microseconds must be allowed for the output of the Analog 
Input Section to settle to within ±0.01% of its final value, but 
if the mode is switched concurrent with changing the channel 
address, no significant additional delay is introduced. The 
effect of this delay may be eliminated by changing modes 
while a conversion is in progress (with the sample-and-hold 
in the "Hold" mode). When SE and DIFF signals are being 
processed concurrently, the DIFF signals must be applied 
between corresponding "High" and "Low" analog input chan
nels. Another application of this feature is the capability of ' 
measuring 16 sources,individually and/or measuring differences 
between pairs of those sources. 

Input Channel Addressing 
Table I is the truth table for input channel addressing in both 
the single-ended and differential modes. The 16 single-en,ded 
channels may be addressed by applying the corresponding 
digital number to the four Input Chanuel Select address bits, 
AE, AO, AI, A2 (pins 28-31). In the differential mode, the 
eight channels are addressed by applying the appropriate. 
digital code to AO, Al and A2 j AE must be enabled with a II 
Logic "1 ". Internal logic monitors the status of the SE/DIFF 
Mode input and addresses the multiplexe~s singularly or in 
pairs as required. 

ADDRESS ON CHANNEL (Pin Number) 

Differential 
AE A2 Al AO Single Ended "Hi" "Lo" . 

0 0 0 0 0 (11) None 
0 0 0 I (10) None 
0 0 1 0 (9) None 
0 0 (8) None 
0 1 0 4 (7) None. 
0 0 1 (6) None 
0 0 6 (5) None 
0 7 (4) None 
1 0 0 0 8 (27) 0(11) o (27) 

0 0 9 (26) 1 (10) 1 (26) 

0 1 0 10 (25) 2 (?) 2 (25) 
0 1 11 (24) 3 (8) ) (24) 

0 0 12 (23) 4 (7) 5 (23) 
0 1 13 (22) 5 (6) 5 (22) 

0 14 (19) 6 (5) 6 (19) 
15 (18) 7 (4) 7 (18) . 

Table I. Input Channel Addressing Truth Table 
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When the channel address is changed, six microseconds must 
be allowed for the Analog Input Section to settle to within 
±0.01% of its final output (including settling times of all 
elements in the signal path). The effect of this delay may be 
eliminated by performing the address change while a conver
sion is in progress (with the sample-and-hold in the "Hold" 
mode). 

Input Channel Address Latch 
The AD362 is equipped with a latch for the Input Channel 
Select address bits. If the Latch Control pin (pin 32) is at 
Logic "I", input channel select address information is passed 
through to the multiplexers. A Logic "0" "freezes" the input 
channel address present at the inputs at the "l"-to-"O" tran
sition (level-triggered). 

This feature is useful when input channel address information 
is provided from an address, data or control bus that may be 
required to service many devices. The ability to latch an 
address is helpful whenever the user has no control of when 
address information may change. 

Sample-and-Hold Mode Control 
The Sample-and-Hold Mode Control input (pin 13) is normally 
connected to the Status output (pin 20) from an analog to 
digital converter. When a conversion is initiated by applying a 
Convert Start command to the ADC, Status goes to Logic "I", 
putting the sample-and-hold into the "Hold" mode. This 
"freezes" the information to be digitized for the period of 
conversion. When the conversion is complete, Status returns 
to Logic "0" and the sample-and-hold returns to the "Sample" 
mode. Eighteen microseconds must be allowed for the sample
and-hold to acquire ("catch up" to) the analog input to within 
±0.01 % of the final value before a new Convert Start com
mand is issued. 
The purpose of a sample-and-hold is to "stop" fast changing 
input signals long enough to be converted. In this application, 
it also allows the user to change channels and/or SEt DIFF 
mode while a conversion is in progress thus eliminating the 
effects of multiplexer, analog switch and differential amplifier 
settling times. If maximum throughput rate is required for 
slowly changing signals, the Sample-and-Hold Mode Control 
may be wired to ground (Logic "0") rather than to ADC 
Status thus leaving the sample-and-hold in a continuous 
Sample mode. 

Hold Capacitor 
A 2000pF capacitor is provided with each AD362. One side 
of this capacitor is wired to pin 12, the other to analog ground 
as close to pin 17 as possible. The capacitor provided with the 
AD362KD is Polystyrene while the wider operating temperature 
range of the AD362SD requires a Teflon capacitor (supplied). 

Smaller capacitors will allow slightly faster operation, but only 
with increased noise and decreased precision. 1000pF will 
typically allow acquisition to 0.1 % in four microseconds. 

Larger capacitors may be substituted to reduce noise, and 
sample-to-hold offset, but acquisition time of the sample-and
hold will be extcndcd. If less than 12 bits of accuracy is re
quired, a smaller capacitor may be used. This will shorten the 
SIH acquisition time. In all cases, the proper capacitor die
lectric must be used; i.e., Polystyrene (AD326KD only) or 
Teflon (AD362KD or SD). Other types of capacitors may 
have higher dielectric absorption (memory) and will cause 
errors. CAUTION: Polystyrene capacitors will be destroyed 
if subjected to temperatures above +85

0 
C. No capacitor is 

required if the sample-and-hold is not used. 
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Analog Input Section Offset Adjust Circuit 
Although the offset voltage of the AD362 may be adjusted, 
that adjustment is normally performed at the ADC. In some 
special applications, however, it may be helpful to adjust the 
offset of the Analog Input Section. An example of such a case 
would be if the input signals were small «lOmV) relative to 
the AD362 voltage offset and if a gain stage was to be inserted 
between the AD362 and the ADC. To adjust the offset of the 
AD362. the circuit shown in Figure 5 is recommended. 

AD362 
ANALOG 

INPUT 
SECTION 

Figure 5. AD362 Offset Voltage Adjustment 

Under normal conditions, all calibration is performed at the 
ADC Section. 

Other Considerations 

Grounding: Analog and digital signal grounds should be kept 
separate where possible to prevent digital signals from flowing 
in the analog ground circuit and inducing spurious analog sig
nal noise. Analog Ground (pin 17) and Digital Ground (pin 2) 
are not connected internally; these pins must be connected 
externally for the system to operate properly. Preferably, this 
connection is made a't only one point, as close to the AD362 
as possible. The case is connected internally to Digital Ground 
to provide good electrostatic shielding. If the grounds are not 
tied common on the same card with the AD362, the digital 
and analog grounds should be connected locally with back-to
back general-purpose diodes as shown in Figure 6. This will 
protect the AD362 from possible damage caused by voltages 
in excess of ±1 volt between the ground systems which could 
occur if the key grounding card should be removed from the 
overall system. The device will operate properly with as much 
as ±200mV between grounds, however this difference will be 
reflected directly as an input offset voltage. 

TO 
CARD 

CONNECTOR 

AD362 ADC 

AGND 

Figure 6. Ground-Fault Protection Diodes 

Power Supply Bypassing: The ±15V and +5V power leads 
should be capacitively bypassed to Analog Ground and Digital 
Ground respectively for optimum device performance. 1J.LF 
tantalum types are recommended; these capacitors should be 
located close to the system. It is not necessary to shunt these 
capacitors ~ith disc capacitors to provide additional high 
frequency power supply decoupling since each power lead is 
bypassed internally with a 0.039J.LF ceramic capacitor. 



Interfacing to Popular Analog to Digital Converters 
The AD362 has been designed to interface directly to most 
analog to digital converters; often no additional compon,ents 
are required and only two interconnections must be made, 
The direct interface requirements for the ADC are as follows: 

1. The ADC Status output must be positive-true Logic (" 1" 
during conversion). 

2. Transition from "0" to "1" must occur at least 200ns 
before the most significant bit decision is made (successive 
approximation ADC) or before input integration starts 
(integrating type ADC), 

3. Status must not return to "0" before the LSB decision is 
made. 

4. If Status is being used to latch output data. it must not 
return to Logic "0" until all output data bits are valid and 
available. 

Complete system throughput performance is determined by 
combining the worst-case specifications of the AD362 and the 
ADC. If guaranteed system performance is required. the 
AD363 and AD364 are recommended. The AD363 includes 
an AD362 and an ADS72 12-bit. 2S-microsecond precision 
ADC. The AD364 consists of an AD362 and an ADS74 12-bit. 
microprocessor-compatible. low cost ADC. Each is specified 
as a complete. two-package system; data sheets are available 
upon request. 
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(16) 
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AD ADC80 
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(12) 

STATUS OUTPUT 

CONVERT DATA STROBE 

START (~~~~i~~i 

a. 12-Bit DAS Using AD362 and AD ADCBO 

Figure 7a shows the AD362 driving an AD ADC80. The
AD ADC80 is a 12-bit. 2S-microsecond. low-cost ADC that 
meets all of the requirements listed above. Throughput rate 
is typically 30kHz with no missipg codes over the operating 
temperature range. 

Figure 7b shows a lO-bit application based on the AD362 and 
the ADS71. a complete low cost lO-bit. 2S-microsecond ADC. 
In this case. two of the above requirements are not met: 

1. DR (DATA READY). as Status. is positive-true but ... 

2. DR does not indicate that a conversion is in progress until 
l.SJ,Ls after conversion starts. 

3. DR does indicate conversion complete after the LSB deci
sion is made. but ... 

4. DR precedes the enabling of the ADS71 output 3-state 
gates by SOOns. 

The gating provided by V1 allows the applied convert com
mand (CC) to initiate input hold at the AD362. CC must last 
for more than l.SJ,Ls so that DR may then assume control 
of Hold. If conversion is continuous (consistent with multi
channel operation). the next convert command can be used to 
load the previously-converted data into an output register. For 
single conversion operation. a 1J..1.s delay of the falling edge of 
DR may be used to signify valid data. 
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Figure 7. Data Acquisition Systems Based on the AD362 and Popular ADC's 
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Interfacing to Special Purpose ADCs 
The AD5200 series of ADCs perform a 12-bit conversion in 50 
microseconds and feature totally adjustment-free operation, 
high accuracy, and a small hermetically-sealed 24-pin package. 

These ADCs are often used in high-reliability applications 
and, like the AD362SD, operate over the -55°C to +12S

o
C 

temperature range. The ADS200 series meets all of the inter
facing requirements for direct connection to the AD362 as 
shown in Figure Sa. System throughput rate is typically 16kHz. 

ANALOG 
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(16) 

DC POWER 

DATA 
BITS 
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112) 

STATUS OUTPUT 

Jl 
CLOCK CONVERT DATA STROBE 

INPUT START I~~~~+~~T 

a. 12-Bit High Accuracy and Reliability DAS Using 
AD362 and AD5200 

The HAS series of ultra-fast ADCs are 8-bit (HAS0801), 10-
bit (HAS1001) and 12-bit (HAS1202) devices that convert in 
1.5, 1.7, and 2.S microseconds (maximum) respectively. These 
devices are hybrid IC's, packaged in .32-pin DIPs. Since the 
Data Ready signal from the HAS precedes the LSB decision, 
DR must be delayed. Figure 8b shows the appropriate cir
cuitry to provide that delay. Throughput rate for the 12-bit 
system is typically 80kHz. 
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Figure 8. Data Acquisition Systems Based on the AD362 and Purpose ADCs 
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~ANALOG 
WDEVICES 

FEATURES 
Versatility 

Complete DAS in ~eliable IC Form 
Small Size: Two 32-Pin DIPs 
16 Single-Ended or 8 Differential Channels with 

Switchable Mode' Control 
Extended Aerospace Temperature Range: -55°C to 

+125°C (AD363S) 
Versatile I nput/Output/Control Format 
Short-Cycle Capability 

Performance 
True 12-Bit Operation: Nonlinearity ~±0.012% 
Guaranteed No Missing Codes Over Temperature Range 
High Throughput Rate: 30kHz 
Low Power: 1.7W in Two Packages 

Value 
Complete: No Additional Parts Required 
Reliable: Hybrid IC Construction. All Inputs Fully 

Protected. 
Precision +10.0 Volt Reference for External Application 
Fast Precision Buffer Amplifier for External Application 
Low Cost 

PRODUCT DESCRIPTION 
The AD363 is a complete 16 channel, 12-bit data acquisition 
system in integrated circuit form. It is an AD362 analog input 
section and an AD572 analog-to-digital converter specified 
as a pair. This high reliability hybrid set is available in two 
temperature grades for industrial and extended temperature 
range applications. The AD362 analog input section is in a 32-
pin metal package which provides electrostatic shielding for 
analog input signals. The analog input section contains two 
eight-channel multiplexers, a differential amplifier, a sample
and-hold, a channel address register and control logic. The 
multiplexers may be connected to the differential amplifier 
in either an 8-channel differential or 16-channel single-ended 
configuration. A unique feature of the AD362 is an internal 
user-controllable analog switch that connects the multi
plexers in either a single-ended or differential mode. This 
allows a single device to perform in either mode without 
hard-wire programming and permits a mixture of single-
ended and differential sources to be interfaced to an 
AD363 by dynamically switching the input mode control. 

Complete 16-Channel 
12-Bit Data Acquisition System 

AD363 I 
AD363 FUNCTIONAL BLOCK DIAGRAM 

The analog-to-digital converter section contains a complete 
12-bit successive approximation analog-to-digital converter, 
including internal clock, precision 10 volt reference, compara
tor, buffer amplifier and a proprietary-design 12-bit D/A con
verter. Active laser trimming of the reference and D/A conver
ter results in maximum linearity errors of ±0.012% while per
forming a 12-bit conversion in 25 microseconds. 

Analog input voltage ranges of ±2.5, ±5.0, flO, 0 to +5 and 
o to +10 volts are user-selectable. Adding flexibility and value 
are the precision 10 volt reference and the internal buffer 
amplifier, both of which may be used for external applica
tions. All butone digital signals are TTLlDTL compatible and 

, output data is positive-true in p'arallel and serial form. 

System throughput rate is as high as 30kHz at full rated ac
curacy. The AD363K is specified for operation over a 0 to 
+70

o
C temperature range whlIe the AD363S operates to speci-II 

fication from -55°C to +125°C. Both device grades are 
guaranteed to have no missing codes over their specified 
temperature ranges. 

AD363 ORDERING GUIDE 

Model 

AD363KD 

AD363SD 

NOTE 

Specification Max 
Temp Range Gain T.C. 

o to +70oC ±30ppmtC 

-55°C'to +125°C ±25ppmtC 

I See Section 19 for package outline information. 

Max 
Reference T.C. 

±20ppm/oC 

±20ppm/oC 

Guaranteed Temp Range 
No Missing Codes 

o to +70oC 

-SSoC to +125°C 

Package Styles· 
Analog 
Input ADC 
Section Section 

HY32D 

HY32D 

HY32G 

HY32G 
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(typical @ +25°C, SPECIFICATIONS ±15V and +5V with 2000pF hold capacitor as provided unless otherwise noted) 

MODEL 

ANALOG INPUTS 
Number of Inputs 

Input Voltage Ranges 
Bipolar 
Unipolar 

Input (Bi'as) Current, Per Channel 
Input Impedance 

On Channel 
Off Channel 

Input Fault Current (Power Off or On) 
Common Mode Rejection 

Differential Mode 
Mux Crosstalk (Interchannel, 

AD363K 

16 Single-Ended or 8 Differential 
(Electronically Selectable) 

±2.5V, ±S.OV, ±10.0V 
o to +SV, 0 to +10V 
±SOnA 

10 10 n, 100pF 
10 10 n,10pF 
20mA, max, Internally Limited 

70dB min (80dB typ) @ 1kHz, 20V p-p 

Any Off Channel to Any On Channel) -80dB max (-90dB typ) @ 1kHz, 20V p-p 

RESOLUTION 12 BITS 

ACCURACY 
Gain Error l 

Unipolar Offset Error 
Bipolar Offset Error 
Linearity Error 
Differential Linearity Error 
Relative Accuracy 
Noise Error 

TEMPERATURE COEFFICIENTS 
Gain 
Offset, ±10V Range 
Differential Linearity 

SIGNAL DYNAMICS 
Conversion Time2 

Throughput Rate, Full Rated Accuracy 
Sample and Hold 

Aperture Delay 
Aperture Uncertainty 
Acquisition Time 

To ±0.01 % of Final Value 
for Full Scale Step 

Feedthrough 
Droop Rate 

DIGITAL INPUT SIGNALS4 

Convert Command (to ADC Section, 
Pin 21) 

Input Channel Select (To Analog 
Input Section, Pins 28-31) 

Channel Select Latch (To Analog 
Input Section, Pin 32) 

±O.OS% FSR (Adj. to Zero) 
±10mV (Adj to Zero) 
±20mV (Adj to Zero) 
±YzLSB max 
±1LSB max (±YzLSB typ) 
±0.02S% FSR 
1mV p-p, 0 to 1MHz 

±30ppm/OC max (±lOppm/oC typ) 
±10ppm/oC max (±5ppm/oC typ) 
No Missing Codes Over Temperature 

Range 

25/.1s max (22/.1s typ) 
25kHz min (30kHz typ) 

lOOns max (SOns typ) 
500ps max (lOOps typ) 

18/.1s max (lO/.1S, typ) 

-70dB max (-80dB typ).@ 1kHz 
2mV/ms max (lmV/ms typ) 

Positive Pulse, 200ns min Width. Leading 
Edge ("0" to "I") Resets Register, 
Trailing Edge ("I" to "O") Starts Con
version. 
ITTL Load 

4 Bit Binary, Channel Address. 
ILS TTL Load 

"I" Latch Transparent 
"0" Latched 
4LS TTL Loads 
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±25ppm/oC max (±15ppm/oC typ) 
±8ppmtC max (±5ppmtC typ) 



MODEL AD363K AD363S 

DIGITAL INPUT SIGNALS, cont. 

Sample-Hold Command (To Analog 
Input Section Pin 13 Normally "0" Sample Mode 
Connected To ADC "Status", "I" Hold Mode 
Pin 20) 2LS TTL Loads 

Short Cycle (To ADC Section Pin 14) Connect to +5V for 12 Bits Resolution. 
Connect to Output Bit n + 1 For n Bits 

Resolution. 
lTTL Load 

Single Ended/Differential Mode Select 
(To Analog Input Section, Pin 1) "0"; Single-Ended Mode 

"1": Differential Mode (+4.0V min) 
3TTL Loads 

DIGITAL OUTPUT SIGNALS4 

(All Codes Positive True) 
Parallel Data 

Unipolar Code Binary 
Bipolar Code Offset Binary/Two's Compleme~t 
Output Drive 2TTL Loads. 

Serial Data (NRZ Format) 

Unipolar Code Binary 
Bipolar Code Offset Binary 
Output Drive 2TTL Loads 

Status (Status) Logic "I" ("0") During Conversion 
Output Drive 2TTL Loads 

Internal Clock 
Output Drive 2TTL Loads 
Frequency SOOkHz 

INTERNAL REFERENCE VOLTAGE +10.00V, ±10mV 
Max External Current ±lmA 
Voltage Temp. Coefficient ±20ppm/C, max ±20ppm/ C, max 

POWER REQUIREMENTS 
Supply Voltages/Currents +15V, ±S% @ +4SmA max (+38mA typ) 

-ISV, ±5% @ -4SmA max (-38mA typ) 
+SV, ±5% @ +136mA max (+1l3mA typ) 

Total Power Dissipation 2 watts max (1.7 watts typ) 

TEMPERATURE RANGE 
Specification o to +70

o
C -5SoC to +12SoC 

Storage _SSoC to +8S0C3 -SSoC to +ISO°C 

NOTES 
1 With son, 1 % fixed resistor in place of Gain Adjust pot. 
l Conversion time of ADC Section. 
3 AD363K External Hold Capacitor is limited to +85°C; A nalog Input Section and ADC Section may be stored at up to + 1 50° C. 
40ne TTL Load is defined as IlL = -1.6mA max (0) VIL = OAV, 1m = 40J..lA max @ VIII = 2AV. 

One LS TTL Load is defined as IlL = -O.36mA max@l VII. = OAV, lUI = 20IJA max @ VUI = 2.7V. 

·Specifications same as AD363K. 
Specifications subject to change without notice. 

ABSOLUTE MAXIMUM RATINGS 

(ALL MODELS) 

+ V, Digital Supply 

+V, Analog Supply 

-V, Analog Sup~ly 

VIN, Signal 

VIN, Digital 

AcND to DGND 

+5.5V 

·+16V 

-16V 

tv, Analog Supply 

o to +V, Digital'Supply 

±IV 
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Pin 
Number 

1 

2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 

14 
15 
16 

17 
18 
19 
20 
21 
22 
23 
24 

, 25 

26 
27 

28 

29 
30 
31 
32 

" 

PIN FUNCTION DESCRII?TION' 

ANALOG INPUT SECTION 

Function 

Single-End/Differential Mode Select 
"0": Single-Ended Mode 
"1": Differential Mode (+4.0V min) 

Digital Ground 
Positive Digital Power Supply, +5V 
"High" Analog Input, Channel 7 
"High" Analog Input, Channel 6 
"High" Analog Input, Channel 5 
"High" Analog Input, Channel 4 
"H'igh" Analog Input, Channel 3 
"High" Analog Input, Channel 2 
"High" Analog Input, Channell 
"High" Analog Input, Channel 0 
Hold Capacitor (Provided, See Figure 1) 
Sample-Hold Command 

"0": Sample Mode 
"1 ": Hold Mode 
Normally Connected to ADC Pin 20 

Offset Adjust (See Figure 6) 
Offset Adjust (See Figure 6) 
Analog Output 

Normally Connected to ADC 
"Analog In" (See Figure 1) 

Analog Ground 
"High" ("Low") Analog Input, Channel 15 (7) 

"High" ("Low") Analog Input, Channel 14 (6) 
Negative Analog Power Supply, -15V 
PoSitive Analog Power Supply, +15V 
"High" ("Low") Analog Input, Channel 13 (5) 
"High" ("Low") Analog Input, Channel 12 (4) 
"High" ("Low") Analog Input, Channel 11 (3) 

"High" ("Low") Analog Input, Channel 10 (2) 
"High" ("Low") Analog Input, Channel 9 (1) 

"High" ("Low") Analog Input, Channel 8 (0) 
Input Channel Select, Address Bit AE 
Input Channel Select, Address Bit AO 
Input Channel Select, Address Bit Al 
Input Channel Select, Address Bit A2 
Input Channel Select Latch 

"0": Latched 
"1 ": Latch "Transparent" 

ANALOG TO DIGITAL CONVERTER SECTION 

Pin 
Number 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 

15 
16 
17 

18 
19 
20 

21 

22 
23 

24 
25 
26 
'!.7 
28 
29 

Function 

Data Bit 12 (Least Significant Bit) Out 
Data Bit 11 Out 
Data Bit 10 Out 
Data Bit 9 Out 
Data Bit 8 Out 
Data Bit 7 Out 
Data Bit 6 Out 
Data Bit 5 Out 
Data Bit 4 Out 
Data Bit 3 Out 
Data Bit 2 Out 
Data Bit 1 (Most Significant Bit) Out 
Data Bit 1 (MSB) Out 
Short Cycle Control 

Connect to +5V for 12 Bits 
Connect to Bit (n+ 1) Out for n Bits 

Digital Ground 
Positive Digital Power Supply, +5V 
Status Out 

"0": Conversion in Progress 
(Parallel Data Not Valid) 

"1": Conversion Complete 

(Parallel Data Valid) 
+10Volt Reference Out (See Figures 3, 7, 8, 11) 
Clock Out (Runs During Conversion) 
Status Out 

"0": Conversion Complete 
(Parallel Data Valid) 

"1 ": Conversion in Progress 
(Parallel Data Not Valid) 

C~nvert Start In 
Reset Logic : ~ 
Start Convert :~ 

Comparator In (See Figures 3, 7,8) 
Bipolar Offset 

Open for Unipolar Inputs 
Connect to ADC Pin 22 for 

Bipolar Inputs 
(See Figure 8) 

lOV Span R In (See Figure 7) 

20V Span R In (See Figure 8) 

Analog Ground 
Gain Adjust (See Figures 7 and 8) 
Positive Analog Power Supply, + 15V 
Buffer Out (For External Use) 

30 Buffer In (For External Use) 
31 Negative Analog Power Supply, -15V 
32 Serial Data Out 

Each Bit Valid On Trailing (~) 
Edge Clock Out, ADC Pin 19 

Detailed timing, connection and application information can' 
be found in the AD572 and AD362 sections located else
where in this catalog. 
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~ ANALOG 16-Channel J1P Compatible 
W DEVICES 12-Bit Data Acquisition 'System 

'IL--__________ A_D3_64 ___ 1· 
FEATURES 
Complete Data Acquisition System in 2·Package IC Form 
Full 8· or 16·Bit Microprocessor Bus Interface 
16 Single·Ended or 8 Differential Channels with Switchable 

Mode Control 
True 12·Bit Operation: Nonlinearity <±O.012% 
Guaranteed No Missing Codes Over Specified Temperature 

Range 
High Throughput Rate: 20kHz 
Fast Successive Approximation Conversion: 25,us 
Buried Zener Reference for Long·Term Stability and 

Low Gain TC 
Small Size: Requires Only 2.8 Square Inches 
Short·Cycle Capability 
Low Power: 1.4 Watts 
Extended Aerospace Temperature Range: -55°C to +125°C 

PRODUCT DESCRIPTION 
The AD364 is a complete 16 channel, microprocessor com· 
patible, 12·bit data acquisition system in integrated circuit 
form. The AD364 design is implemented with linear com· 
patible LSI chips, active laser trimming and hybrid technol· 
ogy resulting in maximum performance and flexibility. 

The AD364 consists of two separate functional blocks, each in 
a hermetically sealed dual·in·line package. The analog input 
section contains two eight·channel multiplexers, a differential 
amplifier, a sample·and·hold, a channel address register and 
control logic. The multiplexers may be connected to the dif· 
ferential amplifier in either an 8·channel differential or 16· 
channel single·ended configuration. A unique feanire of the 
AD364 is an internal user·controllable analog switch that 
connects the multiplexers in either a single·ended or differen· 
tial mode. This allows a single device to perform in either 
mode without hard·wire programming and permits a mixture 
of single·ended and differential sources to be interfaced to an 
AD364 by dynamically switching the input mode control. 

The ADC section contains a complete 12·bit successive ap' 
proximation ADC, including internal clock, precision 10 volt 
reference, comparator and bus interface. The ADC uses the 
newly·developed LCI (Linear·Compatible Integrated Injection 
Logic) process to provide the low power logic necessary to 
make a high speed 12·bit ADC and 3·state output buffer 
circuitry for direct interface to an 8·, 12· or 16·bit micro· 
processor bus. 

AD364 ORDERING GUIDE 

Analog Input 
Model Linearity Temp. Range Section 

AD364JD ±0.024% o to +70
0
C HY32D 

AD364KD ±0.O12% o to +70
0
C HY32D 

AD364SD ±O.O24% -SSoC to +12SoC HY32D 
AD364TD ±O.O12% -SSoC to +12SoC HY32D 

NOTE 
1 See Section 19 for package outline information. 

AD364 FUNCTIONAL BLOCK DIAGRAM 

.. J 
,"'U" .. { 

'. 
lorl 

TWO DUAL IN-LINE PACKAGES 

The AD364 is available in 4 different grades. The AD364J and 
K grades are specified for operation over the 0 to + 70° C tem
perature range. The AD364S, T are specified for the -SSoC to 
+12SoC range. 

PRODUCT HIGHLIGHTS 
1.. The precision laser-trimmed scaling and bipolar offset 

resistors provide three calibrated ranges; 0 to +10. 
volts unipolar, or -S to +S and -10 to +10 volts bipolar. 
Typical bipolar offset and full scale calibration errors of 
±O.OS% can be trimmed to zero each with one exte~nal 
component. 

2. The internal buried zener reference is trimmed to 10.00 
volts with a ±1% maximum error and lSppm/C typical TC. 
The reference is available externally and can drive up to 
1.SmA beyond that required for the reference and bipolar ... 
offset resistors. 1M 

3. The AD364 interfaces to most popular microprocessors 
with an 8-, 12-, or 16·bit bus without external buffers or 
peripheral interface controllers. Multiple-mode three-state 
output buffers connect directly to the data bus while the 
read and convert commands are taken from the control bus. 
The 12 bits of output data can be read either as one 12-bit 
word or as two 8-bit bytes (one with 8 data bits, the other 
with 4 data bits and 4 trailing zeros). 

Package Stylel 
Analog to Digital 

Converter 

D28A 
D28A 
D28A 
D28A 

HOLD CAPACITOR 

"THIS DIMENSION IS FOR POLYSTYRENE CAPACITOR 
SUPPLIED WITH J AND K GRADES. 

MAX BODY LENGTH OF TEFLON CAPACITOR SUPPLIED 
WITH SAND T GRADES IS 1.00". 
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SPECIFICATIONS 
PARAMETER' 

ANALOG INPUTS 
Number of Inputs 
Input Voltage Range 

Tmin to Tmax 
Input (Bias) Current per Channel 
Input Impedance ON Channel 

OFF Channel 
Input Fault Current 
(Power ON or OFF) 
Common Mode Rejection 

Differential Mode 1kHz 20Vp-p 
Mux Cross Talk (Any OFF Channel 

to Any ON Channel) 1kHz 
20V pop 

Offset, Channel to Channel 

ACCURACY 
Gain Error1 

Unipolar Offset ~rrorl 
Bipolar Offset Error1 

Linearity Error 
Tmin to Tmax 

Diffe~ential Linearity Error 
Tmin to Tmax 

Noise Error 

TEMPERATURE COEFFICIENTS 
Gain 
Offset (±10Y Range) . 
Operating Temperature Range 

SIGNAL DYNAMICS 
Conversion Time 
Throughput Rate, Full Accuracy 
Sample Hold 

Aperture Delay 
Aperture Uncertainty 
Acquisition Time 

To O.ot % of Final Value 
For Full Scale Step 

Fcedthrough at 1kHz 
Droop Rate 

DIGITAL INPUT SIGNALS 
Analog Input Section 

Input Channel Select 

Channel Select Latch 

Single Ended/Differential 
Mode Select 

Sample and Hold Command 

ADC Section3 4.5~VL ~5.5 
Logic Input Threshold 

Tmiri toTmax 
Logic "1" 
Logic "0" 

Logic Input Current 
Tmin toTmax 

Logic "1" 
Logic "0" 

(typical @ +25°C, ±15V and +5V with 2000pF hold capacitor as provided unless 
otherwise noted) 

AD364JD AD364KD AD364SD 

16 Single-Ended or S Differential (Electronically Selectable) 

±10 
±50 
1010 /100 
1010 110 
20 

70 min (SO typ) 

-SO max (-90 typ) 
±5 

0.3 
±10 
±50 
0.024 
0.024 
0.024 
0.024 
1mV pop O.lHz to 1MHz 

32 max (25 typ) 
20 min (25 typ) 

100 max (50 typ) 
500 max (100 typ) 

IS max (10 typ) 
-70 max (-SO typ) 
2 max (1 typ) 

4 Bit Binary Address 
1 LS TTL Load 
.. 1" Latch Transparent 
"0" Latched 
4 LS TTL Loads 
"0" Single Ended. 
"I" Differential (+4V min) 
3TTL Loads 
"0" Sample Mode 
.. 1" Hold Mode 
1TTL Load 

2.0 
O.S 

10 
10 

±S 
±20 
0.012 
0.012 
0.012 
0.012 

31 
7 

. AD364TD UNITS 

** 
** 
** 

** 
** 
*** 

V 
nA 
U/pF 
U/pF 
mAmax 
(Internally 
Limited) 
dB 

dB 
mVmax 

% of FSR 
mV 
mV 
%of FSR max 
% of FSR max 
%ofFSR max 
% ofFSR max 

ppm/DC 
ppmfc 
ppmfc 

J.ls 
kHz 

ns 
ps 

p.s 
dB 
mV/ms 

V min 
Vmax 

J.lAmax 
J.lAmax 
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PARAMETER AD364JD AD364KD AD364SD AD364TD UNITS 

DIGITAL OUTPUT SIGNALS 
Logic Outputs Tmin to Tmax 

Sink Current VOUT = O.4V 
Source Current VOUT = 2.4V 
Output Leakage When In 

Three State 
Output Coding 

Unipolar 
Bipolar 

POWER REQUIREMENTS 
Supply Voltages/Currents 

NOTES 

1.6 
0.5 

±40 

Positive True Binary 
Positive True Offset 
Binary 

+15V, ±5% @ 36mA max * 
-15V, ±5% @ 65mA max * 
+5V, ±5% @ 75mA max 

I With son resistor from REF IN to REF OUT. Adjustable to zero. 
2 Adjustable to zero. 
312/8 line must be hard wired to VLOGIC or digital common. 
• Specifications same as AD364J. 
··Specifications same as AD364K . 
•• • Specifications same as AD364S. 
Specifications subject to'change without notice. 

ABSOLUTE MAXIMUM RATINGS 
(ALL MODELS) 

+V, Digital Supply 

+V, Analog Supply 

-V, Analog Supply 

VIN, Signal 

VIN, Digital 

AcND to DGND 

+5.5V 

+16V 

-l6V 

±V, Analog Supply 

o to +V, Digital Supply 

±lV 

DATA MODE SElECT 

1218 

CHIP SELECT 

cs 
BYTE ADDRESS! 

SHORT CYCLE 4 
Ao 

READ/CONVERT 
AIC 

CHIP ENABLE 
CE 

+lSVSUPPlV 

Vee 

+10V REFERENCE 
REF OUT 

ANALOG COMMON 

REFERENCE INPUT 

REF IN 

-15VSUPPLY 

BIPOLAR OFFSET 
BIPQFF 

tOV SPAN INPUT 

20V SPAN INPUT 

HOLD 
CAPACITOR 

I 
"LOW"ANAlOG INPUTS 

mAmin 
mAmin 

I1A max 

SINGLE·END/DIFFERENTIAL 
+5V MODE SElECT INPUT 

INPUT 
CHANNEL 
SELECT 

CHANNEL 
SELECT 
LATCH 

Figure 1. AD364 Analog Input Section Functional Block 
Diagram and Pinout 

OUTPUTS 

OIGITAL COMMON 

Figure 2. ADC Section Functional Block Diagram and Pinout 
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AD364 DESIGN 

Concept 
The AD364 consists of two separate functional blocks as 
shown in Figure 3; each is packaged in a hermetically-sealed 
DIP. 

_.J 
ONMS{' 

"lOW" 

Figure 3. AD364 Functional Block Diagram 

The Analog Inpu t Section contains multiplexers, a differential 
amplifier, a sample-and-hold, a channel address latch and 
control logic. Analog-to-digital conversion is provided by a 
12 bit, 35 microsecond "ADC" which is also available 
separately as the AD574. 

By dividing the data acquisition task into two sections, several 
important advantages are realized. Performance of each design 
is optimized for its specific function. Production yields are 
increased thus decreasing costs. Furthermore, the standard 
configuration 28 and 32 pin packages plug into standard 
sockets and are easier to handle than larger packages with 
higher pin counts. 

Analog Input Section Design 

The AIS consists of two 8-channel multiplexers, a differential 
amplifier, a sample-and-hold, channel address latches and con
trollogic. The multiplexers can be connected to the differen
tial amplifier in either an 8-channel differential or 16-channel 
single-ended configuration. A unique feature of the AD364 is 
an internal analog switch controlled by a digital input that 
performs switching between single-.:nded and differential 
modes. This feature allows a single product to perform in 
either mode without external hard-wire interconnections. Of 
more significance is the ability to serve a mixture of both 
single-ended and differential sources with a single AD364 by 
dynamically switching the input mode control. 

Multiplexer channel address inputs are interfaced through a 
level-triggered ("transparent") input register. With a Logic "1" 
at the Channel Select Latch input, the address signals feed 
through the register to directly select the appropriate input 
channel. This address information can be held in the register 
by placing a Logic "0" on the Channel Select Latch input. In
ternallogic monitors the status of the Single-Ended/Differential 
Mode input and addresses the multiplexers accordingly. 

A differential amplifier buffers the multiplexer outputs while 
providing high input impedance in both differential and· single
ended modes. Amplifier gain and common mode rejection are 
actively laser-trimmed. 

The sample-and-hold is a high speed monolithic device that can 
also function as a gated operational amplifier. Its uncommitted 
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differential inputs allow it to serve a second role as the output 
subtractor in the differential amplifier. This eliminates one 
amplifier and decreases drift, settling time and power consump
tion. A Logic "1" on the Sample-and-Hold Command inpu~ 
will cause the sample-and-hold to "freeze" the analog signal 
while the ADC performs the conversion. Normally the Sample
and-Hold Command is connected to the ADC Status output 
which is at Logic "1" during conversion and Logic "0" be
tween conversions. For slowly-changing inputs, throughput 
speed may be increased by grounding the Sample-and-Hold 
Command input instead of connecting it to the ADC status. 

A Polystyrene hold capacitor is provided with each commer
cial temperature range system (AD364J, K) while a Teflon 
capacitor is provided with units intended for operation at tem
peratures up to 125°C (AD364S, T). Use of an external capac
itor allows the user to make his own speed/accuracy tradeoff; a 
smaller capacitor will allow faster sample-and-hold response 
but will decrease accuracy while a larger capacitor will in
crease accuracy at slower conversion rates. 

The Analog Input Section is constructed on a substrate that 
includes thick-film resistors for non-critical applications such 
as input protection and biasing. A separately-mounted laser
trimmed thin-film resistor network is used to establish accurate 
gain and high common-mode rejection. The metal package 
affords electromagnetic and electrostatic shielding and is 
hermetically welded at low temperatures. Welding eliminates 
t~e possibility of contamination from solder particles or flux 
while low temperature sealing maintains the accuracy of the 
laser-trimmed thin-film resistors. 

"ADC" Section 

The ADC Section is a complete 12-bit A/D converter which 
requires no external components to provide the complete suc
cessive-approximation analog-to-digital conversion function. A 
block diagram of the ADC is shown in Figure 2. The device 
consists of two chips, one containing the precision 12-bit DAC 
with voltage reference, the other containing the comparator, 
successive-approximation register, clock, output buffers and 
control circuitry. 

When the control section is commanded to initiate a conver
sion (as described later), it then enables the clock and resets 
the successive-approximation register (SAR) to all zeros. (Once 
a conversion cycle has begun, it cannot be stopped or re"started 
and data is not available from the output buffers). The SAR, 
timed by the clock, will then sequence through the conversion 
cycle and return an end-of-convert flag to the control section. 
The control section will then disable the clock, bring the out
put status flag low, and enable control functions to allow data 
read functions by external command. 

During the conversion cycle, the internal 12-bit current output 
DAC is sequenced by the SAR from the most-significant-bit 
(MSB) to least-significant-bit (LSB) to provide an output cur
rent which accurately balances the inpu t signal current through. 
the 5kn (or 10kn) input resistor. The comparator determines 
whether the addition of each successively-weighted bit current 
causes the DAC current sum to be greater or less than the in
put current; if the sum is less, the bit is left on; if more, the 
bit is turned off. After testing all the bits, the SAR contains a 
12-bit binary code which accurately represents the input 
signal to within ±1I2LSB. 

The temperature-compensated buried Zener reference pro
vides the primary voltage reference to the DAC and guaran-



tees excellent stability with both time and temperature. The 
reference is trimmed to 10.00 volts ±1%; it is buffered and 
can supply up to 1.SmA to an external load in addition to 
that required to drive the reference inpu"t resistor (O.SmA) and 
bipolar offset resistor (ImA). The thin film application re
sistors are trimmed to match the full scale output current of 
the DAC. There are two SkS1 input scaling resistors to allow 
either a 10 volt or 20 volt span. The 10kS1 bipolar offset re
sistor is grounded for unipolar operation or connected to the 
10 volt reference for bipolar operation. 

THEORY OF OPERATION 

System Timing 

Figure 4 is a timing diagram for the AD364 connected as 
shown in Figure 3 and operating at maximum conversion rate. 

~ t~/-
~~+--±----------- ~ ~--------f3~ 

_--"---+ __ ..±..-________ RIC 

sr! ---+-----f,;:;;----

Figure 4. AD364 Timing Diagram 

The normal sequence of events is as follows: 
1. The appropriate Channel Select Address is latched into the 

address register. Time is allowed for the multiplexers to 
settle. 

2. A Convert Start Control sequence is issued to the ADC 
which indicates that it is "busy" by placing a Logic" 1 " on 
its Status Line. 

3. The ADC Status controls the sample-and-hold. When the 
ADC is "busy" the sample-and-hold is in the hold mode. 

4. The ADC goes into its 35 microsecond conversion routine. 
Since the sample-and-hold is holding the proper analog 
value, the address may be updated during conversion. Thus 
multiplexer settling time can coincide with conversion and 
need not effect throughput rate. 

S. The ADC indicates completion of its conversion by return
ing Status to Logic "0". The sample-and-hold returns to 
the sample mode. 

6. If the input signal has changed full-scale (different channels 
may have widely-varying data) the sample-and-hold will 
typically require 10 microseconds to "acquire" the next in
put to sufficient accuracy for 12-bit conversion. 

After allowing a suitable interval for the sample-and-hold to 
stabilize at its new value, another Convert Start control 
sequence may be issued to the ADC. 
ADC Operation 
There are two sets of control pins on the ADC: the,general 
control inputs (CE, CS, and RIC), and the internal register con-

trol inputs (12/8 and Ao). The general control pins function 
SimIlarly to those on most AID converters, pertorming device 
timing, addressing, cycle initiation and read enable functions. 
The internal register control inputs, which are not found on 
most AID converters, select output data format and conver
sion cycle length. 

The two major control functions, convert start and read en
able, are controlled by CE, CS, RIC. Although all three 
inputs must be in the correct state to perform the function 
(for convert start, CE = I, CS = 0, RIC = 0; for read enable, 
CE = 1, CS = 0, RIC = 1), the sequence does not matter. For 
large systems, typically microprocessor controlled, standard 
operation for convert start would be to first set RIC = 0 (from 
R/W line); address the chip with CS = 0, then apply a positive 
start pulse to CEo A read would be done similarly but with 
RIC = 1. 

The Ao (byte select) and 12/8 (data format) inputs work to
gether to control the ~tput data and conversion cycle. In al
most all situations 12/8 is hard-wired "high" (to VLOGIC> or 
"low" (to Digital Common). If it is wired high, all 12 data lines 
will be enabled when the read function is callc:E by the general 
control inputs. For an 8-bit bus interface, 12/8 will be wired 
low. In this mode, only the 8 upper bits or the 4 lower bits can 
be enabled at once, as addressed by Ao. For these applications, 
the 4LSB's (pins 16-19) should be hard-wired to the 4MSB's 
(pins 24-27). Thus, during a read, when Ao is low, the upper 
8 bits are enabled and present data on pins 20 through 27. 
When Ao goes high, the upper 8 data bits are disabled, the 
4LSB's then present data to pins 24 to 27, and the 4 middle 
bits are overridden so that zeros are presented to pins 20 
and 23. 

The Ao input performs an additional function of controlling 
conversion length. If Ao is held low prior to cycle initiation, 
a full 12-bit, 2SJ..Ls cycle will result; if Ao is held high prior to 
cycle initiation a shortened 8-bit, 16J..Ls cycle will result. The 
Ao line must be set prior to cycle initiation and held in the 
desired position at least until STS goes high. Thus, for micro
processor interface applications, the Ao line must be properly 
controlled during both the convert start and read functions. 
STANDARD FULL CONTROL INTERFACE 
The timing for the standard full control interface is shown in 
Figure 4. In this operating mode, CS is used as the address in
put which selects the particular device, RIC selects between 
the read data and start conversion functions, and CE is used to 
time the actual functions. 

The left side of the figure shows the conversion start control. 
CS and RIC are brought low (their sequence does not matter), 
then the start pulse is applied to CEo The timing diagram 
shows a time delay for CS and RIC prior to the start pulse at 
CEo If less time than this is allowed, the conversion will still be 
started, but an appropriately longer pulse will be needed at CEo 
However, if the hold times for CS and RIC after the rising edge 
of the start pulse at CE are not followed, the conversion may 
not be initiated. 

The Ao line determines the conversion cycle length, and must 
be selected prior to conversion initiation. If Ao is low, a 12-bit 
cycle results; if Ao is high, an 8-bit short cycle results. Mini-" 
mum set-up and hold times are shown. The status line goes high 
to indicate conversion in progress. The analog input signal is 
allowed to vary until the STS goes high. It must- then be held 
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steady until STATUS again goes low at the end of conversion. 

The data read function operates in a similar fashion except 
that RIC is now held high. The data is stored in the output 
register and can be recalled at will until a new conversion cycle 
is commanded. In addition, if the converter is arranged in the 
8-bit data mode, the Ao line now functions as the byte select 
address, with set-up and hold times as shown. With Ao low, 
pins 20 to 27 (DB4-11) come out of three-state and present 
data. With Ao high, pins 16-19 (DBO-3) come out of three
state, with data and pins 20-23 present active trailing zeros. 
In the .8-bit mode pins 16-19 will be hard-wired directly to 
pins 24-27 for direct two-byte loading onto an 8-bit bus. 
There are two delay times for the data lines after CE is brought 
low: tHO is the delay until data is no longer valid; tHL is the 
delay until the outputs are fully into the high impedance state. 

TIMING SPECIFICATIONS - FULL CONTROL MODE 

tDSC 300ns max tDD 400ns max 

tHEC 300ns min tHD lOOns min 

tssc 300ns min tSSR 350ns min 

tHSC 200ns min tSRR Omin 

tSRC 200ns min tSAR 200ns min 

tHRC 200ns min tHSR lOOns min 

tSAc Omin tHRR Omin 

tHAC 300ns min tHAR lOOns min 

tc 15-32ps (12 bit) tHL 600ns max 
10-20ps (8 bit) tSAL 20ns min 

tSHA 10-18ps tSA Omin 

STAND-ALONE OPERATION 
For simpler control functions, the AD364 can be controlled 
with just RIC. In this case, CE is wired high, CS low, 1218 
high, and Ao low. There are two ways of cycling the device 
with this simple hook-up. If a negative pulse is used to initiate 
conversion as in Figure 5, the converter will automatically 
bring the 12 data lines out of three-state at the end of conver
sion. The data will remain valid on the output lines until 
ano~her pulse is applied. 

If the conversion is initiated by a high pulse as shown in Fig
ure 6, the data lines are held in three-state at the end of conver
sion until RIC is brought high. The next conversion cycle is initi
ated when RIC goes low, the data from the previous cycle will 
remain valid for the time tHOR' An alternative to the above is 
to toggle RIC as needed to initiate a new cycle on read data. 
Data will appear when RIC is brought high, a new cycle is 
initiated when RIC goes low. 

TIMING SPECIFICATIONS - STAND-ALONE MODE 
400ns min 
SOOns max 
300ns max 
-lOOns min 

tHRH lS0ns min 
tOOR 3S0ns max 

tc (12 bit convert) lS-3SJ.Ls 
tc (8 bit convert) 10-20J.Ls 

+200ns max 

SHORT LOW PULSE: OUTPUTS COME ON AFTER CONVERSION 

RIC 

STS --+------/L-__ 

DATA VALID-

Figure 5. 
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SHORT HIGH PULSE: OUTPUTS SYNCHRONIZED TO RISING EDGE 

RIC 

STS---~----r------JI_ 

81· 812 -------~ __ 
'H---,,;.;.;:.;.;o-..-+---, 

Figure 6. 

AIS OPERATION 

Single-Ended/Differential Mode Control 

The AD364 features an internal analog switch that configures 
the Analog Input Section in either a 16-channel single-ended 
or 8-channel differential mode. This switch is controlled by a 
non-TTL logic input applied to pin 1 of the Analog Input 
Section: 

"0": Single-Ended (16 channels) 
"1 ": Differential (8 channels) (+4.0V minimum) 

When in the differential mode, a differential source may be 
applied between corresponding "High" and "Low" analog 
input channels. 

It is possible to mix SE and DIFF inputs by using the mode 
control to command the appropriate mode. Figure 10 illus
trates an example of a "mixed" application. In this case, four 
microseconds must be allowed for the output of the Analog 
Input Section to settle to within ±O.OI % of its final value, but 
if the mode is switched concurrent with changing the channel 
address, no significant additional delay is introduced. The 
effect of this delay may be eliminated by changing modes 
while a conversion is in progress (with the sample-and-hold in 
the "hold mode"). When SE and DIFF signals are being 
processed concurrently, the DIFF signals must be applied 
between corresponding "High" and "Low" analog input chan
nels. Another application of this feature is the capability of 
measuring 16 sources individually andlor measuring differences 
between pairs of those sources. 

Input Channel Addressing 

Table I is the truth table for input channel addressing in both 
the single-ended and aifferential modes. The 16 single-ended 
channels may be addressed by applying the corresponding 

ADDRESS ON CHANNEL (Pin NumbCT) 

Differential 
AE A2 Al AO Single Ended "Hi" "Lo" 

0 0 0 0 0 (ll) None 
0 0 0 I I (10) None 
0 0 0 (9) None 
0 0 I (8) None 
0 0 0 4 (7) None 
0 0 1 (6) None 
0 0 (5) None 
0 1 (4) None 
1 0 0 0 (27) 0(11) 0(27) 

0 0 I (26) 1 (10) I (26) 

0 0 10 (25) 2 (9) 2 (25) 

0 1 11 (24) 3 (8) 3 (24) 

1 0 0 12 (23) 4 (7) 5 (23) 
0 1 13 (22) 5 (6) S (22) 

0 14 (19) 6 (5) 6 (19) 

1 15 (18) 7 (4) 7 (18) 

Table I. Input Channel Addressi,!g Truth Table 



digital number to the four Input Chanuel Select address bits, 
AE, AO, At, A2 (Analog Input Section, pins 28-31). In the 
differential mode, the eight channels are addressed by applying 
the appropriate digital code to AO, At and A2; AE must be 
enabled with a Logic "t". Internal logic monitors the status 
of the SEIDIFF Mode input and addresses the multiplexes 
singly or in pairs as required. 

When the channel address is changed, six microseconds must 
be allowed for the Analog Input Section to settle to within 
±0.01 % of its final output (including settling times of all 
elements in the signal path). The effect of this delay may be 
eliminated by p~rforming the address change while a conver
sion is in progress (with the sample-and-hold in the "hold" 
m<?de). 

Input Channel Address Latch 

The AD364 is equipped with a latch for the Input Channel 
Select address bits. If the Latch Control pin (pin 32 of the 
Analog Input Section) is at Logic "1", input channel select 
address information is passed through to the multiplexers. A 
Logic "0" "freezes" the input channel address present at the 
inputs at the time of the "1" to. "0" transition. 

This feature is useful when input channel.address information 
is provided from an address, data or control bus that may be 
required to service many devices. The ability to latch an 
address is helpful whenever the user has no control of when 
address information may change. 

Sample-and-Hold Mode Control 

The Sample-and-Hold Mode Control input (Analog Input 
Section, pin 13) is normally connected to the Status output 
(pin 28) from the ADC section. When a conversion is initiated 
by applying a Convert Start control sequence, Status goes to 
Logic "t", putting the sample-and-hold into the "hold" mode. 
This "freezes" the information to be digitized for the period 
of conversion. When the conversion is complete, Status returns 
to Logic "0" and the sample-and-hold returns to the sample 
mode. Eighteen microseconds must be allowed for the sample
and-hold to acquire ("catch up" to) the analog input to within 
iO.Ot % of the final value before a new Convert Start command 
is issued. 

The purpose of a sample-and-hold is to "stop" fast changing 
input signals long enough to be converted. In this application, 
it also allows the user to change channels and/or SEt DIFF 
mode while a conversion is in progress thus eliminating the 
effects of multiplexer, analog switch and differential amplifier 
settling times. If maximum throughput rate is required for 
slowly changing signals, the Sample-and-Hold Mode Control 
may be wired to ground (Logic "0") rather than to ADC 
Status thus leaving the sample-and-hold in a continuous 
sample mode. 

Hold Capacitor 

A 2000pF capacitor is provided with each AD364. One side 
of this capacitor is wired to the Analog Input Section pin 12, 
the other to analog ground as close to pin 17 as possible. The 
capacitor provided with the AD364}, K is Polystyrene while 
the wider operating temperature range of the AD364S, T . 
demands a Teflon Capacitor (supplied). 

Larger capacitors may be substituted to minimize noise, but 
acquisition time of the sample-and-hold will be extended. If 

. less than 12 bits of accuracy is required. a smaller capacitor 
may be used. This will shorten the S/H acquisition time. In all 
cases, the proper capacitor dielectric must be used; i.e .• Poly
styrene (AD364), K only) or Teflon (any grade). Other types 
of capacitors may have higher dielectric absorption (memory) 
and will cause errors. CAUTION: Polystyrene capacitors will 
be destroyed if subjected to temperatures above +8So C. No 
capacitor is required if the sample-and-hold is not used. 

Analog Input Voltage Range Format 

The AD364 may be configured for any of 2 bipolar or uni
polar input voltage ranges as shown in Table II. 

Connect Connect 
Analog Input Bipolar ADC 

Range To ADCPin: Pin 12 To: 

o to +lOV 13 

-SV to +SV 13 8 

-lOY to +lOV t4 8 

Table II. Analog Input Voltage Range Pin Connections 

Analog Input - Volts Input Normalized Digital Output Code 
(Binary for Unipolar Ranges; (Center of Quantization Interval) to FSR 
Offset Binary for Bipolar Ranges) 

o to +IOV -5V to +5V -IOV to +10V Unipolar Bipolar BI 812 
Range Range Range Ranges Ranges (MSB) (LSB) 

+9.9976 +4.9976 +9.9951 +FSR-l LSB +lIzFSR-l LSB 1 1 1 1 1 1 1 1 1 1 1 1 
+9.9952 +4.9952 +9.9902 +FSR-2 LSB +lIzFSR-2 LSB 1 1 1 1 1 1 1 1 1 1 1 0 

+5.0024 +0.0024 +0.0049 +1J2FSR+l LSB +1 LSB 100000000001 
+5.0000 +0.0000 +0.0000 +lIzFSR ZERO 100000000000 

+0.0024 -4.9976 -9.9951 +1 LSB -lhFSR+l LSB 000000000001 
+0.0000 -5.0000 -10.0000 ZERO -lIzFSR 000000000000 

Table III. Digital Output Codes vs. Analog Input for Unipolar and Bipolar Ranges 
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Analog Input Section Offset Adjust Circuit 

The offset voltage of the AD364 may be adjusted at either the 
Analog Input Section or the ADC Section. Normally the ad
justment is performed at the ADC but in some special appli-

I. cations, it may be helpful to adjust the offset of the Analog 
Input Section. An example of such a case would be if the in
put signals were small «IOmV) relative to Analog Input Section 
voltage off~et and gain was inserted between the Analog Input 
Section and the ADC. To adjust the offset of the Analog Input 
Section, the circuit shown in Figure 7 is recommended. Under 
normal conditions, all calibration is performed at the ADC 
Section. 

16 
OUTPUT --t--<. 

15 

OFFSET VOLTAGE 
ADJUST 

AD364 
ANALOG 

INPUT 
SECTION 

\ Figure 7. Analog Input Section Offset Voltage Adjustment 

RANGE CONNECTIONS FOR THE ADC SECTION 

The ADC contains all the active components required to 
perform a complete 12-bit AID conversion. Thus, for most 
situations, all that is necessary is connection of the power sup
plies (+5, +15, and -15 volts), the analog input, and the con
version initiation command, as discussed on page 6. Analog 
input connections and calibration are easily accomplished; 
the unipolar operating mode is shown in Figure B. 

All of the thin film application resistors of the ADC are trim
med for absolute calibration. Therefore, in many applications, 
no .calibration trimming will be required. The absolute ac
curacy for each grade is given in the specification tables. For 
example, if no trims are used, the AD364K guarantees 4LSB 
max zero offset error and ±0.3% (BLSB) max full scale error 
(typical full scale error is ±2LSB). If the offset trim is not re-

. quired, pin 12 can be connected directly to pin 9; the two 
resistors and trimmer for pin 12 are then not needed. If the 
full scale trim is not needed, a son ±1 % resistor should be 
con,nected between pin B and pin 10. 

I' 

Th~"analog input is connected between pin 13 and pin 9 for a 
o to +10V input range, between 14 and pin 9 for an input 
range of 20V. For the 10 volt span input, the LSB has a nomi
nal value of 2.44mV, forthe 20 volt span, 4.BBmV. If a 10.24V 
range is desired (nominal 2.5mV/bit), gain trimmer R2_should 
be replaced by a son resistor, and a 200n trimmer inserted 
in series with the analog input to pin 13. For a full scale 
range of 20.4BV (smV/bit), use a soon trimmer into pin 14. 
The gain trim described below is now done with these trim
mers. The nominal input impedance is skn into pin 13, and 
10kn into pin 14. 

Calibration 

Calibration of the AD364 consists of adjusting offset and gain. 
Relative accuracy (linearity) is not affected by these adjust
ments, so if absolute zero and gain error is not important in a 
given application, or if system intelligence can' correct for such 
errors, calibr~tion may be unnecessary. . 
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R1 
100k 

-15V 

100k 

100n 
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ANALOG 
INPUTS 

; 

±5V 

t10V 

; 

2 12/8 STS 28 

3 cs HIGH BITS 

4 Ao 
24-27 

5 RIC MIDDLE BITS 
20-23 +15V 

6 CE 
LOW BITS 

16-19 
10 REF IN 

8 REF OUT AD364 
12 BIP OFF 

+5V 1 

1310VIN +15V 7 

14 20VIN -15V 11 

9 ANA COM DIG COM 15 

Figure 8. Unipolar Input Connections 

12/8 STS 28 

3 cs HIGH BITS 

4 Ao 
24·27 

5 RIC MIDDLE BITS 
20-23 

6 CE 
LOW BITS 

16-19 
10 REF IN 

B REF OUT AD364 
12 BIP OFF 

+5V 1 

1310VIN +15V 7 

14 20V1N -15V 11 

9 ANA COM DIG COM 15 

Figure 9. Bipolar Input Connections 

External ZERO ADJ and GAIN ADJ potentiometers, con
nected as shown in Figures Band 9, are used for device cali
bration. To prevent interaction of these two adjustments, Zero 
is always adjusted first, then Gain. Zero is adjusted with the 
analog input near the most negative end of the analog range 
(0 for unipolar and -FS for bipolar input ranges). Gain is 
adjusted with the aqalog input near the most positive end of 
the analog range. 

o to +10V Range: Set analog input to +lLSB = +0.0024V. 
Adjust Zero for digital output = 000000000001; Zero is now 
calibrated. Set analog input to +FSR -2LSB = +9.99S2V. Ad
just Gain for 111111111110 digital output code; fuJI-scale 
(Gain) is now calibrated. Half-scale calibration check: set ana
log input to +s.OOOOV; digital output code should be 
100000000000. 
-10V to +10V Range: Set analog input to -9.9951 V; adjust 
Zero for 000000000001 digital output (offset binary) code. 
Set analog input to +9 .9902V; adjust Gain for 111111111110 



digital output (offset binary)·code. Half-scale calibration check: 
set analog input' to O.OOOOV; digital output (offset binary) 
code should be 100000000000. 

Other Ranges: Representative digital coding for 0 to +10V, 
-5V to +5V, and -lOV to +10V ranges is shown in Table III. 

Zero and full-scale calibration can be accomplished to a preci
sion of approximately ±14LSB using the static adjustment pro
cedure described above. By summing a small sine or triangular
wave voltage with the signal applied to the analog input, the 
output can be cycled through each of the calibration codes 
of interest to more accurately determine the center (or end 
points) of each discrete quantization level. A detailed descrip
tion of this dynamic calibration technique is presented in 
"AID Conversion Notes", D. Sheingold, Analog Devices, Inc., 
1977, Part II, Chapter 11-4.* 

Other Considerations 

Grounding: The analog common at pin 9 is the ground refer
ence point for the internal reference and is thus the "high 
quality" ground for the ApC; it should be connected directly 
to the analog reference point of the system. In order to achieve 
all of the high accuracy performance available from the 
AD364 in an environment of high digital noise content, it is 
recommended that the analog and digital commons be con
nected together at the package. The digital common at pin 15 
can be connected to the most convenient ground reference 
point; analog power return is preferred. If digital common 
contains high frequency noise beyond 200mV this noise may 
feed through the converter, so that some caution will be re
quired in applying these grounds. 

Power Supply Bypassing: The ±15V and +5V power leads 
should be capacitively bypassed to Analog Ground and Digital 
Ground respectively for optimum device performance. 1tIF 
tantalum types are recommended; these capacitors should be 
located close to the system. High frequency power supply 
decoupling is required for the ADC section only. The AIS has 
power lead bypassed internally with a 0.039tIF ceramic 
capacitor. 

Applications 

Transducer Interfacing 
The precision +lOV reference, buffer amplifier and mode 
switch can simplify transducer interfacing. Figure 10 illus
trates how these features maybe used to advantage. The 
AD590 is a temperature transducer that can be considered 
an ideal two-terminal current source with an output of one 
microamp per degree Kelvin (ltIA/K). With an offsetting cur
rent of 273tIA sourced from the +5.46 volt buffered reference 
through 20H1 resistors (RI-RI2) each of the 12 AD590 cir
cuits develop -20mV/C. The outputs are monitored with the 
AD364 front-end in the single-ended mode (Logic "0" on the 
Mode Control input)" 

The +5.46 volt reference is derived from the ADC +10 volt 
precision reference and voltage divider R13, R14. Low output 
impedance for this +5.46 volt reference is provided by the 
buffer amplifier. (The 3tIV/C offset voltage drift of the buf
fer amplifier contributes negligible errors.) At 0° C, each tem-

• Available from any Analog Devices sales office. Price is $5.95. 

.14 
1&!>Io 13 7~ 

Figure 10. AD364 Transducer Interface Application 

DIC._TAl 
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perature transducer circuit delivers a 0 volt output. At 125°C, 
the output is -2.5V; at -55°C, the output is +1.10V. By using 
a two's complement ADC output (complementing MSB for a 
sign bit), the negative voltage versus temperature function is 
inverted and digital reading proportional to temperature in 
degrees centigrade is provided. Resolution is 0.061 ° C per
least significant bit. 

The precision +10 volt reference is also used to power several 
bridge circuits that require differential read-out. When address
ing these bridge transducers, a Logic "1" at the mode control 

. input will switch the AD364 to the differential mode. In many 
cases, this feature will eliminate the requirement for a differen
tial amplifier for each bridge transducer. 

Microprocessor Interfacing 

The ADC section of the AD364 has a versatile set of control 
functions which will allow interface to a wide variety of micro
processor types as well as stand alone applications. 

Table IV is a summary of the most poular microprocessor II 
types and their interface requirements. Figures 11 8( 12 are 
examples of the simplicity of the microprocessor interface, 
as it can be seen no additional parts are required to interface 
to a 6800 tIP, only one gate for an 8080. 

AD574 COIliTROL INPUTS 

~P CE RIC ~ 

MEMORY MAPPED (MEMwe MEMR) (MEMR) 
1/0 DECOOED 

-8080 -
(IIOWeI/OR) (liaR) 

ADDRESS 
PROGRAMMED 

1/0 

6800 4>2 RiW DECODED 
ADDRESS 

6502 4>2 RIW DECODED 

ADDRESS 

MEMORY MAPPED DECODED ADDRESS 
1/0 

(ADeWil) (AD) 
WITH MREQ 

-Z80-
PROGRAMMED DECOQfp ADDRESS 

1/0 WITH lOR 

8048 (RQeWil) (Ao) PORT 20 _,' 

'Port 2, Lines 0 - 3 Can be Used as a 4 Bit Address Bus. System Address Decoding 
Requirements Vary from No Hardware to a Fully Latched 12-Bit Addre ... 
Depending on System Complexity. 

AD 

AD 

AO 

AD 

AD 

PORT2o _3' 

Table IV. Recommended Control Signals for the ADC Section 

DATA ACQUISITION SUBSYSTEMS VOL. I, 15-25 

../ 



DATA AND 
CONTROL 

BUSES 

8080A 
JJP 
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NYB.A 

NYB.B 
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¢2 CE 

A15 CS 

AD AD 

Figure 11. 6800 ~ ADC Interface 

NYB.A 

NYB.B 

NYB.C 

CE 
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A15 t--------------t cs 
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Figure 12. 8080 ~ ADC Interface 
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"LOW" 

LATCHES 
AND 

CONTROL 
LOGIC 

SECTION 

+5V 

The single-chip microcomputers now available such as the 
8048, 6801 and 3870 include fully decoded I/o. ports on the 
chip, as well as CPU, clock, RAM and ROM. This sidesteps the 
need for address decoding for I/O devices in many systems. 
The 8048 contains 64 bytes of RAM, 1k bytes of ROM, and 
2 programmable 8-bit I/O ports which can be used either as 
inputs or outputs. A third 8-bit port, designated BUS, is a 
bidirectional port which can be used for expanded 1/0 or 
memory. 

The AD364 interfaces ea~ily to an 8048 single-chip micro
computer' to provide a complete data-acquisition system with 
minimal package count. In this system,S of the 8 bits of Port 
1 drive the SE/DIFF MODE and channel select address inputs. 
Since the outputs of Port 1 are already latched, it is not neces
sary to use the latch built into the AD364. The LATCH input 
is tied to Logic "1" which causes the latch to be transparent. 
The set-up byte at Port 1 for the conversion takes the follow-
ing format: . 

Pl-7 Pl-O 

I MODEMXX><] .+, I ·,1,,1 
I '----y---J' , 

, 0: SINGLE-ENDED ----1 "DON'T CARES" INPUT 
1: DIFFERENTIAL CHANNEL 

ADDRESS 

DC POWER 
(:!15V,+5VI 

NYBB 
AD364 

ADC 
SECTION 

8048 
ANALOG 

OUT 
ANALOG IN 

R/~ 

SIR' CE 

STS 

'-------oi r~;~ tSEDI 

Figure 13. AD364/80481nterface 
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Selection Guide 
CMOS Switches & M,ultiplexers 
The devices catalogued in this section are grouped into two classes: Switches and Multiplexers. Descriptions, 
specifications, and application information can be found in the data sheets; definitions of the terminology can 
be found in the following pages. 

CMOS IC SWITCHES 

Type 

AD7510DI 
AD7511DI 
AD7512DI 
AD7590DI 
AD7591DI 
AD7592DI 

Characteristics 

Dielectrically Isolated Quad SPST; Address High Closes Switch 
Dielectrically Isolated Quad SPSTj Address Low Closes Switch 
Dielectrically Isolated Quad SPDT 
Dielectrically Isolated Quad SPSTj Data Latches 
Dielectrically Isolated Quad SPSTj Data Latches 
Dielectrically Isolated Dual SPSTj Data Latches 

CMOS IC MULTIPLEXERS 

Type 

AD7501 
AD7503 
AD7502 
AD7506 
AD7507 

Characteristics 

8-Channel Multiplexer, High Enables 
8-Channel Multiplexer, Low Enables 
4-Channel Differential Multiplexer 
16-Channei Multiplexer 
S-Channei Differential Multiplexer 
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Orientation" 
CMOS Switches & Multiplexers 

Analog Devices offers a complete line of monolithic CMOS 
analog multiplexers and switches, which utilize a high-break
down CMOS process, in conjunction with a double-layer inter
connect for high density. Both 8- and 16-channel multiplexers 
are available, in one-line and two-line (4- and 8-channel differ
ential) versions. The switches are dielectrically isolated duals 
and quads, available in a variety of contact forms. Both direct 
and inverted logic options are available for the most-popular 
types. The popular AD7510/11/12DI (quad SPST/dual SPDT), 
which utilize dielectric isolation, are latchup-proof and can 
withstand overrange to ±25V beyond the supplies. 

CMOS switches have extremely low quiescent power dissipa
tion, require little drive or supply current while switching, and 
are low in cost. Their RoN is low and is, to a first-order, inde
pendent of applied voltage; in the off condition, leakage is quite 
small, both across the gate and to the drive and supply circuits. 
Most types respond to TTLlDTL, as well as CMOS, logic. 

Definitions for terminal nomenclature used in the-data sheets 
are given below, and a summary of device functions appears 
on the preceding page. General information on the nature of 
CMOS, its advantages, its applications, and its protection, is to 
be found in the Guide to CMOS Switches and Multiplexers, 
available from Analog Devices upon request. 

MULTIPJ .. EXER TERMINOLOGY 

RON: Ohmic resistance between the output 
and an addressed input. 

RON vs. Temperature: RON drift over the temperature range. 

.!lRON between Difference between the RON's of any 
Switches: two switches. 

RON vs. Temperature Difference between the RON drifts of 
between Switches: any two switches. 

IS: Current at any switch input, SI through 
SN' This is a leakage current when the 
switch is open. 

lOUT: Current at the output. This is a leak
age current when all switches are open. 

lOUT - IS: Difference between the current going 
into terminal "S" and the current go
ing out of terminal "out" when termi
nal "S" is addressed. 

CS: 

Cs -OUT: 

CSS: 

ttransi tion: 

Digital threshold voltage for the low 
state. 

Digital threshold voltage for the high 
state. 

Caracitance between any open termi
na "S" and ground. 

Capacitance between the output termi
nal and ground with all switches open. 

Capacitance between any open termi
nal "S" and the output terminal. 

Capacitance between any two "S" 
terminals. 

Delay time when switching from 
one address state to another. 

topen: 

ton (En): 

toff (En): 

VDD: 

VSS: 

IDD: 

ISS: 

"OFF" time of both switches when, 
switching from one address state 
to another. 

Delay time between the 50% points 
of the enable input and the switch 
"ON" condition. 

Delay time between the 50% points 
of the enable input and the switch 
"OFF" condition. 

Most positive voltage su pply. 

Most negative voltage supply. 

Positive supply current. 

Negative supply current. 

SWITCH TERMINOLOGY 

RDS: 

ID (IS): 

IDS: 

ID - IS: 

VD (VS): 

Cs (CD): 

CDS: 

CDD (CSS): 

tON: 

tOFF: 

VINL: 

VINH: 

IINL (IINH): 

CIN: 

VDD: 

VSS: 

IDD: 

ISS: 

Ohmic resistance between terminals 
D and S. 

Current at terminals D or S. This is 
a leakage current when the switch is 
OFF. 

Current flowing through the closed 
switch. 
Leakage current that flows from the 
closed switch into the body. (This leak
age will show up as the difference 
between the current ID going into the 
switch and the outgoing current IS.) 
Analog voltage on terminal D (S). 

Capacitance between terminal S (D) 
and ground. (This capacitance is speci
fied for the switch open and closed.) 

Capacitance between terminals D and 
S. (This will determine the switch iso
lation over frequency.) 

Capacitance between terminals D (S) 
of any 2 switches. (This will determine 
the cross cou pIing between switches II 
vs. frequency.) • I 

Delay time between the 50% points of 
the digital input and switch "ON" 
condition. 

Delay time between the 50% points of 
the digital input and switch "OFF" 
condition. 
Threshold voltage for the low state. 

Threshold voltage for the high state. 

Input current of the digital input. 

Input capacitance to ground of the 
digital input. 

Most positive voltage supply. 

Most negative voltage supply. 

Positive supply current. 

Negative supply current. 
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r.ANALOG 
WDEVICES 

CMOS 
4/8 Channel Analog Multiplexers 

FEATURES 
DTL/TTL/CMOS Direct Interface 
Power Dissipation: 30/lW 
RoN: 170n 
Output "Enable" Control 
AD7503 Replaces HI-1818 

GENERAL DESCRIPTION 
The AD7S01 and AD7S03 are monolithic CMOS, 8-channel 
analog multiplexers which switches one of 8 inputs to a 
common output depending on the state of three binary ad
dress lines and an "enable" input. The AD7S03 is identical 
to the AD7S01 except its "enable" logic is inverted. All 
digital inputs are TTLlDTL and CMOS logic compatible. 

The AD7S02 is a monolithic CMOS dual 4-channel analog 
multiplexer. Depending on the state of 2 binary address in
puts and an "enable", it switches two output buses to two 
of 8 inputs. . 

All 3 devices are excellent examples of a high breakdown 
CMOS process combined with a double layer interconnect for 
high density. Silicon nitride passivation ensures long term 
stability and reliability. 

ABSOLUTE MAXIMUM RATINGS 
(TA = +2SoC unless otherwise noted) 

Voo - GND .............................. +17V 
VSS - GND .............................. -17V 
V Between Any Switch Terminals ................. 2SV 
Switch Current (Is, Continuous) ............... 35mA 
Switch Current <Is, Surge) 

Ims duration, 10% duty cycle ............... SOmA 
Digital Input Voltage Range ............. Voo to GND 
Power Dissipation (package) 
16-pin Cerdip and Ceramic DIP 

Up to +7SoC ......................... 4S0mW 
Derates above +7SoC by .................. 6mV/C 

16-pin Plastic DIP 
Up to +70°C .......................... 670mW 
Derates above +70

0
C by ................. 8.3mW/C 

Operating Temperature 

Plastic ON, KN Versions) ............... 0 to +700C 
Cerdip OQ, KQ Versions) ............ -2SoC to +8SoC 
Cerdip (SQ Versions) .............. -SSoC to +12SoC 
Ceramic OD, KD Versions) ........... _25°C to +8SoC 
Ceramic (SD Versions) ............. -SSoC to +12SoC 

Storage Temperature ................ -6SoC to +IS00C 

CAUTION: 

1. Do not apply voltages higher than Voo and Vss to any other terminal. especially 
whe~ Vss = Voo = OV all other pins should be at OV. 

2. The digital control inputs are zener protected; however. permanent damage may 
occur on unconnected units under high energy electrostatic fields. Keep unused 
units in conductive foam at all times. 

AD7501, AD7502,AD7503 I 

AD7S01, AD7S03 FUNCTIONAL BLOCK DIAGRAM 

--, 
Voo oJ TTl/Oll TO CMOS LEVEl TRANSLATOR I 

1"5VI I ~===::r::::::;==~ 
GND ~ OECOOER/OFHVER . I 

I I fa 41 I 
1.~~tl'1t- -I':::-..-=:_-=:_-:f __ J 

OUT 51 S8 

AD7S02 FUNCTIONAL BLOCK DIAGRAM 

EN A1 

. I I 
(.~~~I~ OlL/TTL TO CMOS LEVEL TRANSLATOR I 

GNDo-l DfCODER/DRIVER I 

I'~~~I~ ~ nil 
L r -E--=r -E--:f- --iJ 
OUT 51 54 55 58 our 
,..... 5-8 

AD7S02 AD7S01, AD7S03 
PIN CONFIGURATION PIN CONFIGURATION 

A1 GND EN A2 

S3 54 

S6 S5 A1 GND EN OUT 

(NOT TO SCALE) 

16-PIN DIP 
TOP VIEW 

5·8 
S6 S5 
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SPECIFICATIONS (VDD = +15V, VSS = -15V, unless otherwise noted) 

OVER SPECIFIED 
TEMP. RANGE 

PARAMETER VERSION I SWITCH @2'oC AD7'Ol, 
CONDITION AD7'Ol, AD7,03 AD7'02 AD7'03 AD7'02 

ANALOG SWITCH 

nON All aN 170n typ, 300n max 

RON vs. Vs All ON 20% typ · 
RON vs. Temperature All ON O.,%tc typ 
t.RON Between Switches All ON 4% typ 
RON vs. Temperature Between 

±O.OI%/oC Switches All ON 

Is J. K OFF 0.2nA typo 2nA max SOnA max 
S OFF O.SnA max · SOnA max 

loUT J. K OFF InA typ, 10nA max 0.6nA typo SnA max 2S0nA max 12SnA max 

S OFF SnA max 3nA max 2S0nA max 12SnA max 

IlouT - lsi J,K ON 12nA max 7nA max 300nA max 17SnA max 
S ON S.SnA m~x 3.snA max 300nA max 17snA max 

DIGITAL CONTROL 
VINL All O.BV max . 
VINH J 3.0V min 

K.S 2.4V min 

IINL or IINH All 10nA typ 

~ All 3pF typ · 
DYNAMIC CHARACTERISTICS 

tON All O.Blls typ 

tOFF All O.Blls typ 

Cs All OFF spF typ 
COUT . All OFF 30pF typ !SpF typ 

CS'()UT All OFF O.SpF typ 
Css Between Any Two Switches All OFF O.spF typ 

POWER SUPPLY 

100 All SOOIlA max SOOIlA max 

Iss All SOOIlA max SOOIlA max 

100 All BOOIlA max BOOIlA max . 
Iss· All BOOIlA max . 800}JA max 

NOTES 
'Same specifications as A07S01 and A07S03. 
I IN. KN versions specified for 0 to +70·C, JQ. KQ. JO & KO versions for -2S·C to +8S·C, and SQ. So versions for -SS·C to +12S·C. 
• A pullup resistor. typically 1·2krl is required to make the A07S01J. AD7502J compatible with TTL/OTL levels. The maximum value is 
determined by the output leakage current of the driver gate when in the high state. 

Specifications subject to change without notice. 

ORDERING INFORMATION l 

TRUTH TABLES 
N16B Q16B 

A07S01 A07S02 Plastic Cerdip 
A2 Al Ao EN "ON" AI Ao EN "ON" (Suffix N) (Suffix Q) 
0 0 0 I 1 0 0 1 1 & 5 
0 0 1 I 2 0 1 1 2&6 AD7S01JN 
0 1 0 I 3 1 0 1 3 & 7 AD7S01KN 
0 1 1 I 4 
1 0 0 I 5 
1 0 1 I 6 

1 1 1 4&8 
X X 0 None 

AD7S02JN 
AD7S02KN 

1 1 0 I 7 
1 1 1 . I 8 
X X X 0 None 

AD7S03JN 
AD7S03KN 

AD7S01JQ 
A07S03 AD7S01KQ 

A2 AI Ao EN "ON" AD7S02JQ 
0 0 0 0 1 
0 0 1 0 2 AD7S02KQ 
0 1 0 0 3 AD7S03JQ ... 1 1 0 4 
1 0 0 0 5 

AD7S03KQ 
1 0 1 0 6 AD7S01SQ 
1 1 0 0 7 
1 1 1 0 8 AD7S02SQ 
X X X 1 None AD7S03SQ 

NOTE 

D16B 
Ceramic 
(Suffix D) 

AD7S01JD 
AD7S01KD 
AD7S02JD 
AD7502KD 
AD7S03JD 
AD7S03KD 

AD7S01SD 
AD7S02SD 
AD7S03SD 

I See Secti.on 19 for package outline information. 

VOL. I, 16-6 CMOS SWITCHES & MULTIPLEXERS 

TEST CONDITIONS 

-IOV';; Vs " +IOV 
IS = 1.0mA 

Vs = OV, Is - 1.0mA 

Vs = -IOV, VOUT = +IOV and 
Vs = +IOV. VOUT = -lOY 

Vs = -lOY. VOUT = +IOV and 
Vs = +IOV. VOUT = -lOY 

AD7s01/02: Enable LOW 
AD7 503: Enable HIGH 

Vs = 0 

Note 2 

VIN = 0 to +S.OV 
(See Test Circuit 2) 

All Digital Inputs Low 

All Digital Inputs High 

Operating 
Temperature 
Range 

o to +70
o
C 

-25°C to +8S
o
C 

-SSoC to +12S~C 



1. RoN ~ A Fun~tion Of Switch Voltage (VS) 

RaHIOI 

TA • ~2S"C 
300 

./' 
/ " , -

200 

V ........... _±12V -- ~ ...- tl~ ----100 

-10 -8 -8 .... -2 

A t Different Power Supplies 

2. Digital Threshold Voltage (VINH. VINL) 

I IV 

2.0 

1.8 

1.8 

1.4 

1.2 

1.0 

0.8 

0.8 

0.4 

0.2 

VINL.VINH 

". -

TA • +25°C 

~.J V ... jvoo I-Ivss I 

~ 
~ 

AD7501K/AD7501S 
AD7502K/AD7502S 

10 12 14 16 

10 
VslVI 

Voo. Vss IVI 

3. TON. TOFF 

I Iill 

1.0 

0.8 

0.6 

0.4 

0.2 

toN. 'oFF 

vs. Power Supply 

TA • +25°C 

~ Voo • +15V 

r-... Vss' -15V 

" '" ~ tOFF --r--

vs. Digital Input Voltage 

Typical Performance Characteristics 

RaN 101 

\ 

300 

f-I- Voo - +15V 
Vss • -15V 

~ 200 

~ I--' 
TA ~ +250 C

I 

I--' """-1 - -~ TA • -61j·C 
100 

1--'- --~ 
-10 -8 -8 .... -2 10 

Vs IVI 

At Different Temperatures 

VINH • VINL IVI 

2.6 

2.4 
Voo - +15V 
Vss - -15V --~ - V1NH - r-- 2.0 .,--

~8 r------- :::::::.!N~ roo 
1.6 ---r--1.4 

1.2 

1.0 

=~ ~g~~~~g~:~ -
-60 -40 -20 

vs. Temperature 

4. Power Dissipation 

PolmWI 

10 

, 
Po (Vool 

., / 

1.0 v.:olVssl 

.~ 

0.1 / 
10 100 lk 10k lOOk 

vs. Logic Frequency (50% Duty Cycle) 
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TYPICAL SWITCHING CHARACTERISTICS 

TEST CIRCUIT I 

+5Vo---~ __ - ...... --4-----. 

Ills/DiV Ills/DiV 

Y,N •••••••• (5V/DIV) •••••••• •••••••• VOUT •••••••• ,. Your 

(lOV/DIV) ••••••••• (lOV/DIV) ......... •••••••• VI • -10V, V2 • +1OV VI • +10V, V2 • -lOY 

VOL. I, 16-8 CMOS SWITCHES & MULTIPLEXERS 

TEST CIRCUIT 2 

Your 
(5V/DIV) 

V,No-----. 

VOUT 

Ills/DiV 

Vs ~ +lOV 

VOUT 
(O.SV/DIV) 

Ills/DiV 

Your 
(5V/DIV) 

Vs· -lOY 

IIlS/DIV 

Vs· OPEN 



r.ANALOG 
WDEVICES 

CMOS 
8- and 16-Chan~el Analog Multiplexers 

I 
FEATURES 
RON: 300n 
Power Dissipation: 1.5mW 
TTL/DTL/CMOS Direct Interface 
Break-Before-Make Switching 
Replaces DG506/0G507 

GEN~RAL DESCRIPTION 
The AD7S06 is a monolithic CMOS 16-channel analog multi
plexer packaged in a 28-pin DIP. It switches a common out
put to one of 16 inputs, depending on the state of four ad
dress lines and an "enable". The AD7S07 is identical to the 
AD7S06 except it has two outputs switched to two of 16 
inputs depending on three binary address states and an "enable". 

ABSOLUTE MAXIMUM RATINGS 
(TA = +2SoC unless otherwise noted) 
Voo - GND .............................. +17V 
Vss - GND .............................. -17V 
V Between Any Switch Terminals. ' ................ 2SV 
Digital Input Voltage Range .............. Voo to GND 
Switch Current (Is, Continuous) ................ 20mA 
Switch Current (Is, Surge) 

1ms duration, 10% duty cycle ............... 35mA 
Power Dissipation (Package) 
28-pin Cerdip and Ceramic DIP 

Up to +SOoC .......................... 1OOOmW 
Derates above +SO°C by ................. 1OmW/C 

28-pin Plastic DIP 
Up to +SOoC .......................... 1200mW 
Derates above +SOoC by ................. 12mW/C 

Operating Temperature 
Plastic (], K versions) .................. 0 to +70

o
C 

Cerdip (], K versions) ....... " ....... -2SoC to +8SoC 
Cerdip (S, T versions) .............. _SSoC to +12SoC 
Ceramic (], K versions) .............. -2SoC to +8SoC 
Ceramic (S, T versions) ............. -SSoC to +12SoC 

Storage Temperature ................ -6SoC to +lS0oC 

CAUTION: 

1. Do not apply voltages higher than Voo and Vss to any other terminal, especially 
when Vss = Voo = OV all other pins should be at OV. 

2. The digital control inputs are zener protected; however, permanent damage may 
occur on unconnected units under high energy electrostatic fields. Keep unused 
units in conductive foam at all times. 

AD7506, AD7507 I 
AD7S06 FUNCTIONAL BLOCK DIAGRAM 

AD7S07 FUNCTIONAL BLOCK DIAGRAM 

Vee 

OUT 
1-8 

EN A2 Al 

1.-
(+~~~t)1 DTLlTTL TO CMOS LEVEL TRANSLATOR I 

_ I DECODER/DRIVER I 
.GNDi I I 
VSS().-.jm1m' I 

(-15V) ~ -I=-=f~ t~~_tl- J 

OUT Sl 58 S9 S16 OUT 
1-8 9-16 

AD7S06 PIN CONFIGURATION 
TOP VIEW 

S8 S7 S6 S5 53 52 Sl EN AO A 1 A2 

NC NC S16 S15 S14 512 Sll S10 GND NC A3 

(NOT TO SCALE) 

AD7S07 PIN CONFIGURATION 
TOP VIEW 

Vss S8 S7 S6 S5 S4 53 S2 Sl EN AO Al A2 

Vee OUT NC S16 S15 514 S13 512 Sll 510 S9 GND NC NC 
9-16 

(NOT TO SCALE) 

CMOS SWITCHES & MUL TlPLEXERS VOL. I, 16-9 
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SPECIFICATIONS (VDD = +15V, VSS = -15V unless 'otherwise noted) 

PARAMETER VERSION 1 SWITCH @t25°C OVER SPECIFIED TEST CONDITIONS 
CONDITION TEMP. RANGE 

ANALOG SWITCH 

RoN j, K ON ·300n typ, 4S0n .:nax sson max Vs : -IOV to +lOV, Is : ImA 
S, T ON 400n max soon max 

RoN vs. Vs All ON 15% typ 

RoN vs. Temperature All ON 0.5%/ C typ 
lIRoN Between Switches All ON 4% typ Vs : OV, Is : ImA 
RoN vs. Temperature Between Switches All' ON O.OS%/C typ 

IS (OFF) j, K OFF O.OSnA typ, SnA max SOnA max 
S, T OFF O.OSnA typ, InA max SOnA max Vs : -IOV, VOUT : +lOV 

IOlJl'(OFF) AD7S06 j, K UFF U.3nA typ, lUnA max SUUnA max and 
S, T OFF 0.3nA typ, 10nA max SOOnA max Vs : +IOV, VOUT : -IOV 

AD7S07 j, K OFF 0.3nA typ, 10nA max 2S0nA max "Enable" Low 

S, T OFF 0.3nA typ, SnA max 2S0nA max 

IOlJl' -Is AD7S06 j, K ON 0.3nA typ, 20nA max SOOnA max 
(Any Switch ON) S, T ON O.3nA typ, 10nA max SOOnA max 

AD7S07 j, K ON 250nA max 
Vs : 0 

0.3nA typ, 10nA max 
S, T ON 0.3nA typ, SnA max 2S0nA max 

DIGITAL CONTROL 
VINL 0.8V max 

J,S 3.0V min Note 2 
VINII K,T 2.4V min 

IINL or IINII All IUJJA max 30JJA max 

GN All 3pl' typ 

DYNAMIC CHARACTERISTICS' 

~RANSITION j, S 700ns typ 
K,T 'lOOns typ, 1000ns max VIN: 0 to 3.0V 

tOPEN All lOOns typ 

tON (En) J,S 0.8JJs typ 
K,T I.SJJs max 

VEN : 0 to 3.0V 
tOFF (En) j, S 0.8JJs typ 

K,T IJJs max 

. "OFF" Isolation All 70dB typ VEN : 0, RL : 200n, G. : 3.OpF, 
VS: 3.0V rms, f: 50kHz 

Cs All OFF SpF typ 

COUT AD7S06 All OFF 40pF typ 
AD7S07 All OFF 20pF typ 

CS- OUT All OFF O.SpF typ 

CSS Between Any Two Switches All OFF O.SpF typ 

POWER SUPPLY 

100 j, K OFF O.OSmA typo ImA max 
S, T OFF O.OSmA typ, ImA max 2mA max 

ISS J,K OFF O.OSmA typ, ImA max 
All Digital Inputs Low 

S, T OFF O.OSmA typ, ImA max 2'11A max 

100 J,K ON 0.3mA typ, ImA max 
~, T ON 0.3mA typo ImA max 2mA max 

Iss j, K ON O.OSmA typ, ImA max 
All Digital Inputs High 

S, T ON O.OSmA typ, ImA max 2mA max 

NOTES _ 
I IN, KN versions specified for 0 to +70°C; JQ. KQ, JO and KD versions for _25°C to +8S0Cj and SQ, TQ, SD and TO versions for -SSoC to +12 SoC. 
'A pullup resistor, typically 1-2kn is required to make the J and S versions compatible with TTLIDTL. The maximum value is determined by 

the output leakage current of the driver gate when in the high state. 
:. AC pa.rarneters are sample tested to ensure conformance to specifications. 

Specific~tions subject to change without notice. 0 RD ERING INFO RMA TION 1 

TRUTH TABLES 

AD7506 

A, Al A, Ao ~ "ON" 

AD7S07 

Al A, Ao EN "ON" 

N28A Q28A D28B Operating 
Plastic Cerdip Ceramic Temperature 
(Suffix N) (Suffix Q) (Suffix D) Range 

0 0 0 0 1 I 0 0 0 I 1&9 AD7506jN 

0 0 0 1 1 2 
0 0 1 0 1 3 

0 0 1 1 2 & 10 
0 I 0 1 3 & 11 

AD7506KN o to +70
o

C 
AD7507jN 

0 0 1 I 1 4 
0 1· 0 0 1 5 
0 1 0 1 I 6 
0 1 1 0 I 7 
0 1 1 1 1 8 

0 I I I 4& 12 
1 0 0 I 5 & 13 
I U 1 1 6 & 14 
1 1 0 I 7 & 15 
1 I 1 I 8& 16 

AD7507KN 
AD7506jQ AD7506]D 
AD7506KQ AD7506KD 

-25°C to +85°C 
AD7507jQ AD7507jD 

1 0 0 0 I 9 X X X 0 None AD7507KQ AD7507KD 
1 0 0 I 1 10 
1 0 1 0 I 11 
1 0 1 1 I 12 
1 1 0 0 I 13 

AD7506SQ AD7506SD 
AD7506TQ AD7506TD 

-55°C to +125°C 
AD7507SQ AD7507SD 

1 1 0 1 1 14 AD7507TQ AD7507TD 
1 1 1 0 1 15 
1 1 1 1 1 16 
X X X X 0 None 

NOTE 
1 See Section 19 for package outline information. 

VOL. I, 16-10 CMOS SWITCHES & MULTIPLEXERS 



1. RON vs. Vs 
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At Different Power Supplies 
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I I 
Veo = +15V 
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At Different Temperatures 

2. lOUT vs. VOUT 
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+200 
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-so 
-100 

-150 

-200 

-250 
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VSS = -15V 
Voo = +15V 
Y,N = OV 
-10V';; VJi .;; +10V-
TA = +25 C 

r---.~ 
~ 
~ 
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VOUT (VI 

Typical Performance Characteristics I. 
3. lOUT vs. T A 

loUT (nAI 
1000.0 

100.0 

/ 

10.0 / 

1/ 

1.0 / 

./ 

0.1 ./ 

~ 

0.Q1 
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4. tTRANSITION vs. VIN 

tTRANSITION (ns) 
1000 t---r--,..---,---r---...., 

Vss = -15V 
900 t---t---t----+-- Veo = +15V -

TA = +25'C S16 to SI 
8001---+--+----+---+-------1 

700 t----t!\.~,,_+--_t_---t----t 
600 t---t---f"'oo ............... O;:----+-S-1 -'o-S-16-+-----I 

500 ~-+---1----=~~==~==:_=1 

4001----t---+----+----t----4 

300~-+_-1---_+---+_--_1 

y 2.4 3.0 

5. Pn vs. Logic Frequency 

Pe (mWI 
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TYPICAL SWITCHING CHARACTERISTICS 

TEST CIRCUIT 1 

V 1N 
(5V/DIV) 

VOUT 
(10V/DIV) 

O.5jls/DIV 

51 = -10V, 516 = +10V, 
52 - 515 = OV, RL = 1K 

V 1N 
(5VIDIV) 

VOUT 
(10V/DlV) 

O.5/ls/DIV 

51= +10V, 52 = -10V, 
52 - 515= OV, RL = 00 

VOL. I, 16-12' CMOS SWITCHES & MULTIPLEXERS 

TEST CIRCUIT 2 

V1N 
(5V/DIV) 

VOUT 
(5V/DIV) 

VINo----, 

GND~ 

Vss I 
1-15vl<>--i 

L 

O.5/ls/DIV 

S1 through 516 = +10V 

V1N 
(5V/DIV) 

VOUT 
(O.5V/DIV) 

O.5/ls/DIV 

O.5/ls/DIV 

S1 through 516 = -10V 

S1 through S16 = OV 



r-IANALOG 
WDEVICES 

01 CMOS 
Protected 'Analog Switches 

AD751ODI, AD7511D1, AD7512D1 I 

FEATURES 
Latch-Proof· 
Overvoltage-Proof: ±25V 
Low RON: 75n 
Low Dissipation: 3mW 
TTL/CMOS Direct Interface 
Silicon-Nitride Passivated 
Monolithic Dielectrica"y-Isolated CMOS 

GENERAL DESCRIPTION 
The AD751ODI, AD7511DI and AD7512DI are a family of 
latch proof dielectricaUy isolated CMOS switches featuring 
overvoltage protection up to ±25V above the power supplies. 
These benefits are obtained without sacrificing the low "ON" 
resistance (7Sn) or low leakage current (SOOpA), the main 
features of an analog switch. 

The AD7S10DI and AD7Sl1DI consist of four independent 
SPST analog switches packaged in a 16-pin DIP. They differ 
only in that the digital control logic is inverted. The AD7S12DI 
has two independent SPDT switches packaged in a 14-pin DIP. 

Very low power dissipation, overvoltage protection and TTL! 
CMOS direct interfacing are achieved by combining a unique 
circuit design and a dielectrically isolated CMOS process .. 
Silicon nitride passivation ensures long term stability while 
monolithic construction provides reliability. 

PACKAGE IDENTIFICATION 1 

Suffix D: Ceramic DIP 
AD751ODI, AD75l1DI - (D16B) 
AD7512DI - (D14B) 

Suffix N: Plastic DIP 
AD751ODI, AD7511DI - (N16B) 
AD7512DI - (N14B) 

1 See Section 19 for package outline information. 

AD7S10DI, AD7S11DI, AD7512DI 
FUNCTIONAL BLOCK DIAGRAMS 
AD7510DI 
AD7511DI 

16-PIN DIP 
TOP VIEW 

ORDERING INFORMATION 

Plastic Cerdip 
(SuffIX N) (SuffIX Q) 

AD7SlODIjN 
AD7S10DIKN 
AD7S1IDljN 
AD7S1IDIKN 
AD7S12DIjN 
AD7S12DIKN 

AD7S10DIjQ 
AD7S10DIKQ 
AD7S11DIjQ 
AD7S11DIKQ 
AD7S12DI]Q 
AD7S12DIKQ 

AD7S10DISQ 
AD7S11DISQ 
AD7S11DITQ 
AD7S12DISQ 
AD7S12DITQ 

CONTROL LOGIC 

AD7512DI 

14-PIN DIP 
TOP VIEW 

Operating 
Ceramic Temperature 
(Suffix D) Range 

o to +70°C 

AD7S10DIjD 
AD7S10DIKD 
AD7S11DIjD 

':'2S
o
C to +8S

o
C AD7S1IDIKD 

AD7S12DIjD 
AD7S12DIKD 

AD7S10DISD 
AD7S11DISD 

-55°C to +12S
o
C AD7S11DITD 

AD7S12DISD 
AD7S12DITD 

AD7S10DI: Switch "ON" for Address "HIGH" 

AD7511DI: Switch "ON" for Address "LOW" 

AD7S12DI: Address "HIGH" makes Sl to Out 1 and S3 to 
Out 2 

CMOS SWITCHES & MULTIPLEXERS VOL. I, 16-13 



SPECIFICATIONS (VDD = +15V, Vss = -15V unless otherwise noted) 

COMMERCIAL VERSIONS (J, K) 

PARAMETER MODEL VERSION +2S°C o to' +70oC (N) TEST CONDITIONS 
-2SoC to +ssoC (Q. D) 

ANALOG SWITCH 

RON
I All J. K 75n typo lOon max l7sn max -lOY .;;; Vo .;;; +lOV I 

RON vs Vo (Vs ) All J. K 20% typ los = 1.0mA 

RON Drift All J. K +0.5%/C typ 
RON Match All J. K 1% typ Vo = O. loS = 1.0mA 
RoN Drift 

All J. K O.Ol%/C typ Match 

10 (IS)OFF 1 All J. K O.snA typo snA max sOOnA max Vo = -lOY. Vs = +lOV and 
Vo = +lOV. Vs = -lOY 

10 (IS)ON 1 All J. K 10nA max Vs = Vo ~ +lOV 

Vs = Vo = -lOY 

loUT 
I AD7sl2DI J. K lsnA max lsOOnA max VS1 = VOUT = ±lOV. VS2 = HOV 

and VS2 = VOUT = ±lOV. VS1 = HOV 

DIGITAL CONTROL 

VINL
I All J. K O.SV max 

VINH
1 All J 3.0V min 

All' K 2.4V min 

GN All J. K 3pF typ 
"-

IINH I All J. K 10nA max VIN = Voo 
IINLI All J. K 10nA max VIN = 0 

DYNAMIC 
CHARACTERISTICS 

tON AD75l0Dl J. K lSOns typ 
AD7s11D1 J. K 3s0ns typ VIN = 0 to +3.0V 

tOFF AD7sl0DI J. K 350ns typ 
AD7s11DI J. K lSOns typ 

'TRANSITION AD75l2DI 
. 

J. K 300ns typ 

Cs (Co)OFf All J. K SpF typ 
Cs (Co)ON All J. K l7pF typ 

COS (CS- OUT ) All J. K lpF typ Vo (VS) = ov 
Coo (CSS ) All J. K O.spF typ 
COUT AD7sl2DI J. K l7pF typ 

Om} All J. K 30pC typ Measured at S or D terminal. 
c;. = 1000pF. VIN = 0 to 3V. 
Vo (Vs ) = +lOV to -lOY 

POWER SUPPLY 

lo~ 
I All J. K SOOJ.1A max SOOJ.1A max All digital inputs = VINH 

IsS All J. K SOOJ.1A max SOOJ.1A max 

lo~ 
I All J. K 500J.1A max sOOJ.1A max All digital inputs = VINL 

Iss All J. K 500J.1A max sOOJ.1A max 

NOTES 
1100% tested. 

Specifications subject to change without notice. 

VOL. I, 1~14 CMOS SWITCHES & MULTIPLEXERS 



EXTENDED TEMPERATURE RANGE VE:RSIONS (S, T) 

PARAMETER 

ANALOG SWITCH 
~ 1 ON 

DIGITAL CONTROL 
V

INL 
1 

DYNAMIC 
CHARACTERISTICS 

tON
3 

,tTRANSITION 3 

POWER SUPPLY 
IDI~ 1 

Iss 

NOTES 
I 100% tested. 

MODEL VERSION 

All S, T 

All S, T 

All S, T 

AD75l2DI S, T 

All S, T 

AD75l0DI S 
AD75llOI T 
AD75l2DI T 
AD75llOI S 
AD7512DI S 
All S, T 
All S, T 

AD7510DI S, 
AD75110I S, T 
AD7510DI S, T 
AD7S 1101 S, T 
AD7S 12DI S, T 

All 
All 

All 
All 

S, T 
S, T 

S, T 
S, T 

loon max 

3nA max 

10 

9nA max 

10nA max 
10nA max 

1.0/15 max 
1.0/15 max 
1.0/15 max 
1.0/15 max 
1.0/15 max 

l75n max 

200nA max 

600nA max 

O.BV max 

2.4V min 
2AV min 
2AV min 
3.0V min 
3.0V min 

BOU/1A max 
BOO/1A max 

SOO/1A max 
SOO/1A max 

TEST CONDITIONS 

-lOY ..; Vo ..; +lOV 
loS = lmA 

Vo = -lOY, Vs = +lOV and 
Vo = +lOV, Vs = -lOY 

Vs = Vo = +lOV and 
Vs = Vo = -lOY 

VS1 = VOUT = ±lOV 
VS2 = +lOY and 
VS2 = VOUT = ±lOV 
VS1 = +lOY 

VIN = 0 to +3V 

All digital inputs = VINH 

All digital inputs., VINL 

2 A pullup resistor, typically 1-2kn is required to make A07511D1S0 and A07512DISO TTL compatible. 
'Guaranteed, not production tested. 
Specifications subject to change without notice. 

ABSOLUTE MAXIMUM RATINGS 

VDO to GND ............................. +17V 
VSS to GND ......................... '.' ... -17V 
Overvoltage at VD (VS) 

(1 second surge) ..................... VDO +2SV 

or VSS -2SV 
(Continuous) ....................... VDO +20V 

or Vss -20V 
Switch Current (Ios' Continuous) ...... : ....... SOmA 
Switch Current (IDS' Surge) 

Ims Duration, l()oA> Duty Cycle .............. ISOmA 

Digital Input Voltage Range ............... OV to Voo 
Power Dissipation (Package) 

14 & 16 pin Cerdip & Ceramic DIP 
Up to +7SoC .......................... 4S0mW 
Derates above +7S

o
C by .................. 6mW/C 

14 & 16 pin Plastic Dip 
Up to +70

o
C .......................... 670mW 

Derates above +7SoC by ................. 8.3mW/C 
Storage Temperature ................ -6SoC to +IS0oC 
Operating Temperature 

Plastic 0, K Versions) ................. 0 to +70
o
C 

Cerdip 0, K Versions) .............. -2SoC to +8SoC 
Cerdip (5, T Versions) ............. -SSoC to +12SoC 
Ceramic 0, K Versions) ............. -2SoC to +8SoC. 
Ceramic (5, T Versions) ............ _SSoC to +12SoC 

CAUTION; The digital control inputs are diode protected; 
however, pennanent damage may occur on unconnected units 
under high electrostatic fields. Keep unused units in conductive 
foam at all times. Prior to pulling the devices from the conduc
tive foam, ground the foam to deplete any accumulated charge. 
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CIRCUIT DESCRIPTION 

.-------It--------------oVoo +15V 

r----'~....., (jn-) 

LEVEL 
SHIFTER! 
DRIVER 

(in+) 

~----------_oD 

L-----~~-----------_oVSS-15V . 
NOTE: CIRCLED DEVICES IN SEPARATE ISOLATED POCKETS. 

Figure 1. Typical Output Switch Circuitry of AD7510DI Series 

CMOS devices make excellent analog switches; however, 
problems with overvoltage and latch-up phenomenum neces
sitated protection circuitry. These protection circuits, 
however, either caused degradation of important switch 
parameters such as RON or leakage, or provided only limited 
protection in the event of overvoltage. 

The AD7510DI series switches utilize a dielectrically-isolated 
CMOS fabrication process to eliminate the four-layer substrate 
found in junction-isolated CMOS, thus providing latch-free 
operation. 

A typical s~itch channel is shown in Figure 1. The output 
switching element is comprised of device numbers 4 and 5. 
Operation is as follows: for an "ON" switch, (in+) is VDD 
and (in-) is VSS from the driver circuits. Device numbers 
1 and 2 are "OFF" and number 3 is "ON." Hence, the back
gates of the P- and N-channel output devices (numbers 4 and 
5) are tied together and floating. (The circled devices are 
located in separate dielectrically isolated pockets.) Flqating 
the output switch back-gates with the signal input increases 
the effective threshold voltage for an applied analog signal, 
thus providing a flatter RON versus Vs response. 

For an "OFF" switch, device number 3 is "OFF," and the 
back-gates of devices 4 and 5 are tied through 1kn resistors 
(R1 and R2) to the respective supply voltages through the 
"ON" devices 1 and 2. 

If a voltage is applied to the S or D terminal which exceeds 
VDD or VSS, the S- or D-to-back-gate diode is forward biased; 
however, R1 and R2 provide current limiting action. 

Consequently, without external current limiting resistance 
(or increased RON), the AD7510DI series switches provide: 

1. Latch-proof operation 

2. Overvoltage protection 25V beyond the VSS and VDD 
supply voltage 

VOL. I, 16-16 CMOS SWITCHES & MULTIPLEXERS 

An equivalent circuit of the output switch element in Figure 2 
shows that, indeed, the 1kn limiting resistors are in series 
with the back-gates of the P- and N-channel output devices
not in series with the signal path between the Sand D 
terminals. 

In some applications it is possible to turn on a parasitic NPN 
(drain to back-gate to source of the N-channel) transistor, 
causing device destruction under certain conditions. This 
case will only manifest itself when a negative overvoltage 
(and not a positive overvoltage) exists with another voltage 
source on the other side of the switch. Current limitation 
through external resistors (200n) or current limiting devices 
(output of op amps) will prevent damage to the device. 

Vee 
+15V 

lk 

.---- ---, 
: p+ p+ I 

o-~~~~-__ -~~~~--oD 
I N- I L _______ oJ 

P CHANNEL 

N- CHANNEL r-------, 
I P- I 

lk 

-15V 
Vss 

Figure 2. AD7510DI Series Output Switch 
Diode Equivalent Circuit· 



TYPICAL PERFORMANCE CHARACTERISTICS 
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TYPICAL SWITCHING CHARACTERISTICS AD7510DI, AD7511DI 

V1N 

(5V/DIVI 

Vs 
(5V/DIVI 

V 1N 

(5V/DIVI 

Vs 
(1V/DIVI 

O.5I1s/DIV O.5I1s/DlV ---------- ------1.1111111111 •• 1 I ••••• 
1_ ••••• 11_1 V1N 1-11_11_11 (5V/DIVI 

1 •••••••• 1 1 •••••••• 1 
IlIt •••••• j_1 I.' 11.1 
1.1111111111111.1 Vs 1111 .111 (5V/DIVI 

·1 •••••••• 1 .1 --------_. -------
Switching Waveforms for Vo = -10V Switching Waveforms for Vo = +10V 

O.5j1s/DIV O.5I1s/DlV 

Switching Waveforms for Vo = Open 

V1N 

(5V/DIV) 

Vs 
(O.5/DIV) 

-I 
••••• 11111 

1 •••••••• 1 
111.11 1111 II 1m II I 1.' ••••••• 1 

•••••• 1 -------
Switching Waveforms for Vo = OV 

AD7510Dl, AD7511DI TEST CIRCUIT 

SCOPE 
10MnnpF 
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TYPICAL SWITCHING CHARACTERISTICS AD7512DI 

V 1N 
(5V/DIV) 

Vs 
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Switching Waveforms for 
VSl and VS2:: Open, RL = lk 

SCOPE 
10MnnpF 
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TERMINOLOGY 

RON: 
RON Drift 
Match: 

RON Match: 

ID (IS)OFF: 

VD (VS): 

Cs (CD): 

CDS: 

Ohmic resistance between terminals D and S. 

Difference between the RON drift of any 
two switches. 

Difference between the RON of any two 
switches. 

Current at terminals D or S. This is a leakage 
current when the switch is "OFF." 

Leakage current that flows from the closed 
switch into the body. (This leakage will 
show up as the difference between the 
current ID going into the switch and the 
outgoing current IS.) 

Analog voltage on terminal D (S). 
Capacitance between terminal S (D) and 
ground. (This capacitance is specified 
for the switch open and closed.) 

Capacitance between terminals D and S. 
(This will determine the switch· isolation 
over frequency.) 

VOL. I, 16-20 CMOS SWITCHES & MUL TlPLEXERS 

CDD (CSS): 

tON: 

tOFF: 

ttransition: 

VINL= 
VINH: 

IINL (IINH): 

CIN: 

VDD: 

VSS: 

IDD: 

ISS: 

Capacitance between terminals D (S) of any 
two switches. (This will determine the cross 
coupling between switches vs. frequency.) 

Delay time between the 50% points of the 
digital input and switch "ON" condition. 

Delay time between the 50% points of the 
digital input and switch "OFF" condition. 

Delay time when switching from one address 
state to another. 

Threshold voltage for the low state. 

Threshold voltage for the high state. 

Input current of the digital input. 

Input capacitance to ground of the digital 
input. 

Most positive voltage supply. 

Most negative voltage supply. 

Positive supply current. 

Negative supply current. 



~ANALOG' 
WDEVICES 

DI CMOS 
Analog Switches with Data Latches 

AD7590DI, AD7591D1, AD7592D1 I 
FEATURES 
SCR Latch-Proof 
Overvoltage-Proof: ±25V 
Low RON: 7511 
Buffered Switch Logic 
TTL, CMOS Compatible 
Monolithic Dielectrically-Isolated CMOS 
Pin Compatible with AD7510DI Series 

GENERAL DESCRIPTION 
The AD7590DI, AD7591DI and AD7592DI are a family of 
protected (latch proof) dielectric ally isolated CMOS switches 
featuring overvoltage protection up to ±25V above the power 
supplies. Microprocessor interfacing is facilitated by the pro
vision of on-chip data latches. 

The AD7590DI and AD7591DI consist of four independent 
SPST analog switches packaged in a 16-pin DIP. They differ 
only in that the switch control logic is inverted. The AD7592DI 
has two independent SPDT switches packaged in a 14-pin DIP. 

ORDERING INFORMATION 

Operating 
Plastic Cerdip Ceramic TemperatUre 
(SuffIX N) (SuffIX Q) (SuffIX D) Range 

AD7590DlKN 
AD759IDIKN o to +70°C 
AD7592D1KN 

AD7590DlBQ AD7590DlBD 
AD7S91D1BQ AD759IDIBD -25°C to +85°C 
AD7592D1BQ AD7592D1BD 

AD7590DI, AD7591DI, AD7592DI 
FUNCTIONAL BLOCK DIAGRAMS 

AD7590DI 
AD7591D1 

16-PIN DIP 
TOP VIEW 

CONTROL LOGIC (WR HELD LOW) 

AD7592DI 

14-PIN DIP 
TOP VIEW 

AD7590DI: Switch "ON" for Address "HIGH" 

AD7591DI: Switch "ON" for Address "LOW" 

AD7592DI: Address "HIGH" makes S1 to Out 1 
and S3 to Out 2 

PACKAGE IDENTIFICATION l 

Suffix D: Ceramic DIP Package 
AD7590, AD7591 - (D16B) 
AD7592 - (D14B) 

Suffix N: Plastic DIP Package 

NOTE 

AD7590, AD7591 - (N16B) 
AD7592 - (N14ll) 

I See Section 19 for package outline information. 
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SPECIFICATIONS (Voo =+15V, VSS=-15V unless otherwise noted) , . 
PARAMETER 

ANALOG SWITCH 

RON
I 

RON Match2 

RON Match Drift2 

10 (Is)OFF I 

10 (Is) ON I 

Cs (Co) OF~3 
Cs (Co) ON 
COS (CS _OUT)3 
Coo (CSS)3 
COUT

3 

DIGITAL CONTROL 
VIHL

I 

VINH
I 

CIN314 
IINH ' 
IINL 1,4 

DYNAMIC CHARACTERISTICS 

tON
2 

tTRANSITION
2 

Write Pulse-Width (twR)2 
Address Set Up Time (tAS)2 
Address Hold Time (tAH)2 

OFF Isolation3 

MODEL 

All 

All 
All 
All 

All 

A07592D1 

All 
All 
All 
All 
A07592D1 

All 
All 
All 
All 
All 

A0759001 
A0759101 

A0759001 
A0759101 

A07592D1 

All 
All 
All 

TA = +2S
o

C 

60n typ, 90n max 

1% typ 
O.Ol%/C typ 
0.5nA typ, 5nA max 

0.5nA typ, 5nA max 

1.0nA typ, 10nA max 

10pF typ 
30pF typ 
lpF typ 
0.5pF typ 
40pF typ 

0.8V max 
2.4V min 
5pF typ 
lilA max 
lilA max 

l70ns typ, 340ns max 
300ns typ, 600ns max 

300ns typ, 600ns max 
l70ns typ, 340ns max 

300ns typ, 600ns max, 

300ns typ, 400ns min 
Ons min 
l50ns typ, 250ns min 

TA = OPERATING 
TEMPERATURE RANGE TEST CONDITIONS/COMMENTS 

l20nmax -lOV';;;;Vo';;;;+lOV 
loS = 1.0mA 

Vo = 0, loS = 1.0mA 

100nA max Vo = -lOV, Vs = +lOV and 
Vo = +lOV, Vs = -lOY 

100nA max Vs = Vo = +lOV and 
Vs =VO =-lOV 

200nA max VS1 = VOUT = ±lOV, VS2 = HOV 

0.8V max 
2.4V min 
5pF typ 

and VS2 = VOUT = ±lOV, VSl = HOV 

Vo (VS) = ov 

lilA max VIN = 0 or VOO 
lilA max 

190ns typ, 380ns max 
380ns typ, 760ns max 

380ns typ, 760ns max 
190ns typ, 380ns ~ax 

380ns typ, 760ns max 

400ns typ, 500ns min 
Ons min 
250ns typ, 350ns min 

See Figure 1 

(Analog Input to Analog Output) All 

Crosstalk3 

Better than -85dBat 1kHz. Feedthrough primarily dependent upon printed 
circuit board layout. 

(Digital Input to Analog Output) All 

QINJ (Charge Injection)3 

POWER SUPPLY 

100
1 

ISSI 

NOTES 
1100% tested. 
2 Guaranteed, not production tested. 

All 

All 
All 

5mV peak, typ 

40pC typ 

lmAmax 
lmA max 

3 Typical values for information only, not subject to test or guarantee. 
4 Inputs are MOS gates typical current less than 10nA. 

Specifications subject to change without notice. 
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lmA max 
lmA max 

RL = lMn, CL = l5pF 
VINH = 3.0V, VINL = OV 
~E = tfall = 20ns 
WR held HIGH 
Measured at S or 0 
terminal, CL = 1000pF 
VIN = 0 t~OV, Vo,(VS) = +lOV 
to -lOV, WR held LOW 

All digital inputs 
VIN = VlNH or VINL 



Absolute Maximum Ratings 
ABSOLUTE MAXIMUM RATINGS· 

Voo to GND ............................. +17V 
VSS to GND .............................. -17V 
Overvoltage at Vo (Vs ) 

(1 second surge) .......... : ........... Voo +2SV 

Power Dissipation (Package) 
14- & 16-pin Cerdip & Ceramic DIP 

Up to +7S°C. ...... ' ................... 4S0mW 
Derates above +7S

o
C by .......... ' ... .' .... 6mW/C 

or Vss -2SV 14- & 16-pin Plastic Dip 
(Continuous) ....................... Voo +20V Up to +70

o
C .......................... 670mW 

or Vss -20V Derates above +7S
o
C by ............... ! .8.3mW/oC 

Switch Current (loS' Continuous) .............. SOmA 

Switch Current (los. Surge) 
lms Duration. 10"AI Duty Cycle .............. ISOmA 

Storage Temperature ................ -65°C to +1S0oC 
Operating Temperature 

Plastic (KN Versions) .................. 0 to +70°C 
Digital Input Voltage Range ......... -o.3V to VOO +O.3V Cerdip (BQ Versions) ............... _25°C to +8S oC 

Ceramic (BD Versions) ............. -25°C to +8S oC 

·COMMENT: Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress 
rating only and functional operation of the device at these or any other conditions above those indicated in the operational sections of 
this specification is not implied. Exposure to absolute maximum rating conditions for extended periods may affect device reliability. 

CAUTION:--------------------------------------------------------
ESD (Electro-Static-Discharge) sensitive device. The digital control inputs are zener protected; 
however, permanent damage may occur on unconnected devices subject to high energy elec
trostatic fields. Unused devices must be stored in conductive foam or shunts. The protective 
foam should be discharged to the destination socket before devices are removed. 

WARNING! ~ 

~~DEvln 
TIMING AND CONTROL SEQUENCE 

5 'C 1 ---'1----.-- 1 
I I I 

----~I--IA-S,UI WR I~-~-H--I----__ ~ 
WR 

IAH ADDRESS HOLD TIME 
lAS ADDRESS SET UP TIME 
twR CLOCK PULSE WIDTH 

Figure 1. Timing and Control Sequence 

Figure 1 shows the timing sequence for latching the switch 
address. The minimum data set up time is zero ~that the data 
may change coincident with the falli!!Ledge of WR. The ad
dress is latched on the rising edge of WR and address must be 
held for TAH minimum to guarantee that it will be latched. 
While WR is held low the latch is transparent and the switches 
respond to changes in the input address. 

II 
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CIRCUIT DESCRIPTION 

~----------~,-----------------------__oVDD+15V 

A 

TTL 
CONTROL 

INPUTS ViR 

,.-...... 1-......., (in-) 

LATCH 
AND 

LEVEL 
SHIFTERI 
DRIVER 

(in+) 

~--------------------__oD 

L-----------4 ...... -----------------------o VSS-15V 
NOTE: CIRCLED DEVICES IN SEPARATE ISOLATED POCKETS. 

Figure 2. Typical Output Switch Circuitry of AD7590DI Series 

CMOS devices make excellent analog switches; however, 
problems with overvoltage and latch-up phenomenum neces
sitated protection circuitry. These protection circuits, 
however, either caused degradation of important switch 
parameters such as RON or leakage, or provided only limited 
protection in the event of overvoltage. 

The AD7590Dl series switches utilize a dielectrically-isolated 
CMOS fabrication process to eliminate the four-layer substrate 
found in junction-isolated CMOS, thus providing latch-free 
operation. 

A typical switch channel is shown in Figure 2. The output 
switching element is comprised of device numbers 4 and 5. 
Operation is as follows: for an "ON" switch, (in+) is VDD 
and (in-) is VSS from the driver circuits. Device numbers 
1 and 2 are "OFF" and number 3 is "ON." Hence, the back
gates of the P- and N-channel output devices (numbers 4 and 
5) are tied together and floating. (The circled devices are 
located in separate dielectrica,ny isolated pockets.) Floating 
the output switch back-gates with the signal input increases 
the effective threshold voltage for an applied analog signal, 
thus providing a flatter RON versus Vs response. 

For an "OFF" switch, device number 3 is "OFF," and the 
back-gates of devices 4 and 5 are tied through IH2 resistors 
(Rl and R2) to the respective supply voltages through the 
"ON" devices 1 and 2. 

If a voltage is applied to the S or D terminal which exceeds 
VDD or VSS, the S- or D-to-back-gate diode is forward biased; 
however, Rl and R2 provide current limiting action. 

Consequently, without external current limiting resistance 
(or increased RON), the AD7590Dl series switches provide: 

1. Latch-proof operation 

2. Overvoltage protection 25V beyond the VSS and VDD 
,supply voltage 
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An equivalent circuit of the output switch element in Figure 3 
shows that, indeed the lkn limiting resistors are in series 
with the back-gates of the P- and N-channel output devices
not in series with the signal path between the Sand D 
terminals. 

In some applications it is possible to turn on a parasitic NPN 
(drain to back-gate to source of the N-channel) transistor, 
causing device destruction under certain conditions. This 
case will only manifest itself when a negative overvoltage 
(and not a positive overvoltage) exists with another voltage 
source on the other side of the switch. Current limitation 
through external resistors (200n) or current limiting devices 
(output of op amps) will prevent damage to the device. 
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Figure 3. AD7590DI Series Output Switch 
Diode-Equivalent-Circuit 



Typical Performance Characteristics 
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TYPICAL SWITCHING CHARACTERISTICS 

AD7590DI, AD7591DI 

O.~/ls/DIV 

Switching Waveform for Vo = -10V 

O.5/lS/DIV 

Switching Waveform for Vo = 0 

VIN 
(5V/DIV) 

Vs 
(5V/DIV) 

O.5/lS/DIV 

_~ -- -;- L 

................. 
. i i 

I 

I 

!-++ H··r+·t· .. q
• .. • 

I I _ I I 

Switching Waveform for Vo = +10V 

O.5J.LS/DIV 

Switching Waveform for Vo = OV 

AD7590DI, AD7591DI TEST CIRCUIT 

I 
I 

Vss GND Voo 
-15V +15V 
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TYPICAL SWITCHING C~f\RACTERISTICS 

VIN 
(5V/DIV) 

Vs 
(10V/DIV) 

O.Sps/DIV 

Switching Waveforms for VS1 =-10V, VS2=+10V, 
RL = 1kn 

VIN 
(5V/DIV) 

Vs 
(O.5V DIV) 

O.Sps/DIV 

AD7S92DI 

Switching Waveforms for VS1 and VS2 = OV, RL =00 

VIN 
(5V/DIV) 

Vs 
(10V/DIV) 

O.SJ.Ls/DIV 

Switching Waveforms for VS1 =+10V, VS2=-10V, 
RL =00 

VIN 
(5V/DIV) 

Vs 
(O.5V DIV) 

O.Sps/DIV 

Switching Waveforms for VS1 and VS2=Open, 
RL = lkn 

AD7S92DI TEST CIRCUIT 

Vss GND Voo 
(-15V) (+15V) 

VOUT 

SCOPE 
10MnnpF 
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Monolithic Chips 

BIPOLAR INTEGRATED CIRCUIT CHIPS 

General Information 

AD517 Chips Low Cost, Laser Trimmed Precision IC Op Amp 

AD518 Chips Low Cost, High Speed, IC Op Amp 

AD521 Chips Precision Instrumentation Amplifier 

-AD524 Chips Precision Instrumentation Amplifier 

AD532 Chips Trimmed IC Multiplier 

AD534 Chips Trimmed Precision IC Multiplier 

AD536A Chips IC True rms-to-dc Converter 

ADS 37 Chips Low Cost IC V -to-F Converter 

AD540 Chips High Accuracy Low Cost FET-Input Op Amp 

AD542 Chips Precision Low Cost BIFET Op Amp 

AD544 Chips Precision High Speed BIFET Op Amp 
AD547 Chips Ultra Low Drift BIFET Operational Amplifier 

AD558 Chips DACPORT™ Low Cost Complete JlP-Compatible 8-Bit DAC 

AD561 Chips Low Cost, High Speed lO-Bit D-to-A Converter with Reference 

AD570/AD571 Chips Low Cost Complete 8- and 10-Bit A-to-D Converter 

AD573 Chips Fast, Complete 10-Bit A-to-D Converter with Microprocessor Interface 

AD580 Chips Precision 2.5 Volt Reference 

AD581/AD584 Chips Programmable Precision Low-Drift Reference 

AD582 Chips Low Cost Precision Sample-and-Hold 

AD589 Chips Two-Terminal IC 1.2 Volt Reference 

AD590 Chips Two-Terminal IC Temperature Transducer 

-AD630 Chips Balanced Modulator/Demodulator 

AD642 Chips Precision Low Cost Dual BIFET Op Amp 

AD644 Chips Dual High Speed Implanted FET-Input Op Amp 

AD DAC-08 Chips High Speed 8-Bit D-to-A Converter 

AD OP-07 Chips Ultra-Low Offset Voltage Op Amp 

-AD OP-27 Chips Ultra-Low Noise Precision Op Amp 

-AD OP-37 Chips Ultra-Low Noise High Speed Precision Op Amp 

CMOS INTEGRATED CIRCUIT CHIPS 

General Information 

Bonding Diagrams: 

AD7501 

AD7502 

AD7503 

AD7506 

AD7507 

AD7510 

AD7511 
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AD7512 

-AD7524 

AD7533 

AD7541A 

AD7542 

AD7543 

-AD7545 

AD7574 

AD7590 

AD7591 

AD7592 

eNew product since publication of the 1982-1983 Databook Update. 

DACPORT is a registered trademark of Analog Devices, Inc. 
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Bipolar Integrated Circuit Chips 
General Information 

PHYSICAL CHARACTERISTICS 
Die Thickness: The standard thickness of Analog Devices Bi
polar dice"is 20 mils ±2 mils. 

Die Dimensions: The dimensions given on the specific device 
data sheets have a tolerance of ±2 mils. 

Backing: The standard backside surface is silicon (not plated). 
Analog Devices does not recommend gold-backed dice for 
most applications. 

Edges: A diamond saw is used to separate wafers into dice 
thus providing perpendicular edges half-way through the die. 

In contrast to scribed dice, this technique provides a more 
uniform die shape and size. The perpendicular edges facili
tate handling (such as tweezer pick-up) while the uniform 
shape and size simplifies substrate design and die attach. 

Top Surface: The standard top surface of the die is covered 
by a layer of glassivation. All areas are covered except bonding 
pads and scribe lines. 

Surface Metalization: The metalization on Analog Devices 
Bipolar dice is aluminum. Minimum thickness is 10,000A. 

Bonding Pads: All bonding pads have a minimum size of 4 mils 
by 4 mils. The passivation windows are 3.5 mils by 3.5 mils 
minimum. 

PACKAGING 
All dice are packaged in plastic waffle packs. The quantity of 
dice" per package depends on die size. ' 

A sheet of anti-static paper and a sheet of anti-static plastic 
is included in each pack. 

Waffle packs are secured and shipped in cardboard shipping 
containers. 

ASSEMBLY INFORMATION 
Cleaning: Each die is cleaned prior to packaging in waffle 
packs. No additional cleaning is recommended. 

Dice Inspection: Standard dice are 100% inspected. 

Die Attach: The proper method of die attach is determined 
by the requirements of the particular application. 

If an adhesive die attach technique is required by the con
straints of the application, then package moisture content 
must be monitored. To insure reliability the internal moisture 
content of the package has to remain below 5000ppm (from 
o to 1000 hrs. minimum). 

When eutectic die attach is used, Analog Devices recommends 
using either a 99.99% gold or a 98% gold, 2% silicon preform. 

Recommended eutectic die attach temperature is 410°C 
±lO°C as measured at the die-substrate interface surface. 
Time at 410°C shall not exceed 30 seconds. 

Lead Bonding: Analog Devices recommends bonding one mil 
99.99% gold for gold ball bonding. ' 

Analog Devices recommends ultra-sonic bonding for users 
requiring aluminum wire. One mil 99% aluminum 1% silicon 
wire is recommended. . 

Unless otherwise specified on the device data sheet, there is 
no required bonding sequence for bipolar chips. 

Electrostatic Discharge (ESD): Bipolar integrated circuits are 
subject to catastrophic damage due to electrostatic charges 
generated by careless handling. 

Furthermore, subtle shifts in transistor characteristics can 
occur after being subjected to lower amounts of ESD. Pre
cision devices, trimmed to accuracies in the order of ±25 
microvolts, can be shifted out of spec due to improper 
handling. 

To preserve the accuracy of precision bipolar integrated cir
cuits, Analog Devices recommends the following: 

a. Verify proper grounding of all manufacturing equipment. 

b. All workers who handle the chips should be .»'earing a 
grounded conductive wrist-strap. 

c. All work-in-process, especially any work with incomplete 
wire-bonding, should be placed on a conductive surface. 

d. Dice not in use should be stored in the original waffle pack 
with anti-static paper. 

MONOLITHIC CHIPS VOL. I, 17-3 

• 



PACKAGE SEALING RECOMMENDATIONS 
Analog Devices recommends hermetic packaging. The initial 
precision of trimmed thin-film integrated circuits is retained 
indefinitely when not subjected to high humidity or corrosive 
environments. 

A maximum sealing temperature of 320°C for a maximum 
time of 3 minutes is recommended. 

The sealing technique must insure that the internal moisture 
content remain below 5000ppm under all conditions for the 
life time of the product. 

ORDERING INFORMATION 
Analog Devices bipolar integrated circuit chips are specified in 
the same manner as packaged devices, except the package code 
letter is replaced by the word "CHIPS". 

AI>XXX~CHIPS 

//\~ 
Prefix (all 
products) 

Product 
Number 

Grade 
(single letter) 

Designates 
Chips 

Minimum order quantity is 25 pieces per line item. Analog 
Devices dice are supplied only in multiples of 25 pieces. 

USING DATA SHEETS 
Specifications: Electrical tests are performed at wafer probe, 
before the wafer is separated into individual dice. Maintaining 
chip performance to specification requires great care in hand
ling and assembly. The specific recommendations in this Gen
c:ral Information Section are intended to assist the user in 
achieving specified performance of Analog Devices chips in 
assembled circuits. Electrical specifications are given for each 
product. NOTE: Although the specifications generally con
form to those of equivalent grades of packaged product, some 
differences exist. 

VOL. I, 17-4 MONOLITHIC CHIPS 

AC testing at the chip level is also not practical; therefore, ac 
specifications are also given as typical. 

Applications Information: General applications information is 
not included on the chip data sheets; this information is pro
vided on the data sheet for the packaged version of each 
product. 

Specific application information that applies to the chip ver
sion of each product is given on the chip data sheet. 

Metalization Photograph: Metalizatiori photographs are pro
vided for each product. Chip dimensions and pad functions 
are included. 

ADDITIONAL PRODUCT AVAILABILITY INFORMATION 
Older Products: The data sheets published in this catalog are 
intended to assist the user in the design of new hybrid cir
cuits using the highest performance, most cost-effective prod
ucts available from Analog Devices. There are, however, 
older IC products that may have been designed into circuits 
in the past but which are no longer the optimum choice for 
new designs. These products continue to be available as in 
the past. 

If you are using one of these older Analog Devices IC chips 
and require technical assistance, please contact the factory. 
Sales-related information may be obtained from the nearest 
Analog Devices sales office listed on the back cover. 

New Products: Analog Devices is continuously introducing new 
integrated circuit products. Most of these are monolithic and 
thus may be supplied in chip form. Although it is our policy to 
obtain first-hand assembly, testing and application experience 
with new products before introducing the chip version, we 
encourage potential users to contact the factory for avail
ability information on new IC products not listed in this 
catalog. 



r.ANALOG 
WDEVICES 

PRODUCT DESCRIPTION 
The Analog Devices AD 517 operational amplifier is laser
trimmed for ultra-low offset voltages. thus eliminating the 
need to trim in most applications. Other features include very 
low offset voltage drift and high gain. Advanced super-beta 
techniques provide ultra-low input currents. The AD517 is 
ideal for precision instrumentation applications. Protected in
put and output circuitry along with internal compensation for 
gains of one or greater minimize hybrid component count. 
AD517 chips are available in two grades specified for oper
ation between 0 and +70°C and one grade specified for oper
ation between -55°C and +125°C. 

APPLICATION INFORMATION 
AD517 chips are functionally identical to packaged AD517 
devices. For general application information. see the AD517 
packaged product catalog data sheet. 

Low Cost, Laser Trimmed 
Precision IC Op Amp 

AD517 CHIPS I 

The following additional application information applies to 
AD517 chips: 

1. No particular wire-bonding sequence must be followed. 

2. For assembly information. see the Bipolar Integrated Cir
cuit Chips General Information Section. 

3. For performance to device specifications. the metal sub
strate pad or header beneath the AD517 chip must be 
connected to -Vs. device pad number 4. 

4. Pads 7 A and 7B must both be connected to + Vs. 

5. Do not connect to any bonding pads or metalization not 
indicated as a functional bonding pad on the metalization 
photograph. 

MET ALIZA TION PHOTOGRAPH 
. Dimensions shown in inches and (mm). 

0.071 
( 1.803) 

NULL 
1 

NULL 
8 

0.093 
(2.362) 

4 
-VS 

7A +VS 

78 +Vs 

6 OUTPUT 

NOTE: THERE IS NO PAD #5 

PAD NUMBERS CORRESPOND TO PIN NUMBERS FOR THE TO-99 8 PIN METAL PACKAGE. 
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SPECIFICATIONS 1 (typical @+25°C and ±15V dc unless otherwise noted) 

MODEL 

OPEN LOOP GAIN 
Vo = ±10V, RL ;;:'2kU 

TA = +2S
o
C to T~ax 

TA = Tmin to +25 C 

OUTPUT CHARACTERISTICS 
Voltage @ RL ;;:' 2kU, Tmin to Tmax 
Load Capacitance 
Output Current 
Short Circuit Current 

FREQUENCY RESPONSE 
Unity Gain, Small Signal 
Full Power Response 
Slew Rate, Unity Gain 

INPUT OFFSET VOLTAGE 
Initial Offset, Rs':;;; 10kU 

vs. Temp, TA = +2S
o

C to TIIJax 
TA = Tmin to +25 C 

vs. Supply 
TA = +2S

o
C to Tmax 

TA = Tmin to +25°C 

INPUT OFFSET CURRENT 
Initial 
TA = +2S

o
C to Tmax 

TA = Tmin to +25°C 

INPUT BIAS CURRENT 
Initial 
TA = +25°C to Tmax 
TA = Tmin to +25°C 

vs. Temp, Tmin to Tmax 

INPUT IMPEDANCE 
Differential 
Common Mode 

INPUT NOISE 
Voltage, O.ll1z to 10Hz 

f = 10Hz 
f" 100Hz 
f = 1kHz 

Current, f = 10Hz 
f = 100Hz 
f = 1kllz 

INPUT VOLTAGE RANGE 
Differential or Common Mode, max safe 
Commun Mode Rejection, VIN = ±lOV 

Common Mode Rejection, TA = +2SoC to Tmax 

POWER SUPPLY 
Rated Performance 
Operating 
Current, Quiescent 

TEMPERATURE RANGE 
Operating 

TA = Tmin to +25°C 

Tested (TA = +25°C to Tmax) 
Guaranteed, Not Tested 

(TA = Tmin to +2S
o
C) 

Storage 

NOTES 

·Specifications same as AD517}. 

AD517J 

106 

500,000 min 
500,000 

±10V min 
1000pF 
lOrnA min 
25mA 

250kHz 
105kHz 
0.10VI/ls 

l50/lV max 
3 .0pV 1° C max 
3.0/lV/oC 
2S/lV/V max 
40/lV/V max 
40/lV/V 

InA max 
1.5nA max 
1.5nA 

5nA max 
SnA max 
SnA 
±20pA/oC 

15Mnll1.5pF 
2.0xlO" n 

2/lV pop 
3 5 n V 1y'ii7. 
25 n V 1y'ii7. 
20nV/y'ii7. 
O.OSpA/..ji"h 
O.03pA/YHz 
O.03pA/YTIZ 

±Vs 
94dB min 

94dB min 

94dB 

±15V 
±(5 to 18}V 
4mA max 

Oto +2So
C 

_65°C to +150oC 

• 'Specifications .arne as AD517K. 
1 Electrical tests are performed at wafer probe, before the wafer is separated into 

individual dice. Maintaining chip performance to specification requires great 
care in handling and assembly. 

Specifications subject to change without notice. 
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AD517K 

.. 

7SpVmax 
1.SpV 1° C max 
l.SpVfC 
10pVIV max 
lSpVIV max 
15/lVIV 

0.75nA max 
1.25nA max 
1.25nA 

2nA max 
3.5nA max 
3.5nA 

±lOpAfc 

20Mnl11.5pF . 

liodB 

100dB min 

100dB 

3mA max 

AD517S. 

250,000 
250,000 

20/lV/V max 
20/lV/V 

2nA max 
2nA 

10nA max 
10nA 

±(Sto22}V 



r.ANALOG 
WDEVICES Low Cost, High Speed, IC Op .Amp 

PRODUCT DESCRIPTION 
The AD518 is a low cost, high speed operational amplifier 
designed as an improved functional replacement for U8-type 
devices. It is internally compensated for unity gain, but has the 
capability of accepting feed-forward compensation for increased 
slew rate and bandwidth. AD518 chips are available in two 
grades specified for operation between 0 and +70

o
C and 

one grade for operation between -55°C and +125°C. 

APPLICATION INFORMATION 
AD518 chips are functionally identical to packaged AD518 
devices. For general application information, see the AD518 
packaged product catalog data sheet. 

AD518 CHIPS I 
The following additional application information applies to 
AD518 chips: 

1. No particular wire-bonding sequence must be followed. 

2. For assembly information, see the Bipolar Integrated Cir
. cuit Chips General Information Section. 

3. For performance to device specifications, the metal sub
strate pad or header beneath the AD518 chip must be 
connected to -Vs, device pad number 4. 

4. Do not connect to any bonding pads or metalization not 
indicated as a functional bonding pad on the metalization 
photograph. 

MET ALIZATION PHOTOGRAPH 
Dimensions shown in inches and (mm). 

0.061 
(1.549 ) 

2 
-INPUT 

3 
+INPUT 

NULL 
5 AND 

COMP 

4 -Vs 

PAD NUMBERS CORRESPOND TO PIN NUMBERS FOR THE TO-99 8 PIN METAL PACKAGE. 
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SPECIFICATIONS 1 (typical @ +250 C and Vs = ±15V dc unless otherwise specified) 
PARAMETER 

OPEN LOOP GAIN 

RL ;;;'2k~, Va = ±10V 
TA = +25 C to Tmax 
TA = Tmin to +25°C 

OUTPUT CHARACTERISTICS 
Voltage @ RL ~ 2kn, T A = min to max 
Current @ Vo = ±10V 
Short Circuit Current 

FREQUENCY RESPONSE 
Unity Gain, Small Signal 
Slew Rate, Unity Gain 
Settling Time to 0.1 % 

(Single Capacitor Compensation) 
Phase Margin, Uncompensated at Unity 

Gain Crossover Frequency 

INPUT OFFSET VOLTAGE 
Initial, RS 0::;; 10kn 
TA = +25°C to Tmax 
TA = Tmin to +25°C ° 
Avg vs. Temp, TA = 25 C to Tmax 

TA = Tmin to +25°C 
Avg vs. Supply, TA = +25°C to lmax 

, TA = Tmin to +25°C 

INPUT BIAS CURRENT 
Initial 
TA = +2S

o
C to Tmax 

TA = Tmin to +2S
o
C 

INPUT OFFSET CURRENT 
Initial 
TA = +2S

o
C to Tmax 

TA = Tmin to +2S
o
C 

INPUT IMPEDANCE 
Differential 

INPUT VOLTAGE RANGEt 
Common Mode, max safe 
Operating, Vs = ±ISV 
Common Mode Rejc:ction Ratio 

POWER SUPPLY 
Rated Performance 
Operating 
Current, Quiescent 

TEMPERATURE RANGE 
Operating 

Tested (TA = +2S
o
C to Tmax) 

Guaranteed, Not Tested 
(TA = Tmin to +2SoC) 

Storage 

NOTES 
tThe inputs are shunted with back·to·back diodes; if the 

differential input may exceed :U volt. a resistor should 
be used to limit the input current to lOrnA. 

·Specifications same as AD518J. 
··Specifications same as AD518K. 
Specifications subject to change without notice. 
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ADs18J 

25,000 min (100,000 typ) 
20,000 min 
20,000 

±12V min (±13V typ) 
±10mA 
25mA 

12Mllz 

50VIIlS 

800ns 

10mV max (4mV typ) 
15mV max 
ISmV 
101lV/oC 
101lV/C 
65dB min (BOdB typ) 
80dB 

SOOnA max (I20nA typ) 
7S0nA max 
7S0nA 

200nA max (30nA typ) 
300nA max 
300nA 

0.5Mn min (3.0Mn typ) 

±VS 
±ll.SV 
70dB min (lOOdB typ) 

±ISV 
±(S to 20)V 
lOrnA max (SmA typ) 

o to +2S
o
C 

-6SoC to +ISOoC 

ADS 18K 

50,000 min (100,000 typ) 
25,000 min 
25,000 

4mV max (2mV typ) 
6mV max 
6mV 
ISIlV/oC max (5I1V/C typ) 
SIlV/oC 
BOdB min (90dB typ) 
90dH 

2S0nA max (I20nA typ) 
400nA max 
400nA 

SOnA max (6nA typ) 
100nA max 
IOOnA 

80dB min (lOOdB typ) 

7mA max (SmA typ) 

I Electrical tests are performed at wafer probe. before the wafer is separated 
into individual dice. Maintaining chip performance to specification requires 
great care in handling and assembly. 

ADS18S 

20I1V/C max (lOIlV/oC typ) . 



~ANALOG 
WDEVICES Precision Instrumentation Amplifier 

PRODUCT DESCRIPTION 
The AD521 is a second generation, low cost monolithic instru
mentation amplifier. As a true lA, it exhibits high input im
pedance, balanced differential inputs, low bias currents and 
high CMR. Gain is programmed for values between 0.1 and 
1000 by two external resistors. The AD521 is internally com
pensated and input and output protected. Two AD521 chip , 
grades are specified for operation between 0 and +70

o
C while 

one grade is specified over the -55°C to +125°C range. 

APPLICATION INFORMATION 
AD521 chips are functionally identical to packaged AD521 
devices. For general application information, see the AD521 
packaged product catalog data sheet. 

AD521 CHIPS I 
The following additional application information applies to 
AD521 chips: 

1. No particular wire-bonding sequence must be followed. 

2. For assembly information, see the Bipolar Integrated Cir
cuit Chips General Information Section. 

3. For performance to device specifications, the metal sub
strate pad or header beneath the AD521 chip must be 
connected to -Vs, device pad number 5. 

4. Do not connect to any bonding pads or metalization 
. not indicated as a functional bonding pad on the 

metalization photograph. 

MET ALIZATION PHOTOGRAPH 
Dimensions shown in inches and (mm). 

COMP 9 
6 NULL 

RS 10 
-VS 

0.110 REF 11 (2.794) 4 NULL 
SENSE 12 

RS 13 

3 -INPUT 

2 RG 

+INPUT 

PAD NUMBERS CORRESPOND TO PIN NUMBERS FOR THE TO-116 14 PIN CERAMIC PACKAGE. 
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••• SPECIFICATIONS (typical @ Vs = ±15V, RL =2kO and TA = 25°C unless otherwise specified) 

MODEL 

GAIN 
Range (For Specified Operation, Note I) 
Equation 
Error from Equation 
Nonlinearity (Note 2) 

1 0;;; GO;;; 1000 
Gain Temporature Codficient 

OUTPUT CHARACTERISTICS 
Rated Ou tpu t 
Output at Maximum Operating Temperature 
Impedanc< 

DYNAMIC RESPONSE 
Small Signal Bandwidth (±ldB) 

G-I 
G-IO 
G- 100 
G - 1000 

Small Signal, ±1.0% Flatness· 
G-I 
G-IO 
G - 100 
G - 1000 

Full Peak Response (N ate 3) 
Slew Rate, lo;;;Go;;; 1000 
Settling Time (any 10V step to within 10mV of Final Value) 

G-l 
G-IO 
G-l00 
G - 1000 

Differential Overload R<covery (±lOV Input to within 
10mV of Final Value) (Note 4) 

G - 1000 
Common Mode Step Recovery (lOV Input to within 
10mV of Final Value) (Note 5) 

G = 1000 

VOLTAGE OFFSET (may be nulled) 
Input Offset Voltage (Vos,) . 

vs. Temperature, TA = +2S·C to T~ ... 
TA = Tmin to +25 C 

vs. Supply 
Output Offset Voltage (Voso) 

vs. Temperature, TA = +2S·C to T~", 
TA = Tmin to +25 C 

vs. Supply (note 6) 

INPUT CURRENTS 
Input Bias Current (either input) 

vs. Temperature, TA = +2S·C to T~", 
TA = Tmin to +25 C 

vs. Supply 
Input Offset Current 

vs. Temperature, TA = +2S·C to T~", 
TA = Tmin to +25 C 

INPUT 
Differential Input Impedance (Note 7) 
Common Mode Input Impedance (Note 8) 
Input Voltage Range for Specified Performance 

(with respect to ground) 
Maximum Voltage without Damage to Unit, Power ON 

"r OFF Differeiuial Mode (Note 9) 
Voltage at either input (Note 9) 

Common Mode Rejection Ratio, DC to 60Hz" ith I kn 
source unbalance 

NOISE 

G=I 
G = 10 
G = 100 
G=1000' 

Voltage RTO (p-p)@O.llIz to IOlIz (Note 10) 
RMS RTO, 10Hz to 10k liz 

Input Current, rms. 10Hz to IOkllz 

REFERENCE TERMINAL 
Bias Current 
Input Resistance 
Voltage Range 
Gain to Output 

POWER SUPPLY 
Operating Voltage Range 
Quiescent Supply Current 

TEMPERATURE RANGE 
Operating 

Tested (TA = +2SoC to Tmax) 
Guaranteed, Not Tested 

(TA = Tmil to +25·C) 
Storage 

NOTES 

AD521J 

I to 1000 
G = RS/RGV/V 
(to.2S-0.004G)% 

O.2 IX,max 
ill ±U.OS(;)ppm/"C 

±IOV, ±IOmA min 
±IOV@SmA min 
o.ln 

>2Mllz 
lOOkllz 
200kHz 
40kHz 

75kHz 
26kHz 
24kHz 
6kHz 
100kHz 
10VIj.ls 

SOj.lS 

10j.ls 

lmV n,:ax (2mV typ~ 
ISj.lVI C max (7jJ.VI C typ) 
7j.lVfC 
ljJ.V/% 
400mV max (200mV ryg) 
400j.lVfCmax(lSOj.lVI Cryp) 
150jJ.V/·C 

0.00 5VoSo/% 

BOnA max 
lnA/oC max 
InAfC 
2%1V 
20nA max 
2S0pA/·C max 
2S0pA/·C 

1 x 109 nil 1.8pF 
6 x 10' onlll.OpF 

±IOV 

lOY 
Vs ±ISV 

70dB min (HdB 'rp) 
9'OdB min (94dB typ) 
100dB min (J04dB t)'p) 
100dB min (I10dB typ) 

J(O.sc;)' + (22S)'j.lV 
",1(1.2(;)'+ (SO)'jJ.V 
ISpA(rms) 

±S to ±IB 
SmA max 

o to +2SoC 
-6S·C to +150oC 

All Numbered Notes Refer to ADS21 Packaged Product Catalog Data,Sheet in Section 5. 
·Specifications same as ADS21J. 

··Specifications same as AD521 K. 
···Electrical tests are performed at wafer probe. before the wafer is separated into 

individual dice. Maintaining chip perfonnance to specification requires.great care 
in handling and assembly. 
Specifications subject to change without notice. 

VOL. I, 17-10 MONOLITHIC CHIPS 

AD521K 

I.Smy max (O.SmV !),p) 
Sj.lVI Cmax(1.Sj.lVI Ctyp) 
I.Sj.lV/·C 

200mV.max (lOmV ty~) 
150jJ.VI C max (50j.lVI C typ) 
SOj.lV/·C 

40nA max 
SOOpA/·C max 
~OOpA/·C 

10nA max 
125pA/·C max 
I 25pA/·C 

HdB min (BOdS trp) 
94dB min (I00dB typ) 
104dB min (114dB typ) 
1l0dB min (I20dB ryp) 

AD521S 

±(JS ±o.4G)ppm'·C 

+2S oC tu +12SoC 
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WDEVICES Precision Instrumentation Amplifier 

PRODUCT DESCRIPTION 
The AD524 is a precision monolithicinstrumentation amplifier 
designed for data acquisition applications requiring high accuracy 
under worst-case operating conditions. An outstanding combina
tion of high linearity, high common mode rejection, low offset 
voltage drift, and low noise makes the AD524 suitable for use in 
many data acquisition systems. 

The AD524 has an output offset voltage drift of less than 25 p, V 1°C, 
input offset voltage drift of less than 0.5p,V;oC, CMR above 
90dB at unity gain (l20dB at G = 1000) and maximum nonlinearity 
ofO.003% at G = 1. In addition to the outstanding dc specifications 
the AD524 also has a 25MHz gain bandwidth product (G = 

100). To make it suitable for high speed data acquisition systems 
the AD524 has an output slew rate of 5V/p,s and settles in 15p,s 
to 0.01% for gains of 1 to 100. 

As a complete amplifier the AD524 does not require any external 
components for fixed gains of 1, 10, 100 and 1,000. For other 
gain settings between 1 and 1000 only a single resistor is required. 
The AD524 input is fully protected for both power on and 
power off fault conditions. 

AD524 CHIPS I 
APPLICATION INFORMATION 
AD524 chips are functionally identical to packaged AD524 
devices. For general application information, see the AD524 
packaged product catalog data sheet. 

The following additional application information applies to 
AD524 chips: 

1. No particular wire-bonding sequence must be followed. 

2. For assembly information, see the Bipolar Integrated Circuit 
Chips General Information Section. . 

3. For performance to device specifications, the metal substrate 
pad or header beneath the AD524 chip must be connected to 
- V s, device pad number 7. 

4. Do not connect any bonding pads or metalization not indicated 
as a functional bonding pad on the metalization photograph. 

MET ALIZATION PHOTOGRAPH 
Dimensions shown in inches and (mm). 

0.103 
(2.62) 

OUTPUT 15 
NULL 

RG, 16 

-INPUT 1 

+INPUT 2 

...... 1------------- 0.171 (4.34) -------------l .. ~1 
OUTPUT G=100 

G=10 12 G=1000 SENSE 
13 11 10 

345 
RG INPUT INPUT 

NULL NULL 

6 
REFERENCE 

9 VOUT 

8 +Vs 

PAD NUMBERS CORRESPOND TO PIN NUMBERS FOR THE D16A 16-PIN CERAMIC PACKAGE. 
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SPECIFICATIONS (@ Vs = ±15V, At. = 2kn and TA = +25OC unless otherwise specified) 

Model AD524A Units Model AD524A 
Min Typ Mas Min Typ 

GAIN OUTPUT RATING 
Gain Equation VOUT,RL = 2kn :!:IO 

(Enernal Resistor Gain 

[~+1]:!:20% Programming) 
DYNAMIC RESPONSE 

Small Signal - 3dB 

Gain Range (Pin Programmable) ItolOOO 
Gain Error 

G=I :!:0.05 ~{. 

G= 10 :!:0.25 % 
G= 100 :!:0.5 % 
G= 1000 :!:2.0 % 

Nonlinearity 
G=I :!:0.01 % 

G=I I 
G= 10 400 
G = 100 ISO 
G= 1000 25 

Slew Rate 5.0 
Settling Time toO.OI%, 20V Step 

G = !to 100 15 
G= 1000 75 

G = 10,100 :!:0.01 % NOISE 

G=IOOO :!:0.01 % Voltage Noise, 1kHz 

Gain VI. Tempenture R.T.I. 7 

G=I 5 ppm/"C R.T.O. 90 

G= 10 15 ppmrc R.T.I.,O.I to 10Hz 

G= 100 35 ppm/"C G=I 15 
G=IOOO 100 ppmrc G=IO 2 

VOLTAGE OFFSET (May be Nulled) 
Input Offset Voltage 250 ".V 

VI. Tempenture 2 ".vrc 

G= 100, 1000 0.3 
Current Noise 

O.IHztolOHz 60 

Output Offset VolUge 5 mV SENSE INPUT 

VI. Temperature 100 ".vrc RIN 20 
Offset Referred to the lIN IS 

Input VI. Supply Voltage Range ±IO 

G=I 70 dB Gain to Output I 
G= 10 85 dB REFERENCE INPUT 
G= 100 95 dB RIN 40 
G= 1000 100 dB lIN 15 

INPtTfCURRENT Voltage Range ±IO 

Input Bias Current ±150 nA Gain to Output I 
VI. Temperature :!:IOO pAf'C TEMPERATURE RANGE 

Input Offset Current ±35 nA Specified Performance -25 
VI. Temperature :!:IOO pAf'C Storage -65 

INPUT POWER SUPPLY 
Input Impedance 

Differential Resistance 109 n 
Power Supply Range ±6 :!: 15 
Quiescent Current 3.5 

Differential Capacitance 10 pF 
Common Mode Resistance 109 n NOTE 

Common Mode Capacitance 10 pF Specifications subject to change without notice. 

Input VolUge Range 
Max Differ • Input Linear (VD) ±IO V 

Max Common Mode Linear (V CM) 12V-(¥XVn) V 
Common Mode Rejection de 
to 60Hz with Ikfl Source Imbalance 

G=I 70 dB ABSOLUTE MAXIMUM RATINGS 
G= 10 90 dB 
G= 100 100 dB 
G= 1000 110 dB 

Supply Voltage ....... . 
Output Short Circuit Duration . . . . 

VOL. /, 17-12 MONOLITHIC CHIPS 

Mas 

+85 
+150 

±18 
5.0 

Units 

V 

MHz 
kHz 
kHz 
kHz 
VI".! 

".S 

".s 

nV/YHz 
nVlViii 

".Vp-p 
".Vp-p 
".Vp-p 

pAp-p 

kn:!:20% 
".A 
V 

kn±20% 

".A 
V 

"C 
DC 

V 
mA 

.. ±18V 
IndefInite 
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PRODUCT DESCRIPTION 
The AD532 is a complete laser-trimmed analog multiplierl 
divider that performs to specification without any external 
trims or additional components. In hybrid applications. 
AD532 chips can eliminate the need to design and operate 
complicated trim and test equipment while conserving 
valuable substrate area. As a multiplier. the ADS 32 op
erates as a full four-quadrant device; division is performed 
in two quadrants. AD532 chips are available in two grades 
specified for 0 to +70°C operation and one grade for _SSoC 
to +125°C. 

APPLICATION INFORMATION 
AD532 chips are functionally identical to packaged AD532 
devices. For general application information. see the AD532 

Trimmed Ie Multiplier 
AD532 CHIPS I 

packaged product catalog data sheet and the Analog Devices 
"Multiplier Application Guide". 

The following additional application information applies to 
AD532 chips: 

1. No particular wire-bonding sequence must be followed. 

2. For assembly information. see the Bipolar Integrated 
Circuit Chips General Information Section. 

3. For performance to device specifications. the metal sub
strate pad or header beneath the AD532 chip must be 
connected to -Vs. device pad number 5. 

4. Do not connect to any bonding pads or metalization not 
indicated as a functional bonding pad on the metalization 
photograph. 

MET ALIZATION PHOTOGRAPH 
Dimensions shown in inches and (mm). 

0.062 
(1.575) 

X1 

_L 

0.107 
(2.718) 

• 

GND 

-Vs 
5 

Vos 

z 

2 +VS 

Y1 

PAD NUMBERS CORRESPOND TO PIN NUMBERS FOR THE TO-100 10 PIN METAL PACKAGE. 
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SPECIFICATIONS 1 (typical @+25°Cwith Vs = ±15V dc, Vas grounded, unless otherwise specified) 

PARAMETER 

ABSOLUTE MAX RATINGS 
Supply Voltage 
Internal Power Dissipation 
Input Voltage' 

X. Y. Vos. Z 
Output Short Circuit 

MULTIPLIER SPECIFICATIONS 
Transfer Function 
Total Error (% F.S.) 

vs. Temperature 

Nonlinearity 
X Input 
Y Input 

Feedthrough 
X Input 

Y Input 

vs. Temperature 

DIVIDER SPECIFICATIONS 
Transfer Function 
Total Error3 

SQUARER SPECIFICATIONS 
Transfer Function 
Total Error 

SQUARE ROOTER SPECIFICATIONS 
Transfer Function 
Total Error3 

INPUT SPECIFICATIONS 
Input Resistance 

X. Y Inputs 
Z Input 

Input Bias Current 
X. Y Inputs 
Z Input 
X. Y Inputs 
Z Input 

Input Offset Curtent 
X. Y Inputs 

Input Voltage Diff/CM 
X. Y. Z Inputs 

CMRR (X or Y Inputs) 

DYNAMIC SPECIFICATIONS 
Small Signal. Unity Gain 
Full Power Bandwidth 
Slew Rate 
Small Signal Amplitude Error 
Small Signal 1% Vector Error 
Settling Time 
Overload Recovery 

OUTPUT AMPLIFIER SPECIFICATIONS 
Output Impedance 
Output Voltage Swing 

Output Noise 

Output Offset Voltage 
Initial Offset 
vs. Temperature 

POWER SUPPLY SPECIFICATIONS 
Supply Voltage 

Supply Current 
Power Supply Variation 

Multiplier Accuracy 
Output Offset 
Scale Factor 
Feedthrough 

TEMPERATURE 
Operating, 

Storage 

NOTES 

CONDITIONS 

To Ground 

AD532J 

il8V 
SOOmW 

±VS 
Indefinite 

~X2 .'o-:,.Xm, )a(xYl;,Y .. s'.~./t'yOpJ Vx = O/±IOV. Vy = O/±IOV _" -" 
TA = +2S·C to Tmax ±2.S% 
TA = Tmin to +2S

o
C ±2.S% 

TA = +2S·C to Tmax ±0.04%t"C 

Vx ~ 20V(p-p), Vy = ±IOV 
Vy = 20V(p-p). Vx = ±IOV 

Vx = 20V(p·p), Vy = 0, 
f = 50Hz 

Vy = 20V(p·p). Vx = o. 
f= 50Hz 

TA = min to max 

Vx = -IOV, Vz = ±IOV 
Vx = -IV, Vz = ±IOV 

Vz = O/+IOV 

TA = min to max 
T A = min to max 

TA = min to max 
For Rated Accuracy 
XorY=±IOV 

0.5° phase shift 
±IOV step 

Closed Loop 
TA = min to max 
RL;;' 2Hl, CL';;; 1000pF 
f = 5Hz to 10kHz 
f = 5Hz to SMHz 

Trimmahle To Zero 

TA = +2S
o
C to Tmax 

TA = Tmin to +2S
o
C 

Rated Performance 
Operating 
Quiescent 

±0.04%t"C 

±0.8% 
±O.3% 

200mV(p-p) max 
[SOmV(p-p) typ[ 
ISOmV(p-p) max 
[30mV(p-p) typJ 
2.0mV(p-p)t"C 

IOZI(X, - X
2

) 

±20/0 
±4% 

(X,-X
2

)2/10 

±O.S% 

-ViOz 
±1.5'10 

10Mrl 
36krl 

3pA 
±IOpA 
lOp A 
±30pA 

±0.3pA 

!IOV 
40dB min 

1.0Mllz 
7S0kllz 
4SV/ps to 2% 
1% at 7Skllz 
Skllz 
Ipsto 2% 
2psto 2% 

±IOV min [±13V typJ 
0.6mV(rms) 
3.0mV(rms) 

HOmV 
0.7mV/C 
0.7mV/oC 

±ISV 
±IOV to ±18V 
±6mA max [±4mA typJ 

±o.OS%/% 
±2.SmV/% 
-0.03%/% 

±o.25mV/% 

tested (TA = +2S
o

C to Tmaxl +2S
o
C to +70

0
C 

guaranteed. not tested 
(TA ~ Tmin to +2S

o
C) 0 to +2S

o
C 

_65°C to +ISO°C 

I Electrical tests are performed at wafer probe, before the wafer is separated into 
lndividual dice. Maintaining chip performance to specification requires great 
care in handling and assembly. 
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ADS32K 

±1.0% max [±0.7% typJ 
±I.S% 
±1.5% 
±0.03%/oC 

±O.S% 
±0.2% 

100mV(p·p) max 
[30mV(p-p) typJ 
80mV(p·p) max 
[2SmV(p-p) typJ 
1.0mV(p·p)t"C 

±1% 
±3% 

±0.4% 

±1.0% 

4pA max [l.SpA typJ 
±ISpA max [fSpA typJ 
SpA 
±2SpA 

±O.IJ.lA 

SOdB min 

±30mV max 

ADS32S 

i22V 

±I.O% max [iO.S% typJ 
±4.0% max 
±4.0% 
±0.04%/oC max 

[±O.OI%/oC typJ 
±O.OI%/oC 

2.0mVt"C max 

flOV to ±22V 

2 Max input voltage is zero when supplies are turned off. 
'With recommended external trim (see packaged ADS32 data sheet). 
• Specifications same as ADS32J. 
··Specifications same as ADS32K. 
Specifications subject to change without notice. 
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ADS3S NOTE: 
The ADS34 is a functional equivalent to the ADS3S divider. Since 
the ADS 35 is not available in chip form, ADS 34 chips are recom
mended for divider as well as multiplier applications; see the ADS 35 
packaged product data sheet for application recommendations. 

PRODUCT DESCRIPTION 
The ADS 34 is a precision laser-trimmed four-quadrant multi
plierltwo-quadrant divider that requires no external compo
nents to achieve accuracies usually found in expensive as
semblies. As a hybrid building-block, ADS 34 chips can 
guarantee errors as small as ±O.SO%. Differential inputs, 
internal calibrated reference, output amplifier and a versa
tile configuration are all features of the ADS34. ADS34 
chips are available in two grades specified for operation 
between 0 and +70°C and one grade specified for -55°C 
to +12S o C. . 

AD534 CHIPS I 
APPLICATION INFORMATION 
ADS 34 chips are functionally identical to packaged ADS 34 
and ADS3S devices. For general application information, 
see the ADS34 and ADS3S packaged product catalog data 
sheets and the Analog Devices "Multiplier Application 
Guide." 

The following additional application information applies to 
ADS34 chips: 

1. No particular wire-bonding sequence must be followed. 

2. For assembly information, see the Bipolar Integrated Cir
cuit Chips General Information Section. 

3. For performance to device specifications, the metal sub
strate pad or header beneath the ADS 34 chip must be 
connected to -Vs, device pad number 5. 

4. Do not connect to any bonding pads or metalization not 
indicated as a functional bonding pad on the metaliza
tion photograph. 

MET ALIZA nON PHOTOGRAPH 
Dimensions shown in inches and (mm). 

0.076 
(1.930) 

SF 2--+-1 .... -

Y, 3 

+Vs 
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5 
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2, 
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SPECIFICATIONS 1 (typical at +25°C, with ±VS = 15V, RL ~ 2k, unless otherwise stated) 

PARAMETER 

MULTIPLIER PERFORMANCE 
Transf~r Function 

Total Error' 

vs. Temperature 

Scale Factor Error 
Temperature-Coefficient of 

Scaling·Voltage 
Supply Related Error 
Nonlinearity, X 

Nonlinearity. Y 

Feedthrough4 , X 

Feedthrough4, Y 

Output Offset 
Voltage Drift 

DYNAMICS 
Small·Signal BW 
1% Amplitude Error 
S1cwRate 
Settling Time to i I % 

NOISE 
Noise Spectral-Density 

Wide band Noise 

OUTPUT 
Output Voltage Swing 
Output Impedance 
Amplifier Open· Loop Gain 
Maximum Output Current 

INPUT AMPLIFIERS (X. Y and Z)' 
Signal Voltage Range 

Offset Voltage. X, Y 
Drift 

Offset Voltage. Z 
Drift 

CMRR (X. V. Z) 

Bias Current 
Offs<tCurrent 
Differential Resistance 

DIVIDER PERFORMANCE 

Transfer Function 

Total Error' 

SQUARER PERFORMANCE 
Transfer Function 

Total Error' 

SQUARE·ROOTER PERFORMANCE 
Transfer Function 
Total Error l 

POWER SUPPLY SPECIFICATIONS 
Supply Voltage 

Supply Current 
TEMPERATURE 

Operating, tested 
guaranteed, not tested 

Storage 

ABSOLUTE MAXIMUM RATINGS 
Internal Power Dissipation 
Supply Voltage 
Output Short..circuit to Ground 
InputVoitages,X 1 ,X 2 , Y I. Y2, ZI, Zl 

NOTES 

CONDITIOSS 

-IOV<X, Y <+IOV 
Vs ~ fl4V to fl6V 
TA = +Z5·C to Tmox 
Vs = ±l4V to fl~V 
TA = Tmin to +Z5 C 
TA = +lS·C to T!1!ox 
TA = Tmin to +15 C 
SF = 10.00 nominal' 

TA = min [0 max 
±Vs =(lSV)1IV 
X = lOV pk·pk 
Y = ilOV 
Y = lOV pk·pk 
X = ilOV 
Y nulled 
X = 10V pk·pk SOliz 
X nulled 
Y = ZOV ~k.pk SOliz 
TA=+ZSCtoTmin 

VOUT = O.IV rms 
CI.OAD = 1000pF 
VOUT 20V pk·pk 
LlVOUT = 20V 

SF = 10 
SF = 3 (Note 5) 
f= 10Hz to 5MHz 
f = 10Hz to 10kHz 
f = 10Hz to 10kHz. 
SF = 1 (Not' 5l 

TA = min to max 
Unity·Cain. f < I kHz 
f = 50Hz 
RL=O. TA = min lOmax 

Rated Accuracy 
(Diff. or CMR) 
Operatin2 (Diff.) 

TA = +ZS·C to Tmax 

TA = Tmin to +ZS·C 

SOHl. 20V pk·pk 
Diff. Input = 0 
Diff. Input = 0 

XI >X2 

X = IOV 
-IOV';;Z';;+IOV 

X= IV 
-IV o:;;z 0:;; +IV 

0.1 V 0:;; X 0:;; IOV 
-\{lV';;Z';;+IOV 

-IOVO:;;X';;+IOV 

Rated Performance 
Operating 
Quiescent 

(TA = +2S·C to T"Jax) 
(TA = Tmin to +25 C) 

AD534J AD534K AD5J4S 

(XI-X~~YI-VZ)+ZZ • 

f1.0% max 

11.5% 

iO.022%/·C 
10.022%/·C 
.!0.Z5% 

10.02%/·C 
iO.OI% 

iO.4% 

iO.UI% 

iO.3% 

iO.UI% 
iSmV (HOmV max) 
100jlVfC 
i5mV 
200jlV/·C 

IMltl 
SOklll 
10V/jls 
1jls 

0.8jlV'~ 
0.4jlV'v'!h 
ImVrms 
90jlVrms 

6QuV tml 

±11V min 
o.ln 
70dB 
30mA 

ilOV 
!12V 
iSmV (HOrnV max) 
lOOjlVfC 
iSmV (HOmV max) 
200jlV'·C 
iSmV 
100jlVfC 
80dB (60dB min) 
0.8jlA (2jlA max) 
U.ljlA 
10Mn 

±U.7S% 

i2.U% 

±2.S% 

(XI ;uXz )' + Zz 

iO.6% 

v'IO(ZZ - ZI) + Xz 
i1.0% 

±lSV 
i8V to il8V 
4mA (6mA max) 

+2S·C to +70·C 
o to +2S·C 
-6S·C to +ISO·C 

SOOmW 
flSV 
Indefinite 
±VS 

fO.S% 

±l.0% 

f1.0% 

fO.015%'·C 
fO.OIS%/·C 
fO.I% 

1O.uI%fc 

10.1% (0.3% max) 

fZ.O% max 

±Z.O% 

fO.oZ%fC max 
iO.oZ%fC 

iU.OI%(1O.I% max) • 

iU.I 5% (0.3% max) 

fO.OI % (iU.I % max) • 
fZmV (±ISmV max) • 
lOOjlVfC SOOjlVfC max 
fZmV 
\()OjlV/·C SOOjlV/·C 

iZmV (±lOmV max) • 
SOjlV/·C 
±lmV (ilSmV max) • 
lOOjlV/·C SOOjlV/·C max 
iZmV 
lOOjlV/·C SOOjlV/·C 
90dB (70dB min) 

iO.35% 

i1.0% 

i1.0% 

iU.3% 

iO.S% 

i8V to i22V 

+2S·C to +12S·C 
_55°C to +2S·C 

i22V 

·Same asADS34J specs. 
I Electrical tests arc pcrfonncd at wafer probe, before the 
wafer is separated into individual dice. Maintaining chip 
pcrfonnancc to specification requires great care in handlina 
andu5C'mbly. 

-Irreducible component duc to nonlinearity: 
excludes effect of offsets. 

'Figures Jivcn arc percent of full-scale, :tIOV (i.e., 0.01%· ImV). 
I May be reduced to 3V using external resistor between -VS 

and SF. 
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S Using external resistor .adjusttd to Jive SF· 3. 
• Sec Functional Block Di.,..am. Fi .... rc 1 of plCki,ed 
AD~ 34 data Iheet for definition of Kcrionl. 

'With external Z-offsct adjusancnt. Z ... iX. 

Specifications subject to ch.~ without nOli«. 
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PRODUCT DESCRIPTION 
The ADS 36A is a complete true rms-to-dc converter. As a 
single-chip IC, it is ideally suited to hybrid circuits as it re
quires only one external capacitor for operation. Features 
include factory calibration by laser trimming, dB output 
with 60dB range, low power (lmA) single or dual supply 
operation, wide bandwidth and 1% errors at crest factors 
of 7. One grade of ~he AD536A chip is sgecified forooperation 
between 0 and +70 C, one grade for -55 C to +125 C. 

APPLICATION INFORMATION 
The AD536A chips are functionally identical to packaged 
ADS 36A devices. For general application information, see 
the AD536A packaged product catalog data sheet. 

IC True rms-to-dc Converter 
AD536A CHIPS I 

The following additional application information applies 
to AD536A chips: 

1. No particular wire-bonding sequence must be followed. 

2. For assembly information, see the Bipolar Integrated Cir
cuit Chips General Information Section. 

3. For performance to device specifications, the metal sub
strate pad or header beneath the AD536A chip must be 
connected to -Vs, device pad number 3. 

4. Pads 1A and IB must both be connected to VIN. 

5. Do not connect to any bonding pads or metalization not 
indicated as a functional bonding pad on the metalization 
photograph. 

MET ALIZATION PHOTOGRAPH 
Dimensions shown in inches and (mm). 

0.080 
(2.~32) 

0.131 I ~-----------(3.327) ----C-O-M----R9-L--·~ 

NOTE: THERE ARE NO PAD 
NUMBERS 11, 12, 13. ~ I 

VIN 1A*--+-IH __ 

VIN 1B*-~ __ 

~~~~~~~~~ 

3 
-VS 

4 5 
CAV dB 

6 
BUF OUT 

8 lOUT 

7 BUF IN 

PAD NUMBERS CORRESPOND TO PIN NUMBERS FOR THE TO-116 14 PIN CERAMIC DIP PACKAGE. 

NOTE: 
*BOTH PADS SHOWN MUST BE CONNECTED TO VIN. 
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SPECIFICATIONS 1 (typical @ +250 C and ± 15V dc unless otherwise noted) 
MODEL 

TRANSFER EQUATION 

CONVERSION ACCURACY 
Total Error, Internal Trim' (F~g. I)t ° 

vs. Temperature, TA = +2S oCto +70 ~ 
TA = +70 C to +12S C 
TA = Tm .. to +25°C 

vs. Supply Voltage 
dc Reversal Error 

Total Error, External Trim' (Fig.2)t 

ERROR vs CREST FACTOR3 

Crest Factor I to 2 
Crest Factor = 3 
Crest Factor = 7 

FREQUENCY 'RESPONSE" 
Bandwidth for 1% additional error (O.ldB) 

10mV<VIN<;100mV 
JOOmV<VIN "I V 
IV<VIN,,7V 

±3dB Bandwidth 
10mV<VIN<;100mV 
JOOmV<VIN<;IV 
IV<VIN<;7V 

AVERAGING TIME CONSTANT (Fig. S)t 

INPUT CHARACTERISTICS 
Signal Range, ilSV Supply 
Signal Range, +SV Supply (Fig. 17)t 
Safe Input, All Supply Voltages 
Input Resistance 
Input Offset Voltage 

OUTPUT CHARACTERISTICS 
Offset Voltage 

vs. Temperature, TA = +2SoC to T~IX 
TA = Tmin to +25 C 

vs. Supply Voltage 
Voltage Swing, ± ISV Supplies 

±SV Suppl)' 
Output Current 
Short Circuit Current 
Resistance 

dB OUTPUT (Fig. 13)t 

ADSJ6AJ 

VOUT = v' avg. (VIN )3 

iSmV iO.S% of Reading, max 
i(O.lmV iO.Ol% Reading)/oC, max 

i(O.lmV iO.Ol% Reading)/oC, 
±(O.lmV ±0.01% Reading)/V 
±0.05% of Reading 
±3mV ±o.3% of Reading 

Spe(ified Accuracy 
-0.1% of Reading 
-1% of Rcading 

6kllz 
40kllz 
100kllz 

50kllz 
300kHz 
2Mllz 

±20V Peak 
±5V Peak 
±2SV max 
16.7Hl ±25% 
±2mV max 

±2mV max 
±O.lmV/oC 
:!:O.lmV/oC 
:!:O.lmVIV 
o to +IOV min 
o to +2V min 
(+S~A, -\3 Oil A) min 
+20mA 
O.sn max 

Error, VIS 7mV 10 7V rms. OdB = I V rms ±0.5dB 
Scale Factor -3mV IdB 
Scale Factor TC (Uncompensated, see Fig. 13t -0.3% Reading/OC (-0.03dB/00 

for Temperature Compensation) 
IREF for OdB = IV rms 20llA (51lA min, BOllA max) 
IREF Range lilA to IOOIlA 

loUT TERMINAL 
loUT Scale ractor 
loUT Scale Factor Tolerance 
Output Resistance 
Voltage Compliance 

BUFFER AMPLIFIER 
Input and Output Voltage Range 
Input Offset Voltage, Rs ~ 25 k 
Input Current 
Input Resistance 
Output Current 
Short Circuit Current 
Small Signal Bandwidth 
Slew RateS 

POWER SUPPLY 
Voltage, Rated Performance 

Dual Supply 
Single Supply 

Quiescent Current 
Total VS, SV to 36V, Tmin to Tmax 

TEMPERATURE RANGE 
Operating 

Tested (TA = +2SoC to Tmaxl 
Guaranteed, Not Tested 

(TA = Tmin to +2SoC) 
Storage 

NOTES 

40llAIVolt rms 
±25% 
lo"n 
-Vs to (+Vs -2.SV) 

-Vs to (+Vs -2.5V)min 
±4mV max 
100nA typ; 300nA max 
lO"n 
(SmA, -I 3 Oil A) min 
+20mA 
IMI/!' 
SVI/ls 

±3.0V to :!:IBV 
+SV to +36V 

2mA max (ImA typ) 

o to +2SoC 
-SSoC to +ISOoC 

ADSJ6AS 

i(O.lmV iO.OOS% Reading)fC, max 
±(0.3mV iO.OOS% Reading)fC, max 
±(O.lmV ±O.OOS% Readir,g)fC 

±0.2mV/C, max 
:!:0.2mV/oC 

±0.2mV/V max 

J Electrical tests are perfonned at wafer probe. before the wafer is separated into 
individual dice. Mainuining chip performance to specification requires great 
care in handling and assembly. 

41nput voltages arc expressed in volts rms. 
s With 2 K external plilldown resistor. 

2 Accuracy is specified for 0 to 7V rms, de or 1 kHz sincwavc input with the 
ADS36A connected as in Figure 1. 

'Error vs. crest factor is specified for tV rms rectangular pulse input, pulse 
width - 2001'" 
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tFigure references refer to figures on ADS36A packaged product catalog 
data sheet in Section 6. I 

·Specifications same as ADS 36AJ. 

Specifications subject to change without notice. 
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PRODUCT DESCRIPTION 
The ADS 37 is a V to.F converter consisting of an input ampli
fier, precision oscillator, accurate voltage reference and a high 
current output stage. Only a single external RC network is 
required to set up any full scale frequency up to 100kHz and 
any full scale input voltage up to ±30V. ADS 3 7 chips feature 
a precision reference output, low quiescent current (1.2mA), 
high linearity and excellent stability. The device operates from 
single or dual supplies from 4.5 to 36 volts. The ADS37 chip is 
specified for 0 to +70

o
C operation. 

APPLICATION INFORMATION 
ADS37 chips are functionally identical to dual-in-line packaged 
ADS37 devices. For general application information, see the 
ADS37 packaged product catalog data sheet. 

Low Cost 
IC V-to-F Converter 

AD537 CHIPS I 
The following additional application information applies to 
ADS37 chips: 

1. No particular wire-bonding sequence must be followed. 

2. For assembly information, see the Bipolar Integrated Cir
cuit Chips General Information Section. 

3. For performance to device specifications, the metal sub
strate pad or header beneath the ADS 3 7 chip must be 
connected to -Vs, device pad number 8. 

4. Do not connect to any bonding pads or metalization not 
indicated as a functional bonding pad on the metalization 
photograph. 

MET ALIZATION PHOTOGRAPH 
Dimensions shown in inches and (mm). 

VTEMP 
6 

1.00V 7 -.-H. 

0.074 
(1.880) 

REF 

- Vs 8 - __ '-;:::;;J 

9 10 11 12 
~ "----' 
NULL CAP 

13 
+Vs 

-1---1 LOGIC 
GND 

~1---14 OUTPUT 

PAD NUMBERS CORRESPOND TO PIN NUMBERS FOR THE 14 PIN CERAMIC PACKAGE. 
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SPECIFICATIONS 1 (typical @ +25°C with Vs (total) = 5 to 36V, unless otherwise noted) 

MODEL 

ANALOG INPUT AMPLIFIER 
(Voltage-to-Current Converter) 
Voltage Input Range 

Single Supply 
Dual Supply 

Input Bias Current 
(Either Input) 

Input Resistance (Non-Inverting) 
Input Offset Voltage 

(Trimmable to Zero) 
vs. Supply 
vs. Temp, TA = Tm¥, to Tmax 
Safe Input Voltage 

CURRENT-TO-FREQUENCY CONVERTER 
Frequency Range 
Nonlinearity3 

fmax = 10kHz 
fmax = 100kHz 

Full Scale Calibration Error 
C = O.OI00J.lF, lIN = 1.000mA 
vs. Supply, (fmax < 100kHz) 
vs. Temp, TA = Tmin to Tmax 

REFERENCE OUTPUTS 
Voltage Reference 

Absolute Value 
vs. Temp, TA = Tmin to Tmax 
vs. Supply 
Output Resistance4 

Absolute Temperature Reference 
Nominal Output Level 
Initial Calibration @ +2SoC 
Slope Error from 1.00mV/oK 
Slope Nonlinearity 
Output Resistance4 

OUTPUT INTERFACE (Open Collector Output) 
(Symmetrical Square Wave) 

Output Sink Current in Logic "0" 
(VOUT = 0.4V max, Tmin to Tmax) 

Output Leakage Current in Logic "1" 
(Tmin to Tmax) 

Logic Common Level Range 
Rise/Fall Times (CT = O.OIJ.1F) 

lIN = ImA 
lIN = IJ.1A 

POWER SUPPLY 
Voltage, Rated Performance 

Single Supply 
Dual Supply 

Quiescent Current 

TEMPERATURE RANGE 
Operating 

Tested (TA = +25°C to Tmax) 
Guaranteed, Not Tested 

(TA = Tmin to +2S
o

C) 
Storage 

NOTES 

ADS37J 

o to (+Vs - 4) Volts (min) 
-Vs to (+VS - 4) Volts (min) 

lOOnA 
2S0Mn 

SmV max 
lO0J.lV/v max 
SJ.lV/oC 

±Vs 

o to 150kHz 

0.1% 
0.15% 

±7% max 
±0.1%/v max (0.01% typ) 
SOppm typ 

1.00 Volt ±5% max 
SOppm/C 
±0.03%N max 
380n 

1.00mV/K 
298mV ±5mV typ 
±0.02mV/oK 
±O.loK 
900n 

20mA min 

200nA max 
-Vs to (+Vs - 4) Volts 

0.2J.1s 
IJ.1s 

4.S to 36V 
±Sto±18V 
1.2mA 

o to'+2SoC 
-6S'C to +150°C 

I Electrical tests are performed at wafer probe, before the wafer is separated into 
individual dice. Maintaining chip performance to specification requires great 
care in handling and assembly. 

2 Maximum voltage input level is equal to the supply on either input terminal. 
However, large negative voltage levels can be sensed at the negative terminal 
if the input is scaled to a nominal 1mA full scale through an appropriate 
value resistor, 

'Nonlinearity is specified for a current input level (lIN) to the converter from 
0.1 to 1000"A. Converter has 100% overrange capability up to liN = 2000"A 
with slightly reduced linearity. Nonlinearity is defined as deviation from a 
straight line from zero to full scale, expressed as a percentage of full scale . 

• Loading the 1.0 volt or 1mVl'K outputs can cause a significant change in 
overall circuit performance, as indicated in the applications section of the 
packaged AD 537 catalog data sheet. To maintain normal operation, 
these outputs should be operated into the internal buffer or an 
external amplifier. 

Specifications subject to change without notice. 
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High Accuracy 
Low Cost FET -Input Op Amp 

PRODUCT DESCRIPTION 
The AD540 is a low cost, high accuracy FET input operational 
amplifier. The low maximum bias current of 25pA (K-grade) 
is specified warmed up. The device is latch-up proof and short 
circuit protected. It is internally compensated for gains of one 
or greater. Two grades of AD540 chips are specified for opera
tion over the 0 to +70o C temperature range and one grad'e is 
specified for operation between -55°C and +125°C. 

APPLICATION INFORMATION 
AD540 chips are functionally identical to packaged AD540 
devices. For general application information, see the AD540 
packaged product catalog data sheet. 

AD540 CHIPS I 
The following additional application information applies to 
AD540 chips: 

1. No particular wire-bo~ding sequence must be followed. 

2. For assembly information, see the Bipolar Integrated Cir
cuit Chips General Information Section. 

3. For performance to device specifications, the metal sub
strate pad or header beneath the AD540 chip must be 
connected to -Vs, device pad number 4. 

4. Do not connect to any bonding pads or metalization not 
indicated as a functional bonding pad on the metalization 
photograph. 

MET ALIZATION PHOTOGRAPH 
Dimensions shown in inches and (mm). 

0.060 
(1.524) 

3 
+ INPUT 

0.088 
(2.235 ) 

NOTE: THERE IS NO PAD NO.8. 

4 
-Vs 

5 
BAL 

7 +VS 

I-N--- 6 OUTPUT 

PAD NUMBERS CORRESPOND TO PIN NUMBERS FOR THE TO-99 8 PIN METAL PACKAGE. 
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SPECIFICATIONS 1 (typical @ +250 C and Vs = ± 15V dc unless otherwise specified) 

MODEL 

OPEN LOOP GAIN2 

VOUT = ±10V, RL ~2kn 
TA = +2S

o
C to Tmax 

Tmin to +2S
o

C 

OUTPUT CHARACTERISTICS 
Voltage @ RL = 2kn, T A = min to max 
Voltage @ RL = 10kn, T A = min to max 
Short Circuit Current 

FREQUENCY RESPONSE 
Unity Gain, Small Signal 
Full Power Response 
Slew Rate, Unity Gain 

INPUT OFFSET VOL TAGE3 

vs. Temp, TA = +2S
o

C to Tmax 
TA = Tmin to +2S

o
C 

vs. Supply, TA = +2S
o

C to Tmax 
TA = T min to +2S

o
C 

INPUT BIAS CURRENT 
Either Input4 

INPUT IMPEDANCE 
Differential 
Common Mode 

INPUT VOLTAGE RANGE 
Differen tia1 5 

Common Mode 
Common Mode Rejection, Yin = ±IOV 

POWER SUPPLY 
Rated Performance 
Operating 
Quiescent Current 

TEMPERATURE RANGE 
Operating 

Tested (TA = +2SoC to Tmax) 
Guaranteed, Not Tested 

(TA = Tmin to +2SoC) 
Storage 

NOTES 

ADS40J 

20,000 min 
15,000 min 
15,000 

±10V min (±13V typ) 
±12V min (±14V typ) 
2SmA 

1.0MHz 
100kHz 
6.0V//ls 

SOmV max 
7S/lV/oC max 
7S/lV/oC 
400/lV IV max 
400/lVIV 

SOpA max 

to 1 °nll2pF 
10 1 I nll2pF 

±20V 
±IOV min (±12V typ) 
70dB min 

±lSV 
±(S to 18)V 
7mA max (3mA typ) 

o to +2SoC 
-6SoC to +lS0°C 

ADS40K 

50,000 
25,000 min 
25,000 

20mV max 
2S/lV/oC max 
2S/lV/C 
300/lVIV max 
300/lVIV 

2SpA max 

ADS40S 

.. .. 

.. 
SO/lV/oC max 
SO/lV/oC 

.. 

1 Electrical tests are performed at wafer probe, before the wafer is 
separated into individual dice. Maintaining chip performance to 
specification requires great care in handling and assembly. 

5 Defined as voltage between inputs, such that neither exceeds ± 10V 

20pen Loop Gain is specified with VOS both nulled and unnulled. 
31nput Offset Voltage specifications are guaranteed after 5 minutes 

of operation at TA = +2SoC. 
4 Bias Current specifications are guaranteed after 5 minutes of opera

tion at T ~ = +2SoC. For higher temperarures, the current doubles 
every 10 C. 
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from ground. ' 
• Specifications same as ADS40J 

··Specifications same as ADS40K. 
Specifications subject to change without notice. 



r.ANALOG 
WDEVICES 

PRODUCT DESCRIPTION 
The ADS42 is a precision FET-input operational amplifier fab
ricated with the most advanced BIFET and laser-trimming 
technologies. Bias currents as low as 2SpA max, warmed-up, 
and offset voltages as low as 1.0mV max and offset voltage 
drifts as low as lOJ..LV/C max make the ADS42 ideal for 
precision instrumentation applications. This precision is 
gained without sacrificing the low cost, high-speed features 
of other BIFET amplifiers. Two grades of ADS42 chips are 
specified for operation between 0 and +70

o
C and one grade 

is specified for the -55°C to +12S
o
C temperature range. 

APPLICATION INFORMATION 
ADS42 chips are functionally identical to packaged ADS42 
devices. For general application information, see the ADS42 
packaged product catalog data sheet. 

Precision 
Low Cost BIFEl Op Amp 

AD542 CHIPS I 
The following additional application information applies to 
ADS42 ch~ps: 

1. No particular wire-bonding sequence must be followed. 

2. For assembly information, see the Bipolar Integrated Cir
cuit Chips General Information Section. 

3. For performance to device specifications, the metal sub
strate pad or header beneath the ADS42 chip must be 
connected to -Vs, device pad numbers 4A and 4B. 

4. Pads 4A and 4B must both be connected to -VS. 

5. Do not connect to any bonding pads or metalization 
not indicated as a functional bonding pad on the 
metalization photograph. 

MET ALiZATION PHOTOGRAPH 
Dimensions shown in inches and (mm). 

0.062 
(1.575) 

-INPUT 

+INPUT 3 

NULL 

4A 
-VS 

0.089 
(2.2606) 

NOTE: THERE IS NO PAD NO.8. 

48 
..:.Vs 

+Vs 
7 

6 OUTPUT 

PAD NUMBERS CORRESPOND TO PIN NUMBERS FOR THE TO-99 8 PIN METAL PACKAGE. 
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SPECIFICATIONS 1 (typical @ +25°C and Vs = ±15V dc unless otherwise specified) 

MODEL 

OPEN LOOP GAIN2 

Vout = ±lOV,RL > 2kn 

TA = +ZSoC to Tmax 
TA = Tmin to +2SoC 

OUTPUT CHARACTERISTICS 
Voltage @ RL = 2kn, TA =Tmin to Tmax 
Voltage @ RL = 10kn, TA= Tmin to Tmax 
Short Circuit Current 

FREQUENCY RESPONSE 
Unity Gain, Small Signal 
Full Power Response 
Slew Rate, Unity Gain 

INPUT OFFSET VOLTAGE3 

vs. Temp, TA = +2SoC to Tmax 
TA = Tm~ to +2SoC 

vs. Supply, TA = +2S C to Tmax 
TA = Tmin to +2SoC 

INPUT BIAS CURRENT 
Either Input4 

Input Offset Current 

INPUT IMPEDANCE 
Differential 
Common Mode 

INPUT VOLTAGE RANGE 
Differentials 
Common 'Mode 
Common Mode Rejection, Yin = ± lOV 

POWER SUPPLY 
Rated Performance 
Operating 
Quiescent Current 

VOLTAGE NOISE 
O.l-lOHz 
10Hz 
100Hz 
1kHz 
10kHz 

TEMPERATURE RANGE 
Operating 

Tested (TA = +2SoC to Tmax) 
Guaranteed, Not Tested 

(TA = Tmin to +2S
o

C) 
Storage 

NOTES 

AD542J 

100,000 min 
100,000 min 
100,000 

±lOV min (±12V typ) 
±12V min (±l3V typ) 
2SmA 

,1.0MHz 
SOkHz 
3.0V/ps 

2.0mV max 
20pV/oC max 
20pV/oC 
200pV IV max 
200pVIV 

SOpA max 
SpA 

10lo nll2pF 
101I nll2pF 

±20V 
±10V min (±12V typ) 
76dB min 

±lSV 
±(S to IB)V 
l.SmA max 

2pV pop 
70nV/V% 
4 S n V 1y'H; 
30nV/y'Hz 
2SnV/v'Hz" 

o to +2S
o

C 
_65°C to +lSOoC 

ADS42K 

300,000 min 
300,000 min 
300,000 

1.OmV max 
10pV/oC max 
lOpV/oC 
100pVIV max 
100pVIV 

2SpA max 
2pA 

BOdS min 

ADS42S 

.. 

lSpVtC max 
lSpVtC 

I Electrical tests are perfonned at wafer probe, before the wafer is 
separated into individual dice. Maintaining chip performance to 
specification requires great care in handling and assembly. 

5 Defined as voltage between inputs, such that neither exceeds 
±lOV from ground. 

20pen Loop Gain is specified with VOS both nulled and unnulled. 
3 Input Offset Voltage specifications are guaranteed after 5 minutes 

of operation at TA = +2 SoC. 
4 Bias Current specifications are guaranteed maximum at either 

input after 5 minutes of operation at TA = +2SoC. For higher 
temperarures, the current doubles every 10°C. 
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·Specifications same as ADS42]. 
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PRODUCT DESCRIPTION 
The ADS44 is a precision, high speed, FET-input operational 
amplifier fabricated with the most advanced BIFET and 
laser-trimming technologies. Bias currents as low as 2SpA max, 
warmed-up, offset voltages as low as l.OmV max and offset 
voltage drifts as low as IOIlV/oC max and fast settling time 
of 31ls to ±O.OI % make the ADS44 ideal for use as a precision 
output amplifier for digital to analog converters. Two grades 
of ADS44 chips are specified for operation between 0 and 
+70

o
C and one grade is specified for the -55°C to +12S

o
C 

temperature range. 

APPLICATION INFORMATION 
ADS44·chips are functionally identical to packaged ADS44 
devices. For general application information, see the ADS44 
packaged product catalog data sheet. 

Precision 
High Speed BIFEl Op Amp 

AD544 CHIPS I 
The following additional application information applies to 
ADS44 chips: 

1. No particular wire-bonding sequence must be followed. 

2. For assembly information, see the Bipolar Integrated Cir
cuit Chips Genera! Information Section. 

3. For performance to device specifications, the metal sub
strate pad or header beneath the ADS44 chip must be 
connected to -Vs, device pad numbers 4A and 4B. 

4. Pads 4A and 4B must both be connected to -Vs. 

S. Do not connect to any bonding pads or metalization not 
indicated as a functional bonding pad on the metalization 
photograph. 

MET ALIZATION PHOTOGRAPH 
Dimensions shown in inches and (mm). 

0.062 
(1.575) 

-INPUT 2 

+INPUT 3 

NULL 
1 

4A 
-Vs 

0.089 
(2.2606) 

NOTE: THERE IS NO PAD NO.8. 

48 
-Vs 

+Vs 
7 

5 
NULL 

6 OUTPUT 

PAD NUMBERS CORRESPOND TO PIN NUMBERS FOR THE TO-99 8 PIN METAL PACKAGE. 
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SPECIFICATIONS 1 (typical @+25°C and Vs = ±15V dc unless otherwise specified) 

MODEL 

OPEN LOOP GAIN2 

Vout = ±lOV"RL ~ 2kn 

TA = +25°C to T~ax 
TA = Tmin to +25 C 

OUTPUT CHARACTERISTICS 
Voltage @ RL = 2kn, TA = Tmin to Tmax 
Voltage @ RL = 10kn, TA = Tmin to Tmax 
Short Circuit Current 

FREQUENCY RESPONSE 
Unity Gain, Small Signal 
Full Power Response 
Slew Rate, Unity Gain 

INPUT OFFSET VOLTAGE3 

vs. Temp, TA = +2SoC to Tmax 
TA = Tm~ to +2SoC 

vs. Supply, TA = +2S C to T~ax 
TA = Tmin to +25 C 

INPUT BIAS CURRENT 
Either Input4 

Input Offset Current 

INPUT IMPEDANCE 
Differential 
Common Mode 

INPUT VOLTAGE RANGE 
Differential 5 

Common Mode 
Common Mode Rejection, Yin = ±lOV 

POWER SUPPLY 
Rated Performance 
Operating 
Quiescent Current 

VOLTAGE NOISE 
O.1-10Hz 
10Hz 
100Hz 
1kHz 
10kHz 

TEMPERATURE RANGE 
Operating 

Tested (TA = +2SoC to Tmax) 
Guaranteed, Not Tested 

(TA = Tmin to +2S°C) 
Storage 

NOTES 

AD544J 

30,000 min 
20,000 min 
20,000 

±lOV min (±12V typ) 
±12V min (±13V typ) 
25mA 

2.0MHz 
200kHz 
13.0V/J..Is 

2.0mV max 
20p.V/oC max 
20p.V/oC 
200p.V/v max 
200p.V/v 

SOpA max 
SpA 

1O Io nl12pF 
101I nll2pF 

±20V 
±IOV min (±12V typ) 
74dB min 

±ISV 
±(S to 18)V 
2.5mA max (1.8mA typ) 

2J..1Vp-p 
35nV/Y'fu 
22nV/~ 
l8nV/y'i1z 

'16nV/$z 

o to +2SoC 
-65°C to +150

o
C 

I Electrical tests are perfonned at wafer probe, before the wafer is 
separated into individual dice. Maintaining chip performance to 
specification requires great care in handling and assembly. 

'Open Loop Gain is specified with VOS both nulled and unnulled. 
'Input Offset Voltage specifications are guaranteed after S minutes 
of operation at TA - +2Soc. 

4 Bias Current specifications are guaranteed maximum at either 
input after 5 minutes of operation at TA = +2SoC. For higher 
temperatures, the current doubles every 10°C. ' 

5 Defined as voltage between inputs, such that neither exceeds 
±10V from ground. 

• Specifications same as ADS44 J. 
• • Specifications same as ADS44K. 
Specifications subject to change without notice. 
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AD544K 

50,000 min 
40,000 min 
40,000 

1.OmV max 
lOP.V/C max 
lOP.V/C 
100p.V/v max 
100p.V/v 

2SpA max 
2pA 

BOdB min 

AD544S 

** 
** 
** 

lSp.V/OC max 
lSP.V/oC 
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PRODUCT DESCRIPTION 
The ADS47 is a monolithic, FET input operational amplifier 
combining the very low input bias current advantages of a 
BIFET op amp with offset and drift performance previous-
ly available only in high quality bipolar amplifiers. 

The exclusive Analog Devices laser w(l.fer trim process trims 
both the input offset voltage and offset voltage drift to levels 
far lower than any competing BIFET amplifier (lmV, SpVI 
°C). 

In addition to superior low drift performance, the ADS47 
offers the lowest guaranteed input bias currents of any BIFET 
amplifier (SOpA max warmed-up). 

APPLICATION INFORMATION 
ADS47 chips are functionally identical to packaged ADS47 
devices. For general appl~cation information, see the ADS47 
packaged product catalog data sheet. 

Ultra Low Drift 
BIFET Operational Amplifier 

AD547 CHIPS I 
The following additional application information applies to 
ADS47 chips: 

1. No particular wire-bonding sequence must be followed. 

2. For assembly information, see the Bipolar Integrated Cir
cuit Chips General Information Section. 

3. For performance to device specifications, the metal sub
strate pad or header beneath the ADS47 chip must be 
connected to -Vs, device pad numbers 4A and 4B. 

4. Pads 4A and 48 must both be connected to -Vs. 

S. Do not connect to any bonding pads or metalization
not indicated as a functional bonding pad on the 
metalization photograph. 

MET ALIZATION PHOTOGRAPH 
Dimensions shown in inches and (mm). 

0.062 
(1.575) 

-INPUT 2 

+INPUT 3 

NULL 
1 

4A 
-Vs 

0.089 
(2.2606) 

NOTE: THERE IS NO PAD NO.8. 

4B 
-Vs 

+Vs 
7 

5 
NULL 

6 OUTPUT 

PAD NUMBERS CORRESPOND TO PIN NUMBERS FOR THE TO-99 8 PIN METAL PACKAGE. 
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SPECIFICATIONS 1 (typical @+25°C and Vs = ±15V dc unless otherwise specified) 

MODEL 

OPEN LOOP GAIN2 

VOUT = ±10V, RL ~ 2kn 
TA = +2S

o
C to Tmax 

TA = Tmin to +2S
o

C 

OUTPUT CHARACTERISTICS 
Voltage @ RL = 2kn, TA = min to max 
Voltage @ RL = lOkn, TA = min to max 
Short Circuit Current 

FREQUENCY RESPONSE 
Unity Gain, Small Signal 
Full Power Response 
Slew Rate, Unity Gain 

INPUT OFFSET VOLTAGE3 

, ° 
vs. Temperature, TA = +25 C to Tmax 

TA = Tm~ to +2S
o

C 
vs. Supply, TA = +25 C to Tmax 

TA = Tmin'to +2S
o
C 

INPUT BIAS CURRENT 
Either Input4 

Input Offset Current 

INPUT IMPEDANCE 
Differential 
Common Mode 

INPUT VOLTAGE RANGE 
Differentials 
Common Mode 
Common Mode Rejection, Yin = ±lOV 

POWER SUPPLY 
Rated Performance 
Operating 
Quiescent Current 

VOLTAGE NOISE 
0.1-10Hz 
10Hz 
100Hz 
1kHz 
10kHz 

TEMPERATURE RANGE 
Tested (TA = +2S

o
C to Tmax) 

Guaranteed, Not Tested 
(TA = Tmin to +2S

o
C) 

Storage 

NOTES 

ADS47J 

100,000 min 
100,000 min 
100,000 

±lOV min (±12V typ) 
±12V min (±HV typ) 
2SmA 

1.0MHz 
50kHz. 
3.0VIJ,ls 

1.0mV max 
SJ,lvtc max 
sJ.l.vfc 
200J.l.VN max 
200J,lVN 

10pA (SOpA max) 
SpA 

1012nll6pF 
1012!1116pF 

±20V 
±10V min (±12V typ) 
76dB min 

±lSV 
±(S to 18)V 
1.SmA max (1.1mA typ) 

2J.1.V p-p typ 

70nV/v'!'k 
4SnV/Vfu 
30nV/y1h 
2SnV/y1h 

o to +2S
o

C 
-65°C to +150°C 

I Electrical tests are performed at wafer probe, before the wafer is 
separated into individual dice. Maintaining chip performance to 
specification requires great care in handling and assembly. 

20pen Loop Gain is specified with VOS both nulled and un nulled. 
S Input Offset Voltage specifications are guaranteed after 5 minutes 

of operation at TA = +2SoC. 
4 Bill! Current specifications are guaranteed maximum at either 

input after 5 minutes of operation at TA = +2SoC. For higher 
temperatures, the current doubles every 10° C. 

'Defined as the maximum safe voltage between inputs, such that 
neither exceeds ± 10V from around. . 

Specifications subject to change without notice. 
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DACPORT™ Low Cost 
Complete ,uP-Compatible a-Bit DAC 

PRODUCT DESCRIPTION 
The AD558 DACPORT is a complete voltage-output 8-bit 
digital-to-analog converter, including output amplifier, full 
microprocessor interface and precision voltage reference on a 
single monolithic chip. No external components or trims are 
required to interface, with full accuracy, an 8-bit data bus to 
an analog system. 

The performance and versatility of the DACPORT is a result of 
several recently-developed monolithic bipolar technologies. 
The complete microprocessor interface and control logic is 
implemented with integrated injection logic (12 L), an extreme
ly dense and low-power logic structure that is process-compat
ible with linear bipolar fabrication. The internal precision 
voltage reference is the patented low-voltage band-gap circuit 
which permits full-accuracy performance on a single +5V to 
+15V power supply. Thin-film silicon-chromium resistors 
provide the stability required for guaranteed monotonic 
operation over the entire operating temperature range, 
while recent advances in laser-wafer-trimming of these thin
film resistors permit absolu te calibration at the factory to 
within ±lLSB; thus no user-trims for gain or offset are re
quired. A new circuit design provides voltage settling to 
±1I2LSB for a full-scale step in 800ns. 

AD558 CHIPS I 
The ADSS8J is specified for use over the 0 to +70°C tempera
ture range and the AD558T is specified for the -S5°C to 
+125°C range. 

APPLICATION INFORMATION 
AD558 chips are functionally identical to packaged ADS58 
devices. For general application information, see the ADS 58 
packaged product catalog data sheet. 

The following additional application information applies to 
ADS 58 chips: 

1. No particular wire-bonding sequence must be followed. 

2. For assembly information, see the Bipolar Integrated Cir
cuit Chips General Information Section. 

3. For performance to device specifications, the metal sub
strate pad or header beneath the AD5S8 chip must be 
connected to analog ground, device pad number 13. 

4. Do not connect to any bonding pads or metalization not 
indicated as a functional bonding pad on the metalization 
photograph. 

MET ALIZA TION PHOTOGRAPH 
Dimensions shown in inches and (mm). 

~--------- 0.107---------~ 

VOUT SELECT 14 ---II. 

0.085 
(2.16) 

VOUT SENSE 15 ---II. 

VOUT 

BIT 8, LSB 

BIT.7 

DACPORT is a registered trademark of Analog Devices, Inc. 

(2.72) 
DCOM 

.12 
+Vcc 

11 

CS 

CE 

BIT 1, MSB 

BIT 2 
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SPECIFICATIONS 1 (typical @+25°C, VCC = +5V to +15V unless otherwise specified) 

MODEL 

RESOLUTION 

RELATIVE ACCURACy2 

TA = Tmin to Tmax 

OUTPUT 
Ranges 

Current. Source 
Sink 

OUTPUT SETTLING TIMEs 
o to 2.S6 volt range 
o to to volt range3 

FULL SCALE ACCURACY 
@ 2S

c
C 

TA = +2SoC to Tmax 
TA = Tmin to +2SoC 

ZERO ERROR 
@ 2SoC 

TA = +2SoC to TrlJax 
TA = Tmin to +2S C 

MONOTONICITy6 

DIGITAL INPUTS 

Tmin to Tmax 
Input Current 
Data Inputs. Voltage 

Bit On - Logic "t" 
Bit Off - Logic "0" 

Control Inputs. Voltage 
On - Logic "t" 
Off - Logic "0" 

bput Capacitance 

TIMING 

Tmin to Tmax 
tw (Strobe Pulse Width) 
tOH (Data Hold Time) 
tos (Data Set-Up Time) 

POWER SUPPLY 
Operating Voltage Range (VeC> 

2.S6 Volt Range 
10 Volt Range 
Current (IcC> 
Rejection Ratio 

POWER DISSIPATION, Vee = SV 
Vee = lSV 

TEMPERATURE RANGE 
Operating 

Tested (TA = +2SoC to Tmax) 
Guaranteed, Not Tested 

(TA = Tmin to +2SoC) 
Storage 

NOTES 

ADSS8J 

B Bits 

±1/2LSB max 

OV to +2.S6V 
OVto+lOV 3 

+SmA 
Internal Passive 
Pull-Down to Ground4 

O.Bps 
2.0ps 

±1.SLSB (±0.6%) max 
±2.SLSB (±l,O%) max 
±2.SLSB (±1.0%) 

±lLSB max 
±2LSB max 
±2LSB 

Guaranteed, TA = +2S"C to Tmax 
Typical, TA = Tmin to +2SoC 

±100pA max 

2.0V min 
O.BV max 

2.0V min 
O.BV max 
4pF 

lOOns min 
IOns max 
lOOns min 

+4.SV to +16.SV 
+11.4V to +16.SV 
15mA typo 2SmA max 
0.03%/% max 

7SmW (12SmW max) 
22SmW (37SmW max) 

o to +2SoC 
. - 6SoC to +lSOoC 

I Electrical tests are performed at wafer probe. before the wafer is 
separated into individual dice. Maintaining chip performance to 
specification requires great care in handling and assembly. 

ADSS8T 

±3/BLSB max 

+SmA min 

2 Relative Accuracy is defined as the deviation of the code transition points from the ideal 
transfer point on a straight line from the zero to the full scale of the device. 

'Operation of the 0 to 10 volt output range re4uires a minimum supply voltage of + 11.4 volts. 
• Passive pUll-down resistance is 2kn for 2.56 volt range. 10kn for 10 ,"olt range. 
• Settling time is specified for a positive-gOing lull-scale step to ±1/2LSB. Negative-going steps to zero 

are slower, but can be improved with an external pull-down. 
6 A monotonic converter has a maximum differential linearity error of ±lLSB . 
• Specifications same as A0558J. 

Specifications subject to change without notice. 
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Low Cost, High Speed 10-B.it 
O-to-A Converter with Reference 

PRODUCT DESCRIPTION 
The ADS6l is a low-cost, high-speed complete current output 
D to A converter. An on-chip buried zener reference, laser
wafer-trimmed resistors, high-speed switches and control am
plifier make the AD561 chip ideal for adjustment-free 10-bit 
hybrid applications. Monotonicity to 10 bits (guaranteed 
+2SoC to Tmax) along with a 2S0ns settling time are among 
the performance features of ~e ADS61. Ope grade of the 
ADS6l chip is specified for 0 to +70u C operation and one is 
specified for -SSoC to +12SoC. 

APPLICATION INFORMATION 
The ADS6l chip has several features not accessible to users 
of packaged ADS6l devices. 

1. On ADS6l chips, the internal reference is not permanently 
connected. This allows the use of an external reference and 
also makes the internal reference available for external use. 

2. The control amplifier summing point is accessible on the 
ADS6l chip. Thus the user may connect an external ref
erence voltage-to-current conversion resistor that may be 
specified to match an external feedback (range-setting) 

AD561 CHIPS I 
resistor. This enables the user to set his own output range 
without degrading the gain temperature coefficient. 

3. An additional output span resistor is accessible. This per
mits the user to connect the ADS6l chip for ±S, ±10 or ±20 
volt spans. 

All other general application information on the ADS6l pack
aged product catalog data sheet applies to ADS6l chips. 

The following additional application information applies to 
ADS6l chips: 

1. No particular wire-bonding sequence must be followed. 

2. For assembly information, see the Bipolar Integrated Cir
cuit Chips General Information Section. 

3. For performance to device specifications, the metal sub
strate pad or header beneath the ADS6l chip must be 
connected to -Vs, device pad number S. 

4. Do not connect to any bonding pads or metalization not 
indicated as a functional bonding pad on the metalization 
photograph. 

MET ALIZA TION PHOTOGRAPH 
Dimensions shown in inches and (mm). 

0.099 
(2.515) 

GND 1 

2.5V REF OUT 

BIPOLAR 
OFFSET 
ADJUST 

REFIN 

MSB 
Vee BIT 1 BIT 2 BIT 3 
14 13 12 11 

3 
VEE 

4 5 
BIT 10 BIT 9 

LSB 

BIT5 

BIT6 

7 BIT7 

6 BIT8 
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SPECIFICATIONS 1 (TA = +25°e, vee = +5V, VEE = -15V, unless otherwise specified) 
AD561J 

MODEL MIN TYP MAX 

RESOLUTION 10 Bits 

ACCURACY (Error Relative ±1/4 ±112 
to Full Scale) (0.025) (0.05) 

DIFFERENTIAL NONLINEARITY ±112 

DATA INPUTS 
TTL, Vee = +5V 

Bit ON Logic "I" +2.0 
Bit OFF Logic "0" +0.8 

CMOS,IOV";;;Vee";; 16.5V 
(See Figure 1) 

Bit ON Logic "I" 70% Vee 
Bit OFF Logic "0" 30% Vee 

Logic Current (Each Bit) (Tmin to Tmax) 
Bit ON Logic "I" +5 +100 
Bit OFF Logic "0" -5 -25 

OUTPUT 
Current 

Unipolar 1.5 2.0 2.4 
Bipolar ±0.75 ±1.0 ±1.2 

Resistance (Exclusive of 
Application Resistors) 40M 

Unipolar Zero (All Bits OFF) 0.01 0.05 
Capacitance 25 
Compliance Voltage -2 -3 +10 

SETTLING TIME TO 1/2LSB 
All Bits ON-to'()FF or OFF-to'()N 250 

POWER REQUIREMENTS 
Vee, +4.5V de to +16.5V dc 8 10 
VEE' -10.8V dc to -16.5V dc 12 16 

POWER SUPPLY GAIN SENSITIVITY 
Vee' +4.5V dc to +16.5V de 2 10 
VEE' -10.8V de to -16.5V dc 4 25 

TEMPERATURE RANGE 
Operating 

Tested (TA = +25°C to Tmax) +25 to +70 
Guaranteed, Not Tested 

(TA = Tmin to +25°C) o to +25 

Storage -65 to + ISO 

TEMPERATUR E COEFFICIENTS 
With Internal Reference 

Unipolar Zero, TA = +25°C to Tmax I 10 
TA = Tmin to +25°C I 

Bipolar Zero, TA = +25°C to Tmax 2 25 
TA = Tmin to +25°C 2 

Full Scale, TA = +25°C to Tmax IS 80 
TA = Tmin to +2S

o
C IS 

Differential TA = +25°C to Tmax 2.5 
Nonlinearity, TA = Tmin to +25°C 2.5 

MONOTONICITY Guaranteed, TA = +25 C to Tmax 
Typical, TA = Tmin to +25°C 

PROGRAMMABLE OUTPUT o to +5, 0 to +10,0 to +20 
RANGES -2.5 to +2.5, -5 to +5, -10 to +10 

CALIBRATION ACCURACY 
Full Scale Error with Fixed 25n 

Resistor ±O.I 
Bipolar Zero Error with Fixed IOn 

Resistor ±O.I 

CALIBRATION ADJUSTMENT 
RANGE 
Full Scale (With son Trimmer) ±0.5 
Bipolar Zero (With son Trimmer) ±0.5 

REFERENCE 
Output Voltage,lL = 0 to ImAt 2.490 2.500 
Maximum Current Out t 5.0 
Temperature

o 
Coefficient 

TA = +25 C to Tmax 10 

TA = Tmin to +25°C 10 

NOTES 
I Electrical tests are performed at wafer probe, before the wafer is separated 
into individual dice. Maintaining chip performance to specification requires 
great care in handling and assembly. 

tReferent current out is in addition to reference current roquired by D-to-A 
REF IN and BIPOLAR OFFSET. 
Specifications subject to change without notice. 
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2.510 

80 

AD56lT 
MIN TYP MAX UNITS 

10 Bits 

±118 ±114 LSB 
(0.012) (0.025) % of F.S. 

±1/2 LSB 

+2.0 V 
+O.R V 

70% Vee V 
30% Vee V 

+20 +100 nA 
-25 -100 JlA 

1.5 2.0 2.4 rnA 
±0.75 ±1.0 ±1.2 rnA 

40M n 
0.01 0.05 % of F.S. 
25 pF 

-2 -3 +10 V 

250 ns 

6 10 rnA 
11 16 rnA 

2 10 ppm of F.S.I% 
4 25 ppm of F.S.I% 

+25 to +125 °c 

-55 to +25 °c 

-65to+150 °c 

I 5 ppm of F sfc 
I ppm of I'.sfc 
2 10 ppm of I'.sfc 
2 ppm of F.sfc 
IS 30 ppm of F.sfc 
IS ppm of F.sfc 
2.5 ppm of F.sfc 
2.5 ppm of I'.sfc 

Guaranteed, TA = +25 C to Tmax 
Typical, TA = Tmin to +25°C 

o to 15,0 to +10, 0 to +20 V 
-2.5 to +2.5, -5 to +5, -10 to +10 \' 

±O.I % of F.S. 

±0.1 % of F.S. 

±0.5 %of F.S. 
±O.S % of F.S. 

2.490 2.500 2.505 V 
5.0 rnA 

10 60 ppm of F.sfc 
10 ppm of F.sfc 



r.ANALOG 
WDEVICES-

Low Cost, Complete-
8- and 10-Bit A-to-O Converters 

PRODUCT DESCRIPTION 
The AD570 is a low-cost 8-bit successive approximation A-to
D converter consisting of a DAC. reference. clock. comparator. 
successive approximation register and output buffers on a sin
gle chip. The AD571 is the lO-bit version of the same chip. 
Since no additional components or trimming is required to 
perform a full-accuracy 8-bit conversion in 25J.l.s, AD5701 
AD571 chips are ideal for hybrid applications. AD570JI 
AD57lJ chips are specified for operation between 0 and 
+70°C, AD570S/AD571S chips for -55°C to +125°C. 

APPLICATION INFORMATION 
AD570 and AD571 chips have one bonding pad accessible to 
the user that is not pinned out on packaged AD570 andAD571 
devices. That pad provides two additional input ranges thus: 

1. If pad 13A or 13B is used alone as the analog input, the 
- input voltage span is 20 volts (for OV to +20V, or -lOY to 
+ 10V ranges). 

2. If pads 13A and 13B are tied together and used as the 
analog input, the input voltage span is 10 volts (for OV to 
+lOV or -5V to +5V ranges) as in packaged A0570/AD57l
devices. 

AD570/ AD571 CHIPS I 
Otherwise, AD570 and AD571 chips are functionally identical 
to packaged AD570 and AD571 devices. For general applica
tion information, see the AD570 or AD571 packaged product 
catalog data sheets. 

The following additional application information applies to 
AD570 and AD571 chips: 

1. No particular wire-bonding sequence must be followed. 

2. For assembly information, see the Bipolar Integrated Cir
cuit Chips General Information Section. 

3. For performance to device specifications, the metal sub
strate pad or header beneath the AD570 and AD571 chip 
must be connected to -Vs, device pad number 12. 

4. Pads lOA and lOB-must both be connected to +Vs. Pads l6A 
and l6B must both be connected to Digital Common. 

5. Do not connect to any bonding pads or metalization not 
indicated as a functional bonding pad on the metalization 
photograph. 

MET ALIZATION PHOTOGRAPH 
Dimensions shown in inches and (mm). 

0.120 
(3.048) 

1------------- g~~~) ----------
BIT 3 BIT 4 BIT 5 BIT 6 BIT 7 BIT 8 

7 6 5 4 3 2 

13A 13B 14 
, ACOM 

ANALOG 
INPUTS. 

SEE APPLICATION 
INFORMATION 

1 BIT 9 

18 BIT 10, LSB 

17 DATA READY 

16A} D COMMON 
16B 

15 BIP OFFSET 
CONTROL 

PAD NUMBERS CORRESPOND TO PIN NUMBERS FOR THE 18-PIN CERAMIC PACKAGE. 
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SPECIFICATIONS 1 
(typical @+25°Cwith V+ = +5V, V- = -15V, all voltages measured with respect to digital common, unless otherwise indicated) 

MODEL 

RESOLUTION 

RELATIVE ACCURACY @ 2,·C' 
T" • +2'·C to T!IIox 
T" - Tm .. to +2' C 

FULL SCALE CALIBRATION' 
(With 150 Resistor In Series With 

Analog Input 

UNIPOLAR OFFSET (mn) 

BIPOLAR OFFSET (max) 

DIFFERENTIAL NONLlNEAI<lTV 
(Resolution for Whi.:h no Missint! 

Codes are GuauntceJ) 
T". +2'·C 
T" - +2'·C to T!Ilox 
TA,=Tm ... to+25 C 

TEMPERATURE RANGE 

9P~:st:;~ (T" • +2'·C to Tmox) 
Guaranteed, Not Tested 

(T" • Tm .. to +2'·C) 

TB\PERATl'RE COEl+ICIENTS 
GUolu.ntccd o"lolX Chan!!c 

TA s +25 C to Tmax 
Unipolar Offset 
Bipolar Offset 
Full Scale Calibration' 

(With 1,0 Fixed Resistor or 
'00 Trimmer) 

Typical Change , 
TA, • Tmin to +25 C 

Unipolar Offset 
Bipolar Offset 
Full Scale Calibrati~n' 

(With 1,0 Fixed Resistor or 
'00 Trimmer) 

POWER Sl'PPLY REJECTION 
Max Chan1'!c In Full Scale Calibration 

TTL Positin: Suppl~ 
+~,S\,';;\'+"+S,S\' 

~c~ati\·c Suppl~ 
-16,5\'<;\'+<;-13.5\' 

ANALOG INPUT RESISTANCE 
10 Volt Span 

20 Volt Span 

A:-;ALOG I:-;Pl'T R,\:O-;GES 
~Analog I"put to Analog Common) 

tnipolar 
Bipolar 

OL'TPL'T CODl:-;G 
l'nipolar 
Bipolar 

LOGIC OUTPUT' 
Bit OutpUtS and Data Read~ 

Output Sink Current 
(\'OL'T = 0.4.\' max. Tmin to Tmax) 

Output Source Current (Bit Outputs)5 
(VOl'T = 2A-V min, Tmin to Tmax) 

Output Leakage When Blanked 

LOGIC INPUT" 
Blank and Con\'ert Inpu[ 

O';;V,n<;V+ 
Blank - Logic "I" 
Con\'ert - Logic "0" 

CONVERSION TIME 

POWER SUPPLY 
Absolute Maximum 

V+ 
V-

Specified Operating - Rated Performance 
V+ 
V-

Operating Range 
V+ 
V-

Operating Current 
Blank Mode 

V+:z. +5Y 

V-' -I'V 
Convert Mode 

V+· +SV 
V-=-ISV 

NOTES 

AD570J AD571J 

S Bits, 10 Bits 

±1/2LSB mu ±ILSB max 
±1I2LSB mu ±ILSB max 
±1I2LSB ±ILSB 

±2LSB (typ) ±2LSB (typ) 

±1I2LSB ±ILSB 

±1I2LSB ±ILSB 

S Bits 10 Bits 
S Bits 9 Bits 
S Bits 9 Bits, typ 

+2S
o
C to +70°C +25°C to +700 C 

o to +25°C o to +25°C 

::~~: :::~~~;:~~ ±2LSB (44ppml·C) 
±2LSB (44ppm"C) 

±2LSB (I 76ppm"C) ±4LSB (88ppm"C) 

±ILSB ±2LSB 
±ILSB ±2LSB 
±2LSB ±4LSB 

±2LSB max ±2LSB max 

±2LSB max ±2LSB 

3knmin 3kOinin 
SkOmin SkO typ 
7kOmin 7kO mll< 
6kO min 6kO min 
10kO typ 10kO typ 
14kO max 14kO max 

Oto+IOV,Oto+20V Oto+IOV,Oto+20V 
-SV to +SV, -IOV to +IOV -SV to +'V, -IOV to +IOV 

Positive True Binary 
Positive True Offset Binary 

3.2mAmin 
(2TTL Loads) 

O.SmAmin 
±401lA max 

±401JA max 
2.0Vmin 
O.SV max 

lSlJsmin 
35l's typ 
40fls max 

+7V 
-16.SV 

+SV 
-ISV 

+4.SV to +S.'V 

2mA typ (lOrnA max) 
9mA typ (I'mA mu) 

SmA 
lOrnA 

Positive True Binar), 
Positive True Offset Binary 

3.2mAmin 
(2TTL Loads) 

O.SmAmin 
±40IJA max 

±40J.lA max 
2.0Ymin 
0.8V max 

lSIJ5min 
3SI's typ 
40IJsmax 

+7V 
-16,SV 

+SV 
-ISV 

+4.SV to +,.'V 
-\2V to -16.SV 

2mA typ (lOrnA max) 
9mA typ ISmA max) 

SmA 
lOrnA 

AD570S 

+2S·C to +12'·C 

-SS·C to +2S'C 

±ILSB (44ppml'C) 
±ILSB (4Oppml'C) 
±2LSB (SOppml'C) 

AD571S 

10 Bits 
10 Bits, typ 

+2S'C to +12S'C 

±2LSB (20ppml'q 
i2LSB (2Oppm"C) 
±SLSB (SOppml'C) 

±2LSB 
±2LSB 
±SLSB 

I Electrical tests arc performed at wafer probe, before the wafer is 
separ.ted into individual dice. Mainwnina ,.hip perfonnance to 
specific.tion requifCs arc't care in handlina and assembly. 

4 Full-scale calibr.tion temper'Nrc coefficient includes the effecu 
of unipol.r offset drift as well as ,ain drift. 

'Specifintions same as ADS70J. 

1 Rel.tive accuracy is defined as the deviation of the code transition 
poinlS from the ideal transfer point on a strai&:ht line from the 
zero to the full scale of the device. 

.. Full scale calibration is guaranteed trimmable to zero with an 
external son potentiometer in place of the J50 fixed resistor. 
Fun .cale ildefmed as 10 volts minus lLSB, or 9.990 volu. 
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'The dat~t lines have active pull-ups to source O.SmA. The 
OAT A READY line is open collector with. nominal 6kO internal 
pull-up resistor. 

01 Logic Input and Output ThreSholds and Levels are tested 
TA'" + 2SoC to Tmax. not tested but guaranteed TA '"' Tmin to 
+25°C. 

"Specifications same as ADS71J. 
Specifications subject to changc 
without notice. 

ABSOLUTE MAXIMUM RATINGS 
V + to Digital Common . . . . . . . . . . 0 to + 7V 
V- to Digital Common ........ , . ,0 to -16.'V 

Analog Common to Digital Common. . .... ± 1 Y 

Analog Input to Analog Common. . . ... ±lSY 

Control Inputs. . . ...... 0 to V+ 

Digital Outputs (Blank Mode) .. ........ 0 to V+ 
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Fast, Complete 10-Bit A-to-O Converter 
. With Microprocessor Interface 

PRODUCT DESCRIPTION 
The AD573 is a to-bit successive approximation A-to-D con
verter consisting of a DAC, reference, clock, comparator, suc~ 
cessive approximation register and 3 state output buffers on 
a single chip. Since no additional components or trimming 
is required to perfonn a fuU-accuracy 10-bit conversion in 
1.5J.Ls, AD573 chips are ideal for precision hybrid applica
tions. AD573 chips are available in one grade specified for 
o .to +70° C operation, and another grade for -55° C to 
+ 125° C operation. 

APPLICATION INFORMATION 
AD573 chips have one bonding pad accessible to the user 
that is not pinned out on packaged AD573 devices. That 
pad provides two additional input ranges thus: 

1. If pad 14A or 14B is used alone,as the analog input, the 
input voltage span is 20 volts (for OV to +20V or -10V 
to +10V ranges). 

2. If pads 14A and 14B are tied together and used as the 
analog input, the input voltage span is 10 volts (for OV 

AD573 CHIPS I 
to +10V or -5V to +5V ranges) as in packaged AD573 
devices. 

Otherwise, AD573 chips are functionally identical to packaged 
AD573 devices. For general application infonnation, see the 
AD573 packaged product catalog data sheet. . 

The following additional application information applies to 
AD573 chips: 

1. No particular wire-bonding sequence must be followed. 

2. For assembly information, see the Bipolar Integrate'd Cir
cuit Chips General Infonnation Section. 

3. For perfonnance to device specifications, the metal sub
strate pad or header beneath the AD573 chip must be 
connected to -Vs, device pad number 13., 

4. Do not connect to any bonding pads or metalization not 
indicated as a functional bonding pad on the metalization 
photograph. 

MET ALIZA TION PHOTOGRAPH 
Dimensions shown in inches and (mm). 

0.120 
(3.048) 

HIGH BYTE EN 19 

LOW BYTE EN 20 

DBO, LSB 

DB1 2 

0.151 
~------- (5.334) 

DR 
18 

D COM 
17 

BIPOLAR 
OFFSET 

16 
A COM 

15 

ANALOG IN 

14B 14A 

DB2 3-1-1I~~~~~~ii~liillii:==~==~==~==~==~~~~;1 
4 5 6 7 8 

DB3 DB4 DB5 DB6 DB7 

PAD NUMBERS CORRESPOND TO PIN NUMBERS FOR THE 20-PIN PACKAGE. 

12 CONVERT 

11 +Vs 

10 DB9, MSB 

9 DB8 
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SPECIFICATIONS 1 
(typical @+25°C with V+ = +5V, V- = -15V, all voltages measured with respect to digital common, unless otherwise indicated) 

MODEL 
RESOLUTION 

RELATIVE ACCURACY @ 25°C2 

Til. = +25°C to T!'d1X 

Til. = TmD to +25 C 

FULL SCALE CALIBRATION' 
(With 150 R •• i.tor In S<ri •• With 

Analog Input 

UNIPOLAR OFFSET (max) 

BIPOLAR OFFSET (max) 

DIFFERENTIAL NONLlNEJ\/{ITY 
(R.solution for Which no Missing 

Cod .. arc Guarant •• d) 
Til. = +2S

o
C 

Til. = +2SoC to T?,!", 
Til. = Tmil to +2S C 

TEMPERATURE RANGE 
Op<rating 

Test.d (Til. = +2S
o
C to Tmax> 

Guarant<ed, Not Test.d 
(Til. = Tmil to +2S

o
C) 

TEMPERATURE COEFFICIENTS 
Guaranteed omax Chan!(c 

Til. = +2S C to TmlX 
Unipolar Offset 
Bipolar Offset 
Full Seal. Calibration' 

(With 150 Fix.d R<sistor or 
soO Trimm«) 

Typical Change ° 
Til. = Tmin to +2S C 

Unipolar Offs<l 
Bipolar Offset 
Full Scale Calibration' 

(With I Sn Fixed Resistor or 
soO Trimm«) 

POWER SUPPLY REJECTION 
Max Change In Full Seal. Calibration 

TTL Positive Supply 

ADS73J 
10 Bits 

ULSB max 
±ILSB max 
±ILSB 

±2LSB (typ) 

±ILSB 

±Il-SB 

10 Bits 
10 nits 
10 Bits, typ 

+2S
o
C to +70

o
C 

o to +2SoC 

±2l-SB (44ppm/oC) 
±2l.SB (44ppm/oC) 
Hl.SB (88ppmi"C) 

±2LSB 
±2LSB 
±4LSB 

+4.SV<Y+<+S.SV ±2l.SB max 
N.gativ. Supply 

-15.7SV<V-<-14.2SV ±2LSB max 
-12.6V<V-<-1l.4V ±2LSB max 

ANALOG INPUT RESISTANCE 
10 Volt Span 3kO min 

SkO typ 
7kO max 

20 Volt Span 6kO min 
10kO typ 
14kO max 

ANALOG INPUT RANGES 
(Analog Input to Analog Common) 

Unipolar o to +10V, 0 to +20V 

ADS73S 

±ILSB max 
±ILSB max 
±ILSB 

10 Bits 
10 Bits,typ 

+2SoC to +12SoC 

-SSoC to +2S·C 

±2LSB (2Oppm/°C) 
±2LSB /2Oppm/oC) 
±SLSB (SOppmi"C) 

±2LSB 
±2LSB 
15LSB 

Bipolar -SV to +SV, -10V to +IOV • 

OUTPUT CODING 
Unipolar 
Bipolar 

LOGIC OUTPUTS 
Bit Outputs and Data Ready 

Output Sink Curr.nt 
(VOUT = 0.4V max. Tmil to TmlX ) 

Output Source Current (Bit Outputs)s 
(VOUT = 2.4Vmin, Tmin to TmlX ) 

Output Leakag. Wh.n Blank.d 

LOGIC INPUT (Convert, HBE, LBE) 
O";VIN<V+ 
Logic "I" 
Logic "0" 

CONVERSION TIME 

POWER SUPPLY 
Absnlute Maximum 

Positiv. True Binary 
Positive True Off .. t Binary • 

3.2mAmin 
(2TTL Loads) 

O.SmA min 
±401lA max 

±1001lAmax 
2.0V min 
O.BV max 

lOlls min 
ISIlS typ 
20llS max 

W +W 
V- -16.SV 

Sp«ifi.d Op<rating - Rated P«formance 
V+ +5V 
V- -ISV 

Op«ating Range 
V+ +4.SV to +S.SV 
V- -1l.4V to -IS.7SV 

Op«ating Current 
V+ = +SV 7mA typ (2SmA max) 
V- = -ISV 9mA typ (lSmA max) 
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NOTES 
I EI.ctricoltnts ue performed at wafer probe, before the wafer II lCparated into 
individual dio;e. Maintalnin. chip performance to spcciflCation requires pat cue 
in handlm, and ...... bly. 

• Relative accuracy II defined .. die deviation of the code transition points from the 
ideal tran"cr point on a atraifht IlIIe from die zero to the fullaeole of die device. 

• Fullaeole calibration II ",aranteed trimmable to zero with an external son pOkntio
meter in place of die 150 raxed reliltor. Fun aeale II derIDed u 10 volts minus lLSB, 
or 9.990 volta. 

• Full«ale calibration temperature coefficient includes the effects of unipolar offlCt drift 
.. weD u pin drift. 

'The Olta output lines have active pull ... ps to source 0.5mA. The DA'fA READV line i. 
open collector widl a nominal 6kO internal pull ... p resistor. 

·Spccification. same u AD573J. 
Specifications A1bjcct to change widlout notice. 

ABSOLUTE MAXIMUM RATINGS 
V+ to Digital Common .• '.' •••.•••••••.•...• 0 to +7V 

V- to Digital Common ..•................ 0 to -16.5V 

Analog Common to Digital Common ...•.........•. ±1 V 

Analog Input to Ahalog Common .................. ±15V 

Control Inputs ••.•••.•••••••••••.•.••.•. 0 to V+ 

Digital Outputs (High Impedance State) •••.•....• 0 to V+ 
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PRODUCT DESCRIPTION 
The AD580 is a three-terminal, low-cost voltage reference that 
provides a fixed 2.5V output for inputs between 4.5V and 30V. 
Based on the bandgap principle and implemented with thin 
film resistors, temperature coefficients as low as lOppm/C can 
be guaranteed. One version of the AD580 chip is specified for 
o to +70oC operation, one grade for -55°C to +125°C. 

APPLICATION INFORMATION 
AD580 chips are functionally identical to packaged AD580 
devices. For general application information, see the AD580 
packaged product catalog data sheet. 

Precision 2.5 Volt Reference 
AD580 CHIPS I 

The following additional application information applies to 
AD580 chips: 

1. No particular wire-bonding sequence must be followed. 

2. For assembly information, see the Bipolar Integrated Cir
cuit Chips General Information Section. 

3. For performance to device specifications, the metal sub
strate pad or header beneath the AD580 chip must be 
connected to -E. 

4. Do not connect to any bonding pads or metalization not 
indicated as a functional bonding pad on the metalization 
photograph. 

METALIZATION PHOTOGRAPH 
Dimensions shown in inches and (mm). 

0.037 
(0.940) 

+E 

EOUT -E 

----:J 
PAD NUMBERS CORRESPOND TO PIN NUMBERS FOR THE TO-52, 3 PIN, METAL PACKAGE. 
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SPECIFICATIONS 1 (typical @ EI N = +15V and 25° C unless otherwise specified) 

MODEL ADS80J ADS80S 

ABSOLUTE MAX RATINGS 
Input Voltage 40V 
Operating Junction Temp Range -SSoC to +lS0°C 
Storage Temperature Range -65°C to +17SoC 
Operating Temperature Range 

Tested.(TA = +2S
o

C to Tmax) +2S oC to +70°C +2S
o
C to +12S

o
C 

Guaranteed, Not Tested 
(TA = Tmin to +2S

o
C) o to +2S

o
C -55°C to +2S

o
C 

OUTPUT VOLTAGE 2.42SV min 2.490V min 
(2.S7SV max) 2.S10V max 

OUTPUT VOLTAGE CHANGE 
TA = +2S

o
C to Tmax ISmV max 11mV max 

(8Sppm/C) (2Sppm/oC) 
TA = Tmin to +2S

o
C ISmV llmV 

LINE REGULATION 
7V~VlN~30V 6mV max 2mV max 

(0.6mV typ) 
4,SV~VIN'~7V 3mV max ImV max 

(0.3mV typ) 

LOAD REGULATION 
l:::. I = lOrnA 10mV max 

QUIESCENT CURRENT l.SmA max 
(1.0mA typ) 

NOISE (0.1 to 10Hz) 6OIlV(P-P) 

STABILITY 
Long Term 2S0llV 
Per Month 2SIlV 

NOTES 
I Electrical tests are perfonned at wafer probe, before the wafer is separated into 
individual dice. Maintaining chip perfonnance to specification requires great 
care in handling and assembly. 

·Specification same as ADS80]. 
Specifications subject to change without notice. 
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AD581 NOTE: An AD584 is an AD581 with additional specified 
versatility. When connected in the 10.0 volt configuration, the 
AD584 is functionally identical to the AD581. In hybrid circuits, 
AD584 chips may be substituted directly for AD581 chips without 
any electrical or mechanical design modifications. 

AD581 chips will not be offered as a standard product. 

PRODUCT DESCRIPTION 
The AD584 is a precision voltage reference, "pin" program
mable to any of four output voltages: IO.DDOV, 7.500V, 
5.000V and 2.500V. Other voltages, above 1O.OOOV or below 
2.500V, can be programmed with an external resistor pair. 
The initial tolerances and temperature coefficients are laser
trimmed at the factory to provide precise and stable adjust
ment-free operation. One gr:lde of the AD584 chip is speci
fied for 0 to +70oC operation, one for -55°C to +12S°C. 

Programmable 
Precision Low-Drift Reference 

AD581/ AD584 CHIPS I 
APPLICATION INFORMATION 
ADS84 chips are functionally identical to packaged ADS84 
devices. For general application information, see the ADS84 
packaged product catalog data sheet. 

The following additional application information applies to 
ADS84 chips: 

1. No particular wire-bonding sequence must be followed. 

2. For assembly information, see the Bipolar Integrated Cir
cuit Chips General Information Section. 

3. For performance to device specifications, the metal sub
strate pad or header beneath the ADS84 chip must be 
connected to V- and substrate, pads number 4 and 9. 

4. Do not connect to any bonding pads or metalization not 
indicated as a functional bonding pad on the metalization 
photograph .. 

METALIZATION PHOTOGRAPH 
Dimensions shown in inches and (mm). 

V+ 8 

SUBSTRATE 9** 

0.061 
(1.549) 

10V* 1 

0.080 
~------(2.032) ---------:-----~ 

CAP 
7 

235 4 
5V* 2.5V* STROBE COMMON 

OR 
V-

6 VaG 

PAD NUMBERS CORRESPOND TO PIN NUMBERS FOR THE TO-99, 8 PIN METAL PACKAGE. 

*CAUTlON: INTERCONNECTIONS REQUIRED; SEE PACKAGED 
AD584 CATALOG DATA SHEET FOR INFORMATION. 

**NOT BROUGHT OUT ON PACKAGED DEVICE. 
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SPECIFICATIONS 1 (typical @ VIN = +15V and +25°C unless otherwise noted) 

MODEL 

ABSOLUTE MAX RATINGS 
Input Voltage VIN to Ground 
Operating Junction Temp. Range 
Storage Temperature Range 
Operating Temperature Range 

Tested (TA = +ZSOC to Tmax) 
Guaranteed, Not Tested 

(TA = Tmin to +ZSOC 

OUTPUT VOLTAGE TOLERANCE 
Maximum Error2 for Nominal 

Outputs of: 
10.OOOV 

7.S00V 
S.OOOV 
Z.SOOV 

OUTPUT VOLTAGE CHANGE 
Maximum Deviation from +ZSOC 

Value, TA = +ZSoC to Tmax 3 

10.000,7.500,5 .OOOV Outputs 
Z.SOOV Output 

Typical Deviation from +ZSOC 
Value, TA = Tmin to +ZSoC3 

10.000,7.500,5 .OODV Outputs 
Z.SOOV Output 

Differential Temperature 
Coefficients Between Outputs 

QUIESCENT CURRENT 

Temperature Variation 

TURN-oN SETTLING TIME TO 0.1 % 

NOISE 
(0.1 to 10Hz) 

LONG-TERM STABILITY 

SHORT CIRCUIT CURRENT 

LINE REGULATION (No Load) 
lSV ~ VIN ~ 30V 

(VOUT +Z.5V)~VIN~lSV 

LOAD REGULATION 
O~IoUT~SmA, All Outputs 

OUTPUT CURRENT4 

VIN ~VOUT +Z.SV 
Source @ +ZSOC 
Source Tmin to Tmax 

Sink T min to T max 
Sink -55°C to +8S

o
C 

NOTES 

AD584J AD584T 

40V 
-SS"C to +lSO°C 
-65°C to +17S

o
C 

±30mV ±lOmV 
±22mV ±8mV 
±lSmV ±6mV 
±7.SmV ±3.SmV 

30ppm/C lSppm/C 
30ppm/C ZOppm/C 

30ppm/C lSppm/C 
30ppm/C ZOppm/oC 

Sppm/C typ 3ppm/C typ 

1.OmA max 
7S0pA typ 

l.SpA/C typ 

ZOOps 

SOpV p-p 

ZSppm/lOOO Hrs. 
(Non-Cumulative) 

30mA 

O.OOZ%IV 

O.OOS%IV 

SOppm/mA max 
(ZOppm/mA typ) 

lOrnA min 
SmA min 

SmA min ZOOpA min 
SmA min 

1 Electrical tests are performed at w;rl-er probe, before the wafer is separated into 
individual dice. Maintaining chip performance to specitication requires great 
care in handling and assembly. 

2 At Pad 1. 
3 Calculated as average over the sl'ecified operating temperature range. 
4 Tested TA = +2SoC to Tmax. Not tested but guaranteed Tmin to +2SoC. 
• Specifications same as ADS84J. 
Specifications subject to change without notice. 
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PRODUCT DESCRIPTION 
The AD582 is a low-cost precision sample-and-hold amplifier 
consisting of an operational amplifier, low-leakage analog 
switch and a JFET integrating amplifier. The only external 
component required is a holding capacitor. The AD582 may 
be connected in any popular op amp configuration giving the 
user control of gain and frequency response. The'samplc/hold 
mode control may be operated from any popular logic family. 
AD582 chips are available in one grade specified forO to +70

o
C 

operation and one for -55°C to +125°C. 

APPLICATION INFORMATION 
AD582 chips are functionally identical to packaged AD582 
devices. For general application information, see the AD582 
packaged product catalog data sheet. 

Low Cost 
Precision Sample-and-Hold 

AD582 CHIPS I 
The following additional application information applies to 
AD582 chips: 

1. No particular wire-bonding sequence must be followed. 

2. For assembly information, see the Bipolar Integrated Cir
cuit Chips General Information Section. 

3. For performance to device specifications, the metal sub
strate pad or header beneath the AD582 chip must be 
connected to -Vs, device pad number 5. 

4. Do not connect to any bonding pads or metalization not 
indicated as a functional bonding pad on the metalization 
photograph. 

METALIZATION PHOTOGRAPH 
Dimensions shown in inches and (mm). 

+INPUT 2 

0.056 
(1.422) 

NULL 3 

0.060 
(1.524)---------~ 

+LOGIC 
1 

4 
NULL 

-LOGIC 
10 

5 
-VS 

9 +VS 

8 -INPUT 

7 OUTPUT 

PAD NUMBERS CORRESPOND TO PIN NUMBERS FOR THE TO-100 10 PIN METAL PACKAGE. 
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SPECIFICATIONS 1 (typical @+25°C, Vs = ±15V and CH = 1000pF, A = +1 unless otherwise specified) 

MODEL 

SAMPLEIHOLD CHARACTERISTICS 
Acquisition Time, 10V Step to 0.1%, 

CII = 100pF 
Acquisition Time, 10V Step to 0.01%, 

CII = 1000pF 
Aperture Time, 20V pop Input, 

Hold OV 
Aperture Jitter, 20V pop Input, 

Hold OV 
Settling Time, 20V pop Input, 

Hold OV, to 0.01% 
Droop Current, Steady State, ±IOVOUT 
Droop Current, TA = +25°C to T!\l1X 

TA = Tmin to +Z5 C 
Charge Transfer . 
Sample to Hold Offset 
Feedthrough Capacitance 

ZOV pop, 10kHz Input 

TRANSFER CHARACTERISTICS 
Open Loop Gain 

VOUT = ZOV pop, RL = 2k 
Common Mode Rejection 

VCM = 20V pop, F = 50Hz 
Small Signal Gain Bandwidth 

VOUT = 100mV pop, CII = ·ZOOpF 
Full Power Bandwidth 

VOUT = ZOV pop, CII = 200pF 
Slew Rate . 

VOUT = ZOV pop, CII = 2POpF 
Output Resistance 

Hold Mode, lOUT = ±5mA 
Linearity 

VO UT = ZOV pop, RL = Zk 
Output Short Circuit Current 

ANALOG INPUT CHARACTERISTICS 
Offset Voltage 
Offset Voltage, TA = +Z5°C to Tmax 

TA = Tmin to +25°C 
Bias Current 
Offset Current 
Offset Current, TA = +25°C to Tm.,.' 

TA = Tmin to +Z5°C 
Input Capacitance, f = IMHz 
Input Resistance, Sample or Hold 

ZOV pop Input, A = + I 
Absolute Max Diff Input Voltage 
Absolute Max Input Voltage, Either Input 

DIGITAL INPUT CHARACTERISTICS 
+Logic Input Voltage 

Hold Mode, Tmin to Tmax , -Logic @ OV 
Sample Mode, Tmin to Tmax , -Logic @ OV 

+Logic Input Current 
Hold Mode, +Logic @ +SV, -Logic @ OV 
Sample Mode, +Logic@ OV, -Logic @ OV 

-Logic Input Current 
Hold Mode, +Logic @ +SV, -Logic@ UV 
Sample Mode, +Logic @ OV, -Logic @ OV 

Absolute Max Diff Input Voltage, +L to-L 
Absolute Max Input Voltage, Either Input 

POWER SUPPLY CHARACTERISTICS 
Operating Voltage Range 
Supply Current, RL = 00 

Power Supply Rejection, 
l:iVs = SV, Sample Mode 

TEMPERATURE RANGE 
Operating 

Tested (TA = +ZSoC to Tmax) 
Guaranteed, Not Tested 

Operating 
Storage 

NOTES 

(TA = Tmin to +ZSoC) 

AD582K 

6/ls 

Z5/ls 

150ns 

15ns 

0.5/ls 
100pA max 
InA 
InA 
5pC max (1.5pC typ) 
0.5mV 

0.05pF 

50k (25k min) 

70dB (60dB min) 

1.5MHz 

70kHz 

3V//ls 

±O.OI% 
±2SmA 

ZmV (6mV max) 
4mV 
4mV 
3/lA max (1.5/lA typ) 
300nA max (7SnA typ) 
100nA 
100nA 
2pF 

30Mn 
30V 
±VS 

+2V min 
+O.8V max 

1.5/lA 
InA 

24/lA 
4/lA 
+ISV/-6V 
±Vs 

±9V to ±18V 
3mA (4.SmA max) 

7SdB (60dB min) 

o to +ZSOC 

-25°C to +8S
o

C 
-6SoC to + ISOoC 

• Electtical tests arc perfonned at wafer probe, before the wafer is separated into 
individual dice. Maintaining chip performance to specification requires great 
care in handling and assembly . 

• Specifications same as AD582K. 
Specifications subject to change without notice. 
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AD582S 

150nA max 
100nA 

5mV (8mV max) 
SmV 

JOOnA (400nA max) 
100nA 

±9V to ±22V 

-5S0C to +ZSoC 

-55°C to +12S
o

C 
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Two-TerminallC 
1.2 Volt Reference 

AD589 CHIPS I 
PRODUCT DESCRIPTION 
The AD589 is a two-terminal, low cost, temperature com
pensated bandgap voltage reference which provides a fixed 
1.23V output voltage for input currents between 50pA and 
5.0mA. 

The high stability of the AD589 is primarily dependent upon 
the matching and thermal tracking of the on-chip components. 
Analog Devices' precision bipolar processing and thin-film 
technology combine to provide excellent performance at 
low cost. 

Additionally, the active circuit produces an output impedance 
ten times lower than typicallow-TC zener diodes. This fea
ture allows operation with no external components required 
to maintain full accuracy under changing load conditions. 

The AD589] is specified for use over the 0 to +70
o

C temper
ature range and the AD589T is specified for -55°C to 
+125°C range. 

APPLICATION INFORMATION 
AD589 chips are functionally identical to packaged AD589 
devices. For general application infonnation, see the AD589 
packaged product catalog data sheet. 

The following additional application information applies to 
AD589 chips: 

1. No particular wire-bonding sequence must be followed. 

2. For assembly i~fonnation, see the Bipolar Integrated Cir
cuit Chips Generallnfonnation Section. 

3. For performance to device specifications, the metal sub
strate pad or header beneath the AD589 chip must be con
nected to the minus pad. 

4. Do not connect to any bonding pads or metalization not 
indicated as a functional bonding pad on the ~etalization 
photograph. 

METALIZATION PHOTOGRAPH 
Dimensions shown in inches and (mm). 

MINUS 2 

0.040 
(1.016) 

PLUS 1 

~;--__________ 0.060 
(1.524) 
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SPECIFICATIONS 1 (typical @ liN = 500pA and TA = 25°C unless otherwise noted) 

Model 

ABSOLUTE MAXIMUM RATINGS 
Current 
Reverse Current 
Power Dissipation2 

Storage Temperature Range 

ADSB9J 

lOrnA 
lOrnA 
12SmW 
-6S

o
C to +17S

o
C 

-55°C to +1S0oC 
300°C 

ADSB9T 

Operating Junction Temperature Range 
Lead Temperature (Soldering, 1Osec) 
Operating Temperature Range o to +70oC -55°C to +12S

o
C 

OUTPUT VOLTAGE 

OUTPUT VOLTAGE CHANGE vs. CURRENT 
(SOpA - SmA) 

DYNAMIC OUTPUT IMPEDANCE 

RMS NOISE VOLTAGE 
10Hz <f < 10kHz 

TEMPERATURE COEFFICIENT - ppm/C 

TURN-ON SETTLING TIME TO 0.1% 

OPERATING CURRENT3 

NOTES 

1.200V min 
1.23SV typ 
1.2S0V max 

SmV max 

0.6S1 
2S1max 

SpV 

100 max 

2Sps 

SOpA min 
SmA max 

1 Electrical tests are performed at wafer probe, before the wafer is separated into 
individual dice. Maintaining chip performance to specification requires great 
care in handling and assembly. 

2 Absolute maximum power dissipation is limited by maximum current through the 
device. Maximum "rating at elevated temperatures must be computed assuming 
TJ ..; 150°C, and OJA = 400°C/W. 

3 Optimum performance is obtained at currents below SOOjJA. 
Stray shunt capacitances should be minimized. If strays cannot be 
avoided, a shunt capacitor of at least 1000pF is recommended. 

·Specifications same as AD589J. 
Specificatio~s subject to change without notice. 
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PRODUCT DESCRIPTION 
The AD590 is a two-terminal temperature transducer which 
produces an output current proportional to absolute tempera
ture. For supply voltages between +4V and +30V, the AD590 
acts as a high impedance, constant current regulator passing 
IJ.LA/K from -55°C to +150°C. Laser-trimming of on-chip 
thin-film rcsistors calibrates the AD590 to provide a 298.2J.LA 
output at 298.2K (+25°C). Low cost, linearity and ease of 
application make AD5 90 chips ideal for monitoring temper
atures at critical locations in hybrid assemblies. 

APPLICATION INFORMATION 
AD590 chips are functionally identical to packaged AD590 
devices. For general application information, see the AD5 90 
packaged product catalog data sheet. 

Two-Terminal 
Ie Temperature Transducer 

AD590 CHIPS I 
The following additional application information applies to 

AD590 chips: 

1. IMPORTANT! Unlike other bipolar integrated circuit chips, 
the AD590 substrate must be electrically isolated (floating). 
The mounting pad or header should be nonconductive, 
insulated or isolated. 

2. No particular wire-bonding sequence must be followed. 

3. For assembly information, see the Bipolar Integrated Cir
cuit Chips General Information Section. 

4. Do not connect to any bonding pads or metalization not 
indicated as a functional bonding pad on the metalization 
photograph. 

METALIZATION PHOTOGRAPH 
Dimensions shown in inches and (mm). 

v+ 

0.037 
(0.940) 

v-
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SPECIFICATIONS 1 (typical @ +25°C and Vs = 5V unless otherwise noted) 

MODEL 

ABSOLUTE MAXIMUM RATINGS 
Forward Voltage (E+ to E-) 
Reverse Voltage (E+ to E-) 
Rated Performance Temperature Range 2 

Storage Temperature Range 2 

POWER SUPPLY 
Operating'Voltage Range 

OUTPUT 
Nominal Current Output @ +2SoC (298.2K) 
Nominal Temperature Coefficient 
Calibration Error @ +2SoC 
Absolute Error3 (over rated performance 

temperature range) 
Without External Calibration Adjustment 
With +2SoC Calibration Error Set to Zero 
N onlineari ty 
Repeatability4 
Long Term DriftS 

Current Noise 
Power Supply Rejection 
+4V~VS~+SV 
+SV ~ Vs ~ +lSV 
+lSV ~ Vs ~ +30V 

Case Isolation to Either Lead 
Effective Shunt Capacitance 
Electrical Turn-On Time6 

Reverse Bias Leakage Current 7 

(Reverse Voltage = lOY) 

NOTES 

AD590J 

+44V 
-20V 
-SSoC to +ISO°C 
-6SoC to + 17SoC 

+4V to +30V 

298.211A 
1I1A/C 
±S.O°C max 

±IO.OoC max 
±3.00C max 
±1.SoC max 
±O.loC max 
±O.loCmax 
40pA/y'Ti7 

O.SI1AIV 
0.211AIV 
O.II1AIV 
lOlon 

100pl'" 
20l1s 

lOpA 

I Electrical tests are performed at wafer probe, before the wafer is 
separated into individual dice. Maintaining chip performance to 
specification requires great care in handling and assembly. 

2The ADS90 has been used at -100°C and +200°C for short periods 
of measurement with no physical damage to the device. However, 
the absolute errors specified apply to only the rated performance 
temperature range. 

3 See page 8-18 for explanation of error components. Note that ±l°C 
error is the equivalent of ± 1J.lA error. 

4 Maximum deviation between +2SoC readings after temperature 
cycling between -55°C and + 150°C; guaranteed not tested. 

S Conditions: constant +SV, constant + 125°C; guaranteed, not 
tested. 

6 Does not include self-heating effects; see page 8-19 for explanation of 
these effects. 

7 Leakage current doubles every 100 C. 
Specifications subject to change without notice. 
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WDEVICES Balanced Modulator/Demodulator 

PRODUCT DESCRIPTION 
The AD630 is a high precision balanced modulator which combines 
a flexible commutating architecture with the accuracy and tem
perature stability afforded by laser wafer trimmed thin film 
resistors. Its signal processing applications include balanced 
modulation and demodulation, synchronous detection, phase 
detection, quadrature detection, phase sensitive detection, lock-in 
amplification and square wave multiplication. A network of on
board applications resistors provides precision closed loop gains 
of ± 1 and ±2 with 0.15% accuracy (AD630A). These resistors 
may also be used to accurately configure multiplexer gains of 
+1, +2, +3 or +4. Alternatively, external feedback may be 
employed allowing the designer to implement his own high gain 
or complex switched feedback topologies. 

The AD630 is intended for use in precision signal processing 
and instrumentation applications requiring wide dynamic range. 
When used as a synchronous demodulator in a lock-in amplifier 
configuration, it can recover a small signal from 100dB of inter
fering noise (see lock-in amplifier application note on AD630 
data sheet). Although optimized for operation up to 1kHz, the 
circuit is useful at frequencies up to several hundred kilohertz. 

AD630 CHIPS I 
APPLICATION INFORMATION 
AD630 chips are functionally identical to packaged AD630 
devices. For general application information, see the AD630 
packaged product catalog data sheet. 

The following additional application information applies to 
AD630 chips: 

1. No particular wire-bonding sequence must be followed. 

2. For assembly information, see the Bipolar Integrated Circuit 
Chips General Information Section. 

3. For performance to device specifications, the metal substrate 
pad or header beneath the AD630 chip must be connected to 
- V s, device pad number 8. 

4. Do not connect any bonding pads or metalization not indicated 
as a functional bonding pad on the metalization photograph. 

METALIZATION PHOTOGRAPH 
Dimensions shown in inches and (mm). 
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ADJ ADJ 

6 7 8 
CM CHA -Vs 
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:I 
~.14 RB 
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11 +Vs 
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PAD NUMBERS CORRESPOND TO PIN NUMBERS FOR THE D20A 20-PIN CERAMIC PACKAGE. 
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SPECIFICATIONS (@ +25OC and ±Vs = ±15V unless otherwise specified) 

Model AD630A 
Min Typ Max 

GAIN 
Open Loop Gain 90 110 
± 1, ± 2 Closed Loop Gain Error 0.1 
Closed Loop Gain Match 0.1 
Closed Loop Gain Drift 2 

CHANNEL INPUTS 
V IN Operational Limit 1 (- Vs +4V)to( + Vs -IV) 
Input Offset Voltage 500 
Input Offset Voltage 

Tmin to Tmax 4 800 
Input Bias Current 100 300 
Input Offset Current 10 50 
Channel Separation@ 10kHz 100 

COMPARATOR 
V IN Operational Limit 1 (-Vs +3V)to(+Vs -1.5V) 
Switching Window ± 1.5 
Switching Window 

Tmin to Tmax 4 ±2.0 
Input Bias Current 100 300 
Response Time ( - 5m V to + 5m V step) 200 
Channel Status 

ISINK@VoL= -Vs + 0.4V2 1.6 
Pull-Up Voltage (-Vs + 33V) 

DYNAMIC PERFORMANCE 
Unity Gain Bandwidth 2 
Slew Rate3 45 
Settling Time to 0.1 % (20V step) 3 

OPERATING CHARACTERISTICS 
Common-Mode Rejection 85 105 
Power Supply Rejection 90 110 
Supply Voltage Range ±5 ± 16.5 
Supply Current 4 5 

OUTPUTVOLTAGE,@RL = 2kO 

TmintoTmax ±10 
Output Short Circuit Current 25 

TEMPERATURE RANGES 
Rated Performance - N Package N/A 

DPackage -25 +85 

NOTES 
llf one terminal of each differential channel or comparator input is kept within 
these limits the other terminal may be taken to the positive supply. 

2IslNK@VoL = (-Vs + l)voltistypically4mA. 
3 Pin 12 Open. Slew rate with Pins 12 & 13 shorted is typically 35V1lLs. 
"This parameter guaranteed but not tested. 

Specifications subject to change without notice. 

ABSOLUTE MAXIMUM RATINGS 
Supply Voltage . . . . . . . . . 
Internal Power Dissipation ... 
Output Short Circuit to Ground 
Max Junction Temperature ... 
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· . ±18V 
· 600mW 
Indefinite 

· + 150°C 

Units 

dB 
% 
% 
ppmoC 

Volts 

Jl.V 

Jl.V 
nA 
nA 
dB 

Volts 
mV 

mV 
nA 
ns 

mA 
Volts 

MHz 

V/Jl.s 

Jl.S 

dB 
dB 
Volts 
mA 

Volts 
mA 

°C 
°C 
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PRODUCT DESCRIPTION 
The AD642 is a pair of matched high speed monolithic FET
input operational amplifiers fabricated with the most advanced 
bipolar, JFET and laser trimming technologies. The AD642 
offers matched bias currents that are significantly lower than 
currently available monolithic dual FET input operational 
amplifiers: 75pA max, matched to 25pA. 

The tight matching and temperature tracking between the 
operational amplifiers is achieved by ion-implanted J FETs 
and laser-wafer trimming. Ion-implantation permits the fab
brication of precision, matched JFETs on a monolithic bipolar 
chip. This optimizes the process to produc~ matched bias 
currents which have lower initial bias currents than other 
popular FET input op amps. Laser-wafertrimming each am
plifier's input offset voltage assures a tight initial match, this 
combined with superior IC processing guarantees offset volt
age tracking over the temperature range. 

Precision Low Cost 
Dual BIFET Op Amp 

AD642 CHIPS I 
APPLICATION INFORMATION 
AD642 chips are functionally identical to packaged AD642 
devices. For general application information, see the AD642 
packaged product catalog data sheet. 

The following additional applications information applies to 
AD642 chips: 

1. No particular wire-bonding sequence must be followed. 

2. For assembly information, see the Bipolar Integrated Cir
cuit Chips General Information Section. 

3. For performance to device specifications, the metal sub
strate pad or header beneath the AD642 chip must be con
nected to -Vs, device pad number 4. 

4. Do not connect to any bonding pads or metalization not 
indicated as a functional bonding pad on the metalization 
photograph. 

METALIZATION PHOTOGRAPH 
Dimensions shown in inches and (mm). 

It---C ----0.176 ---------.(-1 (4.47) 
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SPECIFICATIONS 1 (typical @ +25°C and Vs = ±15V de unless otherwise specified) 

MODEL 

OPEN LOOP GAIN 
VOUT = ±lOV, RL:> 2kn 
TA = +2SoC to Tmax 

Tmin to +25°C 

OUTPUT CHARACTERISTICS 
Voltage @ RL = 2kn, TA = min to max 
Voltage @ RL = IOkn, TA = min to max 
Short Circuit Current 

FREQUENCY RESPONSE 
Unity Gain, Small Signal 
Full Power Response' 
Slew Rate, Unity Gain 

INPUT OFFSET VOLTAGE2 

vs. Supply, TA = +2SoC to Tmax 
Tmin to +2SoC 

INPUT BIAS CURRENT 
Either Input3 

Input Offset Current 

MATCHING CHARACTERISTICS4 

Offset Voltage 
Offset Voltage 

Tmin-Tmax 
Input Bias Current 
Crosstalk-1kHz 20V pop 

INPUT IMPEDANCE 
Differential 
Common Mode 

INPUT VOLTAGE RANGE 
DifferentialS 
Common Mode 
Common Mode Rejection, YIN = ±IOY 

POWER SUPPLY 
Rated Performance 
Operating 
Quiescent Current 

VOLTAGE NOISE 
0.1-10Hz 
10Hz 
100Hz 
1kHz 
10kHz 

TEMPERATURE RANGE 
Operating, Rated Performance 
Storage 

NOTES 

AD642J 

100,000 min 
100,000 min 
100,000 

(±12V) ±lOV min 
(±13V) ±12V min 
2SmA 

1.0MHz 
50kHz 
3.0YIlls' 

2.0mV max 
200llVN max 
200llVN 

10pA, 75pA max 
SpA 

1.0mV 
3.SmV max 

3SpA max 
-124dB 

1012nll6pF 
1012nll6pF 

±20V 
±12V (±IOV min) 
76dB min 

±15V 
±(5 to 18)V 
2.8mA max 

21lY pop 
70nY/.Jik 
4SnY IJHz" 
30nY/~ 
2SnY Iy'lli 

o to +70°C 
-6SoC to +ISO°C 

I Electrical tests are performed at wafer probe, before the wafer is separated 
into individual dice. Maintaining chip performance to specification requires 
great care in handling and assembly. 

2 Input Offset Voltage specifications are guaranteed after 5 minutes 
of operation at TA = +2Soe. 

3 Bias current specifications are guaranteed maximum at either 
input after 5 minutes of operation at TA = +2Soe. For higher 
temperatures, the current doubles every looe. 

4 Matching is defined as the difference between parameters of the two 
amplifiers. 

sDefined as the maximum safe voltage between inputs, such that neither 
exceeds ± IOV from ground. 
Specifications subject to change without notice. 
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PRODUCT DESCRIPTION 
The AD644 is a pair of matched high speed monolithic FET
input operational amplifiers fabricated with the most ad
vanced bipolar, JFET and laser trimming technologies. The 
tight matching and temperature tracking between the opera
tional amplifiers is achieved by ion-implanted JFETs and 
laser-wafer trimming. The AD644 is recommended for appli
cations where both high speed and dc performance are 
required. 

APPLICA nON INFORMATION 
AD644 chips are functionally identical to packaged AD644 
devices. For general application information, see the AD644 
packaged product catalog data sheet. 

Dual High .Speed 
Implanted FET-Input Op Amp 

AD644 CHIPS I 
The following ·additional application information applies to 
AD644 chips: 

1. No particular wire-bonding sequence must be followed. 

2. For assembly information, see the Bipolar Integrated Cir
cuit Chips General Infonnation Section. 

3. For performance to device specifications. the metal sub
strate pad or header beneath the AD644 chip must be con
nected to -Vs. device pad number 4. 

4. Do not coimect to any bonding pads or metalization not 
indicated as a functional bonding pad on the metalization 
photograph. 

MET ALIZA nON PHOTOGRAPH 
Dimensions shown in inches and (mm). 

1
__ 0.176 . -I. (4.47) V+ 
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SPECIFICATIONS 1 (typical @ +25° C and Vs = ± 15V dc unless otherwise specified) 

MODEL 

OPEN LOOP GAIN 
VOUT = ±IOV, RI. ~ 2kn 
TA = +2SoC to Tmax , RL = 2kn 
TA = Tmin to +2SoC, RL = 2k.Q 

OUTPUT CHARACTERISTICS 
Voltage @l RL = 2kn, TA = min to max 
Voltage @ RL = 10k.Q, TA = min to max 
Short Circuit Current 

FREQUENCY RESPONSE 
Unity Gain, Small Signal 
Full Power Response 
Slew Rate, Unity Gain 
Total Harmonic Distortion, f = 1kHz 

INPUT OFFSET VOLTAGE2 

vs. Supply, TA = +2SoC to Tmax 
TA = Tmin to +2SoC 

INPUT BIAS CURRENT 
Either Input3 

Input Offset Current 

MATCHING CHARACTERISTICS4 

Input Offset Voltage 
Input Offset Voltage Tmin -Tmax 
Input Bias Current 
Crosstalk 

INPUT IMPEDANCE 
Differential 
Common Mode 

INPUTYOLTAGE RANGE 
DifferentialS 
Common Mode 
Common Mode Rejection, VIN = ±10V 

POWER SUPPLY 
Rated Performance 
Operating 
Quiescent Current 

VOLTAGE NOISE 
0.1-10Hz 
10Hz 
100Hz 
1kHz 
10kHz 

TEMPERATURE RANGE 
Operating, Rated Performance 
Storage 

NOTES 

AD644J 

30,000 min 
20,000 min 
20,000 

±12V (±lOV min) 
±13V (±12V min) 
2SmA 

2.0MHz 
200kHz 
13.0VIlls 
O.OOlS% . 

2.0mV max 
200llV IV max 
200llVIV 

10pA (7SpA max) 
lOpA 

1.0mV max 
3.SmV max 
3SpA max 
-124dB 

IOl2nl16pF 
IO l2 .Q113pF 

±20V 
±12V (±10V min) 
76dB min 

±JSV 
±(S to 18)V 
3.SmA (4.SmA max) 

21lV pop 
35 n V l-.,.Iih 
22nV 1,Ji"h 
18nV/y'H7 
16nV/y'lli 

o to +70°C 
-6SoC to +lS0°C 

1 Electrical tests are performed at wafer probe, before the wafer is 
separated into individual dice. Maintaining chip performance to 
specification requires great care in handling and assembly. 

2 Input Offset Voltage specifications are guaranteed after 5 minutes 
of operation at TA = +2SOC. 

3 Bias Current specifications are guaranteed maximum at either input 
after 5 minutes of operation at TA = +2SOC. For higher temperatures, 
the current doubles every lOcc. 

4 Matching is defined as the difference between parameters of the two amplifiers. 
5 Defined as voltage between inputs, such that neither exceeds ± lOV from ground. 

Specifications subject to change without notice. 
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PRODUCT DESCRIPTION 
The AD DAC-08 is a high-speed 8-bit two-quadrant multi
plying D-to-A converter, consisting of matched bipolar 
switches, a control amplifier and a precision resistor network. 
Advanced design and manufacturing techniques result in 85 
nanosecond settling time, and compatibility with older in
dustry standard DAC-08 devices. One accuracy grade is speci
fied for 0 to +70

o
C, one for -55°C to +125°C. 

APPLICA nON INFORMATION 
1. 10 and fO are provided at two alternate locations. 

a.) Do not use both 10 (or both fO) locations for different 
functions. They are merely the same ou tpu t wired to 
two different locations. 

High Speed 
8-Bit 0-to-A Converter 

AD DAC-OB CHIPS i 
b.) If fO (or 10) is to be unused in both locations, it should 

be grounded at one of the two locations. 

2. No particular wire-bonding sequence must be followed. 

3. For assembly information, see the Bipolar Integrated Cir
cuit Chips General Information Section. 

4. For performance to device specifications, the metal sub
strate pad or header beneath the AD DAC-08 chip must 
be connected to -Vs, device pad number 5. 

5. Do not connect to any bonding pads or metalization not 
indicated as a functional bonding pad on the metalization 
photograph. On AD DAC-08 chips, specifically do not con
nect to bonding pad area marked number 1 on metalization 
photograph. 

METALIZATION PHOTOGRAPH 
Dimensions shown in inches and (mm). 
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1 

-SPECIFICATIONS (Vs = ±15V and I REF:: 2.0mA unless otherwise noted) 

TA = HOC to TMAX TA = TMIN to +ZSoC 

CHARACTERISTIC SYMBOL CONDITIONS MIN TYP MAX MIN 

NONLINEARITY 
AD DAC-o.8A .to. I 
AD DAC-o.8C :!u.39 

SETTLING TIME ts Full-Scale Step to 1/2LS13 85 

PROPAGATION DELAY tpUl, tPIiL All Bits Switchcd 35 

FULL SCALE TEMPCO TC IFS 
AD DAC-o.8A ±1O ±5o. 
AD DAC-o.8C ±1O ±8u 

OUTPUT VOLTAGE COMPLIANCE Voc L':IIFS < 1I2LS13 -10. +18 -10. 

ROUT > 2o.MS1 

FULL SCALE CURRENT IFS~ VREF = Io..o.o.o.V 
R 14= R 1S= 5.o.o.o.kS1 
TA = 25°C 

AD DAC-o.8C 1.94 1.99 2.0.4 
AD DAC-o.8A 1.984 1.992 2.0.0.0. 

FULL SCALE SYMMETRY IFSS (lFS4 -IFS2) 
AD DAC-o.8A ±o..5 ±4.u 
AD DAC-o.8C ±2.o. ±16.o. 

ZERO SCALE CURRENT Izs 
AD DAC-Q8A 0..1 1.0. 
AD DAC-o.8C 0..2 4.0. 

• OUTPUT CURRENT RANGE IFSR V- = -5.o.V 0. 2.0. 2.1 
V- = -7.0. to -18V 0. 2.0. 4.2 

LOGIC INPUT LEVELS 
Logic "0." VIL VU: = o.V 0..8 
Logic "I" VIII VLC = o.V 2.0. 

LOGIC INPUT CURRENTS 
Logic "0." IlL -IOV<VIN<+o..8V -2.0. -10. 
Logic "I" 1111 2.o.V<VIN<18V 0..0.0.2 10 

LOGIC INPUT SWING VIS V-=-15V -10. +18 -10. 

LOGIC THRESHOLD RANGE VIIIL VS=±15V -10. +13.5 -10. 

REFERENCE BIAS CURRENT IREI' +0..1 -1.0. -3.0. 

REFERENCE INPUT SLEW RATE dlldt 4.0. 8.0. 

POWER SUPPLY SENSITIVITY PSSIFS+ V+ = 4.5V to 18V ±o..o.o.3 ±o..o.I 
PSSIFS_ V- = -4.5V to -18V ±o..o.o.2 ±o..o.I 

IREF = 1.o.mA 

POWER SUPPLY CURRENT 1+ From +Vs 0..4 2.3 3.8 
1- From -VS -0..8 -6.4 -7.8 

POWER DISSIPATION PD ±5V, IREI' = l.o.mA 33 48 
+5V, -15V, IREF = 2.o.mA 10.8 136 
±15V, IREF = 2.o.mA 135 174 

NOTES 
I AD DAC-QSA specifications apply for the -55°C to +12 SoC 

range. The AD DAC{)SC specifications apply for TA = 0. to +7o.'C. 

Specifications subject to change without notice. 

ABSOLUTE MAXIMUM RATINGS 

Operating-Temperature 
AD DAC-OBA . ... . . . . . . . . . . . . -55°C to +12S

o
C 

AD DAC-OBC . ... . 
Storage Temperature ...... . 

Power Dissipation ..... _ . 
Above 100° C Derate by . 

-Vs Supply to +Vs Supply 
Logic Inputs ......... . 

VLC ............ . 
Reference Inputs (V 14. V 15). 
Reference Input Differential 

Voltage (V14 to VIS) .... 
Reference Input Current (114) . 
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. ...... _ ..... 0 to +70°C 
. -65°C to +lS0°C 
. ...... SOOmW 
. ..... 1OmW/C 

. .......... 36V 
.. -VS to (-VS +36V) 

. -VS to +VS 
. .. -Vs to +VS 

. .. ±18V 

..S.OmA 

TYP MAX 

±o..1 
±u.39 

85 

35 

±1O 
±1O 

+18 

1.99 
1.992 

±o..5 
±2.o. 

0..1 
U.2 

2.0. 
2.0. 

0..8 
2.0. 

-2.0. 
0..0.0.2 

+18 

+ 13.5 

-1.0. 

8.0. 

±o..o.o.o.3 
±o..o.o.2 

2.3 
-6.4 

33 
10.8 
135 

UNITS 

%FS 
%FS 

ns 

ns 

ppmt"C 
ppm/oC 

V 

rnA 
rnA 

p.A 
p.A 

p.A 
P.A 

rnA 
rnA 

V de 
V de 

p.A 
p.A 

V 

V 

p.A 

mAIp.s 

%1% 
%1% 

rnA 
rnA 

rnW 
rnW 
rnW 
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PRODUCT DESCRIPTION 
The AD OP-07 is an improved version of the industry-standard. 
OP-07 precision operational amplifier. A guaranteed minimum 
open-loop voltage gain of 1,200,000 affords increased accura
cy in high closed loop gain applications. Input offset voltages 
of 60j.l.V, bias currents of 1.8nA, internal compensation and 
device protection eliminate the need for external components 
and adjustments. An input offset voltage temperature coeffi
cient of O.4j.l.V 1° C and long-term stability of OAj.l.V Imonth 
eliminate recalibration or loss of initial accuracy. Two grades 
of AD OP-07 chips are specified for 0 to +70

0
C operation. 

APPLICATION INFORMATION 
AD OP-07 chips are functionally identical to packaged AD 
OP-07 devices. For general application infonnation, see the 
AD OP-07 packaged product catalog data sheet. 

Ultra-Low Offset 
Voltage Op Amp 

AD OP-07 CHIPS I 
The following additional application information applies to 
AD OP-07 chips: 

1. No particular wire-bonding sequence must be followed. 

2. For assembly information, see the Bipolar Integrated Cir
cuit Chips General Infonnation Section. 

3. For performance to device specifications, the metal sub
strate pad or header beneath the AD OP-07 chip must be 
connected to -Vs, device pad number 4. 

4. Pads 7 A and 7B must botb be connected to +Vs. 

5. Do not connect to any bonding pads or metalization not 
indicated as a functional bonding pad on the metalization 
photograph. 

METALIZATION PHOTOGRAPH 
Dimensions shown in inches and (mm). 
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SPECIFICATIONS 1 (TA =+25°C, VS= ±15V, unless otherwise specified) 
Model 
Parameter Symbol Test Conditions 

OPEN LOOP GAIN , AVO RL;"2H2, Vo = ±10V 
RL;"2kU, Vg = ±10V 

TA = +25 C to Tmax 
TA = Tmin to +25°C 

RL;"500U, Vo = ±0.5V, Vs = ±3V 

OUTPUT CHARACTERISTICS 
Maximum Output Swing YOM RL;"lOkU 

R L;"2kU 
RL;"lkU 

Open Loop OU,tput Resistance Ro Vo = 0,10 = 0 

FREQUENCY RESPONSF 
Closed Loop Bandwidth BW AVCL = +1.0 
Slew Rate SR RL;"2k 

INPUT OFFSET VOLTAGE 
Initial Vos Note 2 

Note 2, TA = +25°C to T~ax 
TA = T min to +25 C 

Adjustment Range Rp = 20kU 

INPUT OFFSET CURRENT 
Initial los 

INPUT BIAS CURRENT 
Initial IB 

INPUT RESISTANCE 
Differential RIN 
Common Mode RIN CM 

INPUT VOLTAGE RANGE 
Common Mode CMVR 
Common Mode Rejection Ratio CMRR VCM = ±CMVR 

VCM = ±CMVR, Tmin to Tmax 

POWER SUPPLY 
Current, Quiescent IQ Vs = ±15V 
Power Consumption PD Vs = ±15V 

Vs = ±3V 
Rejection Rati'J PSRR Vs = ±3V to ±18V 

OPERATING TEMPERATURE 
RANGE Tmin' Tmax 

NOTES 
I Electrical tests are performed at wafer prove, before the wafer is separated into individual dice. 
Maintaining chip performance to specification requires great care in handling and assembly. 

2 Input offset voltage measurements are performed.by automated test equipment approximately 
0.5 seconds after application of power. 

Specifications subject to change without notice. 
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ADOP'()7C 
Min Typ Max 

1,200 4,000 

1,000 4,000 
1,000 

300 1,000 

±12.0 ±13.0 
±1l.5 ±12.8 

±12.0 
60 

0.6 
0.17 

60 150 
85 250 
85 
±4 

0.8 6.0 

±1.8 ±7.0 

8 33 
120 

±13.0 ±14.0 
100 120 
97 120 

3.5 5.0 
105 150 
6.0 8.4 

90 104 

0 +70 

ADOP-07D 
.Min Typ Max Units 

1,200 4,000 V/mV 

1,000 4,000 VIm V 
1,000 VIm V 

300 1,000 V/mV 

±12.0 ±13.0 V 
±1l.5 ±12.8 V 

V 
60 U 

0.6 MHz 
0.17 Vllls 

60 150 IlV 
85 250 IlV 
85 IlV 
±4 mV 

0.8 6.0 nA 

±2.0 ±12 nA 

7 31 MU 
120 GU 

±13.0 ±14.0 V 
94 110 dB 
94 106 dB 

3.5 5.0 rnA 
105 150 mW 
6.0 8.4 mW 

90 104 .{jB 

0 +70 °c 
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PRODUCT DESCRIPTION 
The AD OP-27 offers the combined features of high precision, 
ultra-low noise and high speed in a monolithic bipolar operational 
amplifier. State-of-the-art performance for high accuracy ampli
fication of very low level signals, where inherent device noise 
can be the limiting factor, is attainable with the AD OP-27. As 
a device directly compatible with, other low noise op amps, the 
AD OP-27 features industry standard dc performance; input 
offset voltages of lOJ.L V and input offset voltage temperature 
coefficients of O.2J.LV/oC. The super low input voltage noise 
performance of the AD OP-27 is characterized by an en p-p of 
80nV (O.IHz to 10Hz), an en of 3.0nV/vRZ (at 1kHz) and a lIf 
noise comer frequency of 2.7Hz. AC specifications including a 
2.8V/J.Ls slew rate and an 8MHz gain bandwidth product are 
possible without sacrificing dc accuracy. Long term stability is 
assured by an input offset voltage drift specification of O.2J.L VI 
month. 

Source resistance related errors with the AD OP-27 are minimized 
by a low input bias current at ambient of ± lOnA and an input 
offset current of 7nA. An input bias current cancellation circuit 
limits bias and offset currents over the extented temperature 
range to ±20nA and ISnA, respectively. Other factors inducing 
input referred errors such as power supply variations and common
mode voltages are attenuated by a PSRR and CMRR of at least 
120dB. 

Ultra-Low Noise, 
Precision Op Amp 

AD OP-27 CHIPS I 
APPLICATION INFORMATION 
AD OP-27 chips are functionally identical to packaged AD OP-
27 devices. For general application information, see the AD OP-
27 packaged product catalog data sheet. 

The following additional application information applies to AD 
OP-27 chips: 

1. No particular wire-bonding sequence must be followed. 

2. For assembly information, see the Bipolar Integrated Circuit 
Chips General Information Section. 

3. For performance to device specifications, the metal substrate 
pad or header beneath the AD OP-27 chip must be connected 
to - V s, device pad number 4. 

4. Do not connect any bonding pads or metalization not indicated 
as a functional bonding pad on the metalization photograph. 

METALIZATION PHOTOGRAPH 
Dimensions shown in inches and (mm) . 
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PAD NUMBERS CORRESPOND TO PIN NUMBERS FOR THE TO-99 8-PIN METAL PACKAGE. 
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SPECIFICATIONS CTA= + 25OC, Ys= ±15Y, unless otherwise specified) 

MODEL ADOP.27G UNITS 

PARAMETER SYMBOL MIN TYP MAX 
OPEN LOOP GAIN Avo 700 1,500. V/mV 

- 1,500 V/mV 
200 500 V/mV 
450 1,000 V/mV 

OUTPUTCHARACfERISTICS 
Voltage Swing Vo ±11.5 ±13.5 V 

±101.0 ± 11.5 V 
±11.0 ±13.3 V 

Open-Loop Output Resistance Ro 70 0 

FREQUENCY RESPONSE 
Gain Bandwidth Product GBW 5.0 8.0 MHz 
Slew Rate SR 1.7 2.S V/J1.s 

INPUT OFFSET VOLTAGE 
Initial Vos 30 100 J1.V 

55 220 J1.V 
Average Drift TCVos 0.4 1.8 J1.VrC 
Long Term Stability VosITime 0.4 2.0 J1.V/month 
Adjustment Range ±4.0 mV 

INPUT BIAS CURRENT 
Initial IB ±15 ±SO nA 

±25 ±150 nA 

INPUT OFFSET CURRENT 
Initial los 12 7S nA 

20 135 nA 

INPUT NOISE 
Voltage enp"p 0.09 0.25 J1.V~ 
Voltage Density en 3.8 S.O nV Hz 

3.3 5.6 nV/\!HZ 
3.2 4.5 nV/\!HZ 

Current Density in 1.7 - pAl\!HZ 
1.0 - pAlvRZ 
0.4 0.6 pAlViiZ 

INPUT VOLTAGE RANGE 
Common Mode CMVR ±11.\0 ±12.3 V 

±10.5 ± 11.S V 
Common-Mode Rejection 

Ratio CMRR 100 120 dB 
96 118 dB 

INPUT RESISTANCE 
Differential RIN 0.8 4 MO 
Common Mode RINCM 2 GO 

POWER SUPPLY 
Rated Performance ±15 V 
Operating ±(4-1S) V 
Current, Quiescent IQ 3.3 5.6 mA 
Rejection PSR 2 20 J1.VN 

2 32 J1.VN 
Power Consumption Pd 100 170 mW 

OPERATING TEMPERATURE RANGE 
TMIN,TMAX -25 +85 ·C 

NOTES 
Note I: For supply voltages less than ::t 18V, the absolute maximum input voltage is equal to the supply voltage. 

Note 2: The AD OP-27's inputs are protected by back-to-back diodes. To achieve low noise current limiting 
resistors could not be used. If the differential input voltage exceeds ::to.7V, the input current should 
be limited to 2SmA. 

Specifications subject to change without notice. 

ABSOLUTE MAXIMUM RATINGS 
Supply Voltage ..... . 
Internal Power Dissipation " 
Input Voltage (Note I) .... 
Output Short Circuit Duration 
Differential Input Voltage (Note 2) 
Differential Input Current (Note 2) 
Storage Temperature Range .... 

VOL. I, 17-58 MONOLITHIC CHIPS 

. ±18V 
SOOmW 

. ±18V 
Indefinite 
.. ±O.7V 
. ±2SmA 

-65°C to + 150°C 
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PRODUCT DESCRIPTION 
The AD OP-37 offers the combined features of high precision, 
ultra-low noise and high speed in a monolithic bipolar operational 
amplifier. High speed accurate amplification of very low level 
signals, ",here inherent device noise can be the limiting factor, 
is attainable with the AD OP-37 in applications requiring gains 
greater than five. This instrumenation grade op amp features 
industry standard dc performance; input offset voltages of 1O~ V 
and input offset voltage temperature coefficients of O.2~V/oC. 
The super low input voltage noise performance of the AD OP-37 
is characterized by an en Pop of 80nV (O.IHz to 10Hz), an e~ of 
3.0nV/VHz (at 1kHz) and a lIf noise corner frequency of 2.7Hz. 
High speed performance is assured by a 17V/~s slew rate and a 
63MHz gain bandwidth product. Long term stability is guaranteed 
by an input offset voltage drift specification of O.2~V/month. 

Source resistance related input errors with the AD OP-37 are 
minimized by a low input bias current of ± IOnA and an input 
offset current of 7nA. An input bias current cancellation circuit 
restricts bias and offset currents over the extended temperature 
range to ±20nA and 15nA, respectively. Other factors inducing 
input referred errors such as power supply variations and common
mode voltages are attenuated by a PSRR and CMRR of at least 
120dB. 

Ultra-Low Noise, I 

High Speed Precision Op Amp 
AD OP-37 CHIPS I 

APPLICATION INFORMATION 
AD OP-37 chips are functionally identical to packaged AD OP-
37 devices. For general application information, see the AD OP-
37 packaged product catalog data sheet. 

The following additional application information applies to AD 
OP-37 chips: 

1. No particular wire-bonding sequence must be followed. 

2. For assembly information, see the Bipolar Integrated Circuit 
Chips General Information Section. 

3. For performance to device specifications, the metal substrate 
pad or header beneath the AD OP-37 chip must be connected 
to - V s, device pad number 4. 

4. Do not connect any bonding pads or metalization not indicated 
as a functional bonding pad on the metalization photograph. 

METALIZATION PHOTOGRAPH 
Dimensions shown in inches and (mm). 
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SPECIFICATIONS (TA= +25OC, Vs= ±15V, unless oth8lWise specified) 

MODEL AD OP·37G UNITS 

PARAMETER SYMBOL MIN TVP MAX 

OPEN LOOP GAIN Avo 700 1,500 V/mV 
400 1,500 V/mV 
200 500 V/mV 
450 1,000 V/mV 

OUTPUTCHARACfERISTICS 
Voltage Swing Vo ±11.5 ± 13.5 V 

±10.ij ± 11.5 V 
±11.0 ± 13.3 V 

Open-Loop Output Resistance Ro 70 0 

FREQUENCY RESPONSE 
Gain Bandwidth Product GBW 45 63 MHz 

- 40 MHz 
Slew Rate SR 11 17 V/JJ.s 

INPUT OFFSET VOLTAGE 
Initial Vos 30 1'00 JJ.V 

55 220 JJ.V 
Average Drift TCVos 0.4 1.8 JJ.vrc 
Long Term Stability Vosffime 0.4 2.0 JJ.V/month 
Adjustment Range ±4.0 mV 

INPUT BIAS CURRENT 
Initial IB ±15 ±180 nA 

±25 ±150 nA 

INPUT OFFSET CURRENT 
Initial los 12 7,5 nA 

20 135 nA 

INPUT NOISE 
Voltage enp-p 0.09 0.25 JJ.V~ 
Voltage Density en 3.8 8.0 nV Hz 

3.3 5.6 nV/vHz 
3.2 4.5 nV/vHz 

Current Density in 1.7 - pNvHz 
1.0 - pNvHz 
0.4 0.6 pNvHz 

INPUT VOLTAGE RANGE 
Common Mode CMVR ±l1.Q ± 12.3 V 

±10.5 ± 11.8 V 
Common-Mode Rejection 

Ratio CMRR 100 120 dB 
96 118 dB 

INPUT RESISTANCE 
Differential RIN 0.8 4 MO 
Common Mode RINCM 2 GO 

POWER SUPPLY 
Rated Performance ±15 V 
Operating ±(4-18) V 
Current, Quiescent IQ 3.3 5.6 mA 
Rejection PSR 2 20 JJ.VN 

2 32 JJ.VN 
Power Consumption Pd 100 1170 mW 

OPERATING TEMPERA TURE RANGE 
TMIN,TMAX -25 +85 ·C 

NOTE 
Specifications subject to change without notice. 
Electrical tests are performed at wafer probe, before the wafer is separated into individual dice. 
Maintaining chip performance to specification requires great care in handling and assembly. 

ABSOLUTE MAXIMUM RATINGS 
Supply Voltage ....... . 
Input Voltage ........ . 
Output Short Circuit Duration 
Differential Input Voltage .. 
Differential Input Current 
Storage Temperature Range .. 
Operating Temperature Range 

VOL. I, 17-60 MONOLITHIC CHIPS 

· . ±18V 
· . ±18V 
Indefinite 

· . ±O.7V 
· ±2SmA 

-65°C to + 150°C 
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CMOS Integrated Circuit Chips 
. General Information 

PHYSICAL CHARACTERISTICS 
Die Thickness: The thickness of Analog Devices CMOS dice 
is 20 mils ±1 mil except dielectric ally isolated CMOS, which 
is 20 mils ±3 mils. 

Die Dimensions: The dimensions given on the specific device 
data sheets have a tolerance of ±3 mils. 

Backing: The backside surface of Analog Devices CMOS dice 
is silicon (not plated). Analog Devices has determined that an 
unplated backing allows thinner dice, better controlled thick
ness, better thermal transfer and more reliable die attach. Gold 
backing is not available for CMOS die. 

Edges: A diamond saw is used to separate wafers into dice thus 
providing perPendicular edges half-way through the die. 

In contrast to scribed dice, this technique provides a more 
uniform die shape and size. The perpendicular edges facilitate 
handling (such as tweezer pick-up)-while the uniform shape 
and size simplifies substrate design and die attach. 

Top Surface: The top surface of the dice is covered by a layer 
of Phosphorous-doped-Vapox glassivation. All areas are cover
ed except bonding pads and scribe lines. 

Surface Metalization: The metalization on Analog Devices 
CMOS dice is aluminum. Minimum metalizatio~ thickness 
is 1O,000A. 

Bonding Pads: All bonding pads have a minimum size of 4 mils 
by 4 mils. nie passivation windows are 3.5 mils minimum. 

VISUAL INSPECTION 
All Analog Devices CMOS dice are 100% inspected. In 
addition, Quality Assurance performs a sample audit to the 
same visual criteria to an AQL of 0.65%. 

PROCESS FLOW 
The process flow chart for Analog Devices CMOS dice is 
shown on page 17-58. All CMOS dice are 100% probed to 
+25°C functional and dc parametic limits as per the data 
sheet limits for the equivalent packaged version. (See page 
17-59 for the packaged product equivalent of CMOS dice). 
Reject die are inked. 

Additionally, all CMOS dice are 100% inspected. Quality Assur
ance audits to the same visual criteria to an AQL of 0.65%. 

Following visual inspection, a sample of the die lot is assem
bled in ceramic packages and submitted to opens/shorts 
testing to cull out any assembled-related failures. 

Following 'open/short testing, the remaining packaged sample 
is submitted to 100% temperature testing of dc parameters. 
The limits used are the upper temperature limits of the similar 
grade packaged product (see page 17-59). The lot is rejected 
if the temperature test PDA (percent defective allowable) 
is greater than 15%. 

Special electrical sorts or sample plans can sometimes be ac-
commodated at extra cost if volume warrants. ' 

ELECTRICAL TESTS 
All chips are 100% tested at wafer sort per published +25° Cdc 
parameters for the equivalent grade packaged product (see 
page 17-59) before the wafer is separated into individual dice. 

Additionally, a packaged sample of each die lot is submitted 
to hot temperature testing. A maximum PDA of 15% is 
required for lot acceptance by Q.A. 

Maintaining chip performance to specifications requires great 
care in handling and assembly. The specific recommendations 
in this general information section are intended to assist the 
user in achieving specified performance of Analog Devices 
CMOS chips in assembled circuits. 

ELECTRICAL GUARANTEES 
Analog Devices CMOS chips are guaranteed to provide an 85% 
yield to standard packaged product data sheet performance 
specifications over the operating temperature range indicated 
on the data sheet for the equivalent packaged grade. 

PACKAGING 
All dice are packaged in plastic waffle packs. The quantity of 
dice per package depends on die size. 

A sheet of anti-static paper is included in each pack. 

The waffle pack is sealed in a plastic vacuum-sealed package. 
The package is back-filled with nitrogen. ' 

ASSEMBLY INFORMATION 
Cleaning: Each die is cleaned prior to packaging in waffle 
packs. No additional cleaning is recommended. 

Die Inspection: All Analog Devices CMOS dice are 100% 
inspected. 

No further inspection is required. 

Die Attach: The proper method of die attach is determined 
by the requirements of the particular application. 

When eutectic die attach is indicated, Analog Devices rec
ommends using either a 99.99% gold or a 98% gold 2% 
silicon preform. 

When condllctive cpoxy die att;lch is indicated, Analog 
Devices reC0mmends the use of Able Bond 36-2 or equivalent. 

Die attach temperature should be as low as possible and should 
never exceed 400°C as measured at the die-substrate interface 
surface. Time at 400°C shall not exceed 120 seconds. 

Lead Bonding: Analog Devices recommends using thermosonic 
or thermo-compression bonding for users requiring gold wire. 
One mil 99.99% gold wire is recommended. 

Analog Devices recommends using ultra-sonic bonding for 
users requiring aluminum wire. One mil 99% aluminum 1% 
silicon wire is recommended. 

To prevent damage from electrostatic discharge, bond the 
GND pin first. If a device has both an analog and a digital 
ground, bond DGND first. 

MONOLITHIC CHIPS VOL. I, 17-61 

• 



Electrostatic Discharge (ESD): CMOS integrated circuits may 
be catastrophically damaged by ESD if not handled properly. 

Furthermore, subtle shifts in transistor characteristics can be 
caused by a more limited exposure to ESD, causing the per
formance of a precision device to become degraded. 

To prevent damage caused by ESD, Analog Devices recom
mends the following: 

a. Verify proper grounding of all manufacturing equipment. 

b. All workers who handle the chips should be wearing a 
grounded conductive wrist-strap. 

c. All work-in-process, especially any work with incomplete 
wire-bonding, should be,placed on a conductive surface. 

d. Dice not in use should be stored in the original waffle pack 
with anti-static paper. 

Specific data sheets in this catalog describe the recommended 
bonding sequence for each CMOS device. 

ORDERING INFORMATION 
Analog Devices CMOS integrated circuit chips are specified in 
the same manner as packaged devices, except the package code 

letter is replaced by the word "CHIPS". 

AD xxxx X CHIPS 

~ 
Prefix 

T 
Product 

""\ ~ 
Grade Designates 

(All IC Products) Number (Single Letter) Chips 

Minimum order quantity for CMOS chips is 50 pieces per line 
item. Additionally, Analog Devices CMOS dice are supplied in 
multiples of 25 pieces. 

Not all packaged product generics, grades or temperature 
ranges can be supplied in chip form. See page 17-63 for 
.available CMOS chips. 

Bonding Diagrams: Bonding diagrams are provided for each 
product. Dimensions are given in inches and millimeters. See 
pages 17-64 through 17-68. 

APPLICATIONS INFORMATION 
Product descriptions, features and applications information is 
available for CMOS chips in the packaged product data sheets 
of this catalog. 

{
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CMOS CHIP'S AVAILABLE 
Due to limitations imposed on testing and grading devices in 
chip form, not all packaged product grades or temperature 
ranges are available at this time as standard product. 

Following is a list of CMOS chip standard product offerings 
which are presently available. Refer to the packaged-product 
data sheet shown to determine the chip's dc performance 
characteristics. 

LEADLESS CHIP CARRIERS FOR FULLY TESTED AND 
GUARANTEED PERFORMANCE 
Due to test limitations, it is often difficult (or impossible) to 

provide the exhaustive testing required to guarantee chips to 
the equivalent grade packaged-product performance over the 
MILITARY temperature range. 

Consequently, Analog Devices offers many CMOS devices 
packaged in leadless chip carriers. Chip carriers offer the ad
vantage of fully specified, 100% tested, guaranteed perform
ance in a package not much larger than the chip itself. Con
tact Analog Devices for further information on products 
available in chip carriers. 

Equivalent Packaged Operating Temperature 
Product to Determine Range for Rated dc 

Chip Model Number dc Performance (Vol. I) Performance 

CMOS MULTIPLEXERS 

AD7S01 J CHIP AD7S01JD j page 16-S -Z'SoC to +8SoC 
AD7S0Z J CHIP AD7S0ZJD j page 16-S -ZSoC to +8SoC 
AD7S03 J CHIP AD7S03JD j page 16-S -2SoC to +8SoC 
AD7S06 J CHIP AD7S06JD j page 16-9 -2SoC to +8SoC 
AD7S07 J CHIP AD7S07JD j. page 16-9 _ZSoC to +8SoC 

CMOS· SWITCHES 

AD7SlODI J CHIP AD7S10DIJD j page 16-13 -2So C to +8So C 
AD7S11DI J CHIP AD7S11DIJD j page 16-13 -2So C to +8So C 
AD7S12DI J CHIP AD7S12DIJD j page 16-13 -2SoC to +8SoC 
AD7S90DI B CHIP AD7S90DIBD j page 16-21 -ZSo C to +8So C 
AD7S91DI B CHIP AD7S91DIBD j page 16-21 -ZSo C to +8So C 
AD7S92DI B CHIP AD7S92DIBD j page 16-21 -ZSoC to +8SoC 

CMOS D/A CONVERTERS 

AD7S24 ACHIP AD7S24AD 'page 9-173 -2SoC to +8SoC 
AD7S33 . A CHIP AD7S33AD page 9-197 -2SoC to +8SoC 
AD7S41A A CHIP AD7S41A AD page 9-211 -ZSoC to +8SoC 
AD7S42 ACHIP AD7S4ZAD page 9-217 -2SoC to +8SoC 
AD7S43 A CHIP AD7S43AD page 9-225 ':"2SoC to +8SoC 
AD7S4S ACHIP AD7S4SAD page 9-233 -2So C to +8SoC 

CMOS AID CONVERTERS 

AD7S74 A CHIP AD7S74AD page 10-151 -2SoC to +8SoC 
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BONDING DIAGRAMS 
Dimensions shown in inches and (mm). 
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BONDING DIAGRAMS 
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Component Test Systems 

TEST LINEAR, DIGITAL, DISCRETE & PASSIVE DEVICES WITH 16-BIT ACCURACY 

Large easy-co-read programmable 
display for pass/fail information, 
messages, binning, grading, etc. 

Uni-directional RS-232 port for 

optional Pjte<. 
Integral printer for permanent 
record of test results. 

Function switches can be 
programmed to select category 
from prompt on display. 

Go button-operator instal!!l!.s __ ~~~~~~::; 
device in the socket and 

Sockets for specific device 
mounted on plug-in 
P.C. socket board. 

Bi-directional RS-232 port 
for communicating with any 
RS-232 device. 

~ Handler interface for handler 
control signals. 

Double sided floppy disk for 
operating system, mass storage 
of data, user programs, and 
ADI supplied programs. 

Socket P.c. board for 
specific device. 

Plug-in Family Board Module (i.e., 
A/D, Op Amp, D/ A, Digital, Discrete, 
Passive) 

Keyboard for entering data to fill
in-the-blanks on ADI supplied de
vice programs. 

THE LTS SYSTEM. CONCEPT 
The LTS systems are easy-to-use, flexible component test 
systems that allow you to test any component to the manu
facturer's own specifications, linear, digital, passive and 
discrete devices. The system also offers such features as 
datalogging, statistical analysis, yield analysis and two RS-2 3 2 
interfaces, IEEE interface and a handler interface. 

The computing power of the LTS-systems lies in their 16-bit 
central processing unit. The microprocessor incorporates a 
minicomputer instruction set which includes hardware multi
ply and divide as well as 15 prioritized interrupts for the sys
tem keypad, function switches, floppy disk drive, and the 
IEEE 488 interface. 

A real time, 3MHz, four-phase crystal stabilized system clock 
generates system timing, allowing the implementation of a real 
time clock. The system memory includes 60K bytes of dy
namic RAM, of which 32K bytes are available for program 
generation by the user. 

The LTS-systems not only provide for several data output II 
formats-data log, yield analysis or statistical analysis-they : 
also provide a choice of data display. If desired, the data may be 
presented via the single line LED display, the integral 20-
column thermal printer, through either of the RS-232 ports or 
the IEEE port. (All data outputs are standard features on the 
L TS-2000 series.) 
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LTS-2010, 2012, 2015 that is approximately one-third the "bit system" price. 
The L TS-2000 series are the first benchtop testers that are 
programmable in BASIC, as well as "Fill-in-the-Blanks" 
programming, and their 16-bit CPU and 64K bytes of 
memory offer a new level of programmable sophistication. 

The L TS-2000 series not only provide the flexibility of dis
tributed or decentralized testing, they allow for cost-effective 
multiple system purchases. And they increase overall test 
reliability, since the threat of a single big system failure is 
eliminated in a distributed testing environment. Far more than just comprehensive production testers, they 

can handle complex engineering analysis, and even incoming 
inspection. They are the first systems that can provide all the 
capabilities of today's large, centralized test systems at a cost 

LTS-2010, Single Disk Drive 
LTS-2012, Dual Disk Drives 
LTS-2015, Dual Disk Drives and Numerics Processor 

LTS SPECIFICATIONS 

MEASUREMENT ACCURACY 
High Accuracy 
Direct 

±(0.0015% of Reading +0.025% of Range +IOO/-lV) 
±(0.025% of Reading +0.025% of Range +IOO/-lV) 

Null and Difference ±(0.025% of Reading +0.025% of [Diff Range + Null Rangel +lOO/-lV) 

Input Voltage Range ±IOV (64 Different Ranges) 

REFERENCE DAC 
Range 
o to IOV 
-5V to 5V 
-lOY to 10V 

Resolution 
2.5mV 
2.5mV 
5mV 

Software Corrected Accuracy 
RDVO ± 150/-IV 
RDVO ± 150/-IV 
RDVO ± 300/-IV 

SYSTEM REFERENCE 
Short Term 
Long Term 

10V Adjustable in hardware or software 
10V ±50ppm/1000 hrs, noncumulative 

SOURCES 
Source Voltage Range Resolution Software Corrected Accuracy 
SA o to 20V ±O.IV SAVO ± 0.05V 
SB o to 20V ±O.IV SBVO ± 0.05V 
SC o to -20V ±O.IV SCVO ± 0.05V 
SD o to -20V ±O.IV SDVO ± 0.05V 
TH o to lOV ±0.05V THVO ± 0.025V 
SR -lOV to lOV ±O.OOIV SRVO ± 0.0005V 

Source Current Range Accuracy of Measurement 

SA -lOrnA to 150mA ±(2.5% of Reading + 10/-lA/V + I 5 J..I. A) 
SB -lOrnA to 150mA ±(2.5% of Reading + 10/-lAIV + 15J..1.A) 
SC lOrnA to -150mA ±(2.5% of Reading + lO/-IAIV + 15J..1.A) 
SD lOrnA to -150mA ±(2.5% of Reading + lO/-IAIV + 15/-1A) 
TH -lOrnA to +IOmA ±(0.5% of Reading + lOJ..I.A) 
SR -lOrnA to +lOmA ±(0.5% of Reading + lO/-IA) 

OPERATING TEMPERATURE 
At Rated Accuracy after 1 hr warm-up 

o to 40°C 
32°F to 104°F 

OPERATING VOLTAGE 
105Vac to 125V ac @ 50Hz to 60Hz 
210V ac to 250V ac @ 50Hz to 60Hz 

Specifications subject to change without notice. 
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Package Information 

Contents 
Page Page 

2-Pin Packages 22-Pin Package 
H2A 19-2 D22A 19-10 
F2A 19-2 24~Pin Packages 

3-Pin Packages D24A 19-11 
TO-5 19-2 N24A 19-11 
TO-52 19-2 HY24A 19-11 
TO-92 19-2 HY24B 19-11 

HY24C 19-12 
8-Pin Packages 

HY24D 19-12 
TO-99 19-3 HY24E 19-12 H08A (TO-99 Style) 19-3 HY24G 19-12 
H08B (TO-99 Style) 19-3 
H08C (TO-3 Style) 19-3 28-Pin Packages 
N8A 19-3 D28A 19-13 

D28B 19-13 
lo-Pin Package 

E28A 19-13 
TO-100 19-3 

N28A 19-13 
12-Pin Package Q28A 19-14 

H12A (TO-S Style) 19-3 HY28B 19-14 

14-Pin Packages 32-Pin Packages 
D14A 19-4 HY32A 19-14 
D14B 19-4 HY32B 19-14 
N14A 19-4 HY32C 19-15 
N14B 19-4 HY32D 19-15 
Q14A 19-4 HY32E 19-15 
HY14A 19-5 HY32F 19-15 
HY14B 19-5 HY32G 19-16 
HY14C 19-5 HY32H 19-16 
HY14D 19-5 HY32J 19-16 

16-Pin Packages 40-Pin Packages 
D16A 19-6 D40A 19-17 
D16B 19-6 N40A 19-17 
N16A 19-6 HY40A 19-17 
N16B 19-6 HY40B 19-17 
Q16A 19-6 

46-Pin Package Q16B 19-6 
HY46A 19-18 

Q16C 19-7 

18-Pin Packages 
48-Pin Package 

D48A 19-18 
D18A 19-7 

64-pin Packages D18B 19-7 
N18A 19-7 D64A 19-19 

N18B 19-7 F64A 19-19 

Q18A 19-8 68-Pin Packages 

20-Pin Packages E68C· 19-20 

D20A 19-8 G68A 19-20 II 
D20B 19-8 84-Pin Package 
E20A 19-9 G84A 19-20 
N20A 19-9 
N20B 19-9 
Q20B 19-9 
HY20A 19-10 
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2-PIN PACKAGES 
H2A 

2-Lead Metal Can Package 

I · I g·§ro !~'~I CIA 

Ij
O.l0 (2.54) gJ~~ !l:~il CIA I' • I . . 

TI~
~ 

-0 0 . 0.125 (3.111 
45~~V 2 

y~~ "'" g:gj; !H!l ~ 0.500 (12.7) . 

g·m lSill CIA ~MIN 
~~ ., . 

BOTTOM VIEW 

3-PIN PACKAGES 

TO-S Package 

BOTTOM VIEW 

t 0.017 (0.43) 
0.185 (4.70) 0.013 (0.33) 

"f-c:;;::::;;::::;::;:;~---t 
0.5 (12.7) 

MIN 

~ 
0.016 (0.41) 

VOL. I, 19-2 PACKAGE INFORMATION 

TO-S 2 Package 

0.196 (4.98) 
0.178 (4.52) DIA 0.125 (3.18) R 

0.209 (5.20) DIA 
0.230 (5.84) 

~:~~: :~:!:: DIA 

+E 

il.16Ql4.ii6) 

I 

0.5 (12.7) 
MIN 

~ 

0.028 (0.71) 

0.048 11.22) 

BOTTOM VIEW 

Dimensions shown in inches and (mm). 
Lead No.1 .Identified by Dot or Notch. 

F2A 
2-Lead 'Flat Package 

TO-92 Package 

·I~ r3~ ---:'14-----.!.1 (4.96 - 5.20) 

MIN I It 
I I 0.170 - 0.210 
I I (4.58 - 5.33) I I..l. SEAnNorN' L 2"T11Z11 MAX 

0.500 
(12.70) 

MIN 
0.016 - 0.019 

(0.407 - 0.482) 
SQUARE L 

~
..j ~0.045 - 0.055 

0.095-0.105 (1.15-1.39) 
(2.42 - 2.66) 

0.080 - 0.1051 I--
(2.42 - 2.66) I----*-.LD . 0.080 _ 0 105 ~D D C 0.125 - 0.165 

(2.42 _ 2.66)' (3.94 - 4.19) ,-- -,-



TO-99 Package 

HOSB Package (TO-99 Style) 
OEDEC REF MO-006AH) 

REFthPNE 

0.185 14.201 0.60 MIN 
~, ii2.7'MiNi 

'[} 0.336IS.601"- 8 
0.370 19.401 I 

0.305 17.761 = 
0.356 19.001 = 
-L = 

--L---0 .04 MAX :tl 
11.02 MAXI

3
-J 
~ 

SEATING PlANE 0.040 11.021 

to.39 19.911 MAxj 

c:J.t 
0.25 

18·r'O.31 

• !.:d:.T 

10-PIN PACKAGE 

TO-toO Package 

8-PIN PACKAGES 
HOSA Package (TO-99 Style) 

OEDEC REF MO-002i}B) 

I-- 0.325 IS.251-j 
I 0.306 17.751 

.--~ 002SI07111 
02601861 ~ 

02f' _ -if 
05MIN~ ], 'I:. _~~ ~ ~~ 0~~01 

o 380 19141 ........... S LEADS 
o 351 19061 0019 104S1 

0018 10411 DIA BOTTOM VIEW 

HOSC Package (TO-3 Style) 

0.10 

IT f l~AX 
q:! I c:::. :;:;:0 O~U:;:;:U ::::!CIJI! ~ 

I~:~,-I f.- -----.-

NSA Package 

W 
0035tO.01 

0.1S ~0.03 10.S9 ~0.251 
14.57 iO.7SI . ---.l. 

Lil -::LSI MIN 

003310S4:~ H ~~003 
NOM 0.1012.541 (0.48 ~0.081 

. TYP 

'------:A 0.18 (4.571 MAX 

~-

1--0.3~i~S21-l 

12-PIN PACKAGE 

H12A 

O.Dn :to.003 
10.28 ~0.081 

12-Lead Metal Can Package 
(TO-S Style) 

roo~~r--0'55(141_--t~~5 
L (4.21 

T f 
0.375 

(9.51 LONG. MIN 0.018 L (0.461011\ 

Dimensions shown in inches and (mm). 
Lead No.1 Identified by Dot or Notch. 

f 
0.& 

115.241 
:to.008 
10.201 

! 
BOTTOM VIEW 
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fj 

14-PIN PACKAGES. 

D14A 
14-Lead ceramic Package 

j.---0.700 10.010 ~ 
0.035 10.0101 07.78 to.25) . I I 
10.89 10.25) --L 

0.'2513.E~L ~0.7a) 

0.3110.01 

1
17

.
87 

to.25)\i 

n O.095 12.41) 1...- 0.085 12.18) -.-
. 0.180 10.030 

0.047t0.007::t -.l~..j ~0.1 12.54) 
0·19 10.18) O.017:g:gg~ 

~I~:~)-.j 
REF 

( 0.43 :g:gg) 

N14A 
14-Pin Plastic DIP Package 

!7CJ~ 0310 0250 L· ~) 

0.01 10.002 
10.25 10.051 

~0770C1966IMAX ~ I- ?7 ~--l--.1. 

~ fill 0180 

-.-- :...J.. ~ 
~ III' Im!1 

:j ~ -11--1 hT ~ 
0.033 ~ 0.100 
10.841 0.02110.6331 12.641 

NOMINAL 

Q14A 

D14B 
14-Lead Ceramic DIP Package 

0.1213.051 

~ 

!" 
~I =-t 
f iNVWW]J lJ 0.17514.4'1 0.12513.18) 

~~ -l h' 
R~ 
~ 
0.00810.203) 

~ 
006 11.531 002 10.508} 0.105 12.67} 0.30e (1.781 

~~~I 0.294'1.47) 

N14B 
14-Pin Plastic Package 

D~·all 
0.2416.1) 

• --.i 
~ 0.75 09.31) ~ 1 0306(778) ~ 
A-~ -IfjC0264

(

747) ~56) 
14 32) 012 13051 

MAX =--t ~ TlJ II 01751445) 

~ -11--1 h'3er51 ~ f 
o 08. 11 a81 002 105081 0105 12 67) 0008 102031 

'D.045'"i1.i5i~~ 

14-Pin CERDIP Package 

VOL. I, 1~ PACKAGE INFORMATION 

t----- 0.77 to.015 ----1 
I 119.5510.391 ___ I 

Fi
O.' ... 0.0'5 
(3.76:1:0.381 

'5' I 0,' \ a.Ol0±D.DOl 

'i " 10.254'0.0251 

~?/.~--l 
REF 

Dimensions shown in inches and (mm). 
Lead No.1 Identified by Dot or Notch . . 



HY14A 
14-Pin Hybrid Package 

~II. liT 
c~=J 

P~t~~"\ 8.g~gr.~~! ~1!=U:iI!liI!I~I-;-;;;;."'I 
SEATING + _ 0.21015.334 

PLANE ,..--'r- - - - - - - =t--t~ 
GAUGE J 0.030 (0.762) ~ 

PLANE g.~~ ~;§! 0 Oj~'06) J {=IU;~! 
0.020 (O.5OS) ~ 

0.115 {2.9211 

~ 
0.105 {2.6671 

,.n~i8Ji!1 
'af 1----.1 \ 
~ 
0.310 (7.S7') 

HY14C 
14-Pin Hybrid Package 

~ 048512.3 III Iii '~r: · j~ 

~!!.ZM.ill.llil~ 0.800 (20.32) 

BASE ~ ~r--~-----'---, 
PLANE"\ 0.030 ~0.762) ~ 

SEATING + _ 0.215 {5.461 

PLANE 'r- - - - - - - =j-----t 
~ 

GAUGE )..030 (0.762) to.1S5 (4.S99) 
PLANE MAX - --L 

~ ~~ J.J g.gg~IU;JI 
~ i-
0.020 (O.50S) ~ 

0.105 {2.6671 

~ 
0.100 (2.54) 

~~ 
I '~ 

IS' " \ 0.012 (0.305) ...., 1----.1 1 

~ 
0.310 (7.S74) 

14-PIN PACKAGES 
(Continued) 

HY14B 
14-Pin Hybrid Package 

~r~~~~~:II~ 
~::::~~ r---- 0.7S5 (19.939) -----1 l 

BASE ~ ------. 
PLANE."\ 0.03510.889) r'-=--____ =--____ ~----'i ~. 

t 0.195 (4.953) 

SE:Z~~~' ,t- _ _ _ _ _ _ _I~ 
_,)._~m' [ ~lel:.!lli 
PLANE MAX ~ j{~ 

0.020 (0.50S) 3.rJ 1§.:A~1 

R
~~ 

-r 
I \~ 
~. 1 0.012 (0.305) 

'1----.1 1 

omJZ.3§§J 
0.310 (7.S74) 

HY14D 
14-Pin Metal DIP Package 

r-:-·:·or.· '" .:. "'0"': n 
0.302 (7.S) I : J 0.520 (13.211 
0.295 (7.5) I I 0.496 (12.6) 

.L. -i_; ., uo~ '" : U 
PINI 

IDENTIFIER F 
~jl:~~~.35) =] 

0.868 (22.0) 

Jijl?
~4.115) 
0.175 (4.46) 

-r- ---L 
0255 (8 (8) ---r 
0.1~ 0.025 (0.54) 

GLASS BEAD STAND'()FF ..j I-- -.II--
(3 PLACES) OPTIONAL 0.105 (2.67) 0.020 (0.51) 

0.095 12.41) 0,01810.(1) 

Dimensions shown in inches and (mm). 
Lead No.1 Identified by Dot or Notch. 
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16-PIN PACKAGES 

D16A 
16-Pin Ceramic DIP Package 

~iI:::[I& 
1----~-=--=1 

• 12032%0 254} ,00ili :0020~} 

;:~~:~ll ~~ l' O .. I:::o::}MIN 

-L 

R'o08512159} 0'09512.41}~~ . 

0.017:!: BSC 
~r~:r....j 

0.43 +-0.05 

, 0.700117.78}BSC . 

N16A 
16-Pin Plastic DIP Package 

~0.87122.1} MAX=-=-:::1Tt r:::::::1f' gf 

~ 
10254~005} 

~r"l;' ~-4s-i~ ~.~ 

0.18 I II --ro.125 oon --. 

I~r ~ ~ ~ ~318}MIN ~:O:l:~ 
, 0.018 10.48} 0.Ol3 10.M} 0.1 12.54} 

Q16A 
16-Pio CERDIP Package 

ALTE::~;:~ ~ 
'~~:.~.;~::::::}~:= 
• 0.760 i 0.006 , 

Lr--119.30.0.15} ---j 
0.148.0.015rWwwW--------;~o~:g:~? R 
13,78'0.381 -.i IS' \ 

0.18'" 0.030 00 I \ 
,".S7iD.761 t .....,' ?o~~) 

,---;; I '~L I----l 12.501} --l I-- 0.300 REF 
esc 0.018 17.621 

10.461 . 

D16B 
16-Pin Ceramic DIP, Package 

0.1213.05} 

~ 

"f'1fNNM!JJ ~ 0:rrr,t.45} 

~ 

R=r210.305} ~ + 0,008 10.203} 0.125Il.18} 

--H--I ~ 
~~~ 
0.04 11.02} 0.15 10.381} 0.095 12.42} 

N16B 

I :.3OlI a.78~ I 
D:ii4'iWi 

16-Pin Plastic DIP Package 

. C:::::::I~;~:' 
~~~ --l~1-- 1 

"~~ RO'294a'47}~66} 
MAX ~ ~05} ..---u U 0.17614.45} T --- 15' 

-II- -l h12I

'

05

} ~ 0" 
0.055 O.S6} 0.02 10.608} 0.105 12.87} 0.008 10.20l} 

o:o45ii:i5i ~ o.o95i2.42} 

Q16B 
16-Pin CERDIP Package 

CJ~762}' 
• ~161} 

Ilf LJ LI ~ 0.3218.128} I---- 0.785 119.94} 0.29 p.366} 

~ ~Ir-~~~ 
'-~01814572} o 15513937} MIN ~ 

o 2~ U U -,.-111L...0-01-5L...10L...3-81-} I V 
012513175} ~ 

-.- --l f- --l f-
0.07 11.778} 0.023 10.584} 0.11 12.794} 
0.03 10.762} 0.015 (0.3811 0.09 (2.281 

Dimensions shown in inches and (mm). 
Lead No.1 Identified by Dot or Notch. 
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16-PIN PACKAGES 
( Continued) 

Ql6C 
16-Pin CERDIP Package 

I-- 0.785119.941 ----l 
I ~ _ ~ 0.745118.921 __ . - I 

O f 
0.26316.681 
0.24316.17) 

PIN 1 INDICATOR . 0.18~ 
0.02 (0.511 ~o:145{3.68II5 3.68 

0.135:; IJ ~ 0.115 (2.9211 

----:-;1212.591. o:;H:;'1 
0.09812.491 0.01610.41) 

NONCUMULATIVE 0.034 (0.861 
0.030 (0.761 

IS-PIN PACKAGES 
DISA DISH 

IS-Pin Ceramic DIP Package IS-Pin Ceramic DIP Package 

---:19 
:!:O.O1 
17.371 

~~"""""""""""~-.:r--<=--'~ 
PIN 1 IDENTIFIER 

NISA 

-.! 
~~5IZ.0el 

~ + 0.01 to.DOZ 
I--IUZI-I 10.25 10.051 

REF 

L 

[I~~~I~ 13~' I. . 0.91123.121 - - - 1 

0.89122.611 ---l 

0.1714.32) t::::...L T-~J.~ . 0.175(4.45) 
0.12513.181 

. -1I--..j ~ 
0.0611.53) 0.02 (0.508) 0.10512.67) 

~~ii.0'95i2.42i 

NISH 

0.1213.051 

"'D.06"i1.53i 
-.l 

H=r12 103051 ~ + 0.00810.2031 

~ 
0.30617.781 
'O:294iWi 

IS-Pin Plastic Dip Package IS-Pin Plastic J>ackage 

t:-:0.920 123.3681 MAX---j 

Jt[:::::::8~ 
0.035 to.Ol0 

L ~0.2541 

0.180±O,03O 0 25 "rn'r~=r":m 
0.033 NOM 0.018 to,OO3 0,100 

10.9381 (0.457.0.0781 (2.541 
TVP 

~
0.180 

. (4.6721 
_ MAX 

0.011 :1:0.003 
10.279.10.078) 

I-(~.~-l 
REF 

(::::::::I~~' 
~~~ 1~hwh L~ RO.Z9417.47l 0.1413.561 

0.1.::x,
58

1 t:......l.... ~51 

-'---J U 0.175 14.451 T --- 15. 

-II- -l ~12r51 ~ 0-
0.085 ".881 O.OZ 10.5081 0.105 12.87) 0.D08 (0.2031 

ii.Ci4i"iUii ~ o:iiiii2.42i 

Dimensions shown in inches and (mm). 
Lead No.1 Identified by Dot or Notch. 
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D20A 

IS-PIN PACKAGES 
(Continued) 

Q18A 
~8-Pin CERDIP Package 

~::::::::rr~ 
r- 0.950124.131 MAX ---j 

~~}~ 
t- ~ ~i;': 
~ ~. &.Waglm~: 

0.090 12.2861 0.01610.3811 

20-PIN PACKAGES 

D20B 
20-Pin Ceramic DIP Package 20-Pin Ceramic DIP Package 

~ 
0.012 (0.30)~ 

,°.430
110.16) ~ 

0.095 
(2.41) 

-A~ 
--I I-- 0.300 (7.62) 

VOL. I, 19-8 PACKAGE INFORMATION 

~ ~ I ~ ~ ~ ~ I ~ ]~ ::: 
I 

1.000 :to.Ol0 -I 
125.40 :t 0.251 

'k~J l $;g~~~ 
(4.451_~ ~ ~ ~ ~ ~ 1m ~ ~ ~ 
~ -11-0.018 :to.002 ~0.100 :to.005 

10.4\:pO.051 0.50 11.27) TYP (2.54 :to.131 

t----- ~:i~0.:'6 :t:t°00103~ 

Dimensions shown in inches and (mm). 
Lead No.1 Identified by Dot or Notch. 

TOL NON ACCUM 

0.300 :to.Ol0 
(762 :to.251 

__ 1--0.Ol0~g:gg~ 

(0.25~g:m 



E20A 
20-Terminal Leadless Chip Carrier 

0.065 ± 0.006 
(1.65 ±0.15) 

0315 ±0003 

1-111-
(8,00r: L 

0.011 ±0.002 jj. T 
(0.280 ± 0.05) 0.050 ± 0.005 

(1.27 ±0.13) 

N20B 

0.050 ± 0.005 
(1.27 ±0.13) 

20-Pin Plastic DIP Package 

20-PIN PACKAGES 
( Continued) 

0.04Ox4S' 
(1.02x4S') 

N20A 
20-Pin Plastic DIP Package 

,j[~::::::::J~ 

0.20 x 45' 
(0.51 x 45') 

REF 

I 1.070127.181 I 

.,~:~+~ 
0.033 ~ 0.100 

10.8381 0.02110.5331 12.541 
TYP TYP 

Q20B 
20-Pin CERDIP Package 

(:::::::::I~ I 1.07 (27.181 I f::::::::::I~ 
MAX . 

0'14S(3'r~ 
0.125 (3.175) U U 

MIN 

.-- -II-- I--
0.065 (1.661 0.021 0.533 0.11 (2.79 
0.045 (1.151 O.Q1S 0.381 0.09 2.28 

0.32 (8.1281 
0.30 (7.621 

0.13Sktr==l1 
o:m-m7f 

"'tj'IJ--I----' 

"I 
15' o 

I 0.97 124.641 I 
0.935 (23.751 • 

~-r~ 
0.14 (3~:6~_ U U 

o:m\3.f8) 

-,- --l f- --l f--
0.07 (1.181 ~ 0.11 (2.791 
0.05 (1.271 0.016 (0.41) 0.09 (2.281 

Dimensions shown in inches and (mm). 
Lead No.1 Identified by Dot or Notch. 
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20-PIN PACKAGES 
(Continued) 

HY20A 
20-Pin Hybrid Package 

t: ~''I.~ ~ 2.533 MAX I 
1 ..... 1 c: . ::J}~~~ 

TOP VIEW 117.111 , "'''1 

MVm ~ Uk~'.'-1 0.357 0.1 128.16' 0.021 

'-R~;·;~ 
•. 

290I.:.21 .J. 
•. 200'- -r 
15.'21-1- T 

1 0.600115.3811 
t-- MAX--, 

19.'41 12.561 1 .... 1 
MAX RECOMMENDED MATING SOCKET: AUGAT 

NO. 240-AG390 ITO PRESERVE THE HIGH 
CMV INTEGRITY OF THE A0293/A0294 RE· 
MOVE ALL UNUSED SOCKET PlNS.1 

22-PIN PACKAGE 

D22A 

22-Pin Ceramic DIP Package 

" 

1.080 %0.011 'I 
127.43 % 0.28) 

~::E~;r ~ ~ ~ I ~ ]~~~ 
0.01010.254) MIN DENOTES PIN 1 lOCATION 0.090 %0.010 0.110 %0.010 

0.040 (1.016) MAX !.-- 0.500 ---.I ~ 12.79 %0.25) 

+ I 112.70) I ~ .l J.. 
fnmmIT1~O'25) ~ 0.303 "'0.020 -, T "T 

17.70 jo.Sll 0.17514.46) y10~8-88J 
..L- --L 0.25~8:83) 

..jj.. :.j I-- I 0.400 %0.10 I 
0.040 0.020 %0.002 0.100 %0.005 j.110.16 %0.25)--1 
IW~) 10.51 %0.05) 12.54 %0.13) AT STAND OFF 

t----- I~:O :O~~O~ 

VOL. I, 1~10 PACKAGE INFORMATION 

TOl NON ACCUM 

Dimensions shown in inches and (mm). 
Lead No. 1 Identified by Dot or Notch. 



24-PIN PACKAGES 

NO. I LEAD 
IDENTIFIER 

D24A 
24-Lead Ceramic DIP Package 

D 

'~-

T 
0.59 

( r 
I 1.210 :0.01 .1 

.f,,~-i (3.251 , 

.- j L· r2~1~ 
.j~ ..j f. 

0.051 (1.291 0.017 (0.431 0.1 (2.541 

T 

I-- 0.6 (15.241----j 

HY24A 
24-Pin Hybrid Package 

J:D fl 
·~[~~O.,g' 

~1,--------t~V~gg.~~~I--------~·1 
~ ~ r---0.642 (16.3071--1 * 

BASE 0.040 (1.016) • 

PLANE \ 0.060t.S24) ~. ~ 
-,- 0.200 (5.081 

SEATING t -- _I • 
PLANE t r--~ [ - - - - - - - - - - ---.-
GAUGE )0.030 (0.762) g.l~.!U~1 
PLANE MAX .jf...{ ~ ..j f.-

0.035 (0.8891 0.016 (0.4061 ~ ~ 
0.045 (1.143) 0.020 (0.5081 0.106 (2.6671 0.055 (1.3971 

I-~ -j----1. 
-, 

If-------------II Q..Q§QJLillJ 
\ 0.080 (2.032) 

IS' I \ " \ Ie-- g:~~ m::~~l-l 

N24A 
24-Lead Plastic Package 

1 
0.55 (13.971 

~7T""~rT""'-nr7T,.,,~::J['·" 
I. 1.25 (31.751 ., 

:.z-~1.24(31.51 
(5.081 
MAX =--*-

,- J l· -oll- -ol I- ~::" 
0.065 11.661 0.02 (0.5081 0.105 (2.67) 
0.45 (1.151 0.015 (0.3811 0.095 (2.421 

HY24B 
24-Pin Hybrid Package 

.LI r~ 

... [ l!~.~=r=C;=;:;='i:i"=c:=gi=i=;=;::r=i=r=c;=~ ····T'g' 
"'I.>------~ 01 

BASE ~~I' ~-----fll~ 
PLANE \ 0.066.(1.6511 t ~ 

SEATING • - -k .L 
PLANE I f r--~ t ----------~ 
GAUGE J 0.030 (0.7621 _ g:l:~.IU~1 
PLANE MAX .jf...{ j.. ..j 

~~~~ 
0.045 (1.1431 0.020 (0.5081 0.105 (2.6671 0.055 (1.3971 

I.-~--.I 
I . 0.605 (15.3671 -, ---*-

----r 
I t---------i I ~ 
~ ~ \ 0.110(2.7941 

IS' I I+- 0.012 (0.3051 \ 

~ \ 
10-m& n:.~UI---.j 

Dimensions shown in inches and (mm). 
Lead No.1 Identified by Dot or Notch. 
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HY24C 
24·Pin Hybrid Package 

·24-PIN PACKAGES 
(Continued) 

f~l. ~& 
I UHIUml .lo.11ill.m1 
I" ~ '1 0.135 (3.429) 

• BASE ~ ~1'23031'242) . ~ 
PLANE "\ 0];)65.11.651) t 0.245 (6.223) 

SEATING .- k ! 
, PLANE I t,-~ - - - - - - - - - - - -~ 

GAUGE J 0.0301(0.762) S·~g~t!UUI 
PLANE' MAX --II-- --I I-- --1-
~~~~ 
0.045 (1.143)' 0.020 (0.508) 0.105 (2.667) 0.055 11.397) 

----, 
.I~----------~I\ g.~I~JU! 

-r-~ \ 
15'--1 \ 

I-- s.m m.XUI-l 

HY24E 
24·Pin Hybrid Package 

HY24D 
24·Pin Hybrid Package 

.... 1------ (~:~)-------II 

~[ ~IJ 
~ ~-J. 

--l I--(:.~) 

~0'01 
IS' I~. -t\ (0.25) "I-- 0.6 _I \ (1524)---' 

HY24G 
24·Pin Hybrid Package 

r- 1.265(32.131 ---I 1_ 1.280(32.511 _I 

r -0 0 0 0 0 0 0 0 0 0 0 0 I 
0.600. ~) 

"[ -1 ' , • • • • • • • • • U"·., 
-ll-- 0.155 (3.937) 

0.175 (4.45) 0.090 
(2.28) j 

LJr-( ------,J 

~ ~~~~ ~~~~~~~t 
fJ l- -U-
~ ~ 
0.105 (2.657) 0.020 (0.5081 

JFf 
~ 
0.090 (2.2861 . 

Dimensions shown in inches and (mm). 
Lead No.1 Identified by Dot or Notch. 
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28-PIN PACKAGES 
D28A 

28-Pin Ceramic DIP Package 

g::::t~]~, 
I_ 1.42 (36.071 • I 

1.40 (35.561 

.l ~-=-=~~~~-=-=-=" 

:k~ 
0.047 to.007 0.017 to.003 

(1.191 (0.431 

.L. .l.. 
?irlt f9o.145 to.02 . (3.681 

0.05J" T 
to.Ol0 
(1.271-11--0.010 to.oo~ 

(0.254 to.051 

I-- 0.6 n5.241 

E28A 

0.1 (2.541 

0.05 n.271 

'~~'-~ . 
! 0.125 MIN 

(3.171 

S~~EG -----L 

28-Terminal Leadless Chip Carrier 

0.070 ± 0.007 
(1.78 ±0.18) 

-I I-

0.011 ± 0.002 
(0.280 ± 0.05) 

0.050 ± 0.005 
(1.27 ±0.13) 

0.040x4S0 
(1.02x4S0) 
REF3PLCS 

0.085 ± 0.008 
(2.16 ±0.20) 

0.20x4S0 
(0.51 x 45°) 

REF 

D28B 
28-Pin Ceramic Package 

[~:I::::I~:: I~~' 
~u I I '(~~I I \~~g:'~~1 • 
~~~~~~~~~ 

r-~~ .. , 
0.065 (1.661 0.02 (0.5081 0.105 (2.671 D.i25'iiiiii 
0.038 (0.9651 0.015 (0.3811 0.095 (2.421 

0.12 (3.051 
0.06 (1.531 

rr======:=lti--L 

f l-r."·~,, I-- 0.606 (15.41 --l 0.008 (0.2031 

"'O:5ii'ii4.74 

N28A 
28-Lead Plastic DIP Package 

[::::::::::::]} 
I 1.45 (36.831 . I .L . 1.44 (36.581 

.'~ (~ t---.L 

~~ ~~ ~ ~ ~451 
~~~~ 
0.045 (1.151 0.015 (0.3811 0.095 (2.421 

0.16 (4.071 

I-~~ O.14;-SSI I r 0.594 (15.091 

Dimensions shown in inches and (mm). 
Lead No.1 Identified by Dot or Notch. 
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Q28A 
28-Pin CERDIP Package 

28-PIN PACKAGES 
(Continued) 

HY28B 
28-Pin Hybrid Package 

t.::::::::":::::: If 

HY32A 
32-Pin Hybrid Package 

VOL. I, 19-14 PACKAGE INFORMATION 

0.045(1.143) 
0.055 (1.397) 

L.--__ ---, 
~::~:!:~: ~----------~ 

"G 
15' I 

• 0.009 10.229) 
\ 0.012 (0.305) 

'I g:~~ I:~m: --l \ 

32-PIN PACKAGES 
HY32B 

32-Pin Hybrid Package 

"P:N 1 GREEN GLASS BEAD 

~_----1.74 (44.2) I 
000000000000000-1 

e 
~ 1.14(29.0) 

ti'-GLASS BEAD STANDOFFS 

0000000000000000 

,+I~I------------------~ 

--l I- BOTTOM VIEW 
0.10 (2.54) TYP 

0.26 (6.6) .,__------------------___ 

D~;::::::===~~) r::..--l.SO (36.lI---':-[I 

Dimensions shown in inches and (mm). 
Lead No.1 Identified by Dot or Notch. 

0.2 (5.0) 

. 0.08 DfA. TYP. 



32-PIN PACKAGES 
(Continued) 

I I r 
I 
I 

b 

~I 

HY32C 
32-Pin Hybrid Package 

....... ----lml::.~~! ------ll 
0000000000000000 I 

1.146129.081 
1.155129.341 

oooooooooooooU 

JFT 
0.120 13.051 
0.13013.301 

HY32E 
32-Pin Hybrid Package 

1.584(4~ 
1.616(41.046) 

~:~~ l~~:~: -----1 

1 
0.880122.352) 
0.900(22.86) 

J'-" JJJ 
0.13013.3021 

0.040(1.016) 0.15013.8111 

P~:~~\1-'~'"" I • (0.7621 0.23515.969) 
MAX 0.25518.4771 

SEATING ~~;7= -,,- ---~ -f--- - --I l :.1:., 
~r-- --, --, 0.18514.6991 

0.03510.8891 0.01610.4001 ~ 0.04511.143! 
0.045(1.143) 0.020(0.508) 0.10512.6671 0.055(1.397) 

I (,.'''." it 0.115 12.9211 

". ,1 . = \ !:~ I:J?:I 
'--11--0.890122.6061 1\ 

0.910123.1141 ------1 

I ~ I r 
0.590(14986 I 

I 

ru 
'''[ 

HY32D 
32-Pin Metal DIP Package 

c=:J
0

.
01

• ~ +10.2~1 
\.-I~~~I ---I 

HY32F 
32-Pin Hybrid Package 

1.584140.2341 
1.616 (41.046) 

~:~~ :~~:~~l -----1 

I 
0.880(22.352) 
0.900(22.86) 

.86) 
~ J'-'" ill 

0040(1016) 0130 (3302) 

BASE 0060(15241 0150(381) 1 
PLANE~~0030. (076210235(5969) 

MAX 0255164771 
SEATING ::::: 7F ---------------

PLANE --If-- --l f-- --l g.-m I: ~~: 
~ 0.01610.406!!Ll!l!~ ~ 
0.04511.1431 0.02010.5081 0.10512.6671 0.05511.3971 

1
---.-l0 105126671 

~f-------- 19°'25(3175) 

15' i~ \ gg~lg~: 
'/ 1_ 08901226061 _ I \ 

r---0910(23114)~ 

Dimensions shown in inches and (mm). 
Lead No.1 Identified by Dot or Notch. 
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HY32G 
32-Pin Hybrid Package 

ro-----l:~~l~:~l ~ r-----0.838121.285)~ 

r 
0.822120.8!!j 

-

32-PIN PACKAGES 
(Continued) 

I 
~~~ 

HY32H 
32-Pin Hybrid Package 

11-00-------- :::g~ !~:~l-----..... _~I 

.~[ ]-' 
ill ill 

0.1"'3.568) 
0.04011.018) 0.16013.811) 

'~"-'~'~I PLANE\ I· 10.762)10.2"18.0961 

SEATING \....L ~MAX 0.260 ..... 1 

~:::!:~5~:1· ~ ) 
BASE\l~-' PLANE 10.782) 0.26818.602) 

MAX 10.278 (7.0101 

SEATING \ Pi.: 
PLANE JF ---------------
~~~~~ . _ II _ -..J 1_ I 0.160 14.084) --,r-- -, I -, 0.18014.&72) 

~:::: JF ---------------
PLANE --H-- ~ f-- s. ::~ l2.m: 
~ ~~ 1IJl=mJ 
0.04511.1431 0.020(0.608) 0.105(2.6611 0.06511.6611 

I -,----1 0.10012.54) 
ifO.,2013U8) 

",Ii ~~ 
" I--- 0.890 122.606) I \ 

0.910123.114)------1 

HY32J , 
32-Pin Hybrid Package 

1-------'.7143.2) I 

1 
L...-----IJ 
'ffi'i~~nnrnm1i 
~ 1-~1- ~ 

0.1 12.541 0.01810.46) 0.0411.02) 

~ ~ M2ti2.lliJ !!Mill.illJ 
0.046(1.143) 0.02010.608) 0.10612.6671 0.055(1.397) 

R
-.l ollilW!! 
--,-~ 

I ~ 
I 

. \ 0.01210.305) 
IS' \ 

" I--~---l \ 

Dimensions shown in inches and (mm). 
Lead No.1 Identified by Dot or Notch. 
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40-PIN PACKAGES 

D40A 
40-Pin Ceramic tiIP Package 

[~~~~~~I~~~~I~~~~~~~~ I. 2.02 151.311 .1 
1.98150.29) 

0.0811.52) 

ii.02iO:5ii --1.. 

It~:J:~, 
~) MIN -..J I-- 0.1 12.54) TYP 0.0711.77) 

HY40A 
40-Pin Hybrid Package 

PIN ONE GREEN GLASS BEAD 

r. ................... -r-
1.14(1 
129.0) 

.................... JL 
I • 2.140 154.4) • I BonOM VIEW 

N40A 
40-Pin Plastic DIP Package 

c:::::::::::::::::: I~~I 
I ~!5~ I -*- 2:OO8lIT.OI ~ 

'''~'~-L 

T ~''IIj ~I Ii,~ ;;;[.'111 

HY40B 
40-Pin Hybrid Package 

0.12513.1751 
:to.010 ~' ~ 0.100 12.54) 10 BEAD (ON BonOMI AND A I I 1.~P'::~S DOT ION TOPI DENOTE PIN I 

I T (: , ... o ••••• o.o ••• o.o.o ••• o ••• o •• -o-o·f!? 

~ ! . 
:Ii ~ 

~ i 
~ E! 

~ ! 
1.. 4Of-,-0.0_ •• 0.0.0 .•. 0-•. 0 .•. 0.0.0.0.0 .• -121 

•. 1~.I:;'."SI I. 1.9DD14S26l11 ~ •. 006 I I 
1-----2.145IS4.483) MAX------J. 

Dimensions shown in inches and (mm). 
Lead No.1 Identified by Dot or Notch. 
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f\ ., 

46-PIN PACKAGE 

HY46A 
46-Pin Hybrid Package 

0.140 13.556) --l 1-!:1oo 12.54) ID BEAD AND 
'" 0.01i I I 22 "'p':.:2E5 DOT ION TOP) DENOTE PIN I 

1 ! -I ~-O-Q.O-Q.O-o-~o-' 

i; . 
~o 
~ ~ 
i~ 

I L -?"?-O-O-O-O-Q.O-o-o-o-o-o-o-o-o-o-o-o-o-o-~ 
OO:OoI2t86)~ ! 2.200 155.880) '" 0.006 .1/ 

o 0 2.380 160.452) MAX 

0.2305 
15.855) 

~r--( ----------.) 

. • 11111111111111111111111 
0.210 

15.334) 

48-PIN PACKAGE 

D48A 
48-Pin DIP Package 

O.050:!:O.01 

~~::~"" ---1 MIN 

SIDE VIEW " --l I-- --Jl-

VOL. I, 19-18 PACKAGE INFORMATION, 

0.100 ±0.005 0.018 ±0.002 
12.5 ±0.125) 10.46 ±0.050) 

NOTE 
LEADS ARE SOLDER. TIN OR GOLD PLATED KOVAR. 

Dimensions shown in inches and (mm). 
Lead No.1 Identified by Dot or Notch. 

, . 



64-PIN PACKAGES 

D64A 
64-Pin Dual-In Line Package 

Il 
b 

0 

r- 0.520 .0.008 __ 1 0.050 ±0.01 

~.I:C2152)5MIN 
.:.J -.1 13.18) 

0.040 .0.005' ----l I--- 0.091.,,0.01 --II--
11016 01211 0.100 .0.005 12.46 0.254) 0.018 ±0.002 

. •. 12.54 "0.1211 ~ 10.451 ±O,OSI 

pw_,.. ~ 
0.010 ±0.002 

" ... ~" 
NOTE 
LEADS ARE SOLDER, TIN OR GOLD PLATED KOVAR. 

F64A 
64-Pin Flat Pack Package 

r1ill4-11-

1

.

1 

TY~P 124-11-

1

,91 ~~I 
9 8 0 

I 
PIN NO.1 

~. 0:0 . .:,65::1:::1.6=51 ::!:' d"ld"ll:H:" :!I":1J"l:I":l:"IHI:" :!I":1J"l:I"ll:H:" :!I":1Jnl:l"iI:J"~I!:::==? 0.011 "0.002 . • .. 10.279 .0,051 

·EQUIVALENT FLAT PACK AND DIP PIN NUMBERS 
PROVIDE THE SAME FUNCTION. 

Dimensions shown in inches and (mm). 
Lead No.1 Identified by Dot or Notch. 
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0.092 ;!:O.Ot 
12.34 "0.251 

68-PIN PACKAGES-
E68C G68A 

68-Terminal Leadless Chip Carrier 68-Pin Grid Array Package 

I 

n=1.098 000.006 =r1 
~

127.89"0.J51~ 
0.579 "0.006 
11471 +0151 - . 

• 
= 

O.08S;!:0.01 

~ ~,,~ oon 
11.0;:21 __ c::======-====;----1t- GOLO PLATING 60.INCHES MIN OVER 5JillJ ~ ~ ~ ~ ~ It I :W~~'""'~"~"''"·'''~'''''''L 

0.055 DIA TYP 
11.401 

0.020 ,,0.001 
10.51 ±0.0271 

84-PIN PACKAGE 

G84A 
84-Pin Grid Array Package 

rl=
1.100 ,,0.02°D 

~
(27.94"0.51l~ 
0.620 "o.008 
11575 ;,0201 

, ~1000"0012 I 
0100~1254"031~ 

~
2 I 1 2 3 4 5 6 7 8 9 10 11 

A Q -o-o-~o-o- - Q 

: -9-b-o-~~-o-o-~~-
D 0 boo 

liM I I 0 I I 

~~ E 9 % 1 I 9 9 
o "" FOb b TOP VIEW 0 0 0 

l~ ~ ~ ~ ~ 0-0-0 6 t t 
J 1-6-0 - 0 - 0 -0-0-0-0-6-6-

K Q-¢-o-o-o-o-o-o-o-~-
0.080 ;!:O.01 

~ ~±~ 
(0.761 t 
j~1 --~=========='I--~ 

]W ~ ~ ~ ~ ~ ~ 1'tr~j~1°~~ 
0.60 DIA TYP 0.020 ,,0.001 

(1.52) 10.51"0.0271 

Non 
GOLD PLATING 50.INCHES MIN OVER 
100.INCHES REF. THICKNESS OF NICKEL. 

Dimensions shown in inches and (mm). 
Lead No.1 Identified by Dot or Notch. 
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r.ANALOG 
WDEVICES APPLICATION NOTE 

How to Select 
Operational Amplifiers 

INTRODUCTION 
I n selecting the right device for a specific appl ication, you 
should have clearly in mind your design objectives and a 
firm understanding of what published specifications mean. 
Beyond this, you should detail the significant variables that 
are pertinent to your application. The purpose of this sec
tion is to put these many decision factors into perspective 
to help you make the most meaningful buying decisions. 

To properly choose an operational amplifier for any given 
set of requirements, the designer must have: 

1. A complete definition of the design objectives. 
Signal levels, accuracy desired, bandwidth requirements, 
circuit impedance, environmental conditions and several 
other factors must be well defined before selection can 
be effectively undertaken. 

2. Firm understanding of what the manufacturer means 
by the numbers published for the parameters. 
Frequently, any two manufacturers may have compar
able published specifications, which may have been ar· 
rived at using differing measurement techniques. This 
creates a pitfall in op amp selection. To avoid these dif
ficulties, the designer must know what the published 
specifications mean and how these parameters are meas· 
ured. He then must be able to translate these published 
specifications in terms meaningful to his design require· 
ments. In the following discussion, Analog Devices pro· 
vides the designer: 1) a checklist which he can apply to 
his application to assure that all significant factors are 
taken into account; 2) meaningful definitions for each 
of our published specifications; and 3) illustrations of 
how the requirements of his design are translated in 
terms of these specifications to help make an effective 
and economical choice. 

APPLICATION CHECKLIST 
By way of an application checklist, the designer will need to 

account for the following: 

Character of the application: The character of the appli
cation (inverter, follower, differential amplifier, etc.) will 
often influence the choice of amplifier. Chopper sta-

bilized amplifiers, for example, are not generally appli· 
cable where differential inputs are required. 

Accurate description of the input signal: It is extremely 
important that the input signal be thoroughly character
ized. Is the input a voltage source or current source? 
Range of amplitude? Source impedance? Time/frequency 
characteristics? 

Environmental conditions: What is the maximum range 
of temperature, time, and supply voltage over which the 
circuits must operate (to the required accuracy) without 
readjustment? 

Accuracy desired: The accuracy requirement determines 
the extent to which the foregoing considerations are 
critical, and ultimately points the vyay to a device (or 
series of devices) which are acceptable. Accuracy must, 
of course, be defined in terms meaningful to the applica
tion with regard to bandwidth, dc offset, and other 
parameters. 

SELECTION PROCESS 
In general, the objective of amplifier selection should be to 
choose the least expensive device which will meet the 
physical, electrical, and environmental requirements imposed 
by the application. This suggests that '3 "General Purpose" 
amplifier will be the best choice in all applications where 
the desired performance requirements can be met. Where 
this is not possible, it is generally because of limitations 
encountered in two areas - bandwidth requirements, and/or 
offset and drift parameters. 

To make it easier to relate bandwidth requirements with the 
drift and offset characteristics, a capsule view of bandwidth 
considerations precedes the dc discussions below. The reader 
is then returned to an expanded discussion of gain·band
width considerations. 

Gain Bandwidth Considerations, A Capsule View 
Although all selection criteria must be met simultaneously, 
determination of the bandwidth requirements is a logical 
starting point because: 

A) If dc information is not of interest, a suitable 

APPLICATION NOTES VOL. 1,20-3 
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blocking capacitor can usually be connected at the ampli- . 
fier input and all of the "drift" specifications may be 
ignored, and 

B) Where high frequency (>10MHz) characteristics 
are of primary importance, the choice will be limited 
to those amplifiers designated "Wide Bandwidth/Fast 
Settling." 

Where dc information is required and where frequency 
requirements are relatively modest (full power response 
below 100kHz, unity gain of less than 1.5MHz) other cri
teria will probably influence the final choice. )t is impor
tant, however, to choose an amplifier with which an ade
quate value of loop gain is assured (at the maximum fre
quency of interest) to obtain the desired accuracy. Loop 
gain is the excess of open 106p gain over closed loop gain, 
and is responsible for the diminishing error due to fluctu
ations in the open loop gain due to time, temperature, etc. 
Typically, a loop gain of 100 will yield an error of no more 
than 1%, 0.1% from loop gain of 1000, etc. Where undis
torted response is required, the specifications for full linear 
response and slewing rate should be chosen such that they 
are not exceeded at the highest frequency of operation. 

Offset and Drift Considerations 

In the majority of op-amp applications, final selection is 
determined by the dc offset and drift characteristics. To 
undertake amplifier selection in these cases, it is necessary 
to translate the requirements listed above as follows. (It is 
assumed that bandwidth requirements have been established 
at this point.) 

1. What input impedance must the circuit present to the 
signal source? This depends primarily on the source imped
ance, Rs, and the amount of loading error which is accept
able. Most amplifier circuits are designed around either the 
inverting or noninverting circuit of Figure 1. The choice is 
often made between the two to accommodate the imped
ance requirement. I nput impedance for the inverting circuit 
is approximately equal to the summing impedance, Ri and 
the upper limit on the magnitude of R i is determined by 
the allowable drift error because of input bias current as 

SOURCE 
r-----, 
I I 
I I 
I 'I 
I es I L ____ ..J 

R; 

Rc 

r-----H-----, 
I Cs I 

e =-!!![e +e (Rt+R;)+1 R'] ForRc=O 
o R; S o. Rt b I and Rs « R; 
-~ 

Signal Input Drift Error = Vd 

eo = - !!! res + eos Rt + R; + id R;J For RC = R; Rt/R; + Rt 
R; Rt and Rs« R; 

S-;;;;-al Input D;ift Error = Vd 

Input Impedance R'N '" R; 

% Drift Error = 100Vd 
es 

Figure 1A. Inverting Configuration 
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discussed below. The noninverting circuit offers inherently 
higher input impedance than the inverting circuit (due to 
"bootstrapping" feedback) and in this case input impedance 
is approximately equal to the common mode impedance of 
the amplifier ReM' 

2. How much drift error can be tolerated? The question is 
related to the input signal level, es, and the required accu
racy. For example, to amplify or otherwise manipulate a dc, 
input signal of one volt with an accuracy of 0.1%, the offset 
drift error, V d, must be one millivolt or less. (This assumes 
that other sources of error such as input loading, noise and 
gain error have already been allowed for.) By the same 

reasoning, the allowable drift error for a 1 volt signal and 
0.01% accuracy would be 100IlV. 

When this has been defined, the allowable limits of offset 
voltage (eos), bias current (ib), and difference current can 
be calculated by the equations of Figure 1. 

Figure 1 gives the equations which relate offset voltage 
(eos), bias current Ob), difference current Od) and the exter
nal circuit impedances to the drift error, Vd, for both the 
inverting and the noninverting circuits. From these equa
tions it can be seen how the input impedance requirements 
of the foregoing paragraphs are rei ated to the drift error. 

For example, in the case of the inverting circuit, an offset 
error voltage, ibRi, is generated by the bias current flowing 
through the summing impedance. This error increases for 

increasing Ri. Since Ri also sets the input impedance, there 
is a conflict between high input impedance and low offset 
errors. Likewise, for a given offset error, higher values for Ri 
can be used with an amplifier which has lower bias current. 

Where it will otherwise function properly, the noninverting 
circuit generally makes a better choice for. high input imped
ance circuits. Also, for the same source and input imped
ance requirement, a given amplifier will generate lower 
offset errors for the non inverting circuit than for the invert
ing circuit. This is so because the bias current flows only 
through Rs for the noninverter and this will always be less 
than the input impedance, Ri, of the inverter. Input imped-
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>--.... --.--0 eo 
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Figure 18. Noninverting Configuration 



ance of the noninverter (approximately RCM) is typically 
107 ohms even for the least expensive bipolar amplifiers and 
up to 1011 ohms for FET types. 

Unfortunately, however, the noninverting configuration can 
not always be used since it will not perform many circuit 
functions such as integration or summation. A further 
limitation occurs in high accuracy applications, where com
mon mode errors may rule out this circuit configuration. 

Initial offsets can usually be zeroed at room temperature so 
that only the maximum temperature excursion (~T) from 
+25°C need be considered. For example, over the range of 
-25°C to +85°C, the maximum temperature excursion (~T) 
from +25°C would be 60°C. As a practical matter, offset 
errors due to supply voltage and time drift can generally 
be neglected since errors due to temperature drift are usu
ally much greater. 

Current Amplifier Considerations 
Before leaving the subject of offset errors, we shall discuss 
briefly the current amplifier configuration which is shown 
in Figure 2A. The obvious approach to measuring current 

is to develop a voltage drop across a load resistor, Rt, and to 
measure this potential with a high impedance amplifier as 
shown in Figure 2B. 

This approach has several disadvantages as compared to the 
circuit of Figure 2A. First the noninverting amplifier intro
duces common mode errors which do not occur for Figure 

SOURCE 
r--------, 
I I 
I I 
I I 
I Rs I 
I I 
L _____ ._~ 

eo=-Rf [is+eos (Rf+Rs)+ ib] 
RsRf ' 

Signal Drift error = Ie 

Input Impeda~ce RIN = ( Rf Rd ) (_'_) 
Rf + Rd 1 + Af3 

where 1/{J = 1 + Rf IRs + Rd) % Drift Error;' 1~0 Ie 
Rs Rd Is 

Figure 2A. Current Amplifier' 

SOURCE r-------, 
I 
I 
I 
I Rs Rf 
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eo = Rf is + eos + ib Rf for Rs > Rf 
~ '---v---' 

Signal Drift Error = Vd 

Input Impedance RIN '" Rf 

% Drift Error = 100 Vd 
Rf is 

Figure 2B. Voltage Amplifier With Sampling Resistor 

2A. Second, an ideal current meter would have zero imped· 
ance whereas, Rt in Figure 2B may become very large since 
this resistor determines the sensitivity of the measurement. 

Third, the changes of input impedance, RCM, for the non
inverting amplifier with temperature will cause variable 
loading on Rt and hence a change in sensitivity. 

The current amplifier of Figure 2A circumvents all of these 
difficulties and approaches an ideal current meter; that is, 
there is essentially no voltage drop across the measuring 
circuit, since with enough open loop gain, A, the input 

impedance RIN becomes very small. 

In selecting a current amplifier, the most important con· 
sideration is current noise, and bias current drift. Measuring 
accuracy is largely the ratio of current noise and drift to 

signal. current, is. To obtain the drift of error current IE 
referred to the input, use the following expression. 

Now, to make a proper selection you must pick an amplifier 
with an error current, IE, over the operating temperature 
which is small compared to the signal current, is. Do not 

overlook current noise which may be more important than 
current drift in many applications. 

Gain Bandwidth Considerations, Expanded Discussion 
From the previous discussion, it is apparent that most gen· 
eral purpose operational amplifiers will usually give adequate 

performance for the dc and audio frequency range applica
tions. However, to obtain unity gain bandwidth above 2MHz, 
full power response above 20kHz and slewing rate above 
6V/ps, in general, requires special design techniques. All 
amplifiers with wideband, fast response characteristics have 
been listed in the wide bandwidth group to simplify the 
selection for higher frequency applications. 

One factor often overlooked is that stray capacitance and 
impedance levels of the external feedback circuit can be 
the major limitation in high frequency applications. For 
example, in Figure lA, if Rt were one megohm and stray 
capacitance, Cs, were one picofarad then the closed loop 

bandwidth would be limited to 160kHz (1/(21TRFCS)) reo 
gardless of how fast the amplifier is~ Moreover, output slew· 
ing rate will be limited by how fast Cs can be charged 
which in trun is related to signal level, es, and input imped· 

ance, Ri, by deo/dt = -es/RjCs. For these reasons it is usually 
not possible to obtain both fast response and high input 
impedance for an inverting circuit since both Ri and Rt 
must be large to obtain high input impedance. 

Another advantage of the noninverting circuit (Figure lB) 

is that input impedance, being determined by potentiometric 
feedback, does not depend on the impedance levels for R 1 

and Rz . Therefore, a low impedance can be used for R2 so 
that stray capacitance of Cs will not limit the circuit's band· 

width. In this case the minimum value for Rz is constrained II 
only by the output current rating of the amplifier. Again 
the trade-off between the frequency response and input 
impedance of the inverting and non inverting circuits must 
be evaluated in light of the common mode rejection error 
introduced by the non inverter. 
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Figure 3. DC Feedback Minimizes Output Offset 
for A C Applications 

In the past, many wideband amplifiers, especially chopper 
stabilized units, did not offer fast response on the positive 
input and therefore were restricted to use in inverting cir
cuits. However, new FET amplifiers from Analog Devices 
are available to meet the needs for high speed performance 
for either configuration. 

For greater emphasis wide band applications can be separated 
into two categories - steady state and transient. Since the 
amplifier requirements for the two are somewhat different, 
these categories will be discussed separately. 

A. Steady State Applications 
Steady state applications involve amplifying or otherwise 
manipulating continuous sinusoidal, complex or random 
waveforms. In these applications the significant issues in 
choosing an amplifier are as follows: 

1. Is dc coupling required? If dc information is of no 
consequence, then the offset drift errors are not usually 
important and a capacitor can be used if necessary to block 
the output dc offset. Your only concern here is that dc 
offset at the output does not become so large, as might be 
the case with a high gain stage, that the output is saturated 

'or the dynamic swing for ac signals is limited. One way to 
circumvent the latter problem is to use feedt?ack to limit 
the gain at dc as shown in Figure 3. The gain of these cir
cuits can be small at dc but large at high frequencies. 

2. What closed loop gain and bandwidth are required? 
Closed loop gain, G, is dictated by the application. To a first 
approximation the intersection of the open and closed loop 
gain curves in Figure 4 gives the closed loop bandwidth, 
fcl (-3dB). For high gain, wideband requirements, it may be 
necessary, or more economical, to use two amplifiers in 
cascade, each at lower gain. 

3. What loop gain is required or alternatively what gain 
stability, output impedance and/or linearity are necessary? 
The available loop gain at a particular frequency or over a 
range of frequencies is very often more important than 
closed loop bandwidth in selecting an amplifier. Loop gain 
as illustrated in Figure 4, is defined as the difference, in dB, 
or as, the ratio, arithmetically, of the open to closed loop 
gain (A(3 = A/G). You will find in most of the equations 
defining the closed loop characteristic of a feedback ampli-
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Figure 4. Closed Loop Bandwidth and Loop Gain 

fier that the loop gain (Am is the determining factor in 
performance. Some of the more notable examples of this 
point are as follows: 

a. Closed loop gain stability = t,G/G 
t,G/G = (M/A) [1/(1 + Am] where t,A/A is the 
open loop gain stability, usually about 1%/oC. ' 

b. Closed loop output impedance = Zocl = Zo/( 1 + A(3), 
where Zo is the open loop output impedance, usually 
200 to 5000 ohms. 

c. Closed loop nonlinearity = Lei = Lol/( 1 + A(3), where 
Lol is the open loop linearity, usually less than 5%. 

Loop gain of 100, or 40dB, is adequate for most applica
tions and this is readily achievable at dc and low frequencies. 
But note that loop gain decreases with increasing frequency 
which makes it difficult to obtain large loop gains at high 
frequencies. For this reason it may be necessary to use a 
10MHz unity gain amplifier in order to obtain adequate 
feedback over a 10kHz bandwidth. 

4. What full power response and/or slew rate are required? 
You should examine your expected output waveform and 
select an amplifier whose slewing rate exceeds the maximum 
rate of change of output signal. For a sinusoidal waveform 
with a peak voltage output equal to the rated amplifier 
output the frequency should not exceed fp, the full power 
response of the amplifier. As the output signal voltage is 
reduced below the rated output voltage, the usable maxi
mum frequency can be extended proportionately. If you do 
not observe these restrictions you will get distortion and 
unexpected dc offsets at the output of the ampl ifier. 

There are many monolithic amplifier designs available today 
whose frequency response is not a simple 6dB roll-off and 
which may be shaped with external RC components for 
improved performance. Using feed-forward or phase lag 
compensation networks, gain-bandwidth product and/or full 
power response may be shaped to meet varying design re
quirements. Most discrete op amps offer the stable 6dB 
roll-off with specified unity gain-bandwidth and slew rate 
thereby limiting maximum speed and response to those pub
lished specifications. 



B. Transient Applications 
In applications such as AID and DIA converters and pulse 
amplifiers, the transient response of the wideband amplifier 
is generally 'more important than the gain bandwidth 
characteristic described above. Slewing rate, overload re
covery and settling time are the specifications which deter
mine the transient response. 

When applying the high frequency amplifier, it is important' 
to understand how amplifier performance is affected by 
component selection as well as impedance levels used 
around the amplifier. 

Settling Time 
The time and frequency response of a linear, bilateral net
work or amplifier are related by well known mathematics. 
For example, the step response for a well behaved, linear, 
6dB/octave amplifier with a closed loop bandwidth of wcl 
is shown in Figure 5. 

FINAL VALUE T = ..!... 
Wei 

2,3T 4,6T 6,9T-T 

Figure 5. Step Response for Linear 6dB/Octave Amplifier 

To a first approximation, the curve in Figure 5 can be used 
to relate settling time to closed loop bandwidth of Figure 4. 
Settling time is defined as the time elapsed from the appli
cation of a perfect step input to the time when the amplifier 
output has entered and remained within a specified error 
band symmetrical about the final value (Figure 6). Settling 
time therefore includes the time required for the amplifier 
to slew from the initial value, recover from slew rate limited 
overload, and settle to a given error in the linear range. 

ERROR It-~~~~~--~~----~----~~-BAND 

r 
SLEW 
RATE 

RECOVERY LINEAR SETTLING 

SETTLING TIME TO ± .:l.E-l 

OR±~ x 100% 
Eo 

Figure 6. Typical Settling Time Characteristics 

However, the approximation soon breaks down since settling 
time is determined by a combination of amplifier character-

istics (both linear and nonlinear) and because it is a closed 
loop parameter. Therefore, it cannot be readily predicted 
from the open loop specifications such as slew rate, small 
signal bandwidth, etc. 

Analog Devices specifies settling time for the condition of 
unity gain, relatively low impedance levels, and no capaci
tive loading. A full-scale step input is used to determine 
settling time and the step is generally unipolar - i.e.: from 
zero to plus or minus full scale. The settling time indicated 
is generally the longest time resulting from a step of either 
polarity and is given as a percentage of the full scale step 
transition. 

Settling time is a nonlinear function. It varies with the input 
signal level and it is greatly affected by impedances external 
to the amplifier. The nonlinear dependence of settling time 
on these two parameters can be demonstrated by an exam
ination of experimental data from Analog Devices' wide 
bandwidth AD544 op amp. 

Settling Time vs. Signal Swing 
The curves in Figure 7 illustrate the AD544 settling time 
error versus input signal level. These "V" curves are useful 
as a design aid for bracketing settling time versus step input 
level. 

Because'of nonlinear factors, extrapolation of settling times 
from one set of conditions to another becomes very diffi
CUlt, if not impossible. This point becomes very apparent, 
in Figure 7, when reviewing settling time as a function of 
input signal swing. Using this measurement technique, the 
settl ing time error voltage, measured at point V, is equal to 
one-half of the null voltage between the input signal and 
the output signal. 
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Figure lA. Settling Time Test Circuit 
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ERRORS DUE TO NoisE 
A major criterion in the selection of an jlmplifier for low 
level signals' is the amplifier input noise, since this is usually 

·the limiting factor on system resolution. In the general case, 
amplifier noise can be characterized by a voltage source in 
series with the summing junction and a current source in 
parallel with the summing junction. Whenever high source 
impedance is encountered, current noise flowing through 
the source impedance will appear as an additional '!oltage 
noise, combining with the amplifier voltage noise. The sum 
of these noise sources will then be amplified along with the 
desired signal. For this reason, seiection of a particular 
amplifier must consider both the amplifier noise perfor
mance as well as the source impedance. 

Consideration must also be given to noise sources other 
than the amplifier whenever determining total system noise. 
RF noise may be fed into an amplifier through any con
necting wire, including power supply and output leads. Ade
quate shielding and low-pass filters on all incoming leads 
will usually prevent noise pick-up. 

Thermal noise is g'enerated in any conductor or resistor as a 
result of thermal agitation of the electrons. This noise vol
tage source, sometimes referred to as "Johnson Noise", is 

generated in the resistive component of any impedance and 
has a value: 

en =vf4KTBR 
where en = the rms value of the noise voltage 

K = Boltzman's Constant (1.38 x 1023 joules/oK) 
T = absolute temperature of the resistance, oK 
B = the bandwidth in which the noise is measured 

Since noise is related to the bandwidth over which the mea
surement is made, no noise specification is meaningful un
less the bandwidth for the specification is given. Although 
the Thermal Noise equation may appear unwieldly for prac

tical noise calculations, all that is required to' enable rapid 
approximations is to apply a few simple rules of thumb. 
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Rules of Thumb 
(1). Remember that a 100kn resistor generates 40nV 

rms in a 1 Hz bandwidth. The noise voltages generated by 
other values of resistances in other bandwidth~ ~an be calcu
lated by 'remembering that the noise is .proportional to the 
square root of the resistance and the bandwidth; i.e. 

en (rms) = (40nV/v'Hz) ( /~ (B~)\ 
. v'100kn ') 

(2) To convert the rms noise to a POp value, a conver
sion factor of 6.6JlV p-p/JlV rms is applied for less than 
0.1% probability of noise peaks exceeding calculated limits. 

(3) The total rms noise contribution due to several 
noise sources is determined by the square root -of the sum 
of the squares: -

et = .J e/ + eb 2 + ec 
2 + ... en 2 

If any noise source is less than a third of another, it may be 
neglected. The resulting error will be approximately 5%. 

(4) Restricting the bandwidth of a system to the mini-
mum usable and using the lowest impedances possible are 
ways to reduce noise. 

DESIGN EXAMPLE 
Figure 8 illustrates a typical circuit with noise calculations 
shown for each noise source. The total ofthe noise sources 
is obtained by adding each of the individual sources in a 
rms fashio'n. 

e, 

COMPONENT CAUSE OUTPUT CONTRIBUTION 

RIN Johnson Noise y'4KTBR 1N (RF/RIN) 

Rs John,son Noise y'4KTBRs (RF/RIN + 1) 

RF Johnson Noise y'4KTBRF 

in1 Amp. Current Noise in1RF 

i ... Amp. Current Noise (in2RS) (RF/RIN + 1) 

en Amp, Voltage Nois. en (RF/RIN + 1) 

Figure B. Noise Components 



r.ANALOG 
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How to Test Basic Operational Amplifier 
Parameters 

THE REAL OP AMP 
Input Imperfections 
The characteristics of op amps are, of course, consider
ably more complicated than can be shown in Figure 1. The 
real op amp has a number of sources of error which must 
be tested independently to determine the true quality of 
the device. The active errors at the input can be modeled 
as a dc current source (lB) and a series dc voltage source 
(Vos). An impedance (ZIN Diff) appears between the in
puts, and another (ZINCM) appears between the inputs and 
ground. These impedances usually consist of a resistance 
and capacitance in parallel, and the finite ZCM will in
troduce errors due to common-mode input voltages. 

There are two additional input error sources. In addition 
to the dc voltage and current sources, small ac sources 
representing the noise components must be included in 
the model. 

Output Obstacles 
The output side ofthe model is also non ideal. First, an out
put impedance, Ro, is added in series with the voltage 
source. The "A" term (infinite in the ideal model) is both 
finite and a function of frequency in a real amplifier A'(s). 
It is also obvious that the output voltage and current 
capabilities of a real op amp are bounded. 

The real amplifier, thus, can be modeled as shown below. 

+ 

Figure 1. Real Op Amp 

OP AMP SPECIFICATIONS 
Offset Voltage 
Each ofthese nonideal specifications should be examined 
in some detail. Consider first the dc errors. Offset voltage 
is the result of a mismatch in the base-emitter voltages of 
the differential input transistors (or gate-source voltage 
mismatch in FET-input amplifiers). This offset voltage is 
indistinguishable from an input signal as far as the 
amplifier is concerned. Usually this offset can be trimmed 
to zero by the user by means of an external potentiometer, 
which adjusts the balance of the operating currents in the 
input stage until the VBE,S (or VGS's) are equal. Of course, 
this trim will be effective only at one temperature, since 
offset voltage changes as a function oftemperature. 

Many circuits exist fortesting offset voltage. If Vos is rede
fined as the voltage at the op amp input which will drive 
the output to zero in im open-loop circuit, a servo loop can 
be built around the device under test to determine that 
voltage. In the circuit shown below, a second"amplifier is 
used to provide feedback. This feedback amplifier must" 
have very high gain and low offset. In operation, the con
trol voltage, V c, is set to zero. This forces the output of the 
device under test (D.U.T.) to also go to zero, because no 
dc current can flow through the amplifier's feedback 
capacitor. Since the output of the D;U.T. will only go to 
zero when a voltage equal to its input offset voltage is ap
plied to its input, then VA must equal Vos. Thus, the output 
of the feedback amplifier is equal to Vos x (1 + RF/100!1). 

Vc =ov 

RF (SELECT FOR EXPECTED RANGE OF Vos) 

Figure 2. Op Amp Offset Voltage Test Circuit 

An alternate method for offset voltage measurement can 
also be used. This alternate circuit is simpler/to build and 
is only slightly less accurate. If it is assumed Ithat Vos can 
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be modeled as a source connected in series with one 
input, configuring the amplifier for a fairly high closed
loop gain will allow reasonably accurate measurement of 
offset voltage with an inexpensive voltmeter. 

In order to maintain accuracy in this measurement, RIN 
should be low enough that los flowing through RIN is at 
least ten times lower than the expected value of Vos. Rc 
causes an equal voltage to be developed at each input due 
to Is. This common-mode voltage effect can be neglected 
due to the common mode rejection of the op amp. 
Reasonable values for R1N, Rc, and RFB are 100n, 100n, 
and 9.9kn, respectively. 

Another error arises in this circuit due to the finite open 
loop gain of the amplifier. Assuming a test circuit gain of 
100, the amplifier must have a dc open-loop gain of at 
least 10,000for a 1% accurate Vas measurement. 

>-..... -0+ 
VO' I OOVos 

Figure 3. Simple Vos Test Circuit 

Input Bias Current 
Another dc error term is the input bias current. As a conse
quence ofthe practical characteristics oftransistors, base 
current must be supplied to the input transistors to bias 
them into their active operating region. This current must 
also return to its originating point through some dc path. 
Thus operational amplifiers cannot be used with input 
signal sources which are not referred to the same power 
source as the amplifier. It is possible to reduce bias cur
rent-induced errors by providing a source (other than the 
signal path) which can leak this current. 

In many applications, the errors due to bias current are ac
tually less annoying than the errors caused by the mis
match ofthe bias circuits ofthe two inputs. This difference 
between the bias currents is called the input offset cur
rent, and is usually specified along with the bias current. 

Input currents, like input offset voltage, vary as a function 
of temperature. In the case of a bipolar-input amplifier, 
bias current decreases at elevated temperature. This is 
because the transistors' 13 increases, and since the emitter 
current is constant, the base current decreases. In the case 
ofa FET-input amplifier, the bias current is due to JFET 
gate leakage, which is in reality a reverse-biased junction 
leakage current. Such currents have the characteristic of 
doubling for every 10°C rise in junction temperature. 

It is important to consider the test conditions under which 
bias current is specified, particularly in the case of a FET
input op amp. Some manufacturers specify bias current 
at a junction temperature of 25°C. This corresponds 
roughly to the bias current immediately after power is ap
plied to the amplifier. Unfortunately most circuits are not 
operated in a pulsed mode, and the effects of component 
self-heating must be considered. This effect is, in many 
cases, not trivial. For example, an amplifier which draws 
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5mA of supply current from ± 15V supplies dissipates 
150mW. The thermal resistance from junction to ambient 
for an a-lead IC package is typicnlly 150°CIW. This means 
that the junction temperature of the amplifier in question 
will be 22.5°C above ambient temperature, and the bias 
current will be over four times as high as a specification 
based on 25°C junction temperature. 

OJA - lSO'CIW FOR TO·99 TYPE PACKAGES 
- 155'CIW FOR EPOXY MINI·DIP 
- loo'CIW FOR 14/16 PIN CERAMIC DIP 

Figure 4. Thermal Circuit Model for IC Op Amp 

Consider an op amp specified for 50pA Ie at TJ = 25°C. If 
the amplifier draws 5mA from ± 15V, as in the previous 
example, 

Po = 30V x 5mA = 150mW 
TJ = TA + (150mW x 150°CIW) 

= 25°C + 22SC 

Therefore, Is will be four times higher than the 
specification. 

Bias current can be measured with essentially the same 
method used to measure offset voltage. The difference is 
that a large resistance is inserted in series with the input 
under test, creating an additional offset voltage equal to 
Is x Rs. Assuming the actual Vos has been measured and 
recorded, the change in apparent Vas due to the change 
in Rs can be determined and Is easily computed. Offset 
current is tested by computing the difference between the 
bias current on the inverting input and the bias current on 
the noninverting input. 1 

RS »> loon 
S, IS CLOSED TO TEST le+ 
S2 IS CLOSED TO TEST le
BOTH CLOSED TO TEST Vas 
BOTH OPEN TO TEST los 

Vc -ov 

Vo -(I + ~) (Vas I 
+ (1+ ~) IIB+Rsl 

-(1+~) IIB.Rsl 

Figure 5. Bias/Offset Current Test Circuit 

Open Loop Voltage Gain 
Another op amp parameter which distinguishes a real 
amplifier from an ideal amplifier is open-loop gain. In the' 
ideal op amp model, open loop gain is assumed to be infi
nite. The same assumption is also sometimes made when 
dealing with real amplifiers. 

Open-loop gain of an operational amplifier is an interest
ing parameter to attempt to measure. It is generally not 
practical to measure open loop gain directly by applying 
a signal at the input and observing the output change. 
However, by using the device under test inside a feedback 
loop, it is possible to measure the change in input voltage 
required to produce a known change in output voltage. 



'vc • -10V TO +10V 

Figure 6. Open Loop Gain Test Circuit 

In this circuit, the control voltage, Vc, is varied from -10V 
to + 10V, causing the D.U.T. output, Vo, to vary from + 10V 
to -10V. The D.U.T. output is varied by a change in V1N 

produced by the second amplifier. Since V1N is attenuated 
from Eo by the RF/1 oon voltage divider, Eo is easily mea
sured, and open-loop gain can readily be computed. 

Frequency Response 
Open-loop gain versus frequency is another difficult-to
test specification. Bandwidth is usually specified in terms 
of g?in-bandwidth product or unity-gain small signal 
bandwidth. It is assumed that the amplifier under test has 
an open-loop gain versus frequency plot which decreases 
with a - 20dB/decade slope. It is therefore possible to 
measure the open-loop gain at some known frequency 
.and'predict the frequency at which the open-loop gain will 
be unity. 

In the circuit shown, the D.U.T. dc output is held to OV by 
Vc and the integrator amplifier. A low amplitude 10kHz ac 
input signal is applied to the D.U.T. Since the integrator 
has very low gain at 10kHz, the D.U.T. is effectively run
ning open-loop for the ac signal. The ac output from the 
D.U.T. can be measured and the gain at 10kHz can be com
puted. Forexample, a 741-type amplifier has an open loop 
gain of approximately 100k at 10kHz. Thus, an easily gen
erated 100mV input at the D.U.T. input will produce an 
easily measured 10V output. This corresponds to a 1 MHz 
gain-bandwidth product. 

Va Vc =ov 

GBW' G 110kHz X 10kHz 

• ~ X 10kHz 

Figure 7. Gain-Bandwidth Product Test Circuit 

Common-Mode Rejection Ratio 
The ideal operationai amplifier is a pure differential 
amplifier and is insensitive to the absolute voltage on the 
inputs with respect to ground. The real amplifier has sev
eral 'nonideal characteristics associated with input levels. 
First, of course, is the allowable range of input voltage. 
Most IC op amps will only operate when the voltage on 
the input terminal is within the range bounded by the sup
ply voltages. The second, and perhaps more subtle, char
acteristic is the common-mode rejection ratio (CMRR). 

CMRR is defined as the ratio of the ·change in common 
mode to the resulting change in input offset voltage. It is 
often convenientto specifythis parameter logarithmically 
in dB: CMR = 20 log (CMRR). 

Common-mode rejection can be measured several ways. 
One method uses four precision resistors to configure the 
op amp as a subtractor amplifier. The disadvantage inher
ent in this circuit is that the ratio match of the resistors' 
also determines the subtractor's CMRR.A mismatch of 
0.1% between resistor pairs will result in a CMR of only 
60dB. Since most amplifiers exhibit CMR in excess of 
80dB (some as high as 120dB), it is c1~ar that this ~ircuit 
is only marginally useful. 

R2 

+ 
VOUT" (1+ * )( ~) 
~-

RESISTORS MUST MATCH WITHIN lppm (0.0001%) 
IN ORDER TO MEASURE CMR>10OdB 

Figure 8. Simple CMR Test Circuit 

A better circuit uses the same technique used for measur
ing offset voltage with one exception. Rather than apply
ing a fixed zero volt input to the D.U.T. operating on ± 15V 
supplies, the same input is applied to the D.U.T. with 
asymmetrical power supplies, such as + 5V and - 25V. 
The output of the amplifier is forced to remain centered 
between the supplies and the input voltage to the D.U.T. 
which forces this to occur is measured. 

EO 

Figure 9. Common-Mode Rejection Test Circuit 

The change in Vas can be readily translated into CMR. If 
this 10V change in CMV creates a 1 mV change in Vas, the· 
CMRR is 10,000 and the CMR is80dB. 

• 
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An I.C. Amplifier Users' Guide 
To Decoupling, Grounding, 

And Making Things 
Go Right For A Change 

by Paul Brokaw 

"There once was a breathy baboon 
Who always breathed down a bassoon, 

For he said "It appears 
that in billions of years 

I shall certainly hit on a tune" 
(Sir Arthur Eddington) 

This quotation seemed a proper note with which to begin 
on a subject which has made monkeys of most of us at one 
time or another. The struggle to find a suitable configura
tion for system power, ground, and signal returns too fre
quently degenerates into a frustrating glitch hunt. While a 
strictly experimental approach can be used to solve simple 
problems, a little forethought can often prevent serious 
problems and provide a plan of attack if some judicious 
tinkering is later required. 

The subject is so fragmented that a completely general 
treatment is too difficult for me to tackle. Therefore, I'd 
like to state one general principle and then look a bit more 
narrowly at the subject of decoupling and grounding as it 
relates to integrated circuit amplifiers . 

. . . Principle: Think-where the currents will flow. 

I suppose this seems pretty obvious, but all of us tend to 
think of the currents we're interested in as flowing "out" of 
some place and "through" some other place but often ne
glect to worry how the current will find its way back to its 
source. One tends to act as if all "ground" or "supply volt
age" points are equivalent and neglect (for as long as possi
ble) the fact that they are parts of a network of conductors 
through which currents flow and develop finite voltages. 

In order to do some advance planning it's important to 
consider where the currents originate and to where they 
will return and to determine the effects of the resulting 
voltage drops. This in turn requires some minimum amount 
of understanding of what goes on inside the circuits being 
decoupled and grounded. This information may be lacking 
or difficult to interpret when integrated circuits are part of 
the design. 

Operational amplifiers are one of the most widely used lin
ear LC.'s, and fortunately most of them fall into a few 
classes, so far as the problems of power and ~rounding are 

concerned. Although the configuration of a system may 
pose formidable problems of decoupling and signal returns, 
some basic methods to handle many of these problems can 
be developed from a look at op-amps. 

OPAMPS HAVE FOUR TERMINALS: 
A casual look through almost any operational amplifier text 
might leave the reader with the impression that an ideal 
op-amp has three terminals: a pair of differential inputs and 
an output as shown in Figure'1. A quick review of funda
mentals, however, shows that this ca,n't be the case. I f the 
amplifier has an output voltage it must be measured with 
respect to some point ... a point to which the amplifier has 
a reference. Since the ideal op-amp has infinite common 
mode rejection, the inputs are ruled out as that reference so 
that there must be a fourth amplifier terminal. Another 
way of looking at it is that if the amplifier is to supply out
put current to a load, that current must get into the ampli
fier somewhere. Ideally, no input current flows, so again 
the conclusion is that a fourth terminal is required. 

Figure 1 .. Conventional "Three Terminal" Op Amp 

A common practice is to say, or indicate in a diagram, that 
this fourth terminal is "ground." Well, without getting into 
a discussion of what "ground" may be we can observe that 
most integrated circuit op-amps (and a lot of the modular 
ones as well) don't have a "ground" terminal. With these 
circuits the fourth terminal is one or both of the power 
supply terminals. There's a temptation here to lump to-
gether both supply voltages with the ubiquitous ground. II 
And, to the extent that the supply lines really do present a I 
low impedance at all frequencies within the amplifier band-
width, this is probably reasonable. When the impedance 
requirement isn't satisfied, however, the door is left open to 
a variety of problems including noise, poor transient 
response, and oscillation. 
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DIFFERENTIAL TO SINGLE-ENDED CONVERSION: 
One fundamental requirement of a simple op-amp is that an 
applied signal which is fully differential at the input must 
be converted to a single-ended output. Single ended, that is, 
with respect to the often neglected fourth terminal. To see 
how this can lead to difficulties, take a look at Figure 2. 

v+ 

-IN 

+IN --+--+----' 

v-

Figure 2. Simplified "Real" Op Amp 

The signal flow illustrated by Figure 2 is used in several 
popular integrated circuit families. Details vary, but, the 
basic signal path is the same as the 101, 741, 748, 777, 
4136, 503, 515, and other integrated circuit amplifiers. The 
circuit first transforms a differential input voltage into a 
differential current. This input stage function is represented 
by PNP transistors in Figure 2. The current is then con· 
verted from differential to single-ended form by a current 
mirror which is connected to the negative supply rail. The 
output from the current mirror drives a voltage amplifier 
and power output stage which is connected as an integrator. 
The integrator controls the open-loop frequency response, 
and its capacitor may be added externally, as in the 101, or 
may be self-contained, as in the 741. Most descriptions of 
this simplified model don't emphasize that the integrator 
has, of course, a differential input. It's biased positive by a 
couple of base emitter voltages, but, the non·inverting 
integrator input is referred to the negative supply. 

It should be apparent that most of the voltage difference 
between the amplifier output and the' negative supply 
appears across the compensation capacitor. If the negative 
supply voltage is changed abruptly the integrator amplifier 
will force the output to follow the change. When the entire 
amplifier is in a closed loop configuration the resulting 
error signal at'its input will tend to restore the output, but, 
the recovery will be limited by the slew rate of the ampli
fier. As a result, an amplifier of this type may have out
standing low frequency power supply rejection, but, the 
negative supply rejection is fundamentally limited at high 
frequencies. Since it isthe feedback signal to the input that 
causes the output to be restored, the negative supply rejec
tion will approach zero for signals at frequencies above -the 
closed loop bandwidth. This means that high-speed, high
level circuits can "t~lk to" low-level circuits through the 
common impedance of the negative supply line. 

Note that the problem with these amplifiers is associated 
with the negative supply terminal. Positive supply rejection 
may also deteriorate with increasing frequency, but, the 
effect is less severe. Typically, small transients on the posi-
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tive supply have only a minor effect on the signal output. 
The difference between these sensitivities can result in an 
apparent asymmetry in the amplifier transient response. If 
the amplifier is driven to produce a positive voltage swing 
across its rated load it will draw a current pulse from the 
positive supply. The pulse may result in a supply voltage 
transient, but, the positive supply rejection will minimize 
the effect on the amplifier output signal. In the opposite 
case, a negative output signal will extract a current from the 
negative supply. If this pulse results in a "glitch" on the 
buss, the poor negative supply rejection will result in a 
similar "glitch" at the amplifier output. While a positive 
pulse test may give the amplifier transient response, a nega
tive pulse test may actually give you a pretty good look at 
your negative supply line transient response, instead of the 
amplifier response! 

Remember that the impulse response of the power supply 
itself is not what is likely to appear at the amplifier. Thirty 
or forty centimeters of wire can act like a high Q inductor 
to add a high-frequency component to the normally over
damped supply response. A decoupling capacitor near the 
amplifier won't always cure the problem either, since the 
supply must be decoupled to somewhere. If the decoupled 
current flows through a long path, it can still produce an 
undesirable glitch. 

Figure 3 illustrates three possible configurations for nega
tive supply decoupling. In 3a the dotted line shows the 
negative signal.current path through the decoupling and 
along the ground line. If the load "ground" and decoupled 
"ground" actually join at the power supply the "glitch" on 
the ground lines is similar to the "glitch" on the negative 
supply buss. Depending upon how the feedback and signal 
sources are "grounded" the effective disturbance caused by 
the decoupling capacitor may be larger than the disturbance 
which it was intended to prevent. Figure 3b shows how the 
decoupling capacitor can be used to minimize disturbance 
of V- and ground busses. The high·frequency component 
of the load current is confined to a loop which doesn't 
include any part of the ground path. If the capacitor is of 
sufficient size and quality, it will minimize the glitch on the 
negative supply without disturbing input or output signal 
paths. When the load situation is more complex, as in 3c, a 
little more thought is required. If the amplifier is driving a 
load that goes to a virtual ground, the actual load current 
does not return to ground. Rather, it must be supplied by 
the amplifier creating the virtual ground as shown in the 
figure. In this case, decoupling the negative supply of the 
first amplifier to the positive supply of the second amplifier 
closes the fast signal current loop without disturbing 
ground or signal paths. Of course, it's still importimt'to 
provide a low impedance path from "ground" to V- for 
the second amplifier to avoid disturbing the input 
reference. 

The key to understanding decoupling circuits is to note 
where the actual load and signal currents will flow. The key 
to optimizing the circuit is to bypass these currents around 
ground and other signal paths. Note, that as in figure 3a, 
"single point grounding" may be an oversimplified solution 
to a complex problem. 
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Figure 3a. Decoupling for Negative Supply Ineffective 
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Figure 3b. Decoupling Negative Supply Optimized for 
"Grounded" Load 

Figure 3c. Decoupling Negative Supply Optimized for 
"Virtual Ground" Load 

Figure 3b and 3c have been simplified for illustrative pur
poses. When an entire circuit is considered conflicts fre
quently arise. For example, several amplifiers may be 
powered from the same supply, and an individual decou
piing capacitor is required for each. In a gross sense the 
decoupling capacitors are all paralleled. In fact, however, 
the inductance of the interconnecting power and ground 
lines convert this harmless-looking arrangement into a com
plex L-C network that often rings like the "Avon Lady". In 
circuits handling fast signal wavefronts, decoupling net
works paralleled by more than a few centimeters of wire 
generally mean trouble. Figure 4 shows how small resistors 
can be added to lower the Q of the undesired resonant 
circuits. The resistors can generally be tolerated since they 
convert a bad high-frequency jingle to a small damped sig
nal at the op amp supply terminal. The residual has larger 
low frequency components, but, these can be handled by 
the op-amp supply rejection. 

v-

Figure 4. Damping Parallel Deco up ling Resonances 

FREQUENCY STABILITY: 
There's a temptation to forget about decoupling the nega
tive supply when the system is intended to handle only 
low-frequency signals. Granted that decoupling may not be 
required to handle low-frequency signals, but it may still be 
required for frequency stability of the op-amps. 

Figure 5 is a more-detailed version of Figure 2 showing the 
output stage of the I.C. separated from the integrator (since 
this is the usual arrangement) and showing the negative 
power supply and wiring impedance lumped together as a 
single constant. The amplifier is connected as a unity gain 
follower. This makes a closed-loop path from the amplifier 
output through the 'differential input to the integrator in
put. There is a second feedback path from the collector of 
the output PNP transistor back to the other integrator in
put. The net input to the integrator is the difference of the 
signals through these two paths. At low frequencies this is a 
net, negative feedback. The high-frequency feedback de
pends upon both the load reactance and the reactance of 
the V- supply. 
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Figure 5. Instability Can Result from Neglecting 
Decoupling 

When the supply lead reactance is inductive, it tends to 
destabilize the integrator. This situation is aggravated by a 
capacitive load on the amplifier. Although it's difficult to 
predict under exactly what circumstances the circuit will 
become unstable, it's generally wise to decouple the nega
tiv~ supply if there is any substantial lead inductance in the 
V- lead or in the common return to the load and amplifier 
input signal source. If the decoupling is to be effective, of 
course, it must be with respect to the actual signal returns, 
rather than to some vague "ground" connection. 

POSITIVE SUPPLY DECOUPLlNG: 
Up to this point we haven't considered decoupling the posi
tive supply line, and with amplifiers typified by Figures 2 
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and 5 there may be no need to. On the other hand, there 
are a number of integrated circuit amplifiers which refer the 
compensating integrator to the positive supply. Among 
these are the lOB, 504, and 510 families. When these cir
cuits are used, it's the positive supply which requires most 
attention. The considerations and techniques described for 
the class of circuits shown in Figure 2 apply equally to this 
second class, but, should be applied to the positive supply 
rather than the negative. 

FEED-FORWARD: 
A technique which is most frequently used to improve 
bandwidth is called feed-forward. Generally, feed-forward is 
used to bypass an amplifier or level translator stage which 
has poor high frequency response: Figure 6 illustrates how 
this may be done. Each of the amplifiers shown is really a 
subcircuit, usually a single stage, in the overall amplifier. In 
the illustration, the input stage converts the differential in
put to a single'ended signal. The signal drives an intermedi
ate stage (which in practice often includes level translator 
circuitry) which has low-frequency gain, but, limited band
width. The output of this stage drives an integrator-ampli
fier and output stage. The overall compensation capacitor 
feeds back to the input of the second stage and includes it 
in the integrator loop. The compromises necessary to ob
tain gain and level translation in the intermediate stage 
often limit its bandwidth and slow down the available inte
grator response. A feed-forward capacitor permits high
frequency signals to bypass this stage. As a result, the over
all amplifier combines the low-frequency gain available 
from 3 stages with the improved frequency response avail
able from a 2-stage amplifier. The feed-forward capacitor 
also feeds back to the non-inverting input of the intermedi
ate stage. Note that the second stage is not an integrator, as 
it may appear at first glance, but actually has a positive 
feedback connection. Fed-forward amplifiers must be care
fully designed to avoid internal oscillations resulting from 
this connection. Improper decoupling can upset this plan 
and permit this loop to oscillate. 

INPUT 
SECTION 

COMPENSATING 
CAPACITOR 

FEEDFORWARD 
CAPACITOR 

Figure 6. Fast Fed-Forward Amplifier 

Note that the internal input stages are shown as being re
ferred to separated reference points. Ideally, these will be 
the same reference so far as signals are concerned, although 
they may differ in bias level. In practice this may not be the 
case. Examples of fed-forward amplifiers are the AD51B, 
the ADll B, and the OP-05. In these amplifiers, signal Refer
ence 1 is the positive supply, while signal Reference 2 is the 
negative supply. Signals appearing between the positive and 
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negative supply terminals are effectively inserted inside the 
integrator loopl 

Obviously, while feed-forward is a valuable tool for the 
high-speed amplifier designer, it poses special problems in 
application. A thoughtful approach to decoupling is re
quired to maximize bandwidth and minimize noise, error, 
and the likelihood of oscillation. 

Some fed-forward amplifiers have other arrangements, 
which include the "ground" terminal in inverting only am
plifiers. Almost without exception, however, signals be
tween some combination of the supply terminals get "in
side" the amplifier. It is vital to proper operation that the 
involved supply terminals present a common low imped
ance at high frequencies. Many high-speed modular ampli
fiers include appropriate capacitive ·decoupling within the 
amplifier, but, with I.C. op amps this is impossible. The 
user must take care to provide a cleanly decoupled supply 
for fed-forward amplifiers. Figure 7 shows a decoupling 
method which may be applied to the AD51B as well as to 
other fast fed-forward amplifiers such as the 11 B. One ca
pacitor is used to provide a low-impedance path between 
the supply terminals at high frequencies. The resistor in the 
V+ lead insures that noise on the supply lines will be re
jected and prevents the establishment of resonances with 
other decoupling circuits. The second capacitor decouples 
the low side of the integrator to the load. 

Figure 7. Decoupling for a Fed-Forward Amplifier 

Alternatives include a resistor in both supply leads and/or 
decoupling from V+ to the load. In principle, the positive 
and negative supply should be tied in a "tight knot" with 
the signal return. To the extent that this cannot be done, 
there is a slight advantage to favoring the negative supply 
due to the high frequency limitations of PNP transistors 
used in junction-isolated I.C.'s. 

OTHER COMPENSATION: 
While most integrated circuit amplifiers use one of the three 
compensation schemes already described, a significant frac
tion use some other plan. The 725 type amplifiers combine 
a V- referred integrator with a network which the manu· 
facturers recommend to be connected from signal ground 
to the integrator input. This makes the circuit extremely 
liable to pick up noise between V- and ground. In many 
circumstances it may be wiser to connect the external com
pensation to the negative supply, rather than to signal 
ground. 

One more class of amplifiers is typified by the Analog De
vices AD507 and AD509. In these circuits, a single capaci-



tor may be used to induce a dominant pole of response 
without resorting to an integrator connection. The high· 
frequency response of the amplifier will appear with respect 
to the "ground" end of the compensation capacitor. In 
these amplifiers a small internal capacitance is connected 
between V+ and the compensation point. Unity gain com· 
pensation can be added in parallel and the pin-out is ar
ranged to make this simple. The free end of the compensa
tion capacitor can also be connected either to V- or signal 
common. It is extremely important that the signal common 
and the compensation connect directly or through a low
impedance decoupling. 

Although the main signal path of these amplifiers can be 
compensated in a variety of ways, some care is required to 
insure the stability of internal structures. It's always wise to 
use extra care in decoupling wideband amplifiers to avoid 
problems with the output stage and other subcircuits which 
are similar to the main integrator problem illustrated by 
Figure 5. An effective compensation and decoupling circuit 
for the AD509 is shown in Figure 8. This arrangement is 
similar to Figure 7, and one of these two circuits is likely to 
be suitable for many types of wideband amplifier. Depend
ing upon the power distribution, a small (10n to 50n) 
resistor may be appropriate in both of the supply leads to 
reduce power lead resonance and interference both to and 
from circuits sharing the power supply. 
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I 

V-

OUTPUT 
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Figure 8. Decoupling a Wideband Amplifier 

GROUNDING ERRORS: 
Ground in most electronic equipment is not an actual con
nection to earth ground, but a common connection to 
which signals and power are referred. It is frequently imma
terial to the function of the equipment whether or not the 
point actually connects to earth ground. I myself prefer 
some distinguishing name or names for these common 
points to emphasize that they must be made common. The, 
term "ground" too often seems to be associated with a sort 
of cure-all concept, like snake oil, money or motherhood. If 
you're one of those who regards ground with the same sort 
of irrational reverence that you hold for your mother, re
member that while you can always trust your mother, you 
should never trust your "ground." Examine and think 
about it. 

It's important to have a look at the currents which flow in 
the ground circuit. Allowing these currents to share a path 
with a low-level signal may result in trouble. Figure 9 illus
trates how careless grounding can degrade the performance 
of a simple amplifier. The amplifier drives a load which is 

represented by the load resistor. The load current comes 
from the power supply and is controlled by the amplifier as 
it amplifies the input signal. This current must return to the 
supply by some path; suppose that points A and Bare 
alternative power supply "ground" connections. Assuming 
that the figure represents the proper topology or ordering 
of connections along the "ground" bus, connecting the sup
ply at A will cause the load current to share a segment of 
wire with the input signal connection. Fifteen centimeters 
of number 22 wire in this path will present about 8 mil
liohms of resistance to the load current. With a 2k load, a 
10-volt output signal will result in about 40 microvolts be
tween the points marked "/1V." This signal acts in series 
with the non-inverting input and can result in significant 
errors. For example, the typical gain of an AD510 amplifier 
is 8 million so that only lY<.pV of input signal is required 
to produce a 10 volt output. The 40pV ground error signal 
will result in a 32 times increase in the circuit gain error! 
This degradation could 'easily be the most serious error in a 
high-gain precision application. Moreover, the error repre
sents positive feedback so that the 'circuit will latch up or 
oscillate for large closed-loop gains with Rf/Ri greater than 
about 250k. 

INPUT 
SIGNAL 

A s' 

Figure 9. Proper Choice of Power Connections Minimizes 
Problems 

Reconnecting the power supply to point B will correct the 
problem by eliminating the common impedance feedback 
connection. In a real system, the problem may be more 
complex. The input signal source, which is represented as 
floating in Figure 9, may also produce a current which must 
return to the power supply. With the supply at point B, any 
current which flows in additional loads (other than Ri) may 
interfere with the operation of the amplifier shown. Figure 
10 illustrates how amplifiers can be cascaded and still drive 
auxiliary loads without common impedance coupling. The 

POWER COMMON 

Figure 10. Minimizing Common Impedence Coupling II 
output currents flow through the auxiliary loads and back 
to the power supply through power common. The currents 
in the input and feedback resistors are supplied from 
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the power supply by way of the amplifiers as previously 
illustrated in Figure 3c. The only current flowing in signal 
common is the amplifier's input current, and its effect 
is generally negligibly small. 

Having given an example of a simple "grounding error" and 
its solution, I will now get back on my soap box and say 
that grounding errors result from neglect based on the as
sumption that a ground, is a ground, is a ground. Some 
impedance will be present in any interconnection path, and 
its effect should be considered in the overall design of a 
system. Quantitative approaches are quite useful in special
ized applications. In fast TTL and Eel logic circuitry the 
characteristic impedance of interconnections is controlled 
so that proper terminations can reduce problems. In RF 
circuitry the unavoidable impedances are taken into ac
count and incorporated into the design of the circuit. With 
op-amp circuitry, however, impedance levels do not lend 
themselves to transmission line theory, and the power and 
ground impedances are difficult to control or analyze. The 
most expedient procedufe, short of difficult and restrictive 
quantitative analysis, seems to be to arrange the unavoid
able impedances so as to minimize their effects and arrange 
the circuitry to overcome the effects. Figures 9 and 10 
illustrate the sort of simple considerations which can sub
stantially reduce practical ground problems. Figure 11 illus
trates how circuitry can be used to reduce the effect of 
ground problems which can't be corrected by topological 
tricks. 

"GROUND NOISE" 

SIGNAL 
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Figure 11. Subtractor Amplifier Rejects Common Mode 
Noise 

GETTING AROUND THE PROBLEM: 
In Figure 11 a subtractor circuit is used to amplify a normal 
mode input signal and reject a ground noise signal which is 
common to both sides of the input signal. This scheme uses 
the common-mode rejection of the amplifier to reduce the 
noise component while amplifying the desired signal. An 
important aspect of this arrangement, which is often over
looked, is that the amplifier should be powered with re
spect to the output signal common. If its power pins are 
exposed to the high-frequency noise of the input common, 
the compensation capacitor will direct the noise right to the 
output and defeat the purpose of the subtractor. It's just 
this kind of effect which makes it important to use care in 
grounding and decoupling. A subtractor or dynamic bridge, 
like Figure 11, will be ineffective in correcting a grounding 
problem if I the amplifier itself is carelessly decoupled. In 
general, an op-amp should be decoupled to the point which 
is the reference for measuring or using its output signal. In 
"single-ended" systems it should also be decoupled to the 
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input signal return as well. When it is impossible to satisfy 
both these requirements at once, there's a high probability 
of either a noise or oscillation problem or both. Frequently 
the difficulty can be resolved with a subtractor, like Figure 
11, where a network like the single-ended feedback net
work (which needn't be all resistive) joins the input and 
output signal reference points and provides a "clean" ref
erence point for the non-inverting input of the amplifier. 

A problem with the subtractor is that it uses a balanced 
bridge to reject the common mode signal between the input 
and output reference points. The arms of the network must 
be carefully balanced, since to the extent they don't match, 
the unwanted signal will be amplified. Although even a 
poorly matched network will probably eliminate oscillation 
problems, noise rejection will suffer in direct proportion to 
any mismatches. An easier way to reject large "ground 
noise" signals is to use a true instrumentation amplifier. 

INSTRUMENTATION AMPLIFIERS: 
A true instrumentation amplifier has a very visible "fourth 
terminal." The output signal is developed with respect.to a 
well defined reference point which is usually a "free" ter
minal that may be tied to 'the output signal common. The 
instrumentation amplifier also differs from an op amp in 
that the gain is fixed and well defined, but there is no 
feedback network coupling input and output circuits. Fig
ure 12 shows how an instrumentation amplifier can be used 
to translate a signal from one "ground reference" to an
other. The normal mode input signal is developed with re
spect to one reference point which may be common to its 
generating circuits. The signal is to be used by a system 
which has an interfering signal between its own common 
and the signal source. The instrumentation amplifier has a 
high impedance differential input to which the desired sig
nal is applied. Its high common mode rejection eliminates 
the unwanted signal and translates the desired signal to the 
output reference point. Unlike the dynamic bridge circuit, 
the gain and common mode rejection don't depend on a 
network connecting the input and output circuits. The gain 
is set, in Figure 12, by the ratio of a pair of resistors which 
are connected inside the amplifier. The amplifier has a very' 
high input impedance, so that gain and common mode re
jection are not greatly affected by variations or unbalance 
in source impedance. 

NORMAL 
MODE 
SIGNAL 

INPUT SIGNAL 
COMMON COMMON 

MODE 
SIGNAL 

RS 

OUTPUT 

OUTPUT COMMON 

Figure 12. Applying an In-Amp 

Since instrumentation amplifiers have a reference or 
"ground" terminal, they have the potential to be free of the 
power supply sensitivities of op amps. In practice, however, 
most instrumentation amplifiers have internal frequency 



compensation which is referred to the power supply. In the 
case of the AD521, the compensation integrator is referred 
to the negative supply terminal. The decoupling of this ter
minal is particularly important, and it should be decoupled 
with respect to the output reference terminal, or actually to 
the point to which this terminal refers. The AD520 instru
mentation amplifier, on the other hand, has an internal 
integrator which is referred to the positive supply terminal. 
For best results both the V+ and V- terminals should be 
decoupled to the output reference point. 

THE "OTHER" INPUT: 
Most I.C. op-amps and in-amps include offset voltage 
nulling terminals. These terminals generally have a small 
voltage on them and by loading the terminals with a poten
tiometer the amplifier offset voltage can be adjusted. While 
their impedance level is much lower than the normal input, 
the null terminals can act. as another differential input to 
the amplifier. Although the null terminals aren't generally 
looked at as inputs, most amplifiers are quite sensitive to 
signals applied here. For example, in 741 family amplifiers 
the output voltage gain from the null terminals is greater 
than the gain from the normal input! 

An illustration of the type of problems that can arise with 
the "other" input is shown in Figure 13. The figure is an 
op-amp circuit with some of the offset null detail shown. 

Figure 13. Details of Vas Nulling - the "Other" Input 

As it's drawn, the VOS null pot wiper connects to a point 
along a V- "clothesline" which carries both the return cur
rent from the amplifier and currents from other circuits 
back to the power supply. These currents will develop a 
small voltage, t::. V, along the conductor between the ampli
fier V- terminal and the null pot wiper. If the null pot is 
set on center, the equal halves will form a balanced bridge 
with the resistors inside the amplifier. The effect of the 
voltage generated along the wire is balanced at the VOS 
terminals and will have little effect on the amplifier output. 
On the other hand, if the null pot is unbalanced, to correct 
an amplifier offset, the bridge will no longer balance. In this 

case voltages developed along the "clothesline" will result 
in a difference voltage at the VOS terminals. For instance, 
suppose that a 10k null pot balances out the op amp offset 
when it is set with 3k and 7k branches as shown in the 
figure. In a 741 the internal resistors are about 1 k so that 
the difference signal at the VOS terminals will be about 1/8 
t::. V. The gain from these terminals is about twice the gain 
from the normal input, so that the disturbance acts as if it 
were an input signal of about 1/4 t::. V. Using the same as
sumptions as in the discussion of Figure 9. the current 10-
will result in a 10 microvolt input error signal. In this case, 
however, the error will appear only when the amplifier load 
current comes from the negative supply. When the load is 
driven positive the error will disappear. As a result, the VOS 
input signal will result in distortion rather than a simple 
gain error! 

An additional problem is created by If, a current returning 
to the power supply from other circuits. The current from 
other circuits is not generally related to the op amp signal, 
and the voltage developed by it will manifest itself as noise. 
This signal at the null terminals can easily be the dominant 
noise in the system. A few milliamps of V- current through 
a few centimeters of wire can result in interference which is 
orders of magnitude larger than the inherent input noise of 
the amplifier: The remedy is to make the connection from 
the null pot wiper direct to the V- pin of the amplifier, as 
shown in Figure 14. Some amplifiers such as the AD504 and 
AD510 refer to the null offset terminals to V+. Obviously, 
the pot wiper should go to the V+ terminal of this type of 
amplifier. It's important to connect the line directly to the 
op amp terminal so as to minimize the common impedance 
shared by the op amp current and the null pot connection. 

Figure 14. Connecting the Null Pot for Trouble Free 
Operation 

The considerations for op-amp null pots also apply to the 
similar trimmers on almost all types of integrated circuits. 
For example, the AD521 In-Amp null terminals exhibit a 
gain of about 30 to the output. Although this is much less 
than in the case of most op-amps, it still warrants care in 
controlling the null pot wiper return. Table I lists the inte
grated circuits manufactured by Analog Devices, including 
some popular second-source families, and indicates how in
ternal conversions from differential to single ended are re
ferred. That is, the signals are made to appear with respect 
to the terminal(sllisted. 
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Internal Integrator 
Referred to: Comments 

AD502 v-
AD503 V-

AD504 V+ External Cap 

AD506 V-

AD507 External Cap to Signal Common or V+ 

AD509 External Cap to Signal Common or V+ 

AD510 V+ 

AD511 V-

AD512 V-

V-, -in External Caps, Optional Feedforward 
to -in 

AD514 V-

AD515 V-

AD517 V+' 

AD518 V+, V- Internal Feedforward Cap V+ to V-
and Integrator to Output 

AD520 V+,V- Internal Integrator Refers to V+, 
Internal Input Stage Cap Refers to 
V-, External Output Caps Refer to 
V+ and Common 

AD521 V- Output Amplifier Integrator Refers 
toV-

AD522 V+, V- Input Amplifier Refers to V+ 
Output Amplifier Refers to V-

AD523 V-

AD528 V+,V- Internal Feedforward Cap V+ to V-
and Integrator to Output 

AD530 V+ Multiplier Output Amplifier 
Integrator Refers to V+ 

AD531 V+ Multiplier Output Amplifier 
Integrator Refers to V+ 

AD532 V+ Multiplier Output Amplifier 
Integrator Refers to V+ 

AD533 V+ Multiplier Output Amplifier 
Integrator Refers to V+ 

AD534 V- Output Amplifier 

AD535 V- Output Amplifier 

AD536A V-, V+, External Integrator to V+, Internal 
Common Feedforward V- to Common 

AD537 V- Internal Buffer Amp 
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Table I. 

Internal Integrator 
Referred To: 

AD540 V-

AD542 V-

AD544 V-

AD545 V-

AD559 V-, 
Common 

AD561 V-, 
Common 

AD562 V-

AD563 V-

AD565 V-· 

AD566 V-

AD580 V-

AD581 V-

AD582 V-

A0584 V-

AD101A V-

AD108 V+ 

AD741 V-

Comments 

DAC Control Loop Integrator 
Referred Between V- and 
Common 

DAC Control Loop Integrator 
and Ref. Amp Refer to Common 
Ref. Bias Amp Refers to V-

. DAC Control Loop Integrator 
Referred to V-. Reference Input 
Common to Control Loop 
Isolated from DAC Output Common 

DAC Control Loop Integrator 
Referred to V-. Reference Input 
Common to Control Loop 
Isolated from DAC Output Common 

DAC Control Loop Integrator 
Referred to V-. Reference Input 
Common to Control Loop 
Isolated from DAC Output Common 

DAC Control Loop Integrator 
Referred to V-, Reference Input 
Common to Control Loop 
Isolated from DAC Output Common 

External Cap (Includes AD201 A, 
AD301 A, etc.) 

External Cap (Includes AD208, 
AD308, etc.) 

Internal Cap (Includes 741J, K, L, 
etc.) 

This collection of examples won't solve all your potential 
grounding problems. I hope that it will give you some good 
ideas about how to prevent some of them, and it should 
also give you some of the "inside story" on I.C.'s which 
you can put to work in very practical ways. There is no 
general grounding method which will prevent all possible 
problems. The only generally applicable rule is attention to 
detail, and remember that you can always trust your 
mother, but ... 
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INTRODUCTION 

It is traditional to begin a discussion of instrumentation am
plifiers by saying that an IA is not an operational amplifier. 
As obvious as this statement is to the informed user, and as 
awkward as a description by exclusion may be, such an ap
proach is inevitable and perhaps necessary. When an engineer 
needs a signal conditioning gain block, the first thought that 
springs to mind is the nearly ultimate flexibility provided 
by the currently available assortment of low-cost IC op amps. 
It may well be that an op amp will suffice as an element in 
a given gain block, but in demanding applications, op amp 
circuitry will often require extensive and expensive addi
tional circuit elements, specialized manufacturing and/or 
test instrumentation together ·with highly skilled personnel 
to make it all work~ The purpose of this article is to explain 
when and where an instrumentation amplifier may best be 
employed and where its unique virtues give it an advantage 
over the more flexible ,op amp. 

WHAT IS AN INSTRUMENTATION AMPLIFIER? 

An instrumentation amplifier is a precision differential volt
age gain device that is optimized for operation in an environ
ment hostile to precision measurement. The real world is 
characterized by deviations from the ideal; temperature 
fluctuates, electrical noise exists, and voltage drops caused 
by current through the resistance of leads from remote lo
cations are dictated by the laws of physics. Furthermore, 
real transducers rarely exhibit zero output impedance and 
nice neat zero-to-ten-volt ranges. I nduced, leaked or coupled 
electrical interference (noise) is always present to some ex
tEmt. In brief, even the best "cookbook" must be taken 
with a grain of salt. 

, I nstrumentation amplifiers are intended to be used whenever 
~cquisition of a useful signal is difficult. lA's must h<lvC ex
tremely high input impedances because source impedances 
may be high and/or unbalanced. Bias and offset currents are 
low and relatively stable so that the source impedance need 
not be constant. Balanced differential inputs are provided 
so that the signal source may be referenced to any reason
able level independent of the IA output load reference. 
Common mode rejection, a measure of input balance, is 
very high so that noise pickup and ground 'drops, character
istic of remote sensor applications, are minimized. 

Care is taken to provide high, well-characterized stability of 
critical parameters under varying conditions, such as chang
ing temperatures and supply voltages. Finally, all compo
nents that are critical to the performance of the IA are in
ternal to the device (with the exception of a single gain
determining resistor or resistor-pair). The manufacturer may 
then optimize, characterize and guarantee the specifications, 
while the user may in turn depend on a certain level of per
formance without having to provide his own precision appli
cation components or design expertise. 

The precision of an IA is provided at the expense of flexibil
ity. By committing to the one specific task of amplifying 
voltage, the IA manufacturer may optimize performance in 
this area. An IA is not intended to perform integration, dif
ferentiation, rectification, or any other non-voltage-gain 
function; although possible with an lA, these tasks are best 
left to operational amplifiers. 

To put an instrumentation amplifier to work, the potential 
user does not require an intimate knowledge of its internal 
construction. Figure 1, a functional diagram of a basic lA, 
provides sufficient information for many applications. ' 

OFFSET 
ADJUST 

VOUT '" V 1N If(RGH 
OR 

VOUT ::: V1N : HAG.Rs) ~ 

Figure 1. Basic Instrumentation Amplifier 
Functional Diagram 

LOAD 

The two inputs shown permit direct interface to "floating" 
signal sources. The lA, being truly differential, detects only 
the difference in voltage between its inputs; any common
mode signals (signals present on both inputs), such as noise 
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and voltage drops in ground lines, are subtracted and can
celled at the inputs before amplification takes place. * 

A single resistor or resistor-pair is used to program the IA 
for the desired gain. The manufacturer will provide a trans
fer function or gain equation that allows the user to calcu
late the required values of resistance for a given gain. Special 
requirements for that resistor or resistors, if any, are also 
spelled out by the manufacturer. 

The output is single-ended and is designed to drive ground
referenced loads as normally found in measurement equip
ment. The load reference is common to the power supply 
return although careful consideration must be given to the 
overall grounding system (more on that later). 

Of course, power must be supplied to the 1.4.; as with op 
amps, this is normally a differential balanced voltage that 
may be varied over a specified range. . 

Most instrumentation amplifiers provide some means of ad
justing offset voltage (that dc error voltage present at the 
output when both inputs are grounded). This adjustment is 
usually made by varying the setting of an external potentio
meter. Sense and reference terminals allow remote sensing 
of output voltage so that effects of I R drops and ground 
drops may be minimized. For low current non-remote loads, 
the sense terminal may be tied directly to the output while 
the reference terminal may be tied to power supply common. 
There are other uses for sense and reference that will be 
discussed in the applications section of this article. 

INSIDE AN INSTRUMENTATION AMPLIFIER 

While there are many ways of designing an instrumentation 
amplifier, most such designs can be classified into one of 
two categories. The most common configuration consists of 
a number of interconnected operational amplifiers and a 
precision resistor network. This technique is popular in 
modular and hybrid instrumentation amplifiers where most 
practical designs utilize a minimum number of components. 
Examples are the modular Analog Devices model 605 and 
hybrid AD522 lA's. 

I n the other category are designs that, instead of employing 
op amps, use fundamental active-circuit elements, such as 
differential circuits and controlled current sources and re
flectors; this eliminates all unnecessary or redundant fea
tures and tends to minimize active device (transistor) count 
and decrease the dependence upon accurate resistor match
ing. This technique is most often employed in the design of 
monolithic lA's where cost is inversely proportional to chip 
size. Examples are the monolithic Analog Devices AD520 
and AD521 IC lA's. Some older modular lA's (such as the 
Analog Devices models 602 & 603) also use this technique 
because suitably precise IC op amps have only recently 
become readily available. Newer modular lA's may also use 
this technique because nonlinearity tends to be lower at 
high gains, although some sacrifice of linearity may exist at 
lower gains. Examples are the Analog Devices models 606 
&610. 

Op Amp Based lA's 
The most simple (and crude) method of implementing a dif
ferential gain block with op amps is shown in Figure 2. 

*For applications involving extremely high common-mode Voltages, 
or requiring complete galvanic isolation, isolation amplifiers should 
be used. Analog Devices manufactures a complete line of single and 
multi-channel isolators. 
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Figure 2_ Differential Input Voltage Gain Block 
(Simple Subtractor) 

In this circuit, an expressions for VOUT can be derived by 
superposition. 

The output for VIN + (VIN - grounded) is: 

Val =VIN + (RI:zR
z

) (R3;3
R4

) (1) 

The output for VIN - (VIN + grounded) is: 

VOz = -VIN - (::) (2) 

By superposition: 

Va = Val + Voz 

=VIN + (
RI

R:RJ(R3 ;3
R4

)-VIN-(::) (3) 

IfR z =R4,RI =R3: 

(4) 

Thus, we have created a simple differential volt~ge ampli
fier. The input impedances, however, are low and uneCjual. 
Furthermore, all 4 resistors have to be carefully ratio
matched to maintain good common mode rejection: 

VOUT eM = VOUT for VIN + = VIN -

If we are looking for a gain of 1, all resistors will be equal. 
For a 0.1% mismatch in just one of the resistors: 

RI = R3 = R4 = R 

Rz =0.999R 

Vo eM "V,N [~ ~:~~~~) C:) -(: )] 
= 0.0005VIN 

CMR = 66dB 

(Note that if the source resistance is not low and 
balanced, gain and CMR will be further degraded.) 

(6) 



Considering what is available in the way of reasonably priced 
standard resistors, one can hardly expect to improve upon 
this mediocre level of performance. Considering the several 
serious drawbacks, it is not surprising that this configuration 
is not used in true instrumentation amplifier designs. 

The two-amplifier approach shown in Figure 3 overcomes 
some of the weaknesses inherent in the simple subtractor 
of Figure 2. 

R2 

VIN - 0------1 
VOUT 

VIN + 0--------------1 
I F ~ = ~ VIN = VIN + - VIN -

Rl RJ ' 

VOUT = 1 +!!L+~ 
V IN Rl RG 

Figure 3. "Two-Amplifier" Instrumentation Amplifier 

Input resistance is high, thus permitting the signal sources 
to have unbalanced, non-zero output impedance. Further
more, gain may be changed by switching only one resistor 
thus allowing CMR to remain constant once initial trimming 
is accomplished. (CMR is still dependent upon the ratio
matching of four resistors.) The major disadvantage to this 
design is that the common mode voltage input range is a 
function of gain and can thus be very poor. By referring to 
Figure 3, it can be seen that A 1 is called upon to amplify a 
common mode signal by the ratio (R3 + R4 )/R4; this could 
lead to saturation of A 1 thus leaving no "headroom" to 
amplify the differential signal of interest. A few modules 
and hybrids use this configuration because of its simplicity, 
but it is not optimal. 

The most popular configuration for op-amp based instru
mentation amplifiers is shown in Figure 4: 

VOUT 

>-....... "'N .......... '---"'N_~ REF ERENCE 

(EXTERNAL 
CONNECTION) 

Figure 4. "Classic" 3 Op Amp Instrumentation Amplifier 

The transfer function of this circuit can be calculated by 
superposition. 

For VIN + = 0 

(7) 

(8) 

+ (R 1' + RG) Vb = V IN --R--
G 

•• Va=VIN-(R1;:G) -VIN+(~:) 
and Vb = VIN + (Rl 'R+ RG) - VIN - (~l') 

, G G 

(
R3) (R3' ) (R3 + R2) 

VOUT = - ~ Va + Vb R/ + R3' --R-
2
-

If R3 = R/, R2 = R2',and Rl = R1' 

VOUT = (Vb - Va) (~:) 
substituting for Vb and Va and simplifying 

(9) 

(10) 

(11) 

(12) 

(13) 

(14) 

In this configuration, gain accuracy and CMR still depends 
upon the ratio-matching of R2, Rz ', R3 and R/. It can 
be shown, however, that CMR does not depend on the 
matching of R 1 and R 1 '. 

(
Rl )_ V _(R 1' + Rq\+ V + (~~) 
RG IN RG ) IN \RG 

( 16) 

but VCM IN = VIN + = VIN -

[
Rl + RG _ ~ _ R1'+. RG+R1](17) 

VCM OUT = VCM IN RG RG RG RG 

V Rl _~ + 1 _.J. +~ -1 (18) 
[ 

R' R' ~ 
= eM IN RG RG RG RG 

= VCM IN [ 0 ] 

= 0 

Therefore, in theory at least, the user may take as much gain 
in the front end as he wishes (as determined by RG) without 
increasing the common mode error signal. Thus, CM R R will 

, theoretically increase in direct proportion to gain, a very 
useful property. Furthermore, common-mode signals are 
only amplified by a factor of 1 regardless of gain because 
no common-mode voltage will appear across RG, hence, no 
common-mode current will flow in it (the input terminals 
of an op-amp operating normally will have no significant 
potential difference between them). This means that large 
common-mode signals may be handled independent of gain. 

Finally, because of the symmetry of this configuration, first 
order common-mode error sources in the input amplifiers, 
if they track, tend to be cancelled out by the output stage 
subtractor. These features explain the popularity of this IA 
design technique; examples include the Analog Devices 
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module model 605 and the hybrid AD522. Both of these 
products are characterized by their extremely high precision. 

lA's of this type may use either FET or Bipolar input oper
ational amplifiers. FET input devices have very low bias 
currents and are well-suited for use with very high source 
impedances. FET input op amps, however, generally have 
poorer CMR than bipolar amplifiers due to non-geometry 
related mis-matches. (In other words, matching of FET's is 
largely a function of process control; matching bipolar tran
sistors is less process dependent.) This will manifest itself in 
lower linearity and CMR for large input voltages. Further
more, these mis-matches usually cause larger input offset 
voltage drifts. For these reasons, Analog Devices instrumen
tation amplifiers use bipolar input stages thus sacrificing 
low bias currents to achieve high linearity and CMR along 
with low input offset voltage drift. As technology develops, 
FET input lA's may become more viable. 

Dedicated Design lA's 
The second category of IA design is based on minimum 
active device count; a virtue for monolithic IC circuits. The 
basic schematic for such a design is shown in Figure 5. 

.~---1~---1----------------~----~------

MAIN SIGNAL 
AMPLIFIER 

~--------~----~--__ ~_OUT 

.---+----.-4----- SENSE 

REF 

-~--~----~----------------~----~--~--

Figure 5. TypicallC IA Basic Schematic 

Forward gain is provided by the input differential stage 
0 1 and O2 whose current gain (transconductance) is 1/RG 
(amps/volt) and the main signal amplifier AI which senses 
differences in input stage collector currents. When the out
put is connected back to sense (with reference grounded) 
differential stage 0 3 and 0 4 acts as a feedback error
sensing amplifier with a transconductance of 1/Rs (amps/ 
volt). A2 senses the collector current imbalance in that stage. 

When a differential voltage is applied to the inputs, the col
lector currents of 0 1 and O2 tend to become unbalanced 
by (VIN + - VIN -)/RG. This' is se'nsed by AI which develops 
an error voltage between the sense and reference points. 
This, in turn, tries to unbalance the collector currents in 0 3 
and 0 4 by (VSENSE -VREF)/Rs . That unbalance is sensed 
by A2 which then adjusts 13 and 14 to equalize the collector 
currents il'! 0 3 and 0 4 (14 - 13 = (Vs - VR)/Rs). A2 simul
taneously adjusts 11 and 12 such that 11 - 12 = 14 - 13. 
Balance is reached when: 

(19) 
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if Vs - VR = VOUT = Gain 
VI - V2 VIN 

(20) 

andI 4 - 13=11-12 

R Gain = SCALE 
RGAIN 

(21) 

It is apparent from this analysis that the requirement for 
carefully matched resistors changes to a requirement for 
carefully matched active devices. In IC technology, this is 
possible by utilization of precision photographic techniques 
along with careful design layout and well-controlled pro
cessing. The result is a good trade-off between high per
formance and low cost. 

This design configuration describes the Analog Devices 
AD520, the industry's first monolithic IC IA. The AD521 
is a second-generation monolithic IA offering improved per
formance at a reduced cost. * 

INSTRUMENTATION AMPLIFIER SPECIFICATIONS 

To successfully apply any electronic component, a full 
understanding of its specifications is required. That is to say, 
the numbers contained in a spec sheet are of little value if 
the user doesn't have a clear picture of what each spec 
means. I n this section, a typical instrumentation amplifier 
specification sheet will be reviewed. Each individual speci
fication will be discussed in terms of how it is measured 
and what error it might contribute to the overall perfor
mance of the circuit. In some cases, a given specification 
may not affect a particular application; the more common 
situations of this type will be discussed. 

Table I is the specification sheet for the Analog Devices 
AD522 instrumentation amplifier, chosen for its rather 
complete characterization and its variety of available versions. 

At the top of the spec sheet is the statement that the listed 
specs are typical @ Vs = ±15V, RL = 2kn and TA = +25°C 
unless otherwise specified. This tells the user that these are 
the normal operating conditions under which the device is 
tested. Deviations from these conditions might degrade (or 
improve) performance. When deviations from the "normal" 
conditions are likely (such as a change in temperature) the 
significant effects are usually indicated within the specs. 
This statement also tells us that all numbers are typical 
unless noted; "typical" means that the manufacturers char
acte'ri~ation process has shown this number to be average, 
but individual devices may vary. 

Specifications not discussed in detail are self-explanatory 
and require only a basic knowledge of electronic measure
ments. Those specs do not apply uniquely to instrumen
tation amplifiers. 

Gain 
These specs relate to the transfer function of the device. 

. 2( 105
) 

Gain Equation: G = 1 + --R--- (22) 
G 

To select an RG for a given gain, solve the equation for RG 

(in ohms): R = 200,000 (23) 
G G - 1 

*The AD521 data sheet. available from Analog Devices. offers a 
complete circuit description along with specifications and appli
cations of this versatile device. 



TABLE I. 

AD522 SPECIFICATIONS 

(Typical @ +VS = ± 15V, RL = 2kn & TA = +25"C unless otherwise specified) 

MODEL AD522A AD522S AD522S 

GAIN 
1+~) Gain Equation 

RG 
Gain Range 1 to 1000 
Equation Error 

G = 1 0.2% max 0.05% max 
G = 1000 1.0% max 0.2% max 

Nonlinearity, max 
G=l 0.005% of F.S. (±10V) 0.001% 
G= 10 0.006% of F .S. (± 1 OV) 0.0025% 
G = 100 0.01% of F.S. (±10V) 0.005% 

Gain vs. Temp, max 
G = 1 2ppmtC (lppmtCtyp) 
G = 1000 50ppm/oC (25ppm/oC typ) 

OUTPUT CHARACTERISTICS 
Output Rating ±10V@ 5mA min 

DYNAMIC RESPONSE 
Small Signal (-3dB) 

G = 1 300kHz 
G = 100 3kHz 

Full Power GSW 1.5kHz 
Slew Rate O.lV/IlS 
Settling Time to 0.1%, G = 100 0.5ms 

to 0.01%, G = 100 5ms 
to 0.01%, G = 10 2ms 
to 0.01%, G = 1 0.5ms 

VOLTAGE OFFSET 
Offsets Referred to Input 

Initial Offset Voltage (adj. to 0) 
G = 1 ±4001lV max (±200IlV typ) ±2001lV max (± 100llV typ) ±2001lV max (± 100llV typ) 

vs. Temperature, max 
G=1 ±50INtC(±10I1VtC typ) ±251lV tC(±5IlV tc typ) :!lOOIlV/oC(±lOIlVfc typ) 
G = 1000 ±6I1V /oC ±2IlVtC ±6IlV/oC 

1<G<1000 ± (~+ 6) IlV/oC ±(~ + 2) I1V/oC ± C~O + 6) I1VtC 

vs. Supply, max 
G = 1 ± 2OI1V/% 
G = 1000 ±0.2IlV/% 

INPUT CURRENTS 
Input Sias Current 

Initial max, +25°C ±25nA ±15nA ±25nA 
vs. Temperature ±100pAtC ±50pA/oC ±lOOpAtC 

Input Offset Current 
Initial max, +25°C ±20nA ilOnA ±20nA 
vs. Temperature ±100pAtC ±50pAtC ±100pAtC 

INPUT 
I nput Impedance 

Differential lOOn 
Common Mode lOOn 

Input Voltage Range 
Minimum Differential Input ±10V 
Maximum Differential Input ±20V 
Maximum Common Mode Linear ±10V 
Maximum Common Mode Input ±15V 

Common Mode Rejection 
Min @±10V, lkn Source 
Imbalance 

G = 1 (dc to 30Hz) 75dB (gOdS typ) BOdS (lOOdB typ) 75dS (gOdS typ) 
G = 10 (dc to 10Hz) 90dB (100dB typ) 95dB (11 OdS typ) gOdS (110dS typ) 
G = 100 (dc to 3Hz) 100dB (110dB typ) 100dS (120dB typ) 100dS (120dS typ) 
G = 1000 (dc to 1Hz) 100dS (120dS typ) 1 1 OdS (> 120dB typ) 100dS (>120dS typ) 
G = 1 to 1000 (dc to 60Hz) 75dB (88dS typ) 80dB (88dS typ) 

NOISE 
Voltage Noise, RTI 

O.IHz to 100Hz (p.p) 
G=1 1511V 
G = 1000 1.511V 

10Hz to 10kHz (rms) 
G = 1 151lV 

TEMPERATURE RANGE 
Specified Performance _25°C to +85°C _55°C to +125°C 
Operating _55°C to +125°C 

II Storage -65°C to +150°C 

POWER SUPPLY 
Power Supply Range ±(5 to 18)V 
Quiescent Current, max @ ±15V ±10mA ±8mA ±8mA 

·Specifications same as AD522A * ·Specifications same as A0522B Specifications subject to change without notice. 
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For example: 

G = 1 : RG = 00 (open circuit) 

G = 10 : RG = 22,222n 

G = 100 : RG = 2020.2n 

G = 1000: RG = 200.20n 

Of course the user must provide a very clean circuit board 
to realize an accurate gain of 1 since 200Mn leakage resist· 
ance will cause a gain error or 0.1%. 

Gain Range 
Specified at 1 to 1000, this device may (and in fact will) 
work at higher gains, but the manufacturer will not promise 
any particular level of performance. In practice, noise and 
drift may make higher gains impractical for this device. 

Equation Error 
The number given by this specification describes maximum 
deviation from the gain equation. The user can trim the gain 
(above unity) or can compensate elsewhere in his design. If 
his data is eventually digitized and fed to an "intelligent 
system" (such as a microprocessor), he might be able to 
correct for gain errors by measuring a reference and multi· 
plying by a constant. 

Nonlinearity 
Nonlinearity is defined as the deviation from a straight line 
on the plot of output versus input. Figure 6a shows the 
transfer function of a device with exaggerated nonlinearity. 
The magnitude of this error can be calculated thus: 

N. L. = [ 
Actual Output - Calculated Output 

Rated Full·Scale Output Range J 

To confuse matters, this deviation can be specified relative 
to any straight line or to a specific straight line. There are 
two commonly-used methods of specifying this ideal straight 
line relative to the performance of a precision measure
ment device. 

The "Best Straight Line" method of nonlinearity specifica
tion consists of measuring the peak positive and negative 
deviations and adjusting the slope of the device transfer 
function (by adjusting the gain and offset) so that these 
maximum positive and negative errors are equal. This 
method yields the best specifications but is difficult to im
plement in that it requires that the user examine the entire 
output signal range to determine these maximum positive 
and negative deviations. The results of a best-straight-Iine 
calibration is shown by the transfer function of Figure 6b. 

The "End-Point" method of specifying nonlinearity requires 
that the user perform his offset and/or gain calibrations at 
the extremes of the output range. This is much easier to 
implement but may result in nonlinoarity errors of up to 
twice these attained with best-straight-line techniques. This 
worst case will occur when the transfer function is "bowed" 
in one direction only. Figure 8c shows the results of end
point calibration. 

Most linear devices, such as instrumentation amplifiers, are 
specified for best-straight-line linearity. The user must take 
this into consideration when evaluating the error budget for 
his application. 
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Regardless of the method used to specify nonlinearity, the 
errors thus created are irreducible. That is to say that these 
errors are neither fixed nor propor!ional to input or output 
voltage and can not be reduced by adjustment. 

Referring to the AD522 specifications, the larger number at 
G = 100 indicates that in the AD522, nonlinearity increases 
with gain. 

-V'N FULL·SCALE 

"bUT 

GAIN 

IDEAL (STRAIGHT LlNEI 

ACTUAL RESPONSE . 

--I-------4!''-------H- V,N 
+V'N FULL·SCALE 

IC+MAXI:.> ICMAXI 

IC+MAX I + ICMAX I = K 

a.) Transfer Function Illustrating 
Exaggerated Nonlinearity 

+V'N FULL·SCALE 

iC+MAX I = ICMAX I = -~ 
2 

iE+MAX I + ICMAX I = K 

b). Transfer Function a.) After 
Calibration by Best-Straight
Line Method 

---+-----,---v-'------+----!-- V,N 
+V'N FULL·SCALE 

IE:+MAX I> ICMAX I 

IE:+MAX I + ICMAX i = K 

c). Transfer Function a.) After 
Calibration by End-Point Method 

Figure 6. Nonlinear Transfer Function 

Gain VS. Temperature 
These numbers give both maximum and typical deviations 
from the gain equation as a function of temperature. An 
intelligent system can correct for this with an "auto-gain" 
cycle (measure a reference and re-normalize). 

Settling Time 
Settling time is defined as that length of time required for 
the output voltage to approach and remain within a certain 
tolerance of its final value. It is usually specified for a fast 
full scale input step and includes output slewing time. Since 
several factors contribute to the overall settling time, fast 
settling to 0.1% doesn't necessarily mean proportionally 
fast-settling to 0.01%. In addition, settling time is not nec
essarily a function of gain. Some of the contributing factors 



include slew rate limiting, under-damping (ringing) and 
thermal gradients ("long tails"). 

Voltage Offset 
Voltage offset specifications are often considered a figure 
of merit for instrumentation amplifiers. While initial offset 
may be adjusted to zero, shifts in offset voltage could cause 
errors. Intelligent systems can often correct for this factor 
with an auto-zero cycle, but there are many small-signal 
high-gain applications that don't have this capability. 

Voltage offset and offset drift comprISe tiNo- components 
each; input and output offset and offset drift. Input offset 
is that component of offset that is directly proportional to 
gain, i.e., input offset as measured at the output at G = 100 
is 100 times greater than at G = 1. Output offset is independ
ent of gain. At low gains, output offset drift is dominant, 
while at high gains input offset drift dominates. Therefore, 
the output offset voltage drift is normally specified as drift 
at G = 1 (where input effects are insignificant), while input 
offset voltage drift is given by drift specification at a high 
gain (where output offset effects are negligible). All input
related numbers are referred to the input (RTI) which is 
to say that the effect on the output is uG" times larger. 
Voltage offset vs. power supply is also specified at one or 
more gain settings and is also RTI. 

Inp.ut Bias Currents 
Input bias currents are those currents necessary to bias the 
input transistors of a dc amplifier. FET input devices have 
lower bias currents, but those currents increase dramatically 
with temperature, doubling approximately every 11°C. 
Since bias currents can be considered as a source of voltage 
offset (when multiplied by source resistance), the change in 
bias currents is of more concern than !he magnitude of the 
bias currents. Input offset current is the difference between 
the two input bias currents. 

Although instrumentation amplifiers have differential inputs, 
there must be a return path for the bias currents. If this is 

'not provided, those currents will charge stray capacitances, 
causing the output to drift uncontrollably or to saturate. 
Therefore, when amplifying "floating" input sources such 
as transformers and thermocouples, as well as ac-coupled 
sources, there must still be a dc. path from each input 
to ground. 

Common·Mode Rejection 
Common-mode rejection is a measure of the change in out
put voltage when both inputs are changed equal amounts. 
These specifications are usually given for a full-range input 
voltage change and a specified source imbalance. "Common
mode rejection ratio" (CMRR) is a ratio expression while 
"common-mode rejection" (CMR) is the logarithm of that 
ratio. For example, a CMR R of 10,000 corresponds to a 

CMR of 80dB. 

In most lA's the CMRR increases with gain. This is because 
most designs have a front-end configuration that does not 
amplify common-mode signals. Since the standard for CMR R 
specifications is referred to the output (RTO), a gain for 
differential signals in the total absence of gain for common
mode output signals will yield a 1-to-l improvement of 
CMRR with gain. This means that the common-mode out
put error signal will not increase with gain, it does not mean 
that it decreases with gain! At higher gains, however, ampli
fier bandwidth decreases. Since differences in phase-shift 
through the differential input stage will show up as a, 

common-mode error, CMR R becomes more frequency de
pendent at high gains. 

Error Budget Analysis 
To illustrate how instrumentation amplifier specifications 
are applied, we will now examine a typical case where an 
AD522 is required to amplify the output of an unbalanced 
transducer. 

Figure 7. Typical AD5228 Application 

Figure 7 shows a differential transducer, unbalanced by 
1 kQ, supplying a 0 to 1 volt signal to a remotely located 
AD522B. The output of the IA feeds a 12 bit A to 0 con
verter with a 0 to 10 volt input voltage range. There is 1 
volt of peak-to-peak 0 to 10Hz noise on the ground return 
appearing as a common-mode signal at the inputs of the IA. 
The operating temperature range is -25°C to +85°C; cali

bration is performed at +25°C. 

The input signal must be amplified by a factor of lOin 
order to utilize the full resolution of the A to 0 converter. 
Solving the gain equation for G = 10 gives a value of 22.22kQ 

for RG . 

Table II lists all applicable error sources and their corres
ponding effects on accuracy. Initial errors are defined as 
those errors that can be reduced to a negligible amount by 
performance of an initial calibration. 

Reducible errors include these initial errors along with other 
errors that occur during normal operation that may be 
corrected by an adaptive or. "intelligent" system. For ex
ample, changes in gain or offset may be measured during an 
auto-zero/auto-gain cycle by measuring two known voltages 
(a precision reference and ground, for example). This is a 
common practice in computer or processor-controlled 
equipment. 

, I rreducible errors are errors which can not be readily cor
rected either at initial calibration or in use. It could be 
argued that an array of precision references would permit 
a software linearity correction, but in most applications 
that would be unrealistically cumbersome. 

The total error "as built" is approximately 5540ppm or 
0.55%. If an initial calibration is performed, this number is 
reduced by 2210ppm to 3330ppm = 0.33%. Note that 
3000ppm of this is gain drift. 

In many applications, differential linearity and resolution 
are of prime importance. This would be so in cases where 
the absolute value of a variable is less important than 
changes in value. In these applications, only the irreducible 
errors (57.8ppm = 0.006%) are significant. Furthermore, if 
a system has an intelligent processor monitoring the A to 0 
output, the addition of a auto-gain/auto-zero cycle will 
remove all reducible errors and may eliminate the require
ment for initial calibration. This will also reduce errors 
to 0.006%. 

In the above example, the system can justifiably make use 
of a 13 bit A to 0 converter for its differential linearity and 
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TABLE II. 

AD522B ERRORS 

Reducible 
Effects on 

Initial Effects Accuracy 
on Accuracy (Correctable Irreducible 
(May be by "Intelligent" Effects on 

Error Source AD522B Specs Calculation Calibrated) System) Accuracy 

Gain Error ±0.2% ±0.2% "" ±2000ppm ±2000ppm ±2000ppm 

Gain Instability ±50ppmtC (±50ppm)(85°C _25°C) ±3000ppm 
= ±3000ppm 

Gain Nonlinearity ±0.0025% ±0.0025% = ±25ppm ±25ppm 

Offset Voltage ±200IlV, RTI ±2001lV 11 V = ±200ppm ±200ppm ±200ppm 

Offset Voltage Drift ±4.5I1VtC (4.5I1VtC)(85°C -25°C) = ±270ppm 
270l1V/W = 270ppm 

Offset Current ±10nA [±10nAJ[ 1kn] ±10ppm ±10ppm 
= ±lOI1V = ±10ppm 

Offset Current Drift ±50pAtC [±50pAJ[85°C -25°C][lkn] ±3ppm 
= ±31lV = ±3ppm 

Common Mode Rejection 95dB -95d8 = 20 log e ±17.8ppm 
e = 0.0000178 = 17.8ppm 

Noise 1511V p.p (O.lHz 1511V/1V = 15ppm ±15ppm 
to 100Hz) 

Totals 

resolution. Dynamic range exceeds 84dB (14 bits). Absolute 
accuracy depends on calibration and system interaction 
capabilities; it might be as good as the resolution (0.006%) 
or as poor as the initial accuracy (0.55%). 

INSTRUMENTATION AMPLIFIER APPLICATIONS 

General Considerations 
Whenever a precision high·gain device-such as an instru· 
mentation amplifier-is used, certain precautions apply. 
Obviously, it is wise to have a clean layout, short wire 
runs where possible and a carefully considered grounding 
scheme. Figure 8 shows a well·thought out approach to IA 
interconnection. 

Figure 8. AD5221nterconnection 

A properly designed instrumentation amplifier exhibits low 
sensitivity to power supply variations; the AD522, for ex· 
ample, shows an RTI offset variation of only 0.2J..LV per per
cent of power supply change at G = 1000. At increasing 
frequencies, however, this rejection factor will degrade as 
internal capacitances permit more power supply noise to 
find its way into the signal path. This effect can be mini
mized by bypassing the power supplies, as close to the IA 
as possible, with O.lJ..LF ceramic disc capacitors. Larger 
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2210ppm 5483ppm 57.8ppm 

tantalum capacitors would be effective against lower frequen
cy variations, but a competent IA is capable of rejecting 
most of these slower changes. 

The offset adjustment pot usually affects the balance of the 
high gain differential input stage. Short wire runs to this pot 
will minimize injection of noise into a sensitive location. 

The gain-determining resistor, RG, is often remotely located 
for purposes of gain switching. A well-designed IA will tol
erate this to a certain extent, but stray capacitances and 
wiring inductance may disturb the frequency compensation 
of the device. Sometimes it becomes necessary to install a 
series RC right at the RG terminals of the IA to add a com
pensating zero to correct for LC resonances caused by stray 
inductances and capacitances. This lead compensation may 
improve stability at the cost of a peak in the frequency re
sponse curve at the high end. Unfortunately, this compen
sation, if required, depends on the individual application 
and is usually determined experimentally. 

Most lA's are provided with "sense" and "reference" out
puts. While there are several interesting uses for these fea
tures (to be discussed later), the most basic application is 
remote load sensing. This essentially puts the I R drops 
"inside the loop" of the IA and is most useful when driving 
remote and/or heavy loads or when the load ground is not 
firmly "anchored" to the power supply returns. 

Grounding is a topic worthy of its own application note (see 
"An IC Amplifier User's Guide to Decoupling, Grounds, 
etc." by A. P. Brokaw). In the case of instrumentation 
amplifiers, the main thing to remember is that all signal and 
power returns must eventually have a direct or indirect 
common point. Direct coupling of IA inputs make it neces
sary to provide signal ground returns for input amplifier 
bias currents. Figure 8 shows a direct connection. If a 
"floating" source or ac coupling is used, indirect returns 
similar to those shown in Figure 9 must be provided. 



-Vs GND +VS 

a). Transformer Coupled 

-Vs GND +Vs 

b). Thermocouple 

-Vs GND +VS 

c). AC Coupled 

Figure 9. Indirect Ground Returns 
for "Floating" Transducers 

Signals from remote transducers are often transmitted to 
the IA through shielded cables. While this may well serve 
to reduce noise pick-up, the distributed RC's in such cabling 
can cause differential phase shifts in those lines. When ac 
common-mode signals are present, these phase shifts will 
reduce common-mode rejection. The same effect will occur 
with remote RG's located at the end of shielded cables. 
If the shields could be driven by the common·mode signal, 
the cable capacitance could be "boot-strapped" thus making 
the capacitance effectively zero for common-mode signals. _ 
The data guard output of the AD522 provides the common
mode component of the input signals and can be used to 
drive the shields of coaxial input cables and increase ac 
CMR. Figure 8 illustrates thi"s connection; if not used, the 
data guard should be left unconnected. 

-Vs GND +Vs 

Figure 10. Current-Booster Output 

Boosted Output 
In the previous section, use ofthe sense terminal for remote 
load sensing was discussed. Another use of that terminal is 
illustrated in Figure 10. 

Typically, IC instrumentation amplifiers are rated for a full 
±10 volt output swing into 2kn. In some applications, 
however, the need exists to drive more current into heavier 
loads. Figure 10 shows how a high-current booster may be 
connected "inside the loop" of an instrumentation ampli
fier to provide the required current boost without signifi
cantly degrading overall performance. Nonlinearities, off
set and gain inaccuracies of the buffer are minimized by 
the loop gain of the IA output amplifier. Offset drift of the 
buffer is similarly reduced. 

Offset Load 
The reference terminal may be used to offset the output by 
up to ±10V. This is useful when the load is "floating" or 
does not share a ground with the rest of the system. It also 
provides a direct means of injecting a precise offset. 

Two caveats apply to the use of the reference pin. Whe!1 the 
IA is of the three-amplifier configuration shown in Figure 4 
(as is the AD522), it is necessary that nearly zero impedance 
be presented to the reference terminal. It can be shown that 
any significant resistance from the reference terminal to 
ground increases the gain of the non·inverting signal path 
thereby upsetting the common-mode rejection of the IA. 
An operational amplifier may be used to provide that low 
impedance reference point as shown in F igu re 11. The in
put offset voltage characteristics of that amplifier will add 
directly to the offset voltage performance of the IA. 

-Vs GND +Vs 

VOFFSET 

Figure 11. Use of Reference Terminal to Provide 
Output Offset 

The other precaution is more obvious. The output voltage 
range of an IA is clearly specified; if that range is mostly 
used up by offset at the reference terminal not much range 
is left for the signal. In other words, the sum of the offset 
and signal may not exceed the specified output voltage range 
of the IA. 

CMR Trim 
The effect of resistance in the reference termination may 
be used to advantage. A short·term CMR improvement can 
be realized with the circuit shown in Figure 12. 

While applying a low-frequency 20 volt peak-to·peak input 
signal to both inputs, the pot should be adjusted for an out
put null. In many cases this adjustment will not improve 
matters on a long-term basis since the common-mode rejec
tion of the device is determined by the long-term stability 
of internal components (which will drift regllrdless of what 
happens externally). 
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+IN 

-IN 

Figure 12. Common Mode Rejection Trim 

Controlled Currents 
An instrumentation amplifier can be turned into a voltage
to-current converter by taking advantage of the sense and 
reference terminals as shown in Figure 13. 

Figure 13. Voltage-To-Current Converter 
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By establishing a reference at the "low" side of a current 
setting resistor, an output current may 'be defined as a 
function of input voltage, gain and the value ofthat resistor. 
Since only a small current is demanded at the input of the 
buffer amplifier A2 , the forced current I L will largely flow 
through the load. Offset and drift specifications of A2 must 
be added to the output offset and drift specifications of 
the IA. 

CONCLUSIONS 

Thus characterized, the instrumentation amplifier stands 
ready to take its place in the Grand Order of Things. The 
preliminary contention that an IA is not a special sort of 
operational amplifier should now be obvious. Its versatility 
is limited in scope but its applications are limited only by 
the imagination of the potential user. As a precision linear 
device, an IA is qualified mainly by its specifications, a full 
understanding of which is necessary to successfully use it to 
advantage. Analog Devices, as a long time supplier of com
ponents for precision measurement applications, offers a 
full spectrum of instrumentation amplifiers in modular, 
hybrid and monolithic Ie form, each ideally suited to par
ticular applications. We hope that this article will help clarify 
the issues involved and will aid in the selection of a suitable 
device for a particular application. 
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Interfacing the AD558 DACPORT TM 

to Microprocessors 

by Doug Grant 

The AD558 represents a major breakthrough in monolithic 
DAC technology. It is a true complete 8·bit unit including 
reference, output amplifier, and data latch on a single chip 
designed to operate from a single positive power supply. 
Figure 1 shows the block diagram of the device. The in
ternal reference is a 1.2 volt bandgap type. The actual 

,digital-to-analog conversion is accomplished by means of 
eight PNP current switches driving a precision thin-film 
R/2R ladder network to produce a direct unbuffered 0 to 
400 millivolt analog signal. The high-speed output amplifier 
provides pin-selectable output scales of 0 to 2.56 volts and 
o to 10.00 volts. Settling time of the voltage output is typi
cally 700 nanoseconds for a full-scale step, and the resistive 
pulldown output stage with a proprietary anti-saturation 
driver provides single-supply operation. 

CONTROL 
INPUTS 

MSB LSB 

VOUT 

VOUT SENSE 

'----+-"""--< Vour SELECT 

Figure 1. AD558 Functional Block Diagram 

The PNP current switches are driven from the outputs of 
the octal data latch. This latch is fabricated using Analog 
Devices' linear-compatible-12 L technology. This process 
provides a dense, low-power logic family which can be pro
duced without compromising the linear components neces
sary for converter design. 

The latch is operated from two TTL-compatible control 
signals, CS and CEo Figure 2 shows the truth table for the 
latch. The CS and CE inputs are interchangeable, and the 
latch is transparent when both CS and CE are low. When 
either control input returns high, the eight-bit data word 

DACPORT is a trademark of Analog Devices, Inc. 

is latched and the analog output is unaffected by further 
activity on the data lines. This latch permits simple inter
face to many popular microprocessors, as will be shown in 
the remainder of this application note. 

Latch 
Input Data CE CS DAC Data Condition 

a 0 0 a "transparent" 
0 0 1 "transparent" 

0 $ a a latching 
1 $ a 1 latching 
0 0 S 0 latching 

0 $ latching 
X X previous data latched 
X X previous data latched 

Notes: x = Does not matter 

$ = Logic Threshold at Positive-Going Transition 

Figurf] 2. AD558 Control Logic Truth Table 

GENERAL CONCEPTS 
While microprocessor control signals vary widely from one 
architecture to the next, two conditions must be signalled 
to the AD558. First, the processor must indicate which 
memory (or I/O) location is being operated upon. An ad
dress decoder is used to provide a unique signal for each dis
tinct address. This signal is normally applied to CS (Chip 
Select). Depending on system complexity, this decoding 
may range from direct connection to an address line to a 
complete decoding of all memory locations. The second 
signal necessary is an indication of whether the data on the 
bus is flowing from processor to memory (WRITE) or from 
memory to processor (READ). In the case of a DAC, where 
data is flowing from the processor, a WRITE signal is used. 
This signal is normally applied to the DACPORT CE 
(Chip Enable). 

8080A Interface 
The 8080A microprocessor provides two possi~le methods m...... . 
of sending data to an AD558 or other I/O port: memory- ,':': I 
mapped or isolated I/O. Both.types are useful and will be' 
examined. In memory-mapped I/O, the I/O devices are 
treated as part of the memory array. This allows the full 
range of memory reference instructions and addressing 
modes to be used to manipulate the data. 
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The isolated I/O technique treats the I/O devices as separate 
system elements, accessed by READ and WRITE signals 
distinct from the memory READ and WRITE signals. In 
the 8080A, while there are 64K memory locations, there 
are only 256 dedicated I/O addresses. This permits simpler 
address decoding in some systems. The primary disadvantage 
of isolated I/O is that all data must pass through the ac· 
cumulator. Direct transfer of. data from a register (or 
memory) to an I/O device is not possible. 

READ and WRITE signals for memory and I/O are available 
on the 8080A data bus at the beginning of each machine 
cycle and are latched externally. The latch function can be 
accomplished with dedicated chips such as the 8228 (see 
Figure 3) or a few packages of random logic (Figure 4). If 
an active low decoded address signal is applied to pin 10 of 

. GND 

+5V 

-5V 

+12V 

XTALIfCLK x 91 

o 
14 15 

8224 
CLOCK 

GENERATOR 

8080A 
cPU 

AD 25 
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A4 30 

A5 31 

A6 32 

A7 33 

AB 34 

A9 35 

AID 1 

A11 40 

A12
37 

A13
3B 

A14 39 

A15
36 

the AD558 (CS) and the MEMW (or OUT) is applied to 

pin 9 (CE), the data will be latched and the analog output 
updated whenever the processor writes· into the chosen 
address. 

If, for example, a previous subroutine has generated a byte 
of data to be sent to the DAC, and returned this byte in 
the B register, a simple routine such as: 

MOV A, B 
OUT Fl 

will send the data to an AD558 residing at I/O address Fl. 
If memory-mapped I/O is used instead, the move to the ac
cumulator is unnecessary, and the code becomes simply: 

LXI H, (16 BIT DAC ADDRESS) 
MOV M, B 

AD 

Al 

A2 

A3 

A4 

A5 

A6 

A7 

AB 
ADDRESS BUS 

A9 

AID 

All 

A12 

A13 

A14 

A15 

WR lB 

DBIN 17 

HOLA 21 

DO 10 15 

'''I 
01 9 17 

OBI 
02 B 12 

DB2 

03 7 10 B228 DB3 DATA 
BI· 

04 3 DIRECTIONAL DB4 BUS 

05
4 19 BUS 

DB5 DRIVER 
06 5 21 

DB6 

07
6 DB7 

INTA 

MEMR 
26 

MEMW SYSTEM 25 CONTROL i70R 
BUSEN 

27 
1/01'1 

Figure 3. Control Signal Generation with 8228 System Controller 
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STROBE 

8080A 

07
6 

06
5 

22 .1 05 4 

15 02 04 3 

23 READY 03 7 

19 SYNC 02 B 

01 9 

DO 10 11 

+5V -=-

, Figure 4. Control Signal Generation with Standard Logic 
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Figure 5. Control Signal Connections to AD558 

80S5A Interface 
The 8085A is a somewhat improved version of the 8080A. 
It includes an on-chip clock generator requiring only a 
crystal (or LC or RC tuned circuit) to establish the oscil
lator frequency. In addition to more flexible interrupt 
handling capability, higher speed, and on-chip serial I/O 
capability, the 8085A operates from a single 5 volt power 



supply. Since a complete family 'of 8085A compatible 
peripheral components and memory devices are also avail· 
able for single-supply operation, it is unnecessary and in
convenient to add a negative power supply to a system just 
to support a DAC. For this reason, the AD558 with its 
single power requirement is clearly the best choice for an 
analog output port. 

The 8085A uses a multiplexed Address/Data bus, which 
contains the lower 8 bits of the desired address during the 
first clock cycle of a machine cycle. The ALE signal is used 
to latch the lower half of the address. For the second and 
third clock cycles, the bus contains the data word. 

As with the 8080A, there are two possible I/O techniques: 
isolated and memory-mapped. Since the upper and lower 

8 bits of the address are identical in I/O operations, it is not 
necessary to latch the lower 8 bits and decode all 16. The 
10/M signal can be used in the address decoder to signify 
that the address on the bus is an I/O address, not a memory 
location. The active low'decoded address can then be ap
plied to the AD558 CS. 

ClK 

A8-A15 =x'--____ A_D_DR_ESS_VA_l_ID _______ x= 
ADO-AD7 ~ADDRESS VALID X,. ___ DA_T_AD_U_T __ 

ALE 

AD558 CE 
(SEE FIG. 7) 

AD558 CS 

'-L.£ 1oOn·H 
\'--------!r 

Figure 6. BOB5A - AD55B Timing Diagram 

The address decoding for memory-mapped I/O is slightly 
more complex since the total 16-bit address mu~t be dealt 
with. System complexity will dictate exactly how many 
distinct addresses must be decoded, and in smaller systems 
it may be possible to locate an AD558 in a large block of 
otherwise vacant locations. Of course, memory-mapped 
I/O allows the full range of memory reference instructions 

to be used, while isolated I/O requires data to pass through 
the accumulator before being sent to the DAC. 

Data validity is a subtle point when considering memory· 
mapped I/O, where the DAC appears as a write-only-memory. 
When writing to a RAM, it is permissible to have bad data 
on the bus during the WRITE cycle (as long as it becomes 
valid by the end of the operation), since the outside world 
is not affected by this data. However, unstable data during 
writes to a DAC can cause observable (and usually unde
sirable) activity on the output. Thus, WRITE timing for a 
particular processor must be closely examined to determine 
data validity. 

The CE input of the AD558 can be driven directly from the 
WR of the 8085A, even though the data bus is not stable 

until 40 nanoseconds after the falling edge of WR. Since the 
AD558 internal. circuitry does not respond to pulses less 
than 60 nanoseconds wide on the data inputs, any invalid 
data during this 40 nanosecond period does not produce an 
erroneous output. 

In the case of an 8085A with a heavily-loaded bus, tWDL 
may be extended long enough to cause bad data to reach 
the AD558 and produce an incorrect analog output. If 
this temporary anomaly can be tolerated, then WR can be 
used to provide the DACPORT's CE input. If the output 
glitch is undesirable, the circuits of Figure 7 will provide 
valid signals for CEo 

Systems using the 5MHz 8085A-2 can use WR directly for 
CE, since tWDL is only 20 nanoseconds maximum. Further
more, since tWD is only 60 nanoseconds, the one-shot 
method shown in Figure 7a does not apply. 

BOS5A iVA ---i TO AD55B CE 

390rF 1 1I674~ -

l..J""" ~OOns 
33011 

Figure la. AD55B CE Generated from 
BOB5A WR Rising Edge 

TO Jill55B 
CE 

Figure lb. CE Generated from WR and CLK 

10MH, 

o 

ANALOG OUT 
o TO 2.55V 

Figure B. AD55B - BOB5A Interface 

8048/8748 Interface 

The 8048 series of single-chip microcomputers offers two 
methods of I/O interfacing. The first is a modified version 
of the isolated I/O described for the 8080A. It differs in 
that the 8048 contains two decoded and latched I/O ports 
on the chip. The instructions OUTL P l,A and OUTL P2,A 
perform the functions of sending the accumulator contents 
to PORT 1 or PORT 2, respectively. The AD558 can reside 
directly on either port if pins 9 and 10 are hard-wired to a 
logic 0*. In this mode, the internal latch appears trans
parent, and activity on the data inputs causes the DAC 
output to change. Figure 9 shows a typical connection 
scheme. 

*The technique of hard-wiring CS and CE low can be used with 
other single-chip microcomputers (such as the 6801,3870,6500/1, 
PIC1650) which feature built-in latched I/O ports. The 8048 is 
chosen as a representative example. The AD558 can also be used in 
this mode in non-~P applications. 
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Figure 9. AD558 Connected to Dedicated I/O Port of 
8048 Microcomputer 

A second method of interface is necessary in 8048-based 

systems with more than two I/O devices. The 8048 BUS 
port allows system memory and I/O expansion, with the 
RD and WR signals controlling data flow on this bus. 
During a WRITE to external memory (or memory-mapped 
I/O devices) the falling edge of ALE latches the address 
from the bus. The decoded address (active low) is then 
applied to CS of the AD558. Since this control scheme is 
very similar to 8085 operation, many 8085 system compo
nents may be used. However, as with the 8085, when the 

WR of the 8048 goes low, data is not yet valid on the bus. 
The falling edge of WR occurs at least 200 nanoseconds be
fore data is valid. The rising edge of WR should be used to 
trigger a one-shot whose low-going output drives the CE 
of the AD558. 

Figure 10. 8048 Timing for External Memory Write 

Figure 11. AD558 as External Data Memory 

In this external memory mode, data is sent from the ac
cumulator to the external memory using MOVX @ Rr, A 
instructions. These instructions use the RAM pointer 
registers RO and R1 to point to one of 256 external mem

ory addresses. Figures 10 and 11 demonstrate this operating 
mode. 

6800/650X Series Interface* 

The 6800 microprocessor family has only one method of 
data exchange to peripheral devices: memory mapping. 
Thus it is possible to use any address in the full 64K mem
ory space for I/O devices. Since the address bus of the 6800 

is three-state, a signal called VMA is provided to indicate 
that the bus contains a valid memory address. This signal 

VOL. I, 20-34 APPLICA TlON NOTES 

normally used as a part of the address decoding logic to 
prevent inadvertent writes to memory at times when the 
address bus is being controlled by an external device (such 
as a DMA controller). 

ADDRESS 

FROMMPU ~~~~=~-----+---------H""-

DATA 
FROMMPU 

~ DATA NOT VALID 

2.4V 

225ns 
MAX 

Figure 12. 6800 System Write Timing 

Read/Write signaling is accomplished by use of two signals, 

RIW and ¢2. The state of RIW during the up time of ¢2 (E 
on 6802) determines whether a Read or Write is in progress. 
This requires validity of both Wand ¢2 rather than simply a 
WR to operate the AD558 CE input. To further complicate 
matters, Figure 12 shows that there is a period of time 
when all control signals are valid, but data is not. In systems 
where spurious outputs can be tolerated (such as de-glitched 
systems or systems unable to respond to sub-microsecond 
pulses) the control signal connection scheme of Figure 13a 
is sufficient. 

This scheme produces a CS signal for th~ AD558 when 

VM~ ¢2 and A 15 are all high. The R/w signal is used 

for CEo 

The circuit of Figure 13b uses a 74LS221 dual one-shbt 
triggered by ¢2 and Iii validity to produce the delayed 
pulse necessary to operate the AD558 CE input. This 
delayed pulse allows only valid data into the AD558 

data latch. 

¢2 

VMA 
A15 - ..... _./ 

Figure 13a. Simple 6800 Interface 

t5V--....... -:..:;=-=---< 

Figure 13b. Glitch-Free 6800 Interface 

* Although this discussion will refer to 6800 control signals, the 
650X series bus architecture is similar (with the exception of 
VMA which is not available on the 650X). For example, tDDW 
(see Figure 12) is 200 nanoseconds max on the 650X. 



zao Interface 

The Z80 processor uses an instruction set which includes 
all the 8080A instructions as well as several other operations. 
It operates from a single +5 volt supply; therefore Z80·based 
systems do not generally have negative power supplies avail· 
able to power a DAC. The AD558 is thus well suited to 
serve as an analog output port for such a system. 

As with the 8080A, both isolated and memory·mapped I/O 
are possible. The isolated I/O instructions are more flexi· 
ble than the 8080A IN and OUT instructions. For example, 
there are a total of 12 output instructions including trans· 
fers of enti re blocks of register indirect addressed data and 
transfers of data from any internal register to a register 
indirect addressed I/O port. 

Output signaling is accomplished with a WR signal, while 
10RQ and MREQ indicate whether the address on the bus 

is an I/O or memory address. (Note that during I/O oper· 
ations only the lower 8 address bits are valid). 

Timing on the Z80 is particularly convenient for AD558 
interfacing, since the data bus is stable and contains valid 
information while WR is low. The low time of WR is 226 
nanoseconds minimum for memory writes on the higher
speed Z80A, and 470 nanoseconds minimum during I/O 
writes. Therefore, WR can be applied directly to CEo 

Address decoding can be as simple or complex as the sys

tem requirements dictate. In the simplest case, shown in 

Figure 14, the inverse of A 15 is used for the AD558 CS 
signal. 

Complex systems might decode more address bits to further 
partition the memory space or use 10RQ instead of MREQ 

to accomplish accumu!1tor I/O. 

Z80A 

Figure 14. Z80A - A 0558 Interface 

1802 Interface 

The 1802 CMOS microprocessor is used extensively in 
applications where low power consumption is critical. Many 
of these systems use a single supply (usually 5 volts), which 
makes the AD558 an ideal analog output port. 

The 1802, like the 8080 series, features both accumulator 
and memory-mapped I/O formats. Accumulatpr I/O addres
ses appear on the NO, N1, and N2 lines with the MRD 
(memory read) signal indicating direction of data flow. This 
allows direct addressing of 14 I/O devices (device address 
o is not valid). In systems where more than 14 I/O devices 
are used, or where decoding of the N lines is undesirable, 

memory-mapped I/O is also possible. Address information 
on the 1802 appears on the address bus in two parts: the 
high-order 8 bits appear first and. are latched with the fail
ing edge of the TPA clock; the low order byte of address in
formation then appears. The active low signal which indi
cates presence of the chosen address can be applied directly 
to the AD558 CS input. The DACPORT CE input is oper
,ted by the 1802 MWR signal. Fortunately the data is 
stable on the bus during the low time of MWR. Figure 15 

shows a generalized configuration for locating a DACPORT 
in the 1802 memory space. 

Figure 15. 1802 - OACPORT Connection 

APPLICATIONS 

The AD558 DACPORT can be used in any system which 

requires an analog output from a microprocessor bus. Several 
applications follow which demonstrate the capabilities of 
the device. 

Ramp Generation 
Systems such as vector graphic displays and digitally
swept VCO's require digitally-controlled analog voltage 
ramps. Such ramps are easily generated by an AD558 driven 
by a relatively simple software routine. The 8080A sub

routine below accepts input arguments of initial and final 
ramp value in the Band C registers, and timing between steps 
in the D register. It is assumed that the H L register pair 
points to the DACPORT address when the subroutine is 
called. Ramp time is variable from 51 microseconds to 
3.87 milliseconds per point, corresponding to full-scale 
sweep times of 13 milliseconds to 0.992 seconds, respec
tively, when this program is'executed at 1 MHz. 

RAMP: 

LOOP: 

MOV A, B 
MOV M, A 
INR B 
MOV E, D 

DCR E 

JNZ LOOP 
CMPC 

JNZ RAMP 
RET 
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· Analog-To-Digital Conversion 
The process of A-to-D conversion often involves compar
ing the (unknown) analog input signal to the output of a 
DAC controlled by some algorithm. Examples include the 
staircase or single-ramp ADC which uses a counter-driven 
DAC and a comparator. When the comparator detects that 
the DAC output has exceeded the analog input, the counter 
is stopped and the digital value can be read. A similar 
example is the tracking ADC, where the counter used is 
an up/down type, with its direction controlled by the 
comparator. 

These ADC types are usually implemented in hardware 
using standard MSI logic, low-cost IC comparators, and 
DACs. The counting (or oth'er) algorithm can just as easily 
be performed in software in a microprocessor system if the 
DAC is easily interfaced. The AD55a DACPORT offers 
convenient digital interfacing for such applications. Further
more, the internal output amplifier can be operated open
loop to perform the comparator function directly. 

Figure 16 shows the circuit diagram for the software
controlled ADC. The internal gain·setting resistors are used 
to attenuate the 10V full-scale input signal to a 0 to 400 
millivolt scale and present approximately a 40kn load 
resistance to the analog input. The open-loop output ampli
fier slews in several. tens of microseconds since it is not 
optimally compensated for comparator operation. The NPN 
buffer provides adequate current sink capability for the 
LSTTL tri-state buffer. It is also possible to substitute a 
CMOS tri state driven directly from the DACPORT output. 
As shown, the DAC appears to the microprocessor as a 
memory location which accepts an a·bit data word and 
when read back uses the LSB state to determine whether 
the processor's guess was higher or lower than the value of 
the analog input signal. 

The successive-approximation algorithm is a popular method 
for accomplishing A to D conversion. It has the advantages 
of fixed conversion time regardless of analog input signal 
magnitude and reasonably fast conversion times. The algo
rithm consists of testing the MSB (most-significant-bit) to 
determine whether the signal resides above or below mid
scale. Th'e result of this test determines whether the MSB 
should be kept or dropped. If it is kept, the next test is 

\ 

whether the signal is above or below 3/4 of full scale; if 
the MSB was dropped, the test is done at 1/4 full scale. This 
process repeats until all eight bits have been exercised. 

The following 22 line aOaO-language subroutine performs 
the successive-approximation algorithm "lIIiith the circuit 
shown in Figure 16. The routine assumes that the HL 
register pair points to the DAC location. the conversion 
result is returned in the accumulator, and the conversion 
cycle executes in approximately 2.5 milliseconds on a 
1MHz aoaOA. 

START: PUSH B ; SAyE B + C 
LXI B, aOOOH ; CLEAR C 

; SET MSB IN B 
MOV A, B ; AND ACC. 

TRY: ADDC ; ADD PARTIAL ANSWER 
MOV M, A ; SEND TO DACPORT 
MVI A, ODH ; SET UP DELAY FOR 

LOOP: DCR A ; COMPARATOR TO SETTLE. 
JNZ LOOP ; 200 MICROSECONDS USED 

;HERE 
MOV A, M ; READ COMPARATOR 

; OUTPUT 
ANI01H ; MASK ALL BUT LSB 
JZ NEXTRY ; IF ZERO, GUESS IS TOO 

;HIGH 
MOV A, B ; SO DROP BIT, OTHERWISE, 
ADD C ; ADD THAT BIT TO OLD 

; PARTIAL 
MOVC,A ; ANSWER AND STORE IN C. 

NEXTRY: MOV A, B ; GET LAST BIT TRIED + 
; MOVE RIGHT 

RAR ; IF IT WAS LSB 
JC DONE ;THEN EXIT 
MOV B, A ; IF NOT, GO BACK 
JMP TRY ;AND TRY IT. 

DONE: MDVA, C ; WHEN DONE PUT 
POP B ; ANSWER IN A 
RET ; RESTORE BC AND EXIT 

aOaO-Language successive-approximation subroutine. 

D7--------------~~---------------------------

:==========;+~==================== : ------------~44-----------------------------
!:::::::::;tttj~~::::::::::::::::::::::::::::: 
DO------~~+++4~~----~~----------------~ 

ANALOG 
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o TO 10V 

DECODED DAC ADDR 

~----------------------------------------~ 

Figure 16. Software-Controlled ADCUsing DACPORT Output Amplifier as Comparator 
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r.ANALOG 
WDEVICES APPLICATION NOTE 

Gain Error and Gain Temperature 
Coefficient of CMOS Multiplying DACs 

by Phil Burton 

INTRODUCTION 
This note is intended to provide an insight into factors which 
affect the "gain" of CMOS multiplying D/A converters. The 
emphasis is on developing an understanding of the phenom
ena involved and in creating rules of thumb and criteria 
which are easy to apply. The mathematical relationships 
which are derived are approximate and usually give worst 
case values which are worse than those that one might rea
sonably expect to occur. Almost every circuit application 
has its own unique set of parameters and clearly it is not 
possible to cover every eventuality. But, hopefully, with the 
information contained in this note, engineers will be in a 
position to assess the importance of related parameters for 
themselves. 

GAIN ERROR AND GAIN TEMPERATURE 
COEFFICIENT 

An ideal 12-bit D/A converter has full scale output voltage 
of 

{ 
4095 } -- • VREF Volts 
4096 

In practice the full-scale output voltage can differ from this 

and the transfer relationship VOUTIVRE F, commonly called 
"gain", is specified as having a "gain error" of ±x%. This 
means that the full scale output voltage can deviate by up 
to ±x% from the ideal output voltage. 

Gain is also specified as having a gain temperature coef
ficient. For most modern CMOS DACs the "gain tempco" 
is of the order of ±5ppmfC. This gives the worst case 
variation in gain of the D/A converter with temperature 
due to differences of temperature coefficients between the 
feedback resistor and the R/2R converter. The gain tempco 
varies with temperature and the specified worst case value 
usually applies to a 10°C segment of the operating temper
ature range. For a temperature variation of 100°C (+25°C 
to +125°C) the average temperature coefficient is generally 
a good deal less (better than ±3ppmfC) than the specified 
worst case value. However, for the sake of simplicity and 
worst case analysis it is often convenient to assume that 
the specified worst case temperature coefficient applies 
over the whole temperature range. 

GAIN TRIM CIRCUIT-THEORETICAL 
CONSIDERATIONS 
Imperfection in "gain" is due to inevitable manufacturing 
tolerances in the process used to fabricate the resistors. The 
gain (or full scale value) may be restored to the ideal value 
by using a fixed resistor and a trim resistor as shown in the 
generalized circuit of Figure 1. Note that it is preferable to 
use a "select on test" fixed resistor in place of potentio
meter R 1 where possible-more about th is later. 

R2 

Rl 

DATA 

Figure 1. Generalized Gain Trim Arrangement for CMOS 
Multiplying D/A Converters 

The maximum required value of R 1 and R2 may be deter
mined by using equations (1) and (2) given below where 
ROAC is the input resistance of the R-2R ladder (i.e., the 

input res.istance at the reference input of the D/A convert
er), ROAC max is the maximum specified value of RoAC 
and x is the gain error in %. 

R1 max = 
2 Ixl R DAC max 

(1 ) 
100 

R2 max = Ixl RoAC max R1 max 
(2) 

100 2 

The full scale output (or gain) of a D/A converter varies with 

temperature because of the temperature coefficients of the 

D/A converter itselfand the temperature coefficients of the II 
additional components (R 1 and R2 and the op-amp) used I 
to realize the circuit. The temperature coefficients of the 
R-2R ladder and the feedback resistor are around -300ppm/ 

°c but they are carefully designed to track each otherto bet-
ter than ±5ppmfC, so that the overall gain temperature 
coefficient is better than ±5ppmfC. It may be shown that 
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the additional temperature coefficients (tempco) intro
duced into the circuit of Figure 1 by R 1 and R2 are approxi
mately given by:-

R1 Additional Tempco due to R1 = - -- 11'1 - c;) (3) 
ROAC 

Additional Tempco due to R2 = + RR2 h2 - c;) (4) 
OAC 

C; is the temperature coefficient of the D/A converter 
resistor material, expressed in ppmfC units. 

')'1 and ')'2 are the temperature coefficients of R1 and 
R2 respectively, 'expressed in ppmf C ~nits. 

From equations (3) and (4) it will be observed that the 
additional temperature coefficients are at a maximum when 
ROAC is at a minimum, Le., ROAC min. By substituting 
equations (1) and (2) into equations (3) and (4) we obtain 
equations (5) and (6) which give the worst case (j.e., maxi
mum) additional temperature coefficients due to Rl and 
R2. Note th.at these equations are expressed in terms of 
data which is directly available from the manufacturer's 
data sheet; in fact, the value -

IxlROAC max 

RoAC min 

is a simple figure of merit for assessing potential D/A con
verter temperature coefficients. 

Worst case additional 
-2IxIROAC max 

tempco due to R1 
100RoAC min 

(')'1 - c;) (5) 

Worst case additional 
+ IxlROAC max 

tempco due to R2 
100R OAC min 

b2 -C;) (6) 

IMPLICATIONS OF COMPONENT TEMPERATURE CO
EFFICIENTS ON THE DESIGN AND SPECIFICATION 
OF D/A CONVERTERS 
From equations (3) and (4) it can be seen that if R 1 and R2 
have the same temperature coefficient, then the overall 
additional (circuit) temperature coefficient is given by 

R2 - R1 
__ 0 (-y-c;). 
ROAC 

If the D/A converter has no gain error then R2 = R 1 and 
there is no additional temperatu re coefficient due to R 1 
and R2. Clearly then R 1 and R2 should preferably be the 
same type of resistor with the same 'temperature coefficient.' 
Hence, it is always best to use a "select on test" fixed re
sistor for R 1; The temperature coefficient of potentiometers 
usually varies with setting, so that it is difficult to match 
potentiometer temperature coefficients to that of fixed 
resistors. Figure 2 shows a distribution of gain error for a 
batch of AD7542 12-bit D/A converters. The average gain 
error is zero, so that the average temperature coefficient of 
applications circuits will be zero. This is of little comfort 
to the worst case applications circuit designer, but a neces
sary consideration of the IC designer. 

VOL. I, 20-38 APPLICA TION NOTES 

GAIN ERROR 

-4 -3 -2 -1 +1 +2' +3 +4 +5 LSBs 

-.1 -.OB -.06 -.04 -.02 0.02 0.04 0.060.0B 0.1 0.12 %F.S. 

Figure 2. Cumulative Distribution of Gain Error for One 
Batch of AD7542s (All Grades) 

An alternative strategy for the IC manufactu rer would be 
to design and specify the D/A converter so that its gain 
error is always in one direction (as opposed to plus and 
minus) and the average gain error is centered some distance 
from zero. Th is has the advantage that R2 (or R 1 depending 
on the direction of skew) could be omitted from circuit. 
However, R 1 will always have a finite value and there will 
always be an additional temperature coefficient due to the 
gain trim circuit. Since precision resistor temperature 
coefficients are usually positive and the D/A converter 
resistor temperature coefficient is negative, the two will add 
(see equation 5) to give a significant temperature coef
ficient overall. 

A better approach to minimizing additional temperature 
coefficients due to gain trim components is to improve the 
figure of merit 

IxlROAC max 

ROAC min 

and, if possible, to improve the temperatu re coefficient of 
the resistors used to manufacture the D/A converter. Un
fortunately, it is not possible to change c; without changing 
other critical resistor parameters and the designer is left 
with the option of reducing the specified gain error spread 
x and minimizing the spread of ROAC values. Recognizing 
this requirement, Analog Devices has introduced a "G" 
selection on gain error (x) for some of its more recent D/A 
converter products. "G" selected products have a specified 
gain error at 25°C of not more than plus or minus 1 LSB 
(least significant bit). This represents more than a twelve 
fold improvement in the figure of merit. For many applica
tions such a tight gain-error specification will be sufficient 
to eliminate any requirement for gain trimming, but where 
gain trims are still used, the additional temperature coef
ficients introduced by the very small values of R 1 and R2 
required for "G" selected parts will be so small as to be 
negligible. This is considered in more detail in the next 
section. 

It is also possible to select RoAC to a narrower spread of 
values, and to improve the figure of merit even more. 
However, the net improvement in gain temperature coef
ficient which results from such a selection is difficult to 
justify on a commerical basis. 



PRACTICAL EFFECTS OF COMPONENT 
TEMPERATURE COEFFICIENTS 
Table I shown on next page summarizes the worst case com
ponent gain drifts over a 100°C range for the AD7542TD, 

AD7542GTD, 12-bit D/A converters and the AD7527UD 

and AD7527GUD 10-bit D/A converters. In drawing up this 
table it has been assumed that precision wire-wound resisors 
with a temperature coefficient of +50ppmtC have been used 
for R 1 and R2. The actual values of R 1 and R2 are given in 
this table. ROAC temperature coefficient has been assumed 
to be -300ppmt C. 

It wi" be seen that for the "G" selected parts, the worst 
case additional temperature coefficient due to R 1 and R2 is 
so small as to be negligible compared with the worst case 
5ppmtC temperature coefficient of gain error for the D/A 
converter itself. 

LEAKAGE CURRENT EFFECTS ON GAIN 

This note is primarily intended to cover the effects of ex-
. ternal gain trim resistors on overall gain temperature coef
ficient. 

However, it is worth noting that apparent gain shifts with 
temperature can be caused by op amp offset and bias cur

rent drifts, changes in VREF and by D/A converter leakage 
currents at the lOUT terminal of Figure 1. 

The lOUT leakage current effect on gain is negligible at 
25°C, but at higher temperatu~es it can have some effect. 
Leakage current has two components:-

1. Leakage from the VOO supply to the lOUT termi
nal. This is more or less independent of input code. 

2. Leakage from the R-2R ladder through off-switches. 

This leakage is a maximum for all zeros at the 
input because all switches are off, and is a minimum 
with all ones at the input, i.e., all switches on. 

Usually the two components of leakage current are roughly 
equal, but this depends a great deal upon circuit design and 
layout, fabrication process, and temperature. Leakage from 

the VOO supply produces a constant shift on the D/A con
verter transfer function as depicted in Figure 3-the magni
tude of the shift is exaggerated in the diagram to make it 
clearer. Leakage from the R-2R ladder produces a rotation 

VOUT 

~ SHIFT 
~«.- / INCREASES ",I' WITH 

~0'?' / TEMPERATURE 
~ / 

~q;.",,< // 
/ 

/ 
/ 

DIGITAL 
CODE 

Figure 3. Graph Showing Shift of DAC Transfer Function 
Due to Leakage From V DD 

VOUT 

SHIFT t 
INC~I~~SES ~ _____ _ 

TEMPERATURE ~ 

Figure 4. Graph Showing Effect of Off-Switch Leakage 
on DAC Transfer Function 

of the D/A transfer function as shown in Figure 4. The 
magnitude and direction of rotation due to leakage across 
"Off Switches" is determined by VREF as shown. 

Leakage current effects on gain error are usually only of 
significance at operating temperatures above 100°C where 
the worst case error voltages due to leakage current begins 
to become comparable to 1 LSB worth of current. The user 
should be aware of leakage current effects because they 
have often in the past, been erroneously interpreted as being 
due to gain trim components. 

Some electrical clea'ning solvents, used to wash printed cir
cuit boards after soldering, leave a slightly conductive film 
on the components after drying. These films introduce leak

age paths' from Voo, VREF and other pins to lOUT of the 
D/A converter and the effect can be similar to that due to 
leakage effects in the converter chip itself. The user should 
ensure that such films do not occur during the manufactur
ing processes for any precision analog circuits. 

SPECIAL CASES OF LEAKAGE CURRENT EFFECTS 

(a) VREF=--10V 

With a negative reference voltage the two leakage 
effects shown in Figures 3 and 4 tend to cancel 
each other at zero output, and give a net decrease 
in gain at full scale. The gain trim resistors Rl and 
R2, on the other hand, introduce a positive tem
perature coefficient of gain (i.e., increase in gain) 
so that the combined result of all these effects 
is to reduce the gain variation with temperature. 

(b) VREF = +10V 

For a positive reference voltage the two leakage 
effects add to each other and add to any positive 
gain temperature coefficient due to R 1 and R2. 
The combined result is a positive increase in the 
gain temperatue coefficient due to all three ef
fects. Positive reference applications, therefore, 
suffer more gain variation with temperature 
than negative reference applications. 

SUMMARY 
This text has been concerned with factors which cause the 
gain of CMOS multiplying D/A converters to vary with 
temperature. 
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The primary factors are:-

1. Gain temperature coefficient of the D/A con· 
verter itself. 

2. Gain temperature coefficient due to the gain trim 
resistors R 1 and R2. 

3. Gain shift due to leakage from VDD. 

4. Offset shift due to leakage across off switches. 

Specified Values 
Wont Case 

Worst Case Untrimmed 

ROAC max ROAC min Gain Tempco Gain Error 
Part Number k11 k11 (ppm/oC) at +25°C 

AD7542TD 25 8 5 ±0.3% 
(±12LSB) 

AD7542GTD 25 8 5 ±0.0244% 
(±lLSB) 

AD7527UD 20 7 5 ±0.49% 
(±5LSB) 

AD7527GUD 20 7 5 ±0.098% 
(±1 LSB) 

Note: AD7542 is a 12·bit D/A converter. 
AD7527 is a 10·bit D/A converter. 

The additional gain temperature coefficient due to R 1 and 
R2 is minimized by using the same type of resistor for R 1 
and R2 and by minimizing the specified maximum gain 
error of the D/A converter. 

Leakage currents can produce gain errors. Applications 
, using negative reference voltages are less sensitive to tem· 

perature variations than positive reference applications. 

Trim Values Wont Case Wont Case Full Scale 
Additional Gain Shift Over 100°C 

Gain Tempco Due to R1 and R2 
R1 R2 Due to R1 & R2 
11 11 ppmfC LSBs % 

150 75 3.28 1.34 0.033 

12.4 6.2 0.27 0.11 0.0027 

196 98 4.9 0.5 0.049 

40 20 1.0 0.1 0.01 

Table I. Worst Case Full Scale Gain Error Due to Gain Trim Components R 1 and R2 
for a Selection of DIA Converters 
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CMOS DACs in the Voltage-Switching Mode 
Can Work from a Single Supply, Including Output Op Amp, 

For Fast Response, No Offset-Induced Nonlinearity 

by Steve Stephenson 

The versatile R-2R ladder attenuator can be used as either 
a voltage or a current source, and it may be used in either 
a current-steering or a voltage-switching mode.' Figure 
1a shows the familiar connection of a CMOS dJa conver
ter, such as the 10-bit AD7520, in the current-steering 
mode; Figure 1 b shows how the DAC can be connected 
for voltage switching by reversing the roles of the MSB 
node (REFJAIN) and the active switch bus (OUT1). 

(a). Current-Steering Mode 

Eo:: - D~IN RFB 

;-R({)VAEF 
D=~J.+~+ .. ~ 

B. = Oor 1 

(b). Voltage-Switching Mode 
Figure 1. CMOS DAC Connected for Different Operating 
Modes 
lExamples of current steering and voltage switching may be seen in 
the Analog-Digital Conversion Notes (Analog Devices, 1977, ed by 
D. Sheingold, available at $5.95 postpaid), pages 116-117 and 
pp.133-138. 

Reprinted from Analog Dialogue 14-1, 1980. 

CURRENT STEERING 
In the current-steering mode, since the OUT2 terminal is 
at ground potential, the operational amplifier maintains 
OUT1 at the same voltage (virtual ground), and the bi
nary-weighted currents through the 2R switch legs are in
dependent of switch position. As commented upon in an 
earlier article,2 the output capacitance and resistance (as 
seen by the amplifier's input) vary as functions of the 
input digital code. This makes the feedback-circuit's noise 
gain dependent on the code. The variation of resistance 
can cause the linearity to be affected if the amplifier has 
sufficient offset voltage. The variation of the output time
constant means that feedback compensation can, at best, 
only be a compromise. To ensure circuit stability for all 
codes, overcompensation (and consequent reduced 
bandwidth and increased settling time) is required. 

There is also some charge injection from the gate of the 
switch, via the inherent capacitance between the gate and 
channel of the FET switch. This charge must take the low
est-impedance path to ground, in this case through the 
virtual ground of the amplifier. At major code-changes, 
output glitches may be significant .. 

VOLTAGE SWITCHING 
In the voltage-switching mode, the constant resistance at 
the amplifier input eliminates the problems caused by 
modulation of the amplifier's offset voltage. In addition, 
the switch capacitance is remote from the amplifier, and 
the charge is shunted to the input source or to ground. 
Furthermore, the output capacitance of the network is 
considerably lower. All of this results in cleaner and faster 
response ofthe circuit to code changes. 

As an additional important feature, the system's output 
voltage is of the same polarity as the reference voltage; 
as will be seen, this makes it possible to operate the DAC 
and its amplifier from a single-polarity supply. Finally, 
onlya single amplifier is required for bipolar digital opera-II 
'tion, using offset binary or (with the MSB complemented) I 
2's complement coding. 

2"Analog Signal-Handling for High Speed and Accuracy," by A. Paul 
Brokaw,Analog Dialogue 11:"2 (1977), pages 10-16. 
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The configuration has a few minor disadvantages. Since 
the ON resistance of the FET switch increases the applied 
drain-source voltage approaches the value of the gate
drive voltage, and significant values of RON cause the divi
sion of voltage to depart from the ideal, large values of re
ference voltage will produce nonlinear performance.3 

However, for values of reference voltage less than + 3.5V 
and Voo = + 15V, the H)-bit DACs in the AD7500 series 
will retain their linearity. The 12-bit DACswili maintain 11-
bit accuracy over temperature when employing a + 2.5V 
reference (eg., the AD580). 

While the current-steering mode permits input voltages 
of either polarity and allows the circuit to function as 
a digitally controlled potentiometer (and as a four-quad
rant multiplier), the voltage-switching mode permits 
only a single polarity of input (positive with respect to 
common). 

CIRCUIT POSSIBILITIES 
Single Supply, Unbuffered. In Figure 2, the circuit of Fig
ure 1 b, without a buffer, is implemented with an AD584 
as an adjustable reference. Settling time of better than 
1 f..Ls was observed, with overall conversion linearity to 10 
bits, using a 3.5V (max) reference voltage. Although the 
network can be loaded resistively, buffering is preferred, 
since the differenttemperature sensitivities of an external 
load resistance and the ladder resistance will result in a 
temperature-sensitive scale factor. 

A0584 

Sl 
OlGITAl 

INPUT 

EOUT 

Figure 2. Single-Supply DAC with AD584 Reference, 
Unbuffered Output 

Single Supply, Buffered. In Figure 3, the DAC and the 
CMOS op amp are both powered from a single + 15V sup
ply. With this circuit, 10-bit linearity and good gain-tem
perature coefficient (since there are no external resistors 
sharing current with the ladder) were achieved over am
bient temperatures up to 125°C. With a single-supply op
erational amplifier, offset is difficult to remove com
pletely; therefore, some offset may have to be tolerated, 
usually amounting to less than one-half LSB at 3.5V refer-

A0584 

JL 
DIGITAL 

INPUT 

O.1pF 

Figure 3. Single-Supply DAC, Buffered Output 

3 Application Guide to CMOS Multiplying OIA Converters, Analog 
Devices, 1978. 

VOL. /,.20-42 APPLICA TION NOTES 

ence. The observed settling time under these conditions, 
governed by the amplifier's performance, was found to be 
better than 2f..Ls to one-half LSB. 

Shorter Voltage-Settling Times. Figure 4 shows a circuit 
in which the voltage-switched mode is employed to ob
tain a current output, by connection of the ladder output 
directly to the summing point of the output amplifer. This 
connection provides the fastest response (settling time of 
the order of gOOns was observed): however, the gain 
tempco is poor, because the external feedback resistance 
cannot be expected to track the network's resistance vari
ation with temperature. 

JL 
DIGITAL 

INPUT 

Figure 4. Increased Speed DAC 

47pF 

Simplified Bipolar Operation. Figure 5 shows how the vol
tage switched mode simplifies the conversion of bipolar 
digital signals.4 The output voltage from the ladder is ap
plied at the amplifier's positive input, as in Figure 1 b; the 
reference is connected to the inverting input via a resis
tance equal to the feedback resistance. Thus, the output· 
of the ladder has a gain of 2, and the reference has a gain 
of -1; as the equation and the table show, this provides 
conventional offset-binary response, but with a single 
amplifier, instead ofthe two called for in the current-steer
ing mode. 

Figure 5. Connection for Bipolar Operation. If VREF is 
Provided by the 2.5V AD580, Nominal Output Swing is 
±2.5V 

SUMMARY 
Using the techniques described here, Analog Devices 
CMOS d/a converters in the series AD7520, AD7521, 
AD7522, AD7523, AD7524, AD7530, AD7531 and AD7533 
may all be made to operate in the voltage-switching mode 
with their published specified linearity. System benefits 
include the possibility of single-supply operation, in
creased speed, freedom from offset-voltage modulation, 
and more-economical digital bipolaroperation~ 

4 "An Unusual Circuit Configuration Improves CMOS-MDAC Perfor
mance," by N. Sevastopoulos et al EON Magazine, March 5, 1979, 
pp.77-82. 
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Methods For Generating Complex Waveforms and Vectors 

Using Multiplying D/A Converters 
by Phil Burton 

Complex analog waveforms are used in a variety of equip
ment. They can define a process temperature profile, be 
used to generate high resolution graphics either on a CRT 
or x-v plotter, or form the basis of a speech synthesizer. 
There are as many solutions to the problem of waveform 
generation as there are applications. This note describes 
some common methods for generating complex 
waveforms using CMOS multiplying D/A converters. The 
applications bias, is towards graphics displays because 
most engineers will understand the applications but de
signers of other equipment will immediately recognize 
the relevance of the various techniques to their own par
ticular problem. The treatment is mostly in block diagram 
form with the emphasis on a systems approach rather 
than detailed circuit design. The implications of the vari
ous methods of interfacing D/A converters to computer 
systems are also covered with regard to the hardware and 
software requirements ofthe system. 

STAIRCASE WAVEFORM SYNTHESIS 
Figure 1 shows a simplified waveform generator consist
ing of a DAC driven from a ROM look-up table, and a 
counter which provides sequential addresses for the 
ROM. The frequency of the generated waveform is deter
mined by the clock rate of the counter and the number of 
memory words used to define the waveform. 

AMPLITUDE 
INPUT 

CLOCK 

Figure 1. Simple ROM Waveform Generator 

If the waveform is symmetric as in a sinusoid, then Hie 
size ofthe ROM can be reduced by only coding on(~ quad
rant and using digital arithmetic on the output and input 
of the ROM to generate the words for the other three 
quadrants. 

When a ROM contains the values of sin 0 for 0<0<90 then 
the values for the other three quadrants can be computed 
as follows: 

For90 <0< 180° sin 0 = sin (180-0) 
For 180 <0< 270° sin 0 = sin (0-180) 
For 270 <0< 360° sin 0 = sin (360-0) 

Suppose 0 is represented by a 1O-bit binary number to 
coverthe range 0 to 360°, then the two most significant di
gits of 0 will determine the quadrant of operation. Further
more the most significant digit will determine the sign of 
sin 0 and the second most significant digit will determine 
whether the remainder of the number is to be used as it 
stands, or substracted from the binary equivalent of 180°. 
Note that 180° in our chosen 1O-bit notation is 
10,0000,0000 and 2's complement subtraction is achieved 
by complementing the number and adding 1. Com
plementation can be achieved by exclusive-OR gates. 
Figure 2 shows in block diagram form a high resolution 
sine-wave synthesizer using a one quadrant look-up 
table. 

Figure 2. Block Diagram of Sinusoid Generator 
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The 10-bit D/A converter is operated with sign plus mag
nitude coding, the most significant bit of the 10-bit word 
being fed to the sign switch. The second MSB ofthe 1O-bit 
word, representing 0, determines whether the remaining 
bits are complemented or not using the exclusive OR 
gates, and it also provides the + 1 required for 2's com
plemented subtraction. The eight-bit word from the adder 
is fed to the ROM look-up table which provides the ap
propriate digital word to the D/A converter. 

If the addresses to the ROM are generated by a coLinter, 
the adder and exclusiye OR circuits can be dispensed with 
by using a counter which alternately counts up to 
1111,1111 and then counts down to 0000,0000. An addi
tional flip-flop is required to generate the sign. This 
method is described-on page 27 of "Application Guide to 
CMOS MUltiplying D/A Converters" available from 
Analog Devices. 

Sinusoid generators such as the one described above 
have been used in radar displays (A Scopes) and Synchro 
to Digital Converters. In both of these applications the 
ease with which the reference voltage VREF can be varied, 
to change the magnitude of sinO is a distinct advantage. 
This results directly from the muitiplying properties of 
CMOS multiplying D/A converters. Some of the disadvan
tages of the approach described above are the relatively 
low frequencies that ·can be generated with any precision, 
and the presence of quantisizing noise due to the output 
being defined in discrete steps. Also, the D/A converter 
has a relatively long settling time (2f.Ls approximately), so 
that the output waveform contains glitches at every 
change of digital input. 

BASIC INTERPOLATION METHOD FOR WAVEFORM 
GENERATION 

If the stair-case method of waveform generation was used 
to draw a sawtooth on a X-V plotter then the drawn 
waveform would have a staircase appearance due to the 
discrete output steps available from the D/A converter. 
Clearly such an appearance is not desirable and con
sequently analog graphic output systems have adopted 
an interpolative method of generating waveforms. Not 
only does this method give a cleaner looking waveform, 
but it also allows a much higher frequency of operation, 
and reduces to a minimum the number of digital words 
necessary to define a waveform. . , 

An interpolative method uses two D/A converters to gen
erate a waveform-one to define the starting point and 

another to define the finishing point. A straight line is 
drawn between the start and finish. Figure 3 shows a 
sinusoid drawn by an interpolative waveform generator, 
and the associated waveforms forthe circuit of Figure 4. 

Figure 4 shows a simple interpolation scheme such as 
might be used to drive one axis of an X-V plotter or a CRT 
graphics display. The digital inputs to DAC P define the 
starting point and DAC Q inputs define the finishing point 
of the straight line to be drawn. The reference input to 
DAC P consists of a positive going ramp which goes from 
- VMAX to 0 in time T. The reference to DAC Q is an equal 
but opposite ramp which goes from 0 to - VMAX during 
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SINUSOID OUTPUT 

DAC P 
OUTPUT WAVEFORM 

DAC Q 
OUTPUT WAVEFORM 

r--~~-T---f--;---':---"-+--"';--+--7-' DAC P CONTENTS 

DAC Q CONTENTS 

Figure 3. Synthesis of Sinusoid Using Circuit of Figure 4 

DIGITAL INPUT P 

DIGITAL INPUT Q 

Figure 4. Elementary Interpolation Method 

the same period T. The sum of the outputs of DAC P and 
DAC Q is given by: 

VOUT = Np (VMAX - VMAX t) + Nq (VM82S t) 
T T 

= Np VMAX + (Nq - Np ) V.M.8.X-t 
T 



which is a straight lin~ between th.e two points defined by 
the binary number Np in DAC P and the number Nq in DAC 
a; For the next line to be drawn P is loaded with a's value 
and a is loaded with the new finishing point and the proc
ess is repeated. In drawing a number of points DAC P and 
DAC a receive exactly the same binary input words ex
ceptthe DAC a inputs are always one word in front of DAC 
P inputs. This suggests a FIFO (first-in, first-out) structure 
with DAC P being fed from the output end ofthe FIFO, and 
DAC a being fed with the "next to the end" word of the 
FIFO. The FIFO has the additional advantage that a 
number of data points can be loaded into the FIFO by the 
main processor at one burst, and then the points can be 
clocked out of the FIFO a~ a rate determined by the repeti
tion frequency of the reference sawtooth waveforms. This 
leads to very efficient software and minimizes the time the 
processor is tied up in 1/0 operations. Figure 5 shows a 
simplified graphic display system using the method de
scribed above. The main portion of the system is based 
on four AD7544s which are 12-bit D/A converters with in
tegral 6-word FIFO registers. Each x coordinate is loaded 
by the computer to both x-axis DACs simultaneously, 
similarly forthe y-axis DACs. This reduces the data trans
fer operation to one x and one y value per coordinate. 
DAC's a and S are loaded from the next to the end word 
of the FIFO and DAC's P and R are loaded from the end 
word of the FIFO-this is shown in Figure 5 by the curved 
arrows. The DAC Register of the AD7544 can be loaded 
from either the top or next to top word of the FIFO. At the 
point when the data feeding the DACs is changed, the D/A 
outputs will exhibit some glitches, due to the settling time 
ofthe DAC and op amps, slew rate ofthe sawtooth, digital 
feedthrough, etc. During this update period, the CRT dis
play should be blanked off. In electromechanical displays 
the transients are usually absorbed by the mechanical in
ertia ofthe system. 

OAC S 

~------+-----~~~ 
STACK FROM 
SAWTOOTH 
GENERATOR) 

V-AXIS 

All OIA converter. are A07544. 
The following pin connections have been omitted from all OAes in the above drawing to 
preserve clarity: 

Pin 19 iiESET 
Pln22 SFUL 
Pin23 SAMT 

Pin25 m:m 
Pin26 LDAC 
Pin27 W1tW2 

Normally connected to the system reset. 
Stack Full- indicates stack full to processor. 
Stack Almost Empty-Ilsed to Intenupt the processor to load another 
burst of data to the FIFO •. 
Roll Enoble- strapped low. 
Load OAC- strapped high. This make. the OAC reglstertr.nsparent. 
Selects top or next or top word 01 stack, OAC's PlltR have this pin 
strapped high. OAC's QlltS have it strapped low. 

Figure 5. Simplified Graphic Display System 

. IMPROVED INTERPOLATION METHOD FOR WAVEFORM 
GENERATION 
In the scheme of section "Basic Interpolation Method for 
Waveform Generation", converter P always holds the 
starting value of the vector and converter a the fini,shing 
value. Unwanted transients occur each time the digital 
values to the D/A converters are updated. These trans
ients can be overcome by continuously alternating the 
roles of converters P and O.ln Figure 3 note that each digi
tal value is first subjected to a positive going ramp in DAC 
a and then subjected to a negative going ramp in DAC P. 
Instead of feeding each digital word to DAC a and then 
one sawtooth later to DAC P, each word can be input to 
a single DAC and a triangle wave is now applied to the re
ference ofthe DAC. Figure 6 shows a circuit to achieve this 
together with the two reference waveforms for converters 
P and a and the successive data words applied to P and 
O. Note in particular that the data words applied to the DIA 
converters are updated when the DIA reference input is 
zero. This avoids most of the slew rate and settling time 
problems of the circuit of Figure 4, although there will still 
be a small glitch at the output of the D/A converter due to 
digital feedthrough. WhEm using AD7544s, the effective 
memory capacity at the FIFO is doubled because there is 
no duplication of memory contents. 

-lOUT 
, (a) 

v, 

I 0 I V, 

v, 

DATA TO a 

v, 

V. V. 

v, 

V. 

OUTPUT VOLTAGE 
Va 

DAC P OUTPUT 
CURRENT (INVERTED 
FOR CONVENIENCE) 

DAC a OUTPUT 
CURRENT (INVERTED 
FOR CONVENIENCE) 

DAC_P Data Word 

DAC a Data Word 

Figure 6. Improved Interpolation Method and Waveform 
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This improved method is particularly suitable for continu
ous waveform generation because there are no signifi
cant transients (or blanking periods) in the signal. 

TRIANGLE AND SAWTOOTH WAVEFORM GENERATION 
The triangle and sawtooth reference waveforms required 
for the circuits of sections "Basic Interpolation Method for 
Waveform Generation" and '~Improved Interpolation' 
Method for Waveform Generation" can, in some applica
tions, be fixed frequency waveforms. However, in graphic 
display systems, this would allocate exactly the same 
time for each drawn vector. A short vector would take just 
as long a timeto draw as a long vector, with the resultthat 
a CRT display would exhibit uneven brightness and an X
V plotter would have to be restricted to drawing each vec
tor at the time taken to traverse a full axis. Clearly a better 
solution for vectors drawn on a CRT would be to scale the 
waveform ramp rate in accordance with the length of the 
vector to be drawn. A long vector would be drawn using 
a slow ramp and a short one by a much faster ramp. For 
electromechanical X-V plotters, the ramp rate would be 
determined by whichever axis has the greatest distance 
to travel. Figure 7 shows a simple circuit for generating 
programmable sawtooth waveforms suitable for the in
terpolation method described in section "Basic Interpola
tion Method for Waveform Generation". The circuit con
sists of a resetable integrator (A 1), the ramp rate of which 
is determined by a D/A converter. A comparator deter
mines when the ramp has reached its maximum value, 
and the output of the comparator is used to reset the in
tegrator and to trigger a one-shot for blanking the screen 
during the reset period Of the sawtooth and the settling 
time of the D/A converter. The output of the comparator 
is also used to clock the FIFOs associated with each D/A 
converter, so as to load the next vector coordinates to the 
DACs. Amplifier A2 provides the inverse sawtooth 
waveform which drives the reference input of DAC Q in 
Figure 4. 

t\N\ 
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Figure 7. Simplified Sawtooth Generator 

ROLL STACK 
SEE FIGURE 5 
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Figure 8 shows a programmable triangle waveform 
generator, ,,a,,hich uses t\NO D/A converters, one to deter
mine the upward' ramp and another to determine the 
downward ramp. The integrator Ai has two input resis
tors and switch S1 switches between the two D/A conver
ters to provide the up and down ramps. The digital inputs 
to the D/A converters are changed during the half cycle 
when the converter output is not being used to drive the 
integrator. This allows the D/A converters adequate time' 
to settle before its output is switched to the integrator. 
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Switch S1 is a two pole, N-Channel changeover switch 
such as normally used for the switches in a CMOS D/A 
converter. This type of switch ensures that the two D/A 
converter outputs see a constant load impedance, 
thereby preventing load induced glitches; it also provides 
a fast changeover for the integrator inputs, The switches 
can be formed from CD4016s or alternatively an ~D7201 

can be used which incorporates 5 changeover switches 
with resistors in one package. Amplifier A2 provides the 
inverse triangle waveform. Comparators A3 and A4 are 
used to detect the peak and the trough of the triangle 
waveform, and to generate the clock signals for the FIFOs 
feeding the D/A converters. 

Figure 8. Programmable Triangle Waveform Generator 

A COMPLETE GRAPHICS GENERATOR 
Figure 9 shows a complete simplified schematic of c: 
graphics vector generator using triangle waveforms (i.e., 
the scheme of section "Triangleand Sawtooth Waveform 
Generation"). All the D/A converters are AD7544's. DAC 1 
is the odd-coordinate x-axis DAC and DAC 3 is the odd
coordinate y-axis DAC. Together DAC 1 and DAC 3 define 
the points (x"y,)(X3,v3) etc.; DAC 2 and DAC 4 are the x 
and y even-coordinate DACs respectively. DAC 5 defines 
the upward ramp of the triangle, from the integrator and 
DAC 6 defines the downward ramp. The 6-word on-chip 
FIFOs of the AD7544 enable 12 full vectors to be stored by 
the system. 

The vector generator is entirely self-clocking and its effec
tive "clock rate" is determined by the ramp-rates of the 
triangle wave generator (i.e., by the length of the vectors 
to be drawn). In operation the vector coordinates are 
loaded to the DAC's FIFOs by a burst of data words from 
the system's computer and the graphics generator clocks 
the data through the FIFOs to the DACs under its own con
trol. When only one word of data remains in a FIFO, the 
AD7544 generates an "almost empty" signal which is 
used to interrupt the main processor and initiate the trans
fer of another block of data coordinates to the graphics 
circuit. 

An undrawn line (i.e., beam blanked) is encoded as a full- , 
scale value to the inputs of DAC 5 or DAC 6. Comparators 



A5 and A6 detect a full-scale output and their outputs are 
used to provide the blanking pulse to the display. In CRT 
graphics an undrawn line will always be generated at 
maximum velocity, thus the blanking encoding informa
tion scheme is consistent with practice. The circuit is de
signed so that drawn lines are always drawn with a ramp 
rate much lower than defined by the full scale output of 
theDAC. 
For electromechanical plotters the situtation is not quite 
so simple and the problem of undrawn lines has to be sol
ved either by a separate FIFO to store pen lift signals, or 
by encoding an undrawn line as an ordinary line which is 
followed by a line of zero length drawn at maximum vel
ocity. Comparators A5 and A6 and DAC 5 and DAC 6 give 
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not only the ramp rate for the line to be plotted, but also 
the rate for the next line to be plotted (once the DAC has 
settled). If a comparator detects that the next line is to be 
plotted at maximum rate (a speed which is never used for 
a genuine drawn line), then the output of the comparator 
can be used to supply pen·lift signal for the current line. 
Once this undrawn line has been completed, the next line, 
which has the maximum ramp rate information in its DAC 
will simply cause the pen to remain in the same position
hence an undrawn line from one point to another could 
be created. This pen lift scheme is not shown in Figure 9, 
but it is a relatively simple matter to modify Figure 9 as 
discussed above. 
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Figure 9. Simplified Graphics Generator Using Triangle Waves 
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THE PROCESSOR INTERFACE 
As mentioned in the section "Triangle and Sawtooth 
Waveform Generation", the graphics system of Figure 8 
is an asynchronous, self-clocking scheme. The on-chip 

FIFOs of the AD7544 provide a perfect interface between 
the high speed synchronous processor and the asyn
chronous graphics circuit. The FIFOs are self-clocking and 

generate "almost empty" and "full" signals so that the 
processor can be interrupted when more coordinates are 
required, and can signal when a full set of coordinates 
have been received. The design ofthe full digital interface 
between processor and graphics circuit is beyond the 
scope of this article. It is no simple matter to connect six 
12-bit D/A converters to a high-speed microprocessor bus 
without incurring unwanted digital cross talk. It is prefera
ble that the 12-bit bus feeding the graphics circuit should 
have its own set of data bus buffers which are only ena
bled when data is being transferred to the FIFOs. At all 
other times the bus to the converters should be tied to a 
logic high or a logic low.lfthe graphics circuit is being fed 
from an 8-bit data bus, the 8-bit data latch necessary to 
reassemble the 12-bit word for the FIFOs can also be used 
as part of the computer data bus to graphics data bus buf
fer suggested above. Very careful ground management 
should be used, with the graphics circuit having its own 
digital and analog grounds tied back to the "quiet point". 

COMPUTING THE TRIANGLE RAMP DATA 
The ramp rate of the triangle (or sawtooth) waveform is 
variously related to the distance between the two points 
to be drawn. For electromechanical plotters it is only 
necessary to ascertain which axis has to move the fur
thest and then scale the distance moved according to the 
equation. 

Ramp DAC data 
1 

Constant x Distance Moved 

Calculating reciprocal of the distance moved is usually 
done in the microcomputer since electromechanical plot
ters are relatively slow and there is adequate time to make 
the calculation. Note, however, that if a DAC is connected 
as the feedback resistor of an inverting amplifier, the 
amplifier output voltage is proportional to the reciprocal 
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of the digital code at the DAC inputs (see page 26 of 
"CMOS D/A Converter Application Guide"). This could be 
used as an analog "reciprocal taker" and scaler to ease 
the software burden on the microcomputer. 

In CRT displays the ramp data is directly proportional to 
the distance along the vector, i.e., V(LlX)2 + (Lly)2 and it 
is difficult to solve such an equation at high speed. Fortu
nately it is not necessary to encode the CRT intensity in
formation to a high degree of resolution and a lookup 
table method can be used. Addresses for the lookup table 
are generated by combining say the top 4-bits of Llx with 
the top 4-bits of Lly to create an 8-bit address for the inten
sity lookup table. 

An alternative high speed method for evaluating either 
1/x or ~ is to use a logarithmic number scheme 
such as the FOCUS number scheme in reference 1. The 
FOCUS scheme makes it possible to do multiplication,di
vision, addition and subtraction by the use of only addi
tion and subtraction and lookup tables. A D/A converter 
(AD7118) is now available which accepts numbers en
coded according to the FOCUS scheme and delivers a 
proportional linear output current. Such a converter could 

be used for DAC 5 and DAC 6 in Figure 8, although the 
AD7118 does not have an integral FIFO. 

SUMMARY 
This paper have been deliberately brief. It is intended to 
stimulate ideas rather than give definitive circuit designs. 
As mentioned in the introduction, the treatment has cen
tered on the design of graphics displays. This was done 
because a graphics display is something with which most 
engineers are familiar. However, graphics has the added 
complication that two channels of waveforms (x and y) 
are required whereas many applications, e.g., speech 
synthesis, only requires one channel. Fortunately most 
designers are experts at simplifying circuits. Graphic out
put from computers is becoming increasingly important; 
it is hoped that this article stimulates more engineers to 
desig n thei r own" ci rcu its. 

REFERENCE 
A. D. Edgar and S. C. Lee, "FOCUS" Microcomputer 
Number System, ":Commun. Ass. Com put. Mach. Vol 22, 
No.3p.p.166-177. March 1979. 
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Behind the Switch Symbol: 
Use CMOS Analog Switches More Effectively 

When You Consider Them as Circuits 

by Jerry Whitmore 

CMOS analog switches are widely used to make or break 
circuits in such applications as multiplexing and function 
switching. Ideally, they have zero resistance when closed, 
infinite resistance when open, no leakage, instantaneous 
glitch-free response, and no parasitic capacitance. While 
these assumptions .are reasonably valid for low-fre
quency applications at moderate impedance levels, the 
good designer will always challenge them, to establish 
what errors may be introduced and even to determine 
whether the circuit configuration is viable. 

SWITCH CIRCUITS 
Figure 1 is a reasonable approximation of the circuitry in 
a single-pole dielectrically isolated CMOS switch (e.g., 
AD7510DI or AD7590DI series).The dielectric isolation 
makes possible protection against latchup and over
voltage to ±25V beyond the supplies. Note that, for one 
polarity, conduction is via an N-channel FET; forthe other· 
polarity, it is via a P-channel FET. The two types are not 
perfectly symmetrical. 

TTL 
CONTROL 

INPUT 

...---------------ovoo +15V 

On-I 

I 
I 

I EFFECTIVE 

(
SWITCH 

I LOCATION 

I 
I 

L.----~~-------.()V$S-15V 
NOTE. CIRCLED DEVICES IN SEPARATE ISOLATED POCKETS. 

Figure 1. Typical Output Switch Circuitry of the A 0759001 
Series 

Figure 2 is an equivalent circuit of a pair of adjacent 
switches. The parameters are defined in Table I. There are 
three principal categories of error one should be con
cerned about: low-frequency errors due to resistances 
and current leakage (switch open or closed), high-fre
quency and signal-transient errors due to stray capaci-

Reprinted from Analog Dialogue 15-2, 1981. 

tances (switch open or closed) and dynamic errors due to 
switching transients while the state ofthe switch is chang
ing. Because of the present limitations of space, we shall 
for now consider just the first category, since it answers 
the most urgent question, "How well does the switch ac
tually work for low-frequency signals?" 

RON 

S,D 

Open-switch capacitance 
Source, drain capacitance 
Series on resistance 
Sou,ce, drain; electrically interchangeable 
Capacitance between any two 

corresponding switch terminals 
Leakage current of back-gate diode 

Table I. Nomenclature 

Although the leakage currents of the P- and N-channel 
transistors (devices 4 and 5 in Figure 1) might appear to 
tend to cancel, they don't, since the P channel is three 
times larger than the N channel. Because of the size mis
match ohhe reverse-biased source-or-drain-to-back-gate 
diodes, plus the differing lot-to-Iot variations in break
down voltage ofthe diodes, it is difficult to predict leakage 
or its tempco. However, maximum values at 25°C and 
over temperature are specified and 100% tested. 

+ILKG + ++ILKG 

SI 01 

~-ILKG 

C$S Voo Voo COD 

+ILKG t+ ILKG 

52 02 

-ILKG , ~ C. co~ +-ILKG 

Figure 2. EqUiValen;~ircuit of a pair:~ Adjacent Switches • 

Figure 3 shows the factors affecting dc performance for 
the on switch condition and how the various parameters 
affect the output voltage. Figure 4 shows typical curves of 
RON, as they appear on the product data sheet. They indi-
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cate how RON, is affected, as a function of input voltage, 
by supply voltages and by temperature. RON is lower and 
less signal-dependent at the higher supply voltages and 
lower temperatures. 

v, v [ R'OAO J+I [RIOA~(RON+RGI] 
OUT· IN RG + RON + RlOAO lKG RG + ON + RLOAD 

IIRG -0, 

VOUT'VIN[~]+I r~] Rl<~AD + RON lKG L 'ALoAo-'" RON-

Figure 3. Effective Circuit of Switch in the ON Condition 
RoN (Ill 

300 
AD7510Dl 

250 :g~~gg:-- TA - +25°C -- 200 

I - ~ ~ -'5V r---- t7
1
,5V -- 100 .12V 

50 

I 
115V 

-12 -10 -8 -6 -4 -2 10 12 

AT DIFFERENT SUPPLIES VO (V,I (VI 

a. RON vs. Vo (Vs), as a Function of + Voo, (- Vss) 

RoN U/I 

r--.--~~--~--~-+300~~r--r--------~ 
AD7510DI 

~-+--+--1--+--+--+ 250+---+---f-- :g~~gg:-

~-+-+--+--+--I--l200+--+--+- ~~D:_~~~V_ 

~-+--+--1---+--+--+150+-~--r--r--+---1 

:----.- TA • +125°C 100 
_ TA -+25°C 

50 

-12 -10 -8 -6 -4 -2 10 12 
Vo (V,I (VI 

b. RON vs. Vo (Vs), as a Function of Temperature 

Figure 4. RON vs. Input Voltage as a Function of Supply 
Voltage and Temperature 

How to minimize the influence of variable RON on circuit 
accuracy: Figure 5 shows a problem circuit-an inverting 
amplifier with four switched inputs. RON, in series with the 
10-kilohm input resistor, affects the circuit gain. Even if it 
is compensated for at one level of supply voltage and 
analog input voltage, the input's variations will cause the 
gain to change and degrade the gain accuracy. 

QUAD 
SWITCH 

,10V V,N. o-j __ NY<>-f-..J 

ILKG 

VOUT 

Figure 5. Unity-Gain Inverter with Switched Input 

The most obvious solution-if the amplifier doesn't have 
to invert or act as a precision attenuator-is to use the 
amplifier in a non inverting mode, as shown in Figure 6. 
Since there are no resistors in series, there is no effect on 
gain. 
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.10V V,N2 

'10V V,N3 

,10V V,N. o-j-o-,NY<...r-..J 
RON =-
loon 

Figure 6. Noninverting Solution 

VOUT 

Another solution (Figure 7) is to connect the quad switch 
at the amplifier's summing point. Then the switch sees 
only millivolts-rather than volts-of signal variation, 
minimizing the variation of RON with signal. This solution 
can impair bandwidth, since capacitance Cs may require 
a capacitor in parallel with the feedback resistor for com
pensation. Also, ILKG, flowing through the feedback resis
tor, may cause significant error, depending on the accu
racy requirements. (LlVOUT = ILKG x RF). 

Figure 7. Connecting Switch at the Summing Point 

Another possible solution is to use larger values of input 
and feedback resistance (Figure 8). Then the LlRoN varia
tions will be small compared to the 1- megohm load. How
ever, bandwidth will be affected by the larger R-C time 
constants. 

!10V 

'10V 

!10V 
VOUT 

!lOV 

Figure 8. Using Larger Values of Resistance 

Figures 7 and 8 do not compensate forthe effects of varia
tion of RON with temperature. A circuit that provides good 
compensation (Figure 9) uses one of the switches, wired 
on, in series with the feedback resistor. Its RON will tend 
to track that of the other switches on the same substrate 
with temperature; thus the feedback and input resis
tances will tend to track quite well, keeping the gain 
constant. 

R210k 

RJ 10k 

CMOS SWITCH 
I 

RF 
10k 

..LCsOF 
~SWITCHES 

VOUT 

Figure 9. Switch in Series with Feedback Resistor to 
Compensate Gain 

The principal dc effect in the switch off condition is that 
of ILKG (10 OFF or Is OFF), which will bias the output of a cir
cuit by ILKG x RL. Polarity of the error is determined by the 
dominant leakage polarity of a given switch. 
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AD7528 Dual 8-Bit CMOS DAC Application Note 
By Paul Toomey and Bill Hunt 

INTRODUCTION 
The AD7528 is a monolithic dual 8-bit CMOS DAC pack
aged ina 20-pin DIP. Each DAC has its own 8-bit data latch 
which loads data from a common 8-bit data bus (see Fig
ure 1). Since both DACs are fabricated on the same chip, 
precise matching and tracking between DACs is inherent. 
This property ofthe AD7528 dual DAC, along with the P.C. 
board space saving it allows, makes the AD7528 a unique 
and extremely useful device. 

Figure 1. AD7528 Functional Diagram 

This note discusses the AD7528 applications circuits 
listed below. Several of these circuits rely on the DAC to 
DAC matching provided by the AD7528. All of the circuits 
benefit from the high packing density the AD7528 allows, 
especially when used with dual and quad op-amps such 
as the AD644 or TL074. Not discussed in this note are 
basic details of AD7528 operation, consult the data sheet 
forthis information. 

AD7528 APPLICATIONS DISCUSSED IN THIS NOTE 
1. State-variable filter (S.V.F.) with programmable center 

frequency, selectivity and gain. 

2. Programmable sine wave oscillator with linear control. 

3. Function fitting sine wave synthesizer with amplitude 
control facility and programmable phase shift. 

4. Programmable voltage/current source, unipolar and 
bipolarcircuits. 

5. Programmable gain amplifier with notrimpots. 

6. Programmable waveform generator for vector scan 
CRT displays. 

7. AD7528 single-supply operation circuits for low 
budget applications requiring multiple analog outputs. 

STATE VARIABLE FILTER WITH PROGRAMMABLE 
CENTER FREQUENCY, SELECTIVITY (Q) AND GAIN 
The state variable filter (or universal filter as it is of ton 
called) is a convenient 2nd order filter block. It providos 
simultaneous low-pass, high-pass and bandpass outputs. 
All filter parameters can be readily adjusted. Figure 2 
shows a typical filter circuit with expressions for center 
frequency, Q and gain forthe bandpass output. 

HIGH PASS 
OUTPUT 

r---~~-------------. 

v .. 

BANDPASS OUTPUT 

Figure 2. State Variable Filter 

BANDPASS TRANSFER FUNCTION 

VOUT (f) = ~o f 
V1N 1 + jQ[-- .=.al 

fo f] 

1 ~ me 
fo = 21T R3 C' VR7 (For R3 = R4) 

Q = R6. R2. 
R8 R5 ~ R7 

R2 
Ao = - R1 •• Wheref = frequencyofV1N 

Ao = gain atf = fo fo 
Q = circuit Q factor, i.e., 3dB Bandwidth 

fo = resonant frequency. 
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lOW 
PASS 
OUTPUT 

BAND 

CIRCUIT EQUATIONS: 

C1 = C2. R3 = ~4. R7 = R8 

fo = 21T~3C1 
Q=~.~ 

R8R5** 

~----~-----+-------+-----r--------o~t~~UT 
Ao = -~ ForBandpassOutput 

NOTES; 

DAC EQUIVALENT RESISTANCE EQUALS 

256 x (DAC LADDER RESISTANCE) 
DAC DIGITAL CODE (DECIMAL) 

0C3 IS A COMPENSATION CAPACITOR TO ELIMINATE Q AND GAIN 
VARIATIONS CAUSED BY AMPLIFIER GAIN BANDWIDTH LIMITATIONS 

oORSIS REPLACED BY DAC BI INTERNAL RFB ~ Ilkll. OP·AMPS ARE 
2 • ADI44. FOR COMPONENT VALUES SHOWN PROGRAMMABLE 
RANGE IS Q = 0.3 TO 4.5. 10 = 0 to 15kHz. 

Figure 3. Digitally Controlled State Variable Filter 

Introducing the OACs as Control Elements: 
By replacing R1, R2 and R3, R4 with matched DAC pairs 
the filter parameters can be .made programmable as 
shown in Figure 3. DAC A1 and DAC B1 control filter gain 
and a, while DAC A2 and DAC B2 control centerfrequency 
(fa). For the component values shown the programmable 
a range is from 0.3 to 4.5 and is independent of fa (see 
Figure 4). Center frequency (fa) is programmable from 0 
to 15kHz (see Figure 5) and is independent of a. 

AMPlitUDE 
0.5VIDIV 

Filter 4. Filter Q Variation 

AMPUTUDE 
0.5VIDIV 

Figure 5. Filter fo Variation 

Programming 

_Q= 1.4 

-Q= I.B 

_Q = 2.6 

-Q= 5.0 

The graph in Figure 6 shows how the circuit a varies with 
DAC B1 code and Figure 7 shows hm,-v' the center fre
quency varies with DAC 2 (A and B) code for the compo
nentvalues given in Figure 3. Gain variation alone is 
accomplished by changing DAC A 1 code~ Unity gain oc
curs when the data in DAC A 1 and DAC B1 latches is iden
tical Since the AD7528's logic inputs are TTL or CMOS 
compatible, the DACsare readily interfaced to most 
microprocessors, (see data sheet for hookups) thus pro
viding an ideal microprocessor-to-filter interface. 
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\ I. = 2kHz 
Ao = I 
TA • +25"<: 

3 Q . I. , BW .... 

a 

\ ~ 
It 2 

\ 

'" r--.... t 

r'---r---l-i-l-i--

20 40 60 10 AD CO EO FF 

DAC B I INPUT CODE. HEX 

Figure 6. Filter Q Variation with Code 
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/' 

/ 
V 
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/ 

/ CI.C2 = lOOOpF ±I% 
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./ 
T. = +25-C 

V 
,/ 

V 
);1' 

, 
20 40 60 10 AD co EO FF 

DACAZANDDAC B2INPUT CODE. HEX 

I 

Figure 7. Filter fo Variation with Code 

PROGRAMMABLE SINE WAVE OSCILLATOR WITH 
LINEAR CONTROL 
Frequency control of many oscillator circuits can be 
accomplished using two ganged potentiometers. How
ever, the two potentiometers must track precisely over 
their full temperature range if a linear response is re
quired. Figure 8 shows a high performance sine-wave os
cillator realized using a'state-variable filter. The frequency 
of oscillation is set by ganged potentiometers P1 and P2. 



Figure 9 shows the same drcuit with P1 and P2 replaced 
by the AD7528 matched pairs. 

lMIl 

I 
I 

Ll----~5~-

FREQUENCY CONTROL 
GANGED POTS 

10k 

VOUT 

Al. Al. Al ~ AD544 

Figure 8. Sine Wave Oscillator Using a State Variable Filter 

FREQUENCY SELECT 
CODE 

10k 

·A07528. CONTROL LINES 
OMITTED FOR CLARITY. 

10k 

1M 

Figure 9. Programmable Sine Wave Oscillator Using a 
State Variable Filter and a Dual DAC 

The equivalent resistance of each DAC, as seen by op
amps A2 and A3 varies with input code from infinity at 
code 00 Hex (0000 0000) to a minimum of = 11kO (DAC 
ladder resistance) atcode FF HEX (11111111). 

14 

12 

10 

OUTPUT 
FREQUENCY 

1kHz' ' 

. 4 

~ 

/v 

C = l000pF ± 1% 

~ lLSB ~ 60Hz Al-Al - AD542 -
TA - +25"(; / 

/ 
/ 

/ 
/ 

/ 
/ 

I / THD - -53dB 

00 20 40 60 so AO 

DAC A AND DAC B INPUT CODE (HEX' 

THD = -43dB/ 

V 
V 

V 

co EO FF 

Figure 10. Frequency vs. DAC Code for Programmable 
Sine Wave Oscillator (Figure 9) 

Loading each DAC latch with the same code provides a 
linear code versus frequency relationship as shown in Fig
ure 10. The frequency of oscillation can be expressed as: 

N 
Output Frequency = 256 (21TR C) Hz 

Where R DAC ladder resistance i.e. VREF input 
resistance. 

C is as shown in Figure 9. 
N decimal representation of digital input 

code. Forexample, N = 128forinputcode 
10000000. 

For the component values given in Figure 9, output fre
quency is variable from 0 to 15kHz. Output amplitude is 
controlled by the zener diode D1. Total harmonic distor
tion for the circuit shown is - 53dB at low frequencies 
(1kHz) and -43dB at higher frequencies (14kHz). Note 
that a cosine output is also available at the output of op
ampA2. 

FUNCTION FITTING SINE WAVE SYNTHESIZER 
In this application the multiplying capabilities of the two 
CMOS DACs are used to synthesize a sine wave based on 
a function fitting technique. This allows very low fre
quency, highly stable sine waves to be generated. 

Function Fitting: 
Function fitting is a technique for translating a mathemati
calor empirical relationship from one medium (such as a 
mathematical formula) to another medium (usually, a 
physically realizable device or system). This application 
uses the dual DAC to implement a one quadrant sin X ap
proximation in the form ofthe quadratic polynomial. 

2 
Y = 1.828N .:... 0.828 N2 where 0 ~ N ~ 1 and N = 7T X 

I 

The graph of Figure 11 shows the relationship between 
sin X and its quadratic approximation given above. The 

1,0 

0,8 

0,6 

0,4 

0.2 

o 

Y = SINX ---...~ 

/ 
/ 

/ 
I 

I 
o 

/\ 

/ 
.< = 1.B28N - \.B28N' 

/ 

N = 1/2 
x:. 71/4 

N = 1 
X = .. 12 

Figure 11. Relationship Between Sin X and its 
Quadratic Approximation 

circuit of Figure 12 implements the function by ramping 
N up and down using an up/down counter, and switching 
the circuit output polarity. This generates sin X in four 
stages (see Figure 13). 

Circuit Operation: (Figure 12) 
An input clock drives the up/down counter in real time. 
The counter is connected so that it counts up and down 
continuously, providing an output pulse' at "borrow" 
every time it reaches the all zeros count. 
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INPUT CLOCK 'eu 
.IVU\IVV\. 

V,..A 
(-lOY) 

Voo 
115VI 

~-------------------------------------+-----------o'~ 
4013 AI-A2. Al-M = ADM4 Jl.. 

SQUARE WAVE 
0UT1'UT 

Figure 12. Function Fitting Sine Wave Generator 

DAC A produces a triangle waveform consisting of two 
ramps of opposite slope, each generated in 256 steps at 
op-amp A 1 output. This is the N variable. 

DAC B is driven with the same digital word as DAC A. Its 
reference input is driven by op-amp A 1, thus DAC B multi
plies the digital version of N by the analog version of N 
to produce an output from op-amp A2 of - N2 (negative 
sign is due to inversion through A2). 

Since the Nand - N2 signals are of opposite polarity, the 
Y = 1.828N - O.828N2 expression is implemented by sum
ming Nand _N 2 signals in the correct ratios determined 
byRAandRB. 

The analog switch, in conjunction with oil-amp A4, 
changes the circuit's output polarity at one-half the 
triangle wave frequency, thus producing both positive 
and negative halves of the sine wave. 

IC~NTS r-
.. '~ 
O~t 

Figure 13. Sine Wave Synthesis Using Function Fitting 

Distortion: 
Distortion in the output sine wave is a function of the 
quadratic approximation fit to the sine curve. Errors in the 
values of RA and Rs will, therefore, contribute directly to 
distortion. If RA is made adjustable over a small range, it 
can be trimmed to minimize distortion. Distortion was 
measured forthe circuit of Figure 12 at -33dB and was 
constant over sine-wave frequency G-2.5kHz. 
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The circuit of Figure 12 generates constant amplitude sine 
waves in the G-2.5kHz frequency range. Output frequency 
isgiven by 

fclk 
fOUT = 1024 

It is possible to obtain rapid frequency sweepi~g by var
ing the input clock rate. The counter up/down output pro
vides a useful zero crossing pulse. By applying an ac sig
nal to the DAC A reference input, the output sine wave can 
be amplitude-modulated as shown in Figure 14. 

AMPUTUDE 
MODULATED 

DUTPUT 

V ... , A INPUT '~iiiiiiiiii~ SIGNAL I! 

Figure 14. Amplitude Control Using DAC A Reference 
Input 

Output amplitude is directly controlled by the voltage 
level on DAc A reference input. Ac or de signals may be 
used within the range ± 10 volts, 0 to 10kHz. Figure 14 
shows the amplitude of a 1 kHz sine wave being controlled 
by a 55Hz sine wave. 

Programmable Phase 
Two sine waves with 0 to 360oprogrammable phase re
lationsh!p can be generated by running two ofthe circuits~ 
shown in Figure 12, from the same input clock source. By 
allowing one circuitto start running from zero counta pre
set number of clock cycles before the other, a phase differ
ence between their output sine waves is introduced (see 
Figure 15). 

Since each complete cycle is generated by 1024 clock cy
cles, phase steps of 360/1024 degrees are programmable. 
Note also that the phase difference is independent of out
put frequency. 



· ClK --1L..I"L : : : : : :: : I1..flJl... 
PRESET 1 JlL. _________ _ 

PRESET2--1'lL--------

SINE OUTPUT 1 ~ r 
PROGRAMMABlE--j I----~"=7 

PHASE DELAY I V "-
SINE OUTPUT 2 --=------"'----->0,,""=7----. 

Figure 15. Programmable Phase Relationship 

PROGRAMMABLE VOLTAGE/CURRENT SOURCE 
USING DUAL DAC AD7528 
The circuit in Figure 16 is that of a unipolar VII source. A 
negative reference is required for a positive output 
voltage. 

The circuit provides; 

(a) A programmable output voltage 

NA 
VOUT = +VREFA 256' forNA = Ot0255. 

provided the current limit is not exceeded. 

(b) In the voltage mode, a programmable load current 
limit given by: 

for N8 = Oto 255. 

AI. A2 and A3. A4 = A0644 

NOTE: 01 SHOWN FOR POSITIVE OUTPUT POLARITY. 
REVERSE 01 FOR NEGATIVE OUTPUT VOLTAGE. 

lOAD 
lit. 

Figure 16. Programmable Voltage/Current Source VOUT = 
o to + 101l, lOUT = 0 to + 10mA 

(c) A constant current feature by setting NA = 255 i.e., 
maximum output voltage capability, and limiting the 
load resistance value RL such that 

255 
IOUT(max) . RL < 256 VREFA 

with lOUT (max) = VREFB 

asin (b). 

R, ~ 
R2 . RS2 . 256 

A useful feature of the circuit is the possibility of load cur
rent "readback" in the voltage mode (or load voltage 
readback in the current mode). By monitoring point X in 
Figure 16, as the current limit value is reduced, a state 
change will take place when current limit is attained. The 
set current limit value will correspond to the load current. 

In the circuit DAC A with amplifier A 1 and buffer A3 acts 
as a standard programmable voltage source when VREFA 
is held constant. The voltage drop across resistor RS2 pro
vides a voltage proportional to load current with Rs, act
ing as a current limit on amplifier A2. Amplifier A4 with 
resistors R, and R2 references the voltage across RS2 to 

ground and also provides gain (=~). The output of A4 

CURRENT UMIT 
ON/OFF 

NOTE: CURRENT UMIT ON/OFF POLARITY CHANGES 
WITH OUTPUT VOLTAGE POLARITY 

Al = A0544 
A2. A3 = A0644 
A4. AS = A0644 

OUTPUT VOLTAGE 

~~~~ ~-------------------------~-~ 

Figure 17. Programmable Voltage/Current Source with 
Bipolar Output 
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is compared with a proportion 2~~ of VREFB (usually 

VREFA = VREFB) by amplifier A2. If VOUT4 > VREFB 2~~ 
then current limit is required and the output of A2 via 
diode Dl draws load current to maintain a constant load 
current. 

N 
IfVoUT4 < VREFB 25~then the current limit is not required 

and amplifier A2 output is disconnected as diode D1 is re
versed biased. 

Figure 17 shows a similar circuit for bipolar operation, i.e., 
Oto ± 10VatOto ± 10mA. 

DUAL DAC PROGJ:lAMMABLE GAIN AMPLIFIER WITH 
NO TRIMPOTS 
A unique advantage of the matched DACs available in the 
AD7528 is utilized in the programmable gain/attenuation 
circuit shown in Figure 18. The equivalent resistance of 
each DAC from its reference input to its output is used to 
replace the input and feedback resistors in the standard 
inverting amplifier circuit. By loading DAC's A and B with 
suitable codes, programmable gain/attenuation over the 
range -48dBto +48dBcan be achieved. 

STANDARD CIRCUIT 

RA 
VrNO wv 

VON 

NB 

VOUT= -~.v .. 

WHERE 1 - NA ~ 255 
1 ~ NB~ 25. 

VOUT 

Figure 18. Dual DAC Programmable Gain Amplifier 

In the circuit of Figure 18, the DAC equivalent resistances 
are given by: 

256RLOA 
ROACA = NA and ROACB 

DATA 
INPUT 

-10V 

256RLOB 

NB 
VDD 

Al. A2 = AD644 A3 = AD544 A4. AS = AD3ll 

SW1.SW2 = AD7512 DR AD7519 

Where: RLOA and RLOB are DAC A and DAC B R-2~ ladder 
resistances respectively, NA and NB are the DAC 
codes in decimal (1-255). 

The resultant gain expression forthe circuit is 

VOUT 256 RLOB 
VjN= - Ne 256RLOA 

This simplifies to: 

VOUT RLOB· NA 
V1N= - RLOA· NB 

But since DAC A and DAC B are a matched pair, RLOA = 

RLOB. This simplifies the expression even furtherto give: 
VOUT NA 1$NA$255 

V1N = - NB 1 $ NB$255 

Notice that DAC ladder resistance does not appear in the 
expression. Previous PGA circuits using DACs have al
ways had to be trimmed to accommodate the DAC ladder 
resistance which usually has a wide tolerance (typically 8k 
to 20k). This circuit does not suffer from this problem 
since RLOA and RLOB are matched to better than 1%. 
Notice also that the circuit has a constant input resistance 
of RLOA. The two unused feedback resistors, RFBA and 
RFBB are also precisely matched and could be used to pro
vide other DAC code vs. gain relationships. 

PROGRAMMABLE WAVEFORM GENERATOR FOR 
VECTOR SCAN CRT DISPLA VS 
Figure 19 shows the dual DAC in a triangle/rectangle wave 
generator in which the period of each half cycle can be 
programmed. Such a circuit is useful for vector scan CRT 
displays to generate variable rate sweep signals (depend
ing upon whether a long or short vector is to be drawn). 
DAC A determines the ramp rate for the positive going 
ramp of the triangle while DAC B determines the ramp 
rate for the negative going ramp. The integrator output 
voltage is sensed by comparators A4 and A5. When this 
voltage reaches + 10Vor -10Vthe comparators drive the 
R-S flip-flop G 1 and G2 which selects the output of the ap
propriate DAC via the double-pole ganged analog switch 
SW1,SW2. 

The switching arrangement shown has the advantage 
that high speed switches (such as CD 4016 or AD7519) can 
be used to change between the two DACs without in
troducing significant output glitches at the changeover. 

+5V 

>-1>-----t-o/\./'. 
TRIANGLE 
OUTPUT 

nrL 
.-------I-t-o 

RECTANGLE 
OUTPUT 

Figure 19: Digitally Programmable Waveform Generator 
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Furthermore, one DAC can be updated from the data bus 
and allowed to settle while the output of the other DAC is 
being used to generate the ramp signal. The output of flip
flop G1 and G2 automatically connects the "unused DAC" 
to the data bus for further data update if necessary. The 
output of the flip-flop can be used to drive the interrups 
of a microprocessor if required. 

Selecting Waveform Parameters: 
The period (t) of the waveforms generated by the circuit 
isgiven by: 

t=512RC [~+~] 
NA Ns 

where NA and Ns are the DAC A, DAC B codes in decimal 
(1-255) respectively. 

If DAC A and DAC B latches contain the same codes, the 
expression simplifies to: 

1024RC . 
t = ~ I.e., outputfrequencyf 

The mark-to-space ratio of the rectangle wave output is 
dependent on the ratio of Ns to NA 

NA 
MarktoSpace Ratio = Ns 

A special case, exists when the code in either DAC is zero. 
In this case the circuit will stop oscillating as the integrator 
input voltage will be zero. If the all zeros condition can 
occur, it is advisable to connect a 10MO resistor from the 
VREF terminal to the output terminal of each DAC, i.e, 
VREFA to OUT A and VREFB to OUT B. Thi~ provides suffi
cient bias current to keep the circuit oscillating, and does 
not affect frequency calculations significantly as the 10M 
resistor introduces only 1/4 LSB of additional error into 
each DAC output. 

·CONTROL INPUTS 
OMITTED FOR 
CLARITY 

PARTS COUNT 
1 AD584 2.5V REFERENCE 
2 AD7528 DUAL DAC 
1 CA324A QUAD OP-AMP 
4 lOOk 10% RESISTOR 
4 27k 10% RESISTOR 
4 lGir. Tllii'w'iPOT 

Rl = 10k TRIMPOT FOR 
GAIN TRIMMING 

R2 = 27k 
R3 = lOOk 
AI. A2. A3. A4 = CA324A 

QUAD 5V OP-AMP 

+15V 

AD7528 SINGLE SUPPLY OPERATION 
In low budget digital designs requiring analog outputs, 
the cost of adding an extra power supply rail for the DAC 
circuits can be a limiting factor. The AD7528 in the single 
supply configurations shown below provides an ideal 
cost effective solution for such applications (especially 

where multiple analog outputs are required). 

Single Supply, Voltage Switching Mode: 
In this mode, the normal DAC R-2R ladder is inverted. The 
reference voltage is applied to the DAC OUT A or OUT B 
terminal and the output voltage is taken from the DAC 
VREFA or VREFB terminal. For the DACs to retain their 
specified linearity, the reference voltage range must be 
restricted as follows: 

ForVoo= +15V,VREF max = +2.5V 

ForVoo = +5V, VREFmax = +0.5V 

Figure 20 shows a circuit for use with a + 15 volt power 
supply giving four separate 0 to + 10V outputs. The op
amps used have a Class A output configuration for small 
signal levels, thus allowing their outputs to go to zero 
volts for zero volts input. At higher signal levels, the out
puts convert to Class B. 

Single Supply, Current Steering Mode: 
This mode of operation is described in the AD7528 data 
sheet, and is suitable for single + 10 volt to + 15 volt sup
ply operation. This is achieved by biasing the AD7528 
analog ground (AGND) + 5 volts above the power supply 
ground. Unlike the previous circuits the available drive for 
the DAC switches is now VDD - 5 volts so the 5 volt specifi
cations apply for linearity. Figure 21 shows how a + 2 volt 
to + 8 volt analog output may be obtained using two op
amps per DAC. The two DAC reference inputs are tied 

Figure 20. Four Channel Analog Output Circuit 
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1 __ :====:;==+=~;----__ --oVDO = +IOV TO +15V 

VOUT B = +2V TO +IV 
(FOR OAC COOE 1111 1111 
TO 000000;001 

C = 33pF . 
A I. A2. A3. A4 = CA324A QUAD OP-AMP 

1--'-....... ________ ....... _----4>--_______ -0 GROUND 

Figure 21. AD7528 Single Supply Operation with AGND Biased to +5 Volts 

together and a reference input voltage is obtained without 
a buffer amplifier by making use of the constant and 
matched impedances of the DAC A and DAC B reference 
inputs. Current flows through the two DAC R-2R ladders 
into R1; R1 is adjusted until VREFA and VREFB inputs are at 
+ 2 volts. The adjustment is independent of either DAC 
code. 

Each analog output channel has a + 2 to + 8 volt range for 
DAC codes 1111 1111 to 0000 0000. 
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The AD7574 Analog to Microprocessor Interface 

by Paul Toomey 

INTRODUCTION 
The AD7574 is a low cost 8-bit ADC designed for easy in
terface to microprocessors as a memory mapped input 
device. 

It uses a successive-approximations conversion tech
nique, runs with an internal orexte'rnal clock and can com
plete an 8-bitAiD conversion in 15 microseconds.' 

The analog to digital conversion operations are controlled 
by two logic inputs labelled CS (Chip Select) and RD 
(READ). Conversion-in-progress indication is provided by 
a BUSYoutputsignal (see Figure 1). 

This note is intended to describe the AD7574 in its three 
main microprocessor interface modes with references to 
external clock source, input range switching and input 
multiplexing applications. 

Figure 1. InsidetheAD7574 

INTERFACE MODES 
Since the AD7574 is designed for use in memory mapped 
applications it can simulate RAM, ROM, or SLOW-ROM 
memories and can be controlled using standard chip 
select, READ and WRITE signals common to all memory 
systems. 

ROM MODE 
The ROM Mode is the easiest mode in which to use the 
AD7574. It appears in the processor memory map as one 
byte of Read Only Memory. One instruction from the CPU 
both reads conversion data and initiates a new conver
sion. 

Basic Operation: The processor reads the 8 bits of data 
generated by a previous ,AID conversion by executing a 
READ instruction from the memory address location as
signed to the AD7574. When the processor RD signal goes 
LOW the AD7574 three state drivers are activated, placing 
the conversion data onto the processor data bus. 

At the end of the READ instruction the AD7574 RD input 
is returned HIGH, resetting the device and initiating a new 
AID conversion sequence (see Figure 2). 

MICROPROCESSOR 
OPERATION 

READ TO 
A07574 

ADDRESS 

OTHER INSTRUCTIONS FOR AT 
LEAST ONE CONVERSION PERIOD 

READ TO 
AD7574 

ADORESS 

RO(PIN 15) ---"1 ~ i '.., ,-LJi, LJ 

ii'ITSiIPIN 141 

i \I4-A01514 INTERNAL RESET r~ 

BUSY LOW DURING CONVERSION 
~-----J 

OBO-OB1 ~ ___ --:~~;':';"' ___ ~I~ 
(PINS 1)-.61 -0 i~ 
CS TIED lOW 

(PIN '61 

Figure 2. 

Typical ROM MODE interface circuits for 8080 and 8085 
microprocessors are shown in Figures 3 and 4. Most pro
cessors can be configured to operate with the AD7574 in 
this mode. Note: Any attempt to read data from ,the 
AD7574 during a conversion operation will result in incor
rect data being read. 

8080 

os,. t---------' 

II 
DBO-DB7 DATA BUS 

Figure 3. AD7574 to 8080 ROM-MODE Interface 
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Figure 4. AD7574 to 8085 ROM-MODE Interface 

Applications Of "!"he Rom Mode 
The advantage of this mode is its simplicity in both soft
ware and hardware terms. Reading conversion data is 
accomplished by just one memory READ instruction. 
However, it must be remembered that the data read will 
be the result of the previous conversion operation.'This 
means that the time reference for the data sample will de
pend on when the previous READ operation finished. In 
applications where this uncertainty creates problems it 
can be eliminated by executing two READ operations 
separated by a software delay as shown in Figure 5. 

Data Read Has Unknown Time Reference, Data Is Ignored, 
'----r--..... A New Conversion Is Initiated Automatically After Read Operation, 

'----r--..... Delay;, 1 Conversion Time IInsert A Few NOP Instructions) 

Processor Now Reads Fresh Data from ADC. 
Data Sample Has Precisely Defined Time Reference, 

I OT~ER I Program Continues, 
l'NSTRUCTIONS: 

Figure 5. Defining the Data Sample Time Reference 
(ROM- MODE) 

RAM MODE 
Basic Operation 
In the RAM MODE the AD7574 appears in the processor 
memory map as one-bYte of memory. A WRITE command 
initiates a conversion and a READ command reads the 
conversion data. 

This mode offers complete control over the converter op
eration. The time reference forthe data sample is defined 
by the WRITE command. The conversion data can be'read 
any time after the conversion has finished. 

In the RAM MODE a memory WRITE operation starts a 
conversion vyithout modifying any of the microprocessor 
accumulators. (In the ROM mode, using a READ instruc
tion to start a conversion means modifying an ac
cumulator unnecessarily.) So, in situations where the age 
of a sample is important the RAM MODE makes for sim
pler, more logical software than the ROM MODE at the ex
pense of requiring slightly more logic to drive CS and RD 
(see Figures 8 and 9).' 
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MICROPROCESSOR 
oP£RAnoN 

WRITE TO 
&07574 

ADDRESS 

RAM MODE TIMING 

OTHER INSTRUCTIONS FOR AT 
LlAST ONE CONVERSION' P£RIOO 

READ TO 

to~~l:s 
START READ 

\ I DATA I 

CONVERSIO;:;:.N __________ ~I ~CONVE.SION 

~IPIN'" U Ii 
I I 

iiii IPiN 151 ____________ A_D7_57_._'N_TE-1R~A~ 

iiiJSY IPiN 141 lIllSY LOW DURING CONVERSION 

OBO-DB7 
IPiNS 13-61 

_
_____ ~TH~RE~E,~ST~AT~E ______ ~. ,.~ . 

I~ 

Figure 6. 

Ram Mode Timing Considerations 
1. BUSYmust be high before a data read is attempted, 

i.e., delay from conversion start to data read must be 
at least as great as the AD7574 conversion time. In 
some situations it is possible to use the AD7574 BUSY 
output to halt the microprocessqr for the duration of 
the conversion period thus simplifying the software re
quirements. 

2. CS must return HIGH within 250ns after RD goes HIGH 
otherwise a new conversion may be initiated and the 
AD7574 will begin operating in the ROM mode (see 
Figure 7). ' 

INTERNAL ~ . ~ ~ 
CLOCK ~~ : ,y ____ .. _. _____ _ 

I CLOCK RUNS FOR ONE CYCLE 

~~ESET 

I~ 
I I 
I I 

I I 1L. ___ -41 J -l '"~. 1--
CHIP SELECT TO READ 
HOLD TIME. 250nl MAX 

Figure 7. Chip Select to Read Timing 

When RD returns high the AD7574 begins an internal 
reset cycle to prepare for the next conversion se
quence. If CS has not returne~ high before the end of 
this reset operation, a conversion start will be detected 
and a new conversion initiated. 

The duration ofthe internal reset cycle is dependent on 
the amount of capacitance on the clock pin (pin 17). 
The maximum value for tRHCS guaranteed is 250ns at 
25°C (see data sheet). 

3. Conversion data may only be read from the AD7574 
once, as after each read operation an internal reset is 
performed which destroys the data. . 

4. CS LOW has no effect while a conversion is in 
progress. 

5. RD has no effect while CS is HIGH. 

Typical RAM Mode interface circuits forthe 8085 and 6800 
are shown in Figures 8 and 9 respectively. 



8085 

Figure B. AD7574 to BOB5 RAM Mode Interface 

6800 

READIWRITE I--------L~ 

Figure 9. AD7574 to 6BOO RAM Mode Interface 

SLOW MEMORY MODE 
This is by far the most elegant mode of operation for the 
AD7574. Every read instruction produces fresh data so 
that there is no doubt about the age ofthe sample. 

Basic Operation 
The slow memory mode is intended for use with proces
sors which can be forced into a wait state for at least 15fl.s 
(such asthe 8080, 8085 and SC/MP). It allows the proces
sor to start a conversion, wait until the BUSY flag is HIGH 
and then read data, all during execution of a single mem
ory read instruction (see Figure 10). 

DATA 
MICROPROCESSOR I READ 

OPERATION:......--l~==~~~~~==~~~L!0T:H~ER~IN~S~TR~UC~TI~ON~S 

~ l i:, 

cs AND iffi 
(PINS 15 AND 16) \.. ___________ ----\ 

AD7574 INTERNAL RESET ~ ~ 
_-.J,..I..I..I-----

BUSY (PIN ~L ________ __J 141. L BUSY LOW DURING CONVERSION 

DB~OB1 ______ ---!!=..::.:.::~ __ ~c-::::1. _____ _ 
(PINS 6-13) ~ 

Figure 10. 

Wait State 
Many processors test the condition of the READY/wAIT 
input very ~oon after the start of an instruction cycle. For 
this reason the timing of the AD7574 and its associated 
address decode logic must be such that BUSY goes LOW 
early enough in the processor instruction cycle for the 
READY /WAIT input to be effective in forcing the processor 
into a WAIT State. 

Bus Conflict 
In applications where the processors memory READI 
WRITE signal is not available early enough in the machine 

cycle for it to be used to enable or disable the address de
code logic, the system software must be such that a 
WRITE operation to the AD7574 address is never attempt
ed. If this precaution is not taken, Bus Confli'cts will occur 
due to the AD7574 outputting data onto the data bus while 
the CPU is also driving the data bus. 

Typical slow memory mode interface circuits for 8085 and 
SC/MP microprocessors are shown in Figures 11 and 12. 

8085 Interface (Figure 11) 
For simplicity, only the upper 8 'address bits of the 8085 
address bus are decoded to select the AD7574. Invalid ad
dress states are eliminated by using ALE to driv8Jan ad
dress latch. 

The processor SO status signal provides the earliest pos
sible indication that a READ operation is about to occur, 
SO = 0 for a READ operation. Since, with the processor 
on a fast clock the READ signal could occur too late to ena
ble the address decode logic, the SO ,signal is a conve
nient alternative, elminating any possibility of a bus con
flict during WRITE operations. 

SCIMP Interface (Figure 12) 
Similar to the 8085 application. Address decode is gated 
with negative READ strobe and BUSY drives the SC/MP 
negative hold input. 

Figure 11. AD7574toBOB5SIowMemory 
Mode Interface 

SCIMP 
ISP-IA-600 

NEGATIVE 
READ STROBE 

NEGATIVE 1------------1 
HOLD 

Figure 12. AD7574toSCIMPSlowMemory 
Mode Interface 

RANGE SWITCHING APPLICATIONS 
By means of suitable switching on the AD7574 BoFs and 

VREF pins, the AD7574 c~m be made to operate with. a II 
range of different attenuation or gain factors. The BoFsor I 
bipolar offset input (pin 3) is used to modify the effectiv~ 
analog input voltage and is normally used to' obtain bipo-
lar operation. Figure 13 shows a simple, 3 range, switch-
ing arrangement for a 0-20V analog input signal. The full 
scale input ranges and LSBweights are given in Table I. 
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SWITCH 1 
ANALOG INPUT o---------4t-G V 
REFERENCE -10V 

AGND 

VOLTAGES 

VREF AD7574 

Figure 13. RangeSwitchingtheAD7574 

Full Scale LSB 
BOFS VREF Input Range Weight 

ToAIN -5V OVto +5V 19mV 
ToAIN -10V OVto + 10V 39mV 
ToGND -10V OVto +20V 78mV 
ToGND -5V OVto + 10V 39mV 

Table I. AD7574 Input Ranges 

The range switching can easily be controlled by the 
processor using analog switches such as the AD7592 
which contains 2 independent SPDT CMOS switches with 
data latches specifically designed for microprocessor 
interface. 

Figure 14 shows a typical range switching applications 
circuit with the AD7574 operating in the the slow-memory 
mode. Since bus conflicts have been eliminated, a WRITE 
to the AD7574 address selects the analog input voltage 
range (see Table II) and a READ from the AD7574 address 
initiates a conversion and reads data when the conversion 
is complete. 

The range selection code is latched by the AD7592 and so 
need only be considered when a change in analog input 
range is required. 

t----.--_ ANALOG 
INPUT 

8085 CPU 

Figure 14. AD75741BOB51nterface with Range Switching 

Analog Input 
01 DO Range 

0 0 OVto + 10V 
0 OVto +5V 

0 OVto +20V 
OVto + 10V 

Table II. Analog Input Range vs. Digital Code to AD7592 
for Figure 14 
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Note: If it is required to use this approach in a system 
where the WRITE operation bus conflict cannot be elimi
nated due to timing difficulties, then by decoding a sepa
rate address for the AD7574 and the AD7592 the need for 
a WRITE operation to the AD7574 address can be avoided. 

INPUT MULTIPLEXING APPLICATIONS 
This application uses the same principles as the range 
switching application. The analog switching devices have 
been changed to AD7590s to reduce the package count. 
The AD7590 consists of four independent SPST CMOS 
analog switches with on chip data latches (see Figure 15). 

Using two AD7590 devices and connecting the data bus 
directly to the AD7590 control inputs, 8 analog input chan
nels can be multiplexed. The software design must en
sure that only one channel is selected at a time. Errors 
introduced by the analog switch resistance are not signifi
cant but can be eliminated by buffering the AD7574 BOFS 

and AIN inputs. 

8085 

Figure 15. AD75741B085 Interface with Input Multiplexing 
ofBAnalog Inputs 

A WRITE to the AD7574 address selects an input channel 
and latches it. A READ from the AD7574 address initiates 
a conversion and reads data when the conversion is 
complete. 

INTERNAL CLOCK OPERATION 
Figure 16 shows a simplified equivalent circuit for 
the AD7574 internal clock. It operates only during conver
sion and reset operations, pulses are generated by the ac
tion of C charging through R, and discharging through 
switch 1. 

Voo 

,------------------7 I Voo I 
I I 
I AD7574 INTERNAL , 
I CLOCK OSCILLATOR I 
I , 

\ 
.n..n. \ 

\ 
\ 

SW1r--~S.E~~~--J ~ 

I ~ , , 
I L- _________________ J 

Figure 16. Simplified AD7574 Internal Clock Circuit 

A clock speedup circuit shortens the last clock space 
period in each conversion cycle to reduce overall conver
sion time. Figure 17 shows a RAM mode timing sequence 

, using the internal clock; other modes have similartiming. 



~.------------------------~ 

i' at ~ BUSY ~\:~=====CO=N=VE=RS=IO=N=TlM=E======!1~:-ll----~\ 

CLOCK SPEEDUP CIRCUIT ACTIVE HERE 

CIRCLED NUMBERS SHOW DECISION POINTS 

I 
I 

I : CLOCK RUN FOR 1 
, I CYCLE TO GIVE RESET 
I , 

---------HI-GH-'-MP-EO-A-NC':'"E -----------~ HIGH IMPEDANCE 

, 
Figure 17. RAM Mode Timing Sequence 

Typical values for internal clock timing components can 
be determined from the graph in the AD7574 data sheet 
(Figure 7a). 

EXTERNAL CLOCK INFORMATION 
To obtain dynamic conversion accurcy to rated specifica
tion the clock frequency must not exceed 500kHz. The 
user should understand that normal lot to lot variations in 
MaS transistor characteristics will cause lot to lot differ
ences in the internal clock oscillator frequency for a given 
clock Rand C. 

Additionally, temperature dependence of these MaS, 
characteristics results in thermal drift of internal clock 
frequency. For this reason, Analog Devices recommends 
using an external clock in the following situations: 

1. Applications having clock frequency within 10% ofthe 
500kHz maximum. 

2. Applications where software constraints on time can
not accommodate conversion time differences which 

VOD +5V 

AD7574 

BUFFER (1/4541251 

Figure 18. External Clock Connection 

may occur due to temperature drift of the internal 
clock. 

Conflicts between the external clock and the internal 
speedup and reset operations can be avoided by connect
ing the external clock using the arrangement shown in 
Figure 18. The three-state buffer is only enabled when the 
BUSY output is lOW. This ensures that the AD7574 uses 
the external clock only during the AID conversion period, 
i.e., while BUSY is lOW. Internal clock operation is then 
used with Rp and internal capacitance to give the single 
clock pulse required for the internal reset. 

Since the internal logic of the AD7574 is triggered on fai
ling clock edges,'conversion time is reduced if the clock 
input is at a HIGH level before a conversion starts. This is 
accomplished by using resistor Rp to pull up the device 
clock input after the internal reset operation. Rp can be in 
the range 6kO to 100kO and simply provides a charge path 
forthe ClK pin capacitance. 
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U d d" LOG DACs™ n erstan Ing 

INTRODUCTION TO THE ANTILOG D/A CONVERTER 
Analog Devices' AD71 00 Series LOGDACs are CMOS mul
tiplying DACs characterized by an exponential (anti
logarithmic) digital-to-analog transferfunction. 

Perhaps the easiest way to visualize what a LOGDAC does 
is to compare it to two well-known circuits-the classic 3-
terminal potentiometer and a CMOS multiplying DAC 
(digitally controlled potentiometer). As shown in Figure 
1a through Figure 1c, the transferfunction of all three cir
cuits is ofthe form: 

WHERE: 
o = attenuation factor 

05051 

EON1 

In each case shown in Figure 1, 0 is a dimensionless 
number which can range from 0 (maximum attenuation) 
to approximately 1 (minimum attenuation). Additionally, 
each circuit has an analog input (V1N ), an analog output 
(VOUT) and a mechanism for controlling the attenuation 
factoro. 

The above in conjunction with Figure 1a through Figure 
1c illustrates the similarity of the pot, M-DAC a.nd LOG
DAC functions. How, then does the LOGDAC DIFFER from 
the linear M-DAC? 

The answer is resolution. The basic differentiating feature 
of the LOGDAC versus the linear multiplying DAC is the 
way resolution is specified. 

RESOLUTION OF LOGDACs VERSUS LINEAR DACs 
From Figure 1b, the attenuation factor 0 of a linear DAC 
is: 

EON2 

LOGDAC is a trademark of Analog Devices, Inc. 

WHERE: 
n Number of digital input bits tothe DAC 
N Integer value of DACs digital input 

NOTE: Many treatments of multiplying DACs label the at
tenuation fClctor "D" where the digital input "D" 
is: 

WHERE: Bit 1 through Bit n = 1 or 0 
n = Numberofbits 

Since N was postulated to be an integer, the smallest 
possible change of N is plus or minus one ~ount. The reso
lution of 0 is, therefore, ± 1 part in 2n or 1 partin full 
scale. Important to realize is that the voltage resolution of 
a linear DAC is the same (barring differential nonlinearity 
effects) at all points on its transferfunction. 

R2{lV'N 
R, { ---.<) VOUT 

COMMON 

FORM: 

V
OUT 

= "V'N 
WHERE: R 

.. = ATIENUATION FACTOR = (~) . 

Figure 1a. Three Terminal Pot 

The resolution of a LOGDAC is different, however. The 
following discussion shall endeavor to show that a LOG
DAC's voltage resolution is different at all points on its 
transfer function, i.e., barring differential nonlinearity ef
fects, the resolution expressed as a p-ercent of reading 
(not percent offull scale) is constantthroughoutthe LOG
DACs range. 
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FORM: 
V OUT = -aVON 

WHERE: N 
a = ATIENUATION FACTOR = (20) 

n = NUMBER OF DIGITAL INPUT BITS 
N = DIGITAL INPUT (0<N<2"-11 

EXAMPLE: FOR 8·BIT DAC 
n = 8.2" =256 
0-cN<255 

O<u~ (~) 

V OUT 

Figure 1 b. Linear Multiplying DAC (Digitally Controlled 
Pot) 

-O.OSrN 

VOUT= -VoN(101 

FORM: 
V OUT = -aVON 

WHERE: 

a = ATIENUATION FACTOR = 10 

N = DIGITAL INPUT 
FOR AD7111: OsNs239 
FOR AD7118: OsNs59 
FOR AD7115: OsNs199 

r = LOGDAC RESOLUTION IN dB 

V OUT 

Figure 1c. LOGDAC (Digitally Controlled Pot) 

From Figure 1c, the LOGDACs attenuation factor a is an 
exponential function (antilog) of the basic form: 

y = a-x EQN3 

If base number 10 is chosen (other base numbers can be 
used, incidentally), the attenuation factor a for the LOG
DAC of Figure 1c becomes: 

. I a ~ 10 -(~) I EQN4 
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WHERE: 
N = Integer value of DACs digital input 

forAD7115: 0::sN::s199 
for AD7111: 0::sN::s239 
for AD7118: 0::sN::s59 

r = LOGDAC resolution in dB 
forAD7115: r=0.1 
for AD7111: r = 0.375 
forAD7118: r=1.5 

Taking the LOG of both sides ofEQN4gives: 

LOG lO a = - (;~) 
20LOG 10 a = - rN 

:.1 adB = -rN EQN5 

From EQN5, it is readily apparent that a plus one count 
change of N causes an attendant - (r)dB change in the at
tenuation factor a (and thus also a - (r)dB change in the 
DAC's output voltage). 

Figure 2 is a graph of the general LOGDAC transfer func
tion for the circuit of Figure 1 c. It shows quite simply that 
increasing the digital input N causes a decrease in the out
put voltage VOUT' Additionally, it shows the nonlinear re
lationship of VOUT relative to N. Figure 3 is an expanded 
section of the transfer function shown in Figure 2. It illus
trates the fact that th'e ratio of-any two adjacent LOGDAC 
output voltage levels is the-same throughout the transfer 
function. To further amplify the significance of this point, 
consider that a + one count change in the digital input N 
causes the output voltage to decrease in amplitude by a 
fixed ratio relative to where it was before the change. (At 
all points on its transferfunction ... ) Thus, we have a DAC 
with percent of reading resolution as opposed to the line
ar DAC which defines resolution in terms of percent of full 
scale. 

I
j 
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I 

W 
CJ 

~ 
o 
> 
I
::::l 
a. 
I
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INCREASING N 
DIGITAL INPUT. N 

Figure 2. LOGDAC DIA Transfer Characteristic 

To summarize, a linear DAC's voltage resolution is fixed 
throughout its transfer function. However, the LOGDAC 
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Figure 3. Expanded LOGDAC Transfer Function Illus
trating the Concept of % of Reading Resolution 

exhibits a continuously variable output voltage resolution 
throughout its transfer function range. The LOGDAC's 
voltage resolution is coarsest at or near full scale (OdB) 
and finest at or near 0 scale (mute). Table I shows the equi
valent percent of reading resolution for various Analog 
Devices LOGDACs. 

dB Resolution % of Reading Resolution 
Model (4N = ± 1 Count) (4N = + 1 Count) (4N = -1 Count) 

AD7118 
AD7111 
AD7115 

±1.5d8 
± O.375d8 
±O.ld8 

-15.9% 
-4.2% 
-1.1% 

Table I. 

BASIC CIRCUIT CONFIGURATIONS 

+18.9% 
+4.4% 
+1.2% 

ANTILOG DAC (Exponential with Negative Exponent) 
The circuit of Figure 4 generates output voltage levels as 
determined by the equations: 

V OUT = - VIN 10 
rN) - \20 

and/or 

-(0.11512rN) 
VOUT = - VINe 

WHERE: 
LOGDAC resolution in dB 
forAD7118: r=1.5 
forAD7111: r=O.375 
for AD7115: r=O.1 

N = Integer equivalent of digital input 
forAD7118: O:sN:s59 
for AD7111: 
for AD7115: 
ac or dc input voltage 
(nominal range ± 10V) 

O:sN:s239 
O:sN:s199 

EON6 

EON7 

VON o--t--"o;,qi,-...... ----1~.....:...__i 

Figure 4. ANTILOG DIA Converter (Negative Exponent) 

Features ofthe circuit of Figure4 include: 

1. It provides dB attenuation ofVOUT relative to VIN as de
termined by the digital word N. (Le., output range is 
OdBto -dB) 

2. The circuit provides % of reading resolution. 
3. The analog input can be voltage or current, ac or dc, 

positive or negative polarity - i.e., the circuit is basi
cally a CMOS multiplying DAC. 

ANTILOG DAC (Exponential with Positive Exponent) 
The circuit of Figure 5 is analogous to a multiplying DAC 
divider circuit. It provides signal gain of VOUT relative to 
VIN as determined by the equations: 

+(~) 
VOUT = - VIN 1 0 20 

and/or 

+(0.11512rN) 
VOUT = -VINe 

VON 0------, 

>-_____ --4t--OVOUT 

EON8 

EON9 

Figure 5. ANTILOG DIA Converter (Positive Exponent) 

Basically, the analog input or reference voltage is applied 
to the on chip feedback resistor (RFB) and the amplifier 

output is connected to the VIN terminal of the LOGDAC .• 
The LOGDAC then ends up in the amplifier's feedback I 
loop, thus the circuit provides dB gain of VOUT relative to 
VIN as determined by the digital input N (i.e., VOUT range 
is OdB to positive dB). As does the negative exponential 
DAC of Figure 4, this circuit provides % of reading resolu-
tion. 
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LOG OR LOG RATIO ADC 
The circuit of Figure p provides an ADC function while per
forming a LOG compression. Its transfedunction is: 

EQN10 

OR 

EQN11 

VON 0---------, 

Figure 6. Log or Log Ratio AID Converter 
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If the digital answer N (of EQN10) is multiplied by - r, the 
numerical value obtained is the dB value of the absolute 

value ofVIN relative to VREF (answer OdB to - dB). 

If the digital answer N (of EQN11) is multiplied by - rl 
8.68659, the numerical value obtained is the natural log of 
the absolute value ofVIN relative to VREF. 

Circuit Constraints: 
1. VIN and VREF must be of opposite polarity 
2. VINSiVREF 
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CMOS D/A Converter Circuits for Single + 5V Supplies 
by Phil Burton 

CMOS D/A converters can be used to provide analog out
puts from microcomputers operating from,a single +5V 
supply. They have the advantages of very low power con
sumption so that in many cases they can be added to an 
existing microcomputer without supplementing the exist
ing + 5V ~upplY or adding additional supplies. This note 
covers the basic design techniques available for using 
three new CMOS D/A converters (AD7528, AD7545 and 
AD7548) with a single + 5V supply and suggests methods 
for incorporating the circuits into microcomputers with 
minimal additional hardware. 

CMOS D/A converters are normally operated in a current 
steering mode as shown in Figure 1. Current in the R-2R 
ladder is steered either to OUT1 or to AGND depending 
upon the state of the N-Channel switches. Since one of 
each pair of switches is always "on", the potential at the 
bottom 6f each 2R resistor leg and hence the current in 
each leg is constant and unaffected by the switch status. 

Figure 1. Basic Current Steering CMOS DAC Circuit 

This holds true provided OUT1 and AGND are atthe same 
voltage. In the conventional CMOS DAC circuit shown in 
Figure 1 OUT1 and AGND are held at the same potential 
by the external op-amp circuit. Due to the inverting con
figuration of the op amp the conventional currentsteering 
circuit of Figure 1 requires a negative reference voltage to 
generate positive outputs from the D/A converters. 
Methods of overcoming this constraint are given below. 

VOLTAGE SWITCHING OPERATION 
One way of obtaining single supply operation is to oper
ate the CMOS DAC in the voltage switching mode as 
shown in Figure 2. The DAC connections have been es- . 
sentially turned upside down-the reference voltage VIN 

'is applied to the OUT1 terminal, AGND is grounded and 
the VREF terminal becomes the output. The RFB terminal 

v .• 

Figure 2. CMOS DAC Operated in Voltage Switching 
Mode 

is not used and should be tied to OUT1 to prevent stray
pick-up. The N-Channel switches now select either VIN or 
ground as the voltage to be supplied to the 2R resistor 
legs. Note that OUT1 and AGND are no longer at the same 
potential-this results in the N-Channel switch transistors 
getting different gate-source drive, which in turn changes 
the resistance of the NMOS transistor. 

The device connected to AGND still receives a full + 5V 
gate to source voltage (Vgs) when it is turned on, but the 
device connected to OUT1 has its Vgs reduced by the volt
age at OUT1. The difference between the two Vgs volt
ages for an on device causes a difference in on-resistance 
which in turn can result in a deterioration of the DAC's 
linearity. As a rule of thumb, VIN (Le:, the reference voltage 
applied to the OUT1 terminal) should not exceed 0.7 volts 
when the CMOS DAC is operated from a + 5V VDD supply. 
Values OfVIN greaterthan this value can cause DAC linear
ity problems. 

Note that the input impedance of the D/A converterwhen 
operated in the voltage switching mode varies with the 
digital code, and consequently, the reference voltage VIN 

should be supplied from a buffer op amp. The output im-
pedance of the D/A converter when used in the voltage 
switching mode is constant and equal to R (typically 
10kO). Figure 3 shows a complete dual 8-bit CMOS D/A 
converter circuit operated in the voltage switching mOde .• 
The DAC output voltage covers a range of 0 to 2.55V in 
10mV steps. Total quiescent power consumption is ap
proximately 10mW. The 1.2VAD589 bandgap reference is 
divided by 2 and buffered by op amp X1 to provide an ap: 
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+5V 

AD589 

ALL 0" AMPS ARE 
114 CAl2" QUAD 
OP AMP V+ ,. +5V. 

Figure 3, Dual DAC for Single + 5V Supply 

proximate 0,6 volt reference to the DAC. The outputs of 
the AD7528 dual D/A converter are buffered and amplified 
by amplifiers X2 and X3 to give the 0 to 2.55V output. Re
sistors R1 and R1' are used to adjust full-scale outputs of 
the circuit. 

SINGLE SUPPLY CURRENT SWITCHING OPERATION 
An alternative method of obtaining single 5V supply oper
ation of CMOS DACs is shown in Figure 4. This circuit uses 
the 'conventional current switching mode of operation but 
the AGND terminal is biased up to some positive refer-' 
ence voltage VIN. The output op-amp bootstraps the OUT1 
terminal to the same voltage <,Is OUT2 and the VREF termi
nal is connected to ground, so that VREF is negative with 
respect to OUT1 and AGND by an amount equal to VIN. For 
the circuit of Figure 4 the output voltage range is from 

Your 

Figure 4. Current Steering Circuit for Single Supply 
Operation 

+ VIN for all zero's code to + (2VIN - 1 LSB) for all 1 's code. 
Although all the NMOS switches receive the same gate to 
source drive voltage, the value of Vgs is reduced by 
(-VIN). Reduced gate drive can also cause linearity and 
gain errors and it is not recommended that VIN exceeds 1 
volt for a Voo of + 5 volts. Note that the current switching 
mode of operation retains the valuable bipolar multiply
ing capability of CMOS DACs. The reader is cautioned that 
the circuit of Figure 4 only operates with AD7528, AD7545 
and AD7548 type devices. These CMOS DACs use a differ
ent internal circuit configuration which makes it possible 
to bias up AGND as shown. If other CMOS DACs are used 
in the circuit of Figure 4 there will be significant linearity 
errors (the AD7240 can also be used in this mode but it re
quires a VDO of more than 7 volts). 
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The output range of Figure 4 circuit is restricted to going 
from + VIN to (+ 2VIN - 1 LSB). To increase the voltage 
range (i.e., add gain) an additional resistor can be inserted 
in series with RFB as shown dotted in Figure 4, or alterna
tivelythe circuit of Figure Scan be used. CMOS DACs have 
an absolute resistor temperature coefficient of about 
- 300ppmfOC; as a result the simple expedient of increas
ing the output voltage range by inserting a resistor in 
series with RFB is only useful for operation over limited 
temperature excursions. The circuit of Figure 5 (reference 
1) is an alternative solution which allows the output volt
age range to be increased without causing severe compo
nent tempco mismatch problems. The output for all zero's 
code is fixed at VIN, and the DAC gain is fixed by R1 and 
R2: R3 which is set equal to (R1,R2)/(R1 + R2), compen
sates forthetemperature coefficient of R1 and R2. 

+5V 

Figure 5. Single Supply Current Steering Circuit with . 
Output Gain 

CHOICE OF AMPLIFIER 
Amplifier choice for + 5V operation is critical. Relatively 
few op-amp designs can operate with + 5V Vee and a 
common mode voltage range which includes the nega
tive supply-in this case ground. Suitable op amps for 
single + 5Voperation are CA324 and LM10 (both of which 
are bipolar type devices and have PNP type input stages), 
the CA3140 and CA3160 BIMOS op amps which have P
Channel MOS inputs and the TL091 JFET family which 
have N-Channel JFET inputs. The low input offset voltage 
ofthe bipolarop amps is a distinct advantage, particularly 
for + 5V operation. On the other hand the BIMOS op amps 
tend to settle faster and their outputs can swing to both 
supply rails so that analog output can extend over the 
whole 0 to +5V supply range. The LM10 also includes a 
200mV reference with amplifier which can be useful in 
some of the circuits discussed here. The JFETs usually 
provide the lowest noise. 

Amplifier input offset voltage (Vos) is important in single 
+ 5V CMOS DAC applications for two reasons; first, in 
current switching circuits Vas causes OUT1 and AGND to 
be at different potentials so thatthe current in each 2R leg 
varies depending upon whether the 2R leg is connected 
to oun or AGND. As a rule of thumb in current switching 
circuits the amplifier input offset voltage should not ex
ceed 10% of the DAC's output voltage resolution in order 
to minimize effects on the DAC linearity. Second, the two 
single + 5V supply circuits presented here (current 
switching and voltage switching) will both in general re-' 
quire some amplification of the DAC output, and the 



amplifier input offset voltage will cause an output offset 
voltage. The output offset voltage will be equal to output 
amplifier gain x input offset voltage. For Figure 2 and Fig
ure Scircuitsthe contribution ofVostothe output will be 

(R, + R2) 
Output Offset Error = Vos x --R-

2
-

The output offset error ofthe circuit of Figure 3 is typically 
± 1 LSb (10mV).lnput offset error is easily trimmed out on 
single op amps since offset trim nodes are usually pro
vided but for mUltiple op amps such as the CA324 no such 
nodes are available. Amplifier offset does not affect 
linearity in the voltage switching mode of operation. 

The output stage of the amplifier determines the possible 
output range of the D/A converter. All of the amplifiers 
mentioned here have outputs which can go to ground in 
the unloaded condition. At the other end of the range the 
output of the CA324 and the TL091 is restricted to a 
maximum VOUT of 3.S volts while the LM10 and CA31401 

60 can go almost to S volts. Figure 6 gives transfer charac
teristics for CA3160, TL091, CA324 and LM10 with differ
ent load conditions. It is particularly importantto consider 
the circuit being driven by the output of the DAC amplifier 
because the amplifier's maximum and minimum output 
voltages may be constrained by the current sink or source 
capability of the op amp. 

I ·w 

~I "~+--------i 
ALL DEVICES UNLOADED j LM10 LOADED 

Figure 6. VOUTvs. V/N for Some PopularOpAmps 

AN APPLICATION OF SINGLE + 5V SUPPLY CMOS DACs 
Figure 7 shows a simple stroke-writing X-V plotter drive 
which demonstrates how the design methods described 
here can be used within a system. The X-Y plotter inter
face uses an interpolation scheme (reference 2) to draw 
straight lines between points defined by their X and V co
ordinates. The microcomputer loads the X and V coordi
nates for the start and finish points to the dual DAC's 
DAC1 and DAC2 which are operated in the voltage switch
ing mode and a straight line between the points is drawn 
by linearly sweeping the reference inputs to the DAC's 

Figure 7. X- Y Plotter Interface Using + 5V Supplies Only 

OSV/'VVV 
O.1V 

DAC1B, DAC2B 
REFERENCE INPUTS 

O.5V~ 
, DAC1A, DAC2A 

. REFERENCE INPUTS 
O.1V 

Xl X3 X5 ) DACl B REGISTER CONTENTS 
~ ____ ~ ____ ~ ____ ~-J 

o I X2 X4 Xi ~ DAC1A REGISTER CONTENTS 

Vl V3 V5 ~ DAC2B REGISTER CONTENTS 

o I V2 Vi ) DAC2A REGISTER CONTENTS 

Figure 8. Triangle Waveforms and Related DAC Register 
Contents 

with triangle waves. Figure 8 shows the phase relation
ship of the two triangle waves and the register contents 
for each of the four D/A converters. In the circuit shown 
here, the two triahgle waveforms which are of equal 
amplitude but 1800 out of phase, are generated by an addi-
tional D/A converter DAC3. The microcomputer uses an • 
internal register to alternately count up and down be- I 
tween OOH to FFH. Every incremental count is loaded to 
DAC3. The output currents at the OUT1 and AGND termi-
nals of DAC3 will have the required triangle waveform 
and phase relationship, and are converted into voltage 
waveforms by the current to voltage converters X3 and 

APPLICATION NOTES VOL. /,20-71 



X4. It will be observed that DAC3 is operated in the current 
switching mode with its two outputs OUT1 and AGND bi
ased at about + O.5V and with a nominal VREF of + 1.2V. 
Each triangle waveform has exactly the same maximum 
and minimum values; R1 is used to compensate for am-

. plifier offset mismatch and ensure that the maximum 
values of the triangle are the same (about 500mV) and R2, 
which sets the gain of one of the current to voltage con
verters, is used to trim the two minimum values to be the 
same (about 100mV). 

The peak triangle value of approximately 500mV is deter
mined by the maximum voltage that can be applied to 
DAC1 and DAC2 before linearity is degraded. The mini
mum value of 100mV is determined by the current sink 
capability of output amplifiers X3 and X4 which have to 
sink current from DAC1 and DAC2, and they must do this 
without any loss of linearity due to amplifier output im
pedance. Resistors R7 and R8 provide additional current 
sinking capability at the outputs of amplifiers X3 and X4 
to assist the amplifier outputs to go down to + 100mV. 
The outputs of each dual DAC are summed and amplified 
by the output amplifiers X1 and X2. Trim resistors R3 and 
R4 can be used to match the output impedances of the 
DAC pairs, although if AD7528LN DACs are used these are 
guaranteed to have their output impedances matched to 
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within ± LSB and resistors R3, R4, RS and R6 are then un
necessary. While the circuit in schematic form may look 
formidable, it in fact only uses five DIP packed ICs and a 
bandgap reference type AD589JH. Note that the AD7545 
is a 12-bit wide DAC but in this application the four LSBs 
are strapped low. 

INTERFACING SINGLE + 5V OACs TO PROCESSORS 
The three DACs discussed in this note (AD7528, AD7545 
and AD7548) include on-board data latches with CS and 
WR pins. They are logic level and speed compatible with 
virtually all the popular microprocessors. Since DACs are 
in effect "write only memories" they can be connected so 
that they use the same address as existing ROMs pro
vided the ROM outputs are gated to occur only on "READ" 
cycles. In practice this means tharthe same address de
coder chip can often be used for ROM and for the DAC
~he almost zero loading effect of the CMOS DAC CS input 
is an added advantage here, since it will not significantly 
add to the loading on the d~coder output. 
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Applications of High Performance BIFET Op Amps 
By Don Travers 

INTRODUCTION 
Since the development of the monolithic operational 
amplifier each new operational amplifier that has come to 
market offers a unique set of performance advantages. As 
refinements to existing technologies and manufacturing 
processing techniques evolve the closer the total opera
tional amplifier performance resembles that of an ideal 
amplifier. New techniques in BIFET operational amplifier 
processing have narrowed the gap between the practical 
and ideal amplifiers in the mutually exclusive characteris
tics of bandwidth and dc performance without sacrificing 
any other parameter. The improvement in overall perfor
mance simplifies many designs and reduces the cost of 
high accuracy applications. 

The single BIFET operational amplifiers AD542, AD547 
and the duals AD642, AD647 are recommended for any 
operational amplifier application requiring excellent dc 
performance at low cost. Precision instrument front ends 
requiring accurate amplification of millivolt level signals 
from megohm source impedances will benefit from the 
device's combination of low offset voltage and drift, low 
bias current, and low 1/F noise. The dual amplifiers, since 
they are closely matched, are ideal for true instrumenta
tion amplifiers and log ratio amplifiers. 

The single AD544 and dual AD644 operational amplifiers 
are recommended for any application requiring excellent 
ac and dc performance. The wide bandwidth, low offset 
voltage, and high open loop gain ensures superior accu
racy in high impedance buffer and sample and hold appli
cations. The AD644 with matched amplifiers can be used 
for true wideband instrumentation amplifiers, low dc drift 
active filters and output amplifiers for: four quadrant mul
tiplying D/A converters such as the AD7541, 12-bit CMOS 
DAC. 

DIA CONVERTER APPLICATIONS 
The BIFET series of operational amplifiers can be used 
with CMOS DACs to perform both 2-quadrant and 4-quad
rant operation. The output impedance of a CMOS DAC 
varies with the digital word, thus changing the noise gain 
ofthe amplifier circuit. The effect will cause a nonlinearity 
the magnitude of which is dependent on the offset voltage 

of the amplifier. The BIFET series with trimmed offset will 
minimize this effect. Additionally, the Schottky protection 
diodes recommended for use with many older CMOS 
DACs are not required when using one ofthe BIFET series 
amplifiers. 

(MSB) 
BIT 1 

BIT 2 

DIGITAL 
INPUT 

+15V 

VOUT 

Figure 1a. AD547 Used as DAC Output Amplifier 

Figure 1a shows the AD547 and AD7541 configured for 
unipolar binary (2-quadrant multiplication) operation. 
With a dc reference voltage or current (positive or nega
tive polarity) applied at pin·17, the circuit operates as a un
ipolar converter. With an ac reference voltage or current, 
the circuit provides 2-quadrant multiplication (digitally 
controlled attenuation). 

VREF IN. 20V poP. 33kHz 

10V/DIV VERT. 
5.,/DIV HORIZ. 

VOUT. 

5V/DIV VERT 
~'/DIV HORIZ. 

SETTLING TIME: 151' TO 
0.01% ON 20V STEP 

Figure 1b. Voltage Output DAC Settling Characteristic 

The oscilloscope photo of Figure 1b shows the output Of .• 
the circuit of Figure 1 a. The upper trace represents the re- I 
ference input, and the bottom trace shows the output vol-
tage for a digital input of all ones on the DAC (Gain 1-2-n). 
The 47pF capacitor across the feedback resistor compen-
sates for the DAC output capacitance; and the 150pF load 
capacitor serves to minimize output glitches. 
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Figure 2a. AD644 Used as DAC Output Amplifiers 

Figure 2a illustrates the 1 O-bit digital-to-analog converter, 
AD7533, connected for bipolar operation. Since the digital 
input can accept bipolar numbers and VREF can accept a 
bipolar analog input, the circuit can perform a 4-quadrant 
multiplying function. 

Figure 2b. Large Signal Response 

Figure 2c. Small Signal Response 

The photos exhibit the response to a step input at VREF• 

Figure 2b is the large signal response and Figure 2c is the 
small signal response. C1 phase compensation (15pF) is 
required for stability when using high speed amplifiers. 
C1 is used to cancel the pole formed by the DAC internal 
feedback resistance and the output capacitance of the 
DAC. 

Figure 3. AD647 Used with AD7546 16-Bit DAC 
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Figure 3 shows the AD647 used with the AD7546 16-bit 
segment DAC. In this application, amplifier performance 
is critical to the overall performance of the AD7546. A 1 is 
used as a dual precision buffer. Here the offset voltage 
match, low offset voltage and high open loop gain of the 
AD647 ensure monotonicity and high linearity over the 
entire operating temperature range. A2 serves a dual 
function: amplifier A is a Track and Hold circuit that de
glitches the DAC output and amplifier 8 acts as an output 
amplifier. The performance of the amplifiers of A2 is cru
cial to the accuracy of the system. The errors of these 
amplifiers are added to the errors due strictly to DAC im
perfections. For this reason great care should be used in 
the selection ofthese amplifiers. The matching character
istics, low bias current and low temperature coefficients 
of the AD647 make it ideal forthis application. 

V-

DATA 
INPUT "0" WR Voo 

}----+----~ VOUT 

VOUT'~ 

Av~~'-& 
O. ~~7 + ~~6 + ... ~~o 

(OBN' tOR 0) 

Figure 4. Digital Divider 

If a CMOS DAC is connected in the feedback circuit around 
an op amp rather than at its input, it will act as a divider, 
the inverse of multiplication. Observe that t.he reduction 
of feedback causes amplifier noise and errors to be mag
nified at the higher gains. Since the incremental step 
changes of gain become increasingly large for small 
values of 0, any errors in these gain steps are magnified 
correspondingly. To limit the gain at all zeros, to prevent 
the amplifier from "taking off", a large value of shunt 
feedback resistance, e.g., 22MO may be used. 

In this state variable or universal filter configuration (Fig
ure 5) DACs A 1 and 81 control the gain and Q of the filter 
characteristic while DACs A2 and 82 control the cut-off 
frequency, fc. DACs A2 and 82 must track accurately for 
the simple expression for fc to hold. This is readily accom
plished by the AD7528. C3 compensates for the effects of 
op amp gain-bandwidth limitations. 

The filter provides low pass, high pass and bandpass out
puts and is ideally suited for ap~lications where micropro
cessors control of filter parameters is required, e.g., 
equalizer, tone controls, etc. 

Programmable range for component values shown is fc 
= Oto 15kHz and Q = 0.3t04.5. 



R5 30k 

CIRCUIT EQUATIONS 

C, =C2,R, =R2,R4=R5 

fc=~ 

Q=~.~ 
AO=-~ 

/ 

~~~E~QUIVALENT RESISTANCE EQUALS 256 xdft%I~~~f~M8~ISTANCE) 

Figure 5. Digitally Controlled State Variable Filter 

INSTUMENTATION AMPLIFIER 
The circuit shown in Figure 6 uses the AD647 to construct 
an ultra high precision instrumentation amplifier. !n this 
type of application the matching characteristics of a 
monolithic dual amplifier are crucial to ensure high 
performance. 

DATA 
GUARD 

NOTES 

R' 
10k!! 

Rs AND Ra ARE t 1%, ! 10ppmtC 
RJ AND R4 ARE !1%, !5Oppm/"C 
AS, A6, R7, RS ARE A MATCHED NETWORK, 
!O.Ol%,12ppmtCTRACKINGTC 

Figure 6. Precision FET Input Instrumentation Amplifier 

The use of an AD647L as the input amplifier A 1, guaran
tees maximum offset voltage of 250J-lV, drift of 2.5J-lV;oC 
and bias currents of 35pA. A2 serves two less critical func
tions in the amplifier and, therefore, can be an AD647J. 
Amplifier A is an active data guard which increases ac 
CMRR and minimizes extraneous signal pickup and leak
age. Amplifier B is the output amplifier of the instrumen
tation amplifier. To attain the precision available from this 

Figure 7. Wide Bandwidth Instrumentation Amplifier 

configuration, a great deal of care should be taken when 
selecting the external components. CMRR will depend on 
the matching of resistors R5, R6, R7, and R8. The gain drift 
performance of this circuit will be affe'cted by the match
ing TC ofthe resistors used. 

The AD644 in the circuit of Figure 7 provides highly accu
rate signal conditioning with high frequency input sig
nals. a provides an offset voltage drift of 10J-lV;oC, CMRR 
of 80dB over the range of dc to 10kHz and a bandwidth of 
200kHz (- 3dB) at 1V p-p output. The circuit of Figure 7 can 
be configured for a gain range of 2 to 1000 with a typical 
nonlinearity of 0.01 % at a gain of 10. 

LOG RATIO AMPLIFIER 
Log amplifiers or log ratio amplifiers are useful in a wide 
range of analog computational applications, ranging 
from the simple linearization of exponential transducer 
outputs to the use of logarithms in computations involv
ing multi-term products or arbitrary exponents. Log amps 
also facilitate the compression of wide ranging analog 
input signals into a range that can be easily handled using 
standard circuit techniques. 

The picoamp level input current and low offset voltage of 
the AD647 make it suitable for wide dynamic range log 

v, 

lOOk 

+15V 

-15V 

lk 

NOTES 

lk OR -TV LOG,o V,IV 2 

} 

VOUT = -TV LOG,o "il2 

, Rl 

15.4k 

lk 

RTC TEL LABS 

+ 3500ppm 081 

CIRCUIT SHOWN FOR NEGATIVE V OR "N· 
FOR POSITIVE INPUTS. 01 = PNP, AND VA = -15V. 

Figure 8. Log·Ratio Amplifier 

APPLICA TlON NOTES VOL. /, 20-75 

.. 



amplifiers. Figure 8 is a schematic of a log ratio circuit em
ploying the AD647 that can achieve less than 1% confor
mance error over 5 decades of current input, lnA to 
100f..LA. For. voltage inputs, the dynamic range is typically 
50mV to 10V for 1% error, limited on the low end by the 
amplifiers' input offset voltage. 

, The conversion between current (or voltage) input and 
log output is accomplished by the base-emitter junctions 
ofthe dual transistor 01. Assuming 01 has 13>100, which 
is the case for the specified transistor, the base-emitter 
voltage on side 1 is to a close approximation: 

VBEA = kT/q In 1,/ls, 

This circuit is arranged to take the difference of the VBE'S 
of alA and alB, thus producing an output voltage pro
portional tothe log ofthe ratio ofth~ inputs: 

. K~ 
Your = - K (VBEA -VBEB) = - ---q(lnl,/ls, -lnI2/Is2) 

Your = - KkT/q In 1,112 

The scaling constant, K is set by Rl and RTe to about 16, 
to produce a 1 V change in output voltage per decade dif
ference in input signals. RTe is a special resistor with a 
+ 3500ppm/oC temperature coefficient, which makes K in
versely proportional to temperature, compensating for 
the "T" in kT/q. The log-ratio transfer characteristic is, 
therefore, independent oftemperature. 

I 

This particular log ratio circuit is free from the dynamic 
problems that plague many other log circuits. The - 3dB 
bandwidth is 50kHz over the top 3 decades, 100nA to 
100f..LA, and decreases smoothly at lower input levels.This 
circuit needs no additional frequency compensation for 
stable operation from input current sources, such as 

• iphQtodiod.es, which may have 100pF of shunt capaci .. 
tance. For larger input capacitances a 20pF integration 
capacitor around each amplifier will provide a smoother 
frequency response. 

This log ratio amplifier can be readily adjusted for op
timum accuracy by following this simple procedure. First, 
apply Vl = V2 = -10.00V and adjust "Balance" for VOUT 

= O.OOV. Next apply Vl = -1 O.OOV, V2 = -1.00V and ad
just gain for VOUT = + 1.00V. Repeat this procedure until 
gain and balance readings are within 2mV of ideal values. 

ACTIVE FILTER APPLICATIONS 
Literature on active filter techniques and characteristics 
based on operational amplifiers is readily available. The 
successful application of an active filter, however, de
pends on the component selection' to achieve the desired 

Cl 360pF 

r---. 
VOUT 

Y,N 0-.... , 'IIRV'1~ .... !--~ .... -JVRV\2..--i,~-----l 

: 20kn* 20kn: ~~O F 

L. _________ .J ~ .~ADDOCKRESISTORNETWORK 
MODEL T912-20k-l00-l0 

CIRCUIT EQUATIONS 

VOUT _ 1 
"'"ViN - S'(C,C2R,R21+S [C2(R, +R211 +1 

£ = ~ (~) '/2 _ DAMPING FACTOR 

Figure 9. Second Order Low Pass Filter - fcp ;, 20kHz 
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performance. The AD544 (and AD644 dual amplifier) is re
commended for filters in medical, instrumentation, data 
acquisition and audio applications, because of its high 
gain bandwidth figure, symmetrical slewing, low noise, 
and low offset voltage. ' 

VOUT 

CIRCUIT EQUATIONS 

~. S' 
Y,N S' +S[(1/R2C,I+(1/R2C211 +(1/R,R2C,C21 

£ •. }( ~)"2 +-} (~)'12 

Figure 10. Second Order High Pass Filter - fcp = 1kHz 
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Figure 1,. Multiple-Feedback Bandpass Circuit -
fo = 20kHz 
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Figure 12. Bandpass State Variable Filter 
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Figure 13. Notch Filter with an Active Inductive 
fo = 10kHz 



SENSOR INTERFACE 
The BIFET series is guaranteed for a maximum safe input 
potential equal to the power supply potential. The input 
stage design also allows differential input voltages of up 
to ::!:: 1 volt while maintaining the full differential input re
sistance of 10120. This makes the BIFETseries suitable for 
comparator situations employing a direct connection to 
high impedance source. 

Many instrumentation situations, such as flame detectors 
in gas chromatographs, involve measurement of low 
level currents from high-voltage sources. In such applica
tions, a sensor fault condition may apply a very high po
tential to the input of the current-to-voltage converting 
amplifier. This possibility necessitates some form of input 
protection. Many electrometer type devices, especially 
CMOS designs, can require elaborate zener protection 
schemes which often compromise overall performance. 
The BIFET series requires input protection only if the 
source is not current-limited, and as such is similar to 
many JFET-input designs. The failure mode would be 
overheating from excess current rather than voltage 
breakdown. If the source is not current-limited, all that is 
required is a resistor in series with the affected input ter
minal so that the maximum overload current is 1.0mA (for 
example, 100kO for a 100 volt overload). This simple 
scheme will cause no significant reduction in pe'rfor
mance and give complete overload protection. Figure 14 
shows proper connections. 

Rp = l~A FOR TRANSIENTS LESS THAN 1 SECOND 

Rp· ~ FOR CONTINUOUS OVERLOADS 
100~A 

Figure 14. Input Protection 

V-

Figure 15. Photodiode Amplifier - Photoresistive Mode 

5Mn 

Your 

5Mn 

Figure 16. PhotodiodeAmplifier - Photo voltage Mode 

To obtain higher sensitivity in current to voltage conver
ters it is simple to use a higher value of feedback resistor. 
However, high value resistors above 109 0 tend to be ex
pensive, large, noisy and unstable. To avoid this, it may 
be desirable to use a circuit configuration with output 
gain, as in Figure 17. The drawback is that input errors of 
offset voltage drift and noise are multiplied by the same 
gain, but the precision performance of the AD547 makes 
the tradeoff easier. 

>-__ -+--oVour 

Vour -llsR.) ( 1 + ~) 

Figure 17. Current to Voltage Conversion with Gain 
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Figure 18. Charge-Sensitive Amplifier 

High-impedance transducers such as proportional coun
ters and some accelerometers require an amplifier which 
converts a transfer of change into a change of voltage. 
The voltage across the transducer in many cases is held 
constant. Since the potential remains constant then only 
the capacitance of the transducer changes by dc or a 
change of LlQ is emitted from the transducer. The equa
tion relating the two are LlQ = V cLlC. 

One of the problems with low-level leakage current test
ing or low-level currenttransducers (such as Clark oxygen 
sensors) is finding a way to apply voltage bias to the de
vice while still grounding the device and the bias source. 
Figure 19 shows a technique in which the desired bias is 
applied at the noninverting terminal thus forcing that vol
tage atthe inverting terminal. The current is sensed by RF, 

and the AD524 instrumentation amplifier converts the 
floating differential signal to a single-ended output. 

-=- BIAS' VB 

.f 
Figure 19. Current·to-Voltage Converters with Grounded 
Bias and Sensor 
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SAMPLE AND HOLD APPLICATIONS 
The sample and hold circuit, shown in Figure 20 is suitable 
for use with 8-bit AID converters. The acquisition time 
using a 3900pF capacitor and fast CMOS SPST (ADG200) 
switch is 15/1s. 

The droop rate is very low 25 x 10-9 V/Jl.s due to the low 
input bias currents of the AD644. Care should be taken to 
minimize leakage paths. Leakages around the hold 
capacitor will increase the droop rate and degrade 
performance. 

VOUT 

Figure 21. Differentiator 

RON I 
L---....... -+-o RESET 

(NEGATIVE PULSE) 

OUT 

Figure 22. Low Drift Integrator and Low-Leakage Guarded 
Reset 

C1 
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C2 R2 
820pF 201<11 
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R420kl1 

Figure 23. Wien-Bridge Oscillator - fo = 10kHz 
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VOUT 

Figure 20. Sample and Hold Circuit 

BIFET Applications 

R1 101< 

Figure 24. Capacitance Multiplier 
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Figure 25. Long Interval Timer - 1,000 Seconds 

RESET 

2kl1 

1.5kl1 

Figure 26. Positive Peak Detector 



GUARDING 
The low input bias current (25pA) and low noise charac
teristics of the high performance BIFET op amp make it 
suitable for electrometer applications such as photo 
diode preamplifiers and picoampere current-to-voltage 
converters. The use of guarding techniques in printed cir
cuit board layout and construction is critical for achieving 
the ultimate in low leakage performance available from 

Single Versions 

BIFET Application Hints 
these amplifiers. The input guarding scheme shown in 
Figure 27 will minimize leakage as much as possible; the 
guard ring is connected to a low impedance potential at 
the same level as the inputs. High impedance signal lines 
should not be extended for any unnecessary length on a 
printed circuit. 

+Vs 

1 Is 
I NPSl)UTS 0 0 0 7 

INPUTS 

~ 90 ,"MD. .-.!(#7-.D' 
Dual Versions 

Figure 27. Board Layout for Guarding Inputs 

SCOPE PROBE, 20pF OR LESS 

4.99k 

4.99k 

VOUT 

SCOPE VERTICAL 
lMV/DIV 

VERROR • ~- VOUT 

Figure 28. Settling Time Test Circuit 

The fast settling time, low bias current and low offset vol
tage of the AD544 make it an excellent choice as an output 
amplifierfor current output D/A converters. 

VERROR,lmV/DIV 

VIN • lOV/DIV 

Figure 29. Settling Characteristic Detail 

The upper trace oUhe oscilloscope photograph of Figure 
29 shows the settling characteristic of the AD544. The 
lower trace represents the input to Figure 28. The AD544 
has been designed for fast settling to 0.01%, however, 
feedback components, circuit layout and circuit design 
must be carefully considered to obtain the optimum set
tlingtime. 

.n .. 4.99k!l 

- LJ.NPUT 

TYPICAL CAPACITANCE 
LIMIT FOR VARIOUS 
LOAD RESISTORS 

~ Cl UPTO 

2kl1 - 1500pF 
10kl1 - 600pF 
20kU - 500pF 

4.99kU 

Figure 30. Circuit for Driving a Large Capacitance Load 

The circuit in Figure 30 employs a lOOn isolation resistor 
which enables the amplifierto drive capacitance loads ex
ceeding 500pF; the resistor effectively isolates the high 
frequency feedback from the load and stabilizes the cir
cuit. Low frequency feedback is returned to the amplifier 
summing junction via the low p~ss filter formed by the 
loon series resistor and the load capacitance, CL• 

Figure 31. Transient Response R L = 2kf2 CL = 500pF 
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Component Selection Guide 
GENERAL PURPOSE FET INPUT SPECIFICATIONS (typical @ Vs = ±lSV, TA = +2S

o
C unless otherwise noted) 

Output Yos tlYos/tlT Ib CMR 
Gain Y/mA Unity Gain Slew Rate mY IlY/oC pA dB Temp 

Model min min MHz Yllls max max max min Rangel Package2 

ADS03J 20k lOIS 1.0 3.0 50 7S IS 70 C H 
ADS03K SOk lOIS 1.0 3.0 20 2S 10 SO C H 
ADS03S SOk 1015 1.0 3.0 20 50 10 SO M H 
AD506J 20k 1015 1.0 3.0 3.5 75 IS 70 C H 
AD506K SOk 1015 1.0 3.0 I.S 25 10 SO C H 
AD506L 7Sk 1015 1.0 3.0 1.0 10 S SO C H 
ADS06S SOk 1015 1.0 3.0 1.5 50 10 SO M H 
AD52SJ 2Sk 1015 10 50 3 50 30 70 C H 
AD52SK SOk 1015 10 50 25 15 SO C H 
AD52SS SOk 1015 10 50 1 25 15 SO M H 
AD540J 20k 1015 1.0 6.0 50 75 50 70 C H 
AD540K SOk 1015 1.0 6,0 20 25 25 70 C H 
AD540S SOk 10/5 1.0 6.0 20 50 25 70 M H 
ADS42J lOOk 1015 1.0 3.0 2.0 20 SO 76 C H 
AD542K 300k 1015 1.0 3.0 1.0 10 25 SO C H 
AD542L 300k 10/S 1.0 3.0 0.5 5 25 SO C H 
AD542S 300k 10/5 1.0 3.0 1.0 15 25 SO M H 
AD544J 30k 10/S 2.0 13 2.0 20 50 74 C H 
AD544K SOk 10/5 2.0 13 1.0 10 25 SO C H 
AD544L SOk 1015 2.0 13 0.5 5 25 SO C H 
ADS44S SOk 10/5 2.0 13 1.0 15 25 SO M H 
AD547J lOOk 1015 1.0 3.0 1.0 5 50 76 C H 
ADS47K 250k 10/5 1.0 3.0 0.5 2 25 SO C H 
AD347L 2S0k 1015 1.0 3.0 0.25 1 25 SO C H 
AD547S 250k 10/5 1.0 3.0 0.5 5 25 SO M H 
AD642J lOOk 1015 1.0 3.0 2.03 3.Smy4 75 76 C H 
AD642K 300k 1015 1.0 3.0 1.03 2.0my4 35 SO C H 
AD642L 300k 1015 1.0 3.0 0.5 3 1.0my4 35 SO C H 
AD642S 300k 1015 1.0 3.0 1.03 3.5m0 35 SO M H 
AD644J 30k 10/5 2.0 13 2.03 3.5m0 75 76 C H 
AD644K 50k 10/5 2.0 13 1.03 2.0my4 35 SO C H 
AD644L 50k 1015 2.0 13 0.5 3 1.0my4 35 SO C H 
AD644S SOk 1015 2.0 13 1.03 3.5my4 35 SO M H 
AD647J lOOk 10/5 1.0 3.0 1.03 10 50 76 C H 
AD647K 250k 10/5 1.0 3.0 0.5 3 5 25 SO C H 
AD647L 250k 10/5 1.0 3.0 0.25 3 2 25 SO C H 
AD647S 250k 10/5 1.0 3.0 0.5 3 5 25 SO M H 

1 C =0 to +70°C; M = -55°C to +12Soc 3 Dual amplifiers with matched side to side offset voltage 
2 H = TO-99 can 4 Guarar.teed max offset error from Tmin to Tmax 

HIGH ACCURACY LOW BIAS CURRENT 
SPECIFICATIONS (typical @ Vs = ±15V, TA = +2S

o
C unless otherwise noted) 

Output Yos tlYos/tlT Ib CMR 
Gain V/mA Unity Gain Slew Rate mV Ilvtc pA dB Temp 

Model min min MHz V/Ils max max max min Rangel Package2 

AD515J 20k 1015 0.35 0.3 3.0 50 0.300 66 C H 
AD515K 40k 1015 0.35 0.3 1.0 15 0.150 80 C H 
AD515L 25k 10/S 0.35 O.l 1.0 25 0.075 70 C H 
AD523J 20k 10/5 0.5 5.0 50 90 1.0 70 C H 
AD523K 40k 1015 0.5 5.0 20 30 0.5 SO C H 
ADs23L 40k 1015 0.5 5.0 20 60 0.25 80 C H 
AD54sJ 20k 1015 0.7 1.0 1.0 25 2 66 C H 
ADs4sK 40k 10/5 0.7 1.0 1.0 15 1 70 C H 
AD54sL 40k 1015 0.7 1.0 0.5 5 76 C H 
AD54sM 40k 1015 0.7 1.0 0.25 3 76 C H 
1 C = 0 to +70o c 2 H = TO-99 can 
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UNDERSTANDING INTERFERENCE-TYPE NOISE 
How to Deal with Noise without Black Magic 
There Are Rational Explanations for-and Solutions to-Noise Problems 
by Alan Rich 

If the circuit doesn't work, add a decoupling capacitor anywhere
a O.OlJ.LF ceramic disc, of course; they'll fix anything! Or when 
your circuit is broadcasting its noise, a shield wiJI cure it; just wrap 
a piece of metal around the circuit, connect that shield to 
"ground," and watch the noise disappear! 

Unfortunately, Nature is not that kind to us in real life. That 
0.0 l ..... F disc you added only increased the noise; and the shield you 
added was totally ineffective-<>r, worse yet, the noise reappeared 
in a remote part of the circuit. 

This article is the first of a two-part series to help you understand 
and deal effectively with interference noise in electronic systems. 
We will consider here the mechanism that causes noise to be picked 
up, since the first step in solving any noise problem is to identify 
the source of the noise and the coupling mechanism; only then can 
an effective solution be implemented. 

The second article will suggest specific techniques and guidelines 
for effective shielding against electrostatic and magnetically 
coupled noise. * ' 

WHAT KIND OF NOISE ARE WE TALKING ABOUT? 
Any electronic system contains many sources of noise. Three basic 
forms in which it appears are: transmitted noise, ;eceived with the 
original signal and indistinguishable from it, intrinsic noise, (such 
as thermally generated Johnson noise, shot noise, and popcorn 
noise) originating within the devices that constitute a circuit, and 
interference noise, picked up from outside the circuit. This last 
may either be due to natural disturbances (e.g., lightning) or be 
coupled in from other electrical apparatus in the system or its vi
cinity, for example computers, switching power supplies, SCR 
controlled heaters, radio transmitters, switch contacts, etc. 

This article will consider only the last category, man-made noise, 
the most pervasive form of system noise in data-acquisition or test 
systems. Although it is most annoying in low-level circuits, no part 
of the system is immune to it. But it is the only form of noise that 
can be influenced by choices of wiring and shielding. 

ASSUMPTIONS AND ANALYTICAL TOOLS 
Although Maxwell's equations-with all the mathematical agony 
that they imply-are necessary for a complete and accurate de- , 
scription of how electrical systems behave, conventional circuit 
analysis is a useful tool in most cases. The assumptions that permit 
circuit analysis to be valid in s~lving these problems are: 

1. All electric fields are confined to the interior of capacitors. 
2. All magnetic fields are confined to the immediate vi

cinity of inductors. 
3. Dimensions of the circuits are small compared to the 

wavelengths under consideration. 

• Another helpful and relevant article that appeared in these pages was "Analog 
Signal Handling for High Speed and Accuracy," by A. Paul Brokaw, Analog 
Dialogue 11-2, 1977,pp.1O-16. . 

Reprinted from Analog Dialogue 16-3, 1982 

Using these assumptions, we can model noise-coupling channels 
as lumped circuit elements. A magnetic field coupling two conduc
tors is modeled as a m\ltual inductance. Stray capacitance can be 
modeled as two conductors with an electric field between them. 
Figure 1 shows an equivalent circuit of a si'tuation where two ~hort 
wires are adjacent to one another over a system ground. 

WIRE1 

'i'1JI~~ r r'_I:_HC't-' ....... - ....... -VNOISE 

-= L../ L ~ ~ c.o c,o R,o 

Y'N Y'N 
-+--........ -~ ........ -

Figure 1. Noise-equivalent circuit of two adjacent wires and 
a ground plane. 

Once the complete noise equivalent-circuit is obtained for a sys
tem, the problem becomes one of solving network equations for 
a desired parameter. All standard linear circuit analysis techniques 
can be applied, including node equations, loop equations, matrix 
algebra, state variables, superposition, Laplace transforms, etc. 
When circuits exceed 5 or 6 nodes, manual calculation becomes 
difficult; at this point, computer-aided programs, such as SPICE, 
and'other CAD techniques become necessary. Experienced de
signers can make appropriate simplifying assumptions; but their 
validity should always remain in question until proven. 

The lumped-element approach will not always give an accurate 
numerical answer, but it will show clearly how noise depends on 
system parameters. Just the act of drawing a reasonably faithful 
equivalent circuit may offer clues to methods to reduce noise levels. 
Once network equations or CAD programs are written, the quan
titative effects of noise-suppression techniques can be studied. 

In spite of all the modern technical advances, such as microproces
sors and switching power supplies, wires still have resistance and 
inductance, capacitance still exists in the real world, and such 
phenomena must be reckoned with. 

THE BASIC PRINCIPLE 
There are always three elements involved in a noise problem: a 
noise source (line transients, relays, magnetic fields, etc.), a 
coupling medium (capacitance, mutual inductance, wire), and a 
receiver, a circuit that is susceptible to the noise (Figure 2). 

LINE TRANSIENT 

MAGNETIC 

AM RADIO 

COUPLING 
CHANNEL 

CAPACITAf~CE 

MAGNETIC FIELD 

WIRE 

RECEIVER 

CONVERTER 

REFERENCE 

LOGIC SIGNALS • 

Figure 2. Noise pickup always involves a source, a coupling 
medium, and a receiver. 

To solve the problem, one or more of these three elements must 
be removed, reduced, or diverted. Their role in the problem must 
be thoroughly understood before the problem can be solved. If the 
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solution is inappropriate, it may only make the noise problem 
worse! Different noise problems require different solutions; add
ing a capacitor or a shield will not solve every such problem. 

TYPES OF SYSTEM NOISE 
Noise in any electronic system can originate at a large number of 
sources, including computers, fans, power supplies, adjacent 
equipment, test devices; noise sources can even include improperly 
connected shields and ground wires that were intended to combat 
noise. Our discussion of noise sources and coupling mechanisms 
will include the following topics: 

Common-impedance noise 
Capacitively coupled noise 
Magnetically coupled noise 
Power-line transients 
Miscellaneous noise sources 

Common-Impedance Noise. As the name implies, common-im
pedance noise is developed by an impedance that is common to . 
several circuits. Figure 3 shows the basic configuration, which 
might occur when a pulse output source and an op amp's reference 
terminal are both connected to a "ground" point having tangible 
impedance to the power-supply return terminal. The noise current 
(the noisy return current of Circuit 1) will develop across im
pedance, Z, a voltage, V noise, which will appear as a noise signal 
to Circuit 2. 

POWER·SUPPLY COMMON 

Figure 3. How noise is developed by a common circuit 
impedance. 

Typically, this type of noise has a repetition rate that is set by the 
rate of the noise source. The actual waveshape is determined by 
the characteristics of the impedance, Z. For example, if Z is purely 
resistive, the noise voltage will be proportional to the noise current 
and of similar shape (Figure 4a). If Z is an R-L-C, the noise voltage 
will ring at a frequency, 1I(2'Tl'V[C) and decay exponentiallyat a 
rate set by LlR (b). 
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l.. 

" 1--40""--1 
c. 

Figure 4. Noise effects in a common impedance. (a) Resis
tance. (b) An R-L-C circuit. (c) Switching-supply noise 
response. 
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If noise of this kind is found in a circuit, its origin may be readily. 
deduced from the repetition rate and waveshape. The repetition 
rate will point to the source of noise, since the noise and its source 
are synchronized. For example, a noise waveform like that shown 
in (c), at a 25kHz repetition rate and a 25% duty cycle, might be 
typical of a switching power supply containing a regulating loop 
using pulse-width modulation. 

The waveform will help identify the impedance that is actually 
generating the undesired noise. If, for example, the waveform of 
the noise is the simple damped sinusoid shown in Figure 5, the fol
lowing features allow us to deduce the nature of Z: 

oA constant resistance, R, is in series with the line. The voltage 
change, VI> is the product of R and a current step, 11• 

oThe natural frequency of the oscillation, fl> is determined by the 
series L and shunt C, f = 1I(2'Tl'vTC). 

oThe damping time constant, 'T, is determined by UR. 

Figure 5 Waveshape for an underdamped R-L-C circuit. 

Capacitively Coupled Noise. Noise is also produced by capacitive 
coupling from a noise source to another circuit. This type of noise 
is often seen when signals with fast rise-and-fall times or high fre
quency content are in close proximity to high-impedance circ.uits'. 
Stray capacitance couples the fast edges of the signal into adjacent 
circuits, as the circuit model of Figure 6 shows. The nature of the 
impedance, Z, determines the shape of the response. Typical 
capacitances are listed in Table 1. 

J1- Cs 

Figure 6. Stray capacitance couples noise into high-impe
dance circuits. 

Table 1. Typical capacitances.1 

Condition 

Human standing on an insulator to earth 
Power input (ac) to outpuf(dc) of ± lS-V dc supply 
Two-conductor shielded cable: 

Conductor to conductor 
Conductor to shield 

RGS8 coaxial cable, center conductor to shield 
Connector, pin to pin 
Optical isolator, LED to photodetector 
liz-watt resistor (end to end) 

Capacitance 

700pF 
100pF 

40pF/ft 

65 pFlft 

33 pF/ft 
2pF 
2pF 
1.5pF 

Capacitive pickup can occur in many ways, shapes, and sizes. Here 
are a few examples: 

oA TTL digital signal produces fast edges, with a typical rise time 
of 10 nanoseconds and voltage swings of 5 volts. If Z is a 1-
megohm resistor, even 0.1pF will produce 5-volt spikes with decay 
time constants of 100 nanoseconds .. 

. ISources: Excerpts from Ralph Morrison, Grounding and Shielding Techniques 
in InstntmentatiOlI, Second Edition (New York: John Wiley & Sons; 1977), 
p.30, and actual measurements. 



-Crosstalk may result between two adjacent wires. For example, 
if two wires in a 10-foot (3-meter) length of cable have a capaci
tance of 40 pFlft, the total capacitance is 400 pF. If a test voltage 
of 10 Vat 1 kHz is on one conductor, 250 mV at 1 kHz will be 
coupled into the adjacent wire if Z is a 10k resistance. 

-Noise on the ac power line, developed through common im
pedances, will couple into other circuits. A common case is when 
transients couple through the interwinding capacitance of power
supply transformers. 

It is amazing how little capacitance can cause serious problems. 
For example, consider the situation where high noise-immunity 
CMOS logic is used in an industrial circuit where 2500-volt, 1.5 
MHz noise transients (IEEE Standard 472-1974) are present. Sup
pose that stray capacitance of only 0.1 pFexists between a CMOS 
input and the-noise source, as shown in Figure 7. The calculated 
noise voltage, Vc , will be 2.4 volts, steady state, with an initial 50-
V transient, which will cause improper logic operation or worse! 

Cs 

Figure 7. Coupling of high-voltage transients from test 
generator to logic. 

Magnetically Coupled Noise. Strong magnetic fields are found 
where cables carry current, where ac power is distributed, and near 
machinery, power transformers, fans, etc. There is an analogous 
relationship between circuits coupled magnetically and those 
coupled capacitively, as shown in Figure 8 and Table 2. 

1--_ .... __ v.(t) .., 
In(t) 

Figure 8. Comparison of magnetic and capacitive noise 
coupling. " / 

Table 2. Characteristics of capacitive and magnetic coupling. 

Capacitive Coupling Magnetic Coupling 

Noise Source Voltage change (dV/dt) Current change (dl/dt) 
Coupling Medium Mutual capacitance Mutual inductance 
Coupled Noise Current (frequently Voltage 

converted to voltage by Z) 

This analogy helps us consider some differences between capaci
tively and magnetically coupled noise: 

-When the noise is magnetically coupled, voltage noise (V n) ap
pears in series with the receiver circuit; in the capacitive situation, 
the voltage noise produced between the receiver and ground is the 
voltage in Z caused by the noise current, in. 

-Reducing the receiver impedance, Z, will reduce capacitively 
'coupled noise. This is not the case in magnetically coupled circuits; 
lowering Z will not dramatically reduce voltage noise. 

The voltage, V", induced in a closed loop (single turn) by a magnet
. ic field is given by 

Vn = 21ffBAcosOx 10-11 (1) 

volts, where f is the frequency of the sinusoidally varying flux den
sity, B is the rms value of the flux density (gauss), A is the area of 
the closed loop (cmz), and 0 is the angle of B to area A. 

For example, consider the circuit of Figure 9. It shows the calcula
tion for two one-foot conductors, separated by 1 inch, in a 10-
gauss 60-Hz magnetic field (typical of fans, power wiring, trans
formers). The maximum voltage induced in the wires is 3 m V. 

v. = (2" x 60)(10)(12 x 2.541(1 x 2.54110'· FOR 0 ~ o· 

","~~ 
'1////& ffffi//// II /; 

Figure 9. Example demonstrating magnitude of magnetic 
pickup. 

The equation tells us that the noise voltage can be reduced by re
ducing B, A, or cosO. The B term can be reduced by increasing the 
distance from the source of the field or-if the field is caused by 
currents flowing through nearby pairs of wires-twisting those 
wires to reduce the net field to zero by alternating its direction. 

The loop area, A, can be reduced by placing the conductors closer 
together. For example, if the conductors in the example were 
placed 0.1" apart (separated only by insulation), the noise v~ltage 
would be reduced to 0.3mV. If they can be twisted together, the 
area is, in effect, reduced to small positive and negative increments 
that cancel, practically nullifying the magnetic pickup. 

The cos 0 term can be reduced by proper orientation of the receiv
ing wires to the field. For example, if the conductors were perpen
dicular to the field, the pickup would be minimized, while if they 
were run together in the same cable (0 = 0), pickup would be 
maximized. 

The rms induced voltage, V no in a conductor in parallel with a sec
ond conductor, carrying a current Iz at an angular frequency 
(j) = 21ff, with a given mutual inductance, M, is 

(2) 

The application of this relationship shown in Figure 10 illustrates 
why only one end of a shield should be grounded. A 100-ft length 
of shielded cable is used to carry a high-level low-impedance signal 

Figure 10. Magnetic pickup from current flowing through a 
cable shield. 

(10V) to a 12-bit data-acquisition system (1 LSB = 2.4 mY). Theil 
shield, which has series resistance of 0.01 ohms per foot and I 
mutual inductance to the conductor of 0.6J..1.H/ft, has been ground-
ed at both the source and the destination. A potential of 1 volt at 
60 Hz exists between the two ground points, causing a current of 
1 ampere to flow in the I-ohm total resistance of the shield. By (2), 
the noise voltage induced in the conductor is 
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Vn = (2 'IT 60 Hz)(100 x 0.6 x 1O-6 H)(1 A) 

= 23mV, 

or 10 LSBs, thereby reducing the effective resolution of the system 

to less than 9 bits. This noise voltage is a direct consequence of the 
large current flowing in the shield because it is grounded at both 
ends. And the I-volt potential assumed between the grounds was 
conservative! In heavy-industry environments, 10 to 50 volts be
tween earth grounds is not uncommon. 

Power-Line Transients. Another type of system noise is that gen
erated by high-voltage transients in inductive circuits, such as re
lays, solenoids, and motors, when they are turned on and off. 
When devices having high self-inductance are turned off, the col
lapsing fields can generate transients of the order of kilovolts, with 
frequencies from 0.1 to 3 megahertz, that appear on the power 

line. 

Besides creating noise in sensitive circuitry, via capacitive and con
ductive coupling and radiated energy, these transients are hazard
ous to equipment and people. Standards exist to characterize cer
tain transient waveforms for the purpose of protection; however, 
besides being designed to withstand them, systems should also be 
designed to deal with their potential interference with signals. Fig
ure 11 shows 4 typical waveforms existing in industry standards. 

Miscellaneous Noise Sources Finally, there is a group of noise 
sources that can be considered as miscellaneous-or just "f1akey." 

For low-level signals at high impedance, the cable itself can be
come a noise source. A charge can be produced on the dielectric 
material within the cable; if the dielectric does not maintain c.on

tact with the conductors, this charge will act as a noise source with
in the cable, unless the cable can be kept rigid. This noise is highly 
dependent on any motion of the cable; noise levels of 5 to 100 m V 
were reported by Belden Corporation. Noise of similar character 
(5 to 25 mY) was observed in the laboratory for RG188 coaxial 
cable, as it was moved and flexed. 

Another type of motion-related noise occurs when a cable is 
moved through a magnetic field. Voltage will be induced in the 
cable as the cable cuts fixed flux lines or the flux density, B, 
changes. This kind of noise is troublesome in a high-vibration envi
ronment, where the cables can be in rapid motion. If the cable can 
be kept from vibrating relative to the field, this noise will not 
occur. 

Finally, if instrumentation is operating in close proximity to a 
radio or television station, signals may be picked up from the 
transmissions. In addition to AM, FM, and television transmitters, 
the RFI may come from CB radios, amateur radios, walkie-talkies, 
paging systems, etc. High-frequ'ency noise should be considered as 
a possible source of mysterious drifts in dc circuitry, due to rectifi
cation of picked-up rf; investigations of drift should always be 
conducted with a wideband oscilloscope. 

SUMMARY 
We have described here the different types of interference noise 
that will exist in any electronic system. Table 3 lists the noise 
sources discussed above and some effective approaches to solving 
the pickup problem. It is important to understand the complete 
noise system (source, coupling medium, receiver, and reiation
ships) before noise-reduction techniques are employed. 

Noise reduction is not a mystical job for wizards; it is a practical 
and analytical job for engineers. Needless to say, the most effective 
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approach is prevention-applying noise-reduction analysis and 

minimization techniques before the system is built. 

In part 2 of this article, we will describe the proper application of 
shielding and guarding techniques for noise reduction. 

Further Reading: 
Ralph Morrison, op. cit. 
Henry W. Ott, Noise Reduction Techniques in Electronic Systems 
(New York: John Wiley & Sons, 1976). . 

+ 2500V 

-2500V 

a. 

b. c. d. 

Courtesy of Key Tek Instrument Corp" Burlington, MA 

Figure 11. Examples of transients existing in standards for 
industrial power-line equipment. (a) IEEE Standard 472-
1974 "Guide for Surge Withstand Capability." (b) Impulse 
wave, 8 x 20, 1000V peak, 5~s/div. (c) Impulse wave, 10 x 
1000, 1500V peak, 0.2ms/div. (d) 100kHz ac surge, 6kV peak 
(500kHz leading edge); successive peaks down by 40% (lkV/ 
diy, 2~s/div). 

Table 3. Noise sources and possible solutions. 

Common-Impedance Noise 
Proper circuits for distributing power 
Isolation transformers, optical isolators, analog isolators 
Shielding of sensitive circuits 

Capacitively Coupled Noise 
Reducing noise sources 
Properly implemented shields (very effective) 
Reducing stray capacitance 

Magnetically Coupled Noise 
Careful routing of wiring 
High-permeability (mumetal) shields (the most effective) 
Reducing area of receiver circuit (twisted pairs, physical wire 

placement) 
Reducing the noise source (twisted pairs, driven shields to cancel 

field) 

Power-Line Transients 
Coil suppression on relays, solenoids, etc. 
Zero-crossing turnoff for relays, solenoids, etc. 
Shielding 
Reducing stray capacitance 

Miscellaneous 
Rigid wiring 
Low-noise cable 
Shielding from RFI source 



SHIELDING AND GUARDING 
How to Exclude' Interference-Type Noise 
What to Do and Why to Do It-A Rational Approach 
byAlan Rich 

This is the second of two articles dealing with interference noise. 
In the last issue of Analog Dialoglle (Vol. 16, No.3, pp. 16-19), 
we discussed the nature of interference, described the relationship 
between sources, coupling channels, and receivers, and considered 
means of combatting interference in systems by reducing or elimi
nating one of those three elements. 

One of the means of reducing noise coupling is shielding. Our pur
pose in this article is to describe the correct uses of shielding to re
duce noise. The major topics we will discuss include noise due to 
capacitive' coupling, noise due to magnetic coupling, and driven 
shields and guards. A set of guidelines will be included, with do's 
and don'ts. 

From the outset, it should be noted that shielding problems are al
ways rational and do not involve the occult; but they are not al
ways straightforward. Each problem must be analyzed carefully. 
It is important first to identify the noise source, the receiver, and 
the coupling medium. Improper shielding and grounding, based 
on faulty identification of any of these elements, may only make 
matters worse or create a new problem. 

You can think of shielding as serving two purposes. First, shielding 
can be used to confine noise to a small region; 'this will prevent 
noise from extending its reach and getting into a nearby critical cir
cuit. However, the problem with such shields is that noise captured 
by the shield can still cause problems if the return path the noise 
takes is not carefully planned and implemented by understanding 
of the ground system and making the connections correctly. 

Second, if noise is present in a system, shields can be placed around 
critical circuits to prevent the noise from getting into sensitive por
tions of the circuits. These shields can consist of metal boxes 
around circuit regions or cables with shields around the center 
conductors. Again, where and how the shields are connected is 
important. 

CAPACITIVEL Y COUPLED NOISE 
If the noise results from an electric field, a shield works because 
a charge, Qb resulting from an external potential, Vb cannot exist 
on the interior of a closed conducting surface (Figure 1). 

Figure 1. Charge Q1 cannot create charge inside a closed 
metal shell. 

Coupling by mutual, or stray, capacitance can be modeled by the 
circuit of Figure 2. Here, V n is a noise source (switching transistor, 

Reprinted from Analog Dialogue 17-1,1983 

TTL gate, etc.), Cs is the stray capacitance, Z is the impedance of 
a receiver (for example, a bypass resistor connected between the 
input of a high-gain amplifier and ground), and V no is the output 
noise developed across Z. 

C. 

,.~ 
IE 

~, 
Vno 

G 
NOISE I COUPLING I RECEIVER 

SOURCE I MEOIUM I 

Figure 2. Equivalent circuit of capacitive coupling between 
a source and a nearby impedance. 

A noise current, in = V n/(Z + Zc,), will result, producing a noise 
voltage, V"o = V,,/(l + Zc.lZ). For example, if Cs = 2.5 pF, 
Z = lOkD (resistive), and V" = 100mV at 1.3 MHz, the output 
noise will be 20 m V (0.2 % of 1 OV, i.e., 8 LSBs of 12 bits). 

It is important to recognize the effect that very small amounts of 
stray capacitance will have on sensitive circuits. This becomes in
creasingly critical as systems are being designed to combine cir
cuits operating at lower power (implying higher impedance levels), 
higher speed (implying lower nodal stray capacitance, faster edges, 
and higher frequencies), and higher resolution (much less output 
noise permitted). 

When a shield is added, the change to the situation of Figure 2 is 
exemplified by the circuit model of Figure 3. With the assumption 
that the shield has zero impedance, the noise current in loop A-B
D-A will be Vn/ZCsh but the noise current in loop D-B-C-D will 
be zero, since there is no driving source in that loop. And, since 
no current flows, there will be no voltage developed across Z. The 
sensitive circuit has thus been shielded from the noise source, V n' 

Col C.., 

,..---n---tIf---:lI--.--von 

Figure 3. Equivalent circuit ofthe situation of Figure 2, with 
a shield interposed between the source and the 
impedance. 

Guidelines for Applying Electrostatic S~ields 
eAn electrostatic shield, to be effective, should be connected to 

the reference potential of any circuitry contained within the shield. 
If the signal is earthed or grounded (i.e., connected to a metal chas-
sis or frame, and/or to e:-uth), the shield must be earthed or ground- II 
ed. Btit grounding the shield is useless If the signal is not grounded. I 

eThe shield conductor of a shielded cable should be connected 
to the reference potential at the signal-reference node (Figure 4). 

eIf the shield is split into sections, as might occur if connectors 
are used, the shield for each segment must be ti~d to those for the 
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) 

REFERENCE POTENTIAL 

Figure 4. Grounding a cable shield. 

adjoining segments, and ultimately connected (only) to the signal
reference node (Figure 5). 

) 

Figure 5. Shields must be interconnected if interrupted. 

eThe number of separate shields required in a system is equal to 
the number of independent signals that are being measured. Each 
signal should have its own shield, with no connections to other 
shields in the system, unless they share a common reference poten
tial (signal "ground"). If there is more than one signal ground (Fig
ure 6), each shield should be connected to its own reference 
potential. 

POTENTIAL 
BETWEEN 

"GROUNDS" 

TO 
MEASUREMENT 
SYSTEM 

Figure 6. Each signal should have its own shield connected 
to its own reference potential. 

eDon't connect both ends of the shield to "ground". The poten
tial difference between the two "grounds" will cause a shield cur
rent to flow (Figure 7). The shield current will induce a noise vol
tage into the center conductor via magnetic coupling. An example 
of this can be found in Part 1 of this series, Analog Dialogue 16-3, 
~age 18, Figure 10. 

Figure 7. Don't connect the shield to ground at more than 
one point. 

eDon'tallow shield current to exist (except as noted later in this 
article). The shield current will induce a voltage in the center 
conductor. 

eDon't allow the shield to be at a voltage with respect to the refer
ence potential (except in the case of a guard shield, to be de
scribed). The shield voltage will couple capacitively to the center 
conductor (or conductors in a multiple-conductor shield). With 
a noise voltage, V" on the shield, the situation is as shown in 
Figure 8. 
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r---if+-------+-+- Vo 

'" SHIELD VOLTAGE, V. RL 
LOAD 

a. Shield at potential Vs. ' 

r--------~~---Vo 

b. Equivalentcircuit. 

Figure 8. Don't permit the shield to be at a potential with re
spectto the signal. 

The fraction ofVs appearing atthe outputwiIl be 

V 
Vs 

o = -------~------------ (1) 

V1 __ 1_~_ 
+ (21TfRcqCsc}Z 

where V1 is the open-circuit signal voltage, Ro is the signal's source 
impedance, Csc is the cable's shield-to-conductor capacitance, and 
Req is the equivalent parallel resistance of Ro and RI.' For example, 
ifVs = 1Vat1.5MHz,Csc = 200pF(10feetofcable},Ro = 1000 
ohms, and RL = 10kfl, the output noise voltage will be 0.86 volts. 

This is an often-ignored guideline; serious noise problems can be 
created by inadvertently applying undesired potentials to the 
shield. 

eKnow by careful study how the noise current that has been cap
tured by the shield returns to "ground," An improperly returned 
shield can cause shield voltages, can couple into other circuits, or 
couple into other shields. The shield return should be as short as 
possible to minimize inductance. 

Here is an example that illustrates the problems that can arise in 
relation to these last two guidelines: Consider the improperly con
figured shield system shown in Figure 9, in which a precision volt
age source, V1, and a digital logic gate share a common shield con
nection. This situation can occur in a large system where analog 
and digital signals are cabled together. 

!------10'------1 

ANALOG SYSTEM 

DIGITAL SYSTEM 

2 FT .. ,e GA W!RE . 

Figure 9.· A situation that generates transient shield 
voltages. 

A step voltage change in the output of the logic circuit couples 
capacitively to its shield, creating a current in the common 2-foot 



shield return. This, in turn, develops a shield voltage common to 
both the analog and digital shields. An equivalent circuit is shown 
in Figure 10, in which V(t) is a 5-volt step from a TTL logic gate, 
Ro2 is the 13-ohm output impedance of the logic gate, C"'S is the 
47D-pF capacitance from the shield to the center conductor of the 
shielded cable, and Rs and Ls are the D.l-ohm resistance and 1-
microhenry inductance of the 2-foot wire connecting the shield to 
the system ground. 

r--N'v---H----4~- V,(t) 

R, 

V(t)~5u(t) 

L. 

Ro2 =13 ohms 
R.=.1ohm 
Cw,~470pF 

L. ~ l"H 
INPUT VOLTAGE ,;,5 volt step 

Figure 10. Equivalent circuit for generating shield voltage. 

The shield voltoge, Vs(t), con be solved for by conventional circuit
analysis techniques, or simulated by actually building and care
fully making measurements on a circuit with the given parameters. 
For the purpose of demonstration, the calculated response 
waveform, illustrated in Figure 11, with a 5-volt initial spike, 
resonant frequency of 7.3 MHz, and damping time constant of 
O.15I-Ls, is sufficient to illustrate the nature of the voltage that ap
pears on the shield and is capacitively coupled to the analog input. 
If the voltage is looked at with a wideband oscilloscope, it will look 
like a noise "spike." We can see thot this transient will couple a 
fast domped waveform of significant peak amplitude to the analog 
system input. 

+5 

V,(t) 

-5 

'~7.3MHz 
T~O.15,,5 

.6 .8 

+ 
(,,5) 

Figure 11. Computed response of circuit of Figure 10. 

Even in a purely digital system, noise glitches can be caused to ap
pear in apparently remote portions of a system having the kind of 
situation shown. This can often explain some otherwise inexplica
ble system bugs. 

In quite a few cases, the proper choice of shield connection among 
the many possibilities may not be immediately obvious, and the 
guidelines may not provide us with a clear choice. There is no alter
native but to analyze the various possibilities and choose the ap
proach for which the lowest noise may be calculated. 

For example, consider the case illustrated in Figure 12, in which 
the measurement system and the source have differing ground po
tentials. Should we connect the shield to A: the low side at the 
measurement-system input, B: ground at the system input, C: 
ground at the signal source, or D: the low side at the source? 

A is a poor choice, since noise current is allowed to flow in a signal 

Figure 12. Possible grounds where system and source have 
differing ground potentials. 

conductor. The path of the no·ise current due to V G I, as it returns 
through C4, is shown in Figure 13a. 

B is also a poor choice, since the two noise sources in series, VG1 

and V Gz, produce a component across the two signal wires, de
veloped by the source impedance in parallel with Cz, in series with 
C h as shown in Figure 13 b. 

C is poor, too, since VG1 produces a voltage across the two signal 
wires, by the same mechanism as (B), as Figure Be shows. 

D is the best choice, under the given assumptions, as can be seen 
in Figure 13d. It also tends to confirm the grounding guideline to 
connect the shield at the signal's reference potential. 

a. Return path A. 

V'---.-~-~I~-' 

V'2 
I 

V2 ---'--H--'" 

b. Return path B. 
V, __ ~--~~----~--

V2--_.--~~----~--

c. Return path C. 
V,--~--~~----_.~--

V2-~--~~----;---

Cl 

v12 =o 

d. Return path D. 

Figure 13. Equivalent circuits. 

NOISE RESULTING FROM A MAGNETIC FIELD 
Noise in the form of a magnetic field induces voltage in a conduc
tor or circuit; it is much more difficult to shield against than elec-
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tric fields because it can penetrate conducting materials. A typical 
shield placed around a conductor and grounded at one end has lit
tle if any effect on the magnetically induced voltage in that 
conductor. 

As a magnetic field, B, penetrates a shield, its amplitude decreases 

exponentially (Figure 14). The skin depth, I), of the shield material, 
is defined as the depth of penetration required for the field to be 
attenuated to 37% (exp (-1)) of its value in free air. Table 11 list's 
typical values of l) for several materials at various frequencies. You 
can see that any of the materials will be more effective as a shield 
at high frequency, because I) decreases with ,frequency, and that 
steel provides at least an order of magnitude more effective shield
ing at any frequency than copper or aluminum. 

FLUX DENSITY BoL 
0,37Bo ---

, S THICKNESS 

Figure 14. Magnetic field in a shield as a function of penetra
tion depth. 

Figure 15 compares absorption loss as a function of frequency for 
two thicknesses of copper and steel. 11K-inch steel becomes quite ef
fective for frequencies above 200 Hz, and even a 20-mil (0.5 mm) 
thickness of copper is effective at frequencies above 1 MHz. How
ever, all show a glaring weakness at lower frequencies, including 
50-60-Hz line frequencies-the principal source of magnetically 
coupled noise at low frequency. 

1~r----+-----H---~---~+----4-~1 

10' 10' 10' 

FREQUENCY - Hz 

Figure 15. Absorption lossvs. frequencyfortwothicknesses 
of copper and steel. 

For improved low-frequency magnetic shielding, 'a shield consist
ing of a high-permeability magnetic material (e.g., Mumetal) 

Table 1. Skin depth, 8, vs. frequency 

8 for Copper 8 for Aluminum 8 for Steel 
Frequency (in.) (mm) (in.) (mm) (in.) (mm) 

110Hz 0.335 8.5 0.429 10.9 0.034 0.86 
100Hz 0.260 6.6 0.333 ' 8.5 0.026 0.66 
1kHz 0.082 2.1 0.105 2.7 0.008 0.2 
10kHz 0.026 0.66 0.033 0.84 0.003 0.08 
100kHz 0.008 0.2 0.011 0.3 0.0008 0.02 
1MHz 0.003 0.08 0.003 0.08 0.0003 0.008 

ITable 1 and Figures 15 and 16 are from Ott, H.W., Noise Reduction Tech
niques'in Electronic Systems (New York: John Wiley & Sons, © '1976). 
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Figure 16. Shielding attenuation of Mumetal and other 
materials at several frequencies. 

should be considered. Figure 16 compares a 30-mil thickness of 
Mumetal with various materials at several frequencies. It shows 
that, below 1 kHz, Mumetal is more effective than any of the other 
materials, while at 100kHz it is the least effective. However, 
Mumetal is not especially easy to apply, and if it is saturated by 
an excessively strong field, it will no longer provide an advantage. 

As you can see, it is very difficult to shield against magnetic fields, 
i.e., to modify the coupling medium by shielding. Therefore, the 
most effective approaches at low frequency are to minimize the 
strength of the interfering magnetic field, minimize the receiver 
loop area, and minimize coupling by optimizing wiring geomet
ries. Here ~re some guidelines: 

-Locate the receiving circuits as far as possible from the source 
of the magnetic field. 

-Avoid running wires parallel to the magnetic field; instead, cross 
the magnetic field at right angles. 

-Shield the magnetic field with an appropriate material for the 
frequency and field strength. 

-Use a twisted pair of wires for conductors carrying the high-level 
current that is the source of the magnetic field. If the currents in 
the two wires are equal and opposite, the net field in any direction 

V~~'_' 
B=O 

a. Correct connection with balanced currents. 

b. Incorrect connection forming ground loop. 

Figure 17. Connectionsto a twisted pair. 



over each cycle of twist will be zero (Figure 17a). For this arrange
ment to work, none of the current can be shared with another con
ductor, for example, a ground plane. Figure 17b shows what can 
happen if a ground loop is formed; if part of the current flows 
through the ground plane (depending on' the ratio of conductor re
sistance to ground resistance), it will form a loop with the twisted 
pair, generating a field determined by i.~ ( = i I - i2). 

The ground connection between A and B need not be as simple as 
a short circuit to cause trouble. Any stray unbalanced capacitance 
or resistance from RloaJ 'circuits to the ground plane will also 
unbalance the currents and produce a net current through the 
wires and the ground plane, producing a ground loop and a related 
magnetic field. For this reason, it is also good practice to run the 
twisted pair close to the ground plane to tend to balance the 
capacitances from each side to ground, as well as to'minimize loop 
area. 

-Use a shielded cable with the high-level source circuit's return 
current carried in the shield (Figure 18). If the shield current, 12 is 
equal and opposite to that in the center conductor, the center-con
ductor field and the shield field will cancel, producing a zero net 
field. In this case, which seems to violate the "no shield current" 
rule for receiver circuits, the concentric cable is not used to shield 
the center lead; instead, the geometry produces cancellation. 

V •• £!~iZ -bRLDAD 
!d.. 6:0 

Figure 18. Use of stiield for return currentto noisy source. 

This scheme can be usefully employed in an ATE system where ac
curate measurements must be performed on devices with high 
power-supply currents that may be noisy. For example, Figure 19 
shows the application of this technique to the connections for th~ 
high-current logic supply for an aId converter under test-at the 
end of a test cable. 

NOISY Vee DUE 
TO LOGIC SWITCHING 

.---++---____ -+ _____ Vee (+SV) 

DIG GND 

ADC 

,......---1-\-------;.- +1SV 

.--+-./------+-- -1SV 

'-+-+-------+~ ANALOG GND 

l-i-'f-------+----1 ANALOG INPUT 

Figure 19. Application of circuit of Figure 18 in a test system. 

-Since magnetically induced noise depends on the area of the re
ceiver loop, the induced voltage due to magnetic coupling can be 
reduced by reducing the loop's area. What is the receiver loop? In 
the example shown in Figure 20, the signal source and its load are 
connected by a pair of conductors of length L and separation D. 
The circuit (assuming it has a rectangular configuration) forms a 
loop with area D . L. 

I • • I 

v .. ~=r 
i 

Figure 20. Area of a loop that receives magnetically coupled 
noise. 

The voltage induced in series with the loop is proportional to the 
area and the cosine of its angle to the field. Thus, to minimize 
noise, the loop should be oriented at right angles to the field, and 
its area should be minimized. 

The area can be reduced by decreasing the length of and/or de
creasing the distance between the conductors. This is easily accom
plished with a twisted pair, or at least a tightly cabled pair, of con
ductors. It is good practice to pair conductors so that the circuit 
wire and its return path will always be together. To do this, the 
designer must be certain of the actual path that the return current 
takes in getting back to the signal source. Quite often, the current 
returns by a path not intended in the original design layout. 

If wires are moved (for example, by a technician troubleshooting 
some other problem), the loop area and orientation to the field 
may change, so that yesterday's acceptable noise level may be 
transformed to tomorrow's disastrous noise level. Which may lead 
to a service call ... and another repetition of the cycle. The bot
tom line: Know the loop area and orientation, do what must be 
done to minimize noise-and permanently secure the wiring! 

DRIVEN SHIELDS AND GUARDING 
We have discussed the role of a current-driven shield carrying an 
equal and opposite current to reduce generated noise by reducing 
the magnetic field around a conductor. 

Guarding is similar, in that it involves driving a shield, at low impe
dance, with a potential essentially equal to the common-mode vol
tage on the signal wire contained within the shield. Guarding has 
many useful purposes: It reduces common-mode capacitance, im
proves common-mode rejection, and eliminates leakage currents 
in high-impedance measurement circuits. 

Figure 21 shows an example of an op amp with negligible bias cur
rent connected as a high-impedance non-inverting amplifier with 
gain. The purpose of the cable is to shield the high input-impe
dance signal conductor from capacitively coupled noise and to 
minimize leakage currents. The signal comes from a lO-megohm 
source, and the cable is assumed to have 1000 megohms of leakage 
resistance (which may change as a function of temperature, 
humidity, etc.) from conductor to shield. If connected as shown, 
the equivalent input circuit is an attenuator which loses 1 % of the 

R. 

V. C""-·~-fO-~-M-- v, II 
Figure 21. Op amp connected as high-impedance non
inverting amplifier with gain, with shielded input lead. 
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signal at the time it is measured, and an unknown fraction at other 
times. Also, the cable capacitance produces a substantial lag time 
constant, RsCc• 

Figure 22 has the same players, but the shield is connected to the 
tap of the gain divider (usually at low impedance). Being connected 
to the inverting input of the op amp, it should be at the same poten
tial as the amplifier's non-inverting input. Since there is no voltage 
across the cable's leakage resistance, there is no current through 
it and its resistance value doesn't matter; V I must therefore be 
equal to V., since bias current was assumed negligible. 

R, 

eo due to V" 

~ -R, c.~ 

Figure 22. Same as Figure 21, but cable shield connected as 
aguard. 

Also, there is no voltage across the cable capacitance, hence no 
charging or discharging of the cable; thus the lag time constant de
pends mainly on circuit strays and the amplifier's input capaci
tance. For stability, capacitance should be connected between the 
output and the negative input, such that CfR f = CsR j , where Cs 
is sum of the stray capacitance between shield and ground and the 
input capacitance. 

There must be 110 liaise voltage applied to the guard. In noisy sys
tems, as Figure 22 shows, capacitively coupled noise will be dif
ferentiated, emphasizing the higher-frequency components. This 
can be avoided (Figure 23) by either using a buffer follower with 
fast response and low output impedance to drive the guard (a) 
or a second shield, around the guard, grounded to the signal 
common (b). 

( 

(a) Driven guard. 

v.p 
(b) Shielded guard. 

Figure 23. Avoiding noise pickup on the guard. 

In high-impedance current-input inverting configurations, where 
a length of shielded wire is used to guard the lead from the current 
source to the amplifier's inverting input, the guard should either 
be driven by a buffer at the same potential as the non-inverting 
input (and connected nowhere else), or be tied directly to the non-
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inverting input, with a second outer shield connected to the signal's 
reference point. 

SUMMARY 
Table 2 summarizes the important points made in this article. All 
are important to maintaining a high-integrity shield system. How
ever, we cannot emphasize too strongly the two subjects that are 
most-often ignored: appearance of noise voltage on signal shields 
and proper disposition of shield noise currents. Noise voltage must 
not exist on the shield; shield-to-conductor capacitance will couple 
the noise directly to the center conductor. If shield currents are not 
returned properly, they can show up in a remote part of the system 
and perhaps cause troubk in a location totally unrelated to the 
shielding problem that was "solved." CI 

Table 2. Applicability of shielding considerations 

Consideration Universal Electric Magnetic 

Know the noise source, coupling medium, 
and receiver. X X X 
Different shielding techniques are required 
for different noise sources, coupling channels, 
and receivers. X X X 
In most situations, conventional circuit 
analysis using IUlllped dements can be used. X X X 
Connect the shield at the signal·source end 
only. X 
Carry shields through connectors. X 
Individual shields should not be tied together. X 
Do not ground both ends of a shield. X 
Do not allow shield current to flow, 
except for driven shields - to cancel 
magnetic fields X X 
Do not allow voltage on a shield, except 
for guarding. X 
Know exactly where noise current 
from the shield will flow. X 
Usc short connections to return noise 
current from the shield. X 
Electrostatic shields have little effect in reduc-
ing noise resulting from magnetic fields. X 
Reduce magnetic fields by physical separa-
tion proper orientation, twisted pairs, and/or 
driven shields. X 
Know the receiver loop area and orientation 
to the field. Keep field at right angles and 
reduce the loop area by lIsing paired 
conductors, preferably twisted pairs, and 
minimize wire lengths. X 
Usc guarding in high·impedance circuits X X 
In high·impedance circuits, be extremely 
careful of shield noise X X 
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Product Families Not in This Oatabook • 
(But Still Available) 

The information published in this Databook is intended to assist the user in choosing components for the design of new 
equipment, using the most cost-effective products available from Analog'Devices . .The popular product types listed below 
may have been designed into your circuits in the past, but they are no longer likely to be the most economic choice for 
your new designs. Nevertheless, we recognize that it is often a wise choice to refrain from redesigning proven equipment, 
and we are continuing to make these products available for use in existing designs or in designs for which they are uniquely 
suitable. Data sheets on these products are available upon request. 

AD 108/208/308 ADC-QU DAS1150 THS-0060 311 
AD 108A1208A1308A ADC-8S DAS1151 THS-0225 424 
AD111/211/311 ADC-lOZ MAS-0801 40 426 
AD351 ADC-12QZ MAS-1001 42 428 
AD370/371 ADC-141!171 MDA-10Z 43 432 
AD502 ADC-16Q MDH-0870 44 433 
AD511 ADC1100 MDH-1001 45 434 
AD512 ADCll02 MDH-1202 46 435 
AD514 ADCll03 MDS-0815 48 436 
AD520 ADCll05 MDS-0815E 52 440 
AD523 ADC1109 MDS-1020 105 441 
AD528 ADC1111 MDS-1020E 118 450 
AD530 ADC1133 MDS-1240 119 452 
AD531 ADG200 MDSL-0825 141 454 
AD540 ADG201 MDSL-1035 146 456 
AD559 BDM1615/1616/1617 MDSL-1250 148 60S 
AD801 DAC-M RTI-1200 165 606 
AD2003 DAC-QG RTI-1201 180 610 
AD2008 DAC-QM RTI-1202 183 751 
AD2009 DAC-QS RTI-1220 184 752 
AD2020 DAC-QZ RTI-1221 230 756 
AD2022 DAC-I0DF SCMI677 232 934 
AD2023 DAC-10Z SDC1604 233 942 
AD2033 DACI009 SHA-1A 260 944 
AD7513 DAC 11 06 SHA-2A 261 946 
AD7519 DACll08 SHA-3 272 947 
AD7527 DACl118 SHA-4 273 956 
AD7544 DAC1125 SHA-5 275 
AD7555 DACI132 SHA-l114 276 
AD7570 DAC1420 SHA-II34 285 
AD7583 DAC1422 THC-0750 288 
ADC-QM DAC1423 THC-1500 310 
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Substitution Guide for Product Families 
No Longer Available 

The products listed in the left-hand column are no longer available from Analog Devices. In many cases, comparable functions 
and performance may be obtained with newer models, but-as a rule-they are not directly interchangeable. The closest 
recommended Analog Devices equivalent, physically and electrically, is listed in the right-hand column. If no equivalent is 
listed, or for further informatioQ, get in touch with Analog Devices. 

Closest Closest 
Recommended Recommended 

Model Equivalent Model Equivalent 

AD501 AD511 47 48 
ADS 05 AD509 101 (module) 45 
AD508 AD517 102 48 
AD513 AD503 106 118 
AD516 AD506 107 118 
AD550 None 108 52 
AD551 None 110 48 
AD553 None 111 AD308 
AD555 AD7519 114 119 
AD810-813 None 115 43 
AD814-816 None 120 50 
AD818 None 142 48 
AD820-822 None 143 52 
AD830-833 None 149 50 
AD835-839 None 153 AD517 
AD840-842 None 161 165 
AD7516 AD7510DI 163 165 
ADC1121 AD7550 170 171 
ADM501 ADM5011506 220 234 
ADP501 ADP511 231 233 
DAC-IOH DAC-I0Z 274J 284J 
DAC1112 DAC12QS 279 286J 
DAC1122 AD7541 280 281 
IDC1703 IRDC1730/1731 282J 292A 
MDA-LB None 283J 292A 
MDA-LD None 301 (module) 52 
MDA-UB None 302 310 (module) 
MDA-UD None 350 None 
MDA-8H MDA-I0Z 427 424 
MDA-I0H MDA-I0Z 602JI0 AD524 
MDA-I1MF AD7521 602JI00 AD524 
MDS-0830 HDS-0820 602KI00 AD524 
MDS-0850 HDS-0820 603 AD524 
MDS-I040 HDS-I025 901 904 
MDS-I080 HDS-I025 907 921 
MDSL-0802 HDS-0820 908 921 
MDSL-l002 HDS-1025 909 921 
MDSL-1201 HDS-1250 931 None 
SERDEX ~MAC-5000 932 None 
SHA-6 SHAl144 933 None 
TSDCI608-1611 TSL1612 935 None 
2N3954 None 948 947 
2N5900 None 971 921 
41 AD515 AD612 AD524 

AD614 AD524 
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Analog Devices provides a wide array of FREE technical publi
cations. These include Data Sheets for all products; Catalogs; 
Application Notes and Guides; and three serial publications: 
Analog Productlog, a digest of new-product information, MCDigest, 
a quarterly digest of measurement-and-control-system applica
tions, feedback, and information for (and from) system users, 
and Analog Dialogue, our technical magazine, with in-depth 
discussions of products, technologies, and applications. 

In addition to the free publications, three technical handbooks, 
plus Analog Digital Conversion Notes and Synchro & Resolver 
Conversion are available at reasonable cost. System and subsystem 
products are supported with hardware and software documenta
tion, at prices related to content. 

Brief descriptions of typical publications appear below. For 
copies of any items, to subscribe to any of our free serials, or to 
request any other publications, please get in touch with Analog 
Devices or the nearest sales office. 

CATALOGS 

DATA ACQUISITION PRODUCTS DATABOOK (this book) 
Two volumes of data sheets for all Analog Devices ICs, hybrids, 
modules, and subsystems recommended for new designs. 

APPLICATION NOTES AND GUIDES 

ANGULAR AND LINEAR DATA CONVERSION 
A 12-page short-form guide to analog-digital conversion products 
for synchros, resolvers, and Inductosyns*, in forms ranging 
from hybrid ICs to instruments and systems. 

APPLICATION GUIDE FOR ISOLATION AMPLIFIERS 
A 16-page guide to specifications and applications of isolation 
amplifiers for industrial, instrumentation, and medical applica
tions. 

APPLICATION GUIDE TO CMOS MULTIPLYING D-TO-A 
CONVERTERS 
This guide includes detailed information on the internal design 
and successful application of CMOS MDACs. Typical circuits 
discussed include· measurement, function generation, program
mable fIlters, and control of audio signals. 

A COOKBOOK TO DIGITAL FILTERING AND OTHER 
DSP APPLICATIONS 
A collection of reprints of papers that originally appeared in 
EDN Magazine, during 1983. Topics include FIR fIltering, 
temporal averaging, multiband fIlters, IIR fIltering, and imple
menting modem control theory with digital signal processing. 

DESIGNER'S GUIDE TO HIGH-RESOLUTION 
PRODUCTS 
20-page brochure describes how to use 14-, 16-, and 18-bit Data 
Converters and where to apply them. 

HIGH-SPEED DATA CONVERSION 
A 12-page short-form guide to video and other high-speed ND 
and Df A converters and accessories, in forms ranging from 
monolithic ICs to card-level products. 

Technical Publications .. 

AN IC AMPLIFIER USER'S GUIDE TO DECOUPLING, 
GROUNDING, AND MAKING THINGS GO RIGHT FOR 
A CHANGE (8 pages) 
A down-to-earth application note on the often ignored topic of 
ground management in combined analog and digital systems. 

IC VOLTAGE-TO-FREQUENCY CONVERTER APPLICA
TION NOTES 
Twenty-four pages of V-to-F converter applications. 

MACSYM SYSTEM NOTES: 
Multitasking, RS-232 Interface, and P-I-D Control Loops 

MULTIPLIER (Analog) APPLICATION GUIDE 
Over 30 workable applications for the ubiquitous multiplier. 
Circuits, specifications and theory (50 pages). 

RMS-TO-DC CONVERSION APPLICATION GUIDE 
by Charles Kitchin and Lew Counts. Principles, specifications, 
and applications of true-rms-to-dc converters in monolithic-IC 
form (46 pages). 

BOOKS 

SYNCHRO & RESOLVER CONVERSION (1980) 
Edited by Geoffrey Boyes 
Everything you need to know about interfacing synchros, resolvers, 
and Inductosyns™ to digital and analog circuitry. $11.50 

TRANSDUCER INTERFACING HANDBOOK (1980) 
A Guide to Analog Signal Conditioning 
Edited by D.H. Sheingold 
A book for the electronic engineer who must interface temperature, 
pressure, force, level or flow transducers to electronics, these 
260 pages tell how transducers work-as circuit elements-and 
how to connect them to electronic circuits for effective processing 
of their signals. Hardcover $14.50 

MICROPROCESSOR SYSTEMS HANDBOOK (1977) 
by Dr. D. Philip Burton and Dr. A. L. Dexter 
Two hundred pages of concise explanation of microprocessor 
hardware and software. Hardcover $9.50 

ANALOG-DIGITAL CONVERSION NOTES (1977) 
Edited by D.H. Sheingold 
A 250-page guide to ND and Df A converters and their applications, 
illustrated by more than 275 diagrams and tables. $5.95 

NONLINEAR CIRCUITS HANDBOOK (1974) 
Edited by D. H. Sheingold 
A 540-page guide to multiplying and dividing, squaring and 
rooting, rms-to-dc conversion, and multifunction modules with 
325 illustrations. Principles, circuitry, performance, specifications, 
testing, and application of these devices. $5.95 

*Inductosyn is a registered trademark of Farrand Industries, Inc. 

GENERAL INFORM A TION VOL. I, 1-11 



Worldwide Service Directory 

North America 
Alabama Kansas New Jersey Texas 

(205) 536-1506 (B) *(312) 653-5000 (B) *(215) 643-7790 (B) *(214) 231-5094 (e) 

Alaska *(314) 391-0052 (S) *(617) 329-4700 (e) *(713) 664-6704 (e) 

*(617) 329-4700 (B) (913) 888-3330 ' (e) *(201) 967-1126 (S) *(713) 664-5866 (S) 

*(714) 641-9391 (B) Kentucky (516)673-1900 (e) Utah 
*(408) 947-0633 (S) *(312) 653-5000 (e) New Mexico *(408) 947-0633 (B) 

Arizona (615) 366-4009 (B) (505) 262-1416 (B) *(303) 691-5582 (S) 

*(714) 641-9391 (B) Louisiana New York (801) 268-8707 (e) 

(602) 949-0048 (e) *(713) 664-6704 (e) *(201) 967-1126 (S) , Vermont 
*(713) 664-5866 (S) *(716) 634-7970 (S) *(617) 329-4700 (B) Arkansas 

*(214) 231-5094 (e) Maine *(716}425-4101 (e) Virginia 
*(713) 664-6704 (e) *(617) 329-4700 (B) *(315) 437-5277 (e) *(804) 379-0905 (S) 
*(405) 840-5154 (S) Maryland (516) 673-1900 (e) (301) 799-7490 (e) 

California *(215) 643-7790 (e) North Carolina Washington 
*(714) 641-9391 (B) *(301) 992-1994 (S) (919) 273-3040 (e) *(206) 251-9550 (e) 
*(408) 947-0633 (B) (301) 799-7490 (e) (919) 373-0380 (S) (206) 451-8223 (S) 
*(619) 268-4621 (e) Massachusetts (919) 787~0808 (S) (503) 641-4463 (S) 

Colorado *(617) 329-4700 (B) North Dakota West Virginia 
*(714) 641-9391 (B) Michigan *(312) 653-5000 (B) *(614) 764-8795 (e) 
*(303) 691-5582 (S) *(312) 653-5000 (e) *(612) 944-5865 (S) *(301) 992-1994 (S) 

(303) 443-5337 (e) *(313) 694-5450 (S) (612) 835-2414 (e) (412) 487-3801 (e) 

Connecticut (313)882-1717 (e) Ohio Wisconsin 
*(617) 329-4700 (B) Minnesota *(614) 764-8795 (e) *(312) 653-5000 (B) 

(516) 673-1900 (e) *(312) 653-5000 (e) *(216) 562-3115 (S) *(612) 944-5865 (S) 
*(612) 944-5865 (S) *(614) 764-8870 (S) (414) 784-7736 (e) Delaware (216) 321-3328 (e) 

*(215) 643-7790 (B) (612) 835-2414 (e) Wyoming 
Mississippi Oklahoma *(408) 947-0633 (e) Florida *(214) 231-5094 (e) 

*(305) 851-3939 (e) (205) 536-1506 (B) *(303) 691-5582 (S) 
*(713) 664-6704 (e) (303) 443-5337 (e) (305) 855-0843 (B) Missouri *(405) 840-5154 (S) 

(305) 724-6795 (S) *(312) 653-5000 (B) 
Oregon 

Puerto Rico 
(813) 693-1076 (S) *(314) 391-0052 (S) *(617) 329-4700 (B) 

Georgia (314) 725-5361 (e) *(206) 251-9550 (e) (305) 855-0843 (S) 
(503) 641-4463 (S) 

(404) 476-3107 (e) Montana Canada 
(404) 449-7662 (S) *(714) 641-9391 (e) Pennsylvania (416) 625-7752, (e) 

Hawaii *(303) 691-5582 (S) *(215) 643-7790 (B) (613)722-7667 (e) 
*(714) 641-9391 (B) (303) 443-5337 (e) *(412) 885-6625 (S) (514) 694-5343 (e) 

*(614) 764-8795 (e) (604) 984-4141 (e) Idaho Nebraska (412) 487-3801 (e) 
*(206) 251-9550 (e) *(312) 653-5000 (e) (416) 451-0813 (S) 

*(303) 691-5582 (S) *(314) 391-0052 (S) Rhode Island (514) 331-2032 (S) 

(303) 443-5337 (e) (913) 888-3330 (e) *(617) 329-4700 (B) (403) 468-1661 (S) 

Illinois Nevada South Carolina Mexico 

*(312) 653-5000 (B) *(408) 947-0633 (e) (919) 273-3040 (e) *(617) 329-4700 (B) 

(312) 945-8700 (e) *(714) 641-9391 (e) (404) 449-7662 (S) 

Indiana *(303) 691-5582 (S) (919) 373-0380 (S) 

*(312) 653-5000 (B) (505) 262-1416 (e) South Dakota 

(317) 244-7867 (e) New Hampshire *(312) 653-5000 (B) 

Iowa *(617) 329-4700 (B) *(612) 944-5865 (S) 

*(312) 653-5000 (B) 
(612) 835-2414 (e) 

*(314) 391-0052 (S) Tennessee 

(312) 945-8700 (e) (205) 536-1506 (B) 
(615) 366-4009 (S) 
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II 

International 
Argentina Holland Korea Sweden 

(1)379890 (e) *(1620) 51080 (B) (2)4233101-5 (B) *(8)282740 (B) 

Australia Hong Kong Malaysia Switzerland 
(2)4393288 (B) (3) 903391 (B) (65) 2713163 (B) *(22) 315760 (B) 
(3)5807444 (B) (Singapore) *(22) 318720 (B) 

Austria 
India New Zealand *(01) 527766 (B) 

(222) 2355550 (B) (11) 664850 (B) (9)592629 (B) 
Taiwan 

Belgium Ireland Norway (2) 7150940 (B) 

*(3) 2374803 (B) *(01)9410466 (B) (2) 123600 (B) 
United Kingdom 

Brazil 
(United Kingdom) People's Republic *(01)9410466 (B) 

(11) 2310277 (e) Israel of China - Beijing West Germany 

CMEACOUNTRIES 
*(052) 28995 (B) 890721 - Ext. 827 (8) *(89) 570050 (B) 

(222) 859304 (e) Italy Romania *(4) 187381 (8) 

(Austria) *(2) 6883831 (B) *(22)318720 (B) *(721)616075 (B) 

Denmark (2)9520551 (e) (Switzerland) *(30)316441 (8) 

*(2)845800 (8) (51) 555614 (e) Singapore 
*(221) 686006 (B) 

Finland (49)633600 (e) (65)2713163 (B) Yugoslavia 

(0)372300 (B) (6)316204 (e) South Africa *(22)318720 (B) 

France 
(55)894105 (e) (11 ) 7868025 (B) (Switzerland) 

*(1) 6873411 (B) 
(11) 6503271 (e) 

Spain 
*(76) 222190 (B) Japan (3) 3017851 (B) 
*(61) 408562 (8) *(3) 2636826 (B) (1)7338937 (B) 
*(99) 535200 (B) *(6) 3721814 (8j (4)4150893 (B) 

-ANALOG DEVICES, INC. DIRECTSALES OFFICES 
B-ALLPRODUCTLINES 
C- COMPONENT 
S-SYSTEMS 

WORLDWIDE HEADQUARTERS 
TWO TECHNOLOGY WAY. P.O. BOX 280. NORWOOD, MASSACHUSETTS 02062-0280 U.S.A. 
TEL: (617)329-4700, FAX: (617)326-8703, TWX: (710)394-6577, TELEX: 924491 
Cable: ANALOG NORWOODMASS 

GENERAL INFORM A TlON VOL. /, 1-13 



Product Index to Both Volumes 

Alpha-Numeric by Model Number 

Model # Vol. I Vol. II 

AC2626 ........... . 9 -13 
AD101A ............ 4 - 17 
AD201A ............ 4 - 17 
AD293 ............. 5-13 
AD294 ............. 5 - 13 
AD301A ............ 4 - 17 
AD301AL ........... 4 - 17 
AD346 . . ........... 14 - 11 
AD362 .... -......... 15 - 5 
AD363 ............. 15 - 13 
AD364 ............. 15 - 25 -
AD380 ............. 4 - 21 
AD381 ............. 4 - 27 
AD382 ............. 4- 27 

eAD389 ............. 14 - 17 
AD390 ............. 9 - 27 
AD503 ............. 4- 35 
AD504 ............. 4 - 39 
AD506 ............. 4- 35 
AD507 ............. 4-47 
AD509 ............. 4 - 51 
AD510 ............. 4 - 55 
AD515 ............. 4-59 
AD517 . . . . . . '. . . . . . . 4 - 65 
AD518 ............. 4-71 
AD521 ............. 5 - 21 
AD522 . -............ 5 - 27 
AD524 ............. 5 - 31 
AD532 ............. 6 - 17 
AD533 ............. 6- 23 
AD534 ............. 6- 27 
AD535 ............. 6 - 37 
AD536A . . . . . . . . . . . . 6 - 43 
AD537 ............. 11-7 
AD539 ............. 6- 49 
AD542 ............. 4 -75 
AD544 ............. 4-79 
AD545 ............. 4- 83 
AD547 ............. 4- 87 
AD558 ............. 9 - 35 
AD561 ............. 9-43 
AD562 ............. 9 - 51 
AD563 ............. 9 - 51 
AD565A ............ 9 - 57 
AD566A . . . . . . . . . . . . 9 - 65 
AD567 ............. 9-73 

eAD569 ............. 9 - 81 
AD570 ............. 10 - 27 
AD571 ............. 10 - 31 
AD572 ............. 10 - 39 
AD573 ............. 10 - 47 
AD574A . . . . . . . . . . . . 10 - 55 

eAD575 . . . . . . . . . . . . . 10 - 67 
eNewproduct since publication of 1982-1983 Databook Update. 
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Model # Vol. I 

AD578 . . . . ......... 10 - 73 
AD579 . . . . . . . . . . . . . 10 - 79 
AD580 ............. 7 - 5 
AD581 ............. 7 - 9 
AD582 _ ............. 14 - 23 
AD583 ............. 14 - 27 
AD584 ............. 7 - 17 

eAD585 ............ -.14 - 31 
AD589 ............. 7 - 25 
AD590 ............. 8 - 15 

eAD592 . . . . . . . . . . . . . 8 - 23 
AD594 ............. 8 - 31 

eAD595 ..... ' ........ 8 - 31 
eAD5% . . . . . . . . . . : . . 8 - 39 
eAD597 . . . . . • .. . . . . . 8 - 39 
eAD611 . . . . . . . . . . . . . 4 - 91 

AD624 ............. 5 - 43 
-eAD625 . . . . . . . . . . . . • 5 - 55 

AD630 ............. 6 - 57 
AD632 ............. 6 - 67 
AD636 ............. 6-71 
AD637 ............. 6-77 
AD642 ............. 4 - 95 
AD644 .....•....... 4- 99 
AD647 . . . . . . . . . . . . . 4 - 103 
AD650 ............. 11 - 15 

eAD667 . . . . . . . . . . . . . 9 - 83 
eAD670 ...... : ...... 10 - 85 

AD673 ............. 10 - 95 
AD 74lJ/KiL/S ........ 4 - 107 
ADI403/1403A . . . . . . . . . 7 - 29 
ADI408 .......•.... 9 - 89 
AD1508 ............ 9 - 89 
AD2004 ........... . 
AD2006 ........... . 
AD2010 ., ......... . 
AD2016 ........... . 
AD2021 ........... . 
AD2024 ........... . 
ADW~ .......•.... 
AD2026 ., ......... . 
AD2027 ........... . 
AD2028 ........... . 
AD2036 ...•. -...... . 
AD2037 ........... . 
AD2038 ........... . 
AD2040 ........... . 
AD2050 ........... . 
AD2051 ........... . 

eAD2060 ........... . 
eAD2061 ........... . 

AD2700/2701l2702 . . . . . . . 7 - 33 
AD2710/2712 ......... 7 - 37 

Vol. II 

16 - 9 
16 - 11 
16 - 15 
16 - 19 
16- 23 
16- 25 
16- 29 
16 - 33 
16 - 25 
16 - 29 
16 - 35 
16 - 37 
16 - 37 
16 - 39 
16- 43 
16- 43 
16- 45 
16-45 



Model # Vol. I 

AD3554 •.•.•.• ' ..... 4 - III 
AD3860 •• • . . • . . • . . . 9 - 93 

.AD5010 •••.•.....•. 10 - 103 
AD5200 •• . . . . . • . . • . 10 - 105 
AD5210 •••......•.. 10 - 105 
AD5240 ............ 10 - III 

.AD6012 ••••.....•.. 9 - 97 

.AD6020 •. . • . . . • . . . . 10 - 103 
AD7110 ••••.....•.. 9 -103 
AD7111 ....•.....•• 9 - 109 

.AD7115 •.....•...•• 9 - 115 
AD7118 .•.....••... 9 - 123 

.AD7224 •• • . . • . . . . • . 9 - 129 

.AD7226 ••. • • . •. • . • • 9 - 133 

.AD7240 •.•..•.• ' .... 9 - 145 
AD7501 ...••.•...•. 16 - 5 
AD7502 •.•......•.. 16 - 5 
AD7503 ., .•.••.•.•• 16 - 5 
AD7506 . . • . . . . • . . . . 16 - 9 
AD7507 •• . • • . . . . . . . 16 - 9 
AD7510DI ......•.... 16 - 13 
AD7511DI ..•..•...•. 16 - 13 
AD7512DI ..•.•...•.• 16 - 13 
AD7520 ., . . . • • . . • . . 9 - 153 
AD7521 •.••..•..... 9 - 153 
AD7522 ., . . . . . • . . . . 9 - 161 
AD7523 . . .'. • . . • . . . . 9 - 167 
AD7524 ...••..•.•.. 9 - 171 
AD7525 •.. ' ......... 9 - 177 
AD7528 ...•..•..... 9 - 183 
AD7530 • . • • • . • . . . . . 9 - 191 
AD7531 ..•...•.•... 9 - 191 
AD7533 ...•••.....• 9 - 195 

• AD7534 . . . • • • • • . . . • 9 - 201 
AD7541 ...•..•..•.. 9 - 203 
AD7541A ...•••.•... 9 - 209 
AD7542 •. • • . • . . • . . . 9 - 215 
AD7543 . . . . • . . . . • . . 9 - 223 
AD7545 •. . . . . . • . . • . 9 - 231 
AD7546 . . • . . . . . • . . . 9 - 239 

• AD7548 • . . • . . . . . • . • 9 - 247 
AD7550 ..•.•....•.. 10 - 119 
AD7552 ...••••..... 10 - 127 
AD7560 . . • . . • . . . . . • 7 - 41 
AD7571 .....•.....• 10 - 139 
AD7574 ........••.. 10 - 151 
AD7581 ....••..•... 10 - 159 
AD7590DI . . . . . . . . . . • 16 - 21 
AD7591DI .•...•..•.. 16 - 21 
AD7592DI . . . . . • . . • . • 16 - 21 

• AD9000 Series . . . • . • • . . 10 - 167 
AD9685/87 .••.•...•.. 4 - 117 

• AD9768 •..•..•..•.• 9 - 261 
AD ADC71n2 •..••.•.. 10 -175 

Vol.D 
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Model # Vo!.1 

AD ADC80 ••....•... 10 -183 
AD ADC84/85 ......... 10 - 191 

.AD ADC-816 ......... 10 - 199 
ADC1l30/1l31 ....•.•.. 
ADCI140 .•......... 

.ADC1143 •.•....•... 
AD DAC-08 • • • . . . . . . . 9 - 265 
AD DAC71n2 . • . . . • . . . 9 - 271 
AD DAC80 .•..•..•.. 9 - 277 
AD DAC85 ..•....•.. 9 - 277 
AD DAC87 .••....... 9 - 277 
AD DACI00 . . . . . . • . . . 9 - 287 
ADLH0032 ..•....... 4 - 121 
ADLHOO33 .......... 4 - 125 
AD OP-07 . . . . • . . . . • . 4 - 129 

.AD OP-27 . . . . . . . . . . . 4 - 135 

.AD OP-37 . . . . . . . . . . . 4 - 143 
ADSHC85 ........... 14 - 37 
ADSHM-5 .......... . 
ADSP-I008 .......... 12 - 7 

.ADSP-I009 ........•. 12 - 13 
ADSP-101O .....•...•. 12 - 19 

.ADSP-1012 ......•... 12 - 27 
ADSP-I016 .......... 12 - 35 

.ADSP-I024 .......•.. 12 - 43 
ADSP-I080 .•......•. 12 - 51 

.ADSP-1081 .........• 12 - 57 

.ADSP-1110 .......... 12 - 65 
ADVFC32 . . . . . . . . . . . 11 - 27 
APIl620/1718 ........ . 
CAV-0920 .........•. 

.CAV-I040 .........•. 
CAV-1210 ......•..•. 
DAC-08 (see AD DAC-08) 
DAC71/72 (see AD DAC71n2) 
DAC80 (see AD DAC80) 
DAC85 (see AD DAC85) 
DAC87 (see AD DAC87) 
DACI00 (see AD DACl00) 
DACI136 .......... . 
DACI138 ...•....... 
DACII46 .......... . 
DAS1l28 ........... . 
DAS1152 ........... . 
DAS1l53 .......•.... 
DAS1155 ........... . 
DAS1l56 ........... . 
DRC1745/46 •......... 13 - 5 
DRC1765/66 .......... 13 - 13 
DSC1705 ...........• 
DSC1706 ............ ' 
DTMI716 .......... . 
DTM1717 .......... . 

Vol.D 

11-27 
11- 31 
11- 35 

14 -11 

13 - 5 
11- 39 
11-43 
11-45 

10-27 
10- 27 
10- 35 
15 - 5 
15 - 13 
15 -13 
15 -17 
15 -17 

13 -9 
13-9 
13-13 
13-13 
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Model # Vol. I Vol.D Model # Vol. I Vol.D 

HAS Series .10 - 201 .OSCI754. 13 - 17 
.HAS-1201 ,10 - 205 RCDX1623 13 -45 
.HAS-I409 .10 - 207 RDCI721 13 - 55 

HDD Series 9 - 295 RDC1740/174111742 .13 - 23 
HDD-1206. 9 - 301 RSCT1621 13 - 65 

.HDD-I409. 9 - 305 .RTI-600 17 - 5 
HDG Series 9 - 309 .RTI-602 17 - 5 
HDH Series 9 - 317 .RTI-711 17 -7 

.HDM-1210. 9 - 315 .RTI-724 17 -7 
HDS Series 9 - 317 .RTI-732 17 -7 
HDS-OSI0E 9 - 321 RTI-1225 17 - 9 
HDS-I015E 9 - 321 RTI-1226 17 - 9 
HDS-1240E 9 - 323 RTI-1230 17 - 11 
HOS-050/0S0Al05OC ; 4 -147 RTI-1231 17 - 11 
HOS-060 .. 4 - 153 RTI-1232 17 -11 
HOS-l00 .. . .. 4 -157 RTI-1240 17 -13 
HTC Series .14 - 41 RTI-1241 17 -13 
HTC-0500 .14 - 45 RTI-1242 17 -13 
HTS-00I0 .14 - 49 RTI-1243 17 -13 
HTS-0025 .14 - 55 RTI-1250 17 - 15 

.IPA1751 13 -17 RTI-1251 17 -15 
IRDC1730 13 - 21 RTI-1252 17 -15 
IRDC1731 13 - 27 RTI-1260 17 -17 

.IRDCI732 .13 - 17 RTI-1262 17 - 17 
IRDC1733 13 - 21 .RTI-1270 17 -19 
LTS-2010 .IS - 1 RTM Series 13 - 33 
MACSYM 150 19 - 1 SAC1763 . 13 ~ 37 
MACSYM200 19 - 1 SBCD1752 13 - 41 
MACSYM350 19.,... 1 SBCD1753 13 - 41 
MAH-OSOI . 11 - 49 SBCD1756 13 -41 
MAH-l00l . 11- 49 SBCD1757 13 -41 
MAS-OSOI 11- 53 SCDXI623. 13 -45 
MAS-l001 11- 53 SDCI700 . 13-49 
MAS-1202 11- 53 SDC1702. 13 - 49 
MATV Series 11 - 57 SDCI704 . 13 - 49 

• MCIl794 .. 13 - 31 SDCI721 . 13 - 55 
MDD Series 10- 39 SDCI725. 13 - 59 
MDMS Series 10- 43 SDCI726. 13 - 59 
MOD-l005. .' . 11- 61 SDC1740/174111742 .13 - 23 
MOD-I020. 11 - 65 SHAII44 . 14 - 15 
MOD-1205. .. 11- 69 SPA1695 13 - 63 
J.LMAC-4000 IS - 1 SSCT1621 13 - 65 

.J.LMAC-5000 IS - 3 STM Series 13 - 33 
THC Series 14 -19 

eNew product since publication of 1982-1983 Databook Update. 
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o Model# Vol. I 

THS Series ......... . 
TSLI612 ........... . 

elS20 .............. 13- 29 
elS40 .............. 13 - 29 
elS60 .............. 13- 29 
elS61 .............. 13 - 29 

2B20 ............. . 
2B22 ............. . 
2B23 ............. . 
2B24 ............. . 
2B30 ............. . 
2B31 •............. 
2B34 ......•....... 
2B35 ............. . 
2B50 ............. . 
2B52 ............. . 
2B53 ............. . 
2B54 ............. . 
2B55 ............. . 
2B56 ............. . 
2B57 ............. . 
2B58 ............. . 
2B59 ............. . 
3B Series ........... . 

e4B Series ........... . 
50/51 ............. . 
52 .............. . 
171 .............. . 
234 .............. . 
235 .............. . 
277 .............. . 
281 .............. . 
284J ....... " ...... . 
286J ............. . 
289 .............. . 
290A ............. . 
292A ............. . 
429 .............. . 
442 .••.••••••••.•• 
451 .............. . 
453 .............. . 
458 .............. . 
460 .•....••..••.•• 

Vol. II 

14 - 19 
13 - 69 

9 - 15 
9- 19 
9 - 23 
9-27 
9 - 29 
9-29 
9 - 35 
9 - 39 
9 -41 
9 - 45 
9-45 
9-47 
9-47 
9 - 53 
9 - 57 
9 - 61 
9- 63 
9 - 65 
9- 69 
4-17 
4-19 
4- 21 
4-23 
4- 23 
5-9 
5 -11 
5 -11 
5 -11 
5 - 17 
5 - 21 
5 - 21 
6-9 
7-7 

12 -7 
12 -7 
12 - 13 
12 - 13 
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Model # Vol. I 

755NIP . ........... . 
757NIP . ....•....... 
759NIP . ....•....... 
902/902-2 ........... . 
903 ........... '0' •• 

904 .••••••.••••••• 
905 .............. . 
906 .............. . 
915 .............. . 
920 .............. . 
921 .............. . 
922 .............. . 
923 .............. . 
925 .............. . 
926 .............. . 
927 .............. . 
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958 .............. . 
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975 .............. . 
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