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l __ 
DATA HANDBOOK SYSTEM 

Our Data Handbook System comprises more than 60 books with specifications on electronic compo
nents, subassemblies and materials. It is made up of four series of handbooks: 

ELECTRON TUBES BLUE 

SEM !CONDUCTORS RED 

INTEGRATED CIRCUITS PURPLE 

COMPONENTS AND MATERIALS GREEN 

The contents of each series are listed on pages iv to viii. 

The data handbooks contain all pertinent data available at the time of publication, and each is revised 
and reissued periodically. 

When ratings or specifications differ from those published in the preceding edition they are indicated 
with arrows in the page margin. Where application information is given it is advisory and does not 
form part of the product specification. 

Condensed data on the preferred products of Philips Electronic Components and Materials Division is 
given in our Preferred Type Range catalogue (issued annually). 

Information on current Data Handbooks and on how to obtain a subscription for future issues is 
available from any of the Organizations listed on the back cover. 
Product specialists are at your service and enquiries will be answered promptly. 
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ELECTRON TUBES (BLUE SERIES) 

The blue series of data handbooks comprises: 

T1 Tubes for r.f. heating 

T2a Transmitting tubes for communications, glass types 

T2b Transmitting tubes for communications, ceramic types 

T3 Klystrons, travelling-wave tubes, microwave diodes 

ET3 Special Quality tubes, miscellaneous devices (will not be reprinted) 

T4 Magnetrons for microwave heating 

T5 Cathode-ray tu bes 
Instrument tubes, monitor and display tubes, C.R. tubes for special applications 

T6 Geiger-Muller tubes 

T7 Gas-filled tubes 
Segment indicator tubes, indicator tubes, dry reed contact units, thyratrons, industrial 
rectifying tubes, ignitrons, high-voltage rectifying tubes, associated accessories 

TS Picture tubes and components 
Colour TV picture tubes, black and white TV picture tubes, colour monitor tubes for data 
graphic display, monochrome monitor tubes for data graphic display, components for colour 
television, components for black and white television and monochrome data graphic display 

T9 Photo and electron multipliers 
Photomultiplier tubes, phototubes, single channel electron multipliers, channel electron 
multiplier plates 

T10 Camera tubes and accessories 

T11 Microwave semiconductors and components 

T12 Vidicons and Newvicons 

T13 Image intensifiers 

T14 Infrared detectors 

T15 Dry reed switches 

Data collations on these subjects are available now. 
Data Handbooks will be published in 1985. 

T16 Monochrome tubes and deflection units 
Black and white TV picture tubes, monochrome data graphic display tubes, deflection units 

iv November 1984 
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SEMICONDUCTORS (RED SERIES) 

The red series of data handbooks comprises: 

Sl Diodes 
Small-signal germanium diodes, small-signal silicon diodes, voltage regulator diodes (< 1,5 W), 
voltage reference diodes, tuner diodes, rectifier diodes 

S2a Power diodes 

S2b Thyristors and triacs 

S3 Small-signal transistors 

S4a Low-frequency power transistors and hybrid modules 

S4b High-voltage and switching power transistors 

S5 Field-effect transistors 

SG R.F. power transistors and modules 

S7 Surface mounted semiconductors 

SS Devices for optoelectronics 
Photosensitive diodes and transistors, light-emitting diodes, displays, photocouplers, infrared 
sensitive devices, photoconductive devices. 

S9 Power MOS transistors 

S10 Wideband transistors and wideband hybrid IC modules 

S11 Microwave semiconductors (to be published in this series in 1985) 
All present available in Handbook T11 

S12 Surface acoustic wave devices 

November 1984 v 
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INTEGRATED CIRCUITS (PURPLE SERIES) 

The purple series of data handbooks comprises: 

EXISTING SERIES 

IC1 Bipolar ICs for radio and audio equipment 

IC2 Bipolar ICs for video equipment 

IC3 ICs for digital systems in radio, audio and video equipment 

IC4 Digital integrated circuits 
CMOS HE4000B family 

IC5 Digital integrated circuits - ECL (superseded by ICOBN) 
ECL 10000 (GX family), ECL 100000 (HX family), dedicated designs 

IC6 Professional analogue integrated circuits 

IC7 Signetics bipolar memories 

IC8 Signetics analogue circuits 

IC9 Signetics TTL logic (superseded by IC09N and IC15N) 

IC10 Signetics Integrated Fuse Logic (I FL) 

IC11 Microprocessors, microcomputers and peripheral circuitry 

February 1984 



NEW SERIES 

IC01 N Radio, audio and associated systems 
Bipolar, MOS 

IC02N Video and associated systems 
Bipolar, MOS 

IC03N Integrated circuits for telephony 
Bipolar, MOS 

IC04N HE4000B logic family 
CMOS 

ICOSN HE4000B logic family uncased integrated circuits 
CMOS 

IC06N PC54/74HC/HCU/HCT logic families 
HCMOS 

IC07N PC54/74HC/HCU/HCT uncased integrated circuits 
HCMOS 

ICOSN 10K and 100K logic family 
ECL 

IC09N Logic series 
TTL 

IC1 ON Memories 
MOS, TTL, ECL 

IC11 N Linear LSI 

IC12N Semi-custom gate arrays & cell libraries 
ISL, ECL, CMOS 

IC13N Semi-custom integrated fuse logic 
IF L series 20/24/28 

IC14N Microprocessors, microcontrollers & peripherals 
Bipolar, MOS 

IC15N Logic series 
FAST TTL 

Note 

Books available in the new series are shown with their date of publication. 

l __ 

(published 1985) 

(published 1984) 

(published 1984) 

(published 1984) 

(published 1985) 

(published 1984) 

January 1985 vii 
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COMPONENTS AND MATERIALS (GREEN SERIES) 

The green series of data handbooks comprises: 

C1 Programmable controller modules 
PLC modules, PC20 modules 

C2 Television tuners, video modulators, surface acoustic wave filters 

C3 Loudspeakers 

C4 Ferroxcube potcores, square cores and cross cores 

CS Ferroxcube for power, audio/video and accelerators 

C6 Synchronous motors and gearboxes 

C7 Variable capacitors 

CS Variable mains transformers 

C9 Piezoelectric quartz devices 
Quartz crystal units, temperature compensated crystal oscillators, compact integrated oscillators, 
quartz crystal cuts for temperature measurements 

C10 Connectors 

C11 Non-linear resistors 
Voltage dependent resistors (VDR), light dependent resistors (LDR), negative temperature 
coefficient thermistors (NTC), positive temperature coefficient thermistors (PTC) 

C12 Variable resistors and test switches 

C13 Fixed resistors 

C14 Electrolytic and solid capacitors 

C15 Ceramic capacitors* 

C16 Permanent magnet materials 

C17 Stepping motors and associated electronics 

C18 D.C. motors 

C19 Piezoelectric ceramics 

C20 Wire-wound components for TVs and monitors 

C21 Assemblies for industrial use 
HNI L FZ/30 series, NOR bits 60-, 61-, 90-series, input devices 

* Film capacitors are included in Data Handbook C22 which will be published in 1985. The September 
1982 edition of Cl 5 should be retained until C22 is issued. 

viii October 1984 



LINEAR LSI PRODUCTS 

PREFACE 

The Linear LSI Division, one of eight Signetics divisions, is a major supplier of a broad line 
of linear integrated circuits ranging from high-performance designs to many of the more 
popular industry standard devices and custom designs. 

Employing Signetics' high quality processing and screening standards, the Linear LSI 
Division is dedicated to providing high quality Linear products to our worldwide customers. 
Our full product line addresses the needs of the EDP, Automotive, Military, Industrial, 
Consumer, and Communications markets. 

The 1985 Linear LSI Data and Applications Manual provides complete technical data on 
our full line of interface, communications, amplifier, power conversion and control. 

An applications section, selector guides, and cross reference guides are also included in 
this volume. 

Although every attempt has been made to insure accuracy of information in this manual, 
Signetics assumes no liability for inadvertent errors. 

Your suggestions for improvement in future editions are welcome. 

Signetics Linear LSI Marketing 

ix 
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PRODUCT STATUS DEFINITIONS 

x 

Data Sheet Identification 

M41141 

Advance tnformat1on 

1am11 .. 11n.1rJ 

DEFINITION OF TERMS 

Product Status 

Formalive or 
In Design 

Sampling or 
Pre-Production 

First 
Pr-0duction 

Definition 

This data she"t contains the design 
specifications for product develop· 
ment. Specifications may change in 
any manner without notice. 

This data sheet contains advance 
information and specifications are 
subject to change without notice. 

This data sheet contains preliminary 
data and supplementary data will be 
published at a later date. Signetics 
reserves the right to make changes 
at any time without notice in order 
to improve design and supply the 

___________________ b_es_t possible product. 

No 
Identification 
Noted 

Full 
Production 

This data sheet contains final 
specifications. Signetics reserves 
the right to make changes at any 
time without notice in order to im-
prove design and supply the best 
possible product. 
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LINEAR LSI PRODUCTS 

CROSS REFERENCE BY PART NUMBER 

PART NUMBER COMPANY SIGNETICS 

OAC 08 PMI OAC08E,N 
OAC 0800LCN NSC MC1408-8N 

PART NUMBER COMPANY SIGNETICS 

ULN 2003A SPRAGUE, Tl ULN2003 
ULN 2004A SPRAGUE, Tl ULN2004 

1 
AMOAC 08 AMO OAC08C, E LM 211 AMO, MOTO, NSC, Tl LM211 
LMOAC 08 NSC OAC08 µA 211 FSC LM211 

LM 1011/1111 NSC NE645/646 LM 219 AMO, NSC LM219 

LF 111 NSC LM111 LM 224 MOTO, NSC, Tl LM224 
LM 111 AMO, MOTO, NSC, Tl LM111 LM 239 Tl LM239 
µA 111 FSC LM111 LM 239/A MOTO, NSC LM239/A 
LM 119 AMO, NSC LM119 PM 239/A PMI LM239/A 
LM 124 MOTO, NSC, Tl LM124 LM 258 MOTO, NSC, Tl LM258 

µA 124 FSC LM124 LM 2901 MOTO, NSC, Tl LM2901 
LM 13600 NSC LM13600 µA 2901 FSC LM2901 
LM 13600A NSC LM13600A LM 2903 NSC, Tl LM2903 
LM 139 AMO, NSC, Tl LM139 µA 2903 FSC LM 2903 
µA 139 FSC LM139 LM 2904 NSC SA532 

OAC 1408 PMI MC1408 LM 293 NSC, Tl LM293 
LM 1408 NSC MC1408 LM 3089 NSC CA3089 

SSS 1408A AMO MC1408-7 TCA 3089 SPRAGUE CA3089 
OAC 1408-7 PMI MC1408-7 LM 311 AMO, INTERSIL, MOTO, NSC, TI LM311 
MC 1408-7 MOTO MC1408-7 TL 311 Tl LM311 

MC 1408-8 MOTO MC1408·8 µA 311 FSC LM311 
MC 1413 MOTO ULN2003 µPC 311 NEC LM311 
MC 1416 MOTO ULN2004 LM 319 AMO, NSC LM319 
MC 1455 MOTO NE555 LM 324 INTERSIL, MOTO, NSC, Tl LM324 
AM 1458 AMO MC1458 µA 324 FSC LM324 

LM 1458 NSC MC1458 µP C324 NEC LM324 
MC 1458 MOTO, Tl MC1458 MC 3302 MOTO MC3302 
µA 1458 FSC MC1458 MC 3303 MOTO, Tl MC3303 

µPC 1458 NEC MC1458 .l'A 3303 FSC MC3303 
OS 1488 NSC MC1488 ULN 3304 SPRAGUE NE555 

MC 1488 MOTO, Tl MC1488 LM 339/A MOTO, NSC, Tl LM339/A 
µA 1488 FSC MC1488 µA 339/A FSC LM339/A 
OS 1489/A NSC MC1489/A µP C339 NEC LM339 
MC 1489/A MOTO MC1489/A MC 3403 MOTO MC3403 
µA 1489/A FSC MC1489/A MC 3410/C MOTO MC3410/C 

LM 1496 NSC MC1496 MC 3456 MOTO NE556 
MC 1496 MOTO MC1496 MC 3503 MOTO MC3503 

SSS 1508A AMD MC1508 MC 3510 MOTO MC3510 
AM 1508-8 AMO MC1508·8 LM 3524 NSC SG3524 
LM 1508-8 NSC MC1508·8 SG 3524 Tl SG3524 

MC 1508-8 MOTO MC1508-8 LM 358 MOTO, NSC, Tl LM358 
LM 1558 NSC MC1558 µPC 358 NEC LM358 
MC 1558 MOTO, Tl MC1558 LM 361 NSC NE529 
PM 1558 PMI MC1558 LM 387 NSC NE542 
µA 1558 FSC MC1558 LM 393/A NSC, Tl LM393/A 

LM 158 MOTO, NSC, Tl LM158 µPC 393 NEC LM393 
LM 1596 NSC MC1596 LF 398 AMO, NSC LF398 
LM 161 NSC SE529 µA 398 FSC LF398 
MC 1596 MOTO MC1596 µPC 398 NEC LF398 
MC 1723/C MOTO µA723/C µPC 4558 NEC NE4558 

MC 1733 MOTO µA733 RC 4558 Tl NE4558 
MC 1747/C MOTO µA747/C TL 494 MOTO, Tl NE5561 
LM 1870 NSC LM1870 µA 494 FSC NE5561 
LM 193 NSC, Tl LM193 SN 5520 Tl NE5520 
µA 193 FSC LM139 NE 5532/A Tl NE5532/A 

1-3 



LINEAR LSI PRODUCTS 

CROSS REFERENCE BY PART NUMBER Continued 

PART NUMBER COMPANY SIGNETICS PART NUMBER COMPANY SIGNETICS 

SE/NE 5534/A Tl SE/NE5534/A LM 733 NSC µA733 
NE 555 INTERSIL, MOTO, Tl NE555 µA 733/C INTERSIL, FSC, Tl µA733/C 
LM 555/C NSC NE555 ICL 741 INTERSIL µA741C 
µA 555 FSC NE555 LM 741 MOTO, NSC µA741 
LM 556 NSC NE556 PM 741/C PMI µA741/C 

NE 556 INTERSIL, MOTO, Tl NE556 µPC 741 NEC µA741 
µA 556 FSC NE556 µA 741 FSC, Tl µA741 

µPC 558 NEC NE558 SSS 741 AMO µA741 
LM 565 MOTO, NSC NE565 LM 747 NSC µA747 
LM 566 NSC NE566 PM 747/C PMI µA747C 

µPC 566 NEC NE566 $SS 747 AMO µA747 
LM 567 NSC NE567 µA 747 FSC, MOTO, Tl µA747 
NE 592 MOTO NE592 LM 748 NSC µA748 
TL 594 Tl NE594 µA 748 FSC, Tl µA748 

AM 6012 AMO AM6012 µA 758 MOTO, NSC µA758 

uPC 6012 NEC AM6012 ULN 8160 SPRAGUE NE5560 
UON 6116-2 SPRAGUE SA594 ULN 8161 SPRAGUE NE5561 
UON 6128 SPRAGUE NE594 SN 7588 Tl MC1488 

LM 723/C MOTO, NSC µA723/C SN 7589/A Tl MC1489/A 
µA 723 INTERSIL, FSC, Tl µA723 SN 76689 Tl CA3089 
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LINEAR LSI PRODUCTS 

CROSS REFERENCE BY COMPANY 

AMO SIGNETICS 
AM 1508 MC 1508 
AM 6012 AM 6012 

MOTOROLA SIGNETICS 
LM 741C µA 741C 
MC 1408 MC 1408 

NATIONAL SIGNETICS 
LM 1B70 LM 1B70 
LM 193 LM 193 

SPRAGUE SIGNETICS 

TCA 30B9 CA 30B9 
UDN 6116-2 SA 594 

= 
1 

AMDAC 08 DAC-08C.E MC 1413 ULN 2003 LM 211 LM 211 ULN 6128 NE 594 ............ 
LF 39B NE 5537 MC 1416 ULN 2004 LM 219 LM 219 ULN 2003 ULN 2003 
LM 111 LM 111 MC 1455 NE 555 LM 224 LM 224 ULN 2004 ULN 2004 

LM 119 LM 119 MC 145B MC 1458 LM 239 LM 239 ULN 2151 µA 741 
LM 139 LM 139 MC 14BB MC 14B8 LM 258 LM 25B ULN 3304 NE 555 
LM 211 LM 211 MC 1489 MC 14B9 LM 2901 LM 2901 ULN 8160 NE 5560 
LM 311 LM 311 MC 1489A MC 1489A LM 2903 LM 2903 ULN 8161 NE 5561 
LM 319 LM 319 MC 150B MC 1508 LM 2904 SA 532 

Tl SIGNETICS 
SSS 1408A MC 1408 
SSS 1508A MC 1508 
SSS 741 µA 741 
SSS 747 µA 747 

FAIRCHILD SIGNETICS 

µA 111 LM 111 
µA 124 LM 124 
µA 139 LM 139 
µA 1458 MC 145B 
µA 1488 MC 14B8 

MC 155B MC 155B 
MC 1596 MC 1596 
MC 1723 µA 723 
MC 1723C µA 723C 
MC 1733 µA 733 

MC 1747 µA 747 
MC 1747C µA 747C 
MC 3302 MC 3302 
MC 3303 MC 3303 
MC 3403 MC 3403 

LM 293 LM 293 
LM 3089 CA 30B9 
LM 311 LM 311 
LM 319 LM 319 
LM 324 LM 324 

LM 339 LM 339 
LM 3524 SG 3524 
LM 35B NE 532 
LM 361 NE 529 
LM 387 NE 542 

LF 39B LF 398 
LM 111 LM 111 
LM 124 LM 124 
LM 139 LM 139 
LM 145B MC 1458 

LM 158 LM 158 
LM 193 LM 193 
LM 211 LM 211 
tM 224 LM 224 
LM 239 LM 239 

µA 155B MC 1558 
µA 193 LM 193 
µA 2901 LM 2901 
µA 2903 LM 2903 
µA 301A LM 301A 
µA 311 LM 311 
µA 324 LM 324 
µA 3303 MC 3303 
µA 339 LM 339 
µA 398 LF 398 

MC 3410 MC 3410 
MC 3456 NE 556 
MC 3503 MC 3503 
MC 3510 MC 3510 
NE 555 NE 555 

NE 556 NE 556 
NE 565 NE 565 
NE 592 NE 592 
SE 592 SE 592 
TL 494 NE 5561 

LM 393 LM 393 
MC 555 NE 555 
LM 555C NE 555 
LM 556 NE 556 
LM 565 NE 565 

LM 566 NE 566 
LM 567 NE 567 
LM 723 µA 723 
LM 733 µA 733 
LM 741 µA 741 

LM 25B LM 258 
LM 2901 LM 2901 
LM 2903 LM 2903 
LM 293 LM 293 
LM 311 LM 311 

LM 324 LM 324 
LM 339 LM 339 
LM 358 LM 358 
LM 393 LM 393 
LM 1458 MC 1458 

µA 494 NE 5561 
µA 555 NE 555 
µA 556 NE 556 
µA 723 µA 723 
µA 733 µA 733 

µA 723 µA 723 
µA 741 µA 741 
µA 747 µA 747C 
µA 75B µA 75B1A 

NATIONAL SIGNETICS 

LM 747 µA 747 
LM 748 µA 74B 

LMDAC OB DAC OB 
µA 758 µA 7581A 

NEC SIGNETICS 

MC 155B MC 1558 
NE 5532 NE 5532 
NE 5532A NE 5532A 
NE 5534 NE 5534 
NE 5534A NE 5534A 

µA 741 µA 741 
µA 747 µA 747 
µA 748 µA 748 
µA 758 µA 758 
µA F111 LM 111 

µA F211 LM 211 
µA F311 LM 311 

DAC OBOO- DAC OSEN 
LCN 

DAC OB07 MC 1408-7 
DAC OSOB MC 1408-8 
DAC OBOBCN MC 1408-BN 
DAC OSOBLD MC 1508 

DS 1488 MC 1488 

µPC 1458 MC 1458 
µPC 1555 NE 555 
µPC 311 LM 311 
µPC 324 LM 324 
µPC 339 LM 339 

µPC 35B LM358 
µPC 393 LM 393 

NE 555 NE 555 
NE 556 NE 556 
RC 4558 NE 4558 
SE 5534 SE 5534 
SE 5534A SE 5534A 

SE 555 SE 555 
SE 556 SE 556 

INTERSIL SIGNETICS 

ICL 741 µA 741C 
LM 311 LM 311 
LM 324 LM 324 

DS 1489 MC 1489 
LF 111 LM 111 
LF 211 LM 211 
LF 311 LM 311 

µPC 39B LF 39Bi 
NE 5537 

µPC 4558 NE 455B 
µPC 558 NE 558 

SG 3524 SG 3524 
SN 5520 NE 5520 
SN 7588 MC 1488 

SN 7589 MC 1489 

NE 555 NE 555 LF 39B LF 3981 µPC 566 NE 566 SN 7589A MC 1489A 

NE 556 NE 556 NE 5537 µPC 6012 AM 6012 SN 766B9 CA 3089 

MOTOROLA SIGNETICS LM 10111 NE 645'646 
1111 

µPC 624 DAC OSC,E 
µPC 741 µA 741C 

TL 311 LM 311 
TL 494 NE 5561 

LM 111 LM 111 
LM 124 LM 124 
LM 139 LM 139 
LM 158 LM 15B 
LM 211 LM 211 

LM 111 LM 111 
LM 119 LM 119 
LM 124 LM 124 
LM 13600 LM 13600 

LM 13700 NE 5517 

PMI SIGNETICS 

CMP 04FP LM 339 
DAC 08 DAC 08C,E 
DAC 140BA MC 1408 
DAC 312 AM 6012 

TL 594 NE 594 
µA 723 µA 723 
µA 733 µA 733 
µA 741 µA 741 
µA 747 µA 747 

LM 224 LM 224 LM 139 LM 139 OP 220 LM 358 µA 748 µA 748 
LM 239 LM 239 
LM 25B LM 258 
LM 2901 LM 2901 
LM 311 LM 311 

LM 140B MC 1408 
LM 1458 MC 1458 
LM 1496 MC 1496 

PM 155B MC 1558 
PM 239/A LM 239 1A 
PM 741C µA 741C 

ULN 2003A ULN 2003 
ULN 2004A ULN 2004 

LM 324 LM 324 
LM 1508 MC 1508 
LM 1558 MC 1558 

PM 747C µA 747C 

LM 339 LM 339 LM 15B LM 15B 
LM 358 LM 358 
LM 565 NE 565 
LM 723C µA 723C 

LM 1596 MC 1596 
LM 161 SE 529 
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LINEAR LSI PRODUCTS 

APPLICATIONS BY PART NUMBER 

DAC 08 
MC 1488/1489 
MC 1496/1596 
MC 3403 
SG 3524 
NE 5080/5081 
NE 521 
NE 522 
NE 527 
NE 529 
NE 531 
NE 538 
NE 542 
NE 544 
NE 555 
NE 556 
NE 558 
NE 564 

NE 565 

NE 566 

NE 567 

NE 570/571 /SA571 
NE 572 
NE 587/589 
NE 592/5592 
NE 5044 
NE 5045 
NE 5512/5514 
NE 5517 

NE 5520 
NE 5532/33/34 
NE 5535 
NE 5539 
NE 5560 

NE 5561 

p.A 758 
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AN106: Using the DAC 08 without a Negative Supply 
AN113: Applications Using the MC1488/1489 Line Drivers and Receivers 
AN189: Balanced Modulator/Demodulator Applications Using the MC1496/MC1596 
AN160: Applications for the MC3403 
AN126: Applications Using the SG3524 
AN195: Applications Using the NE5080, NE5081 
AN116: Applications for the NE521/522/527/529 
AN116: Applications for the NE521/522/527/529 
AN116: Applications for the NE521/522/527/529 
AN116: Applications for the NE521/522/527/529 
AN151: Applications for the NE531 
AN150: Applications for the NE538 
AN190: Applications of Low Noise Stereo Amplifiers: NE542 
AN133: Applications Using the NE544 Servo Amplifier 
AN170: NE555 and NE556 Applications 
AN170: NE555 and NE556 Applications 
AN171: NE558 Applications 
AN179: Circuit Description of the NE564 
AN180: The NE564: Frequency Synthesis 
/\N~S2: C!cck Ragsnsiatoi with Ciysta: Contro:led Phase :...ocked VCC 
AN181: A 6MHz FSK Converter Design Example for the NE564 
AN183: Circuit Description of the NE565 
AN184: FSK Demodulator with NE565 
AN185: Circuit Description of the NE566 
AN186: Waveform Generators with the NE566 
AN187: Circuit Description of the NE567 Tone Decoder 
AN188: Selected Circuits Using the NE567 
AN174: Applications for Compandors: NE570/571/SA571 
AN175: Automatic Level Control: NE572 
AN112: LED Decoder Drivers: Using the NE587 and NE589 
AN141: Using the NE592/5592 Video Amplifier 
AN131: Applications Using the NE5044 Encoder 
AN132: Applications Using the NE5045 Decoder 
AN144: Applications for the NE5512 and NE5514 
AN145: NE5517: General Description and Applications for Use with the NE5517/A 

Transconductance Amplifier 
AN118: LVDT Signal Conditioner: Applications Using the NE5520 
AN142: Audio Circuits Using the NE5532/33/34 
AN143: Applications Using the SE/NE5535 
AN140: Compensation Techniques for Use with the SE/NE5539 
AN121: Forward Converter Application Using the NE5560 
AN122: NE5560 Push-Pull Regulator Application 
AN123: NE5561 Applications 
AN124: External Synchronization for the NE5561 
AN191: Stereo Decoder Applications Using the p.A758 



LINEAR LS! PRODUCTS 

APPLICATIONS BY PRODUCT GROUPS 

INTERFACE 
Data Conversion 

AN100 
AN101 
AN105 
AN106 
AN109 

Drivers 
.-'IN112 
AN113 

Comparators 
AN116 

Signal Conditioner 
AN118 

COMMUNICATIONS 
Timers 

AN170 
AN171 

Phase Locked Loops 
AN177 
AN178 
AN179 
AN180 
AN181 
AN182 
AN183 
AN184 
AN185 
AN186 
AN187 
AN188 
AN189 
AN190 
AN191 

Compandors 
AN174 
AN175 
AN176 

FSK Modems 
AN195 

AMPLIFIERS 
Operational Amplifiers 

AN165 
AN166 
AN142 
AN143 
AN150 
AN151 
AN160 
AN144 
AN145 

AN164 

Video Amplifiers 
AN141 
AN140 

An Overview of Data Converters 
Basic DACs 
Digital Attenuator 
Using the DAC-08 without a Negative Supply 
Microprocessor Compatible DACs 

LED Decoder Drivers: Using the NE587 and NE589 
Applications Using the MC1488/1489 Line Drivers and Receivers 

Applications for the NE521/522/527/529 

LVDT Signal Conditioner: Applications Using the NE5520 

NE555 and NE556 Applications 
NE558 Applications 

An Overview of Phase Locked Loops (PLL) 
Modeling the PLL 
Circuit Description of the NE564 
The NE564: Frequency Synthesis 
A 6MHz FSK Converter Design Example for the NE564 
Clock Regenerator with Crystal Controlled Phase Locked VCO 
Circuit Description of the NE565 
FSK Demodulator with NE565 
Circuit Description of the NE566 
Waveform Generators 
Circuit Description of the NE567 Tone Decoder 
Selected Circuits Using the NE567 
Balanced Modulator/Demodulator Applications Using the MC1496/MC1596 
Applications of Low Noise Stereo Amplifiers: NE542 
Stereo Decoder Applications Using the µA758 

Applications for Compandors: NE570/571 /SA571 
Automatic Level Control: NE572 
Compandor Cookbook 

Applications Using the NE5080, NE5081 

Integrated Operational Amplifier Theory 
Basic Feedback Theory 
Audio Circuits Using the NE5532/33/34 
Applications Using the SE/NE5535 
Applications for the NE538 
Applications for the NE531 
Applications for the MC3403 
Applications for the NE5512 and NE5514 
NE5517: General Description and Applications for Use with the NE5517/A 

Transconductance Amplifier 
Explanation of Noise · 

Using the NE59215592 Video Amplifier 
Compensation Techniques for Use with the SE/NE5539 

1 
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LINEAR LSI PRODUCTS 

APPLICATIONS BY PRODUCT GROUPS 

POWER CONVERSION AND CONTROL 
Switched Mode Power Suppllea (SMPS) 

AN120 
AN121 
AN122 
AN123 
AN124 
AN126 

Control Circuits 
AN131 
AN132 
AN133 
AN134 

1·8 

An Overview of SMPS 
Forward Converter Application Using the NE5560 
NE5560 Push-Pull Regulator Application 
NE5561 Applications 
External Synchronization for the NE5561 
Applications Using the SG3524 

Applications Using the NE5044 Encoder 
Applications Using the NE5045 Decoder 
Appl.ications Using the NE544 Servo Amplifier 
Computer Controlled Robotics Applications 



LINEAR LSI PRODUCTS 

S 0 PACKAGE AVAILABILITY 

LINEAR LSI DEVICES CURRENTLY 
AVAILABLE IN S.O. PACKAGE 

For information regarding additional SO products released since the publication of this document, contact your local Signetics sales office. 

NOTES: 

'DAC-OBE 
3LF398 
LM1870D 
LM311 
LM319 
LM324 
LM339 
LM358 
LM393 

3MC1408-8 
MC1458 
MC1488 
MC1489 
MC1489A 
MC3302 
MC3403 
NE4558 

2NE5018 
3NE5036 
NE5037 
NE5044 
NE5045 

'NE5090 
NE521 
NE522 
NE527 
NE529 
NE532 

3NE5512 
2NE5514 
NE5517 

'NE5520 
'NE5532 
NE5534A 
NE5534 

3NE5537 
NE5539 

S0-16 
SOL-14 
SOL-20 
S0-8 
S0-14 
S0-14 
S0-14 
S0-8 
S0-8 
S0··16 
S0-8 
S0-14 
S0-14 
S0-14 
S0-14 
S0-14 
S0-8 
SOL-24 
S0-14 
S0-16 
S0-16 
S0-16 
SOL-16 
S0-14 
S0-14 
S0-14 
S0-14 
S0-8 
S0-8 
SOL-16 
S0-16 
SOL-16 
SOL-16 
S0-8 
S0-8 
S0-14 
S0-14 

1. SOL released in large SO package only. 
2. SOL and non-standard pinout. 
3. SO .and non-standard pinout. 

NE555 
NE556 
NE5560 
NE5561 
NE5568 

'NE558 
NE5592 
NE564 

3NE565 
NE566 
NE567 

'NE571 
NE572 

2NE587 
2NE589 
NE592 
NE592 
NE592H 
NE592H 

'NE594 
NE602 
NE604 

'NE660 
SA571 
SA572 
SA602 
SA604 
SG3524 
1<A723C 
1<A741C 
1<A747C 
ULN2003 
ULN2004 

S0-8 
S0-14 
S0-16 
S0-8 
S0-8 
SOL-16 
S0-14 
S0-16 
S0-14 
S0-8 
S0-8 
SOL-16 
S0-16 
SOL-20 
SOL-20 
S0-8 
S0-14 
S0-8 
S0-14 
SOL-20 
S0-8 
S0-16 
SOL-20 
S0-16 
S0-16 
S0-8 
S0-16 
S0-16 
S0-14 
S0-8 
S0-14 
S0-16 
S0-16 
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LINEAR LSI PRODUCTS 

ORDERING INFORMATION 

For Prefixes AM, CA, DAC, LF, LM, MC, NE, SA, SE, SG, µA and ULN 

ORDERING INFORMATION 
Signetics' Linear LSI integrated circuit pro
ducts may be ordered by contacting either the 
local Signetics sales office, Signetics represen
tatives and/or Signetics authorized distributors. 
A complete listing is located in the back of this 
manual. 

Minimum Factory Order: 
Commercial Product: 

$1000 per order 
$250 per line item per order 

Military Product: 
$250 per line item per order 

Table 1 provides part number information 
concerning Signetics originated products. 

Table 2 is a cross reference of both the old 
and new package suffixes for all presently 
existing typP-s, while Tables 3 and 4 provide 
appropriate explanations on the various 
prefixes employed in the rart number 
descriptions. 

As noted in Table 3, Signetics defines device 
operating temperature range by the appropri
ate prefix. It should be noted, however, that 
devices with a SE prefix ( - 55°C to + 125°C) 
indicates only its operating temperature 
range and not its military qualification status. 
The military qualification status of any Linear 
LSI product can be determined by either 
looking in the Military Section in this manual 
and/or contacting your local sales office. 
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Table 1 PART NUMBER DESCRIPTION 

PART 
NUMBER 

NE5537N 
- ·-r-·r 

I 

~ 

CROSS REF 
PA.RT NO. 

LF398 

PRODUCT 
FAMILY 

LIN 

PRODUCT l 
DESCRIPTION ---i 

Sample & Hold Amp I 

L Description. of 
Product Function 

L._.,p.product Family i LIN Analog Products 
MIL Military Products 

Package Descriptions-See Table 2 

Device Number 

Device Family and Temperature Range Prefix-See Tables 3 & 4 

Table 2 PACKAGE DESCRIPTIONS Table 3 SIGNETICS PREFIX AND 
DEVICE TEMPERATl:IRE 

PACKAGE 
Old New DESCRIPTION PREFIX 

DEVICE TEMPERATURE 
RANGE 

A,AA N 14-lead plastic OIL N o.• to + 7D'C 
A N-14 14-lead plastic DIL (Selected 

Ana!og products only) 
B,BA N 16-lead plastic DI L 

D Microminiature package (SO) 
F F 14, 16, 18, 22 and 24-lead 

s - 55• to + 125'C 
NE o· to +70°c 
SE -55' to + 125'C 
SA -40' to +85'C 

ceramic (Cerdipl OIL 
1.IK I 14, 16. 18. 22, 28 and 4-lead 

ceramic D!L Table 4 INDUSTRY STANDARD PREFIX 
K H 10-lead T0-100 
L H 10-lead high-profile T0-100 PREFIX DEVICE FAMILY 

can AM Linear Industry Standard 
NA,NX N 24-!ead plastic DI L 
O.R Q 10, 14, 16 and 24-lead 

ceramic flat 

CA Linear Industry Standard 

DAC Linear Industry Standard 
T,TA H 8-lead T0-99 JB Mil Rel-Jan Qualified-
u u SIL Plastic powe• 
v N 8-lead plastic DIL 
XA N 18-lead plastic DI L 
XC N 20-lead plastic DIL 

Old Designator 

JM Mil Rel-Jan Qualified-
New Designator 

XC N 22-lead plastic OIL LF Linear Industry Standard 
XL,XF N 28-lead plastic OIL LM Linear Industry Standard 

M Mil Rel-Jan Processed 

MC Linear Industry Standard 

NE Linear Industry Standard 

SA Linear Industry Standard 

SE Linear Industry Standard 

SG Linear Industry Standard 

µA Linear Industry Standard 

ULN Linear Industry Standard 
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LINEAR LSI PRODUCTS 

QUALITY AND RELIABILITY 

QUALITY AND RELIABILITY 
Quality and rellablllty are two Important 
measures of a product's merit. Quality Is a 
measure of an Integrated circuit's con· 
formance to agreed-upon criteria at a 
given time, while Rellablllty Is a measure 
of the circuit's ability to continue to con· 
form over a period of time. 

Quality 
The quality of an Integrated circuit Is ap· 
praised by the user based on the ability of 
the circuit to meet the specified electrical 
criteria and external visual appearance. 
Linear LSI Division focuses on supplying 
to the user a product that has a high pro· 
bablllty of meeting the user's needs 
through the sampling plans defined In 
MIL·STD·105D and the quality levels 
(AOL's) stated In Table II. Many of the in· 
spection methods at critical process 
steps are now based on Ml L-STD·883 
criteria in order to build, rather than test, 
quality into the product. 

Reliability 
System performance over a period of time 
is the user's measure of an integrated cir· 
cult's reliability. The SUPR II Program im· 
proves system reliability by building quality 
into the product via additional manufac
turing inspections and the offering of a 
burn-in screen. Jn addition to the SUPR II 
Program, Signetics performs periodic 
reliability testing via the SURElll/883A Pro· 
gram to assure continuing uniformity and 
long-term reliability of all product lines. 
This data base is updated quarterly and is 
available upon request from the Linear LSI 
QR manager. 

How Do Integrated Circuit 
Failures Occur? 
Results from the Signetics Failure 
Analysis Lab over a three-year period on 
product returned from board checkout, 
system checkout, field usage and accel· 
erated life testing are graphically 
presented in Figure 1. Under typical 
system operating conditions, random 
manufacturing defects, as outlined in 
Table 1, are the primary cause of true 
device failure. Also shown in Table 1 are 
the process controls that have been added 
via the SUPR II Program to minimize these 
defects prior to shipment to the customer. 
The device failure models are categorized 
as: 

Half of the devices analyzed were found to 
be electrically good. They are attributed to 
being "false pulls" that occur during nor· 
mal troubleshooting at the board and 
system levels. 

Devices damaged by electrical over-stress 
account for 25% of the failures. Typical 
causes for electrical over-stress are lncor· 
rect board Insertion, board shorts between 
device pins, power supply transients, and 
poor handling techniques. 

The remaining 25% were verified to be 
true failures which occurred as a result of 
an In-process manufacturing defect or 
test escape. 

Improved Quality Benefits 
From the user's point of view, Improved In· 
tegrated circuit quality from the supplier 
means a lower cost of ownership. This 
cost saving can be effected through the 
reduction or ellmlnatlon of Involved In· 
coming Inspection testing, reduced PC 
board rework, slmpllfled system checkout, 
reduced in·line inventories, and less com· 
plicated part tracking by Purchasing 
Management. 

The SUPR JI Program Is Corporate in 
scope and covers Logic (Standard TTL, 
Schottky TTL, Low Power Schottky TTL, 
ECL, BT Interface), Analog (Industrial, Con· 
sumer, Interface), Bipolar Memories 
(RAMs, ROMs, PROMs), and MOS 
Memories (RAMs, ROMs, Shift Registers). 
All package options are also available. 

The SUPR JI flow is detailed in Figure 5, in· 
eluding the test methods and Quality ac· 
ceptance levels (Table 2 provides the elec· 
trical/mechanical finished product AOLs). 
Highlights of the flow are visual inspec· 
tions, hermeticity, and burn-in, all based 
on MIL·STD-883 criteria. 

A good example of the savings which can 
be achieved by purchasing tighter inspec· 
tion levels is given in Figure 2. Here we are 
comparing the various levels of inspection 
(AQLs) available for device functionality 
and its impact on the number of PC boards 
which must be reworked during system 
manufacturing. 

FAILURE 
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Die Metalization 
Fabrication Oxide Defects 
Related Mechanical 
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Contamination 

Assembly Bonding, Wire, 
Related Package and 
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~ • ~ 

I 
~ 

~ 
~ 
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LEVEL B 
Removal of Infant Mortality 
Failures 

RELATIVE FAILURE RATE VERSUS TIME 

1 
Failure rates are most severe during the first 
few months of operating life. This is known 
as the "infant mortality" phase. A system 
manufacturer has various options to solve 
problems arising from infant failures. He can 
ship his system to the end customer and 
repair field failures as they occur. He can 
operate the system in-house for this period 
and repair failures. Or ·he can purchase de
vices which have already been precon
ditioned to eliminate the early failures. Each 
customer must choose the most cost-effec
tive method for his particular business. A 
considerable number of the reliabilty de
fects which cause early failures are elimi
nated by the manufacturing control and pre· 
conditioning steps of SUPR II Level A 
processing. More persistent defects can be 
removed by the use of "burn-in" techniques. 
The "burn-in" processing of SUPR II Level B 
effectively allows the system manufacturer 
to ship his equipment at Point 3 on the fail
ure rate curve in Figure 3. 

1.0 .,___ STANDARD COMMERCIAL 

0.1 

0.01 

INFANT 
MORTALITY 

PHASE 

.\=0.004:H,e:,N~;~~A:~~:.L. 55°C) ,/ .. -
............................... ·· 

WEAR 
OUT 

PHASE 

TIME 

Figure 3 

Burn-In Conditions 
MIL-STD·883A, Method 1015 describes a 
number of different conditions for integrated 
circuit burn-in. For SUPR II Level 8, 
Signetics has selected Condition F. This is 
the accelerated burn-in method derived from 
MIL-STD-883A, utilizing a high temperature 
reversed bias condition. This bias scheme is 
preferred for infant mortality screening, 
while operating conditions are generally uti
lized for internal reliability programs orient-

ed toward generating MTBF data for the 
system designer. 

Integrated Burn-In Flow 
Signetics SUPR II Level B burn-in is per
formed to provide r~liability assurance 
equivalent to a 188-hour/ 125°C ·screen. 
This process has been integrated into the 
standard manufacturing flow to provide the 
customer with the most cost effective 
screen and significantly reduced delivery 
times. 

LINEAR LSI QUALITY 

Process 
AQL Average 

Guarantees (PPM) 

MIN/MAX 
DC PARAMETRIC/FUNCTIONAL RATED OVER 

TEMP 0.1 150 
AC PARAMETRIC 25•c 

(Combined) 

MAJOR/ 
MECHANICAL MINOR 0.4 150 

(Combined) 

FINE LEAK 
SEAL TESTS 5 x a- 8cc/s 
(CERAMIC/METAL CANS ONLY) GROSS LEAK 0.4 1000 

(Combined) 

Table 2 SUPR II AQL GUARANTEE 
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BURN-IN FLOW 

ASSEMBLY 
The flow from SEM control through 
package seal is common to Levels A 
and B. 

~ 
TEST 

The pre-burn-in electrical screen is 
designed to remove assembly rejects 
and ·increase equipment efficiency. 

3:l 
BURN-IN 

The 24-hour/ 155°C accelerated 
burn-in is well controlled to provide 
maximum screening effectiveness 
without damaging good devices. 

3:l 
TEST 

The post-burn-in electrical is a 100% 
production DC /function electrical 
test. 

Figure 4 

SURE 111/8838 

RELIABILITY PROGRAM 

Definition 
Signetlcs Is recogni~ed as a manufacturer 
of reliable Integrated circuits. Signetics 
realized long ago the need for a compre
hensive reliability program to provide 
timely data representative of the entire 
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Signetics product line. Thus the establish· 
ment of a Systematic and Uniform 
Reliability Evaluation program, known as 
SURE, which provides this data in a man
ner unique to the industry. Furthermore, 
this program is provided at no cost to 
customers. 

The SURE Program Is a Signetics In-house 
Qualification Test Program which has 
been in existence since 1963. The SURE 
Program is designed to monitor the con· 
tinuing uniformity of all Signetics pro· 
ducts and to demonstrate via periodic 
qualifications that Signetics products 
meet or exceed the stringent long-term 
reliability requirements of their intended 
applications. 

The SURE Program is reviewed and 
modified annually to incorporate appropri· 
ate changes in military microelectronic 
test programs, products and demon
strated product capabilities, and market 
requirements. The 1978 SURElll/8838 Rell· 
ability Program contains minor changes to 
the 1975 SUREll/883A Program, most slg· 
niflcant of which Is the Inclusion of recent 
changes in military microelectronic test 
programs (i.e., Inclusion of MIL-STD-8838, 
Method 5005.4 and MIL·M·38510D). The 
SURElll/8838 Program continues to incor
porate additional environmental tests to 
fulfill the need for special reliability 
assurance of plastic products. 

Data generated from this program is up· 
dated quarterly and is available from the 
Linear LSI Division ORA manager. Both 
quality and reliability have recently re
ceived major corporate focus at Slgnetics 
through the application-in all depart· 
ments-of the Signetics 14-step Quality 
Improvement Program. 

WAFER 
F AB RICA TION 

AND TEST 

SUPR II PROCESS FLOW 

SCANNING ELETRON MICROSCOPE CONTROL (SEM) 

Wa.fers are sa~ple.d daily by the Quality Control Laborat~ry. 
from each fabrication area and subjected to SEM analysis ---....J- This process control reveals manufacturing defect·s· such as 
contact and oxide step coverage in the metalization process 

DIE ATTAC which may result in early 1ailures. 
WIRE BON 

DIE SORT VISUAL .bCCEPTANCE 
'----~- Criteria based on MIL-STD-883, Method 2010, Cond1t1on 8, are 

100% 
ELECTRICAL 

TEST 

employed to detect defects caused during fabrication, water 
testing, or the mechanical scribe and break operation. Critical 
defects such as scratches, smears, and glassivated bonding 
pads are inspected to a 1 % AOL. Lot acceptance tor noncriti
cal defects is to a 4% AOL 

PRE-SEAL VISUAL ACCEPTANCE 
Criteria based on MtL-STD-863, Method 2010, Condition B, are 
employed to detect any damage incurred at the die attach and 
wire bonding stations. Critical defects such as scratches, con-
tamination and smeared ball bonds are inspected to a 0.65% 
AOL Lot acceptance is to 2.5% AOL 

STABILIZATION BAKE PRECONDITIONING 
__________ Plastic mol.ded devices are baked to stress.wire and die bonds 

----- and help eliminate marginal devices. It also ensures an opti
mum plastic seal to enhance moisture resistance 

SEAL TESTS 
Package seal integrity is ensured by 100% gross leak testing 
per MIL-ST0-883, Method 1014, Condition C and tine leak sam
pling per Condition A or B 

...._______ BURN·IN (LEVEL B OPTION) 
Devices are burned in tor the equivalent of 168 hours et 125°C 
in accordance with MIL-STD-883A, Method 1015, Condition F. 

Every device is tested for functional and DC parameters at 
25°C, room ambient 

OUTGOING QUALITY 

CONTROL ~ 

'-----.---.....J ~ QA GUARANTEES 

.-----'---....., A final QA inspection step guarantees the mechanical and I electrical AOL's of Table IL Every shipment is sealed and identi-
L-------..J. tied by QA personnel. 

SHIPMENT 

Figure 5 
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MILITARY PRODUCTS/ 
PROCESS LEVELS 

The Signetics MIL 38510/883 Program is 
organized to provide a broad selection of 
processing options, structured around the 
most commonly requested customer flows. 
The program is designed to provide our 
customers: 

Fully compliant 883B flows on all products. 

• Standard processing flows to help mini
mize the need for custom specs. 

• Cost savings realized by using standard 
processing flows in lieu of custom flows. 

Better delivery lead times by minimizing 
spec negotiation time, plus allow custom
ers to buy product off-the-shelf or in 
various stages of production rather than 
waiting for devices started specifically to 
custom specs. 

The following explains the different process
ing options available to you. Special device 
marking clearly distinguishes the type of 
screening performed. 

JAN QUALIFIED (JS and JB) 

JAN Qualified product is designed to give 
you the optimum in quality and reliability. 
The JAN processing level is offered as the 
result of the government's product standard
ization programs, and is monitored by the 
Defense Electronic Supply Center (DESC), 
through the use of industry-wide procedures 
and specifications. 

JAN Qualified products are manufactured, 
processed and tested in a government certi
fied facility to Mil-M-38510, and appropriate 
device slash sheet specifications. Design 
documentation, lot sampling plans, electrical 
test data and qualification data for each 
specific part type has been approved by the 
Defense Electronic Supply Center (DESC) 
and products appear on the DESC Qualified 
Products List (QPL 38510). 

Quality conformance inspection testing, per 
MIL-STD-883, Method 5005, is performed 
according to Mil-M-38510 as follows: 

Group A; each sublot. 

Group B; one sublot for each package type 
every week. 

• Group C; one sublot for each microcircuit 
group every 13 weeks. 

Group D; one sublot for each package 
type every 26 weeks. 

NOTE: This category of part conforms to 
Quality Level B ("a = 1.0) of MIL·HDBK· 
2170. 

JAN SIGNETICS MILITARY PACKAGE TYPES 
CASE OUTLINE CERAMIC 

AND 
B·PIN 14·PIN 16·PIN 18·PIN 20·PIN 24·PIN LEAD FINISH 

PB FE - - - - -
CB - F - - - -
EB - - F - - -
JB - - - - - F 
DB - w - - - -
FB - - w - - -
RB - - - - F -
VB - - - F - -

All products Hated are also available In Die form. 

Table 1 MILITARY PACKAGE AVAILABILITY 

JS JB RB 

JAN Qualified 883B 

54 x x x 
54LS x x x 
54S x x x 
82 - - x 
BT - - x 
93XX - x x 
96XX - - x 
Analog - x x 
Blpolar Memory - x x 
Mlcroproce11or - - x 

Table 2 MILITARY SUMMARY 

In addition to the common specs used 
throughout the industry for processing and 
testing, JAN Qualified products also possess 
a requirement for a standard marking used 
throughout the IC industry. 

By implementing this space-oriented govern
me11t standardization program, Signetics 
complies with the trend of reducing the 
numerous similar Source Control Drawings 
(SCD's). This standardized trend results in a 
single complete and comprehensive specifi
cation, a single product flow, and a single 
administrative effort-for both the aerospace 
community and for Signetics. This effort will 
also result in a single lower price. Because 
the list 'of Signetics' qualified products will 
change periodically, you may wish to contact 
your nearest Signetics' Sales Office or refer 
to the Products Qualified under Military 
Specification from DESC for our current 
update. 

JAN Class S orders will be quoted with unit 
price only (similar to present Class B pro
grams). There will be no lot charges forSEM 
inspection, electrical testing, or Group B or 
D qualification. All additional charges are 
amortized in the unit price. 

Package types currently qualified are: 
1) Cerdip-ceramic dual-in-line 
2) Cerpac-ceramic flat pack 

Government Source Inspection (GSI) is a 
required portion of the JAN 38510 Class S 
specification. No alterations to this specifi
cation may be instituted. Therefore, the only 

customer source inspection option is at 
pre-ship (verification only). 

Additional program data options (such as 
wafer lot acceptance, attributes, Group B, D, 
and others) are available upon request for a 
nominal fee. 

MIL-STD-883, LEVEL B 

Processing to this option is ideal when no 
JAN slash sheets are released on devices 
required. Product is processed to MIL-STD-
683 Method 5004, and is 100% electrically 
tested to Signetics data sheets. 

Quality conformance inspection per Ml L· 
STD-863, Method 5005, Group A, is per· 
formed on each sublot. Group A subgroup 
electrical parameters are those included 
in the detailed Signetics data book. Con
tact the factory for parametric subgroup 
assignments. 

Generic quality conformance data per 
method 5005, Groups B, C and D, is 
generally available on popular device 
types and packages, but availability is not 
guaranteed. The factory must be con· 
suited prior to ordering generic data. 
When available, generic data Is defined as 
follows: 

• Group B; Performed once per package 
type every six weeks of seal. 

• Group C; Performed once per microcir· 
cuit group every 52 weeks of 
seal. 

3-3 

3 



LINEAR LSI PRODUCTS 

MILITARY PRODUCTS/PROCESS LEVELS 

• Group D; Performed once per package 
type every 52 weeks of seal. 

Quality conformance endpoint electrical 

parameters for Groups C and D are the 
Group A subgroups 1, 2, and 3. 

Copies of generic d<1ta, Groups A, B, C and 
D, may be ordered by customers at a 
nominal charge. 

NOTE: This category of part conforms to 
Quality Level B·2 (,,.o = 6.5 of MIL·HDBK· 
2170. 

PROCESS LEVEL PRE-CAP 
BURN IN 

FUNCTIONAL DC/AC DC QPL 
AND MARKING VISUAL 

JS/JB 2010, Cond. B Yes 
JM38510XXXXX 

RB 2010, Cond. B Yes 
SXXXX883B 

JAN Cla11 S Product Inventory 

Wafer Lot Acceptance 

TEST 

100% 

100% 

Wafer Lot 
""24 Wafers 

@2s0 c 

100% 

100% 

@TEMP 

100% Yes 

100% No 

(Includes SEM and GSI) #Wafers Required for 

3-4 

The Signetics' JAN Class S inventory pron 
gram will reduce delivery time and shipment 
delinquencies. As continuing orders from 
customers are processed to this specifica
tion, Inventories will be establtshed for 
products in the form of pre-qualified wafers 
and finished parts. As the program matures, 
this will allow immediate delivery of JAN 
Class S parts 

Contractor Field Sales 

Jan Cla11 S Product Flow 

Product 
Screening 

• PIND Testing M2020 
• Read and Record on 

Extended Burn~ln 
(240 Hours) 

• Tightened PDA's 
(Ref: Class B) 

JAN Group A 

• Catastrophic Failure 
Analysis Requirements 

• GSI 

Purchase Order 

+Inventory Overbuild 

Wafer Bank: 
~or 2 Wafers 

(Wafer Lot Accepted) 

Ship 
Purchase Order 

Balance to 
Finished 

Goods Inventory 

Balance to Support JAN Class "8" Production 

Marketing 
Review 

Order 
Entry/Audit 

JAN Qual 
Holding 

Qual Test 
Sample (GSI) 

Wafer 
Fabrication 

• Agency 
Certification 

• Wafer Lot Accep
tance (GSI) 

• Baseline Flow 
• Traceability to 

Silicon 

Product 
Assembly 

• Agency 
Certl11catlon 

• Tightened Lot 
Control (Ref: 
Class Bl 

• Wlrebond and Die 
Sheer Monitor 

• Condition "A" Pre-
cap (GSI) 

• 100% Non· 
Destructive Bond 
Pull 

Ship (GSI) 

OFFSHORE 

No 

Yes 
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PROCESSING LEVELS 

DESCRIPTION OF MIL·M·38510 AND MIL·STD·883 JAN 
REQUIREMENTS REQUIREMENTS, METHODS AND REQUIRE· CLASS QUALIFIED 8838 
AND SCREENS TEST CONDITIONS MENT s (JB) (RB) 

General Mll·M·38510 The Manufacturer shall establish and Implement - x x NIA 
1. Pre-Certification a Products Assurance Program Plan and provide 

A. Product Assur· for a manufacturer survey by the qualifying actlv· 
an ca Program lty, Para. 3.4. 1. 1 

B. Manufacturer's 
Certification 

2. Certification Received after manufacturer has completed a - x x NIA 
successful survey, Para. 3.4. 1 .2 

3. Device Device quallflcatlon shall consist of subjecting - x x NIA 
Quatlflcatlon the desired device to groups A, B, C & D of method 

5005, Para. 3.4. 1. 2 3 
4. Traceability Traceability maintained back to a production lot - x x x 

Para. 3.4.8 

5. Country of Origin Devices must be manufactured, assembled, and - x x NIA 
tasted within the U.S. or Its territories, Para. 3.2. 1 

ScrHnlng Per 
Method 5004 of 
Mll·Sld·883 

6. Non-Destructive 2023 100% x N/A N/A 
Bond Pull 

7. Internal Visual 2010, Cond. A or B 100% A B B 
(Precap) 

8. Stablllzatlon 1008, Cond. C Min 100% x x x 
Bake 

9. Temperature 1010, cond. C; (10 cycles, - 65'C to + 150'C) 100% x x x 
Cycling 

10. Constant 2001, Cond. E; (30kg In YI Plane) 100% x x x 
Acceleration 

11. Visual Inspection There is no test method for this screen; It ls In· 100% x x x 
tended only for the removal of "Catastrophic 
Failures" defined as "Missing Leads, Broken 
Packages or Lids Off." 

12. Seal (Hermetlolty) 
Cond. A or B (5.0 x 10- 8CC/Sec) A. Fine 100% x x x 

B. Gross Cond. C Min. 100% x x x 

13. Marking Fungus Inhibiting ink 100% x x x 

14. Particle Impart 2020, Cond. A; per Paragraph 4.6.3 of MIL· 100% x N/A N/A 
Noise Test M·38510 

15. Radiographic 2012; two views 100% x N/A N/A 

16. Interim Per applicable Device Specification 100% x Optional Optional 
Electricals 
(Pre B(!rn·ln) 

17. Burn-In 1015, Cond. as specified (160 hrs. Min at 125'C) 100% 240 hrs. x x 
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DESCRIPTION OF 
REQUIREMENTS 
AND SCREENS 

18. Final Electricals 

MIL-M-38510 AND MIL-STD-883 
REQUIREMENTS, METHODS AND 

TEST CONDITIONS 

Per applicable Device Specification 

a. Static Tests Sub Group 1 
@25'C 

b. Static Tests Sub Group 2 
@+ 125'C 

c. Static Tests Sub Group 3 
@-55'C 

d. Dynamic Test Sub Group 4 (for Linear Products mainly) 
@25'C 

e. Functional Sub Group 7 
Test 

@25'C 
f. Switching Sub Group 9 

Test 
@25'C 

g. Switching Sub Groups 10, 11 (as applicable) 
Test 
Temperature 

19. Percent 
Defective 
Allowable (PDA) 

20. External Visual 

Quality Conform· 
a nee I nspectlon 
per Method 5005 
of Mll·Std 883 

21. Group A 

22. Group B 

23. Group C 

24. Group D. 

A PDA of 10% is a normal requirement ap
plied against the static tests @25'C (A·1). 
This is controlled by the slash sheets for JAN 
products. For RB 10% is standard. 

2009 

ATTRIBUTE DATA ONLY 

Electrical Tests-Final Electricals (#14 above) 
repeated on a sample basis (Sub Groups 1 
thru 12 as specified) performed in line with 
final electricals. 

Package functional and constructional 
related test (package dimensions, resistance 
to solvents, Internal visual & mechanical, 
bond strength & solderabillty). 

Die related tests (1,000 hr. operating life, 
temperature cycling, & constant 
acceleration). 

Package related tests (physical dimensions, 
lead fatigue, thermal shock, temperature 
cycle, moisture res)stance, mechanical 
shock, vibration, variable frequency, constant 
acceleration & salt atmosphere). 

PROCESSING LEVELS 

REQUIRE
MENT 

100% 

10% 

100% 

CLASS 
s 

100% 
Read & 
Record 

x 

x 

x 

x 

x 

x 

x 

5% 
3% Fune· 

tional 

x 

JAN 
QUALIFIED 

(JB) 

Slash Sheet 

x 

x 

x 

x 

x 

x 

N/A 

x 

x 

Each sublot x x 

Each pkg. Each sublet Each week 
type of seal 

Each NIA Each 13 
µcircuit weeks 
group of seal 

Each pkg. Each Each 
type 26 weeks 26 weeks 

of seal of seal 

8838 
(RB) 

Data Sheet 

x 

x 

x 

x 

x 

x 

N/A 

x 

x 

x 

Generic 

Generic 

Generic 

Table 5 REQUIREMENTS AND SCREENING FLOWS FOR STANDARD PRODUCTS 1cont'dl 
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LINEAR DEVICES 

PACKAGE JAN M-38510 
DEVICE DESCRIPTION DIP DEVIC~LASH SHEET PKG QUALSTATUS 

OPERATIONAL AMPLIFIERS SE555 10903BCB F QPL 1 
LH2101A Dual Op Amp F SE555 10903BPB FE QPL 1 
LM101A Hi Perl Op Amp F,FE SE556-1 10902BCB F QPL 1 
LM124 Quad Op Amp F LH2101A 10105BEB F QPL 1 
SE5532 Dual Op Amp FE LM101A 10103BCB F QPL 1 
SE5532A Dual Op Amp FE LM101A 10103BPB FE QPL 1 
SE5534 Low Noise Op Amp FE 
SE5534A Low Noise Op Amp FE 
SE5537 Sample and Hold Amp FE 
SE5539 High Freq Op Amp F 

COMPARATORS 
SE521 Dual Differential Comparator F 3 
SE527 Voltage Comparator F 
SE529 Voltage Comparator F 
LM139/A Quad Voltage Comparator F 

DIFFERENTIAL AMPLIFIERS 
SE592 Video Amplifier F 
µA733 Video Amplifier F 

PHASE LOCKED LOOPS 
SE567 Tone Decoder PLL F 

TIMERS 
SE555 Timer F, FE 
SE556 Dual Timer F 

D to A CONVERTERS 
SE5018 8-Bit µP·Comp DAC F 

SMPS CONTROL CIRCUITS 
SE5560 SMPS Controller F 
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LINEAR LSI PRODUCTS 

DIA AND A/D CONVERTER-SYMBOLS AND DEFINITIONS 

Absolute Accuracy Error 

Absolute Accuracy Error is the difference between the theoretical 
analog input required to produce a given output code and the actual 
analog input required to produce the same code. The actual input is a 
range and the error is the midpoint of the measured band and the 
theoretical band. 

Absolute Maximum Ratings 

The Absolute Maximum Ratings are the operating safe zones. 
Exceeding these limits could cause permanent damage to the device. 
The device is NOT guaranteed to operate at these limits. 

Conversion Speed 

Conversion Speed is the speed at which a converter can make repeti
tive conversions. 

Conversion Time 

Conversion time is the time required for a complete conversion cycle 
of an ADC. Conversion time is a function of the number of bits and the 
clock frequency. 

Differential Non-Linearity (DNL) 

Differential Non-Linearity of a DAC is the deviation of the measured 
output step size from the ideal step size. In an ADC it is the deviation 
in the range of inputs from 1 LSB that causes the output to change 
from one given code to the next code. Excessive DNL gives rise to 
non-monotonic behavior in a DAC and missing codes in an ADC. 

Differential Non-Linearity Tempco 

Differential Non-Linearity Tempco is the temperature coefficient of 
DNL and specifies how DNL changes with temperature. 

Full Scale Tempco 

Full Scale Tempco in a DAC is the change of full scale ouiput with a 
change of temperature. In an ADC it is the change in the input 
required to cause full scale transistion. Expressed in ppm/degree C. 

Gain Error 

Gain Error is the error of the slope of the line drawn through the mid
points of the steps of the transfer function as compared to the ideal 
slope. It is usually measured by determining the error of the analog 
input voltage to cause a full scale output word with the ideal value that 
should cause this full scale output. This gain error is usually 
expressed in LSB or in percent of full scale range. 

Hysteresis Error 

Hysteresis Error is the code transition voltage dependence relative to 
the direction from which the transistion is approached. 

Integral Non-Linearity 

Integral Non-Linearity is the difference between the ideal transfer 
characteristic and the actual characteristic. 

Least Significant Bit (LSB) 

The ~east Significant Bit is the lowest order bit, or the bit with the 
least weight. 

Missing Code · 

A Missing Code is a code combination that does not appear in the 
ADC's output range. 

Monotonicity 

A DAC is monotonic if its output either increases or remains the same 
when the input code is incremented from any code to the next higher 
code. 

Most Significant Bit (MSB) 

The Most Significant Bit is the highest order bit, or the one with the 
most weight. 

Offset Error 

Offset error is the constant error or shift from the ideal transfer 
characteristic of a converter. In a DAC it is the oU1put obtained when 
that output should be zero. In an ADC it is the difference between the 
input level that causes the first code transistion and what that input 
level should be. 

Output Voltage Compliance 

Output Voltage Compliance of a current output DAC is the range of 
acceptable voltages at the DAC output for the DAC output current to 
remain within its specified limits. 

Power Supply Sensitivity 

Power Supply Sensitivity of a DAC is the change of output current or 
voltage with changes in the power supply voltage. In an ADC, it is the 
change in the transistion points from code to code with changes in the 
power supply voltage. 

Quantizing Error 

In an A/D converter there is an infinite number of possible input 
levels, but only 2" output codes (n =number of bits). There will, there
fore, be an error in the output code that could be as great as 1/2 LSB 
because of this quantizing effect. The greatest error occurs at the 
transistion point where the output state changes. 

Relative Accuracy 

Relative Accuracy is a measure of the difference of the theoretical 
output value with a given input after any offset and gain errors have 
been nulled out. 

Resolution 

Resolution is the number of bits at the input or output of an ADC or 
DAC. It is the number of discrete steps or states at the output and is 
equal to 2" where in is the resolution of the converter. However, n bits 
of resolution does not guarantee n bits of accuracy. 

Setting Time 

Setting Time is the delay in a DAC from ttie 50 percent point on the 
change in the input digital code to the effected change in the output 
signal. It is expressed in terms of how long it takes the output to settle 
to and remain within a certain error band around the final value arid is 
usually specific for full scale range changes. 

Transfer Characteristic 

The Transfer Characteristic is the relationship of the output to the 
input. 

NOTE: 
Refer to Section 9 (Interface Circuits) for an in-depth explanation of 
data converters and their applications. 
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LINEAR LSI PRODUCTS 

CONVERTER SELECTOR GUIDES 

D/A CONVERTERS 
CONY. 

OUTPUT PACKAGE TEMPERATURE RANOE SPEED INT. INT. 
DEVICE BITS ACC.% (µa) v I REF. LATCH N D F Com'I. Mii COMMENTS 

MC14Q8.7 B 0.39 0.07 x x x 
MC1408-B B 0.19 0.07 x x x x x 
MC1508-B B 0.19 0.07 x x x 
DA COB B 0.19 0.07 x x x 
DACOBA B 0.10 0.07 x x x 
DACOBC B 0.39 0.07 x x x x 
DACOBE B 0.19 0.07 x x x x x 
DACOBH B 0.10 0.07 x x x x 
NE5018 B 0.19 0.2 x x x x x x 
SE501B 8 0.19 0.2 x x x x x 
NE5019 B 0.10 0.2 x x x x x x 
SE5019 8 0.10 0.2 x x x x 
NE5118 8 0.19 2.3 x x x x x x 
SE5118 8 0.19 2.3 x x x x x 
NE5119 8 0.10 2.3 x x x x x x 
SE5119 8 0.10 2.3 x x x x x 
NE5020 10 0.10 5.0 x x x x x x 
NE5410 10 0.05 0.25 x x x ±1/• LSB DNL 
SE5410 10 0.05 0.25 x x x ±1/• LSB DNL 
MC3410 10 0.05 0.25 x x x :1:1/a LSB DNL 
MC3510 10 0.05 0.25 x x x :1:1/a LSB DNL 
AM6012 12 0.05 0.25 x x x ±1 LSB DNL 
TDA1540D 14 0.012 0.5 x x x x x Serl al In put 

:1:1/a LSB DNL 

AID CONVERTERS 
CONY. INPUT THREE· PACKAQE TEMPERATURE 
SPEED STATE INT. INT. RAN OE 

DEVICE BITS ACC.% (µS) v I OUTPUT REF. CLOCK N F FE Com'I. Mii 

NE5034 8 0.19 17 x x x x x 
NE5036 6 0.78 23 x x x x x 
NE5037 6 0.78 9 x x x x x 
TDA1534 14 0.012 8.5 x x x x x 
ADC0801-1 8 0.10 73 x x x x x1 
ADC0802·1 8 0.19 73 x x x x x1 
ADC0803·1 8 0.19 73 x x x x x1 
ADC0804·1 8 0.39 73 x x x x x1 
ADC0805·1 8 0.39 73 x x x x x x1 

Note: 
1. Automotive temperature range: - 40 to + 85°C 
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LINEAR LSI PRODUCTS 

CMOS 8-BIT A/D CONVERTERS 

IPMllHii;f.IN 
DESCRIPTION 
The ADC0801 family is a series of five CMOS 
8-bit successive approximation ND convert
ers using a resistive ladder and capacitive ar
ray together with an auto-zero comparator. 
These converters are designed to operate 
with microprocessor controlled buses using a 
minimum of external circuitry. The three-state 
output data lines can be connected directly to 
the data bus. 

The differential analog voltage input allows for 
increased common-mode rejection and pro
vides a means to adjust the zero scale offset. 
Additionally, the voltage reference input pro
vides a means of encoding small analog 
voltages to the full 8 bits of resolution. 

ABSOLUTE MAXIMUM RATINGS 
SYMBOL & PARAMETER 

Vee Supply Voltage 

Logic Control Input Voltages 

All Other Input Voltages 

TA Operating Temperature Range 
A0C0801/02-1 F 

ADC0801/02/03-1 LCF 

ADC0801/02/03/04/05-1 LCN 

ADC0804-1 CN 

Tsrn Storage Temperature 

TsoLD Lead Soldering Temperature 
(10 seconds) 

FEATURES 
• Compatible with most microprocessors 
• Dlfferentlsl Inputs 
• Three-state outputs 
• Logic levels ITL and MOS compatible 
• Can be used with Internal or external 

clock 
• Analog Input range OV to Vee 
• Single 5V supply 
• Guaranteed specification with 1 MHz 

clock 

APPLICATIONS 
• Transducer to microprocessor Interface 
• Digital thermometer 
• Dlgltally-controlled thermostat 
• Microprocessor-based monitoring and 

control systems 

RATING UNIT 

6.5 v 
-0.3 to + 16 v 

-0.3 to v 
(Vee +0.3) 

-55 to +125 'C 

-40 to +85 'C 

-40 to +85 'C 

Oto +70 'C 

-65 to +150 'C 

300 'C 

Po Package Power Dissipation at TA = 25°C 875 mW 

ADC0801 /2/3/4/5·1 

PIN CONFIGURATION 

F,N PACKAGE 

Vee 

CLK R 

DO 

01 

02 

03 

04 

05 

06 

DGND 07 

TOP VIEW 

ORDER NUMBERS 

ADC0801 /02-1 F 
ADC0801/02/03-1 LCF 

ADeOBl/02103104105-1 LeN 
ADeOB04-1 CN 
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LINEAR LSI PRODUCTS 

CMOS 8-BIT A/D CONVERTERS ADC0801 /2/3/4/5-1 

i#U@lii•lh 
BLOCK DIAGRAMS 

C®=J 
VREFl2 

,.,_9 
~ 0-+--------<1>------~ .... ~~L~AD-D-ER~AN-D~~------~-------l~R DECODER - v--f GNOA 
,..8 

I 
+ SV Vee 

20 

10 

iiii 2 

4-6 

SAR 

8·BIT 
SHIFT REGISTER 

[~s 
INTR 

L-,.-..... FF 

. LJ~-.......iR ~ f--

5 

iRTii 

CLOCK 

CLK IN CLK R 

150pF 

~ 10K 

19 

OUTPUT 
LATCHES 

OE 

~ ~~ (MSB) :! 
~ 13 
~ 14 
~ 15 
~ 16 
~ 17 
~(LSB) 18 



LINEAR LSI PRODUCTS 

CMOS 8-BIT A/D CONVERTERS ADC0801 /2/3/4/5-1 

1pmo,;u.1.1µ1 
DC ELECTRICAL CHARACTERISTICS Vee = 5.0V, fclK = 1 MHz, T MIN.;T A.;T MAX• unless otherwise specified. 

SYMBOL & PARAMETER TEST CONDITIONS 
ADCOB01 /2/3/4/5 

UNIT 
Min fyp Max 

ADC0801 
Full Scale Adjusted 0.25 LSB 

Relative Accuracy Error (Adjusted) 

ADC0802 VREF 
0.50 LSB 

Relative Accuracy Error (Unadjusted) 2 = 2.500 Voe 

ADC0803 
Full Scale Adjusted 0.50 LSB 

Relative Accuracy Error (Adjusted) 

ADC0804 VREF 
1 LSB 

Relative Accuracy Error (Unadjusted) 2 - = 2.500 V0c 

ADC0805 v 
Relative Accuracy Error (Unadjusted) 

;EF = has no connection 1 LSB 

V ;EF Input Resistance 400 640 n 

Analog Input Voltage Range 
-0.05 Vee v 

+0.05 

DC Common Mode Error Over Analog Input Voltage Range 1/16 1/8 LSB 

Power Supply Sensitivity Vee= 5V ± 10%' 4 
CONTROL INPUTS 

V1H Logical "1" Input Voltage V cc = 5.25V DC 2.0 15 Voe 

Vil Logical "O" Input Voltage Vee= 4.75V0c 0.8 Voe 

l1H Logical "1" Input Current VIN = 5Voc 0.005 1 µAce 

Ill Logical "O" Input Current VIN= OVoc -1 -0.005 µAoc 

CLOCK IN AND CLOCK R 

Vr+ Clk In Positive-Going Threshold Voltage 2.7 3.1 3.5 Voe 

Vr- Clk In Negative-Going Threshold Voltage 1.5 1.8 2.1 Voe 

VH Clk In Hysteresis 
0.6 1.3 2.0 Voe (Vr+l - (Vr_) 

Vol Logical "O" Clk R Output Voltage lol = 360µA, Vee = 4.75 Voe 0.4 Voe 

VoH Logical "1" Clk R Output Voltage loH = -360µA, Vee = 4.75 V0c 2.4 Voe 

DATA OUTPUT AND iN'i'R 

Vol Logical "O" Output Voltage 

Data Outputs lol = 1.6mA, Vee= 4.75 V0c 0.4 Voe 

INTR Outputs lol = 1.0mA, Vee= 4.75 Voe 0.4 Voe 

VoH Logical "1" Output Voltage loH = -360µA, Vee = 4.75 V0c 2.4 Voe 

loH = -10µA, Vee= 4.75 Voe 4.5 Voe 

lozl 3-State Output Leakage Vour = OV0c. CS= Logical "1" -3 µAoc 

lozH 3-State Output Leakage Vour = 5V DC• CS= Logical "1" 3 µAce 

lsc + Output Short Circuit Current VouT = Oy, TA= 25°C 4.5 6 mAoc 

lsc - Output Short Circuit Current Vour =Vee• TA= 25°C 9.0 16 mAoc 

Ice Power Supply Current 
fclK =1MHz, VREF/2 =Open 3.0 3.5 mA 
CS = Logical "1 ", TA = 25°C 

NOTE: 
1. Analog inputs must remain within the range: -0.05 "'V1N.; Vee+ 0.05V. 
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LINEAR LSI PRODUCTS 

CMOS 8-BIT A/D CONVERTERS ADC0801 /2/3/4/5·1 

•iiiil!lll!.1H 
AC ELECTRICAL CHARACTERISTICS 

SYMBOL & PARAMETER TO FROM TEST CONDITIONS 
ADC0801/2/3/4/5 

UNIT 
Min Typ Max 

Conversion Time fcLK = 1MHz' 66 73 µs 

fcLK Clock Frequency See Note 1. 0.1 1.0 3.0 MHz 

Clock Duty Cycle See Note 1. 40 60 % 

CR 
Free-Running Conv¢rsion cs= 0, fcLK = 1MHz 

13690 conv/s Rate INTR Tied To WR .,.. 
t~l'rnjt, Start Pulse Width / cs= 0 30 ns 

!Ace Access Time Output RD cs = 0, CL = 100 pF 75 100 ns 

!1H, !oH Three-State Control Output RD 
CL = 10 pF, RL = 1 OK 

70 100 ns 
1 See Three-State Test Circuit 

lw1• !R1 INTR Delay INTR 
WD 

100 150 
or RD 

ns 

C1N Logic Input =Capacitance 5 7.5 pF 

·cour 
Three-State Output 

5 7.5 pF 
Capacitance 

NOTE: 
1. Accuracy is guaranteed at hK = 1 MHz. Accuracy may degrade at higher clock frequencies. 
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LINEAR LSI PRODUCTS 

CMOS 8-BIT A/D CONVERTERS 

14111111111;• 

FUNCTIONAL DESCRIPTION 
The ADC0801 through ADC0805 series of 
AJD converters are successive approximation 
devices with B·blt resolution and no missing 
codes. The most significant bit Is tested first 
and after 84 clock cycles a digital 8·blt binary 
word Is transferred to an output latch and the 
Rirm pin goes low, Indicating that conversion 
Is complete. A conversion In progress can be 
Interrupted by Issuing another start command. 
The device may be operated In a continuous 
conversion mode by connecting the Rirm and 
WI!! pins together and holding the ~ pin low. 
To Insure start-up when connected this way, 
an external WI!! pulse Is required at power-up. 

As the WI!! Input goes low, when ~ is low, the 
SAR is cleared and remains so as long as 
these two Inputs are low. Conversion begins 
between 1 and 8 clock periods after at least 
one of these Inputs goes high. As the conver
sion begins, the Rirm line goes high. Note that 
the Rirm line will remain low until 1 to 8 clock 
cycles after either the WI!! or the ~ Input (or 
both) goes high. 

When the ~ and i!lt) Inputs are both brought 
low to read the data, the l'f\l'm line will go low 
and the three-state output latches are 
enabled. 

THREE-STATE TEST CIRCUITS AND WAVEFORMS 

Vee 

l!mr?rrDATA OUTPUT 

CL 10k 

I 
"':"' "':" "':"' "':" 

Pm Vee-=J~ 
OND.....f,~%% 

- r''" 
DATA VoH~tcJ% 

OUTPUTS ,....._ 
OND-----

tr•20n1 

~tri-
Vee=u--

Pm 50% 
GND -rr10% 

._j ~loH Vce-----
DATA I/ 

OUTPUTS VOL ----:1'10%· 

tr=20ns 

ADC0801 /2/3/4/5·1 

The digital control lines (~. !!m, and WI!!) 
operate with standard TTL levels and have 
been renamed when compared with standard 
AJD Start and Output Enable labels. For non· 
microprocessor based applications, the ~ 
pin can be grounded, the WI!! pin can be Inter
preted as a §TAl!IT pulse pin, and the !!m pin 
performs the OE (Output Enable) function. 

The V1N(-) Input can be used to subtract a 
fixed voltage from the Input voltage. Because 
there la a time interval between sampling the 
V1N(+) and the V(-) Inputs, It is important that 
these inputs remain constant, during the entire 
conversion cycle. 

4.9 
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LINEAR LSI PRODUCTS 

CMOS 8-BIT A/D CONVERTERS ADC0801 /2/3/4/5-1 

l@ill@iti.lij 

TIMING DIAGRAMS (All timing is measured from the 50% voltage points) 

CONVE~1~:----""\._ ___ ...... ___ _, 

lw(Wli)L 

"BUSY" 

ACTUAL INTERNAL 
STATUS OF THE 

CONVERTER 
(LAST OATA WAS READ) 

"NOT BUSY" I 
1 TO a. 111CLK--·+-' --INTERNAL Tc 

OUTPUT ENABLE AND RESET INTR 

iN'fli RESET 

I 
i----NOTE----1 

OUT~~~~ ---- -- - - -j-
tAcct-

THREE·STATE 

Note: Read strobe must occur 8 clock periods (8/fcLK) after assertion of interrupt to guarantee reset of INTR. 
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LINEAR LSI PRODUCTS 

8·BIT HI-SPEED A/D CONVERTER 

DESCRIPTION 
The NE5034 Is a high-speed mlcropro
cessor-compatlble B·bit Analog-to·Oigital 
converter. It uses the successive approx· 
Imation conversion technique, and in· 
eludes the comparator, reference OAC, 
SAR, an internal clock and three-state buf· 
fers all on the same chip. 

The converter can accommodate a wide 
analog Input voltage range, bipolar or 
unipolar, selectable through external 
input resistors. An external capacitor con· 
trols the internal clock frequency, pro· 
viding conversion times down to 11,,s. 
Faster conversion times are possible 
using an external clock. 

Microprocessor interfacing requirements 
are simple, allowing analog-to-digital 
conversion with a minimum of external 
components. 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER 

Vee+ Positive supply voltage 
Vee- Negative supply voltage 
IREF Reference current 
l1N Analog input current 
Vo Data output voltage 
Analog GNO to Digital GND 
VL Logic input voltage 
Po Power dissipation 

F package 
TA Operating temperature range 
Tsm Storage temperature range 

FEATURES 
• B·blt resolution and accuracy 
• Accapta unipolar or bipolar Inputs 
• Three-state output buffers for easy 

microprocessor Interface 
Choice of Internal or external clocking 

• Short conversion time, 17 ,,s typical 
using Internal clock 

APPLICATIONS 
• All mlcroproceasor·baaed monitoring 

and control systems requiring analog 
signal Inputs. 

• Typical applications Include: 
Automatad procass control, machine 
tools, robots, test and measurement 
Instruments, environmental controls 

• Other appll.cations Include: 
Ratiometrlc AID conversion, very high 
resolution AID conversion systems 
requiring high speed B·blt building 
blocks 

RATING UNIT 

Oto +6 v 
Oto -15 v 

1.5 mA 
5.0 mA 
6.0 v 
1.0 v 

-1 to Vee+ v 

1000 mW 
Oto+ 70 ·c 

-65to + 150 •c 
TsoLo Lead soldering temperature (10 seconds) 300 ·c 

BLOCK DIAGRAM 

AN GNDr----. 

CLK 

INT 
CLOCK 

+Vee -Vee 

!!! D87 • 
(MSB) 

SAR 

• DBO 
(LSI) 

AN GND 

PIN CONFIGURATION 

IJN 

DIG. GND 

F PACKAGE 

TOP VIEW 

ORDER NUMBERS 
NE5034F 

NE5034 

4 -
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LINEAR LSI PRODUCTS 

8·BIT Hl·SPEED A/D CONVERTER NE5034 

DC ELECTRICAL CHARACTERISTICS + Vcc=5.0V, -Vee• -12v, o•c <TA< 70°C unleee otherw1111peclfl1d 

SYMBOL AND PARAMETER TEST CONDITIONS MIN TYP MAX UNIT 

Resolution 8 8 8 Bits 

Relative accuracy error1• 2 :I: 112 LSB 

Vee+ Posltiv1 supply rang• 4.75 5.0 5.25 v 

Vee- Negative supply range -11.4 -12 -12.8 v 

EFs Full scale gain error IReF• 1.0mA, TA= 25°C :1:2 :1:5 LSB 

Ezs Zero scale offset error IReF= 1.0mA, TA= 25°C :1:0.5 :t:1 LSB 

Psr Power supply reJectlon3 IReF= 1.0 mA, Vee+ 4.75 to+ 5.25V, Vee -11.4 
to -12.BV :I: 112 LSB 

V1H Logic 1 Input voltage(~ and OE) 2.0 v 

V1H Logic 1 Input voltage ext. clock 2.4 v 

V1L Logic O Input voltage(~ and OE) 0.8 v 

V1L Logic O Input voltage ext clock 0.7 v 

l1H Logic 1 Input current (S'm'i" and C5'E') V1N=2.4V 20 µ.A 

l1H Logic 1 Input current ext clock V1N= 2.4V 100 µ.A 

l1L Logic O Input current (STAT and OE) V1N=0.4V -20 -100 µ.A 

l1L Logic O Input current ext. clock V1N=0.7V -100 µ.A 

VoL Logic O output voltage loL = 1.BmA, OE= O.BV 0.4 v 

VoH Logic 1 output voltage loH = 400µ.A, OE= O.BV 2.4 v 

loz Three-state leakage OE= 2.0V, VoL= OV or 5V :I: 10 µ.A 

Ice+ Positive supply current Vee+ 5V, Vcc-12V 18 36 mA 

Ice Negative supply current. Vee+ 5V, V00 -12V -11 .-22 mA 
NOTES 
1. Relatlve accuracy Is defined as the deviation at the.code transition point• from the Ideal code transition point• on a straight llne drawn from zero scale to full scale of the 

device. 
2. Speclflcetlon1 given In LSBa refer to the weight of the least algnlllcant bit at the B·blt level which la 0.39% of the full scale voltage. 
3. MAX change In full scale. 

AC ELECTRICAL CHARACTERISTICS v + +5V, V-

SYMBOL & PARAMETER TO FROM TEST CONDITIONS MIN TYP MAX UNIT 

Internal clock frequency CL= 60pF (See Figure 1) 500 KHz 

External clock frequency 700 KHz 

Tw STAT pulse width Clock freq.= 500KHz 400 ns 

External clock pulse width positive/negative 600 ns 

Set up tlme1 See Figure 3 300 ns 

Ip (out data) propagation delay data out OE See Figure 2 50 200 ns 

tp (out DJ!i) propagation delay data ready out 8th clock See Figure 3 700 ns 

tp (3·state) propagation delay 3-state high 'OE See Figure 2 60 200 ns 
Impedance o/p 

tp (DBO) propagation delay DBO DR See Figure 3 500 ns 

tp (SOR) STAT low to DR high data ready high STRTlow See Figure 3 700 ns 

NOTE 
1. See description of "Set' up time". 
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LINEAR LSI PRODUCTS 

8·BIT HI-SPEED A/D CONVERTER 

TYPICAL PERFORMANCE CHARACTERISTICS 

INTERNAL CLOCK FREQUENCY vs 
EXTERNAL CAPACITOR (CL) 

100,000 ~-~-~-~---. 

10,000 

:i! 
~ 
>-

1000 

" z 
"' 100 :::> 
0 
"' a: 
u. 

10 

10 100 1000 10,000 100,000 

CAPACITOR (Cl) IN pF 

FIGURE 1 

TEST LOAD CIRCUITS 

CONVERSION TIME vs 
CLOCK FREQUENCY 

40 t----1---+--+ 1---11----i 

i 30 t---t---t----lt----+---i 
~ 

~ 20 b--,.t-"""";;::--t--+--+-----1 
~ ~ 

101---1---1--~l--~--l 

0 '-----'-----'---''"---'--' 
300 400 500 600 700 600 

FREQUENCY (KHz) 

DATA OUTPUT HIGH 

4Ycc•+SV

1 

DATA /~-:_. 
OUTPUT ,f-

15pFJ \ 

iSf CTTL LEVELS) 

DATA READY 

~'"-"NI.-'° l1N (10.SV) 
>-<----o-Vee!-12V) 
~---.() IREFIN•1mA 
>-<'"---"' Vee+ ( + 5V) 
-t-----<!!JCLK SOOKHz 
-t----C,,,mJITPULSE 

(TTL LEVELS) DB (0 TO 5) 

DATA OUTPUT LOW 

t-t--.,.,..'1.--0 l1N ( - 0.1V) 
t-t-----o - Vee (-12V) 
t-t-----o IREF IN•1mA 
1-1-----0Vce+ (+SV) 
~1-----tillcLK 500KHz 
t-lt-----C"'ii'ffi PULSE 

(TTL LEVELS) 

Vee 

DB (0 TO 5) 

j 

FIGURE 2 

lp (DATA) Ip 13·STATE) 

NE5034 

4 
~ 

I• 

10% 

Ip (3·STATE) 

Vee 
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LINEAR LSI PRODUCTS 

8-BIT HI-SPEED A/D CONVERTER 

CLOCK 

Ith CLOCK 
PULSE 

<lP(DIO)> 

FIQURE3 

FUNCTIONAL PIN DEFINITIONS 
DATA READY (DR) 

This is an output pin used to Indicate that 
a conversion Is In progress. f5l!i goes to a 
logic "1" when STAT Is at a logic "O". At 
the completion of a conversion cm returns 
to a logic "O". There Is a delay (MAX 0.5µs) 
from the time OR goes to "O" to the time 
DBO data Is valid. 

DBO-DB7 

Eight three-state data outputs each with a 
drive capability of one TTL load. DBO Is the 
LSB and DB7 is the MSB. 

OE 

Output enable Input. When OE is at a logic 
"1" the data outputs assume a high impe· 
dance state. With OE at a logic "O'', data is 
placed on the outputs. Data appearing on 
the outputs Is only valid if both OE and l5R' 
are at logic "O" (see note on DR timing). 

Sfili'F 
This pin Is used to reset the converter and 
start a new conversion. A logic "O" applied 
to this pin for a minimum of 400ns will 
reset the converter to a condition with 
DB7 at a logic "1" and all other Data out· 
puts at logic "O". It will also cause DR to 
go to a logic "1" (see timing diagrams for 
delay times). Conversion will start with the 
1st clock pulse after S'fFiT returns to a 

4·14 

logic "1" (see notes on set up time re· 
quired). A Si'R'f pulse while a conversion 
Is taking place will cause the conversion 
to be aborted and the converter will reset. 
(See notes on short-cycle operation.) 

CLKIN 

An el<ternal capacitor between this pin 
and ground generates the Internal clock 
pulses. (See diagram for clock frequency 
vs capacitor value). In order to synchro· 
nlze the internal clock, to the start pulse a 
diode .(small signal type e.g., 1N914) 
should be connected between S'fFff and 
CLK IN (see Figures 4 and 5). Without this 
diode the start pulse could occur at a time 
which could cause one of the conditions 
described In the Note on "set up" time. 
Applying an external TTL-or MOS-compat· 
Ible clock to this pin slaves the NE5034 to 
external clock frequency. In this case, the 
diode is not required but the "set up" time 
requirements should be noted. 

BASIC CIRCUIT DESCRIPTION 
The NE5034 is an B·blt A/D converter which 
incorporates the successlve-approxlma· 
lion conversion method. Upon receipt of 
the S'fl!li" pulse, successive bits, begin· 
nlng with the MSB (087), are applied to the 
Input of the internal 8-blt current output 
DAC by the 12L successive-approximation 
register (SAR) (see Block Diagram). 

NE5034 

The comparator determines whether the 
output current of the DAC Is greater or 
less than the Input current converted from 
the unknown analog Input voltage through 
an external Input resistor. If the DAC out· 
put current Is greater, the data latch for 
the trial bit Is reset to a 'O'; If it Is less, the 
trial data bit stays at '1'. After all the bits 
from DB7 to DBO have been tried, the SAR 
contains a valid 8-blt binary output code 
which accurately represents the unknown 
analog Input to within :1: 1/2 LSB ( :1: 0.2%). 
This binary output will now remain In the 
SAR until another STAT pulse Is applied. 

During the successive-approximation se
quence, the DATA READY signal remains 
at '1'. Upon completion of the conversion, 
the signal goes to a 'O', indicating that 
data is valid and ready. If the OE Input Is 
left at a 'O' during the conversion, the 
DATA OUTPUT shows the conversion se· 
quence (see short cycle section). When 
the OE line is made a logic '1', the output 
buffers will go to a high Impedance state 
and will remain so until the OE Is returned 
to a 'O' state. 

TIMING DESCRIPTION 
The timing diagram shown In Figure 7 
shows the successive trial and decisions 
for each data bit. 

With ~at a logic "O" the converter Is 
reset to a condition with DB7 at a logic 
"1", DR at a logic "1" and DBO-DB6 at 
logic "O". 

Conversion starts after 'STAT returns to a 
logic "1''. Starting with DB7 each bit Is 
tried In turn, with the decision point being 
at the time of the positive going edge of 
the clock. Starting with the first positive 
edge after S'mi' returns to logic "1" (see 
note on "set u'p" time). The 8th positive 
going edge makes the decision on DBO 
(LSB) and also causes DR to return to a 
logic "O" to Indicate the conversion Is 
complete. (See note on DR timing.) 

SHORT·CYCLE OPERATION 
In applications where less than 8 bits of 
resolution are required the NE5034 can be 
operated to achieve shorter conversion 
times. No hard wire changes are required 
to perform "short-cycling''. 

Conversion to X number of bits Is com· 
pleted at the end of X + 0.5 clock cycles 
(after a start pulse) OJif will still be at a 
logic "1" state. 

OE can be used to 3-state the outputs 
even during short-cycle operation. 



LINEAR LSI PRODUCTS 

8·BIT HI-SPEED A/D CONVERTER 

BASIC SET-UP DIAGRAM 

UNIPOLAR INPUT VALUES (0-10V) 

UNKNOWN ANAL.CG 
VOLTAGE INPUT 

"•• 
5.0Kn 

1 AEF IN 

15 

R REF=5.0~-

ANALOG 
GROUND 

+Yee 

mrr t!ATA lmTroT 
PULSE ~ ENAiIT 

I I 
10 18 

NE5034 

14 

-Vee 

OG7 MSB 

080 LSB 

Cl - SEE FIG 1 FOR VALUE 
DI - IN914 OR SIMtlAR 
CL ANO 01 NOT REQUIRED 
IF USING EXTERNAL CLOCK 

FIGURE 4. 

20Kn 

1oon 

+ v 0--VVV--0 - v 

ANALOG 
INPUT 

RAEF 

SDDKn 

15 

13 

NE5034 

BASIC SET-UP DIAGRAM 

BIPOLAR INPUT VALUES (:t 10V RANGE) 

EXTERNAL CLOCK S'fH !l'iTA mJTIJUT 
!IF USED) DI PULSE 1 ENrLE 

UNKNOWN ANALOG 
VOLTAGE INPUT 

NE5034 

ANALOG 
GROUND 

10 

NE5034 

I I 
18 

DG7MSB 

080 LSB 

CL - SEE FIG 1 FOR VALUE 
DI - IN914 OR SIMILAR 
CL AND DI NOT REQUIRED 
IF USING EXTERNAL CLOCK 

+Vee -Yee 

FIGURE 5. 

FIGURE 8. SUGGESTED ZERO/FULL SCALE ADJUST CIRCUIT 
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LINEAR LSi PRODUCTS 

8-BIT HI-SPEED A/D CONVERTER 

SET UP TIME 
When using an external clock, the positive 
going edge of the start pulse must be syn
chronized to the clock pulse. There is a 
"set up" time of 300ns required between 
the time of the start pulse returning to a 
logic "1" and the next positive going edge 
of the clock. 

If the positive edge of the start pulse 
occurs less than 300ns prior to the posi· 
tive clock edge, one of the following con
ditions will occur: 

a) The converter recognizes the clock 
pulse and converts as normal. 

b) The conversion starts one clock pulse 
later. 

c) The conversion never starts, this will be 
indicated by the fact that DR does not 
return to logic "O". In this case a new 
start pulse will be required. 

DATA READY (DR") TIMING 
After DR returns to a logic "O" indicating a 
conversion 1s complete there is a time 
delay of 500ns before the data at DBO out· 
put (the Least Significant Bit) is valid. 

ZERO OFFSET (NEGATIVE FULL 
SCALE) CALIBRAT~ON 
PROCEDURES 
1. Apply continuous start pulses to the 

STR'f input. 

2. Apply 1/2 LSB in the case of unipolar 
operation, or 1/2 LSB above - FS in the 
case of bipolar operation to the analog 
input. 

CLOCK 

3. Observe al I data outputs after each 
conversion Is completed. 

4. Adjust the potentiometer connected to 
11N (see Figure 6) until the LSB flickers 
between 'O' and '1 ', and al I other data 
outputs remain 'O' following each con· 
version. 

FULL SCALE (POSITIVE FULL 
SCALE) CALIBRATION: 
1. Apply continuous start pulses to the 

STAT input. 

2. Apply full scale minus 1 1/2 LSB to the 
analog input. 

3. Observe all data outputs after each 
conversion is completed. 

4. Adjust the voltage applied to VReF IN 

(Figure 4) until the LSB varies between 
'O' and '1', and all other data outputs 
stay '1' after each conversion. 

NOTE: 
1. Where an input of 112 LSB is called for, the voltage Is 

equal to ;5~ · 
2. The sequence of calibration should be: 

a. Zero offset 
b. r-ull scale adjust 
c. Zero offset 
d. Full scale adjust 

OPERATING PRECAUTIONS: 
Analog and digital grounds should have 
separate returns. Noise and jitter on digi
tal ground will degrade accuracy unless 
the Input is referenced to a 'clean' analog 
ground. 

087~ [:::::::::::::::::::::: 
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086~ r--,-------------------
~ 1--------------------
~ r-1 -----------------

~~ '-----------------
DB~~ n----

NOTE 
1. C5r • Logic "0'' 
2. See "Shott·Cycle" HCl!on 

FIGURE 7. NE5034 TIMING DIAGRAM 

NE5034 

UNIPOLAR BINARY 
OPERATION: 
A standard connection for a 0 to 10V uni· 
polar binary operation, with VAEF IN equal 
to + 5 volts, is shown in Figure 4. The 
NE5034 can quantize full scale ranges of 
1V to 10V. It should be noted, however, 
that for smaller full scale ranges, the ac
curacy and speed will degrade. 

The input voltage versus output code rela· 
tionshlp for unipolar operation is shown in 
Table 1. The full scale range Is 2 times 
IREF IN· 

Table 1. Unipolar-Binary 

ANALOG INPUT DIGITAL 
OUTPUT CODE 

NOTES 1, 2, 3 MSB LSB 

FS-1 LSB 1 1 1 1 1 1 1 1 
FS-2 LSB 1 1 1 1 1 1 1 0 
3/4 FS 1 1 0 0 0 0 0 0 
1/2 FS+ 1 LSB 1 0 0 0 0 0 0 1 
1/2 FS 1 0 0 0 0 0 0 0 
1/2 FS-1 LSB 0 1 1 1 1 1 1 1 
1/4 FS 0 1 0 0 0 0 0 0 
1 LSB 0 0 6 0 0 0 0 1 
0 0 0 0 0 0 0 0 0 

Tabla 2. Blpolar-Offset Binary 

ANALOG INPUT DIGITAL 
OUTPUT CODE 

NOTES 1, 3, 4 MSB LSB 

+(FS-1 LSB) 1 1 1 1 1 1 1 1 
+(FS-2 LSB) 1 1 1 1 1 1 1 0 
+(1/2 FS) 1 1 0 0 0 0 0 0 
+(1 LSB) 10000001 
0 1 0 0 0 0 0 0 
-(1 LSB) 0 1 1 1 1 1 1 1 
-(1/2 FS) 0 1 0 0 0 0 0 0 
-(FS-1 LSB) 0 0 0 0 0 0 0 1 
-FS 0 0 0 0 0 0 0 0 

BIPOLAR (OFFSET BINARY) 
OPERATION: 
A standard connection for a - 5 to + 5Vor 
-10 to + 10V bipolar operation Is shown 
In Figure 5. 

NOTES: 
1. Analog Inputs shown are nominal center values of 

code. 
2. ""FS"" I• lull 10111; I.I" 21REF IN (Unlpoler mode). 
3. 1 LSB equals 12- 8) l•S). 
4. ••FS" lo lull scale; I.e., 'REF IN (Bipolar modi). 



LINEAR LSI PRODUCTS 

6·BIT A/D CONVERTER (SERIAL OUTPUT) 

DESC~IPTION 

The NEeo3e la an 111y to uae, low coat, 
1ucc111lve approxlm1tlon An1log to Dl~I· 
tal converter, febrlcated In Bipolar/I L 
technology, and packaged In a convenient 
B·pln mini dip package. 

With an external reference voltage, the 
NE50311 will accept Input voltagea be· 
tw11n OV and V1111~· Holding the '§Tm 
pin low for at l111t e clock pulaea In dura· 
tlon will provide the e-blt reault of the con· 
verelon In a aerial format. 

ABSOLUTE MAXIMUM RATINGS 
PARAMETER 

Vee Power supply voltage 
VREF Reference voltage 

Analog Input voltage 

FEATURES 
• Thru·alate output butler tor e11y 

"Prooe11or Interfacing 
• Fiii 1uooe11lve approxlmellon 

oonverter, 231&1tc 
• T1L oompellble lnput1 and output• 
• l11y lntertaoe to CMOS µProoe11or1 
• QuarantHd no ml11lng ood11 over lull 

operating range 
• Slngle 1upply operation, + llV 
• High lmpedanoe analog Input• 
• Po11t1ve true binary 1trlal output 

APPLICATIONS 
• Temperature control 
• µP·bHed appllanoH 
• Light level monitor 
• Electronlc toy1 
• Joy1tlok Interlace 
• µP/Tr1n1duc1r Interlace 

RATINQ UNIT 

7 v 
7 v 
7 v VIN (Analog) 

VIN (Dlglt1I) Dig Ital Input voltage (§TA'l!IT' & CLOCK) 7 v 
Dour Data output pin 

Three-state mode 
Enabled mode 

t.GND Anal.og GND to digital GND 
TA Operating temperature range 
Tstg Storage temperature range 
lso1d Lead soldering temperature 
Po Power dissipation 

FE package 
N package 

BLOCK DIAGRAM 

Ao ND Do ND 

7 
20 
:!: 1 

o to 70 
-65to150 

300 

220 
220 

Vee 

CLOCK 8Till 

v 
mA 
v 
•c 
·c 
·c 

mW 
mW 

3·STATE 
SUFFER 

NE5036 

PIN CONFIGURATION 

NOTES: 

FE, N PACKAGE 

v:::o::::: 
AQND DIGQND 

TOP VIEW 
OADIA NUMHAI 

NE&03!FE, NE&03!N 

D3 PACKAGE 

TOP VIEW 
ORDER NUMBER 

NE503!D 

1. SOL-Released In large SO package only 
2. SOL llll1 non-standard plnout. 
3. SO llll1 non-standard plnouts. 

I DATA OUT 
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LINEAR LSI PRODUCTS 

6·BIT A/D CONVERTER (SERIAL OUTPUT) NE5036 

DC ELECTRICAL CHARACTERISTICS Vee= 5.0V; VREF= 2.0V; Clock= 350kHz; o•c s TA s 70'C unless otherwise 
specified. Typical values are specified at 25'C. 

SYMBOL AND PARAMETER TEST CONDITIONS MIN TYP MAX 

Resolution 6 6 6 
Relative accuracy1.2 1/4 1/2 

Vee Positive supply voltage + 4.75 +5.0 +5.50 

'FS Full scale gain error2,3,4 VReF=2.0V, TA=25°C ±1 ±2 

•zs Zero scale offset error2 VReF=2.0V, TA=25'C ±1/2 - 1/2, + 2 

PsR Power supply rejection VReF=2.0V ± 1/2 ±1 
Max change In full scale2 4.75VsV00 s5.5V 

l1N Analog input bias current OsV,Ns2.5V 1 10 
IREF Reference bias current OsVReFs2.5V 1 10 
R1N Analog Input resistance 3 30 

V1H Logic '1' input voltage 2.0 
VIL Logic ·o• input voltage 0.8 
l1H Logic '1' input current 10 
l1L Logic •o• input current 1 10 
loH Logic '1' output current 2.4VsVoH 300 
loL Logic 'O' output current V0 Ls0.4V 1.6 
loz Three-state leakage current ± 0.1 ±40 
Ice Positive supply current 14 24 

AC ELECTRICAL CHARACTERISTICS Vee= 5.0V; VReF= 2.0V; Clock= 350kHz; o·c s TA s 70'C unless otherwise 
specified. Typical values are specified at 25 •c. (Refer to test figures.) 

- -
SYMBOL AND PARAMETER TO FROM TEST CONDITIONS MIN TYP MAX 

IMAX Max clock frequency 350 

UNIT 

Bits 
LSB 

··-----! v 
LSB 
LSB 

LSB 

µ,A 
µ.A 
MO 

v 
v 

µ.A 
µ.A 
µ,A 
mA 
µA 
mA 

UNIT 

kHz 

TcoNv Conversion time 8 Clock cycles 
lw Clock pulse width 1.3 µS 

Is Setup time, START to clock6 Clock START 500 ns 

tp(oun Propagation delay5 Data out Clock TA= 2s•c, t,= t1<20ns 600 ns 

Ip (3.STATE) Propagation delay5 Data (3-State) START TA= 25°C, t,= t1<20ns 600 ns 
NOTES 
1. Relative accuracy is defined as the deviation of the code transition points from the ideal code transition points on the straight line drawn from zero scale to full scale of the 

device. 
2. Specifications given In LSB's refer to the weight of the least significant bit at the bit level which is 1.56% of the full scale voltage. 
3. Full scale gain error Is the deviation of the code transition point (111110 to 111111) from its ideal value (accounting for offset error at 000000). 
4. The analog input voltage (ViN) range is from OV to VREF nominally, with the output remaining at 111111 even though the input may increase from VREF to Vee· (For optimum 

performance VREF can be any value from 1.5V to 2.5V.) 
5. The time between the specified reference points on the clock and the output waveforms with the output changing (low to high or high to low). 
6. The high to low transition of the START pulse should occur at least 500ns prior to the negative edge of the clock pulse to insure its recognition. The START pulse should stay 

high tor at least 500ns between conversions to guarantee proper recognition. 

4·HI 



LINEAR LSI PRODUCTS 

6-BIT A/D CONVERTER (SERIAL OUTPUT) 

CIRCUIT DESCRIPTION 

NE5036 Is a complete 6-blt, serial output, 
AID converter which incorporates the sue· 
cesslve approximation met.hod. The chip 
includes the internal conirol logic, the 
successive approximation register (SAR), 
6-bit DAC, comparator and the output buf· 
fer. An externally generated clock source 
(max freq = 350 kHz) must be provided to 
pin 6. An external reference voltage sup
plied to pin 2 sets the full scale range of 
the A/D converter as shown in the Block 
Diagram. 

Upon the START pin going low, SUC· 

cesslve approximation conversion com
mences after the first low going edge of 
the clock pulse. Successive bits, begin· 
ning with the MSB (D5) are applied to the 
inpur of the internal 6-bit current output 
DAC by the 12L successive approximation 
register. 

The comparator determines whether the 
output current of the DAC is greater or 
less than the input current, converted 
from the unknown analog input voltage 
through the V/I converter. If the DAC out· 
put is greater, that bit of the DAC is set to 

O and simultaneously the output buffer 
goes to 0. If it is less, that bit stays at 1 
and the output buffer goes to 1. After the 
second high to low transition of the clock 
pulse, the MSB (D5) data is valid. On sue· 
cessive clock pulses, successive bits are 
tried and the output buffer represents that 
bit. ST ART has to stay low for at least 8 
clock pulses for the conversion to be com
pleted and to access the 6-bit result of the 
conversion. A conversion in process can 
be interrupted by Issuing another START 
pulse. 

When START is in a high state, the output 
buffer is in a high impedance state. 

The timing diagram for the device is 
shown in Figure 1. 

TRANSFER CHARACTERISTICS 

The N E5036 is designed to have a nominal 
1/2 LSB offset, so that the code transition 
points are located 1/2 LSB on either side 
of the exact analog input for a given code. 
Thus the first transition (000000 to 000001) 
will occur at an input of 1/2 LSB (15.63mV 
with a VREF of 2.0V), plus any offset. Sub· 
sequent transition (to full scale - 111111) 

TIMING DIAGRAM 

STAR;---1._~~~~~~~~~~~~~~~~~ ...... 
HIGH 

IMPEDANCE 

DATA 
D85 D84 D83 D82 D81 D80 
M" ~8 

Figure 1 

NE5036 

will occur at 62.5 LSB (1.953V at VREF of 
2.0V). 

The ideal transfer characteristic of 
NE5036 is shown in Figure 2. 

LAYOUT PRECAUTIONS 

Analog ground (pin 4) and Digital ground 
(pin 5) are not connected internally and 
should be connected together as close to 
the device as possible for optimum perfor
mance. The leads to the analog Inputs 
should be kept as short as possible to 
minimize input noise pickup. Input bypass 
capacitors from the analog inputs to 
ground will eliminate noise pickup. Power 
supplies should be decoupled with at 
least 11'F and should be located close to 
the device to minimize the effects of noise 
spikes on V cc· 

The reference input and the analog volt· 
age input must botti remain stable during 
conversion to insure accuracy and proper 
operation. This can be done by adequately 
bypassing these inputs and/or keeping the 
impedance at these inputs at or below 
2K-ohms. 

IDEAL TRANSFER 
CHARACTERISTICS 

ANALOG INPUT 

Figure 2 
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LINEAR LSI PRODUCTS 

6·BIT A/D CONVERTER (SERIAL OUTPUT) 

TYPICAL PERFORMANCE CHARACTERISTICS 

4·20 
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LINEAR LSI PRODUCTS 

6-BIT A/D CONVERTER (SERIAL OUTPUT) NE5036 

AC TEST CIRCUITS AND WAVEFORMS 

PROPAGATION DELAY TIME Ip (DATA) 

DATA OUTPUT (LOW TO HIGH) 

Vee• +5V 

VREF• +2V 

V1N (ADJ.) 

..... ~ .......... ,-OK-] ge~:uT 

~~ 
iTffi (TTL LEVELS) 
360kHz CLOCK 
(TTL LEVELS) 

Vee• +5V 
VREF• +2V 

V1N (ADJ.) 

DATA OUTPUT (HIGH TO LOW) 

* 15pF 

START (TTL LEVELS) 

350kHz CLOCK 
(TTL LEVELS) 

START '\_i:: t, = lt :! 2on1 ~ 

1"'5~0-%-----------------..;l·--------t--1'1 50% 

I 
~IP(3·STATE) 
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LINEAR LSI PRODUCTS 

6-BIT A/D CONVERTER (SERIAL OUTPUT) 

TYPICAL APPLICATION 

1. BASIC NE5036 CONFIGURATION 

VOLTAGE 
REFERENCE 

SERIAL 
DATA OUT 

1UUl 

ANALOG INPUT'">--------"-! NE5036 1-----------< START 

4·22 

!-----------< ~~6~~NAL 

2. DIGITAL COMMUNICATIONS USING NE5036 

ANALOG 
INPUT 

RECEIVER/ DECODED 
DECODER SIGNAL 

NE5036 
A/D 

CONVERTER 

SHIFT 
REGISTER 

SERIAL DATA 
OUTPUT 

. . . 
REGISTER ACCEPTS SERIAL 
INPUT DATA, FEED D/A 
IN PARALLEL 

ENCODER/ 
TRANSMITTER 

D/A 
CONVERTER 

NE5018 

ENCODED SIGNAL OUT 

ANALOG 
OUTPUT 

NE5036 



LINEAR LSI PRODUCTS 

6-BIT A/D CONVERTER (PARALLEL OUTPUTS) 

DESCRIPTION • Easy Interlace to CMOS µProcessors 

• Fast converslon-9i<s The NE5037 is a low cost, complete suc
cessive approximation analog to digital 
(AID) converter, fabricated in Bipolar/i 2L 
technology. With an external reference 
voltage, the NE5037 will accept Input volt
ages between OV and V REF· An external 
START pulse of at least 300ns In duration 
will provide the 6-blt resu It of the conver
sion In parallel format. Full conversion 
with no missing codes occurs In 91's. 

• Guaranteed no missing codes over full 
temp range 

• Single supply operation, + 5V 

• Positive trua binary outputs 
• High Impedance analog inputs 

APPLICATIONS 
• Temperature control 
• µP-based appliances 

FEATURES • Light level monitors 

• T2L compatible Inputs and outputs 
• Head position sensing 
• Electronic toys 

• Three state output buffer • Joystick Interface 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER RATING UNIT 

Vee Power supply voltage 7 v 
VREF Reference voltage 7 v 
VIN (Analog) Analog Input voltage _____ 7 v 
VIN (Digital) Dig Ital Input voltage (CS, OE, START, CLK) 7 v 
Dour Data outputs (DBO to DB5) 

Three-state mode 7 v 
Enabled mode (each output) 5 mA 

EOC End of conversion Vee 
~GND Analog GND to digital GND ±1 v 
TA Operating temperature range o to 70 ·c 
Tsra Storage temperature range -65to150 ·c 
tsoLo Lead soldering temperature (10 seconds) 300 ·c 
Po Power dissipation 

F package 220 mW 
N package 220 mW 

BLOCK DIAGRAM 

Vee 

NE5037 

PIN CONFIGURATION 

D, F, N PACKAGE 

TOP VIEW 

ORDER NUMBERS 
NE5037F. NE5037N 

NE5037D 
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LINEAR LSI PRODUCTS 

6·BIT A/D CONVERTER (PARALLEL OUTPUTS) NE5037 

DC ELEC).RICAL CHARACTERISTICS Vee= 5.0V; VReF = 2.0V; Clock= 1 MHz; O'C :s TA :s 70'C unless otherwise 
specified. Typical values are specified at 25'C. 

SYMBOi. AND PARAMETER TEST CONDITIONS MIN TYP MAX UNIT 

Resolution 6 6 6 Bit~ 

Relative accuracy1·2 1/4 1/2 LSB 

Vee Positive supply voltage +4.75 +5.0 + 5.50 v 
EFS Full scale gain error2,3,4 VReF= 2.0V, TA= 25'C ±1 ±2 LSB 

•zs Zero scale offset error2 VAeF= 2.0V, TA= 25'C ± 1/2 -1/2, +2 LSB 

PsA Power supply rejection VReF= 2.0V ± 1/2 ±1 LSB 
Max change In full sca1e2 4, 75V :s V cc :s 5.5V 

l1N Analog Input bias current OsV1Ns2.5V 1 10 µ.A 
IAEF Reference bias current O:sVReF:s2.5V 1 10 µ.A 
A1N Analog Input resistance 3 30 MO 

V1H Logic '1' Input voltage 2.0 v 
V1L Logic 'O' Input voltage 0.8 v 
l1H Logic '1' Input current 10 µ.A 
l1L Logic '0' Input current 1 10 µ.A 
loH Logic '1' output current5 2.4VsVoH 300 µ.A 
loL Logic 'O' output current5 VoLs0.4V 1.6 mA 
loz Three-state leakage current ± 0.1 ±40 µ.A 
Ice Positive supply current 16 24 mA 

AC ELECTRICAL CHARACTERISTICS Vee= 5.0V; VReF,;. 2.0V; Clock= 1MHz; O'C :s TA :s 70'C unless otherwise 
specified. Typical values are specified at 25'C. (Refer to AC test figures.) 

SYMBOL AND PARAMETER TO FROM TEST CONDITIONS MIN TYP MAX UNIT 

IMAX Maximum clock frequency 1 MHz 

lw Start pulse width 300 ns 

Minimum positive/negative 300 ns 
clock pulse width 

TcoNv Conversion time 9 Clock cycles 
Ip (OUT DATA) Propagation delays Data out OE TA= 25'C, t,= t1s20ns 500 ns 
lp(QUT EOC) Propagation delay7 EOC Clock TA=25'C, t,= t1s20ns 800 ns 
Ip (3·STATE) Propagation delay, 3-state 3·State Data ~ TA=25'C, t,= t1s20ns 500 ns 

NOTES 
1. Relative accuracy Is defined as the deviation of the code transition points from the Ideal code transition points on a straight line drawn from zero scale to full scale of the 

device. 
2. Specifications given In LSB's refer to the weight of the least significant bit at the 6 bit level which Is 1.56% of the full scale voltage. 
3. Full scale gain error Is the deviation of the full scale code transition point {111110 to 111111) from Its Ideal value. 
4. The analog Input voltage (V1N) range lsOV to VREF nominally, with the output remaining at 111111 even though the Input may lncrease from VREF to Vee· (For optimum perfor· 

mance, VREF can be any value from 1.5V to 2.5V.) 
5. The data outputs have active pull-ups, The~ tine Is open collector with a nominal 5k0 Internal pull-up resistor 
e. Propagation delay of data outputs Is defined as the delay In the data outputs reading their flnal value after the low going edge of OE. 
7. Propagation delay of EOC is defined as the delay In EOC going low, following the low going edge of the 9th clock pulse after the start pulse. 

CIRCUIT DESCRIPTION 
NE5037 is a complete 6-blt, parallel out· 
put, microprocessor compatible, AID con· 
verier which Incorporates the successive 
approximation method. The chip Includes 
the Internal control logic, the successive 
approximation register (SAA), 6·blt DAC, 
comparator and output buffers. An exter· 
nally generated clock source (max Ire· 
quency = 1 MHz) must be provided to pin 6. 
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An external reference voltage supplied to 
pin 2 sets the full scale range of the AID 
converter. 

The CS pin must be at a low level prior to 
the start of the conversion process. Upon 
receipt of a START pulse the internal con· 
trol logic resets the SAR. On the first low 
going edge of the clock pulse, successive 
approximation conversion commences. 
Successive bits beginning with the MSB 

(D5) are supplied to the Input of the Inter· 
nal 6·bit current output DAC by the 12L 
successive approximation register. 

The comparator determines whether the 
output current of the DAC is greater or 
less than the Input current, converted 
from the unknown analog input voltage 
through the VII converter. If the DAC out· 
put Is greater, that bit of the DAC is set to 
'O' and slmultane..,,fo•y the corresponding 
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output buffer goes to 'O'. If it is less, that 
bit stays at '1' and the output buffer also 
stays at '1'. On successive clock pulses, 
successive bits of the DAC are tried and 
the corresponding output buffer repre
sents the bits of the DAC. On the eighth 
low going edge of the clock pulse (after 
the receipt of the start pulse). The EOC pin 
goes low, thereby indicating that the con
version is complete. The output data is 
now valid. In order to access the result of 
the conversion, the OE pin must be set to 
a low level. EOC is reset to a high state 
when OE is low. When OE is in a '1' state, 
the output buffers are in a high impedance 
state. 

Refer to Figure 1 for the timing diagram. 

STAT~ 

TRANSFER CHARACTERISTICS 

The ideal transfer characteristic of the 
NE5037 is shown in Figure 2. 

The NE5037 is designed to have a nominal 
V2 LSB offset so that the code transition 
points are located 1/2 LSB on either side of 
the exact analog inputs for a given code. 

Thus the first transition (000000 to 000001) 
will occur at an input of 1;, LSB (15.63mV 
with a VREF of 2.0V). Subsequent transi
tions will occur at nominal increments of 
1 LSB. The last transition (to full scale-
111111) will occur at 62.5 LSB (1.953V at 
V REF Of 2.0V). 

LAYOUT PRECAUTIONS 

Analog ground (pin 4) and Digital ground 
(pin 5) are not connected internally and 

TIMING DIAGRAM 

should be connected together as close to 
the device as possible, for optimum per
formance. The circuit will operate with as 
much as ± 200mV 0etween the two 
grounds but some degradation will occur. 
The leads to the analog inputs should be 
kept as short as possible to minimize 
noise pickup. Input bypass capacitors 
from the analog inputs to ground will 
eliminate noise pickup. Power supplies 
should be decoupled with at least 1µF 
located close to the device to minimize 
the effects of noise spikes. 

The reference input and the analog voltage 
input must both remain stable during con
version to insure accuracy and proper 
operation. This can be done by adequately 
bypassing these inputs and/or keeping the 
impedance of these inputs at or below 
2K-ohms. 

CLK __JLJLJ1__rlJ 

HIGH HIGH HIGH 

DATA __ - - - - - - - - - _!!!'~~ - - --c::>~~N~ -a-M~ANCE 
OUTPUTS · J t t 

DATA 
READY 

ANALOG INPUT 

Figure 2 

DATA 
AVAILABLE 
AT OUTPUT 

DATA 
AVAILABLE 
AT OUTPUT 
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TYPICAL PERFORMANCE CHARACTERISTICS 

ZERO SCALE OFFSET ERROR vs TEMP 
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0 a: 
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FULL SCALE GAIN ERROR vs TEMP 

loL vs TEMP (DATA OUTPUTS) 

Ice vs TEMP 
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ZERO SCALE OFFSET ERROR vs Vee 
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AC TEST CIRCUITS AND WAVEFORMS 

PROPAGATION DELAY TIME Ip (DATA) AND Ip (3·STATE) 

Vee=5V8 VREF=2V , 

ViN = 2·1V NE5037 ~ .. ' DATA OUTPUT 

"/ 10kfl 

1MHz CLK (TTL) 15p'I 

START PULSE - -:- -:-
(TTL LEVEL) OE (TTL LEVELS) 

Ip (DATA) 

OE 

DB (0 TO 5) 

Jm:~~% 
1 l-1, 
I 

: f% 
I 

---J l---tP(DATA) 

: K:_ 
-j f..- Ip (3·STATE) 

DATA OUTPUT HIGH 

Vee= +SV 

Vee=5V8J:OK VREF=2V \ 

V1N""-o.1v NE5037 :.' DATA OUTPUT 

I 15pF 
1MHzCLK(TTL) I 

START PULSE - -= 
(TTL LEVEL) OE (TTL LEVELS) 

Vee 90% ____ _ 

J 1 50% 50•1. L "l'-~~~~~-G-N-D--~~-1-0%"'"1""0 I 
I I-- i, _j I '" 

I Vee 

OE 
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-1 ~Ip (DATA) Ip (3·STATE) --1 1--

PROPAGATION DELAY TIME EOC tP(EOC) 

CLK~LJ90~0% ~ 
(j) J 10 ® 

IR ~IF 

Vee 

10kO 

1 MHz TTL (CLOCK) 

START PULSE 
(TTL LEVEL) Oe=Vee 

J15pF 

50% 

lp(iffiC)I-

4-27 

4 



LINEA.R LSI PRODU(;TS 

6-BIT AID CONVERTER (PARALLEL OUTPUTS) 

APPLICATION 
• Oto 63°C Temperature Sensor 

CIRCUIT DESCRIPTION 
The temperature sensor of Figure 3A pro· 
vides an input to Pin 3 of the NE5037 of 32 
millivolts per degree Celsius. This 32mV is 
the value of one LSB for the NE5037. The 
LM334 is a three-terminal temperature 
sensor and provides a current of 1 
microamp for each degree Kelvin. The 
32K-ohm resistor provides the 32 millivolts 
for each microamp through it, while the 
transistor bleeds off 273 microamps of the 
temperature sensor (LM334) current, low· 
ering the reading by 273 degrees Kelvin, 
thus converting from Kelvin to Celsius. 

To read temperature, conversion is started 
by sending a momentary low signal to Pin 
7 of the NE5037. When Pin 10 of the 
N E5037 goes low, conversion is complete 
and a low is applied to Pin 9 of the NE5037 
to read data on Pins 11 through 16. Note 
that this temperature data is in straight 
binary format. 

LM334 

-= 

-5V 

+5V 

STAT 

VR2 
500 

NE5037 
EOC 

10 

11-16 

CLOCK 4 6·BIT 
DATA BUS 

-::-

The controller can be a microprocessor in 
a temperature control application, or 
discrete circuitry in a simple temperature 
reporting application. A temperature 
reporting (digital thermometer) circuit is 
shown in Figure 38. The ROMs or PROMs 

Figure 3A. Temperature Sensor 
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1.5K 

VR1 
2.5K 

LM334 

+5V 

VR2' 
500 

Vee STAT 

EOC~1~0~~~~~~~~~~~~--, 

NE5037 

CLOCK 
(1MHz MAX) 

Figure 38. Digital Thermometer 

NE5037 

CONTROLLER 
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must have the correct code for converting 
the data from the NE5037 (used as ad
dress for the ROMs or PROMs) to the ap
propriate segment driver codes. 

The displayed output could easily be con
verted to degrees Fahrenheit by the con
troller of Figure 3A or through the 
(P)ROMs of Figure 38. When doing this, a 
third (hundreds) digit (P)ROM and display 
will, of course, be needed for displaying 
temperatures above 99°F. 

An inexpensive clock can be made from 
NANO gates or Inverters, as shown in 
Figure 3C. 

CIRCUIT ADJUSTMENT 
Adjust VR2 for about 1/4 of maximum 
resistance. With the sensor (LM334) stable 
at a known temperature near the lower end 
of the expected range of temperature 
readings, adjust VR1 for a drop of 2.73 
volts across the (10K) emitter resistor of 
01. Set reference voltage at Pin 2 of the 
NE5037 for 2 volts and adjust VR2 for a 
digital reading corresponding to the 
known temperature. 

Because high accuracy is not necessary In 
many applications, this Is often all the ad· 
justment necessary and yields an in· 
dicated temperature that is within 3 

Figure 3C. Simple Clock Circuit 

NE5037 

degrees Celsius of actual temperature. 
Should higher accuracy be required, ad· 
justment of the NE5037 reference voltage 
at Pin 2 Is needed. After performing the 
above adjustments, bring the sensor tem
perature to a value near the maximum ex· 
pected reading (but not above 63 degrees 
Celsius) and adjust the reference voltage 
at Pin 2 of the NE5037 for a digital output 
indication of the known temperature. Then 
stabilize the sensor again at a temperature 
near the low end of the expected range of 
readings and adjust VR1 for a digital in· 
dication of that known temperature. This 
procedure will provide an accuracy of ± 1 
degree Celsius. 

4 



LINEAR LSI PRODUCTS 

12-BIT MULTIPLYING DIGITAL-TO-ANALOG CONVERTER Am6012 

DESCRIPTION 
The Am6012 12-Bit multiplying Digital-to· 
Analog converter provides high speed and 
0.025% differential nonlinearity over Its 
full commercial temperature range. 

The DIA converter uses a 3·bit segment 
generator for the MSBs in conjunction 
with a 9·bit R·2R diffused resistor ladder 
to provide 12·bit resolution without costly 
trimming processes. This technique guar· 
antees a very uniform step size (up to ± '12 
LSB from the ideal), monotonicity to 12 
bits and integral nonlinearity to 0.05% at 
its differential current outputs. 

The dual complementary outputs of the 
Am6012 increase its versatility, and effec· 
tively double the peak·to·peak output 
swing. Digital inputs, in addition, can be 
configured to accept all popular logic 
families. 

While the device requires a reference in· 
put of 1mA for a 4mA full scale current, 
operation is nearly Independent of power 
supply voltage shifts. The power supply 
rejection ratio Is ± 0.001 % FS/% tN. The 
devices will work from + 5, - 12V to ± 18V 
rails, with as low as 230mW power con· 
sumptlon typical. 

BLOCK DIAGRAM 

FEATURES 
• 12·blt resolution 
• Accurate to within ± 0.05% 
• Monotonic over temperature 
• Fast settling time, 250ns typical 
• Trlmless design for low cost 
• Differential current outputs 
• High·speed multiplying capability 
• Full scale current, 4mA (with 1 mA 

reference) 
• High output compliance voltage, 

- 5 to +10V 
• Low power consumption, 230rriW 

APPLICATIONS 
• CRT displays, computer graphics 
• Robotics, and machine tools 
• Automatic test equipment 
• Programmable power supplies 
• CAD/CAM systems 
• Data acquisition and control systems 
• Analog·to·Dlgltal converter systems 

ABSOLUTE MAXIMUM RATINGS 
Operating Temperature 

Am6012F 
Storage Temperature 
Lead Temperature (Soldering, 60 sec) 

Power Supply Voltage 

Logic Inputs 

Voltage Across Current Outputs 

Reference Inputs V14, V15 

PIN CONFIGURATION 

FPACKAGE 

TOP VIEW 

ORDER NUMBER 
AM6012F 

o·c to+ 70'C 
-65'C to + 150'C 

300'C 

±18V 

-5V to+ 18V 

-8V to+ 12V 

V- to V+ 

Reference Input Differential Voltage (V 14 toV 15) ±18V 

Referel'\Ce Input Current (1 14) 1.25mA 

GND/MS8 LS8 
V(+) VLc 81 82 83 84 85 88 87 88 B8 810 811 812 

18-~----1 ..... _,. _ _,.. __ __, ____ _..., ____ __,,___,10 

~--++_.., .................. ......, ................... ,...._ .......... _.. ........... __ ...... 1•~0~ -

COMP V(-) 
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ELECTRICAL CHARACTERISTICS: V+ = + 15V, V- = -15V, IReF= 1.0mA, o·c s TA s 70°C 

Am6012F 
Parameter Description Test Conditions '" Units 

Min. Typ. Max. 

Resolution 12 Bits 

Monotoniqlty 12 Bits 

Differential - - ±.025 %FS 
D.N.L. Nonlinearity Deviation from ideal step size 

12 - - Bits 
" 

N.L. Nonlinearity Deviation from ideal straight line - - ±.05 %FS 

VREF= 10.000V 
IFS Full Scale Current R14 - R1s= 10.000kO 3.935 3.999 4.063 mA 

TA= 25°C 

- ±10 ±40 ppm/°C 
TCIFs Full Scale Tempco 

±.001 ±.004 %FS/°C 

Output Voltage 
D.N.L. Specification guaranteed 

Voe Compliance 
over compliance range -5 - +10 Volts 
Rour > 10 megohms typ. 

IFSs Symmetry IFs- lj!S - ±0.4 ±2.0 µA 

lzs Zero Scale Current - - 0.10 µA 4 
Is Settling Time To :!:1/2 LSB, all bits ON or OFF, TA=25'C - .250 500 nsec 

tPLH Propagation 
50% to 50% - 25 50 nsec 

tPHL Delay - all bits 

Cour Output Capacitance - 20 - pF 

V1L Logic 1 Logic "O" - - 0.8 
Input Volts 

V1H Levels 1 Logic "1" 2.0 - -
l1N Logic Input Current V1N = - 5 to + 18V - - 40 µA 

Vis Logic Input Swing V- = -15V -5 - +18 Volts 

IREF 
Reference Current 0.2 1.0 1.1 mA 
Range 

115 Reference Blas Current 0 -0.5 -2.0 µA 

dl/dt 
Reference Input R14(eq)= 8000 4.0 8.0 - mAlµs 
Slew Rate CC=OpF 

PSSIFs+ Power Supply V+ = + 13.5V to + 16.5V, V- = -15V - ±0.0005 :!: .001 
%FS/% 

PSSIFs- Sensitivity V- = -13.5V to - 16.5V, V + = + 15V - :!: .00025 ± .001 

V+ Power Supply 4.5 - 18 
Vour=OV Volts 

V- Range -18 - -10.8 

I+ - 5.7 8.5 

1-
V+ = +5V, V- = -15V 

-13.7 -18.0 Power Supply -
mA 

I+ Current - 5.7 8.5 

1-
V+ = +15V, V- = -15V 

-13.7 -18.0 -

Power V+ = + 5V, V- = -15V - 234 312 
Po Dissipation 

mW 
V+ = + 15V, V- = -15V - 291 397 
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CIRCUIT DESCRIPTION 
The Am6012 Is a 12-bit DAC which uses 
diffused resistors and requires no trim· 
ming to guarantee monotonicity over the 
temperature range. A segmented DAC 
design guarantees a more uniform step 
size over the temperature range than is 
normally available with trimmed 12·bit 
converters. The converter features differ· 
ential high compliance current outputs, 
wide supply range, and a multiplying ref· 
erence input. 

In many converter applications, uniform 
step size is more important than conform· 
ance to an ideal straight line. Many 12-bit 
converters are used for high resolution 
rather than high linearity, since few trans
ducers are more linear than ±0.1%. All 
classic binarily weighted converters re· 
qu.ire ± 1/2 LSB (± .012%) linearity in 
order to guarantee monotonicity, which re· 
quires very tight resistor matching and 
tracking. The Am6012 uses conventional 
bipolar processing to achieve high differ
ential linearity and monotonicity without 
requiring correspondingly high linearity, 
or conformance to an ideal straight line. 

One design approach which provides 
monotonicity without requiring high lin· 
earity is the MOS switch-resistor string. 
This circuit is actually a full complement 
to a current switched R-2R DAC since it is 
slower, has a voltage output, and if lmple· 
mented at the 12-bit level would use 4096 
low tolerance resistors rather than a mini· 
mum number of high tolerance resistors 
as in the R·2R network. Its lack of speed 
and density for 12 bits are its drawbacks. 

With the segmented DAC approach, the 
4096 required output levels are composed 
of 8 groups of 512 steps each. Each step 
group is generated by a 9-blt DAC, and 
each of the segment slopes is determined 
by one of 8 equal current sources. The 
resistors which determine monotonicity 
are in the 9-bit DAC. The major carry of the 
9-bit DAC is repeated in each of the 8 seg· 
ments, and requires eight times lower ini· 
tial resistor accuracy and tracking to main· 
tain a given differential nonlinearity over 
temperature. 

The operation of the segmented DAC may 
be visualized by assuming an Input code 
of all zeroes. The first segment current 10 
is divided into 512 levels by the 9-bit 
multiplying DAC and fed to the output, 
lour· As the input code increases, a new 
segment current is selected for each 512 
counts. The previous segment is fed to 
output lour where the new step group is 
added to it, thus ensuring monotonicity In· 
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dependent of segment resistor values. All 
h lgher order segments feed lour· 

With the segmented DAC approach, the 
precision of the 8 main resistors deter· 
mines linearity only. The Influence of each 
of these resistors on linearity Is four times 
lower than that of the MSB resistor In an 
R·2R DAC. Hence, assuming the same 
resistor tolerances for both, the linearity 
of the segmented approach would actually 
be higher than that of an R·2R design. 

The step generator or 9·bit DAC Is com· 
posed of a master and a slave ladder. The 
slave ladder generates the four least signi· 
ficant bits from the remainder of the 
master ladder by active current splitting 
utilizing scaled emitters. This saves ladder 
resistors and greatly reduces the range of 
emitter scaling required in the 9·bit DAC. 
All current switches In the step generator 
are high speed fully differential switches 
which are capable of switching low cur· 
rents at high speed. This allows the use of 
a binary scaled network all the way to the 
least significant bit which saves power 
and simplifies the circuitry. 

Diffused resistors have advantages over 
thin film resistors beyond simple econ· 
omy and bipolar process compatibility. 
The resistors are fabricated in single 
crystal rather than amorphous material 
which gives them better long term stabili
ty and tracking and much higher moisture 
resistance. They are diffused at 1ooo•c 
and so are resistant to changes in value 
due to thermal and chemical causes. Also, 
no burn-In is required for stability. The 
contact resistance between aluminum and 
silicon is more predictable than between 
aluminum and an amorphous thin film, 
and no sandwich metals are required to 
enhance or protect the contact or limit 
alloying. The initial match between two 
diffused resistors Is similar to that of thin 
film since both are defined by photomasks 
and chemical etching. Since the resistors 
are not trimmed or altered after fabrica· 
tion, their tracking and long term char· 
acteristics are not degraded. 

DIFFERENTIAL vs INTEGRAL 
NONLINEARITY 
Integral nonlinearity, for the purposes of 
the discussion, refers to the "straight· 
ness" of the line drawn through the indi· 
vidual response points of a data converter. 
Differential nonlinearity, on the other 
hand, refers to the deviation of the spac· 
Ing of the adjacent points from a 1 LSB 
Ideal spacing. Both may be expressed as 
either a percentage of full scale output or 

as fractional LSBs or both. The graphs in 
Figure 1 define the manner in which these 
parameters are specified. The left graph 
shows a portion of the transfer curve of a 
DAC with 1/2 LSB INL and the (implied) 
DNL spec of 1LSB. Below this Is a graphic 
representation of the way this would ap· 
pear on a CRT screen where the Am6012 Is 
used as a display driver. On the right Is a 
portion of the transfer curve of a DAC 
specified for 2LSB INL with 1/2 LSB DNL 
specified and the graphic displ~y below it. 

One of the characteristics of an R·2R DAC 
in standard form is that any transition 
which causes a zero LSB change (I.e. the 
same output for two different codes) will 
exhibit the same output each time that 
transition occurs. The same holds true for 
transitions causing a 2LSB change. These 
two problem transitions are allowable for 
the standard definition of monotonicity 
and also allow the device to be specified 
very tightly for INL. The major problem 
arising fro·m this error type Is In A/D con· 
verter Implementations. Inputs producing 
the same output are now represented by 
ambiguous output codes for an identical 
input. Also, 2LSB gaps can cause large er
rors at those Input levels (assuming 1/2 
LSB quantizing levels). It can be seen from 
the two figures that the DNL specified DIA 
converter will yield much finer grained 
data than the INL specified part, thus im
proving the ability of the AID to resolve 
changes in the analog Input. 

ANALOG OUTPUT CURRENTS 
Both true and complemented output sink 
currents are provided where 10 +1Q = IFR· 
Current appears at the "true" output when 
a "1" is applied to each logic input. As the 
binary count increases, the sink current at 
pin 18 Increases proportionally, in the 
fashion of a "positive logic" D/A con· 
verter. When a "O" is applied to any input 
bit, that current is turned off at pin 18 and 
turned on at pin 19. A decreasing logic 
count increases TO as In a negative or in· 
verted logic D/A converter. Both outRuts 
may be used simultaneously. If one of the 
outputs is not required it must still be con· 
nected to ground or to a point capable of 
sourcing IFR; do not leave an unused out· 
put pin.open. 

Both outputs have an·extremely wide volt· 
age compliance enabling fast direct 
current-to-voltage conversion through a 
resistor tied to ground or other voltage 
source. Positive compliance is 25V above 
V - and is independent of the positive 
supply. Negative compliance is + 10V 
above V-. 
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DIFFERENTIAL LINEARITY COMPARISON 

DIA CONVERTER WITH 
±112 LSB INL, ±1 LSB DNL 

DIA CONVERTER WITH 
± 2 LSB INL, ±1/2 LSB DNL 

0000 0010 0100 0110 1000 1010 1100 1110 
0001 0011 0101 0111 1001 1011 1101 1111 

DIGITAL INPUT 

0010 0100 0110 1000 1010 1100 1110 0000 
0011 0101 0111 1001 1011 1101 1111 0001 

DIGITAL INPUTS 

VIDEO DEFLECTION BY OACs 
VIDEO DEFLECTION BY DACs 

"' r-

---......_ --
.. 
1-

1-e-·--· 

--_..__ ----- _... --
'":.... 
----.-

-
-'!._ - --- ~ 

~----:...... ----... 
ENLARGED "POSITIONAL" OUTPUTS ENLARGED "POSITIONAL" OUTPUTS 

The dual outputs enable double the usual 
peak-to-peak load swing when driving 
loads in quasi-differential fashion. This 
feature is especially useful in cable driv
ing, CRT deflection and In other balanced 
applications such as driving center-tapped 
coils and transformers. 

POWER SUPPLIES 
The Am6012 operates over a wide range of 
power supply voltages from a total supply 
of 20V to 36V. When operating with V
supplies of - 10V or less, !REF :s 1 mA is 
recommended. Low reference current 
operation decreases power consumption 
and increases negative compliance, refer
ence amplifier negative common mode 

Figure 1 

range, negative logic input range, and 
negative logic threshold range; consult 
the various figures for guidance. For ex· 
ample, operation at -9V with !REF= 1mA 
is not recommended because negative 
output compliance would be reduced to 
near zero. Operation from lower supplies 
is possible, however at least av total must 
be applied to insure turn-on of the internal 
bias network. 

Symmetrical supplies are not required, as 
the Am6012 is quite insensitive to varia· 
lions in supply voltage. Battery operation 
is feasible as no ground connection is re· 
quired; however, an artificial ground may 
be used to insure logic swings, etc. remain 
between acceptable limits. 

TEMPERATURE PERFORMANCE 
The nonlinearity and monotonicity 
specifications of the Am6012 are guaran
teed to apply over the entire rated 
operating temperature range. Full scale 
output current drift is tight, typically 
± 10ppml°C, with zero scale output cur
rent and drift essentially negligible com· 
pared to 112 LSB. 

The temperature coefficient of the refer
ence resistor R14 should match and track 
that of the output resistor for minimum 
overall full scale drift. 

SETTLING TIME 
The Am6012 is capable of extremely fast 
settling times, typically 250ns at 

4.33 
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IREF= 1.0mA. Judicious circuit design and 
careful board layout must be employed to 
obtain full performance potential during 
testing and application. The logic switch 
design enables propagation delays of only 
25ns for each of the 12 bits. Settling time 
to within 1/2 LSB of the LSB is therefore 
25ns, with each progressively larger bit 
taking successively longer. The MSB set
tles in 250ns, thus determining the overall 
settling time of 250ns. Settling to 10-bit 
acr~racy requires about 90 to 130ns. The 
output capacitance of the Am6012 in
cluding the package is approximately 
20pF; therefore, the output RC time con
stant dominates settling time if RL > 
50011. 

Settling time and propagation delay are 
relatively insensitive to logic input ampli· 
tude and rise and fall times, due to the 
high gain of the logic switches. Settling 
time also remains essentially constant for 
IREF values down to 0.5mA, with gradual 
increases for lower IREF values lies in the 
ability to attain a given output level with 
lower load resistors, thus reducing the 
output RC time constant. 

Measurement of settling time requires the 
ability to accurately resolve ± 2,tA, there
fore a 2.5k!l load is needed to provide ade· 
quate drive for most oscilloscopes. At IREF 
values of less than 0.5mA, excessive RC 
damping of the output is difficult to pre
vent while maintaining adequate sensi
tivity. However, the major carry from 
011111111111 to 100000000000 provides 
an accurate indicator of settling time. This 
code change does not require the normal 
6.2 time constants to settle to within 
± 0.1 % of the final value, and thus settling 
times may be observed at lower values of 
IREF· 

Am6012 switching transientsor"glltches" 
are very low and may be further reduced 
by small capacitive loads at the output at a 
minor sacrifice in settling time. 

Fastest operation can be obtained by us· 
ing short leads, minimizing output capaci· 
tance and load resistor values, and by ade· 
quate bypassing at the supply, reference, 
and VLc terminals. Supplies do not require 
large electrolytic bypass capacitors as the 
supply current drain is independent of in· 
put logic states; 0.1"F capacitors at the 
supply pins provide full transient protec
tion. 

APPLICATIONS IN FORMATION 

REFERENCE AMPLIFIER SETUP 
The Am6012 is a multiplying O/A converter 
in which the output current is the product 
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of a digital number and the Input reference 
current. The reference current may be 
fixed or may vary from nearly zero to 
+ 1.0mA. The full range output current Is a 
linear function of the reference current 
and Is given by: 

4095 
'FR= 4096 x4x(IREFl=3.999 'REF• 

where IREF= 114 

In positive reference applications, an ex· 
ternal positive reference voltage forces 
current through R14 Into the VREF(+) ter· 
mlnal (pin 14) of the reference amplifier. 
Alternatively, a negative reference may be 
applied to VREF(-) at pin 15. Reference cur
rent flows from ground through R14 into 
VREF(+) as in the positive reference case. 
This negative reference connection has 
the advantage of a very high Impedance 
presented at pin 15. The voltage at pin 14 
is equal to and tracks the voltage at pin 15 
due to the high gain of the internal refer
ence amplifier. R15 (nominally equal to 
R14) is used to cancel bias current errors. 
(Figure 2a) 

Bipolar references may be accommodated 
by offsetting VReF or pin 15. The negative 
common-mode range of the reference 
amplifier is given by: VcM- =V- .. plus 
(IREF x 3k!l) plus 1.BV. The positive 
common-mode range is V + less 1.23V. 

When a DC reference is used, a reference 
bypass capacitor is recommended. A 5.0V 
TTL logic supply is no1 recommended as a 
reference. If a regulated power supply Is 
used as a reference, R14 should be split 
into two resistors .with the junction by
passed to ground with a 0.1"F capacitor. 

For most applications the tight relation
ship between IREF and IFs will eliminate 
the need for trimming IREF· If required, full 
scale trimming may be accomplished ·by 
adjusting the value of R14, or by using a 
potentiometer for R14. 

MULTIPLYING OPERATION 
The Am6012 provides excellent multiply· 
ing performance with an extremely linear 
relationship between IFs and IREF over a 
range of 1mA to 1µA. Monotonic operation 
is maintained over a typical range of IREF 
from 100"A to 1.0mA. 

REFERENCE AMPLIFIER 
COMPENSATION FOR 
MULTIPLYING APPLICATIONS 
AC reference applications will require the 
reference amplifier to tle compensated using 

a capacitor from pin 16 to V - . The value of 
this capacitor depends on the impedance pre
sented to pin 14. For R14 values of 1.0, 2.5 
and 5.0k!l; minimum values of Cc are 5, 12 
and 25pF. Larger values of R14 require pro· 
portionately increased values of Cc for proper 
phase margin. (See Figure 2b) 

For fastest response to a pulse, low 
values of R14 enabling small Cc values 
should be used. If pin 14 is driven by a 
high impedance such as a transistor cur
rent source, none of the above values will 
suffice and the amplifier must be heavily 
compensated which will decrease overall 
bandwidth and slew rate. For R14= 1k!l 
and Cc= 5pF, the reference am pl Iller 
slews at 4mA/ms enabling a transition 
from IREF = 0 to IREF = 1 mA In 250ns. 

Operation with pulse inputs to the refer
ence amplifier may be accommodated by 
an alternate compensation scheme. This 
technique provides lowest full scale tran· · 
sition times. An internlll clamp allows 
quick recovery of the reference amplifier 
from a cutoff (IReF= 0) condition. Full 
scale transition (0 to 1mA) occurs in 
62.5ns when the equivalent impedance at 
pin 14 is 8000 and Cc= 0. This yields a 
reference slew rate of BmAJ"s which is 
relatively independent of R1N and V1N 

values. 

LOGIC INPUTS 
The Am6012 design incorporates a unique 
logic input circuit which enables direct in· 
terface to all popular logic families and 
provides maximum noise immunity. This 
feature is made possible by the large input 
swing capability, 40"A logic input current, 
and completely adjustable logic threshold 
voltage. For V - = - 15V, the logic inputs 
may swing between - 5 and + 10V. This 
enables direct interface with + 15V CMOS 
logic, even when the Am6012 is powered 
from a + 5V supply. Minimum input logic 
swing and minimum logic threshold volt· 
age are given by: V - plus (IREF x 3k!l) plus 
1.BV. The logic threshold may be adjusted 
over a wide range by placing an approprl· 
ate voltage at the logic threshold control 
pin (pin 13, V Ld· For TTL Interface, simply 
ground pin 13. When interfacing ECL, an 
IREF s 1mA is recommended. For inter· 
facing other logic families, see block titled 
"Interfacing With Various Logic Families." 
For general setup of the logic control cir
cuit, it should be noted that pin 13 will 
sink 1.1mA typical, external circuitry 
should be designed to accommodate this 
current (Figure 3). 
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REFERENCE AMPLIFIER BIASING 

R14 Arn8012 

14 IREF-...... 
Y1N--"'""-----<1-->---4>-------~ 

15 

COMP 

Tee :C0.1:C 22,F TANTULUM 
20 -: -: (NOTE 5) 

V- V+ v-

Reference Configuration R14 R15 R1N Cc IREF 
Positive Reference VR+ ov N/C .o11tF VR+IR14 

Negative Reference ov VR- N/C .011tF -VR_/R14 

Lo Impedance Bipolar 
VR+ ov VIN (Note 1) (VR+IR14)+ (V1N/R1N) 

Reference (Note2) 

Hi Impedance Bipolar 
VR+ VIN N/C (Note 1) (VR+ - V1N)/R14 

Reference (Note3) 

Pulsed Reference (Note 4) VR+ ov V1N No Cap (VR+IR1o!l+ (V1N/R1N) 
Notes: 
1. The compensation capacitor is a function of the impedance seen at the + VREF l~put and must be at least 5pF x A14(eq) in kn. For R14 < soon no capacitor is 

necessary. 
2. For negative values of VIN• VR+ IR14 must be greater than - V1N MaxlR1N so that the amplifier is not turned off. 
3. For positive values of VIN• VA+ must be greater than V1N Max so the amplifier Is not turl'.'led off. 
4. For pulsed operation, VA+ provides a DC offset and may be set to zero In some cases. The impedance at pin 14 should be 8000 or less. 
5. For optimum settling time, decouple V - with 200 and bypass with 22µF tantulum capacitor. 
6. Reference current and reference resistor - there is a 1 to 4 scale factor between the reference current (tReF) and the full scale output current 0f5). If VReF = + 10V and 

Ifs= 4mA, the value of the R14 Is: 

R14= 4x::olt = 10k0 R14= R15 

MINIMUM SIZE 
COMPENSATION CAPACITOR 

(IFS= 4mA, IREF = 1.0mA) 

R141eQ)(kO) Cc(Pfi 

10 50 
5 25 
2 10 
1 5 
.5 0 

Figure 2a 

Note: A 0.01,iF capacitor Is recommended for fixed reference operation. 

Figure 2b 

ID ... 
,.: 
" ... ,_ 
::I 
0 .. 
> 

5 .. 
a: 

REFERENCE AMPLIFIER 
FREQUENCY RESPONSE 

4 

R14(£0)=2k 
Cc•10pF 

LAROE SIONAL=50% b!1.! 
-2 MODULATION OF 4mA 

-4 
F~A'.ICrfftT 

s~ill1J.A~ 
2. 

-6 MODULATION OF 2mA 
F'1ilIA'f mNT 

-8 
.01 0.1 1.0 

FREQUENCY, MHz 

!If-' 

10 
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INTERFACING CIRCUITS FOR ECL, CMOS, HTL LOGIC INPUTS 

CMOS, HTL ECL 

+15V 

"A" 

-5.2V 

NOTES: 
1. Set the voltage "A" to the desired logic Input switching threshold. 
2. Allowable range of logic threshold is typically -SV to + 13.SV when operating the DAC on ± 15V supplies. 

Figure 3 

ACCOMMODATING BIPOLAR REFERENCE BASIC NEGATIVE REFERENCE OPERATION 
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VAEo<•> 

llREF 

14.------~ 

0--'V'"--~ 
R1N 

15 
Am8012 

IAEF > PEAK NEGATIVE SWING OF l1N 

VAep(+) RAEF 14 .-------
RAEF= R15 0--'VV'v--~ 

R15 
(OPTIONAL) 15 

HIGH INPUT 
IMPEOANCE 

Am6012 

VAEP + l MUST BE ABOVE PEAK POSITIVE SWING OF VIN 

RAEF 14 -------

VAEo<-> 
":"' R15 15 

IFS • VAEp(-I x4 
RAEF 

Am8012 

NOTE: 
RAEF SETS IFS; R15 IS FOR A 
BIAS CURRENT CANCELLATION. 

RECOMMENDED FULL-SCALE 
ADJUSTMENT CIRCUIT 

Am8012 
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APPLICATION CIRCUITS 

R14 

+10V 
10k0 

REF 
VREF(+) 

VREF{-) 
R15 

10k0 
81 l 

~"~± (SEE CODE TABLE) 

R14= 1~;~~ MSB 

RoFF= 2~~;~ 

Code Format 

Straight binary; one 
polarity with true input 

Unipolar 
code, true zero output. 

Complementary binary; 
one polarity with 
complementary input 
code, true zero output. 

Straight offset binary; 
offset half scale, 
symmetrical about zero, 
no true zero output. 

Symmetrical 
Off sot 1's complement; offset 

half scale, symmetrical 
about zero, no true zero 
output, MSB comple-
mented (need inverter 
at 81). 

Offset binary; offset half 
scale, true zero output. 

Offset with 
True Zero 2's complement; offset 

half scale, true zero 
output, MSB comple-
mented (need inverter 
at 81). 

ADDITIONAL CODE 
MODIFICATIONS 

Connectlone 

B·C 
b·g 

R1=R2=2.5K 

•·g 
b·C 

R1 = R2=2.5K 

8·C 
b·d 
l·a 

R1=R3=2.5K 
R2= 1.25K 

8·C 
b-d 
f.g 

R1=R3=2.5K 
R2= 1.25K 

e-a-c 
b·g 

R1 = R2= SK 

e-a-c 
b·g 

A1=R2=5K 

1. Any of the offset binary codes may be 
complemented by reversing the output 
terminal pair. 

Am6012 LOGIC INPUTS 

s,oookn 2.000mA -
ROFF 

I : • -lo a 

Am6012 
1c; b -

812 

g 

LSB 1 
Output Scale 

MSB 
81 82 B3 B4 BS B6 B7 BB 

Positive full scale 1 1 1 1 1 1 1 1 
Positive full scale - LSB 1 1 1 1 1 1 1 1 
Zero scale 0 0 0 0 0 0 0 0 

Positive full scale 0 0 0 0 0 0 0 0 
Positive full scale - LSB 0 0 0 0 0 0 0 0 
Zero scale 1 1 1 1 1 1 1 1 

Positive full scale 1 1 1 1 1 1 1 1 
Positive full scale - LSB 1 1 1 1 1 1 1 1 
( + ) Zero scale 1 0 0 0 0 0 0 0 
( - ) Zero scale 0 1 1 1 1 1 1 1 
Negative full scale- LSB 0 0 0 0 0 0 0 0 
Negative full scale 0 0 0 0 0 0 0 0 

Positive full scale 0 1 1 1 1 1 1 1 
Positive full scale - LSB 0 1 1 1 1 1 1 1 
( + ) Zero scale 0 0 0 0 0 0 0 0 
( - ) Zero scale 1 1 1 1 1 1 1 1 
Negative full scale - LSB 1 0 0 0 0 0 0 0 
Negative full scale 1 0 0 0 0 0 0 0 

Positive full scale 1 1 1 1 1 1 1 1 
Positive full scale - LSB 1 1 1 1 1 1 1 1 
+ LS8 1 0 0 0 0 0 0 0 
Zero s·cale 1 0 0 0 0 0 0 0 
-LS8 0 1 1 1 1 1 1 1 
Negative full scale+ LSB 0 0 0 0 0 0 0 0 
Negative fu II scale 0 0 0 0 0 0 0 0 

Positive full scale 0 1 1 1 1 1 1 1 
Positive full scale - LSB 0 1 1 1 1 1 1 1 
+ 1 LS8 0 0 0 0 0 0 0 0 
Zero scale 0 0 0 0 0 0 0 0 
-1 LS8 1 1 1 1 1 1 1 1 
Negative full scale+ LSB 1 0 0 0 0 0 0 0 
Negative full scale 1 0 0 0 0 0 0 0 

Figure 4 

Am6012 

R3 R1 

·J_~ p ~Your 
d--t--

~ R2 

-=-

4 
LSB lo 1jj 

Your 89 B10 B11 B12 (mA) (mA) 

1 1 1 1 3.999 .000 9.9978 
1 1 1 0 3.998 .001 9.9951 
0 0 0 0 .000 3.999 .0000 

0 0 0 0 .000 3.999 9.9976 
0 0 0 1 .001 3.998 9.9951 
1 1 1 1 3.999 .000 .0000 

1• 1 1 1 3.999 .000 9.9976 
1 1 1 0 3.998 .001 9.9927 
0 0 0 0 2.000 1.999 .0024 
1 1 1 1 1.999 2.000 - .0024 
0 0 0 1 .001 3.998 -9.9927 
.0 0 0 0 .000 3.999 - 9.9976 

1 1 1 1 3.999 .000 9.9976 
1 1 1 0 3.998 .001 9.9927 
0 0 0 0 2.000 1.999 .0024 
1 1 1 1 1.999 2.000 - .0024 
0 0 0 1 .001 3.99.8 J-9.9927 
0 0 0 0 .000 3.999 J-9.9976 

1 1 1 1 3.999 .000 9.9951 
1 1 1 0 3.998 .001 9.9902 
0 0 0 1 2.001 1.998 .0049 
0 0 0 0 2.000 1.999 .000 
1 1 1 1 1.999 2.000 - .0049 
0 0 0 1 .001 3.998 t-9.9951 
0 0 0 0 .ODO 3.999 1-10.000 

1 1 1 1 3.999 .008 9.9951 
1 1 1 0 3.998 .001 9.9902 
0 0 0 1 2.001 1.998 .0049 
0 0 0 0 2.000 1.999 .000 
1 1 1 1 1.999 2.000 -0.049 
0 0 0 1 .001 3.998 9.9951 
0 0 0 0 .000 3.999 1-10.000 

4-37 



LINEAR LSI PRODUCTS 

12·BIT MULTIPLYING DIGITAL·TO·ANALOG CONVERTER Am6012 

APPLICATION CIRCUITS 

CRT DISPLAY DRIVER 

+120VDC 

NOTES: 1. FULL DIFFERENTIAL DRIVE LOWERS POWER SUPPLY VOLTAGE. 

CLOCK 

+15V 

+10V 
REF 
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0.1µF 

I 

2. ELIMINATES INVERTING AMPLIFIERS AND TRANSFORMERS. 

s cc 
2504 SAR 

CP 011 (NAT'L, AMO) 

Am6012 

COMP 
0.001 0.001 

10.000k0 
µF µ.f 

3. INDEPENDENT BEAM CENTERING CONTROLS. 

Figure 5 

12·BIT HIGH-SPEED A/D CONVERTER 

SERIAL 
DATA OUT 

2.SkO 

V(-) -=- V(+) 

Figure 6 

CONVERSION TIME vs ACCURACY 

o.oo ~~-~-~-~~-~~ 
100 200 300 400 500 600 700 800 

CONVERSION TIME PER TRIAL, ns 

CONVERSION 
TYP 

WORST 
TIME (ns) CASE 

SAR 33 55 

NE529 100 150 

TOTAL 383ns 705ns 

x 13 5.0µs 9.1µS 
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APPLICATION CIRCUITS 

µP 
BUS 

E2 

e, -

INTERFACE WITH 8·BIT MICROPROCESSOR BUS 

c 
OE 

LS373 

.---
Ea 

'-- Do• a,. t-- Doa a,. t--
.___ D,. a,. t-- D2a a .. t--

112 LS100 1/2LS100 
D1A a,. t-- o,. 011 

DoA a .. t-- Doa Ooa 
EA 

J 

TIMING SEQUENCE 

DB0·3 DB4·11 

DATA REMAINS ON INPUTS OF DAC UNTIL UPDATED BY E2 PULSE. TIMING WILL 
DEPEND ON PROCESSOR USED. 

Figure 7 

,---

Am6012 

MSB 

6012 

4 
LSB 
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DESCRIPTION 
The DAC-08 series of 8-bit monolithic 
multiplying Digital-to-Analog Converters 
provide very high speed performance cou
pled with low cost and outstanding applica
tions flexibility. 

Advanced circuit design achieves 70ns set
tling times with very low glitch and at low 
power consumption. Monotonic multiplying 
performance is attained over a wide 20 to 1 
reference current range. Matching to within 1 
LSB between reference and full scale cur
rents eliminates the need for full scale trim
ming in most applications. Direct interface to 
all popular logic families with full noise 
immunity is provided by the high swing, 
adjustable threshold logic inputs. 

Dual complementary outputs are provided, 
increasing versatility and enabling differential 
operation to effectively double the peak-to
peak output swing. True high voltage com
pliance outputs allow direct output voltage 
conversion and eliminate output op amps in 
many applications. 

All DAC-08 series models guarantee full 8-bit 
monotonicity and linearities as tight as 0.1 % 
over the entire operating temperature range 
are available. Device performance is essen
tially unchanged over the ± 4.5V to ± 18V 
power supply range, with 37mW power con
sumption attainable at ± 5V supplies. 

The compact size and low power consump
tion make the DAC-08 attractive for portable 
and military aerospace applications. 

FEATURES 
• Fast settling output current-70ns 
• Full scale current prematched to ±1 LSB 
• Direct Interface to TTL, CMOS, ECL, 

HTL, PMOS 
• Relative accuracy to 0.1% maximum over 

temperature range 
• High output compliance -10V to +18V 
• True and complemented outputs 
• Wide range multiplying capability 
• Low FS current drilt-±10ppm/° C 
• Wide power supply range-±4.SV to ±18V 
• Low power consumptlon-37mW at ± SV 

APPLICATIONS 
• 8-blt, 1µs A·to-D converters 
• Servo-motor and pen drivers 
• Waveform generators 
• Audio encoders and attenuators 
• Analog meter drivers 
• Programmable power supplies 
• CRT display drivers 
• High speed modems 
• Other applications where low cost, high 

speed and complete Input/output versa· 
lility are required 

• Programmable gain and attentuatlon 
• Analog-Digital Multlpllcatlon 
• Stepping motor drive 

DAC·OB ABSOLUTE MAXIMUM RATINGS 

PARAMETER RATING UNIT 

Power Supply Voltage, V + to V - 36 v 
V5·V12 Digital Input Voltage V - to V - plus 36V 
VLc Logic Threshold Control V- to V+ 
Vo Applied Output Vbltage V- to +18 v 
114 Reference Current 5.0 mA 
V,4, V1s Reference Amplifier Inputs Vee to Vee 
Po Power Dissipation (Package Limitation) 

Ceramic Package 1000 mW 
Plastic Package 800 mW 

Lead Soldering Temperature (60 sec) 300 •c 
TA Operating Temperature Range 

DAC-08, DAC-08A -55 to + 125 •c 
DAC-08C, E, H Oto +75 •c 

TsTG Storage Temperature Range -65 to + 150 •c 
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DAC-08 SERIES 
FORMERLY: NE5007/5008-F,N 

SE5008-F 

ORDERING INFORMATION 
RELATIVE 
ACCURACY o to 10°c ·-ssto12s•c 

0.39% FS DAC-08CN 
DAC·08CF 

0.19% FS DAC-08EN 

DAC·08EF DAC-08F 
DAC·08ED 

0.1% FS DAC·08HF DAC-08AF 
DAC-08HN 

PIN CONFIGURATION 

NOTES: 

F,N PACKAGE 

TOP VIEW 

ORDER NUMBER 

COMP 

VREF

VREF+ 

V+ 

Ba(LSB) 

87 

Ba 

85 

OAC-OBAF 
OAC-OBF 
DAC·OBHF,N 
DAC·OBCF,N 

Se5009F 
Se5008F 
Ne5009F,N 
NE5007F,N 

03 PACKAGE 

TOP VIEW 

ORDER NUMBER 

OAC-OBED 

Ba(LSB) 

87 

Ba 

85 

84 

83 

82 

9 B1(MSB) 

1. SOL - Released in Large SO package only. 
2. SOL !!ll! non-standard pinout. 
3. SO !0.9. non-standard plnouts. 
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BLOCK DIAGRAM 

TEST CIRCUIT 

14 

REFERENCE 
AMPLIFIER 

18 
COMP. V-

LSB 
82 83 a4 85 88 87 a1 

I 7 8 9 10 11 12 

REFERENCE DAC 
ACCURACY > 0.008% 

Figure 1. Relative Accuracy Test Circuit 

DAC-08 SERIES 

4 
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TEST CIRCUITS (Cont'd) 

A1 

Az 

A3 

DIGITAL 
A4 

INPUTS As 

A9 

A7 

(+)111 

Vi J,. 
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Vee 

13 
+2.0Vclc 

1.0K 

[
0.1,F 

I\ FOR SETTLING TIME 
":" MEASUREMENT 

2.4V 
•1n 

0.4V i::=-1-------IF== 

1.0V 

SETTLING TIME 

l\•SOOll 

USE RL to GND 
FOR TURN OFF 
MEASUREMENT 

!:":'>--~-~- e0 (ALL BITS. 
SWITCHED LOW 
TO HIGH). 

VEE 

Vee 

13 

Vee 

1icc 

13 

I c 0 s 2SpF TRANSIENT.O !--'1-------+t--RL-.~500 
RESPON~~OO PIN 4 TO GND 

~ ~fil 

Figure 2. Transient Response and Settling Time 

.--...... 'V\oo-+--0 v., 
1K 

14 
R, 

16 

SCOPE 

SLEWING TIME 

Figure 3. Reference Current Slew Rate Measurement 

TYPICALVALUESR14•R15• 1K 
' VREF• +2.0V 

C•15pF 

1s -11s 

... ~9TPUT 

~-;;;-
c i"· 

V1AND11 APPLY TO INPUTS A1 THROUGH Aa 

THE RESISTOR TlED TO PIN 1518 TO TEMPERATURE COMPENSATE THE 
BIAS CURRENT AND MAY NOT BE NECESSARY FOR ALL APPLICATIONS. 

Ind AN• "1" IF AN IS AT HIGH LEVEL 
AN• "0" IF AN IS AT LOW LEVEL 

(SEE TEXT FOR VALUES OF C.) 

Figure 4. Notation DellnltlonB 
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ELECTRICAL CHARACTERISTICS Pin 3 must be at least 3V more negative than the potential to which R15 ls returned. 
V cc= ± 15V, IReF = 2.0mA, Output characteristics refer to both !OUT and IOUT unless 
otherwise noted. DAC-OBC, E, H: TA= o·c to 70'C. DAC-08/0BA: TA= - 55°C to 125°C. 

DAC.08C DAC-08E DAC·08H 
PARAMETER TEST CONDITIONS DAC·08 DAC·08A UNIT 

Min Typ Max Min Typ Max Min Typ Max 

Resolution 8 8 8 8 8 8 8 8 8 Bits 
Monotonicity• 8 8 8 8 8 8 8 8 8 Bits 

Relative accuracy Over temperature range :!:0.39 ±0.19 ±0.1 .0/oFS 
Differential nonlinearity :!:0.39 ±0.19 ±0.19 %FS 

ts Settling time To±1(2 LSB, all bits 
switched on or off, TA= o•c 

70 135 70 135 70 135 ns 

Propagation delay ns 
tPLH Low-to-high TA=25'C, each bit. 

35 60 35 60 35 60 
tPHL High-to-low All bits switched 

TCIFS Full scale tempco ±10 ±10 ±10 ±50 ppm/'C 

Voe Output voltage Full scale current change -10 +18 -10 +18 -10 +18 v 
com_pliance <V: LSB 

1FS4 Full scale current VREF=10.000V, 1.94 1.99 2.04 1.94 1.99 2.04 1.984 1.992 2.000 mA 
R14, R15=5.000k!1, 4 

1Fss Full scale 
I FS4-I FS2 ±2.0 ±16 ±1.0 ±8.0 ±1.0 ±4.0 µA 

symmetry 
-

1zs Zero scale cur'fent 0.2 4.0 0.2 2.0 0.2 1.0 µA 

R14 R15 = 5.000kll 
1FSR Full scale output VReF= + 15.0V, V- = -10V 2.1 2.1 2.1 mA 

current range VReF= +25.0V, V- = -12V 4.2 4.2 4.2 
Logic input levels v 

VIL Low 
VLc=OV 

0.8 0.8 0.8 
VIH High 2.0 2.0 2.0 

Logic input current VLc-OV µA 
1 IL Low V1w-1ov to +0.8V -2.0 -10 -2.0 -10 -2.0 -10 
11H High V1w2.ov to 18V 0.002 10 0.002 10 0.002 10 

VIS Logic input swing V---15V -10 +18 -10 +18 -10 +18 v 
VTHR Logic threshold V5=±15V -10 +13.5 -10 +13.5 -10 +13.5 v 

range 

1,, Reference bias -1.0 -3.0 -1.0 -3.0 -1.0 -3.0 µA 
current 

dl/dt Reference input 4.0 8.0 4.0 8.0 4.0 8.0 mA/µs 
slew rate 

Power supply IReF=1mA %FS/%VS 
sensitivity 

PSSIFS+ Positive V+=4.5 to 5.5V, V-=-15V; 0.0003 
V+=13.5 to 16.5V, V-=-15V 

0.01 0.0003 0.01 0.0003 0.01 

PSSIFS- Negative V-=-4.5 to -5.5V, V+=+15V; 0.002 0.01 0.002 0.01 0.002 O.D1 
V-=-13.5 to -16.5, V+=+15V 

Powersupplycurrent mA 
I+ Positive Vs=±5V, IREF=1.0mA 

3.1 3.8 3.1 3.8 3.1 3.8 
I- Negative -4.3 -5.8 -4.3 -5.8 -4.3 -5.8 

I+ Positive 
V5=+5V, -15V, IReF=2.0mA 

3.1 3.8 3.1 3.8 3.1 3.8 
I- Negative -7.1 -7.8 -7.1 -7.8 -7.1 -7.8 

I+ Positive 3.2 3.8 3.2 3.8 3.2 3.8 
I- Negative v s=±15V, I REF=2.0mA -7.2 -7.8 -7.2 -7.8 -7.2 -7.8 

PD Power dissipation ±5V, IReF=1.0mA 37 48 37 48 37 48 mW 

+5V, -15V, IREF=2.0mA 122 136 122 136 122 136 

±15V, 'ReF=2.0mA 156 174 156 174 156 174 
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a~an HIGH SPEED MULTIPLYING D/A CONVERTER DAC·08 SERIES 

TYPICAL PERFORMANCE CHARACTERISTICS 

OUTPUT CURRENT vs OUTPUT 
VOLTAGE (OUTPUT 

VOLTAGE COMPLIANCE) 
ALL BITS.ON 

3.2 
TA•Tm1nTOTmax 

I I f 2.8 

- 2.4 ,_ 
i!i 2. 

V- • -15V v- = -sv IREF•2mA .. 
~ 1. 
() 

0 l 
I 

2 I ::. 
0.4 

0 

...[ 
I 

l l J 
IJEFJ1mA 

IR~F=D~mA 
-14 -10 -1 -2 0 2 I 10 14 11 

OUTPUT VOLTAGE (V} 

FULL SCALE SETTLING TIME 

ALL BITS SWITCHED ON 

0.4V
OUTPUT - 'Ill LSB 

01---t-1r--1-+--ti..,,,. ............. ~ 
SETTLING+ 'Ill LSB l---t-1r--1-+--t--+-+-+-+--i 

sons/DIVISION 

IFS= 2mA, AL= 1 kO 'Ill LSB = 4µA 

FAST PULSED 
REFERENCE OPERATION 

2.6V 

O.&V 

-o.&mA 

'our 
-2.SmA 

I-~ 
~ I-
~ 

!!!".: 

200n1tdlvl1lon 

~ 1--1 
~ Jr", 

r:I._ 

REQ = 2000,RL-= 1000, CC= 0 

LSB SWITCHING 

BIT 8 2.4V 
LOGIC 
INPUT 0.4V 

ov 
8,.A 

'our 

l 

~ 

sons/division 

TRUE AND COMPLEMENTARY 
OUTPUT OPERATION 

OmA 
"-i-.J 1..-1 

N ~ 
~ N 

1.0mA 

I 

2.0mA 
j.o1 I"'-~, 

OUT 

(00000000) (11111111) 

FULL SCALE CURRENT vs 
REFERENCE CURRENT 

s.o~~~ ....... --.-~~=-=-r--. 
- T -T TOT LIMIT F~~ j-g AtL Bll1~""HIGl?/Rx -v- = - 1~ 
~ 4.0 lZ 
~.. [2'l 

3.01-+--+--+--+-!--,J!<'-+--+-+--+ 

~. ~ 
i!: 2.0 ~"- LIMIT FOR 

! 1.0 ~ ~r±--+-t-i 
~ 

O'--~~~~~'--~~~~~ 

0 1.0 2.0 3.0 4.0 5.0 
IREF - REFERENCE CURRENt (mA) 

LSB PROPAGATION DELAY 
vs IFS 

REFERENCE INPUT 
FREQUENCY RESPONSE 
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.. 
c 

500 

- 400 s 
l!l 300 
z I 200 

IC 100 ... 
111' 

1 LSB=78nA 1 LSB-7.BµA 

llJlllH l mm 11111 

Ifs - OUTPUT FULL SCALE CURRENT (mA) 

Curve 1: CC=15pF. V1N=2.0V P·P centered at 
+ 1.0V. 

Curve 2: CC= 15pF, v1N = 50mV P·P centered at 
+ 200mV. 

Curve 3: CC= OpF, VIN= 100mV p-p centered at OV 
and applied thru 500 connected to pin 14. 
+ 2.0V applied to R14· 
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8-BIT HIGH SPEED MULTIPLYING D/A CONVERTER 

TYPICAL PERFORMANCE CHARACTERISTICS (Cont'd)· 

REFERENCE AMP COMMON 
MODE RANGE 

3.2 

c 2.8 

!2.4 
z 
~ 2.0 

~ 1.8 
CJ 
5 1.2 

~ 0.8 
0 

0.4 

0 

ALL BITS ON 

TA=Tm1n TO Tmex 

l l 
V-=-15V V-=-SVI V+=+15V 

I rr IRef=2mA 

] I 
_L 

IR,EF=.1mA !--1 
'REF=0.2mA -

ll: 
-14-10 -8 -2 0 2 8 10 14 18 

V15 - REFERENCE COMMON MODE VOLTAGE (V) 

Positive common mode range is always (V +-) - 1.5V 

OUTPUT VOLTAGE COMPLIANCE 
YI TEMPERATURE 

iE: 
w 

~ 
0 
> 
5 .. 
5 
0 

c 
§. ... 
z 
w 
llC 
llC 
::i 
CJ 

~ .. .. 
::i ., 
ffi 

~ 

50 100 150 
TEMPERATURE ('C) 

POWER SUPPLY CURRENT vs V-

BITS MAY BE HIGH OR Lowl 1 
1- WITH IREF = 2mA 

T l I I I 
I - WITH IREF = 1mA 

3 
1- WITH IREF = 0.2mA 

"\,_ I+ 
1 

l 0 
0 -4.0 -8.0 -12 -16 -20 
V- - NEGATIVEPOWERSUPPLY(Vdc) 

8.0 

~ 
!Z 8.0 
w 
llC 
llC 
::i 
CJ 4.0 
5 .. 
~ 
CJ 2.0 

~ 
0 

LOGIC INPUT CURRENT vs 
INPUT VOLTAGE 

ll 

12 -8 -4 0 4 8 12 18 
LOGIC INPUT VOLTAGE (V) 

BIT TRANSFER CHARACTERISTICS 

1.4 

l 1.2 

~ 1.0 
f- IREF = 2.0mA)-H- H-t-t-B1-

w 
I o.a 
::i ± 
~ 0.6 t-t-t-B21--

~ 0.4 
::i 
0 V-=-15V B3 

Ct_v- -~v ·B, 0.2 

0 Li _.r._ =.!s--- 12 - 8 - 4 O 4 B 12 18 
LOGIC INPUTVOLTAGE(V) 

NOTE 

8 1 through 0 8 have identical transfer characteristics. 
Bits are fully switched, with less than 1h LSB error, at 
less than ±100mV from actual threshold. These switch
ing points are guaranteed to he between 0.8 and 2.0 
volts over the opera.ting temperature range (V LC = 

D.DV). 

POWER SUPPLY CURRENT 
vs TEMPERATURE 

ALL BITS HIGH OR LOW 
t-t-+-y"_=·-1sv ,_ 

V+ - +15V -j-- ,;--t-
21-+-t-I+-t±-±t--t--t-+-t-1 
ll-+-+-1+-+1-lt--t--t-+-t-1 

-50 0 50 100 150 
TEMPERATURE ('C) 

DAC-08 SERIES 

VTH - VLC vs TEMPERATURE 

2.0 

1.8 

1.6 

~ 1.4 

g 1.2 
> 
I 1.0 

i!= 0.8 
> 

0.6 

0.4 

0.2 

-50 

N 
~ 

[""'ol 

50 100 150 
TEMPERATURE ('C) 

POWER SUPPLY CURRENT YI V+ 

10,000 

1,000 

100 

10 

ALL BITS HIGH OR LOW 
,_ t--

I+ 

0 
0 2 4 8 8 10 12 14 18 18 20 

V + - POSITIVE POWER SUPPCY (Vdc) 

MAXIMUM REFERENCE INPUT 
FREQUENCY VS. COMPENSATION 

CAPACITOR VALUE 

.UJ 

~ 

1 1D 100 1,000 
Cc (pF) 

4.45 
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8-BIT HIGH SPEED MULTIPLYING D/A CONVERTER 

TYPICAL APPLICATION 

PULSED REFERENCE OPERATION 

TYPICAL VALUES 

R1N •SK 
+VIN= 10V 

FUNCTIONAL DESCRIPTION 

Reference Ampllller Drive and 
Compensation 

The reference amplifier Input current must 
always flow Into pin .14 regardless of the 
setup method or reference supply voltage 
polarity. 

Connections for a positive reference volt· 
age are shown In Figure 1. The reference 
voltage source supplies the full reference 
current. For bipolar reference slgnals, as 
in the multiplying mode, R15 can be tied to 
a negative voltage corresponding to the 
minimum input level. R15 may be elimlna· 
ted with only a small sacrifice In accuracy 
and temperature drift. 

The compensation capacitor value must 
be increased as R14 value is increased. 
This Is In order to maintain proper phase 
margin. For R14 values of 1.0, 2.5, and 5.0K 
ohms, minimum capacitor values are 15, 
37, and 75pF, respectively. The capacitor 
may be tied to either VEE or ground, but us· 
Ing Vee Increases negative supply rejec· 
tlon. (Fluctuations In the negative supply 
have more effect on accuracy than do any 
changes in the positive supply.) 

A negative reference voltage may be used if 
R14 Is grounded and the reference voltage is 
applied to R15, as shown. A high input impe· 
dance is the main advantage of this method. 
The negative reference votage must be at 
least 3.0V above the Vee supply. Bipolar input 
signals may be handled by connecting R14 to 

4-46 

a positive reference voltage equal to the 
peak positive Input level at pin 15. 

Whan using a DC reference voltage, capac
itive bypass to ground Is recommended. 
The 5.0V logic supply Is not recommended 
as a reference voltage, but II a wall 
regulated 5.0V supply which drives logic Is 
to be used as the reference, R14 should be 
formed of two series resistors with the 
junction of the two resistors bypassed 
with 0.1µF to ground. For reference volt· 
ages greater than 5.0V, a clamp diode Is 
recommended between pin 14and ground. 

If pin 14 Is driven by a high Impedance 
such as a transistor current source, none 
of the above. compensation methods apply 
and the amplifier must be heavily compen· 
sated, decreasing the overall bandwidth. 

Output Voltage Range 

The voltage at pin 4 must always be at 
least 4.5 volts more positive than the volt· 
age of the negative supply (pin 3) when the 
reference current Is 2mA or lass, and at 
least 8 volts more positive than the nega· 
tive supply when the reference current Is 
between 2mA and 4mA. This Is necessary 
to avoid saturation of the output tran· 
slstors, which would cause serious ac· 
curacy degradation. 

Output Currant Range 

Any time the full scal9 current exceeds 
2mA, the negative supply must be at least 
8 volts more negative than the output volt· 
age. This Is due to the Increased Internal 
voltage drops between the negative sup· 
ply and the outputs with higher reference 
currents. 

Accuracy 

Absolute accuracy Is the measure of each 
output current level with respect to its in· 
tended value, and is dependent upon 
relative accuracy, full scale accuracy and 
full scale current drift. Relative accuracy 
is the measure of each output current 
level as a fraction of the full scale current 
after zero scale current has been nulled 
out. The relative accuracy of the DAC08 
series is essentially constant over the 
operating temperature range due to the 
excellent temperature tracking of the 
monolithic resistor ladder. The reference 
current may drift with temperature, caus· 
Ing a change In the absolute accuracy of 

DAC-08 SERIES 

output current. However, the DAC08 
series haa a very low full scale current 
drift over the operating temperature range. 

The DAC08 series Is guaranteed accurate 
to within :t 1/2 LSB at + 25"C at a full 
scale output current of 1.992mA. The rela· 
tlva ·accuracy test circuit Is shown In 
Figure 1. The 12·blt converter Is calibrated 
to a full scale output currant of 
1.99219mA, than the DAC08 full scale cur
rent Is trimmed to the same value with R14 
so that a zero value appears at the error 
amplifier output. The counter Is activated 
and the error band may be displayed on. 
the oscilloscope, detected by com· 
parators, or stored In a peak detector. 

Two 8-blt D-to·A converters may not be 
used to construct a 16-blt accurate D·to·A 
converter. Sixteen-bit accuracy Implies a 
total of :t1/2 part In 65,536, or :t0.00076%, 
which Is much more accurate than the 
:t 0.19% specification of the DAC08 
series. 

Monotonicity 

A monotonic converter la one which 
always provides analog output greater 
than or equal to the preceding value for a 
corresponding Increment In the digital In· 
put coda. The DAC08 series la monotonic 
for all values of reference current above 
0.5mA. The recommended range for opera· 
tlon Is a DC reference currant between 
0.5mA and 4.0mA. 

Settling Time 

The worst case switching condition oc· 
curs when all bits are switched on, which 
corresponds to a low-to·hlgh transition for 
all Input bits. This time Is typically 70ns 
for settling to within 1/2 LSB for 8-blt ac
curacy. This time applies when RL <500 
ohms and C0 <25pF. The slowest single 
switch Is the least significant bit, which 
typically turns on and settles In 65ns. In 
applications where the DAC functions In a 
positive going ramp mode, the worst case 
condition does not occur and settling 
times less than 70ns may be realized. 

Extra care must be taken In board layout 
since this usually Is the dominant factor In 
satisfactory test results when measuring 
settling time. Short leads, 100µF supply 
bypassing for low frequencies, minimum 
scope lead length, and avoidance of 
ground loops are all mandatory. 



LINEAR LSI PRODUCTS 

8-BIT HIGH SPEED MULTIPLYING D/A CONVERTER 

SETTLING TIME AND PROPAGATION DELAY 

01. 02 = IN6283 or equivalent 
03 = IN914 or equivalent 
C1 = 0.01~f 
C2, C3 = 0.1µf 
01 == 2N3904 or equlvalent 
C4, Cs= 15pf and includes all 

probe and flxturing capacitance 

IREf•2mA 

9+VREF 

RAEF !'REF 

(LOW T.C.) 

15 

Vs-= -15V 

BASIC DAC·08 CONFIGURATION 

MSB 2 6 7 LSB 

14 

15 
DAC·08 

13 

IFS ... +VA•t x 255 : lo +lo = IFs for all logic states 
RAel 256 

Vs+• +15V 

io 

- iO 

RECOMMENDED FULL SCALE AND ZERO SCALE ADJUST 

~-------114 

R1 =low T.C. 
RJ = R1 + R2 
R2 "'0.1 R1 to minimize 

15 

pot contribution to full scale drift 

DAC·08 

V+~V

R5=20kO 

DAC-08 SERIES 

4 
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8-BIT HIGH SPEED MULTIPLYING D/A CONVERTER 

4·48 

UNIPOLAR VOLTAGE OUTPUT FOR LOW IMPEDANCE OUTPUT 

14 
DAC·08 

SkO (LOW T.C.) 

Your= 
OTO+ 10V 

UNIPOLAR VOLT OUTPUT FOR HIGH IMPEDANCE OUTPUT 

a) Positive Output V=10V 

SkO SkO 

DAC·08 
14 

b) Negative Output Your 

DAC·08 
14 

BASIC BIPOLAR OUTPUT OPERATION (OFFSET BINARY) 

V=10V 

10k0 

14 
DAC-08 

CODE CHART 

B1 B2 B3 B4 B5 B5 B7 Ba Your Your 

POS tu/I scale 1 1 1 1 1 1 1 1 - 9.920V +10.000 
POS f.s - 1LSB 1 1 1 1 1 1 1 0 - 9.840V +9.920 
+ Zero scale -t 1 LSB 1 0 0 0 0 0 0 1 - 0.080V +0.160 

Zero scale 1 0 0 0 0 0 0 0 0.000 +0.080 
Zero scale - 1 LSB 0 1 1 1 1 1 1 1 0.080 0.000 
Neg full scale - 1 LSB 0 0 0 0 0 0 0 1 + 9.920 -9.840 
Neg full scale 0 0 0 0 0 0 0 0 +10.000 -9.920 

DAC-08 SERIES 
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8·BIT HIGH SPEED MULTIPLYING D/A CONVERTER 

SYMMETRICAL OFFSET BINARY (BIPOLAR) 

Vour = o to z.v· 

±V •Range: 
::t5V for A1 = A2 = 2.SK 
±10V for R1 = R2 = 5.0K 

DAC·08 

DAC·08 SERIES 

3 DIGIT BCD CONVERTER 
A 3 digit BCD converter, using inexpensive 
8-bit binary DACs, can achieve ±0.1% accu
racy. The circuit shown in Figure 20 utilizes 
three DA Cs, one for each decade, to provide 
O to 999 output steps. DAC 1 contains the 
first four significant digits controlling the 
hundreds digit; DAC 2 controls the tens 
digit and DAC 3 steps Oto 9. The feedback 
resistor IR7) sets the zero scale at O.OOV 

The input coding is the popular 8-4-2-1 
coding; i.e. the weighting rati.os are 8, 4, 2 
and 1. The full scale !999) BCD code is input 
code 100110011001. 

Full scale adjustment procedure. 

In the sequence below, switch on the follow
ing code combinations and adjust the indi
cated potentiometer for the proper output. 

3 DIGIT BCD CONVERTER WITH ±0.1% ACCURACY 

I N ~ .. 

• ID ID ID ,_1_N_PU_T~c_o_D_E__, ADJUST DESIRED 

t--JVVV-~-l\Jvv-~~~~~-114 5-12 

15 DAC·08H 
1K 4.5K 

13 16 

R2 R5 
14 5-12 

15 DAC·OBE 
10K 45K 

13 16 

-=-

+15V 
o -ID en.- -en mm m ...1 

Ra R3 
14 5-12 

DAC·OBC 
100K 450K 

13 16 

-=-

+15V 

0.01µF 

0.01•F 

-15V 

-=-

-15V 

MSD LSD 

1. 000000000000 
2. 000000001001 
3. 000010011001 
·4 100110011001 

Ra.8k'°'0.1% 

+15V 

R7 

POT OUTPUT 

o.ooov 
0.09V 
0.99V 
9.99V 

Vour 

4.49 
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8-BIT MULTIPLYING D/A CONVERTER MC1508·8/ 1408•8/1408-7 

DESCRIPTION 
The MC1508/MC1408 series of 8-bit mono
lithic digital-to-analog converters provide 
high speed performance with low cost. They 
are designed for use where the output cur
rent is a linear product of an 8-bit digital 
word and an analog reference voltage. 

FEATURES 
• Fast settllng time- 70ns (typ) 
• Relative accuracy ±0.19% (max error) 
• Non-inverting digital Inputs are TTL and 

CMOS compatible 
• High speed multiplying rate 4.0mA/µs 

(Input slew) 
• Output voltage swing +.5V to -5.0V 
• Standard supply voltages + 5.0V and 

-5.0V to -15V 
• Mllltary qualifications pending 

APPLICATIONS 
• Tracking A-to-D converters 
• 21/,-diglt panel meters and DVM's 
• Waveform synthesis 
• Sample and hold 
• Peak detector 
• Programmable gain and attenuation 
• CRT character generation 
• Audio digitizing and decoding 
• Programmable power supplies 
• Analog-digital multiplication 
• Digital-digital multiplication 
• Analog-digital division 
• Digital addition and subtraction 
• Speech compression and expansion 
• Stepping motor drive 
• Modems 
• Servo motor and pen drivers 

CIRCUIT DESCRIPTION 
The MC1508/MC1408 consists of a refer· 
ence current amplifier, an R-2R ladder, and 
8 high speed current switches. For many 
applications, only a reference resistor and 
reference voltage need be added. 

The switches are non-inverting in opera
tion; therefore, a high state on the input 
turns on the specified output current com
ponent. 

The switch uses current steering for high 
·speed, and a termination amplifier consist
ing of an active load gain stage with unity 
gain feedback. The termination amplifier 
holds the parasitic capacitance of the ladder 
at a constant voltage during switching, and 
provides a low impedance termination of 
equal voltage for all legs of the ladder. 

The R-2R ladder divides the reference am
plifier current into binarily-related compo
nents, which are fed to the switches. Note 
that there is always a remainder current 
which is equal to the least significant bit. 
This current is shunted to ground, and the 
maximum output current is 255/256 of the 
reference amplifier current, or 1.992mA for 
a 2.0mA reference amplifier current if the 
NPN current source pair is perfectly 
matched. 

ABSOLUTE MAXIMUM RATINGS TA= +25°C unless otherwise specified 

PARAMETER RATING UNIT 

Power Supply Voltage 
Vee Positive +5.5 v 
Vee Negative -16.5 v 
Vs-V12 Digital Input Voltage 0 to Vee v 
Vo Applied Output Voltage -5.2to +18 v 
114 Reference Current 5.0 mA 
V14, V1s Reference Amplifier Inputs Vee to Vee 

Po Power Dissipation (Package Limitation) 
Ceramic Package 1000 mW 
Plastic Package 800 mW 

Lead Soldering Temperature (60 sec) 300 oc 
TA Operating Temperature Range 

MC1508 -55 to + 125 •c 
MC1408 Oto +75 oc 

TsTG Storage Temperature Range -65 to + 150 oc 

4-50 

PIN CONFIGURATION 

F,N PACKAGE 

TOP VIEW 

ORDER NUMBERS 
Me1508-8F Me1408·7N 

VREf(+) 2 

VREF<-1 3 

COMPEN 4 

NCJTES: 

Me1408·7F 

03 PACKAGE 

TOP VIEW 

ORDER NUMBER 

MC 1408·80 

1. SOL Released in Large SO package only. 
2. SOL and non-standard pinout. 
3. SO and non-standard pinouts. 

BLOCK DIAGRAM 

MSB LSB 

A1 A2 Aa A4 As A5 A1 A5 

10 11 

NPN CURRENT SOURCE PAIR 
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8·BIT MULTIPLYING D/ A CONVERTER MC1508·811408·8/ 1408·7 

DC ELECTRICAL CHARACTERISTICS1 Pin 3 must be 3V more negative than the potential to which Ris is returned. 

Vee = +5.0Vdc, Vee= -15Vdc, Vref = 2.0mA 
unless otherwise specified. Ri4 

MC1508: TA= -55°C to 125°C. MC1408: TA=O'Cto75'C 
unless otherwise noted. 

TEST MC1508-8 MC1408-8 MC1408-7 
PARAMETER UNIT 

CONDITIONS Min Typ Max Min Typ Max Min Typ Max 

Er Relative accuracy Error relative ±0.19 ±0.19 ±0.39 % 
to full scale 
lo, Figure 3 

ls Setting time1 To within 1/2 LSB, 70 70 70 ns 
includes t'PLH, 
T'A = +25°c, 
Figure 4 

Propagation delay ns 
lime 

IPLH Low-to-high TA= +25°C, 
35 100 35 100 35 100 tPHL High-to-low Figure 4 

TClo Output full scale -20 -20 -20 PPM/°C 
current drift 
Dig ital input Vdc 
logic level (MSBl 

V1H High Figure 5 2.0 2.0 2.0 
V1L Low 0.8 0.8 0.8 

Digital input 
current IMSBl 

Figure 5 mA 

hH High V1H = 5.0V 0 0.04 0 0.04 0 0.04 
llL Low V1L = 0.8V -0.4 -0.8 -0.4 -0.8 -0.4 -0.8 
!is Reference input Pin 15, Figure 5 -,1.0 -5.0 -1.0 -5.0 -1.0 -5.0 µ.A 

bias current 

IOR Output current Figure 5 mA 
range 

Vee= -5.0V 0 2.0 2.1 0 2.0 2.1 0 2.0 2.1 
Vee= '-7.0V to 0 2.0 4.2 0 2.0 4.2 0 2.0 4.2 
-15V 

lo Output current Figure 5 
Vref = 2.000V, 1.9 1.99 2.1 1.9 1.99 2.1 1.9 1.99 2.1 mA 
R14 = 10000 

IO(minl Off-state All bits low 0 4.0 0 4.0 0 4.0 µ.A 

Vo Output voltage Er50.19% at Vdc 
compliance TA= +25°C, 

Figure 5 
-0.6, -0.6, -0.6, Vee= -5V -0.55,+0.5 -0.55,+0.5 -0.55,+0.5 
+10 + 10 +10 

VEE below -10V -5.5, t-5.0,+0.5 
-5.5, -5.0,+0.5 

-5.5, -5.0,+0.5 
+ 10 + 10 +10 

SRI ref Reference current 
slew rate 

Figure 6 8.0 8.0 8.0 mA/µ.S 

PSRR(-)Output current lrer= 1mA 0.5 2.7 0.5 2.7 0.5 2.7 µ.A/V 
power supply 
sensitivity 
Power supply mA 
current 

Ice Positive All bits low, +2.5 +22 +2.5 +22 +2.5 +22 
IEE Negative Figure 5 -6.5 -13 -6.5 -13 -6.5 -13 

Power supply Vdc 
voltage range 

VccR Positive TA= +25°C. +4.5 +5.0 +5.5 +4.5 +5.0 +5.5 +4.5 +5.0 +5.5 
VEER Negative Figure 5 -4.5 -15 -16.5 -4.5 -15 -16.5 -4.5 -15 -16.5 

Po Power dissipation All bits low, mW 
Figure 5 
Vee = -5.0Vdc 34 170 34 170 34 170 
Vee= -15Vdc 110 305 110 305 110 305 

NOTES: 
1. All bits switched. 
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8-BIT MULTIPLYING D/A CONVERTER MC1508·8/1408·8/1408·7 

TYPICAL PERFORMANCE 
CHARACTERISTICS 

D·ID·A TRANSFER CHARACTERISTICS 

c 
! o· ... [--.._ z 
"' a: !'--a: !--.. B 1.0 

""-... 
:::> ... 

~ ... 
:::> 
0 2.0 

9 
(00000000) INPUT DIGITAL WORD (11111111) 

FUNCTIONAL DESCRIPTION 

Reference Amplifier Drive 
and Compensation 

The reference amplifier input current must 
always flow into pin 14 regardless of the 
setup method or reference supply voltage 
polarity. 

Connections for a positive reference voltage 
are shown in Figure 1. The reference voltage 
source supplies the full reference current. For 
bipolar reference signals, as in the multiply
ing mode, R15 can be tied to a negative 
voltage corresponding to the minimum input 
leveC R15 may be eliminated and pin 15 
grounded, with only a small sacrifice in 
accuracy and temperature drift. 

The compensation capacitor value must 
be increased with increasing values of R14 

to maintain proper phase margin. For R14 

values of 1.0, 2.5, and 5.0K ohms, 
minimum capacitor values are 15, 37, and 
75pF. The capacitor may be tied to either 
VEE or ground, but using VEE increases 
negative supply rejection. (Fluctuations In 
the negative supply have more effect on 
accuracy than do any changes in the 
positive supply). 

A n~gative reference voltage may be used 
if R14 is grounded and the reference 
voltage Is applied to R15, as shown in 
Figure 2. A high input impedance is the 
main advantage of this method. The 
negative reference voltage must be at 
least 3.0V above the VEE supply. Bipolar 
input signals may be handled by connect
ing R14 to a positive reference voltage 
equal to the peak positive input level at pin 
15. 

Capacitive bypass to ground is recom
mended when a DC reference voltage is 
used. The 5.0V logic supply is not recom
mended as a reference voltage, but if a 
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well regulated 5.0V supply which drives 
logic. is to be used as the reference, R14 

should be formed of two series resistors and 
the junction of the two resistors bypassed 
with 0.1 µF to ground. For reference voltages 
greater than 5.0V, a clamp diode is recom· 
mended between pin 14 and ground. 

If pin 14 is driven by a high impedance 
such as a transistor current source, none 
of the above compensation methods apply 
and the amplifier must be heavily compen
sated, decreasing the overall bandwidth. 

Output Voltage Range 
The voltage at pin 4 must always be at 
least 4.5 volts more positive than the 
voltage of the negative supply (pin 3) when 
the reference current is 2mA or less, and 
at least 8 volts more positive than the 
negative supply when the reference cur
rent is between 2mA and 4mA. This is 
necessary to avoid saturation of the out· 
put transistors, which would cause 
serious degradation of accuracy. 

Signetics' MC1508/MC1408 does not need 
a range control because the design ex
tends the compliance range down to 4.5 
volts (or 8 volts-see above) above the 
negative .supply voltage without signifi· 
cant degradation of accuracy. Signetics' 
MC1508/MC1408 can be used in sockets 
designed for other manufacturers' MC15081 
MC1408 without circuit modification. 

Output Current Range 
Any time the full scale current exceeds 
2mA, the negative supply must be at least 
8 volts more negative than the output 
voltage. This is due to the increased inter
nal voltage drops between the negative 
supply and the outputs with higher refer
ence currents. 

Accuracy 
Absolute accuracy is the measure of each 
output current level with respect to its 
intended value, and is dependent upon 
relative ac.curacy, full scale accuracy and 
full scale current drift. Relative accuracy 
is the measure of each output current 
level as a fraction of the full scale current 
after zero scale current has been nulled 
out. The relative accuracy of the 
MC1508/MC1408 is. essentially constant 
over the operating temperature range 
because of the excellent temperature 
tracking of the monolithic resistor ladder. 
The reference current may drift with tem
perature, causing a change in the absolute 
accuracy of output current; however, the 
MC1508/MC1408 has a very low full scale 
current drift over the operating tempera
ture range. 

The MC1508/MC1408 series is guaranteed 
accurate to within ±1/2 LSB at +25°C at a 
full scale output current of 1.99mA. The 
relative accuracy test circuit is shown in 
Figure 3. The 12-bit converter is calibrated 
to a full scale output current of 1.99219mA; 
then the MC1508/MC1408's full scale cur
rent is trimmed to the same value with R14 

so that a zero value appears at the error 
amplifier output. The counter is activated 
and the error band may be displayed on 
the oscilloscope, detected by com
parators, or stored in a peak detector. 

Two 8-bit D-to·A converters may not be 
used to construct a 16-bit accurate D-to·A 
converter. Sixteen-bit accuracy implies a 
total of ±1/2 part in 65,536, or ±0.00076%, 
which is much more accurate than the 
±0.19% specification of the MC1508/ 
MC1408. 

Monotonicity 
A monotonic converter is one which 
always provides an analog output greater 
than or equal to the preceding value for a 
corresponding increment in the digital 
input code. The MC1508/MC1408 is mono
tonic for all values of reference current 
above 0.5mA. The recommended range for 
operation is a DC reference current be
tween 0.5mA and 4.0mA. 

Settling Time 
The worst case switching condition oc
curs when all bits are switched on, which 
corresponds to a low-to-high transition for 
ail input bits. This time Is typically 70ns 
for settling to within 1/2 LSB for 8-bit ac
curacy. This time applies when RL <500 
ohms and C0 <25pF. The slowest single 
switch is the least significant bit, which 
typically turns on and settles in 65ns. In 
applications where the D-to·A converter 
functions In a positive going ramp mode, 
the worst case condition does not occur 
and settling times less than 70ns may be 
realized. 

Extra care must be taken in board layout 
since this usually is the dominant factor in 
satisfactory test results when measuring settl
ing time. Short leads, 100µF supply bypass
ing for low frequencies, minimum scope lead 
length, good ground planes, and avoidance of 
ground loops are all mandatory. 



LINEAR LSI PRODUCTS 

8-BIT MULTIPLYING D/A CONVERTER MC1508-811408-8/ 1408-7 

TEST CIRCUITS 

Vee Vee 

13 A14•R15 
13 

R14•R15 

A1 
14 

R14 
A1 

14 R14 
A2 ( +) VREF .r-L A2 

A3 

A4 Me1508 

15 

":" 

A3 
1S 

(-) VREF 

A4 
R15 ,_,. 

MC1508 

A5 
Me1408 

10 
Aa 

RL 
A5 Me1408 

As 
10 

11 
A7 

12 
Aa 

18 •o ,_,. 
":" 

SEE TEXT FOR VALUES OF e. 

e 

11 18 io 
,_,. 

A7 "::" 

12 
SEE TEXT FOR VALUES OF C. 

Aa e 

Figure 1. Positive VREF 

Vee 

Figure 2. Negative VReF 
4 
~ 
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8·BIT MULTIPLYING D/A CONVERTER MC1508-811408·8/ 1408· 7 

TEST CIRCUITS (Cont'd) 

4.54 

8-BIT 
COUNTER 

Vee 

13 

Vee 

MSB 

r------<>-IA1 
.-------o--1A2 

12·BIT 
D·TO·A 

CONVERTER 
(:0.02% 

ERROR MAX) 

Yee 

MSBr14...._ ____ 1_3....__, 

5 

10 

11 

12 

MC1508 
MC1408 

SK 

Figure 3. Reletlve Accuracy 

•1n 

0 TO + 10V OUTPUT 

50K 

2.4V 

+2.0Vdo 

1.0K 

0.4V !---+------+---

1' 0.1µF 
R!:.L FDR SETTLING TIME 

"""" MEASUREMENT 
!":'::<>-~---..- o0 (ALL BITS 

SWITCHED LOW 
TO HIGH). I c 0 s 2spF 

1.0V 

SETTLING TIME 

AL• soon 

ts. 70n• TYPICAL 
TO :t112 LSB 

USE AL to GND 
FOR TURN OFF 
MEASUREMENT 

TRANSIENT 0 +--l,f-------1-t---
RESPONSE ~~-4sro GND 

-100 

mV tPLH 1PHL 

Figure 4. Transient Response and Settllng Time 
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TEST CIRCUITS (Cont'd) 

DIGITAL 
INPUTS 

Vee 

1icc 

13 

MC1508 
MC1408 

TYPICAL VALUES R14 • R15• 1K 
VREF• +2.0V 
C•15pF 

114 

l-'1"'-40--~V'R1>114~...---. VREF (+) 

15 - 115 

c 

V1 AND 11 APPLY TO INPUTS A1 THROUGH Aa 

THE RESISTOR TIED TO PIN 15 IS TO TEMPERATURE COMPENSATE THE 
BIAS CURRENT AND MAY NOT BE NECESSARY FOR ALL APPLICATIONS. 

ond AN •"1" IF AN IS AT HIGH LEVEL 
AN • "0" IF AN IS AT LOW LEVEL 

lee f 
Vee (SEE TEXT FOR VALUES OF C.) 

Figure s. Notation Definitions 

Vee 

13 

14 1k 

15 

MC1508 
MC1408 

10% 0 

SCOPE % 
15 pF 2.0mA -

SLEWING TIME 

Vee 
Figure 8. Reference Current Slew Rate MHaurement 
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LINEAR LSI PRODUCTS 

10·BIT HIGH·SPEED MULTIPLYING D/A CONVERTER MC3410, MC3510, MC3410C 

DESCRIPTION 
The MC3410 series are 10-Bit Multiplying 
Digital-to-Analog Converters. They are 
capable of high-speed performance, and 
are used as general-purpose building 
blocks in cost-effective DIA systems. 

The Signetics' design provides complete 
10-bit accuracy without laser trimming, 
and guaranteed monotonicity over temper· 
ature. Segmented current sources, in con
junction with an R/2R DAC provides the 
binary weighted currents. The output buf· 
fer amplifier and voltage reference have 
been omitted to allow greater speed, lower 
cost, and maximum user flexibility. 

FEATURES 
·• 10-bit resolution and accuracy (:1:0.05%) 
• Guaranteed monotonicity over 

temperature 
• Fast settling time-250ns typical 
• Digital inputs are TTL and CMOS 

compatible 
• Wide output voltage compliance range 
• High-speed multiplying input slew rate 

-20mA/l's 
• Reference amplifier internally 

compensated 
• Standard supply voltages + 5V and 

-15V 

BLOCK DIAGRAM 
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APPLICATIONS 
• Successive approximation AID 

converters 
• High-speed, automatic test equipment 
• High-speed modems 
• Waveform generators 
• CRT displays 
• Strip CHART and X·Y plotters 
• Programmable power supplies 
• Programmable gain and attenuation 

PIN CONFIGURATION 
FPACKAGES 

TOP VIEW 
ORDER NUMBERS 

Me3410F Me3410eF Me3510F 

ABSOLUTE MAXIMUM RATINGS TA=+ 25'C unless otherwise noted 

Vee 
VEE 
v, 
Vo 
IAEF(16) 
VREF 
VReF(D) 
TA 

TJ 

MSB 

SYMBOL AND PARAMETER 

Power Supply 

Digital Input Voltage 
Applied Output Voltage 
Reference Current 
Reference Amplifier Inputs 
Reference Amplifier Differential Inputs 
Operating Temperature Range 

MC3510 
MC3410, 3410C 

Junction Temperature 
Ceramic Package 
Plastic Package 

LSB 

BIAS 
CIRCUITRY 

14 
Vee 

RATING 

+ 7.0 
-18 
+ 15 

0.5, -5.0 
2.5 

Vee. Vee 
0.7 

-55to+125 
o to + 70 

+ 175 
+ 150 

UNIT 

Vdc 
Vdc 
Vdc 
Vdc 
mA 
Vdc 
Vdc 

·c 
·c 

·c 
·c 
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10-BIT HIGH-SPEED MULTIPLYING D/A CONVERTER MC3410, MC3510, MC3410C 

DC ELECTRICAL CHARACTERISTICS Vee= + 5.0Vdc, VEE= - 15Vdc, ~~~ = 2.0mA, all dig ital Inputs at high logic level. 

MC3510: TA= -55'Cto +125'C, MC3410Series: TA=O'to +70'C 
unless otherwise noted. 

MC3510, MC3410 MC3410C 
SYMBOL AND PARAMETER TEST CONDITIONS UNIT 

Min Typ Max Min Typ Max 

Relative accuracy (Error ±0.05 ±0.1 % 
E, relative to full scale 10 ) 

TA=25'C 
1/4 1/2 LSB 

Relative accuracy drift 
2.5 2.5 ppm/'C 

TCE, (Relative to full scale 10 ) 

Monotonicity Over temperature 10 10 Bits 

ts 
Settling time to within TA=25'C 250 250 ns 
±V2 LSB (all bits low to high) 

tPLH Propagation delay time 'TA= 25'C 35 35 
tPHL 20 20 

ns 

TC lo Output full scale current drift 60 70 ppm/'C 

Digital Input Logic Levels 

V1H 
(All bits) 

Vdc 
High Level, Logic "1" 2.0 2.0 
Low Level, Logic "O" 0.8 0.8 

4 
Digital Input Current (All bits) 

l1H High Level, V1H = 5.5V +.04 +.04 mA 
l1L Low Level, V1L = O.BV -0.05 -0.4 -0.05 -0.4 

IREF(15) 
Reference Input Bias Current 

-1.0 -5.0 -1.0 -5.0 µ.A (Pin 15) 

loR Output Current Range 4.0" 5.0 4.0 5.0 mA 

loH Output Current (All bits high) VREF = 2.000V, 3.8 3.996 4.2 3.8 3.996 4.2 mA 
R1s= 10000 

loL Output Current (All bits low) TA= 25'C 0 2.0 0 4.0 p.A 

Vo Output Voltage Compliance TA=25'C 
-2.5 -2.5 

Vdc 
+0.2 +0.2 

SR IREF 
Reference Amplifier Slew 

20 20 mA/p.S 
Rate 

ST IREF 
Reference Amplifier Settling 

o to 4.0mA, ±0.1% 2.0 2.0 p.S 
Time 

PSRR(-) Outp~~ ?urrent Power Supply 
Sens1t1v1ty 0.003 0.01 0.003 0.02 %/% 

Co Output Capacitance Vo=O 25 25 pF 

C1 
Digital Input Capacitance 

4.0 4.0 pF 
(All bits high) 

Ice Power Supply Current + 18 +18 
mA 

IEE (All bits low) -11.4 -20 -11.4 -20 

Vee + 4.75 +5.0 +5.25 +4.75 +5.0 + 5.25 
Power Supply Voltage Range TA= 25'C Vdc 

VEE -14.25 -15 -15.75 -14.25 -15 -15.75 

Power Consumption 
(All bits low) 220 380 220 380 mW 
(All bits high) 200 200 
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10·BIT HIGH-SPEED MULTIPLYING D/A CONVERTER 

TYPICAL PERFORMANCE CHARACTERISTICS 

4.0 r 
c 3.0 
!. ... z 2.0 "' a: 

Jce!:1o~ -
VEE• -15.0V _ 
TA•25•C 

a: 
::I IREF•2 mA -
u 1.0 !; ... 
!; 
0 ll 

-1.0 
II 

-5 -3 -1 0 1 5 

COMPLIANCE VOLTAGE (VOLTS) 

Figure 1. Output Current vs. Output Compliance Voltage 
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{ 13 

~ 12 

a: 11 
::I 
u 
.. 10 

t 
::I 4 .. 
a: 3 

~ 
_; 

J ... 
Vee•+5V-

-VEE• -15V 
IREF•2mA-

+Ice 

..l 
j 0 

-75-50-25 0 25 50 75 100 125 
TA('C) 

Figure 3. Power Supply Currents vs. Temperature 

MC3410, MC3510, MC3410C 

i 4.0 

... 3.0 

"' " 2.0 
~ g 1.0 

¥ 
:! -1.0 
E 8 -2.0 

!; -3.0 

+Yee• +SY -
-VEE• -15V 
IREF•2 mA -

O
s -4.0 

-75-50-25 0 25 50 75 100 125 
TA('C) 

Figure 2. Maximum Output Compliance 
Voltage vs. Temperature 

0.2 0.3 0.5 1.0 2.0 3.0 S.0 10 
I, FREQUENCY (MHz) 

Figure 4. Reference Ampliller Frequency R•ponse 
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10-BIT HIGH-SPEED MULTIPLYING DIA CONVERTER MC3410, MC3510, MC3410C 

CIRCUIT DESCRIPTION 
The MC3410 consists of four segment cur· 
rent sources which generate the 2 Most 
Significant Bits (MSBs), and an R/2R DAC 
implemented with ion implanted resistors 
for scaling the remaining 8 Least Signifi· 
cant Bits (LSBs). (See Figure 5.) This 
approach provides complete 10·bit accur· 
acy without trimming. 

The Individual bit currents are switched 
ON or OFF by fully differential current 
switches. The switches use current steer· 
Ing for speed. 

An on-chip high-slew reference current 
amplifier drives the R/2R ladder and sag· 
ment decoder. The currents are scaled In 
such a way that, with all bits on, the max· 
lmum output current is two times 1023/ 
1024 of the reference amplifier current, or 
nominally 3.996mA for a 2.000mA refer· 

(11) 

(4) 
MSB 
D1 

(5) 
D2 

+o----.--------. 

(15) 

ence Input current. The reference ampll· 
lier allows the user to provide a voltage in· 
put. Out-board resistor R16 (see Figure 6) 
converts this voltage to a usable current. 
A current mirror doubles this reference 
current and feeds It to the segment de· 
coder and resistor ladder. Thus, for a refer· 
ence voltage of 2.0 Volts and a 1 kO resis· 
tor tied to Pin 16, the full scale current Is 
approximately 4.0mA. This relationship 
will remain regardless of the reference 
voltage polarity. 

Connections for a positive reference volt· 
age are .shown In Figure 6a. For negative 
reference voltage Inputs, or for bipolar 
reference voltage Inputs In the multiplying 
mode, R15 can be tied to a negative volt· 
age corresponding to the minimum Input 
level. For a negative reference Input, R16 
should be grounded (Figure 6b). In addi· 
lion, the negative voltage reference must 
be at least 3V above the Vee supply volt· 

(6) 
D3 

R 

2R 2R 

R 

(8) 
Ds 

R 

(9) 

Do 

R 

(10) 
D, 

R 

age for best operation. Bipolar input sig· 
nals may be handled by connecting R16 to 
a positive voltage equal to the peak posi· 
live input level at Pin 15. 

When a DC reference voltage is used, 
capacitive bypass to ground is recom· 
mended. The 5V logic supply is not recom· 
mended as a reference voltage. If a well 
regulated 5.0V supply, which drives logic, 
is to be used as the reference, R16 should 
be decoupled by connecting it to the 
+ 5.0V logic supply through another 
resistor and bypassing the junction of the 
two resistors with a 0.1,,F capacitor to 
ground. 

The reference amplifier is internally com· 
pensated with a 10pF feed-forward capac· 
itor, which gives it its high slew rate and 
fast settling time. Proper phase margin is 
maintained with all possible values of R16 
and reference voltages which supply 

(11) 
Do 

R 

(12) 
Do 

(13) 
LSB 
010 

2R 

GND 
(2) 

VatAS 
(INTERNAL) 

CODE SELECTED 0111110011 

v •• (1) 

Figure 5. MC3410 Equlvalant Circuit 
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D1 THROUGH I 
D10 

Vee 

18 15 

R11 +Ry= Rts = RREF 
Rr < < R11 
lo F.S. • 2 IR= VREFIRREF 

a) POSITIVE REFERENCE VOLTAGE 

o, THROUGH I 
D10 

Vee 

A1s+ Rr= R19 
Ar < < R15 
VREF 2: Vee+ 3V 

b) NEGATIVE REFERENCE VOLTAGE 

Figure 8. Basic Connections 

MC3410, MC3510, MC3410C 

2.0mA reference current into Pin 16. The 
referance current can also be supplied by 
a high Impedance current source of 
2.0mA. As R16 Increases, the bandwidth 
of the amplifier decreases slightly and 
settling time Increases. For a current 
source with a dynamic output Impedance 
of 1.0MO, the bandwidth of the reference 
amplifier is approximately half what it is In 
the case of R16= 1.0kO, and settling time 
Is ~10,..s. The reference amplifier phase 
margin decreases as the current source 
value decreases in the case of a current 
source reference, so that the minimum ref
erence current supplied from a current 
source is 0.5mA for stability. 

OUTPUT VOLTAGE 
COMPLIANCE 
The output voltage compliance ranges 
from -2.5 to +0.2V. As shown in Figure 2, 
this compliance range is nearly constant 
over temperature. At the temperature ex· 
tremes, however, the compliance voltage 
may be reduced If Vee> -15V. 

ACCURACY 
Absolute accuracy is a measure of each 
output current level with respect to its 
Intended value. It is dependen1 upon rela· 
live accuracy and full scale current drift. 
Relative accuracy, or linearity, is the 
measure of each output current with re
spect to its intended fraction of the full 
scale current. The relative accuracy of the 
MC3410 Is fairly constant over tempera
ture due to the excellent temperature 
tracking, of the implanted resistors. The 
full scale current from the reference 
amplifier may drift with temperature caus
ing a change in the absolute accuracy. 
However, the MC3410 has a low full scale 
current drift with temperature. 

The MC3510 and the MC3410 are accurate 
to within ± .05% at 25'C with a reference 
current of 2.0mA on Pin 16. 

MONOTONICITY 
The MC3410, MC3510 and MC3410C are 
guaranteed monotonic over temperature. 
This means that for every increase In the 
input digital code, the output current 
either remains the same or increases but 
never decreases. In the multiplying mode, 
where reference Input current will vary, 
monotonicity can be assured If the refer
ence input current remains above 0.5mA. 
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10-BIT HIGH-SPEED MULTIPLYING DIA CONVERTER MC3410, MC3510, MC3410C 

SETTLING TIME 
The worst case switching condition 
occurs when all bits are switched "on," 
which corresponds to a low-to-high transi· 
tion for all bits. This time is typically 250ns 
for the output to settle to within ± 1/2 LSB 
for 10-bit accuracy, and 200ns for B·bit 
accuracy. The turn-off time is typically 
120ns. These times apply when the output 
swing is limited to a small (<0.7 Volt) 
swing and the external output capacitance 
is under 25pF. 

Vee 

0.1µF 

14 
~ 

MC35101 
MC3410 

0.1µF 

16 

15 

~ 

Yee 

The major carry (MSB off.to-on, all others 
on·to-off) settles in approximately the 
same time as when all bits are switched 
off.to-on. 

If a load resistor of 625 Ohms is con· 
nected to ground, allowing the output to 
swing to -2.5 Volts, the settling time in· 
creases to 1.5,,s. 

Extra care must be taken in board layout 
as this is usually the dominant factor in 
satisfactory test results when measuring 

1k 

1k 

+2Vdc 

I0.1µF 

-=-soo RL-=-

iCo s 25pF 

2.4V 

v, 

0.5Y 

Vo 

settling time. Short leads, 100,,F supply by· 
passing, and minimum scope lead length 
are al I necessary. 

A typical test set-up for measuring set· 
tling time is shown in Figure 7. The same 
set-up for the most part can be used to 
measure the slew rate of the reference 
amplifier (Figure 9) by tying all data bits 
high, pulsing the voltage reference input 
between O and 2V, and using a 5000 !oad 
resistor RL. 

RISE AND FALL TIMES s 10ns 

t1 - 250ns TYPICAL 
TO "'112 LSB 

USE RL TO GND FOR TURN-OFF MEASUREMENT 

FOR S!TTLING TIME 
MEASUREMENT. 

(ALL BIT SWITCHED 
LOW TO HIGH) 

Figure 7. Settling Time 

14 

o.~ 

50 

MC35101 
MC3410 

16 

15 

1k +2Vdc 

1k 

Vo 

Figure 8. Propagation Delay Time 

RISE AND FALL TIMES s 10ns 

IPLH lPHL 

FOR PROPAGATION 
DELAY TIME 
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4 

• 
10 

11 

12 

13 

Vee 

G.1,F 

~ 
14 

18 

15 

MC3610I 
MC3410 

0.1,F 

1 
VEE 

VoeA+) ...!'1::2V 

1k 0 

.,,. .,,. 1s25pF 

2.ovl 
VAEA+) 

o.----------
o.svh 

Vo I \SLEW RATE 

0-V 11 =2,..TYPICAL 
TO :t0.1% 

USE AL• 200 TO GND FOR 
SLEW RATE MEASUREMENT 

Figure 9. Reference Amplifier Settling Time and Slew Rate 

TYPICAL APPLICATIONS 
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LINEAR LSI PRODUCTS 

8-BIT µ.P-COMPATIBLE D/ A CONVERTER 

DESCRIPTION 
The NE5018 is a complete 8·bit digital to 
analog converter subsystem on one mono· 
lithic chip. The data inputs have input 
latches, controlled by a latch enable pin. 
The data and latch enable inputs are ultra· 
low loading for easy interfacing with all logic 
systems. The latches appear transparent 
when the LE input is in the low state. When 
LE goes high, the input data present at the 
moment of transition is latched and retained 
until LE again goes low. This feature allows 
easy compatibility with most micro-proces
sors. 

The chip also comprises a stable voltage 
reference (5V nominal) and a high slew rate 
buffer amplifier. The voltage reference may 
be externally trimmed with a potentiometer 
tor easy adjustment of full scale, while main
taining a low temperature co-efficient. 

The output of the buffer amplifier may be 
offset so as to provide bipolar as well as 
unipolar operation. 

BLOCK DIAGRAM 

(12) Vlll!F 
ADJ. 

(15) Bio"~~ 

5K 

SK 

FEATURES 

• 8-blt reaolutlon 
• Input latchH 
• Low-loading data lnputa 
• On-chip voltage reference 
• Output buffer amplltler 
• Accurate to ± 1/2 LSB (.19%) 
• Monotonic to 8 bits 
• Ampllfler and reference both ahort

clrcult protected 
• Compatible with 8085, 6800 and many 

other ,.P's 

APPLICATIONS 

• Precision 8-blt DI A converters 
• AID converters 
• Programmable power auppllH 
• Teat equipment 
• Measuring Instruments 
• Analog-dlgltal multlpllcatlon 

(1) 
(9) (8) (7) (8) (5) (4) (3) (2) DIGITAL 

DB7 DBI OBS DB4 DB3 DB2 DB1 DBO GND 

LATCHES AND 
SWITCH DRIVERS 

Figure 1 

SE/NE5018 

PIN CONFIGURATION 

Ui 

NC 

DBO(LSB) 

091 

DB3 

... ... 
DB7 

NC 

LE 

YREfADJ. 

NOTES: 

F,N PACKAGE 

OROER NUMBERS 
SE/NE5018F,N 

02PACKAGE 

lOP VIEW 
ORDER NUMBER 

NE5018D2 

ANALOQGNO 

AMP. COMP. 

SUM NODE 

Yee+ 

Your 

Vee-

DAC COMP. 

BIPOLAR OFFSET R 

YREF IN 

VREF OUT 

VREF ADJ. 

ANALOG GND 

AMP.COMP. 

SUM NODE 

+Vee 

Your 

NC 

-Yee 

DACCOMP . 

BIPOLAR OFFSET 

NC 

1. SOL-Released in Large SO package only. 
2. SOL §!!19 non-standard pinout 
3. SO !!lQ non-standard pinouts. 
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LINEAR LSI PRODUCTS 

8·BIT µP·COMPATIBLE D/A CONVERTER SE/NE5018 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER 

Vee+ Positive supply voltage 
Vee- Negative supply voltage 
V1N Logic input voltage 
VREFIN Voltage at VREF input 
VREFADJ Voltage at VREF adjust 
VsuM Voltage at sum node 
IREFSC Short-circuit current 

to ground at VREF OUT 
louTsc Short-circuit current to ground 

or either supply at VouT 
Po Power dissipation• 

-N package 
·F package 

TA Operating temperature range 
SE5018 
NE5018 

TsTG Storage temperature range 
TsoLD Lead soldering temperature 

( 10 seconds) 

"NOTES 
For N package, derate at 120°c1w above 35°C 
For F package, derate at 75°CIW above 75°C 

RATING UNIT 

18 v 
-18 v 

Oto 18 v 
12 v 

Oto VREF v 
12 v 

Continuous 

Continuous 

800 mW 
1000 mW 

-55 to +125 •c 
0 to +70 •c 

-65 to +150 •c 

300 ·c 

DC ELECTRICAL CHARACTERISTICS Vee+= +15V, Vee-= -15V, SE5018. -55°e ::s TA ::s 125°e, 
NE5018. o•e ::s TA ::s 70°e unless otherwise specified! 
Typical values are specified at 25 ° e 

SE5018 NE5018 
PARAMETER TEST CONDITIONS 

Min Typ Max Min Typ 

Resolution 8 8 8 8 8 
Monotonicity 8 8 8 8 8 
Relative accuracy ±0.19 

Vee+ Positive supply voltage 11.4 15 11.4 15 
Vee- Negative supply voltage -11.4 -15 -11.4 -15 

V1N(1) Logic "1" input voltage Pin ·1 = OV 2.0 2.0 
V1N(O) Logic "O" input voltage Pin 1 = OV 0.8 

l1N(1) Logic "1" input current Pin 1 = OV, 2V<V1N<18V 0.1 10 0.1 
l1N(O) Logic "O" input current Pin 1 = OV, -5V<V1N<0.8V -2.0 -10 -2.0 

VFS Full scale output voltage Unipolar operation 9.50 9.961 10.50 9.50 9.961 
VREF IN= 5.000V, TA= 25°e 

VFs Full scale output voltage Bipolar operation 4.5 +4.961 5.5 4.5 +4.961 
VREF IN= 5.000V, TA= 25°C -5.04 -5.000 -4.960 5.04 -5.000 

Vzs Zero scale voltage -30 5 +30 -30 5 

ios Output short circuit TA= 25•c 15 40 15 
current VouT = ov 

PSR+(out) Output power supply V- = -15V, 13.5V::SV+::s 16.5V, .001 .01 .001 
rejection(+) external VREF IN = 5.000V 

PSR-(out) Output power supply V+ = 15V, -13.5V::5V-::S-16.5V, .001 .01 .001 
rejection(-) external VREF IN = 5.000V 

TCFS Full scale temperature VREF IN = 5.000V 20 20 
coefficient 

Tezs Zero scale temperature 5 5 
coefficient 
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UNIT 
Max 

8 Bits 
8 Bits 

±0.19 O/oFS 

v 
v 

v 

0.8 v 

10 µA 

-10 µA 

10.50 v 

5.5 v 
4.960 
+30 mV 

40 mA 

.01 %FS1 
%VS 

.01 %FS/ 
%VS 

ppm1°e 

ppm1°c 



LINEAR LSI PRODUCTS 

8-BIT µP-COMPATIBLE D/A CONVERTER SE/NE5018 

DC ELECTRICAL CHARACTERISTICS (Cont'd) Vee+= +15V, Vee-= -15V, SE5018. -55°C s TA s 125°C, 
NE5018. 0°C s TA s 70°C unless otherwise specified.1 

Typical values are specified al 25°C 

SE/5018 NE5018 
PARAMETER TEST CONDITIONS 

Min Typ Max Min Typ Max 

IREF Reference output current Note 8 3 3 
IREFSC Reference short circuit TA= 25°C 15 30 15 30 

current VREF OUT= OV 

PSR+(REF) Reference power supply V- = -15V, 13.5V s V+ s 18.5V, .003 .01 .003 .01 
rejeclion ( +) IREF = 1.0mA 

PSR-(REF) Reference power supply V+ = 15V, -13.5V s V- s 16.5V, .003 .01 .003 .01 
rejection (-) 

VREF Reference voltage IREF = 1.0mA T = 25oc 4.9 5.0 5.25 4.9 5.0 5.25 

TCREF Reference voltage IREF = 1.0mA A 60 60 
temperature coefficient 

Z1N DAC VREF IN input IREF= 1.0rnA TA= 25'C 4.15 5.0 5.85 4.15 5.0 5.85 
impedance 

ice+ Positive supply current Vee+ - 15v 7 14 7 14 
ice- Negative supply current Vee-= -15v -10 -15 -10 -15 
Po Power dissipation 'REF= 1.0mA, Vee= ±15V 255 435 255 435 

NOTE 

1. Refer to Figure 2. 

AC ELECTRICAL CHARACTERISTICS 2 Vee = ± 15V, TA = 25°C 

r SE/NE5018 
PARAMETER TO FROM TEST CONDITIONS 

Min Typ Max 

TSLH Settling time ±% LSB Input Ail bits low to high3 1.8 
TsHL Settling time ±% LSB Input Ali bits high to low4 2.3 

lpth Propagation delay Output Input Ali bits switched low to hig~ 300 
lphl Propagation delay Output Input Ali bits switched high to low4 150 
lplsb Propagation delay Output Input 1 LSB change3,4 150 
lplh Propagation delay Output LE low to high transition5 300 
lphl Propagation delay Output LE high to low transition6 150 

-· 

Is Set-up lime LE Input 2, 7 100 
th Hold time Input LE 2, 7 50 
lpw Latch enable pulse width 2, 7 150 

NOTES 

2. Refer to Figure 3. 
3. See Figure 6. 
4. See Figure 7. 
5. See Figure 8. 
6. See Figure 9. 
7. See Figure 10. 
8. For reference currents > 3mA, use of an external buffer Is required. 

UNIT 

mA 
mA 

%VR/ 
%VS 

%VR/ 
%VS 

v 
ppm/°C 

Kil 

mA 
mA 
mW 

UNIT 

µs 
µs 

ns 
ns 
ns 
ns 
ns 

ns 
ns 
ns 
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LINEAR LSI PRODUCTS 

8-BIT µP·COMPA TIBLE D/ A CONVERTER 

DC PARAMETRIC TEST CONFIGURATION 

ANA. GNO 22 

5018 

VOIJT 18 

SUM 20 
OAC 

COMP. AMP 21 
16 17 1S COMP. 

Figure 2 

FULL/ZERO SCALE ADJUST-UNIPOLAR OUTPUT (0-10V) 

10K 6018 

10T BOK 
VOIJT 

SUM 
":" OAC 

FULL SCALE COMP. -16 ,. c-. ADJUST 

DATA 

OUTPUT 
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Figure 4 
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Figure 6 
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AC PARAMETRIC TEST CONFIGUTATION 
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Figure 3 

BIPOLAR OUTPUT OPERATION (-5 to +5V) 
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Figure 5 
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Figure 7 



LINEAR LSI PRODUCTS 

8-BIT µP·COMPATIBLE D/A CONVERTER SE/NE5018 

PROPAGATION DELAY, LATCH ENABLE TO OUTPUT PROPAGATION DELAY, LATCH ENABLE TO OUTPUT 

DATA • DATA 

Li \ Li \ 
l-""-•-1 1--•PIL--l ... 

7 
... 

°"""" °"""" .. .. 
Figure 8 Figure II 

LATCH ENABLE PULSE WIDTH, SET·UP AND HOLD TIMES = 
4 
~ 

DATA 

Figure 10 
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LINEAR LSI PRODUCTS 

8-BIT µP·COMPATIBLE D/A CONVERTER 

DESCRIPTION 
The NE5019 is a complete 8·bit digital to 
analog converter subsystem on one mono· 
lithic chip. The data inputs have input 
latches, controlled by a latch enable pin. 
The data and latch enable inputs are ultra· 
low loading for easy interfacing with all logic 
systems. The latches appear transparent 
when the LE input is in the low state. When 
LE goes high, the input data present at the 
moment of transition is latched and retained 
until LE again goes low. This feature allows 
easy compatibility with most micro·proces· 
sors. 

The chip also cqmprises a stable voltage 
reference (SV nominal) and a high slew rate 
buffer amplifier. The voltage reference may 
be externally trimmed with a potentiometer 
for easy adjustment of full scale, while main· 
taining a low temperature co-efficient. 

The output of the buffer amplifier may be 
offset so as to provide bipolar as well as 
unipolar operation. 

BLOCK DIAGRAM 

(19) 

Vee+ 

(13) VREFn----+---<C: 
OUT 

"" 

(10) 

LE 

•• (HO VAFll;:.o--'11\,,.,_-+-----" 

•• 

•• (14) Vpt~~0-.-'"""'"1\,...-------. 
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Vcc
f17) 

FEATURES 

• 8-blt reaolutlon 
• Input latches 
• Low-loading data Input• 
• On-chip voltage reference 
• Output buffer ampllfler 
• Accurate to ± 1 /4 LSB (.1%) 
• Monotonic to 8 bit• 
• Ampllflar and reference both short· 

circuit protected 
• Compatible with 8085, 6800 and many 

other µP's 

APPLICATIONS 
• Precision B·blt DI A converters 
• AID converters 
• Programmable power supplies 
• Teat equipment 
• Measuring Instruments 
• Analog·dlgltal multlpllcatlon 

{9) (8) (7) (6) (5) (4) (3) (2) 
087 086 DBS 084 083 082 081 080 

MSB 

LATCHES AND 
SWITCH DRIVERS 

LSB 

l DAC CURRENT 
OUTPUT 

DAC SWITCHES 

Figura 1 

SE/NE5019 

PIN CONFIGURATION 

(1) 
DIGITAL 

GND 

•• 

F,N PACKAGE 

ANALOG GND 

AMP. COMP. 

SUM NODE 

vcc+ 

vour 

Vcc-

oAc COMP. 

BIPOLAR OFFSET A 

VAEF IN 

LE VREF OUT 

VAEF ADJ. 

TOP VIEW 

ORDER NUMBERS 
NE5019F SE5019F 

NE5019N 

,---------O SUM NODE (20) .. 

o---------<J :~~~OG (2:2) 



LINEAR LSI PRODUCTS 

8-BIT µP·COMPATIBLE D/A CONVERTER SE/NE5019 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER 

Vee+ Positive supply voltage 
Vee- Negative supply voltage 
V1N Logic input voltage 
VREFIN Voltage at VREF input 
VREFADJ Voltage at VREF adjust 
VsuM Voltage at sum node 
IREFSC Short-circuit current 

to ground at VREF OUT 
louTSC Short·circuit current to ground 

or either supply at VouT 
Po Power itissipation• 

·N package 
·F package 

TA Operating temperature range 
SE5019 
NE5019 

TsTG Storage temperature range 
TsoLO Lead soldering temperature 

( 10 seconds) 

"NOTES 
For N package, derate at 120°C/W above 35°C 
For F package, derate at 75° C!W above 75°C 

RATING UNIT 

18 v 
-18 v 

Oto 18 v 
12 v 

Oto VREF v 
12 v 

Continuous 

Continuous 

800 mW 
tOOO mW 

-55 to +125 ·c 
Oto +10 ·c 

-65 to +150 •c 

300 •c 

DC ELECTRICAL CHARACTERISTICS Vee+= +15V, Vee-= -15V, SE5019. -55°e s TA s 125°e, 
NE5019. o•e s TA S70°e unless otherwise specified.' 
Typical values are specified at 25°e 

SE501.9 NE5019 
PARAMETER TEST CONDITIONS 

Min Typ Max Min Typ 

Resolution 8 8 8 8 8 
Monotonicity 8 8 8 8 8 
Relative accuracy ±0.1 

Vee+ Positive supply voltage 11.4 15 11.4 15 
Vee- Negative supply voltage -11.4 -15 -11.4 -15 

V1N(1) Logic "1" input voltage Pin 1 = OV 2.0 2.0 
V1N(O) Logic "O" input voltage Pin 1 = OV 0.8 

l1N(1) Logic "1" input current Pin 1 = OV, 2V<V1N<18V 0.1 10 0.1 
l1N(O) Logic "O" input current Pin 1 = OV, -5V<V1N<0.8V -2.0 -10 -2.0 

VFS Full scale output voltage Unipolar operation 9.50 9.9°61 10.50 9.50 9.961 
VREF IN= 5.000V, TA= 25°e 

VFS Full scale output voltage Bipolar operation 4.5 +4.961 5.5 4.5 +4.961 
VREF IN= 5.000V, TA= 25'e -5.040 -5.000 -4.960 -5.040 -5.000 

Vzs Zero scale voltage -30 5 .t3o -30 5 
--+---· 

ios Output short circuit TA= 25•e 15 40 15 
current Vour = ov 

PSR+cout) Output power supply V- = -15V, 13.5VSV+S16.5V, .001 .01 .001 
rejection(+) external VREF IN = 5.000V 

PSR-(out) Output power supply V+ = 15V, -13.5VSV-S-16.5V, .001 .01 .001 
rejection(-) external VREF IN = 5.000V 

TeFS Full scale temperature VREF IN = 5.000V 20 20 
coefficient 

rezs Zero scale temperature 5 5 
coefficient 

NOTE 
1 Refer to Figure 2. 

UNIT 
Max 

8 Bits 
8 Bits 

±0.1 O/oFS 

v 
v 
v 

0.8 v 
10 µA 

-10 µA 
10.50 v 

5.5 v 
-4.960 

+30 mV 

40 mA 

.01 O/oFS/ 
O/oVS 

.01 O/oFS/ 
O/oVS 

ppm1°e 

ppm1°e 
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LINEAR LSI PRODUCTS 

8-BIT µP-COMPATIBLE D/A CONVERTER SE/NE5019 

DC ELECTRICAL CHARACTERISTICS (Cont'd) Vee+= +15V, Vee-= -15V, SE5019. -55°C :s TA :s 125°C, 
NE5019. o•c :STA :S70°C unless otherwise specified.' 
Typical values ere specified at 25°C 

SE5019 NE5019 
PARAMETER TEST CONDITIONS 

Min Typ Max Min Typ Max 

IREF Reference output current Note 8 3 3 

IREFSC Reference short circuit TA= 25•c 15 30 15 30 
current VREF OUT= OV 

PSR+REF Reference power supply V- = -15V, 13.5V :S V+ :S 16.5V, .003 .01 .003 .01 
rejection ( +) IREF = 1.0mA 

PSR-REF Reference power supply V+ = 15V, -13.5V :S V- :S 16.5V, .003 .01 .003 .01 
rejection (-) 

VREF Reference voltage IREF = 1.0mA 4.9 5.0 5.25 4.9 5.0 5.25 

TCREF Reference voltage 
TA=25°C 

60 60 IREF = 1.0mA 
temperature coefficient 

ZIN DAC VREFIN input IREF= 1.0mA 4.15 5.0 5.85 4.15 5.0 5.85 
impedance TA= 25°C 

Ice+ Positive supply current Vee+= 15v 7 14 7 14 
ice- Negative supply current Vee-= -15v -10 -15 -10 -15 

Po Power dissipation 'REF - 1.0mA, Vee - ± 15V 255 435 255 435 

NOTE 

1. Refer to Figure 2. 

AC ELECTRICAL CHARACTERISTICS 2 Vee= ± 15V, TA= 25°C 

SE/NE5019 
PARAMETER TO FROM TEST CONDITIONS 

Min Typ Max 

TsLH Settling time ±% LSB Input All bits low to high3 1.8 
TsHL Settling time ±% LSB Input All bits high to low4 2.3 

tplh Propagation delay Output Input All bits switched low to high3 300 
tphl Propagation delay Output Input All bits switched high to low4 150 
tplsb Propagation delay Output Input 1 LSB change3,4 150 
tplh Propagation delay Output LE low to high transition5 300 

tphl Propagation delay Output LE high to low transition6 150 

Is Set-up time CT Input 2, 7 100 
lh Hold time Input LE 2, 7 50 
lpw Latch enable pulse width 2, 7 150 

NOTES 

2. Refer to Figure 3. 
3. See Figure 6. 
4. See Figure .7. 
5. See Figure 8. 
6. See Figure 9. 
7. See Figure 10. 
a. For reference currents > 3mA, use of an external buffer is required. 
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UNIT 

mA 
mA 

%VR/ 
%VS 

%VR/ 
%VS 

v 

ppm1°c 

Kil 

mA 
mA 
mW 

UNIT 

I'S 

µs 

ns 
ns 
ns 
ns 
ns 

ns 
ns 
ns 



LINEAR LSI PRODUCTS 

8-BIT µP·COMPATIBLE D/A CONVERTER 

DC PARAMETRIC TEST CONFIGURATION 

DIG. ONO 1 

5018 OUTPUT 
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OAC 
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16 1S COMP 

Figure 2 
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LINEAR LSI PRODUCTS 

8-BIT 1tP·COMPATIBLE D/A CONVERTER SE/NE5019 

PROPAGATION DELAY, LATCH ENABLE TO OUTPUT PROPAGATION DELAY, LATCH ENABLE TO OUTPUT 

DATA • DATA 

LE \ LE \ 
f-- IPLff-l 1-fPHl--l 

IOV 

7 
IOV 

OUTPUT OUTPUT 

ov ov 

Figure 8 Figure 9 

LATCH ENABLE PULSE WIDTH, SET·UP AND HOLD TIMES 

LE 

DATA 

Figure 10 
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LINEAR LSI PRODUCTS 

10-BIT µP·COMPATIBLE D/A CONVERTER 

DESCRIPTION 
The NE5020 is a microprocesaor·compeli· 
ble monolithic 10·bit digital to analog con· 
verter subsystem. Thia device offers 10·blt 
resolution and ± 0.1 % accuracy and 
monotonicity guaranteed over full operating 
temperature range. 

Low loading latches, adjustable logic 
thresholds and addressing capability allow 
the NE5020 to directly interface with most 
microprocessor and logic controlled sys· 
terns. 

The NE5020 contains internal voltage refer
ence, DAC switches and resistor ladder. 
Also, the input buffer and output summing 
amplifier are included. In addition, the 
matched application resistors for scaling ei
ther unipolar or bipolar output values are 
included on a single monolithic chip. 

The result is a near minimum component 
count 10-bit resolution DAC system. 

BLOCK DIAGRAM 

FEATURES 
e 10-blt rHolutlon 
• Guaranteed monotonicity over 

operating range 
• ± O. 1 % ralatlva accuracy 
• Unipolar (OV to +10V) and 

Bipolar ( ± 5VJ output range 
• Logic bu• compatlbla 
• 5µaac eattllng tlma 

APPLICATIONS 
e Preclalon 10-blt 0/ A converters 
• 10-blt Analog to Dlgltal converters 
• Programmable power auppllea 
• Teat equipment 
• Maaaurament lnatrumanta 
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LINEAR LSI PRODUCTS 

10-BIT µP·COMPATIBLE D/A CONVERTER NE5020 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER 

Vee+ Positive supply voltage 
Vee- Negative supply voltage 
V1N Logic input voltage 
VREFIN Voltage at +VREF Input 
VREFADJ Voltage et VREF adjust 
VsuM Voltage at sum noda 
IREFSC Short-circuit current 

to ground et VREF OUT 
I OUT SC Short-circuit current to ground 

or either supply at VouT 
Po Power d\BBlpatlon • 

-N package 
F package 

TA operating temperature range 
NE6020 

TsTG Storage temperature range 
TSOLD Lead soldering temperature 

(10 seconds) 

'NOTES 
For N package, derate at 12o•c1w above 35•c 
For F package, derata at 76°C/W above 76°C 

RATING UNIT 

18 v 
-18 v 

Oto 18 v 
12 v 

Oto VREF v 
12 v 

Continuous 

Continuous 

800 mW 
1000 mW 

Oto +70 •c 
-66 to +160 •c 

300 •c 

DC ELECTRICAL CHARACTERISTICS Vee+= +15V, Vee-= -16V, o•e ::s TA ::s10°e unless otherwise specified.' 
Typical values are specified at 25 ° e 

NE6020 
PARAMETER TEST CONDITIONS 

Min Typ Max 

Resolution 10 
Monotonicity 10 
Relative accuracy ±0.1 

Vee+ Positive supply voltage 11.4 15 16.5 
Vee- Negative supply voltage -11.4 -16 -16.5 

V1N(1) Logic "1" input voltage Pin 1 = OV 2.0 
V1N(O) Logic "O" input voltage Pin 1 = OV 0.8 

l1N(1) Logic "1" input current Pin 1 = OV, 2V<V1N<18V 0.1 10 
l1N(O) Logic "O" input current Pin 1 = OV, -5V<V1N<0.8V -2.0 -10 

VFS Full scale output voltage Unipolar operation 9.5 9.9902 10.5 
VREF IN= 5.000V, TA= 25°C 

VFS Full scale output voltage Bipolar operation 4.5 4.9902 5.5 
VREF IN• 6.000V, TA= 25°e -5.040 -5.000 -4.960 

Vzs Zero scale voltage Unipolar operation -30 5 +30 

ios Output short circuit TA= 25•c ±15 ±40 
current VouT = ov 

PSR+cout) Output power supply V- • -15V, 13.5V:SV+:S16.5V, .001 .01 
rejection ( +) external VREF IN = 5.000V 

PSR-cout) Output power supply V+ = 16V, -13.5V:SV-:S-16.5V, .001 .01 
rejection C-) external VREF IN = 5.000V 

TCFs Full scale temperature VREF IN = 5.000V 20 
coefficient 

TCzs Zero scale temperature 5 
coefficient 

NOTE 
1. Refer to Figure 2. 
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10-BIT µP·COMPATIBLE D/A CONVERTER NE5020 

DC ELECTRICAL CHARACTERISTICS (Cont'd) Vee+= +15V, Vee-= -15V, o•c =:;;TA=:;; 1o•c unless otherwise specified.' 
Typical values are specified at 25°C 

NE5020 
PARAMETER tEST CONDITIONS 

Min Typ Max 
UNIT 

IREF2 Reference output current 3 mA 
IREF SC Reference short circuit TA= 25•c 15 30 mA 

current VREF OUT= OV 

PSR+REF Reference power supply V- = -15V, 13.5V :5 V+ :5 16.5V, .003 .01 %VR/ 
rejection ( +) IREF = 1.0mA %VS 

PSR-REF Reference power supply V+ = 15V, -13.5V :5 V- :5 16.5V, .003 .01 %VR/ 
rejection (-) %VS 

VREF Reference voltage IREF = 1.0mA, TA= 25°C 4.9 5.0 5.25 v 
TCREF Reference voltage IREF = 1.0mA 60 ppmt'C 

temperature coefficient 
ZtN DAC VREFIN input IREF = 1.0mA 5.0 k!l 

impedance 
ice+ Positive supply current Vee+= 15v 7 14 mA 
tee- Negative supply current Vee-= -15v -10 -15 mA 
Po Power dissipation IREF = 1.0mA, Vee= ±15V 255 435 mW 
~ 

NOTE 

1. Refer to Figure 2. 
2. For IREF OUT greater thin 3mA, •n external butter I• required. 

AC ELECTRICAL CHARACTERISTICS 3 Vee= ± 15V, TA= 25'C 

NE5020 
PARAMETER TO FROM TEST CONDITIONS 

Min Typ Max 
UNIT 

TSLH Settling time ± \ii LSB Input All bits low to high4 5 µ.s 
TSHL Settling time ± \ii LSB Input All bits high to low5 5 µ.s 

lplh Propagation delay Output Input All bits switched low to high4 300 ns 
lphl Propagation delay Output Input All bits switched high to low5 150 ns 
lplsb Propagation delay Output Input 1 LSB change4,5 150 ns 
lplh Propagation delay Output LE low to high transition6 300 ns 
lphl Propagation delay Output LE high to low transition 7 150 ns 

Is Sat-up time LE Input 3,6 100 ns 
lh Hold time Input LE 3,6 50 ns 
lpw Latch enable pulse width 3,6 150 ns 

NOTES 

3. Refer to Figure 3. 
4. See Figure 6. 
5. See Figure 7. 
6. See Figure 8. 
7. See Figure 9. 
8. See Figure 10. 
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10-BIT µ,P·COMPATIBLE D/A CONVERTER 

DC PARAMETRIC TEST CONFIGURATION 

MSB LSB 

Figure 2 

FULL/ZERO SCALE ADJUST-UNIPOLAR OUTPUT (0-10V) 
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1 OK <i.•o-'l.M.--0--I 
10T 
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Figure 4 
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ADJUST 
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LOW TO HIGH DATA 
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Figure 6 
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SK 
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NE5020 

AC PARAMETRIC TEST CONFIGURATION 
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PROPAGATION DELAY, LATCH ENABLE TO OUTPUT ~OPAGATION DELAY, LATCH ENABLE TO OUTPUT 

DATA 

10V 

OUTPUT 

ov 

DATA • 

f-- IPLH-1 __ 7 OUTPUT 

Figure 8 

LATCH ENABLE PULSE WIDTH, SET-UP AND HOLD TIMES 
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Figure 10 
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10-BIT µP-COMPATIBLE D/A CONVERTER NE5020 

CIRCUIT DESCRIPTION 
The NE5020 provides ten data latches, an 
internal voltage reference, application resis
tors, and a seated output voltage, in addition 
to the basic DAC components (see block 
diagram, figure 1). 

Latch Circuit 
Digital interface with the NE5020 is readily 
accomplished through the use of two latch 
enable ports (LE 1 end LE2) and ten data 
input latches. LE2 controls the two most sig
nificant bits of date (DBg end DBa) while 
LE 1 controls the eight lesser significant bits 
(DB7 through DB<J>). Bot~ the latch enable 
ports (LE) end the data inputs ere static end 
threshold sensitive. When the latch enable 
ports CLE) ere high (Logic '1 ') the date in
puts become very high impedances end es
sentially disappear from the date bus. Ad
dressing the LE with a tow (Logic 'O') the 
latches become active and adapt the logic 
states present on the data bus. During this 
state, the output of the DAC will change to 
the value proportional to the data bus value. 
When the latch enable returns to a high 
state, the selected set of data inputs (i.e., 
depending on which LE goes high) memo
rize' the data bus logic states and the output 
changes to the unique output value corre
sponding to the binary word in the latch. 

The data inputs are inactive and high imped
ance (typically requiring -2µ,A for low (.8V 
max) or 0. 1µ,A for high (2.0V min)) when the 
LE is high. Any changes on the data bus with 
LE high will have no effect on the DAC 
output. 

The digital logic inputs (LE and DB) for the 
NE5020 utilize a differential input logic sys
tem with a threshold level of + 1.4 volts with 
respect to the voltage level on the digital 
ground pin (Pin 1 ). Figure 11 details several 
bias schemes used to provide the proper 
threshold voltage levels for various logic 
families. 

To be compatible with a bus orientated sys
tem the DAC should respond in as short a 
period as possible to insure full utilization of 
the microprocessor, controller and I/ O con
trol lines. Figure 10 shows the typical timing 
requirements of the latch and data lines. 
This figure indicates that data on the data 
bus should be stable for at least 50nsec 
after LE is changed to a high state. 

The independent LE (LE 1 and LE2) lines al
low for direct interface from an 8 bit data bus 
(see figure 12). Data for the two MSB's is 
supplied .and stored when LE2 is activated 
low and returned high according to the 
NE5020 timing requirements. Then LE1 is 
activated low and the remaining eight LSB's 
of data are transferred into the DAC. With 
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LE 1 returning high the loading of ten bit data 
word from an eight bit data bus is complete. 

Occasionally the analog output must change 
to its data value within one data address 
operation. This is no problem using the 
NE5020 on a 16 bit bus or any other data 
bus with 10 or greater data bits. 

This can be accomplished from an 8 bit data 
bus by utilizing an external latch circuit to 
pretoad the two MSB data values. Figure 13 
shows the circuit configuration. 

After preloading (via LE pre-load) the exter
nal latch with the two MSB values, LE2 is 
activated tow and the eight LSB's and the 

NE5020 µ,P INTERFACE &-BIT DATA BUS EXAMPLE 
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1 O·BIT µP·COMPATIBLE D/A CONVERTER NE5020 

two MSB's are concurrently loaded into the 
DAC in one address operation. This permits 
the DAC output to make its appropriate 
change at one time. 

Reference Interface 
The NE5020 contains an internal bandgap 
voltage reference which is designed to have 
a very low temperature coefficient and ex
cellent long term stability -::haracteristics 

The internal bandgap reference ( 1.23V) is 
buffered and amplified to provide the 5 volt 
reference output. Providing a VAEFADJ (pin 
14) allows trimming of the reference output. 
Utilization of the adjust c!ircuil shown in fig
ure 16 performs not only VREF adjustment 
but also full scale output adjust. Notice that 
the VAEFADJ pin is essentially the sum 
node of an op amp and is sensitive to exces
sive node capacitance. Any capacitance on 
the node can be minimized by placing the 
external resistors as close as possible lo 
the VREFADJ pin and observing good layout 
practices. 

The VAEF out node can drive loads greater 
than the DAC VREF input requirements and 
can be used as an excellent system voltage 
reference. Howevar, to minimize load ef
fects on the DAC system accuracy, it is rec
ommended that a buffer amplifier is used. 

Input Amplifier 
The DAC reference amplifier is a high gain 
internally compensated op amp used to con
vert the input reference voltage to a preci
sion bias current for the DAC ladder net
work. 

Figure 1 details the input reference amplifier 
and current ladder. The voltage to current 
converter of the DAC amp will generate a 
1 mA reference current through QR with a 5 
volt VREf. This current sets the input bias to 
the ladder network. Data bit 9 (DB9H09). 
when turned on, will mirror this current and 
will contribute 1mA to the output. DBe COa) 
will contribute 'h of that value or 0.5mA and 
so on. These current values act as current 
sinks and will add at the sum node to 
produce a DAC ladder to sum node function 
of: 

( .DB9 + .DBS + .fl.!l.? .. + 
2 4 8 

01~6 + 03~5 + p6~4 + ~i + 

082 DB1 DBO) 
256 + 512 + 1024 . 

Because of the fixed internal compensation 
of the reference amp, the slew rate is limited 
to typically 0. 7V I µsec and source 
impedances at the VREF INPUT greater than 
5k!l should be avoided to maintain stability. 

The -VREF INPUT pin is uncommitted to al
low utilization of negative polarity reference 
voltages. In this mode +VREF INPUT is 
grounded and the negative reference is tied 
directly to the -VREF INPUT· The -VREF 
INPUT contains a 5k!l resistor that matches 
a like resistor in the +VREF INPUT to reduce 
voltage offset caused by op amp input bias 
currents. 

Output Amplifier and Interface 
The NE5020 provides an on chip output op 
amp to eliminate the need for additional ex
ternal active circuits. Its two stage design 
with feed forward compensation allows it to 
slew at 15V I µsec and settle to within 
± 'hLSB in 5µsec. These times are typical 
when driving the rated loads of RL 2::: 5k and 
CL ::s 50pF with recommended values of 
CFF = 1 nF and Cfe = 30pF. Typical input 
offset voltages of 5mV and 50k open loop 
gain insure an accurate current to voltage 
conversion is performed when using the on 
chip RfB resistor. Rfe is matched to RREF 
and R01p to maintain accurate voltage gain 
over operating conditions. The diode shown 
frorn ground to sum node prevents the DAC 
current switches from saturating the op amp 
during large signal transitions which would 
otherwise increase the settling time. 

The output op amp also incorporates output 
short circuit protection for both positive and 
negative excursions. During this fault condi
tion lour will limit at ± 15mA typical. Recov· 
ery from this condition to rated accuracy will 
be determined by duration of short circuit 
and die temperature stabilization. 

Bipolar Output Voltage 
The NE5020 includes a thermally matched 
resistor, R91p. to offset the output voltage 
by 5 volts to obtain -5V to +5V output volt
age range operation. This is accomplished 
by shorting pins 18 and 22 (see figure 14). 
This connection produces a current equal to 
(VREF IN - Vsum node)+ R91p. (1mA nomi
nal). which is injected into the sum node. 
Since full scale current out is approximately 
2mA (1.9980mA). (2mA - 1mA)5k = 5V will 
appear at the output. For zero DAC output 
currents, 1 mA is still injected into sum mode 
and Vour = -(5k)(1mA) = -5V. Zero scale 
adjust and full scale adjust are performed as 
described below, noting that lull scale volt
age is now approximately +5 volts, zero 
scale adjust may be used to trim Vour = 
o.oo with the MSB high or Vour = -5.0V 
with all bits off. 

Zero Scale Adjustment 
The method of trimming the small offset er
ror that may exist when all data bits are low 
is shown in figure 15. The trim is the result of 
injecting a current from resistor R2 that 
counteracts the error current. Adjusting po
tentiometer R 1 until Vour equals 0.000 
volts in the unipolar mode or -5.000 volts in 
the bipolar mode (see bipolar section) ac
complishes this trim. 

Full Scale Adjustment 
A recommended full scale adjustment circuit 
when using' the internal voltage reference is 
shown in figure 16. Potentiometer R3 is 
adjusted until Vour equals 9.99023V. In 
many applications where the absolute accu-

BIPOLAR OUTPUT 

FROM 
CURRENT 
SWITCHES 

-uo-IREf) 

SK 

Figure 14 

___. vour 

4-79 

4 



LINEAR LSI PRODUCTS 

10·BIT µP·COMPATIBLE D/A CONVERTER 

racy of full scale is of low importance when 
compared to the other system accuracy lac· 
tors, then this adjustment circuit is optional. 

As resistors RREF· Rfb and R91p shown in 
figure 1 are integrated in close proximity, 

they match and track in value closely over 
wide ambient temperature variations. Typi· 
cal matching is less than ± 0.3% which im· 
plies that typical full scale (or gain) error is 
less than ± 0.3% of ideal full scale value. 

ZERO SCALE ADJUSTMENT 
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8·BIT µP·COMPATIBLE DIA CONVERTER-CURRENT OUTPUT SE/NE5118 

DESCRIPTION 
The NE5118 la a hlgh-apeed 8·blt digital to 
analog converter subsystem on one mono· 
llthic chip. The data inputs have Input 
latches, controlled by a latch enable pin. 
The data and latch enable Inputs are ultra· 
low loading for easy interfacing with all logic 
systems. The letches appear transparent 
when the G Input la In the low state. When 
G goes high, the input data present at the 
moment of transition is latchad and retained 
until LE again goes low. This feature allows 
easy compatibility with most micro· 
processors. 

The chip also comprises a stable voltage 
reference (5V nominal). The voltage refer
ence may be externally trimmed with a po· 
tentiometer for easy adjustment of full scala, 
whila maintaining a low temperature co·elfi· 
cient. 

The output has high voltage compliance in· 
creasing versatility. 

BLOCK DIAGRAM 

{12) y~~~o---...-......... ... 

\10) 
LE 

111) v:::.o---------
(22) 

ANALOG 
ONO 

( 13)-YREF IN 

•• 

Vcc-
1r11 

All A v1luH 1qU1I 5kU and 1r1 thermally m1tch1d. 

FEATURES 
• 8-blt reaolutlon 
• Input latchee 
• Low-loading data Inputs 
• On-chip voltage reference 
• Faat aettllng output current-200na 
• Accurate to ± 1 /2 LSB (.19%) 
• Monotonic to 8 bits 
• Reference short-circuit protected 
• Compatible with 8086, 6800 and many 

other µP's 

APPLICATIONS 

• Preclalon 8-blt DI A converters 
• AID converters 
• Programmable power supplies 
• Teet equipment 
• Measuring Instruments 
• Analog·dlgltal multlpllcatlon 
• CRT display drivers 
• High-speed modems 
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SWITCH DFUVERS 

PIN CONFIGURATION 

"' DIGITAL 
GND YL.C 

F,N PACKAGE 

TOP VIEW 

ORDER NUMBERS 
NE5118F SE5118F 

NE511BN 

Vcc

OAC COMP, 

Roun 11ai 

r----vvv------:o Roun 1201 

r-------------------<.J IOUT(21) 

DAC SWITCHES 

Figura 1 

I DAC CURRENT 
OUTPUT 

4·81 

4 



LINEAR LSI PRODUCTS 

8·BIT µ.P·COMPATIBLE D/A CONVERTER-.CURRENT OUTPUT 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER 

Vee+ Positive supply voltage 
Vee- Negative supply voltage 
V1N Logic Input voltage 
VREFIN Voltage at RREF input 
VReFADJ Voltage at VREF adjust 
VsuM Voltage at sum node 
IREFSC Short-circuit currant 

to ground at VREF OUT 
IREF1N Reference Input currant (Pin 14) 
Po Power dissipation• 

-N package 
·F package 

TA Operating temperature range 
SE5118 
NE5118 

TsTG Storage temperature range 
TsoLD Lead soldering temperature 

( 1 O seconds) 

"NOTES 

For N package, derate at 120"CIW above 35"C 
For F package, derate at 75° C/W above 75"C 

RATING UNIT 

18 v 
-18 v 

Oto 18 v 
12 v 

Oto VREF v 
12 v 

Continuous 
3 mA 

800 mW 
1000 mW 

-55 to +125 •c 
Oto +70 ·c 

-65 to +150 •c 

300 •c 

DC ELECTRICAL CHARACTERISTICS Vee+= +15V, Vee-= -15V, SE5118. -55"C s TA s 125°C, 
NE5118. o•c s TA s 70°C unless otherwise specified. 
Typical values are specified at 25 • C 

SE/NE5118 

SE5118 NE5118 
PARAMETER TEST CONDITIONS UNIT 

Min Typ Max Min Typ Max 

Resolution 8 8 8 8 8 8 Bits 
Monotonicity 8 8 8 8 8 8 Bits 
Relative accuracy ±0.19 ±0.19 %FS 

Vee+ Positive supply voltage 11.4 15 11.4 15 v 
Vee- Negative supply voltage -11.4 -15 -11.4 -15 v 
V1N(1) Logic "1" input voltage Pin 1 = OV 2.0 2.0 v 
V1N(O) Logic "O" input voltage Pin 1 = OV 0.8 0.8 v 
l1N(1) Logic "1" input current Pin 1 = OV, 2V<V1N< 18V 0.1 10 0.1 10 µA 
llN(O) Logic "O" input current Pin 1 = OV, -5V<V1N<0.8V -2.0 -10 -2.0 -10 µA 

IFS Full scale output current Unipolar operation 1.90 1.992 2.10 1.90 1.992 2.10 mA 
VREF IN= 5.000V, TA= 25"C 

lzs Zaro scale current -6 1 +6 -6 1 +6 µA 

VREF Reference IREF = 1mA 4.9 5.0 5.25 4.9 5.0 5.25 v 
voltage TA= 25•c 

PSR+(out) Output power supply V- = -15V, 13.5VSV+S16.5V, .001 .01 .001 .01 %FS/ 
rejection(+) external VREF IN = 5.000V %VS 

PSR-(out) Output power supply V+ = 15V, -13.5VSV-S-16.5V, . 001 .01 . .001 .01 %FS/ 
rejection(-) external VREF IN = 5.000V %VS 

TCFs Full scale temperature VREFIN • 5.000V' 20 20 ppm1•c 
coefficient 

TCzs Zero scale temperature IREFiN • 1.00mA' 5 5 ppm/ •c 
coefficient 

NOTES 

1. Thie ie for voltage out only. See Unipolar Vottage Output aohem1tlc. 
2. Thie 11 tor currant output mode. 
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8·BIT µP·COMPATIBLE D/A CONVERTER-CURRENT OUTPUT SE/NE5118 

DC ELECTRICAL CHARACTERISTICS (Cont'd) Vee+• +15V, Vee-• -15V, SE5118. -55°C :STA :S 125°C, 
NE5118. o•c :STA :S 70°C unleaa otherwise specified. 
Typical values are specified at 25°C 

SE5118 NE5118 
PARAMETER TEST CONDITIONS 

Min Typ Max. Min Typ Max 

IREF :Reference output current Note 1 3 3 
IREFSC Reference short circuit ·TA• 25°C 15 30 15 30 

currant VREF OUT• OV 

PSR+(REF) Reference power supply V- • -16V, 13.6V :S V+ :S 18.6V, .003 .01 .003 .01 
rejection ( +) IREF • 1.0mA 

PSR-(REF) Raferanca power supply V+ • 16V, -13.6V :S V- :S 18.5V, .003 .01 .003 .01 
rejection (-) IREF-• 1.0mA 

TCREF Refaranca voltage IREF • 1.0mA 80 80 
temperature coefficient 

Z1N OAC RREFIN Input 5.0 5.0 
impedance 

[Tee+ Positive supply current Vee+ .. 15v 7 14 7 14 
ice- Negative supply current Vee- .. -15v -10 -16 -10 -15 

~D Power dlsslpaifon TREF - 1.0mA,--Vcc - ± 16V 255 436 256 435 

AC ELECTRICAL CHARACTERISTICS Vee=± 16V, TA= 25°C 

TEST CONDITIONS 
SE/NE5118 

PARAMETER TO FROM 
Min Typ Max 

TsLH Settling time ± % LSB Input All bits Low-to-high 200 
TsHL Settling time :!: % LSB Input All bits High-18-low 200 

tPLH Propagation delay Output Input All bits switched Low-to-high 60 
IPHL Propagation delay Output Input All bits switched High-to-low 60 
IPLSB Propagation delay Output Input 1 LSB change 60 
IPLH Propagation delay Output LE Low-to-high transition 60 
tPHL Propagation delay Output LE High-to-low transition 60 

Is Set-up time LE Input 100 
lh Hold time Input LE 50 
lpw Latch enable pulse width 160 

NOTES 

1. For reference current1 > 3mA, uu of an external buffer 11 required. 

UNIT 

mA 
mA 

'lbVR/ 
'lbVS 

'lbVR/ 
'lbVS 

ppm/°C 

kO 

mA 
niA 
mW 

UNIT 

ns 
ns 

ns 
ns 
ns 
ns 
ns 

ns 
ns 
ns 

4-83 

4 



LINEAR LSI PRODUCTS 

8·BIT µP·COMPA TIBLE D/ A CONVERTER-CURRENT OUTPUT SE/NE5118 

BIPOLAR OUTPUT OPERATION (-1mA TO +1mA) 

MS8 LSB 

14 

NC 

FAST VOLTAGE OUTPUT 

5118 Rour2 

Rour120 

14 

0.4711F NC -:- -:-

NOTE 

DATA INPUT CODE VOLTAGE OUTPUT (PIN 21) 

0 0 0 0 0 0 0 0 +10V OV 
1 1 1 1 1 1 1 1 OV -10V 

Pin 20 tied to + lOV Pin 20 tied to av 
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8-BIT 1tP·COMPATIBLE D/ A CONVERTER-CURRENT OUTPUT SE/NE5119 

DESCRIPTION 
The SE/NE5119 is a high-speed B-bit digital to 
analog converter subsystem on one mono
lithic chip. The data inputs have iput latches, 
controlled by a latch enable pin. The data and 
latch enable inputs are ultralow loading for 
easy interfacing with all logic systems. The 
latches appear transparent when the LE input 
is in he low state. When LE goes high, the 
input data present at the moment or transition 
is latched and retained until LE again goes 
low. This feature allows easy compatibility 
with most microprocessors. 

The chip also comprises a stable voltage 
reference (5V nominal). The voltage refer
ence may be externally trimmed with a po
tentiometer for easy adjustment of full scale, 
while maintaining a low temperature co·effi· 
cient. 

The output has high voltage compliance in· 
creasing versatility. 

BLOCK DIAGRAM 

119) 

Vee+ 

(12) VREFo-----.--< 
OUT 

(22) 

ANALOG 
GND 

(13)-VREF IN 

26K 

•• 

(10) 

LE 

Vcc
(111 

Ali R values equal 5k!I and are thermally matched. 

FEATURES 

• 8·blt resolution 
• Input latches 
• Low-loading data inputs 
• On-chip voltage reference 
• Fast settling output currant-200ns 
• Accurate to ± 1 /4 LSB (.1%) 
• Monotonic to 8 bits 
• Reference short-circuit protected 
• Compatible with 8086, 6800 and many 

other µP's 

APPLICATIONS 

• Precision 8-blt DI A converters 
• A/D converters 
• Programmable power supplies 
• Test equipment 
• Measuring instruments 
• Analog-digital multiplication 
• CRT display drivers 
• High-speed modems 

(9) (8) (7) (6) (5) (4) (3) (2) 
087 086 085 084 083 082 081 080 

MSB LSB 

LATCHES AND 
SWITCH DRIVERS 

PIN CONFIGURATION 

(1) 

DIGITAL 
GNDtVLC 

F,N PACKAGE 

TOP VIEW 

ORDER NUMBERS 
NE5119F SE5119F 

NE5119N 

~---------+----------0 IOUT(21) 

DAC SWITCHES 

Figura 1 

DAC CURRENT 
OUTPUT 
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LINEAR LSI PRODUCTS 

8-BIT µ.P·COMPA TIBLE D/ A CONVERTER-CURRENT OUTPUT 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER 

Vee+ Positive supply voltage 
Vee- Negative supply voltage 
V1N Logic input voltage 
VREflN Voltage at RREF input 
VREfAOJ Voltage at VREF adjust 
VsuM Voltage at sum node 
IREFSC Short-circuit current 

to ground at VREF OUT 

IREF1N Reference Input current (Pin 14) 
Po Power dlaaipatlon • 

·N package 
-F package 

TA Operating temperature range 
SE5119 
NE5119 

TsTG Storage temperature range 
TsoLD Lead soldering temperature 

(10 seconds) 

"NOTES 

ForN package, derate at 120°C/W above 35°C 
For F package, derate at 75° CtW above 75°C 

RATING UNIT 

18 v 
-18 v 

Oto 18 v 
12 v 

Oto VREF v 
12 v 

Continuous 
3 mA 

800 mW 
1000 mW 

-55 to +125 •c 
Oto +70 ·c 

-65 to +150 •c 

300 •c 

DC ELECTRICAL CHARACTERISTICS Vee+= +15V, Vee-= -15V, SE5119. -55°C :s TA :s 125°C, 
NE5119. o•c :s TA :s 70°C unless otherwise specified. 
Typical values are specified at 25 ° C 

SE/NE5119 

SE5119 NE5119 
PARAMETER TEST CONDITIONS UNIT 

Min Typ Max Min Typ Max 

Resolution 8 8 8 8 8 8 Bits 
Monotonicity 8 8 8 8 8 8 Bits 
Relative accuracy ±0.1 ±a.1 %FS 

Vee+ Positive supply voltage 11.4 15 11.4 15 v 
Vee- Negative supply voltage -11.4 -15 -11.4 -15 v 

V1N(1) Logic "1" input voltage Pin 1 =av 2.a 2.a v 
V1N(O) Logic "a" input voltage Pin 1 = OV a.8 0.8 v 

l1N(1) Logic "1" input current Pin 1 = OV, 2V<V1N<18V a.1 10 a.1 1a µA 

llN(a) Logic "a" input current Pin 1 =av. -5V<V1N<a.8V -2.0 -10 -2.a -10 µA 

Ifs Full scale output current Unipolar operation 1.9a 1.992 2.10 1.90 1.992 2.10 mA 
VREF IN= 5.aoav. TA= 25°C. 

lzs Zero scale current 1 1 µA 

VREF Reference IREF = 1mA 4.9 5.a 5.25 4.9 5.a 5.25 v 
voltage TA= 25°C 

PSR+(out) Output power supply V- = -15V, 13.5V:SV+:s 16.5V, .001 .a.1 .ao1 .a1 %FS/ 
rejection(+) external VREF IN = 5.0aOV %VS 

PSR-coul) 01.!tput power supply V+ = 15V, -13.5V:SV-:S-16.5V, .aa1 .a1 .001 .a1 %FS/ 
rejection (-) external VREF IN = 5.aooV %VS 

TCfS Full scale temperature VREFIN = 6.000V1 20 20 ppm1•c 
coefficient 

TCzs Zero scale temperature IREFiN • 1.00mA2 5 5 ppm/°C 
coefficient 

NOTES 

1. Thi• 11 tor vo1t1oe out only. SH Unlpoler Voltage Output echematlc 
2. Thie 11 for current output mode . 
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LINEAR LSI PRODUCTS 

8·BIT µP-COMPATIBLE D/A CONVERTER-CURRENT OUTPUT SE/NE5119 

DC ELECTRICAL CHARACTERISTICS (Cont'd) Vee+= +15V, Vee-= -15V, SE5119. -55°C ::s TA ::s 125°C, 
NE5119. o•c ::s TA ::s 70°C unless otherwise specified. 
Typical values are specified at 25°C 

r--· --.---· --·r---
SE5119 NE5119 

PARAMETER TEST CONDITIONS UNIT 
Min Typ Max Min Typ Max 

I-· 
IREF Reference output current Note 1 3 3 mA 
IREFSC Reference short circuit TA= 25°c 15 30 15 30 mA 

current VREF OUT= OV 

PSR+(REF) Reference power supply V- = -15V, 13.5V ::s V+ ::s 16.5V, .003 .01 .003 .01 %VRi 
rejection ( +) IREF = 1.0mA %VS 

PSR-(REF) Reference power supply V+ = 15V, -13.5V ::S V- ::S 16.5V, .003 .01 .003 .01 %VRi 
rejection (-) IREF = 1.0mA %VS 

TCREF Reference voltage IREF = 1.0mA 60 60 ppmt•c 
temperature coefficient 

Z1N DAC RREFIN input 5.0 5.0 kll 
impedance 

Ice+ Positive supply current Vee+= 15v 7 14 7 14 mA 
Ice- Negative supply current Vee-= -15v -10 -15 -10 -15 mA 
Po Power dissipation 'REF - 1.0mA, Vee - ±15V 255 435 255 435 mW 

AC ELECTRICAL CHARACTERISTICS Vee= ± 15V, TA= 25°C 

TEST CONDITIONS 
SE/NE5119 

PARAMETER TO FROM UNIT 
Min Typ Max 

TsLH Settling time ± V, LSB Input All bits Low-to-high 200 ns 
TsHL Settling time L v, LSB Input All bits High-to-low 200 ns 

IPLH Propagation delay Output Input All bits switched Low-to-high 60 ns 

IPHL Propagation delay Output Input All bits switched High-to-I.ow 60 ns 

IPLSB Propagation delay Output Input 1 LSB change 60 ns 

IPLH Propagation delay Output LE Low-to-high transition 60 ns 

IPHL Propagation delay Output LE High-to-low transition 60 ns 

Is Set-up time CT Input "100 ns 
lh Hold time Input LE 50 ns 
lpw Latch enable pulse width 150 ns 

NOTES 

1. For reteranc• currents > 3mA. uae of an external butter ia required. 
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LINEAR LSI PRODUCTS 

8-BIT µP·COMPATIBLE D/A CONVERTER-CURRENT OUTPUT SE/NE5119 

BIPOLAR OUTPUT OPERATION (-1mA TO +1mA) 

MSB LSB 

14 13 

NC 

FAST VOLTAGE OUTPUT 

MSB LSB 

5118/9 ROUT2 

14 

NC ":" 

NOTE 

DATA INPUT CODE VOLTAGE OUTPUT (PIN 21) 

0 0 0 0 0 0 0 0 +10V ov 
1 1 1 1 1 1 1 1 ov -1ov 

Pin 20 tied to + 10V Pin 20 tied to OV 

4-88 

FULL SCALE 
ADJUST 

UNIPOLAR VOLTAGE OUTPUT (0 -+10V) 

14 13 

NC 

=re "::" 

10T 
ZERO SCALE 

1MU ADJUST 

-vcc 

BASIC UNIPOLAR CURRENT OUTPUT (0 --2mA) 

FULL SCALE 
ADJUST 

NC 

,:ivcc:M!! 
10T 

ZERO SCALE ADJUST 

Yee-



LINEAR LSI PRODUCTS 

10-BIT HIGH-SPEED MULTIPLYING D/A CONVERTER SE/NE5410 

DESCRIPTION 

The NE5410/SE5410 are 10-Bit Multiplying 
Digital-to-Analog Converters pin-and
function compatible with the industry
standard MC3410, but with improved per
formance. These are capable of high
speed performance, and are used as 
general-~urpose building blocks in cost
effective DIA systems. 

The NE/SE5410 provides complete 10-bit 
accuracy and differential nonlinearity over 
temperature, and a wide compliance volt
age range. Segmented current sources, in 
conjunction with an R/2R DAC provides 
the binary weighted currents. The output 
buffer amplifier and voltage reference 
have been omitted to allow greater speed, 
lower cost, and maximum user flexibility. 

APP LI CATIONS 
• Successive approximation A/D 

converters 
High-speed, automatic test equipment 

• High-speed modems 
• Waveform generators 
• CRT displays 
• Strip CHART and X·Y plotters 
• Programmable power supplies 
• Programmable gain and a.ttenualion 

BLOCK DIAGRAM 

FEATURES 

• Pin-and-function compatible with 
MC3410 

• 1 O·bit resolution and accuracy 
(:!:0.05%) 

• Guaranteed differential non-linearity 
over temperature 

• Wide compliance voltage range- - 2.5 
to + 2.5V 

• Fast settling time-250ns typical 
• Digital inputs are TTL and CMOS 

compatible 
• High-speed multiplying input slew rate 

-20mA/µs 
• Reference amplifier internally 

compensated 
• Standard supply voltages + 5V and 

-15V 

PIN CONFIGURATION 

FPACKAGES 

TOP VIEW 

ABSOLUTE MAXIMUM RATINGS TA=+ 25'C unless otherwise noted 

Vee 
VEE 
v, 
Vo 
IREF(161 
VREF 
V REFiD} 
TA 

TJ 

MSB 

SYMBOL AND PARAMETER 

Power Supply 

Digital Input Voltage 
Applied Output Voltage 
Reference Current 
Reference Amplifier Inputs 
Reference Amplifier Differential Inputs 
Operating Temperature Range 

SE5410 
NE5410 

Junction Temperature 
Ceramic Package 
Plastic Package 

LSB 

BIAS 
CIRCUITRY 

VEE GND 

14 
Vr:-,c 

RATING 

+ 7.0 
-18 
+ 15 

+ 4, - 5.0 
2.5 

Vee. VEE 
0.7 

-55to+125 
o to + 70 

+ 175 
+ 150 

UNIT 

Vdc 
Vdc 
Vdc 
Vdc 
mA 
Vdc 
Vdc 

'C 
'C 

'C 
'C 
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LINEAR LSI PRODUCTS 

10-BIT HIGH-SPEED MULTIPLYING DIA CONVERTER SE/NE5410 

DC ELECTRICAL CHARACTERISTICS Vee= + 5.0Vdc, VEE= - 15Vdc, IAEF = 2.0mA, all digital inputs at high logic level. 

SYMBOL AND PARAMETER 

E, 
Relative accuracy (Error 
relative to full scale 10 ) 

Differential non-linearity 

Is 
Settling time to within 
± V2 LSB (all bits low to high) 

IPLH Propagation delay time 
tPHL 

TCl 0 Output full scale current drift 

Digital Input Logic Levels 

V1H 
(All bits) 

High Level, Logic "1" 
Low Level, Logic "O" 

Digital Input Current (All bits) 
llH High Level, V1H = 5.5V 
l1L Low Level, V1L = 0.8V 

IREFi15) 
Reference Input Bias Current 
(Pin 15) 

t--· 

loH Output Current (All bits high) 

r----· 
f-· loL Output Current (All bits low) 

Vo Output Voltage Compliance 

SR IREF 
Reference Amplifier Slew 
Rate 

ST IREF 
Reference Amplifier Settling 
Time 

PSRR(-) 
Output Current Power Supply 
Sensitivity 

Co Output Capacitance 

C1 
Digital Input Capacitance 
(All bits high) 

SE5410: TA=-55°Cto +125°C,NE5410Series: TA=o·cto +70°C 
unless otherwise noted. 

NE/SE5410 
TEST CONDITIONS 

Min Typ Max 

Over temperature 
± 0.025 ±0.05 

± 1/4 ± 1/2 

Over temperature 
± 0.025 ±0.05 

± 114 ± 112 

TA= 25°C 250 

TA=2s•c 
35 
20 

20 40 

2.0 
0.8 

20 
-20 

-1.0 -5.0 

V REF= 2.000V, 3.937 3.996 4.054 
R16 = 10000 

TA=25°C 0 0.4 

TA=25•c 
-2.5 

E, < 0.05% 
+2.5 

relative to full scale 

20 

Oto 4.0mA, ± 0.1 % 2.0 

0.003 0.01 

V0 =0 25 

4.0 

UNIT 

% 
LSB 

% 
LSB 

ns 

ns 

ppmt•c 

Vdc 

µA 

µA 

mA 

µA 

Vdc 

mA/µs 

µS 

%/% 

pF 

pF 

I 

: 

--
Ice Power Supply Current +2 +4 mA 
IEE (All bits low) -12 -18 

Vee Power Supply Voltage Range TA=25°C +4.75 +5.0 + 5.25 
Vdc 

VEE V0 =0 - 14.25 -15 -15.75 

Power Consumption 190 300 mW 
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LINEAR LSI PRODUCTS 

10-BIT HIGH-SPEED MULTIPLYING D/A CONVERTER SE/NE5410 

TYPICAL PERFORMANCE CHARACTERISTICS 

4.0 

JcJ~Al1., 
V11• -115.0V., 
TA•H•C 
IRIF•2 mA -I 

IL 
-1.0 

-5 -3 -1 0 1 

COMPLIANCE VOLTAGE (VOLT) 

Figure 1. Output Current va. Output Compliance Voltage 

l 13 

rz 12 .. 
I 11 
:0 
u 
> 10 

t 
iil 
:l 3 

~ 2 ... 
.; 

JI 
Vccm+5V-

-VEE• -15)1 
IREF=-2mA-

+Ice 
J_ 

~ 0 
-75-50-25 0 25 50 75 100 125 

TA('C) 

Figure 3. Power Supply Currents vs. Temperature 

~ 4AI 

iE. 3.0 .. ll 2.0 
!:; 
~ 1.0 

ii ! -1.0 ... 
~ -2.0 

+Vee• +5V ...J 
-VEE• -11V 
loEF•2 mA -

? -3.0 

!i -4.0 
0 -75-50-25 0 25 50 75 100 125 

TA('C) 

Figure 2. Maximum Output Compliance 
Voltage vs. Temperature 

Figure 4. Reference Amplifier Frequency Response 
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LINEAR LSI PRODUCTS 

10-BIT HIGH-SPEED MULTIPLYING D/A CONVERTER SE/NE5410 

CIRCUIT DESCRIPTION 
The NE5410 consists of four segment cur
rent sources which generate the 2 Most 
Significant Bits (MSBs), and an R/2R DAC 
implemented with ion implanted resistors 
for scaling the remaining 8 Least Signifi· 
cant Bits (LSBs). (See Figure 5.) This 
approach provides complete 10-bit accur
acy without trimming. 

The individual bit currents are switched 
ON or OFF by fully differential current 
switches. The switches use current steer
ing for speed. 

An on·chip high-slew reference current 
amplifier drives the R/2R ladder and seg
ment decoder. The currents are scaled in 
such a way that, with all bits on, the max
imum output current is two times 1023/ 
1024 of the reference amplifier current, or 
nominally 3.996mA for a 2.000mA refer-

4-92 

(4) 
MSB 

D1 
(5) 
D, 

(16) 
+o-~_,~~~~~~--, 

(15) 
- 0-

ence input current. The reference amplifier 
allows the user to provide a voltage input: 
Out-board resistor R16 (see Figure 6) con
verts this voltage to a usable current. A cur
rent mirror doubles this reference current 
and feeds it to the segment decoder and 
resistor ladder. Thus, for a reference 
voltage of 2.0 Volts and a 1 kO resistor tied 
to Pin 16, the full scale current is approx
imately 4.0mA. This relationship will remain 
regardless of the reference voltage polarity. 

Connections for a positive reference volt
age are shown in Figure 6a. For negative 
reference voltage Inputs, or for bipolar 
reference voltage inputs in the multiplying 
mode, R15 can be tied to a negative volt
age corresponding to the minimum input 
level. For a negative reference input, R16 
should be grounded (Figure 6b). In addi· 
tion, the negative voltage reference must 
be at least 3V above the VEE supply volt-

(6) 
03 

R 

(7) 
D4 

2R 2R 

R 

(8) 
Ds 

(9) 

Ds 

R 

(10) 
Dr 

age for best operation. Bipolar input sig
nals may be handled by connecting R16 to 
a positive voltage equal to the peak posi
tive input level at Pin 15. 

When a de reference voltage is used, 
capacitive bypass to ground is recom
mended. The 5V logic supply Is not recom
mended as a reference voltage. If a well 
regulated 5.0V supply, which drives logic, 
is to be used as the reference, R16 should 
be decoupled . by connecting it to the 
+ 5.0V logic supply through another 
resistor and bypassing the junction of the 
two resistors with a 0.1JLF capacitor to 
ground. 

The reference amplifier is internally com
pensated with a 10pF feed-forward capac
itor, which gives it its high slew rate and 
fast settling time. Proper phase margin is 
maintained with all possible values of R16 
and reference voltages which supply 

(11) 
o, 

(12) 
De 

(13) 
LSB 
D10 

GND 
(2) 

VBIAS 
(INTERNAL) 

CODE SELECTED 0111110011 

VEE (1) 

Figure 5. NE5410 Equivalent Circuit 



LINEAR LSI PRODUCTS 

10-BIT HIGH-SPEED MULTIPLYING D/A CONVERTER 

VR(+) 

D1 THROUGH I 
D10 

D1 THROUGH I 
D10 

Rr 

Vee R10 

18 

5410 

v •• "::" 

"::" 
R15 

15 

R1e +Ry• R15 = RREF 
Rr < < R1a 
lo F.S. • 2 IR• VREFIRREF 

a) POSITIVE REFERENCE VOLTAGE 

VR(-) 

Rr 

Vee 
"::" 

R10 

16 

5410 

v., 

R15 

15 

R1s+ Rr= R1s 
Rr < < R1s 
VREF 2: Vee+ 3V 

b) NEGATIVE REFERENCE VOLTAGE 

Figure 6. Basic Connections 

SE/NE5410 

2.0mA reference current into Pin 16. The 
reference current can also be supplied by 
a high impedance current source of 
2.0mA. As R16 Increases, the bandwidth 
of the amplifier decreases slightly and 
settling time Increases. For a current 
source with a dynamic output Impedance 
of 1.0MO, the bandwidth of the reference 
amplifier Is approximately half what It is in 
the case of R16= 1.0kO, and settling time 
is .. 10,,s. The reference amplifier phase 
margin decreases as the current source 
value decreases In the case of a current 
source reference, so that the minimum ref· 
erence current supplied from a current 
source Is 0.5mA for stability. 

OUTPUT VOLTAGE 
COMPLIANCE 

The output voltage compliance ranges 
from - 2.5 to + 2.5V. As shown in Figure 
2, this compliance range is nearly con
stant over temperature. At the tempera
ture extremes, however, the compliance 
voltage may be reduced If VEE > - 15V. 

ACCURACY 
Absolute accuracy is a measure of each 
output current level with respect to its 
intended value. It is dependent upon rela· 
tive accuracy and full scale current drift. 
Relative accuracy, or linearity, is the 
measure of each output current with re
spect to its intended fraction of the full 
scale current. The relative accuracy of the 
NE5410 is fairly constant over tempera· 
ture due to the excellent temperature 
tracking, of the implanted resistors. The 
full scale current from the reference 
amplifier may drift with temperature caus
ing a change in the absolute accuracy. 
However, the NE5410 has a low full scale 
current drift with temperature. 

The SE5410 and the NE5410 are accurate 
to within ± 1/2 LSB at 25°C with a refer· 
ence current of 2.0mA on Pin 16. 

MONOTONICITY 
The NE5410 and SE5410 are guaranteed 
monotonic over temperature. This means 
that for every increase in the input digital 
code, the output current either remains 
the same or increases but never 
decreases. In the multiplying mode, where 
reference input current will vary, mono· 
tonicity can be assured if the reference in· 
put current remains above 0.5mA. 
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LINEAR LSI PRODUCTS 

10-BIT HIGH-SPEED MULTIPLYING D/A CONVERTER 

SETTLING TIME 
The worst case switching condition 
occurs when all bits are switched "on," 
which corresponds to a low-to-high transi
tion for all bits. This time is typically 250ns 
for the output to settle to within :1: 1/2 LSB 
for 10-blt accuracy, and 200ns for 8-blt 
accuracy. The turn-off time Is typically 
120ns. These times apply when the output 
swing ls. limited to a small (<0.7 Volt) 
swing and.the external output capacitance 
is under 25pF. 

16 

15 

NE5410 

The major carry (MSB off-to-on, all others 
on-to-off) settles In approximately the 
same time as when all bits are switched 
off-to-on. 

If a load resistor of 625 Ohms Is con
nected to ground, allowing the output to 
swing to -2.5 Volts, the settling time In· 
creases to 1.5,.s. 

Extra care must be taken In board layout 
as this Is usually the dominant factor In 
satisfactory test results when measuring 

1k 

1k 

+2Vdc 

10.1,,F 

-:500 RL-: v, 

1-C>----+--+--c Vo 

JCo s 25pF 
Vo 

SE/NE5410 

settling time. Short leads, 100i<F supply by
passing, and minimum scope lead length 
are all necessary. 

A typical test set-up for measuring set
tling time is shown in Figure 7. The same 
set-up for the most part can be used to 
measure the slew rate of the reference 
amplifier (Figure 9) by tying all data bits 
high, pulsing the voltage reference input 
between O and 2V, and using a 5000 load 
resistor RL. 

RISE AND FALL TIMES s 10ns 

t, - 250n1 TYPICAL 
TO "'1/2 LSB 

0.1~ USE RL TO ONO FOR TURN-OFF MEASUREMENT 

FOR SETTLING TIME 
MEASUREMENT. 
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Figure 7. Settling Time 

Vee 

14 

0.1~ 

16 1k +2Vdc 

15 1k -: J0.1µF v, 

NE5410 

i..:...n------<lVo 

0.1~ 

Vee 

RL 
20 

Vo 

Figure 8. Propagation Delay Time 

(ALL BIT SWITCH ED 
LOW TO HIGH) 

RISE AND FALL TIMES s 10ns 

lPLH tPHL 

FOR PROPAGATION 
DELAY TIME 



LINEAR LSI PRODUCTS 

10·BIT HIGH-SPEED MULTIPLYING D/A CONVERTER SE/NE5410 

15 

2.Sk 

10 
11 

12 

13 

5410 

Yee 

Yee 

0.1µF 

~ 
14 

16 1k 

15 

NE5410 

-= -= 
0.1µF 

~ 
Yee 

Voe•(+) 
_rc2V 

0 

Vo 

1 ~25pF 

2.ov
0

1 
YoeF<+) 

'----"~~~~~~~~~ 

o.syh 
Vo I\ SLEW RATE 

O V t1 = 2µs TYPICAL 
TO ,.Q.1% 

USE RL=20il TO GND FOR 
SLEW RATE MEASUREMENT 

Figure 9. Reference Amplifier Settling Time and Slew Rate 

F.S. ADJ 

+15V 

-15Y 

Ro= RT+ RF= 2.Sk!l 
Ar<< AF 

Your 
15 

2.Sk 

Vee 

5410 

Vee 

F.S.ADJ 

+15V 

Ro :Ill Ar+ RF= 2.SkO 
Ar<< RF 

Your 

al Bipolar Output (-10 to +10VJ bl Unipolar Positive Output (0-10VI 

Figure 10. Voltage Output Circuits 
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LINEAR LSI PRODUCTS 

10-BIT HIGH-SPEED MULTIPLYING O/A CONVERTER 

Dour 

4-96 

CLOCK CP 

2504 SAR 

+SVdc 

ANALOG 
INPUT 
(D-10V) 

20k +SVdc 
- v Q-ANl..-o + v 

-10Vdc 

10-BIT CONVERSION TIME= 3.3µ1 WITH 3MHz CLOCK. 

THIS CONVERTER USES A 2504 12·BIT SUCCESSIVE APPROXIMATION 
REGISTER IN THE SHORT CYCLE OPERATING MODE WHERE THE END OF 
CONVERSION SIGNAL IS TAKEN FROM THE FIRST UNUSED BIT OF THE 
SAR (010). 

Figure 11. SucceBSlve Approximation AID Converter 

19 1-----------1 16 
6 ----·------1-5-1 

µP 
BUS 

CONTROL {E2 
SIGNALS 
FROM µP E, 

Do Do 

112 LS375 

01 Eo,1 01 

4 

12 

LS373 

Eu 02 

112 LS375 

Q3 

TIMING SEQUENCE 

E,__r-1_ 

E,_Il_ 
DATA~ 

DBo,1 DB2-9 

13 

WITH THIS DOUBLE LATCH TECHNIQUE, VALID DATA WILL BE LATCHED TO 
THE DAC UNTIL UPDATED WITH THEE, PULSE. TIMING WILL DEPEND ON 
THE PROCESSOR USED. 

Figure 12. 8·Blt l'P Bus Interface 

SE/NE5410 

14 

10 



LINEAR LSI PRODUCTS 

10·BIT HIGH-SPEED MULTIPLYING D/A CONVERTER SE/NE5410 

Y1N +SY 

Yee Yee 

14 

NE541D 

LSB 
Dour 

Oo 

Hm RST 1D·BIT COUNTER CP 

Y1N FULL SCALE• 4 mA (R1 +Ry) (~) 

Figure 13. Stalrca1e AID -4 -

4.97 



LINEAR LSI PRODUCTS 

SELECTOR GUIDE 

COMPARATORS 
MAX. INP. 

MAX. INP. 

OFFSET 
CURRENT 

SUPPLY 
COM· TEMP. VOLT BIAS OFFSET VOLTAGE 

DEVICE PLEXITY RANGE• (mV) (µA) (•A) (V) 

LM1111 Single M 4.00 0.15 0.02 ± 15 
LM211 Single I 4.00 0.15 0.02 to 
LM311 Single c 10.0 0.30 0.07 +Sand GND 
NE5272 Single c 10.0 4.00 1.0 ±510 ±10 
SE527 Single M 6.00 4.00 1.00 and GNO 
NE5295 Single c 10.0 50.0 15.0 ±Sto ±10 
SE529 Single M 600 36.0 9.00 and GND 
LM11e3 Dual M 7 00 1.00 0.10 ± 15 
LM219 Dual I 7.00 1.00 0.10 to 
LM319 Dual c 10.0 1.20 0.30 ±5 and GNO 
LM1933 Ou at M 9.00 0.30 0.10 t 1 to 118 
LM293 Dual I 9.00 0.40 0.15 or 
LM393 Dual c 9.00 0.40 0.15 +2 lo +36 GNO 
LM2903 Dual I 15.0 0.50 0.20 
SE/NE5214 Dual MIC 15110.0 40.0 120 + 5. - 5, GND 
SEINE522 Dual MIC 15110.0 40.0 12.0 +5, -5. GND 
LM1393 Quad M 9.00 0.30 0.10 
LM239 Ou ad I 9.00 0.40 0.15 11 to ± 18 or 
LM339 Quad c 9.00 0.40 0.15 +2to +36 
LM2901 Ou ad I 15 0 0.50 0.20 
MC33023 Ou ad I 40.0 1 00 0.30 +2 to +28 GNO 

Notes. 
1. With strobe, wlU work from single supply. 
2. Complementary output gates with individ~·al strobes 

"Temperature Range 
I '"' Industrial 

3. Will operate from single or dual supplies 
4. Ultra·high speed 
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C = Commercial 
M .. M1l1tary 

COMMON VOLTAGE MAX. DIFF. 
RESPONSE MODE 

OUTPUT VOLTAGE 
GAIN INPUT 

TIME VOLTAGE VOL Mix. VoH Min. OUTPUT (Typ.) TTL VOLTAGE 
(Typ.) (ns) RANGE (V) (V) (V) STRUCTURE V/mV FANOUT (V) 

200 . ± 14 0.4 o.c. 200 5 ±30 
200 ± 14 0.4 o.c 200 5 ±30 
200 ± 14 04 o.c. 200 5 ±30 
16 ±5 0.5 2.7 TTL 5 ±5 
16 ±5 0.5 2.5 TTL 5 ±5 
12 ±5 05 27 TTL 5 ±5 
12 ±5 0.5 2.5 TTL 5 ±5 
80 ± 13 0.4 o.c. 40 2 ±5 
60 ± 13 04 O.C 40 2 ±5 
80 ± 13 0.4 o.c 40 2 ±5 

1300 OtoV5 -2 07 o.c. 200 2 36 
1300 Otov8 -2 0.7 oc 200 2 36 
1300 OtoV5 -2 0.7 o.c 200 2 36 
1300 01ov8 -2 0.7 o.c 100 2 36 

8 ±3 0.5 2.7 TTL 12 ±6 
10 ±3 0.5 O.C 12 ±6 

1300 Otov5 -2 07 oc 200 2 36 
1300 OtoV5 -2 07 oc 200 2 36 
1300 OtoV5 -2 07 oc 200 2 36 
1300 OtoV5 -2 07 oc 100 2 36 
2000 OtoV5 -2 07 oc 100 2 26 



LINEAR LSI PRODUCTS 

VOLTAGE COMPARATOR 

DESCRIPTION 
The LM111 series are voltage comparators 
that have input currents approximately a 
hundred times lower than devices like the 
µA710. They are designed to operate over a 
wider range of supply voltages; from 
standard ±15V op amp supplies down to 
the single 5V supply used for IC logic. Their 
output is compatible with RTL, DTL, and 
TTL as well as MOS circuits. Further, they 
can drive lamps or relays, switching volt
ages up to 50V at currents as high as 50mA. 

Both the inputs and the outputs of the 
LM111 series can be isolated from system 
ground, and the output can drive loads 
referred to ground, the positive supply or 
the negative supply. Offset balancing and 
strobe capability are provided and outputs 
can be wire OR'ed. Although slower than 
the µA710 1200ns response time vs 40nsl 
the devices are also much less prone to 
spurious oscillations. The LM111 series has 
the same pin configuration as the µA710 
series. 

FEATURES 
• Operates from single SV supply 
• Maximum Input bias current: 150nA 

(LM311 - 250nA) 
• Maximum offset current: 20nA (LM311 -

50nA) 
• Differential Input voltage range: ±30V 
• Power consumption: 135mW at ±15V 
• High sensltlvlty-200V/mV 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER 

Total supply voltage 
Output to negative supply voltage: 

LM111/LM211 
LM311 

Ground to negative supply voltage 
Differential input voltage 
Input voltage1 
Power dissipation2 
Output short circuit duration 
Operating temperature range 

LM111 
LM211 
LM311 

Storage temperature range 
Lead temperature 
!soldering, 10secl 

APPLICATIONS 
• Zero crossing detector 
• Precision squarer 
• Positive/negative peak detector 
• Low voltage adjustable reference 

supply 
• Switching power amplifier 

EQUIVALENT SCHEMATIC 

BALANCE/ 
STROBE BALANCE 

RATING UNIT 

36 v 

50 v 
40 v 
30 v 

±30 v 
±15 v 
500 mW 
10 sec 

-55 to +125 •c 
-25 to +85 •c 
0 to +70 ·c 

-65 to +150 ·c 
300 •c 

LM111/211/311 

PIN CONFIGURATION 

D, FE, N PACKAGE 

INPUT 2 7 OUTPUT 
GNDE]av+ 

INPUT 3 6 BAL/STROBE 

v- 4 5 BALANCE 

ORDER PART NO. 
LM211N/LM311N 

LM311D 
LM111 FE/LM211FE/LM311FE 

RIO 
4K 

y-

OUTPUT 

"" 130 

"" "' 

015 

"" • 
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LINEAR LSI PRODUCTS 

VOLTAGE COMPARATOR LM111/211/311 

DC ELECTRICAL CHARACTERISTICS 1.2.3 

PARAMETER TEST CONDITIONS 

Input offset voltage4 TA= 25°C, Rs 5 50kn 

Input offset current4 TA= 25•c 
Input bias current TA= 25°c 

Voltage gain TA= 25°c 

Response times TA= 25°c 
Saturation voltage V1N 5 -5mV, lour= 50mA 

TA= 25•c 

Strobe on current TA= 25•c 
Output leakage current V1N ~ 5mV, Vour = 35V 

TA= 25°C, lsTROBE = 3mA 

Input offset voltage4 Rs 5 50kO 

Input offset current4 
Input bias current 

Input voltage range V= ± 15V (Pin 7 may go to 5V) 
Saturation voltage V+ ~ 4.5V, V- = 0 

V1N 5 -6mV, ls1NK 5 8mA 
Output leakage current V1N ~ 5mV, Vour = 35V 

Positive supply current TA= 25°c 
Negative supply current TA= 25°c 

NOTES 
1. This rating applies for ±15V supplies. The positive input voltage limit is 30Vabovethe 

negative supply. The negative input voltage limit is equal to the negative supply 
voltage or 30V below the positive supply, whichever is less. 

2. The maximum junction temperature of the LM311 is 110°C. For operating at elevated 
temperatures, devices in the T0-5 package must be derated based on a thermal 
resistance of 150° C!W, junction to ambient, In the N package, a thermal resistance of 
162° C/W, and °C/W for the Ceramic package. The maximum junction temperature of 
the LM111 is 150°C, while that of the LM211 is 110°C. For operating al elevated 
temperatures, devices in the T0-5 package must be derated based on a thermal 
resistance of 150°C/W, junction to ambient. The thermal resistance of the Cerdip 
package is 110° C/W, junction to ambient. 

TYPICAL APPLICATIONS 

LM111/LM211 LM311 
UNIT 

Min Typ Max Min Typ Max 

0.7 3.0 2.0 7.5 mV 

4.0 10 6.0 50 nA 
60 100 100 250 nA 

200 200 V/mV 

200 200 ns 

0.75 1.5 0.75 1.5 v 
3.0 3.0 mA 

0.2 10 0.2 50 nA 

4.0 10 mV 

20 70 nA 
150 300 nA 

-14.5 13.8,- 14.7 13.0 -14.5 13.8,-14.7 13.0 v 

0.23 0.4 0.23 0.4 v 
0.1 0.5 µA 

5.1 6.0 5.1 7.5 mA 
4.1 5.0 4.1 5.0 mA 

3. These specifications apply for Vs= ±15V and 0°C <TA< 70°C unless otherwise 
specified. With the LM211, however, all temperature specifications are limited to 
-25°C :s; TAS 85°C and for the LM111 is limited to -55°C <TA< 125°C. The offset 
voltage, offset current and bias current specifications apply for any supply voltage 
from a single 5V supply up to ±15V supplies. 

4. The offset voltages and offset currents given are the maximum values required to drive 
the output within a volt of either supply with 1mA load. Thus, these parameters define 
an error band and take into account the worst case effects of voltage gain and input 
impedance. 

5. The response time specified Is for a 100mV input step with 5mV overdrive. 
6. Do not short the strobe prin to ground; it should be current driven at 3mA to 5mA: 

TTL INTERFACE WITH HIGH 
LEVEL LOGIC 

ZERO CROSSING DETECTOR 
DRIVING MOS LOGIC 

DETECTOR FOR MAGNETIC 
TRANSDUCER 

INPUT 

4-100 

MAGNETIC 
PICKUP 

TO TTL 
LOGIC 

·values shown are for a 0 to 30V logic swing and 
a 15Vthreshold. 

tMay be added to control speed and reduce 
susceptability to noise spikes 



LINEAR LSI PRODUCTS 

DUAL VOLTAGE COMPARATOR 

DESCRIPTION 
The LM119 series are precision high speed 
dual comparators fabricated on a single 
monolithic chip. They are designed to oper
ate over a wide range of supply voltages 
down to a single 5V logic supply and 
ground. Further, they have higher gain and 
lower input currents than devices like the 
µA710. The uncommitted collector of the 
output stage makes the LM119 compatible 
with RTL, DTL and TTL as well as capable of 
driving lamps and relays at currents up to 
25mA. 

Although designed primarily for applica
tions requiring operation from digital logic 
supplies, the LM119 series are fully speci
fied for power supplies up to ±15V. It fea
tures faster response than the LM111 at the 
expense of higher power dissipation. How
ever, the high speed, wide operating voltage 
range and low package count make the 
LM119 much more versatile than older de
vices like the µA711. 

The LM119 is specified from -55° C to 
+125°C, the LM219 is specified from -25°C 
to +85°C, and the LM319 is specified from 
o•c to +70°c. 

EQUIVALENT SCHEMATIC 

R1 3 5k 

INPUTS 1 

FEATURES 
• Two Independent comparators 
• Operalea from a alngla 5V supply 
• Typically 80n1 raaponae time at ±15V 
• Minimum fan-out of 3 (each aide) 
• Maximum Input current of 1 µA ovar 

temperature 
• Inputs end outputs can be Isolated from 

system ground 
• High common mode slew rate 
• MIL·STD-883 A, B, C 1vall1ble 

LM119/219/319 

PIN CONFIGURATIONS 

D,F,N PACKAGE 

TOP VIEW 

ORDER NUMBERS 
LM119F LM219F LM319D.F.N 

H PACKAGE' 

V+ 

~ 

+INPUT 1 QND 2 4 
V-

ORDER NUMBERS 
LM119H LM219H LM319H 

•Metal cans (H) not recommended for new designs 

GND 
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LINEAR LSI PRODUCTS 

DUAL VOLTAGE COMPARATOR 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER RATING 

Total supply voltage 36 
Output to negative supply voltage 36 
Ground to negative supply voltage 25 
Ground to positive supply voltage 18 
Differential input voltage ±5 
Input voltage1 ±15 
Power dissipation2 500 
Output short circuit duration 10 
Operating temperature range 

LM119 -55 to +125 
LM219 -25 to +85 
LM319 o to +70 

Storage temperature range -65 to +150 
Lead temperature (soldering, 10secl 300 

NOTES 

1. For supply voltages less than ±15V, the absolute maximum rating is equal to the 
supply voltage. 

2. The absolute maximum junction temperature is 150° C. Device dissipation must be 
derated as follows 
K package-150°C/watt above 75°C 
F package -110°C/watt above 95°C 

DC ELECTRICAL CHARACTERISTICS 

LM119/219/319 

UNIT 

v 
v 
v 
v 
v 
v 

mW 
s 

•c 
•c 
•c 
·c 
·c 

Vs= ±15V, for LM119, -55°C "°TA"° 125°c} 
LM219, -25°C $TA$ 85°C unless otherwise specified. 
LM319, o·c "°TA"° 70°c 

LM119/219 LM319 
PARAMETER TEST CONDITIONS UNIT 

Min Typ Max Min Typ Max 

Vos Input offset voltage1.2 Rs"° 5kn, TA= 25°c 0.7 4.0 2.0 8.0 mV 
Over temp. 7 10 mV 

los Input offset current1.2 TA= 25°C 30 75 80 200 nA 
Over temp. 100 300 nA 

is Input bias current1 TA= 25°c 150 500 250 1000 nA 
Over temp. 1000 1200 nA 

Av Voltage gain TA= 25°c 10 40 8 40 V/mV 

VOL Saturation voltage V1N = 5mV, lour= 25mA, TA= 25° c 0.75 1.5 v 
V1N= 1omv, lour=25mA, TA=25°C 0.75 1.5 v 

V+ 2:: 4.5V, V- = 0 
V1N = 6mV, lour = 3.2mA 

TA;;:: o·c 0.23 0.4 v 
TA"° o·c 0.6 

V1N = 10mV, lour = 3.2mA 0.3 0.4 v 

IOH Output leakage current V- = OV, V1N = 5mV 
Vour = 35V, TA= 25°C 0.2 2 µA 

Over temp. 1 10 µA 
V- = OV, V1N = 10mV 

Vour = 35V, TA= 25°C 0.2 10 µA 

V1N Input voltage range Vs= ±15V ±13 ±13 v 
V+ = 5V, V- = OV 1 3 1 3 v 

V10 Differential input voltage ±5 ±5 v 

I+ Positive supply current V+ = 5V, v- = OV, TA= 25°C 4.3 4.3 mA 
J+ Positive supply current Vs= ±15V, TA= 25°C 8.0 11.5 8.0 12.5 mA 
I- Negative supply current Vs= ±15V, TA= 25°C 3.0 4.5 3.0 5.0 mA 

NOTES 

1. Vos, tos and Is specifications apply for a supply voltage range of Vs= ±15V down toa 
single 5V supply 

2. The offset voltages and offset currents given are the maximum values required to drive 
the output to within 1 volt of either supply with a 1mA load. Thus these parameters 
define an error band and take into account the worst case effects of voltage gain and 
input impedance. 
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LINEAR LSI PRODUCTS 

DUAL VOLTAGE COMPARATOR 

AC ELECTRICAL CHARACTERISTICS 

LIMITS 
PARAMETER TEST CONDITIONS UNIT 

Min Typ Max 

Response time' Vs=±15V, TA=25°C 80 ns 
RL = 500!! (see test figure) 

'NOTE 

The response time specified is for a 100mV step with 5mVoverdrive. 

TYPICAL PERFORMANCE CHARACTERISTICS 
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LINEAR LSI PRODUCTS 

DUAL VOLTAGE COMPARATOR LM119/219/319 

TYPICAL PERFORMANCE CHARACTERISTICS 1cont'dl 

OUTPUT SATURATION VOLTAGE 

25 

1 20 

I 

ffi 15 
0: 
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:::> 
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1 

I-
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Vi; Vs= ±15V 
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(LM119/219) 
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LINEAR LSI PRODUCTS 

DUAL VOLTAGE COMPARATOR 

TYPICAL APPLICATIONS 

RELAY DRIVER 

II 
30V 

WINDOW DETECTOR 

Your= sv tor vLr<ViN <Vur 

Your= o tor v 1N < VLT or V1N > Vur 

5V 

TTL 

7.5M 

WIDE RANGE VARIABLE 
OSCILLATOR 

+5V 

LM119/219/319 

3k 

2N2222 

•>-+--K1-+-+-__ sau1t.RE Wit.VE OUTPUT 
1kHz to 1MHz 

t------+--+---+---- TRIANGLE Wit.VE OUTPUT 

500pF I 
3k 

1N914 1k 

-5V 

FREQUENCY 11.DJUST 
MUST BE BUFFERED 
FOR AL s 100 
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LINEAR LSI PRODUCTS 

QUAD VOLTAGE COMPARATOR LM139A/239A/339A/LM139/239/339/ 
LM2901 /MC3302 

DESCRIPTION 
The LM139 series consists of four inde
pendent precision voltage comparators 
with an offset voltage specification as low as 
2.0mV max for each comparator which were 
designed specifically to operate from a 
single power supply over a wide range of 
voltages. Operation from split power sup
plies is also possible and the low power 
supply current drain is independent of the 
magnitude of the power supply voltage. 
These comparators also have a unique 
characteristic in that the input common 
mode voltage range includes ground, even 
though operated from a single power supply 
voltage. 

The LM139 series was designed to directly 
interface with TTL and CMOS. When oper
ated from both plus and minus power sup
plies, the LM139 series will directly interface 
with MOS logic where their low power drain 
is a distinct advantage over standard com
parators. 

ABSOLUTE MAXIMUM RATINGS 
PARAMETER ~ cc supply voltage 

ifferential input voltage D 
I 
p 
nput voltage 
ower dissipation1 
N package 
F package 
utput short circuit to ground2 0 

I 
0 
nput current IV1N < -0.3Vdcl3 

s 
L 

perating temperature range 
LM139/A 
LM2391A 
LM339/A 
LM2901/MC3302 

torage temperature range 
ead temperature !soldering 10 sec.I 

EQUIVALENT CIRCUIT 

FEATURES 
• Wide single supply voltage range 2.0Vdc 

lo 36Vdc or dual supplies ±1.0Vdc to 
±18Vdc 
Very low supply current drain (0.8mA) 
independent of supply voltage (1.0mW/
comparator at 5.0Vdc) 

• Low input biasing current 25nA 
• Low Input offset currrent ±5nA and offset 

voltage 
• Input common-mode voltage range In

cludes ground 
• Dillerential input voltage range equal lo 

the power supply voltage. 
• Low output 250mV at 4mA saturation 

voltage 
• Outpul voltage compatible with TTL, 

DTL, ECL, MOS and CMOS logic sys
tems. 

APPLICATIONS 
• AID converters 
• Wide range VCO 
• MOS clock generator 
• High voltage logic gale 
• Mulllvibrators 

r-j6A::~~8 
UNIT 

36 
-0.3 to +36 

570 mW 
900 mW 

Continuous 
50 rnA 

-·55 to +125 'C 
-25 to +85 'C 
Oto +70 'C 

-40 to +85 'C 
-65 to +150 'C 

300 'C 

(1 Comparator Only) 

v' 
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PIN CONFIGURATION 

TOP VIEW 

ORDER NUMBERS 
LM1391239r339F.N LM2901F.N 

MC33020,F,N LM339D 



DC ELECTRICAL CHARACTERISTICS V + = 5Vdc, LM139AILM139: -55"C,,, TA,,, 125"C unless otherwise specified c 
f) z 

LM239: -25"C,,; TA,,; 85"C unless otherwise specified m 

c }> 
LM339: o•c ,,; TA ,,; 70'C unless otherwise specified ;v 

)> r-
V + = 5Vdc, LM339A: ·c ,,; TA ,,; 70'C unless otherwise specified "2 

LM239A: - 25'C ,,; TA ,,; 85"C unless otherwise specified 0 -u 

< 
;v 

LM2901/LM3302: -40"C,,; TA,,; 85"C unless otherwise specified 0 
0 

TEST LM139A LM239A/339A LM139 LM239f339 LM2901 MC3302 0 c 
0 PARAMETER 

CONDITIONS UNIT r- --< Min Typ Mu Min Typ Max Min Typ Max Min Typ Max Min Typ Max Min Typ Max -t en 

Vos Input offset TA=25°C ± 1.0 ±2.0 ± 1.0 ±2.0 ±2.0 ±5.0 ±2.0 ± 5.0 ::!: 2.0 ± 7.0 ± 3.0 ±20 mV )> 
voltages Over temp. 4.0 :!: 4.0 9.0 9.0 ±9 ± 15 ±40 Ci) 

VcM Input common TA=25°C 0 V+ -1.5 0 V+ -1.5 0 V+ - 1.5 0 V+ -1.5 0 V+ -1.5 V+ -1.5 m 
mode voltage Over temp. 0 V+ -2.0 0 V+ -2.0 0 
range6 

V+-2.0 0 v + -2.0 0 v + -2.0 v + -2.0 v 0 
V10R Differential input4 Keep al! V+ V+ V+ V+ V+ V+ v 0 

voltage4 V1Ns ~ OVdc 3:: (or V - if need) 

19 Input bias 1 l1N~+)Orl1N(-) 
"'V 

current? with output in )> 
linear range ;o 
TA=25°C 25 100 25 250 25 100 25 250 25 250 25 500 )> 
Over temp. 300 400 300 400 200 500 1000 "A -t 

1os Input offset 11N(+)-llN(-) 0 
current r A= 2s·c ±3.0 ±25 ± 5.0 ± 50 ± 3.0 ±25 ± 5.0 ±50 ±5 ± 50 ±5 ± 100 "A ;o 

Over temp. ± 100 ± 150 ± 100 ± 150 ± 50 ±200 ±300 "A 

loL Output sink VIN(-) 2: 1Vdc, 60 16 6.0 16 6.0 16 6.0 16 6.0 16 6 mA 
current VIN{+)= 0, 

Vo :s 1.5Vdc, 
TA=25°C 

Vo=BOOmV, 
over temp I I I I I I I I I I I I I I I 2.0 

loH Output leakage VIN(+) 2: 1Vdc, 
current VIN(-)= 0 

v 0 = 5Vdc, 
TA= 25°C 0.1 0.1 0,1 0.1 01 0.1 "A 

Vo=30Vdc, 
over temp. 1.0 1.0 10 1.0 1.0 1.0 µA 

Jicc Supply current I V+ =28V .8 1.8 ... 
RL =""' on s:: comparators, ... 
TA=25°C 0.8 2.0 08 2.0 0.8 2.0 0.8 20 OB 20 mA w 
V+=30V 1.0 2.5 "° 

lAV 
Voltage gain _[ AL 2: 15kfl, 

)> 
ii:) 

V+=15Vdc 50 200 50 200 50 200 50 200 25 100 2 100 VlmV w I Vol Saturation voltage J v 1N(-) 2: 1Vdc, "° )> 
VtN(+ )=0, (;; ls1NK :s 4mA 
TA=25°C 250 400 250 400 250 400 250 400 400 150 400 mV w 

"° Over temp. 700 700 700 700 400 700 700 ,...> 
T LSR Large signal I VtN = T!L logic ;s::r= 

response time swing, NS:: 
VREF = 1.4Vdc, "° ... 

VAL =5Vdc, ow ... "° Al =5.1kQ, 
~ii:) TA=25°C 300 300 300 300 300 300 "5 

f'" 
Response time8 J VAL =5Vdc, o~ w-

~ AL =5.1k0, we.> ... TA=25°C 13 1.3 1.3 1.3 1.3 1.3 µS oW 
0 N~ 
..... See notes on following page . 
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LINEAR LSI PRODUCTS 

QUAD VOLTAGE COMPARATOR 

NOTES 
1. For operating at high temperatures, the LM339f339A, LM2901 and MC3302 must be 

derated based on a 125°C maximum Junction temperature and a thermal resistance 
of 175°CIW which applles for the device soldered Jn a printed circuit board, 
operating In a stlll air ambient. The LM139f139A/239/239A must be derated on a 
150°C maximum Junction temperature. The low power dissipation and the "On-Off" 
characteristics of the outputs keep the chip dissipation very small (Po s 100mW), 
provided the output transistors are allowed to saturate. 

2. Short circuits from the output to V + can cause excessive heating and eventual 
destruction. The maximum output current Is approximately 20mA Independent of 
the magnitude of V + . 

3. This Input current will only exist when the voltage at any of the Input leads Is driven 
negative. It Is due to the collector-base junction of the Input PNP transistors 
becoming forward biased and thereby acting as Input diode clamps. In addition to 
this diode action, there is also lateral NPN parasitic transistor action on the IC 
chip. This transistor action can cause the output voltages of the comparators to go 
to the V + voltage level (or to ground for a large overdrive) for the time duration that 
an Input is driven negative. This ls not destructive and normal output states will re
establish when the Input voltage, which was negative, again returns to a value 
greater than - 0.3Vdc. 

4-108 

LM139A/239A/339A/LM139/239/339/ 
LM2901 /MC3302 

4. Positive excursions of Input voltage may exceed the power supply level by 17 volts. 
As long as the other voltage remains within the common-mode range, the com· 
parator will provide a proper output state. The low Input voltage state must not be 
less than - 0.3Vdc (or 0.3Vdc below the magnitude of the negative power supply, 
If used). 

5. At output switch point, Vo;;;; 1.4Vdc, Ag=OO wlth V+ from 5Vdc to 30Vdc; and 
over the full Input common-mode range (OVdc to V + - 1.5Vdc). 

6. The Input common-mode voltage or either Input signal voltage should not be 
allowed to go negative by more than 0.3V. The upper end of the common-mode volt
age range Is V + - 1.5V, but either or both Inputs can go to 30Vdc without damage. 

7. The direction of the Input current Is out of the JC due to the PNP input stage. This 
current Is essentially constant, Independent of the state of the output so no 
loading change exists on the reference or Input llnes. 

8. The response time specified Is for a 100mV input step with a 5mV overdrive. For 
larger overdrive signals, 300ns can be obtained, see typical performance character
istics section. 



LINEAR LSI PRODUCTS 

QUAD VOLTAGE COMPARATOR 

TYPICAL APPLICATIONS 

LM139A/239A/339A/LM 139/239/339/ 
LM2901 /MC3302 

TWO-DECADE HIGH-FREQUENCY VCO LIMIT COMPARATOR 

•vc 
FREQUENCY 

CONTROL 
VOLTAGE 

INPUT 

100k0 

V+ = +30Voc 
+250mVoc s Ve s +50Voc 
700Hz s fo s 100kHz 

y+ y+ 

VISIBLE VOLTAGE INDICATOR 

. svoc 

NOTE: 
Inputs of unused· comparators should be grounded. 

OUTPUT 1 

TTL TO MOS LOGIC CONVERTER 

· svoc 

CRYSTAL CONTROLLED OSCILLATOR 

y+ 
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LINEAR LSI PRODUCTS 

QUAD VOLTAGE COMPARATOR 

TYPICAL PERFORMANCE CHARACTERISTICS 

LM139A/239A/339 A/LM139/239/339/ 
LM2901 /MC3302 

SUPPLY CURRENT INPUT CURRENT OUTPUT SATURATION VOLTAGE 

1.0,-""T-r-""T-,-==-..,....-r-., 
TAT-ss··~ 

0.8 ...., ~-+--t----+----t 
-:71 

0.4 7 

0.21---+-+--+-+---!--+--l---I 

10 10 30 40 

I IO 

• g • 

I ~ 
i 10 

r,.= -111°c 

TA= 0°C 

1=1s•c 

10 

~N(CJovl_ 
RIN(CM = tOkU 

~ 

\j'r•." •n•,c 
~··,..c 

.. 30 40 

~ 
~ 
~ 

1.0t--+-+--+--+-~1--.+.lf-+---! 

I 011--+-h.4,4!---+-11--+---I 

b o.01t--+-T-tt'....+-+--1l--+-+--I 
> 

v. -SUPPLY VOLTAGE-Yoe V +-SUPPLY YOLTAGE-YDC Io-OUTPUT SINK CURRENT (mA) 
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RESPONSE TIME FOR VARIOUS 
INPUT OVERDRIVES

NEGATIVE TRANSITION 

•,.....,....-.--..--,..-l,...-1,...-l,...-,...-.,......., 
St--l--T"'T'l"~~5m~V~0~1~NP~U7T~OV~E~RD~R~IV~E-i 

~ :l--+--++~i14--1--+t--:20m_,v,:- ~~ • :~ 
1t-+1oo_m_,vH--+-- - Y,our 

ol--~:iH-'.....,.....,_-+-~+---...i 
~ :~:::::::t::::t:::::t:::I:::=I:::;;1:I=1=:::t=~~ 
z I OVIERDlRIVEl 
;_~,_.._,T>+---+~t--+--+----+---+-+-< 

-1001--+-~~J--+l--+J.1 .. 1 _, 
0.5 1.0 1.5 2.0 

TIME-µ.sec 

> 
I 
~ 

RESPONSE TIME FOR VARIOUS 
INPUT OVERDRIVES
POSITIVE TRANSITION 

• 
INPUT OVERDRIVE= 100mY 

5 

'iJ.l 1 ~ 4 

3 

2 
J20mJ 15mY 

t j lL ···~ 1 

0 

" "·:tl.":: 0 

ot--art' t-- .. Your 

• J.l J_ OVERDRIVE J_ 
o.• 1.S 

TIME- µsec 



LINEAR LSI PRODUCTS 

LOW POWER DUAL VOLTAGE COMPARATOR LM193/A/293/A/393/A/2903 

DESCRIPTION 
The LM193 series consists of two independ
ent precision voltage comparators with an 
offset voltage specification as low as 2.0l'T)V 
max for two comparators which were de
signed specifically to operate from a single 
power supply over a wide range of voltages. 
Operation from split power supplies is also 
possible and the low power supply current 
drain is independent of the magnitude of the 
power supply voltage. These comparators 
also have a unique characteristic in that the 
input common mode voltage range includes 
ground, even though operated from a single 
power supply voltage. 

The LM193 series was designed to directly 
interface with TTL and CMOS. When oper
ated from both plus and minus power sup
plies, the LM193 series will directly interface 
with MOS logic where their low power drain 
is a distinct advantage over standard com
parators. 

ABSOLUTE MAXIMUM RATINGS 
PARAMETER 

Vee supply voltage 
Differential input voltage 
Input voltage 
Power dissipation1 

N 
FE 

Output short circuit to ground2 
Input current IViN < -0.3Vdcl3 
Operating temperature range 

LM193/193A 
LM293/293A 
LM393/393A 
LM2903 

Storage temperature range 
Lead temperature (soldering 10 sec.) 

'---· 

EQUIVALENT CIRCUIT 

FEATURES 
• Wide single supply voltage range 2.0Vdc 

to 36Vdc or dual supplies ±1.0Vdc to 
±18Vdc 

• Very low supply currant drain (O.BmA) 
Independent of supply voltage (2.0mW/
comparator at 5.0Vdc) 

• Low Input biasing current 25nA 
• Low Input offset current ±SnA and offset 

voltage ±2mV 
• Input common-mode voltage range In

cludes ground 
• Dlfferentlal Input voltage range equal to 

the power supply voltage. 
• Low output 250mV at 4mA saturation 

voltage 
• Output voltage compatible with TTL, 

DTL, ECL, MOS and CMOS logic 1y1-
tem1. 

APPLICATIONS 
• AID converters 
• Wide range VCO 
• MOS clock generator 
• High voltage logic gate 
• Mu lllvlbrators 

RATING UNIT 

36 or ±18 Vdc 
36 Vdc 

-0.3 to +36 Vdc 

570 mW 
900 mW 

Continuous 
50 mA 

-55 to +125 •c 
-25 to +85 •c 
Oto +70 •c 

-40 to +85 •c 
-65 to +150 •c 

300 ·c 

(One Comparator Only) 

PIN CONFIGURATIONS 

D,N,FE PACKAGE 

IN~~:~~: 2 7 OUTPUT B OUTPUT Am· V' 
NON·INVERTING • • .. 6 INVERTING 

INPUT A 3 INPUT B 

GND 4 5 ::.~~-~N:EftTING 

TOP VIEW 

ORDER NUMBERS 
LM193FE 
LM293FE 
LM293AFE 
LM293N 
LM293AN 
LM3930 

LM393FE 
LM393AFE 
LM393N 
LN393AN 
LM2903N 
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LINEAR LSI PRODUCTS 

LOW POWER OUALVOUAGE COMPARATOR LM193/A/293/A/393/A/2903 

DC ELECTRICAL CHARACTERISTICS (Cont'd! v+ = 5Vdc, LM193/193A: -55°C s TA s +125°C unless otherwise specified. 

PARAMETER 

Vos Input offset voltages 

VcM Input common mode voltage 
rangee.10 

V10R Differential input voltage4 

Is Input bias currents 

las Input offset current 

IOL Output sink current 

IOH Output leakage current 

Ice Supply current 

Av Voltage gain 

VoL Saturation voltage 

TLSR Large signal response time 

TR Response limes 

NOTES 

LM293/293A: -25°C s TA s +85°C unless otherwise specified. 
LM393/393A: o•c 5 TA s +70°C unless otherwise specified. 
LM2903: -40°C s TA s +85°C unless otherwise specifie!:l.7 

-· 

LM193 LM293/393 
TEST CONDITIONS UNIT 

Min Typ Max Min Typ Max 

TA= 25•c ±2.0 ±5.0 ±2.0 ±5.0 mV 
Over temp. ±9.0 ±9.0 

TA= 25•c 0 V±-1.5 0 IV±-1.5 v 
Over temp. 0 V±-2.0 0 V±-2.0 

Keep all V1N's ~ OVdc V+ v+ v 
(or V-if needl 

hN(+) or hN(-l with output in 
linear range 
TA= 25•c 25 100 25 250 
Over temp. 300 400 nA 

l/N(+) - hN(-) 
TA= 25•c ±3.0 ±25 ±5.0 ±50 nA 
Over temp. ±100 ±150 nA 

V1N(-) ~ 1Vdc, V/N(+) = 0, 
Vos 1.5Vdc, 
TA= 25°c 6.0 16 6.0 16 mA 

V1N(+) ~ 1Vdc, V1N(-) = 0 
Vo= 5Vdc, 
TA =25°c 0.1 0.1 nA 

Vo = 30Vdc, over temp. 1.0 1.0 µA 

RL = "' on both comparators 
TA= 25•c 0.8 1 0.8 1 mA 

V+ = 30V, over temp. 2.5 2.5 

RL ~ 15K!l, v+ = 15Vdc 50 200 50 200 V/mV 

V!N(-) ~ 1Vdc, V1N(+) = 0, 
ls1NK $ 4mA 
TA= 25°c 250 400 250 400 
Over temp. 700 700 mV 

V1N = TTL logic swing, 
VREF = 1.4Vdc, VAL= 5Vdc, 

RL = 5.1k!l, 
TA= 25•c 300 300 ns 

VAL= 5Vdc, 
RL = 5.1kll, 
TA= 25°c 1.3 1.3 µS 

4. Positive excursions of input voltage may exceed the power supply level by 17 Volts. 
1. For operating at high temperatures, the LM393/393A and LM2903 must be derated 

based on a 125°C maximum junction temperature and a thermal resistance of 
175°C/W which applies for the device soldered in a printed circuit board, operating in 
a still air ambient. The LM193/193A/293/293A must be derated based on a 150"C 
maximum junction temperature. The low bias dissipation and the "On-Off" 
characteristics of the outputs keeps the chip dissipation very small (Po :s; 100mWJ, 
provided the output transistors are allowed to saturate. 

As long as the othe.r voltage remains within the common-mode range, the com· 
parator will provide a proper output state. The low input voltage state must not be 
less than -0.3Vdc (Vdc below the magnitude of the negative power supply, if used). 

5. At output switch point, Voa! 1.4V,dc, Rs =OU with V+ from 5Vdc to30Vdc; and over the~ 
full input common-mode range IOVdc to V+ -1.5Vdc:). . 

6. The input common-mode voltage or either input signal voltage should not be allowed ': 
to go negative by more than 0.3V. The upper end of the common-mode voltage range 
is V+ -1.5V, but either or both inputs can go to 30Vdc without damage. 2. Short circuits from the output to V+ can cause excessive heating and eventual 

destruction. The maximum output current is approximately 20mA independent of the 
magnitude of V+. · 

3. This input current will only exist when the voltage at any of the input leads is driven 
negative. It is due to the collector-base junction of the input PNP transistors becoming 
forward biased and thereby acting as input diode clamps. In addition to this diode 
action, there is also lateral NPN parasitic transistor action on the IC chip. This 
transistor action can cause the output voltages of the comparators to go to the V+ 
voltage level <or to ground for a large overdrivel for the time duration that an input is 
driven negative. This is not destructive and normal output states will re-establish when 
the input voltage, which was negative, again returns to a value greater than -0.3Vdc. 

4-112 

7. With the LM293/293A, all temper'ature specifications are limited to -25°C:::; TA:::; 
+85°C and the LM393/393A, all temperature specifications are limited to 0°C ~TA~ 
+70°C. The LM2903 is limited to -40"C ::::=TA ~85°C. 

8. The direction of the input current is out of the IC due to the PNP.input stage. This 
current is essentially constant, independent of the state of the output so no loading , 
change exists on the reference or input lines. 

9. The response time specified is for a 100mV input step with aSmVoverdrive. 

10. For input signals that exceed Vee. only the overdriven comparator is affected. With a 
5V supply, V1N should be limited to 25V max., and a limiting resistor should be used on 
all inputs that might exceed the positive supply. 



LINEAR LSI PRODUCTS 

LOW POWER DUAL VOLTAGE COMPARATOR LM193/ A/293/ A/393/ A/2903 

DC ELECTRICAL CHARACTERISTICS V+ = 5Vdc, LM193/193A: -55°C s TA s +125°C unless otherwise specified. 

PARAMETER 

Vos Input offset voltageS 

VcM Input common mode 
voltage ranges. 1 o 

V10R Differential input 
voltage4 

Is Input bias currents 

los Input offset current 

IOL Output sink current 

IOH Output leakage 
current 

Ice Supply current 

Av Voltage gain 

VOL Saturation voltage 

TLSR Large signal 
response time 

TR Response time9 

LM293/293A: -25°C s TA s +85°C unless otherwise specified. 
LM393/393A: 0° C $ TA $ + 70° C unless otherwise specified. 
LM2903: -40° C $ TA $ +85° C unless otherwise specified.? 

LM193A LM293A/393A LM2903 
TEST CONDITIONS 

Min Typ Max Min Typ Max Min Typ Max 

TA= 25°C ±1.0 ±2.0 ±1.0 ±2.0 ±2.0 ±7.0 
Over temp. ±4.0 ±4.0 ±9 ±15 

TA= 25°C 0 v+-1.5 0 V+-1.5 0 v+-1.5 
Over temp. 0 V+-2.0 0 V+-2.0 0 v+-2.0 

Keep all V1N·s 2: OVdc V+ V+ v+ 
lor V-if needl 

liN(+) or l1N1-> with output in 
I inear range 
TA= 25°C 25 100 25 250 25 250 
Over temp. 300 400 200 500 

iiN(+) - llN(-) 
TA= 25°C ±3.0 ±25 ±5.0 ±50 ±5 ±50 
Over temp. ±100 ±150 ±50 ±200 

V1N(-) 2: 1 Vdc, V1N(+) = 0, 
Vo$ 1.5Vdc, 
TA= 25°C 6.0 16 6.0 16 6.0 16 

VIN(+) 2: 1Vdc, V1N(-) = 0 
Vo= 30Vd'c 
Over temp. 1.0 1.0 1.0 

Vo= 5Vdc, TA= 25°C 0.1 0.1 0.1 

RL = ., on both comparators. 
TA= 25°C 0.8 1 0.8 1 0.8 1 

V+ = 30V, over temp. 1 2.5 1 2.5 1 2.5 

RL 2: 15kn, V+ = 15Vdc, TA= 25°C 50 200 50 200 25 100 

V1N(-) 2: 1 Vdc, V1N(+) - 0, 
ISINK $ 4mA 
TA= 25°C 250 400 250 400 400 
Over temp. 700 700 400 700 

V1N =TTL logic swing, 300 300 300 
VREF = 1.4Vdc, 

VAL = 5Vdc, RL = 5.1 kn, 
TA= 25°C 

VAL = 5Vdc, RL = 5.1 k!l, 1.3 1.3 1.3 
TA= 25°C 

UNIT 

mV 

v 

v 

nA 

nA 
nA 

mA 

µA 
na 

mA 

V/mV 

mV 

ns 

µS 
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LINEAR LSI PRODUCTS 

LOW POWER DUAL VOLTAGE COMPARATOR LMi 93/A/293/A/393/A/2903 

TYPICAL APPLICATIONS 

TWO-DECADE HIGH-FREQUENCY VCO 

+vc 
FREQUENCY 

CONTROL 
VOLTAGE 

INPUT 

v+ = +30Vcc 

+ 2smVoc"'; Ve.,; + sov0c 
700Hz:;: t0 s 100kHz 

v• 

VISIBLE VOLTAGE INDICATOR 

4-114 

3.okn 

....n..r 
OUTPUT 1 

LIMIT COMPARATOR 

v+ (12v0cl 

TTL TO MOS LOGIC CONVERTER 

CRYSTAL CONTROLLED OSCILLATOR 

y+ 

All pins of any unused comparators should be grounded. 



LINEAR LSI PRODUCTS 

LOW POWER DUAL VOLTAGE COMPARATOR 

TYPICAL PERFORMANCE CHARACTERISTICS 

INPUT CURRENT .. 
JN(CJ ovTc_ 
AIN(CM - 1CMtll 

TA= -n•c 

T 14 = o•c 

g .. ; 
B 40 

-:-,,. 

i•= 71·c \j" TA,' •H',C 
l'-iA" • 70' c 

i 
20 

10 20 .. 40 

V +-SUPPLY VOL TAQE-V DC 

RESPONSE TIME FOR VARIOUS 
INPUT OVERDRIVES

NEGATIVE TRANSITION 

• 
5 

4 

3 

2 

100mV , 
0 .. 

E 7 
I 0 
z 
>-s 0 

smv = INPUT OVERDRIVE 

e-·~·~ t---1 
VIN _ 51~ 

+ Your 

0.5 , 0 

TIME-µ HC 

1.S 

Tl 251-
2.0 

> 
I 
~ 

LM193/A/293/A/393/A/2903 

OUTPUT SATURATION VOLTAGE 

0.1 1.0 10 

lo-OUTPUT SINK CURRENT (mA) 

RESPONSE TIME FOR VARIOUS 
INPUT OVERDRIVES
POSITIVE TRANSITION 

• INPUT OVERDRIVE= 100mV 

5 

i::tl f f 4 

3 

2 1 2om•) Ismv 

~ t ± l ·sv~ , 
0 

100 

~~ J. 
V lK ~ 

0 IN --1 

ot--1 t-rA- 25°C +-- _ _ our-i 

0 
1 j 

I 
0.5 , 5 

TIME- µsec 
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LINEAR LSI PRODUCTS 

HIGH SPEED DUAL DIFFERENTIAL COMPARATOR/SENSE AMP SE/NE521 

FEATURES 
• 12na maximum guerantHd propagation 

delay 
• 20µA maximum Input blH currant 
• TTL compatlbla 1troba1 and output• 
• Large common mode Input voltage 

range 
• Oparetaa from 1t1nd1rd aupply voll1ga1 
• Mlllllry quallllcatlona pending 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER 

Supply voltage 
V+ Positive 
v- Negative 

.V10R Differential input voltage 

V1N Input voltage 
Common mode 
Strobe/gate 

Po Power dissipation 
TA Operating temperature range 

NE521 
SE521 

Tstg Storage temperature range 
Lead temperature 

(solder, 60 sec) 

EQUIVALENT SCHEMATIC 

4-116 

APPLICATIONS 
• MOS memory aenae amp 
• A·lo·D conver1lon 
• High apead llne receiver 

RATING 

+7 
-7 

±6 

±5 
+5.25 

600 

o to 70 
-55 to +125 
-65 to +150 

+300 

UNIT 

v 

v 
v 

mW 

'C 

'C 
'C 

PIN CONFIGURATION 

D,F,N PACKAGE 

TOP VIEW 

ORDER NUMBERS 
NE5210,F,N SE521F 

BLOCK DIAGRAM 

111 
INPUT1A~ 

121 
INPUT 18 

,., 
STROBE 1G <>-----' 

,., 
'--------<> STROBE 2G 



HIGH SPEED DUAL DIFFERENTIAL COMPARATOR/SENSE AMP SE/NE521 

DC ELECTRICAL CHARACTERISTICS V+ = +5V, V- = -5V, TA= -55 to +125°C unless otherwise specified 

I 
SE LIMITS 

PARAMETER TEST CONDITIONS UNITS 
Min Typ Max 

Vos Input offset voltage V+ = +4.5V, V- = -4.5V mv 
At 25°C 6 7.5 
Over tem_E.erature ra~ 15 

1SIAS Input bias current V+ = +5.5V, V- = -5.5V µA 
At 25°C 7.5 20 

Over temperature range 40 
1os Input offset current V+ = +5.5V, V- = -5.5V µA 

At 25°C 1.0 5 
Over temperature range 12 

VCM Common mode voltage range V• = +4.5V, V- = -4.5V ±3 v 

V1L Low level input voltage v 
At 25°C 0.8 
Over temperature 0.7 

V1H High level input voltage 2.0 v 4 
11H 

Input current V+ = +5.5V, V- = -5.5V 
High V1H = 2.7V 

1 G or 2G strobe 50 µA 
Common strobe S 100 µA 

I IL Low V1L = 0.5V 
1 G or 2G strobe -2.0 mA 

Common strobe S -4.0 mA 

Output voltage V1(S) = 2.0V v 
VOH High V+ = +4.5V, V- = -4.5V, ILOAD = -1mA 2.5 3.4 
VOL Low v+ = +4.5V, V- = -4.5V, ILOAD· 10mA 0.5 

TA = 25° C, ILOAD = 20mA 0.5 

Supply voltage v 
V+ Positive 4.5 5.0 5.5 
V- Negative -4.5 -5.0 -5.5 

Supply current V+ = 5.5V, V- = -5.5V, TA= 25°C mA 
1cc+ Positive 27 35 
1cc- Negative -15 -28 

1sc Short c1rcu1t output current -35 -115 mA 
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LINEAR LSI PRODUCTS 

HIGH SPEED DUAL DIFFERENTIAL COMPARATOR/SENSE AMP SE/NE521 

DC ELECTRICAL CHARACTERISTICS !Cont'dl V+ = +5V, V- = -5V, TA= o to 70°C unless otherwise specified 

PARAMETER TEST CONDITIONS 
Min 

Vos Input offset voltage V+ = +4.75V, V- = -4.75V 
At 2s 0 c 
Over te"?.E_erature ra'!lle 

1BIAS Input bias current V+ = +5.25V, V- = -5.25V 
At 25•c 

Over temperature range 
1os Input offset current V+ = +5.25V, V- = -5.25V 

At 25°c 
Over temperature range 

VcM Common mode voltage range V+ = +4.75V, V- = -4.75V ±3 

11H 
Input current V+ = +5.25V, V- = -5.25V 

High V1H = 2.7V 
1 G or 2G strobe 

_QQ_mm_Q_n strobe S 
I IL Low V1L = 0.5V 

1 G or 2G strobe 
Common strobe S 

VOH 
Output voltage V1(S) = 2.0V 

High V+ = +4.75V, V- = -4.75V, ILOAD =-1mA 2.7 
VOL Low V+ = +5.25V, V- = -5.25V, I LOAD= 20mA 

Supply voltage 
V+ Positive 4.75 
V- Negative -4.75 

Supply current V+ = 5.25V, V- = -5.25V, TA = 25° C 
'cc+ Positive 
'cc- Negative 

1sc Short circuit output current -40 

AC ELECTRICAL CHARACTERISTICS TA= 25°C, RL = 280!1 CL= 15pF V+ = +5V V- = -5V 
-

PARAMETER FROM 
INPUT 

Large Signal Switching Speed 
Propagation delay 

tPLH(D) Low to high' Amp 
tPHL(D) High to low' Amp 
tPLH(S) Low to high2 Strobe 
tPHL(S) High to low2 Strobe 

Maximum operating frequency 

NOTES 
1 Response time measured from OV point of ±100mV p-p 10MHz square wave to the 1.SV point of the 

output 
2. Response time measured from 1.SV point of input to 1.SV point of the output 
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TO 
OUTPUT Min 

Output 
Output 
Output 
Output 

40 

NE LIMITS 
UNITS 

Typ Max 

mV 
6 7.5 

10 
µA 

7.5 20 
40 

µA 

1.0 5 
12 

v 

50 µA 
100 µA 

-2.0 mA 
-4.0 mA 

v 
3.4 

0.5 

v 
5.0 5.25 

-5.0 -5.25 

mA 
27 35 
-15 -28 

-100 mA 

LIMITS 
UNIT 

Typ Max 

ns 
8 12 
6 9 

4.5 10 
3.0 6 
55 MHz 



LINEAR LSI PRODUCTS 

HIGH SPEED DUAL DIFFERENTIAL COMPARATOR/SENSE AMP SE/NE521 

TYPICAL PERFORMANCE CHARACTERISTICS 

RESPONSE TIME FOR VARIOUS 
INPUT OVERDRIVES 

•o 

V5 ° •15V 
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I 

+--t~:-
1 1---r--1 
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PROPAGATION DELAY FOR 
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r i 'l 
' l j_ 
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20 
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LINEAR LSI PRODUCTS 

HIGH SPEED DUAL DIFFERENTIAL COMPARATOR/SENSE AMP SE/NE522 

FEATURES 
• 15ns maximum guaranteed propagation 

delay 
• 20µA maximum Input bias current 
• TTL compatible strobes and outputs 
• Open collector output for wlre-OR'd ap

pllcat1on1 
• Large common mode Input voltage range 
• Operates from standard 1upply voltages 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER 

Supply voltage 
V+ Positive 
v- Negative 

VIDR Differential input voltage 

VIN Input voltage 
Common mode 
Strobe/gate 

PD Power dissipation 

APPLICATIONS 
• MOS memory 1ense amp 
• A-to-D conver1lon 
• High speed Una receiver 

RATING 

+7 
-7 

±6 

±5 
±5.25 

600 
TA Operating temperature range NE o to 70 

SE -55 to +125 
Tstg Storage temperature range -65 to +150 

Lead temperature +300 
(solder, 60 sec) 

EQUIVALENT SCHEMATIC 
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UNIT 

v 

v 
v 

mW 
•c 

•c" 
•c 

PIN CONFIGURATION 

D,F,N PACKAGE 

TOP VIEW 

ORDER NUMBERS 
NE522D,F,N SE522F 

BLOCK DIAGRAM 

111 
INPUT 1A 

151 
8TAOIE 10 o---~ 

1•1 
OUTPUT 2Y 

181 
'---~ STACIE 20 



HIGH SPEED DUAL DIFFERENTIAL COMPARATOR/SENSE AMP SE/NE522 

DC ELECTRICAL CHARACTERISTICS ±5V ±10%, TA= -55to 125°C unless otherwise specified 

SE LIMITS 
PARAMETER TEST CONDITIONS UNIT 

Min Typ Max 

Vos Input offset voltage V+ = +4.5V, V- = -4.5V mV 
At 25•c 6 7.5 
Over temperature range 15. 

1a1As Input bias current V+ = +5.5V, V- = -5.5V µA 
At 25•c 7.5 20. 
Over temperature range 40. 

los Input offset current V+ = +5.5V, V- = -5.5V µA 
At 25•c 1.0 5. 
Over temperature range 12. 

VcM Common mode voltage range V+ = +4.5V, V- = -4.5V ±3 v 

V1L Low level Input v 
Voltage at 25°C 0.8 
over temperature 0.7 

V1H High leval temperature 2.0 v 

Input current V+ = +5.5V, V- = -5.5V 
4 

l1H High V1H = 2.7V 
1 G or 2G strobe 50 µA 

Common strobe S 100 µA 

llL Low V1L=0.5V 
1G 2G strobe -2 mA 

Common strobe S -4 mA 

Output voltage v 
Vol Low V+ = +4.5V, V- = -4.5V 

loL = 2omA, TA= 25°C .5 
loL = 10mA .5 

Output current µA 
loH High Vee+ = +4.5, Vee-= -4.5V, VoH = 5.5V 

250 

Supply voltage v 
V+ Positive 4.5 5.0 5.5 
V- Negative -4.5 -5.0 -5.5 

Supply current V+ = 5.5V, V- = -5.5V mA 
ice+ Positive 27 35 
ice~ Negative -15 -28 
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LINEAR LSI PRODUCTS 

HIGH SPEED DUAL DIFFERENTIAL COMPARATOR/SENSE AMP SE/NE522 

DC ELECTRICAL CHARACTERISTICS ICont'dl ±5V ±5%, TA= o to 70°C unless otherwise specified 

PARAMETER TEST CONDITIONS 

Vos Input offset voltage V+ = +4.75V, V- = -4.75V 
At 25°C 
Over temperature range 

l91AS Input bias current V+ = +5.25V, V- = ·-5.25V 
At 25°C 
Over temperature range 

'os Input offset current V+ = +5.25V, V- = -5.25V 
At 25°C 
Over temperature range 

t---vcM"" Common mode voltage range V+ = +4.75V, V- = -4.75V 

Input current V+ = +5.25V, V- = -5.25V 
l1H High V1H = 2.7V 

1 G or 2G strobe 
Common strobe S 

l1L Low VIL= 0.5V 
1G 2G strobe 

Common strobe S 

Output voltage V+ = +5.25V, V- = -5.25V, VI (Sl = 2.0V 
Vol Low ILOAD = 20mA 
~----

Output current 
loH Higt1 V CC+ = +4. 75, 

Vee-= -4.75V, VoH = 5.25V 

Supply voltage 

t1= 
Positive 

- Negative 

Supply current V+ = 5.25V, V- = -5.25V, TA = 25' C 
+ Positive 

- Negative 

AC ELECTRICAL CHARACTERISTICS TA = 25' C, R L = 280!2, c L = 15pF 

FROM 
PARAMETER INPUT 

Input resistance 
Input capacitance 

Large Signal Switching Speed 
Propagation delay 

tpLH(D) Low to high' Amp 

tPHL(D) High to low' Amp 

IPLH(S) Low to high' Strobe 

tPHL(S) High to low' Strobe 
Maximum operating frequency 

NOTES 

1 AF.lsponse time measured from OV point of t 100mV p~p 10MHz square wave to the 1 .SV point of the 
output 

2 Response time measured from 1 5V point of input to 1.5V point of the output 
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TO 
OUTPUT 

Output 
Output 
Output 
Output 

NE LIMITS 
UNIT 

Min Typ Max 

mV 
6 75 

10 

µA 
7.5 20 

40 

µA 

1.0 5 
12 

±3 v 

50 µA 
100 µA 

-2.0 mA 
-4.0 mA 

v 
0.5 

µA 

250 

v 
4.75 5.0 5.25 
-4.75 -5.0 -5.25 

mA 
27 50 
-15 -28 

LIMITS 
UNIT 

Min Typ Max 

4 k ll 
3 pF 

ns 
10 15 
8 12 
6 13 
5 9 

25 35 MHz 



LINEAR LSI PRODUCTS 

HIGH SPEED DUAL DIFFERENTIAL COMPARATOR/SENSE AMP NE/SE522 

TYPICAL PERFORMANCE CHARACTERISTICS 

RESPONSE TIME FOR VARIOUS 
INPUT OVERDRIVES 
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LINEAR LSI PRODUCTS 

VOLTAGE COMPARATOR 

DESCRIPTION 
The SE/NE527 is a high speed analog vol
tage comparator which, in the first time 
mates state-of-the-art Schottky diode tech
nology with the conventional linear proc
ess. This allows simultaneous fabrication 
of high speed T2L gates with a precision 
linear amplifier on a single monolithic chip. 
The SE/NE527 is similar in design to the 
Signetics SE/NE529 voltage comparator 
except that it incorporates a "Emitter Fol
lower" input stage for extremely low input 
currents. This opens the door to a whole 
new range of applications for analog vol
tage comparators. 

EQUIVALENT SCHEMATIC 

v,' 

FEATURES 
• 15ns propagation delay 
• Complementary output gates 
• TTL or ECL compatlble outputs 
• Wide common mode and dlfferentlal vol· 

tage range 
• Mii std 883A,B,C avallable 

• Typical Gain of 5000 

APPLICATIONS 
• AID conversion 
• ECL to TTL Interface 
• TTL to ECL Interface 
• Memory sensing 
• Optical data coupling 

BLOCK DIAGRAM 

o--~--~.--~..-~~~-.~~ 

v,. 
0------~~-+--~~~~~ ...... __.~~~~'--~~ ...... ~-' 

STROBE B 
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SE/NE527 

PIN CONFIGURATIONS 

H PACKAGE' 

ORDER NUMBERS 
SEINE527H 

"Metal cans (H) not recommended for new designs 

STROBE A 

•• 1.SK 551! 

GROUND 

OUTPUT B 
t-~~~~~---o 



LINEAR LSI PRODUCTS 

VOLTAGE COMPARATOR SE/NE527 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER RATING UNIT 

Positive supply voltage (V1+l +15 v 
Negative supply voltage (V1 -l -15 v 
Gate supply voltage (V2+l +7 v 
Output voltage +7 v 
Differential input voltage ±5 v 
Input common mode voltage ±6 v 
Power dissipation 600 mW 
Operating temperature range 

NE527 0 to +70 •c 
SE527 -55 to +125 •c 

Storage temperature range -65 to +150 •c 
Lead temperature (soldering, 60secl +300 ·c 

DC ELECTRICAL CHARACTERISTICS V1• = 1ov, v,- = -1ov, V2• = +5.0V 

SE527 NE527 
PARAMETER TEST CONDITIONS UNIT 

Min Typ Max Min Typ Max 

INPUT CHARACTERISTICS 
Input offset voltage@ 25°C 4 6 mV 

Over temperature range 6 10 mV 
4 

Input bias current@ 25°C 2 2 µA 
Over temperature range 4 4 µA 

Input offset current@ 25°C 0.5 0.75 µA 
Over temperature range V1N = OV 1 1 µA 
Common mode :5 v 
voltage range 

GATE CHARACTERISTICS 
Output voltage 

"1" State V2+ = 4.75V, lsoURCE = -1mA 2.5 3.3 2.7 3.3 v 
"O" State V2• = 4.75V, ISINK = 10mA 0.5 0.5 v 

Strobe inputs 
"O" Input current 1 V2• = 5.25V, VsTROBE = 0.5V -2 -2 mA 
"1" Input current @ 25'C1 V2• = 5.25V, VsTROBE = 2.7V 50 100 µA 

Over temperature range V2+ = 5.25V, VSTROBE = 2.7V 200 200 µA 
"O" Input voltage V2• = 4.75V 0.8 0.8 v 
"1" lf!E!._ut voltqe V2• = 4.75V 2.0 2.0 v 

Short circuit 
Output current V2+ = 5.25V, Vour = OV -18 -70 -18 -70 mA 

POWER SUPPLY REQUIREMENTS 
Supply voltage 

V1• 5 10 5 10 v 
V1- -6 -10 -6 -10 v 
V2• 4.5 5 5.5 4.75 5 5.25 v 

Supply current V1• = 10V, V,- = -10V 
V2• = 5.25V 

'1+ Over temp. 5 5 mA 
. ti- Over temp . 10 10 mA 

12• Over temp. 20 20 mA 

NOTES 
1. See logic function table. 
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LINEAR LSI PRODUCTS 

VOLTAGE COMPARATOR SE/NE527 

AC ELECTRICAL CHARACTERISTICS TA= 2s 0 c unless otherwise specified. 

PARAMETER TEST CONDITIONS 

Transient response propagation delay time V1N = ±100mV step 
IPLH 
IPHL 

Delay between output A and B 

Strobe delay time 
Ion Turn-on time 
tott Turn-off time 

TYPICAL PERFORMANCE CHARACTERISTICS 
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LINEAR LSI PRODUCTS 

VOLTAGE COMPARATOR 

RESPONSE TIME TEST CIRCUIT 

APPLICATIONS 
One of the main features of the device Is that 
supply voltages (V1+, V1-) need not be 
balanced, as Indicated In the following dia
grams. For proper operation, however, neg
ative supply (V1-) should always be at least 
six volts more negative than the ground 
terminal (pin 6). Input Common Mode range 
should be limited to values of two volts less 
than the supply voltages (V1 +and V1-) up to 

TYPICAL APPLICATIONS 

PHOTODIODE DETECTOR 

>. UV 

•• 

CRt - CM• INl14 INPUT 
Rt llLECTID POfl U:t DIV10H PRR•1MHz 
Rl,311LICTID FOR tOOmY AT "N .t Pw•IOnl 

Tr•Tf•lnt 
AMPLITUDE•l.DDV 

a maximum of ±6 volts as supply voltages 
are increased. 

NE527 LOGIC FUNCTION 

V1N STR'A' STR'I' (A+,1-1 

>Vo11 x h/I 

< -Vo11 h/I x 

SE/NE527 

CR2 

c•• 
CR4 

It Is also important to note that Output A is in 
phase with Input A and Output Bis In phase 
with Input B. 

OUT'A' OUT'I' COMMENT 

H l/h Read 11Le• l1HA 

l/h H Read l1LA• l1Ha 

!CL TO TTL INTERFACE 

.... v 

_,_ "• 
... 

"• 
1 

I 

117N 

4 • • 10 

111 111 

":' T -IV ... 

MOS MEMORY SENSE AMP 

1101 
MOlllAM 
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V111F--+~l_V __ 

111N 

1000 

-IV 

'a' ICL 

INPUT 

TTL INPUT 

14 Q 
11 

t 
· 111N TTL 

"• OU"UTI 
I • • 10 'a' 

111 111 ... 
-1ov 

TTL TO !CL INTERFACE 

+IV 

14 

117N 

4 • 
10 

-1ov -I.IV 
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LINEAR LSI PRODUCTS 

VOLTAGE COMPARATOR 

DESCRIPTION 
The SE/NE529 is a high speed analog volt• 
age comparator which, for the first time 
mates state-of-the-art Schottky diode tech
nology with the conventional linear proc
ess. This allows simultaneous fabrication of· 
·high speed T2L gates with a precision linear 
amplifier on a single monolithic chip: 

. ABSOLUTE MAXIMUM RATINGS 

PARAMETER 

Positive supply voltage (V1+l 
Negative supply voltage (V1-l 
Gate supply voltage (V2+l 
Output voltage 
Differential input voltage 
input common mode voltage 
Power dissipation 
Operating temperature range 

NE529 
SE529 

Storage temperature range 
Lead temperature 

(soldering, 60 secl 

EQUIVALENT SCHEMATIC 

v, 

INPUT A 

v, 
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FEATURES 
• 10nt propq1tlon d•l1y 
• Complernentlry outp1c1t gllH 
• TTL or ECL comP1llbl1 outpull 
• Wide common mode ind dlHerentlll volt-

119• range 
• TyplCll Q1ln IOOO 

APPLICATIONS 
• AID convel'llon 
• ECL lo TTL lnterfsce 
• TTL to ECL lnl1rf1ce 
• Memory 11n1lng 
• OpllCll d1l1 coupling 
• Mil lld 883A,B,C IVllllbl• 

RATING UNIT 

+15 v 
-15 v 
+7 v 
+7 v 
±5 v 
±6 v 
600 mW 

Oto +70 •c 
-55 to +125 ·c 
-65 to +150 •c 

+300· •c 

STROii 8 

SE/NE529 

PIN CONFIGURATION 

D,F,N PACKAQE 

TOP VIEW 
ORDER NUMBERS 

SE/NEH9F, NE52tN,D 

H PACKAQE* 

v,• 

OUTPUT 8 
ORDER NUMBERS 

SE/NE529H 
•Metal cans IH) not recommended for new dealgn1 

BLOCK DIAGRAM 

OUTPUT A 
INPUT A ...... 

OUTPUT8 

STROIEA 



LINEAR LSI PRODUCTS 

VOLTAGE COMPARATOR SE/NE529 

DC ELECTRICAL CHARACTERISTICS V1+ = +10V, Vz+ = +5.0V, V1- = -1ov 

SE529 NE529 
PARAMETER TEST CONDITIONS UNIT 

Min Typ MH Min Typ Max 

INPUT CHARACTERISTICS 
Input offset voltage @25°C 4 6 mV 

Over temperature range 6 10 mV 

Input bias current @25°C 5 12 5 20 µA 
Over temperature range V1N = OV 36 50 µA 

Input offset current @25°C 2 3 2 5 µA 
Over temperature range V1N = OV 9 15 µA 
Common mode voltage range 0 :t:5 0 :t:5 v 

GATE CHARACTERISTICS 
Output voltage 

"1" state V2+ = 4.75V, lsource = -1mA 2.5 3.3 2.7 3.3 v 
"O" state V2+ = 4.75V, lsink = 10mA 0.5 0.5 v 

Strobe inputs 

"O" Input current1 Vz+ = 5.25V, Vstrobe = 0.5V -2 -2 mA 

"1" Input current@ 25°C1 V2+ = 5.25V, Vstrobe = 2.7V 50 100 µA 

Over temperature range V2+ = 5.25V, Vstrobe = 2.7V 200 200 µA 
"O" input voltage V2+ = 4.75V O.B O.B v 
"1" input voltage V2+ = 4.75V 2.0 2.0 v 4 

Short circuit 
Output current V2+ = 5.25V, Vour = OV -18 -70 -16 -70 mA 

POWER SUPPLY REQUIREMENTS 
Supply voltage 

V1+ 5 10 5 10 v 
V1- -6 -10 -6 -10 v 
Vz+ 4.5 5 5.5 4.75 5 5.25 v 

Supply current V1+ = 10V, V1- = -10V 
V2+ = 5.25V 

11+ Over temp. 5 5 mA 
'1- Over temp. 10 10 mA 
12+ Over temp. 20 20 mA 

NOTES 
1. See logic funC11on table. 

AC ELECTRICAL CHARACTERISTICS TA= 25°C 

PARAMETER TEST CONDITIONS 
LIMITS 

UNIT 
Min Typ Max 

Transient response V1N = ±100mV step 
Propagation delay time 

IPLH 12 22 ns 
IPHL 10 20 ns 

Delay between output 2 5 ns 
Aand B 

Strobe delay time 
toN turn-on time 6 ns 
IOFF turn-off time 6 ns 
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VOLTAGE COMPARATOR 

TYPICAL PERFORMANCE CHARACTERISTICS 

"i 
I 

~ 
0: 
0: 
:> 

INPUT CURRENTS 
vs TEMPERATURE 
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10~~.~i.--t~r-+--+---+-+--l 
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SUPPLY CURRENT 
vs TEMPERATURE 
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VOLTAGE COMPARATOR SE/NE529 

APPLICATIONS NE529 LOGIC FUNCTION 
One of the main features of the device is that 
supply voltages (V1+, V1-l need not be 
balanced, as indicated in the following dia
grams. For proper operation, however, neg
ative supply (V1-l should always be at least 
six volts more negative than the ground 
terminal (pin 6). Input Common Mode range 
should be limited to values of two volts less 
than the supply voltages (V1 +and V1-l up to 
a maximum of ±6 volts as supply voltages 
are increased. 

It is also important to note that Output A is in 
phase with Input A and Output Bis in phase 
with Input B. 

TYPICAL APPLICATIONS 

PHOTODIODE DETECTOR 

+SV 

>-----~----

V1N 
(A+,e-) 

>Vo11 

<-Voll 

14 Q 
11 

52tN 

4 
8 10 

-av 

MOS MEMORY SENSE AMP 

+sv 

STR'A' STR'B' 

x h/I 

h/I x 

ECL 

INPUT 

OUT'A' OUT'B' COMMENT 

H l/h Read l1LB• l1HA 

l/h H Read liLA• 11He 

ECL TO TTL INTERFACE 

+SV 

R2 
14 . Q 

11 
t 

52tN TTL OUTPUTS 
R2 ( 

4 9 
I 10 Q 

R1 R1 

-10V 

TTL TO ECL INTERFACE 

+SV 

1103 
MOS RAM 

14 
11 

Q TTL INPUT 1 14 
3 11 

52tN 52tN 

4 9 4 
I 10 I 10 

1000 1000 R1 R1 

-:- -IV - - -1DV -5.2V 
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LINEAR LSI PRODUCTS 

DISPLAY DRIVER-SYMBOLS AND DEFINITIONS 

Absolute Maximum Rating 

Operating safe zones. Exceeding these limits could cause permanent 
damage to the device and are not meant to imply that devices can 
operate at these limits. 

BCD 

Binary Coded Decimal. 

BiiRBO 

Blanking Input or Ripple Blanking Output. 

CE 
Chip Enable. 

CLR 

Clear. Clear command will preset all internal circuits to a pre
determined state. 

Duty Cycle 

Ratio of time on to time off. Generally expressed in percentage. 

FMAX 
The maximum clock frequency: the maximum input frequency at a 
clock input for the predictable performance. Above this frequency the 
device may cease to function. 

le 
Input Bias Current. Current into an analog circuit input, 
specified at a particular voltage level. 

Ice (-Ice) 
Supply Current. The current flowing into the +Vee (-Vee) sup
ply terminal of the circuit with specified input conditions and 
open outputs. Input conditions are chosen to guarantee worst 
case operation unless specified. 

lcex 
Output Leakage Current. The current flowing out of or into a 
disabled (off) output with a specified High output voltage ap· 
plied. 

l1H 
Input High Current. The current flowing into or out of an input 
when a specified High level voltage is applied to that input. 

l1L 
Input Low Current. The current flowing out of an input when a 
specified Low level voltage is applied to that input. 

loH 
Output Current Source the device can supply while maintaining 
a specified voltage output level. 

loL 
Output Low Current. The current flowing into an output when it 
is in the Low State. 

los 
Output Short-Circuit Current. The current flowing out of an output 
which is in the High state when that output is shorted to ground. 

Is 
Source Current. Current flowing into the Vs supply terminal of 
the device with specified operating conditions. 

I sea 
Segment Current. The amount of current supplied to each seg· 
ment as a display. Current ratios are generally compared to seg
ment 'b'. 
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LED 
Light Emitting Diode. 

Package Typa Designation 

See full package designations in Appendix. 

Power Dissipation 

The power that the device can safely handle at 15'C. The dlssl· 
pation must be derated as indicated for the Individual package 
type. 

RBI 
Ripple Blanking Input. 

Segment Identification 

TA 
Ambient temperature range. Allowable range of the surrounding 
environment of the operating device. 

th 
Hold Time. The interval immediately following the active transi· 
tion of the timing pulse (usually the clock pulse) or following the 
transition of the control input to its latching level, during which 
interval the data to be recognized must be maintained at the in· 
put to emwre its continued recognition. A negative hold time in· 
dil"~tes that the current logic level may be released prior to the 
active transition of the timing pulse and still be recognized. 

TJ 
Junction Temperature. The maximum temperature of the device. 
150'C is standard for silicon devices. 

tPHL 

Propagation Delay Times. The time between the specified refer· 
ence points on the input and output waveforms with the output 
changing from the defined HIGH level to the defined LOW level.· 

tPLH 

Propagation Delay Time. The time between the specified refer· 
ence points on the input and output waveforms with the output 
changing from the defined LOW level to the defined HIGH level. 

tree 
Recovery Time. The time between the reference point on the 
trailing edge of an asynchronous input control pulse and the 
reference point on the activating edge of a synchronous (clock) 
pulse input such that the device will respond to the synchronous 
input. 

'· Setup Time. The interval immediately preceding the active tran· 
sition of the timing pulse (usually the clock pulse) or preceding 
the transition of the control input to Its latching level, during 
which interval the data to be recognized must be maintained at 
the input to ensure its recognition. A negative setup time in· 
dicates that the correct logic level may be initiated sometime 
after the active transition of the timing pulse and still be 
recognized. 



LINEAR LSI PRODUCTS 

DISPLAY DRIVER-SYMBOLS AND DEFINITIONS 

DISPLAY DRIVER DEFINITIONS (Cont'd) 

Truth Tables 

0 is logic level low 
1 is logic level high 
X - don't care condition - has no effect under circuit condi· 
lions listed. 

Typical Value 

The typical value of a particular parameter at 25°C determined by 
characterization of the device or sampling. Usually indicates that the 
particular device is not 100% tested for the parameter because it 
does not vary or can be determined by design and other tested varia
bles. Occasionally typical values are given rather than min-max 
values because 100% testing would raise the cost of the product to a 
prohibitive level. If a typical value must be guaranteed to ensure spe
cific operation, custom testing can often be provided at an additional 
cost to the user. 

VeR 
Output Breakdown Voltage. Maximum voltage applied to a 
disabled (off) output to ensure a leakage current less than the 
specified value. 

Vee (-Vee> 
Supply Voltage. The range of power supply voltage over which 
the device will operate safely. 

VF 
Forward voltage drop of a device at a specified current level. 

V1H 
Input High Voltage. The range of input voltages recognized by 
the device as a logic high. 

Vil 
Input Low Voltage. The range of input voltages recognized by 
the device as a logic low. 

VIN 

The range of voltage on any input which the device can safely 
handle or a specified input voltage to the device. 

VoH 
Output High Voltage. The minimum guaranteed High voltage at 
an output terminal for the specified output current loH and at the 
minimum Yee value. 

Vol 
Output Low Voltage. The maximum guaranteed low voltage at an 
output terminal sinking the specified load current fol· 

Vour 
The range of voltage on any output which the device can safely 
handle or a specified output voltage to the device. 

Vs 
Source Voltage. A separate Vee line depending on part type. 

xx 
Negate Bar - when it appears over a function indicates that the 
"true" or valid condition of that function is a logic low level. 
i.e. LE - would require a logic high level to cause a latch enable 

CE - would require a logic low level to cause a latch enable. 
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QUAD LINE DRIVER 

DESCRIPTION 
The MC1488 is a quad line driver which 
converts standard DTL/TTL input logic lev
els through one stage of inversion to output 
levels which meet EIA Standard No. RS-
232C and CCITT Recommendation V.24. 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER 

Supply voltage V+ 
v-

Input voltage IV1NI 
Output voltage 
Power dissipation: 

F package 
N package 

Operating temperature range 
Storage temperature range 
Lead temperature !soldering. 10secl 

CIRCUIT SCHEMATIC 

R1 R2 
8.2K 6.2K 

01 

INPUT 

INPUT 

02 
03 

04 

R4 OS 

3.6K 

-: 
03 

as 

RS R6 
10K 7K 

114CIRCUIT 
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FEATURES 
• Current llmlted output: ±10mA Typ 
• Power-off source Impedance: 300!1 Min 
• Simple slew rate control with external 

capacitor 
• Flexible operating supply range 
• Inputs are DTL/TTL compatible 

APPLICATIONS 
• Computer port driver 
• Digital transmission over long lines 
• Slew rate control 
• TTLIDTL to MOS translation 

RATING UNIT 

+15 v 
-15 v 

-15 '.S V1N '.S 7.0 v 
±15 v 

1000 mW 
800 mW 

Oto +75 oc 
-65 to +150 oc 

300 oc 

V+ 

02 09 

R3 
70\l 

R8 
300!1 

OUTPUT 

06 

06 

04 

R7 
700 

V-

MC1488 

PIN CONFIGURATION 

0,F,N PACKAGE 

VEE 1 

INPUT1 2 13 INPUT4B 

OUTPUT 1 3 12 INPUT4A 

INPUT 2A 4 11 OUTPUT4 

INPUT2B 10 INPUT 3B 

OUTPUT2 6 9 INPUT 3A 

GNO 7 8 OUTPUT3 

TOP VIEW 

ORDER NUMBERS 
MC1488D MC1488F, MC1488N 
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QUAD LINE DRIVER MC1488 

DC ELECTRICAL CHARACTERISTICS V+ = +9.0V ± 1%, V- = -9.0V ± 1%, TA= 0°c to +75°C 
unless otherwise specified. 
All typicals are for V+ = 9.av, V- = -9.aV, and TA= 25°C.' 

PARAMETER TEST CONDITIONS 

Logic "a" input current V1N =av 
Logic "1" input current V1N = +5.0V 

V+ = 9.0V 
AL= 3.0k!l V- = -9.aV 

High level output voltage 
V1N =a.av V+ = 13.2V 

V- = -13.2V 

V+ = 9.0V 
RL = 3.ak!l V- = -9.aV 

Low level output voltage 
V1N = 1.9V V+ = 13.2V 

V- = -13.2V 

High level output Vour =av 
Short-circuit current V1N =a.av 
Low level output Vour - av 
Short-circuit current V1N = 1.9V 

Output resistance 
V+ - V- = OV 
Vour = ±2V 

V+ = 9.0V, V- = -9.0V 
V1N = 1.9V V+ = 12V, V- = -12V 

Positive supply current 
V+ = 15V, V- = -15V 

(output open) V+ = 9.aV, V- = -9.0V 
V1N = O.aV V+ = 12V, V- = -12V 

V+ = 15V, V- = -15V 

V+ = 9.0V, V- = -9.0V 
V1N = 1.9V V+ = 12V, V- = -12V 

Negative supply current 
V+ = 15V, V- = -15V 

(output open) V+ = 9.0V, V- = -9.0V 
V1N =a.av V+ = 12V, V- = -12V 

V+ = 15V, V- = -15V 

Power dissipation 
V+ = 9.0V, V- = -9.0V 
Vt= 12V, V- = -12V 

Propagation delay to "1" (lpd1) AL= 3.0k!l, CL= 15pF, TA= 25°C 
Propagation delay to "O" (lpdol AL= 3.0k!l, CL= 15pF, TA= 25°C 
Rise time Ur) RC= 3.0kn, cL = 15pF, TA= 2s•c 
Fall time (t1l. AL= 3.0k!l, CL= 15pF, TA= 25°C 

NOTE 

·va1t1ge value• 1hown are with reapact to network ground termlnaL F'o11tlve currant 11 
defined 11 current Into the referenced pin. 

LIMITS 

Min Typ 

-1.0 
.005 

6.a 7.0 

9.a 1a.5 

-6.a -6.a 

-9.a -10.5 

-6.a -10.a 

5.0 10.a 

300 

15.0 
19.a 
25.0 

4.5 
5.5 
a.o 

-13.0 
-18.0 
-25.0 

-1 
-1 

-.01 

252 
444 
275 
70 
75 
40 

UNIT 
Max 

-1.6 mA 
10.a µA 

v 

v 

v 

v 

-12.a mA 

12.a mA 

ll 

20.a mA 
25.a mA 
34.0 mA 

6.0 mA 
7.0 mA 
12.0 mA 

-17.0 mA 
-23.0 mA 
-34.0 mA 

-15 µA 
-15 µA 
-2.5 mA 

333 mW 
576 mW 
560 ns 
175 ns 
100 ns 
75 ns 
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QUAD LINE DRIVER MC1488 

TYPICAL PERFORMANCE CHARACTERISTICS 

15 

OUTPUT VOLTAGE AND 
CURRENT-LIMITING 
CHARACTERISTICS 

l 12 
.l V+ s12V 

\ V- = -12V 

tz w 
0: 
0: 
:> 

"' 

9 

~ -1 
- -8 

~ -9 
.s> -12 

-15 

~ ~ 
~ V+ s9V\ 

:I V-=-9V 

~ 
~ \ 

~11q. 
-18 -12 -8 -4 

~ 
_\ [l_ 

' -1 

:I 
8 12 16 

Vo OUTPUT VOLTAGE (V) 

AC LOAD CIRCUIT 

l~OTE 

"CL includes probe and jig capacitance. 

SWITCHING WAVEFORMS 

NOTE 

Ir and h are measured 
between 10% and 90% 
of the output waveform 
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RS232C DATA TRANSMISSION 

r 2uon 114 MC1488 ---=::t. .... P-

T2LIDTL 1 ~~1~!:~I 
INTERCONNECTING 

CABLE ~· 

--o(}~. -+--------+--. 1 ~ ~ SIGNAL GROUND 

-~-
-ol ----..r-

114 MC1488 

INTERNAL DATA J_ 
TERMINAL '=" 
EQUIPMENT 

NOTE 

"Optional for noise filtering 

APPLICATIONS 
By connecting a capacitor to each driver 
output the slew rate can be controlled utiliz
ing the output current limiting characteris
tics of the MC1488. For a set slew rate the 
appropriate capacitor value may be calcu
lated using the following relationship 

c = lsc l.lT/,lVI 

where C is the required capacitor, lsc is the 
short circuit current value, and ~VI .:His the 
slew rate. 

RS232C specifies that the output slew rate 
must not exceed 30V per microsecond. 
Using the worst case output short circuit 
current of 12mA in the above equation, 
calculations result in a required capacitor of 
400pF connected to each output. 

MODEM 

TYPICAL APPLICATIONS 

DTL/TTL-TO-MOS TRANSLATOR 

DTU 
TTL 

INPUT 

+12V 

-12V -12V 

MOS 
OUTPUT 
-10V TO 
-0.4V 

DTL/TTL-TO-HTL TRANSLATOR 

DTLI 
TTL 

INPUT 

+12V 

-12V 

HTL 
IO---t-o OUTPUT 

-0.7V TO 
+10V 

DTL/TTL-TO-RTL TRANSLATOR 

D'TU 
TTL 

INPUT 

+ 12V 

-12V 

RTL 

u------o ~uoTf~~o 
+3.7V 

+ 3.0V 
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QUAD LINE RECEIVERS 

DESCRIPTION 
The MC1489/MC1489A are quad line re
ceivers designed to Interlace data terminal 
equipment with data communications 
equipment. They are constructed on a 
single monolithic silicon chip. These de
vices satisfy the specifications of EIA stand
ard No. RS232C. 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER 

Power supply voltage 
Input voltage range 
Output load current 
Power dissipation· 

F package 
N package 

Operating temperature range 
Storage temperature range 

EQUIVALENT SCHEMATIC 

(1 4 OF UNIT SHOWN) 

RESPONSE "' CONTROL 0------~~~~-+---< 

INPUT 0--'>Nlr--..-+----.~-t:: 

'" 

MC1489/MC1489A 

FEATURES PIN CONFIGURATION 
• Four tot1lly aeparate recelvera per pack- 0, F, N PACKAGE 

age 
• Progr1mmable threshold 
• Bullt-ln Input threahold hy1tereal1 
• "Fall aale" operating mode 
• Inputs withstand ±30V 

APPLICATIONS 
• Computer port Inputs 
• Modems 
• Ellmlnatlng noise In digital circuitry 
• MOS to TTL/DTL translatlon 

RATING UNIT 

10 v 
±30 v 
20 mA 

1 w 
800 mW 

o to +75 'C 
-65 to +150 'C 

TOP VIEW 

ORDER NUMBERS 
MC1489D, MC1489AO 

MC1489F, MC1489AF, MC1489N, MC1489AN 

VOLTAGE WAVEFORMS 

,, 
0 

INPUT I I 0\1 -11-,, --11- .. OUTPUT~ 90 
I 5' 

'poo- 1- - [,", 

AC TEST CIRCUIT 

OUTPUT 

PULSE 
GENERATOR 

RESPONSE 
CONTROL 
=OPEN OUTPUT 

~---+--~--~-~-OONO 

MC1489: RF= 10k 
MC1489A: RF= 2k 
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QUAD LINE RECEIVERS MC1489/MC1489A 

DC ELECTRICAL CHARACTERISTICS Vee= 5.0V ± 1%, o•c s TA s +75°C unless otherwise specifled.1.2 

PARAMETER TEST CONDITIONS 

Input high threshold voltage TA= 25°C, Vour s 0.45V, 
lour= 10mA 

Input low threshold voltage TA= 25•c, Vour s 2.sv, 
lour = -0.5mA 

V1N = +25V 
V1N = -25V 

Input current V1N = +3V 
V1N = -3V 

Output high voltage V1N = 0.75V, lour= -0.5mA 
Input = Open, lour = -0.5mA 

Output low voltage V1N = 3.0V, lour= 10mA 

Output short circuit current V1N = 0.75V 
Supply current V1N = 5.0V 

Power dissipation V1N = 5.0V 

NOTES 

1. Voltage \l&lues shown are with respect to network ground terminal. Positive current ls 
defined aa current Into the referenced pin. 

2. These apecUic1tlon1 apply for respon11 control pin = open. 

MC1489 

Min Typ 

1.0 

0.75 

+3.6 +5.6 
-3.6 -5.6 

+0.43 +0.53 
-0.43 -0.53 

2.6 3.8 
2.6 3.8 

0.33 

3.0 
20 

100 

MC1489A 
UNIT 

Max Min Typ Max 

1.5 1.75 2.25 v 

1.25 0.75 1.25 v 

+8.3 +3.6 +5.6 +8.3 
mA -8.3 -3.6 -5.6 -8.3 

+0.43 +0.53 mA -0.43 -0.53 

5.0 2.6 3.8 5.0 v 
5.0 2.6 3.8 5.0 v 

0.45 0.33 0.45 v 
3.0 mA 

26 20 26 mA 

130 100 130 mW 

AC ELECTRICAL CHARACTERISTICS Vee= 5.ov ± 1%, TA= 25°C unless otherwise speclfled.1,2 

PARAMETER TEST CONDITIONS 

Input to output "high" RL = 3.9kn iAC test circuit) 
Propagation delay ltpd1l 
Input to output "low" RL = 390Cl !AC test clrcultl 
Propagation delay !tpdol 

Output rise time RL = 3.9kCl !AC test circuit) 
Output fall time RL = 390!l !AC test circuit! 

NOTES 

1. Voltage v11u111hown are with r11pect to network ground tarmlnat. F'o1ltlv1current11 
d~lned 11 current Into the referenced pin, 

2. These 1peclflc1tlon1 apply for r11pon11 control pin "" open. 

TYPICAL APPLICATIONS 

RS232C DATA TRANSMISSION 

TTL.DTL 1'4MC1411 

=:r--.P---i._. 

114MC14111 
TTLtDTL. MC1489A 

-~--::-
-j--

INTEftFACE CATA 
TEAMINAL 
EQUIPMENT 

•Optlonal for noise filtering 
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INTIACONNECTING 
CABLE 

SIGNAL QAOUND 

114MC14111 
MC14HA TTLtDTL 

-:::--)o--_....__ 

114MC1418 

MODIM 

MC1489 MC1489A 
UNIT 

Min Typ Max Min Typ Max 

25 85 25 85 na 

20 50 20 50 ns 

110 175 110 175 ns 
9 20 9 20 ns 

MOS TO TTL/DTL TRANSLATOR 
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ADDRESSABLE RELAY DRIVER 

DESCRIPTION 

The NE5090 addressable relay driver Is a 
high current latched driver, similar In func
tion to the 9934 address decoder. The device 
has 8 open collector Darlington power out
puts, each capable of 150mA load current. 
The outputs are turned on or off by respec
tively loading a logic "1" or logic "O" into the 
device data Input. The required output Is 
defined by a 3 bit address. The device must 
be enabled by a CE input line which also 
serves the function of further address 
decoding. A common clear Input, CLR, turns 
all outputs off when a logic "O" is applied. 
The device is packaged in a 16 pin plastic or 
CERDIP package. 

BLOCK DIAGRAM 

INPUT STAGE 

ABSOLUTE MAXIMUM RATINGS 
TA= 25 •c unless otherwise specified. 

PARAMETER 

Vee Supply voltage 

FEATURES 
• 8 high current outputs 
• Low-loedlng bus competlble Inputs 
• Power-on cleer ensures 11fe operation 
• Wiii operate In addressable or 

demultlplex mode 
• Allows random (addreased) data entry 
• Easily expandable 
• Pin compatible with 9334 

APPLICATIONS 

• Relay driver 
• Indicator lamp driver 
• Trlac trigger 
• LED display digit driver 
• Stepper motor driver 

OUTPUT STAGE 

,RATING UNIT 

-0.5 to+ 7 v 
VIN Input voltage -0.5 to+ 15 v 
Vour Output voltage o to+ 30 v 
IGND Ground current 500 mA 
lour Output current 200 mA 

Each output 
Po Power dissipation 1 1 w 
Ambient temperature range ·c 

TA NE5090 Oto+ 70 
TJ Junction 150 
TsTG Storage -65to+ 150 
Tsold Lead soldering temperature 300 ·c 

(10 sec max) 

NE5090 

PIN CONFIGURATION 

NOTES· 

01,F,N PACKAGE 

TOP VIEW 

ORDER NUMBERS 
NE5090N 
NE5090F 
NE509001 

1. SOL · Released in Large SO package only. 
2. SOL and non-standard pinout. 
3. SO and !l2!J·Standard pinouts. 
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ADDRESSABLE RELAY DRIVER NE5090 

PIN DESIGNATION 
PINNO. SYMBOL NAME AND FUNCTION 

1-3 AO-A2 A 3·blt binary address on these pins defines which of the 8 output latches Is to receive the data. 

4-7, 9-12 Q0-07 The 8 device outputs. 

13 D The data Input. When the chip Is enabled, this data bit Is transferred to the defined output such that: 
.. "1" turns output switch "ON" 

"O" turns output switch "OFF" 

14 CE . The chip enable. When this Input Is low, the output latches will accept data. When CE goes high, all 
outputs will retain their existing state, regardless of address of data input conditions. 

15 CLR The clear Input. When CLR goes low all output switches are turned "OFF". The high data Input will 

TRUTH TABLE 

INPUTS 

CLR CE D Ao 

L H x x 

L L L L 
L L H L 
L L L H 
L L H H 
L L L H 
L L H H 

H H x x 

H L L L 
H L H L 
H L L H 
H L H H 
H L L H 
H L H H 

X = Don't care condition 
ON-t = F'revlous output state 

A1 A2 

x x 

L L 
L L 
L L 
L L 
H H 
H H 

x x 

L L 
L L 
L L 
L L 
H H 
H H 

L 2 Low voltage levell"ON" output state , 
H =High voltage level/"OFF" output state 

override the clear function on the addressed latch. 

OUTPUTS MODE 

oo 01 02 03 04 05 oa 07 

H H H H H H H H Clear 

H H H H H H H H 
L H H H H H H H 
H H H H H H H H Demultiplex 
H L H H H H H H 
H H H H H H H H 
H H H H H H H L 

ON-1 Memory 

H ON-1 
L ON-1 

ON-1 H ON-1 
ON-1 L ON-1 Addressable 
ON-1 H Latch 
ON-1 L 

DC ELECTRICAL CHARACTERISTICS Vee= 4.75V to 5.25V, o•c s; TA s; 1o•c unless otherwise specified (NE5090)2• 

PARAMETER TEST CONDITIONS 

Input voltage 
V1H High 
V1L Low 

Output voltage 
VoL Low loL''= 150mA, TA = 25 ·c 

Over temperature 
' 

Input current 
l1H High V1N=Vcc 
l1L Low V1N=OV 

loH Leakage current VouT=28V, 

Supply current 
lccL All outputs low Vee= 5.25V NE5090 
lccH All outputs high 

NOTES 

1. Derate power dlaalpatlon as Indicated above threshold ambient temperature 
NE5090 N at 9.3mWl°C above es•c 
NE5090 Fat 1.smw1•c above as•c 

2. All typical values are at Vee= SY and TA= 2s•c 
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LIMITS 
UNIT Min Typ Max 

2.0 v 
0.8 

1.05 1.30 v 
1.50 

<1.0 10 p.A 
-3.0 -250 

5 250 p.A 

35 60 mA 22 50 



LINEAR LSI PRODUCTS 

ADDRESSABLE RELAY DRIVER NE5090 

SWITCHING CHARACTERISTICS Vee= 5V, TA= 25°C, Vour = 5V, lour= 100mA, v,L = 0.8V, v,H = 2.0V 

PARAMETER TO FROM Min Typ Max UNIT 

Propagation delay time 
tPLH Low to hlgh1 

Output CE 900 1800 
tPHL High to low1 130 260 

ns 

tPLH Low to high2 
Output Data 

920 1850 
tPHL High to low2 130 260 

ns 

tPLH Low to high3 
Output Address 900 1800 

tPHL High to low3 130 260 
ns 

tPLH Low to high4 
Output CLR 

920 1850 
tPHL High to low4 ns 

SWITCHING SETUP REQUIREMENTS 

ts(H)5 Chip enable High data 5 20 
ts(L)5 Chip enable Low data 10 30 

ns 

ts(A)e Chip enable Address 0 20 ns 

th(H)5 Chip enable High data + 10 0 
tH(L)5 Chip enable Low data +10 0 

ns 

lpw(E)1 Chip enable pulse wldth1 0 20 ns 

NOTES 

1. See Turn-On and Turn-Off Delays, Enable to Output and Enable Pulse Width timing diagram. 

2. See Turn-On and Turn-Off Delays, Data to Output timing diagram. 

3. See Turn-On and Turn-Off Delays, Address to Output timing diagram. 

4. See Turn-Off Delay, Clear to Output timing diagram. 

5. See Setup and Hold Time, Data to Enable timing diagram. 

6. See Setup Time, Address to Enable tlmlng diagram. 

TIMING DIAGRAMS 

TURN·ON AND TURN·OFF DELAYS, ENABLE TO OUTPUT 
AND ENABLE PULSE WIDTH 

CE 

0 

Other Inputs· CLR"' H, A= Stable. 

TURN·ON AND TURN-OFF DELAYS, ADDRESS TO OUTPUT 

0 

Other Inputs: CE-= L. CIA = L. D = H 

TURN·ON AND TURN·OFF DELAYS, DATA TO OUTPUT 

Other Inputs: CE = L, C'LR = H. A = Stable 

TURN-OFF DELAY, CLEAR TO OUTPUT 

CLR h 
_'PLHD-

Other Inputs· CE - H. 
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LINEAR LSI PRODUCTS 

ADDRESSABLE RELAY DRIVER 

TIMING DIAGRAMS<Cont'd> 

SETUP AND HOLD TIME, DATA TO ENABLE 

Q 11111 
Other Inputs; CLA • H. A• Stable. 

TYPICA.L APPLICATIONS 

INTERFACING WITH A 
MICROPROCESSOR SYSTEM 

•• 
+sv 

a, a, 
02 
03 a, a, 
Os a, 

Ci Ci.R 
110 

CONTROL 

+&V 

CLEAR------------~ 

Ao. Ai. A2. may be connected to the 

address bus if permitted by system design. 
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DATA 
BUS 

a, a, 
02 
03 a, a, 
05 a, 

l 

NE5090 

SETUP TIME, ADDRESS TO ENABLE 

Other Inputs: CLR = H, 

DRIVING SIMPLE l:OADS 

•sv 

.... 
----tC. 

+5V·T021V 

+26V 

RELAY 
LOAD 

OPERATING IN DEMULTIPLEX MODE 

+sv +sv 

0 

t------t•o 
t------1•1 
t------1•2 

a, 
a, 
02 
03 
04 
a, 
a, 

r 
'-i'=--..r-~a, 



LINEAR LSI PRODUCTS 

ADDRESSABLE RELAY DRIVER NE5090 

TYPICAL PERFORMANCE CHARACTERISTICS 

OUTPUT VOLTAGE VS LOAD CURRENT 

04 .__.._ _ _,_ _ _,_ _ _, 

o so 100 iso aoo 
OUTPUT LOAD CURRENT (mA) 

4 -
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LINEAR LSI PRODUCTS 

LED DECODER/DRIVER 

DESCRIPTION FEATURES 
e Latched BCD lnputa The NE687 la e latch I decodar I driver for 7 • 

segment common anode LED displays. The 
NE687 hH a programmable current output 
up to 60mA which la e11entlally Independent 
of output voltage, power supply voltage, and 
temperature. Tha data (BCD)lnputa and rE! 
(latch enable) Input are low·loadlng 10 that 
they are compatible with any data bus •Y•· 
tern. The 7-aagment decoding le Implement· 
ad with a ROM 10 that alternative fonta can 
be made available. 

• Low loading bue-compatlble lnputa 
• Rlpple-bi.nklng on i.ulng •nd/or tr•ll

lng edge zero• 

APPLICATIONS 
e Dlgltal panel matara 
• Maaaurlng ln1trument1 
• Teat equipment 
• Dlilltal clock• . 
• Dlgltal bua monitoring 

ABSOLUTE MAXIMUM RATINGS TA• 26°C un1e11 otherwise apeclfled 

PARAMETER RATING 

Vee Supply voltage -0.6 to +7 

V1N Input voltage 
(Do • 03, Il!, Jmi) 

-0.6 to +16 

Vour Output voltage -0.6 to +7 
(a·g, RBO) 

Po Power dl11lpatlon (26°C)' 1000 

TA Ambient temperature range o to 70 

TJ Junction temperature 160 

TsTG Storage temperature range -86 to +160 

TsoLD Soldering temperature 300 
(10seo. max) 

NOTE 
D•r•t• power dlHlpatlon H lndlo1ted 

N p1ck1g1 · ae•c1w1tt abovt H'C 
F p1ck1g1 • 1oo•c1w1tt 1bov1 eo•c 

BLOCK DIAGRAM 

~---------------------, 
I I 
I I 
1 I 

Yee (11) 0---'----

1111(1) o----;.---------' 

Do{P)o-----,--t 

D1 (1) 0----'--t 

DI (I) 0----'--t 

Ds (I) o-----t 

DATA 
LATC .. I 

ti (I) 0----'----' 

I 
I 
I 
I 
I 

UNIT 

v 
v 

v 

mW 
•e 

•c 
•c 
•c 

ml/ll(•l 

Ip (I) o----;--t 

r---..... ---1-....!----o ., .. , 
t--'"---o b(1•> 

i----;.---00(11) 

i----;.---od(11) 

t--+---o 11111 
t--'"---o 11111 

L.------1---t~---o. ,,., GND(I) o----;---+-
I 

~---------------
l'OWll!QND(101 
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NE587 

PIN CONFIGURATK>NS 

Do 

Ip 

DIOOND 

NOTES: 

F,NPACKAQlli! 

TOP VIEW 

ORDER NUMBERS 
NE1187F NE1187N 

DI PACKAGE 

TOPVllW 

NE1187D1 

b 

NC 

d 

1. SOL. Rtloutd In Llrgo SO pack1go only. 
2. SOL Ind non .. 11ndard plnout. 
3. SO and non-atandard plnoutl. 



LINEAR LSI PRODUCTS 

LED DECODER/DRIVER NE587 

DC ELECTRICAL CHARACTERISTICS Vee• 4.75 to 5.25V, o•c <TA< 1o•c. 
Typical valuas are at V • 5V T • 25°C cc A 

PARAMETER TEST CONDITIONS 

Vee Operating supply voltage 

V1H Input high voltage All Inputs except 'Eii 
'Bi 

V1L Input low voltage 

Vic Input clamp voltage l1N - -12mA, TA - 25°C 

l1H Input high current Inputs Do -D3, CE, fl'§i 
V1N • 2.4V 
V1N • 15V 

Input 'Eii (pin 4) 
fl'§j • H 

V1N - Vee - 5.25V 

l1L Input low current V1N • 0.4V, Inputs Do - D3 
CE fl'§i 
lnputT 

Vee· 5.2sv 
~ • H, V1N • 0.4V 

VOL Output low voltage Output~ 
lout• 3.0mA 

VoH Output high voltage Output~ 
lour· -5011-A 
~·H 

iour Output aegment Outputs "a" thru "g" 
"ON" current vour • 2.ov 

Alour Output current ratio With reference to "b" segment 
(all outputs ON) 

Vour • 2.ov 

IOFF Output aegment Outputs "a" thru "g" 
"OFF" current Vour • 5.ov 

icco Supply current Vee· 5.25V 
All outputs "ON" 

Vour > 1v 

1cc1 Supply current Vee· 5.25V 
All outputs blanked 

NOTE 
NE587 PROGRAMMING 
The NE1587 output current can be programmed, provided 1 program r11l1tor, Rp, b1 

connected b1tw11n Ip (pin 8) 1nd Ground (pin 9). Th1 volt1g1 1t Ip (pin 8) 11 con1t1nt 
1.3V lo 

( .. 1.3V). Thu1, 1 current through Rp la Ip 111: "lfP· 111hown In Figure 15. Ip 1120 In th1 
115 to 50mA output current r1ng1. 

• ~ - 1k!l ± 1% unlass otherwise stated . 

NE587 _..., 
UNIT 

Min Typ Mex 

4.75 5.00 5.25 v 

2.0 15 
v 

2.0 5.5 

0.8 v 

-1.5 v 

p.A 
1.0 10 
15 15 
10 100 p.A 

-5 p.A 
-200 
-0.7 

mA 

.2 .5 v 

3.5 4.5 v 

20 25 30 mA 

0.90 1.00 1.10 

20 250 p.A 

33 55 mA 

50 70 mA 
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LINEAR LSI PRODUCTS 

LED DECODER/DRIVER NE587 

AC ELECTRICAL CHARACTERISTICS Vee• sv TA• 2s 0 c. AL= 1300, cl= 30pF including probe capacity. 

PARAMETER 

1Dev. Propagation delay 
Figure 2 

1Dav. Propagation delay 
Figure 3 

tw latch enable pulse width 
Figure 4 

ts Latch enable setup time 
Figure 4 

IH Latch enable hold time 
Figure 4 

NOTE 
toav .• ~ (IHL + tLH) 

TRUTH TABLE 

BINARY 
INPUT u 

- H 

0 L 

0 L 
1 L 
2 L 
3 L 
4 L 
5 L 
e L 
7 L 
a L 
9 L 

10 L 
11 L 
12 L 
13 L 
14 L 
15 L 

''Bl x 
NOTES 
H •HIGH voltage level, output la "OFF" 
L • LOW voltage level, output la "ON" 
X • Don't cere 

m . 
L 

H 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 

INPUTS 

D3 D2 D1 Do 

x x x x 
L L L L 

L L L L 
L L L H 
L L H l 
L L H H 
L H L L 
L H L H 
L H H L 
L H H H 
H L L L 
H L L H 
H L H L 
H L H H 
H H L L 
H H L H 
H H H L 
H H H H 

x x x x 

' The Rm will blank tho dlaplay only If a binary zero la atored In the latohea. 

• • J!ilOili uaed H an Input overridea all other Input condltlona. 

SEGMEN'I'. IDENTIFICATION 
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NE587 
TEST CONDITIONS i---

Min Typ Mu l UNIT 

From data to output 135 ns 

From U to output 135 ns 

30 ns 

From data to LE 20 ns 

From LE to data 0 ns 

OUTPUTS 

a b c d • I ii RiiO DISPLAY 

STABLE .. STABLE 

H H H H H H H L BLANK 

L L L l L L H H 0 
H L L H H H H H 1 
L L H L l H L H 2 
L L L L H H L H 3 
H l L H H L L H 4 
L H L L H L L H 5 
L H L L L L L H e 
L L L H H H H H 7 
L L L L L L L H 8 
L L L L H L L H 9 
H H H H H H L H -
L H H L L L L H E 
H L L H L L L H H 
H H H L L L H H L 
L L H H L L L H p 
H H H H H H H H blank 

H H H H H H H L" blank 



LINEAR LSI PRODUCTS 

LED DECODER/DRIVER 

NE587 PROGRAMMING 
NE587 output current can be programmed 
by using a programming resistor, Rp. con
nected between rp (pin 8) and Gnd (pin 9). 
The voltage at rp (pin 8) is constant 
("' 1.40V). A partial schematic of the volt· 
age reference used in the NE587 is shown in 
figure 1. 

vee 

Output current to program current ratio, 
lo/Ip, is 20 in the 15mA to 50mA range. 
Note that Ip must be derived from a resistor 
(Rp). and not from a high impedance source 
such as an lour DAC used to control display 
brightness. 

~---- ---------------------· IQ 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

----------· 

Figure 1 

VrP 1.40V 
lp=RP"'RP 

TIMING DIAGRAMS 

PROPAGATION DELAY, DATA TO OUTPUT 

Do-03 _x ___ ><~--
e= lPLH -1 1- lPHL -1 ___ ,------, __ OUTPUT 

LE= L 

Figure 2 • 

PROPAGATION DELAY, LATCH ENABLE TO OUTPUT 

I- lPLH I I- lPHL I 
Do-03 

OUTPUT ___ I \...___ 
Figure 3 

NE587 

POWER DISSIPATION 
CONSIDERATIONS 
LED displays are power-hungry devices, 
and inevitably somewhat inefficient in their 
use of the power supply necessary to drive 
them. Duty cycle control does afford one 
way of improving display efficiency, pro· 
vided that the LEDS are not driven too far 
into saturation, but the improvement is mar· 
ginal. Operation at higher peak currents has 
the added advantage of giving much better 
matching of light output, both from segment· 
to-segment and digit·to·digit. 

An output current of 1 O to 50mA was chosen 
so that it would be suitable for multiplexed 
operation of large size LED digits. When de· 
signing a display system, particular care 
must be taken to minimize power dissipation 
within the IC display driver. Since the output 
is a constant current source, all the remain· 
ing supply voltage, which is not dropped 
across the LED (and the digit driver, ii 
used), will appear across the output. Thus, 
the power dissipation will go up sharply if 
the display power supply voltage rises. 
Clearly, then, it is good design practice to 
keep the display supply voltage as low as 
possible consistent with proper operation of 
the supply output current sources. Inserting 
a resistor or diode in series with the display 
supply is a good way of reducing the power 
dissipation within the integrated circuit seg
ment driver, although, of course, total sys
tem power remains the same. 

Power dissipation may be calculated as fol
lows. Referring to figure 6, the two system 
power supplies are V cc and VS· In many 
cases, these will be the same voltage. Nec
essary parameters are: 

Vee. 
Vs. 
ice. 

Koc. 

Supply voltage to driver 
Supply voltage to display 
Quiescent supply current of 
driver 
LED segment current 
LED segment forward voltage at 

lseg 
% Duty cycle 

VF. the forward LED drop, depends upon the 
type of LED material (hence the color) and 
the forward current. The actual forward volt· 
age drops should be obtained from the LED 
display manufacturer's literature for the 
peak segment current selected; however, 
approximate voltages at nominal rated cur
rents are: 

Red 
Orange 
Yellow 
Green 

1.6 to 2.0V 
2.0 to 2.5V 
2·.2 to 3.5V 
2.5 to 3.5V 
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LINEAR LSI PRODUCTS 

LED DECODER/DRIVER 

TIMING DIAGRAMS (Cont'dl 

OUTPUT __ )E( __ _ 
Figure 4 

TYPICAL PERFORMANCE CURVES 

SUPPLY CURRENT VS SUPPLY VOLTAGE 
NE587 

4.4 4.8 5.2 5.6 6.0 6.4 

Vee (VOLTS)__..... 

NORMALIZED OUTPUT CURRENT 
VS SUPPLY VOLTAGE 

Vo=2V 
TA=25°C 

105 r--~---r-~----~ 

I 102 
NE587 

(Rp = 1K) IOUT ~ 
(%) 100 f--+-""l--..::-1+-+---I 

~ 
••l----+---+-_.,--+----1 

95~-~-~-~--~-~ 

4.0 4.5 5.0 5.5 s.o 
Vee (VOLTS) ~ 
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OUTPUT CURRENT VS OUTPUT VOLTAGE 
NE587 

Rp = 1Kohms 

40.0 ,.--.--,--.--.,---.--.,---.----. 

2J ~ 
300 e--+-1...l..-J.l___,"f""'-+-+--+-0--I 

f 20.0 r+-f':-+-Kr_,o·l--c -+--1~--1---+--1 
iour 
(Ma) 

10.0 >+--+--+--+-+--+-+--+--< 

1.0 2.0 3.0 4.0 5.0 

Your (VOLTS) ....... 

MAXIMUM POWER DISSIPATION 
VS TEMPERATURE 

1000 

t BOO 

~ 600 

if: 
400 

200 

25 

~ 

50 

TA(~)___.,.. 

75 

NE587 

These voltages are all for single diode dis
plays. Some early red displays had 2 series 
LEDS per segment; hence the forward volt
age drop was around 3.5V. 

Thus a maximum power dissipation calcula
tion when all segments are on, is: 

Pd =Vee x Ice+ (Vs - Vf) x 1 x lseg x Koc 
mW 

Assuming Vs = Vee = 5.25V 
Vf = 2.0V 
Koc= 100% 

Pd max =5.25 X 50 + 3.25 X 7 X 30 mW 
= 945 mW 

NORMALIZED OUTPUT CURRENT 
VS TEMPERATURE 

Vee= 5.0V 

t 105.0 

NE587 

iour (Rp = 1K) 

'"> IOo.o 1-H-+1-J~_,l-l=:tilH-e--t--+---I r--'-t-+-

r 
iour 
{Mal 

95.0 l-+--+---+---+-+-....;-1--+-+-·--< 

50.0 

40.0 

30.0 

20.0 

10.0 

0.0 

10 20 30 40 so 60 70 80 

TEMP ("C) ---... 

OUTPUT CURRENT 
VS PROGRAM RESISTOR 

v,Iov 
T4::25°C --I 
Vourc2V 

\ 
\ 
~ ....... I'--. r-

2.0 4.0 6.0 8.0 10.0 

Rp (Kohml) ____.. 



LINEAR LSI PRODUCTS 

LED DECODER/DRIVER 

TYPICAL APPLICATIONS 

DRIVING A SINGLE DIGIT 

03 

02 

o, 

Oo 

Ip 

"" 

"" 
v 

v 

NOTE 

vee 
i' 

'±·"" 1 . 
b l l 
' B N£587 ' . 

JJ I 

' 

J T 1 .,., ""° 

Decoupling capacitor on V cc should be 0.01 µF ceramic 

Figure 6 

However, the average power dissipation will 
be considerably less than this. Assuming 5 
segments are on (the average for all output 
code combinations), then 

Pd av = 5.0 X 30 + 3.00 X 5 X 25 mW 
= 525 mW 

Operating temperature range limitations can 
be deduced from the power dissipation 
graph. (See Typical Performance Charac
teristics). 

However, a major portion of this power dissi· 
pation (Pd max> is because the current 
source output is operating with 3.25 V 
across it. In practice, the outputs operate 
satisfactorily down to 0.5V, and so the extra 
voltage may be dropped external to the inte· 
grated circuit. 

Suppose the worst case VcctVs supply is 
4. 75 lo 5.25V, and that the maximum Ve for 
the LED display is 2.25V. Only 2.75V is re· 
quired to keep the display active, and hence 
2.0V may be dropped externally with a res is-

tor from Vee to Vs. The value of this resis
tor is calculated by: 

2.0 
Rs = --- ~ 1on (i> w rating) 

7 X lseg 

assuming worst case lseg of 30 mA 
Hence now Pd max =Vee x Ice+ (Vs - Vy -

Rx x 7 x lsegl x 7 x X lseg 
x Koc 
= 5.25 x 50 + 1.25 x 7 x 30 
mW 
= 525 mW 

and Pd av = 5.0 X 30 + 1.25 X 5 X 25 
= 306 mW 

If a diode (or 2) is used to reduce voltage to 
the display, then the voltage appearing 
across the display driver will be indepen
dent of the number of "ON" segments and 
will be equal to 

Vs - VF - nVd, Vo ~ 0.8V 

Where n is the number of diodes used, pow
er dissipation can be calculated in a similiar 
manner. 

NE587 

In a multiplexed display system, the voltage 
drop acrcas the digit driver must also be 
considered in computing device power dissi
pation. It may even be an advantage to use a 
digit driver which drops an appreciable volt· 
age, rather than the saturating PNP tranais· 
tors shown In figure Q. For example a dar
lington PNP or NPN emitter follower may be 
preferable. Figure 8 shows the NE591 as 
the digit driver in a multiplexed display sys
tem. The NE591 output drops about 1.8V 
which means that the power dissipation la 
evenly distributed between the two integrat
ed circuits . 

Where Vs and Vee are two different sup· 
plies, the Vs supply may be optimized for 
minimum system power dissipation and I or 
coat. Clearly, good regulation in the Vs sup
ply is totally unnecessary, and so this supply 
can be rnade much cheaper than the regu
lated 5V supply used in the rest of the sys
tem. In fact a simple unsmoothed full-wave 
rectified sine wave works extremely well if a 
slight loss in brightness can be tolerated. A 
transformer voltage of about 3·4.5V rms 
works well in most LED display systems. 
Waveforms are shown below: 

The duty cycle for this system depends upon 
Vs. VF and the output characteristics of the 
display driver. 

With 
Vs= 4.9V pk. 
VF= 2.0V 

The duty cycle is approximately 60%. 
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LINEAR LSI PRODUCTS 

LED DECODER/DRIVER 

TYPICAL APPLICATIONS (Cont'd) 

4·DIGIT DISPLAY WITH BRIGHTNESS CONTROL 
AND LEADING EDGE RIPPLE BLANKING 

B B B B 

D30---0-l-~l-l---1---+--14-~i---1-----44-l-+--1--1----' 
D>0---__._+-1-+---+------<H-+-1--1-----4-il-l--I--+----' 
D,o----+-1-+--+---........ +-1--l------<l-I-+--+-----' 
Do0-------4-+--+----+-1--1-------+-+--+------' 

•o ., 
LE BRIGHTNESS CONTROL 0----' 

C "'.01µF .n.n. Figure 7 

INTERFACING 8·DIGIT LED DISPLAY WITH µP BUS 
DATA BUS 

ADDRESS SUS 

~ 
ADORES 
OECOOE 

s 

T 

~ 
NE591 

Do D1 02 D3 D4 Ds Do 07 

h·" 
B----------------8 

a b ' • . ' . 

~ 
J 

NE587 

I Rp 

..,,. 
Figure 8 
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LINEAR LSI PRODUCTS 

LED DECODER/DRIVER NE587 

TYPICAL APPLICATIONS (Cont'd) 

4·DIGIT MULTIPLEXED LED DISPLAY 

•• 

~ " ...... ~ 

_v' ...... _) l .::i 

DIGIT 1 

DIGIT 2 

DIGIT 3 

DIGIT" 

l 
B B 8 fl 

0 

u 11 l J J I L J. 

J 
4 

I ~ I1± 
~ D3 '"'-

D2 '"'-

o, "" 
NE587 I.01µ 

Do in~ J u •• 

Figure 9 

For additional Information, refer to the Applications Section. 
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LINEAR LSI PRODUCTS 

LED DECODER/DRIVER NE589 

DESCRIPTION FEATURES PIN CONFIGURATION 
e Latched BCD lnputa The NE589 is a latch/decoder/driver for 7-

segment common cathode LED displays. 
The NE589 hae a programmable current out
put up to 50mA which Is essentially indepen
dent of output voltage, power aupply volt
age, and temperature. The data (BCD) 
inputs and t:E (latch enable) input are low
loading so that they are compatible with any 
data bus system. The 7-segment decoding 
is implemented with a ROM so that alterna· 
live fonts can be made available. 

• Low loading bu1-compatlble Input• F,N PACKAGE 
• Ripple-blanking on leading and/or trall

lng edge zeros 

APPLICATIONS 
e Dlgltal panel meters 
• Measuring Instrument• 
• Teat equipment 
• Digital clock• 
• Dlgltal bus monitoring 

ABSOLUTE MAXIMUM RATINGS TA • 25°C unless otherwise specified 

PARAMETER RATING UNIT 

Vee.vs Supply voltage -0.5to +7 v 

V1N Input voltage -0.5to +15 v 
(Do - 03, LE, '!mi) 

VouT Output voltage -0.5 to +1 v 
(a-g, RBO) 

Po Power dl881patlon (25°C)1 1000 mW 

TA Ambient temperature range o to 70 •c 
TJ Junction temperature 150 •c 
TsTG Storage temperature range -65 to +150 •c 
TsoLD Soldering temperature 

(10 aec. max) 

NOTE 
Q~rete power diaaipatlon as Indicated 

N package· 95°C1watt above 55~c 
F package· t00°C1watt above 50°C 

BLOCK DIAGRAM 

300 •c 

~---------------------, 

vee (11) a---'--· 

Do (7) 0----'--I 

D1 (1) 0---'---1 

•• (2) 0---'---1 

D3 (I) 0---'---1 

DATA 
LATCHES 

[!! (3) 0----'----' 

... (8) 0---+,--1 

I 
I 

BANDGAP 
REFERENCE 

GND (9) o----;.:---
1 

.---------+-:----<> llIO!ll (•) 

ICDTO 
7-SEOMENT 

DECODER 

I 
I 
I 
I 
I 
I 

r---""----,__-1------o . 11•1 

SEGMENT 
CURRENT 

DRIVER 

1---'-----0 • (14) 

0---'-----o c: (13) 

o--~-----o d (12) 

1---'-----0 • (11) 

l--'-----0 '(17) 

L----...--.J---j-----o • 11•1 

L--------------- ____ _J 

Y5(10) 
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D1 

D2 

i:E 
iiitReii 

RBI 

NC 

D3 

Do 

Ip 

GND 

NOTES: 

TOP VIEW 

ORDER NUMBERS 
NE589F NE589N 

02 PACKAGE 

TOP VIEW 

NE589D2 

Vs 

1. SOL - Released In Large SO package only. 
2. SOL !!!9 non-standard pinout. 
3. SO and non-standard plnouts. 
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LED DECODER/DRIVER NE589 

DC ELECTRICAL CHARACTERISTICS 
v cc• 4 76 t 6 25V o•c < T < 1o•c T pl al al 0 A y c v ues are a IV cc= V 5V T 25°C R 7k0( 1o/c) s= ' A= ·~= ± o un ess o th t t d erwsesae. 

NE589 
PARAMETER TEST CONDITIONS 

Min Typ Max 
UNIT 

Vee.vs Operating supply voltage 4.75 5.00 5.26 v 

V1H Input high voltage All Inputs except Bl 2.0 15 
v Bi 2.0 5.5 

VIL Input low voltage 0.8 v 

V1c Input clamp voltage l1N = -12mA, TA= 25°C -1.5 v 

l1H Input high current Inputs Do -D3, LE, RBi 
V1N = 2.4V 0.1 10 µ.A 
V1N = 15V 10 15 µ.A 

l1H Input high current Input Bi (pin 4) 10 µ.A 
RBI= H 

V1N .. Vee = 5.25V 

llL Input low current V1N = 0.4V, Inputs Do - D3 -5 
LE, RBI -200 µ.A 4 

l1L Input low current Input Bl -0.7 = 
Vee= 5.25V 

RBI = H, V1N = 0.4V mA 

VOL Output low voltage Output ABO 
•our._ 3.0mA 0.2 0.5 v 

VoH Output high voltage Output Rlro 
•our= -5011A 3.5 4.5 v 

RBI =H 

•our Output segment Outputs "a" thru "g" 20 25 30 mA 
"ON" current Vour • 2.ov 

Al our Output current ratio With reference to "b" segment 0.90 1.00 1.10 
(all outputs ON) 

vour • 2.ov 

IOFF Output segment Outputs "a" thru "g" 20 250 µ.A 
"OFF" current 

iceo Supply current Vee .. 5.25V 25 55 mA 
All outputs "ON" 

Vour > 1v 

1ce1 Supply current Vee"' s.2sv 30 65 mA 
All outputs blanked 
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LED DECODER/DRIVER NE589 

AC ELECTRICAL CHARACTERISTICS Vcc=Vs=5V TA=25'C, AL= 1300, CL= 30pF including probe capacity. 

PARAMETER 

1Dav. Propagation delay 
Figure 2 

1Dav. Propagation delay 
Figure 3 

tw Latch enable pulse width 
Figure 4 

ts Latch enable aatup time 
Figura 4 

tH Latch enable hold llma 
Figura 4 

NOTE: 

to,w. •max (tHL + tLH) 

TRUTH TABLE 
r-· 

BINARY 
INPUT LE 

- H 

0 L 

0 L 
1 L 
2 L 
3 L 
4 L 
5 L 
6 L 
7 L 
8 L 
9 L 

10 L 
11 L 
12 L 
13 L 
14 L 
15 L 

"Bl x 
NOTES 
H = HIGH ¥oltage level, output is "ON" 
L = LOW voltage level, output is "OFF" 
X = Don't care 

RBI 

L 

H 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 

INPUTS 

D3 D2 D1 Do 
x x x x 
L L L L 

L L L L 
L L L H 
L L H L 
L L H H 
L H L L 
L H L H 
L H H L 
L H H H 
H L L L 
H L L H 
H L H L 
H L H H 
H H L l 

~l 
H L H 
H H L 
H H H 

x x x x 

• The RBI will blank the display only 1f a binary zero is stored in the latches. 
• • ABO/Bl used as an input ovemdes all other input conditions. 

SEGMENT IDENTIFICATION 
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NE589 
TEST CONDITIONS 

Min Typ Max 
UNIT 

--
From data to output 135 ns 

From LE to output 135 na 

85 ns 

From data to LE 75 na 

From LE to data 0 ns 

OUTPUTS 

a b c d a f g RBO 
DISPLAY 

STABLE STABLE 

L L L L L L L L BLANK 

H H H H H H L H 0 
L H H L L L L H 1 
H H L H H L H H 2 
H H H H L L H H 3 
L H H L L H H H 4 
H l H H L H H H 5 
H L H H H H H H 6 
H H H L L L L H 7 
H H H H H H H H 8 
H H H H L H H H 9 
H H H L H H H H a 
L L H H H H H H b 
H L L H H H L H c 
L H H H H L H H d 
H L L H H H H H e 
H L L L H H H H f 

L L L L L L L L" blank 
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LED DECODER/DRIVER 

NE589 PROGRAMMING 
NE589 output currant can be programmed 
by using a programming resistor, Rp, con· 
nectad between rp (pin 8) and Gnd (pin 9). 
The voltage at rp (pin 8) la constant 
( .. 1.3V ). A partial schematic of the volt· 
age reference used In the NE589 la shown In 
figure 1. 

vee 

r•••• 

Output current. to program current ratio, 
lo /Ip, Is 120 In the 1 Om A to 50mA range. 
Note that Ip must ba derived from a resistor 
(Rp), and not from a high Impedance source 
such aa an lour DAC used to control display 
brlghtneaa. 

Vs 

VrP 1.3V 
lp=-""-

Rp Rp 

Figura 1 

TIMING DIAGRAMS 

PROPAGATION DELAY, DATA TO OUTPUT 

OUTPUT 

_ ___,X ______ X..._ ___ _ 
t IPLH -1 1- IPHL --1 ___ ,r-----.\.....___ 

Figure 2 

PROPAGATION DELAY, LATCH ENABLE TO OUTPUT 

1-~L"I ~'•"LI 

Do·D3 

OUTPUT ____ / \.__ __ 
Figura 3 

NE589 

POWER DISSIPATION 
CONSIDERATIONS 
LED displays are power·hungry devices, 
and inevitably aomawhat Inefficient In their 
use of the power aupply neceaaary to drive 
them. Duty cycle control doea afford one 
way of Improving display efficiency, pro· 
vided that the LEDS are not driven too far 
into· saturation, but the Improvement Is mar· 
ginal. Operation at higher peak currents haa 
the addad advantage of giving much better 
matching of light output, both from segment· 
to-segment and dlglt-to·dlgit. 

An output current of 10 to 50mA was chosen 
so that it would be suitable for multiplexed 
operation of large size LED digits. When de· 
signing a display system, particular care 
must be taken to minimize power dissipation 
within the IC display driver. Since the output 
is a constant current source, all the remain· 
ing supply voltage, which is not dropped 
across the LED (and ihe digit driver, if 
used), will appear across the output. Thus, 
the power dissipation will go up sharply if 
the display power supply voltage rises. 
Clearly, than, it is good design practice to 
keep the display supply voltage as low as 
possible consistent with proper operation of 
the supply output current sources. Inserting 
a resistor or diode in series with the display 
supply is a good way of reducing the power 
dissipation within the integrated circuit seg· 
ment driver, although, of course, total sys· 
tern power remains the same. 

Power dissipation may be calculated as fol· 
lows. Referring to figure 5, the two system 
power supplies are Vee and Vs. In many 
cases, these will be the same voltage. Nee· 
essary parameters are: 

Vee, 
Vs, 
ice. 

ISEG• 
VF, 

Koc. 

Supply voltage to driver 
Supply voltage to display 
Quiescent supply current of 
driver 
LED segment current 
LED segment forward voltage at 
lseg 
% Duty cycle 

VF, the forward LED drop, depends upon the 
type of LED material (hence the color) and 
the forward current. The actual forward volt· 
age drops should be obtained from the LED 
display manufacturer's literature for the 
peak segment current selected; however, 
approximate voltages at nominal rated cur· 
rents are: 

Red 
Orange 
Yellow 
Green 

1.8 to 2.0V 
2.0 to 2.5V 
2.2 to 3.5V 
2.5 to 3.5V 
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LED DECODER/DRIVER NE589 

TIMING DIAGRAMS (Cont'd) These voltages are all for single diode dis· 
plays. Some early red displays had 2 aeries 
LEDS per segment; hence the forward volt· 
age drop was around 3.5V. 

LATCH ENABLE PULSE WIDTH, SET·UP AND HOLD TIMES 

~ \'wl 
1r··-~IH~ 

Do·D3 '11'!'1'J-'111111'11m'f11111'1fm.'""""""""""~ ~mrm----. 

OUTPUT >m< _________ _ 
Figure 4 

Thus a maximum power dissipation calcula· 
tion when till segments are on, is: 

Pd= Vee x tee+ <Vs-VF> x 1 x t88g x Koc 
mW 

Assuming Vs • Vee • 5.25V 
VF• 2.0V 
Koc= 100% 

Pd max =5.25 X 50 + 3.25 X 7 X 30 mW 
= 945 mW 

TYPICAL PERFORMANCE CURVES 

50 

40 

30 

20 

10 

0 
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OUTPUT CURRENT VS 
PROGRAM RESISTOR 

OUTPUT CURRENT VS 
OUTPUT VOLTAGE 

NORMALIZED OUTPUT CURRENT 
VS TEMPERATURE 

0 

40 

vdc = s.otOLTJ Vs 
I--t--T.=2S•c 

Vee= Vs=S.O VOLTS 
Rp '"'°" 7Kn 
OVER TEMP. RANGE 

112 

108 
v~e= ~s=~.o JoLT~ 

30 
Vour=2V 

~ 
~ 

'1-.. r-

[\_ 

1 
~ 

104 

~ 100 s 
.P 

96 

94 

....l::::::l 
,.... 

92 

l s 20 
.P 

10 

0 
12 24 48 96 192 0 1.0 2.0 3.0 4.0 5.0 6.0 0 10 20 30 40 50 60 70 80 

Rp(Kohms) 

NORMALIZED OUTPUT CURRENT 
VS SUPPLY VOLTAGE 

112 ,-..,.-..,--..,.--,,..-,--r--...-, 
V~=5.~V I 

106 1--+---+---+--+-Vour = 2.0V -
TEMP=25°C 

94 1---+---+--+--tl--+--+---+---I 

92 .__.....___.__._--''--~...L.......l........J 

4.0 4.5 5.0 5.5 6.0 

Vee (VOLTS) 

Your (VOLTS) 

SUPPLY CURRENT VS 
SUPPLY VOLTAGE 

70 ...---,-----.---.---,.-...., 
Vs= S.O VOLTS 

60 l---+--+-Vour=2.0VOLTS 
Rp ~ 7.0KO 
ALL OUTPUT ON 

50 1----t---t--+---+--i 

4.5 5.0 5.5 6.0 7.0 

Vee (VOLTS) 

TEMPERATURE (°C) 
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LED DECODER/DRIVER 

TYPICAL PERFORMANCE CURVES (Cont'd) 

SUPPLY CURRENT VS SUPPLY VOLTAGE 

NE5811 

4.4 4.8 s.2 s.e e.o e.c 
Vee (VOLTS)-+ 

TYPICAL APPLICATIONS 

DRIVING A SINGLE DIGIT 

•• 0-------1 

•• 0-------1 

., C>-------1 

Do C>-------1 

[I! 0-------1 

1111\0-------" 

NOTE 

Yee 

*0.01 .. 

..... B 

Decouoling capacitor on Vr.r: should be 0.0t µF ceremic 

Figure 5 

However, the average power dissipation will 
be considerably less than this. Assuming 5 
segments are on (the average for all output 
code combinations). then 

Pd av = 5.0 X 30 + 3.00 X 5 X 25 mW 
• 525mW 

Operating temperature range limitations can 
be deduced from the power dissipation 
graph in figure 9. 

However, a major portion of this power dissi
pation ·cpd max> is because the current 
source output Is operating with 3.25 .Y 
across it. In practice, the outputs operate 
satisfactorily down to 0.5V, and so the extra 
voltage may be dropped external to the inte
grated circuit. 

Suppose the worst case Vee/Vs supply is 
4.75 to 5.25V, and that the maximum VE for 
the LED display is 2.25V. Only 2. 75V is re
quired to keep the display active, and hence 
2.0V may be dropped externally with a resis
tor from Vee to Vs. The value of this resis
tor is calculated by: 

Rs= --2-·0-- ,. 100 (Iii w rating) 
7 X laeg 

assuming worst case lseg of 30 mA 
Hence now Pd max =Vee x •cc+ (Vs - Vv -

Rx x 7 x •aegl x 7 x x •seg 
XKoc 
• 5.25 x 50 + 1.25 x 7 x 30 
mW 
• 525mW 

and Pd av • 5.0 X 30 + 1.25 X 5 X 25 
= 308mW 

NE589 

If a diode (or 2) is used to reduce voltage to 
the display, then the voltage appearing 
across the display driver will be indepen
dent of the number of "ON" segments and 
will be equal to 

Vs - VF - nvd . v0 "" a.av 

Where n is the number of diodes used, pow
er diaaipation can be calculated in a similiar 
manner. 

In a multiplexed display system, the voltage 
drop across the digit driver must also be 
considered in computing device power dissi
pation. It may even be an advantage to use a 
digit driver which drops an appreciable volt
age, rather than the saturating PNP transis
tors shown in figura 8 . For example a dar
lington PNP or NPN emitter follower may be 
preferable. Figure 7 shows the NE591 as 
the digit driver in a multiplexed display sys· -
tern. The NE591 output drops about 1.BV 4 
which means that the power diBBipation is 
evenly distributed between the two integral- -
ed circuits. 

Where Vs and Vee are two different sup
olies, the Vs supply may be optimized for 
ninimum system power dissipation and I or 

cost. Clearly, good regulation in the Vs sup
ply is totally unnecessary, and so this supply 
can be made much cheaper than the regu
lated 5V supply used in the rest of the sys
tem. In fact a simple unsmoothed full-wave 
rectified sine wave works extremely well if a 
slight loss in brightness can be tolerated. A 
transformer voltage of about 3-4.SV rms 
works well in most LED display systems. 
Waveforms are shown below: 

The duty cycle tor this system depends upon 
Vs. VF and the output characteristics of the 
display driver. 

With 
Vs= 4.9V pk. 
VF= 2.0V 

The duty cycle is approximately 80%. 
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LED DECODER/DRIVER 

TYPICAL APPLICATIONS (Cont'd) 

4·DIGIT DISPLAY WITH BRIGHTNESS CONTROL 
AND LEADING EDGE RIPPLE BLANKING 

B B B B 

030----<l-+-+-f-l--+--~l-+-+-f-+--_..-+-l--!-+--I----' 
020---_._+-+-l--+----<l-+-+-f-+---+-4--!-+--I----' 
010----+->-+--+------~-+-----<1,..._+--+-----' 

000------........ -+-----+-+--+-----<1 ...... -+------' 

•o ., 
LE BRIGHTNESS CONTROL <>-----' 

Figure 6 

INTERFACING 8·DIGIT LED DISPLAY WITH µP BUS 
-----------~~~~~.~".-----

-=iL 
ADORES 
DECODE 

s 

1 

~I 

ADDRESS BUS 

NEHO 

l. o, o, 03 

.n..n. 

04 Os o. 07 

h"· 
B ----------------8 . b . d . ' • 

L=> 
1 

..... 

I Rp 

- Figure 7 
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LED DECODER/DRIVER NE589 

TYPICAL APPLICATIONS <Cont'dl 

4-DIGIT MULTIPLEXED LED DISPLAY 

DIGIT 1 

J J <> " 
~ -K v 

v DfQIT 2 

,.. 
v 

J 0-- ,..,. 
_:-i 

DIGIT3 

DIGIT 4 

B B B If n 
TI ] I ~ L :r I 

4 
I 

1.l 
_1 JJ .. ~ ~Vs 

µ~ •• <> ..... 
D1 

Do,.. I·••· 

CE,.. J -i-: i Ap -: 

Figure 8 

For additional Information, refer to the Applications Section. 
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ADDRESSABLE PERIPHERAL DRIVERS NE590/NE591 

DESCRIPTION 
The NE590/591 addressable peripheral 
drivers are high current latched drivers, 
similar in function to the 9334 address de
coder. The device has 8 Darlington power 
outputs, each capable of 250mA load cur
rent. The outputs are turned on or off by 
respectively loading a logic high or logic 
low into the device data input. The required 
output is defined by a 3·bit address.· The 
device must be enabled bya CE input line. 
A common clear Input, C"i:R, turns all ci.ut· 
puts off when a logic low is applied. 

The NE590 has 8 open collector Darlington 
outputs which sink current to ground. The 
device is packaged in a 16-pin molded or 
cerdip package. 

The NE591 has 8 open emitter Darlington 
outputs which source current to an external 
load from a common collector line, Vs. This 
Vs line need not necessarily be the same as 
the 5 volt Vee supply. The device is pack
aged in an 18-pin molded or cerdip pack-

· age. 

PIN DESIGNATION 

590 591 
SYMBOL 

PINNO. PINNO. 

1-3 2-4 Ao-A2 

4-7, 5-8, Oo-01 
9-12 11-14 

13 15 D 

14 16 CE 

15 17 CLR 

- 1 cs 
- 10 Vs 
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FEATURES PIN CONFIGURATION 
• 8 high current outputs 
• Low-loading bus compatible inputs 
• Power-on clear ensures safe operation 
• N E590 will operate in addressable or 

demultiplex mode 
• Allows random (addressed) data entry 
• Easily expandable 
• NE590 la pin compatible with 54n4LS259 

APPLICATIONS 
• Relay driver 
• Indicator lamp driver 
• Triac trigger 
• LED display digit driver 
• Stepper motor driver 

NAME & FUNCTION 

F,N PACKAGE 

NE590 

TOP VIEW 

ORDER NUMBERS 
NE590N,F 

F,N PACKAGE 

NE591 

TOP VIEW 

ORDER NUMBERS 
NE591N,F 

A 3-bit binary address on these pins defines which of the 8 output latches is to 
receive the data. 

The 8 device outputs. The NE590 has open collector Darlington outputs. The 
NE591 has open emitter follower outputs. 

The data input. When the chip is enabled, this data bit is transferred to the defined 
output such that: 

"1" turns output switch "ON" 
"O" turns output switch "OFF" 

Thus in logic terms, the NE590 inverts data to the relevant output. The NE591 
retains true data at the output. 

The chip enable. Wher\ this input is low, the output latches will accept data. When 
CE goes higb, all outputs will retain their existing state, regardless of address or 
data input conditions. 

The clear input. When CLR goes low all output switches are turned "OFF". On the 
NE590, a high data input will override the clear function on the addressed latch. On 
the NE591, CLR low will override any other condition. 

The chip select input provides for an additional level of address decoding. 

The Vs line provides the power to all 8 output devices. It is connected to the 
collectors of all 8 output transistors. This pin may be connected to the Vee or 
another supply. 
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ADDRESSABLE PERIPHERAL DRIVERS 

TRUTH TABLE (NE590) 

INPUTS 

CLR CE D Ao A1 A2 

L H x x x x 

L L L L L L 
L L H L L L 
L L L H L L 
L L H H L L 
L L L H H H 
L L H H H H 

H H x x x x 
H L L L L L 
H L H L L L 
H L L H L L 
H L H H L L 
H L L H H H 
H L H H H H 

X Don't care condition 
ON 1 Prevmus output state 
L Low voltage level/"ON" output state 
H Htgh voltage tevel/"OFF" output state 

(NE591) 

INPUTS 

CLR CE cs D Ao A1 A2 

L x x x x x x 
H H H x x x x 
H H L x x x x 
H L H x x x x 
H L L L L L L 

H L L H L L L 
H L L L H L L 

H L L H H L L 
H L L L H H H 

H L L H H H H 

X ""' Don't care 
ON- 1 "" Previous output state 
L = Low voltage levet/"OFF" output state 
H = High voltage level/"ON" output state 

OUTPUTS 

Oo 01 02 03 04 05 Os 

H H H H H H H 

H H H H H H H 
L H H H H H H 
H 'H H H H H H 
H L H H H H H 
H fi H H H H H 
H H H H H H H 

ON-1 

H ON-1 

L ON-1 

ON-1 H ON-1 

ON-1 L ON-1 

ON-1 

ON-1 

OUTPUTS 

Oo 01 02 03 04 05 

L L L L L L 

ON-1 

ON-1 

ON-1 

L ON-1 

H ON-1 

ON-1 L ON-1 

ON-1 H ON-1 

ON-1 

ON-1 

NE590/NE591 

MODE 

07 

H Clear 

H 
H 
H Demultiplex 
H 
H 
L 

Memory 

~ 

Addressable 
H Latch 
L 

4 -

MODE 

Os 07 

L L Clear 

.... 
Memory 

::;;; 

~ 

Addressable 
Latch ..... 

~ L 
~ H 
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ADDRESSABLE PERIPHERAL DRIVERS NE590/NE591 

ABSOLUTE MAXIMUM RATINGS TA= 25°C unless 
otherwise specified. 

PARAMETER RATING 

Vee Supply voltage -0.5 to +7 
V1N Input voltage -0.5 to +15 
Vour Output voltage 

NE590 o to +7 
NE591 Oto Vee 

Vs Source bus voltage 
NE591 only -0.5 to +7 

Vs-Vee Source/supply differential 
voltage 

NE591 only -5 to +2 
lour Output current 

Each output 300 
All outputs 1000 

(NE~91 ONLY) 

INPUT STAGE OUTPUT STAGE tc -r-KT 
~ ~ .. R 

NE590 

Po Power dissipation1 1 
Temperature range 

TA Ambient o to +70 
TJ Junction 165 
TsTG Storage -65 to +150 
Tsold Lead soldering temperature 300 

110sec maxi 

DC ELECTRICAL CHARACTERISTICS Vee= 4.75 to 5.25V, 0°c :s TA :s 70°C unless otherwise specified.2.3 

PARAMETER TEST CONDITIONS 

Input voltage 
V1H High 
V1L Low 

Output voltage 
VOL Low INE590 onlyi loL = 250mA, TA = 25°C 

Over temperature 
VoH High INE591 only! loH = -250mA, Vee =Vs = 5V 

Input current 
l1H High Vin= Vee 
l1L Low Vin= OV 

CE input 
All other i!JE..uts 

loH Leakage current Vour= 5.25V 

L 
Supply current4 Vs= Vee= 5V 

leeL All outputs low 
NE590 
NE591 

lecH All outputs high 
NE590 
NE591 

NOTES 

1. Derate power dissipation as indicated above threshold ambient temperature 
NE590N at 9.3 mW!°C above 85°C 
NE590F at 7.5 mW/°C above 65"C 
NE591N at 11.s mWt°C above 100°c 
NE591F at 10.7 mW/°C above 72°C 

2. All typical va!ues are at Vee SV and TA 25°C 
3 For the NE591, Vs -c Vee in al! tests 
4. Supply current for the NE59'1 is measured with no output toad 
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LIMITS 

Min Typ Max 

2.0 
0.8 

1.0 1.3 
1.5 

2.9 

0.1 10 

-25 -60 
-15 -50 
10 250 

33 50 
15 50 

15 50 
30 50 

UNIT 

v 
v 
v 

v 

v 

mA 

w 
oc 

oc 

UNIT 

v 

v 

µA 

µA 

mA 
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ADDRESSABLE PERIPHERAL DRIVERS 

SWITCHING CHARACTERISTICS Vee= 5V, TA= 25°C 

PARAMETER TO FROM 

Propagation delay time 
tPLH Low to highs 

Output CE 
tPHL High to lows 

tPLH Low to high6 
Output Data 

tPHL High to lows 

tPLH Low to high7 
Output Address 

tPHL High to low7 

tPLH Low to high8 
Output CLR 

tPHL High to lows 

tPLH Low to highs 
Output cs 

tPHL High to lows 

SWITCHING SET-UP REQUIREMENTS 
ts(H)9 Chip enable High data 
ts(L)9 Chip enable Low data 

ts(A)10 Chip enable Address 

th(H)9 Chip enable High data 
th(L)g Chip enable Low data 

ts1es19 Chip enable Low chip select 

tpw(E) Chip enable pulse widths 

NOTES 

5. See Turn-On and Turn-Off Delays, Enable to Output and Enable Pulse Width timing 
diagram 

6. See Turn·On and Tum-Off Delays, Data to Output timing diagram. 
• 7 See Turn-On and Turn-Off Delays. Address to Output lil'lling diagram. 
8. See Turn-Off Delay, Clear to Output t1minQ ni1H1t.1m 

9. See Setup and Hold Ttme, Data tn Fr1nbll:' t11n11ig diagram 
10 See Setup Time. Address to Enable t11111ng diagram 

NE590/NE591 

NE590 NE591 
UNIT 

Min Typ Max Min Typ Max 

ns 

65 150 50 80 
115 230 70 120 

65 130 45 70 
120 240 65 100 

100 200 45 80 
130 260 75 140 

65 130 
45 140 

40 80 
70 120 

210 60 50 15 ns 
210 105 80 60 ns 

+20 -5 +20 -20 ns 

-20 60 0 -60 ns 
-20 60 + 10 -15 ns 

80 50 ns 

300 140 100 50 ns 

TURN-ON AND TURN-OFF DELAYS, ENABLE TO OUTPUT 
AND ENABLE PULSE WIDTH 

TURN-ON AND TURN-OFF DELAYS, DATA TO OUTPUT 

- tpw 
\. / 

CE IPLH 1-i IPHL 1-1 
'\j 

Q (NE590J ~ 

IPHL - 1PLH 1-1 

IPHL ..... 

(NE591) 
I\ ) Q 

Q (NE591) 

Other lnpu\s· CLR H. A Stable. Cs L Other Inputs· Ce CS L. CLA H. A Stable 
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ADDRESSABLE PERIPHERAL DRIVERS 

TURN-ON AND TURN-OFF DELAYS, ADDRESS TO OUTPUT 

Other Inputs: Ce= L. CLR = L, 0 = H 

SETUP TIME, ADDRESS TO ENABLE 

Other Inputs: CLR ,_.., H. C§ = L 

OUTPUT VOLTAGE VS LOAD CURRENT(NE590) 

E 
~ 

~ 
1.0 

~ 0.8 :0 s 
0 

0.6 

0.4 ~-~--'---'---'---' 
0 50 100 150 200 250 

OUTPUT LOAD CURRENT (mA) 

OUTPUT VOLTAGE DROP VS LOAD CURRENT(NE591) 

2.0 .---.---~-~--~-~ 

~ l~~;;;:::.--t~i-;=:~;;t:~ ~ 1.1 ru~ I __.. 
a. 2s c I __............-
.g 1.6 1-..,..4V-;,__+---+--+--~ 

70~ 

~ 14 1---1---+---+--+---I 

~ - 1.2 ~--+--+---1---+---I 
0 

1.0 '---'---'---'---'--....J 
so 100 150 ·200 ·250 

OUTPUT LOAD CURRENT (mA) 
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NE590/NE591 

TURN-OFF DELAY, CLEAR TO OUTPUT 

' 1\ 

IPLH 1--

0 INE590) } 

1-- IPHL 

0 (NES91) ~ 
Other Inputs: Ce "'H. CS= H 

SETUP AND HOLD TIME, DATA TO ENABLE 

Q (NE590) •• 11111 
O(NE591) II 
Other Inputs· "CtR H. A · Stable. Cs -o L 

µP 

110 
CONTROL 

INTERFACING THE 590/591 WITH A 
MICROPROCESSOR SYSTEM 

~-~DATA ~ BUS 

,_ ___ _.am 

CLEAR----+-----------' 

Ai1. A1. A-;. and Cs may be connected to the 

address bus if permitted by system design. 
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ADDRESSABLE PERIPHERAL DRIVERS 

TYPICAL APPLICATIONS ICont'dl 

NE590 DRIVING SIMPLE LOADS 

+5V 

±6V 
a, 
a, 
a, 

590 a, 
a, RELAY 

Ce a, LOAD 

a, 
a, 

-= 

+SY 

l 

NE590/NE591 

NE590 OPERATING IN DEMULTIPLEX MODE 

r 

+5V 

------.·· ____ __,., 
i------i•2 

+5V 

Oo 
o, 
o, 
o, 
04 
o, 
05 

~;:;...""'"'r--v o, 
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VACUUM FLUORESCENT DISPLAY DRIVER 

DESCRIPTION 
The SA/NE594 ls a display driver Interface for 
vacuum fluorescent displays. The device Is 
comprised of 8 drivers and a bias network and 
is capable of driving the digits and/or seg
ments of most vacuum fluorescent displays. 

The Inputs are designed to ba compatible 
with TTL, DTL, NMOS, PMOS or CMOS out· 
put circuitry. 

There la an active pull·down circuit on each 
output so that display ghosting la minimized 
and no external components are required for 
most fluorescent dlaplay applications. 

FEATURES 
• Digit and/or segment drivers 
• Active output pull-down circuitry 
• High output breakdown voltage 
• Low 1upply voltage 
• Input compatible with all !ogle output• 

APPLICATIONS 
• Dlgltal clocks 
• Dashboard dlaplaya 
• Panel dlaplaya 

ABSOLUTE MAXIMUM RATINGS Cat 2s•c unless otherwise noted) 

PARAMETER 

Vee Supply voltage 
Vour Output voltage 
V1N Input voltage 
IOUT Output current 

Each output 
All outputs 

'Pd Power diselpatlon' 
Cat 25°Cl 

TA Operating temperature range 
NE 
SA 

TsTG Storage temperature range 
TJ Maximum Junction temperature 
TsoLO Lead soldering temperature 

(10seconda) 

NOTE 

'Der1te N (Pl11tlc) P1ck1ge above 38°C at 7.14 mWl'C. 
Derate F (Ceramic) Package above 76'0 at 1Q.~ mW / •c. 

EQUIVALENT SCHEMATIC 

RATING 

45 
Vee 

-0.3, +20 

50 
200 
800 

o to 70 
-40to +es 

+65 to +150 
-185 

300 

r-------------------------------x1 

10K 10K 

UNIT 

v 

v 

mA 
mA 
mW 

•c 
•c 
•c 
•c 
•c 

R9 150K 

.__._~..._~~~-+---+-~~~~~.~~~~--<>--~~<>ONO 

---------------------------------· 
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SA/NE594 

PIN CONFIGURATION 

NOTES: 

N, F PACKAGE 

TOP VIEW 

ORDER NUMBERS 
SA/NE594N SA/NE594F 

01 PACKAGE 

TOP VIEW 

ORDER NUMBER 

NE594D' 

OUT 1 

OUT2 

OUT3 

OUT4 

OUT5 

OUTS 

OUT7 

OUTS 

V+ 

NC 

1. SOL • Released In Large SO package only. 
2. SOL .!!1£1 non-standard plnout. 
3. SO and non-standard pinouts. 
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VACUUM FLUORESCENT DISPLA V DRIVER SA/NE594 

DC ELECTRICAL CHARACTERISTICS Vee= +4.75 to +40V, TA (NE)= Oto 10°e, TA (SA)= -40 to +85°e unless otherwise 

stated. 

LIMITS 

PARAMETER TEST CONDITIONS f-- UNIT 
Min Typ Max 

--
Vee Supply voltage range 4.75 35 40 v 

ieeH Supply current (all outputs high) Vee= 4ov VIN= 3.SV 3 6 mA 
leeL Supply current (all outputs low) Vee= 40V V1N = 0.4V 0.4 1 mA 

V1N Input vol!age range 0 15 v 
V1H Input voltage to ensure logic '1' 2.6 v 
V1L Input voltage to ensure logic 'O' 0.8 v 

l1H Input current to ensure logic ' 1' 100 µA 
l1L Input current to ensure logic 'O' 10 µA 
l1N Input current V1N = 2.6V 60 130 µA 

V1N = 5.0V 180 330 µA 
V1N = 15.0V .68 1.3 mA 

VoH Output high voltage V1N = 3.5V 1 TA= 2s 0 e Vcc-1.s Vcc-1.t v 

lour = -25mA [ Over Temp. Vee -2 Vcc-1.s v 

Vour with respect to Vee 

VoH Output high, no load voltage V1N = 3.5V 
lour= o. TA=2s 0 e Vcc-1 Vcc-·O.s v 

Vour with respect to Vee 

VoFF Output 'OFF' voltage level v 1N = o.av 10 200 mV 
iour = o 

--t----!-----
IOH Available output current Vee= 35V V1N = 3.5V -35 mA 

Vour = 30V 
TA= 2s 0 e 

lour Output pulldown current Vee= Vour = 35V 100 200 400 µA 
Inputs open 

ieex Output leakage current TA= 2s 0 e V1N = 0.4V -1 µA 
Vee= 40V, Vour = ov -1 

AC ELECTRICAL CHARACTERISTICS1 Vee = 35V, r A = 25•e 

NE/SA594 
PARAMETER TEST CONDITIONS UNIT 

Min Typ Max 

IPdLH Propagation delay • low to high 
output transition. 50% V1N to 50% Vour 1 5 µS 

IPdHL Propagation delay · high to low 
output transition. 50% V1N to 50% Vour 3 10 µS 

tR Output rise time 10% Vour to 90% Vour 0.5 3 µS 

IF Output fall time 90% Vour to 10% Vour 1.5 5 µS 

NOTE 

1. See figure 1 
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VACUUM FLUORESCENT DISPLAY DRIVER SA/NE594 

SWITCHING TIMES OF DRIVERS 

VOLTAGE WAVEF,ORMS TEST CIRCUIT 

~,._.,__ ______ PRR -------• 

SV •------l ___ \ r 
··~~-k 1-'"-1

-PDHl.------1 

vcc = asv 

Your 

10% ov-----

TYPICAL PERFORMANCE ·cHARACTERISTICS 
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''" (µA) 

400 l----+--7''+----1-·--I 

10 15 20 

OUTPUT VOLTAGE VS OUTPUT CURRENT 

Your 
(V) 

Vee 

10 

TA 001 2s-c -
~ 

\ 

20 30 40 ~so 

•our (mAl ---... 

v,. 
~RR= 10kHz 
IR = IF = (SOne) 

INCLUDES PROBE ANO 
FIXTURE CAPACITANCE 

Figure 1 

•ccH VS TEMPERATURE 

• 
•ccH 
{mA) 2 

t---J 
VCC"'40V 

0 
-40 

-

25 50 85 

Tem1Mrature "C ~ 

Ice vs Vee (ALL INPUTS HIGH) 

t 3 

ICC!i 

(mAJ 2 

IT 
0 

0 

IL 
~ .L.. 

v v TA=25°C 

l 

10 20 30 40 50 

vccW) ___. 
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HJGH VOLTAGE/HIGH CURRENT DARLINGTON TRANSISTOR ARRAYS ULN2003/04 

DESCRIPTION 
These high-voltage, high-current Darling
ton transistor arrays are comprised of seven 
silicon NPN Darlington pairs on a common 
monolithic substrate. All units feature open 
collector outputs and integral suppression 
diodes for inductive loads. Peak inrush cur
rents to 600mA are allowable, making them 
ideal for driving tungsten filament lamps 
also. 

The Type ULN2003 has a series base resis· 
tor to each Darlington pair, and thus 
allows operation directly with TTL or 
CMOS 5V supply voltage. 

The Type ULN2004 has an appropriate 
series input resistor to allow its operation 
directly from CMOS or PMOS outputs uti· 
lizing supply voltages of 6 to 15V. The 
required input current is below that of the 
Type ULN2003. 

In all cases, the individual Darlington pair 
collector current rating is 500mA. However, 
outputs may be paralleled for higher load 
current capability. All devices are supplied 
in a 16-pin dual in-line plastic package. 

FEATURES 
• Peak inrush current 600mA 
• Protected internally against induciive 

loads 
• Open collector topology 
• Compatible with most logic technologies 

EQUIVALENT SCHEMATICS 

TYPE ULN2003 
(each driver) 

--nl--<ICOM 

' I 
I 

2.7K 

L-----------+:l---

10.5K 

TYPE ULN2004 
(each driver) 

~------------+::>-~--

I 
I 

~ 
' ...... .J 

' .......... 

ABSOLUTE MAXIMUM RATINGS at 25•c Free-Air temperature for any one 
Darlington pair unless otherwise specified. 

PARAMETER RATING 

Vee Output voltage 50 
VtN Input voltage 30 
Veso Emitter base voltage 6 
le Continuous collector current 500 
Is Continuous base current 25 
Po Power dissipation 1.3 

Derating factor above 25°C 95 
TA Ambient temperature range !operating! Oto +85 
Ts Storage temperature range -65 to +150 

'NOTE 
Under normal operatmg conditions, these units will sustain 350mA per output with 
Vce(SAT)""' 1.6V at 70°C with a pulse width of 20 ms and a duty cycle of 30%. 

4-170 

UNIT 

v 
v 
v 

mA 
mA 
w 

•c1w 
•c 
•c 

PIN CONFIGURATION 

D,N,F PACKAGE 

TOP VIEW 

ORDER NUMBERS 
ULN2003D,N,F 
ULN20040,N,F 
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HIGH VOLTAGE/HIGH CURRENT DARLINGTON TRANSISTOR ARRAYS 

DC ELECTRICAL CHARACTERISTICS TA= 25°C unless otherwise specified 1.2.3 

PARAMETER TEST CONDITIONS 

le Ex Output leakage current VeE = 50V, TA= 70°C 
Type ULN2004 VeE = 50V, TA= 70°C, V1N = 1V 

VeE(SAT) Collector-emitter le = 350mA, Is= 500µA 
Saturation voltage le = 200mA. Is = 350µA 

le= 100mA, Is= 250µA 

llN(ON) Input current 
Type ULN2003 V1N = 3.85V 
Type ULN2004 V1N = 5V 

V1N = 12V 

llN(OFF) Input current le= 500µA, TA= 70°C 

ViN(ON) Input voltage 

Type ULN2003 VeE - 2V, le - 200mA 
VeE = 2V, le = 250mA 
VeE = 2V, le = 300mA 

Type ULN2004 VeE = 2V. le= 125mA 
VeE = 2V, le = 200mA 
VeE = 2V, le= 275mA 
VeE = 2V, le= 350mA 

C1N Input capacitance 

IR Clamp diode leakage VR = 50V 
current 

VF Clamp diode forward voltage IF= 350mA 

NOTES 

1 All l1m1ts stated apply to the complete Darlington series except as specified tor a single 
device type 
The l1N10FF1 current limit guarantees against partial tum-on of the output 

The V1N(ONJ voltage l1m1t guarantees a minimum output s1nK current per the spec1f1ed 
test conditions 

Test 
Fig. 

1A 
19 

2 
2 
2 

3 
3 
3 

4 

5 
5 
5 
5 
5 
5 
5 

-

6 

7 

AC ELECTRICAL CHARACTERISTICS TA= 25°C unless otherwise specified 1.2.3 

PARAMETER TEST CONDITIONS 

IPLH Turn-on delay 0.5 E1N to 0.5 Eour 

IPHL Turn-off delay 0.5 E1N to 0.5 Eour 

NOTES 
1 All limits stated apply to the complete Darlington series except as spec1f1ed !or a single 

device type 
The liN(OFFi current limit guarantees against partial turn~on of the output 
The V1NiONi voltage 11m1t guarantees a m1n1mum output sink current per the specified 

test conditions 

Test 
Fig. 

-
-

ULN2003/04 

LIMITS 
UNIT 

Min Typ Max 

- - 100 µA 
- - 500 µA 

- 1.25 1.6 v 
- 1.1 1 3 v 
- 0.9 1.1 v 

- 0.93 1.35 mA 
- 0.35 0.5 mA 
- 1.0 1.45 mA 

50 65 - µA 

- - 2.4 v-
- - 2.7 v 7 - - 3.0 v 
- - 5.0 v 
- - 6.0 v F--
- - 7.0 v 
- - 8.0 v 
- 15 30 pF 

- - 50 µA 

- 1.7 2 v 

LIMITS 
UNIT 

Min Typ Max 

- 1.0 5 µS 

- 1.0 5 µS 
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HIGH VOLTAGE/HIGH CURRENT DARLINGTON TRANSISTOR ARRAYS ULN2003/04 

TYPICAL PERFORMANCE CHARACTERISTICS 

COLLECTOR CURRENT AS A FUNCTION 
OF 

COLLECTOR CURRENT AS A FUNCTION 
OF 

ALLOWABLE AVERAGE PACKAGE 
POWER 

_u 

SATURATION VOLTAGE INPUT CURRENT 

"' 600 

SATURATION VOLTAGE VCE(SAT) INPUT CURRENT IN 1;A · I IN 

DISSIPATION AS A FUNCTION OF 
AMBIENT TEMPERATURE 

~ . . . • 
~ 
z 
0 
;: 
~ 
~ 

10 

i5 
~ • ~ 
w 05 
~ 

~ 

~ 
w 
;; . • g so 100 150 

~ AMBIENT TEMPERATURE IN C 

INPUT CURRENT AS A FUNCTION OF 
INPUT VOLTAGE FOR TYPE ULN2003 

INPUT CURRENT AS A FUNCTION OF 
INPUT VOLTAGE FOR TYPE ULN2004 

z 

. 
i 
u . 
~ 

25 

20 

" 
10 

05 

0 

' 

~ 

ULJ;OOJ 

f.:. 2.0 f---+-+--+--+--.__-+---4 L 7 
L 

~--~ ,c,~v,/I 

/_ <',~ 
,,-' 

,,-' 

o'----'--i----'--'---'-----'-___, 
' 10. " 

INPUT VOLT AGE VIN INPUT VOLTAGE VIN 

TEST FIGURES 

OPEN 

OPEN 

~ 

l 
Figure 1A 
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OPEN 

1 
_ __y" 

Figure 1B 

OPEN 

Figure 2 

'c 
HFE = -

'• 

'c 
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HIGH VOLTAGE/HIGH CURRENT DARLINGTON TRANSISTOR ARRAYS 

TEST FIGURES 1cont'dl 

OPEN 

OPEN 

Figure 3 

Figure 6 

TYPICAL APPLICATIONS 

TTL TO LOAD 

ULN2003 
. v 

+SOY 

OPEN •50V 

Figure 4 

BUFFER FOR HIGHER 
CURRENT LOADS 

ULN2004 

OPEN 

Figure 7 

ULN2003/04 

OPEN 

Figure 5 

-4 -
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L VDT SIGNAL CONDITIONER 

DESCRIPTION 
The NE5520 Is a signal conditioning. cir.· 
cult for use with Linear Variable Dlfferen· 
tlal Transformers (LVDl). The chip Includes 
a low distortion amplitude stable sine 
wave oscillator with programmable fre· 
quency to drive the primary of the LVDT; a 
synchronous demodulator. to convert the 
LVDT output amplitude and phase to posl· 
tlon Information; and an output amp to 
provide gain and fllterlng. 

ABSOLUTE MAXIMUM RATINGS 
PARAMETER 

Supply voltage 
Split SL!PPIY voltage 
Operating temperature range 
Storage temperature range 
Power Dissipation (Note 1) 

BLOCK DIA.GRAM 

12 

NOTES: 

FEATURES 
• Oscillator frequency: 1kHz to 20kHz 
• Low distortion 
• Capable of ratlometrlc operation 
• Slngle supply operation SY to 20Y or 

dual supply :t 2.SY to :t 10Y 
• Low power consumption 

APPLICATIONS 
• LYDT slgnal conditioning 
• AYDT slgnal conditioning 

RATING UNIT 

+20 v 
:1:.10 v 

Oto +70 ·c 
-65 to + 165 ·c 

840 mW 

1. Supplied only In l•llJ• SO (Small Oudlne) package. Saa paekage diagram. 
2. Pin .flumbera are for N package. 
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NE5520 

PIN CONFIGURATION 

NOTES: 

D1, F PACKAGE 

N PACKAGE 

TOP VIEWS 
ORDER NUMBERS 

NEG520D1 
NE5520F (16-Plni NE5520N (14·Pln) 

1. SOL • Reloued In Large SO package only. 
2. SOL and non-standard plnout. 
3. SO and non-etandard plnouta. 

11 

10K 
FEEDBACK 

Oi1! 

10 
08C 

Vlll!F/2 
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L VDT SIGNAL CONDITIONER NE5520 

DC ELECTRICAL CHARACTERISTICS TA= 25°C, VR = V + = 1ov unless otherwise specified. 

NE5520 
PARAMETER TEST CONDITIONS UNIT 

Min Typ Max 

Supply current Over temp. 7.0 10 mA 

Reference current Over temp. 5.5 10 mA 

Reference voltage range Over temp. 5 V+ v 

Power dissipation 120 220 mW 

Osclllator section 

Oscillator output 
VR 

Vrms 8.f 
Sine wave distortion 4 % 

Initial amplitude error :!:3 % 

Tempco of amplitude 0.05 o;.1•c 

Voltage coef. of amplitude error 2.5 %/V 

_Initial accuracy of osc. frequency 20 % 

Tempco of frequency error 0.05 %/'C 

Voltage coef. of frequency 2.5 %/V (VRl 4 
15 mA (rms) 

Oscillator output load current 
Over temp. 8 mA (rms) 

-
Demodulator section 

Linearity error Over temp. 0.05 0.1 % 

Maximum demodulator input Over temp. range ~-0.5 VR 0 5 2+ . v 

Demodulator offset voltage Over temp. range 65 mV 

Demodulator input current Over temp. -1000 -300 nA 

VR/2 accuracy Over temp. -3 :l:0.5 +3 % 

Auxlllary Output Amplifier 

Input offset voltage Over temp. -10 10 mV 

Input bias current Over temp. range -500 -300 nA 

Input offset current -100 100 nA 

Gain RL = 10kll over temp. 100 V/mV 

Slew rate 1.5 V/"sec 

Gain bandwidth Av= 1 1 MHz 

Output voltage swing RL = 10K over temp. 1.5 V+ -1.5 v 

Output short circuit current 50 mA 

NOTE 
Rating applies to ambient temperatures up to 1o•c. Above 1o•c derate linearly at 7.6mW/°C for the plastlc package and 7.3mW/°C for the cerdip package. 
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L VDT SIGNAL CONDITIONER 

TYPICAL PERFORMANCE CHARACTERISTICS 

4-176 

IA AND 1+ vs TEMPERATURE 

. 

"' ............. 
f'-..... '• 

............. 
i--- ~ 

..... 
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TA(°C) 
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~ 
Q 0.1 
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!"" 
0.001 
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DISTORTION OF SINE WAVE 
vs REFERENCE VOLTAGE 
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y+ •VR(VOLTS) 

{ 

IR AND 1• vs VOLTAGE 
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LVDT SIGNAL CONDITIONER 

TYPICAL SINGLE SUPPLY LVDT CIRCUIT 

M 
CT 

0.033 ,,I J 
•pk+ 

""""' VR/2_., 

C1 

LOW PASS 
FILTER 

13 

R 

Rt 

12 

SINE WAVE 
CONVERTER 

BIAS CKT 

OUTPUT 
SIGNAL 

vcc 
+10V 

14 

NE5520 

...Y' osc 

osf\..-
10 - _L'!,2! - -

For additional Information, refer to the Applications Section. 
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SAMPLE AND HOLD CIRCUITS-SYMBOLS AND DEFINITIONS 

Acquisition Time 
The time required to acquire a new analog input voltage with an 
output step of 10V. Note that acquisition time is not just the 
time required for the output to settle, but also Includes the time 
required for all internal nodes to settle so that the output 
assumes the proper value when switched to the hold mode. 

Aperture Delay Time 

The time elapsed from the hold command to the opening of the 
switch. 

Aperture Jitter 

Also called "aperture uncertainty time", it's the time variation or 
uncertainty with which the switch opens, or the time variation In 
aperture delay. 

Aperture Time 

The delay required between "hold" command and an input 
analog transition, so that the transition does not affect the hold 
output. 

Dynamic Sampling Error 

The error introduced into the held output due to a changing 
analog input at the time the hold command is given. Error is ex
pressed in mV with a given hold capacitor value and Input slew 
rate. Note that this error term occurs even for long sample times. 

Effective Aperture Delay 
The time difference between the hold command and the time at 
which the input signal is at the held voltage. 

Figure Of Merit 
The ratio of the available charging current during sample mode 
to the leakage current during hold mode. 

4-178 

Gain Error 
The ratio of output voltage swing to input voltage swing in the 
sample mode expressed as a percent difference. 

Hold-Mode Droop 
The output voltage change per unit of time while In hold. Com· 
monly specified in Vis, p,Vlµ,s or other convenient units. 

Hold·Mode Feed Through ' 
This percentage of an input sinusoidal signal that is measured at 
the output of a sample-hold when It's in hold mode. 

Hold Settling Time 
The time required for the output to settle within 1mV of final 
value after the "hold" logic command. 

Hold Step 
The voltage step at the output of the sample and hold when 
switching from sample mode to hold mode with a steady (de) 
analog input voltage. Logic swing is 5V. 

Sample-To-Hold Offset Error 
The difference In output voltage between the time the switch 
starts to open, and the time when the output has settled com
pletely. It is caused by charge being transferred to the hold . 
capacitor switch as it opens. 

Slew Rate 

The fastest rate at which the sample & hold output can change 
(specified in Vlp.s). 

Threshold 
Level shall be defined as that level which causes the switch con· 
trol to change state. 
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MONOLITHIC SAMPLE AND HOLD CIRCUITS LF198/LF298/LF398 

DESCRIPTION 
The Signellcs LF198/LF298/LF398 are 
monolithic sample and hold circuits which 
utilize high-voltage Ion Implant JFET tech· 
nology to obtain ultra-high DC accuracy 
with fast acquisition of signal and low 
droop rate. Operating as a unity gain fol
lower, DC gain accuracy Is 0.002% typical 
and acquisition time is as low as 6µs to 
0.01 % . A bipolar input stage is used to 
achieve low offset voltage and wide band· 
width. Input offset adjust is accomplished 
with a single pin and does not degrade 
input offset drift. The wide bandwidth 
allows the LF198 to be included inside the 
feedback loop of 1 MHz op amps without 
having stability problems. Input imped
ance of 10100 allows high source imped
ances to be used without degrading accu
racy. 

P·channel junction FET's are combined with 
bipolar devices in the output amplifier to 
give droop rates as low as 5mV /min withs 
1µF hold capacitor. The JFET's have much 
lower noise than MOS devices used in pre
vious designs and do not exhibit high tern· 
perature instabilities. the overall design 
guarantees no feed-through from input to 
output in the hold mode even for input sig
nals equal to the supply voltages. 

Logic inputs are fully differential with low 
input current, allowing direct connection 
to TTL, PMOS, and CMOS. Differential 
threshold Is 1.4V. The LF198/LF298/LF398 
will operate from ± 5V to ± 18V supplies. 
They are available in an B·lead T0-5 pack
age, or an 8-pln plastic DIP. 

FUNCTIONAL DIAGRAM 

OFFSET 

• 
HOl.D 

CAPACITOR 

FEATURES 

• Operat&B from ± 5V to ± 18V suppll&B 
• LeH than 10µs acquisition time 

F,NPACKAGE 

• TTL, PMOS, CMOS compatible loglc 
Input 

• 0.5mV typical hold step at Ch = 0.01µF 
V+OB LOGIC OFFSET 2 ? LOGtc 

VOLTAGE REFERENCE 

• Low Input offset INPUT 3 6 Ct. 

• 0.002% gain accuracy v- 4 5 OUTPUT 

• Low output noise In hold mode 
• Input characteristics do not change 

during hold mode 
• High supply rejection ratio In sample or 

hold 
• Wide bandwidth 

APPLICATIONS 
• The LF198/LF298/LF398 are id&Blly 

suited for a wide variety of sample and 
hold applications including data 
acquisition, analog-to-digital 
conversion, synchronous demodu· 
lation, and automatic test setup. 

NOTES: 

TOP VIEW 

ORDER NUMBERS 
LF198F, LF298F, LF398F 

LF198N, LF298N, LF398N 

H PACKAGE 
LOGIC 

v-

TOP VIEW 

ORDER NUMBERS 
LF198H, LF298H, LF398H 

oa PACKAGE 

TOP VIEW 

ORDER NUMBER 
LF398D 

1. SOL - Released in Large SO package only. 

OUTPUT 

2. SOL and non-standard pinout. 
3. SO and non-standard pinouts. 

TYPICAL APPLICATIONS 

ANALOG INPUT 

SAMPLE sv-jLOGIC 

HOLD OV __j INPUT 

v+ 

OUTPUT 
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MONOLITHIC SAMPLE AND HOLD CIRCUITS lf198/LF298/LF398 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER RATING UNIT 

Supply voltage ±18 v 
Power dissipation (package limitation)' 500 mW 
Operating ambient temperature range 

LF198 -5510 +125 •c 
LF298 -25 to +85 •c 
LF398 o to +70 •c 

Storage temperature range -65 to +150 ·c 

Input voltage 
Equal to 

supply voltage 
Logic to logic reference differential voltage' +7, -30 v 
Output short circuit duration lnde-linite 
Hold capacitor short circuit duration 10 sec 
Lead temperature (soldering, 1 Osec) 300 ·c 

DC ELECTRICAL CHARACTERISTICS Unless otherwise specified, the following conditions apply. Unit is in "sample" mode, 
Vs= ± 15V, Tj = 25°C, -11.5V s V1N s +11.5V, ch= 0.01µ1', and RL = 10kll. Logic 
reference voltage = OV and logic voltage = 2.5V. 

LF198/LF298 LF398 
PARAMETER TEST CONDITIONS UNIT 

Min Typ Max Min Typ Max 

Input offset vo/tage6 T1=25'C 1 3 2 7 mV 
5 10 mV 

Input bias currents T1=25'C 5 25 10 50 nA 
Full temperature range 75 100 nA 

Input impedance Ti= 25'C 1010 1010 !l 

Gain error T1 = 25'C, RL = 10K 0.002 0.005 0.004 O.D1 % 
Full temperature range 0.02 0.02 % 

Feedthrough attenuation ratio at 1kHz T1= 25'C, Ch= 0.01µF 86 96 80 90 dB 

Output impedance r,=25'C, "HOLD" mode 0.5 2 0.5 4 {l 

Full temperature range 4 6 !l 

"HOLD" step4 T1=25'C, Ch=0.01µF, Vour=O 0.5 2.0 1.0 2.5 mV 

Supply currents T1:s25'C 4.5 5.5 4.5 6.5 mA 

Logic and logic reference input current T1= 25'C 2 10 2 10 µA 

Leakage current into hold capacitor6 r 1=25°C5, Hold mode 30 100 30 200 pA 

Acquisition time to 0.1 % t:.V0 ur= 10V, Ch= 1000pF 4 4 µS 
Ch=0.01µF 20 20 µS 

Hold capacitor charging current V1N - Your= 2V 5 5 mA 

Supply voltage rejection ratio Vour=O 80 110 80 110 dB 

· Differential logic threshold T1= 25'C 0.8 1.4 2.4 0.8 1.4 2.4 v 
NOTES 

t. The m•xlmum junction temper1ture or the LF398 la 1150°C. When operating at elevated 
1mbient temper.ture, th• TO·l5 and plHtlc DIP packages muet be derated based on a 
therm11 re111t1nce (8JA) of 1iso•c1w. 

2. Although the dlfferent11I voltage m1y not exceed the limits given, the common-mode 
voltage on the logic pine may be equal to the 1upply voltages without causing damage 
to the circuit. For proper logic oper .. lon, however, one of the logic pine must always be 
at leaat 2V below the poaitlve aupply end 3V above the negative supply. 

•. Hold step la sensitive to stray capacitive coupling between input logic signals and the 
hold capacitor. 1pF, for instance, will create an additional O.SmV step with a 6V logic 
swing and a 0.01,uF hold capacitor. Magnitude of the hold step ia inversely proportional 
to hold capacitor value. 

3. Unle11 otherwiee 1pecifled, tho following condltlone apply. Unit ia in "sample" m6de, 
v8 • ::t: 1ev, Tj • 2s•c, -11.sv .s v1N !S +11.15V, ch• 0.01.uF, and RL • 1ok. Logic 
reference vottage • OV 1nd logic voltage• :2.5V. 

4-180 

5. Leakage current la meaeured at a junction temperature of 25°C. The effects of junction 
temperature rise due to power dl11lpatlon or elevated ambient can be calculated by 
doubling the 26°C value tor each 11°C lncreaae In chip temperature. Leakage is 
guaranteed over full Input signal range. 

8. The parameters guaranteed over a aupply voltage of ± 5 to ± 18V. 
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MONOLITHIC SAMPLE AND HOLD CIRCUITS 

TYPICAL DC PERFORMANCE CHARACTERISTICS 
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MONOLITHIC SAMPLE AND HOLD CIRCUITS 

TYPICAL AC PERFORMANCE CHARACTERISTICS (cont'd) 
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"HOLD" SETTLING TIME 

l.S r-;E~T:l::T~ ~::-+--+--+-+--! 
T.6 l--+--.._--+--+-..... --+---1---4 

T.4 l--+-+--+-+--+-+---1---1 
T 2 r-+-;--t-+--t~+~L"'-1 

~ 
08 

0.6 

0.4 

0.2 

-so -25 0 25 50 75 100 125 150 

JUNCTION TEMPERATURE (°C) 

OUTPUT NOISE 

T60 

T40 

120 

~ TOO 

:s 80 

I 60 

40 

_l 
1 

-1.HOLD" MOOE 

~'.:J 
.......... ~ 

SAMPLE MO~ 
20 

TO 100 lK lOK 100K 

FREQUENCY (Hz) 



LINEAR LSI PRODUCTS 

SAMPLE AND HOLD AMPLIFIER 

DESCRIPTION 
The NE5537 monolithic Sample and Hold 
ampllller combines the beat featurea of Ion 
Implanted JFET'a with bipolar devlcea to ob· 
taln high accuracy, faat acquisition !Ima, 
and low droop rate. Thia device ia pin com· 
patibie with the LF 198, and features aupe· 
rior performance in droop rate and output 
drive capabl11ty. The circuit shown In Figure 
1 contains two operational ampllflera which 
function as a unity gain amplifier In the Sam· 
pie mode. The firat amplifier haa bipolar In· 
put transiatora which gives the syatem a low 
offaet voltage. The aecond amplifier has 
JFET input tranalators to achieve low leak· 
age current from the hold capacitor. A 
unique circuit design for leakage current 
cancellation using current mirrors gives the 
NE5537 a low droop rate at higher tempera· 
ture. The output stage has the capability to 
drive a 2Kfl load. The logic Input la compati· 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER 

Supply voltage 
Power dissipation (package limitation) 1 

Operating ambient temperature range 
SE5537 
NE5537 

Storage temperature range 

Input voltage 

ble with TIL, PMOS or CMOS logic. The dlf· 
ferenlial logic threshold la 1.4V with the 
Sample mode occurring when the logic Input 
is high. It is available In 8-lead T0·5 and 8· 
pin plastic DIP packages. 

FEATURES 

• Operates from ± SV lo ± 18V supplies 
• Hold leakage current 6pA @ T12s•c 
• Less than 4µs acquisition time 
• TTL, PMOS, CMOS compatible logic 

Input 
• O.SmV typical hold step at Ch= 0.01µF 
• Low Input offset: 1 MV (typical) 
• 0.002% gain accuracy with RL = 2kfl 
• Low output noise In hold mode 
• Input characteristics do not change 

during hold mode 
• High supply rejection ratio In sample or 

hold 
• Wide bandwidth 

RATING UNIT 

±18 v 
500 mW 

-55to+125 "C 
o to +70 "C 

-65 to +150 ·c 
Equal to supply 

voltage 
Logic to logic reference differential voltage2 +7, -30 v 
Output short circuit duration Indefinite 
Hold capacitor short circuit duration 10 
Lead temperature (soldering, 1 Osec) 300 

NOTES 

1. The maximum junction temperature of the SE5637 ie 150"C and for the NE5537 
is100°C. When operating at elevated 1mbient temperature, the T0-5 and pl11tic DIP 
packagea muat be derated bHad on a tliermai reaiatance (8ja) of 1so 0 c1w. 

2. Although the differential voltage may not exceed the limits given, the common mode 
voltage on the logic pins may be equal to the supply voltages without causing damage 
to the circuit. For proper logic operation, however, one of the logic pine must always 
be et leaat 2V below the poaitive supply end 3V above the negative supply. 

BLOCK DIAGRAM 

2 --------------------------., 

I // 

I / 

'°"~U>: / I -·' I 
1.0GIC 71 

Al!fl!Al!HCI! I 

I 
I 
I 
I 
I• 

I 
I 
I 
I 
I 
I 
I 
I 
I 

I 
I 
I 
I 
I !__ ___________________ _ __________ ! 

Figure 1 "°'' CAPACITOfl 

sec 
•c 

OUTPUT 

SE/NE5537 

PIN CONFIGURATION 

N PACKAGE 

OFFSET 2 7 LOGIC 
ADJUST RE FE FIE NC£ 

V+o1 8 LOGIC 
INPUT 3 6 Ch 

V- 4 5 OUTPUT 

IN_PUt 

NC 

V-

NC 

OUTPUT 

NOTES: 

TOP VIEW 

ORDER NUMBERS 
NEISE5537N 

H PACKAGE 
Metal Can Package 

1..00IC 

TOP VIEW 

ORDER NUMBERS 
NEISE5537·H 

o3 PACKAGE 

TOP VIEW 

ORDER NUMBER 
NE5537D 

LOGIC REF 

NC 

1. SOL· Released in Large SO package only. 
2. SOL and non-standard pinout. 
3. SO and non-standard pinouts. 
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SAMPLE AND HOLD AMPLIFIER SE/NE5537 

ELECTRICAL CHARACTERISTICS3 

SE5537 NE5537 
PARAMETER TEST CONDITIONS 

Min Typ Max Min Typ Max 
UNIT 

Input offset voltage6 Ti= 25•c 1 3 2 7 mV 
Full temperature range 5 10 mV 

Input bias current& Ti= 25•c 5 25 10 50 nA 
Full temperature range 75 100 nA 

Input impedance Ti= 25•c 1010 1010 {l 

Gain error Tj = 25•c, 0.002 0.007 0.004 0.01 % 
-10V :5 V1N :5 10V, RL = 2K 

-11.5V :5 V1N :5 11.5V, 
RL = 10K 

Full temperature range 

Feedthrough attenuation ratio at 1 kHz Tj = 25•c, ch = o.0111F 

Output impedance Tj = 25°C, "HOLD" mode 
full temperature range 

"HOLD" Step4 Tj "' 25•c, ch = o.0111F, 
VouT = o 

Supply current& Tj=25°C 

Logic and logic reference 
input current Tj = 25•c 

Leakage current into hold capacitor6 Tj "'. 25 • C hold modes 

Acquisition time to 0.1% VouT = 1ov. 
Ch= 1000pF 
ch= 0.01111 

Hold capacitor charging current V1N - VouT = 2v 

Supply voltage rejection ratio VouT = o 
Differential logic threshold Ti= 25•c 

NOTES 

3. Unle11 otherwise specified, the following condition• apply. Unit Is in "aampleN mode, 
Vs - ± 15V. Ti. 25°C, -11.SV :S v,N ::S: 1 i.6V, ch. 0.01,uF, and RL - 2k0. Logic 
reference voltage • OV and logic voltage • 2.6V. 

4. Hold step is aenaitlva to stray capacitive coupling betwaan input logic aignaf1 and the 
hold capacitor. tpF, tor instance, will create an additional 0.6mV step with a 6V logic 
awing and a O.O 1 F hold capacitor. Magnitude ot the hold atep Is inveraaly proportional 
to hold capacitor value. 

TYPICAL PERFORMANCE CHARACTERISTICS 
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5. Leakage current la mea1ur1d at a Junction temperature or 25°C. The 1ffect1 'lf 
junction temperature riae due to power dl11lp1tlon or elevated ambient can be calcu· 
lated by doubling the 25°C value tor each 11 •c lncreaH In chip temperature. Leak· 
age ia guaranteed over full input 1lgnal range. 

8. Th111 parametert guaranteed over a aupply voltage range of ± 5 to ± 18V. 
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SAMPLE AND HOLD AMPLIFIER 

TYPICAL PERFORMANCE CHARACTERISTICS (Cont'd.) 
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SAMPLE AND HOLD AMPLIFIER 

TYPICAL PERFORMANCE CHARACTERISTICS (Cont'd) 
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SAMPLE AND HOLD 

INTRODUCTION 
For many years designers have used the 
sample and hold (or track and hold) to oper
ate on analog information in a time frame 
which is expedient. 

By sampling a segment of the information 
and holding it until the proper timing for con
verting to some form of control signal or 
readout allows the designer certain freedom 
in· performing predetermined manipulative 
functions. Therefore, the sample and hold 
can be defined as a "selective analog mem
ory cell". 

The memory is volatile and will also decay 
with time. 

When using the sample and hold method for 
evaluating signal information, the designer 
is given the added feature of eliminating out
side noise elements. With the analog to digi
tal converter products available today the 
"de memory" of the sample and hold can be 
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easily converted ·lo digital format and further 
incorporated into microprocessor based 
systems. 

Parametric evaluation of the sample 
and hold will be discussed in the following 
paragraphs. 

DEFINITION OF TERMS 
ACQUISITION TIME: The time required to 
acquire a new analog input voltage with an 
output step of 10V. Note that acquisition 
time is not just the time required for the out
put to settle, but also includes the time re
quired for all internal nodes to settle so that 
the output assumes the proper value when 
switched to the hold mode. 

APERTURE DELAY TIME: The time 
elapsed from the hold command to the open
ing of the switch. 

APERTURE JITTER: Also called "aperture 
uncertainly time", it's the time variation or 
uncertainty with which the switch opens, or 
the time variation in aperture delay. 

SE/NE5537 

POWER SUPPLY REJECTION 
160 

Tj = 25°C 
140 v+ = v- = 1sv-+---+------< 
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100 10K TOOK 1M 
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APERTURE TIME: The delay required be
tween "hold" command and an input analog 
transition, so that the transition does not 
affect the held output. 

BANDWIDTH: The frequency at which the 
gain is down 3d8 from its de value. It's mea
sured in sample (track) mode with a sma/1-
signal sine wave that doesn't exceed the 
slew rate limit. 

EFFECTIVE APERTURE DELAY: The time 
difference betw_een the hold command and 
the time at which the input signal is at the 
held voltage. 

FIGURE OF MERIT: The ratio of the avail
able charging current during sample mode to 
the leakage current during hold mode. 

HOLD-MODE DROOP: The output voltage 
change per unit of time while in hold. Com
monly specified in Vis, µV!µs or other con
venient units. 

HOLD-MODE FEEDTHROUGH: The per
centage of an input sinusoidal signal that is 
measured at the output of a sample-hold 
when it's in hold mode. 

HOLD SETTLING TIME: The time required 
for the output to settle within 1 mV of final 
value after the "hold" logic command. 

SAMPLE-TO-HOLD OFFSET ERROR: The 
difference in output voltage between the 
time the switch starts to open, and the time 
when the output has settled completely. It is 
caused by charge being transferred to the 
hold capacitor switch as it opens. 

SLEW RATE: The fastest rate at which the 
sample & hold output can change (specified 
in Viµs). 

HOLD STEP: The voltag·e step at the output 
of the sample and hold when switching from 
sample mode to hold mode with a steady 
(de) analog input voltage. Logic swing is 5V. 
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SAMPLE AND HOLD AMPLIFIER 

DYNAMIC SAMPLING ERROR: The error 
introduced into the held output due to a 
changing analog Input at the time the hold 
command is given. Error is expressed in mV 
with a given hold capacitor value and input 
slew rate. Note that this error term occurs 
even for long sample times. 

GAIN ERROR: The ratio of output voltage 
swing to input voltage swing in the sample 
mode expressed as a percent difference. 

THRESHOLD: Level shall be defined as 
that level which causes the switch control to 
change state. 

BASIC BLOCK DIAGRAM 
The basic circuit concept of the sample and 
hold circuit incorporates the use of two (2) 
operational amplifiers and a switch control 
mechanism (which·determines sample, hold 
or track conditions). Reference figure 1. 

The block diagram of the NE5537 is a 
closed loop non-inverting unity gain sample 
and hold system. The input buffer amplifier 
supplies the current necessary to charge 
the hold capacitor, while the output buffer 
amplifier closes the loop such that the 
output voltage is identical to the input volt· 
age (with consideration for input offset volt· 
age, offset current, and temperature vari· 
ations which are common to all sample and 
hold circuits, be they monolithic, hybrid or 
modular). 

When the sampling switch is open (in the 
hold mode) the clamping diodes close the 
loop around the input amplifier to keep it 
from being overdriven into saturation. 

The switch control is driven by external logic 
levels via a timing sequence remote from the 
sample and hold device. Reference figure 2. 
The switch control has a floating reference 
(pin 7), referred to as the logic reference 
which makes the sample and hold device 
compatible to several types of external log· 
ic signals (TTL, PMOS, & CMOS). The 
switching device operates at a threshold 
level of 1.4V. 

The switch mechanism is on (sampling an 
information stream) when the logic level is 
high (pin 8 is 1.4 volts higher than pin 7) and 
presents a load of 5 microamperes to the 
Input logic signal. The analog sampled slg· 
nal is amplified, stored (in the external hold· 
ing capacitor), and buffered. At the and of 
the sampling period the internal switch 
mechanism turns off (switch opens) and the 
"stored analog memory" information on the 
external capacitor (pin 8) is loaded down by 
an operational amplifier connected In the 
unity gain non-inverting configuration. This 

ampllllar, whose Input Impedance Is affec
tively: 

R • R1N<AoL)1(1+1/A) 

where R • Effective Input Impedance 
R1N • Open loop input Impedance 
AoL • Open loop gain 
A • AC loop gain 

Therefore, the higher the open loop gain of 
the second operational amplifier, the 
larger the effective loading on the capac
itor. The larger the. load, the lower the 
"leakage" current a11d the better the droop 
characteristics. 

In actuality the amplifiers are designed with 
special leakage current cancellation circuits 
along with FET input devices. The leakage 
current cancellation circuits give better high 
temperature operation (remember that the 
FET amplifiers double in required bi88 cur
rent for every 10 degree incre88e In junction 
temperature). 

Sampling time for the NE5537 is lass than 
10jLSec, (measured to 0.1% of input signal). 
Leakage current Is 8pA at a rate output load 
of 2k!l. 

BASIC APPLICATIONS 

Muftlplylng DAC 
As depicted in the block diagram of figure 3, 
the sample and hold circuit Is used to supply 
a "variable" reference to the digital to ana· 
log converter. As the input reference varies, 
the output will change In accordance with 
equation 1, shown In figure 3. 

Varying the input signal reference level can 
aid the system In performing both com· 
prasslon and expansion operations. The 
multiplying DAC's used are the Signetics 
SE I NE 5008; however, II the rate of change 
of the reference variation Is kept slow 
enough a mlcroproceHor compatible DAC 
can be Incorporated, such 88 the NE5018 or 
the NE5020. 

DATA ACQUISITION SYSTEMS 
As mentioned earlier, the designer may wish 
to operate on several different segments of 
an "analog" signal; however ha Is limited by 
the fact that only one analog to digital con
verter channel Is available to him. Figure 4 
shows the means by which a multiplexing 
system may be accomplished. 

APPLICATION HINTS 

Hold Capacitor 
A significant source of error In an accurate 
sample and hold circuit Is dielectric abaorp· 
lion In the hold capacitor. A mylar cap, for 

SE/NE5537 

instance, may "sag back" up to 0.2% alter a 
quick change In voltage. A long "soak" time 
Is required before the circuit can be put 
back into tha hold mode with this type of 
capacitor. Dielectrics with very low hystar· 
asis are polystyrene, polypropylene, and 
Teflon. Other types such as mica and 
polycerbonste are not nearly as good. 
Ceramic Is unusable with > 1% hysteresis. 
The advantage of polypropylene over poly
styrene Is that it extends the maximum ambi· 
ent temperature from 85°C to 100°c. The 
hysteresis relax.ation time constant In poly· 
styrene, for instance, is 10-50ms. II A·to·D 
conversion can be made within 1 ms, hyster
esis error will be reduced by a factor of ten. 

DC Zeroing 
DC Zeroing is accomplished by connecting 
the offset adjust pin to the wiper of a i k!l 
potentiometer which has one end tied to v+ ~~~;;; 
and the other end tied through a resistor to 4 
gro.und. The resistor should be selected to 
give ""0.6mA through the 1K!l potentio· ~ 
meter. 

Sampling Dynamic Signals 
Sampling errors due to moving (changing) 
input signals are of significant concern to 
designers employing sample and hold cir
cuits. There exist finite phase delays 
through the sample and hold circuit causing 
an input-output phase differential for moving 
signals. In addition, the series protection re
sistor (3000 to pin 8 of the NE5537) will add 
an RC time constant, over and above the 
slew rate limitation of the Input 
buffer I currant· drive amplifier. This means 
that at the moment the "hold" command ar
rives, the hold capacitor voltage may be 
somewhat different than the actual analog 
Input. The effect of these delays is opposite 
to the effect created by delays In the logic 
which switches the circuit from sample to 
hold. For example, consider an analog input 
of 20 Vp·p at 10kHz. Maximum dV /dt ia 
0;8V / µs. With no analog phase delay and 
100ns logic delay, one could expect up to 
(0.1)ts) co.av/ µs) • eomv error II the "hold" 
signal arrived near maximum dV I di of the 
Input. A positive going Input would give a 
±SomV 'error. Now aasume a 1MHz (3dB) 
bandwidth for the overall analog loop. Thia 
generates a phaae delay of 180ne. II the 
hold, capacitor seas this exact delay, then 
error due to analog, delay will be (0. 18µs) 
(o.ev /µa) • -98mV (analog) for a total of 
-38mV. To add to the confusion, analog de· 
lay Is proportional to hold capacitor value 
while digital delay remains constant. A tam· 
ily of curvea (dynamic 8'ampllng error) le In
cluded to help estimate errors. 
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SAMPLE AND HOLD AMPLIFIER SE/NE5537 

A curve labeled Aperture. Time has been 
included for sampling conditions where the 
input is steady during the sampling period, 
but may experience a sudden change nearly 
coincident with the "hold" command. This 
curve is based on a 1 mV error fed into the 
output. 

A second curve, Hold Settling Time indi
cates the time required for the output to 
settle to 1mV after the "hold" command. 

Digital Feedthrough 
Fast rise time logic signals can cause hold 
errors by feeding externally into the analog 
input st the same time the amplifier is put 
into the hold mode. To minimize this prob-

TYPICAL APPLICATIONS 

TYPiCAL CONNECTION 

v+ 

OUTPUT 

Figure 2 
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lem, board layout should keep logic lines as 
far as possible from the analog input. 
Grounded guarding traces may also be used 
around the input line, especially if it is driven 
from a high impedance source. Reducing 
high amplitude logic signals to 2.5V will also 
help. 

Logic signals slso couple to the hold ca
pacitor. Thia hold capacitor should be 
guarded by a P.C. card trace connected to 
the sample-and-hold output. This will also 
minimize board leakage. 

SPECIAL NOTES 
1. Not all definitions herein defined are 

measured parametrically for the NE5537, 
but are legitimate terms used in sample 
and hold systems. 

2. Reference should be made to Design 
Engineering, volumes 23 (Nov. 8, 1978). 
25 (Dec. 6, 1978) and 26 (Dec. 20, 1978) 
for articles written by Eugene Zuch of 
Daiei Systems, Inc. for a further discus
sion of sample and hold circuits. 

3. Reference also made to National 
Semiconductor Corporation's Special 
Functions Data Book ( 1976). 

MULTIPLYING DAC APPLICATION 

••• 

SK 

VOUT = YIN X 2~8 { 2° Do + 21 D1 + 27 07 } EQUATION 1 

Figure 3 

ANALOG DATA MULTIPLEXING 

505000 
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DESCRIPTION 
The NE570/571 is a versatile low cost dual 
gain control circuit in which either channel 
may be used as a dynamic range compres
sor or expandor. Each channel has a full 
wave rectifier to detect the average value of 
the signal; a linerarized, temperature 
compensated variable gain cell; and an 
operational amplifier. 

The NE570/571 is well suited for use in cellu
lar radio and radio communications systems, 
modems, telephone, and satellite broadcast/ 
receive audio sytems. 

FEATURES 
• Complete compressor and expandor In 

1 IC 
• Temperature compensated 
• Greater than 110dB dynamic range 
• Operates down to &Vdc 
• System levels adjustable with external 

components 
• Distortion may be trimmed out 

CIRCUIT DESCRIPTION 
The NE570/571 - compandor building 
blocks, as shown in the block diagram, are a 
full wave rectifier, a variable gain cell, an 
operational amplifier and a bias system. The 
arrangement of these blocks in the IC result 
in a circua which can pertorm well with few 
external components, yet can be adapted to 
many diverse applications. 

The ful! wave rectifier rectifies the input 
currer t wt.ich flows from the rectifier input, 
to an ir · ernal summing node which is bi
ased at VREF· The rectified current is aver
aged on an external filler capacitor tied to 
the C RECT terminal, and the average value 
Of the input current controls the gain of the 
variable gain cell. The gain will thus be 
proportional to the average value of the 
input signal for capacitively coupled voltage 
inputs as shown in the following equation. 
Note that for capacitively coupled inputs 
there is no offset voltage capable of pro
ducing again error. Theonlyerrorwillcome 
from the bias current of the rectifier·(sup
plied internally) which is less than .1µA. 

G cc 
IV1N - VREFI avg. 

R1 
or 

Gu. 
IV1NI avg. 

R1 

The speed with which gain changes to fol
low changes in input signal levels is deter
mined by the rectifier filter capacitor. A 
small capacitor will yield rapid response but 
will not fully filter low frequency signals. 
Any ripple on the gain control signal will 
modulate the signal passing through the 
variable gain cell. In an expandor or com-

Note: 
1. Supplied only in large SO (Small Outline) package. 

APPLICATIONS 
• Cellular radio 
• Telephone trunk compandor-570 
• Telephone subscriber compendor-571 
• High level limiter 
• Low level expandor-nolse gate 
• Dynamic noise reduction systems 
• Voltage controlled amplifier 
• Dynamic filters 

ABSOLUTE MAXIMUM RATINGS 
PARAMETER 

Positive supply 
570 
571 

TA Operating temperature range 
NE 
SA 

PD Power dissipation 

BLOCK DIAGRAM 
1 of 2 THO TRIM 

R2 20K 
l!.G IN 0---...,.,,.,_--i 

R1 10K 
RECT IN O---""'f'r--1 

RECT CAP 

pressor application, this would lead to third 
harmonic distortion, so there is a tradeoffto 
be made between fast attack and decay 
times, and distortion. For step changes in 
amplitude, the change in gain with time is 
shown by this equation. 

G(t) = (Ginitial - Gtinal) e-tl r 

+ Gflnal; r = 10K X CRECT 

R3 

The variable gain cell is a current in, current 
out device with the ratio I OUTll 1N con
trolled by the rectifier. I IN is the current 
which flows from the ~G input to an internal 
summing node biased ai V REF· The follow
ing equation applies for capacitively cou
pled inputs. The output current, IQUT· is 
fed to the summing node of the op amp. 

NE570/571/SA571 

PIN CONFIGURATION 

D1, F, N PACKAGE 

NOTES: 

Order Part No. 
NE570 F,N NE571 F1N 
SASTI F,N NESTI D 1 

1. SOL • Released in Large SO package only. 
2. SOL and non-standard pinout. 
3. SO ~non-standard pinouts. 

RATING UNIT 

Vdc 
24 
18 

Oto 70 ·c 
-40 to +85 ·c 

400 mW 

INVERTER IN 

R3 
20K 

ou1put 

VIN - VREF V1N 
l1N ~ R, R, 

A compensation scheme built into the t.G 
cell compensates for temperature, and can
cels out odd harmonic distortion. The only 
distortion which remains is even harmonics. 
and they exist only because of internal 
offset voltages. The THO trim terminal pro
vides a means for nulling the internal offsets 
for low distortion operation. 

The operational amplifier (which is internal
ly compensated) has the non-inverting in
put tied to V REF· and the inverting input 
connected to the t.G cell output as well as 
brought out externally. A resistor, R3, is 
brought out from the summing node and 
allows compressor or expandor gain to be 

. determined only by internal co·mponents. 

5·3 
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The output stage Is capable of ±20mA out· 
put current. This allows a +13dBm (3.5V 
rms). output Into a 3000 load which, with a 
series resistor and proper transformer, can 
result in+13dBmwlth a6000 output Imped· 
ance. 

A band gap reference provides the refer· 
ence voltage for all summing nodes, a regu
lated supply voltage for the rectifier and AG 
cell, and a bias current for the AG cell. The 
low tempco of this type of reference pro
vides very stable biasing over a wide tem· 
perature range. 

The typical performance characteristics II· 
lustration shows the basic Input-output 
transfer curve for basic compressor or ex
pander circuits. 

TYPICAL PERFORMANCE 
CHARACTERISTICS 

BASIC INPUT ·OUTPUT 
TRANSFER CURVE 

I·••.------..... 
§ _.,o 

~ 0 

0 ·10 

8 ·•• 
.. 2 
" ·30 

!i ·•• 
~ ·10 

i 
~u: ao,.__.__.._.....__.___. 
! 40 30 20 10 •10 

COMPRESSOR OUTPUT LEVIL 

•• EXPANDOR INPUT LEVEL !dim) 

NE570/571 /SA571 

TYPICAL TEST CIRCUIT 

Vee• 1111 

" 
'·':I: .:c" 

":" "=' 

DC ELECTRICAL CHARACTERISTICS TA. 25°0, Vee• 15 Except where indicated, the 571 specifications are Identical to 570 

PARAMETER TEST CONDITIONS Min 

Vee Supply voltage 6 
1cc Supply current No signal 

Output current capability ±20 
Output slew rate 
Gain cell distortion2 Untrimmed 

Trimmed 
Resistor tolerance 
Internal reference voltage 1.7 
Output de shift3 Untrimmed 
Expander output noise No signal, 15Hz-20kHz1 

Unity gain level -1 
Gain change2, • -40°C < T < 70°C 

0°c < T < 70°C 
Reference drift' -40°C < T < 70°C 

0°c < T < 70°C 
Resistor drift' -40°C < T < 70°C 

0°c < T < 10°c 

Tracking error (measured relative Rectifier input, V2 = 
to value at unity gain) equals V2m +6dBm, V1 =OdB 
[Vo - Vo(unity gain)) V2 = - 30dBm, V1 = OdB 
dB-V~Bm 

Channel Separation 60 

NOTES: 
1. Input to V1 and V2 grounded. 
2. Measured at OdBm, 1 kHz. 
3. Expandor ac input change from no signal to OdBm. 
4. Relative to value at TA• 25°C. 
5. Electrical characteristics for the SA571 only are specified over - 40 to + 85°C 

temperature range. 
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NE570 
Typ 

3.2 

±.5 
.3 
05 
±5 
1.8 
±20 
20 
-15 
0 

±.1 
±.1 

+2, -25 
±5 

+8,-0 
+1.-0 

±.2 

+,2 

NE/SA5711 

Max Min Typ Max UNIT 

24 6 18 • v 
4.8 3.2 4.8 mA 

:1:20 mA 
:1:.5 V/us 

1.0 .5 2.0 % 
.1 

±15 :t5 :I: 15 % 
1.9 1.65 1.8 1.95 v 
±50 ±30 ±100 mv 
45 20 60 µV 

dBRNC 
+1 -1.5 0 +1.5 dBm 

±.1 dB 
±.2 ±.1 ±.4 

·10, -40 +2, -25 +20, -50 mV 
±10 ±5 ±20 

% 

dB 

-.5,+1 +.2 -1,+1.5 

60 dB 
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INTRODUCTION 
Much Interest hes been expreseed In high per· 
formance electronic gain central clrculta. For 
non-critical appRcatlons, an Integrated circuit 
operational traneccnductance ampllller can be 
used, but when high performance la required, 
one hes to 1'9110rt to complex discrete circuitry 
with many expensive, well matched compo
nents. Thia paper describes an lnexpenalve 
Integrated circuit, the NE570 Compandor, 
which ottera a pair ol high performance gain 
control clrculta featuring low distortion ( < .1 %), 
high signal to nol11 ratio (90dB), and wide 
dynamic range (110dB). 

CIRCUIT BACKGROUND 
The NE570 Compandor was originally 
dealgnecl to satisfy the requirements of the 
telephone system. When Sl\l8ral telephone 
channels are multiplexed onto a common line, 
the resulting algnal to nol11 ratio Is poor and 
ccmpandlng Is u11d to allow a wider dynamic 
range to be pa811d through the channel. 
Figure 1 graphically shows what a ccmpandor 
can do for the signal to nol11 ratio ol a 
restricted dynamic range channel. The Input 
level range of + 20 to - 80dB Is shown under· 
going a 2 to 1 ccmpresslon where a 2dB Input 
level change Is compressed Into a 1 dB output 
level change by the compressor. The original 
100dB of dynamic range la thus compressed 
to a 50dB range for transmission through a 
reatlctecl dynamic range channel. A comple· 
mentary expansion on the receiving end 
restores the origins! signal levels and reduces 
the channel noise by as much as 45dB. 

The significant circuits in a compressor or 
expandor are the rectifier and the gain control 
element. The phone system requires a simple 
full wave averaging rectifier with good accu· 
racy, since the rectifier accuracy determines 
the (Input) output level tracking accuracy. The 
gain cell determines the distortion and noise 
characterlcs, and the phone system specifi· 
cations here are very loose. These specs 
could have been met with a simple opera· 
tlonal transconductance multiplier, or OfA, 
but the gain of an OfA Is proportional to tem· 
perature and this is very undesirable. There· 
fore, a linearized transccnductance multiplier 
was designed which is in11nsitive to tempera· 
ture and offers low noise and low distortion 
performance. These features make the circuit 
useful in audio and data systems as well as In 
telecommunications systems. 

BASIC CIRCUIT HOOKUP 
AND OPERATION 
Figure 2 shows the block diagram of one 
half of the chip, !there are two identical 

channels on t"1e l.C.>. The full wave averag· 
Ing rectifier pi'Ovld11 a gain control current, 
la, tor the variable gain (AG) cell. The output 
ol the AG cell Isa current which la feel to the 
summing node ol the operational ampllfler. 
Resistors are provided to establish circuit 
gain and set the output de bias. 

RESTRICTED DYNAMIC 
RANGE CHANNEL 

1Nl'UT I · I OUTPUT 
LIYIL : I LIYIL 

+~+IO 

NI Od 

~ 

::~: 
Flgure1 

CHIP BLOCK DIAGRAM 
(1 OF 2 CHANNELS) 

THD TflllM Ra INY. IN 

1,11 

Figure 2 

Vee PIN 1:t 

QND. PIN• 

NE570/571 /SA571 

The circuit la Intended for use In single 
power supply systems, so the Internal sum· 
ming nodes must be biased at some voltage 
above ground. An Internal band gap voltage 
reference provides a very stable, low nol11 
1.8 volt reference denoted V ref. The non· 
Inverting Input of the op amp Is tied to Vre1, 
and the summing nodes ol the rectifier and 
AG cell Uocated, at the right, of R1 and R2l 
have the same potential. The THD trim pin Is 
also at the Vre1 potential. 

Figure 3 shows how the circuit 'ts hooked up 
to realize an expander. The Input signal. Vtn, 
Is applied to the Inputs of both the rectifier 
and the AG cell. When the Input signal drops 
by 8d8, the gain control current will drop by 
a factor of 2, and so the gain will drop 8dB. 
The output level at Vout will thus drop 12dB, 
giving us the desired 2 to 1 expansion. 

Figure 4 shows the hookup for a compres· 
aor. Thia la euentlally an expandor placed 
In the feedback loop ol the op amp. The AG 
cell ls 111 up to provide ac feedback only, so 
a 11parate de leeclback loop Is provided by 
the two Rdc·and-Cdc· The values of Ade will 
determine the de bias at the output of the op 
amp. The output will bias to: 

Voul de = 1 + Rdc1+Rdc2 Vro1 • I, + Rdc 101\ 1.8V 
R4 ~ 30K) 

The output of the expandor will bias up to: 

R3 ( 20K) Voul de =1 + R4 Vm = 1 + 30K 1.8V = 3.0V 

The output will bias to 3.0V when the inter· 
nal resistors are used. External resistors 
may be placed in series with R3, (which will 
affect the gainl, or in parallel with R4 to raise 
the de bias to any desired value. 

BASIC EXPANDOR 

•external components 

40 

.. 

i ei.eeT 

GAIN = 2 R3 YIN lavg.l 
Rt R2 le 

te = 140µA 

Figure 3 

.. 

Your 
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BASIC COMPRESSOR 

·external 
components 

le= 140µA 

Figure 4 

CF 

Vour 

CIRCUIT DETAILS-RECTIFIER 
Figure 5 shows the concept behind the full 
wave averaging rectifier. The input current 
to the summing node of the op amp, V;n/R1, 
is supplied by the output of the op amp. If we 
can mirror the op amp output current into a 
unipolar current, we will have an ideal recti
fier. The output current is averaged by R5, 
Cr, which set the averaging time constant, 
and then mirrored with a gain of 2 to become 
lo. the gain control current. 

RECTIFIER CONCEPT 

V• 

Figure 5 

Figure 6 shows the rectifier circuit in more 
detail. The op amp is a one stage op amp, 
biased so that only one output device is on 
at a time. The non-inverting input, lthe base 
of 01l, which is shown grounded, is actually 
tied to the internal 1.8V Vref. The inverting 
input is tied to the op amp output, lthe 
emitters of Os and Osl, and the input sum
ming resistor R1. The single diode between 
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SIMPLIFIED RECTIFIER SCHEMATIC 
Y+ 

V1N avg. 
IG =2 --A-1-

Figure 6 

the bases of 05 and Oe assures that only one 
device is on at a time. To detect the output 
current of the op amp, we simply use the 
collector currents of the output devices Os 
and Oe. Oe will conduct .when the input 
swings positive and Os conducts when the 
input swings negative. The collector cur
rents will be in .error by the a of 05 or Os on 
negative or positive signal swings, respec
tively. IC's such as this have typical npn {3's 
of 200 and pnp {3's of 40. Thea's of .995 and 
.975 will produce errors of .5% on negative 
swings and 2.5% on positive swings. The 
1.5% average of these errors yields a mere 
.13dB gain error. 

At very low input signal levels the bias 
current of 02, !typically 50nAl, will become 
significant as it must be supplied by 05. 
Another low level error can be caused by de 
coupling into the rectifier. If an offset vol
tage exists between the V;n input pin and the 
base of 02, an error current ofVoslR1 will be 
generated. A mere lmv of offset will cause 
an input current of 100na which will pro
duce twice the error of the input bias cur
rent. For highest accuracy, the rectifier 
should be coupled into capacitively. At high 
input levels the f3 of the pnp Oe will begin to 
suffer, and there will b& nn increasing error 
until the circuit saturates. Saturation can be 
avoided by limiting the current into the 
rectifier input to 250µa. If necessary, an 
external resistor may be placed in series 
with R1 to limit the current to this value. 
Figure 7 shows the rectifier accuracy vs 
input level at a frequency of 1 kHz. 

At very high frequencies, the response of 
the rectifier will fall off. The rolloff will be 
more pronounced at lower input levels due 
to the increasing amount of gain required to 
switch between 05 or Os conducting. The 

rectifier frequency response for input levels 
of OdBm, ·-2odBm, and -40dBm is shown in 
Figure 8. The response at all three levels is 
flat to well above the audio range. 

RECTIFIER ACCURACY 

RECTIFIER INPUT dBm' 

Figure 7 

RECTIFIER FREQUENCY RESPONSE 
vs INPUT LEVEL 

i 
INPUT"' OdBm 

~ ot--~~~~~.c:~ 

15 

~ -· 

10K 

FREQUENCY (Hz) 

Figure 8 
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VARIABLE GAIN CELL 
Figure 9 Is a diagram of the variable gain 
cell. This is a linerarized two quadrant trans
conductance multiplier1.2. 01, 02 and the 
op amp provide a predistorted drive signal 
for the gain control pair, 03, 04. The gain Is 
controlled by IQ and a current mirror pro
vides the output current. 

The op amp maintains the base and collec
tor of 01 at ground potential !Vretl by con
trolling the base of 02. The input current lin 
<= V1n/R2l is thus forced to flow through 01 
along with the current Ii. so lc1 = 11 +l;n. 
Since 12 has been set at twice the value of 11, 
the current through 02 is l2-<11+l1nl= l1-l1n= 
lc2. The op amp has thus forced a linear 
current swing between 01 and 02, by pro
viding the proper drive to the base of 02. 
This drive signal will be linear for small 
signals, but very non-linear for large sig
nals, since it is compensating for the non
linearity of the differential pair 01, 02 under 
large signal conditions. 

The key to the circuit is that this same 
predistorted drive signal is applied to the 
gain control pair Oa and 04. When two 
differential pairs of transistors have the 
same signal applied, their collector current 
ratios will be identical, regardless of the 
magnitude of the currents. This gives us: 

le• 

lc3 

plus the relationships la= lc3+lc4 and lout= 
lc4-lcawill yield the multiplier transfer func
tion, 

IG V;n IG 
lout lin = __:._ -

h R2 11 

this equation is linear and temperature in
sensitive, but it assumes ideal transistors. 

If the transistors are not perfectly matched, 
a parabolic, non-linearity is generated, 
which results in 2nd harmonic distortion. 
Figure 10 gives an indication of the magini
tude of the distortion caused by a given 
input level and offset voltage. The distortion 
is linearly proportional to the magnitude of 
the offset and the input level. Saturation of 
the gain cell occurs at a +BdBm level. At a 
nominal operating level of OdBm, a 1 mv 
offset will yield .34% of second harmonic 
distortion. Most circuits are somewhat bet
ter than this, which means our overall off
sets are typically about 1/2mv. The distor
tion is not affected by the magnitude of the 
gain control current, and it does not in
crease as the gain is changed. This second 
harmonic distortion could be eliminated by 
making perfect transistors, but since that 
would be difficult, we have had to resort to 
other methods. A trim pin has been provided 

NE570/571 /SA571 

SIMPLIFIED .:1G CELL SCHEMATIC 

VIN 

IG 
lour= iiN 

,, ·-

_ IG V1N 

V+ 

.,,. 
o, o, 

•• ( = 211) 
'o ...... 

v-

'1 - 12 R2 Figure 9 

to allow trimming of the internal offsets to 
zero, which effectively eliminated second 
harmonic distortion. Figure 11 shows the 
simple trim network required.· 

.:1G CELL DISTORTION 
vs OFFSET VOLTAGE 

INPUT LEVEL (dBm) 

Figure 10 

THO TRIM NETWORK 

'If TRIM NETWORK NOT USED, 
CONNECT CAPACITOR AS SHOWN. V CC 

3.8V 

UK 
oo--..,V'""·,."'·--·< 20• 

To THO Trim 

' ' T .. 2oopF 

~ 

Figure 11 

Figure 12 shows the noise performance of 
the .:1G cell. The maximum output level 
before clipping occurs iri the gain cell is 
plotted along with the output noise in a 
20kHz bandwidth. Note that the noise drops 
as the gain is reduced for the first 20dB of 
gain reduction. At high gains, the signal to 
noise ratio is 90dB, and the total dynamic 
range from maximum signal to minimum 
noise is 11 OdB. 

Control signal feed-through is generated in 
the gain cell by imperfect device matching 
and mismatches in the current sources 11 
and 12. When no input signal is present, 
changing IQ will cause a small output signal. 
The distortion trim is effective in nulling out 
any control signal feed-through, but in gen
eral, the null for minimum feed-through will 
be different than the null in distortion. The 
control signal feed-through can be trimmed 
independently of distortion by tying a cur
rent source to the .:1G input pin. This effec
tively trims '1. Figure 13 shows such a trim 
network. 

DYNAMIC RANGE OF NE570 
+20 

IOdB 

-IO 

_,,....,__....__,___..__...__ .... 
-40 -20 

VCA GAIN (d8) 

Figure 12 
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CONTROL SIGNAL 
FEEDTHRU TRIM 

·-''°" '.>4-----TO PIN a Ofll 14 

Figure 13 

OPERATIONAL AMPLIFIER 
The main op amp shown in the chip block 
diagram is equivalent to a 741 with a 1MHz 
bandwidth. Figure 14 shows the basic cir
cuit. Split collec1ors are used in the input 
pair to reduce film, so that asmall compensa
tion capacitor of just 10pf may be used. The 
output stage, although capable of output 
currents In excitss of 20ma., is biased for a 
low quiescent current to conserve power. 
When driving heavy loads, this leads to a 
small amount of crossover distortion. 

RESISTORS 
Inspection of the gain equations in Figure 3 
and 4 will show that the basic compressor 
and expandor circuit gains may be set en
tirely by resistor ratios and the internal 
voltage reference. Thus, any form of resis
tors that match well would suffice for these 

5-8 

simple hookups, and absolute accuracy and 
temperature coefficient would be of no im
portance. However, as one starts to modify 
the gain equation with external resistors, 
the internal resistor accuracy and tempco 
become very significant. Figure 15 shows 
the effects of temperature on the diffused 
resistors which are normal!Y used In inte
grated circuits, and the ion ltnplanted resis
tors which are used In this circuit. Over the 
critical o• C to 70° C temperature range, 
there is a 10 to 1 improvement In drift from a 
5% change for the diffused resistors, to a .5% 
change for the implemented resistors. The 
Implanted resistors have another advantage 
in that they can be made 1/7 the size of the 
diffused resistors due to the higher resistivi
ty. This saves a significant amount of chip 
area. 

OPERATIONAL AMPLIFIER 

Figure 14 

NE570/571 /SA571 

RESISTANCE vs TEMPERATURE 

1.11 

40 10 111 

TIMPIRATURI 

Figure 15 

1KO IC 
LOW TC 
•PLANTID 
fllllllTOll 

*For additional Information, consult the Applications Section. 
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PROGRAMMABLE ANALOG COMPANDOR 

DESCRIPTION FEATURES 
The NE572 is a dual channel. high perfor· • Independent control of attack and 
mance gain control circuit in which either 
channel may be used for dynamic range 
compression or expansion. Each channel 
has a fu!I wave rectifier to detect the aver· 
age value of input signal; a linearized, tern· 
perature compensated variable gain cell 
(~G) and a dynamic time constant buffer. 
The buffer permits independent control of 
dynamic attack and recovery time with mini· 
mum external components and improved low 
frequency gain control ripple distortion over 
previous compandors. 

The NE5 72 is intended for noise reduction in 
high performance audio systems. It can also 
be used in a wide range of communication 
systems and video recording applications. 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER 

Vee Supply voltage 
TA Operating temperature range 
Po Power dissipation 

BLOCK DIAGRAM 

recovery time. 
• Improved low frequency gain control 

ripple 
• Complementary gain compression and 

expansion with external Op Amp 
• Wide dynamic range-greater than 

110dB 
• Temperature compensated gain 

control 
• Low distortion gain cell 
• Low noise-6µV typical 
• Wide supply voltage range-6V-22V 
• System level adjustable with external 

components. 

APPLICATIONS 
• Dynamic noise reduction system 
• Voltage control amplifier 
• Stereo expandor 
• Automatic level control 
• High level limiter 
• Low level noise gate 
• State variable filter 

RATING UNIT 

22 VDe 
0 to 70 oe 

500 mW 

(7,9) 
_.-'V\f'v---~ r-------··51 

(6,10) 

(1.15) 

(3,13) 
-+-+-~-.. 

(16) 

(8) (4, 12) (2.14) 

Note: 
1. Supplied only in large SO (Small Outline) package. 

SA/NE572 

PIN CONFIGURATION 

D, N PACKAGE 

vcc 

TRACK TRIM B 

RECOV. CAP. B 

RECT. IN B 

ATTACK CAP B 

THO TRIM B 

(Top view) 

ORDER PART NO. 

NE572N SA572N 
SA572F NE572D SA572D 
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PROGRAMMABLE ANALOG COMPANDOR SA/NE572 

ELECTRICAL CHARACTERISTICS Standard Test Conditions (unless otherwise noted) Vee= 15V TA= 25°C Expander mode (see test 
circuit) Input signals at unity gain level (OdB) = 100mV RMS at 1 KHz, V1 = V2, R2 = 3.3K, R3 = 17.3K 

LIMITS 
PARAMETER TEST CONDITIONS 

Min Typ Max 
UNIT 

Vee Supply voltage 6 22 Voe 

ice Supply current No Signal 6 mA 

Internal voltage reference 2.3 2.5 2.7 Voe 

THO (untrimmed) 1kHz CA=1.0µF .2 1.0 % 

THO (trimmed) 1kHz CR= 10µF .05 % 

THO (trimmed) 100Hz .25 % 

No signal output noise Input to V 1 and V2 grounded (20·20kHz) 6 25 uV 

DC level shift (untrimmed) Input change from no signal to 100mV RMS ±20 ±50 MV 

Unity gain level -1 0 +1 dB 

Large signal distortion V1 = V2 = 400mV 0.7 3.0 % 

Tracking error (measured relative Rectifier input ±.2 dB 
to value at unity gain output)= V2 = +6dB, V1 =0dB 
[V0 - V0(unity gain)] dB - V2 (dBm) V2 = -30dB, V1 = OdB ±.5 -1.5 

+.8 

Channel crosstalk 200mV RMS into channel A, measured output on 60 dB 
channel B 

r----
Power supply rejection ratio 120Hz 70 dB 

TEST CIRCUIT 

.1µF 1000 
-15V 

1% ~ 2.2,;F 
(7,9) 6.8K (5, 11) R3 

V1 o---j AG 
R1 

82K 

-::-
sn (2, 14) 

Vo 
CR (6, 10) 

= 10µF I BUFFER 
1K 

(4, 12) 
CA (8) 

= 1µF J 
(1, 15) 

1om! 2.2µF 3.3K(3, 13) 

V2 o---j RECTIFIER 
- +15V 

(16) 
R2 + 
1% .1µF J I 22µF 
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PROGRAMMABLE ANALOG COMPANDOR SA/NE572 

AUDIO SIGNAL PROCESSING IC 
COMBINES VCA AND FAST AT
TACK-SLOW RECOVERY LEVEL 
SENSOR 
In high performance audio gain control appli· 
cations it is desirable to independently con· 
trol the attack and recovery time of the gain 
control signal. This is true, for example, in 
compandor applications for noise reduction. 
In high end systems the input signal is usual
ly split into two or more frequency bands to 
optimize the dynamic behavior for each 
band. This reduces low frequency distortion 
due to control signal ripple, phase distor· 
tion, high frequency channel overload and 
noise modulation. Because of the expense 
in hardware, multiple band signal process· 
ing up to now was limited to professional 
audio applications. 

With the introduction of the Signetics NE572 
this high performance noise reduction con· 
cept becomes feasible for consumer hi Ii 
applications. The NE572 is a dual channel 
gain control IC. Each channel has a linear
ized, temperature compensated gain cell 
and an improved level sensor. In conjunction 
with an external low noise op amp for current 
to voltage conversion, the VCA features low 
distortion, low noise and wide dynamic 
range. The novel level sensor which pro
vides gain control current for the VCA gives 
lower gain control ripple and independent 
control of fast attack, slow recovery dynam· 
ic response. An attack capacitor CA with an 
internal 1 OK resistor RA defines the attack 
time TA. The recovery time TR of a tone 
burst is defined by a recovery capacitor CR 
and an internal 10K resistor RR. Typical at
tack time of 4MS for the high frequency 
spectrum and 40MS for the low frequency 
band can be obtained with .1µF and 1.0µF 
attack capacitors respectively. Recovery 
time of 200MS can be obtained with a 4.7 µF 
external capacitor. With the recovery ca· 
pacitor added in the level sensor. the gain 
control ripple for low frequency signals is 
much lower than that of a simple RC ripple 
filter. As a result the residual third harmonic 
distortion of low frequency signal in a two 
quad transconductance amplifier is greatly 
improved. With the 1.0µF attack capacitor 
and 4. 7 µF recovery capacitor for a 1 OOHZ 
signal the third harmonic distortion is im· 
proved by more than 1 Odb over the simple 
RC ripple filter with a single 1.0µF attack 
and recovery capacitor, while the attack 
time remains the same. 

The NE572 is assembled in a standard 16 pin 
dual in line plastic package and in oversized 
SO (Small Outline) package. It operates over 
wide supply range from 6V to 22V. Supply cur
rent is less than 6mA. The NE572 is designed 
for consumer application over a temperature 

range 0-70°C. The SA572 is intended for appli
cations from - 40°C to + 85°C. 

NE572 BASIC APPLICATIONS 

Description 
The NE572 consists of two linearized, tern· 
perature compensated gain cells (;iG) each 
with a full-wave rectifier and a buffer amplifi· 
er as shown in the block diagram. The two 
channels share a 2.5V common bias refer
ence derived from the power supply but oth· 
erwise operate independently. Because of 
inherent low distortion, low noise and the 
capability to linearize large signals, a wide 
dynamic range can be obtained. The buffer 
amplifiers are provided to permit control of 
attack time and recovery time independent 
of each other. Partitioned as shown in the 
block diagram, the IC allows flexibility in the 
design of system levels that optimize DC 
shift, ripple distortion, tracking accuracy 
and noise floor for a wide range of applica· 
tion requirements. 

Gain Cell 
Figure 1 shows the circuit configuration of 
the gain cell. Bases of the differential pairs 
01 - 02 and 03 - 04 are both tied to the 
output and inputs of OPA A 1 · The negative 
feedback through 01 holds the VBE of 01 -
02 and the VBE of 03 - 04 equal. The 
following relationship can be derived from 

the transistor model equation in the forward 
active region. 

Vin 
where lin = ff1 

R1=6.8K 
11 = 140µA 

12 = 280µA 

to is the differential output current of the 
gain cell and IG is the gain control current of 
the gain cell. 

II all transistors 0 1 through 04 are of thd 
same size, equation (2) can be simplfied to: 

2 1 
10 = I;!• lin • IG - G 02 - 21 1) • IG (3) 

The first term of eqn. (3) shows the multiplier 
relationship of a linearized two quadrant 
transconductance amplifier. The second 
term is the gain control feed through due to 
the mismatch of devices. In the design this 

BASIC GAIN CELL SCHEMATIC 

IQ 

1 1 
21G + 210 

THO 
TRIM 

Figure 1 

,, 
140µA 

"' 6.8K 

v+ 

I 
Vin 

12 

280µA 

+ 
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PROGRAMMABLE ANALOG COMPANDOR SA/NE572 

has been minimized by large matched de· 
vices and careful layout. Offset voltage is 
caused by the device mismatch and it leads 
to even harmonic distortion. The offset volt· 
age can be trimmed out by feeding a current 
source within ± 25µA into the THO trim pin. 
The residual distorti.on is third harmonic dis· 
tortion and is caused by gain control ripple. 
In a compandor system, available control of 
fast attack and slow recovery Improves rip· 
pie distortion significantly. At the unity gain 
level of 100mV, the gain cell gives THO (to· 
tal harmonic distortion) of . 17% TYP. Output 
noise with no input signals is only 6µV in the 
audio spectrum (10HZ-20KHZ). The output 
current lo must feed the virtual ground input 
of an operational amplifier with a resistor 
from output to inverting input. The non-invert· 
ing input of the operational amplifier has to 
be biased at VREF if the output current lo is 
de coupled. 

Rectifier 
The rectifier is a full-wave design as shown 
in Figure 2. The input voltage is converted to 
current through the input resistor R2 and 
turns on either 05 or 06 depending on the 
signal polarity. Oeadband of the voltage to 
current converter is reduced by the loop 
gain of the gain block A2. If AC coupling is 
used, the rectifier error comes only from in· 
put bias current of gain block A2. The input 
bias current is typically about 70nA. Fre· 
quency response of the gain block A2 also 
causes second order error at high frequen· 
cy. The collector current of 06 is mirrored 
and summed at the collector of 05 to form 
the full wave rectified output current IA. The 
rectifier transfer function is 

V1N-VREF 
__ R_2_ (4) 

If Vin is A.C. coupled, then the equation will 
be reduced to: 

IRAc= Vin(AVG) 
R2 

The internal bias scheme limits the maxi· 
mum output current IR to be around 300µA. 
Within a ± 1 dB error band the input range of 
the rectifier is about 52dB. 

Buffer Amplifier 
In audio systems, it is desirable to have fast 
attack time and slow recovery time for a 
tone burst input. The fast attack time re
duces transient channel overload but also 
causes low frequency ripple distortion. The 
low frequency ripple distortion can be im· 
proved with the slow recovery time. If differ· 
ant attac~ times are implemented in corre· 
spending frequency spectrums in a split 
band audio system, high quality parlor· 
mance can be achieved. The buffer amplifier 
is designed to make this feature available 
with minimum external components. Refer· 
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SIMPLIFIED RECTIFIER SCHEMATIC 

·--------- -----i I I 
I A2 t 
I I 
I Vin I I I 
I I 
I I 

L--------------~ 

06 

Figure 2 

BUFFER AMPLIFIER SCHEMATIC 
v+ 

IA 
= Vin 

A 

10K 

CA 

010 

012 

CA 

IA2 -
10K 

v+ 

013 

014 

r TRACKING 
TRIM I 

Figure 3 

IQ 
= 21A2 

X2 

018 

X2 
018 
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ring to Figure 3, the rectifier output current la 
mirrored Into the Input and output of the 
unlpoler buffer 1mpllfler A3 through 09, 09 
and 010· Olodea 011 end 012 Improve 
tracking accuracy and provide common 
mode blae for A3. For 1 poaltlve going Input 
algnal, the buffer empllfler acts like 1 volt· 
age follower. Therefore, the output Imped· 
ance of A3 mekea the contribution of ca· 
p1cltor CR to attack time lnalgnlflcant. 
Neglecting diode Impedance the gain Ga(t) 
for <lG can be expre11ed 11 lollowa. 

-t 

Ga(!) • (Ga1NT - GIFNL) e TA + GaFNL 

Ga1NT • Initial Gain 

TA • RA • CA • 10K • CA GaFNL • Final Gain 

where TA Is the attack time constant and RA 
le a 10K lnternil realstor. Diode 015 opens 
the feedback loop of A3 for a negative going 
signal II the value of capacitor CR Is larger 
than capacitor CA. The recovery time de· 
pends only on CR • RR. II the diode Imped· 
ance is &Humed negligible, the dynamic 
gain GR (I) for <lG Is expreaeed ea follows. 

-t 

GR(t) • (GR INT - GR FNL) a TR + GR FNL 

TR • RR • CR • 10K • CR 

CIN1 

VIN o--i ...__,______, 
2.2µF 

RS 
100K 

CIN3 
2.2µF 

where TR is the recovery time constant and 
RR Is a 10K Internal realator. The gain con· 
trol current la mirrored to the gain call 
through 014· Tha low level gain errors due 
to Input blae current of A2 and A3 can be 
trimmed through the tracking trim PIN Into 
A3 with e current source of :t: 3µA. 

Baalc Expandor 
Figure 4 1how1 en appllcetlon of the circuit 
11 1 simple 1xp1ndor. The gain expre11lon 
of the system la given by 

Vour 2 R3•V1N(AVG) --·-·----
V1N 11 

(5) 

Both the realstora R 1 and R2 are tied tc 
internal summing nodes. R 1 is a 8.8K Inter· 
nal realator. Tha maximum input current Into 
the gain cell can be aa large as 140µA. This 
correaponds to a voltage level of 140µA • 
8.8K • 962mV peak. The Input peak current 
into the rectifier la limited to 300µA by the 
Internal bias system. Note that the value of 
Rt can be lncreaaed to accommodate high· 
er input level. R2 .and R3 are external reals· 
tors. It is easy to adjust the ratio of R3 I R2 
·for desirable system voltage and current 
levels. A small R2 raaults in higher gain con· 
trol current and smaller static and dynamic 

BASIC EXPANDOA SCHEMATIC 

R4 
+va 

CIN2 R1 (5,11) 

(7,9) 
.lG 

6.8K 
2.2µF 

(6,10) R6 
VREF 

1K 
(2,14) 

(4,12) 

R2 JJ 
3.3K 

-Pf- CA CR 
1µF 10µF 

(3.13) 

(8) (16) 

":" 
+vcc 

Figure 4 

SA/NE572 

tracking error. However, an Impedance buff· 
er A1· may be necea11ry II the Input is volt· 
age drive with large source Impedance. 

The gain cell output current feeds the sum· 
ming node of the external OPA A2. R3 and 
A2 convert the gain cell output current to the 
output voltage. In high performance appllca· 
lions, A2 h11 to be low nolee, high speed 
and wide band so that the high performance 
output of the gain cell will not be degraded. 
The non-inverting input of A2 can be biased 
·at the low noise Internal reference PIN 8 or 
10. Reaiator R4 is used to biased up the 
output OC level of A2 for maximum awing. 
The output OC ·1evel of A2 is given by 

( R3) R3 
Vooc - VREF 1 + R4 - Ve R4 (6) 

Ve can be tied to a regulated power supply 
for a dual supply system and be grounded 
for a single supply system. CA sets the at· 
tack time constant and CR sets the recovery 
time constant. 

R3 

17.3K 

C1 I 2.2µF 

5·13 

-
5 -
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Basic Compressor 
Figure 5 shows the hook-up of the circuit as 
a compressor. The IC is put in the feedback 
loop of the OPA t11, ... T11e.sys_tem gain ex· 
pression is as follows: 

Vour _(!J... . R2 • R1 )''2 
V1N -,2 R3 • V1N (AVG) (7) 

RDC1, RDC2, and CDC form a de feedback 
for A 1 · The output DC level of A 1 is given by 

( Roc1 + Roc2) 
Vooc ~ VREF 1 + R4 

( Roc1 + Roc2) 
- Ve• R4 (8) 

The zener diodes D 1 and D2 are used for 
channel overload protection. 

Basic Compandor System 
The above basic compressor and expandor 
can be appli.ed to systems such as 
tape I disc noise reduction, digital audio, 
bucket brigade delay lines. Additional sys· 
tern design techniques such as bandlimiting, 
band splitting, pre-emphasis, de-emphasis 
and equalization are easy to incorporate. 
The IC is a versatile functional block to 
achieve a high performance audio system. 
Figure 6 shows the system level diagram for 
reference. 

For additional information, refer to the Appli· 
cations Section. 
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COMPRESSION 
~--- IN 

3.0V 

547.6MV 
400MV 

100MV 

10MV 

1 MV 

10µV 

BASIC COMPRESSOR SCHEMATIC 

A4 ADC1 
Vs 

9.1K 
CDC 

c2·.1µF 
i10µF 

CIN1 
01 

VIN~ 
2.2µF A3 

17.3K 

(5,11) 

(2,14) 

_[lp1 

r I 
* CA CA 

10µF 1µF 

vcc (16) 

Figure 5 

NE572 SYSTEM LEVEL 

INPUT TO l!.G 
ANORECl' 

Figure 6 

EXPANDOA 
OUT 

RDC2 

9.1K 

02 

2.2µF 

CIN3 
2.2µF 

3.3K 
A2 

(3,13) 

REL LEVEL ABS LEVEL 

+29.54 

+14.77 
+12.0 

o.o 

-20 

-40 

-60 

-60 

DB dSM 

+11.76 

-3.00 
-S.7S 

-17.78 

-37.78 

-57.78 

-77.78 

VOUT 

*For additional information, consult the Appllcations Section. 
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STEREO DEMODULATOR WITH BLEND 

DESCRIPTION 
The LM1870 combination FM Stereo 
Demodulator and Blend Circuit is a PLL 
circuit with a D.C. control pin whose pur· 
pose Is to reduce switching noise by de· 
creasing separation under low signal am· 
plitude conditions. The part is designed 
specifically for automobile applications 
where fluctuating signal strength can 
cause demodulation noise. 

FEATURES 
• Stereo blend control 
• Wide Input dynamic range 
• Low total harmonic distortion 
• VCO disable function 
• Monophonic override pin 
• Supply range 7V-15V 

APPLICATIONS 
• Auto radios 
• High fidelity tuners 
• High performance portable radios 
• Electronic tuned radios 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER RATING 

Supply voltage, pin 3 15 
Lamp driver voltage, pin 11 18 
Output voltage, pin 12, 13 supply off 7 
Quick mono input (pin 20) V+(pin 3) 
Blend input (pin 20) 15 
Operating temperature range o·c to + 1o•c 
Power dissipation (note 1) 1 
Storage temperature -65°Cto + 125•c 
Lead temperature (soldering, 10 seconds) 3oo·c 

TYPICAL APPLICATION AND TEST CIRCUIT 

CONTROL 
VOLTAGE 

COMPOSITE 
INPUT 

12V 

R19 19kHz 
FREQUENCY 15K TEST POINT 

COUNTER 

UNIT 

v 
v 
v 

v 

w 

C14 
0.01µ,F 

LM1870 

PIN CONFIGURATION 

NPACKAOE 

QUICKMONO 1 20 ea1~~&fNTROL 

PLLINPUT 2 

v+ 3 18 BLEND FIL TEA 

Lt~b61i~SP 4 17 BLENDFILTER 

LAMP FILTER 5 1a '~~~~ ~--~sigrN~ 
LOOP FILTER 8 1s ~~~1~~~fs 
LOOP FIL TEA 7 14 Ob°e'llP~i~s' 
VCO TUNING 8 13 LEFT OUTPUT 

VCO TUNING 9 12 RIGHT OUTPUT 

11 LAMP DRIVER 

TOP VIEW 
ORDER NUMBER 

LM1870N 

VLAMP 
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LINEAR LSI PRODUCTS 

STEREO DEMODULATOR WITH BLEND LM1870 

DC ELECTRICAL CHARACTERISTICS TA= 25°C, v+ =av unless otherwise noted (Figure 1) 

SYMBOL AND PARAMETER TEST CONDITIONS MIN TYP MAX UNIT 

Operating supply voltage 7 8 15 v 

Supply current, 26 45 mA 

Input DC voltage Pin 19 4 v 

Input DC voltage Pin 2 1.8 v 

Supply rejection 15 30 dB 

Lamp leakage current Lamp off, pin 11=16V 0.1 100 µA 

Lamp saturation voltage Lamp on, pin 11 @ 75mA 1.4 2.0 v 

VCO stop voltage Voltage@ pin 4 to stop VCO 0.2 0.4 v 

VCO stop current Pin 4= 0.2V - 30 -100 µA 

Blend input bias current -2 -20 µA 

Quick mono switch voltage 4 v 

Quick mono bias current Pin 1=8V 2 µA 

Output leakage Pin 12or13= 6.5V, pin 3= OV 0.1 20 µA 

AUDIO ELECTRICAL CHARACTERISTICS 

SYMBOL AND PARAMETER TEST CONDITIONS MIN TYP MAX UNIT 

Mono gain 1kHz -4 -1 +2 dB 

Mono THO 1kHz@ 200mVrms 0.05 0.25 % 

Channel balance ± 0.4 ± 1.5 dB 
--

Gain shift Mono to stereo ±0.1 ± 1.0 dB 

Channel separation Pin 20;,, 1.1V 30 45 dB 

Output DC shift Mono to stereo ± 15 ± 100 mV 

Input resistance Pin 19 20 40 kn 

Output resistance Pin 12, 13 65 200 n 

Ultrasonic rejection 19kHz + 38kHz 30 dB 

SCA rejection (Note 2) 70 dB 

Signal to noise 1kHz@ 200mVrms MONO 68 dB 

PLL ELECTRICAL CHARACTERISTICS 

SYMBOL AND PARAMETER TEST CONDITIONS MIN TYP MAX UNIT 

Lamp ON voltage 19kHz on pin 2 15 20 mV 

Lamp OFF voltage 19kHz on pin 2 2.5 5 mV 

Lamp hysteresis 10 dB 

Capture range 25mVrms on pin 2 ±2 ±4 ±6 % 

Hold in range 25mVrms on pin 2 ±12 % 

Input resistance Pin 2 8 14 kn 
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LINEAR LSI PRODUCTS 

STEREO DEMODULATOR WITH BLEND LM1870 

BLEND ELECTRICAL CHARACTERISTICS 

SYMBOL AND PARAMETER 
TEST CONDITIONS 

MIN TYP MAX UNIT 
(Pin 20 from 1.1V to 0.2V) 

Stereo gain change 1kHz L= -R input - 25 -35 dB 

Mono gain change 1kHz L= R input -1.5 -0.5 0.5 dB 
10kHz L = R input -8 -14 -20 dB 

Output DC shift ±40 ± 100 mV 

NOTES 
1 For operation in ambient temperatures above 25°C, the device must be derated based on a 15a~c maximum junction temperature and a thermal resistance of 125°CIW junction 

to ambient. 
2. Input is 10% SCA (74.5kHz), 9% pilot and 1kHz left or right. Rejection is ratio of 1kHz output to 1.5kHz output. 

TYPICAL CHARACTERISTICS 
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LINEAR LSI PRODUCTS 

STEREO DEMODULATOR WITH BLEND 

QAIN vs RL (PIN 14, 15) 
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LINEAR LSI PRODUCTS 

DUAL LOW-NOISE PREAMP NE542 

DESCRIPTION 
The NE542 is a dual preamplifier for the 
amplification of low level signals in applica
tions requiring optimum noise perform
ance. Each of the two amplifiers is com
pletely independent, with individual internal 
power supply decoupler-regulator, provid
ing 110dB supply rejection and 70dB chan
nel separation. Other outstanding features 
:nclude high gain 1104dBl, large output volt
age swing !Vee -2Vp-pl, and internal com
pensation to 1 OdB. The NE542 operates 
from a single supply across the wide range 
of 9 to 24V. 

FEATURES 
• Low nolse-.?µV total Input noise 
• High galn-104dB open loop 
• Single supply operation 
• Wide supply range 9 to 24V 
• Power supply rejection 11 OdB 
• Large output voltage swing 

(V CC -2V p-p) 
• Wide bandwidth 15MHz unity gain 
• Power bandwidth 100kHz (15V p-p) 
• Internally compensated (stable at 1 OdB) 
• Short circuit protected 
• High slew rate SV/µs 

PIN CONFIGURATION 

NPACKAGE 

+IN(1)08 +IN(2) 
-IN(1) 2 7 -IN(2) 

GND 3 6 Vee 

OUTPUT (1) 4 5 OUTPUT (2) 

L TOP VIEW 

ORDER NUMBER 
NE542N 

---~ 

The NE542 is ideal for use in stereo phono. ABSOLUTE MAXIMUM RATINGS 
tape, or microphone preamps and other 
applications requiring low noise amplica
tion of small signals. 

PARAMETER 
f------

Supply voltage 
Power dissipation 
Operating temperature range 
Storage temperature range 
Lead temperature (soldering, 60sec) 

EQUIVALENT CIRCUIT 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

RATING 

+24 
500 

Oto +70 
-65 to +150 

+300 

--
UNIT 

v 
mW 
'C 
'C 
'C 

---------, 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I 
I 
I 

(4, 5) 

L ___ __L __ _ _____ J_ ____ _j 

DC ELECTRICAL CHARACTERISTICS TA= 25'C, Vee= 14V 
unless otherwise specified. 

NE542 
PARAMETER TEST CONDITIONS 

Min Typ Max 

Supply voltage 9 24 
Supply current Vee= 9to18V. RL = ~ 9 15 

Input resistance 
Positive input 100 
Negative input 200 

Output resistance Open loop 150 

UNIT 

v 
mA 

kn 
kn 
() 
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LINEAR LSI PRODUCTS 

DUAL LOW-NOISE PREAMP NE542 

AC ELECTRICAL CHARACTERISTICS TA= 2s 0 c, Vee= 14V unless otherwise specified. 

PARAMETER TEST CONDITIONS 

Voltage gain Open loop 

Input current 
Negative input 

Output current Source 
Sink !linear operation) 

Output voltage swing 

Small signal bandwidth 
Slew rate 

Power bandwidth 15V p-p 

Maximum input voltage Linear operation, < 2.5% distortion 

Supply rejection ratio 1=60, 120Hz 
f = 1kHz 

Channel separation f = 1kHz 

Total harmonic distortion 40 dB gain, f= 1kHz 
Total equivalent input 

Noise RS= 6000, 100 - 10,000Hz 

Noise figure RS= 50k0, 10 - 10,000Hz 
RS =20kfl, 10 10,000Hz 
RS= 10kfl, 10 - 10,000Hz 
RS= 5k0, 10-10,000Hz 

TYPICAL PERFORMANCE CHARACTERISTICS 

LARGE SIGNAL FREQUENCY RESPONSE 

> 
I 

" z 
~ 
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" e: 
" 0 ,. 
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~ ,. 
::5 
0. 
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NE542 
UNIT 

Min Typ Max 

160,000 VIV 

.5 µA 

8 14 mA 
2 3 mA 

Vee -2.5 Vee -2 v 
15 MHz 
5 VlµS 

100 kHz 

300 mVrms 

100 dB 
110 dB 

40 70 dB 

.1 .3 % 

.7 1.2 µVrms 

1.2 dB 
1.2 dB 
LS dB 
2.4 dB 
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LINEAR LSI PRODUCTS 

DUAL LOW-NOISE PREAMP 

TYPICAL PERFORMANCE CHARACTERISTICS (Cont'd! 

PSRR vs FREQUENCY 
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TYPICAL APPLICATIONS 
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*For additional information, consult the Applications Section. 
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LINEAR LSI PRODUCTS 

DOUBLE BALANCED MIXER AND OSCILLATOR 

1qmo,,11e1.1n 

DESCRIPTION APPLICATIONS 
The SA/NE602 is a monolithic Double • HF and VHF frequency conversion 
Balanced Mixer with on-board oscillator and • Cellular radio mixer/oscillator 
voltage regulator. The oscillator can be used 
as a buffer for external injection. The design 
is optimized for frequency conversion applica
tions up to 200MHz and has excellent noise 
and 3rd order intermodulation performance 
The SA/NE602 is available in a 8 lead dual in 

line plastic package and 8 lead SO (Surtace 
mounted miniature package) 

FEATURES 
• Low current consumption: 2.4mA 
typical 

• High input and oscillator frequency 
operation up to 200MHz 

• High third order intercept point: - 15 
dBm referred to matched input 

• Excellent noise figure: 5.0dB typical 
al 45 MHz 

• Low external count; suitable for 
crystal/ceramic filters 

ABSOLUTE MAXIMUM RATINGS 

• Communication receivers 
• Instrumentation frequency converters 
• VHF walkie talkie 

Max1mu:::::~n:E~oltage 1=r---R~No_:=_~1 ":" ~ 
Stor~ge ten:i_~~- - 65 __:.o + 1 so__ --_--;c==_J 
Operating temperature I 

NE602 o to + 70 ·c _J 
SA602 -40 to + 85 _"~ l 

BLOCK DIAGRAM 
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PIN CONFIGURATION 

0, N PACKAGES 

TOP VIEW 

ORDER PART NUMBERS 
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LINEAR LSI PRODUCTS 

DOUBLE BALANCED MIXER AND OSCILLATOR 

l:mJOuOelelij 

DC ELECTRICAL CHARACTERISTICS: TA= 25°C. Vee= 6V. 

SA/NE602 
SYMBOL AND PARAMETER UNIT 

Min Typ Max 

Power supply voltage range 4.5 - 8.0 v 
D.C. current drain - 2.4 2.7 mA 

Input signal frequency - - 200 MHz 

Oscillator frequency - - 200 MHz 

Noise figure @ 45MHz - 5.0 6 dB 

Third order intercept point - -15 -17 dBm 

Mixer input resistance 1.5 - - k!l 

Mixer input capacitance - 3 3.5 pF 

Mixer output resistance 1 - 2 x 1.5 - k{l 

NOTE: 
1. Each output pin is internally connected to Vee through a 1.5 (nominal) kn resistor 

CIRCUIT DESCRIPTION 
The NE602 utilizes an active double balanced 
mixer. The RF input port (pins 1 and 2) can be 
used in either a symmetrical or an asym
metrical configuration. The RF input port has 
a resistance of 1.5K!l shunted by 3.0pF. In 
order to be used as an asymmetrical configura
tion, one of the two input pins (1 or 2) must be 
bypassed to ground with a capacitor. The RF 

TYPICAL APPLICATION 

Vee 

0.5 to 1.3,.H 

47pF 

INPUT~0.209 to 0.283MH 

220pF 
100nF 

input port does not need any external bias and 
should not be DC grounded. An external DC 
path between pins 1 and 2 is allowed. 

The local oscillator is an emmitter-follower cir
cuit and is capable of many types of oscillator 
configurations. Pin 6 (oscillator base) and pin 
7 (oscillator emitter) do not need any external 
bias circuitry, but only pin 6 may have a DC 

NE802 

i 
34.2MHz THIRD OVERTONE CRYSTA~ 

150pF 

OUTPUT 

~ 120pF 

SA/NE602 

path to Vee· Pin 6 can be used for external 
oscillator or for frequency synthesizer injection. 

The NE602 output pins can be used in a single
ended or push-pull configuration. There are in
ternal 1.5K!l resistors connected to Vee for 
each output pin (4 and 5); therefore no exter
nal bias is needed. Pins 4 and/or 5 may have 
a DC path to Vee· 
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LINEAR LSI PRODUCTS 

LOW POWER FM IF SYSTEM 

l:mJOullel.lfJ 

DESCRIPTION 
The SA/NE604 is a monolithic low power FM 
IF system incorporating two limiting inter
mediate frequency amplifiers, quadrature 
detector, muting, logarithmic signal strength 
indicator, and voltage regulator. The 
SAINE604 is available in a 16 lead dual-in-!ine 
plastic package and 16 lead SO (surface 
mounted miniature package). 

FEATURES 
• Low power consumption: 2.3mA typical 
• Logarithmic Received Signal Strength 

Indicator (RSSI) with a dynamic range in 
excess of 90dB 

• Separate data output 
• Audio output with muting 
• Low external count; suitable for 

crystal/ceramic filters 
• Excellent sensitivity: 1.S~V across input 

pins (0.27 ~V into SP!l matching network) 
for 12dB SINAD (Signal to Noise and 
Distortion ratio) at 455kHz 

ABSOLUTE MAXIMUM RATINGS 

SYMBOL AND PARAMETER 

Maximum operating voltage 

Storage temperature 

Operating temperature 

NE604 
SA604 

BLOCK DIAGRAM 

5-24 

APPLICATIONS 
• Cellular Radio FM IF 
• Communications receivers 
• Intermediate frequency amplification and 

detection up to 10. 7MHz 
• RF level meter 
• Spectrum analyzer 

RATING UNIT 

9 v 
-65 to + 150 oc 

0 to +70 oc 
-40 to +85 oc 

SA/NE604 

PIN CONFIGURATION 

IF AMP 
DECOUPLING 

QUADRATURE 
INPUT 

N, 0 PACKAGE 

TOP VJEW 

ORDER NUMBERS 

NE604N, NE604D 
SA604N. SA6040 

IF AMP INPUT 

IF AMP 
OECOUPUNG 

IF AMP 
OUTPUT 

GNO 

LIMITER 
INPUT 

LIMITER 
DECOUPLING 

LIMITER 
DECOUPLING 



LINEAR LSI PRODUCTS 

LOW POWER FM IF SYSTEM 

l:m'Jli11ilelelij 

ELECTRICAL CHARACTERISTICS TA= 25°C, Vee= + s volts, unless 
otherwise stated. 

SA/NE604 
SYMBOL AND PARAMETER 

Min Typ Max 

Power supply voltage range 4.5 8.0 

D.C. current drain 2.3 2.7 

!.F. frequency 10.7 

RSSI range TBD 90 

RSSI accuracy ± 1.5 

l.F. input impedance 1.5 

l.F. output impedance 1.0 

Limiter input impedance 1.5 

Quadrature detector data output impedance 50 

Muted audio out impedance 50 

Mute - switch input threshold (on) 1.7 
(oft) 1.0 

TYPICAL APPLICATION 

UNITS 

v 
mA 

MHz 
··--·- -· -

dB 

dB 

kn 

kn 

k!l 

k!l 

kn 

v 
v 

SA/NE604 

CIRCUIT DESCRIPTION 
The SA/NE604's IF amplifier has a gain of 
30dB, bandwidth of 15MHz, with an input 
impedance of 1.5Kn and an output impedance 
of 1.0Kn. The limiter has a gain of 60dB. 
bandwidth of 15MHz. and an input impedance 
of 1.5Kn. An interstage tilter between the IF 
Amplifier and Limiter is recommended to 
reduce wideband noise. The quadrature 
detector input (pin 8) impedance 1s 40Kll 

The data (unmuted output) and audio (muted 
output) both have SOK!l output impedance and 
their detected signals are 180 degrees out of 
phase with each other. The mute input (pin 3) 
has a very high impedance and is compatible 
with three and five volt CMOS and TTL levels. 
Little or no DC level shift occurs after muting 
when the quadrature detector is adiusted to the 
IF center frequency. Muting will attenuate the 
audio signal by more than 60dB and no voltage 
spikes will be generated by muting 

The logarithmic signal strength indicator is a 
current source output with maximum source 
current of 50 microamps. The signal strength 
indicator's transfer function is approximately 
10 microamp per 20dB and is independent of 
IF frequency. The interstage tilter must have 
a 6dB insertion loss to optimize slope linearity. 

Pins 1. 16, 15. 14, 12. 11, 10, 9, and 8 do not 
need external bias and should not have a 
DC path. 

kHz IF 
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LINEAR LSI PRODUCTS 

DOLBY NOISE REDUCTION CIRCUIT 

DESCRIPTION 
The NE645/646 Is a monolithic audio noise 
reduction circuit designed as a direct 
replacement device for the NE645B/ 
NE646B In Dolby' B·Type noise reduction 
systems. The NE645/646 Is used to reduce 
the level of background noise Introduced 
during recording and playback of audio 
signals on magnetic tape, and to Improve 
the noise level In FM broadcast reception. 
This circuit is available only to licensees 
of Dolby Laboratories Licensing Corpora· 
tlon, San Francisco, California. 

NOTE 
*T.M. Dolby Laboratories Licensing Corporation. 

ABSOLUTE MAXIMUM RATINGS 
PARAMETER 

Supply voltage 
Temperature range 

Operating 
Storage 

Lead temperature (soldering, 60 sec) 

BLOCK DIAGRAM 

5·26 

POWER 
SUPPLY 

REFERENCE 

FEATURES 
• Accurate record mode frequency 

respon11 
• Excellent frequency response tracking 

with temperaturs and Vee :1: 0.4 dB 
typical 

• Excellent back·to·back dynamic 
respon11 - D.C. shift less than 20 mV 
typical 

• Improved stablllty of all op amps 
• High rellablllty packaging 

INTERNAL 
llAS 
SUPPLY 

RATING 

24 

o to + 70 
-65 to +150 

+300 

OVERSHOOT 
SUPPRESSOR 

INPUT AMP 
VARIABLE 
IMPEDANCE 

UNIT 

v 

·c 
•c 
·c 

NE645/46 

PIN CONFIGURATION 

NPACKAGE 

TOP VIEW 

ORDER NUMBERS 

NE645N, NE646N 

0 
RECTIFIER 
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LINEAR LSI PRODUCTS 

DOLBY NOISE REDUCTION CIRCUIT 

ELECTRICAL CHARACTERISTICS Vee= 12 volts, I= 20 Hz to 20 kHz. 
All levels referenced to 580 mVrms (0 dB) at Pin 3, TA= +25'C 
Unless otherwise noted. 

-,..---· 
NE645 

PARAMETER TEST CONDITIONS Min Typ Max Min 

Supply Voltage Range 8 20 8 

Supply Current, Ice Vcc=12V 16 24 

Voltage gain (Pins 5·3) f = 1 kHz (Pins 6 and 2 connected) 24.5 26 27.5 24.5 

Voltage gain (Pins 3·7) f = 1 kHz, O dB at pin 3, noise -0.5 0 +0.5 -0.5 
reduction out 

~-

Distortion 
THO, 2nd and 3rd harmonic f= 20 Hz -10 kHz, OdB 0.05 0.1 

f = 20 Hz - 10 kHz, + 10 dB 0.15 0.3 

Signal handling 1 (V cc= 12V) 1% dist at 1 kHz + 12 + 15 + 12 

Signal·to-noise ratio2 Record mode 67 72 64 
Playback mode 77 82 74 

Record mode 
Frequency response f= 1.4kHz 
(at pin 7) referenced OdB -1 0 +1 -: 1.5. 
to encode monitor point -20dB -16.6 -15.6 -14.6 -17.1 
(pin 3) -30dB -23.5 -22.5 -21.5 -24.0 

f = 5kHz 
OdB -0.7 +0.3 + 1.3 -1.2 
-20dB -17.8 -16.8 -15.8 -18.3 
-30dB -22.8 -21.8 -20.8 -23.3 
-40dB -30.2 -29.7 - 28.7 -30.2 

f= 20kHz 
OdB -0.3 +0.7 + 1.7 -0.8 
-20dB -18.3 -17.3 -16.3 -18.8 
-30dB - 24.5 -23.5 -22.5 -25.0 

Back-to·back frequency Using typical record mode -1 0 +1 -1.5 
response frequency response test points 

Input resistance Pin 5 35 50 65 35 
Pin 2 3.1 4.2 5.3 3.1 

Output resistance Pin 6 1.9 2.4 3.1 1.9 
Pin 3 80 120 
Pin 7 80 120 

Back-to-back frequency 
response shift 

Versus temperature 0°-?0'C ±0.4 
Versus supply voltage 8-20V ±0.4 

NOTES 
1. See maximum signal handling versus supply voltage characteristics. 
2. All noise levels are measured CCIA/ARM weighted using a 10K source with respect to Dolby level. See Dolby Laboratories Bulletin 19. 

NE645/46 

NE646 

Typ Max UNIT 

20 v 
--

16 24 mA 

26 27.5 dB 

0 +0.5 dB 

0.05 0.2 % 
0.2 0.5 % 

+15 dB 

72 dB 
82 dB 

0 + 1.5 dB 
-15.6 - 14.1 dB 
-22.5 - 21.0 dB 

+0.3 + 1.8 dB 
-16.8 -15.3 dB 
-21.8 -20.3 dB 5 
-29.7 - 28.2 dB 

+0.7 + 2.2 dB 
-17.3 -15.8 dB 
-23.5 -22.0 dB 

0 + 1.5 dB 

50 65 kQ 
4.2 5.3 kQ 

2.4 3.1 kQ 
80 120 Q 
60 120 Q 

±0.4 dB 
±0.4 dB 
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LINEAR LSI PRODUCTS 

DOLBY NOISE REDUCTION CIRCUIT 

PERFORMANCE CHARACTERISTICS 

THO vs FREQUENCY RECORD MODE 

5·28 
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LINEAR LSI PRODUCTS 

DOLBY NOISE REDUCTION CIRCUIT NE645/46 

APPLICATION INFORMATION 
The NE645/646 Is a direct replacement for 
the NE645B/646B. The NE645/646 incorpo
rates improved design techniques to in
sure excellent performance required in 
Dolby B and C Type Audio Noise Reduc
tion Systems. Critical component values 
are unchanged except for C309 on Pin 1 
which Is now an optional component in 
specific applications defined by Dolby 
Laboratories. All circuit parameters are 
guaranteed at 12V Vee· 

TEST CIRCUIT NE645/646 

R308 R314 
1K 1K 

C202 + 

1!~0&~I 

C201 + 

1~F 1SVDC 

INPUT 

NOTE 

+ero+aov 

Ice 
18 

POWER 
SUPPLY 

INPUT A.MP 

REFERENCE 

C20I I 4TOpF 

All r11l11tor1111tandard and are meaeured In OHMS. 
"Optional capacitor In specific appllcatlcna defined 
by Dolby Laboratories. 

DOLBY ENCODER Output for constant level input (single tone frequency response) 

Input Level (dB) 

Frequency 0 
(kHz) (Dolby -5 -10 -15 -20 -25 -30 -35 -40 

Level) 

0.1 0 0.1 0 0.1 0 0 0 0 0 
0.14 0 0.2 0.2 0.2 0.2 0.2 0.1 0.2 0.1 
0.2 0 0.3 0.4 0.5 0.5 0.6 0.6 0.5 0.5 
0.3 0 0.3 0.6 1.1 1.3 1.3 1.3 1.3 1.3 
0.4 2.0 2.1 2.2 2.3 2.1 
0.5 0 0.3 0.8 1.8 2.6 2.9 2.9 3.0 2.9 
0.6 3.6 3.7 3.8 3.7 
0.7 0 0.4 0.9 2.1 3.5 4.3 4.4 4.5 4.4 
0.8 4.8 5.0 5.3 5.1 
0.9 5.6 5.8 5.6 
1.0 0 0.4 1.0 2.3 4.2 5.7 6.1 6.3 6.2 
1.2 6.9 7.1 7.1 
1.4 0 0.3 0.9 2.3 4.4 6.6 7.5 7.7 7.7 
2.0 0.1 0.4 0.9 2.2 4.3 7.0 8.5 8.9 8.9 
3.0 0.2 0.6 0.9 1.9 3.9 6.6 8.8 9.7 9.7 
5.0 0.3 0.6 1.0 1.7 3.2 5.4 8.2 10.0 10.3 
7.0 0.3 0.6 1.0 1.7 2.8 4.7 7.3 9.7 10.4 
10.0 0.4 0.7 1.1 1.7 2.6 4.2 6.5 9.1 10.4 
14.0 0.5 0.8 1.1 1.8 2.7 4.4 6.5 8.7 10.3 
20.0 0.7 0.7 1.2 1.9 2.7 4.4 8.5 8.7 10.3 

NOTE 
The figures given ln this table are the average response of many of Dolby Laboratories' professional encoders, and are 
not Intended to be taken 8!I required consumer equipment performance characterlatlca. Thus, no Inference should be 
drawn on the toterances which llcenaeea must retain In consumer equipment. The figures can, however, be used to 
p!ot typlcal characterlatlca. 

INTERNAL 
BIAS 
SUPPLY 

INPUT AMP 

R308 
180 

OVERSHOOT 
SUPPRESSOR 

VARIABLE 
IMPEDANCE 

C301 C302 

H~F o.oz~~I 

C308 
101'F 

15VDC 

c2oe 
10"F 

15VOC 

<>~~~o-~~+T~+ ~ 

C308 

I0.11'F 

RIOS 
180K 

15 

C:IOT 
J0.33"F 
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LINEAR LSI PRODUCTS 

LOW VOLTAGE DOLBY NOISE REDUCTION CIRCUIT NE648/49 

DESCRIPTION PIN CONFIGURATION 
The N E648/649 is an audio noise reduction 
circuit designed for use In low voltage en- N PACKAGE 
tertalnment systems. The circuit Is used 
to reduce the level of background noise in· 
troduced during the recording and play· 
back of audio signals on magnetic tape 
and Improve the noise level In FM broad· 
cast reception. The circuit Is Intended for 
use in automotive and portable cassette 
Dolby• 8-Type noise reduction systems. 
This circuit Is available only to licensees 
of Dolby Laboratories Licensing Corp., 
San Francisco. 

NOTE TOP VIEW 
*T.M. Dolby Laboratories Licensing Corporation 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER 

Supply voltage 
Temperature range 

Operating 
Storage 

Lead temperature (soldering 60sec) 
'----

BLOCK DIAGRAM 

5-30 

18 

POWER 
SUPPLY 

REFERENCE 

INPUT AMP 

RATING 

16 

-40 to + 85 
-65to + 150 

+300 

INPUT AMP 

UNIT 

v 

'C 
•c 
'C 

ORDER NUMBERS 

NE648N, NE649N 



LINEAR LSI PRODUCTS 

LOW VOLTAGE DOLBY NOISE REDUCTION CIRCUIT NE648/49 

DC ELECTRICAL CHARACTERISTICS v cc= 9V, f = 20Hz to 20kHz. 
All levels referenced to 5BOmVrms (OdB) at pin 3, TA= + 25°C unless otherwise noted. 

PARAMETER TEST CONDITIONS 
NE848 NE849 

UNIT 
Min Typ Max Min Typ MIX 

Supply voltage range3 6 9 14 6 9 14 v 
Minimum voltage supply for 

f= 1.4kHz 8dB headroom 6.5 6.5 v 
10dB headroom THD<1% 7.5 7.5 v 

Supply Current, Ice 11 18 11 18 mA 

Supply Current,, Ice 20 20 mA 

Voltage gain (pins 5-3) f = 1kHz 
24.5 26 27.5 24.5 26 27.5 dB (pins 6 and 2 connected) 

Voltage gain (pins 3-7) f=1kHz, OdB at pin 3, 
-0.5 0 +0.5 -0.5 0 +0.5 dB noise reduction out 

Distortion 
f = 20kHz to 10kHz, OdB 0.05 0.1 0.05 0.2 % 

t = 20Hz to 10kHz, + 10dB 0.2 0.3 0.2 0.5 % 

Signal Handling 
(See Performance Characteristics) 

Record 
67 72 64 72 dB 

Sig nal·to·nolse ratlo2 (pins 6 and 2 connected) 
Playback 

(pins 6 and 2 connected) 
77 82 74 82 dB 

f= 1.4kHz -OdB -1 0 +1 -1.5 0 + 1.5 dB 
-20dB -16.6 -15.6 -14.6 -17.1 -15.6 -14.1 dB 5 
-30dB -23.5 -22.5 -21.5 -24.0 -22.5 -21.0 dB -

f= 5kHz 
Record mode frequency OdB -0.7 +0.3 + 1.3 -1.2 +0.3 + 1.8 dB 
response (at pin 7) referenced -20dB -17.8 -16.8 -15.8 -18.3 -16.8 -15.3 dB 
to encode monitor point -30dB -22.8 -21.8 -20.8 -23.3 -21.8 -20.3 dB 
(pin 3) -40dB -30.2 -29.7 -28.7 -30.2 -29.7 -28.2 dB 

f= 20kHz 
OdB -0.3 +0.7 + 1.7 -0.8 +0.7 +2.2 dB 
-20dB -18.3 -17.3 -16.3 -18.8 -17.3 -15.8 dB 
-30dB -24.5 -23.5 -22.5 -25.0 -23.5 -22.0 dB 

Back·to-back frequency Using typical record mode 
:!: 1.0 :!: 1.5 dB response response 

Input resistance Pin 5 35 50 65 35 50 65 kll 
Pin 2 3.1 4.2 5.3 3.1 4.2 5.3 kll 

Pin 6 1.9 2.4 3.1 1.9 2.4 3.1 kll 
Output resistance Pin 3 80 120 80 120 ll 

Pin 7 80 120 80 120 ll 

Record mode frequency 
response shift 

Versus temperature 0 to 70°C :!:0.3 dB 
- 40 to 85"C :!:0.5 dB 

Versus Vee 6 to 14V 0.2 dB/V 

NOTES 
1. With electronic 1wltchlng. 
2. All nolae levels are meuured CCIR/AFIM weighted using a 10K source with respect to Ool,by level. See Dolby Laboratoi'IH Bulletin 19. 
3. The circuit will function as low H Vee• 4.5V (I.e. output 1lgn11 preeent). See graph• of Ice and algnal hand I Ing va Vee· 
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LINEAR LSI PRODUCTS 

LOW VOLTAGE DOLBY NOISE REDUCTION CIRCUIT NE648/49 

PERFORMANCE CHARACTERISTICS 

5·32 
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LINEAR LSI PRODUCTS 

LOW VOLTAGE DOLBY NOISE REDUCTION CIRCUIT 

DOLBY ENCODER Output for constant level input (single tone frequency response) 

Input Level (dB) 

Frequency 0 
(kHz) (Dolby -5 -10 -15 -20 -25 -30 -35 -40 

Laval) 

0.1 0 0.1 0 0.1 0 0 0 0 0 
0.14 0 0.2 0.2 0.2 0.2 0.2 0.1 0.2 0.1 
0.2 0 0.3 0.4 0.5 0.5 0.6 0.6 0.5 0.5 
0.3 0 0.3 0.6 1.1 1.3 1.3 1.3 1.3 1.3 
0.4 l.0 2.1 2.2 2.3 2.1 
0.5 0 0.3 0.8 1.8 2.6 2.9 2.9 3.0 2.9 
0.6 3.6 3.7 3.8 3.7 
0.7 0 0.4 0.9 2_1 3.5 4.3 4.4 4.5 4.4 -
0.8 4.8 5.0 5.3 5.1 
0.9 5.6 5.8 5.6 
1.0 0 0.4 1.0 2.3 4.2 5.7 6.1 6.3 6.2 
1.2 6.9 7.1 7.1 
1.4 0 0.3 0.9 2.3 4.4 6.6 7.5 7.7 7.7 
2.0 0.1 0.4 0.9 2.2 4.3 7.0 8.5 8.9 8.9 
3.0 0.2 0.6 0.9 1.9 3.9 6.6 8.8 9.7 9.7 
5.0 0.3 0.6 -J4--- 1.7 3.2 5.4 8.2 10.0 10.3 
7.0 0.3 0.6 1.0 1.7 2.8 4.7 7.3 9.7 10.4 

10.0 0.4 0.7 1.1 1.7 2.6 4.2 6.5 9.1 10.4 
14.0 0.5 0.8 1.1 1.8 2.7 4.4 6.5 8.7 10.3 
20.0 0.7 0.7 1.2 1.9 2.7 4.4 6.5 8.7 10.3 

NOTE 
The figures given in this table are the average response of many of Dolby Laboratories' professional encoders, and are 
not intended to be taken as required consumer equipment performance characteristics. Thus, no inference should be 
drawn on the tolerances which licensees must retain in consumer equipment. The figures can, however, be used to 
plot typical characteristics. 

TEST CIRCUIT NE648/49 

NE648/49 

~--------------·--~--···-----·-------------------------------...., 

••R309 ••RJ14 
1K 1K 

*Optional capacitor in specific applica
tions defined by Dolby Laboratories. 

*•optional R309, R314 as determined 
by customer. 

1% 

11 12 

C305 
10µF 

15VDC 

C206 
10µF 

15VDC 

:~--------~:,-!~ 

G 
RECTIFIER 

10 13 14 R304 
15 

R305 
180K 270K 

C304 I 0.047µF 
C306 C307 

5% I0.1µF J0.331,F 
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LINEAR LSI PRODUCTS 

DOLBY B TYPE NOISE REDUCTION CIRCUIT 

DESCRIPTION 
The N E650 Is a monolithic audio noise re· 
ductlon circuit designed for use In Dolby' 
B Type noise reduction systems. The 
N E650 Is used to reduce the level of back· 
ground noise Introduced during recording 
and playback of audio signals on magnetic 
tape. The N E650 features excellent dy· 
namlc characteristics over a wide range of 
operating conditions and Is pin compatl· 
ble with NE6451646. This circuit Is avail· 
able only to licensees of Dolby Laborator· 
les Licensing Corp., San Francisco. 

NOTE 
"T.M. Dolby L1bor1torl11 Licensing Corporation. 

ABSOLUTE MAXIMUM RATINGS 
PARAMETER 

Supply voltage 
Temperature range 

Operating 
Storage 

Lead temperature (soldering 60sec) 

BLOCK DIAGRAM 

11 
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INTERNAL 
BIAS 
SUPPLY 

RATING 

24 

o to + 70 
-65to+150 

+300 

OVERSHOOT 
SUPPRESSOR 

INPUT AMP 
VARIABLE 
IMPEDANCE 

UNIT 

v 

•c 
·c 
·c 

PIN CONFIGURATION 

8 OUTPUT 3 

REFERENCE 4 

N PACKAGE 

TOP VIEW 

ORDER NUMBER 

NE650N 

Q 
RECTIFIER 

14 

NE650 



LINEAR LSI PRODUCTS 

DOLBY B TYPE NOISE REDUCTION CIRCUIT NE650 

DC ELECTRICAL CHARACTERISTICS Vee= 12v, f = 20Hz to 20kHz. 
All levels referenced to 580mVrms (OdB) at pin 3, TA= + 25'C unless otherwise noted. 

NE650 
PARAMETER TEST CONDITIONS UNIT 

Min Typ Max 

Supply voltage range 8 20 v 

Supply current, Ice Electronic switching on 16 24 mA 

Voltage gain (pins 5-3) f = 1 kHz (pins 6 and 2 connected) 25.5 26 26.5 dB 

Voltage gain (pins 3-n f= kHz, OdB at pin 3, noise reduction out -0.5 0 +0.5 dB 

Voltage gain (pins 2-3) f= 1kHz 13 dB 

Distortion f = 20Hz to 10kHz, OdB 0.05 0.1 % 
THO; 2nd and 3rd harmonic f= 20Hz to 10kHz, + 10dB 0.15 0.3 % 

Signal handling 1% distortion at 1kHz +12 + 15 dB 

Signal-to-noise ratio* Record mode 68 72 dB 
Playback mode 78 82 dB 

Back·to·back frequency response Using typical record mode response :t: 0.5 dB 

f= 1.4kHz 
OdB -0.5 0 +0.5 dB 
-20dB -16.1 -15.6 -15.1 dB 
-30dB -23.5 -22.5 -21.5 dB 

f=5kHz 
OdB -0.7 +0.3 +1.3 dB 

Record mode frequency response (at pin 7) -20dB -17.3 -16.8 -16.3 dB 
referenced to encode monitor point (pin 3) -30dB -22.3 -21.8 -21.3 dB 

-40dB -30.2 -29.7 -29.2 dB 5 
f=20kHz 

OdB -0.3 +0.7 + 1.7 dB 
-20dB -18.3 -17.3 -16.3 dB 
-30dB -24.5 -23.5 -22.5 dB 

Input resistance 
Pin 5 35 50 65 kO 
Pin 2 3.1 4.2 5.3 kO 

Pin 6 1.9 2.4 3.1 kO 
Output resistance Pin 3 80 120 0 

Pin 7 80 120 0 

Back-to-back frequency response shift 
Versus TA o•c to - 10•0 :t:0.4 dB 
Versus Vee 8to20V :t:0.4 dB 

•All noise levels are measured CCIRIARM weighted using a 10K source with respect to Dolby level. See Dolby Laboratories Bulletin 19. 
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LINEAR LSI PRODUCTS 

DOLBY B TYPE NOISE REDUCTION CIRCUIT 

PERFORMANCE CHARACTERISTICS 
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LINEAR LSI PRODUCTS 

DOLBY B TYPE NOISE REDUCTION CIRCUIT 

DOLBY ENCODER Output for constant level Input (single tone frequency response) 

Input Level (dB) 
Frequency 0 

(kHr) (Dolby -5 -10 ·15 -20 ·25 -30 -35 -40 
Level) 

0.1 0 0.1 0 0.1 0 0 0 0 0 
0.14 0 0.2 0.2 0.2 0.2 0.2 0.1 0.2 0.1 
0.2 0 0.3 0.4 0.5 0.5 0.8 0.8 0.5 0.5 
0.3 0 0.3 0.8 1.1 1.3 1.3 1.3 1.3 1.3 
0.4 2.0 2.1 2.2 2.3 2.1 
0.5 0 0.3 0.8 1.8 2.8 2.9 2.9 3.0 2.9 
0.8 3.8 3.7 3.8 3.7 
0.7 0 0.4 0.9 2.1 3.5 4.3 4.4 4.5 4.4 
0.8 4.8 5.0 5.3 5.1 
0.9 5.8 5.8 5.8 
1.0 0 0.4 1.0 2.3 4.2 5.7 8.1 8.3 8.2 
1.2 8.9 7.1 7.1 
1.4 0 0.3 0.9 2.3 4.4 8.8 7.5 7.7 7.7 
2.0 0.1 0.4 0.9 2.2 4.3 7.0 8.5 8.9 8.9 
3.0 0.2 0.6 0.9 1.9 3.9 8.8 8.8 9.7 9.7 
5.0 0.3 0.6 1.0 1.7 3.2 5.4 8.2 10.0 10.3 
7.0 0.3 o.e 1.0 1.7 2.8 4.7 7.3 9.7 10.4 
10.0 0.4 0.7 1.1 1.7 2.8 4.2 8.5 9.1 10.4 
14.0 0.5 0.8 1.1 1.8 2.7 4.4 8.5 8.7 10.3 
20.0 0.7 0.7 1.2 1.9 2.7 4.4 8.5 8.7 10.3 

NOTE 
The figures given In thla table are the average reapon11 of many of Dolby Laboratories' profeaalonal encodera, and are 
not Intended to be taken ae required consumer equipment performance characterl1tlc1. Thus, no Inference should be 
drawn on the tolerances which llcenaua must retain In consumer equipment. The figures can, however, be used to 
plot typlcat char1cterl1tlc1. 

TEST CIRCUIT NE650 

R30I R314 
1K 1K 

C202 • 
220,F 
1&VDC~ 

C201 + 

,.~I I 
INPUT 

NOTE 

+ITO+ZOV 

Ice 
18 

POWER 
SUPPLY 

INPUT AMP 

REFERENCE 

C:IOt l 470pF 

All resistors standard and are measured Jn OHMS. 
·optional capacitor In specific appllcatlons defined 
by Dolby Laboratories. 

INTERNAL 
BIAS 
SUPPLY 

OVERSHOOT 
SUPPRESSOR 

NE650 

5 

C206 
10µF 

1SVDC 

<>------+-l: r-EJ 
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DOLBY NOISE REDUCTION SYSTEM NE660 

1mm·11"·'ii 
DESCRIPTION FEATURES PIN CONFIGURATION 
The NE660 is a monolithic audio noise • Low voltage operation 
reduction circuit designed for low power • Large headroom (17dB typical at 1.8V) 
supply voltage applications. It is used to • Single or dual supply operation 0 1 PACKAGE 
reduce the level of background noise in· • Excellent channel to channel matching 
traduced during recording and playback of • Low noise 
audio signals on magnetic tape. This cir· • Vary low distortion 
cult is available only to licensees of • Electronic Record/Play, on/off switch 
Dolby' Laboratories Licensing Corpora· • Minimum external part count 
!Ion, San Francisco, California. 

ABSOLUTE MAXIMUM RATINGS 
PARAMETER RATING UNIT 

Supply voltage 8 v 
Temperature range 

Operating -20 to + 70 'C 
Storage -65to + 150 'C 

BLOCK DIAGRAM 

11 ---------------, 
I 
I 
17 

SWA 

TOP VIEW 
ORDER NUMBER 

NE660D1 

1. Switch output channel B 
2. Output channel B 
3. Control voltage B 
4. Integrating filter B 
5. Ground 
6. Mode 
7. Integrating fitter A 
8. Control voltage A 
9. Output channel A 

10. Switch output channel A 
11. High pass filter channel A 
12. AC ground channel A 
13. Side chain channel A 
14. Input channel A 
15. Reference 
16. Vee 
17. Input channel B 
18. Side chain channel B 
19. AC ground channel B 
20. High pass filter channel B 

1. SOL • Released in Large SO package only, 
2. SOL ~ non-standard pinout 
3. SO !!!.2 non-standard pinots. 

~Available only to licensees of Dolby Laboratories Corporation, San Francisco, from whom licensing and application information must be obtained. 
Dolby is a registered trademark of Dolby Laboratories Corporation, San Francisco, California. 
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DOLBY NOISE REDUCTION SYSTEM NE660 

'•"""'''" ELECTRICAL CHARACTERISTICS STANDARD CONDITIONS: Ycc•3V, frequency range: 20Hz·20kHz, TA• 25"C. All levels 
referenced to 77.5mV • OdB at test point (T.P.) In teat circuit of Fig. 1. 

SYMBOL & PARAMETER MODE FREQ. LIMITS 
Hz TEST CONDITIONS UNIT 

MIN TYP MAX 

Supply Voltage Range 1.8 3 7 v 
Supply Current Off No Input signal 6 9 mA 

Voltage Gain Off 1K 20 log V !Pin 2 or 9) 
V (Pin 17 or 14) 

7.25 6.25 9.25 dB 

Off 1K THD•1% 20 dB 
Signal Handling at Output, THD= 1% 18 22 dB Note 1 R 1K 

Yee= 1.8V, THD:m 1% 12 17 dB 

Distortion, Note 4 OdB .02 .1 % 
Off 1K 

Distortion+ Noise + 12dB .03 .15 % 

Distortion, Note 4 OdB .03 .25 % 
R 1K 

Distortion+ Noise + 12dB .04 .2 % 

R 64 69 dB 
Signal to Noise Ratio, Note 2 p CCIR/ARM 80 dB 

1K 
T.P. Level= OdB 

-1 0 "'1 dB 

10K -1 +.3 + 1.5 dB 

Frequency Response, Note 3 R 2K T.P. Level= -25dB -19.5 -18 -16.5 dB 

10K T.P. Level= - 30dB -25 -23.5 -22 dB 

5K T.P. Level= - 40dB -30.2 -29.7 -26.7 dB 

Channel to Channel Unbalance R 2K T.P. Level= - 20dB .2 1.3 dB 

Channel to Channel Crosstalk R 2K OdB In Channel "A" 50 dB 

Ripple Rejection R 50 48 dB 

Input Resistance No Input termination 35 50 65 kOhm 

Off -.5 +.5 v 
Switching Thresholds (Relative R Voltage at Pin 6 +.8 v 
to Voltage on Pin 15) 

p -.8 v 
Maximum Frequency Response 
Shift vs. Temperature R 20Hz 
(Relative to TA= 25 'C) to -20 il! TA il! 70'C :!:1 dB 

20K 

Maximum Frequency Response 
T.P. Level= - 20dB Shift vs. Supply Voltage R 2K 

1.8 il! Yee :s 7V 
:!: .2 :1:.6 dB 

(Relative to V cc= 3V) 
NOTES: 
1. 12dB headroom guaranteed at 1.SV; however, system remains operational to Vee a 1.ev. 
2. See Dolby Laboratorlee bulletin No. 19. 
3. In DC coupled configuration when Pins 12 and 19 are connected to Pin 15, the RECORD curves might read sllgl"ltly different than In AC coupled mode (Fig, 1). The variation Is 

typically .5d8 at the worst case Input level/frequency combination. A slight degradation of Channel to Channel Crosstalk will also occur. When device la Intended for use In DC 
coupled configuration, factory test la to be requeated accordlngly. 

4. OdB distortion la apeclfled with each harmonic measured In a 20Hz B.W. 12d8 distortion la specified aa the wideband (20Hz·20kHz) measurement of the harmonica plue noise. 
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DOLBY NOISE REDUCTION SYSTEM 

••0001e11•1 

TP 

EN COD 
NR. OFFO 

DECODE! 

TP 

BIN~µF 
10K1 

.033µF 4700pF 

r-
1 
I 
I 

I 
I 
I 
I 

Vee 

L...-Iv-: 
~4.7µF 

NE660 

L....--J-71-C >-+-tq 
I 
I 
I 
I 
I 
I 9 A OUTPUT 

----~·} 
I 10K 
I 
I '::" 
I 
I 
I 
~ BOUTPUT 

---, 10µ1= 
I 10K 
I 
I -=-
I 
I 
I 

L.....--~:~3 +-;.q 
I ______________ ..J 

20 

Figure 1. Tes! Circuit 

'-----------------------------------------·-----·-------1 
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DOLBY NOISE REDUCTION SYSTEM 

1m11,,11n.1p 

"' E 
2 

12 

10 

r 

r---

1EcoR1~ 
~ ~ 

NA OFF 

l 
I 

I 

Vee. v 

Figure 2. Supply Current vs. V cc 
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.2 

.1 

ffi .05 ~--t---t---1---t-·--t---t----t 
c.> 

~ .02 rorr"1~~~~~..-'F-+--l 
.01 

.005 

.002 f----+---+--1--·+·-~ --+--+---+----< 

.001 '--~~~-~~-+-+--+--~ 
20 50100200 500 lK 2K 5K 10K20K 

FREQUENCY, Hz 

Figure 5. Harmonic Distortion+ Noise 

Figure 3. Signal Handling (THO - 1 %) 

V+ =3V 

~ - 10 ~-l-+-~"*"*'*""1""1==1----.j 
~~ - 15 f-....J.-.+-.j,-~:t=~"""l~---1 
~ -20 .... -!--.... ~ 
.... 
~ - 25 ~+-+-"l'""'---6.4---cl......o; 

§ -30 1-.. +'f'C-J.4-~-'--i .. f-----j 
- 35 ........ ..,_~~4-l--

- 40 l-<~-1""=-+-+-+ 
-45 '--~+-~-~~~~~~-~ 

20 501002005001K2K 5K10K20K 

FREQUENCY, Hz 

Figure 6. Encode Transfer Curve Shift 
With Temperature 

NE660 

.5 t--+-+-+-t-t---t--t--t:1'il 

.2 ~~~JEc~~R~ ~.!JEZ 
>- .1 k PLAf-j 
z .05 
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ffi .02 I--+--+-+--+--+-+-+-+-_, .. 

!g 

. 01 f--t-- 1.8V -j--l-t--t--+---j 
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Figure 4. Distortion+ Noise 
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Figure 7. Crosstalk, Vcc=3V 
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FM STEREO MULTIPLEX DECODER, PHASE LOCKED LOOP µA758 

DESCRIPTION 
The µA758 Is a monolithic phase-locked 
loop FM stereo multiplex decoder. The de
vice decodes an FM stereo multiplex signal 
Into right and left audio channels while 
Inherently suppressing SCA Information 
when it is contained in the composite Input 
signal. The device Includes automatic 
mono-stereo mode switching and drive for 
an external lamp to indicate stereo mode 
operation. 

The µA758 operates over a large voltage 
range and requires a minimum· number of 
external components. A simple setting of an 
external potentiometer adjusts the oscilla
tor frequency. No coils are required. 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER 

Supply voltage 
Supply voltage (S 15 seconds) 
Voltage at lamp driver terminal 

(Lamp OFFl 
Internal power dissipation 
Operating temperature range 
Storage temperature range 
Lead temperature (60secl 

BLOCK DIAGRAM 

I 
I 
I 

:::;r~~ I 

__ L 
PILOT 
PHAH 

DET!CTOfl 

l'ILOT 
AMPLITUDE 
DETECTOR 

IWITCH "LTll'I 

FEATURES 
e 45dB channel separation 
• Automatic 1tereo/mono 1wttchlng 
• 70dB SCA rejection 
• 1 OV lo HIV 1upply range 
• High Impedance Input-low Impedance 

output 

RATING UNIT 

+18 v 
+22 v 

+22 v 
730 mW 

-40 to +85 'C 
-55 to +125 'C 

300 •c 

LOOP FILTER v• OICILLATOR RC NETWORK 

PIN CONFIGURATION 

N PACKAGE 

MUL. TIPLIX IN,UT 1 

AM,L.IPllll OUT,UT 2 

LI" CMANNIL 3 
Dl·IMPHA.111 

Ll"C=~~ 4 
JllQHT c:~:~ I 

JllQOHl~l°a,":=~ I 

ITIJlllO INDICt!: 7 

15 =~~~OlllllC 

4 LODI' PILTlfll 

LOO,Pll,Tllll 

OITICTOR IN,UT 

11 1111 HI TllT llGNAL 

IWITCH PIL TH 

9 IWITCH PILTlft 

TOP VIEW 

ORDER NUMBERS 
µA758N 

------, 
71kHzVCD 7tkHzTO 

:llkHz DIVIDER 

t 11 1hHiTEST 
~-------------+----t----------------------1-.. SIGNAL 

AMP'LlflER 

LEFT 
1---+-- CHANNEL 

OUTPUT 
OUTPUT •I AMfllLIFIER INPUT BUFFER 

I 5 RIGHT 

~ 
I 

~ I 
L 
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FM STEREO MULTIPLEX DECODER, PHASE LOCKED LOOP µA758 

EQUIVALENT SCHEMATIC 

1--------- -----

1 

I 
I 
I 

IIH" -----~---- -; , -- -------a,, 
I T 

I 

---r-r-, I 

~,~::-~]! 
I 0 --------==- ;~· 
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FM STEREO MULTIPLEX DECODER, PHASE LOCKED LOOP µA758 

DC ELECTRICAL CHARACTERISTICS TA= 25°C, V+ = +12V, 19kHz pilot level= 30mVRMs, multiplex signal 
IL= R, pilot OFFI =' 300mVRMS, modulation frequency= 400Hz or 1Hz, 
test circuit 1, unless otherwise specified. 

PARAMETER TEST CONDITIONS 

Ice Supply current Lamp OFF 
IL Maximum available lamp current 

V7 Voltage at lamp driver terminal Lamp= 50mA 

n Input resistance 
ro Output resistance 

AC ELECTRICAL CHARACTERISTICS 

PARAMETER TEST CONDITIONS 

.;IV4&V5I DC voltage shift at either output Stereo to mono operation 
terminal 

PS.A.A Power supply ripple rejection 200Hz, 200mVRMS 
SEP Channel separation 100Hz 

400Hz 
10kHz 

BAL. Channel balance 

Av Voltage gain 1kHz 

Pilot input level Lamp turn-on 
Lamp turn-off 

Pilot input level hysteresis Lamp turn-off to turn-on 

Capture range 
T.H.D. Total harmonic distortion Multiplex level = 600mVRMS pilot OFF 

19kHz rejection 
38kHz rejection 
SCA rejection1 

vco Tuning resistance2 

vco Frequency drift o•c :>TA:> 25°C 
25°C '.5 TA '.5 70°C 

NOTES 

1 Measured with a stereo composite signal consistency of 80% stareo, 10% pilot and 10% 
SCA as defined in the FCC Rules on Broadcasting 

2 Total resistance from pin 15 to ground, in test c1rcu1t, required to set reference 
frequency at pm 11 to 19kHz::: ~Ohz 

TYPICAL PERFORMANCE CHARACTERISTICS 

"' ... 
z 

CHANNEL SEPARATION vs 
AUDIO FREQUENCY 

50 

40 

,l_IJl J 
Ci~ V1 

... 
I 
z 
Q 
I-

HARMONIC DISTORTION vs 
INPUT LEVEL 

0.8 

r- T.~25dc 
V=12V 

0.6 
L=R 

0 
>= .. 

30 

Ir 
cNTf 

a: 
g 
!a 

r- PILOT OFF _j_ 
0: .. 
0. 
w 
(/) ... 20 
w z 
z .. 

10 :i:: 
CJ 

C = 0.47µF 

I 

' 
TA=25°C 
V=12V 
C=LEAD 1 

c 
S! 0.4 
z 
0 
:I! 
IC .. 0.2 :r ... 
;: 
0 
I-

I 
y 

y 
~ y 

y 
10 100 1k 10k 100k 200 400 600 800 

AUDIO FREQUENCY - Hz INPUT LEVEL - mVrms 
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µA758 
UNIT 

Min Typ Max 

31 38 mA 
75 150 mA 

1.3 1.8 v 
20 35 k!l 
0.9 1.3 2.0 k!l 

µA758 
UNIT 

Min Typ Max 

30 150 mV 

35 dB 
40 dB 

30 45 dB 
45 dB 
0.3 1.5 dB 

0.5 0.9 1 .4 VIV 

18 25 mVRMS 
2.0 7.0 mVRMS 

3.0 7.0 dB 

2.0 4.0 6.0 % 
0.4 1.0 % 

25 35 dB 
25 45 dB 

70 dB 

21.0 23.3 25.5 k!l 

+0.1 ±2 % 
-0.4 ±2 % 

OSCILLATOR FREE RUNNING 
FREQUENCY ERROR vs AMBIENT 

TEMPERATURE 
... 2.0 
I 

a: 
~ 
0: 
w 
> 

" z 
w 
:> 
0 

1.5 

1.0 

0.5 

~ -0.5 ... 
0: 

~ 
~ 

-1.0 

-1.5 

-2.0 

t-V1121 

..., T" 
~ 

TEMPERATURE - 'C 
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FM STEREO MULTIPLEX DECODER, PHASE LOCKED LOOP µA758 

TYPICAL PERFORMANCE CHARACTERISTICS !Cont'dl 

LAMP TURN ON & TURN OFF 
SENSITIVITY vs AMBIENT 

TEMPERATURE 

CAPTURE RANGES vs PILOT LEVEL 

20 

18 

~ 18 
> 14 E 
I 12 .... 
"' 10 > 
"' .... 8 
s .... 
;;: 

t-v1.12J 
.:::+:==1 

.............. LAMP ON 

f--""' ~ 

i-------f;:,!fMP OFF 

.... 
I 

"' " z c 
a: 

"' a: 
-2 ::> 

I-.. 
c -4 (J 

-6 

0 -B 
-40 -20 20 40 60 80 100 

TEMPERATURE - °C 

TEST CIRCUIT AND TYPICAL APPLICATION 

NOTE 

v+ = +12V 

COMPOSITE 

C4 
.0025µ.F 

J1 
c, 

MULTIPLEX ---<---< >-----+-+ 
UNIT 

LED 
STEREO 

INDICATOR 
LAMP 

LEFT 
OUTPUT 

2µF 

10 20 30 40 50 60 

PILOT LEVEL - mVrms 

C5 
0,33i.iF 

(TOP VIEW) 

Tolerance on resistors is ±5% and tolerance on capacitors is ±20% unless otherwise 
specified. C1 tolerance= +100%; -20%, Ce tolerance= ±1% in test circuit and ±50/o in 
typical applications, Ra tolerance=±1%, R4 tolerance=±10%, R1 and A2tolerances = ±1% 
in test circuit and ±5% in typical application. 

CHANNEL SEPARATION vs 
OSCILLATOR FREE RUNNING 

FREQUENCY ERROR 

GI TA,=25°C 
"' 70 V=12V -+--+--+-j-+---1 

1=1kHz 
z 60>--+---+-+--+-+--+----<-~ 
0 

~ 
a: :. so ~,..__.__.__._--rv '-

40 F--+-,-+--+-+--+-f-f--1 

~ 30 >--+---+-+--+~+--+---if-~ 
"' z 
z c 
:z: 
(J 

20 !--+-INPUT SIGNAL= 30mVrmo 
MULTIPLEX SIGNAL 

10 f---t-(L=1,R=O,PILOTOFF)= 
150mVrms 

-2.0 -1.0 1.0 

OSCILLATOR FREE RUNNING 
FREQUENCY ERROR - % 

2.0 

R3 
21 k!! 

C5 
390pF 

I(N22QJ 

19kHz 
TEST SIGNAL 

R4 
5k!! 
OSCILLATOR 

ADJ 
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FM If SYSTEM 

DESCRIPTION 
CA3089 is a monolithic integrated circuit 
that provides all the functions of a com
prehensive FM-IF system. Figure 6 is a 
block diagram showing the CA3089 fea
tures, which include a three-state FM-IF 
amplifier/limiter configuration with level 
detectors for each stage, a doubly
balanced quadrature FM detector and an 
audio amplifier that features the optional 
use of a muting (squelch) circuit. 

The advanced circuit design of the IF sys
tem includes desirable features such as 
delayed AGC for the RF tuner, an AFC 
drive circuit, and an output signal to drive 
a tuning meter and/or provide stereo 
switching logic. In addition, internal 
power supply regulators maintain a nearly 
constant current drain over the voltage 
supply range of + B to + 18 volts. 

The CA3089 is ideal tor high-fidelity opera
tion. Distortion in a CA3089 FM-IF system 
is primarily a function of the phase linear
ity characteristic of the outboard detector 
coil. 

The CA3089 utilizes a 16-lead dual-in-line 
plastic package and can operate over the 
ambient temperature range of - 40°C to 
+85'C. 

FEATURES 
• Exceptional llmlllng sensitivity: 10µV 

typ. at - 3dB point 
• Low distortion: 0.1 % typ. (with double· 

tuned coll) 

BLOCK DIAGRAM 

• Single·coil tuning capability 
• High recovered audio: 400inV typ. 
• Provides specific signal for control of 

lnterchannel muting (squelch) 
• Provides specific signal for direct drive 

of a tuning meter 
• Provides delayed AOC voltage for RF 

amplifier 
• Provides a specific circuit for flexible 

AFC 
• Internal supply/voltage regulators 

APPLICATIONS 
• HlgMldellty FM receivers 
• Automotive FM receivers 
• Communications FM racalvars 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER 

DC supply voltage: 
Between terminals 11 and 4 
Between terminals 11 and 14 

DC Current (out of terminal 15) 
Device dissipation: 

Up to TA = 60°c 
Above TA= 60°C 

Ambient temperature range: 
Operating 
Storage. 

Lead temperature (during soldering): 
At distance not less than 1I32" (0. 79mm) 
from case for 10 seconds·max 

C ¥ tOOpF 
V· 

TO INTERNAL 
REGULATIONS 

REFERENCE 
BIAS 

11 10 

10K 

FRAME SUBSTRA Te 

13 

CA3089 

PIN CONFIGU.RATION 

IF INPUT 
BYPASSING 

IF INPUT 
BYPASSING 

TOP VIEW 
ORDER NUMBER 

CA3089N 

RATING 

18 
18 
2 

600 
derate linearly 

AFC 
AMPL. 

AUDIO 
AMPL. 

AUDIO 
MUTE 

(SQUELCH) 

6.7 

-4010 +65 
-65 t.o +150 

+265 

AFC 
OUTPUT 

AUDIO 
OUTPUT 

NC 

DELAYED AGC 

SUBSTRATE 

TUNE METER 

REF. BIAS 

QUADRATURE 
INPUT 

UNIT 

v 
v 

mA 

mW 

mW/°C 

•c 
•c 

•c 

A~~~i:U0r!"e t-1-------, MUTING 

SENSITIVITY 
12 470 270K 

SOOK 

fc:Ji· /)-"/\./'v-.+----------0 TO STEREO r•M TUNING METER OUTPUT 

NOTE 
All resiatora values are typical and in ohma. Oo ::::.: 75 (G.I. EX27825 or equivalent) 
"L tunes with 100pF (C) at 10.7MHz 
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FM IF SYSTEM CA3089 

EQUIVALENT SCHEMATIC 

r !I 

!I 
'~hi ~ . 
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H> 
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FM IF SYSTEM CA3089 

DC ELECTRICAL CHARACTERISTICS TA• 25•c, v+ = 12v unless otherwise specified. 

CA3089D2 
PARAMETER TEST CONDITIONS UNIT 

Min Typ Max 

STATIC (DC) CHARACTERISTICS 
111 Quiescent circuit current 
DC Voltages:4 

No signal input, non-muted 16 23 30 mA 

v, Terminal 1 (IF Input) No signal input, non-muted 1.2 1.9 2.4 v 

V2 Terminal 2 (ac return to input) No signal input, non-muted 1.2 1.9 2.4 v 

V3 Terminal 3 (de bias to input) No signal input, non-muted 1.2 1.9 2.4 v 

Ve Terminal 6 (audio output) No signal input, non-muted 5.0 5.6 6.0 v 
V7 Terminal 7 (A.F.C.) No signal Input, non-muted 5.0 5.6 6.0 v 

V10 Terminal 10 (de reference) No signal input, non-muted 5.0 5.6 6.0 v 

DYNAMIC CHARACTERISTICS 

V1(lim) Input limiting voltage (-3dB point)3 10 25 µV 

AMR AM Rejection (terminal 6)4 V1N = 0.1V, F0 = 10.7MHz, 
fmod = 400Hz, AM Mod = 30% 45 55 dB 

Vo Recovered audio voltage (terminal 6)3 400 500 600 mV 

Total harmonic distortion: 1 
THO Single tuned (terminal 6)3 0.5 1.0 % 
THO Double tuned (terminal 6)4 fmod = 400Hz, V1N = 0. 1 0. 1 % 

S+NIN Signal plus noise to noise ratio (terminal 6)3 Deviation = ± 75kHz V1N = 0. 1 V 60 70 dB 
MU1N Mute input (terminal 5) V5 = 2.511 50 70 dB 

MUouT Mute output (terminal 12) V1N = 50µV .5 v 
V1N = OV 4.0 v 

MTR Meter output (terminal 13) V1N = 0. 1V 2.5 3.5 v 
V1N =500µV 1.0 1.5 v 

V1N = OV .7 v 

AGC Delayed AGC (terminal 15) V1N = .01V .5 v 
V1N = 10µV 4.0 5.0 v _ __, 

THO Double tuned (terminal 6)4 fmod = 400Hz. 0.1 % 
V1N=0.1 

NOTES 
1. THO characteristics and Audio Level are essentially a function of the phase and Q 

characteristics of the network connected between terminals 8,9, and 10. 
2. Test circuit Figure 1. 
3. Test circuit Figure 2. 

4. Test eircuit Figures 1 and 2. 
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FM IF SYSTEM CA3089 

TEST CIRCUITS 

TYPICAL FM TUNER (With a single-tuned detector coil.) 

300!! 
JNPUT 

SYSTEM DESIGN 
CONSIDERATONS 
The CA3089 is a very high gain device and 
therefore careful consideration must be 
given to the layout of external compo
nents to minimize feedback. The Input by
pass capacitors should be located close 
to the Input terminals and the values 

y+ •12V 

Figure 3 

should not be large nor should the capac· 
itors be of the type which might Introduce 
Inductive reactance to the circuit. An ex· 
ample of good by-pass capacitors would 
be ceramic disc with values In the range of 
.01 to .05 microfarad. 

The Input Impedance of the CA3089 Is 
approximately 10,000 ohms. It Is not 

NOTES 

All re1i1tor1 v•lues are typical and in ohma. 
1. Waller 4SN3FIC or equivalent 
2. Murata SFG 10.7mA or equivalent 
3. Rs will affect atabllity depending on circuit layout. 

To mcreaae stability Rs ia decreased. Range of Rs 
is 330 to 500, R 1 + Rs .:s= 3300 

4. L tunes wilh 100pF (C) at 10.7MHz 
Oo unloaded :.; 75 (G.I. EX27825 or equivalent) 

Performance data at f0 • 98MHz, 'MOO • 400Hz, devi· 
ation • 

±74kHz: 
-3dB limiting Hnaitivity 
20dB quieting senaltlvlty 
30dB quieting aenailivity 

211-V (antenna level) 
1µV (antenna ievel) 

1.51J.V (antenna level) 

recommended to match this Impedance. 
The value of the input termination resistor 
should be as low as possible without 
degrading system operation. The lowar 
the value of this resistor the greater the 
system stability. An Input terminating 
resistor between 50 and 100 ohms Is 
recommended. 

TYPICAL PERFORMANCE CHARACTERISTICS 

MUTING ACTION, TUNER AGC 
!Tuning meter output as a 

function of input 

I -10 
I 

0 g "20 . 
~ -30 

signal voltage.) 

DC VOLTAGE SUPPLY V • 12V 
AMBIENT TEMPERATURE (TA) '2s~c 
TEST CIRCUIT - SEE FIGURE 3 

RECOVERED AUDIO 
FROM FULL OUTPUT 
{LEFT CO-ORDINATE) 

~ -~ t---11-t----1---b ...... +-i--11--~ . 
-IO __ :.J... __ i_:;;=:..;;.:....:===...J 

1 10 , .. 1K IOK 100K 

INPUT SIGNAL - j./.V 

AFC CHARACTERISTICS 
!Current at Term. 7 as a 

function of change In 
frequency.) 

"'=====---~-~~~ DC POWER SUPPLY {V+) = 12V :r. ~ 
100 AMl!ENTTEMPERATURE (TA)• 25'C t-

SEE T!ST CIRCUIT FIGURE 3 _.L, 

!75~l' 
50 µA +v-.l'i=t--+--! 

I 25 Ll 
~ -25 f-+--+-+-ll'IZ'-1-+-+--+-+--i 

I ~::~=:=:17':~=:~~:=:~=:=:=~~=:=: 
-100 t-+17'..-..i.,..._-+--+--+-+-i--<,__t--< 
-125 ._.....__.__.._._.....__.__._._....._ .... 

-100 -so 50 ... 
CHANGE IN FREQUENCY (ti.fl- kHz 
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LINEAR LSI PRODUCTS 

FM If SYSTEM 

TEST CIRCUITS 

TEST CIRCUIT 
(Using s single-tuned detector coil.) 

SIGNAL 
INPUT 

VOLTAGE 

"NOTE 

L tunea with tOOpF (C) 11 t0.7MHz. 
All re1l1tora value• ire typlc11 and In ohm1. 
a0 (unloodtd) "' 75 CG.I. eutomlllc mtg. div. EX27825 or 1qulv1l1nt). 

Figure 1 
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CA3089 

Tl!ST CIRCUIT 
(Using e double-tuned detector coll.) 

m I I 
I C1 I 

V•=12Y 1--lr· 
I C2 I 

"""I I•• 

'NOTE 

All re1l1tora v1lu11 1r1 typical 1nd In ohm1. 

AUDIO 
OUTPUT 

T: Prl. - Q0 (unloaded).;. 75 Ctun11 with tOOpF (Ct) 20 t ol 349 on 7132" dl1. lorm) 
Sec. - 0 0 (unlooded) =a 75 (tunH with, IOOpF (C2) 20 t ol 34e on 7132" dlt. lorm) 
kQ (percent ol cr1tlc11 ooupllng) > 70'lb 
(AdJU1ted for coll voltage Ve)• 1oomv 

Above v1luH permit proper operation of mute (1quelch) circuit •e" type 1lug1, 1p1clng 
4mm 

Figure 2 



LINEAR LSI PRODUCTS 

BALANCED MODULATOR/DEMODULATOR MC1496/MC1596 

DESCRIPTION APPLICATIONS PIN CONFIGURATIONS 
The MC1496 is a rnono!ithic Double- • Suppressed carrier and amplitude modu-
Balanced Modulator/Demodulator de- lation F, N PACKAGE 
signed for use where the output voltage is a 
product of an input voltage lsignall and a 
switched function lcarrierl. The MC1596 will 
operate over the full military temperature 
range of --55° C to +125° C. The MC 1496 is 
intended for applications within the range of 
0°C to +70°C. 

FEATURES 
• Excellent carrier suppression 

65d8 typ @ O.SMHz 
SOdB typ @ 10MHz 

• Adjustable gain and signal handling 
• Balanced inputs and outputs 
• High common-mode rejectlon·-85dB lyp 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER 

Applied voltage 
Differential input signal (V8-V 10) 

Differential input signal IV4-V1J 
Input signal IV2-V1, V3-V4l 
Bias current ll5l 
Power dissipation lpkg. limitationl 

N package 
Operating temperature range 
MC1496 
MC1596 
Storage temperature range 

EQUIVALENT SCHEMATIC 

• Synchronous detection 
• FM detection 
• Phase detection 
• Sampling 
• Single sideband 
• Frequency doubling 

RATING 

30 
±5.0 

15 ± 15 Rel 
5.0 
10 

900 

o to +70 
-55 to +125 
-65 to +150 

Vo(+l Vo(-l 

CARRIER(-) e>-10-----+---+---
INPUT ( +) B 

SIGNAL(-) ~------1. 
INPUT(+) 

BIAS 

GAIN 
ADJUST 

UNIT 

v 
v 
v 
v 

mA 

mW 

oc 
oc 

J oc 

L_. ____ ___, 

POSITIVE 
SIGNAL INPUT 

NEGATIVE 
SIGNAi. iNPUT 

POSITIVE 
OUTPUT 

IO ~:~:~~~NPUT 
9 NC 

B ~=~:;:INPUT 
TOP VIEW 

ORDER NUMBERS 
MC1496F,N MC1596F 
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LINEAR LSI PRODUCTS 

BALANCED MODULATOR/DEMODULATOR MC1496/MC1596 

DC ELECTRICAL CHARACTERISTICS v• = +12Vdc, v- = -8.0Vdc, Is= 1.0mAdc, AL= 3.9k0, Re= 1.okn, 
TA= 25°C unless otherwise specified. 

MC1596 MC1496 
PARAMETER TEST CONDITIONS 

Min Typ Max Min Typ Max 

Single-ended input impedance Signal port, f = 5.0MHz 
A;p Parallel input resistance 200 200 
C;p Parallel input capacitance 2.0 2.0 

Single-ended output impedance f = 10MHz 
Rop Parallel output resistance 40 40 
Cop Parallel output capacitance 5.0 5.0 

Input bias current 

lbs lbs=~ 
2 12 25 12 30 

lbc I - la+l10 bS- --2- 12 25 12 30 

Input offset current 
l;os l;os = 11 - l4 0.7 5.0 0.7 7.0 
hoc l;oc = la - 110 0.7 5.0 0.7 7.0 

Average temperature coefficient 
Tcl;o of input offset current 2.0 2.0 

Output offset current 
loo 15-112 14 50 15 80 

Tcloo Average temperature coefficient 90 90 
of output offset current 
Common-mode quiescent 

Vo Output voltage (Pin 6 or Pin 12) 8.0 8.0 

Power supply current 
lo+ Is+ 112 2.0 3.0 2.0 4."0 
lo- 114 3.0 4.0 3.0 5.0 

Po DC power dissipation 33 33 

TEST CIRCUIT TEST CIRCUIT 

UNIT 

kn 
pF 

kO 
pF 

µA 

µA 

µA 

µA 

nA/°C 

µA 

nA/°C 

Vdc 

mAdc 

mW 

CARRIER REJECTION AND SUPPRESSION SIGNAL GAIN AND OUTPUT SWING 

.01 

o--1 
OUTPUT 
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10K lOµF la INPUT 

1000 6000 

SOK>---

le INPUT 
t---+--.....,VVl...+-J\/\J.,._.--+-----i~--~o 

.01 +BY i·l 
1.BK 

+ 12VDC 

-8VDC ":' 



LINEAR LSI PRODUCTS 

BALANCED MODULATOR/DEMODULATOR MC1496/MC1596 

AC ELECTRICAL CHARACTERISTICS v• = +12Vdc, v- = -9.0Vdc, Is= 1.omAdc, RL = 3.9kn, Re= 1.0kn, 
TA= +25°C unless otherwise specified. 

PARAMETER TEST CONDITIONS 

VcFT Carrier feedthrough Ve= 60mVrms slnewave and 
offset adjusted to zero 

fc = 1.0kHz 
fc = 10MHz 

Ve= 300mVp-p squarewave: 
Offset adjusted to zero fc=1.0kHz 
Offset not adjusted fc = 1.0kHz 

Vcs Carrier suppressions fs = 10kHz, 300mVrms slnewave 
fc = 500kHz, 60mVrms sinewave 
fc = 10MHz, 60mVrms slnewave 

BW3dB Transadmlttance bandwidth Carrier input port, Ve = 60mVrms 
(Magnitude) (RL = 50nl sinewave fs = 1.0kHz, 

300mVrms sinewave 
Signal input port, Vs= 300mVrms 

slnewave IVcl = 0.5Vdc 

AVs Signal gain Vs= 100mVrms; f = 1.0kHz 
iVci = O.SVdc 

CMV Common-mode input swing Signal port, fs = 1.0kHz 
ACM Common-mode gain Signal port. fs = 1.0kHz 

IVcl = 0.5Vdc 

DVouT Differential output voltage 
swing capability 

TEST CIRCUIT 

CARRIER REJECTION AND SUPPRESSION 

C2 
CARRIER 0.1,F 

INPUT tc""i ...... -----c>-t 
ts--+---+--o-.. 

+ 12VDC 

3.9K 

h<>_-+-_.+Vo 

l-0--+--Vo 
MODULATINO rt~O"'j,.-_...I 

SIONAL 10K 
INPUT 

CARRIER NULL 
-8VDC 

MC1596 MC1496 

Min Typ Max Min Typ 

40 40 
140 140 

0.04 0.2 0.04 
20 100 20 

50 65 40 65 
50 50 

300 300 

80 80 

2.5 3.5 2.5 3.5 

5.0 5.0 
-85 -85 

8.0 8.0 

UNIT 
Mex 

µVrms 

0.4 mVrms 
200 

dB 

MHz 

MHz 

VIV 

Vp-p 
dB 

Vp-p 

•for addltlonal Information, consult the Applications Section. 
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LINEAR LSI PRODUCTS 

HIGH SPEED FSK MODEM TRANSMITTER 

DESCRIPTION 
The NE5080 is the transmitter chip, of a 
two chip set, designed to be the heart of an 
FSK modem. !The NE5081 is the receiver 
chip.: The ct1ips are compatible with the 
IEEE 802.4 standard for a "Single Channel 
Phase-Continuous-FSK Bus." The specifi
cations shown in this data sheet are those 
guaranteed when the transmitter is tuned 
for the frequencies given in the 802 stan
dard. However, both the NE5080 and the 
NE5081 may be used at other frequencies. 
The ratio of logic high to logic low frequen
cies remains fixed at 1.67 to 1.00atanycenter 
frequency. 

ABSOLUTE MAXIMUM RATINGS 

SYMBOL & PARAMETER 

Supply Voltage 
Vec1 

Vec2 
Input Voltage Range (Data, Gate) 
Power Dissipation 
Operating Temperature Range 
Max Junction Temperature 
Storage Temperature Range 

FEATURES 
• Meets IEEE 802.4 standard 
• Data rates to several Megabaud 
• Half or full duplex operation 
• Jabber function on chip 

APPLICATIONS 
• Local Area Networks 
• Point-to-point communications 
• Factory automation 
• Process control 
• Office automation 

--,----------· 
RATING UNIT 

+ 6 v 
-0.3 to+ Vee v 

800 mW 
Oto + 70 oc 

+ 150 oc 
-65to+150 oc 

Lead Temperature (soldering, 10 sec)_J___ __ -2,~0--~--~~J 

BLOCK DIAGRAM 

R1 
2.1K 

C1 

16 12 

DATA 14 
INPUT 

TRIANGLE 
TO SINE 

CONVERTER 

OUTPUT 

TRANSMIT BUFFER 

GATE 
GND1 GND2 

-= "'" 
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NE5080 

PIN CONFIGURATION 

NPACKAGES 

OSC2 

JABBER FLAG 2 
REGULATOR 
BYPASS 

JABBER DATA INPUT 
CONTROL 

GN01 

osc 3 

FSK OUTPUT 6 GND2 

CABLE GND 7 

TOP VIEW 

ORDER NUMBER 

NE5080N 

0.1µF 

Q_ 

JABBER FLAG 

.:,(2 

C4 
TRANSMITIEA 
FSK OUTPUT 



LINEAR LSI PRODUCTS 

HIGH SPEED FSK MODEM TRANSMITTER NE5080 

GENERAL DESCRIPTION 
The NE5080 Is designed to transmit high 
frequency asynchronous data on coaxial 
cable, at rates from DC to 2 Megabaud 
(see note 1). The chip accepts serial data 
and transmits it as a periodic signal whose 
frequency depends on whether the data Is 
high or low. 

The device Is meant to operate at a Ire· 
quency of 6.25MHz for a logic high and 
3.75MHz for a logic low (see note 2). The 
frequency Is set up by external trimming 
components; however, the ratio of the 
high and low frequencies Is set Internally 
and cannot be altered. 

The FSK output can be turned off by use of 
the transmit gate pin. When turned off, the 
transmitter has a high output impedance and 
the oscillator is disabled. 

The length of time a transmitter can 
transmit can be controlled by the use of 
the Jabber control pin (see description of 
Jabber Control Pin). 

Jabber Control Pin 
During the time the transmitter is transmit
ting, this pin sources a current. This current 
can be used to setthe maximum time thatthe 
transmitter can be on. There are three 
options that can be used: 
1. Use the current to charge a capacitor. 

When the voltage across the cap gets to 
approx. 1.4V the transmitter will turn off. A 
logic low applied to pin 3 will reset the 
Jabber function; an open collector output 
should be used for this purpose. A logic 
high applied to the pin will disable the 
transmitter. 

2. Use to externally sense the current and 
have external circuitry to control the 
length of time the transmitter is on. 

NE5080 PIN FUNCTION 
PIN FUNCTION 

1 OSC 1-one end of an external capacitor used to set the carrier 
frequency 

2 JABBER FLAG-this pin goes to a logic high if the transmitter 
attempts to transmit for a longer time than allowed by the Jabber 
control function 

3 JABBER CONTROL-used to control transmit time. See note on Jabber 
function 

4 V cc1-voltage supply 
5 TRANSMIT GATE-a logic low on this pin will enable the transmitter: 

a logic high will disable it 
6 TRANSMITTER FSK OUTPUT 
7 CABLE GROUND-the shield of the coax cable should be connected 

to this pin and to Pin 11 
8 Vcc2-Connect to pin 4 close to device 

9 No Connection 

10 No Connection 
11 GROUND 2-connect to Analog ground close to device 

12 OSC 3-a variable resistor between this point and ground Is used to set 
the carrier frequencies. 

13 GROUND 1-connect to Analog ground close to device 
14 DATA INPUT 
15 REGULATOR BYPASS-a bypass capacitor between this pin and Vcc1 

is required for the Internal voltage regulator function 
16 OSC 2-one end of a capacitor that Is between pin 1 and pin 16 and is 

used to set the carrit>r frequency 

3. The pin can be tied to ground and is then 
not active. Transmission is then controlled 
solely by the signal at the transmit gate pin. 

Notes: 
1. The NE5080 is capable of transmitting up 

to 1 Megabaud of differential Manchester 
code at a center frequency of 5MHz. 

Jabber Flag Pin 
This pin will go to a logic high when the 
Jabber Control pin is used to shut off the 
transmitter. It will latch and can be reset 
by applying a logic low to the Jabber 
Control pin. 

2. Although the chip is designed to meet the 
requirements of IEEE standard 802.4 
(Token-Passing Single Channel Phase
Continuous-FSK Bus), it can be used at 
other frequencies. See "Determining 
Component Values." 
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LINEAR LSI PRODUCTS 

HIGH SPEED FSK MODEM TRANSMITTER NE5080 

ELECTRICAL CHARACTERISTICS Vcc1 2 = 4.75-5.25V TA = o•c to +70°C 

PARAMETER SYMBOL TEST CONDITIONS 
NE5080 

UNIT 
Min. Typ. Max. 

Output Frequency (Logic High) F1 Data Input 2:2.0V (See Note 1 I 6.17 6.25 6.33 MHz 

Output Frequency (Logic Low) Fo Data Input ~a.av (See Note 11 3.67 3.75 3.83 MHz 

Data Input 2: 2.0V or s O.BV 
Output Amplitude Vo Output Load= 37.50 0.5 1.0 VRMS 

Output Impedance (gated off) Roff Transmit gate 2: 2.0V 100 KO 

Output Impedance (gated on) Aon Transmit gate s a.av 37.5 0 

Output Capacitance Co Transmit gate 2: 2.0V or s a.av 10 pF 

Transmit gate 2:2.0V 
Feed through VF 2.0MHz sq. wave (TTL Levels) Input 1 mVRMS 

Transmit gate so.av 
Jabber Current IJ Input 2:2.0V or so.av 1.25 µA 

Supply Current Ice V001 connected to Vcc2 75 100 mA 

LOGIC LEVELS 

Data Input 
Logic High V1H Input high voltage 2.0 Volts 
Logic Low V1L Input low voltage a.a Volts 

Input Current l1H Vln=2.4V 40 µA 
Input Current l1L Vin =0.4V -1.6 mA 

Transmit Gate 
Logic High V1H Input high voltage 2.0 Volts 
Logic Low V1L Input low voltage a.a Volts 

Input Current l1H VG=2.4V 40 µA 
Input Current l1L VG=0.4V -1.6 mA 

Jabber Flag 
Logic High VoH IOH = -400~ 2.4 Volts 
Logic Low Vol 10L=4.0mA 0.4 Volts 

Jabber Control 
Logic High V1H Input high voltage 2.0 Volts 
Logic Low VIL Input low voltage a.a Volts 

NOTE 
(1) Tuned per instructions in Applications section. 

AC ELECTRICAL CHARACTERISTICS 

SYMBOL & PARAMETER TO FROM TEST CONDITIONS 
NE5080 

UNIT Min. Typ. Max. 

Set Up Time - Ts Data In Gate On Figure 1 2 0.1 µS 

Output Freq. Data 
Delay Time - TA Change Transition Figure 2 150 nS 

Output 
Delay Time - T 6 Disabled Gate Off Figure 3 0.4 2 µS 

Output Jabber 
Delay Time - Tc Disabled Control Figure 4 100 nS 

Jabber Jabber 
Delay Time - T 0 Flag Control Figure 5 100 nS 

Jabber Cont.rel Reset 
Pulse Width (Logic Low) 100 nS 
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LINEAR LSI PRODUCTS 

HIGH SPEED FSK MODEM TRANSMITTER 

TIMING DIAGRAMS 

TRANSMITTER 
GATE 

I I 
i.-Ts- VALID DATA 

DATA INPUT _______ ,.._ __ Ln ___ _ 
Figure 1. Set-up Time, T5 

DATA INPUT 

OUTPUT 

Figure 2. Delay Time, TA 

Figure 3. Delay Time, T 8 

NE5080 

JABBER CONTROL ==H-____ ... I 

I 

OUTPUT f\J\J\Ji-
Figure 4. Delay Time, Tc 

JABBER CONTROL 

JABBER FLAG 

Figure S. Delay Time, T 0 
5 
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LINEAR LSI PRODUCTS 

HIGH SPEED FSK MODEM RECEIVER 

DESCRIPTION 
The NE5081 Is the receiver chip of a two 
chip set designed to operate as an FSK 
modem (the N E5080 Is the transmitter 
chip). The chips are compatible with the 
IEEE 802.4 standard for a "Single Channel 
Phase·Contlnuous·FSK Bus." The speclfl· 
cations given In this data sheet are those 
guaranteed when the receiver Is tuned to 
the frequencies In the 802 standard. 
However, the receiver will work at other 
frequencies. 

FEATURES 
• Meets IEEE 802.4 1tandard 
• Data rates to several Megabaud 
• Halt or full duplex operation 
• Low bit rate error (10-12 typlcal) 

APPLICATIONS 
• Local Area Network• 
• Polnt•to•polnt communications 
• Factory automation 
• Procea1 control 
• Office automation 

ABSOLUTE MAXIMUM RATINGS TA=25°C 

SYMBOL & PARAMETER RATINQ UNIT 

Supply Voltage Vee, +6 Volts 
Vcc2 

Input Voltage Range -0.3 to +Vee Volts 
Output (Data, Level Detect) 

Max Sink Current 20 mA 
Power Dissipation 800 mW 
Operating Temperature Range 0 to + 70 ·c 
Storage Temperature Range -65 to + 150 ·c 
Lead Temperature (soldering, 10 sec) 300 •c 
Max Differential Voltage between 100 mV 

Analog and Digital Grounds 

BLOCK DIAGRAM 

cs •SY 0.1µF 

i I 

Vcc1 Vcc2 

R4 r-
13 

12 
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L1 

NE5081 

PIN CONFIGURATION 

C7 

NPACKAGES 

18 INPUT BYPASS 

11 ANALOQ QND 

18 ~~~~brlON TIMINQ 

1 S 6Ntr~h10N TIMINQ 

14 l~~~l DETECTION 

13 ~fTUE1c~Em 
12 DIOITAL QND 

11 DATA OUTPUT 

TOP VIEW 

ORDER NUMBER 

NE5081N 

Note: Either 
L1 orC7is 
variable. 



LINEAR LSI PRODUCTS 

HIGH SPEED FSK MODEM RECEIVER NE5081 

GENERAL DESCRIPTION 
The NE5081 will accept an FSK encoded 
signal and provide the demodulated digital 
data at the output. It is optimized to work at 
frequencies specified In IEEE 802.4 
(Token-Passing Single Channel Phase
Continuous FSK Bus) I.e., 3.75MHz and 
6.25MHz. However, It will work at other 
frequencies (see note 1). 

Its normal acceptable input signal level range 
is from 16mV RMS to 1V RMS. (This can be 
adjusted, see note 2 below.) 

The receiver will yield an undetected "Bit 
Error Rate" of 10-s or lower when receiving 
signals with a 20dB signal-to-noise ratio. It 
has a maximum output Jitter of ±40nSec 
(see definition of "Jitter" note 3). 

Notes: 
1. The receiver can be tuned to accept diffe· 

rent frequencies by adjustment of the LC 
circuit shown in Fig. 7. However, the ex
ternal components have been optimized 
for 3.75MHz and 6.25MHz. See "Deter
mining Component Values" for use at 
other frequencies. 

2. Input Level Detect 
This is a method of turning off the output 
of the receiver when the input signal falls 
below an acceptable level. This level is 
adjustable within the range given in the 
electrical specification section. The pur
pose of this function is to minimize the 
effect of noise on receiver performance 
and to indicate when there is an accepta
ble signal present at the input. All specifi
cations given in this data sheet are with 
the input level detection set at 16mV RMS. 

3. Jitter Definition 
This is a measure of the ability of the 
receiver to accurately reproduce the 
timing of its FSK coded digital input. The 
spec indicates the error band in the timing 
of a logic level change. 

NE5081 PIN FUNCTION 
PIN 

1 

2 

3 
4 

5 
6 

7 

8 
9 

10 

11 

12 

13 and 
14 

15 

16 

17 
18 

19 

20 

FUNCTION 

Vcc1-should be connected to the 5 volt supply and pin 9 
CT-one end of an external capacitor that is used to tune the receiver 

LT -one end of an Inductor that is used to tune the receiver 

MT-the junction of the capacitor and inductor used for tuning the 
receiver 

:~1 Pins 5, 6, 7, 8 are used for a low pass filter to remove carrier 
F3 harmonics from the data output 

F4 

Vcc2-connect to Pin 1 (see Pin 1 function) close to the device 
INPUT LEVEL FLAG-this pin is used to indicate when there is a signal 

at the input that is greater than the level set by the input level 
detection circuitry. A logic high indicates an input greater than the 
set level 

DATA OUTPUT-supplies T2L level data that corresponds to 
the FSK input received 

DIGITAL GROUND-should be connected to digital ground 

INPUT LEVEL DETECT-These pins are used to set the level of input signal 
that the device will accept as valid 

INPUT DETECTION TIMING-an external capacitor between this pin and 
ground is used to determine the time from carrier turn-off to output 
disable 

INPUT DETECTION TIMING-same as pin 15, except that a resistor goes 
between this pin and ground. The values of the C and R depend on 
the carrier frequency. The values given in this data sheet are for a 
5MHz carrier center frequency I 

ANALOG GROUND-connect to analog ground close to the device j 
INPUT BYPASS-A capacitor between this pin and ground is used to bypas.s 

the input bias circuitry 

INPUT-the FSK signal from the cable goes to this pin 

NO CONNECTION 
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LINEAR LSI PRODUCTS 

HIGH SPEED FSK MODEM RECEIVER 

ELECTRICAL CHARACTERISTICS Vcc1.2 = 4.75-5.25V. External LC circuit tuned to SMHz. Input level detect 
set at 16mV Rms, TA= O'C to +70"C. 

PARAMETER SYMBOL TEST CONDITIONS 
NE5081 

Min. Typ. Tax. 

Logic Low Frequency Fo External LC tuned to 5MHz 3.67 3.75 3.83 

Logic High Frequency F1 External LC tuned to 5MHz 6.17 6.25 6.33 

Minimum input level that is detected as 
Minimum Input Detect Level I Nol carrier. See Note 2 in General Description 5 50 

LOGIC LEVELS: ... 
Data Output Vol lol = 4.0mA V1N > 16mV RMS Freq= F0 0.4 
Data Output VoH loH = - 400µA V1N> 16mV RMS Freq = F1 2.4 
Data Output VoH loH = - 400µA V1N<5mV RMS Freq= F0 2.4 

Input Detect Flag Vol lol = 4.0mA V1N = ov RMS 0.4 
VoH loH = - 400µA V1N > 16mV 2.4 

V cc= 5.25V (V cc1 connected to V cc.) 
Supply Current Ice V1N= 1.0V RMS Freq= F1 or F0 50 

Input Signal> 16mV RMS. 
10-12 10-9 Bit Error Rate B.E.R maximum in·band noise= 1.6mV RMS 

AC ELECTRICAL CHARACTERISTICS 

SYMBOL & PARAMETER TO FROM TEST CONDITIONS 
NE5081 

Min. Typ. Max. 

Input Level 
Delay Time Te Detect Flag Input On Figure 1 0.05 1 

Input Level 
Delay Time Tc Detect Flag Input Off Figure 1 .5 1.5 2.5 

Output 
Delay Time To Enabled Input On Figure 2 2 

Output 
Delay Time Te Disabled Input Off Figure 2 .5 1.5 2.5 

Carrier Valid Data 
Required Delay Turn Off End 2 
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NE5081 

UNIT 

MHz 

MHz 

mVRMS 

Volts 
Volts 
Volts 

Volts 
Volts 

mA 

UNIT 

µS 

µS 

µS 

µS 

µS 



LINEAR LSI PRODUCTS 

HIGH SPEED FSK MODEM RECEIVER NE5081 

TIMING DIAGRAMS 

Fo, F1 18mV RMS 

INPUT ---tlllllllllllllllllllllllll.---
Ta --l 1- Tc --l l--

11 II 

INPUT LEVEL I I 
DETECT OUTPUT __ __. ----

Figure 1. Delay Time, T 8 , Tc 

Fo. F1 16mV RMS 

INPUT --111111111111111111111111-1 --
1 I I I 

TD ------j t'+- Te ------j t"+-
DATA OUTPUT 

t: VALID DATA__,.----

Figure 2. Delay Time, TD• TE 

5 
= 
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PHASE-LOCKED LOOPS-SYMBOLS AND DEFINITIONS 

Absolute Maximum Rating 

Operating safe zones exceeding these limits could cause perma
nent damage to the device and are not meant to Imply that 
devices can operate at these limits. 

Capture Range (210 , 2wJ** 

Although the loop will remain In lock throughout its lock range, 
ii may not be able to acquire lock at the tracking range extremes 
because of the selectivity afforded by the low-pass filter. The 
capture range also Is centered at 10 ' with the equal deviations 
called the Lock-In or Pull-In Ranges. The capture range can never 
exceed the lock range. 

Closed Loop Gain (CLG) 

The output signal frequency and phase can be determined from 
a product of the CLG and the input signal where the CLG Is given 
by 

Kv 
CLG= 1+Kv 

Damping Factor (l) 

(Equation 1.4) 

The standard damping constant of a second order feedback 
system. For the PLL, t refers to the ability of the loop to respond 
quickly to an Input frequency step without excessive overshoot. 

Free-Running Frequency (1 0 ', w0 ') 

Also called the center frequency, this Is the frequency at which 
the loop VCO operates when not locked to an Input signal. The 
"prime" superscripts are used to distinguish the free-running 
frequency from f 0 ' and w0 ' which are used for the general oscll· 
lator frequency. (Many references use f0 ' and w0 ' for both the 
free-running and general oscillator frequency and leave the prop· 
er choice for the reader to Infer from the context). the ap· 
propriate units for 10 ' and w0 ' are Hz and radians per second 
respectively. 

Lock Range (21L, 2wd • 
The range of frequencies over which the loop will remain in lock. 
Normally the lock range Is centered at the free-running Ire· 
quency unless there Is some nonlinearity In the system which 
limits the frequency deviation on one side of f 0 '. The deviations 
from f 0 ' are referred to as the Tracking Range or Hold-in Range. 
(See figure 1.6.) The tracking range is therefore one-half of the 
lock range. 

Lock-Up Time (td**• 

The transient time required for a free-running loop to lock. This 
time depends principally upon the bandwidth selectivity de
signed Into the loop with the low-pass filter. The lock-up time Is 
inversely proportional to the selectivity bandwidth. Also, lock-up 
time exhibits a statistical spreading due to random initial phase 
relationships between the input and oscillator phases. 

Loop Gain (K.) 
The product of Kd, K0 , and the low-pass filters gain at de. Kd is 
evaluated at the appropriate input signal level and K0 at the ap· 
propriate w0 '. K, has units of (sec)- 1. 
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Loop Noise Bandwidth (BL) 

A loop property relating wn and r which describes the effective 
bandwidth of the received signal. Noise and signal components 
outside this bandwidth are greatly attenuated. 

Natural Frequency (wn) 
The characteristic frequency of the loop, determined mathe· 
ma!ically by the final pole positions In the complex plane or 
determined experimentally as the modulation frequency for 
which an underdamped loop gives the maximum frequency 
deviation from 10 ' and at which the phase error swing Is the 
greatest. 

Package Type Designation 

See full package designations In Appendix. 

Phase Comparator Conversion Gain (Kd) 

The conversion constant relating the phase comparators output 
voltage to the phase difference between Input and VCO signals 
when the loop Is locked. At low Input signal levels, Kd Is also a 
function of signal amplitude. Kd has units of volts per radian 
(V/rad). 

Power Dissipation 
The power that the device can safely handle at 25 •c. The dissi
pation must be derated as Indicated for the Individual package 
type. 

TA 
Ambient temperature range. Range of the surrounding environ
ment of the operating device. 

TJ 
Junction Temperature. The maximum temperature of the device. 
150'C is standard for silicon devices. 

TsoLo 
Soldering Temperature. The temperature which can be applied 
to the lead frame of the device for short periods of time (nor
mally specified for a duration of 10 sec). 

Tsro 
Storage temperature range. Temperature range that the device 
can be stored in a non-operating condition. 

Truth Tables 
O is logic level low 
1 is logic level high 
X - don't care condition - has no effect under circuit condi· 
tions listed. 

•Also called Synchronizatlon Range. 
.. Also called Acquisition Range. 

**•Also called Acquisition Time. 
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PHASE LOCKED LOOP 

DESCRIPTION 
The NE564 Is a versatile, high guaranteed 
frequency Phase Locked Loop designed 
for operation up to 50MHz. As shown In 
the block diagram, the NE564 consists of 
a VCO, limiter, phase comparator, and 
post detection processor. 

APPLICATIONS 
• High speed modems 
• FSK receivers and transmitters 
• Frequency synthesizers 
• Signal generators 
• Various satcom/TV systems 

ABSOLUTE MAXIMUM RATINGS 

PARAMElER 

v+ Supply voltage 
Pin 1 
Pin 10 

Po Power dissipation 
TA Operating temperature NE 

Operating temperature SE 
tstg Storage temperature 

NOTE: 

FEATURES 
• Operation with single SY supply 
• TTL compatible Inputs and outputs 
• Guaranteed operation to SOMHz 
• External loop gain control 
• Reduced carrier feedthrough 
• No elaborate lllterlng needed In FSK 

appllcatlons 
• Can be used as a modulator 
• Variable loop gain (Externally 

Controlled) 

RATING UNIT 

v 
14 
6 

600 mW 
Oto 70 'C 

-55 to +125 
-65 to 150 'C 

Operation above 5 vo!ts will require heatsinking of the case. 

BLOCK DIAGRAM 

r-------
1 

I 

--------
5 

PHASE 
COMPARATOR 

,0 

'. --0------

POST DETECTION 
PROCESSOR 

'4--------, 
I 
I 
I 

,. 

I 
I 
I 
I 
I 

I 
I 
I 
I 
I 

L ______ 2 2 

~-------r---------------~ 

SE/NE564 

PIN CONFIGURATION 

D, I, N PACKAGE 

Y... 1 TI\. OUTPUT 

LOOP GAIN 
CONTROl 2 HYSTERISIS St:T 

INPUT tO l'HAll 
COMPARATOR 3 ANALOG OUTPUT 

FROMYCO 
LOOP FUEA 4 FMQ. SET CAP. 

LOOP FILTER 5 FRIO. SET CAP. 

TOP VIEW 

ORDER NUMBERS 
NE/SE5641 NEISE564N 

NE5640 
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PHASE LOCKED LOOP SE/NE564 

ELECTRICAL CHARACTERISTICS Vee= 5V, TA= 25'C, f0 = 5MHz, 18 = 400µA unless otherwise specified 

PARAMETER TEST CONDITIONS 

Maximum VCO frequency C1 = O (stray) 

Lock range Input;;,, 200mVrms TA= 25'C 
= 125'C 
= - 55'C 
=O'C 
= 70'C 

Capture range Input ;;,, 200mVrms, R2 = 27{) 

VCO frequency drift with f0 =5MHz, T•= -55'Cto 125'C 
temperature = o•c to 70'C 

t 0 = 500KHz, TA= - 55 ·c to 125 ·c 
= o·c to 70'C 

VCO free running frequency C, =91pF 
Re= 1000 "Internal" 

VCO frequency change with Vee= 4.5V to 5.5V 
supply voltage 

Demodulated output voltage Modulation frequency: 1 KHz 
f0 = 5MHz, input deviation: 

2%T=25'C 
1%T=25'C 

= o·c 
= -55'C 
= 70'C 
= 125'C 

Distortion Deviation: 1 % to 8% 
Signal to noise ratio Std. condition, 1 % to 10% dev. 
AM rejection Std. condition, 30% AM 

Demodulated Output at Modulation frequency: 1 KHz 
operating voltage f0 = 5MHz, input deviation: 1% 

Vee= 4.5V 
Vee= 5.5V 

Supply current Vee= 5V 11, 110 

Output 
"1" output leakage current V0 ur= 5V, Pin 16, 9 
"O" output voltage lour= 2mA, Pin 16, 9 

lour= 6mA, Pin 16, 9 

TYPICAL PERFORMANCE CHARACTERISTICS 

LOCK RANGE vs SIGNAL INPUT VCO CAPACITOR vs FREQUENCY 

> 
E 
~ 
~ 
~ 
~ 100 
z 
~ 
~ 

~ 
! 

10 101 10~ 10' 10• 

FREQUENCY kHz 

NORMALIZEO LOCK RANGE 

5-64 

SE564 NE584 
UNIT 

Min Typ Max Min Typ Max 

50 65 45 60 MHz 

40 70 40 70 % of f0 

20 30 
50 80 

70 
40 

20 30 20 30 % of f0 

400 1000 PPM/'C 
400 1250 

250 500 
400 850 

4 5 6 3.5 5 6.5 MHz 

3 8 3 8 % of f0 

16 28 16 28 mVrms 
8 14 8 14 mVrms 

13 mVrms 
6 10 mVrms 

15 mVrms 
12 16 mVrms 

1 1 % 
40 40 dB 
35 35 dB 

7 12 7 12 mVrms 
8 14 8 14 mVrms 

45 60 45 60 mA 

1 20 1 20 µA 
0.3 0.6 0.3 0.6 v 
0.4 0.8 0.4 0.8 v 

SEINE 564 TEST CIRCUIT 

INPUT CJ 

cr-j 1---.--1 '1 2 
10 16 9 

3 

vco 
OUTPUT 

":- LATED 

··-~ 564 O. 1 .I OUTPUT 

13 -ic'"'f 

" 
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PHASE LOCKED LOOP 

TYPICAL NORMALIZED VCO 
FREQUENCY AS A FUNCl'ION OF 

PIN 2 BIAS CURRENT 

1· 

i 101 
FREQUENCY: 50MHz 

~ N 
I"' "h. 

\l 

~ 1.00 

I o ... 

o ... 

O.i7 

0 ... 

-GOOµA -400 -200 +200 

BIAS CURRENT (µA). PIN 2 

TYPICAL NORMALIZED VCO 
FREQUENCY AS A FUNCTION OF 

PIN 2 BIAS CURRENT 

VCO FREQUENCY: SMHz 

' '"l I 

t ";.... 

t-- N 
r--;.... 

090 

[ 
+200 +400 

81..\S CURPENT (µA), PIN 2 

SE/NE564 

NORMALIZED VCO FREQUENCY 
AS A FUNCTION OF TEMPERATURE 

1Jiff[ll§ 
0 BIAS CURRENT: - 200µA. 

~ 1,05 FREQUENCY: SMHz--t---;--t---1---1 

c 

i ~ : t--+--1--1.+--+-

0.90 

--50 -25 25 50 75 100 125 

TEMPERATURE \IN °C) 

VARIATION OF THE PHASE COMPARATOR'S 
OUTPUT VOLTAGE VERSUS PHASE ERROR 

AND BIAS CURRENT (K 0) 

VCO OUTPUT FREQUENCY AS A FUNCTION OF 
INPUT VOLTAGE AND BIAS CURRENT (K0 ) 

V 0 - PHASE COMPARATOR'S 
OUTPUT VOLTAGE IN mv 

800 

600 

400 

200 

- 200 

-400 

-600 

-800 

f 0 = 1.0MHz 

-.;-------+---

-- 400 -200 

L 

VCO FREQUENCY 

IN MHz 

200 400 !? 
. t .s 

I 

I 
' r 
I 

600 800 
V0 1N mV 

J 
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PHASE LOCKED LOOP 

FUNCTIONAL DESCRIPTION 
(figure 1) 
The NE564 is a monolithic phase locked 
loop with a post detection processor. The 
use of Schottky clamped transistors and op· 
timized device geometries extends the Ire· 
quency of operation to greater than 50MHz. 
In addition to the classical PLL applications, 
the NE564 can be used as a modulator with 
a controllable frequency deviation. 

The output voltage of the PLL can be written 
as shown in the following equation: 

(f;n - 10 ) 

Vo=~ 

Kvco ==conversion gain of the VCO 
fin = frequency of the input signal 

Equation 1 

t0 = free running frequency of the VCO 

The process of recovering FSK signals in· 
volves the conversion of the PLL output into 
logic compatible signals. For high data 
rates, a considerable amount of carrier will 
be present at the output of the PLL due to 
the wideband nature of the loop filter. To 

EQUIVALENT SCHEMATIC 
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avoid the use of complicated filters, a com· 
parator with hysteresis or Schmitt trigger is 
required. With the conversion gain of the 
VCO fixed, the output voltage as given by 
Equation 1 varies according to the frequen· 
cy deviation of fin from 10 . Since this differs 
from system to system, it is necessary that 
the hysteresis of the Schmitt trigger be ca
pable of being changed, so that it can be 
optimized for a particular system. This is 
accomplished in the 564 by varying the volt· 
age at pin 15 which results in a change of 
the hysteresis of the Schmitt trigger. 

For FSK signals, an important factor to be 
considered is the drift in the free running 
frequency of the VCO itself. If this changes 
due to temperature, according to Equation 1 
it will lead to a change in the de levels of the 
PLL output, and consequently 10 error"s in 
the digital output signal. This is especially 
true for narrow band signals where the devi· 
ation in fin itself may be less than the 
change in 10 due to temperature. This effect 

Figure 1 

SE/NE564 

can be eliminated if the de or average value 
of the signal is retrieved and used as the 
reference to the comparator. In this manner, 
variations in the de levels of the PLL output 
do not affect the FSK output. 

VCO Section 
Due to its inherent high frequency perform
ance, an emitter coupled oscillator is used in 
the VCO. In the circuit, shown in the equivalent 
schematic, transistors 0 21 and 0 23 with current 
sources 0 25 - 0 26 form the basic oscillator. 
The approximate free running frequency of the 
oscillator is shown in the following equation: 

10 = 1 Equation 2 
22 Re (C1 + Cs) 

Re = R 19 = R20 = 100!1 (INTERNAL) 
Ct = external frequency &etting capacitor 

Cs ::;; stray capacitance 

Variation of V d (phase detector output volt· 
age) changes the frequency of the oscilla· 
tor. As indicated by Equation 2, the frequen· 
cy of the oscillator has a negative 
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PHASE LOCKED LOOP 

temperature coefficient due to the positive 
temperature coefficient of the monolith1c re
sistor. To compensate for this, a current IR 
with negative temperature coefficient is in· 
traduced to achieve a low frequency drift 
with temperature. 

Phase Comparator Section 
The phase comparator consists of a double 
balanced modulator with a limiter amplifier 
to improve AM rejection. Schottky clamped 
vertical PNPs are used to obtain TTL level 
inputs. The loop gain can be varied by 
changing the current in 04 and 015 which 

effectively changes the gain of the d.fferen
t1al amplifiers This can be accompl1sheo by 
introducing a current at pin 2 

Post Detection Processor 
Section 
The post detection processor consists ot a 
unity gain transconductance ampl1f1er and 
comparator The amplifier can be used as a 

de retriever for demodulation of FSK. sig
nals, and as a post detection filter for linear 
FM demodulation. The comparator has ad
justable hysteresis so that phase jitter in the 
output signal can be eliminated. 

FM DEMODULATOR AT 5V 

+1 2 lOCK RANGE ADJUSTMENT 

0.0,µF 

~ LOOP FILTER 

0.01µf 

FM INPUT 0.47µF 11 

564 

14 

ANALOG OUT 

r:-;----<> 1kHz 

-<>"'f ~ POST DETECTION FILTER 

O.iµF ":" 

5V 

10 • 

f 0 - 5MHz 

FREQUENCY SET CAP 

1K 

Figure 2 

FM DEMODULATOR AT 12V 

,. 

12V 

t 12 1.0CK RANGE ADJUSTMENT 

+ 0 01µF i LOOP FILTER 

O.OlµF 

1" 

POST DETECTION Fil TER 

f 0 • SMHz 

FREQUENCY SET CAP 

1K 

Figure 3 

MODU!.ATlNG 
INPUT 
1kHz 

0.47µF 

1kH•o-----ll-
1K 

~0.1µF 

SV 

SE/NE564 

As shown in the equivalent schematic, the 
de retriever is formed by the transductance 

amplifier 042-043 together W!~h an exter
nal capacitor which is connected at the am
plifier output (pin 14). This forms an integra 
tor whose output voltage is shown in the 
following equation: 

-~Vindt Vo= C2 Equation 3 

gm = transconductance of !!"le arnp!if1er 

C2 ~ capacitor at the output (pin 14) 

Vin = signal voltage a1 amplifier input 

With proper selection of C2. the integrator 
time constant can be varied so that t11e out· 
put voltage is the de or average value of the 
Input signal for use in FSK, or as a post 
detection filter in linear demodulation. 

The comparator with hysteresis is made up 

of 049-050 with positive feedback being 
provided by 0 4r0a8 . The hysteresis is 
varied by changing the current in 052 with a 
resulting variation in the loop gain of the 
comparator. This method of hysteresis con
)rol, which is a de control, provides symmet
ric variation around the nominal value. 

Design Formula 
The free running frequency of tho VCO is 
shown by the following equation: 

1 
10 ~ 25 Re IC~-:;: Cs) 

Ac = t0rn! 
C 1 -:::; external cap in farads 
Cs :;:;:_ stray capacitance 

Equation 4 

--------1 
MODULATOR I 

16 

l !; 5? ~~~1}5RT~Q[l~~'H \> 

564 

5V 

15 

FREQUENCY SET CAP 

MODULATED OUTPUT 
/lTl-) 

Figure 4 
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The loop filter diagram shown is explained 
by the following equation: 

F(s) = --1-- (First Order) Equation 5 
1 + sRC3 

R = R12 = R13 = 1.3kf! (INTERNAL)' 

By adding capacitors to pins 4 and 5, a pole is 
added to the loop transfer function at 

1 
w = RC3. 

•Reier to Figure 1. 

APPLICATIONS 

FM DEMODULATOR 
The NE564 can be used as an FM 
demodulator. The connections for operation 
at 5 V and 12V are shown in figures 2 and 3 
respectively. The input signal is ac coupled 
with the output signal being extracted at pin 
14. Loop filtering is provided by the capaci· 
tors at pins 4 and 5 with additional filtering 
being provided by the capacitor at pin 14. 
Since the conversion gain of the VCO is not 
very high, to obtain sufficient demodulated 
output signal the frequency deviation in the 
input signal should be 1 % or higher. 

MODULATION TECHNIQUES 
The NE564 phase locked loop can be modu· 
lated at either the loop filter ports (pins 4 
and 5) or the input port (pin 6) as shown in 
figure 4. The approximate modulation Ire· 
quency can be determined from the frequen· 
cy conversion gain curve shown in figure 5. 
This curve will be appropriate for signals 
injected into pins 4 and 5 as shown in 
figure 4. 

FSK Demodulation 
The 564 PLL is particularly attractive for 
FSK demodulation since it contains an inter· 
nal voltage comparator and VCO which have 
TTL compatible inputs and outputs, and it 
can operate from a single 5 volt power sup· 
ply. Demodulated de voltages associated 
with the mark and space frequencies are 
recovered with a single external capacitor in 
a de retriever without utilizing extensive Iii· 
tering networks. An internal comparator, 
acting as a Schmitt trigger with an adjust· 
able hysteresis, shapes the demodulated 
voltages into compatible TTL output levels. 
The high frequency design of the 564 en· 
ables it to demodulate FSK at high data 
rates in excess of 1.0M baud. 

SE/NE564 

Figure 5 shows a high-frequency FSK de· 
coder designed for input frequency devi· 
ations of ± 1.0MHz centered around a free· 
running frequency of 10.8MHz. The value of 
the· timing capacitance required was esti· 
mated from figure 8 to be approximately 
40pF. A trimmer capacitor was added to fine 
tune 10 ' to 10.8MHz. 

The lock range graph indicates that the 
± 1.0MHz frequency deviations will be within 
the lock range for input signal levels greater 
than approximately 50mV with zero pin 2 bias 
current. While strictly this figure is appro· 
priate only for 5MHz, it can be used as a 
guide for lock range estimates at other 10 ' 

frequencies. 

The hysteresis was adjusted experimentally 
via the 10kll potentiometer and 2kf! bias ar· 
rangement to give the waveshape shown in 
figure 7 for 20K, SOOK, 2M baud rates with 
square wave FSK modulation. Note the mag· 
nitude and phase relationships of the phase 
comparators output voltages with respect to 
each other and to the FSK output. The high 
frequency sum components of the input and 
VCO frequency also are visible as noise on 
the phase comparators outputs. 

10.8MHz FSK DECODER USING THE 564 

lOOpF 

"' OUTPUT 

*10uF/9V 

~ 
300pF '-------------' 

Figure 5 
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PHASE COMPARATOR (PINS 4 AND 5) AND FSK (PIN 16) OUTPUTS FOR DATA RATES OF 

i.:::. J ... v i-
.... 

i....o i-

i- i- i- r-- r--
i... - ... - i... 

I'-- ~ ~ I'-- ~ 

...._ i...... i--.. 

NOTE 
Top trace~p1n 4 
Center trace~p1n 5 
Bottom trace~pin 18 

(•) 20K BAUO 

OUTLINE OF SETUP PROCEDURE 
1. Determine operating frequency of tha 

VCO-. 
If + N In feedback loop, then 
f0 = N X fin• 

2. Calculate value of the VCO frequency 
set capacitor: 

1 
Co .. 2500fo 

3. Set 12 (current sinking into Pin 2) for 
· "'100~. After operation is obtained, this 
value may be adjusted for best dynamic 
behavior.· 

4. Check VCO output frequency with digi
tal counter at Pin 9 of device (loop open, 
VCO to ¢ det.). Adjust Co trim or fre
quency adj. Pin 4-5 for exact cenler fre
quency If needed. 

5. Close loop and Inject input signal to Pin 
6. Monitor Pin 3 and 6 with two channel 
scope. Lock should occur with 4¢:i-s 
equal to 90' (phase error). 

too ... v 

.. 

100mY 

(c) 2.0M BAUD 

Figure 6 

... ,. 

6. If pulsed burst or ramp frequency Is 
used for Input signal, special loop filter 
design may be required In place of sim
ple single capacitor filter on Pin 4 and 5. 
(See PLL application section in Analog 
Manual.) 

7. The Input signal to Pin 6 and the VCO 
feedback signal to Pin 3 must have a 
duty cycle of 50% for proper operation 
of the phase detector. Due to the nature 
of a balanced mixer If signals are not 
50% In duty cycle, D.C. offsets will 
occur In the loop which tend to create an 
artificial or biased VCO offset. 

8. For multiplier circuits where phase jitter 
is a problem, loop filter capacitors may 
be increased to a value of 10-50µF on 
Pin 4, 5. Also careful supply decoupling 
may be necessary. This includes the 
counter chain Vee lines. 

(b) 500K BAUD 

NE564 
. PHASE LOCKED FREQUENCY 

MULTIPLIER WITH VCXO 

INPUT SIGNAL 

ru~ 

" 

+SY 

·1~~ o NE!iM 
DET. 

7 • 
vco 

3 8 12 13 

Figure 7 

vco 
Nd\ OUTPUT 

ru 

*For additional information, consult the Appllcatlons Section. 
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DESCRIPTION 
The SE/NE565 Phase-Locked Loop !PLLl Is 
a self-contained, adaptable filter and de
modulator lor the frequency range from 
0.001 Hz to 500kHz. The circuit comprises a 
voltage-controlled oscillator of exceptional 
stability and linearity, a phase comparator, 
an amplifier and a low-pass filter as shown 
In the block diagram. The center frequency 
of the PLL is determined by the free-running 
frequency of the VCO; this frequency can be 
adjusted externally with a resistor or a ca
pacitor. The low-pass filter, which deter
mines the capture characteristics of the 
loop, is formed by an internal resistor and an 
external capacitor. 

FEATURES 
• Highly stable center frequency 

(200ppm/°C typ.) 
• Wide operating voltage range (±6 lo ±12 

volts) 
• Highly linear demodulated output (0.2% 

typ.) 
• Center frequency programming by 

mean• ol a resistor or capacitor, voltage 
or current 

• TTL and DTL compatible square-wave 
output; loop can be opened to Insert 
dlgllal frequency divider 

• Hlghly linear triangle wave output 
• Reference output for connection of com· 

perator In frequency discriminator 
• Bandwidth adjustable from < ±1% to 

>±60% 
• Frequency adjustable over 1 O lo 1 range 

with same capacitor 

APPLICATIONS 
• Frequency shill keying 
• Modems 
• Telemetry receivers 
• Tone decoders 
• SCA receivers 
• Wideband FM discriminators 
• Data synchronizers 
• Tracking lllters 
• Signal restoration 
• Frequency multlpllcallon & division 

NOTES: 
1. SOL - Released In large SO package only. 
2. SOL l!1!i non-standard pinout. 
3. SO t!H1 non.standard pinout. 

!HO 

PIN CONFIGURATIONS 

INPUT 2 

INPUT 3 

VCO OUTPUT 4 
PHASE 

COMPARATOR s 
VCO INPUT 

REFERENCE 6 
OUTPUT 

DEMODULATED 7 

F,N PACKAGE 

V+ 
EXTERNAL C 
FORVCO 

OUTPUT .._ __ __, 
8 EXTERNAL R 

FOR YCO 

TOP VIEW 
ORDER NUMBER 

SEiNE565F,N 

VCOOUTPUT 4 
PHASE 

COMPARATOR S 
YCO INPUT 

NC 6 
REFERENCE 

OUTPUT 

SE/NE565 

0 3 PACKAGE 

12 V+ 

11 ~~~E~~~L C 

10 ~~~E~~~L R 

TOP VIEW 
ORDER NUMBER 

NE5650 

9 NC 

8 DEMODULATED 
OUTPUT 

ABSOLUTE MAXIMUM RATINGS TA= 2s•c unless otherwise specified. 

PARAMETER 

Maximum operating voltage 
Input voltage 
Storage temperature 
Operating temperature range 

NE565 
SE565 

Power dissipation 

BLOCK DIAGRAM 

iNPUT 

EQUIVALENT SCHEMATIC 

RATING 

26 
3 

-65 to +150 

o to +70 
-55 to +125 

300 

c, 

l-'W.Z.-...-1,,,..-0 DEMOD OUTPUT 

j---t-1C,-~REF OUTPUT 

UNIT 

v 
Vp-p 
•c 

•c 
•c 
mW 
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ELECTRICAL CHARACTERISTICS TA= 25°C, Vee= ±6V unless otherwise specified. 

PARAMETER TEST CONDITIONS 

SUPPLY REQUIREMENTS 
Supply voltage 
Supply current 

INPUT CHARACTERISTICS 
Input impedance1 
Input level required for lo= 50kHz, ±10% 
tracking frequency deviation 

VCO CHARACTERISTICS 
Center frequency 

Maximum value 
Distribution2 Distribution taken about 

f0 = 50kHz, Ri = 5.0kn, C1=1200pF 

Drift with temperature fo = 50kHz 
Drift with supply voltage fo = 50kHz, Vee = ±6 to ±7 volts 

Triangle wave 
Output voltage level 
Linearity 

Square wave 
Logical "1" output voltage lo= 50kHz 
Logical "O" output voltage lo= 50kHz 

Duty cycle fo = 50kHz 

Rise time 
Fall time 

Output current lsinkl 
Output current lsourcel 

DEMODULATED OUTPUT CHARACTERISTICS 
Output voltage level Measured at pin 7 

Maximum Voltage swing3 
Output voltage swing ±10% frequency deviation 
Total harmonic distortion 
Output impedance4 

Offset voltage IV6-V7l 
OffsAt voltage vs temperature ldriftl 

AM rejection 

NOTES 

1. Both input terminals (pins 2 and 3l must receive identical de blas. This bias may range 
from 0 volts to -4 volts. 

2. The external resistance for frequency adjustment (R1J must have a value between 2kll 
and 20k!l. 

3. Output voltage swings negative as input frequency increases. 
4. Output not buffered. 

SE565 

Min Typ 

±6 
8 

7 10 
10 

300 500 

-10 0 

200 
0.1 

1.9 2.4 
0.2 

+4.9 +5.2 
-0.2 

45 50 

20 
50 

0.6 1 
5 10 

4.25 4.5 

2 
250 300 

0.2 
3.6 

30 
50 

30 40 

SE/NE565 

NE565 
UNIT 

Max Min Typ Max 

±12 ±6 ±12 v 
12.5 8 12.5 mA 

5 10 kn 
10 mVrms 

500 kHz 

+10 -30 0 +30 % 

300 ppm;•c 
1.0 0.2 1.5 %/V 

3 1.9 2.4 3 Vp-p 
0.5 % 

+4.9 +5.2 v 
+0.2 -0.2 +0.2 v 

55 40 50 60 % 

100 20 ns 
200 50 ns 

0.6 1 mA 5 
5 10 mA -

4.75 4.0 4.5 5.0 v 

2 Vp-p 
200 300 mVp-p 

0.75 0.4 1.5 % 
3.6 kn 

100 50 200' mv 
100 µV/°C 

40 dB 
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PHASE LOCKED LOOP SE/NE565 

TYPICAL PERFORMANCE CHARACTERISTICS 
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POWER SUPPLY CURRENT 
AS A FUNCTION OF 

SUPPLY VOLTAGE 

10 14 18 22 

TOTAL SUPPLY VOLTAGE - V 

LOCK RANGE 
AS A FUNCTION OF 

GAIN SETTING RESISTANCE 
(PIN 6-7) 

26 

0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0 

RELATIVE FREE·RUNNING FREQUENCY - f0 

DESIGN FORMULAS 
(See Figure 1) 
Free-running frequency of VCO: fo::::: - 1-·2- in Hz 

4R1C1 
8fo 

Lock-range: fL= ±. -- in Hz 
Vee 

1 IE!frr
7
fL Capture-range. tc "':!:: -

2;, 

where T ~ (3.6X 103) X C2 

TYPICAL APPLICATIONS 
FM Demodulation 
The 565 Phase Locked Loop is a general 
purpose circuit designed for highly linear 
FM demodulation. During lock, the average 
de level of the phase comparator output 
signal is directly proportional to the fre
quency of the input signal. As the input 
frequency shifts, it is this output signal 
which causes the VCO to shift its frequency 
to match that of the input. Consequently, 
the linearity of the phase comparator output 
with frequency is determined by the 
voltage-to-frequency transfer function of 
the VCO. 
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VCO CONVERSION GAIN 

0.5 1.0 1.5 2.0 2.5 3.0 

VOLTAGE BETWEEN PIN 7 AND PIN 10 - Vrn-V1 

CHANGE IN FREE-ANNING 
VCO FREQUENCY AS A 

FUNCTION OF TEMPERATURE 
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-0.5 
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LOCK RANGE 
AS A FUNCTION OF 

INPUT VOLTAGE 
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"' I 
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NORMALIZED LOCK RANGE 

VCO OUTPUT 
WAVEFORM 

"' [/'\ V\ V\ 
~ ~: CSIZl CS.IL t~ 
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o t-; r--1-i +-i 

t-ir+--+-+-'-1---1--1- +--+--~ 

- 2 ~-J:~~+l-l-+-r--+1-1---1 

---------·----· 
Because of its unique and highly linear 
VCO, the 565 PLL can iock to and track an 
input signal over a very wide bandwidth 
(typically ±60%1 with very high linearity 
(typicaliy, within 0.5%1. 

A typical connection diagram is shown in 
Figure 1. The VCO free-running frequency is 
given approximately by 

f 0 ~ -4 1R· 2~ and should be adjusted to be at 
- 1v1 

the center of the input signal frequency 
range, C1 can be any value, but R1 should be 
within the range of ;woo to 20,000 ohms with 
an optimum value on the order of 4000 ohms. 
The source can be direct coupled it the de 
resistances seen from pins 2 and are equa! 
and there is no DC voltage airierence 
between the pins. A short between pins 4 and 
5 connects the VCO to the phase comparator. 
Pin 6 provides a DC reference voltage lhiH is 
close to the DC potential of the derroduiated 
output (pin 7). Thus, if a resismnce is c0n
nected between pins 6 and 7, the gain of the 
output stage can be reduced wrth little 
change in the DC voltage level at the output. 
This allows the lock range to be decreased 

with iittle change in the free-running fre
quency. In this manner the lock range can be 
d&creased from ± 60% of 10 to approximately 
± 20% of 10 (at ± 6V). 

A small capacitor !typically 0.001 !'Fl should 
be c0nnec1ed between pins 7 and 8 to elimi
nate possible osciliation in the control cur
rent source. 

A sin9le··pola loop filter is formed by the 
capac1lor connected between pin 7 and 
the v:isit1vo supply, and an internal resist
ance of approximately 3600 ohms. 

l 
o-+·-

6V 

DEMODULATED 
OUTPUT 

L ;..___.____---<> . 6V 

/'0v 

Figure 1 
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PHASE LOCKED LOOP 

Frequency Shift Keying (FSK) 
FSK refers to data transmission by means of 
a carrier which is shifted between two preset 
frequencies. This frequency shift is usually 
accomplished by driving a VCO with the 
binary data signal so that the two resulting 
frequencies correspond to the "O" and "1" 
states (commonly called space and mark) of 
the binary data signal. 

A simple scheme using the 565 to receive 
FSK signals of 1070Hz and 1270Hz is 
shown in Figure 2. As the signal appears at 
the input, the loop locks to the input fre
quency and tracks it between the two fre
quencies with a corresponding de shift at 
the output 

The loop filter capacitor C2 is chosen small
er than usual to eliminate overshoot on the 
output pulse, and a three-stage RC ladder 
tilter is used to remove the carrier compo
nent from the output The band edge of the 
ladder filter is chosen to be approximately 
half way between the maximum keying rate 
(in this case 300 baud or 150Hzl and twice 
the input frequency (approximately 
2200Hzl. The output signal can now be 
made logic compatible by connecting a 
voltage comparator between the output and 
pin 6 of the loop. The free-running frequen
cy is adjusted with R1 so as to result in a 
slightly-positive voltage at the output with 
f1N = 1070Hz. 

The input connection is typical for cases 
where a de voltage is present at the source 
and therefore a direct connection is not 
desirable. Both input terminals are returned 
to ground with identical resistors (in this 
case, the values are chosen to effect a 600-
ohm input impedance). 

Frequency Multiplication 
There are two methods by which frequency 
multiplication can be acl1ieved using the 
565: 

1. Locking to a harmonic of the input signal. 
2. Inclusion of a digital frequency divider or 

counter in the loop between the VCO and 
phase comrarator. 

The first method is the simplest, and can be 
achieved by setting the free-running .fre
quency of the VCO to a multiple of the input 
frequency. A limitation of this scheme is that 
the lock range decreases as successively 
higher and weaker harmonics are used for 
locking. If the input frequency is to be 
constant with little tracking required, the 
loop can generally be locked to any one of 
the firsf5 harmonics. For higher orders of 
multiplication, or for cases where a large 
lock range is desired, the second scheme is 
more desirable. An example of this might be 

SE/NE565 

1~:5 10.02 10.02 
10• lOk 10k 

SE/NE 565 
30K 

0.05 
Tc, 

Figure 2 

PHASE LOW PASS 
COMPARATOR FILTER AMPLIFIER 

Figure 3 

a case where the input signal varies over a 
wide frequency range and a large multiple 
of the input frequency is required. 

A block diagram of the second scheme is 
shown in Figure 3. Here the loop is broken 
between the VCO and the phase compara
tor, and a frequency divider is inserted. The 
fundamental of the divided VCO frequency 
is locked to the input frequency in this case, 
so that the VCO is actually running at a 
multiple of the input frequency. The amount 
of multiplication is determined by the fre
quency divider. A typical connection 
scheme is shown in Figure 4. To set up the 
circujt, the frequency limits of the input 
signal must be determined. The free
running frequency of the VCO is then ad
justed by means of R1 and C1 (as discussed 
under FM demodulation) so that the output 
frequency of the divider is midway between 
the input frequency limits. The filter capaci
tor, C2, should be large enough to eliminate 
variations in the demodulated output volt
age (at pin 7l, in order to stabilize the VCO 
frequency. The output can now be taken as 
the VCO squarewave output, and its funda
mental will be the desired multiple of the 
input frequency (f1Nl as long as the loop is in 
lock. 

SCA (Background Music) Decoder 
Some FM stations are authorized by the 
FCC to broadcast uninterrupted back
ground music for commerical use. To do 
this a frequency modulated subcarrier of 
67kHz is used. The frequency is chosen so 

·sv 

c, 

t 
Figure 4 

as not to interfere with the normal stereo or 
monaural program; in addition, the level of 
the subcarrier is only 10% of the amplitude 
of the combined signal. 

The SCA signal can be filtered out and 
demodulated with the NE565 Phase Locked 
Loop without the use of any resonant cir
cuits. A connection diagram is shown in 
Figure 5. This circuit also serves as an 
example of operation from a single power 
supply. 

A resistive voltage divider is used to estab
lish a bias voltage for the input !pins 2 and 
3). The demodulated lmultiplexl FM signal is 
fed to the input through a two-stage high
pass filter, both to effect capacitive coupling 
and to attenuate the strong signal of the 
regular channel. A total signal amplitude, 
between BOmV and 300mV, is required at the 
input Its source should have an impedance 
of less than 10,000 ohms. 

The Phase Locked Loop is tuned to 67kHz 
with a 5000 ohm potentiometer: only ap
proximate tuning is required, since the loop 
will seek the signal. 

The demodulated output lpin 7l passes 
through a three-stage low-pass filter to 
provide de-emphasis and attenuate the 
high-frequency noise which often accom
panies SCA transmission. Note that no ca
pacitor is provided directly at pin 7; thus, the 
circuit is operating as a first-order loop. The 
demodulated output signal is in the order of 
50mV and the frequency response extends 
to ?kHz. 
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Figure 5 

*For additional Information, consult the Applications Section. 
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FUNCTION GENERATOR 

DESCRIPTION 
The SE/NE 566 Function Generator 1s a volt
age controlled oscillator of exceptional linear
ity with buffered square wave and triangle 
wave outputs. The frequency of oscillation is 
determined by an external resistor and capac
itor and the voltage applied to the control ter
minal. The oscillator can be programmed over 
a ten to one frequency range by proper selec
tion of an external resistance and modulated 
over a ten to one range by the control voltage, 
with exceptional linearity. 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER 

Maximum operating voltage 
Input voltage 
Storage temperature 
Operating temperature range 

NE566 
SE566 

Power dissipation 

BLOCK DIAGRAM 

EQUIVALENT SCHEMATIC 

FEATURES 
• Wide range of operating voltage 

(up to 24 volts) (single or dual) 
• High linearity of modulation 
• Highly stable center frequency (200 

ppm/°C typical) 
• Highly linear triangle wave output 
• Frequency programming by means of a 

resistor or capacitor, voltage or current 
• Frequency adjustable over 1 O to 1 range 

with 1&me capacitor 

APPLICATIONS 
• Tone generators 
• Frequency shill keying 
• FM modulators 
• Clock generators 
• Signal generators 
• Function generators 

RATING UNIT 

26 v 
3 VP-P 

-65 to +150 'C 

Oto +70 "C 
-55 to +125 "C 

300 mVif 

SE/NE566 

PIN CONFIGURATIONS 

D,N PACKAGE 

SOUAG;~;~;o: : ::• 

TRIANGLE WAVE , 5 MODULATION 
OUTPUT INPUT 

NC 

SQUARE WAVE 4 

TRIANGLE 
WAVE 5 

NC[' 

TOP VIEW 
ORDER NUMBERS 

SE/NE566N NE566D 

F PACKAGE 

J c, 
R 

M
1
0DULATION 

INPUT 

TOP VIEW 
ORDER NUMBERS 

SE/NE566F 
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FUNCTION GENERATOR SE/NE566 

ELECTRICAL CHARACTERISTICS TA=25'C; Vee= :1:6V unless otherwise specified. 

PARAMETER 
Min 

GENERAL 
Operating temperature range -55 

Operating supply voltage :1:6 
Operating supply current 

.vco1 

Maximum operating frequency 

Frequency drift with temperature 
Frequency drift with supply voltage 

Control terminal Input lmpedance2 
FM distortion (±10% deviation) 

Maximum sweep rate 
Sweep range 

OUTPUT 
Triangle wave output 

Impedance 

Voltage 1.9 
Linearity 

Square wave input 
Impedance 

Voltage 5 
Duty Cycle 45 

Rise time 
Fall Time 

NOTES 

1. The external resistance for frequency adjustment (R1J must have a value between 2kO 
and 20Kn. 

2. The bias voltage !Vcl applied to the control terminal (pin 5J should be in the range 

3/4V~ ~Ve 5:: v~ 

TYPICAL PERFORMANCE CHARACTERISTICS 

SE588 

Typ MIX 

125 

:I: 12 
7 12.5 

1 

200 
.1 1 

1 
0.2 0.75 

1 
10:1 

50 

2.4 
0.2 

50 

5.4 
50 55 

20 
50 

NORMALIZED FREQUENCY AS A 
FUNCTION OF CONTROL VOLTAGE 

NORMALIZED FREQUENCY AS A 
FUNCTION OF RESISTANCE (R1) 

> u 

2.5 .----...... ------v• =12 VOLTS 

~ 2.0 t---+--+--+--+-~v,__-,.1, 

~ 1.s 1---+--+--+--+-,L~,__--t 
[jJ 1% 
~ 1.0 l---+--+--.. ~--+--1---< 

i J71 
~ o.5 .... ,-/+v-r-+--+--+--+----1 
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NORMALIZED FREQUENCY 

Min 

0 

:1:8 

1.9 

5 
40 

NE588 
UNIT 

Typ MIX 

70 •c 
:I: 12 v 

7 12.5 mA 

1 MHz 

300 ppm/•c 
.2 2 %/V 

1 MO 
0.4 1.5 % 

1 MHz 
10:1 

50 fl 

2.4 Vpp 
0.5 % 

50 fl 

5.4 Vpp 
50 60 % 

20 ns 
50 ns 

CHANGE IN FREQUENCY AS A 
FUNCTION OF TEMPERATURE 
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! +2.0 
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-75-50-25 0 +25+50+75+100+125 

TEMPERATURE - l°C) 
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FUNCTION GENERATOR SE/NE566 

TYPICAL PERFORMANCE CHARACTERISTICS ICont'dl 

POWER SUPPLY CURRENT AS A 
FUNCTION OF SUPPLY VOLTAGE 

20.0 

~ 17.5 

.... 15.0 z ... 
a: 
a: 12.5 ::> 

"' ~ 10.0 .. .. 
::> .. 7.5 

10 13 18 19 22 

SUPPLY VOLTAQE - V 

25 

OPERATING INSTRUCTIONS 
The SE/NE 566 Function Generator is a 
general purpose voltage controlled oscilla· 
tor designed for highly linear frequency 
modulation. The circuit provides simul
taneous square wave and triangle wave 
outputs at frequencies up to 1 MHz. A typical 
connection diagram is shown in Figure 1. 
The control terminal lpln 51 must be biased 
externally with a voltage IVel In the range 

3t4v"svcsv· 

where Vee is the total supply voltage. In 
Figure 1, the control voltage is set by the 
voltage divider formed with R2 and R3. The 
modulating signal is then ac coupled with 

FIGURE 1 

FREQUENCY AS A FUNCTION 
OF CAPACITANCE (C1) 

10 10• 10• 10• 10• 10• 

FREQUENCY - hz 

the capacitor C2. The modulating signal can 
be direct coupled as well, if the appropriate 
de bias voltage is applied to the control 
terminal. The frequency is given approxi
mately by 

211v·1- 1vc1] 

and R1 should be in the range 2kn < R1 < 
2okn. 

A small capacitor !typically 0.001 µfl should 
be connected between pins 5 and 6 to elimi
nate possible oscillation in the control cur
rent source. 
If the VCO is to be used to drive standard 

> 
I .. 
z 
ii: 
.... 
::> 
~ 
5 
> 
I 

z 
ii: 
!; 

~ 
0 

VCO OUTPUT WAVEFORMS 

logic circuitry, It may be desirable to use 
a dual supply as shown In Figure 2. In this 
case the square wave output has the prop· 
er de levels for logic circuitry. RTL can 
be driven directly from pin 3. For DTL or l2L 
gates, which require a current sink of more 
than 1mA, it is usually necessary to connect 
a 5kn resistor between pin 3 and negative 
supply. This increases the current sinking 
capability to 2mA. The third type of inter
face shown uses a saturated transistor be
tween the 566 and the logic circuitry. This 
scheme is used primarily for T2L circuitry 
which requires a fast fall time 1<50nsl and a 
large current sinking capability. 

+8VOLTS 

1'K 

lOK 

-8 VOLTS 

FIGURE 2 

•For additional Information, consult the Applications Section. 
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TONE DECODER/PHASE LOCKED LOOP 

DESCRIPTION 
The SE/NE567 tone and frequency decoder 
is a highly stable phase-locked loop with 
synchronous AM lock detection and power 
output circuitry. Its primary function is to 
drive a load whenever a sustained frequen
cy within its detection band is present at the 
self-biased input. The bandwidth center 
frequency, and output delay are independ
ently determined by means of four external 
components. 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER 

Operating temperature 
NE567 
SE567 

Operating voltage 
Positive voltage at input 
Negative voltage at input 
Output voltage (collector 
of output transistor) 

Storage temperature 
Power dissipation 

BLOCK DIAGRAM 

,, 

c, 

5-78 

FEATURES 
• Wide frequency range (.01 Hz to SOOkHz) 
• High stablllty of center frequency 
• Independently controllable bandwidth 

(up to 14 percent) 
• High out-band signal and noise rejection 
• Logic-compatible output with 100mA 

current sinking capability 
• Inherent Immunity to false signals 
• Frequency adjustment over a 20 to 

range with an external resistor 
• Military processing available 

APPLICATIONS 
• Touch Tone® decoding 
• Carrier current remote controls 
• Ultrasonic controls (remote TV, etc.) 
• Communications paging 
• Frequency monitoring and control 
• Wireless Intercom 
• Precision oscillator 

,, 

RATING 

Oto +70 
-55 to +125 

10 
0.5 +Vs 

-10 
15 

-65 to +150 
300 

COOP , .. 
PASS 
FILTER 

*'' 

UNIT 

•c 
•c 
v 
v 

Vdc 
Vdc 

•c 
rriW 

SE/NE567 

PIN CONFIGURATIONS 

FE, 0, N PACKAGE 

~~:~~;~~T~~ 08 OUTPUT 
LOW-PASS FIL T£R 2 7 GFIOUNO 

CAPACITOR C 2 
TIMING 

INPUT 3 6 ELEMENTS R 1 

SUPPLY AND C 1 
VOLTAGE +y 4 5 TIMING 

TOP VIEW ELEMENT R 1 

F PACKAGE 

TOP VIEW 
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LINEAR LSI PRODUCTS 

TONE DECODER/PHASE LOCKED LOOP SE/NE567 

DC ELECTRICAL CHARACTERISTICS (V+ = 5.0V; TA= 25°c unless otherwise specified.> 

PARAMETER TEST CONDITIONS 
Min 

SE567 

Typ Max 
NE567 

UNIT 
Min Typ Max 

CENTER FREQUENCY1 
Highest center frequency (fol 500 500 kHz 
Center frequency stability2 -55 to +125° C 35±140 35±140 ppm/°C 

Oto +70°C 35±60 35±60 ppm/°C 
Center frequency distribution 10 = 100kHz=1.1/R1C1 -10 0 + 10 -10 0 +10 % 

Center frequency shift with supply voltage 10 = 100kHz=1.1/R1C1 0.5 1 0.7 2 %/V 
DETECTION BANDWIDTH 
Largest detection bandwidth 10 =100kHz= 1.1/R1C1 12 14 16 10 14 18 % of fo 
Largest detection bandwidth skew 2 4 3 6 % of lo 
Largest detection bandwidth- V; = 300mVrms ±0.1 ±0.1 %/oC 
variation with temperature 
Largest detection bandwidth- V; = 300mVrms ±2 ±2 %/V 
variation with supply voltage 

INPUT 
Input resistance 15 20 25 15 20 25 kn 

Smallest detectable input voltage (V;I IL= 100mA, I;= lo 20 2S 20 25 mVrms 
Largest no-output input voltage IL= 100mA, f, =lo 10 15 10 15 mVrms 

Greatest simultaneous outband +6 +6 dB 
signal to inband signal ratio 
Minimum input signal to widebahd Bn = 140kHz -6 -6 dB 
noise ratio 

OUTPUT 
Fastest on-off cycling rate fo/20 fo/20 

"1" output leakage current V8 = 15V 0.01 2S 0.01 25 µA 
"O" output voltage IL= 30mA 0.2 0.4 0.2 0.4 v 

IL= 100mA 0.6 1.0 0.6 1.0 v 
Output fall time3 RL =son 30 30 ns 
Output rise time3 RL =son 150 1SO ns 

GENERAL 
Operating voltage range 4.75 9.0 4.75 9.0 v 
Supply current quiescent 6 8 7 10 mA 
Supply current-activated RL = 20k!l 11 13 12 15 mA 

Quiescent power dissipation 30 35 mW 

NOTES 
1. Frequency determining resistor A1 should be between 2 and 20kO. 
2. ApplicablA over 4.75 to 5.75 volts. See graphs for more detailed information 

3. Pin 6 to Pin 1 feedback AL network selected to eliminate pulsing dunng turn-on and 
turn-off. 

TYPICAL PERFORMANCE CHARACTERISTICS 

BANDWIDTH vs INPUT 
SIGNAL AMPLITUDE 
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LINEAR LSI PRODUCTS 

TONE DECODER/PHASE LOCKED LOOP 

TYPICAL PERFORMANCE CHARACTERISTICS rcont'dl 
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TYPICAL SUPPLY CURRENT 
vs SUPPLY VOLTAGE 
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SUPPLY VOLTAGE - V 

TYPICAL FREQUENCY DRIFT 
WITH TEMPERATURE 
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TONE DECODER/PHASE LOCKED LOOP 

DESIGN FORMULAS 
lo= .....!.:.!.... 

A1C1 

BW ~ 1070~ in % of lo, V; s 200mVrms 

Where 

V; = Input Voltage <Vrmsl 
C2 = Low-Pass Filter Capacitor !µFl 

PHASE LOCKED LOOP 
TERMINOLOGY CENTER 
FREQUENCY (fo) 
The free-running frequency of the current 
controlled oscillator <CCO> in the absence 
of an input signal. 

Detection Bandwidth (BW) 
The frequency range, centered about fo, 
within which an input signal above the 
threshold voltage <typically 20mVrmsl will 
cause a logical zero state on the output. The 
detection bandwidth corresponds to the 
loop capture range. 

Lock Range 
The largest frequency range within which 
an input signal above the threshold voltage 
will hold a logical zero state on the output. 

Detection Band Skew 
A measure of hqw well the detection band is 
centered aboutthe center frequency, fo. The 
skew is defined as (fmax + fm;n -2fo)/2f0 

where fmax and fmin are the frequencies 
corresponding to the edges of the detection 
band. The skew can be reduced to zero if 
necessary by means of an optional center
ing adjustment. 

OPERATING INSTRUCTIONS 
Figure 1 shows a typical connection dia
gram for the 567. For most applications, the 
following three-step procedure will be 
sufficient for choosing the external compo
nents R1, C1, C2 and C3. 

1. Select R1 and C1 for the desired center 
frequency. For best temperature stability, 
R1 should be between 2K and 20K ohm, and 
the combined temperature coefficient of the 
R1C1 product should have sufficient stabili
ty over the projected temperature range to 
meet the necessary requirements. 

2. Select the low pass capacitor, C2, by 
referring to the Bandwidth versus Input 
Signal Amplitude graph. If the input ampli
tude variation is known, the appropriate 
value of foC2 necessary to give the desired 
bandwidth may be found. Conversely, an 
area of operation may be selected on this 
graph and the input level and C2 may be 
adjusted accordingly. For example, con-
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TYPICAL RESPONSE 

Input 

- -

Output 

--- --- ---

Response to 100mVrms tone burst. 
AL = 100 ohms. 

-- -- --
Output 

-- --

Input 

' 

Response to same input tone burst 
with wideband noise. · 

..§.. = -6db AL = 100 ohms 
N Noise Bandwidth = 140Hz 

stant bandwidth operation requires that 
input amplitude be above 200mVrms. The 
bandwidth, as noted on the graph, is then 
controlled solely by the foC2 product <fo 
<Hz), C2 (µ fd)). 

3. The value of C3 is generally non-critical. 
C3 sets the band edge of a low pass filter 
which attenuates frequencies outside the 
detection band to elminate spurious out
puts. If C3 Is too small, frequencies just 
outside the detection band will switch the 
output stage on and off at the beat frequen
cy, or the output may pulse on and off 
during the turn-on transient. If C3 is too 
large, turn-on and turn-off of the output 
stage will be delayed until the voltage on C3 
passes the threshold voltage. !Such delay 
may be desirable to avoid spurious outputs 
due to transient frequencies.! A typical 
minimum value for C3 is 2C2. 

AVAILABLE OUTPUTS !Figure 2> 
The primary output Is the uncommitted 
output transistor collector, pin 8. When an 
In-band input signal is present, this transis
tor saturates: its collector voltage being less 
than 1.0 volt !typically 0.6Vl at full output 
current !100mA>. The voltage at pin 2 is the 
phase detector output which is a linear 
function of frequency over the range of 0.95 
to 1.05 fo with a slope of about 20mV per 
percent of frequency deviation. The average 
voltage at pin 1 is, during lock, a function of 
the lnband input amplitude in accordance 
with the transfer characteristic given. Pin 5 
is the controlled oscillator square wave 

SE/NE567 

Figure 1 

output of magnitude !+V -2Vbel - <+V -1 .4Vl 
having a de average of +v /2. A 1 kO load may 
be driven from pin 5. Pin 6 is an exponential 
triangle of 1 volt peak-to-peak with an 
average de level of +V/2. Only high imped
ance loads may be connected to pin 6 
without affecting the CCO duty cycle or 
temperature stability. · 

OPERATING PRECAUTIONS 
A brief review of the following precautions 
will help the user achieve the high level of 
performance of which the 567 is capable. 

1. Operation in the high input level mode 
!above 200mVl will free the user from 
bandwidth variations due to changes in the 
in-band signal amplitude. The input stage is 
now limiting, however, so that out-band 
signals or high noise levels can cause an 
apparent bandwidth reduction as the in
band signal is suppressed. Also, the limiting 
action will create in-band components from 
sub-harmonic signals, so tt)e 567 becomes 
sensitive to signals at fo/3, fo/5, etc. 

2. The 567 will lock onto signals near !2n + 
1) f0 , and will give an output for signals near 
!4n + 1) fowheren=O, 1,2,etc. Thus, signals 
at 5fo and 910 can cause an unwanted 
output. If such signals are anticipated, they 
should be attenuated before reaching the 
567 input. 

3. Maximum immunity from noise and out
band signals is afforded in the low input 
level <below 200mVrmsl and reduced band
width operating mode. However, decreased 
loop damping causes the worse-case lock
up time to increase, as shown by the 
Greatest Number of Cycles Before Output 
vs Bandwidth graph. 

4. Due to the high switching speeds !20nsl 
associated with 567 operation, care should 
be taken In lead routing. Lead lengths 
should be kept to a minimum. The power 
supply should be adequately bypassed 
close to the 567 with a O.Q1 µF or greater 
capacitor; grounding paths should be 
carefully chosen to avoid ground loops and 
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unwanted voltage variations. Another factor 
which must be considered Is the effect of 
load energization on the power supply. For 
example, an incandescent lamp typically 
draws 1 O times rated current atturn-on. This 
can cause supply voltage fluctuations 
which could, for example, shift the detec
tion band of narrow-band systems suffi
ciently to cause momentary loss of lock. 
The result Is a low-frequency oscillation 
into and out of lock. Such effects can be 
prevented by supplying heavy load currents 
from a separate supply or increasing the 
supply filter capacitor. 

SPEED OF OPERATION 
Minimum lock-up time is related to the 
natural frequency of the loop. The lower it 
is, the longer becomes the turn-on tran
sient. Thus, maximum operating speed is 
obtained when C2 is at a minimum. When 
the signal is first applied, the phase may be 
such as to initially drive the controlled 
oscillator away form the incoming frequen
cy rather than toward It. Under this condi
tion, which is of course unpredictable, the 
lock-up transient is at its worst and the 
theoretical minimum lock-up time is not 
achievable. We must simply wait for the 
transient to die out. 

The following expressions give the values of 
C2 and Ca which allow highest operating 
speeds for various pand center frequencies. 
The minimum rate at which digital informa
tion may be detected without information 
loss due to the turn-on transient or output 
chatter is about 10 cycles per bit, corre
sponding to an information transfer rate of 
fo/10 baud. 

C2 =.EQ_ µF 
lo 

In cases where turn-off time can be sacri
ficed to achieve fast turn-on, the optional 
sensitivity adjustment circuit can be used to 
move the quiescent C3 voltage lower (closer 
to the threshold voltage!. However, sensitiv
ity to beat frequencies, noise and extrane
ous signals will be increased. 

OPTIONAL CONTROLS !Figure 3l 

The 567 has been designed so that, for most 
applications, no external adjustments are 
required. Certain applications, however, 
will be greatly facilitated if full advantage is 

I 
a::.~1,---...... -., I ... I : V+ 

I : I• In 14~ .. aw -. 1---· 
: Vee IBATll< 1.0V 

I I 
3.IV 

LOW PASS 
FILTER ~~-r-
(PIN 2) 

PIN 1 
VOLTAGE 
fAVQJ o\,O 

•.. 
3.0 

3.IV 

3.7V 

,,..._ _____ _ 
a 100 200m Vrms 
IN· BAND 
INPUT 
VOLTAGE 

Figure 2 

DECREASE INCREAll 
SENSITIVITY SENllTIVITV 

V+ 

Figure 3 

}
SILICON 
DIODES FOR 
TEMPERATURE 
COM,ENSATION 
!OPTIONAL) 

taken of the added control possibilities 
available through the use of additional ex
ternal components. In the diagrams given, 
typical values are suggested where appli· 
cable. For best results the resistors used, 
except where noted, should have the same 

temperature coefficient. Ideally, silicon di
odes would be low-resistivity types, such 
as forward-biased transistor base-emmlter 
junctions. However, ordinary low-voltage 
diodes should be adequate for most appli
cations. 
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SENSITIVITY ADJUSTMENT 
!Figure 31 
When operated as a very narrow band de
tector !less than 8 percent!, both C2 and C3 
are made quite large In order to improve 
noise and outband signal rejection. This will 
inevitably slow the response time. If, how
ever, the output stage is biased closer to the 
threshold level, the turn-on time can be 
improved. This is accomplished by drawing 
additional current to terminal 1. Under this 
condition, the 567 will also give an output 
for lower-level signals !10mV or lower!. 

By adding current to terminal 1, the output 
stage is biased further away from the 
threshold voltage. This is most useful when, 
to obtain maximum operating speed, C2 and 
C3 are made very small. Normally, frequen
cies just outside the detection band could 
cause false outputs under this condition. By 
desensitizing the output stage, the outband 
beat notes do not feed through to the output 
stage. Since the input level must be some
what greater when the output stage is made 
less sensitive, rejection of third harmonics 
or in-band harmonics !of lower frequency 
signals! is also improved. 

CHATTER PREVENTION !Figure 4l 
Chatter occurs in the output stage when C3 
is relatively small, so that the lock transient 
and the AC components at the quadrature 
phase detector !lock detector! output cause 
the output stage to move through its thresh
old more than once. Many loads, for exam
ple lamps and relays, will not respond to the 
chatter. However, logic may recognize the 
chatter as a series of outputs. By feeding the 
output stage output back to its input !pin 11 
the chatter can be eliminated. Three 
schemes for doing this are given in Figure 4. 
All operate by feeding the first output step 
!either on or offl back to the input, pushing 
the input past the threshold until the tran
sient conditions are over. It is only neces
sary to assure that the feedback time con
stant is not so large as to prevent operation 
at the highest anticipated speed. Although 
chatter can always be eliminated by making 
C3 large, the feedback circuit will enable 
faster operation of the 567 by allowing c3 to 
be kept small. Note that if the feedback time 
constant is made quite large, a short burst at 
the input frequency can be stretched into a 
long output pulse. This may be useful to 
drive, for example, stepping relays. 

DETECTION BAND CENTERING 
(OR SKEW) ADJUSTMENT 
!Figure 51 

When it is desired to alter the location of the 
detection band !corresponding to the loop 
capture rangel within the lock range, the 
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circuits shown above can be used. By mov
ing the detection band to one edge of the 
range, for example, input signal variations 
will expand the detection band in only one 
direction. This may prove useful when a 
strong but undesirable signal is expected on 
one side or the other of the center frequen
cy. Since Rs also alters the duty cycle slight
ly, this method may be used to obtain a 
precise duty cycle when the 567 is used as 
an oscillator. 

ALTERNATE METHOD OF 
BANDWIDTH REDUCTION 
<Figure 61 

Although a large value of C2 will reduce the 
bandwidth, it also reduces the loop damp
ing so as to slow the circuit response time. 
This may be undesirable. Bandwidth can be 
reduced by reducing the loop gain. This 
scheme will improve damping and permit 
faster operation under narrow-band condi
tions. Note that the reduced impedance 
level at terminal 2 will require that a larger 

value of C2 be used for a given filter cutoff 
frequency. If more than three 567s are to be 
used, the network of Rs and Re can be 
eliminated and the RA resistors connected 
together. A capacitor between this junction 
and ground may be required to shunt high 
frequency components. 

OUTPUT LATCHING !Figure 71 
To latch the output on after a signal is 
received, it is necessary to provide a feed
back resistor around the output stage !be
tween pins 8 and 1 l. Pin 1 is pulled up to 
unlatch the output stage. 

REDUCTION OF C1 VALUE 
!Figure 81 
For precision very low-frequency applica
tions, where the value of C1 becomes large, 
an overall cost savings may be achieved by 
inserting a voltage follower between the Ri 
C1 junction and pin 6, so as to allow a higher 
value of Ri and a lower value of C1 for a 
given frequency. 
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PROGRAMMING TYPICAL APPLICATIONS 
To change the center frequency, the value 
of R1 can be changed with a mechanical or 
solid state switch, or additional C1 capaci· 
tors may be added by grounding them 
through saturating npn transistors. 

NOTE 

DETECTION BANO - %0110 

r ... 
RsRc 

R•RA+---t Re+ Re 
1•c 

Of'TIONAL SILICON 
OIODIS Jl:OR 
TEMPl!AATUIU 
COMPENSATION 

~ (ioK + R) < C1 < ~ (10K + R) 
fo \' R fo Fl 

AdJu1t control for 1ymmttry of detection bind 
ldQH about fo. 

'1.I" 
UNLATCH 

Figure 8 

•V 

_, 
I 

-~:c ... 

·-~ 
"' le'••• 

OUTPUT LATCHING 

c,. prevent• latcl"l·up when power 1upply Is turned on. 

Figure 7 

TOUCH-TONE~ DECODER 

9' 

Component values (Typical! 

•V 

R1 6.8 to 15K ohm 
R1 4.7K ohm 
RJ 20K ohm 
C1 0 10mld 
Cz 1.0mld 5V 
c, 2 2mtd ev 
c. 2so "F ev 

PRECISION VLF 

.,~ 
~ *c' 5741 

Figure 8 
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TYPICAL APPLICATIONS rcont'dl 

~~!'~NIB.~ 
OR AICEIVEA 

CARRIER-CURRENT REMOTE 
CONTROL OR INTERCOM 

-+5to 15V 

_CL•oAo 
., 

-----<> 

DUAL-TONE DECODER 

... 

C'z C'3 

.l\UOIOOUT 
llF INPUT IS 
FREQUENCY 
MODULATED) 

t/4-Rll 

1. Rt1!1tor and capacitor values chosen for desired frequencies and bandwidth. 
.2. If C3 la made large so aa to delay turn-on of the top 587, decoding of sequontlal (f1 fa) 

tonee ts possible. 
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240/o BANDWIDTH TONE DECODER 

INPUT SIGNAL 
(> ~OOmVrrm) 

o-j 

<V 

o· to 180° PHASE SHIFTER 

R2 .. Fh/5 

OUTP'UT 
!INTO 1K 
OHM MIN. 
LOAD) 

[i] . '" 

Adjuet R1 ao that q, • 90° with control midway 
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TYPICAL APPLICATIONS !Cont'd! 

OSCILLATOR WITH 
QUADRATURE 

OUTPUT 

CONNECT PIN 3 
T02.8V TO 
INVERT OUTPUT 

PULSE GENERATOR 
WITH 25% 

DUTY CYCLE 

"' 

OSCILLATOR WITH 
DOUBLE FREQUENCY 

OUTPUT 

PRECISION OSCILLATOR TO 
SWITCH 100ma LOADS 

vco 
TERMINAL 
(~&%) 

SE/NE567 

PRECISION OSCILLATOR 
WITH 20na SWITCHING 

vco 
TERMINAL 
(:t80/o) 

"' 

PULSE GENERATOR 

•for additional information, consult the Applications Section. 
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DESCRIPTION 
The 555 monolithic timing circuit Is a highly 
stable controller capable of producing ac
curate time delays, or oscillation. In the time 
delay mode of operation, the time Is precise
ly controlled by one external resistor and 
capacitor. For a stable operation as an oscil
lator, the free running frequency and the 
duty cycle are both accurately controlled 
with two external resistors and one capaci
tor. The circuit may be triggered and reset 
on falling waveforms, and the output struc
ture can source or sink up to 200mA. 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER 

Supply voltage 
SE555 
NE555, SE555C 

Power dissipation 
Operating temperature range 

NE555 
SE555, SE555C 

Storage temperature range 
Lead temperature <soldering, 60secl 

EQUIVALENT SCHEMATIC 

5-88 

FEATURES 
• Tum off time 1111 than 2µ• 
• Maximum operating frequency greater 

then SOOkHz 
• Timing from mlcronconda to houri 

• Operat11 In both a1table and mono1t1ble 
modes 

• High output current 
• AdJuatable duty cycle 
• TTL compatlble 
• Temperature stablllty of 0.005% per •c 
APPLICATIONS 
• Precision timing 
• Pul1e generation 
• Sequential timing 
• Time delay generation 
• Pulse width modulation 
• Pulse position modula!•on 
• Ml11lng pulse detector 

RATING UNIT 

+18 v 
+16 v 
600 mW 

o to +70 •c 
-55 to +125 •c 
-65 to +150 •c 

300 •c 

FM 

SE/NE555/SE555C 

PIN CONFIGURATIONS 

D, N, FE PACKAGE 

GROUND o· Yee 
TRIGGER 2 7 DISCHARGE 

OUTPUT 3 6 THRESHOLD 

RESET 4 5 CONTAOL 
VOLTAGE 

TOP VIEW 
ORDER NUMBERS 

SE/NE555N,FE NE5550 

NC 

SE555CN.CFE 

TOP VIEW 

ORDER NUMBERS 
SE/NE555F SE555CF 

BLOCK DIAGRAM 

THRESH· 
OLD ..----. 

DIS· 
CHARGE 

COMPARATOR 

OUTPUT 

Yee 

• 

GROUND 

Yee 

NC 

DISCHARGE 

THRESHOLD 

CONTROL 
VOLTAGE 

CONTROL 
VOLTAGE 
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DC ELECTRICAL CHARACTERISTICS TA= 25°C, Vee= +5V to +15 unless otherwise specified. 

PARAMETER TEST CONDITIONS 

Supply voltage 
Supply current (low statel1 Vee - 5V RL - .. 

Vee =·15V RL = .. 

Timing error (monostable) RA= 2Kn to 100Kn 
Initial accuracy2 C = 0.1µF 
Drift with temperature 
Drift with supply voltage 

Timing error (astablel RA, Rs= 1kn to 100kn 
Initial accuracy2 C = 0.1µF 
Drift with temperature Vee= 15V 
Drift with supply voltage 

Control voltage level Vee= 15V 
Vee= 5V 

Threshold voltage Vee= 15V 
Vee= 5V 

Threshold current3 

Trigger voltage Vee= 15V 
Vee= 5V 

Trigger current VTRIG = OV 

Reset vo ltage4 

Reset current 
Reset current VRESET = OV 

Output voltage (Jowl Vee= 15V 
ISINK = 10mA 
ls1NK = 50mA 

ISINK = 100mA 
ls1NK = 200mA 

Vee= 5V 
ls1NK = 8mA 
ls1NK = 5mA 

Output voltage (highl Vee= 15V 
lsouReE = 200mA 
lsouReE = 100mA 

Vee= 5V 
lsouReE = 100mA 

Turn off times VRESET =Vee 

Rise time of output 
Fall time of output 
Discharge leakage current 

NOTES 
1. Supply currant when output high typically 1 mA less. 
2. Tested at Vee = SV and Vee= 15V. 
3. This will deterriilne the maximum Value or R;. +Re, for 15V operation, the max total 

A= 10 megohm, and tor 5V operation, the max total R ""3.4 megohm. 
4. Specified with trigger Input high. 
5. Time measured from a positive going input pulse from Oto 0.8 x Vee into the threshold 

to the drop from hlgli to low of the output. Trigger la tied to threshold. 

SESSS 

Min Typ 

4.5 
3 
10 

0.5 
30 

0.05 

4 

0.15 

9.6 10.0 
2.9 3.33 
9.4 10.0 
2.7 3.33 

0.1 

4.8 5.0 
1.45 1.67 

0.5 

0.3 

0.1 
0.4 

0.1 
0.4 
2.0 
2.5 

0.1 
0.05 

12.5 
13.0 13.3 

3.0 3.3 

0.5 

100 
100 
20 

NESSS/SESSSC 
UNIT 

Max Min Typ Max 

18 4.5 16 v 
5 3 6 mA 
12 10 15 mA 

2.0 1.0 3.0 % 
100 50 150 ppm/°C 
0.2 0.1 0.5 'lo/V 

6 5 13 'lo 
500 500 ppmt•c 
0.6 0.3 1 %/V 

10.4 9.0 10.0 11.0 v 
3.8 2.6 3.33 4.0 v 
10.6 8.8 10.0 11.2 v 
4.0 2.4 3.33 4.2 v 

0.25 0.1 0.25 µA 

5.2 4.5 5.0 5.6 v 
1.9 1.1 1.67 2.2 v 
0.9 0.5 2.0 µA 

1.0 0.3 1.0 v 
0.4 0.1 0.4 mA 
1.0 0.4 1.5 mA 

0.15 0.1 0.25 v 
0.5 0.4 0.75 v 
2.2 2.0 2.5 v 

2.5 v 

0.25 0.3 0.4 v 
0.2 0.25 0.35 v 

12.5 v 
12.75 13.3 v 

2.75 3.3 v 
2.0 0.5 2.0 µS 

200 100 300 ns 
200 100 300 ns 
100 20 100 na 
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LINEAR LSI PRODUCTS 

TIMER 

TYPICAL PERFORMANCE CHARACTERISTICS 

MINIMUM PULSE WIDTH 
REQUIRED FOR TRIGGERING 

0.1 0.2 0.3 0.4 

LOWEST VOLTAGE LEVEL OF TRIGGER PULSE 

LOW OUTPUT VOLTAGE 
vs OUTPUT SINK CURRENT 

Vcc=SV 

1.0 w 5.0 10 20 50 100 

ls1NK - mA 

HIGH OUTPUT VOLTAGE DROP 
vs OUTPUT SOURCE CURRENT 

2.0 ..---.--.--.-...--r--r--r-r-r--. 

1.8 r-~~;t~~t:-:;!5·:·c:tjjJ!.---1u 
1•~ ~ 

"' +25'C i--H 
'.:; 1.4 t:::±:;i;*-l--~;..;;'t'""T=-t-t.Ll71 
0 r-
~ 1 "2 t--t---t--t---t-+-1-+2c:-5,c-:C:i~--tl-------tl-"1-:;J.'"-1 

51.0~ 
~ 0.8 +--+--+--+-+--+-+--+-+-+---! 

~ 0.6 +--+--+-+-+---+-+--+-+-+---! 

0.4 >--+--+--+--+--+--+--+-+-+---< 
SV=Vcc=15V 

0.2 t---+--+--+-+--+--1--+-+-+---t 

1.0 2.0 5.0 10 20 50 100 

lsoURCE - mA 
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SUPPLY CURRENT 
vs SUPPLY VOLTAGE 

10.0 

SUPPLY VOLTAGE - VOLTS 

LOW OUTPUT VOLTAGE 
vs OUTPUT SINK CURRENT 

15.0 

Vee= 1ov 

-55°C 

I +25°C 

!; +125°C~ 
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~-55°C 

w 
:;; 
;:: 
> s 
w 
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cc 
0 
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1.0 2.0 5.0 10 20 

ls1NK - mA 

DELAY TIME vs 
SUPPLY VOLTAGE 

50 100 

1.010 +--+-t--t--t--+--t--+---i 

~\ 
1.005 1----t-;,-\ -t--t--+---+--+--t--i 

\ 

0.995 1----+--+--+--t--+--t--+---t 

0.990 1---+--t--t--t--t--t--t---i 

0.985 L--'--'---'--'---'--'---'--' 
10 15 20 

SUPPLY VOLTAGE - V 

SE/NE555/SE555C 

DELAY TIME 
vs TEMPERATURE 

w 1.01 u 1---t--__,i--+--i--+---ii--+---i 
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;:: 
> 1.005 l--+--i---+--1--+---ii--+---l s 
~ t- ... 1-t-.J 
~ 1.000 1-+-t--==t--'""':::1t--1t---1Hf---1t-f---1 

" :;; 
cc 
0 z 

0.995 l--+--i---+--1--+---li--+---l 

0.990 t----+--t---+--1----+-__,t---+---i 

0.985 .___,__..__.__.___,___,.___.___, 

-50 -25 0 +25 +50 +75+100+125 

TEMPERATURE - 'C 

LOW OUTPUT VOLTAGE 
vs OUTPUT SINK CURRENT 

Vee= 15V 

-55°C J. 
~ 1.0 1----1---1-+--+--+----l-t-+-<~,_H 

> 
I >--+-+-+--+ + 2s 0 c 
~ 

~ O.l l--t+_1-t2_5t-'Ct>'!:$!:i~""''-i---1--'-55T'-tC--j 
~I 

0.01 '---'-'--'---'--"----'--'~--'-~ 

1.0 2.0 5.0 10 20 

ls1NK - mA 

PROPAGATION DELAY 
vs VOLTAGE LEVEL 
OF TRIGGER PULSE 

50 100 

~ 200 1--+-t-4':--h~V-t---+--I 
'" 0 

i5 150 1---+--'"""=+-~f"+--+--+--1 
;:: 

" ~ 100 l--+-"'S~;i!"~+--+--+--+--1 .. 
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~ 50 l---P..,-t--+--1---+--l---+---i 

0.1 0.2 0.3 

LOWEST VOLTAGE LEVEL 
OF TRIGGER PULSE - x Vee 
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LINEAR LSI PRODUCTS 

TIMER SE /NE555/SE555C 

TYPICAL APPLICATIONS 

ASTABLE OPERATION 

Vee 

8 555 OR 1/2 556 

DISCHARGE 
----------------1 

I 

I 

TRIGGER o----2 >---+--t i 
I 
I 
I 

DISCHARGE 

I 
I 

R 

I -L _ _:_ _______ _ 

RESET 

MONOSTABLE OPERATION 

Vee 

R 
8 555 OR 112 558 

___ J 
1.41 

i.---
(RA+2R9)C 

.---- ------------1 
I 

R I 
CONTROL 

,-VOLTAGE o---t--T----1 
IAtl J_ THRESHOLD 0---+-'+---+--1 

T.01.F I 
Ic1 

~ .,. I FLIP 
FLOP 

OUTPUT 

I 
I 
I 
I _n_ 

lf. TRIGGER 

r -j-Vcc 

I 
I 

al 

I 
I 
I -

i OUTPUT 
I 
i 
I 
I 
I 
I L_:._ ______ _ _______ J 

4 

RESET AT•l,IRC 
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LINEAR LSI PRODUCTS 

TIMER 

Trigger Pulse Width Requirements 
and Time Delays 
Due to the nature of the trigger circuitry, the 
timer will trigger on the negative going edge of 
the input pulse. For the device to time out pro
perly, it is necessary that the trigger \/Oltage 
level be returned to some \/Oltage greater than 
one third of the supply before the time out 
period. This can be achieved by making either 
the trigger pulse sufficiently short or by AC 
coupling into the trigger. By /IC coupling the 
trigger, see Figure 1, a short negative going 
pulse is achieved when the trigger signal goes 
to ground. AC coupling is most frequently used 
in conjunction with a switch or a signal that 
goes to ground which initiates the timing cycle. 
Should the trigger be held lcw, without AC 
coupling, for a longer duration than the timing 
cycle the output will remain In a high state for 
the duration of the lcw trigger signal, without 
regard to the threshold comparator state. 
This is due to the predominance of 0 15 on the 
base of 0 15, controlling the state of the bi
stable flip-flop. When the trigger signal then 
returns to a high level, the output will fall 
Immediately. Thus, the output signal will fol
low the trigger signal in this case. 

TRIGGER 

5-92 

TYPICAL APPLICATIONS 

AC COUPLING OF THE TRIGGER PULSE 

vl"" lovcc"' 
'" ' ... 

l 
ALL RESISTOR VALUES ARE IN OHMS 

Vcct-----, 

11svcc 

Ovot TS '----_--l_._~1.,.--.,u-,-.,-,o-,N'o-,-,.""~au• l"UL&r 

t ASSEENBVTHE Tl~ER 

SWITCH GROUNOE:> 
Ar TH11Po1Nr Figure 1 

SCHEMATIC 555 OR 1/2 5511 DUAL TIMER 

RS 

10K 

Figure 2 

FM 
5 

SE/NE555/SE555C 

Another consideration Is the "turn off time". 
This is the measurement of the amount of time 
required after the threshold reaches 2/3 Vee to 
turn the output lcw. To explain further, 0 1 at the 
threshold input turns on after reaching 213 Vee• 
which then turns on 0 5, which turns on Os. 
Current from Os turns on Q1s which turns 0 11 

off. This allows current from 0 19 to turn on 020 
and 0 24 to give an output low. These steps 
cause the 2,,s maximum delay as stated in the 
data sheet. 

Also, a delay comparable to the turn off time is 
the trigger release time. When the trigger is 
low, 0 10 Is on and turns on 0 11 which turns on 
0 15• 0 15 turns off 0 15 and allows 0 17 to turn on. 
This turns off current to 020 arid 0 24, which 
results in output high. When the trigger is 
released, 010 and o,, shut off, 015 turns off, 
0 15 turns on and the circuit then follows the 
same path and time delay explained as "turn 
off time". This trigger release time is very 
important in designing the trigger pulse width 
so as not to interfere with the output signal as 
explained previously. 

R14 

R15 

4.7K 



LINEA'< LSI PRODUCTS 

DUAL TIMER 

DESCRIPTION 
Both the 556 and 556-1 Dual Monolithic 
timing circuits· are highly stable control
lers capable of producing accurate time 
delays or oscillation. The 556 and 556· 1 are 
a dual 555. Timing is provided by an exter
nal resistor and capacitor for each timing 
function. The two timers operate indepen
dently of each other, sharing only Vee and 
ground. The circuits may be triggered and 
reset on falling waveforms. The output 
structures may sink or source 200 mA. 

APPLICATIONS 
• Precision timing 
s Sequential timing 
• Pulse shaping 
• Pulse generator 
• Missing pulse detector 
• Tone burst generator 
• Pulse width modulation 
• Time delay generator 
• Frequency division 
• Industrial controls 
• Pulse position modulation 
• Appliance timing 
• Traffic light control 
• Touch tone encoder 

BLOCK DIAGRAM 

SA/SE/NE556/SA/SE/NE556·1 /SE556·1 C 

FEATURES 
• Turn off time less than 2 µS (556-1, 1C) 
• Maximum operating frequency greater 

than 500 kHz (556·1, 1C) 

• Timing from microseconds to hours 

• Replaces two 555 timers 

• Operates In both astable and mono-
stable modes 

• High output current 
• Adjustable duty cycle 

• TTL compatible 

• Temperature stability of 0.005% per •c 
• SE556 MIL·STD·883A, B, C available, 

N38510 (JAN planned, 38510 processing 
available) 

PIN CONFIGURATION 

CONTROL 
VOLTAGE 

D, F, N PACKAGE 

TOP VIEW 

ORDER NUMBERS 

vee 

DISCHARGE 

THRESHOLD 

CONTROL 
VOLTAGE 

RESET 

SNSE/NE556-1F,N 
SE/NE556F, N 

SA556N 

SE556-1 CF, CN 

NE556D 
SE556CN 

DISCHARGE>---------~ ~-----------! DISCHARGE 

THRESHOLD 

CONTROL VOLTAGE 

RESET !--+----, 

FLIP FLOP 

OUTPUT >--+----~ 

THRESHOLD 

CONTROL VOLTAGE 

~---+---< RESET 

FLIP FLOP 

'---+--l OUTPUT 

TRIGGER 
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LINEAR LSI PRODUCTS 

DUALTIMER SA/SE/NE556/SA/SE/NE556-1 /SE556-1 C 

EQUIVALENT SCHEMATIC <Shown for one circuit only> 

FM 

CONTROL VOLTAGE 
Vcco..~--~~+-~--<>---+~~--<o--~-+~--<>---+---.~--. 

THRESHOLD 

DISCHARGE 

ABSOLUTE MAXIMUM RATINGS 

PARAMETE!R RATING UNIT 

Supply voltage 
SA/NE556,556-1,SE556C,556-1C +16 v 
SE556-1, 556 + 18 v 

Power dissipation 600 mW 
Operating temperature range 

NE/SA556·1, NE556 Oto +70 ·c 
SA556-1, SA556 -40 to +85 ·c 
SE556·1, SE5!56-1C, SE556, 5560 -55to +125 •c 

Storage temperature range -65to+150 •c 
Lead temperature (soldering, 60 sec) +300 ·c 
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LINEAR LSI PRODUCTS 

DUAL TIMER SA/SE/NE556/SA/SE/NE556-1 /SE556-1 C 

ELECTRICAL CHARACTERISTICS TA= 25"C, Vee=+ 5V to + 15V unless otherwise specified 

PARAMETER 

Supply voltage 

Supply current (low state)1 

Timing error (monostable) 
Initial accuracy2 

Drift with temperature 
Drift with supply voltage 

Timing error (astable) 
Initial aceuraey2 
Drift with temperature 
Drift with supply voltage 

Control voltage level 

Threshold voltage 

Threshold current3 

Trigger voltage 

Trigger current 

Reset voltage5 

Reset current 
Reset current 

Output voltage (low) 

Output voltage (high) 

Rise time of output 
Fall time of output 

Discharge leakage current 

Matching characteristics4 

Initial accuracy2 

NOTES 

Drift with temperature 
Drift with supply voltage 

TEST CONDITIONS 

Vcc=5V, AL= oo 
Vee= 15V, AL= oo 

RA= 2k0 to 1 OOkO 
C=0.1µF 
T=1.1RC 

RA, Ra= 1kll to 100k!) 
C=0.1µF 
Vee= 15V 

Vee= 15V 
Vee=5V 

Vee= 15V 
Vee=5V 

Vee= 15V 
Vee= 5V 

VrR1a=OV 

VReser= OV 
Vee= 15V 

lstNK= 10mA 
lstNK=50mA 

lstNK = 200mA 
Vcc=5V 

lstNK=8mA 
lstNK=5mA 

Vee= 15V 
lsoURCE = 200mA 
lsoURCE = 100mA 

Vec=5V 
lsouReE = 100mA 

1. Supply current when output Is high Is typically 1.0mA less. 
2. TestedatVcc=5VandVcc=15V. 
3. This will determine maximum va1u6 of RA+ A8. For 15Voperation, the maximum 

total A= 10 megohms, and for SV operation, the max. total A= 3.4 megohms. 

SE556/556·1 
SA/NE556/SE556C 
NE556-1/SE556-1C UNITS 

Min Typ Max Min Typ Max 

4.5 18 4.5 16 v 
6 10 6 12 mA 
20 24 20 30 mA 

0.5 0.75 3.0 % 
30 100 50 150 ppm/"C 

0.05 0.2 0.1 0.5 %/V 

4 6 5 13 % 
400 500 400 500 ppm/"C 
0.15 0.6 0.3 %/V 

9.6 10.0 10.4 9.0 10.0 11.0 v 
2.9 3.33 3.8 2.6 3.33 4.0 v 
9.4 10.0 10.6 8.8 10.0 11.2 v 
2.7 3.33 4.0 2.4 3.33 4.2 v 

30 250 30 250 nA 

4.8 5.0 5.2 4.5 5.0 5.6 v 
1.45 1.67 1.9 1.1 1.67 2.2 v 

0.5 0.9 0.5 2.0 µA 

0.3 0.7 1.0 0.3 0.7 1.0 v 
0.1 0.4 0.1 0.6 mA 
0.4 1.0 0.4 1.5 mA 

0.1 0.2 0.25 0.3 v 
0.05 0.15 0.15 0.25 v 

12.5 12.5 v 
13.0 13.3 12.75 13.3 v 

3.0 3.3 2.75 3.3 v 

100 200 100 300 ns 
100 200 100 300 ns 

20 100 20 100 nA 

0.5 1.0 1.0 2.0 % 
10 ±10 ppm/"C 
0.1 0.2 0.2 0.5 %/V 

4. Matching characteristics refer to the difference between performance character· 
istlcs tor each timer section In the monostable mode. 

5. Specified with trigger input high. 
6. Time measured from a positive going input pulse from O to 0.4 Vee into the 

threshold to the drop from high to low of the output. Trigger Is tied to threshold. 

5-95 

-
5 

= 



LINEAR LSI PRODUCTS 

DUAL TIMER SA/SE/NE556/SA/SE/NE556-1 /SE556-1 C 

TYPICAL PERFORMANCE CHARACTERISTICS 

"' !::; 
0 
> 
I 
~ 

6 
> 

MINIMUM. PULSE WIDTH 
REQUIRED FOR TRIGGERING 

0.1 0.2 0.3 0.4 

LOWEST VOLTAGE LEVEL OF TRIGGER PULSE 

10 

1.0 

0.1 

0.01 

LOW OUTPUT VOLTAGE 
va OUTPUT SINK CURRENT 

Vee=5V 

ff Vh~ o; SJ 
~ /(/ 
.u.; 

~ 
i...-r 

1.0 2.0 5.0 10 20 so 100 

ls1NK - mA 

DELAY TIME 
vs TEMPERATURE 

1.015 ..-....--.-..---..-...--.---.--. 

w 1.010 1---+--+-+--+--+---+---t--< 
:I! 
>= 
; 
w 
0 
0 
w 

~ 
~ 
a: 
0 z 

1.005 t--+--+-+--+-t---+---1----1 
t---~ 

1.000 1--+--+-='F'"-+.dl---+--t--t 
~ 

0.995 1---+--+-+---+---<l---+--t--1 

0.990 1---+--+-+--+-~l---+--+--1 

0.985 ..._....___._...._.....__.__....___.___. 

-50 -25 0 +25 +50 +75+100+125 

TEMPERATURE - 'C 
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LINEAR LSI PRODUCTS 

DUAL TIMER 

TYPICAL APPLICATIONS 

One feature of the dual timer Is that by 
utilizing both halves It Is possible to ob· 
taln sequential timing. By connecting the 
output of the first hall to the Input of the 
second half via a .001µfd·coupllng capacl· 
tor sequential timing may be obtained. 
Delay t1 Is determined by the first hall and 
12 by the second hall delay. 

The first half of the timer Is started by 
momentarily connecting pin 6 to ground. 
When It Is timed out (determined by 
1.1R1C1) the second hall begins. Its dura· 
tlon Is determined by 1.1R2C2• 

SA/SE/NE556/SA/SE/NE556·1 /SE556-1 C 

SEQUENTIAL TIMER 

.001 

Vee Vee 

lOK "' 1m11 

.,..e, 
*1µF 

INPUT o-i~~--~ 

10 

HI 

ALL RESISTOR .VALUES ARE IN OHMS 

Vee 

,. 

Vee Vee 

lOK 

.001 
1-----_.._-<">0UTPUT 1 

1--------<'> OUTPUT 2 

•For additional Information, conault the Applications Section. 
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LINEAR LSI PRODUCTS 

QUADTIME.R 

DESCRIPTION 
The 558 Quad Timers are monolithic timing 
devices which can be used to produce four 
entirely Independent timing functions. ·The 
558 output sinks current. These highly sta
ble, general purpose controllers can be 
used in a monostable mode to produce 
accurate time delays, from microseconds to 
hours. In the time delay mode of operation, 
the time is precisely controlled by one exter
nal resistor and one capacitor. A stable 
operation can be achieved by u~ing two of 
the four timer sections. 

The four timing sections in the 558 are edge 
triggered; therefore, when connected in 
tandem for sequential timing applications, 
no coupling capacitors are required. Output 
current capability of 100mA is provided in 
both devices. 

FEATURES 
• 100mA output current per aectlon 
• Edge triggered (no coupling capacitor) 
• Output Independent of trigger conditions 
• Wide supply voltage range 4.SV to 18V 
• Timer Intervals from microseconds to 

hours 
• Time period equals RC 
• Military quallflcatlons pending 

APPLICATIONS 
• Sequential timing 
• Time delay generation 
• Precision timing 
• Industrial controls 
• Quad one-shot 

558 EQUIVALENT CIRCUIT 

TIMING 
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SA/SE/NE558 

PIN CONFIGURATION 

0 1 F,N PACKAGE 

OUTPUTD 

TIMING D 

TIMINGC 

ORDER NUMBERS 
NE/SAISE558F NEISAISE558N 

NE5580 TOP VIEW 

NOTES: 
1. SOL - Released in Large SO package only. 
2. SOL and non-standard pinout. 
3. SO and non-standard plnouts. 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER RATING UNIT 

Supply voltage 
NE/SA558 +16 v 
SE556 +18 v 

Power dissipation 1.25 w 
Operating temperature range 

NE55t! Oto +70 •c 
SA558 -40 to +BS ·c 
SE558 -55 to +125 •c 

Storage temperature range -65 to +150 •c 
Lead temperature (soldering, 60secl +300 •c 

Vee 

J-----Q TRIGGER 

OUT 

ONO 



LINEAR LSI PRODUCTS 

QUAD TIMER 

ELECTRICAL CHARACTERISTICS TA= 25°C, Vee = +5V to. +15V unless otherwise specified. 

PARAMETER TEST CONDITIONS 

Supply voltage 
Supply current Vee -· Reset = 15V 

Timing accuracy CT = RC> R = 2k0 to 100kO 
C = 1µF 

Initial accuracy 
Drift with temperature 
Drift with supply voltage 

Trigger voltage1 Vee= 15V 
Trigger current Trigger= OV 

Reset voltage2 
Reset current Reset 

threshold voltage 
Threshold leakage 

Output voltage3 IL= 10mA 
IL= 100mA 

Output leakage 

Propagation delay 

Risetime of output IL= 100mA 
Falltime of output IL= 100mA 

NOTES 

1. The trigger functions only on the falling edge of the trigger pulee only after previously 
being high. After reset the trigger must be brought high and then low to implement 
triggering. 

2. For reset below 0.8 volts, outputs set low and trigger inhibited. For reset above 2.4 
volts, trigger enabled. 

3. The 558 output structure Is open collector which requires a pull up resistor to Vee to 
sink current. The output Is normally low sinking current. 

SESS8 

Min Typ Max Min 

4.5 18 4.5 
16 32 

:t 1.0 3 
30 100 
0.1 0.9 

0.8 2.4 0.8 
5 30 

0.8 2.4 0.8 
50 300 

0.63 
15 

0.1 0.2 
0.7 1.5 

10 500 

1.0 

100 
100 

SA/SE/NE558 

SA/NESSI 
UNIT 

Typ Max 

16 v 
16 36 mA 

:t 2 5 o/o 
30 150 ppm/°C 
0.1 0.9 o/o/V 

2.4 v 
5 100 µA 

2.4 v 
50 500 ..E..A 

0.63 xVee 
15 nA 

0.1 0.4 v 
1.0 2.0 v 
10 500 nA 

1.0 µS 

100 ns 
100 ns 5 
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LINEAR LSI PRODUCTS 

QUAD TIMER 

TFllQGEFI 

10UTPUT 1 

5·100 

Vee 

STAFIT 

FIESET 

o, 

OUTPUT 2 

I 
NOf USED 

158 LONG·TIME DELAY 

OUTPUT 3 1 

558 RING COUNTER 

10K 

(a) 

EXPECTED WAVEFORMS 

(b) 

SA/SE/NE558 

TFllGGl!AU 

OUTPUT~t-i .. _______ _ 

OUTPUT~· • 
OUTPUTS F~ 

1-TDELAY-~
OUTPUT,!____J L 

TDELAY 3(Fl1C) 
ToiJTFl2C2 

L 

*For addltlonal information, cqnsult the Applications Section. 



SECTION 6 - AMPLIFIERS 
Index ........ . 
Companding 

NE570 
SA/NE571 
SA/NE572 

Operational 
Symbols and Definitions 
Selector Gulde ...... . 

LM 124/224/324/SA534 
LM 158/258/358 
MC/SA 1458/MC1558 
MC3303/3403/3503 
SA/SE/NE4558 
SE/NE530 
SE/NE531 
SA/SE/NE532 
SE/NE538 
SE/NE5512 
SE/NE5514 
SE/NE5532/A 
NE5533/ A/SA/SE/NE5534/A 
SE/NE5535 
µA741/741C/SA741C 
µA747/747C/SA747C 

Transconductance 
NE5517/A 

Video 
SE/NE5539 
NE5592 
SE/NE592 
µA733/C 

INDEX 

Section 6 
Amplifiers 
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LINEAR LSI PRODUCTS 

OPERATIONAL AMPLIFIERS-SYMBOLS AND DEFINITIONS 

Ab1olut1 Mulmum R1tlng 
Operating sale zones exc88dlng these limits could cause perma. 
nent damage to the device and are not meant to Imply that 
devices can operate at these limits. 

Average Input Oll11t Current Temperature Coefficient (TClosl 
The change In Input offset current divided by the change to am· 
blent temperature producing It. 

Average Input Oll11t Voltage Temperature Coefficient (TCV0s) 
The change In Input offset voltage divided by the change In am· 
blent temperature producing It. 

Bandwidth 
The frequency at which the gain Is down 3dB from Its de value. 
It's measured In sample (track) mode with a small-signal sine 
wave that doesn't exceed the slew rate llmlt. 

Common Mode Input Resistance 
The resistance looking into both Inputs, with Inputs tied 
together. 

Common Mode Rejection Ratio (CMRR) 
The ratio of the change of Input offset voltage to the input com· 
mon mode voltage change producing It. 

Full Power Bandwidth 
The maximum frequency at which the lull sine wave output might 
be obtained. 

Input Blas Current (la) 
The average of the two input currents at zero output voltage. In 
some cases, the Input current is measured for either input in· 
dependently. 

Input Capacitance 
The capacitance looking into either input terminal with the other 
grounded. 

Input Current 
The current into an Input terminal. 

Input Noise Voltage 
The square root of the mean square narrow-band noise voltage 
referred io the in put. 

Input Offset Current 
The difference in the currents into the two input terminals with 
the output at zero volts. 

Input Ollset Voltage 
That voltage which must be applied between the input terminals to 
obtain zero output voltage. The input offset voltage may also be 
defined for the case where two equal resistances are inserted in 
series with the input leads. 

Input Resistance 
The resistance looking into either input terminal with the other 
grounded. 

Input Voltage Range 
The range of voltages on the input terminals for which the 
amplifier operates within specifications. In some cases, the in· 
put offset specifications apply over the Input voltage range. 

Large·Slgnal Voltage Gain 
The ratio of the maximum output voltage swing to the change in 
input voltage required to drive the output to this voltage. 

Output Ra1l1tance 
The resistance seen looking Into the output terminal with the 
output at null. This parameter Is defined only under small signal 
conditions at frequencies above a few hundred cycles to 
eliminate the Influence of drift and thermal feedback. 

Output Short-Circuit Current 
The maximum output current available from the amplifier with 
the output shorted to ground or to either supply. 

Output Voltage Swing 
The peak output swing, referred to zero, that can be obtained. 

Package Type Deelgnatlon 
See full package designations In Appendix. 

Phase Margin 
180' minus the absolute value of the phase shift measured at 
the frequency at which the gain is unity. 

Power Consumption 
Th!! de power required to operate the amplifier with the output at 
zero and with the output at zero and with no load current. 

Power Dlaslpatlon 
The power that the device can safely handle at 25 'C. The 
dissipation must be derated as indicated for the individual 
package type. 

Power Supply Rejection Ratio 
The ratio of the change in Input offset voltage to the change in 
supply voltages producing it. 

Rise Time 
The time required for an output voltage step to change from 10% 
to 90% of its final value. 

Slew Rate 
The maximum rate of change of output voltage under large ~ 
signal conditions. 6 
Supply Current -The current required from the power supply to operate the amp Ii· 
fier with no load and the output at zero. 

TA 
Ambient temperature range. Range of the surrounding environment 
of the operating device. 

TJ 
Junction Temperature. The maximum temperature of the device. 
150'C is standard for silicon devices. 

Tsro 
Storage temperature range. Temperature range that the device 
can be stored in a non·operating condition. 

TsoLo 
Soldering Temperature. The temperature which can be applied 
to the lead frame of the device for short periods of time (nor· 
mally specified for a duration of 10 sec). 

Temperature Stability of Voltage Gain 
The maximum variation of the voltage gain over the specified 
temperature range. 

Vee (-Vee) 
Supply Voltage. The range of power supply voltage over which 
the device will operate safely. 
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er .... 
MAX.INPUT 
VOLTAGE' 

COM- TEMP. 
DEVICE PLEXITY RANGE\ 

NE530 Single Comm. 
SE530 Single Mil. 
NE531 Single C.Omm. 
SE531 Single Mil. 
NE538 Single Comm. 
SE538 Single Mil. 
µA741 Single Mil. 

).1741C Single Comm. 
NE55341A Single Comm. 
SE55:WA Single Mil. 
NE5539 Single Comm. 

SE5539 Sing Se Mil. 

LM158 Dual Mil. 
LM258 Dual Ind. 
LM358 Dual Comm. 

NE532 Dual Comm. 
SA532 Dual Auto 
SE532 Dual Mil. 
µA747 Dual Mil. 

µA747C Dual Comm. 
MC1458 Dual Comm. 
SA1458 Dual Auto 
MC1558 Dual M1!. 

NE4558 Dual Comm. 
SA4558 Dual Auto 
SE4558 Dual Mil. 
NE5512 Dual Comm. 

SE5512 Dual Mil. 
NE5532/A Dual Comm. 
SE5532iA Dual Mil 
NE5533 Dua! Comm. 

NE5535 Dual Comm 
SE5535 Dual Mi!. 
LM124 Quad Mil. 
LM224 Quad Ind. 

LM324 Quad Comm. 
SA534 Quad Auto 
MC3303 Quad Auto 
MC3403 Quad 1 Comm. 

MC3503 Quad Mil. 
NE5514 Quad Comm. 
SE5514 Quad Mil. 

Notes: 
1. Military: -55°Cto +125°C 

Industrial: -25°Cto +85°C 
Commercial: O"C to + 70°C 
Automotive: -40"C to +85°C 

OFFSET DRIFT 
(mV) (j.Vl"CTYPJ 

6 6" 

• 6" 
6 10-

5 10-
6 6" 

• 15 
5 10-

6 12" 

• 5" 
2 5" 
5 

3 

5 1• 
5 7• 
7 1• 

7 7• 
7 7.5" 
5 7• 
5 10-

6 12" 
6 12" 
6 12" 
5 10-

6 .. 
6 .. 
5 .. 
5 5" 

2 4• 
4 5" 
2 5" 
4 

6 6• 
4 15 
5 7• 
5 7• 

1 7• 
7 7• 
8 10 
10 10 

5 10 
5 5" 
2 .. 

2. Specifications guaranteed at 25°C unless otherwise in
dicated by the following marks: 
• Typical over full temperature range 
.a Guaranteed over full temperature range 
• Typical at 25'C 

MAX. 
MAX.INPUT RL•ZK TYP. DIFF. MIN. 
CURRENT lllN. TYP.BW SLEW INP. CMRA 

OFFSET BIAS ..__ Av•1 RATE VOLT' RATIO 
(nAI (nAI (VlmV) (MIU) (Vi,.o) IVI (dB) 

40 150 50 3 35 ±30 70 
20 80 50 3 35 ±30 70 
200 1500 211' 1 35 ±15 70 

20 500 50' 1 35 ±15 70 
40 150 50 6 60 :30 70 
20 80 50 6 60 ±30 70 
200 500 50 1 0.5 ±30 70 

200 500 20 1 0.5 :30 
300 1500 "8 10 13 ±0.5 70 
200 800 50' 10 13 :0.5 80 

2.000 20.000 1200' 600 70 

1.000 13.000 1200' 600 70 

30 150 50 1 0.3 32 70 
30 150 50 1 0.3 32 70 
50 250 25 1 0.3 32 65 

50 250 25 1 0.3 32 65 
50 250 25 1 0.3 32 65 
30 150 50 1 03 32 70 

200 500 50 1 0.5 ±30 10 

200 500 25 1 0.5 ±30 70 
200 500 25 1 0.8 :30 70 
200 500 20 1 08 ±30 70 
200 500 50 1 0.8 •JO 70 

200 500 20 3 1 •JO 10 
200 500 50 3 1 •JO 70 
200 500 50 3 1 •JO 70 
20 20 50 3 1 32 10 

10 10 50 3 1 ±32 10 
150 800 25 10 9 .o.5 70 
100 400 50 10 9 ±0.5 BO 
300 1500 25 10 13 ±0.5 70 

40 150 so 1 15 ±JO 70 
20 80 so 1 15 ±30 70 
30 150 50 1 0"3 32 70 
30 150 50 1 0.3 32 70 

so 250 25 1 0.3 32 65 
50 250 25 1 0.3 32 65 
75 500 20 1 0.6 ±36 70 
50 500 20 1 0.6 •36 10 

50 500 50 1 0.6 ±36 10 
20 20 50 3 1 32 10 
10 10 50 3 1 32 10 

3. Unless otherwise stated, max. negative input voltage cannot 
exceed negative power supply voltage. 

4. A,,=7 
5. R= 10K 
6. AL=600!1 
7. A,,~5 

8. A,,~3 
9. Rl=150!1 
10. A,,~7 

c 

MIN. INPUT 

)> z 
m 
)> z ;v 

SUPPLY MAX. OUTPUT NOISE 
MIN. VOLTAGE SUPPLY VOLTAGE INTERNAL VOLTAGE 
PSRA MAX. CURA. SWING(V) COM PEN· (nvVHzJ 
CdBI (V) Cm Al AL•ZK SATION lo=1kHz 

76 :18 3 ±10 Yes 

)> ~ - " 0 ;v 
0 

Ci) CJ c 
76 ±22 3 :10 Yes 
76 :21 10 :10' No 

0 en _, 
rn en 

76 :22 7 :10' No -76 :18 3 :t10 Yes7 rn 
76 :!:22 3 ±10 Yes7 

76 :22 2.8 :10 Yes 

76 ±18 2.8 ±10 Yes 
80 :22 8 :12" Yes' 4.5 
86 :22 6.5 :12" Yes8 •• 

0 a 
;g 

60 ±12 33 2.3' Yes10 •• 
-1.7 

60 ±12 31 2.5 Yes to •• 
Ci) 
c::: 

-2 
65 32 2 26 Yes 50 

c 
rn 

65 32 2 26 Yes 50• 
65 32 2 26 Yes 50• 

65 32 2 26 Yes 50• 
65 32 2 26 Yes 50• 
65 32 2 26 Yes 50• 
76 :22 2.8 ±10 Yes 

76 :18 2.8 ±10 Yes 
76 ±18 5.6A :10 Yes 
76 :t18 5.6 ±10 Yes 
76 •22 SA ±10 Yes JO• 
76 ±18 5.6 :t10 Yes JO• 
76 »8 5.6 :t10 Yes JO• 
76 •22 5.6 ±10 Yes JO• 
80 ±16 5 ±13 Yes JO• 

80 <16 5 ±13 Yes JO• 
BO ±22 16 •12" Yes 6 
86 •22 13 •12" Yes 5• 
80 •22 16 ± 12" Yes& 4.5A 

76 •18 5.6 ±10 Yes so• 
76 ±22 56 :10 Yes 
65 32 3 26 Yes 50• 
65 32 3 26 Yes so• 
65 32 3 26 Yes so• 
65 32 3 26 Yes so• 
76 •18 7 ±10 Yes 
76 :18 7 ±10 Yes 

76 :18 • ±10 Yes 
80 ±16 10 :13 Yes JO• 
BO <16 10 •13 Yes JO• 



LINEAR LSI PRODUCTS 

LOW POWER QUAD OP AMP 

DESCRIPTION 
The LM124/SA534 series consists of four 
independent, high gain, internally frequen· 
cy compensated operational amplifiers 
designed specifically to operate from a 
single power supply over a wide range of 
voltages. Similar to LM2902. 

UNIQUE FEATURES 
In the linear mode the Input common-mode 
voltage range Includes ground and the out
put voltage can also swing to ground, even 
though operated from only a single power 
supply voltage. 

The unity gain cross frequency Is tempera
ture compensated. 

The Input bias current Is also temperature 
compensated. 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER 

v+ Supply voltage 
Differential input voltage 
Input voltage 
Power dissipation1 

N package 
F package 

Output short-circuit to GND 
1 amplifier2 
v+ < 15Vdc and TA= 25°C 

Input current IV1N < -0.3Vi3 
Operating temperature range 

LM324 
LM224 
SA534 
LM124 

Storage temperature range 

FEATURES 
• Internally frequency compensated for 

unity gain 
• Large de voltage galn-(100dB) 
• Wide bandwidth (unity galn)-1MHz 

(temperature compensated) 
• Wide power supply range 

Slngle supply-(3Vdc to 30Vdc) or 
dual supplles-(±1.5Vdc to ±15Vdc) 

• Very low supply current drain
essentlally independent of supply volt
age (1mW/op amp at +SVdc) 

• Low input biasing current-(45nAdc 
temperature compensated) 

• Low input offset voltage-(2mVdc) and 
offset current-(SnAdc) 

• Differential input voltage range equal to 
the power supply voltage 

• Large output voltage-(OVdc to V+-
1.SVdc swing) 

• LM124 Mii std 883A,B,C available 

RATING UNIT 

32 or ±16 Vdc 
32 Vdc 

-0.3 to +32 Vdc 

570 mW 
900 mW 

Continuous 

50 mA 

Oto +70 ·c 
-25 to +85 ·c 
-40 to +85 ·c 

-55 to +125 ·c 
-65 to +150 ·c 

Lead temperature !soldering, 10secl 300 ·c 
NOTES 

1. For operating at high temperatures, alt devices must be derated based on a +125°C 
maximum junction temperature and a thermal resistance of 175°C/W which applies 
for the device soldered 1n a printed circuit board, operating in a still air ambient. 

LM 124/224 can be derated based on a +150°C maximum junction temperature. 
2. S~ort circuits from the output to V+ can cause excessrve heating and eventual 

destruction. The maximum output current ls approximately 40mA independent of the 
magnitude of V+. At values of supply voltage 1n excess of +15Vdc continuous short
c1rcuits can exceed the power dissipation ratings and cause eventual destruction. 

3. The direction of the input current is out of the IC due to the PNP input stage. This 
current is essentially constant, independent of the state of the output, so no loading 
change exists on the input lines. 

LM124/224/324/SA534 

PIN CONFIGURATION 

D,F,N PACKAGE 

LM124N 
LM124F 
SA534N 

TOP VIEW 

ORDER NUMBERS 
LM224N 
LM224F 
SA534F 

LM324N 
LM324F 
LM324D 
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LINEAR LSI PRODUCTS 

LOW POWER QUAD OP AMP LM124/224/324/SA534 

DC ELECTRICAL CHARACTERISTICS v + = 5V, TA= 25'C unless otherwise specified. 

LM124/LM224 LM324/SA534 
PARAMETER TEST CONDITIONS 

Min Typ Max Min Typ Max 
UNIT 

Vos Offset voltage 1 As=OO ±2 ±5 ±2 ±7 mV 
As= 00, over temp. ±7 ±9 mV 

Vos Drift As=OO 7 7 µ.V/'C 

ls1As Input current2 11N( +) or 11N(-) 45 150 45 250 nA 
11N( +)or 11N(- ), over temp. 40 300 40 500 

Is Drift Over temp. 50 50 pAl'C 

las Offset current l1N(+)-l1N(-) ±3 ±30 ±5 ±50 nA 
l1N(+ 0-11N(-), over temp. ± 100 ± 150 nA 

las Drift Over temp. 10 10 pA/'C 

VcM Common mode voltage V + = 30V 0 V+-1.5 0 V+-1.5 v 
range3 V + = 30V, over temp. 0 V+-2 0 V+-2 v 

CMRR Common mode 70 85 65 70 dB 
rejection ratio V + = 30V 

Vour Output voltage swing RL=2k0, V+ = +30V, 26 26 v 
over temp. 

VoH AL s 1 OkO, over temp. 27 28 27 28 v 
VoL AL s 10k0, V+ = 5V, over temp. 5 20 5 20 mV 

Ice Supply current AL= oo, Vee= 30V, over temp. 1.5 3 1.5 3 mA 
AL= oo, on all op amps, 0.7 1.2 0.7 1.2 

over temp. 

AvoL Large signal voltage V+ = +15V (for large V0 swing), 50 100 25 100 V/mV 
gain AL 2: 2k0 

V+ = +15V (for large v0 swing), 25 15 V/mV 
AL ;,: 2k0, over temp. 

Amplifier·to-amplifier f = 1 kHz to 20kHz, -120 -120 dB 
coupling 5 input referred 

PSAA Ass on 65 100 65 100 dB 

Output current 
Source V1N+ = +1Vdc, V1N- =0Vdc, 20 40 20 40 mA 

V + = 15Vdc 
V1N+ = +1Vdc, V1N+ =0Vdc, 10 20 10 20 mA 

V + = 15Vdc, over temp. 
Sink V1N- = +1Vdc, V,N+ =0Vdc, 10 20 10 20 mA 

V + = 15Vdc 
V1N- = + 1Vdc, V1N+ = OVdc, 5 8 5 8 mA 

V + = 15Vdc, over temp. 
V1N+ =0Vdc, V1N- = + 1Vdc, 12 50 12 50 µA 

V0 =200mV 

lsc Short circuit current4 10 40 60 10 40 60 mA 

Differential input V+ V+ v 
voltage6 

GBW Unity gain bandwidth TA=25'C 1 1 MHz 

S.R. Slew rate TA= 25'C 0.3 0.3 V/µs 

Noise Input noise voltage TA= 25'C, f = 1kHz 40 40 nV/.JHz 
NOTES 

J: fRe dir~~~g~.o~1h::oe ~~p:i,t~~r~nftrfsmo~~ ~f t~~~C~~~~~rt~~11pi~gj~~~t~~~~.~~?se cr~r~~~/?sv~~s~nWa~y+ c;;n~t~~)t., independent of the state of the output so no loading change 
exists Gn the input lines. 

3. The input common-mode.voltage or either input sig.nal voltage should not be allowed to go negative by more than 0.3V. The upper end of the common-mode voltage range is V + 
- 1.5. ~ut ~tther or both inputs can go to + 32V w1tho.ut damage. 

4. Short c1rcu1ts from the output to V + can cause excessive heating and eventual destruction. The maxim urn output current is approximately 40mA independent of the magnitude 
of V +. At values of supply voltage in excess of + 15Vdc continuous short-circuits can exceed the power dissipation ratings and cause eventual destruction. Destructive 
dissipation .ca.n result from simultaneous shorts on all. am_plifiers . . . . . . . · 

5. Duet~ prox1m1ty of exter~al components, insure that coupling is not ong1nating via stray capacitance between these external parts. This typically can be detected as this type of 
capac1t1ve increases at higher frequencies. 

6. The input common-mode V?llage or either input signal voltage should not be allowed to go negative by more than 0.3V. The upper end of the common-mode voltage range is V + 
- 1.5V. but either or both inputs can go to + 32Vdc without damage. 

6-6 



LINEAR LSI PRODUCTS 

LOW POWER QUAD OP AMP 

EQUIVALENT SCHEMATIC 

TYPICAL PERFORMANCE CHARACTERISTICS 

SUPPLY CURRENT 

TA = o~c to ~125 °c k" 

~ 
TA1·55 °C 

10 20 30 

SUPPLY VOLTAGE (Vdc) 

VOLTAGE GAIN 

160 

RL = 20K!! 

~120 

/ z RL = 2K!l • ~ 
~ 

~ 80 

~ 
I? 
I 

~ 40 . 
10 20 30 

SUPPL V VOLTAGE (Vdc) 

40 

40 

OUTPUT CHARACTERISTICS 
CURRENT SOURCING 

v+ 

+ v, +v+~;2 :1r 
-. --+--H 

- 10 

'";:'" ":"' --+----;,...... 
I I ' 
INDEPENDENT OF v+ 

TA= +25°C 

0.1 10 

to+ - OUTPUT SOURCE CURRENT (mAocl 

OUTPUT CHARACTERISTICS 
CURRENT SINKING 

100 

0.01 U!:-L..._ __ ._ __ __,_ __ ...._ _ _, 

0.001 0.01 0.1 , 10 100 

IQ - OUTPUT SINK CURRENT (mAoc) 

LM124/224/324/SA534 

OUTPUT 

CURRENT LIMITING 

BO 

70 

60 

= 

so r-
40 r-
30 6 

N 
20 

10 

-55 35 15 25 45 65 85 105 125 

TEMPERATURE ("C) 

OPEN LOOP FREQUENCY RESPONSE 

140 ,--,--,--.,---r--.--.---, 

•• 
10 100 1K 10K 100K 1M 10M 

FAEQUENCV (Hz) 
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LINEAR LSI PRODUCTS 

LOW POWER QUAD OP AMP 

TYPICAL PERFORMANCE CHARACTERISTICS tcont'dl 

LARGE SIGNAL 
FREQUENCY RESPONSE 

1K 10K 100K 1M 
FREQUENCY (Hz) 

INPUT CURRENT 

90r--r--r-.--I-r--,--..,.-.--~ 

80 1--+--+--+-+-J"I-- v~M =Io vJc -

- 10 1---1---t--+--lt--lt--lt--+--l---l 
1 80 t::~::f=rv_+',=_+T-to..;v~o~~· __,::tr-i=tt--:::::1 

1 •4o0 
.... ~§~1ij1~i§fE O v+ I_ +15 vo~ -+-+-

~lo Jj_ 
JP 20 r-...__.___,__ v+ = +s voe 

10 1---1---1---l1---l1---l1---1---1---1---l 
o~~l~l~~ 

-SS -35 -15 5 25 45 65 85 105 125 

TA - TEMPERATURE ("C) 

TYPICAL APPLICATIONS 

SINGLE SUPPLY INVERTING AMPLIFIER 

RF 

6-8 

VOLTAGE FOLLOWER 
PULSE RESPONSE 

AL..:.' 2K !+ = 15Vdc 

j_ ~ 

''r--i- l 
\... 

' 

7 

r-' 

" 20 

TIME (µs) 

30 

COMMON MODE REJECTION 
RATIO 

7 

40 

120 ,-----.-----,----,----, 

! 
2 100 
~ 
~ 80 

~ +1.s voe 
~ 

8 60 

• 
~ 40 

~ 
u 
' 20 

~ u 
1k 10k 100k 

I - FREQUENCY (Hz) 

NON-INVERTING AMPLIFIER 

V+ 

BLOCKS 
DC 
GAIN Ri 

I' 

10K 

10K 

V+ 

RF 

1M 

LM124/224/324/SA534 

' 
~ 
+ 

INPUT VOLTAGE RANGE 

10 15 

v+ OR v- - POWER SUPPLY VOLTAGE ( :t Voe) 

VOLTAGE FOLLOWER PULSE 
RESPONSE (SMALL SIGNAL) 

soo.---,--------,--,--, 

l>t.: 
i """1 

INPUT 

TA= +25"C 
v+ = +30 voe 

250 '--'--'----'--'----'----''----'----' 
0 

t - TIME (µa) 

INPUT BIASING VOLTAGE FOLLOWl:R 

V+ 

V+ 



LINEAR LSI PRODUCTS 

LOW POWER DUAL OPERATIONAL AMPLIFIERS SA/SE/NE532/LM158/258/358 

DESCRIPTION 
The 532/358 consists of two independent, 
high gain, internally frequency compensat
ed operational amplifiers designed specifi
cally to operate from a single power supply 
over a wide range of voltages. Operation 
from dual power supplies is also possible 
and the low power supply current drain is 
independent of the magnitude of the power 
supply voltage. 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER 

Supply voltage, V+ 
Differential input voltage 
Input voltage 
Power dissipation1 

FE package 
H package 
N package 

Output short-circuit to GND5 
v+ < 15 Vdc and TA= 25°C 

Operating temperature range 
NE532/LM35R 
LM258 
SA532N 
SE532/LM158 

Storage temperature range 
Lead temperature 

!soldering, 10secl 

EQUIVALENT CIRCUIT 

FEATURES 
• Internally frequency compensated for 

unity gain 
• Large de voltage galn-(100dB) 
• Wide bandwidth (unity galn)-1MHz 

(temperature compensated) 
• Wide power supply range 

single supply-(3Vdc to 30Vdc) 
or dual supplles-(±1.SVdc to 
±15Vdc) 

• Very low supply current drain (400µA)
essenllally Independent of supply volt
age (1mW/op amp at +SVdc) 

• Low Input biasing current-(45nA de 
temperature compensated) 

• Low Input offset voltag-(2mVdc) and 
offset current-(SnA de) 

RATING UNIT 

32 or ±16 Vdc 
32 Vdc 

-0.3 to +32 Vdc 

900 mW 
680 mW 
500 mW 

Continuous 

0 to +70 •c 
-25 to +85 •c 
-40 to +85 •c 
-55 to +125 ·c 
-65 to +150 •c 

300 •c 

v'• 0---<1,__ _____ -...,__-...,__-...,__ _ _:__-...,__~ 

100µA \, 

Q7 

OUTPUT 

• Differential Input voltage range equal to 
the power supply voltage 

• Large output voltage-(OVdc to V+--
1.SVdc swing) 

• SE532 MIL·STD·883A,B,C available 

UNIQUE FEATURES 
In the linear mode the input common-mode 
voltage range includes ground and the out
put voltage can also swing to ground, even 
though operated from only a single power 
supply voltage. The unity gain cross fre
quency is temperature compensated. The 
input bias current is also temperature 
compensated. 

PIN CONFIGURATIONS 

D,FE,N PACKAGE 

OUTPUT A 1 

INVERTING 
INPUT A 

NON INVERTING 
INPUT A 

7 OUTPUTB 

l!!P'T"9"'"' .... t-;;, INVERTING 
INPUTS 
NON INVERTING 
INPUTS 

TOP VIEW 

ORDER NUMBERS 
LM158N, FE NE532D, N, FE 
LM258N, FE SA532FE, N 
LM358D, N, FE SE532N, FE 

H PACKAGE* 

v+ 

OUTPUT A OUTPUT 8 

:::~~T!NG 1~~~~1~: 

* NON INVERTING NON INVERTING 
INPUT A INPUT 8 

v-

ORDER NUMBERS 
LM158/258/358H 

NE/SE532H 
*Metal cans fHI not recommended for new designs 
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LINEAR LSI PRODUCTS 

LOW POWER DUAL OPERATIONAL AMPLIFIERS SA/SE/NE532/LM158/258/358 

DC ELECTRICAL CHARACTERISTICS TA=25°C, v+ = +5V unless otherwise specified. 

PARAMETER TEST CONDITIONS 
SE532, LM158/258 NE/SA532/LM358 

UNIT 
Min Typ Max Min Typ Max 

Vos Offset voltage1 Rs s Oil ±2 ±5 ±2 ±7 mv 
R5 s Oil, over temp. ±7 ±9 mV 

Vos Drift Rs= Oil, over temp. 7 7 µVl'C 

los Offset current l1N( + )- l1N(-) ±3 ±30 ±5 ±50 nA 
Over temp. ±100 ± 150 nA 

los Drift Over temp. 10 10 pA/'C 

la1AS Input current2 11N( +) or l1N( - ) 45 150 45 250 nA 
Over temp., 11N( +) or l1N( - ) 40 300 40 500 nA 

Is Drift Over temp 50 50 pA/'C 

VcM Common mode voltage V+ =30V 0 V+-1.5 0 V+-1.5 v 
range3 Over temp., V + = 30V 0 V+-2.0 0 V+-2.0 v 

CMRR Common mode rejection 
70 85 65 70 dB ratio V+ =30V 

Vour Output voltage swing (VoH) RL ;;,: 2kn, V + = 30V, over temp. 26 26 v 
RL;;,: 10kll, V+=30V, over temp. 27 28 27 28 v 

Vour Output voltage swing (Vod RL s 10kll, over temp. 5 20 5 20 mV 

Ice Supply current AL= oo, V+ =30V 1.0 2.0 1.0 2.0 mA 
RL = oo on all amplifiers, 

0.5 1.2 0.5 1.2 mA over temp. 

AvoL Large signal voltage RL 2: 2kn, Vour±10V, V+ =15V 50 100 25 100 V/mV 
gain (for large V0 swing) over temp. 25 15 V/mV 

PSRR Supply voltage rejection 
Rs s Oil 65 100 65 100 dB ratio 

Amplifier-to-amplifier f= 1kHz to 20kHz 
-120 -120 dB coupling4 (input referred) 

Output current V1N + = + 1Vdc, ViN- = OVdc, 20 40 20 40 mA Source V+ =15Vdc 
V1N + = + 1Vdc, V1N _ = OVdc, 

10 20 10 20 mA V + = 15Vdc, over temp. 

Sink ViN- = + 1Vdc, V1N + = OVdc, 10 20 10 20 mA 
V+ = 15Vdc 

V1N _ = + 1 Vdc, V1N + = OVdc, 5 8 5 8 mA 
V + = 15Vdc, over temp. 

V1N+ =OV, V1N- = + 1Vdc, 12 50 12 50 µA 
V0 =200mV 

lsc Short circuit current5 40 60 40 60 mA 

Differential input voltages V+ V+ v 
GBW Unity gain bandwidth TA=25'C 1 1 MHz 

S.R. Slew rate TA=2s·c 0.3 0.3 V/µS 

Noise Input Noise Voltage TA= 25'C, f = 1kHz 40 40 nV/vHz 
NOTES 
1. Vo= i.4V, As= 00 with V + from 5V to 30V; and over the full Input common-mode range (OV to V + - 1.5V). 
2. The direction of the Input current is out of the IC due to the pnp input stage. This current Is essentially constant, independent of the state of the output so no loading change 

exists on the Input l!nes. 
3. The Input common-mode voltage or either Input signal voltage should not be allowed to go negative by more than 0.3V. The upper end of the common-mode voltage range Is 

V+ -1.5V, but either or both Inputs can go to +32V without damage. 
4. Due to proximity of external components, Insure that coupling Is not originating via stray capacitance between these external parts. This typically can be detected as this type 

of capacitance coupling Increases at higher frequencies. 
5. Short circuits from the output to V + can cause excessive heating and eventual destruction. The maximum output current ls approxlmately 40mA Independent of the magnitude 

of V +.At values of supply voltage In excess of + 15Vdc, continuous short·clrcults can exceed the power dissipation ratings and cause eventual destruction. 
6. The Input common-mode voltage or either Input signal voltage should not be allowed to go negative by more than 0.3V. The upper end of the common-mode voltage range is 

V + -1.SV, buteither or both Inputs can go to + 32Vdc without damage. 
7. For operating at htgh temperatures, all devices must be derated based on a + 125"C maximum Junction temperature and a thermal resistance of 175 6 C/W which applles for the 

device soldered ln a printed circuit board, operating In a stlll air ambient. 
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LINEAR LSI PRODUCTS 

LOW POWER DUAL OPERATIONAL AMPLIFIERS SA/SE/NE532/LM158/258/358 

TYPICAL PERFORMANCE CHARACTERISTICS 
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LINEAR LSI PRODUCTS 

LOW POWER DUAL OPERATIONAL AMPLIFIERS SA/SE/NE532/LM158/258/358 

TYPICAL PERFORMANCE CHARACTERISTICS tCont'dl 

INPUT VOLTAGE RANGE INPUT CURRENT 
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LINEAR LSI PRODUCTS 

GENERAL PURPOSE OPERATIONAL AMPLIFIER 

DESCRIPTION 
The MC1458 is a high performance 
operational amplifier with high open loop 
gain, internal compensation, high common 
mode range and exceptional temperature 
stability. The MC1458 is short-circuit pro
tected and allows for nulling of offset vol
tage. 

The MC1458/SA1458/MC1558 consists of a 
pair of 741 operational amplifiers on a single 
chip. 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER 

Supply voltage 
MC1458 
SA1458 
MC1558 

Internal power dissipation 
N package 
H package' 
F,FE package 
Differential input voltage 
Input voltage2 
Output short-circuit duration 
Operating temperature range 

MC1458 
SA1458 
MC1558 

Storage temperature range 
Lead temperature Isolde ring 60secl 

NOTES 

FEATURES 
• Internal frequency compensation 
• Short circuit protection 
• Excellent temperature stability 
• High Input voltage range 
• No latch-up 
• 1558/1458 are 2 "op amps" In space of 

one 741 package 
• MC1558 MIL·STD·883A,B,C available 

RATING UNIT 

±18 v 
±18 v 
±22 v 

500 mW 
800 mW 
1000 mW 
±30 v 
±15 v 

Continuous 

0 to +70 'C 
-40 to +85 'C 
-55to+125 'C. 
-65to+150 'C 

300 'C 

1. Ratings based on thermal resistances, junction to ambient, of 240°C/W, 
150°C/W, 110°C/W for N, H, F and FE pack:ages respectively, and a maximum 
junction temperature of 1socc 

2. For supply voltages less than ::::1 SV, the absolute maximum input voltage 1s equal to the 
supply voltage 

EQUIVALENT SCHEMATIC 

AMPLIFIER "A" OF MC1458, SA1458, MC1558 

MC/SA 1458/MC1558 

PIN CONFIGURATIONS 

INVERTING 
INPUT A 

NON-INVERTING 
INPUT A 

v-

D,N, PACKAGE 

TOP VIEW 

ORDER NUMBERS 
MC1458N 
MC1558N 
SA1458N 

H PACKAGE* 

v -

ORDER NUMBERS 
MC1458H 
MC1558H 

INVERTING 
INPUT B 

NON-INVERTING 
INPUT B 

•Metal cans IHJ not recommended for new designs 

~..-----~---~-~---<.----------__.,--0V+ 

NON-INVERTING 

INPUT 

05 

R1 
1KO ~h· R2 

5-0kO 
1k0 S~__J-

R11 
500 

/ 8 
014 

1 
-o OUTPUT 

v-
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LINEAR LSI PRODUCTS 

GENERAL PURPOSE OPERATIONAL AMPLIFIER MC/SA1458/MC1558 

DC ELECTRICAL CHARACTERISTICS TA= 25'C, Vs= :1: 15V, unless otherwise specified. 

PARAMETER TEST CONDITIONS 
Min 

MC1558 

Typ Max 
UNIT 

Vos Offset voltage Rs= 10k0 1.0 5.0 mV 
Rs= 10k0, over temperature 6.0 mV 

fl.Vos Oitset voltage Over temperature 10 µ,V/'C 

los Offset current 20 200 nA 
Over temperature 500 nA 

Alos Offset current Over temperature 0.10 nA/'C 

le1AS Input bias current 80 500 nA 
Over temperature 1500 nA 

Ale Bias current Over temperature 1.0 nA/'C 

Vour Output voltage swing RL = 10k0, over temperature :I: 12 :I: 14 v 
RL = 2k0, over temperature :I: 10 :I: 13 v 

AvoL Large signal voltage gain RL=2k0, Vo= :1:10V 50 100 V/mV 
RL = 2k0, Vo= :1: 10V, over temperature 20 VlmV 

Offset voltage adjustment range :1:30 mV 

PSAR Supply voltage rejection ratio Rs s 10k0 30 150 µVIV 

CMRR Common mode rejection ratio 70 90 dB 

Ice Supply current 2.3 5.0 mA 

V1N Input voltage range :I: 12 :I: 13 v 

pd Power consumption 70 15Ct mW 

Channel separation 120 dB 
Rour Output resistance 75 0 
l~c Output short-circuit current 10 26 60 mA 

DC ELECTRICAL CHARACTERISTICS (Cont'd) TA= 25'C, Vee= :1: 15V, unless otherwise specifled.1 

MC1458 SA1458 
PARAMETER TEST CONDITIONS 

Typ I Max 
UNIT 

Min 1"yp Max Min 

Vos Offset voltage Rs= 10k0 2.0 6.0 2.0 6.0 mv 
Rs= 10k0, over temp. 7.5 7.5 mV 

A Vos Offset voltage Over temperature 12 12 µV/'C 

los Offset current 20 200 20 200 nA 
Over temperature 300 500 nA 

Alos Offset current Over temperature 0.10 0.10 nA/'C 

lelAS Input bias current 80 500 80 500 nA 
Over temperature 800 1500 nA 

Ale Bias current Over temperature 1.0 1.0 nAl'C 

Vour Output voltage swing RL = 10k0 :I: 12 ± 14 ± 12 ± 14 v 
AL= 2k0, over temp. ± 10 ± 13 ± 10 ± 13 '/ 

AvoL Large signal voltage gain RL=2kll, Vo= ±10V 25 200 20 200 V/mV 
RL = 2k!I, Vo"' ± 10V, 15 15 V/mV 

Over temperature 

Offset voltage adjustment range ±30 ± 30 mV 

PSRR Supply voltage rejection ratio Rs s 10k0 30 150 30 150 µVIV 

CMRR Common mode rejection ratio 70 90 70 90 dB 

Ice Supply current 2.3 5.6 2.3 5.6 mA 

V1N Input voltage range ± 12 ±13 ±12 ±13 v 
R1N Input resistance MO 

pd Power consumption 70 170 70 170 mW 

Channel separation 120 120 dB 
lse Output short-circuit current 25 25 mA 

6·14 



LINEAR LSI PRODUCTS 

GENERAL PURPOSE OPERATIONAL AMPLIFIER MC/SA 1458/MC1558 

AC ELECTRICAL CHARACTERISTICS TA= 25°C, Vs= ± 15V, unless otherwise specified. 

PARAMETER TEST CONDITIONS 

Parallel input resista.nce Open loop, I= 20Hz 

Common mode input impedance I= 20Hz 

Equivalent input noise voltage Av= 100, Rs= 10k0, Bw= 1.0kHz, I= 1.0kHz 

Power bandwidth Av= 1, RL=2.0k0, THO:$ 5%, VouT=20Vp-p 

Phase margin 

Gain margin 

Unity gain crossover frequency Open loop 

Transient response unity gain V1N"' 20mV, AL= 2k0, CL ,,; 100pF 
Rise time 
Overshoot 
Slew rate C ,,; 100pF, AL 2: 2k, V1N = ± 10V 

TYPICAL PERFORMANCE CHARACTERISTICS 
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AS A FUNCTION OF 
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LINEAR LSI PRODUCTS 

GENERAL PURPOSE OPERATIONAL AMPLIFIER 

TYPICAL PERFORMANCE CHARACTERISTICS (Cont'dl 
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LINEAR LSI PRODUCTS 

GENERAL PURPOSE OPERATIONAL AMPLIFIER 

TYPICAL PERFORMANCE CHARACTERISTICS !Cont'd> 
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LINEAR LSI PRODUCTS 

QUAD LOW POWER OPERATIONAL AMPLIFIERS MC3303/3403/3503 

DESCRIPTION FEATURES PIN CONFIGURATION 

The MC3403 is a quad operational amplifier 
with true dlfferentlal Inputs. The device has 
electrical characteristics similar to the pop· 
ular µA741. However, the MC3403 has sev· 
eral distinct advantages over standard op· 
erational amplifier types in single supply 
applications. The MC3403 can operate at 
supply voltages as low as 3.0V or as high as 
32V. The common mode input range in· 
eludes the negative supply, thereby elimi· 
natlng the necessity for external biasing 
components in many applications. The out· 
put voltage range also Includes the nega
tive power supply voltage. 

• Short circuit protected outputs o, F, N PACKAGES 
• Class AB output stage for minimal cross· 

over distortion 

• True dllferentlal Input stage 

• Single supply operation: 3.0 to 32V 

• Split supply operation: ± 1.5 to ± 16V 

• Low Input bias currents: SOOnA max 

• Four amplifiers per package 

• Internally compensated 

TOP VIEW 

ABSOLUTE MAXIMUM RATINGS ORDER NUMBERS 

SYMBOL AND PARAMETER RATING UNIT I 
MC3303F MC34030 MC3503F 
MC3303N MC3403F 

Power supply voltages (3) 
Vd:I Vee Single supply 36 

MC3403N 

Vee Split supplies + 18 Vdc 
VEE -18 Vdc 

VIDA Input differential voltage rangel 11 ± 36 Vdc 

V1cR Input common mode voltage rangel 1•21 ± 18 Vdc 

Tstg Storage temperature range 
Ceramic package -65to +150 'C 
Plastic package - 55 to + 125 'C 

TA Operating ambient temperature range 
MC3503 - 55 to + 125 'C 
MC3403 Oto + 70 'C 
MC3303 - 40 to + 85 'C 

TJ Junction temperature 
Ceramic package 175 'C 
Plastic package 150 'C 

NOTES 
1. Spl!t power supplies. 
2. For supply voltages tess than ± 15V, the absolute maximum input voltage is equal to the supply voltage. 

3. Device not functional for single supply >32V or split supply> ± 16V 

CIRCUIT SCHEMATIC (114 Shown) 

SINGLE SUPPLY 

+ 
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LINEAR LSI PRODUCTS 

QUAD LOW POWER OPERATIONAL AMPLIFIERS MC3303/3403/3503 

ELECTRICAL CHARACTERISTICS (Vee=+ 15V, Vee= -15V for MC3503, MC3403; Vee=+ 14V, Vee= GND for MC3303. 
TA= 25"C unless otherwise noted) 

SYMBOL AND PARAMETER TEST MC3503 MC3403 MC3303 
UNIT 

CONDITIONS ' Min Typ Max Min Typ Mu Min Typ Max 

V10 lriput offset voltage - 2.0 5.0 - 2.0 10 - 2.0 8.0 mV 
·TA= THIGH to TLow - - 6.0 - - 12 - - 10 

110 Input offset current - 10 50 - 10 50 - 30 75 nA 
TA= THIGH to TLow - - 200- - 200- - 250 

AvoL Large signal open· V0 =±10V, 50 200 - 20 200 - 20 200 - V/mV 
loop voltage gain RL=2.0lcll 

TA= T HN.H to T..1.ow 25 300 - 15 - - 15 - -
lie Input bias current. - -30 -500 - -30 -500 - -30 -500 nA 

TA = T HN.H to TJ.Q.w - -40 -1200 - - -600 - - -10~ 

~ Output Impedance f=20Hz - 75 - - 75 - - 75 - ll 

!L Input Impedance f= 20Hz 0.3 1.0 - 0.3 1.0 - 0.3 1.0 - Mil 
VoR Output voltage RL= 1!lkll ±12 ±13.5 - ± 12 ± 13.5 - +12 + 12.5 - v 

range ~L=2.0k0 ± 10 ± 13 - ±10 ±13 - +10 +12 -
RL=:!.OkO, 

TA= T HN.H to "!J.2.w ±10 - - ±10 - - +10 - -
V1-:R Input common mode +13V + 13.5V - + 13V + 13.5V - +12V +12.5V - v 

voltage range -V~e -~ -VSE. -~ -Veel -Vss_ 
CMRR Common mode Rs s 10kll 70 90 - 70 90 - 7(1 90 - dB 

rejection ratio -
Ice• lee Power supply RL="' - 2.5 4.0 - 2.5 7.0 - 2.5 7.0 mA 

4!B!A::!: 
current (V 0 = 0) 

..!A= ..!!:lllili to :Ii.ow 3.5 5 3.5 7 3.5 7 mA 

los: Individual output ± 10 ±30 ±45 ± 10 ±20 :t45 :I: 10 :t 30 :t 45 mA 
short circuit current2 

PSRR+ Positive power - 30 150 - 30 150 - 30 150 µVIV 
supply rejection ratio 

PSRR- Negative power - 30 150 - 30 150 - - - ~VIV 
sUQQ!y_r~ection ratio 

4!i4.! ' IA.= .!HIGH to .!i.o_w 50 50 50 pA/"C 

41 1of4T Average temperature TA= THIGH to TLow - 50 - - 50 - - 50 - pA/"C 
coefi.;lent of Input 
offset current 

"""""""' 

6 
4V1of4T Average temperature TA=THIGH to TLow - 10 - - 10 - - 10 - µV/"C -coefficient of Input 

offset voltage 

BWp Power bandwidth Av= 1. RL = 2.0kO, - 9.0 - - 9.0 - - 9.0 - kHz 
V0 =20V(p·p) 
THD=5% 

BW Small signal Av= 1, RL = 10kll, - 1.0 - - 1.0 - - 1.0 - MHz 
bandwidth V_JJ_=50mV 

SR Slew rate Av= 1, V1= -10V - 0.6 - - 0.6 - - 0.6 - V/µ.s 
to+ 10V 

tTLH Rise time Av=1, RL=10kll, - 0.35 - - 0.35 - - 0.35 - µ.S 
~=50mV 

!rHL Fall time Av"" 1, RL= 10k0, - 0.35 - - 0.35 - - 0.35 - µS 
V_JJ_=50mV 

OS Overshoot Av=1, RL=10k0, - 20 - - 20 - - 20 - % 
V0 =50mV 

ct>m Phase margin Av= 1, RL= 2.0kO, - 50 - - 50 - - 50 -: . 
~=200pF 

- Crossover distortion V1N = 30mV(p·p), - 1.0 - - 1.0 - - 1.0 - % 
Vour= 2.0V(p·p), 

f= 10kHz 
NOTES: 
1. THIGH• 125'C tor MC3503, 70'C for MC3303. TLow= ··55'C for MC3!503, O'C for MC3403, -40'C for MC3303. 
2. Not to excnd maximum package power dlsalpatlor.. · 
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LINEAR LSI PRODUCTS 

QUAD LOW POWER OPERATIONAL AMPLIFIERS MC3303/3403/3503 

ELECTRICAL CHARACTERISTICS (Vee= 5.0V, Ve= GND, TA= 25°C unless otherwise noted.) 

TEST MC3503 
SYMBOL AND PARAMETER 

CONDITIONS Min Typ Max 

V10 Input offset voltage - 2.0 5.0 

110 Input offset current - 30 50 

l1s Input bias current - -200 -500 

AvoL Large signal open· RL= 2.0kO 10 200 -
loop voltage gain 

PSRR Power supply - - 150 
rejection ratio 

VoR Output voltage RL= 10k0, 3.3 3.5 -
range(31 Vee= 5.0V 

RL= 10k0, Vee Vee -
5.0V::sVccs30V -1.7 -1.5 

Ice Power supply current - 2.5 4.0 

- Channel separation f= 1.0kHz to 20kHz - -120 -
(Input referenced) 

NOTE 
3. Output wlll awing to ground. 

TYPICAL PERFORMANCE CURVES 

INVERTER PULSE RESPONSE 

L 
~ \ 

[11 K: 
13; i 31 I 

I 
I 

20i'sldlv. 

OPEN LOOP FREQUENCY 
RESPONSE POWER BANDWIDTH 

iii 200 
!!. 180 !!" ' Vee= 1sv 

VEE= -15V 
I 

50 ! 45 
I- It- -

Min 

-
-
-
10 

-
3.3 

Vee 
-1.7 

-
-

':i~ 160 
z" 140 "w 120 
ii) 0 100 

TA=25.,C 
I 

~ 40 
w 

" 
35 
30 

,,.!!'!~ 
I- I • Vo 
I- lt-t-" 10K 

~~ a: 0 80 
c > 60 ...... 
..:;o 40 

j$ 20 

ili 0 

l5 -201.0 
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I 
[[ 
10 100 1.0K 10K 100K 1.0M 

I, FREQUENCY (Hz) 

~ 
0 
> ... 

25 j-- It-_ -15V _ 

~ ... 
::> 

20 
15 
10 

0 5.0 

~ 0 
-5.0 

1.0K 

::l -

10K 100K 
I, FREQUENCY (Hz) 

1.0M 

MC3403 MC3303 

Typ Max Min Typ Max 

2.0 10 - - 10 

30 50 - - 75 

-200 -500 - - -500 

200 - 10 200 -

- 150 - - 150 

3.5 - 3.3 3.5 -
Vee - Vee Vee -
-1.5 -1.7 -1.5 

2.5 7.0 - 2.5 7.0 

-120 - - -120 -

SINE WAVE RESPONSE 

Iv~1~ 

n n n. n T 

11 [l .\I [Xi' ~ 

r-..1 ..... J.o.i r. j....-1 

H- ·~:u~:,1~1:1~,~~;~1~~:1 :~n~ w•v•. 
50us/dlv. 

OUTPUT SWING vs 
SUPPLY VOLTAGE 

UNIT 

mv 

nA 

nA 

V/mV 

µVIV 

Vp-p 

mA 

dB· 

2.0 4.0 6.0 8.0 10 12 14 16 18 

Vee AND VEE. 
POWER SUPPLY VOLTAGES (V) 



LINEAR LSI PRODUCTS 

QUAD LOW POWER OPERATIONAL AMPLIFIERS MC3303/3403/3503 

TYPICAL PERFORMANCE CURVES (Continued) 

INPUT BIAS CURRENT VI 
TEMPERATURE 

i 400 

i 300 

i3 200 

i 
i 100 
! 
j 0 

t-Ycc•15V 
t-Y11• -15V 
t- TA•25'C 

I-

""' ,.... 

-75 -35 5.0 45 15 125 

T, TEMPERATURE ('C) 

INPUT BIAS CURRENT YI 
SUPPLY VOLTAGE 

i 180 

! 
ill 170 

i3 
~ 
.. 180 

I 
j 180 

.... ,..-

0 2.0 4.0 8.0 8 10 12 14 18 

Vee AND V11, 
POWER SUPPLY VOLTACIEB (V) 

*For eddltlonal lnformetlon, coneult tha Appllcetlone Section. 
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LINEAR LSI PRODUCTS 

DUAL GENERAL-PURPOSE OPERATIONAL AMPLIFIER 

DESCRIPTION 

The 4558 is a dual operational amplifier 
Internally compensated. The use of planar 
epitaxial process tor silicon chip construc
tion gives the IC unique performance char
acteristics. 

Excellent channel separation allows the use 
of a d1Jal device in a single amp application, 
providing tha highest packaging density. The 
SA/SE/NE4558 is a pin for pin replacement 
tor the RC/RM/RV4558. 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER 

Supply voltage 
SE4558: 
NE4558, SA4558: 

Internal power dissipation (Note 1) 

Differential input voltage 

Input voltage (Note 2) 

Storage temperature range 

Operating temperature range 
SE4558: 
SA4558: 
NE4558: 

Lead temperature (soldering, 60s) 

Output short circuit duration (Note 3) 

NOTES 

FEATURES 

• 2MHz unity gain bandwidth guaranteed 

• Supply voltage ± 22V for SE4558 and 
± 18V for N E4558 

• Short circuit protection 

• No frequ .. ncy compensation reQuired 

• No latch-up 

• Large common mode and differential 
voltage ranges 

• Low power consumption 

RATING !JNIT 

±22 v 
± 18 v 
500 mW 

±30 v 
± 15 v 

-65 to + 150 ·c 

-55to+125 'C 
- 40 to + 85 ·c 

o to + 70 'C 
300 ·c 

Indefinite 

1. Rating applies for case tem~aratures to + 125 .. C; derate linearly !":It 5.6 mw1°c for ambient temperatures above + 75°C 
forSE4558. 

2. For supply voltages less than :1: 15V, the absolute maximum input voltage is equal to the supply voltage. 
3. Short circuit may be to ground on one amp only. Rating applies to + 125°C case temperature or + 75"C ambient tern· 

perature for NE4558 and to + 85°C ambient temperature for SA4558. 

EQUIVALENT SCHEMATIC 

6-22 

2(6) 
INPUTS 

3(5) 

+ 

SA/SE/NE4558 

PIN CONFIGURATION 

D, FE, N PACKAGES 

TOP VIEW 

ORDER NUMBERS 

NE4558D SA4558FE 
NE4558FE SE4558FE 
N E4558N SA4558N 



LINEAR LSI PRODUCTS 

DUAL GENERAL·PURPOSE OPERATIONAL AMPLIFIER SA/SE/NE4558 

ELECTRICAL CHARACTERISTICS Vee= :1: 15V, TA= 25°C unless otherwise specified. 

TEST SE4558 SA/NE4558 
PARAMETER 

CONDITIONS UNIT 
Min Typ Max Min Typ Max 

Input offset voltage Rs :s 10k0 1.0 5.0 2.0 6.0 mV 

t:N0 Jt:.T Over temp. 4 4 ,,.v1•c 
Input offset current 50 200 30 200 nA 

t:..l 0 Jt:..T Over temp. 20 20 pA/°C 

Input bias current 40 500 200 500 nA 

llle/llT Over temp. 40 40 pA/°C 

Input resistance 0.3 1.0 0.3 1.0 MO 

Large signal voltage gain RL <=: 2KO 50,000 300,000 20,000 300,000 VIV 
Vour= :1: 10V 

Output voltage swing RL <=: 10k0 :I: 12 :I: 14 :I: 12 :I: 14 v 
RL <=: 2k0 :I: 10 :I: 13 :I: 10 :I: 13 

Input voltage range :I: 12 :I: 13 :I: 12 :I: 13 v 
Common mode rejection ratio Rs :s 10k0 70 100 70 100 dB 

· Supply voltage rejection ratio Rs :s 10k0 10 150 10 150 µ.VIV 

Power consumption (all amplifiers) RL=. 100 170 100 170 mW 

V1N=20mV 
Transient response (unity gain) RL=2KO 

CL :s 100pF 
Risetlme 100 100 ns 
Overshoot 15.0 15.0 % 

Slew rate (unity gain) RL <=: 2k0 1.0 1.0 V/µs 

Channel separation (gain= 100) f= 10kHz 90 90 dB 
Rs= 1k0 

Unity gain bandwidth (gain= 1) 2.5 3.0 2.0 3.0 MHz 

8M phase margin TA=25°C 45 45 Degree 

Input noise voltage f= 1kc 25 25 nvt.JRZ 6 
lsc short circuit TA=25°C 5 25 50 5 25 50 mA 

Thefollowingspeclflcatlonsapplyfor -55°C :s TA :s +125°CforSE4558;0°C :s TA :s +70°CforNE4558; -40°C :sTA :s +85°C 
for SA4558 

Input offset voltage Rs s 10k0 6.0 7.5 mV 

Input offset current 500 300/500* nA 

Input bias current 1500 800/1500* nA 

Large signal voltage gain RL.,, 2k0 
25,000 15,000 

Vour= :1: 10 

Output voltage swing RL <=: 2k0 :I: 10 :I: 10 v 
Vs=:!: 15V 90 150 90 150 mW 

Power consumption TA= HIGH 120 200 120 200 
TA= LOW 

•sA4558 
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LINEAR LSI PRODUCTS 

DUAL GENERAL-PURPOSE OPERATIONAL AMPLIFIER 

TYPICAL PERFORMANCE CURVES 

6-24 

INPUT BIAS CURRENT AS A 
FUNCTION OF AMBIENT 

TEMPERATURE 
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LINEAR LSI PRODUCTS 

DUAL GENERAL-PURPOSE OPERATIONAL AMPLIFIER SA/SE/NE4558 

TYPICAL PERFORMANCE CURVES (Continued) 

QUIESCENT CURRENT AS A 
FUNCTION OF 

SUPPLY VOLTAGE TRANSIENT RESPONSE 

VOLTAGE FOLLOWER 
LARGE·SIGNAL PULSE 
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LINEAR LSI PRODUCTS 

HIGH SLEW RATE OPERATIONAL AMPLIFIER 

DESCRIPTION 
The 530 is a new generation operational 
amplifier featuring a high slew rate com· 
blned with improved input characteristics. 
Internally compensated, the SE530 guar· 
antees slew rates of 25V/µs with 2mV max· 
lmum offset voltage. Industry standard 
plnout and Internal compensation allow 
the user to upgrade system performance 
by directly replacing general purpose 
amplifiers such as the 741 and LF356 
types. 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER 

Supply voltage 
SE530 
NE530 

Internal power dissipation 
N Package 
H Package 
FE Package 

Differential input voltage 
Input voltage 
Operating temperature range 

SE530 
NE530 

Storage temperature range 
Lead temperature range 

!Solder, 60seci 
Output short circuit 

FEATURES 
• Gain bandwidth product-3MHz 
• 35V/µs slew rate (Gain= -1) 
• Internal frequency compensation 
• Low input offset voltage 2mV max 
• Low Input bias current-60nA max 
• Short circuit protection 
• Ollset null capability 
• Large common mode and dlflerenllal 

voltage ranges 

RATING UNIT 

±22 v 
±18 v 

500 mW 
800 mW 
1000 mW 
±30 v 
±15 v 

-55 to +125 oc 
o to +70 oc 

-65 to +150 'C 
300 oc" 

Indefinite 

EQUIVALENT SCHEMATIC EACH AMPLIFIER 

6-26 

SE/NE530 

PIN CONFIGURATIONS 

FE,N PACKAGE 

OFFSET 
ADJUST 

INVERTINQ 
INPUT 

NON- INVERTING 
INPUT 

TOP VIEW 

ORDER NUMBERS 
NE530FE, NE530N 
SE530FE, SE530N 

INVERTING 
INPUT 

NON - INVERTING 
INPUT 

H PACKAGE" 
NC 

v
ORDER NUMBERS 
NE530H SE530H 

OUTPUT 

OFFSET 
ADJUST 

•Metal cans (HJ not recommended for new designs. 



Llf-JEfa .. 1( LSI PRODUCTS 

HIGH SLEW RATE OPERATIONAL AMPLIFIER 

DC ELECTRICAL CHARACTERISTICS TA= 25•c, Vee= ± 15V unless otherwise specified.1 

SE530 
PARAMETER TEST CONDITIONS 

Min Typ Max 

Vos Input offset voltage Rs ,; 10k!l 0.7 4.0 
Over temperature 5.0 

A Vos Ternperat~re coefficiP.nt of input Over temperature 3 15 
offset voltage 

los Input offset currePt 5 20 
Over temperature 40 

Alos Input offset current Over temperature 25 

19 Input bias current 45 80 
Over temperature 200 

Ale Input current Over temperature 50 

R1N Input resistance 3 10 
--

VcM input common mnde voltaqe r~nge ±12: ±13 

AvoL Large signal voltage gain PL 2' 2k!l, Vo= ± 10V 50 200 
Over te'Tlperature 2" _, 

V0ur Output voltage swing R, .- 10k!l ±12 ±14 
RL 2' 2k!l ±10 ±13 

lsc Output short circuit current 10 25 ~o 
·-I-

Rour Output resistance 100 
-

Ice Supply current Each amplifier 2.0 3.0 
Over temperature 2.2 3.6 

CMRR Lommon mode rejection ratio Rs ,; 10k!l I 70 90 
Over temperature 

PSRR Power supply rP.jection ratio Rs ,; 10k!l 30 15() 
Over •e;-1perature 

AC ELECTRICAL CH.4.RACTERIST'ICS TA= 25°C, Vee= :+:15V unless otherwise specified. 

PARAMETER TEST CONDITIONS 
Min 

Transient Response 
Small signal rise time 
Small signal overshoot 
Settling time TO 0.1% 110V stepl 

-1---

Lew rate ±15V supply, Vo= ±10\/,RL :> 2knl 
Unity gain inverting 
Unity gain non-inverting 

Power bo.ndwidth 5% THO, V~ = :+:10V, 

Small signal bandwidth 

Input noise voltage 

NOTE 
1. Operating temperature range for the SE530 is -ss·c to+ 125°C 

Operating temperature r;mge for the NE530 Is o~c to + 1o•c 

RL 2' 2k!l 

Open loop 

f = 1 kHz 

25 
18 

360 

SE530/5530 

Typ Max 
-

.06 
13 
0.9 

I 35 
25 

500 

3 

30 

SE/NE530 

NE530 
UNIT 

Min Typ Max 

2.0 6.G mV 
7.0 mV I 

6 I µ.\1/°C 

15 40 nA 
80 nA 

40 pAJ•c 

65 150 nA 
200 nA 

80 pA/°C 
-·-

1 6 l'vi() 

±12 ±13 v 
50 200 V/mV 
25 V/mV 

± 12 ± 14 v 
± 10 ±13 v 
10 25 50 mA 

100 !l 

2.0 :rn mA 
2.2 mA 

70 90 dB 

30 150 µVIV 

NE530/5530 6 
UNIT 

Min Typ Max 

06 T µS 

13 

I 
% 

0.9 µS 

20 35 V/µS 

12 25 V/µs 

280 500 k1-iz 

3 MHz 

30 nVlv'Hz 
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LINEAR LSI PRODUCTS 

HIGH SLEW RATE OPERATIONAL AMPLIFIER 

TYPICAL PERFORMANCE CHARACTERISTICS 

OUTPUT VOLTAGE SWING 
AS A FUNCTION OF 
SUPPLY VOLTAGE 
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LINEAR LSI PRODUCTS 

HIGH SLEW RATE OPERATIONAL AMPLIFIER 

TYPICAL PERFORMANCE CHARACTERISTICS ICont'dl 
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LINEAR LSI :>RODUC'S 

HIGH SLEW RATE OPERATIONAL AMPLIFIER SE/NE530 

TEST LOAD CIRCUITS 
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LINEAR LSI PRODUCTS 

HIGH SLEW RATE OPERATIONAL AMPLIFIER 

DESCRIPTION 
The 531 is a fast slewing high performance 
operational amplifier which retains de 
performance equal to the best general pur
pose types while providing far superior 
large signal ac performance. A unique 
input stage design allows the amplifier to 
have a large signal response nearly identical 
to its small signal response. The amplifier is 
compensated for truly negllg1b1e overshoot 
with a single capacitor. In applications 
where fast settling and superior large signal 
bandwidths are required, the amplifier out 
performs conventional designs which have 
much better small signal response. Also, 
because the small signal response is not 
extended, no special precautions need be 
taken with circuit board layout to achieve 
stability. The high ga;n, simple compensa
tion and excellent stability of this amplifier 
allow its use in a wide variety of instrument
ation applications. 

EQUIVALENT SCHEMATIC 

OFFSET 1 
ADJUST C>------4 

4 

FEATURES 
• 35V I µsec slew rate at unity gain 
• Pin for pin replacement for µA709, µA748 

or LM101 
• Compensated with a single capacitor 
• Same low drift offset null circuitry as 

µA741 
• Small signal bandwidth 1MHz 
• Large signal bandwidth SOOKHz 
• True op amp de characteristics make the 

531 the Ideal answer to all slew rate lim
ited operational amplifier applications. 

INPUT 

SE/NE531 

PIN CONFIGURATIONS 

N,FE PACKAGE 

OFFSET NULL §jFREQ. COMP. 
INYE~~~~~ - V + 

NON·INVE~~~~~ + OUTPUT 

V - • OFFSET NUlL 

TOP VIEW 
ORDER NUMBERS 

NE531N SE531N 
NE531 FE SE531FE 

H PACKAGE• 

FREQ. COMP. 

OFFSET NULL~~ V' 

INVERTING INPUT ('@] ~ OUTPUT 

NON·INYEFITING INPu;\@~~/oFFSET NULL 

v-

ORDER NUMBERS 
N E531 HISE531 H 

·Metal cans (HJ not recommended for new designs 

a,. 

.,. 
8.8 R21 .2 

vcr-----+-....__...__..__ ___ ._____,.,____.,___,f--.__---4>--+-___.~-..._-.....__._ _______ , __ ~ 

OFFSET ADJUST FREQUENCY _J 
COMPENSATION 

'-------------'-----
6·31 
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LINEAR LSI PRODUCTS 

HIGH SLEW RATE OPERATIONAL AMPLIFIER 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER RATING 

Supply voltage ±22 
Internal power dissipation1 300 
Differential input voltage ±15 
.common mode input voltage2 ±15 
Voltage between offset null 

and V- ±0.5 
Operating temperature range 

NE531 Oto +70 
SE531 -55 to +125 

Storage temperature range -65 to +150 
Lead temperature 

!soldering, 60 sec> 300 
Output short circuit duration3 indefinite 

NOTES 

1. Rating applies for case temperature to 125° C, derate linearly at 6.SmW/° C for ambient 
temperatures above +75°C. 

2. For supply voltages less than ±15V, the absolute maximum input voltage is equal to the 
supply voltage. 

3. Short circuit may be to ground or either supply. Rating applies to +125°C case 
temperature or to +75°C ambient temperature. 

UNIT 

v 
mW 
v 
v 

v 

•c 
•c 
·c 
•c 

DC ELECTRICAL CHARACTERISTICS Vs=± 15V unless otherwise specified. 

PARAMETER 

Vos Offset voltage 

L>Vos 

los Offset current 

Lllos 

lstAS Input current 

Llls 

VcM Common mode voltage range 
CMRR Common mode rejection ratio 

R1N Input resistance 

Vour Output voltage swing 

Ice Supply current 

Po Power consumption 

PSRR Power supply rejection ratio 

Rour Output resistance 

AvoL Large signal voltage gain 

VINN Input noise voltage 

lsc 

NOTE: 
1. Temperature range: 

ses31 -ss·c s TA$ 12s·c 
NE531 ODC :s; TA :s. 10°c 

6·32 

TEST CONDITIONS 
Min 

Rs s 10k0, TA= 25'C 
Fis s 10k0, over temp 

Over temp 

TA= 25°C 
TA=HIGH 
TA= LOW 
Over temp 

TA= 25°C 
TA= HIGH 
TA=LOW 
Over temp 

TA=25'C ± 10 
TA= 25'C, Rs :s 10k0 
Over temp R5 :s 10k!l 70 

TA=25°C 

RL~ 10k0, over temp ± 10 

TA= 25'C 
TMAX 

TA= 25'C 

R5s 10k0, TA= 25'C 
Rs s 1 OkO, over temp 

TA= 25°C 

TA=25'C, RL ~ 10k0, Vour= ±10V 50 
RL ~ 10k0, V0 ur= ± 10V, over temp 25 

25'C, f= 1kHz 

25'C 5 

SE/NE531 

SE531 1 NE531 

Typ Max Min 
UNIT 

Typ Max 

2.0 5.0 2.0 6.0 mv 
6.0 7.5 mV 

10 10 µVl'C 

30 200 50 200 nA 
200 200 nA 
500 300 nA 

0.4 0.4 nA/'C 

300 500 400 1500 nA 
500 1500 nA 
1500 2000 nA 

2 2 nA/'C 

± 10 v 
70 100 dB 

90 dB 

20 20 MO 

±13 ± 10 ±13 v 

7.0 10 mA 
7.0 10 mA 
210 300 mW 

10 150 µVIV 
10 150 µVIV 

75 75 0 

100 20 60 V/mV 
15 V/mV 

20 20 nVlvHZ 
15 45 5 15 45 mA 



LINEAR LSI PRODUCTS 

HIGH SLEW RATE OPERATIONAL AMPLIFIER SE/NE531 

AC ELECTRICAL CHARACTERISTICS TA= 25°C, Vs= ±15V unless otherwise specified. 

NE531 SE531 
PARAMETER TEST CONDITIONS UNIT 

Min Typ Max Min Typ Max 

Full power bandwidth 500 500 kHz 

Settling time <1%l Av= +1, V1N = ±10V 1.5 1.5 µs 
(.1%) 2.5 2.5 µs 

Large signal overshoot Av= +1, V1N = ±10V 2 2 % 
Small signal overshoot Av= +1, V1N = 400mV 5 5 % 

Small signal risetime Av = +1, V1N = 400mV 300 300 ns 

Slew rate Av= 100 35 35 V/µS 
Av= 10 35 35 V/µs 

Av = 1 <noninvertingl 30 20 30 V/µS 
Av = 1 <inverting) 35 25 35 V/µs 

NOTE 

1. All AC testing is performed in the transient response test circuit. 

TEST LOAD CIRCUITS 

OFFSET NULL CIRCUIT TRANSIENT RESPONSE CIRCUIT 

TYPICAL PERFORMANCE CHARACTERISTICS IVs= ±15V, TA= +25°C, unless otherwise specified.I 

INPUT OFFSET 
CURRENT AS A FUNCTION 

OF AMBIENT TEMPERATURE 
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LINEAR LS! PRODUCTS 

HIGH SLEW RATE OPERATIONAL AMPLIFIER SE/NE531 

TYPICAL PERFORMANCE CHARACTERISTICS ICont'dl 
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LINEAR LSI PRODUCTS 

HIGH SLEW RATE OPERATIONAL AMPLIFIER 

TYPICAL PERFORMANCE CHARACTERISTICS <Cont'd) 
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LINEAR LSI PRODUCTS 

HIGH SLEW RATE OPERATIONAL AMPLIFIER SE/NE531 

TYPICAL APPLICATIONS (Cont'd! 

THREE POLE ACTIVE LOW PASS FILTER BUTTERWORTH MAXIMALLY FLAT RESPONSE* 

JOK 

10K [ ·~·] 
] ~ -i•o-1KH• 

10K 1.- 531 

"""" 
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·Reference-EON Dec. 15, 1970 
Simplify 3~Pole Active Filter Design 
A. Paul Broltow 

±;, 

(a) HALF WAVE 

10K 10K 

AC MILLIVOLTMETER 
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PRECISION RECTIFIERS 
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LINEAR LSI PRODUCTS 

HIGH SLEW RATE OPERATIONAL AMPLIFIER 

CYCLIC A TO D CONVERTER 
One interesting, but, much ignored A/D con
verter is the cyclic converter. This consists of 
a chain of identical stages, each of which 
senses the polarity of the input. The stage 
then subtracts v,.1 from the input and doubles 
the remainder if the polarity was correct. In 
Figure 1 the signal is full wave rectified and 
the remainder of V,n - V,.1 is doubled. A chain 
of these stages gives the gray code equiva
lent of the input voltage in digitized form 
related to the magnitude of V,.1. Possessing 
high potential accuracy, the circuit using 
NE531 devices settles in 5µs. 

TRIANGLE AND SQUARE 
WAVE GENERATOR 

The circuit in Figure 2 will generate precision 
triangle and square waves. The output ampli
tude of the square wave is set by ti, 1 output 
swing of the op amp A-1 and R1/R2 sets the 
triangle amplitude. The frequency of oscilla
tion in either case is 

f-_!_. ~ i3-23i 
4RC R1 

The square wave will maintain 50% duty 
cycle even if the amplitude of the oscillation 
is not symmetrical. 

CYCLIC A TO D CONVERTER 

TRIANGLE AND SQUARE 
WAVE GENERATOR 

SQUARE W,_VE 
OU' 

Figure 2 

SE/NE531 

The use of the NE531 in this circuit will allow 
good square waves to be generated to quite 
high frequencies. Since the amplifier A 1 
runs open loop, there is no need for com
pensation. The triangle-generating amplifi
er must be compensated.The NE5535device 
can be used as well, except for the lower 
frequency response. 

LOGIC OUT 

---~ v,, 

Figure 1b 
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LINEAR LSI PRODUCTS 

HIGH SLEW RATE OP AMP SE/NE538 

DESCRIPTION FEATURES 
The SE/NE538 is a new generation opera
tional amplifier featuring high slew rates 
combined with improved input character
istics. Internally compe;isated for gains of 
5 or larger, the SE538 <Jffers guaranteed 
minimum slew rates of 40V/µ,s or larger. 
Featuring 2mV max input offset voltage, 
the 538 is a single amplifier. Industry 
standard pin out and internal compensa
tion allow the user to upgrade system per
formance by directly replacing gene~al 

purpose amplifiers, such as 74d, 101A and 
741. 

• 2mV Input offset voltage 
• 80nA max Input offset current 
• Short circuit protected 
• Offset null capablllty 
• Large common mode and differential 

voltage ranges 
• 60V/µ,s slew rate (gain of +5, -4 min) 
• &MHz gain bandwidth product 

(gain +s, -4 minimum) 
• Internal frequency compensation 

(gain of +5, -4 minimum) 
• P!n out: 538 same as 741 (single) 

ABSOLUTE MAXIMUM RATING$1,2,3 
r-· 

PARAMETER RATING 

Vee Supply voltage 
SE military grade ±22 
NE commercial grade ±18 

I Po Internal power dissipation 1000 

I 
FE package 

Po Internal power dissipation1 500 
I N package 

Po lnt~·rnal power dissipation1 800 
H package 
Differential input voltage ±30 
Input voi1age2 ±15 
Operating temperature range 
SE military grade -55 to +125 
NE commercial grade Oto 70 
Output short circuit3 indefinite 
Storage temperature range -65 to +150 

L__ 
Lead temperature lsvlder, 60sec. I 300 

NOTES 

1. Rating applies for thermal resistances of 240°C/W and 150°C/W junction to 
ambient for N and H packages. Maximum chip temperatve is 150°C 

2. For supply voltages less than ±15V, the absolute maximum input voltage ls equal to the supply voltage. 
3. Short circuit may be to ground or either supply. Rating applies to 125°C ca&e 

temperature or 75° C ambient temperature. 
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UNIT 

v 
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mW 
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NULL 
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FE,N PACKAGE 

TOP VIEW 

ORDER NUMBERS 

OFFSET 
NULL 

SE538N, FE NE53BN, FE 

H PACKAGE* 

NC 

v-

ORDER NUMBERS 
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LINEAR LSI PRODUCTS 

HIGH SLEW RATE OP AMP 

EQUIVALENT SCHEMATIC (EACH AMPLIFIER) 
vee 

DC ELECTRICAL CHARACTERISTICS TA= 25•c, Vs= ± 15V unless otherwise specified. 

PARAMETER 

Vos Input offset voltage 

D.Vos Input offset voltage drift 

los Input offset current 

D.los Input offset current 

la Input current 

D.1 8 Input current 

VcM Input common mode voltage range 

CMRR Common mode rejection ratio 

PSRR Power supply rejection 

R1N Input resistance 

AvoL Large signal voltage gain 

Your Output voltage 

Ice Supply current 

Po Power dissipation 

lsc Output short circuit current 

Rour Output resistance 

NOTE 
Temperature Range 

SE Types - 55°C :5 TA :5 125°C 
NE Types o·c s TA s 70'C 

TEST CONDITIONS 

Rs s 10kfl 
Rs s 10kfl, over temp. 

Rs= on, over temp. 

Over temp. 
Over temp 

Over temp. 
Over temp. 

Rs s 10kfl, over temp. 

Rs s 10kfl, over temp. 

RL 2: 2kfl, Your=± 10V 
Over temp., 

RL 2: 2kfl, Your= ± 10V 

Over temp., RL "' 2kfl 
Over temp., RL ;,: 10kfl 

Per amplifier 
Over temp., per amplifier 

Per amplifier 
Over temp., per amplifier 

SE538 

Min Typ Max 

0.7 4.0 
5.0 

4.0 

5 20 
40 

25 

45 80 
200 

50 

±12 ± 13 

70 90 

30 150 

3 10 

50 200 
25 

± 10 ± 13 
± 12 ± 14 

2 3 
2.2 3.6 

60 90 
66 108 

10 25 50 

100 

SE/NE538 

NE538 
UNIT 

Min Typ Max 

2.0 6.0 mV 
7.0 mV 

6.0 µV/°C 

15 40 nA 
80 nA 

40 pA/°C 6 
65 150 nA 

200 nA 
80 pA/°C 

± 12 ± 13 v 
70 90 dB 

30 150 µVIV 

1 6 Mfl 

50 200 V/mV 
25 V/mV 

±10 ± 13 v 
± 12 ± 14 v 

2 3 mA 
2.2 3.6 mA 

60 90 mW 
66 108 mW 

10 25 50 mA 

100 fl 
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LINEAR LSI PRODUCTS 

HIGH SLEW RATE OP AMP SE/NE538 

AC ELECTRICAL CHARACTERISTICS TA= 25°C unless otherwise specified. 

SE538/SE5538 
PARAMETER TEST CONDITIONS 

Min Typ Max 

Gain bandwidth product 
(Gain +5, -4 minimum) 6 

Transient response 
0.25 Small signal rise time 

Small signal overshoot 6 

Settling time To 0.1% 1.2 

Slew rate Minimum gain = 5 
Noninverting RL 2'. 2k!l 

40 60 

Input noise voltage f=1kHz, TA=25°C 30 

TYPICAL PERFORMANCE CHARACTERISTICS 

OUTPUT VOLTAGE SWING 
AS A FUNCTION OF 

FREQUENCY 

40~-~--~--~-~ 

V5=+15V 

36 1-----+---+----+TA= 25°C 
Rl = 10K!! 

321---+---+---+----l 
ll 
~ 28 

~ 241---1----1-~~-1-~--i 

~ 
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0 
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LINEAR LSI PRODUCTS 

HIGH SLEW RATE OP AMP 

TYPICAL PERFORMANCE CHARACTERISTICS 1cont'dl 
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LINEAR LSI PRODUCTS 

HIGH SLEW RATE OP AMP 

TYPICAL PERFORMANCE 
CHARACTERISTICS (Cont'd) 

lOmV 

INPUT 

50% 

6-42 

SMALL-SIGNAL TRANSIENT 
RESPONSE DEFINITIONS 

90% 

RISE TIME 

TEST LOAD CIRCUITS 

SLEW RATE AND SMALL SIGNAL 
TRANSIENT RESPONSE TEST CIRCUIT 

2.SK 10k 

50 

NOTE 
Pins not shown are not connected 
All resistors values are typical and in ohms. 

TEST LOAD CIRCUITS (Cont'd) 

SETTLING TIME TEST CIRCUIT 
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- l!!v 

Vee= 1sv 

10k" 

SE/NE538 

>--~--t-+-.,._-t0 OUTPUT 

*Match to within 0.01%. 
NOTE 

Pins not shown are not connected. 
All resistors values are typical and in ohms. 
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LINEAR LSI PRODUCTS 

HIGH SLEW RATE OP AMP 

INTRODUCTION 
The Signetics NE538 is an undercompen
sated op amp. The NE538 has a typical 
slew rate of 50V/µs and a gain bandwidth 
product of 6MHz. 

The internal frequency compensation is 
designed for a minimum inverting gain of 
4 and a minimum non-inverting gain of 5. 
Below these gains the NE538 will be un
stable and will need external compensa
tion (see Figure 1 and 2). 

The higher slew rate of the NE538 has 
made this device quite appealing for high 
speed designs ana the fact that it has a 
standard pinout will allow it to be used to 
upgrade existing systems that now use 
the µA741 or µ748. 

Equations: 

f _ 1 (6MHz) _ 
LAG- --,-0- - 27rRLCL 

1 
fLEAo=6MHz= 2.,,.RFCF 

LAG { R, 
COMPENSATION c, 

} LEAD COMPENSATION 

Figure 1. Non-Inverting Configuration 

Figure 2. Inverting Configuration 

SE/NE538 

Vee 

10K 

Figure 3. Voltage Follower with Single 
Power Source. 

Figure 4. Inverting Amp With Single 
Power Supply 

Figure 5. Offset Adjust Circuit 

v• 

v· 

All resistor values are in ohms 

Figure 6. Voltage Comparator 

6-43 

6 



LINEAR LSI PRODUCTS 

DUAL HIGH PERFORMANCE OPERATIONAL AMPLIFIER SE/NE5512 

DESCRIPTION 
The 5512 series of high performance oper· 
ational amplifier provides very good input 
characteristics. These amplifiers feature 
low input bias and voltage characteristics 
such as a 108 op amp with improved eMRR 
and a high differential input voltage limit 
achieved through the use of a bias cancella
tion and PNP input circuits with collector to 
emitter clamping. The output characteristics 
are like those of a 7 41 op amp with improved 
slew rate and drive capability yet have low 
supply quiescent current. 

APPLICATIONS 
• AC ampllflars 
• RC active filters 
• Transducer ampllflers 
• DC gain block 
• Battery operation 
• Instrumentation amplifiers 

ABSOLUTE MAXIMUM RATINGS 
P1r1m1ter 

Vee Supply Voltage 
Vo Power diaaipation 
TA Operating temperature range 

NE5512 
SE5512 

Tsra Storage temperature range 
TsoLD Lead temperature soldering 

EQUIVALENT SCHEMATIC 

6-44 

FEATURES 
• Low input bias < ± 20nA 
• Low input offset current < ± 20nA 
• Low input offset voltage < 1 mV 
• Low Vos temperature drift 5µV/°C 
• Low input bias temperature drift 

40pA/0 e 
• Low input voltage noise 30nV/,!Hz 
• Low supply current 1.5mA/amp 
• High slew rate 1.0V/µs 
• High CMRR 100d8 
• High Input Impedance 100MO 
• High PSRR 110d8 
• High differential Input voltage limit 
• No cross-over distortion 
• Indefinite output short circuit 

protection 
• Internally compensated for unity gain 
• 6000 drive capability 

Rating Unit 

±16 v 
500 mW 

o to 70 •c 
-55to+125 •e 
-65to+150 'C 

300 •c 

PIN CONFIGURATIONS 

FE,N PACKAGE 

v+ OUTPUT 1 

-INPUT 1 

+INPUT 1 

v-
:

1 OUTPUT 2 

+INPUT 2 

-INPUT 2 

TOP VIEW 

ORDER NUMBERS 
SE/NE5512FE SE/NE5512N 

0 3 PACKAGE 

""INPUT 1 

~ 
- INPUT 1 

v- OUTPUT 1 

+INPUT 2 V+ 

- INPUT 2 OUTPUT 2 5 

TOP VIEW 

ORCER NUMBER 

NES512C 

NOTES: 
1. SOL - Released in large SO package only. 
2. SOL !!!!fl non-standard pinout 
3. SO ~ non-standard pinouts. 

·----------<:> -v 



LINEAR LSI PRODUCTS 

DUAL HIGH PERFORMANCE OPERATIONAL AMPLIFIER SE/NE5512 

ELECTRICAL PERFORMANCE CHARACTERISTICS Vee=± 15V, F.R.= -55°C to + 125•c (SE), o•c to+ 70'C (NE) 

SE5512 NE5512 
PARAMETER TEST CONDITIONS UNIT 

Min Typ Max Min Typ Max 

Vos Input offset voltage Rs= 1000 
TA= +25'C 0.7 2 1 5 

mV 
TA=F.R. 1 3 1.5 6 

tNos Over Temp. 4 5 µ.V/'C 

los Input offset current Rs= 100k0 
TA= +25'C 3 10 6 20 

nA 
TA= F.R. 4 20 8 30 

.:llos Over Temp . 30 40 pA/'C 

le Input bias current Rs= 100k0 
T=+25'C 3 10 6 20 

nA TA=F.R. 4 20 8 30 
A.le Over Temp. 30 40 pA/'C 

R1N 
Input resistance 

TA=25'C 100 100 MO dlfferentlal 

VcM 
Input common TA=25'C ± 13.5 ± 13.7 ± 13.5 ± 13.7 v mode range TA=F.R. ±13 ± 13.2 ± 13 ± 13.2 

CMRR Input common-mode Vee=± 15V 
rejection ratio V1N = ± 13.5V (RM) 

TA=25'C 70 100 70 100 dB 
V1N = ± 13V (F.R.) 

TA=F.R. 

AvoL Large-signal RL=2k0 TA=25'C 50 
200 

50 200 V/mV 
GAIN voltage gain Vo=± 10V TA= F.R. 25 25 

S.R. Slew rate TA=25'C 0.6 1 1 VlµS 

Small-signal 
GBW unity gain TA=25'C 3 3 MHz 

bandwidth 

OM Phase margin TA=25'C 45 45 Degree 

Your 
Output voltage AL= 2k0 
swing TA= 25'C ± 13 ± 13.5 ±13 ± 13.5 

TA=F.R. ± 12.5 ±13 ± 12.5 ±13 
v 

6 

Your 
Output voltage RL=600W 

I swing TA= 25'C ± 10 ± 11.5 ±10 ± 11.5 v 
TA=F.R. ± 7.5 ±9 ±8 ±9 

Ice 
Power supply AL= Open 
current TA=25'C 3.4 5 3.4 5 mA 

TA=F.R. 3.6 5.5 3.6 5.5 

PsRR 
Power supply TA=25'C 80 110 80 110 

dB rejection ratio TA=F.R. 80 100 80 100 

AA Amplifier to I= 1 kHz to 20kHz 
amplifier coupling TA=25'C -120 -120 dB 

HD 
Total harmonic I= 10kHz 
distortion TA=25'C 0.01 0.01 % 

Vo= 7VRMS 

VINN 
Input noise 1=1kHz nVI 
voltage TA=25'C 30 30 vHZ 

l1NN 
Input noise I= 1kHz pAI 
current TA=25'C .2 .2 vHZ 

lsc Short circuit ± 15V TA=25'C 40 40 mA 

NOTE 
For operation at elevated temperature, N package must be derated based on a thermal resistance of 120°fW junction to ambient. Thermal resistance of the FE pack0:ge is 125°!W. 

*For additional information, consult the Applications Section. 
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LINEAR LSI PRODUCTS 

QUAD HIGH PERFORMANCE OP AMP 

DESCRIPTION 
The SE/NE5514 family of Quad Operational 
Amplifiers sets new standards in Bipolar 
Quad Amplifier Performance. The amplifiers 
feature low input bias current and low offset 
voltages. Pin-out is identical to 
LM324 I LM348 which facilitates direct 
product substitution for improved system 
performance. Output characteristics are 
similar to a µA741 with improved slew and 
drive capability. 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER 

Vee Supply voltage 
Vo1FF Differential input voltage 
V1N Input voltage 

Output short to ground 
TS Storage temperature range 
TsoLD Lead soldering temperature 
TA Operating temperature range 

NE5514 
SE5514 

EQUIVALENT SCHEMATIC 

(ONE OP AMP) 

FEATURES 
• Low Input bias current: < ± 3nA 
• Low Input offaet current: < ± 3nA 
• Low Input offaet voltage: < 1 mV 
• Low supply current: 1.5mA/ Amp 
• 1 VI µsec slew rate 
• High Input Impedance: 100Mfl 
• High common mode Impedance: 10Gf! 
• Internal compensation for unity gain 
• 6000 drive capability (7 Vrms) 

APPLICATIONS 
• AC amplifiers 
• RC active flltera 
• Tranaducer amplifiers 
• DC gain block 
• Instrumentation ampllfler 

RATING UNIT 

±16 v 
32 v 

o to 32 v 
Continuous 

-65 to +150 •c 
300 •c 

o to 70 •c 
-55 to +125 •c 

SE/NE5514 

PIN CONFIGURATION 

F,N PACKAGE 

TOP VIEW 

ORDER NUMBERS 
NE5514f, N SE5514F .• N 

NOTES: 

0 2 PACKAGE 

TOP VIEW 
ORDER NUMBER 

NE5514D1 

OUTPUT 4 

-INPUT 4 

+INPUT 4 

V-

NC 

+INPUT 3 

-INPUT 3 

OUTPUT 3 

1. SOL - Released in large SO package only. 
2. SOL and non-standard plnout. 
3. SO and non-standard pinouts. 

I ~~.--.-~~~...-~~~~~~~~~~~~.-~~~.-~~~~-.-~~~~~~-<.v+ 
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LINEAR LSI PRODUCTS 

QUAD HIGH PERFORMANCE OP AMP SE/NE5514 

ELECTRICAL CHARACTERISTICS Vee=± 15V, F.R.= -55'C to + 125'C (SE); O'C to 70'C (NE) 

SE5514 NE5514 
PARAMETER TEST CONDITIONS UNIT 

Min Typ Max Min Typ Max 

Vos Input offset voltage Rs=100!l, TA= +25'C, 0.7 2 1 5 
mV 

TA=F.R. 1 3 1.5 6 
!>.Vos Over temp. 4 5 µVl'C 

las Input offset current Rs=100k!l, TA= +25'C, 3 10 6 20 
nA 

TA=F.R. 4 20 8 30 
t>.los Over temp. 30 40 pAi'C 
~-

Is Input bias current Rs=100k!l, TA= +25'C, 3 10 6 20 
nA 

TA= F.R. 4 20 8 30 
!>.Is Over temp. 30 40 pA/'C 

R1N Input resistance differential TA=25'C 100 100 Mil 

VeM Input common mode range TA=25'C, TA=F.R. ± 13.5 ± 13.7 ± 13.5 ± 13.7 v 
±13 ± 13.2 ± 13 ± 13.2 

CMRR Input common-mode Vee= ±15V, 
rejection ratio V1N = ± 13.5V (RM), 70 100 70 100 dB 

TA= 25'C, 

I V1N= ± 13V (F.R.), 
TA= F.R. 

AVOL Large-signal voltage gain RL = 2k!l, TA= 25 'C 50 
200 

50 
V/mV 

GAIN Ve= ±10V, TA=F.R. 25 25 

S.R. Slew rate TA=25'C 0.6 1 0.6 1 Vlµs 

GBW Small-signal unity gain TA=25'C 3 3 MHz 
bandwidth 

OM Phase margin TA=25'C 45 45 Degr 

VouT Output voltage swing RL=2k!l, TA=25'C, ± 13 ± 13.5 ± 13 ± 13.5 v 
TA= F.R. ± 12.5 ±13 ± 12.5 ± 13 

Your Output voltage swing RL = 6000', TA= 25'C, ± 10 ± 11.5 ±10 ± 11.5 v 
TA=F.R. ± 7.5 ±9 ±8 ±9 

Ice Power supply current R,=Open, TA=25'C, 6 10 6 10 
mA 

TA= F.R. 7 12 7 12 
6 

PSRR Power supply rejection ratio TA=25'C, TA=F.R. 80 110 80 110 
dB 

80 100 80 100 

AA Amplifier to amplifier coupling f = 1 kHz to 20kHz, TA= 25 ·c -120 -120 dB 

HD Total harmonic distortion f = 10kHz, TA= 25'C, 0.01 0.01 
% 

Va= 7VRMS 

VINN Input-noise voltage f = 1kHz, TA= 25'C 30 30 nV/vHz 

lsc Short Circuit TA=25'C 10 40 60 10 40 60 mA 

NOTE 
•For operation at elevated temperature, N package must be derated based on a thermal resistance of 95°CfW junction to ambient. 

*For additional information, consult the Applications Section. 
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LINEAR LSI PRODUCTS 

INTERNALLY COMPENSATED DUAL LOW NOISE OP AMP SE/NE5532/ 5532A 

DESCRIPTION 
The 5532 is a dual high-performance low 
noise operational amplifier. Compared to 
most of the standard operational amplifiers, 
such as·the 1458, ii shows better noise per· 
formance, improved output drive capability 
and considerably higher small-signal and 
power bandwidths. 
This makes the device especially suitable 
for application in high quality and profes
sional audio equipment, instrumentation 
and control circuits, and telephone chan
nel amplifiers. The op amp is internally 
compensated for gains equal to one. If 
very low noise is of prime importance, it is 
recommended that the 5532A version be 
used which has guaranteed noise voltage 
specifications. 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER 

Vs Supply voltage 
V1N Input voltage 
VolFF Differential input voltage 1 
TA Operating temperature range 

NE5532/A 
SE5532/A 

TsTG Storage temperature 
TJ Junction temperature 
Po Power dissipation 

5532FE 

FEATURES 
• Small-signal bandwidth: 10MHz 
• Output drive capability: 600{), 10V 

(rma) 
• Input nolae voltage: SnVl../Hi (typical) 
• DC voltage gain: 50000 
• AC voltage gain: 2200 at 10kHz 
• Power bandwidth: 140kHz 
• Slew-rate: 9V Iµ& 
• Large supply voltage range: ± 3 to 

±20V 
• Compensated for unity gain 

RATING UNIT 

±22 v 
±V supply v 

±.5 v 

o to 70 ·c 
-55 to + 125 ·c 
-65 to +150 ·c 

150 ·c 

1000 mW 
Lead temperature (soldering, 10 sec) 300 ·c 

NOTES' 

1. Diodes protect the inputa against over-voltage. Therefore, unless current-limiting resis
tors are u11:td, large currents will flow it the differential input voltage exceeds 0.6V. 
Maximum current should be limited to ± 10mA. 

2. Thermal reaiutance ol the FE package ia 125°C!W. 

EQUIVALENT SCHEMATIC (EACH AMPLIFIER) 

+ 

PIN CONFIGURATION 

INVERTING 
INPUT A 

FE,N PACKAGE 

NON·INV!ATING m1J2~·(~i-;~ INV!ATING 
INPUT A INPUT B 

TOP VIEW 

NON-INVERTING 
INPUT B 

ORDER NUMBERS 
NE5532FE, N SE5532FE 

NE5532AFE, N SE5532AFE 

02 PACKAGE 

TOP VIEW 
ORDER NUMBER 

NG55320 



LINEAR LSI PRODUCTS 

INTERNALLY COMPENSATED DUAL LOW NOISE OP AMP SE/NE5532/ 5532A 

DC ELECTRICAL CHARACTERISTICS TA= 25°C, Vs= ± 15V unless otherwise speclfled.1•2 

PARAMETER TEST CONDITIONS 
SE5532/55232A NE5532/5532A 

UNIT 
Min Typ Max Min Typ Max 

Vos Offset voltage 0.5 2 0.5 4 mv 
Over temperature 3 5 mV 

tN0 slti.T 5 5 µV/°C -
las Offset current 100 10 150 nA 

Over temperature 200 200 nA 
ti.10 siti.T 200 200 pA/"C 

le Input current 200 400 200 800 nA 
Over temperature 700 1000 nA 

ti.1 6/ti.T 5 5 mA/'C 

Ice Supply current 8 16 mA 
Over temperature 13 mA 

VcM Common mode input range ±12 ±13 ± 12 ±13 v 
CMRR Common mode rejection ratio 80 100 70 100 dB 
PSRR Power supply rejection ratio 10 50 10 100 µVIV 

AvoL Large signal voltage gain RL "'2k0, Vo= ±10V 50 25 100 V/mV 
Over temperature 25 15 V/mV 

RL°"6000, Vo= ±10V 40 15 50 V/mV 
Over temperature 20 10 VfmV 

Vour Output swing RL°"6000 ± 12 ± 13. v 
Over temperature ± 10 ± 12 v 

RL°"6000, Vs= ± 18V ±15 ± 16 v 
Over temperature ± 12 ±14 v 

RL"' 2kO over temp. ± 12 ±13 ± 10 ±13 v 

R1N Input resistance 30 300 30 300 kO 

lsc Output short circuit current 10 38 60 10 38 60 mA 

AC ELECTRICAL CHARACTERISTICS TA= 25•c, Vs= ± 1sv unless otherwise specified. 

6 TEST CONDITIONS 
SE/NE5532/5532A 

UNIT PARAMETER 
Min Typ Max 

Av = 30dB Closed loop 
RouT Output resistance I = 10kHz, RL = 6000 0.3 0 

Overshoot Voltage follower 
V1N = 100mV p·p 

CL= 100pF RL = 6000 10 % 

Gain f = 10kHz 2.2 VimV 

Gain bandwidth product CL= 100pF RL = 6000 10 MHz 

Slew rate 9 V/µ.s 

Power bandwidth Vour = ± 1ov 140 kHz 
Vour = ± 14V, RL = 6000, 100 kHz 

Vee=± 1av 

ELECTRICAL CHARACTERISTICS TA= 2s 0 c. Vs= ± 1sv unless otherwise specified. 

SE/NE5532 SE/NE5532A 
PARAMETER TEST CONDITIONS 

Min Typ Max Min Typ Max 
UNIT 

Input noise voltage f0 = 30Hz 8 8 12 nV ivHZ 
10 = 1kHz 5 5 8 nV/vHz 

Input noise current 10 = 30Hz 2.7 2.7 pANHz 
10 = 1kHz 0.7 0.7 pAMk 

Channel separation I = 1kHz, RS = SkO 110 110 dB 
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LINEAR LSI PRODUCTS 

INTERNALLY COMPENSATED DUAL LOW NOISE OP AMP SE/NE5532/ 5532A 

TYPICAL PERFORMANCE CHARACTERISTICS 

OPEN LOOP FREQUENCY RESPONSE 

TYPICAL VALUES 
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LINEAR LSI PRODUCTS 

INTERNALLY COMPENSATED DUAL LOW NOISE OP AMP SE/NE5532/ 5532A 

TEST CIRCUITS 

CLOSED LOOP FREQUENCY RESPONSE 

AUDIO CIRCUITS USING THE 
NE5532/33/34 
More detailed information is available in the 
communications section of this manual, 
regarding other audio circuits. The following 
will explain the Signetics line of low noise op 
amps and show their use in some audio 
applications. 

DESCRIPTION 
The 5532 is a dual high·parformance low 
noise operational amplifier. Compared to 
most of the standard operational amplifiers, 
such as the 145B, it shows better noise per· 
formance, improved output drive capability 
and considerably higher small-signal and 
power bandwidths. 

This makes the device especially suitable 
for application in high quality and profes
sional audio equipment, instrumentation 
and control circ1dts, and telephone chan
nel amplifiers. The op amp is internally 
compensated for gains equal to one. If 
very low noise is of prime importance, it is 
recommended that the 5532A version be 
used which has guaranteed noise voltage 
specifications. 

APPLICATIONS 
The Slgnetlcs 5532 High Performance Op 
Amp Is an Ideal amplifier for use In high qual· 
lty and professional audio equipment which 
requires low noise and low distortion. 

The circuit Included In this application note 
haa been assembled on a P.C. board, and 
tested with actual audio input devices 
(Tuner and Turntable). It conaista of an RIAA 
pre-amp, Input buffer, 5·band equalizer, and 
mixer. Although the circuit dealgn Is not new, 
Its performance using the 5532 haa been 
improved. 

••• 

eoon 

The RIAA pre-amp section is a standard 
compensation configuration with low fre
quency boost orovided by the Magnetic car· 
!ridge and the RC network in the op amp 
feedback loop. Cartridge loading is accom· 
plished via R 1. 4 7k was choeen as a typical 
value, and may differ from cartridge to 
cartridge. 

The Equalizer section consists of an input 
buffer, 5 active variable band pass/ notch 
(depending on R9's setting) filters, and an 
output aumming ampllflar. The Input buffer la 
a standard unity gain daaign providing im· 
pedanca matching between the pre amplifi· 
are and the equalizer aection. Because the 
5532 la internally compensated, no external 
compensation is required. The S·band ac· 
live !Iller section is actually 5 individual BC· 
live filters with the same feedback daalgn 
for all 5. The main dllleranca in all five 
atagea is the valuea of C5 and CB which 
are raaponaibla for aetting the canter Ire· 
quency of each stage. Linear pots are rec
ommended for R9. To simplify uae of this 
circuit, a component value table Is provided, 
which lists center frequencies and their as· 
soclated capacitor values. Notice that C5 
equals (10) CB, and that the Value of RB and 
R10 are related to R9 by a factor of 10 as 
well. The values listed in the table are com· 
mon and easily found standard values. 

RIAA EQUALIZATION AUDIO 
PREAMPLIFIER USING NE5532A 
With the onset of new recording techniques 
along with sophisticated playback equip· 
ment, a new breed of low noise operational 
amplifiers was developed to complement 
the state-of-the-art in audio reproduction. 
The first ultra low noise op amp introduced 
by Signetics was called the NE5534A. This 
is a single operational amplifier with less 

VOLTAGE FOLLOWER 

Y-

than 4nV/v'Hz input noise voltage. The 
NE5534A is i~ternally compensated at a 
gain of three. This device has belln used in 
many audio preamp and equa!izer !active 
filter) applications since its introduction 
early last year. 

Many of the amplifiers that are being de· 
signed today are de coupled. This means 
that very low frequencies f2-15Hzl are being 
amplified. These low frequencies are com
mon to turntables because of rumble and 
tone arm resonancies. Since the amplifiers 
can reproduce these sub-audible tones, 
they become quite objectionable because 
the speakers try to reproduce these tones. 
This causes non-linearities when the actual 
recorded material is amplified and convert
ed to sound waves. 

The RIAA has proposed a change in its 
standard playback response curve in order 
to alleviate some of the problems that were 
previously discussed. The changes occur 
primarily al the low frequency range with a 
slight modification to the high frequency 
range. (See Figure 2). Note that the response 
peak for the bass section of the playback 
curve now occurs at 31.5Hz and begins to roll 
off below that frequency. The rclloff occurs by 
introducing a fourth R/C network occurs by 
introducing a fourth R/C network with a 
7950JLS time constant to the three existing 
networks that make up the equalization 
circuit. The high end of the equalization curve 
is extended to 20kHz, because recordings at 
these frequencies are achievable on many 
current discs. 

NE5533/34 DESCRIPTION 
The 5533/5534 are dual and single high
performance low noise operational amplifiers. 
Cpmparec1 to other operational amplifiers 
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RIAA-EOUALIZER SCHEMATIC 

C6 

R2 A3 

C2 C3 

•• 

"" 
COMPONENT VALUE TABLES 

R8•25k R8•50k R8• 100k 
R7•2.4k R9• 240k R7•5.1k R8 • 510k R7•10k R8• 1meg 

fo cs C6 fo 

23 Hz 1µF ,1µF 25 Hz 
50 Hz .47µF .047µF 36 Hz 
72 Hz .33µF .033µF 54 Hz 
108 Hz .22µF .022µF 79 Hz 
158 Hz . 15µF .015µF 119 Hz 
238 Hz .1µF .01µF 145 Hz 
290 Hz .082µF .0082µF 175 Hz 
350 Hz .068µF .0068µF 212 Hz 
425 Hz .056µF .0056µF 253 Hz 
506 Hz .047µF .0047µF 360 Hz 
721 Hz .033µF .0033µF 541 Hz 
1082 Hz .022µF .0022µF 794 Hz 
1588 Hz .015µF .0015µF 1191 Hz 
2382 Hz .01µF .001µF 1452 Hz 
2904 Hz .0082µF 820pF 1751 Hz 
3502 Hz .0066µF 680pF 2126 Hz 
4253 Hz .0056µF 560pF 2534 Hz 
5068 Hz .0047µF 470pF 3609 Hz 
7218 Hz .0033µF 330pF 5413 Hz 
10827 Hz .0022µF 220pF 7940 Hz 
15880 Hz .0015µF 150pF 11910 Hz 
23820 Hz .001µF 100pF 14524 Hz 

17514Hz 
21267 Hz 

such as TL083, they show better noise per
formance, improved output drive capability 
and considerably higher small-signal and 
power bandwidths. 

This makes the devices especially suitable for 
application in high quality and professional 
audio equipment, in instrumentation and con· 
trol circuits and telephone channel amplifiers. 
The op amps are internally compensated for 
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cs C6 fo cs C6 

.47µF .047µF 12 Hz .47µF .047µF 

.33µF .033µF 18 Hz .33µF .033µF 

.22µF .022µF 27 Hz .22µF .022µF 

. 15µF .015µF 39 Hz . 15µF .015µF 
.1µF .01µF 59 Hz . 1µF .01µF 

.082µF .0082µF 72 Hz .082µF .0082µF 

.088µF .0068µF 87 Hz .068µF .O:'.l66µF 

.056µF .0056µF 106 Hz .056µF .0056µF 

.047µF .0047µF 126 Hz .047µF .0047µF 

.033µF .0033µF 180 Hz .033µF .0033µF 

.022µF .0022µF 270 Hz .022µF .0022µF 

.015µF .0015µF 397 Hz .015µF .0015µF 
.01µF .001µF 595 Hz .01µF .001µF 

.0082µF 820pF 726 Hz .0082µF 820pF 

.0068µF 680pF 875 Hz .0068µF 680pF 

.0056µF 560pF 1063 Hz .0056µF 560pF 

.0047µF 470pF 1267 Hz .0047µF 470pF 

.0033µF 330pF 1804 Hz .0033µF 330pF 

.0022µF 220pF 2706 Hz .0022µF 220pF 

.0015µF 150pF 3970 Hz .0015µF 150pF 
.001µF 100pF 5955 Hz .001µF 100pF 
820pF 82pF 7262 Hz 820pF 82pF 
680pF 68pF 8757 Hz 880pF 68pF 
560pF 56pF 10633 Hz 560pF 56pF 

12670 Hz 470pF 47pF 
18045 Hz 330pF 33pF 

Figure 1 

gain equal to, or higher than, three. The fre
quency response can be optimized with an 
external compensation capacitor for various 
applications (unity gain amplifier, capacitive 
load, slew-rate, low overshoot, etc.) If very low 
noise is of prime importance, it is recom
mended that the 5533A/5534A version be 
used which has guaranteed noise specifica
tions. 

FLAT 

EQUALIZE 

COMPONENT VALUES 
R1 tmeg 
R2 100k 
R3 1meg 
R4 Uk 
R5 100k 
At 100k 
R7 SEE TAILE 
RI (pol)SEETAILE 
RI SEE TABLE 
R10 100k 
A11 100k 
R12 20k (5 STAGES) 

APPLICATIONS 

C1 .HJ<F 
C2 750pF 
C3 .0033µF 
C4' 33~F 
C5 SEETAILE 
Cl SEETAILE 
C7 UJ<F 

Diode Protection of Input 

TO VOL/ 
BAL AMP 

The input leads of the device are protected 
from differential transients above ± O.SV 
by internal back-to-back diodes. Their 
presence imposes certain limitations on· 
the amplifier dynamic characteristics re
lated to closed-loop gain and slew rate. 
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PROPOSED RIAA PLAYBACK EQUALIZATION 
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Figure 2 

RIAA PHONOGRAPH PREAMPLIFIER USING THE NE5532A 

• 15V 

.27i;f 

INPUTo--j 1-------1 

.,. 

49.9 

' 1/2 OF DUAL OPERATIONAL AMPLIFIER 

NOTE 

All resistors are 1 % metal fttm and are valued in 

Figure 3 

100K 

Consider the unity gain follower as an 
example: 

Assume a signal Input square wave with 
dV/dt of 250V per µs and 2V peak ampll· 
tude as shown. If a 22 pF compensation 
capacitor Is inserted and the R1 C1 circuit 
deleted, the device slew rate falls to ap· 
proximately 7V/µs. The Input waveform 
will reach 2V/250V/µs or 8 ns, while the 
output will have changed (Bx io-3) (7) 
only 56 mV. The differential Input signal Is 
then (V1N - V0 ) R1/R1 + R1 or approximately 
1V. 

The diode limiter will definitely be active 
and output distortion will occur; therefore, 
V1n < 1V as Indicated. -

Next, a sine wave Input Is used with a slm· 
liar circuit. 

V1N = 2 Sin .... ·t 

1K 

1K 
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The slew rate of the input waveform now 
depends on frequency and the exact ex
pression is 

~ =2wcoswt 
di 

The upper limit before slew rate distortion 
occurs for small signal (V1N < 100 mV) con
ditions is found by setting the slew rate to 
7Vt,,s. That is: 

7 x 106 vt,,s = 2w cos wt 

at wt=O 

7 x 106 6 
°'LIMIT =-2- = 3.5 x 10 rad/s 

3.5x 106 
fLIMIT~ :560kHz 

External Compensation Network 
Improves Bandwidth 
By using an external lead-lag network, the 
follower circuit slew rate and small signal 
bandwidth can be increased. This may be 
useful in situations where a closed-loop 
gain less than 3 to 5 Is indicated. A num
ber of examples are s'1own in subsequent 
figures. The principle benefit of using the 
network approach is that the full slew rate 
and bandwidth of the device is retained, 
while impulse-related parameters such as 
damping and phase margin are controlled 
by choosing the apprcpriate circuit con
stants. For example, consider the follow
ing configuration: 

The major problem to be overcome is poor 
phase margin leading to instability. 

By choosing the lag network break fre
quency one decade below the unity gain 
crossover frequency (30-50 MHz), the 
phase and gain margin are improved. An 
appropriate value for R Is 2700. Setting the 
lag network break frequency at 5 MHz, C 
may be calculated 

C=-----
2, .. 270.5 x 1D6 

118 = pF 
A single pole and zero inserted in the 
transfer function will give an added 45° of 
phase margin depending on the network 
values. 
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R; 2V_fi 
0 I I . 
-11- v, 

~11 

GAIN 

0 ~---~--~~~ 
0 0.1 1.0 10 50 

MHz 

RULES AND EXAMPLES 

Compensation Using Pins 5 and 8 
(limited Bandwidth and Slew Rate) 

C1=Cc(1) 
Cc = 22pF for N E5533/34 
:.C1 =22pF [SEE GRAPH UNDER 

TYPICAL PERFORMANCE 
CHARACTERISTICS] 

Figure 4 . Unity Gain Non-Inverting 
Configuration 

Rt 

SE/NE5532/5532A 

>-----<>. 
0
livo 

1: 
-11-

~·· 
Rt=R;=1KO 

PHASE 

Ii -90° 

LAG NETWlRKS 

-180° 
0 0.1 1.0 10 

MHz 

Your 

RF= R1N 

[ R1N -I 
c,,,, Cc RF:;R-1~J 

Cc 

2 
.. c, =11pf 

Figure 5. Unity Gain Inverting 
Configuration 

50 
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External Compensation for 
Wideband Voltage Follower 

Co1sT. 

r--H--
1 op-----"V\,..,...---1 

-t v,. <>--_,,,,,..,... __ __ 

NOTE· Input diodes limit d1fferent1al to < 0.5V 

Figure 6 . External Compensation for Wideband Voltage Follower 

Calculatlng the Lead-Lag 
Network 

1 
c, = 2ir F1 R1 

R1N 
Let R1 = 1(j 

where 1 
F1 = 'iQ(UGBW) 

UGBW=30 MHz 

Shunt Capacitance 
Compensation 

or 

C0 ,5r - Distributed Capacitance ::o 2-3pF 

Many audio circuits involve carefully tailored 
frequency responses. Pre-emphasis is used 
in all recording mediums to reduce noise and 
produce flat frequency response. The most 
often used de-emphasis curves for broadcast 
and home entertainment systems are shown 
in Figure 7. Operational amplifiers are well 
suited to these applications because of their 
high gain and easily tailored frequency 
response. 

' 

RIAA EQUALIZATION 

~=~ ~~E:!:1E2~~~NCIES-l 
I 

~ 
Tl~1l5~~7sr ANTS___, 

3181 

---1 "' 
~ 
~ 

'\ 
~ 
~ 

"""\: 

Figure 7a 

NAB STANDARD 
PLAYBACK 7 1/2 IPS 

TUAN OVER FAEOUENCIES 

~ 
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~ TIMECONSJNTS 
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[\, 
~ 

\ 
""l 

cs: 

Figure 7b 

' . 

3.75 IPS TAPE 
EQUALIZATION 

T!.ilUllOVERfAEQUENC'I' 
SOH1ll26H1 

TIME CONSTANTS 
3180.S 
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1'!. -~ 

0 . 
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~ 

Figure 7c 

BASE TREBLE CONTROL 
CURVE 

TUANOVEAFREOUlNC'I' lkHr 
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~ i 
1 ± z ::s: v \ 

_/ ~ 

"' 

Figure 7d 

STANDARD FM BROADCAST 
EQUALIZATION 
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' . 
' . 
' 
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Ji 
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\ 

Figure 7e 
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RIAA PREAMP USING THE 
NE5534 
The preamplifier for phone equalization is 
shown in Figure 8 along with the theoretical 
and actual circuit response. 

Low frequency boost is provided by the 
inductance of the magnetic cartridge with 
the RC network providing the necessary 
break points to approximate the theoretical 
RIAA curve. 

RUMBLE FILTER 
Following the amplifier stage. rumble and 
scratch filters are often used to improve over
all quality. Such a filter designed with op 
amps uses the 2 pole Butterworth approach 
and features switchable break points. With 
the circuit of Figure 9 any degree of filtering 
from fairly sharp to none at all is switch 
selectable. 
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R MBLE 
POSITION FREQ. 

FLAT 
30Hz 
SO Hz 
80Hz 

All resistor values are in ohms 

' "' 

PREAMPLIFIER-RIAA/NAB 
COMPENSATION 

INPUTo-f22 
1~SL 

----\ 

•s.1~10provod•1pte1fitdtr1nld11cerloMling. 

Output No•• - o.amv nm tw1th input 1horted) 

All resistor values are in ohms. 

Figure Ba 

~ 
BODE PLOT.-~ !--ACTUAL AESPONSE 

~ ~ .L.ACTUALAESPONSE 

-~ 

~ 
"' "' 

,,. 
'" 

Figure Sb 

RUMBLE/SCRATCH FILTER 

Figure 9 

"' "" FREQUENCY,- Hl 

8odtPlotolNABE<iuol1111oonandtti. 
rnpon .. •ulllod1nth•ac,ualc"c111tu10ftg 
•ht531 

SCRATCH 
POSITION FREQ. 

1 5 KHz 
10 KH1 
15 KHz 
FLAT 

Figure Be 
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NOTES 

TONE CONTROL CIRCUIT 
FOR OPERATIONAL AMPLIFIERS 

All resistor values are in ohms 

1 Amplifier A may be a NE531 or 301 _ Frequency compensation. as lor unity garn non-
1nverting amplifiers. must be used 

2. Turn-over lrequency-1kHz. 
3. Bass boost +20d8 at 20Hz. bass cut -20d8 at 20Hz. Ire bit'! boost + 19dB at 20kHz. treble 

cut -19d8 at 20kHz 

"" .... 
IOOST 

"" TRE9LE 
eoosr 

BAS~ TR!SLE 
CUT CUT 

Figure 10 

BALANCE AMPLIFIER WITH LOUDNESS 
CONTROL 

1~ l10p' 

1~J: .···· . '"o--11' UV!.' 
•OO• 

I 
~ I 

I 

, I• 0 I I 

I I 
I I 

I 

" ~ - Ii 

·-~001.l_ ::. ~-D: : 
110 .. • I 

I ,,,,,.1 
~ "" I - " I 

0 

All resistor values are 1n ohms 

Figure 11 

[~~ 
·~__.___,,,,,,, 

TONE CONTROL 
Tone control of audio systems involves alter
ing the flat response in order to attain more 
low frequencies or more high ones dependent 
upon listener preference. The circuit of Figure 
10 provides 20dB of bass or treble boost or 
cut as set by the variable resistance. The 
actual response of the circuit is shown also. 

BALANCE AND LOUDNESS 
AMPLIFIER 
Figure 11 shows a combination of balance 
and loudness controls. Due to the non
linearity of the human hearing system the low 
frequencies must be boosted at low listening 
levels. Balance, level, and loudness controls 
provide all the listening controls to produce 
the desired music response. 

VOLTAGE AND CURRENT 
OFFSET ADJUSTMENTS 
Many IC amplifiers include the necessary pin 
connections to provide external offset adjust
ments. Many times, however, it becomes nes
cessary to select a device not possessing 
external adjustments. Figure 12, 13, and 14 
suggest some possible arrangements for off
set voltage ad1ust and bias current nulling cir
cuitry. The circuitry of Figure 14 provides 
sufficient current into the input to cancel the 
bias current requirement. Although more sim
plified arrangements are possilb the addition 
of 02 and 03 provide a fixed current level to 
01. thus, bias cancellation can be provided 
without regard to input voltage level. 

UNIVERSAL OFFSET NULL 
FOR INVERTING AMPLIFIERS 

RJ 

All resistor values are 1n ohms 

Figure 12 

OUTPUT 
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UNIVERSAL OFFSET NULL FOR 
NONINVERTING AMPLIFIERS 

R4 200K •iv "' 
:g.·~ 

-v 
"' 100 

":"' INPUT 

All resistor values are In ohms. 

Figure 13 

"' 
OUTPUT 

v• 

v-

BIAS CURRENT 
COMPENSATION 

Figure 14 

*For additional Information, consult the Appllcatlons Section. 
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SINGLE AND DUAL LOW NOISE OP AMP NE5533/5533A/SA/SE/NE5534/5534A 

DESCRIPTION 
The 5533/5534 are dual and single high
performance low noise operational amplifi
ers. Compared to other operational amplifi
ers, such as TLD83, they show better noise 
performance, improved output drive capa
bility and considerably higher small-signal 
and power bandwidths. 

This makes the devices especially suitable 
for ·application in high quality and profes
sional audio equipment, in instrumentation 
and control circuits and telephone channel 
amplifiers. The op amps are internally com
pensated for gain equal to, or higher than, 
three. The frequency response can be op
timized with an external compensation ca
pacitor for various applications !unity gain 
amplifier, capacitive load, slew-rate, low 
overshoot, etc.I If very low noise is of prime 
importance, it is recommended that the 
5533A/5534A version be used which has 
guaranteed noise specifications. 

EQUIVALENT SCHEMATIC 

+ 
20---.~-.-~-+~~-t-~ 

FEATURES 
• Small-signal bandwidth: 10MHz 
• Output drive capablllly: 600!1, 10V (rms) 

at Vs= ±18V 
• Input noise voltage: 4nV/ VHZ 
• DC voltage gain: 100000 
• AC voltage gain: 6000 at 10kHz 
• Power bandwidth: 200kHz 
• Slew-rate: 13V I µS 

• Large supply voltage range: ±3 to ±20V 

PIN CONFIGURATIONS 

1NVERTING 
INPUT 

NONINVERTING 
INPUT 

D,FE,N PACKAGE 

TOP VIEW 

BALANCE/ 
COMPENSATION 

ORDER NUMBERS 
SE/NE5534N.FE •NE5534AD SE/NE5534AN,FE 

SA5534A NE5534D SA5534AN 

INVERTING 
INPUT A 

NONINVERTING 
INPUT A 

BALANCE 
A 

v-

BALANCE 

• 
~ONINVERTING 

• 
INVERTING 

• 

•NOTE 

N PACKAGE 

TOP VIEW 

ORDER NUMBERS 
NE5533N 

NE5533AN 

BALANCE 
COMPENSATION A 
COMPENSATION 
A 

OUTPUT 
A 

OUTPUT 

• 
COMPENSATION 

• 
BALANCE 
COMPENSATION B 

This device may not be symbf'lled in standard format 

I 

J 
5.59 
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SINGLE AND DUAL LOW NOISE OP AMP NE5533/5533A/SA/SE/NE5534/5534A 

ABSOLUTE MAXIMUM RATINGS 
PARAMETER RATING 

Vs Supply voltage :1:22 
V1N Input voltage :tV supply 

Vo1FF Olfferentlal Input voltage1 :1:0.5 
TA Operating temperature range 

SE5534/5534A -55to + 125 
N E5533/5533A/5534/5534A o to +70 

TsTG Storage temperature -65to + 150 
TJ Junction temperature 150 
Po Power dissipation at 25'C2 

5533N,5534N,5534FE 800 
Output short circuit duratlon3 Indefinite 
Lead temperature (soldering, 10 sec) 300 

NOTES 
1. Diodes protect the Inputs against over-voltage. Therefore, unlesa currenHlmltlng 

resistors are used, large currents will flow If the dltterentlal lnput voltage exceeds 
o.ev. Maximum current should be llmlted to ±10mA. 

UNIT 

v 
v 
v 

·c 
·c 
·c 
•c 

mW 

·c 

8-pln ceramic (FEJ 140°0/W 
14-pin ceramic (Fl 110°C/W 
8-pln plastic INI 162'C/W 

14-pin plastic <NJ 150'CIW 
2. For operation at elevated temperature, derate packages based on the fotlowlng 

junction-to-ambient thermal resistances: 
3. Output may be shorted to ground at Vs= ±15V, TA = 25°C. Temperature and/or 

supply voltages must be llmlted to ensure dlaalpatlon rating Is not exceeded. 

DC ELECTRICAL CHARACTERISTICS TA= 25•c, Vs= :1: 15V unless otherwise speclfled.1•2 

SE5534/5534A 
NE5533/5533A 

PARAMETER TEST CONDITIONS 5534/5534A UNIT 

Min Typ Max Min Typ Max 

Vos Offset voltage 0.5 2 0.5 4 mV 
Over temperature 3 5 mV 

4V0si4T 5 5 µ.V/'C 

los Offset current 10. 200 20 300 nA 
Over temperature 500 400 nA 

410 s/4T 200 200 pA/'C 

le Input current 400 800 500 1500 nA 
Over temperature 1500 2000 nA 

41e/4T 5 5 nA/'C 

Ice Supply current 4 6.5 4 8 mA 
Per op amp Over temperature 9 10 mA 

VcM Common mode Input range :I: 12 :I: 13 ± 12 :I: 13 v 
CMRR Common mode rejection ratio 80 100 70 100 dB 
PSRR Power supply rejection ratio 10 50 10 100 µ.VIV 

AvoL Large signal voltage gain RL '1:6000, Vo= :I: 10V 50 100 25 100 V/mV 
Over temperature 25 15 V/mV 

VouT Output swing RL'1:6000 ±12 ±13 :I: 12 :I: 13 v 
5534 only Over temperature ±10 ±12 ±10 :I: 12 v 

RL'1:6000, Vs=± 18V ±15 ±16 ±15 ±16 v 
RL'1:2k0 :I: 13 :I: 13.5 ±13 ± 13.5 v 

Over Temperature :I: 12 :I: 12.5 ±12 ± 12.5 v 
R1N Input resistance 50 100 30 100 kO 

lsc Output short circuit current 38 38 mA 

NOTES 
1. For NE553315533A/553415534A, TMIN = o·c. TMAX = 70'C 
2. ForSE5534/5534A, TM1N= -55'C, TMAx= +125"C 

6-60 
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AC ELECTRICAL CHARACTERISTICS TA= 25•c, Vs= ±15V unless otherwise specified. 

SE5534/5534A 
NE5533/5533A 

PARAMETER TEST CONDITIONS 5534/5534A UNIT 
Min Typ MIX Min Typ MIX 

Rour Output resistance Av = 30dB closed loop 
0.3 0.3 0 f = 1 OkHz, RL = 6000, Cc = 22pF 

Transient response Voltege follower, V1N = 50mV 
RL =6000, Cc=22pF, CL= 100pF 

TR Rise time 20 20 ns 
Overshoot 20 20 'lo 

Transient response V1N = 50mv, RL = 6000 
Cc = 47pF, CL = 500pF 

TR Rise time 50 50 ns 
Overshoot 35 35 'lo 

AC Gain f = 10kHz, Cc= o 6 6 V/mV 
f = 10kHz, Cc= 22pF 2.2 2.2 V/mV 

Gain bandwidth product Cc= 22pF, CL= 100pF 10 10 mHz 

Slew rate Cc =O 13 13 Vlµ.S· 
Cc= 22pF 6 6 V/µ.S 

Power bandwidth Vour = ±10V, Cc= o 200 200 kHz 
Vour = ±10V, Cc= 22pF 95 95 kHz 
Vour = ±14V, RL = 6000 70 70 kHz 
Cc= 22pF, Vee= ±16V 

ELECTRICAL CHARACTERISTICS TA= 25•c, Vs= ±15V unless otherwise specified. 

5533/5534 5533A/5534A 
PARAMETER TEST CONDITIONS .. Min Typ Max Min Typ Max 

UNIT 

10 • 30Hz 7 5.5 7 nVIVHZ 
Input nolae voltage 10 • 1kHz 4 3.6 4.6 nV/y'Hz 

~ 

Input noise current I 10 = 30Hz 2.6 1.5 pA/y'Hz 
10 = 1kHz 0.6 0.4 pAlyHz 

6 -
Broadband noise figure I .. 10Hz - 20kHz, Rs= 5k0 0.9 dB 

Channel separation I .. 1kHz, Rs = 5k0 110 110 dB 
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SINGLE AND DUAL LOW NOISE OP AMP NE5533/5533A/SA/SE/NE5534/5534A 

TYPICAL PERFORMANCE CHARACTERISTICS 

OPEN LOOP FREQUENCY RESPONSE 

120 
TYPICAL VALUES 

"~ 
'l~c=o 

.. 
cc= ... ~ ~ 

~ ~ 
40 

·~ 

-40 

10 102 10' 10- 11)1 u,. 107 
t{Hz) 

SLEW-RATE AS A FUNCTION OF 
COMPENSATION CAPACITANCE 

11 ....--.--.----.-....--.------. 
Yg = :t11Y 

~ 12 -+--+--+--+---! 
l 
1: cv!.J •1--'rt--t---t--t--+--+---+--i 

o~~~~-~~_.___.~ 

0 .. 10 

Cc{PF) 

CLOSED LOOP FREQUENCY RESPONSE 

104 105 10' 107 10' 
l{Hz) 

LARGE-SIGNAL FREQUENCY OUTPUT SHORT-CIRCUIT CURRENT INPUT BIAS CURRENT 

YIN (V) 
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RESPONSE 

VS..: t1SV 
TYPICAL VALUES 

Cc= 
OpF 

] ~ .... 47pF 

l1 
ll 
~\ 
~ ~ 0 

102 10' 104 101 10' 107 

20 

10 

0 
0 

I(~) 

INPUT COMMON MODE 
VOLTAGE RANGE 

TYPICAL VALUES 

~ 
VPOs .d 

~ 
1_ 

10 .. 

Yp;-VN (V) 

Vs= ±15Y 

"""" r--... 

0 
-55 -25 

I-!!!. r-

25 50 75 100 + 125 

TA(°CJ 

SUPPLY CURRENT 
PER OP AMP 

10 = o 

TVP ......... 

.. ~ 
IN L_J 

(mAJ 

0 ..___.. _ __.__..____. _ _.___, 

0 10 .. 
Vp; -YN {Y) 

Vs= t15Y 

~ 
f'..._ l:rVP 

I--1 

0 
-55 -25 25 50 75 100 125 

T4 (°CJ 

INPUT NOISE VOLTAGE DENSITY 

10' 

10 

~ 

{nYl.J'Ri) 1 

10 ' 

10• 
10 10• 

TVP 

1CP 104 

f(HZ) 



LINEAR LSI PRODUCTS 

SINGLE AND DUAL LOW NOISE OP AMP NE5533/5533A/SA/SE/NE5534/5534A 

TYPICAL PERFORMANCE CHARACTERISTICS 1cont'dl 

INPUT NOISE CURRENT DENSITY 

"" 

10 

~ 

10' 
1o·z 10 

~ 

10' 

TEST LOAD CIRCUITS 

TOTAL INPUT NOISE DENSITY 

10• 

10• 

"' 
10• 

Vn(rm•) 102 
(nV/ .rlii'J 

10 

10' 
P' 

"' 10 

TYPICAL VALUES 

L-1 10Hz 

~ .L 
1kHz 

,...... 
~ ~ 

Vi- !~~~~~LR~~ll:;A~~E. 

102 1 Ol 10~ 10s 10' 

Rs(!!) 

BROADBAND '""" •oos• voe TAG• I 

1,'~ 1 I 

I 

:::.~,,-~,,,-~10-. ~1.~. --,~,.-D I 
R5 tJl) 

FREQUENCY COMPENSATION AND 
OFFSET VOLTAGE ADJUSTMENT 

CIRCUIT 

CLOSED LOOP FREQUENCY RESPONSE 

22k!l 
100kO 

v-

V+ 

•• 
251l 

v, •e ,,,,,I 800!1 

f;.(13 
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LINEAR LSI PRODUCTS 

SINGLE AND DUAL LOW NOISE OP AMP NE5533/5533A/SA/SE/NE5534/5534A 

NOISE TEST BLOCK DIAGRAM 

A. nVl.Jl!i 

BANDPASS 
AT 1 kHz -::-

10 

.I\ nVh/HZ 

BANDPASS 
AT 30 Hz -::-

-::- GND 

*For additional information, consult the Applications Section. 
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LINEAR LSI PRODUCTS 

DUAL HIGH SLEW RATE OP AMP 

DESCRIPTION FEATURES 
• 15V/µs unity gain slew rate 
• Internal frequency compensation 
• Low Input offset voltage-2mV 
• Low Input bias current 80nA max 
• Short circuit protected 

The 5535 is a new generation operational 
amplifier featuring high slew rates com
bined with improved input characteristics. 
The 5535 is a dual configuration. Internally 
compensated for unity gain, the SE5535 
features a guaranteed unity gain slew rate 
of 10V/µs with 2mV maximum offset 
voltage. Industry standard pin out and in
ternal compensation allow the user to 
upgrade system performance by directly 
replacing general purpose amplifiers, 
such as 747 and 1558. 

• Large common mode and dlfferentlal 
voltage ranges 

• Pin compatibility ~ 
747,1558 

• Configuration Dual 
• Low noise current 0.15 pAt../Hi. typ. 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER SE5535 NE5535 

Supply voltage ±22 ±18 
Internal power dissipation1 

N Package 500 500 
H Package 800 800 
F Package 1000 1000 

Differential input voltage ±30 ±30 
Input voltage2 ±15 ±15 
Operating temperature range -55 to +125 0 to +70 
Storage temperature range -65 to +150 -65 to +150 
Lead temperature !solder, 60secl 300 300 
Output short circuit3 Indefinite Indefinite 

NOTES 
1 Rating applies for thermal resistances junction to ambient of 240°C/W and 150°C/W 

for N and H packages, respectively. Maximum chip temperature is 150°C. 
2. For supply voltages less than ±15V. the absolute maximum input voltage is equal to the supply voltage. 

3. Short circuit may be to ground or either supply. Rating applies to 125°C case 
temperature or 75°C ambient temperature. 

EQUIVALENT SCHEMATIC (One Amplifier) 

UNIT 

v 

mW 
mW 
mW 
v 
v 
oc 
oc 
oc 

SE/NE5535 

PIN CONFIGURATIONS 

N PACKAGE 

IN~~:~1;: 2 _ + + _ 7 OUTPUT 8 

OUTPUT A ~8 Y• 

NONINVEATING INVERTING 
INPUT A J 6 INPUT 8 

_ 4 5 NONINVERTING 
V INPUT 8 

TOP VIEW 

ORDER NUMBERS 
SE5535N NE5535N 

H PACKAGE* 

OUTPUT A 

V• 
INVERTING 

INPUT A 
NONINVERTING 

INPUT A 

NC 

V· 

ORDER NUMBERS 

OUTPUT B 

INVERTING 
INPUT B 

NONINVERTING 
INPUT B 

SE5535H NE5535H 

"Metal cans (H) not recommended for new designs 

v-

6-65 
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LINEAR LS! PRODUCTS 

DUAL HIGH SLEW RATE OP AMP 

DC ELECTRICAL CHARACTERISTICS 
,.....-----

PARAMETER 

Vos Input offset voltage 

·-
J.Vos Input offset voltage drift 

los Input offset current 

I-
lllos Input offset current 

f---
Is Input current 

F:.:ll9 Input current 

VcM Common mode voltage range 
CMRR Common mode rejection ratio 

PSRR Power supply rejection 
~---lilp-utieSistance 

AvOL. Large signal voltage gain 

Vour Output voltage 

Ice Supply current 

Po Power dissipation 

, __ _ts;_g___~ut short circuit current 
Rour Output resistance 

'NOTE 

Temperature range 
SE types -55°C ~ Tt, !S: 125°C 
NE types O"C STAS 70"C 

6-66 

TA= 25°C, Vs= ±15V unless otherwise specified.' 

SE5535 
TEST CONDITIONS 

Min Typ Max 

Rs S 10kfl 0.7 4.0 
Rs s 1 Okfl, over temp. 5.0 

Rs =On, over temp. 4.0 
5 20 

Over temp. 40 

Over temp. 25 

45 80 
Over temp. 200 

Over temp. 50 

±12 ±13 
Rs s 10kll, over temp. 70 90 

Rs S 10kll, over temp. 30 150 ·-t---3 10 

RL? 2kll, Vour = ±10V 50 500 
RL? 2k!l, Vour = ±10V, over temp. 25 

RL ? 2kil, over temp. ±10 ±13 
RL? 10k!l, over temp. ±12 ±14 

Per amplifier 1.8 2.8 
Per amplifier, over temp. 2 3.3 

Per amplifier 54 84 
Per amplifier, over temp. 60 99 

10 25 50 
100 

SE/NE5535 

NE5535 
UNIT 

Min Typ Max 

2.0 6.0 mV 
7.0 mV 

6.0 ;iV/°C 
15 40 nA 

80 VnA 

40 pAJ·c 

65 150 nA 
200 nA 

80 pAJ·c 

±12 ±13 v 
70 90 dB 

30 150 µ.v/V 
1 6 Mn 

50 500 V/mV 
25 V/mV 

±10 ±13 v 
±12 ±14 v 

1.8 2.8 mA 
2 mA 

54 84 mW 
60 mW 

10 25 50 mA 
100 n 



LINEAR LSI PRODUCTS 

DUAL HIGH SLEW RATE OP AMP SE/NE5535 

AC ELECTRICAL CHARACTERISTICS TA= 25•c unless otherwise specified. 

PARAMETER TEST CONDITIONS 

Gain/bandwidth product 

Transient response 
Small signal rise time 
Small signal overshoot 
Settling time To 0.1% 
Slew rate RL ;,: 10k!l, unity gain, non-inverting 

Input noise voltage I= 1kHz, TA= 25°C 

TYPICAL PERFORMANCE CHARACTERISTICS 

OUTPUT VOLTAGE SWING 
AS A FUNCTION OF 

FREQUENCY 

40 V5- t 15V 

36 
TA"' 2s•c 

AL"' 10k!l 

32 

28 

l 
__\. 

24 

20 

12 \ 
0 

100 1k 10k 100k 

FREQUENCY (Hl) 

OUTPUT VOLTAGE SWING 
AS A FUNCTION OF 
SUPPLY VOLTAGE 

\ 

1M 

40 - ss•c s TA s + 12s•c 

36 AL s 2k!! 

2f.---+---+---lf---+----+-y7'C-L~ 
28>--+---+---+----+J7-.L,,._.+--

241--+---+---+-z--A--+--

20>--+---+--~~--+--+--

161--+---lvf-->'L"-+---+---+--~ 
12 ,...__!7,__..,.._,.L----
lL 

0 5 10 15 
SUPPLY VOLTAGE ('V) 

20 

Min 

10 

10 

10 

10 

10 

SE5535 NE5535 

Typ Max Min Typ 

1 1 

0.25 0.25 
6 6 
3 3 
15 10 15 

30 30 

OPEN LOOP VOLTAGE GAIN 
AS A FUNCTION OF 

FREQUENCY 

.b GAIN 

Vs= t 15V 
TA=2s•c 

.ll ~ 
l G 

!'.. ~ PHASE 

~ ~ 

' 

Max 

20 

40 

60 

80 

~ 0 

L 
120 

~ 1 

\I' 
140 

160 
10M 10 100 1k 10k 100k 

FREQUENCY (Hl) 

OUTPUT VOLTAGE SWING 
AS A FUNCTION OF 
LOAD RESISTANCE 

28 V5=±15V 

26 TA"' 2s•c 

24t---+--~rl----l.!£'.'.'.'.:~T.i--_,_..,,....,.____, 
221--t--+--++~+-+--+--t---t-t--i 
20 1--1--t·-iv~ll--+--t----r-+-t--i 
181--+--+--+t-+--+--+--t--1-t"---1 

16 f---+-----Y-/i!Z++--+---+----1----++--t 

1•1--t-lL~JJf-+-+-t--+---+--r---1-t---1 
121--11~-+---t-t--+--r-~~H---1 

1:t 
0.1 0.2 0.5 1.0 2.0 6.0 10 

LOAD RESISTIANCE lkOI 

UNIT 

MHz 

l's 
% 
l's 

V/l's 

nV/,/Hz 

6·67 

6 -



LINEAR LSI PRODUCTS 

DUAL HIGH SLEW RATE OP AMP SE/NE5535 

TYPICAL PERFORMANCE CHARACTERISTICS !Cont'dl 

OUTPUT SHORT-CIRCUIT CURRENT 
AS A FUNCTION OF 

AMBIENT TEMPERATURE 

io...__._--+-+--~--t-"'--'---'-..._-' 
60 20 20 60 ioo 

TEMPERATURE ( CJ 

BROADBAND NOISE FOR 
VARIOUS BANDWIDTHS 

140 

1--~-+~i~o~ioo~•"_'+--~~~ ~ 
10-10kHz ~ j 

10-111.Hz 

1k 10k 
SOURCE RESISTANCE !OJ 

POWER CONSUMPTION 
AS A FUNCTION OF 

AMBIENT TEMPERATURE 

100k 

701---t--+---+--t---+--+--+-+--+--+--+ 

i_e Y 
6of--t--t---t-t---t--t--t-t-:::;.f-"~--+ 

~ 
z 

~ 
Lo --i--r-
z 1-t--r-1 8 
" I ~ 401---t--+---+-t---+--+--+-+--+--+--+ 

301--+--+---+-+---+--+---+-+--+---+--+ 

-60 -20 20 60 100 140 160 

TEMPERATURE ('C) 
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INPUT NOISE VOLTAGE 
AS A FUNCTION OF 

FREQUENCY 

100 .....---~-----.----.---..... 

I~ ~ ~ 
ill 
~ 10 

ii 
> 
ill 
5 z 

~ 
i!! 

Vs' ~16V 
TA , 2s~c 

, 
10 100 

FREQUENCY (Hz) 

INPUT COMMON MODE 
VOLTAGE RANGE AS A 

FUNCTION OF SUPPLY VOLTAGE 

SUPPLY VOLTAGE !'V) 

INPUT BIAS CURRENT 
AS A FUNCTION OF 

AMBIENT TEMPERATURE 

1000 

90t---+--vT+.--.,~6V-+---+---+-+--+---+----I 

BOI---+---+-+---+---+-+---+-+---+---< 

701---+---+-+--·--+----t-+---+-t---+---< 

60 r...::t---t---t--t---+---+-+--+--+-----1 

sof--+1'-----f;...."""-1=-+--+--+---+--+~f---j 
-t--... 

•of---t---t-t---+-=J"'"-~-t-1---t---l 
~ 30"--+---+-t---+--+-+--+-+-",,...--1 

2ot---+---+-t---t----+--+--+-t---+---I 

10t---+---+-+---+----t-+--+--t---+---< 

60 20 20 60 100 
TEMPERATURE (°C) 

INPUT NOISE CURRENT 
AS A FUNCTION OF 

FREQUENCY 

,..------..-----.---,.---....., 

I~ \j 
i 
~ ~ 
§ 11----+-----+---t-----t 
u 
~ ; 
~ 
i!! 

i 

Vs' ~15V 

.oi ..._ __ ..._ __ __._r_•_26_'c_,_ __ __. 
10 100 1k 1011 100k 

FREQUENCY (Hz) 

POWER CONSUMPTION 
AS A FUNCTION OF 
SUPPLY VOLTAGE 

ioor---i:r---.---.--.---.----. 

T A 25 C 

ieot--~+-~-1-~-+-~-+~ _/1-+i:;'1~-I 

~6ot----+---t--+---!.-~"---+---1 

~ V1 i •01----+----+~~~...---+--1----1---t 
V1 

20~ 

10 15 
SUPPLY VOLTAGE [•V) 

COMMON MODE REJECTION 
RATIO AS A FUNCTION OF 

FREQUENCY 

ioor--;r--,........._.,-.,. _-.,--.,--:;v::-s '~ !::,-;;5v7'1 
~ TA:25°C 

901----t--t----'~cs:._--+--+--''-T---'~ 

BOl----t--t---t--'r-'\t---t---1-----1 

601---t---+---+-----t~__.,~~-i---t 

:::==::===:===:===:===:rs::='\~=:==: 
301----tf--+--t---t---+-__,'l---1 

201--__,>---+--+--+--+--+---t 

iot---t---+--+--t---+--+----t 

10 100 1k 10k 100k 1M 
FREQUENCY !Hz) 



LINEAR LSI PRODUCTS 

DUAL HIGH SLEW RATE OP AMP SE/NE5535 

VOLTAGE WAVEFORMS 

SETTLING TIME MEASUREMENT 

INPUT a 
-10V 

\....___ 
I 
I 

ALLOWABLE 
ERROR 
SAND 

OUTPUT 

SETTLING~ I 

TIME \ I 

.~~~1~• JI __ }I. ____ ·10mV 

NODE -~ 
- -t - - - ~ - - - - ·10mV 

SLEW RATE MEASUREMENT 

IN7/J '°' 
-10V 

I 
\..____ 

l 
SLEW RATE 
Vi-I TO V(-1 

{MEASUREMENT 
PERIOD) 

I 

I f-' 
SLEW RATE 
V(·I TO Vf·I 

(MEASUREMENT 
PERIOD) 

SMALL-SIGNAL TRANSIENT 
RESPONSE DEFINITIONS 

!iOmV ~-------~ 

INPUT 

50% 

TEST CIRCUITS 

SLEW RATE AND SMALL SIGNAL TRANSIENT RESPONSE 

NOTE 
Pins not shown are not connected 
Alt resistors values are typical and in ohms. 

Vee, 15v 

10k" 

•Match to within 0.01%. 

NOTE 

Pins not shown are not connected 
All resistors values are typical and in ohms 

10k 

SETTLING TIME 

10k" 

IN916 
OR EQUIV 

"' 

~10Vn_ 

-U.1ov-

H)OpF 

10k" 
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LINEAR LSI PRODUCTS 

DUAL HIGH SLEW RATE OP AMP 

APPLICATIONS 

Introduction 
The NE5535 is a new generation monolithic 
op amp which features improved input 
characterisics. The device is compensated to 
unity gain and has a minimum guaranteed 
unity gain slew rate of 10V/µs. This is 
achieved by employing a clamped super beta 
input stage which has lower input bias cur
rent. 

R1 
1M 

R3 
1K 

Ceff"'~·C1 
Rs= R3 

All resistor values are in ohms. 

Figure 1. Capacitance .. Multiplier 

Applications 
These improved parameters can be put to 
good use in applications such as sample and 
hold circuits which require low input current 
and in voltage follower circuits which require 
high slew rates. The circuit that follows will 
yield slew rates. The circuit that foilows will 
yield maximum small signal transient 
response and slew rate for the NE5535 at 
unity gain. 

the positive and negative supply voltage will 
be equal during power up. With the NE5535, 
it is possible to degrade the input circuit char
acteristics by not applying the power supplies 
simultaneously. The NE5535 is capable of 
directly replacing the µA741 with higher input 
resistance which will improve such designed 
as active filters, sample and hold, as well as 
voltage followers. 

The NE5535 can be used either with single or 
split power supplies. 

APPLICATIONS 
CAPACITANCE MULTIPLIER 
The circuit in Figure 1 can be used to 
simulate large capacitances using small 
value components. With the values shown 
and C = 10µF, an effective capacitance of 
10,000µF was obtained. The Q available is 

All resistor values are in ohms 

SE/NE5535 

bility at high frequencies. R1 should there
fore always be slightly smaller than R2 to 
assure stable operation. 

POWER AMPLIFIER 
For most applications, the available power 
from op amps is sufficient. There are 
times when more power handling capa
bility is necessary. A simple power 
booster capable of driving moderate loads 
is offered in Figure 3. 

The circuit as shown uses a NE5535 
device. Other amplifiers may be substi· 
tuted only if R1 values are changed 
because of the ICC current required by the 
amplifier. R1 should be calculated from 
the expression 

R1 _ 600mV 
- ICC 

..------...-----o+v 

Rl 

------£' 2N3638 

100K 

1K 

2N697 

R1 

~-------4---Q·V 

It is always good practice in designing a sys
tem to use dual tracking regulators to power 
the dual supply op amps. This will guarantee 

Figure 3. Power Booster 

6-70 

limited by the effective series resistance. 
So R1 should be as large as practical. 

SIMULATED INDUCTOR 
With a constant current excitation, the 
voltage dropped across an inductance in
creases with frequency. Thus, an active 

RF= A1N device whose output increases with fre
quency can be characterized as an induct-

c1 ance. The circuit of Figure 2 yields such a 
response with the effective inductance 
being equal to: 

Figure 2. Virtual Inductor 

L= R1R2C 

The Q of this inductance depends upon R1 
being equal to R2. At the same time, 
however, the positive and negative feed
back paths of the amplifier are equal 
leading to the distinct possibility of insta-

Figure 4. Voltage to Current 
Converters 
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DUAL HIGH SLEW RATE OP AMP 

R4 

RS 

Figure 5. Voltage to Current Converter 

R2,, R4 

R1 R3 

'our=~::~ 

Figure 6. Active Clamp Limiting Amplifier 

10K 

10K 10K 

o.c. 

All resistor values are m ohms. 

Figure 7. Absolute Value Amplifier 

SE/NE5535 

VOL TAGE-TO·CURRENT 
CONVERTERS 
A simple voltage-to-current converter is 
shown in Figure 4. The current out is 
lout = V;niR. For negative currents, a pnp 
can be used and, for better accuracy, a 
Darlington pair can be substituted for the 
transistor. With careful design, this circuit 
can be used to control currents of many 
amps. Unity gain compensation is 
necessary. 

The circuit in Figure 5 has a different input 
and will produce either polarity of output 
current. The main disadvantages are the 
error current flowing in R2 and the limited 
current available. 

ACTIVE CLAMP LIMITING 
AMPLIFIER 
The modified inverting amplifier in Figure 
6 uses .an active clamp to limit the output 
swing with precision. Allowance must be 
made for the Vbe of the transistors. The 
swing is limited by the base-emitter break· 
down of the transistors. A simple circuit 
uses two back-to-back zener diodes 
across the feedback resistor, but tends to 
give less precise limiting and cannot be 
easily controlled. 

ABSOLUTE VALUE AMPLIFIER 
The circuit in Figure 7 generates a positive 
output voltage for either polarity of input. 
For positive signals, it acts as a non
i nverting amplifier and for negative 
signals, as an inverting amplifier. The ac· 
curacy is poor for input voltages under 1V, 
but for less stringent applications, it can 
be effective. 

HALF WAVE RECTIFIER 
Figure 8 provides a circuit for accurate 
half wave rectification of the incoming 
signal. For positive signals, the gain is O; 
for negative signals, the gain is -1. By 
reversing both diodes, the polarity can be 
inverted. This circuit provides an accurate 
output, but the output impedance differs 
for the two input polarities and buffering 
may be needed. The output must slew 
through two diode drops when the input 
polarity reverses. The N E5535 device wil I 
work up to 10kHz with less than 5% 
distortion. 

PRECISION FULL WAVE 
RECTIFIER 
The circuit in Figure 9 provides accurate 
full wave rectification. The output Imped
ance is low for both input polarities, and 
the errors are small at all signal levels. 
Note that the output will not sink heavy 
currents, except a small amount through 

6·71 

6 



LINEAR LSI PRODUCTS 

DUAL HIGH SLEW RATE OP AMP 

10K 10K 

5.1K 

AH resistor values are in ohms. 

Figure 8. Hall Wave Rectifier 
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c, 
005 ., 

•2 
'" 

'" 

10K 

10K 

5 1K 

Figure 9. Precision Full Wave Rectifier 

TWO-PHASE SINE WAVE 
OSCILLATOR 

All resistor values are m ohms 

Figure 10. Two-Phase Sine Wave Oscillator 

SE/NE5535 

the 1 Ok!l resistors. Therefore, the load ap· 
plied should be referenced to ground or a 
negative voltage. Reversal of all diode 
polarities will reverse the polarity of the 
output. Since the outputs of the amplifiers 
must slew through two diode drops when 
the input polarity changes, 741 type 
devices give 5% distortion at about 
300Hz. 

TWO-PHASE SINE WAVE 
OSCILLATOR 
The circuit (referring to Figure 10, uses a 2-
pole pass Butterworth, followed by a phase 
shifting singie pole stage, fed back through a 
voltge limiter to achieve sine and cosine out
puts. The values shown using 741 amplifiers 
give about 1.5% distortion at the sine output 
and about 3% distortion at the cosine output. 
By careful trimming of CG and/or the limiting 
network, better distortion figures are possible. 
The component values shown give a fre
quency of oscillation of about 2kHz. The val
ues can be readily selected for other 
frequencies. The NE5535 should be used at 
higher frequencies to reduce distortion due to 
slew limiting. 
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GENERAL PURPOSE OPERATIONAL AMPLIFIER 

DESCRIPTION FEATURES 
The µA741 is a high performance oper
ational amplifier with high open loop gain, 
internal compensation, high common 
mode range and exceptional temperature 
stability. The µA741 is short-circuit pro
tected and allows for nulling of offset volt
age. 

• Internal frequency compensation 
• Short circuit protection 
• Excellent temperature stablllty 
• High Input voltage range 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER RATING 

Supply voltage 
,..A741C ±18 
,..A741 ±22 

Internal power dissipation 
N package 500 
FE package 1000 

Differential i"fut voltage ±30 
Input voltage ±15 
Output short-circuit duration Continuous 
Operating temperature range 

µA741C 0 to +70 
SA741C -40 to +85 
µA741 -55to+125 

Storage temperature range -65to+150 
Lead temperature (soldering 60sec) 300 

NOTE 
1. For supply voltages less than ± 15V, the absolute maximum input voltage is 

equal to the supply voltage. 

EQUIVALENT SCHEMATIC 

NON-INVERTING 
INPUT 

OFFSET NULL 

µA741, µA741C, SA741C 

UNIT 

v 
v 

mW 
mW 
v 
v 

•c 
•c 
•c 
•c 
·c 

µA741/ µA741C/SA741C 

PIN CONFIGURATION 

D,FE,N PACKAGE 

OFFSETNULL~• NC 

INVERTING 2 - 1 V + ' 
INPUT 

NON·INVERTING 1 , OUTPUT 
INPUT + 

V- 4 t OFFSET 
NULL 

TOP VIEW 

ORDER NUMBERS 
µA741N µA741FE 

µA741CN µA741CFE 
SA741CN 
µA741CD 
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LINEAR LSI PRODUCTS 

GENERAL PURPOSE OPERATIONAL AMPLIFIER µA741/ µA741C/SA741C 

DC ELECTRICAL CHARACTERISTICS TA= 2s·c, Vs= ± 15V, unless otherwise specified. 

PARAMETER TEST CONDITIONS 
µA741 µA741C 

UNIT 
Min Typ Max Min Typ Max 

Vos Offset voltage Rs= 10kll 1.0 5.0 2.0 6.0 mV 
Rs= 10k0, over temp. 1.0 6.0 7.5 mV 

A Vos/AT 10 10 µVl°C 

los Offset current 20 200 20 200 nA 
Over temp. 300 nA 

TA=+ 125°C 7.0 200 nA 
TA= -55'C 20 500 nA 

AloslAT 200 200 pA/°C 

!BIAS Input bias current 80 500 80 500 nA 
Over temp. 800 nA 

TA=+125°C 30 500 nA 
TA= -55°C 300 1500 nA 

Al9/AT 1 1 nA/°C 

Vour Output voltage swing RL = 10k0 ± 12 ± 14 ± 12 ± 14 v 
RL = 2k0, over temp. ± 10 ± 13 ± 10 ± 13 v 

AvOL Large signal voltage gain RL = 2k0, Vo= ± 10V 50 200 20 200 V/mV 
RL=2k0, V0 = ± 10V, over temp. 25 15 VlmV 

Offset voltage adjustment ±30 ±30 mV 
range 

PSRR Supply voltage rejection ratio Rs :,; 10k0 10 150 µVIV 
Rs :,; 10k, over temp. 10 150 µVIV 

CMRR Common mode rejection ratio dB 
Over temp. 70 90 dB 

Ice Supply current 1.4 2.8 1.4 2.8 mA 
TA=+125°C 1.5 2.5 mA 
TA=-55°C 2.0 3.3 mA 

VIN Input voltage range {itA741, over temp.) ±12 ±13 ± 12 ± 13 v 
R1N Input resistance 0.3 2.0 0.3 2.0 MO 

pd Power consumption 50 85 50 85 mW 
TA=+125'C 45 75 mW 
TA= -55'C 45 100 mW 

Rour Output resistance 75 75 {) 

I lsc Output short-circuit current 10 25 60 10 25 60 mA 

SA741C 
PARAMETER TEST CONDITIONS UNIT 

Min Typ Max 

Vos Offset voltage Rs= 10k0 2.0 6.0 rnv 
Rs= 10kn, over temp. 7.5 mV 

AVosiAT 10 µV/'C 

las Offset current 20 200 nA 
Over temp. 500 nA 

AloslAT 200 pA/'C 

\BIAS Input bias current 80 500 nA 
Over temp. 1500 nA 

Al9/AT 1 nA/'C 

Vour Output voltage swing RL = 10k0 ±12 ±14 v 
RL = 2kn, over temp. ±10 ±13 v 

AvoL Large signal voltage gain RL=2k0, Vo= ±10V 20 200 V/mV 
RL=2k0, V0 = ±10V,overtemp. 15 V/mV 

Offset voltage adjustment ±30 mv 
range --
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LINEAR LSI PRODUCTS 

GENERAL PURPOSE OPERATIONAL AMPLIFIER µA7 41/µA741C/SA741 C 

DC ELECTRICAL CHARACTERISTICS (Cont'd) TA= 25°C, Vs= ± 15V, unless otherwise specified. 

SA741C 
PARAMETER TEST CONDITIONS UNIT 

Min Typ Max 

PSRR Supply voltage rejection ratio Rs ,,;; 10k!l 10 150 µVIV 

CMRR Common mode rejection ratio dB 

VIN Input voltage range (µA741, over temp.) ±12 ±13 v 
Input resistance 0.3 2.0 Mn 

pd Power consumption 50 85 mW 

Rour Output resistance 75 !l 
lsc Output short-circuit current 25 mA 

AC ELECTRICAL CHARACTERISTICS TA= 25°C, Vs= ±15V, unless otherwise specified. 

PARAMETER TEST CONDITIONS µA741, µA741C UNIT 

Min Typ Max 

Parallel input resistance Open loop, f = 20Hz MO 
Parallel input capacitance Open loop, f = 20Hz 1.4 pF 

Unity gain crossover frequency Open loop 1.0 MHz 

Transient response unity gain V1N = 20mV. RL = 2kn. CL s 100pf 
Rise time 0.3 µS 

Overshoot 5.0 % 

Slew rate CS 100pf, RL ~ 2k, V1N = ±10V 0.5 V/µs 

TYPICAL PERFORMANCE CHARACTERISTICS 
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LINEAR LSI PRODUCTS 

GENERAL PURPOSE OPERATIONAL AMPLIFIER 

TYPICAL PERFORMANCE CHARACTERISTICS ICont'dl 
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LINEAR LSI PRODUCTS 

GENERAL PURPOSE OPERATIONAL AMPLIFIER 

TYPICAL PERFORMANCE CHARACTERISTICS 1cont'dl 
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LINEAR LSI PRODUCTS 

DUAL OPERATIONAL AMPLIFIER 

DESCRIPTION 
The 747 isa pair of high performance mono
lithic operational amplifiers constructed on 
a single silicon chip. High common mode 
voltage range and absence of "latch-up" 
make the 747 ideal for use as a voltage 
follower. The high gain and wide range of 
operating voltage provides superior per
formance in integrator, summing amplifier, 
and general feedback applications. The 747 
is short-circuit protected and requires no 
external components for frequency com
pensation. The internal 6dB/octave roll-off 
insures stability in closed loop applications. 
For single amplifier performance, see 
µA741 data sheet. 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER 

Supply voltage 
µA747 
µA747C 
SA747C 

Internal power dissipation 
H Package 
N,F Packages 

Differential input voltage 
Input voltage 
Voltage between offset null 

and V-
Storage temperature range 
Operating temperature range 

µA747 
µA747C 
SA747C 

Lead temperature 
(soldering, 60 sec) 

Output short-circuit duration 

EQUIVALENT SCHEMATIC 

FEATURES 
• No frequency compensation required 
• Short-circuit protection 
• Offset voltage null capability 
• Large common-mode and dllferentlal 

voltage ranges 
• Low power consumption 
• No latch-up 

RATING UNIT 

±22 v 
±18 v 
±18 v 

500 mW 
670 mW 
±30 v 
±15 v 

±0.5 v 
-65 to +155 •c 

-55 to +125 •c 
o to +70 •c 

-40 to +85 •c 

300 •c 
indefinite 

EQUIVALENT CIRCUIT (EACH SIDE) 
INVERTING INPUT 

OFFSET NULL 

6-78 

µA747/747C/SA747C 

PIN CONFIGURATIONS 

D,F,N PACKAGE 

!NY. INPUT A 1 

NON·INY1~~n~~ 2 

0'1'HT NULL A 3 

OPl'll!T NULL I 6 

NON·INVll'ITINQ 
INPUT I 

INYl .. TINQ 
INPUT I 

ORDER NUMBERS 
µA747CN, µA747CF, µA747N, 
µA747F, SA747CN, µA747C 

µA747CO 



LINEAR LSI PRODUCTS 

DUAL OPERATIONAL AMPLIFIER µA7 4717 47C/SA7 47C 

DC ELECTRICAL CHARACTERISTICS TA=25°C, Vs= :1: 15V unless otherwise specified. 

SA747C 
PARAMETER TEST CONDITIONS UNIT 

Min Typ Max 

Vos Offset voltage Rs= 10k0 2.0 6.0 mv 
Rs :S 10k0, over temperature 3.0 7.5 mV 

A Vos/AT 10 µ.V/°C 

los Offset current 20 200 nA 
Over temperature 500 nA 

Alos/A T 300 pAJ•c 

le1AS Input bias current 500 nA 
Over temperature 1500 nA 

Ale/AT 1 nAJ•c 

Vour Output voltage swing RL "' 2kO, over temperature :I: 10 :I: 13 v 
RL "' 10k0, over temperature :I: 12 :I: 14 v 

Ice Supply current 1.7 2.8 mA 
Over temperature 2.0 3.3 mA 

Power consumption 50 85 mW 
Over temperature 60 100 mW 

Input capacitance 1.4 pF 

Offset voltage adjustment range :I: 15 v 
Output resistance 75 0 

Channel separation 120 dB 

PSRR Supply voltage rejection ratio Rs :S 10k0, over temperature 30 150 µ.VIV 

AvoL Large signal voltage gain (DC) RL <!: 2k0, Vour= ± 10V 25,000 VIV 

CMRR Rs :S 10k0, VcM = :I: 12V 
Over temperature 70 dB 

lsc 10 25 60 mA 

AC ELECTRICAL CHARACTERISTICS TA= 2s0 c. Vs= ±15V unless otherwise specified. 6 
PARAMETER TEST CONDITIONS 

µA747/µA747C/SA747C 
UNIT 

Min Typ Max 

Transient response V1N = 20mV, R1 = 2kn, C1 < 100pf 
Risetime Unity gain CL s 100pf 0.3 µS 
Overshoot Unity gain CL s 100pf 5.0 % 

Slew rate RL > 2k!l 0.5 V/µS 

6-79 



LINEAR LSI PRODUCTS 

DUAL OPERATIONAL AMPLIFIER µA747 /7 47C/SA7 47C 

DC ELECTRICAL CHARACTERISTICS TA=25'C, Vee=± 15V unles.s otherwise specifled.1 

PARAMETER TEST CONDITIONS 
p.A747 p.A747C 

UNIT 
Min Typ Max Min Typ Max 

Vos Offset voltage Rs s 10k0 2.0 5.0 2.0 6.0 mv 
Rs s 1 OkO, over temp. 3.0 6.0 3.0 7.5 mv 

AVos/AT 10 10 p.V/'C 

los Offset current 20 200 20 200 nA 
TA=+ 125'C 7.0 200 nA 
TA= -55'C 85 500 nA 

Over temperature 7.0 300 nA 
Alos/AT 200 200 pA/'C 

IBIAS Input current 80 500 80 500 nA 
TA=+125'C 30 500 nA 
TA= -55'C 300 1500 nA 

Over temperature 30 800 nA 
Als/AT 1 1 nA/'C 

Vour Output voltage swing AL ;,: 2k0, over temp. ±10 ±13 ± 10 ±13 v 
AL "' 10k0, over temp. ±12 ±14 ± 12 ±14 v 

Ice Supply current 1.7 2.8 1.7 2.8 mA 
each side TA=+ 125'C 1.5 2.5 mA 

TA= -55'C 2.0 3.3 mA 
Over temperature 2.0 3.3 mA 

Power consumption 50 85 50 85 mW 
TA=+ 125'C 45 75 mW 
TA= -55'C 60 100 mW 

Over temperature 60 100 mW 

Input capacitance 1.4 1.4 pF 

Offset voltage adjustment range ±15 ±15 v 

Output resistance 75 75 0 

Channel separation 120 120 dB 

PSRR Supply voltage rejection ratio Rs :s 10k0, over temp. 30 150 30 150 p.VIV 

AvoL Large signal voltage gain (DC) AL "' 2k0, Vour = ± 10V 50,000 25,000 VIV 
Over temperature 25,000 15,000 VIV 

CMRR Rs s 10k0, VcM = ± 12V 
Over temperature 70 70 dB 
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LINEAR LSI PRODUCTS 

DUAL OPERATIONAL AMPLIFIER 

TYPICAL PERFORMANCE CHARACTERISTICS 
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LINEAR LSI PRODUCTS 

DUAL OPERATIONAL AMPLIFIER 

TYPICAL PERFORMANCE CHARACTERISTICS (Cont'dl 
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TYPICAL PERFORMANCE CHARACTERISTICS (Cont'd! 
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DESCRIPTION 
The NE5517 contains two current controlled 
transconductance amplifiers, each with a dif
ferential input and push-pull output. The 
NE5517 offers significant design and perfor
mance advantages over similar devices for all 
types of programmable gain applications. Cir
cuit performance is enhanced through the 
use of linearizing diodes at the inputs which 
enable a 10dB signal to noise improvement 
referenced to .5 percent THD. The NE5517 is 
suited for a wide variety of industrial and con
sumer applications and is recommended as 
the preferred circuit in the Dolby• HX (Head
room Extension) system. 

Constant-Impedance-Buffers on the chip 
allow general use of the NE5517. These 
buffers are made of Darlington-Transistor 
and a biasing-network which changes bias 
current in dependence of IABc· 

Therefore changes of output offset 
voltages are almost eliminated. This is an 
advantage of the NE5517 compared to 
LM13600. With the LM13600 a burst in the 
bias current IAec guides to an audible 
offset voltage change at the output. With 
the Constant-Impedance-Bullers of the 
NE5517 this effect can be avoided and 
makes this circuit preferable for high qual
ity audio applications. 

CIRCUIT SCHEMATIC 

v+ 

-INPUT ~-~r 4,13 ...._ __ _ 

6-84 

FEATURES 
• Constant Impedance buffers 
• <l Vee of buffer Is constant with 

amplifier le1As change 
• Pin compatible with LM13600 
• Excellent matching between amplifiers 
• Linearizing dlodaa 
• High output slgnal·to-nolaa ratio 

APPLICATIONS 
• Multiplexers 
•Timers 
• Electronic music synthesizers 
• Dolby' HX Systems 
• Currant-controlled ampllllars, filters 
• Currant-controlled oscillators, 

lmpadancaa 

NOTE 
•oolby is a registered trademark of Dolby Laboratoriea 
Inc., San Francisco, Calif. 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER 

Supply Voltage 1 

NE5517 
NE5517A 

Power Dlssipation2 TA= 25°C 
NE5517N, NE5517AN 

Differential Input Voltage 
Diode Bias Current Clo) 
Amplifier Bias Current (IAecl 
Output Short Circuit Duration 
Buffer Output Current3 
Operating Temperature Range 

NE5517N, NE5517AN 
DC Input Voltage 
Storage Temperature Range 
Lead Temperature (Soldering, 10 Seconds) 

010 

._ _ __,,..-o,, 

VOUTPUl 

5,12 

PIN CONFIGURATION 

D,N PACKAGE 

TOP VIEW 

ORDER NUMBERS 
NE5517N NE55170 NE5517AN 

RATING UNIT 

36 Voe or± 1e v 
44 Voe or ±22 v 

570 mW 
±5 v 
2 mA 
2 mA 

Indefinite 
20 mA 

o•c to +10 •c 
+Vs to -Vs 

-e5°C to +150 •c 
300 'C 
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PIN DESIGNATION 

PINNO. SYMBOL 

1 IABCa 

2 Da 

3 +IN a 

4 -INa 

5 Voa 

6 v-
7 INeuffer (a) 

8 VoBuffer (a) 

9 VoBuffer (b) 

10 INBuffer (b) 

11 v+ 

12 Vob 

13 -I Nb 

14 +INb 

15 Db 

16 IABCb 

CONNECTION DIAGRAM 

NOTE· 

• 
AMP 
BIAS 

INPUT ,. 

AMP 
BIAS 

INPUT 

• 

• 
DIODE 
BIAS 

" 

DIODE 
BIAS 

A 

• 
INPUT 

(+) 

14 

INPUT 
(+) 
A 

NAME AND FUNCTION 

Amplifier bias input A 

Diode bias A 

Non·inverting input A 

Inverting input A 

Output A 

negative supply 

Buffer input A 

Buffer output A 

Buffer output B 

Buffer input B 

Positive supply 

Output B 

Inverting input B 

Non-inverting input B 

Diode bias B 

Amplifier bias input B 

• 
INPUT B 
(-) OUTPUT v+ (1) 

11 

INPUT OUTPUT v-
(-) A 

• 

1. V + of output buffers and amplifiers are internally connected. 

• 
BUFFER 
INPUT 

BUFFER 
INPUT 

BUFFER 
OUTPUT 

BUFFER 
OUTPUT 

A 

NE5517/5517A 

6 
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ELECTRICAL CHARACTERISTICS4 
NE5517 NE5517A 

PARAMETER TEST CONDITIONS 
Min Typ Max Min Typ Max 

UNIT 

Input offeet voltage CVos> 0.4 5 0.4 2 mV 
Over temperature range 5 mV 

IABC 5µA 0.3 5 0.3 2 mV 
t..VosfAT Avg. TC of input offset 7 7 p.V/°C 

voltage 

Vos Including diodes Diode bias current (lo) • 500µA 0.5 5 0.5 2 mV 

Input offeet change 5µA :S IABC :S 500µA 0.1 0.1 3 mV 

Input offeet current 0.1 0.8 0.1 0.8 µA 

Alos/AT Avg. TC of Input offset 0.001 0.001 p.A/oC 

current 

Input bias current 0.4 5 0.4 5 µA 
Over temperature range 1 8 1 7 µA 

AlefAT Avg. TC of Input current 0.01 0.01 p.AJOC 

Forward 
Transconductance (gm) 8700 9800 13000 7700 9800 12000 µmho 

Over temperature range 5400 4000 µmho 

gm tracking 0.3 0.3 dB 

Peak output currant RL • 0, IABC • 5µA 5 3 5 7 µA 
RL • 0, IABC • 500µA 350 500 850 350 500 850 µA 

RL • 0, 300 300 µA 

Peak output voltage 
Poeltlva RL • co, 5µA ::S IABC ::S 500µA +12 +14.2 +12 +14.2 v 
Negative RL • co, 5µA :S IABC :S 500µA -12 -14.4 -12 -14.4 v 

Supply currant IABC • 600µA, both channala 2.8 4 2.8 4 mA 

Vos aanaltlvlty 
Poaltlva AVostAV+ 20 150 20 150 µVIV 
Negative A Vost AV- 20 150 20 150 µVIV 

CMRR 80 110 80 110 dB 

Common mode range ±12 ±13.5 ±12 ±13.5 v 
Croaatalk Referred to input& 

20Hz < f < 20kHz 100 100 dB 

Dlff. Input currant IABC • 0, Input• ±4V 0.02 100 0.02 10 nA 

Leakage currant · IABC • O (Refer to teat circuit) 0.2 100 0.2 5 nA 

Input realatanca 10 28 10 28 Kil 

Open loop bandwidth 2 2 MHz 

Slew rate Unity gain companaatad 50 50 VtµSec 

Buff. Input currant 5 0.4 5 0.4 5 µA 

Peak buffer output voltage 5 10 10 v 
A Vee of buffer 8 Refer to Buffer Vee teat circuit 0.5 5 0.5 5 mV 

NOTES 
t. For HlectkH11toa1uppty vottage above ::t:22V, contact factory. grounded and output• are open. 
2. For dperatlng 1t high temperaturH, th• device mu1t be derated bH•d on 1 1so•c 

m1xlmum junction temparatura and 1 thermal rHl1t1nc1 of 175' C/W which applle1 for 
the devk:e 1otder1d In a printed circuit board, operatlng In 1tlll 1lr. 

&. Then apectflcatlon1 apply for Vs• :t: HSV, IABC • 600pA, RouT •&kn connactad 
from tha buffer output to -Vs and the Input of tha buffer la connactad to tha 
tranaconductanca amplifier output. 

3. Buffer output current 1hould be limited 10 11 to not exCftd paok1g1 dl1i1p1tlon. 
4. Th ... 1peclfloatlon1 apply for v 8 • :t 15V, TA • 25'C, amplifier blH current (IAac> • 

500,aA, pine 2 and 115 open unlHI otherwl11 apecllled. Th• lnput1 to the buflera are 

6·86 

8. Vs• :t: 15, RouT = 5KO connected from Buffer output to - Vs and 5µ.A s IABC s 
500,.A. 
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TYPICAL PERFORMANCE CHARACTERISTICS 
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TYPICAL PERFORMANCE CHARACTERISTICS (Cont'd) 
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TYPICAL PERFORMANCE CHARACTERISTICS (Cont'd) 

LEAKAGE CURRENT TEST CIRCUIT DIFFERENTIAL INPUT CURRENT TEST CIRCUIT 

+36V +15V 

BUFFER Vee TEST CIRCUIT 

v+ 

v-

6 
APPLICATIONS 

UNITY GAIN FOLLOWER 

+15V 
0.01µF 

~ 
10K 

390pF 

s1U 

1.3K 

SK 

10K 
-1sv 

0.001µF 
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DUAL OPERATIONAL TRANSCONDUCTANCE AMPLIFIER NE5517/5517A 

CIRCUIT DESCRIPTION 

The circuit schematic diagram of one half of 
the NE5517, a dual operational transconduc
tance amplifier with linearizing diodes and im
pedance buffers, is shown in Figure 1. 

1. Transconductance Ampllller 
The transistor pair 0 4 and 0 5 form a trans
conductance stage. The ratio of their collector 
currents (1 4 and 15 respectively) is defined by 
the differential input voltage, V1N, which is 
shown in equation 1. 

KT 15 
V1N=-ln-

(1) 

q 14 

Where V1N is the difference of the two input 
voltages 

KT "' 26mV at room temperature (300°K) 

6-90 

Transistors 0 1, 0 2 and diode 0 1 form a cur
rent mirror which focuses the sum of current 
14 and 15 to be equal to amplifier bias current 
19: 

(2) 

If V1N is small the ratio of 15 and 14 will ap
proach to unity and the Taylor series of In 
function can be approximated as: 

KT In~~ KT~ (3) 
q 1. q '· 

and 14 = 15 ~ 1/218 

KT 15 KT 15 -1 4 2KT 15 - 14 
-In-~ ---=---=V1N 
q 14 q 1/21 8 q Is 

Figure 1. Circuit Diagram of NE5517 

The remaining transistors (06 to 0 11 ) and di
odes (D4 to 0 6) form three current mirrors that 
produce an output current equal to 15 minus 
14 . Thus: 

VIN {le -5!...}= lo (5) 
2KT 

The term M is then the transconduc· 
2KT 

tance of the amplifier and is proportional to 18 . 

2. Linearizing Diodes 
For V1N greater than a few millivolts, equation 
3 becomes invalid and the transconductance 
increases nonlinearly. Figure 2 shows how 
the internal diodes can linearize the transfer 
function of the operational amplifier. Assume 
0 2 and D3 are biased with current sources 
and the input signal current is 18 . Since 

14 + 15 = 18 and 15 - 14 = 10, that is: 

14 = 1/2(1 8 - 10), 15 = 112(1 8 + 10) 

8, 9 
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For the diodes and the input transistors that 
have identical geometries and are subject to 
similar voltages and temperatures, the follow
ing equations is true: 

!£+Is 
KT In _2 __ = KT In ''2(18 + lo) 

q !£ - Is q ''2(1e - lo) 

2 

(218) 10 
10 =1s-- for llsl < -

10 2 
(6) 

The only limitation is that the signal cur
rent should not exceed 1/2 10 . 

3. Impedance Buffer 
The upper limit of transconductance is de
fined by the maximum value of la (2mA). The 
lowest value of 18 for which the amplifier will 
function therefore determines the overall dy
namic range. At low values of la. a buffer with 
very low input bias current is desired. A 
Darlington amplifier with constant current 
source (0 14, 0 15 , 0 16, 07 , 0 8 , and R1) suits 
the need. 

APPLICATIONS 

Voltage Controlled Amplifier 

The voltage-divider R2, R3 divides the input
voltage into small values (mV-range) so the 
amplifier operates in a linear manner. 

It is: 

R3 
lour= -V1Nx-- xgm; 

R2+ R3 

Your= lour x RL; 

(gm in mS for IAaC in mA) 

Since gm is directly proportional to IABC• the 
amplification is controlled by the voltage V c 
in a simple way. 

When V c is taken relative to - V cc the follow
ing formula is valid: 

(Vc-1.2V) 
IAec=---; 

R, 

The 1.2V is the voltage across two base· 
emitter paths in the current mirrors. This 
circuit is the base for many applications of 
the NE5517. 

-~-Is 
2 

-~+Is 
2 

o, 

lo=ls-14 -!Is lo=21s(~) 

.----'1.04 15 ---~ 

Figure 2. Linearizing Diode 

TYPICAL VALUES: R1 47K 
R2 1DK 
R3 200!! 
R4 200!! 
R1 100K 
Rs 47K 

Figure 3. 

INT 
...--.--o+Vcc 

Rs 

8 
Your 

INT 
-Vee 
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Stereo Ampllller With Gain Control 
Figure 4 shows a stereo amplifier with 
variable gain via a control input. Excellent 
tracking of typical 0.3dB Is easy to 
achieve. With the potentiometer Rp, the 
offset can be adjusted. For AC-coupled 
amplifiers you can replace the poten· 
tlometer with two 5100 resistors. 

Modulators 
Because the transconductance of an OTA is 
directly proportional to IABC• the amplification 
of a signal can be controlled easily. The out· 
put current is the product from transconduc
tance x input voltage .. The circuit works up to 
approximately 200KHz. Modulation of 99 per· 
cent is easy to achieve. 

Voltage Controlled Realators (VCR) 

V1N1 

-: 

Ye 

V1N2 

-: 

+Vee 

10K 

R1N Rp 

1K 

30K 

Re 
10K 

R1N Rp 

1K +Vee 

NE5517/5517A 

INT 
+Vee 

8 
Vou11 

-Vee 

+Vee 

9 
Vou12 

-Vee 
INT 

The principle Is based Oll'the capability of 
an OTA to vary a current proportional to a 
controlled voltage which Is according to a 
resistor. The circuit takes advantage of 
the possibility to control a resistor via gm. 

Figure 4. Gain Controlled Stereo Ampllller 

Re 
30K 

V1N2 
SIGNAL 0-------....,..ry-------~ -IAac +Vee 

-Vee 
INT 

Figure 5. Amplitude modulator 

Voltage Controlled Filters 
Voltage controlled filters can be realized 
extremely easily with the help of an OTA. 

Figure 8 shows the circuit for a low-pass filter. 
Below the corner frequency the circuit has an 
amplification of OdB. Above the corner fre· 
quency the attentuation drops by 6dB/octave. 

The high-pass filter is built in a similar man
ner, except the input is coupled via capacitor. 

Voltage Controlled Oscillators 
Figure 12 shows a voltage controlled triangle
square-wave-generator. With the indicated 
values a range from 2Hz to 200kHz is possi
ble by varying IAec from 1 mA to 10µA. 
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+Vee 

200{1 2000 

30K 

R+RA 
Rx=gm>eRA 

o-----""",,,_ ____ -OVe 

Figure 8. VCR 

INT 
r---+-O+Vcc 

10K 

-Vee 
INT 
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The output amplitude is determined by 
lourx Rour· 

Please notice the differential-input-voltage is 
not allowed to be above SV. 

With a slight modification of this circuit you 
can get the sawtooth-pulse-generator as 
shown in Figure 13. 

Programmable Amplifier 
The intention of the following application is to 
show how the NE5517 works in connection 
with a DAG. Almost all applications de
scribed above can be made digitally program
mable (µP-compatible) in this way. 

In the application Figure 14 the NE5118 is 
used, an eight-bit DAG with current output 
(see Section ), its input-register makes this 
device fully µP-compatible. 

The circuitry of Figure 14 consists of three 
functional blocks: the NE5118, which gener
ates a control current equivalent to the ap
plied data byte, a current mirror, and the 
NE5517. 

The amplification is given by the following 
equation: 

DW (10) loAc max 
A=--- x--- xRL 

256 2 x Vr 

DW(10) 
loAC max 

=Data word decimal 
= Maximum DAG output current 

(here -1mA) 
=Load resistance 

The equation is only valid for the amplification 
of the signal directly applied to the OTA. To 
get the gain overall A must be multiplied with 
the input-attenuation factor. 

APPLICATION HINTS: 
To hold the transconductance gm within the 
linear range, IAsc should be chosen not 
greater than 1 mA. The current mirror ratio 
should be as accurate as possible over the 
entire current range. A current mirror with 
only two transistors 1s not recommended. A 
suitable current mirror can be built with a 
pnp-transistor array which causes excellent 
matching and thermal coupling among the 
transistors. The output current range of the 
DAC normally reaches from 0 . - 2mA. In 
this application, however, the current range 
is set through RAEF (10K!1) to 0 . - 1 mA. 

VAEF SV 
loAc max=2x- =2x- = 1mA 

RAEF 10K 

+Vee 30K 

Vos Rp 

.------1K 

Figure 7. VCR with Linearizing Diodes 

30K 

R.A.xgm 
to - -(R_+_R_A_) ,-2-,~c 

Figure 8. Voltage Controlled Low Pass Filter 

30K 

Figure 9. Voltage Controlled High Pass Fiiter 

-Vee 
INT 

-Vee 
INT 
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+Vee 

6-94 

K 

-Vee 

Figure 10. Butterworth Fiiter - 2nd Order 

-Vee 

BANDPASS OUT 

Figure 11. State Varl1ble Fiiter 

~ 
-Vee Youn 

+Vee 

Figure 12. Trlangle·Squarewave·Generator (VCO) 

11 

R 

NE5517/5517A 

1SK 

1SK 

INT 
-Vee 

Ve 

-Vee 

GAIN 
,.. CONTROL 

INT 

INT 
-Vee 



LINEAR LSI PRODUCTS 

DUAL OPERATIONAL TRANSCONDUCTANCE AMPLIFIER NE5517/5517A 

R1 
30K 

le 11 - -'70K 

18 +Vee 
INT •Vee 

1DK 
R1 
30K 

30K 

'--------------------------------------<>Voun 

VPK•~TH•~TL•~fo1c-10- le<< 1, 
R1 +R2 11 le 2Vpw:)(C 

Figure 13. Sawtoolh•PUIH·VCO 

CE i 
10 

RREF 
14 

10K 
12 

82K ,, 
FllLL·SCALE 

ADJUST 

-Vee 

1µF 1 
v,. 

Figure 14. Dlgll!ll Programmable Amplifier 

I 
I 

I 
I CURRENT Ml~ROR 
: (TRANSISTOR-ARRAY) 

I 
I 

+Vee INT 

INT 

Your 

30K 
4.7K 

··Vee INT 

l 

*For additional Information, consult the Applications Section. 
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DESCRIPTION 
The Signetics SE/NE5539 is a very wide band
width, high slew rate, monolithic operational 
amplifier for use in video amplifiers, RF 
amplifiers, and extremely high slew rate 
amplifiers. 

Emitter follower inputs provide a true differen
tial high input impedance device. Proper exter
nal compensation will allow design operation 
over a wide range of closed loop gains, both 
inverting and non-inverting, to meet SPl!Cific 
design requirements. 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER 

Vee Supply voltage 
Po Internal power dissipation 
TsTG Storage temperature range 
TJ Max junction temperature 
TA Operating temperature range 

NE 
SE 

Lead temperature 

EQUIVALENT CIRCUIT 

FEATURES PIN CONFIGURATION 
• Gain bandwidth product: 1.2GHz at17dB D,F,N PACKAGE 
• Slew rate: &OON,,sec 
• Full power response: 48MHz 
• AvoL: 52dB typical + '"""' 1 

• 350MHz unity gain 

APPLICATIONS 

12 FREQUENCY 
COMPENSATION 

• Fast pulee amplifier& VosAdVAvAdJ s +v 
• RF oeclllatore 
• Fast BBmple and hold 
• High gain video amplifier& 

(BW > 20MHz) 

RATING 

±12 
550 

-65 to +150 
150 

Oto 70 
-55to +125 

300 

UNIT 

v 
mW 
•c 
•c 

•c 
•c 
•c 

TOP VIEW 

ORDER NUMBERS 
SE/NE5539F SE/NE5539N 

NE5539D 

( 121 FREQUENCY COMP. 

r-----..---..---0---------+--o-----o (10) +vcc 

6-96 

(-) 14 0----11------t---t----l---~ 
INVERTING INPUT 

(+)1 

NON-INVERTING 
INPUT 

'------l>---..__:1+----+--+------+----+-----tl(3)-YCC 

(8)0UTPUT 



LINEAR LSI PRODUCTS 

ULTRA HIGH FREQUENCY OPERATIONAL AMPLIFIER 

DC ELECTRICAL CHARACTERISTICS Vee= ±8V. TA= 25'C unless otherwise specified 

PARAMETER TEST CONDITIONS 

Vos Input offset voltage Vo = ov. Rs = 1000 Over temp 

TA= 25°C 

A Vos/AT 

los Input offset current Over temp 

TA= 25'C 

Alos/AT 

le Input bias current Over temp 

TA= 25•c 

Ale/AT 

CMRR Common mode rejection ratio F= 1kHz, Rs= 1000, VcM :t 1.7V 

Over temp 

R1N Input impedance 

RouT Output impedance 

VouT Output voltage swing RL = 1500 to GND +Swing 

and 4700 to -Vee -Swing 

Over temp 
+Swing 

vouT Output voltage swing RL=2kOtoGND 
-Swing 

TA= 25'C 
+Swing 

-Swing 

ice+ Positive supply current Vo= 0, R1 = oo 
Over temp 

TA= 25'C 

Ice- Negative supply current Vo= 0, R1 = oo 
Over temp 

TA= 25°C 

PSRR Power supply rejection ratio AVcc = ±1V 
Over temp 

TA= 25°C 

Vo= +2.3V, -1.7V 
AvoL Large signal voltage gain 

RL = 1500 to GND, 4700 to -Vee 

AvoL Large signal voltage gain Vo= +2.3V, -1.7V 
RL ,. 2K to GND 

AvoL Large signal voltage gain Vo = +2.5V, -2.0V 
RL = 2k0 to GND 

NOTE 
1. Differential input voltage ahould not exceed 0.25 volte to prevent axceaalve input bias 

current and common mode voltage 2.5 volte. These voltage limit• may be exceeded if 
current limit ia 10mA. 

TA= 25'C 

Over temp 

!A_= 25°C 

SE5539 

Min Typ 

2 

2 

5 

.1 

.1 

.5 

6 

5 

10 

70 80 

70 BO 

100 

10 

+2.3 +3.0 

-1.5 -2.1 

+2.5 +3.1 

-2.0 -2.7 

14 

14 

11 

11 

300 

48 

48 53 

SE/NE5539 

NE5539 

Max Min Typ Max 
UNIT 

5 
mV 

3 2.5 5 

5 µV/"C 

3 
µA 

1 2 

.5 nAl"C 

25 
µA 

13 5 20 

10 nAJ•c 

70 BO dB 

dB 

100 kO 

10 0 

+2.3 +2.7 
v 

-1.7 -2.2 

v 

v 

18 
mA 

17 14 18 

15 
mA 

14 11 15 6 
1000 

µVIV 
200 1000 

47 52 57 dB 

dB 
47 52 57 

60 
dB 

58 
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LINEAR LSI PRODUCTS 

ULTRA HIGH FREQUENCY OPERATIONAL AMPLIFIER SE/NE5539 

AC ELECTRICAL CHARACTERISTICS Vee= :1: av, RL = 1500 to GND & 4700 to - Vee unless otherwise specified. 

SE5539 NE5539 
PARAMETER TEST CONDITIONS 

Min Typ Max Min Typ Max 
UNIT 

f----
Gain bandwidth product AcL = 7 Vo= 0.1 Vp-p 1200 1200 MHz 

Small signal bandwidth AcL=2 RL = 15001 110 110 MHz 

Settling time AcL=2 RL= 15001 15 15 nSec 

Slew rate AeL=2 RL=1501l1 600 600 Viµ.Sec 

Propagation delay AcL=2 RL= 15001 7 7 nSec 

Full power response AcL=2 RL= 15001 48 48 MHz 

Full power response Ay = 7, RL = 1501l 20 20 MHz 

Input noise voltage Rs=SOO 4 4 nV/,,/FfZ 

NOTE 1: External compensation. 

DC ELECTRICAL CHARACTERISTICS Vcc=±&V, TA= 2s•c unless otherwise specified 

SE5539 
PARAMETERS TEST CONDITIONS UNIT 

Min Typ Max 

Over temp 2 5 
Vos Input offset voltage mV 

TA= 25°C 2 3 

Over temp .1 3 
los Input offset current 

TA=25°C 
µA 

.1 1 

Over temp 5 20 
le Input bias current 

TA=2s·c 
µ.A 

4 10 

CMRR Common mode rejection ratio VcM= :t 1.3V, Rs= 10011 70 85 dB 

Over temp 11 14 
Ice+ Positive supply current mA 

TA=25°C 11 13 

Over temp 8 11 
Ice- Negative supply current mA 

TA= 25°C 8 10 

Over temp 300 1000 
PSRR Power supply rejection ratio AVcc= :t 1V µ.VIV 

TA=25°C 

+Swing +1.4 +2.0 
Over temp 

-Swing -1.1 -1.7 
Your Output voltage swing 

RL= 1500 to GND v 
and 39011 to -Vee +Swing +1.5 +2.0 

TA=25°C 
-Swing -1.4 -1.8 

AC ELECTRICAL CHARACTERISTICS Vcc=±&V, AL= 1500 to GND and 3900 to -Vee unless otherwise specified 

SE5539 
PARAMETER TEST CONDITIONS UNIT 

Min Typ Max 

Gain bandwidth product AcL=7 700 MHz 

Small signal bandwidth AcL=21 120 MHz 

Settling time AcL=21 23 ns 

Slew rate AcL=21 330 V/p.s t---------
AcL=2, Propagation delay 4.5 ns 

Full power response AcL=21 20 MHz 

NOTE 1: External compensation. 
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LINEAR LSI PRODUCTS 

ULTRA HIGH FREQUENCY OPERATIONAL AMPLIFIER SE/NE5539 

NE5539 OPEN LOOP PHASE 

O" 

,.., 
180° bJ 

270° 

36o" 
1MHz 10MIU 100MHz 

POWER BANDWIDTH (SE) 

GAIN (-2) 
vcc=±av 
AL= 2Krl 

1GHz 

1'--~~~~~~~~~~~~~~~~~~~~ 

1 MHz 10MHz 100MHz 300MHz 

FREQUENCY IN CYCLES PEA SECOND 

SE5539 OPEN LOOP GAIN vs FREQUENCY 

10 MHz 100 MHz 300MH.t 

FREQUENCY IN CYCLES PEA SECOND 

SE5539 OPEN LOOP PHASE vs FREQUENCY 

1 MHi 10MHz 100MHz 3CJOMI" 
FREQUENCY IN CYCLES PEA SECOND 

NOTE 
Indicates typical 
distribution -66°C ~ TA s 125°C 

NE5539 OPEN LOOP GAIN 

d8f-+-++lltt+tttltt+-++lltt+tttlt-+-++lltt++tffl 
• 0 1:-t+tlrttttttttt-t+tlrtttttttt-t+tlrttttffil 
soFf'fRf!l'l'i!ilH-++HltH+tttl-t+HltH-t#tl 
••1-+~~+llllP!o~~+llll-+~~-ltlll 
30t-+-++lltt+tttltt+-++l~tttlt-+-++lltt++tffl 

2ot-+-++lltt+tttltt+-++lltt+-1'!it-++Hltt++tffl 
iot-++Hltt+-H!lll-++Hltt+-H!ll--"'.i-Hltt++tffl 

'""' 10MHz 100MHz 1GHz 

POWER BANDWIDTH (NE) 

3d8 B.W. ~ 
f---

vcc = ±ev ~ AL"' 150f.l 

1MHl 

REF 
3.04Y 

p.p 

r--

'""' 

GAIN(-2) 

GAIN{-7) 
Rt.= 150!1 

I'-

10Mtb: 100MH1 
FREQUENCY IN CYCLES PER SECOND 

POWER BANDWIDTH 

-
~ 
~ 

~ 
~ 

10 MHz 100 MHz 

FREQUENCY IN CYCLES PEii SECONl 

GAIN BANDWIDTH PRODUCT vs FREQUENCY 

'""""' 

, ..... 

22 
Ay"" X10 I VCC"" :tSY-1 

l ~ RL s tSOQ 

b::-:_Ay"' 117.5 

3dlliWIDTH 

I --3d8 BAJ"WIDTH 
~ ~ 

20 

! 
~ ,. 

,. 

l 
10 Wb: 100 MHz 

FREQUENCY IN CYCLES PEA SECOND 
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LINEAR LSI PRODUCTS 

ULTRA HIGH FREQUENCY OPERATIONAL AMPLIFIER SE/NE5539 

CIRCUIT LAYOUT CONSIDERATIONS 
As may be expected for an ultra-high fre
quency, wide gain bandwidth amplifier, 
the physical circuit layout is extremely 

critical. Breadboarding is not recom
mended. A double-sided copper clad 
printed circuit board will result in more 

favorable system operation. An example 
utilizing a 28dB non-inverting amp is 
shown in Figure 1. 

TOP PLANE COPPER' 
(Component Side) 

OPTIONAL 
OFFSET 

ADJ. 

VIN 

75 

75 

R1 751/ 5%.CARBON 
R2 75\l 5% CARBON 
R3 7511 5% CARBON 
R4 36K 5% CARBON 

NOTE 

., 

R5 = 20K TRIMPOT {CERMET) 
RF= 1.SK (28dB GAIN) 
Rs = 470\l 5% CARBON 

COMPONENT SIDE 
(Component Layout) 

(X) indicate& ground connection to top plane. 
• Re is on bottom side. 

NOTE 1: Bond edges of top and bottom ground plane copper. 

RFC 3T # 26 BUSSWIRE ON 
FERROXCUBE VK 200 09138 CORE 
BYPASS CAPACITORS 
1nF CERAMIC 
(MEPCO OR EQUIV.) 

BOTTOM PLANE 
COPPER' 

Figure 1. 28dB Non-Inverting Amp Sample P.C. Layout 
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LINEAR LSI PRODUCTS 

ULTRA HIGH FREQUENCY OPERATIONAL AMPLIFIER SE/NE5539 

NE5539 COLOR VIDEO 
AMPLIFIER 

The NE5539 wideband operational amplifier 
is easily adapted for use as a color video 
amplifier. A typical circuit is shown in Figure 2 
along with vector-scope 1 photographs show
ing the amplifier differential gain and phase 
response to a standard five step modulated 
staircase linearity signal (Figures 3, 4 and 5). 
As can be seen in Figure 4, the gain varies 
less than 0.5% from the bottom to the top of 
the staircase. The maximum differential 
phase shown in Figure 5 is approximately 
+0.1°. 

The amplifier circuit was optimized for a 750 
input and output termination impedance with 
a gain of approximately 10 (20dB). 

NOTE 
The input signal was 200mV and the output 'Zif. 
Vee was ±SV. 

Figure 3. Input Signal 

NOTE: 

v,. 

750 

75 +v 

75 

Figure 2. NE5539 Video Amplifier 

Figure 4. Dlfferentlal Gain <0.5% 

1. Instruments used for these measurements were Tektronix, 146 NTSC test signal generator, 520A NTSC vectorscope, and 1480 waveform monitor. 
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LINEAR LSI PRODUCTS 

ULTRA HIGH FREQUENCY OPERATIONAL AMPLIFIER SE/NE5539 

APPLICATIONS 

6-102 

PHASE 
ERROR 

Figure 5. Dlfferentlal Ph18e + 0.1° 

+IV 

-1.SpF 

INON·INVERTINO FOLLOWER] 

Figure 6 

+av 

3.3pF 

[INVERTING FOLLOWER] 

Figure 7 

*For additional Information, consult the Applications Section. 



LINEAR LSI PRODUCTS 

VIDEO AMPLIFIER 

DESCRIPTION 
The NE5592 Is a dual monolithic, two stage, 
dltterentlal output, wideband video amplifier. 
It otters fixed gain of 400 without external com
ponents or adjustable gains from 400 to O with 
one external resistor. The Input stage has been 
designed so that with the addition of a few 
external reactive elements between the gain 
select terminals, the circuit can function as a 
high pass, low pass, or band pass filter. This 
feature makes the circuit Ideal for use as a 
video or pulse amplifier In communications, 
magnetic memories, display, video recorder 
systems, and floppy disk head amplifiers. 

FEATURES 
• 120MHz bandwidth 
• AdJu1t1ble g1ln1 from o to 400 
• Adlu1t1bl1 p111 band 
• No frequency compen11tlon required 
• Wave 1h1plng with minima! external 

compon1nt1 

APPLICATIONS 
• Floppy dlek head 1mpllller 
• Video 1mpllller 
• Pul11 amplifier In communications 
• Magnetic memory 
• Video recorder 1y1t1m1 

ABSOLUTE MAXIMUM RATINGS TA = 25'C unless otherwise specified. 

SYMBOL AND PARAMETER RATING UNIT 

Supply voltage :1:8 v 
Differential Input voltage ±5 v 
Common mode 

Input voltage ±6 v 
Output current 10 mA 
Operating temperature range 

NE5592 o to +70 'C 
Storage temperature range -65 to + 150 'C 
Power dissipation 500 mW 

EQUIVALENT CIRCUIT 

INPUT 1 

G 

I 

j 

NE5592 

PIN CONFIGURATION 

D,N PACKAGE 

TOP VIEW 

ORDER NUMBER 
NE5592D, NE5592N 
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LINEAR LSI PRODUCTS 

VIDEO AMPLIFIER NE5592 

DC ELECTRICAL CHARACTERISTICS TA= +25°C,V55 = ±6V, VcM = o unless otherwise specified. Recommended operating 
supply voltage V5 = ±6.0V. Gain select pins connected together. 

NE5592 
PARAMETER TEST CONDITIONS 

Min Typ Max 
UNITS 

Differential voltage gain RL = 2kf!, Vour = 3V p-p 400 480 600 VIV 

Bandwidth 25 MHz 
Rise time Vour = 1V p-p 15 20 ns 

Propagation delay Vour = 1V p-p 7.5 12 ns 

Input resistance 3 14 kfl 
Input capacitance 2.5 pF 
Input offset current 0.3 3 µA 
Input bias current 5 20 µA 
Input noise voltage BW 1kHz to 10MHz 4 nV/VHz 
Input voltage range ±1.0 v 

Common mode rejection ratio VcM ± 1V, f <100kHz 60 93 dB 
VcM ± 1V, f = 5MHz 87 dB 

Supply voltage rejection ratio !Ns = ±0.5V 50 85 dB 

Channel separation 
Vour = 1v p-p; f = 100kHz 

65 75 dB (output referenced) RL = 1 kfl 

Output offset voltage RL = 00 0.5 1.5 v 
Gain select pins open RL = 00 0.25 0.75 v 

Output common mode voltage RL = 00 2.4 3.1 3.4 v 
Output differential voltage swing RL = 2kf! 3.0 4.0 v 
Output resistance 20 fl 
Power supply current 
(Total for both sides) RL = 00 35 44 mA 

THE FOLLOWING SPECS APPLY OVER TEMPERATURE o•c s TA s 10°c 

Differential voltage gain RL = 2kfl, Vour = 3V p-p 350 430 600 VIV 

Input resistance 1 11 kfl 
Input offset current 5 µA 
Input bias current 30 µA 
Input voltage range ±1.0 v 

Common mode rejection ratio VcM ± 1V, f <100kHz 55 dB 
Rs= <I> 

Supply voltage rejection ratio t:.Vs= ±0.5V 50 dB 

Channel separation 
Vour = 1V p-p; f = 100kHz 

75 dB (output referenced) RL = 1 kfl 

Output offset voltage 
Gain select pins connected together RL = 00 1.5 v 
Gain select pins open RL = 00 1.0 v 

Output differential voltage swing RL = 2kf! 2.8 v 
Power supply current 
(Total for both sides) RL = 00 47 mA 
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LINEAR LSI PRODUCTS 

VIDEO AMPLIFIER 

TYPICAL PERFORMANCE CHARACTERISTICS 

COMMON MODE REJECTION RATIO 
AS A FUNCTION OF FREQUENCY 

'll 100 

~ 90 
.. 80 

,.., 

~ : 
~ 50 

40 

~ 30 
20 

:u:I 1: 
Vs = ±ev 
TA • 25"C 
Rs= 0 

V1 j_~P 
10• 10• 107 

FREQUENCY • Hz 

DIFFERENTIAL OVERDRIVE 
RECOVERY TIME 

~. :: :=:=:=:=::=:-v 1~. -=,..,.±-;r..,..~-,-
TA = 25"C 

~ 401--1--1--1--1--1---l-+-+-+-..,O 

~ 351--l--l--1--11--1--l-+-+T7-Jf-l7-I 

ffi 301--+-+-+-!-+--+-lf.A.-"-1--1 

8 25 / 

I:! 20 l7I2 
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ii: .Y ii! 101-+-"' 
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0 

O'--'----'--'--'-'---'---'---'--' 
0 40 BO 120 160 200 

DIFFERENTIAL INPUT VOLTAGE· mV 

VOLTAGE GAIN AS A 
FUNCTION OF TEMPERATURE 

1.8 
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~~ 1~~~ -

m 
'V 1.2 

z 
~ 0.8 

w 0.4 

~ 0 
g 
~ -0.4 s -0.8 
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-1.8 

~ 

..... ..... 
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TEMPERATURE: •c 

OUTPUT VOLTAGE SWING 
AS A FUNCTION OF FREQUENCY 

Z: 5 
> 
I 

~ 
~ 3 
,_ 
~ 
5 1 

0 
10• 

Vs s ±8V 
RL = 1k0 
TA = 2s•c 

~ 

~ 1" 
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PULSE RESPONSE AS A 
FUNCTION OF SUPPLY VOLTAGE 

f-l} 1l 
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Vs= ±BV 

1.6 

1.4 
> 
' 1.2 
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80 
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f-+-

H-

Vs= ±6V 
RL = 1k0 

N 

TA = o•c-
+-TA • 25'C 

~{1lit1 
Jill 
Jill 10 

10• 10• 107 10• 

FREQUENCY • Hz 

NE5592 

CHANNEL SEPARATION AS A 
FUNCTION OF FREQUENCY 
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LINEAR LSI PRODUCTS 

VIDEO AMPLIFIER 

TYPICAL PERFORMANCE CHARACTERISTICS ICont'dl 

GAIN vs FREQUENCY AS A FUNCTION PHASE vs FREQUENCY AS A FUNCTION 
OF SUPPLY VOLTAGE OF SUPPLY VOLTAGE 
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LINEAR LSI PRODUCTS 

VIDEO AMPLIFIER 

TEST CIRCUITS TA= 25°C unless 
otherwise specified 

··~.__~:-....... 

t1i51 ' 51 
.,,. 

NE5592 

1K 1K 

~ 

6 -
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LINEAR LSI PRODUCTS 

VIDEO AMPLIFIER 

DESCRIPTION 
The SE/NE592 is a monolithic, two stage, dif· 
ferential output, wideband video amplifier. It 
offers fixed gains of i 00 and 400 without ex· 
ternal components and adjustable gains from 
400 to O with one external resistor. The input 
stage has been designed so that with the ad
dition of a few external reactive elements bet· 
ween the gain select terminals, the circuit can 
function as a high pass, low pass, or band pass 
filter. This feature makes the circuit ideal for 
use as a video or pulse amplifier in com
munications, magnetic memories, display, 
video recorder systems, and floppy disk head 
amplifiers. Now available in an 8-pin version 
with fixed gain of 400 without external com· 
ponents and adjustable gain from 400 to 0 with 
one external resistor. 

FEATURES 
• 120MHz bandwidth 
• Adjustable gains from O to 400 
• Adjustable pass band 
• No frequency compensation required 
• Wave shaping with minimal external 

components 

APPLICATIONS 
• Floppy disk head amplifier 
• Video amplifier 
• Pulse amplifier in communications 
• Magnetic memory 
• Video recorder systems 

ABSOLUTE MAXIMUM RATINGS TA= +25°C unless otherwise specified. 

SYMBOL AND PARAMETER RATING UNIT 

Supply voltage ±8 v 
Differential input voltage ±5 v 
Common mode 

Input voltage ±6 v 
Output current 10 mA 
Operating temperature range 

SE592 -55 to +125 oc 
NE592 Oto +70 'C 

Storage temperature range -65 to + 150 oc 
Power dissipation 500 mW 

EQUIVALENT CIRCUIT 

6·108 

SE/NE592 

PIN CONFIGURATION 

014, F14, N14 PACKAGE 

INPUT 2 

G2e GAIN 
SELECT 

NOTE 

TOP VIEW 

ORDER NUMBERS 

NE592014 NE592N14 
NE592F14 SE592F14 

H PACKAGE• 

V+ 

OUTPUT 1 

V-

Pin 5 connected to case 

ORDER NUMBERS 

NE592H SE592H 

·Metal cans (H) not recommended for new designs. 

08, FS, NS PACKAGE 

INPUT 2 008 INPUT 1 
G,9 GAIN 2 7 G1A GAIN 

SELECT SELECT 

V- 3 6 V+ 

OUTPUT 2 4 5 OUTPU°T 1 

TOP VIEW 

ORDER NUMBERS 

NE592D8 NE592N8 
NE592F8 SE592F8 

Also NS, N14, 08 and 014 package parts available 
in "High" gain version by adding "H" before package 
designation, as: NE592H08. 



LINEAR LSI PRODUCTS 

VIDEO AMPLIFIER SE/NE592 

DC ELECTRICAL CHARACTERISTICS: TA= +25°C, Vss = ±6V, VcM = o unless otherwise specified. Recommended operating 
supply voltages Vs= ±6.0V. All specifications apply to both standard and high gain parts 
unless noted differently. 

NE592 SE592 
PARAMETER TEST CONDITIONS UNIT 

Min Typ Max Min Typ Max 

Differential voltage gain, 
standard part 

Gain 11 RL = 2k!l, Your = 3V P·P 250 400 600 300 400 500 VIV 
Gain 22.-< 80 100 120 90 100 110 VIV 

High gain part 400 500 600 VIV 

Bandwidth 
Gain 11 40 40 MHz 
Gain 22.4 90 90 MHz 

Rise time 
Gain 11 Your = 1V P·P 10.5 10.5 ns 
Gain 22.4 4.5 12 4.5 10 ns 

Propagation delay 
Gain 11 Your = 1V P·P 7.5 7.5 ns 
Gain 22.4 6.0 10 6.0 10 ns 

Input resistance 
Gain 11 4.0 4.0 k!l 
Gain 22.4 10 30 20 30 k!l 

Input capacitance2 Gain 24 2.0 2.0 pF 
Input offset current 0.4 5.0 0.4 3.0 /J-A 
Input bias current 9.0 30 9.0 20 '"A 
Input noise voltage BW 1kHz to 10MHz 12 12 '"Vrms 
Input voltage range ±1.0 ±1.0 v 
Common mode rejection ratio 

Gain 24 VcM ± 1V, f<100kHz 60 86 60 86 dB 
Gain 24 VcM ± 1V, f = 5MHz 60 60 dB 

Supply voltage rejection ratio 
Gain 24 ilVs = ±0.5V 50 70 50 70 dB 

Output offset voltage 
Gain 1 RL = 00 1.5 1.5 v 
Gain 24 RL = 00 1.5 1.0 v 
Gain 33 RL = 00 0.35 0.75 0.35 0.75 v 

Output common mode voltage RL = 00 2.4 2.9 3.4 2.4 2.9 3.4 v 
Output voltage swing differential RL = 2k!l 3.0 4.0 3.0 4.0 v 
Output resistance 20 20 !l 
Power supply current RL = 00 18 24 18 24 mA 

THE FOLLOWING SPECS APPLY OVER TEMPERATURE 0°c" TA" 7o•c - ss•c" TA" 12s•c 

Differential voltage gain, 

I 
standard part 

Gain 11 RL = 2k!l, Your = 3V p-p 250 600 200 600 VIV 
Gain 22.4 80 120 80 120 VIV 

High gain part 400 500 600 VIV 

Input resistance 
Gain 22,4 8.0 8.0 k!l 

Input offset current 6.0 5.0 P-A 
Input bias current 40 40 P-A 
Input voltage range ± 1.0 ±1.0 v 

NOTES: 
1. Gain select pins G1A and G19 connected together. 
2. Gain select pins G2A and G29 connected together. 
3. All gain select pins open. 
4. Applies to 14-pin version only. 
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LINEAR LSI PRODUCTS 

VIDEO AMPLIFIER SE/NE592 

DC ELECTRICAL CHARACTERISTICS: (cont.) TA= +25°C, Vss = ±6V, VcM = o unless otherwise specified. Recommended 
operating supply voltages Vs• ±6.0V. All specifications apply to both standard 
and high gain parts unless noted differently. 

NE592 SE592 
PARAMETER TEST CONDITIONS 

Min Typ Max Min Typ Max 
UNITS 

THE FOLLOWING SPECS APPLY OVER TEMPERATURE o•c <TA< 1o•c -ss•c <TA< 12s•c 

Common mode rejection ratio 
Gain 24 VcM ± 1V,f<100kHz 50 50 dB 
Supply voltage fejection ratio 

Gain 24 AVs = ±0.5V 50 50 dB 

Output offset voltage 
Gain 1 RL = co 1.5 1.5 v 
Gain 2• RL = co 1.5 1.2 v 
Gain 3s RL = co 1.0 1.0 v 

Output voltage swing differential RL = 2k0 2.8 2.5 v 
Power supply current RL = co 27 27 mA 

NOTES: 
1. Gain select pins G,. and G,8 connected together. 
2. Gain select pins G ... and G28 connected together. 
3. All gain select pins open. 
4. Applies to 14-pin version only. 
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LINEAR LSI PRODUCTS 

VIDEO AMPLIFIER 

TYPICAL PERFORMANCE CHARACTERISTICS 
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LINEAR LSI PRODUCTS 

VIDEO AMPLIFIER 

TYPICAL PERFORMANCE CHARACTERISTICS <Cont'd) 

GAIN vs FREQUENCY 
AS A FUNCTION OF 
SUPPLY VOLTAGE 
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LINEAR LSI PRODUCTS 

VIDEO AMPLIFIER 

TYPICAL PERFORMANCE CHARACTERISTICS ICont'dl 

PHASE SHIFT AS A 
FUNCTION OF FREQUENCY 
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LINEAR LSI PRODUCTS 

VIDEO AMPLIFIER 

TYPICAL APPLICATIONS 

.. 

v, 

-· 
Vo (s) 1.4 X 104 .. ---
V1 (S) Zls> + 2re 

1.4 x 104 

Zls> + 32 

BASIC CONFIGURATION 

SE/NE592 

FILTER NETWORKS 

ZNETWORK 
FILTER Vo Is) TRANSFER 
TYPE V1 Isl FUNCTION 

A L 
~ 

1.4 x 1()4 [~ +1
R1L] 

LOW PASS ---
L 

1.4 x 1()4 

[~+~/RC J HIGH PASS ---
R 

1.4X104[ S J BAND PASS 
L s2 + AIL s + 1/LC 

--~~f-<>·~---+--~~~+-~-~~·~-
~:A~c 11.4X1()4r s2+11LC J 
~n~~c~ BAND REJECT 1--R-L s2 + 1/LC + s/RC 

NOTE 

In the networks above, the A value used is 
assumed to include 2re. or approximately 320 

DISC/TAPE PHASE MODULATED READBACK SYSTEMS DIFFERENTIATION WITH 
HIGH COMMON MODE 

NOISE REJECTION 

AMPLITUDI: 
l'RIOUENCV: 
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LINEAR LSI PRODUCTS 

DIFFERENTIAL VIDEO AMPLIFIER 

DESCRIPTION 
The 733 is a monolithic differential Input, 
differential output, wideband video amplifi
er. It offers fixed gains of 10, 100 or 400 
without external components, and ad
justablegalns from 10to400bythe use of an 
external resistor. No external frequency 
compensation components are required for 
any gain option. Gain stability, wide band
width and low phase distortion are obtained 
through use of the classic series-shunt 
feedback from the emitter follower outputs 
to the Inputs of the second stage. The emit
ter follower outputs provide low output im
pedance, and enable the device to drive ca
pacitive loads. The 733 ls Intended for use as 
a high performance video and pulse amplifi
er in communications, magnetic memories, 
display and video recorder systems. 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER 

Differential input 
Voltage 

Common mode input 
Voltage 

Vee 
Ouput current 
Junction temperature 
Storage temperature range 
Operation temperature range 

µA733C 
µA733 

Po Power dissipation 
K package 
N, F package 

CIRCUIT SCHEMATIC 

INPUT1 

GAIN 
llLICT 

{
01• 

a,. 

FEATURES 
• 120MHz bandwidth 
• 250kn Input re•l•tence 
• Selectable gain• of 10, 100 end 400 
• No frequency compenaetlon required 
• Mii •Id 883A,B,C evelleble 

APPLICATIONS 
• Video emplltler 
• Pulse emplltler In communications 
• Magnetic memories 
• Video recorder syatems 

RATING UNIT 

±5 v 

±6 v 

±8 v 
10 mA 

+150 •c 
-65 to +150 •c 

o to +75 •c 
-55 to +125 •c 

500 mW 
670 mW 

µA733/733C 

PIN CONFIGURATION 

INPUT 1 

NC 

02A GAIN 
SELECT G~\iE°'6~ J 

Q~\~:6~ 4 11 =~tE~~IN 
v- 5 v• 

TOP VIEW 

ORDER NUMBERS 
,A 733F ,A 733CN 
,A 733N ,A 733CF 

OUTPUT 2 
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LINEAR LSI PRODUCTS 

DIFFERENTIAL VIDEO AMPLIFIER µA733/733C 

DC ELECTRICAL CHARACTERISTICS TA= + 25°C, Vs· ± 6V, VCM = o unless otherwise specified. 
Recommended operating supply voltages Vs= ± 6.0V 

PARAMETER TEST CONDITIONS 
µA733C µA733 

UNITS 
Min Typ Max Min Typ Max 

Differential voltage gain 
Gain 12 · 250 400 600 300 400 500 VN 
Gain 22 R1= 2k0, Vour=3Vp-p 80 100 120 90 100 110 VIV 
Gain 33 8 10 12 9 10 11 VIV 

Bandwidth 
Gain 11 40 40 MHz 
Gain 22· 90 90 MHz 
Gain 33 120 120 MHz 

Rise time 
Gain 11 10.5 10.5 ns 
Gain 22 Vour= 1Vp-p 4.5 12 4.5 10 ns 
Gain 33 2.5 2.5 ns 

Propagation delay 
Gain 11 7.5 7.5 ns 
Gain 22 Vour= 1Vp·p 6.0 10 6.0 10 ns 
Gain 33 3.6 3.6 ns 

Input resistance 
Gain 12 4.0 4.0 kO 
Gain 22 10 30 20 30 kll 
Gain 33 250 250 kO 

Input capacltance2 Gain 2 2.0 2.0 pF 
Input offset current 0.4 5.0 0.4 3.0 µ.A 
Input bias current 9.0 30 9.0 20 µ.A 
Input noise voltage BW= 1kHz to 10MHz 12 12 µ.Vrms 
Input voltage range ±1.0 ±1.0 v 
Common mode 
Rejection ratio 

Gain 2 VCM = ± 1V, I s 100kHz 60 86 60 86 dB 
Gain 2 VCM= ±1V, F=5MH2 60 60 dB 

Supply voltage 
Rejection ratio 

Gain 2 AVs= ±0.5V 50 70 50 70 dB 

Output offset voltage 
Gain 11 RL=oo 0.6 1.5 0.6 1.5 v 
Gain 2 and 32,3 0.35 1.5 0.35 1.0 v 

Output common mode voltage RL=oo 2.4 2.9 3.4 2.4 2.9 3.4 v 
Output voltage swing, differential RL=2k 3.0 4.0 3.0 4.0 VpK·pK 
Output sink current 2.5 3.6 2.5 3.6 mA 
Output resistance 20 20 0 
Power supply current RL±oo 18 24 18 24 mA 

THE FOLLOWING SPECS APPLY OVER TEMPERATURE o•c s TA s 1o•c -ss•c s TA :s 12s•c 
Differential voltage gain 

Gain 11 250 600 200 600 VIV 
Gain 22 R1=2k0, Vour=3Vp·p 80 120 80 120 VIV 
Gain3 8 12 8 12 VN 
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LINEAR LSI PRODUCTS 

DIFFERENTIAL VIDEO AMPLIFIER 

DC ELECTRICAL CHARACTERISTICS (Continued) 

PARAMETER TEST CONDITIONS 
µA733C 

Min Typ 

Input resistance 
Gain 22 8 

Input offset current 
Input bias current 
Input voltage range :t 1.0 

Common mode 
Rejection ratio 

Gain 2 VCM = :t V, F :s 100kHz 50 
Supply voltage 
Rejection ratio 

Gain 2 A.Vs= :t 0.5V 50 

Output offset voltage 
Gain 11 RL= 00 

Gain 2 and 32, 3 

Output voltage swing, differential RL= 2k 2.8 
Output sink current 2.5 
Power supply current RL :t oo 

NOTES 
1. Gain select plna G1A and G1e connected together 
2. Gain aalect pins G2A and G2e connected together. 
3. AH gain select pins open. 

TYPICAL PERFORMANCE CHARACTERISTICS 
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LINEAR LSI PRODUCTS 

DIFFERENTIAL VIDEO AMPLIFIER 

TYPICAL PERFORMANCE CHARACTERISTICS <Cont'd> 
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LINEAR LSI PRODUCTS 

DIFFERENTIAL VIDEO AMPLIFIER 

TYPICAL PERFORMANCE CHARACTERISTICS (Cont'dl 
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LINEAR LSI PRODUCTS 

PROGRAMMABLE SEVEN CHANNEL RC ENCODER 

DESCRIPTION 
The NE5044 la a programmable parallel In· 
put, aerial output pulaewldth encoder. A 
multiplexed dual linear ramp technique la 
used to allow up to 7 Inputs to be converted 
to a aerial pulaewldth modulated signal with 
excellent linearity and minimal croaatalk. 
Fixed or variable frame rates can be used, 
externally controlled, for ease of demodula· 
!Ion. An onboard 5V regulator allmlnataa 
power supply aenaltlvltlea and provides up 
to 20mA current capability for driving exter· 
nal loads. 

FEATURES 
• 3 to 7 channal1, externally Hlectabla 
• Con1tant currant dual llnaar ramp 

for llnHrlty better than .3% 
• Internal voltage regulator for low drift 
• Wida 1upply range 4.5 - 18V 
• Fixed or variable frame rate Ht 

by external R·C 
• External control tor channel gain 

or range 
• VerHtlla appllcatlon1; exponential 

ratH, mixing, dual reta, ravarelng etc. 
• Compatlble with all tran1ml11lon 

medium• 

BLOCK DIAGRAM 

PARAl.L£l 
INPUTS 

v, 

CONSTANT 
CURA!NT 
O!Nt!JIATOft 

APPLICATIONS 
• Radio controlled aircraft, care, 

boat1, train• 
• lndu1trl1I controllare 
• Ramote controlled antartalnmant 

1y1tem1 
• Security 1y1tam1 
• ln1trumentatlon recorder1/control1 
• Remote Analog/dlglt•I data 

tran1ml11lon 
• Automotive sensor 1y1tam1 
• Robotics 
•Telemetry 

ABSOLUTE MAXIMUM RATINQS1 

PARAMETER 

Vee. Supply voltage 
Regulator ouput current 
Serial output peak current 
Constant current gener!Mor 
Parallel Inputs, range Input 
One shot Input, frame generator Input 
Operating temperature 
Storage temperature 

NOTE 
1. TA • 26° unlH• otherwiH 1tated. 

.. 
13 

., 10 

FRAM! 
QENERATOA 

PIN CONFIGURATION 

D,N PACKAGE 

TOP VIEW 

ORDER NUMBERS 

NE5044 

NE5044D NE5044N 

11 
RAIAI.. 
OUTPUT 

., 

RATING 

17 
-26 
30 
-1 

O·VREG 
O·VREG 

-20 to +75 
-65 to +150 

UNIT 

v 
mA 
mA 
mA 
v 
v 
•c 
•c 
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LINEAR LSI PRODUCTS 

PROGRAMMABLE SEVEN CHANNEL RC ENCODER NE5044 

DC ELECTRICAL CHARACTERISTICS Test conditions TA• 2s•c, Vee• 1ov using Test Circuit A unless otherwise atsted. 

PARAMETER TEST CONDITIONS 

POWER SUPPLY REQUIREMENTS (Note 1) 
Power supply voltage range 

Power supply current Excluding control pots and 
aerial output currents 

VOLTAGE REGULATOR 
VREG Output voltage 

Output current VR 2: 4.5V 

Line regulation 1 s Vee s 16 

MULTIPLEXER 
Input current Vn • 2.5v 

Input voltage range V n - VRange 2: . 75V 
Croeatalk 

OUTPUT PULSE 
Tn Position Rt• Cmux = 1.25ms 

Vn " .5VREG; VRANGE " .2VREG 
Position linearity error 

Position tempco o•c s TA s 1o•c. 

Position PSR av s Vee s 1ev 

To Width R0c0 • 300µs 

Saturation voltage lo• 25mA 

111 Leakage current 

Range input voltage Rt= 50k!l 

Rt= 25k!l 

Frame time (Fixed) RFCF = 30ms 
Inhibit threshold 

NOTE 
1. At supply voltages exceeding 12V, a current limiting resistor of 20 to 500 in series with Vee is recommended. 

t 

OUTPUT PULSE WIDTH (T nl 
VI INPUT VOLTAGE (Vn) 

! 1.$ +----+---J.'--...... ---1-__, 
~ 

2.0 3.0 3.5 

7.4 

FRAME TIME (TF) VI RF 

t 251-1---+---#-+---4--__,l--I 

J20~--+-...,..__,+---+.""---+--t 
ISf.+--¥--__,ho"--+----1--1 

100 300 400 

NE 5044 

Min Typ MIX 
UNIT 

4.5 16 v 

11 15 mA 

4.5 5.0 5.6 v 

-20 mA 

.005 0.2 VIV 

±30 ±200 nA 

1.5 5 v 
±1 ±5 µs 

1360 1500 1650 µe 

5 µs 

.15 µst•c 

.5 1 µs!V 

240 285 330 µe 

.6 1 v 

.05 50 µA 

.75 v 
1.00 v 
17 20 23 ms 

.4 v 

OUTPUT ONESHOT TIME (Toi VI Ro 

IOOl---r::'-=-.,-+--:.-:-,,....,~:--t--2 t 500~1-f-~~-+-~t-'71"~ 
;: 400 HH-...... --+--:..t"OC< 
s300~__,_,,._.._.....,.~_.._-4---1 

10 20 30 40 50 

R()(k!!)~ 



LINEAR LSI PRODUCTS 

PROGRAMMABLE SEVEN CHANNEL RC ENCODER 

i 

OUTPUT SATURATION VOLTAGE 
va OUTPUT CURRENT 

!! .• l---+--:::: .... '---1--~ 
> 

NOTE 
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t ... 
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LINEAR LSI PRODUCTS 

PROGRAMMABLE SEVEN CHANNEL RC ENCODER NE5044 

VcuMP 

Yee 

Your To 

Figure 1. Encoder Timing Diagram - Fixed Frame 

? Yee 5Y·19Y 

1 18 

J 
CHANNEL1 Yee 

~ 
2 

CHANNEL 2 
15 BYPASS 

J 
VREF 

± 3 
.047•F 

J 
CHANNEL 3 CMux P-1~ 

4 13 27k0 

L 
CHANNEL 4 CURRENT 

l·°"•F ~ Yee 

5 12 10k0 

.I 
CHANNEL 5 RANGE 
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l 
7 10 33k0 
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~.01•F 
~ 9 43k0 

GROUND T, 
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* Figure 2 
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LINEAR LSI PRODUCTS 

PROGRAMMABLE SEVEN CHANNEL RC ENCODER 

A. CIRCUIT OPERATION 
The NE5044 is a programmable parallel in· 
put, serial output encoder containing all 
the active circuitry necessary to generate 
a precise pulsewidth modulated signal 
with 3 to 7 channels. The number of chan· 
nels is externally programmable by 
grounding unused control inputs. A multi· 
plexed dual linear ramp technique is used 
to provide excellent linearity, minimal 
crosstalk and low temperature drift. An 
onboard 5-volt regulator eliminates power 
supply sensitivities and has up to 20mA 
current capability for driving external 
loads. The encoder can be used in the 
fixed frame mode or, with the addition of 
one external NPN transistor, as a variable 
frame encoder. 

The multiplexer functions as a strobed 
voltage follower so that each input, when 
active, appears as a high impedance input 
(> 1MO) and transfers the Input voltage to 
the output. Only one of the seven inputs is 
active at any time and when a given input 
is Inactive, it appears as an open circuit. 
The high impedance multiplexer inputs 
eliminate loading on control inputs and 
simplify mixing circuits where several 
controls may be mixed onto one input 

Channel 4, 5, 6 and 7 inputs may also be 
used to select the desired number of out· 
put pulses by grounding one or more of 
these pins. That is, by grounding pin 4 
(channel 4 input) only the first three inputs 
of the encoder will be used and a 
3-channel encoder results. Grounding pin 
5 results in a 4·channel encoder and so on. 
Thus, any number of channels between 3 
and 7 may be selected. Internal voltage 
clamping prevents encoder malfunction if 
any input is shorted to supply, ground or 
open circuited. The remaining channels 
will continue to be encoded except as 
noted above. This feature eliminates 
catastrophic failures due to control pot 
opens or shorts. 

The constant current generator is a bidi· 
rectional current source whose current is 
set by an external resistor R1, where: 

v 
le=±-it' 

The current generator alternately charges 
and discharges the capacitor Cmux· An in· 
ternal feedback loop maintains a constant 
current and very high output impedance. 
This yields a typical linearity error of volt· 
age input to pulsewidth output for the en· 
coder of less than 0.1 % . An external 
capacitor, C1, is required to insure stability 
of the feedback loop. 

Two high gain comparators, C1 and C2, 
compare the voltage across Cmux with the 
multiplexer output voltage and the range 
input voltage. The input bias currents and 
offset voltages of these comparators are 
sufficiently low so as to not influence the 
overall accuracy of the encoder. The com· 
parators feed the counter control logic 
which in turn controls the counter and cur· 
rent generator. The operation of this loop 
is as follows: When le is positive (sourced 
from the current generator into Cmux) the 
capacitor linearily charges up until it 
reaches a voltage equal to the multiplexer 
output voltage, assume this to be the volt· 
age at pin 1, V1. At this time the output of 
C1 goes high which reverses the direction 
of le (sinking into current generator from 
Cmux)· Cmu' now linearly discharges until it 
reaches the voltage set on pin 12, Vrange· 
At this time the output of C2 goes high 
which again reverses the polarity of le, 
clocks the counter and triggers the output 
one shot. Cmu' again charges up but now 
C1 goes high when Cmux reaches V2, the 
voltage on pin 2. The resulting voltage 
waveform on Cmux is a triangle wave 
whose positive peaks correspond to the 
voltages on pins 1 through 7 for the first 
through seventh peak and whose negative 
peaks are constant and equal to V,.090 . 

This waveform is shown in the first portion 
of Figure 1. 

Independent control of le and V range allows 
the encoder to be tailored to virtually any 
combination of input voltage changes and 
output pulsewidth changes. The lune· 
tional relationships between these 
variables will be defined in the next sec
tion. 

The frame generator controls the encoder 
frame time. It can operate as an astable or 
monostable multivibrator whose period is 
.66X RFCF. The encoder will generate a 
synchronizing pulse at the end of each 
frame. When Cmux reaches the seventh 
positive peak it reverses and discharges to 
V range· The counter is clocked to the state 
where 0 0 is high when VCmu' = V range· 
Cmux again charges up but now the output 
of C 1 is ignored. due to 0 0 being high, and 
charges up to Veiamp and remains there. 
The encoder will remain in this state until 
a pulse from the frame generator is receiv· 
ed. If RF and CF are connected as shown in 
the Block Diagram, then the frame gener· 
ator operates in the astable mode produc· 
ing a narrow pulse output. This pulse 
allows Cmu< to start discharging again. 
When Cmux reaches Vrange• the counter is 

NE5044 

clocked to the state where 0 1 is high 
(channel 1) and the entire process starts 
over. The frame period in this mode is 
.66 x RFCF and is referred to as the fixed 
frame mode. The variable frame mode will 
be discussed in the application section. 

The output one-shot generates a positive 
pulse whose width is equal to R0C0 • The 
output is an open co!!ecto<, NPN tran· 
sister capable of sinkir1g 25mA. This con· 
figuration allows the encoder to drive a 
wide variety of RF stages as well as pro· 
viding current pulses In 2 wire com
munications applications. 

B. ENCODER DESIGN 
EQUATIONS 

The triangular waveform on Cmu• has a 
fixed slope (constant current) and variable 
positive peak voltages. The time between 
the negative peaks of Crnu" which is equal 
to the output period for that channel, is 
given by: 

2 (V n - Vrangel Cmux 
Tn= ~~~~"'--~~ 

c 

le is given by: 

VR 
le= 2R, 

where VA= Reference Voltage. 

Additionally, V n• the voltage on pin n, 
which is the control voltage for channel n, 
is typically the wiper voltage on a pot con· 
nected between VR and ground. Thus 
Vn= XnVR. 

vrange is also derived from VA so that 
Vrange= Y VR. The resulting channel time 
period is: 

Jr n = 4R1 Cmu,(Xn -~ 

Thus, each channel pulse width, T n• is in· 
dependent of supply voltage and depends 
only on external passive components. 

The conversion rate, CR, for each channel 
is the change 1n output period, .:H.,, 
divided by the change in input voltage for 
that channel, D.V n· 

D.T n D..T n 

CR= D.Vn =-;:;;;- = 4 R1 Cmu' 

7.7 
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LINEAR LSI PRODUCTS 

PROGRAMMABLE SEVEN CHANNEL RC ENCODER 

In most applications, the input variable Xn 
will have some neutral or center value 
about which It will vary, thus 

Xn= Xo+.Xn 

and 

where X0 Is the neutral value for X and is 
assumed to be the same for all n. Now 

T n = 4R1Cmux (Xo- Y + Xn) 

II we let T Noutra1= 4R1Cmux(X0 -Y) be the 
neutral value for T n• then 

Consider the following example to see 
how these design equations are used. 

Assume: 

T neutral= 1.5ms 

X0 = 0.5 - Control pot In center at 
T n = T neutral 

7·8 

11.Xn = :t 0.1 - Control pot resistance 
varies :t 10% (of total resistance) 
around neutral. This should include 
mechanical trim II used. 

·ATn= :t0.5ms 

For this example, the conversion rate Is 

CR= 11.Tn = .:§.!!!! =5ms 
11.Xn .1 

so 

4R1Cmux = 5ms. 

II we let Cmux = .0471'F 

5ms 
R1 = 4X.04 t l'F = 26.Skll = 27k0 

and 

T neutral= 1.5ms = 4R1Cmux (X0 - Y) 

Y-05 1.5ms -02 -·-5iii'S-· 

The output pulse width Is given by 

T0 = R0c0 

so II T 0 = 3301's and c. = .011'F 

R0=~=33k!l. 
• Ul/Lr" 

NE5044 

The frame time constant, T F• is given by 

TF=.66 RFCF 

If TF= 20ms and CF= .47µF 

20ms 
RF= .66x 471'F = 52k 

Figure 2 shows the external connections 
for this example. 

It should be noted that the temperature 
stability of all the encoded times depend 
on the temperature coefficients of the 
respective external Re time constants. No 
internal temperature compensation Is 
used on the chip. The typical temperature 
sensitivity of T n using wlrewound resis
tors and polycarbonate capacitors Is less 
than 100ppm/'C In the -20'C to + 70'C 
temperature range. For the above ·example, 
this corresponds to a change in T n of ± 7.Sµs 
for a change in temperature of ± so•c. • 

*For addltlonal Information, consult 
the Appllcatlona Section . 



LINEAR LSI PRODUCTS 

SEVEN CHANNEL RC DECODER 

DESCRIPTION 
The NE5045 is a serial input, parallel output, 
decoder intended for applications In pulse 
width or pulse position modulation systems. 
The serial input pulse, either positive or neg· 
alive, is shaped and amplified before being 
lad to the counter I decoder. An integrating 
type sync. separator datacts pulses greater 
than T w • Rses. The amplified input pule.a 
triggers an Internal one-shot (minimum 
pulse) which in turn clocks the counter-de· 
coder, thereby enhancing system noise re· 
jection. A missing pulse detector resets the 
decoder during the sync. pause. An internal 
voltage regulator supplies power for the 
radio receiver providing excellent isolation 
from the power supply as well as the decod
er logic. 

FEATURES 
• Decodes up to 7 channels 
• High gain Input amplifier 
• Externally set sync. pause and 

minimum pulse 
• Wide supply voltage range, 3.6V-8V. 
• Positive or negative pulee lnpute 
• Noise and flutter rejection 
• Outputs reset to zero without Inputs 
• Compatible with all tranemlaslon 

mediums 

BLOCK DIAGRAM 

APPLICATIONS 
• Radio controlled aircraft, cars, 

boats, train• 
• lnduatrlal controller• 
• Remote controlled entertainment 

ayatama 
• Security ayatema 
• Instrumentation record era/ controls 
• Remote Analog/digital data 

tranamlaalon 
• Automotive sensor ayatema 
• Robotics 
• Telemetry 

ABSOLUTE MAXIMUM RATINGS1 
PARAMETER 

Vee. Supply voltage 
Regulator output current 
Decoded output current 
Pause input voltage 
Input amplifier voltage 
Operating temperature 
Storage temperature 

NOTE 
1. TA • 25"C unlea1 otherwise stated 

PIN CONFIGURATION 

D,NPACKAQE 

TOP VIEW 

ORDER NUMBERS 
N E5045N N E5045D 

RATING 

10 
-25 
±5 

Oto YR 
0 to YR 

-20 to +75 
-65 to +150 

NE5045 

UNIT 

v 
mA 
mA 
v 
v 
·e 
•e 
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SEVEN CHANNEL RC DECODER NE5045 

DC ELECTRICAL CHARACTERISTICS Standard conditions: (TA .. 2s•c, Vee• s.ov unless otherwise stated), 
using Test Circuit # 1 

PARAMETER 

POWER SUPPLY REQUIREMENTS 
Power supply voltage range 
Power supply current 

VOLTAGE REGULATOR 
Output voltage 

VR Output current 
Line regulation 
Voltage drop 

INPUT AMPLIFIER 
Input bias current 
Input voltage range 
Open loop gain 
Feedback current 
Detection threshold 

Ts Sync. pauaa time 
TM Minimum pulse time 

OUTPUTS-ALL CHANNELS 

VOL 

VoH 

~VI SINK CURRENT 

I ""r-=-lH YI SOURCE CURRENT 

I 1
1 .._ -k.VOH 

t 3 l---+---1-+==="+'"""'"+-l 
~ 2.7f--t-- --j--t-~-1 

,4 f-' 

l5(mA) -

L 

TEST CONDITIONS 

Test circuit # t 
Excluding input bias current 

VR 2! 3.7V 

Vee= ev to av 
Vee .. 4V, IR= -10mA 

Teat circuit# t, .:\.V12 & 13 
R8 C8 • 8.0ms 

Rm Cm• 500µs 

ISINK • 1mA 

lsoURCE • 2mA 

MINIMUM PULSE TIME, 
TM VI RM, CM 

H]. 
v °'.'M Jl02'•F 

800 

700 

1 f ~· 
000 • I- 500 

400 

300 

200 

100 

IL 
lL .L IL .0047µF 

'ii IL ~ ....... ii: 
.L IL tv 
ll IL v _l_ 
IL r"" lcm 

10 20 30 40 50 80 70 80 90 100 

AM(kll) -

REGULATOR VOLTAGE 
vs LOAD CURRENT 

10 20 30 40 __... 

IR{MA) 

Min 

3.6 

3.7 

2.0 

100 

5.1 

406 

2.7 

NE5045 

Typ Max 

8.0 
9.0 14.0 

I 
4.1 4.5 

-15 

.01 .05 
1.3 

10 100 
4.0 

80 
200 400 
8 20 

8.0 8.9 
475 545 

.25 .15 

SYNC. PAUSETIME, 
Te VI RaC1 

c, 

UNIT 

v 
mA 

v 
mA 

VIV 
v 

nA 
v 
dB 
µA 
mV 
ma 

µ• 

v 
v 

100 200 300 400 soo eoo 
Ai("\!)-
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SEVEN CHANNELRC DECODER 

HlllAL 
INPUT 

CHANNEL1 

CHANNIL3 

CHANNEL 4 

CHANNELS 

CHANNELi 

CHANNEL7 

INTERNAL 
RESET 

TEST CIRCUIT 
Yee 

*CIRAMIC 

Figure 1. NE5045 Decoder Timing Dllgrem 
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LINEAR LSI PRODUCTS 

SEVEN CHANNEL RC DECODER 

A. CIRCUIT OPERATION 
The NE5045 is a serial input, parallel out· 
put decoder containing all the active cir· 
cuitry necessary to separate up to 7 chan· 
nels of information in a pulsewidth 
modulated system. An internal voltage 
regulator provides excellent power supply 
rejection for the decoder as well as a 
regulated output for a radio receiver if 
used. 

The high gain input amplifier, A1 (A, > 
60dB), allows either positive or negative 
pulses to be used and has input bias cur· 
rents less than 10nA. Signals as low as 
10mV P·P can easily be demodulated. The 
feedback current generator can be used to 
provide positive feedback thereby ere· 
ating hysteresis in the input switching 
levels. Hysteresis prevents false trigger· 
ing due to noise or IF amplifier distortion. 
If positive input pulses are used, the 
signal would be connected to the nonin· 
verting input, pin 13. In this case, the input 
threshold would be set by the voltage dif· 
ference between pin 12 and pin 13, 
established externally with a resistive 
divider network. Design of the divider will 
be covered in section Band C. Negative in· 
put signals would be coupled to pin 12, 
the inverting input. 

The amplified signal from A1 is gated by 
G1 and in turn sets the FF. Assume, for 
the time, that G2 is low. The combination 
of the FF and One Shot 1 produces a 
minimum pulse to clock the counter· 
decoder for each positive edge at pin 13 
which exceeds the voltage on pin 12. The 
width of this pulse is: Tm= Rm Cm. With 
this arrangement, the system will not re· 
spend to any pulse after the first edge and 
before the end of Tm· In effect the input is 
turned off for a period equal to Tm follow· 
ing the leading edge of each input pulse. 
The noise immunity of the decoder is thus 
enhanced by the ratio of Tm to the period 
between input pulses. Obviously Tm must 
be less than the shortest period between 
input pulses. 

This connection serves two purposes: 

(1) establishes synchronization in no 
more than one frame and 

(2) prevents the counter-decoder from 
overflowing due to extra noise pulses in a 
given frame. Thus any noise pulses in a 
frame will only affect those channels after 
that pulse and only in that frame. 

If fewer than 7 channels of input are used 
then 00 is high after the last pulse and the 
counter·decoder is reset when One Shot 2 
goes high. 

Each channel has a totem pole output 
stage capable of sourcing 2mA and sink· 
ing 1mA. 

The voltage regulator operates in two 
modes depending on the power supply 
voltage. If Vee is greater than 5V, the 
voltage regulator acts as a series pass 
regulator with a nominal output voltage of 
4.1V. When Vee is less thari 5V, the 
regulator acts as a dynamic decoupler 
where the bypass capacitor on pin 14 fil· 
ters out line transients. The internal pass 
transistor acts like an emitter follower 
whose base is decoupled by the bypass 
capacitor. The value of capacitance will 
depend upon the degree of smoothing re· 
quired and the amplitude of the line tran· 
sients. If the regulator provides power for 
the radio receiver, this capacitor may have 
to be as large as 33µF. However if this is 
not done, 1µF should be sufficient. 

B .. DECODER DESIGN 
EQUATIONS 

The design of the decoder's external cir· 
cuitry is quite simple. The minimum pulse 
One Shot (#1) and the synchronization One 
Shot (#2) each have time periods given by: 

I Tm= RmCm I 
I Ts= .85 RsCs j 

NE5045 

respectively. The constraints on these 
time periods are: Tm < the minimum input 
pulse width or time between leading 
edges of the input and Ts > maximum in· 
put pulse width but T 8 < the sync pause 
(time between last pulse in frame and first 
pulse of the following frame). 

The design of the input amplifier biasing 
network depends upon a number of fac. 
tors, including: 

1. Pulse Polarity 
2. Pulse Amplitude 
3. Variations in Amplitude and Noise 
4. Detection Threshold and Hysteresis 

Levels 

For a very simple case, assume the input 
is a positive pulse train and the threshold 
of detection is desired to be 400mV with· 
out hysteresis. Figure 2 shows the input 
amplifier along with the associated bias· 
ing circuits. The resistors R1 and R2 set 
the voltage on pin 12, which should be be· 
tween 2V to 5V. 

The threshold is set by the voltage drop 
across R3, that is, the decoder will not be 
triggered until H1e voltage on pin 13 ex· 
ceeds the voltage on pin 12. 

vthreshold = v 12- v 13 

V1hresro1ct=V12 ( 1 + ~4/RJ 
If we assume VR=4.1V and let V12 =3V 
then 

R1 = 1.1k 

R2= 3.0k 

CURRENT 
GENERATOR 

The counter is clocked and One Shot 2 is 
reset (capacitor Cs is discharged) each 
time the FF is set. When the FF is reset, 
Cs begins to charge up through Rs. The 
time constant Ts= .85 Rs Cs is normally 
much larger than the time between input 
pulses so that the output of One Shot 2 re· 
mains· low until the last pulse of a given 
frame is received. Figure 1 shows the tim· 
ing diagram for the decoder. After the last 
pulse in a frame (system synchronized) 0 0 

will go low and G2 will go high. The input 
is now disabled by G1 until One Shot 2 
times out at which time G2 will go low. 

Figure 2. Input Amplifier Biasing NE5045 
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LINEAR LSI PRODUCTS 

SEVEN CHANNEL RC DECODER NE5045 

The threshold Is then set to 400mV by 
setting 

R4 should be sufficiently large so as to not 
load the Input signal. If we let R3 • 51 k then 
R4 • 330k. Figure 3 shows the external con-

nectlona for a complete decoder. Note that 
this circuit does not have provisions for noise 
filtering or rejection of amplltude variations. RiR3=6.5 

1 

2 

3 

4 

TO 
SERVOS 

5 

I 

7 

CHANNEL 1 

CHANNEL 2 

CHANNEL 3 

CHANNEL 4 

NE5045 

CHANNEL 5 

CHANNEL I 

CHANNEL7 

Vee 1"1"'•-------

v .... 1 ... s _____ _ 

BYPASS 
14.1,.~ 

1,F 
+ ._1"'3-+---I 

I.011~F 

SYNC l-'8'----":'-'14/\7k,..,_ ... 

Figure 3. NE5045 Decoder External Connectlon1 
Tm • .88m1; T 1 • 4me, V threohold • 400mV 

V cc (3.1- IV) 

4.1V 
RECEIVER POWER 

INPUT POSITIVE 
PULSE 

•for addltlonal Information, conault the Appllcatlon• Section. 
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LINEAR LSI PRODUCTS 

SERVO AMPLIFIER 

DESCRIPTION 
The NE544 is a servo amplifier and pulse
width demodulator with internal motor drive 
transistors. It is designed for remote control 
applications in digital proportional systems 
but can be used in many other closed loop 
position control applications. It incorpor
ates a linear one shot for improved position
al accuracy and outputs for external pnp 
motor drive transistors. 

FEATURES 
• SOOmA load current capablllty 
• Bldlrectlonal bridge output with single 

power supply 
• Low standby power drain 
• Adjustable deadband and trigger thresh· 

olds 
• High linearlty, 0.5% maximum error 
• Output drive for external PNP transistors 

(optional) 
• Wide supply voltage range 

APPLICATIONS 
• Miniature position Servo 
• Robotics 
• Control devices 
• Remote positioning 

ABSOLUTE MAXIMUM RATINGS TA= 25°C unless otherwise specified. 

PARAMETER RATING UNIT 

V+ Supply voltage 6.0 v 
lo Output current 500 mA 
TA Operating temperature -20 to +75 ·c 
T stg Storage temperature -65 to +150 ·c 

BLOCK DIAGRAM 

7-14 
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SERVO AMPLIFIER 

EQUIVALENT CIRCUIT SCHEMATIC 

INPUT 

..!. 

TIMING 

,! GNO fSIGNAll 

VOLTAGE 
REGULATOR 

DC ELECTRICAL CHARACTERISTICS TA= 2s 0 c. Vs= 4.ev unless otherwise specified. 

PARAMETER TEST CONDITIONS 
Min 

Vee Supply voltage 3.2 

ice Supply current Pin 11 Quiescent 4.2 

VTH Input threshold Pin4 
On 
Off 

Z1N 1 nput resistance Pin 4 

Output voltage 

Vol Low 
Pin 9 or 13. I L 400rnA 

VoH High 

VREG Regulated voltage Pin 3 2.1 

LlVREG Regulation Pin 3 3.9V s Vee s 6V 

Minimum dead band Pin 7 Roe=O 

One shot temperature coeffi.cient 

Standby output voltage Pin 9 and 13 

PNP drive current Pin 10 and 12 

NE544 

ll 

GNO 1POWERJ 

LIMITS 
UNIT 

Typ Max 7 
4.8 6 v 
55 10 mA 

v 
1.5 
1 4 
18 kl! 

v 
0.3 
3.9 

25 2.9 v 
10 mV/V 

1 µs 

.01 % ;;c 
2.5 v 
20 mA 
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SERVO AMPLIFIER 

7-16 

"• 
S60k 

TYPICAL CONNECTION OF NE544N FOR LINEAR ONE SHOT TIMING 

c. 1/1 INPUT 

c. 

TA· T9 
OPTIONAL 
use MPS 6562 
OR EQUIV 

4 7 .. 

NE544 
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SERVO AMPLIFIER 

Typlcal PC Board Layout 
Bottom View 

PC BOARD-N PACKAGE 

Parts Layout 
Top View 

NE544 
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SERVO AMPLIF!ER NE544 

TYPICAL PERFORMANCE CHARACTERISTICS 

1.00 

! 
~ 0.75 

i 
~ 
6 0.50 

i 
0.25 

MAXIMUM DISSIPATION v1 
AMBIENT TEMPERATURE 

I\ 
I J; LOic -

:aloAo~ 
1-- "\ ""1 -""1-1 --

' l 
_1_14PIN N 

j_ 
50 100 150 

AMBIENT TEMP ('C) 

OUTPUT VOLTAGE VI 
LOAD CURRENT 

200 

a ••i--+-+--+--+--+--+--+---< 
" ~ 
g 3.8t---t---t----+--+--+-+--+--1 

I 
"r---r--r--r--

VouT 

4 · 80~~-=-,o~o-'--"""•~00,---"-""'•~oo-..___.,o·o 

LOAD CURRENT ~mAl 
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20 
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INPUT PULSE WIDTH YI 

FEEDBACK POT OUTPUT 

LlNEA~-L/ 
TIMING jz_ ,_....., 

I ~ EXPONENTIAL 
IL"___ TIMING 

10~ 
1.0 1.6 2.0 

INPUT PULSE WIDTH lmSI 

OUTPUT CURRENT YI 

LOAD RESISTANCE 
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~ '\.... ~ MAX 01UTPUT CUM ENT 
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INPUT PULSE (mSI 

*For additional Information, consult the Applications Section. 
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VOLTAGE REGULATOR-SYMBOLS AND DEFINITIONS 

Absolute Maximum Rating 
Operating safe zones exceeding these limits could cause perma
nent damage to the device and are not meant to Imply that 
devices can operate at these llmlts. 

Current Limiting 
The ability of the amplified segment to llmlt the output current 
of the device when safe operating limits are exceeded. Meas
ured In amperes (pre-determined). 

Elllclency 
Regarding a regulator, the ratio of the total power Input to the 
usable power output. Expressed as a percentage. (For example, 
If a regulator has a 50 watt Input and a 40 watt output, Its effl. 
clency Is 80 percent). 

EMl/RFI 
("Electromagnetic Interference/Radio Frequency Interference") 
regarding regulators, magnetic field disturbance and radio Ire· 
quency Interference signals generated especially by SMPS 
devices. Measurement Is generally unspecified. 

Lint Regulation 
Sometimes referred to as "static regulation". This term refers to 
the changes In the output as the Input Is varied slowly from Its 
rated minimum value to Its rated maximum value (from 105 
VACAMS to 125 VACAMsl· Measured In mv/V. 

Lo•d Regulation 
Sometimes referred to as "dynamic regulation". This term refers 
to the changes In the output when load conditions are suddenly 
changed (from no load to full load). Measured In mv/V. 

Package Type Dealgnatlon 
See full package designations In Appendix. 

Power Dlaslpatlon 
The power that the device can safely handle at 25 •c. The 
dissipation must be derated as Indicated for the Individual 
package type. 

Power Dl11lpatlon 
The ability of the regulator to tolerate excessively high levels of 
Input power while maintaining Its operation within the safe 
operating area of its active devices. Measured In watts. 

Safe Operating Area Restriction (SOAR) 
Limits the output current of the amplifier to maintain safe (no 
thermal runaway) operating conditions. (Accomplished through 
internal sensor amplifiers.) 

TA 
Ambient temperature range. Range of the surrounding environ· 
ment of the operating device. 

TJ 
Junction Temperature. The maximum temperature of the device. 
150'C Is standard for silicon devices. 

TsoLD 
Soldering Temperature. The temperature which can be applied 
to the lead frame of the device for short periods of time (nor· 
mally specified for a duration of 10 sec). 

TsTo 
Storage temperature range. Temperature range that the device 
can be stored In a non-operating condition. 

Thermal Regulation 
Referred to as changes due to ambient variations of thermal 
drift. Also referred to as temperature coefficient, measured In 
ppm/'C or mv/'C. 

Thermal Shutdown 
The ability of the regulator to shut Itself down when the maxi· 
mum die temperature Is exceeded. Measured In degrees Celsius 
(C). 

Transient Reeponee 
The ability of a regulator to respond to rapid changes In line 
variations, load variations, or Intermittent transient Input condl· 
tlons. (Transient Response Is often referred to as "recovery 
time"). Measured In milliseconds (ms). 

Truth Tables 
O Is logic level low 
1 Is logic level high 
X - don·t care condition - has no effect under circuit condi· 
tlons listed. 

Vee (-Vee) 
Supply Voltage. The range of power supply voltage over which 
the device will operate safely. 

Voltage Limiting 
The ability of the regulator to "shut down" in the event that the 
internal reference sources fail to function properly. Measured in 
Volts. 
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SWITCHED-MODE POWER SUPPLY CONTROL CIRCUIT SE/NE5560 

DESCRIPTION 

The SE/NE5560 is a control circuit for use in 
switched mode power supplies. This single 
monolithic chip in.corporates all the control and 
housekeeping (protection) functions required 
in switched mode power supplies, including an 
internal temperature compensated reference 
source, internal Zener references, sawtooth 
generator, pulse width modulator, output stage 
and various protection circuits. 

ABSOLUTE MAXIMUM RATINGS 
PARAMETER 

Supply 1 

Voltage forced mode 
Current fed mode 

Output transistor (at 20-30V max) 
Output current 
Collector voltage (Pin 15) 
Max. emitter voltage (Pin 14) 

Operating temperature (ambient) 
SE5560 
NE5560 

Storage temperature range 

BLOCK DIAGRAM 

FEATURES 

• Stabilized power supply 
• Temperature compensated reference 

source 
• Se.wtooth generator 
• Pulse width modulator 
• Remote on/off switching 
• Current limiting 
• Low supply voltage protection 
• Loop fault protection 
• Demagnetlzatlon/overvoltage 

protection 
• Maximum duty cycle clamp 
• Feed forward control 
• External synchronization 

RATING UNIT 

+18 v 
30 mA 

40 mA 
Vee + 1.4V v 

+5 v 

-55 to +125 ·c 
Oto 70 •c 

-65 to +150 •c 

FUD EICTERNAL 
FORWARD Rr Cr SYNC INPUT 

Note: 
1. See Voltage/Current fed supply characteristic curve. 
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REMOTE 
ON'OFF 

., 

PIN CONFIGURATION 

D,F,N PACKAGE 

14 OUTI'UTiEMIT) 

l J ::::::L~~~TIONI 

11 ~.~~~~T 
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EXTERNAL 
SYNC 

TOP VIEW 
ORDER NUMBERS 

NE5560N SE5560F 
NE55600 SE5560N 
NE5560F 

DEMMIN£TIZATIONt 
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LINEAR LSI PRODUCTS 

SWITCHED-MODE POWER SUPPLY CONTROL CIRCUIT SE/NE5560 

DC ELECTRICAL CHARACTERISTICS (TA= 25•c, Vee= 12v unless otherwise specified) 

PARAMETER TEST CONDITIONS 
SE5560 NE5560 

UNIT 
Min Typ Max Min Typ Max 

Reference Sections 
Internal reference voltage (V,01 ) 25·c 3.69 3.72 3.81 3.57 3.72 3.95 v 

Over temperature 3.65 3.85 3.53 4.00 v 
Temperature coefficient of V,01 -100 -100 ppm1•c 
Internal Zener reference (Vz) IL=-7 mA 7.8 8.4 8.8 7.8 8.4 8.8 v 
Temperature coefficient of Vz 200 200 ppm1•c 

Oscillator Section I 
Frequency range Over temperature 50 100k 50 100k Hz 
Initial accuracy oscillator A= 5 kl1 5 5 % 
Duty cycle range f0 = 20 kHz 0 98 0 98 % 

Modulator 
Modulation input current Voltage at Pin 5 = 2V 0.2 20 0.2 20 µA 

Over temperature 

Housekeeping Function 
at 2V 

Pin 6, input current Over temperature 0.2 20 0.2 20 µA 
Pin 6, duty cycle limit control (for 50% maximum duty 40 50 60 40 50 60 % of duty 

cycle) 15 kHz to 50 kHz/ cycle 
41% of Vz 

Pin 1, low supply voltage protection 8 9.0 10.5 8 9.0 10.5 v 
thresholds 

Pin 3, feedback loop protection trip 400 600 720 400 600 720 mv 
threshold 

at 2V 
Pin 3, pull up current Over temperature -7 -15 -35 -7 -15 -35 µA 
Pin 13, demagnetization/over voltage 470 600 720 470 600 720 mv 
protection trip on threshold 

at 0.25V ' 
Pin 13, input current 25'C -0.6 -10 -0.6 -10 µA 

Over temperature -20 -20 
Pin 16, feed forward duty cycle control Voltage at Pin 16 = 2Vz 30 40 50 30 40 50 % original 

duty cycle 
at 16V, Vee= 18V 

•Pin 16, feed forward input current 25•c 0.2 5 0.2 5 µA 
C?ver temperature 10 10 µA 

External Synchronization 
Pin 9 off 0 0.8 0 0.8 v 

on 2 Vz 2 Vz I v 
sink current Voltage at Pin 9 =av, 25 ·c -65 -100 -65 -125 µA 

Over temperature -125 -125 µA 

Remote 
Pin 10 oft 0 

I 
0.8 0 0.8 v 

on 2 Vz 2 Vz v 
at OV I I I sink current 25•c -85 -100 -85 -125 I µA I 

7 
Over temperature -125 -125 µA 

Current Limiting 
Pin 11, l1N Voltage at Pin 11 = 250 mV, -2 -20 -2 -20 µA 

25·c 
Over temperature -40 -40 

I 
µA 

Single pulse Inhibit delay Inhibit delay time for 20% 0.7 0.8 0.7 0.8 µS 

I overdrive at 40 mA lour I 

Trip Levels: Shut down, slow start 0.560 0.600 0.700 0.560 0.600 0.700 v I Current limit 0.400 0.480 0.500 0.400 0.480 0.500 v 
Error Amplifier 
Output voltage swing (VoH) 6.2 9.5 6.2 9.5 v 
Output voltage swing (V0 L) 0.7 0.7 v 
Open loop gain 54 60 54 60 dB 
Feedback resistor 10k 10k n 
Small signal bandwidth 3 3 MHz 
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SWITCHED-MODE POWER SUPPLY CONTROL CIRCUIT SE/NE5560 

DC ELECTRICAL CHARACTERISTICS (Continued) 

PARAMETER TEST CONDITIONS 

Output Stage 
V ce(SA T) le = 40mA 
Output current (pin 15) 
Max emitter voltage (pin 14) 

Supply Voltage/Current 
Ice lz = 0, voltage forced, 

v cc= 12v, 2s•c 
Over temp. 

Vee Ice= 10mA 
current fed 

Vee lcc=30mA 
current fed 

Note: 
Does not include current for timing resistors or capacitors. (See p. 

TYPICAL PERFORMANCE CHARACTERISTICS 
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SE5560 NE5560 

Min Typ Max Min Typ Max 
UNIT 

0.5 0.5 v 
40 40 mA 
5 6 5 6 v 

10 10 mA 
15 15 mA 

20 23 19 24 v 

20 30 20 30 v 

- "total standby current") 

MAXIMUM PIN VOLTAGES 
NE5560 

FUNCTION MAXIMUM VOLTAGE 

1. Vee See Note 1 
2. Vz Do not force (6.4V) 
3. Feedback Vz 
4. Gain 
5. Modulator Vz 
6. Duty Cycle Control Vz 
7. Rr Current force mode 
B. Cr 
9. External Sync Vz 

10. Remote On/Off Vz 
11. Current Limiting Vee 
12. GND GND 
13. Demagnetization/Overvoltage Vee 
14. Output (Emit) Vz 
15. Output (Collector) Vee+ 2Vbe 
16. Feed forward Vee 

Note: 
1. When voltage forced, maximum is 16V; when current fed, maximum 
is 30mA. See voltage/current fed supply characteristic curve. 
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SWITCHED-MODE POWER SUPPLY CONTROL CIRCUIT SE/NE5560 

TYPICAL PERFORMANCE CHARACTERISTICS (continued) 

g 

GRAPH FOR DETERMINING d MAX SOFT-START MIN DUTY CYCLE vs R1 + R2 
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SWITCHED-MODE POWER SUPPLY CONTROL CIRCUIT SE/NE5560. 

TYPICAL PERFORMANCE CHARACTERISTICS (continued) 

TYPICAL FREQUENCY PLOT vs Ry AND Cy DUTY CYCLE SENSITIVITY TO FEED 
FORWARD VOLTAGE (PIN 16) 

!(~Hz) 

25 35 

THEORY OF OPERATION 

The following functions are incorporated: 
- A temperature compensated reference 

source. 
- An error amplifier with pin 3 as input. 

The output is connected to pin 4 so that 
the gain is adjustable with external 
resistors. 

- A sawtooth generator with a TTL-com
patible synchronization input (pins 7,8,9). 

- A pulse-width modulator with a duty-
cycle range from 0 to 95%. 

(The PWM has two additional inputs: 
Pin 6 can be used for a precise setting of 
d max. 

Pin 5 gives a direct access to the modu
lator, allowing for real constant current 
operation:) 
- A gate at the output of the PWM pro

vides a simple dynamic current limit. 
- A latch that is set by the flyback of the 

sawtooth and reset by the output pulse 
of the above-mentioned gate prohibits 
double pulsing. 

- Another latch functions as a start-stop 
circuit; it provides a fast switch-off and 
a slow start. 

- A current protection circuit that oper
ates via the start-stop circuit. This is a 
combined function with the current 
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limit circuit, therefore pin 11 has two 
trip-on levels; the lower one for cycle
by-cycle current limiting, the upper one 
for current protection by means of 
switch-off and slow-start. 

- A TTL-compatible remote on/off input 
at pin 10, also operating via the start
stop circuit. 

- An inhibit input at pin 13. The output 
pulse can be inhibited immediately. 

- An output gate that Is commanded by 
the latches and the inhibit circuit. 

- An output transistor of which both the 
collector (pin 15) and the emitter (pin 14) 
are externally available. This allows for 
normal or inverse output pulses. 

- A power supply that can be either volt· 
age or current driven (pins 1 and 12). 
The internally generated stabilized out
put voltage Vz is connected to pin 2. 

- A special function is the so-called feed
forward at pin 16. The amplitude of the 
sawtooth generator Is modulated in 
such a way that the duty cycle becomes 
Inversely proportional to the voltage on 
this pin: o - 1/V16 

- Loop fault protection circuits assure 
that the duty-cycle is reduced to zero or 
a low value for open or short-circuited 
feedback loops. 

1112 

Stabilized Power Supply 
(Pins 1, 2, 12) 

The power supply of the N E5560 is of the 
well known series regulation type and pro
vides a stablized output voltage of typical· 
ly 8.5 volts. 

This voltage Vz is also present at pin 2 and 
can be used for precise setting of d max. 
and to supply external circuitry. Its maxi· 
mum current capability is 5mA. 

The circuit can be fed directly from a DC 
voltage source between 10.5V and 18V or 
can be current driven via a limiting resistor. 
In the latter case, internal pinch-off resis
tors will limit the maximum supply voltage; 
typical 23V for 10mA and maximum 30V for 
30mA. 

The low supply voltage protection is active 
when V(1-12) is below 10.5V and inhibits 
the output pulse (no hysteresis). 

When the supply voltage surpasses the 
10.5V level, the IC starts delivering output 
pulses via the slow-start function. 

The current consumption at 12V is less 
than 10mA, provided that no current is 
drawn from Vz and R(7-12);. 20kQ. 
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SWITCHED-MODE POWER SUPPLY CONTROL CIRCUIT SE/NE5560 

The Sawtooth Generator 

Figure 2 shows the principal circuitry of 
the oscillator. A resistor between pin 7 and 
pin 12 (ground) determines the constant 
current that charges the timing capacitor 
C(S-12). 

This causes a linear increasing voltage on 
pin 8 until the upper level of 5.6V is reach· 
ed. Comparator H sets the AS flip flop and 
01 discharges C(S-12) down to 1.1V, where 
comparator L resets the flip-flop. During 
this flyback time, 02 inhibits the output: 

Synchronization at a frequency lower than 
the free-running frequency is accomplish· 
ed via the TTL gate on pin 9. By activating 
this gate (V9< 2V), the setting of the saw· 
toothis prevented. This is indicated in 
Figure 3. 

Figure 4 shows a typical plot of the oscilla· 
tor frequency against the timing capacitor. 
The frequency range of the NE5560 goes 
from <50Hz up to >100kHz. 

Reference Voltage Source 

The Internal reference voltage source Is 
based on the bandgap voltage of silicon. 
Good design practice assures a tempera
ture dependency typically :t 100ppm/'C. 
The reference voltage Is connected to the 
positive Input of the error amplifier and 
has a typical value of 3.72V. 

Error Amp Compensation 
For closed loop gains less than 40 dB, It Is 
necessary to add a simple compensation 
capacitor as shown In Figures 4, 5. 

ERROR AMPLIFIER COMPENSATION 

OPEN LOOP GAIN 

eo dB 

1 kHz 10 kHz 1 MHz 

Figure 4 

SAWTOOTH GENERATOR 
Vz 

Rr 

Figure 2 

SAWTOOTH OSCILLATOR SYNCHRONIZATION 

>2V ---------.... 

<0.IV ---------------

Figure 3 
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Figure 5 
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SWITCHED-MODE POWER SUPPLY CONTROL CIRCUIT SE/NE5560 

Error Amplifier with Loop-Fault 
Protection Circuits 

This operational amplifier is of a generally 
used concept and has an open loop gain of 
typically 60dB. As can be seen in Figure 5, 
the inverting input Is connected to pin 3 for 
a feedback information proportional to v0 . 

The output goes to the PWM circuit, but is 
also connected to pin 4, so that the re· 
quired gain can be set with Rs and R(3-4). 
This is indicated in Figure 5, showing the 
relative change of the feedback voltage as 
a function of the duty cycle. Additionally, 
pin 4 can be used for phase shift networks 
that improve the loop stability. 

When the SMPS feedback loop is Interrupt
ed, the error amplifier would settle in the 
middle of its active region because of the 
feedback via R(3-4). This would result in a 
large duty cycle. A current source on pin 3 
prevents this by pushing the Input voltage 
high via the voltage drop over R(3-4). As a 
result, the duty cycle will become zero, pro
vided that R(3-4)>100k. When the feedback 
loop Is shortclrculted, the duty cycle would 
jump to the adjusted maximum duty cycle. 
Therefore, an additional comparator Is ac· 
tlve for feedback voltages at pin 3 below 
0.6V. Now an Internal resistor of typically 
1 k Is shunted to the impedance on the 6max 
setting pin 6. Depending on this Imped· 
ance, 6 will be reduced to a value 60. This 
will be discussed further. 

TRANSFER CURVE OF PULSE WIDTH 
MODULATOR DUTY CYCLE vs INPUT VOLTAGE 
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The Pulse·Wldth Modulator 

The function of the PWM circuit is to trans· 
late a feedback voltage into a periodical 
pulse of which the duty cycle depends on 
that feedback voltage. As can be seen In 
Figure 6, the PWM circuit In the NE5560 is 
a long-tailed pair In which the sawtooth on 
pin B is compared with the LOWEST volt· 
age on either pin 4 (error ampllfler), pin 5, 
or pin 6 dmax and slow-start). The transfer 
graph Is given In Figure 7. The output of the 
PWM causes the resetting of the output 
bistable. 

Limitation of the Maximum 
Duty Cycle 

With pins 5 and 6 not connected and with a 
rather low feedback voltage on pin 3, the 
NE5560 will deliver output pulses with a 
duty cycle of :.95%. In many SMPS appli· 
cations, however, this high d will cause 
problems. Especially In forward convert· 
ers, where the transformer will saturate 
when d exceeds 50%, a limitation of the 
maximum duty-cycle is a must. 

A DC voltage applied to pin 6 (PWM Input) 
will set dmax at a value In accordance with 
Figure 7. For low tolerances of dmax• this 
voltage on pin 6 should be set with a 
resistor divider from Vz (pin 2). The upper 
and lower sawtooth levels are also set by 
means of an Internal resistor divider from 
Vz, so forming a bridge configuration with 
the dmax setting is low because tolerances 
in Vz are compensated and the sawtooth 
levels are determined by internal resistor 
matching rather than by absolute resistor 
tolerance. Figure 8 can be used for deter· 
mining the tap on the bleeder for a certain 
dmax setting. 

As already mentioned, Figure 9 gives a 
graphical representation of this. The value 
do is limited to the lower and the higher 
side; 
• It must be large enough to ensure that at 

maximum load and minimum input vol· 
tage the resulting feedback voltage on 
pin 3 exceeds 0.6V. 

• It must be small enough to llmlt the 
amount of energy In the SMPS when a 
loop-fault occurs. In practice a value of 
10-15% will be a good compromise. 

Extra PWM Input (Pin 5) 

The PWM has an additional inverting in· 
put: pin 5. It allows for attacking the duty 
cycle via the PWM circuit, independently 
from the feedback and the dmax informa· 
tlon. This is necessary when the SMPS 
must have a real constant current behav· 
lor, possibly with a fold-back characterls· 

SOFT·START MIN DUTY CYCLE vs R1 + R2 
oo(o/o) 

,,, 4 S 8 1 I a104 
(D) 

Figure 9 

CURRENT PROTECTION INPUT 

O.IV 

START 

STOP 

Figure 10 

tic. However, the realization of this feature must 
be done with additional external components. 
When not used, pin 5 should be tied to pin 6. 

Dynamic Current Limit and 
Current Protection (Pin 11) 

In many applications, it is not necessary to 
have a real constant current output of the 
SMPS. 

Protection of the power transistor will be the 
prime goal. This can be realized with the 
NE5560 in an economical way. A resistor (or a 
current transformer) in the emitter of the power 
transistor gives a replica of the collector cur
rent. This signal must be connected to pin 11. 
As can be seen in Figure 10, this input has twc 
comparators with different reference levels. 
The output of the comparator with the lower 
0.48V reference is connected to the same gate 
as the output of the PWM. 
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When activated, it will immediately reset the 
output flip flop, so reducing the duty cycle. The 
effectiveness of this cycle-by-cycle current limit 
diminishes at low duty cycle values. When Ii 
becomes very small, the storage time of the 
power transistor becomes dominant. The cur
rent will now increase again, until it surpasses 
the reference of the second comparator. The 
output of this comparator activates the start/ 
stop circuit and causes an immediate inhibit of 
the output pulses. After a certain dead-time, 
the circuit starts again with very narrow output 
pulses. The effect of this two-level current pro
tection circuit is visualized in Figure 11. 

The Start/Stop Circuit 

The function of this proteciion circuit is to 
stop the output pulses as soon as a fault 
occurs and to keep the output stopped for 
several periods. After this dead time, the 
output starts with a very small, gradually 
increasing duty cycle. When the fault is 
persistent, this will cause a cyclic switch
off/switch-on condition. This "hiccup" 
mode limits effectively the energy during 
fault conditions. The realization and the 
working of the circuit is indicated in the 
Figures 12 and 13. The dead-time and the 
soft-start are determined by an external 
capacitor that is connected to pin 6 (dmax 
setting). 

A RS flip flop can be set by three different 
functions: 
1. Remote on/off on pin 10. 
2. Overcurrent protection on pin 11. 
3. Low supply voltage protection (internal). 

As soon as one of these functions cause a 
setting of the flip flop, the output pulses 
are blocked via the output gate. In the 
same time transistor 01 is forward-biased, 
resulting in a discharge of the capacitor on 
pin 6. 

The discharging current is limited by an in
ternal 150Q resistor in the emitter of 01. 
The voltage at pin 6 decreases to below the 
lower level of the sawtooth. When V6 has 
dropped to 0.6V, this will activate a com
parator and the flip flop is reset. The out
put stage _is no longer blocked and 01 is 
cut-off. Now Vz will charge the capacitor 
via R1 to the normal dmax voltage. The out
put starts delivering very narrow pulses as 
soon as V6 exceeds the lower sawtooth 
level. The duty-cycle of the output pulse 
now gradually increases to a value deter
mined by the feedback on pin 3, or by the 
static dmax setting on pin 6. 
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Remote On/Off Circuit (Pin 10) 

In systems where two or more power sup
plies are used, it is often necessary to 
switch these supplies on and off in a se
quential way. Furthermore, there are many 
applications in which a supply must be 
switched by a logical signal. This can be 
done via the TTL-compatible remote on/off 
input on pin 10. The output pulse is in
hibited for levels below 0.8V. The output of 
the IC is no longer blocked when the re· 
mote on/off input is left floating or when a 
voltage > 2V is applied. Start up occurs via 
the slow-start circuit. 

The Output Stage 

The output stage of the NE5560 contains a 
flip flop, a push-pull driven output transis· 
tor, and a gate, as indicated in Figure 14. 
The flip flop is set by the flyback of the 
sawtooth. Resetting occurs by a signal 
either from the PWM or the current limit 
circuit. With this configuration, it is as
sured that the output is switched only 
once per period, thus prohibiting double 
pulsing. The collector and emitter of the 
output transistor are connected to respec
tively pin 15 and pin 14, allowing for normal 
or inverted output pulses. An internally 
grounded emitter would cause untolerable 
voltage spikes over the bonding wire, 
especially at high output currents. 

This current capability of the output tran· 
sistor is 40mA peak for VcE ~ 0.4V. An in
ternal clamping diode to the supply volt· 
age protects the collector against over
voltages. The maximum voltage at the emit· 
ter (pin 14) must not exceed +5V. A gate, 
activated by one of the set or reset pulses, 
or by a command from the start-stop cir· 
cuit will immediately switch-off the output 
transistor by short-circuiting its base. The 
external inhibitor (pin 13) operates also via 
this base. 

Demagnetization Sense 

As indicated in Figure 14, the output of this 
NPN comparator will block the output 
pulse, when a voltage above 0.6V is applied 
to pin 13. A specific application for this 
function is to prevent saturation of forward 
converter transformers. This is indicated 
in Figure 15. 

Feed-Forward (Pin 16) 

The basic formula for a forward converter is 

dV· 
Vour= ----if-1n =transformer ratio) 

OUTPUT STAGE 

V> v, 

FROM START:STOP 

NOTE: 
The signal v 13 can be derived from the demagnetizing winding in a forward converter 
as shown below. 

v, 

t 
B 
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Figure 14 
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This means that in order to keep Vour at a 
constant value, the duty cycle d must be 
made inversely proportional to the input 
voltage. A preregulation (feed-forward) 
with the function d"' 1 tv1n can ease the 
feedback-loop design. 

This loop now only has to regulate for load 
variations, which require only a low feed· 
back gain In the normal operation area. The 
transformer of a forward converter must be 
designed In such a way that It does not 
saturate, even under transient conditions, 
where the maximum Inductance Is deter· 
mined by dmax x V1N max. A regulation 
of dmax"' 1 /V1N will allow for a considerable 
reduction or simplification of the 
transformer. The function of d"' 1/V1N can 
be realized by using pin 16 of the NE5560. 

Figure 16 shows the electrical realization. 
When the voltage at pin 16 exceeds the 
stabilized voltage Vz (pin 2), it will increase 
the charging current for the timing 
capacitor on pin 8. 

The operating frequency is not affected, 
because the upper trip level for sawtooth 
Increases also. Note that the dmax voltage 
on pin 6 remains constant because It is set 
via Vz. Figure 17 visualizes the effect on 
limax and the normal operating duty cycle 
Ii. For V 16 = 2 x Vz these duty cycles have 
halved. The graph for Ii= f(V16) is given in 
Figure 18. (Note: V16 must be less than 
Pin 1 voltage.) 

APPLICATIONS 

N.E/SE5560 Push·Pull Regulator 

This application describes the use of the 
Signetics NE/SE5560 adapted to function as a 
push-pull switched mode regulator, as shown 
in Figures 19 and 20. 

Input voltage range is + 12 to + 18V for a 
nominal output of + 30 and - 30V at a 
maximum load current of 1 A with an aver· 
age efficiency of 81 %. 

Features include feed forward input com
pensation, cycle-to-cycle drive current 
protection and other voltage sensing, line 
(to positive output) regulation < 1 % for an 
input range of + 13 to + 18V and load 
regulation to positive output of < 3% for 
~Id+) of 0.1 to 1 Amp. 

The main pulse width modulator operates 
to 48 kHz with power switching at 24 kHz. 
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NE/SE5560 PUSH·PULL SWITCH MODE REGULATED SUPPLY 
WITH CMOS DRIVE CONVERSION LOGIC 

SE/NE5560 

1r==----- ------·--~----------------------

11--
I 

T 1. Primary= 130T (CT) #26 

Secondary= 18T CC T.) #22 
Core =Ferroxcube 3622 

3C8 material 

C.T. :::SOT #26 on 

Ferroxcube 2616 core (3CB) 
F2D bobbin 

T 2. Primary = 16T (C.T.) # 18 Secondaries {each) 52T CC T.) #22, 

Core =Ferroxcube 4229 3C8 material 
L 1, L2 120T #20 on single gapped EC35 Ferroxcube core. 3CB material 
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Figure 19 
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C.T. =SOT #26 on 
Ferrollcube 2616 core (308) 
F2D bobbin 

T2, Primary= 16T (CT.) #18 Secondaries (each) 52T (C.T.) #22, 
Core= FerroKcube 4229 3C8 material 

L1, L2 = 120T #20 on &Ingle gapped EC3!S Ferroxcube core. 308 material. 
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DESCRIPTION 

The NE5561/SE5561 is a control circuit for use 
in switched mode power supplies. It contains 
an internal temperature compensated supply, 
PWM, sawtooth oscillator, over-current sense 
latch, and output stage. The device is Intended 
for low cost SMPS applications where exten· 
sive housekeeping functions are not required. 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER 

Supply1 

Voltage forced mode 
Current fed mode 

Output transistor (at 20·30V max) 
Output current 
Output voltage 
Output duty cycle 
Max. total power dissipation 

Operating temperature range 
SE5561 
NE5561 

FEATURES 

• Micro-miniature (D) package 

• Pulse·wldth modulator 

• Current limiting (cycle by cycle) 

• Sawtooth generator 

• Stabilized power supply 

• Double pulse protection 

• Internal temperature compensated 
reference 

APPLICATIONS 

• Switched mode power supplies 

• DIC motor controller Inverter 

• DC/DC converter 

RATING UNIT 

+ 18 v 
30 mA 

40 mA 
Vee+ 1.4V v 

98 % 
0.75 w 

-55 to + 125 oc 
o to 70 oc 

NOTE 1: See Voltage/Current fed supply characteristic curve. 

BLOCK DIAGRAM 

FEED BACK 
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CURRENT 
SENSE 
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SAWTOOTH 
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Vee 

PIN CONFIGURATION 

D, FE, N PACKAGES 

Vz 2 7 OUTPUT 
VccoB QND 

FEED 3 B CURRENT 
BACK SENSE 

QAIN 4 5 RT, Cr 

GND 

TOP VIEW 

ORDER NUMBERS 
NE55610, NE5561FE. NE5561N, 

SE5561FE, SE5561N 
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DC ELECTRICAL CHARACTERISTICS Vee• 12v, TA. 2s0 c unless otherwise specified. 

SYMBOL AND PARAMETER TEST CONDITIONS 
SE5581 NE5581 

UNIT Min Typ Max Min Typ Max 

REFERENCE SECTION 

VReF Internal ref voltage TA•25°C 3.69 3.75 3.84 3.57 3.75 3.96 v 

Over temp. 3.65 3.BB 3.55 3.98 v 

Vz, Internal zener rel 'IL•7mA 7.8 8.2 8.8 7.8 8.2 8.8 v 

Temp coefficient of VReF :t 100 :t 100 ppm/°C 

Temp. coefficient of Vz ±200 ±200 ppm/°C 

OSCILLATOR SECTION 

Frequency range Over temp. 50 100k 50 100k Hz 

Initial accuracy 12 12 % 

Duty cycle range f0 • 20kHz 0 98 0 98 O/o 

CURRENT LIMITING (11Nl 

TA=2s•c -2 -10 -2 -10 µA 
Pin 6=250mV 

Over temp. -20 -20 µA 

Inhibit delay time for lour=20mA 0.68 1.10 0.88 1.10 µS 
Single pulse inhibit delay 200/o overdrive at lour=40mA 0.7 0.8 0.7 0.8 µS 

Current limit trip level .400 .500 .600 .400 .500 .600 v 

ERROR AMPLIFIER 
t---· 

60 dB Open loop gain 60 
!-----· 

Feedback resistor 10k 10k 0 

Small signal bandwidth 3 3 MHz 

Output voltage swing (VoH) 6.2 6.2 v 

Output voltage swing (V0 J 0.7 0.7 v 

OUTPUT STAGE 

Output current Over temp. 20 20 mA 

Vee Sat le= 20mA, Over temp. 0.4 0.4 v 

SUPPLY VOLTAGE/CURRENT 

TA= 25•c 10.0 10.0 mA 
Ice lz = 0, voltage forced 

Over temp. 13.0 13.0 mA 

Vee Ice= 10mA, current fed 20.0 21.0 22.0 19.0 21.0 24.0 v 

Ice = 30mA current 20.0 30.0 20.0 30.0 v 

LOW SUPPLY PROTECTION 

Pin 1 threshold B 9 10.5 8 9 10.5 v 
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TYPICAL PERFORMANCE CHARACTERISTICS 
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TYPICAL PERFORMANCE CHARACTERISTICS (Continued) 

NE5561 VOLTAGE/CURRENT FED 
SUPPLY CHARACTERISTICS 

CURRENT FED DROPPING RESISTOR 

20 

.ll 
10 

0 
y 

0 10 

NE5561 Start·Up 
The start-up, or initial turn on, of this 
device requires some degree of external 
protective duty cycle limiting to prevent 
the duty cycle from initially going to the 
extreme maximum (0>90%). Either over· 
current limit or slow start circuitry must be 
employed to limit duty cycle to a safe value 
during start-up. Both may be used if desired. 

To implement slow-start, the start-up cir· 
cuit can be used. The divider R1 and R2 
sets a voltage, buffered by 01, such that 
the ouiput of the error amplifier is 
clamped to a maximum output voltage, 
thereby limiting the maximum duty cycle. 
The addition of capacitor C will cause this 
voltage to ramp up slowly when power is 
applied, causing the duty cycle to ramp up 
simultaneously. 
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vs 

Avcc 

1 Vee 

J [ OND ] 

20 30 
Vee 

Over-current limit may be used also. To 
limit duty cycle in this mode, the switch 
current is monitored at pin 6 and the output 
of the 5561 is disabled on a cycle by cycle 
basis when current reaches the programmed 
limit. With current limit control of slow-start, 
the duty cycle is limited to that value just 
allowing maximum switch current to flow. 
(Approximately 0.50V measured at pin 6.) 

APPLICATIONS 
5V, O.SA Buck Regulator Operates 
from 15V 
The converter design shows how simple It 
is to derive a TTL supply from a system 
supply of 15V (see Figure 1). The NE5561 
drives a 2N4920 PNP transistor directly to 
provide switching current to the inductor. 

Rvcc • 11::0-~';Ai 

SEE DC ELECTRICAL 
CHARACTERISTICS 
FOR CURRENT FED 
Yee RANGE. 

Overall line regulation is excellent and 
covers a range of 12V to 18V with minimal 
change ( < 10 mV) in the output operating at 
full load. 

As with all NE5561 circuits, the auxiliary 
slow start and Omax circuit is required, as 
evidenced by 01. The Omax limit may be 
calculated by using the relationship 
(Figure 5a, b). 

~ (8.2V) = Vc51max)" 
R1+R2 

The maximum duty cycle is then deter
mined from the pulse-width modulator 
transfer graph, and R1, R2 are defined 
from the desired conditions. 
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lq:1ilulielelij 

DESCRIPTION 
The SE/NE5562 is a singld output control cir
cuit for Switched Mode Power Supplies. This 
single monolithic IC contains all control and 
protection features needed for full featured 
Switched Mode Power Supplies. 

ABSOLUTE MAXIMUM RATINGS 

FEATURES 
• Stabilized power supply 
• Temperature compensated reference 

source 
• Sawtooth generator 
• Pulse width modulator 
• Remote on/off switching 
• Current limiting (2" levels) 
• Low supply voltage, with adjustable 

hysteresis 
• Loop fault protection 
• Demagnetization/over voltage protection 
• Duty cycle adjust and clamp 
• Feed forward control 
• External synchronization 
• Total shutdown after adjustable number 

of overcurrent faults 

SYMBOL AND PARAMETER RATING UNIT 

Supply (pin 15) 
Voltage sourced +15 v 
Current sourced 30 mA 

Output transistor 
Output current 100 mA 

Sync (pin 11) positive 
negative 

Remote on/off (pin 6) positive 
negative 

Feedback pin (pin 8) positive 
negative 

External mod in (pin 4) positive 
negative 

Feedforward (pin 1) positive 
negative 

Error amp out (pin 10) positive 
negative 

Demag/O.V. in (pin 18) positive 
negative 

Current sense (pin 14) positive 
negative 

Low supply sense and hysteresis (Pin 12, 13) positive 
negative 

SE/NE5562 

PIN CONFIGURATION 

0, F, N PACKAGE 

FEED· 
FORWARD 

EXTERNAL 
MOO IN 

DUTY CYCLE 
CONTROL 

A EMOTE 
ON/OFF 

FEEDBACK 
VOLTAGE 

19 OUTPUT 
DEMAGNETI· 

11 ~~Ii.fvNOL T AGE 
INPUT 

17 Vs 

15 g~~;~~~NVERT 

,. ~~===NT 
13 ~~:r=~==~v 
12 ~NOP~.,,UPPLY 

11 ~~~~Rl~AL 

TOP VIEW 

ORDER NUMBERS 
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SE5562F, SE5562N 
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LINEAR LSI PRODUCTS 

SWITCHED-MODE POWER SUPPLY CONTROL CIRCUIT SE/NE5562 

DC ELECTRICAL CHARACTERISTICS: Vee= 12v unless otherwise specified 

I L SE5562 NE5562 
SYMBOL AND PARAMETER TEST CONDITIONS UNIT 

i Min I Typ~ Min Typ Max 

REFERENCE SECTION 

Reference Voltage V8 
f-------·----

25°C ± 50 ppm/°C ( ± 1 % ) Over Temp 3.68 3.72 3.76 3.72 v 

Zener Voltage Vz IL= 7mA 7.22 7.60 7.98 7.60 v 

OSCILLATOR SECTION 

Frequency Range =c I I 300 300 kHz 

MODULATOR SECTION 

Modulator Input Current I Over Temp V1N = 1V 2 20 2 20 µA 

HOUSEKEEPING FUNCTIONS 

Deltamax Input Current Over Temp V1N =1V 2 20 2 20 µA 

Accuracy of Duty f = 15kHz to 150kHz %of 

Cycle Control VIN = 55% of Vz 
50 50 Duty 

Cycle 

~w Supply Voltage Shutdown Vs for Restart Condition Vz+.2 Vz+.7 Vz+1.5 Vz+.2 Vz+.7 Vz+1.7 v 

Loop Fault Protection Threshold .72 .9 .98 .72 .9 ·.98 v 

Demag/Over Voltage 3.60 3.72 3.84 3.60 3.72 3.84 v 
Threshold Voltage 

Over Voltage Input Bias Current 1 10 1 10 µA 

FEED FORWARD FUNCTION 
-

Duty Cycle Reduction at FeE'dforward Voltage VFF %of 

50% Duty Cycle VFF = 2Vz 
12.785 12.8 Duty 

r---- Cycle 

Feedforward Bias Current Feedforward Voltage V FF 

VFF = 2Vz 
2 5 .2 5 µA 

EXTERNAL SYNC 

"ON" Input voltage .2 .8 .2 .8 v 

~?FF" Input Voltage 2 Vz 2 Vz v 
-

Input Low Current V1N = OV 1 10 1 10 µA 
~-----

ERROR AMPLIFIER SECTION 

Amplifier Open Loop Gain RL<o 100K 60 80 60 80 dB 

Amplifier Bias Current .5 5 5 5 µA 7 
Amplifier Output Current -1 +1 -1 +1 µA 

Amplifier Output Swing 1 Vz-1 1 V2-1 v 

REMOTE ON/OFF 

"OFF" Input Voltage 0 .8 0 .8 v 

"ON" Input Voltage 2 Vz 2 Vz v 

Input Low Current VIN= OV 1 10 1 10 µA 

LOW SUPPLY SHUTDOWN 

Comparator Input Bias Current V1N = OV 2 10 2 10 µA 

Comparator Threshold Voltage 3.50 3.72 3.90 3.72 v 

Vee Sat. of lour = 1.0mA .3 .6 .3 v 
Hysteresis Transistor VIN= 3.0V 

CoELAY Discharge Current Ve= 1.0V 1 10 1 10 mA 
V1N = 3.0V 
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LINEAR LSI PRODUCTS 

SWITCHED-MODE POWER SUPPLY CONTROL CIRCUIT SE/NE5562 

l#QlieellelelfJ 

DC ELECTRICAL CHARACTERISTICS: Vee= 12v unless otherwise specified (cont) 

f SYMBOL ANO PARAMETER ~----T_E_s_T __ c_o __ N_o_1T_1_o_N_s_ 

CURRENT SENSE 
·-------,-----

SE5562 . 1- NE5562 ==r 
Min Typ J Ma;-r~Typ ~1 UNI~-; 

~-Threshold Voltage ----1 ---------------------1--.4_5_6-+-_·4__~04-+--·~4._B_o_+--__ ___, ___ v __ 
OC1 CoELAY Charge Current V1sENs = .510V 10 10 µA 

~~ Threshold Voltage -----1-------·--- --------t-·5_7o--+_._6o_o-+_.6_3_o-+_.5_s_o-+_._s_o_o-+-_.6_4o--+ __ v _·---1 
OC2 CoELAY Charge Current v,SENS = .640V -----·-f----+-490 490 µA 

CoELAY Discharge Current v,SENS = OV .5 1 1.5 .4 1 1.6 µA 

OUTPUT STAGE 

v 
1-------------~--------------~----i 

Vs - VoH I 11:sVs:o15V I 2 

Vo~ . 11 ::0Vs:o15V 1.5 1.5 V 
10 = 100mA 

1-- F 10 = 100mA 

---·------------· ---------------+---+---+----+----+---+--+----~ 

Vol 11:SVs:o15V 4 .4 V 
10 = 2mA 

SUPPLY VOLT AGE/CURRENT 

Ice lz = 0, Vs= 15V 7.5 7.5 mA 

CURRENT FEED SHUNT REGULATOR 

L".'§_ I 1,N = 10mA 14.25 14 v 

~-----------+-______ 1,_N_=_2_o_m_A _______ +----+--~-1_6~----+----+--1s_+-_v_~ 

7-40 



LINEAR LSI PRODUCTS 

SWITCHED-MODE POWER SUPPLY CONTROLLER 

DESCRIPTION 

The NE5568 Is a control circuit for use in 
switched mode power supplies. It contains 
an internal temperature·compensated sup· 
ply, PWM, sawtooth oscillator, over-current 
sense latch, and output stage. The device is 
intended for low-cost SMPS applications 
where extensive housekeeping functions 
are not required. The NE5568 is a selected 
version of the N E5561. 

FEATURES 

• Micro-miniature (D) package 
• Pulse width modulator 

• Current llmltlng (cycle by cycle) 

• Sawtooth generator 

• Stablllzed power supply 

• Double pulse protection 
• Internal temperature-compensated 

reference 

APPLICATIONS 

• Switch mode power supplies 

• DC motor controller Inverter 

• DC/DC converter 

ABSOLUTE MAXIMUM RATINGS 
PARAMETER RATING UNIT 

Supply voltage, Vee 18 v 
Output current 40 mA 
Output duty cycle 98 % 
Max total power dissipation 0.75 w 
Operating temperature range Oto 70 "C 

BLOCK DIAGRAM 

Ar, Cr 

NE5568 

PIN CONFIGURATION 

D, FE, N PACKAGES 

TOP VIEW 

CURRENT 
SENSE 

ORDER NUMBERS 
NE55680, NE5568FE, NE5568N 
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LINEAR LSI PRODUCTS 

SWITCHED-MODE POWER SUPPLY CONTROLLER NE5568 

DC ELECTRICAL CHARACTERISTICS Vee= 12v, TA= 25'C unless otherwise specified. 

SYMBOL AND PARAMETER TEST CONDITIONS 
NE5588 

UNIT 
Min Typ Max 

Reference Section TA=25'C 3.69 3.75 3.84 v 
VREF• Internal ref voltage 

Over temperature 3.66 3.87 v 

Vz, Internal zener ref 7.8 8.2 8.8 v 

Temperature coefficient of VReF IL=7mA ::I: 100 ppm/'C 

Temperature coefficient of Vz ::1:200 ppm/'C 

01clllator Section 
Frequency range Over temperature 50 100k Hz 

Initial accuracy 12 % 

Duty cycle range f0 =20kHz 0 98 % 

Current Limiting (1 1N) 
Pin 6=250mV 

TA= 25'C -2 -10 µ.A 

Over temp. -20 µ.A 

Inhibit delay time for lour= 20mA 0.88 1.10 µ.S 
Single pulse Inhibit delay 

20% overdrive at lour= 40mA 0.7 0.8 µ.S 

Current limit trip level 0.400 o.500 0.600 v 

Error Ampllfler 
Open loop gain 60 dB 

Feedback resistor 10k rl 

Small signal bandwidth 3 MHz 

VoH• Output voltage swing 6.2 v 

VoL• Output voltage swing 0.7 v 

Output Stage 
Output current Over temperature 20 mA 

le= 20mA, over temperature 0.4 v 
Vee• Saturation 

10 = 40mA, over temperature 0.5 v 

Supply Voltage/Current TA=25'C 10.0 mA 
Ice lz = 0, voltage led 

Over temp. 13.0 mA 

15 = 10mA, current fed 19.0 21.0 24.0 v 
Vee 

Ice= 30mA, current fed 20.0 30.0 v 

Low Supply Protection 
Pin 1 threshold 8.0 9.0 10.5 v 

NOTE 
All curves and applications of NE5561 apply exactly. 
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LINEAR LSI PROOUCTS 

SWITCHED-MODE POWER SUPPLY CONTROL CIRCUITS 

1pm11,,11.t.IN 

DESCRIPTION 
SPECIFICALLY DESIGNED for use in fixed
frequency switching regulators and other 
power control applications, these Switched
Mode Power Supply Control Circuits can be 
used to implement single-ended or push-pull 
switching regulators of either polarity. both 
transformerless and transformer coupled. 

Included'" these monol1th1c integratt:d circuits 
are a temperature-compensated voltage refer
ence, sawtooth oscillator, error amplifier, 
pulse-width modulator, pulse metering and 
steering logic, and two 200 mA source/sink 
power drivers. Also included are housekeep
ing functions such as soft-start and low supply 
voltage lockout, digital current limiting, double
pulse inhibit, a data latch for single-pulse 
metering, adjustable deadtime, and provision 
for symmetry correction inputs. 

For ease of interface, all digital inputs are TTL 
and CMOS compatible. Active LOW logic al
lows wired-OR connections for maximum 
flexibility. 

The SG1526A is supplied in an 18-pin 
glasslceramic (cer-DIP) hermetic package 
and is characterized for operation over the full 
temperature range of -55°C to + 125'C, 
allowing its use in military and aerospace ap· 
plications. The SG2526A is rated for operation 
over the extended range of -40°C to + 85"C 
recommending it for many industrial applica
tions. The low-cost SG3526A is rated for con
tinuous operation over the commercial 
temperature range of O"C to t 70°C. The ex
tended and commercial versions are furnished 
in either the cer-DIP package or a dual in-line 
plastic package with copper alloy lead frame 
for improved heat dissipation. 

ABSOLUTE MAXIMUM RATINGS 
PARAMETER 

Supply Voltage, V8 

Collector Supply Voltage, Ve 

Logic Input Voltage Range, V,N 

Analog Input Voltage Range, V,N 

Output Current, 10 

Reference Load Current, IREF 

Logic Sink Current, l,N 

Package Power Dissipation, P0 (Plastic DIP) 
(Cer·DIP) 

Storage Temperature Range, Ts 

NOTE: 
"'Derate linearly too watts at TA ~ + 150'C 

FEATURES 

• 8 to 35 V Operation 
• Dual 100 mA Source/Sink Outputs 
• Stabilized Power Supply 
• Current Limiting 
• Temperature Compensated Reference 

Source 
• Sawtooth Generator 
• Low Supply Voltage Protection 
• External Synchronization 
• Double-Pulse Suppression 
• Programmable Deadtime 
• Programmable Soft Start 
• 18-Pin Dual In-Line Plastic Package Or 

18-Pin Cer-DIP Hermetic Package 

RATING UNIT 

40 v 
40 v 

-0.3 to +5.5 v 
-0.3 V to Vs v 

=200 mA 
-~ 

50 mA 

15 mA 

2.3 W'' 
1.9 W'' 

-65 to -150 "C 

SG1526A/2526A/ 3526A 

PIN CONFIGURATION 

F,N PACKAGES 

NON INVERTING 
FEEDBACK VOLTAGE 1 

INVERTING 
FEEDBACK VOLTAGE 

CsoFT START 4 

RESET 5 

NON INVEHTING 
CIJRAENT SENSE 6 

INVERTING 
CURRENT SENSE 

SHi:iTOOWN 8 

TOP VIEW 

ORDER NUMBERS 
SG1526A F,N 
SG2526A F,N 
SG3526A F,N 

7 
=--"""'-"=--" 
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SWITCHED-MODE POWER SUPPLY CONTROL CIRCUITS 

ll@i!ul!e!e!iTI 
BLOCK DIAGRAM 

FEEDBACK 
VOLTAGE 

CURRENT 
SENSE 
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LINEAR LSI PRODUCTS 

SWITCHED-MODE POWER SUPPLY CONTROL CIRCUITS SG1526A/2526A/3526A 

1pmo .. u.t.1p 
ELECTRICAL CHARACTERISTICS over operating temperature range, Vs 15 V (unless otherwise noted). 

LIMITS 

CHARACTERISTIC 
TEST 

TEST CONDITIONS SG1526A & SG2526A SG3526A UNITS PINS 
Min. Type. Max. Min. Typ. Max. 

REFERENCE SECTION (LL =0 mA) 

TA =+25'C 4.95 5.00 5.05 4.90 5.00 5.10 v 
Reference Voltage 18 Over Recommended Conditions 4.90 5.00 5.10 4.85 5.00 5.15 v 

Vs =8 to 35 V - 10 20 - 10 30 mV 

IL= Oto 20 mA - 10 30 - 10 50 mV 

Ref. Volt. Regulation 18 Over Oper. Temp. Range - 15 50 - 15 50 mV 

Short Circuit Current 18 VREF = 0 V 25 50 100 25 50 100 mA 

Standby Current 17 Vs=35 V, RT=4.22 k!i Vs=0.4 V - 18 - - 18 - mA 

OSCILLATOR SECTION (f = 40 kHz, RT = 4.22 k!i CT = O.D1 µ.F, R0 = 0 0) 

RT =150{i CT= 20 µ.F - - 1.0 - 1.0 Hz 

Oscillator Frequency 9, 10 RT = 2k!i CT = 0.001 µ.F 400 - - 400 - - kHz 

Initial Osc. Accuracy 9, 10 TA= +25' c - 3.0 - - 3.0 - % 

Vs= 8 to 35 V - 0.5 - - 0.5 - % 

Over oper. Temp. Range - 1.0 - - 1.0 - % 

Osc. Stability 9, 10 Other Recommended Conditions - 2.0 - - 2.0 - % 

Sawtooth Peak Voltage 12 Vs= 35 V. - 3.0 3.5 - 3.0 3.5 v 
Sawtooth Valley Volt. 12 Vs= 8.0 V 0.5 1.0 - 0.5 1.0 - v 
Sync. Pulse Width 12 CL= 15 pF - 500 - - 500 - ns 

ERROR AMPLIFIER (VcM = 0 to 5.2 V) 

Input Offset Voltage 1, 2 Rs= 2 kO - 2.0 5.0 - 2.0 5.0 mV 

Input Bias Current 1, 2 - -350 -1000 - -350 -2000 nA 

Input Offset Current 1, 2 - 35 100 - 35 200 nA 

Error Amp Gain 1-3 Open Loop, RL = 10 MO 64 72 - 60 72 - dB 

Small Signal BW 1-3 CL= 30 pF 0.7 1.0 - 0.7 1.0 - MHz 

Positive Limit, RL = 50 kn 3.6 4.2 - 3.6 4.2 - v 
Output Voltage Swing 3 Negative Limit, RT = 50 kO - 0.2 0.4 - 0.2 0.4 v 
Common Mode Range 1, 2 Vs= 8.0 V 0 - 5.2 0 - 5.2 v 
Common Mode Rejection 1, 2 Rs= 10 kO 70 94 - 70 94 - dB 

7 -Error Amp. Vs Rej. 3 f = 120 Hz, !!.Vs = 1 Vrms 66 80 - 66 80 - dB 

HOUSEKEEPING FUNCTIONS 

Logic HIGH, lsouRce = -40 µ.A 2.4 4.0 - 2.4 4.0 - v 
Logic Voltage Levels 5,8, 12 Logic LOW, ls1NK = 3.6 mA - 0.2 0.4 - 0.2 0.4 v 

V1N =2.4 V· - -125 -200 - -125 -200 µ.A 

Input Current 5, 8, 12 VIN= 0.4 V - -225 -360 - -225 -360 µ.A 

Shutdown Delay ia-13, 16 100mV step, 5mV overdrive, Rs,~500 - 300 - - 300 - ns 

CURRENT LIMITING 

Common Mode Range 6, 7 Vs= 18 V 0 - 15 0 - 15 v 
Sense Voltage 6, 7 VcM =Oto 15V - 100 - - 100 - mV 

Input Current 6, 7 VcM=Oto15V - -3.0 - - -3.0 - µ.A 

Voltage Gain 7-8 Is= 360 µ.A - 68 - - 68 - dB 
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LINEAR LSI PRODUCTS 

SWITCHED-MODE POWER SUPPLY CONTROL CIRCUITS SG1526A/2526A/ 3526A 

11911 .. u.t.IN 
ELECTRICAL CHARACTERISTICS over operating temperature range, Vs 15 V (unless otherwise noted). (Cont'd) 

LIMITS 
TEST 

CHARACTERISTIC PINS TEST CONDITIONS SG1526A & SG2526A 

Min. Type. 

SOFT START SECTION 

Error Clamp Voltage - Vs = 0.4 V - 100 

Cs Charging Current 4 Vs= 2.4 V - 100 

OUTPUT DRIVERS (Ve= 15 V) 

louT = -20 mA 12.5 13.5 

louT = -100 mA - 13 

louT = 20 mA - 0.2 

Output Voltage 12, 16 louT = 100 mA - 1.2 

Leakage Current 12, 16 Ve= 40 V - 0.1 

Rise Time 12, 16 CL= 1000 pF - 300 

Fall Time 12, 16 CL= 1000 pF 

NOTES: 
Negative current is defined as coming out of (sourcing) the specified device pin. 
*Commercial, extended, and full temperature range devices are defined on page 2. 

RECOMMENDED OPERATING CONDITIONS 

- 200 

Logic Supply Voltage, Vs .................................................. 8 V to 35 V 
Collector Voltage, Ve . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ...... 4.5 V to 35 V 
Output Load Current, 10 ....................................... : ........ 0 to :!: 100 mA 
Reference Load Current, IL . . . . . . . . . . . . . . .................. 0 to 20 mA 
Oscillator Frequency, f . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 Hz to 400 kHz 
Oscillator Timing Resistance, RT . . . . . . . . . ...................... 2 k!l to 150 k!l 
Oscillator Timing Capacitance, CT . . ..................... 0.001 µ.F to 20 µ.F 
Programmed Deadtime . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3% to 50% 
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Max. Min. 

400 -
- -

- 12.5 

- -
0.3 -

- -
100 -
- -

- -

SG3526A 

Typ. 

100 

100 

13.5 

13 

0.2 

1.2 

0.1 

300 

200 

UNITS 

Max. 

400 mV 

- µ.A 

- v 
- v 
0.3 v 
- v 
100 µ.A 

- ns 

- ns 



LINEAR LSI PRODUCTS 

SMPS CONTROL CIRCUIT 

DESCRIPTION 
This monolithic integrated circuit contains 
ell the control circuitry for a regulating pow
er supply inverter or switching regulator. In· 
eluded in a 16·pin dual·in·line package is the 
voltage reference, error-amplifier, oscilla· 
tor, pulse width modulator, pulse steering 
flip·flop, dual alternating output switches 
and current limiting and shut·down circuitry. 
This device can be used for switching regu
lators of either polarity, transformer coupled 
DC to DC converters, transformerless volt· 
age doublers and polarity converters, as 
well es other power control applications. 
The SG3524 is designed for commercial 
applications of o·c to + 1o•c. 

ABSOLUTE MAXIMUM RATINGS 

FEATURES 

• Complete PWM power control circuitry 
• Single ended or puah·pull outputs 
• Line and load regulation of 0.2% 
• 1% maximum temperature variation 
• Total supply current la leas than 10mA 
• Operation beyond 100kHz 

PARAMETER 

Input voltage 

Output current (each output) 
Reference output current 
Oscillator charging current 
Power dissipation 

Package lim1tat1on 

==T RAi~:G _ uf'i 
50 I rnA 

l 10
5
00 I :: I 

Derate above 25'C 8 LWi'C I 
Operating temperature range o to +10 °c 
Storage temperature range -65 to + 150 • C i 

------------ ------ _ ___J 

BLOCK DIAGRAM 

INTER~AL CIRCUITRY 

.. 
GROUND ©--i ~ 

(SUBSTRATE) 8 V • • ·q _) 
SHUTDOWN -=- 10k 

SG3524 

PIN CONFIGURATION 

I 
I 

INVERT 
INPUT 

osc 
OUTPUT 

1 .. 1 CL 
SENSE 

(-)CL 
SENSE' 

D,F,N PACKAGE 

ORDER PART NUMBERS 
SG3524F, SG3524D 

SG3524N 

"REF 

COMPENSATION 

7.47 

7 



LINEAR LSI PRODUCTS 

SMPS CONTROL CIRCUIT SG3524 

DC ELECTRICAL CHARACTERISTICS (TA= o•c to + 1o•c, VoN = 2ov, and I= 20kHz unless otherwise specified.) 

603524 
PARAMETER TEST CONDITIONS UNIT 

Min Typ Max 

Reference Section 
Output voltage 4.6 5.0 5.4 v 

Line regulation V1N =8 to 40V 10 30 mv 

Load regulation IL= 0 to 20mA 20 50 mV 

Ripple rejection f = 120Hz, TA= 25'C 66 dB 

Short circuit current limit VREF=O, TA=25'C 100 mA 

Temperature stability Over operating temperature range 0.3 1 % 

Long term stability TA=25'C 20 mV/kHr 

Oscillator Section 
Maximum frequency Cr= .001 mfd, Rr = 2k!l 300 kHz 

Initial accuracy Rr and Cr constant 5 % 

Voltage stability V1N=8 to 40V, TA=25'C 1 % 

Temperature stability Over operating temperature range 2 % 

Output amplitude Pin 3, TA"'25'C 3.5 Vp 

Output pulse width Cr=.01 mid, TA=25'C 0.5 µ.S 

Error Amplifier Section 
Input offset voltage VcM= 2.5V 2 10 mV 

Input bias current VcM = 2.5V 2 10 µ.A 

Open loop voltage gain 68 80 dB 

Common mode voltage TA=25'C 1.8 3.4 v 

Common mode rejection ratio TA=25'C 70 dB 

Small signal bandwidth Av=OdB, TA=25'C 3 MHz 

Output voltage TA=25'C 0.5 3.8 v 

Comparator Section 
Duty cycle % each output "ON" 0 45 % 

Input threshold Zero duty cycle 1 v 

Input threshold Maximum duty cycle 3.5 v 

Input bias current 1 µA 

Current Limiting Section 
Sense voltage Pin 9 = 2V with error amplifier set 180 200 220 mV 

for maximum out, TA= 25 ·c 
Sense voltage T.C. 0.2 mV/'C 

Common mode voltage -1 + 1 v 

Output Section (each output) 
Collector-emitter voltage (breakdown) 40 v 

Collector·leakage current VcE = 40V 0.1 50 µ.A 

Saturation voltage le= 50mA 1 2 v 

Emitter output voltage VIN= 20V 17 18 v 

Rise time Re= 2k!l, TA= 25'C 0.2 µ.S 

Fall time Re= 2k!l, TA= 25'C 0.1 µ.S 

Total standby current (excluding 
oscillator charging current, error and 

VIN= 40V 8 10 mA 
current limit dividers, and with 
outputs open) 
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LINEAR LSI PRODUCTS 

SMPS CONTROL CIRCUIT 

THEORY OF OPERATION 

Voltage Reference 
An internal series regulator provides a nomi· 
nal 5 volt output which is used both to gener· 
ate a reference voltage and is the regulated 
source for all the internal timing and control· 
ling circuitry. This regulator may be by· 
passed for operation from a fixed 5 volt sup· 
ply by connecting pins 15 and 16 together to 
the input voltage. In this configuration, the 
maximum input voltage is 6.0 volts. 

This reference regulator may be used as a 5 
volt source for other circuitry. It will provide 
up to 50mA of current itself and can easily 
be expanded to higher currents with an ex· 
ternal PNP as shown in Figure 1. 

TEST CIRCUIT 

VfN 
8-40\1 

0.1 RT CT 

GNO 

SG3524 

EXPANDED REFERENCE CURRENT CAPABILITY 

SQ3U4 

10 

SGJS24 
REFERENCE 

SECTION 

Figure 1 

CURRENT 
LIMll 

10 

"' J 

2k 
1W 

IL to 1.0A 
DEPENDING 
ON CHOICE 
FOR 01 

!2 1--'-+--0 OUTPUTS 
131-----0 ,, . " 
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LINEAR LSI PRODUCTS 

SMPS CONTROL CIRCUIT 

I 
u 

~ 
~ 
! 
~ 
~ 
i5 

OUTPUT STAGE DEAD TIME AS A 
FUNCTION OF THE TIMING 

CAPACITOR VALUE 

10 

v 
IL 

1.0 

0.5 

v 
~ v 

0.3 

.001 002 .005 01 02 05 

TIMING CAPACITOR VALUE (C- )-MICROFARADS 

Figure 2 

08clllator 
The oscillator In the SG3524 uses an exter
nal resistor (RT) to establish a constant 
charging current Into an external capacitor 
(Cr). While Ihle uses more current than a 
aeries connected RC, It provides a linear 
ramp voltage on the capacitor which is also 
uaed aa a referenca for the comparator. The 

charging current la equal to 3.6V + Rr and 
should be kept within the range of approxi· 
mately 30µA to 2mA, i.e., 1.6K<Rr< 100K. 

The range of values for Cr also has limits BS 

the discharge time of Cr determines the 
pulse width of the oscillator output pulse. 
This pulse is used (among other things) as a 
blanking pulse to both outputs to insure that 
there is no possibility of having both outputs 
on simultaneously during transitions. This 
output dead time relationship is shown in 
Figure 2. A pulse width below approximately 
0.5 microaeconda may allow false tri>igering 
of one output by removing the blanking pulse 
prior to the flip-flops reaching a stable 
state. If small values of Cr must be used. the 
pulse width may still be expanded by adding 
a shunt capacitance ("" 1 OOpF) to ground at 
the oscillator output. (Note: Although the os· 
cillator output is a convenient oscilloscope 
sync input, the cable and input capacitance 
may increase the blanking pulse width 
slightly.) Obviously, the upper limit to the 
pulse width is determined by the maximum 
duty cycle acceptable. Practical values of 
Cr fall between .001 and 0. 1 microfarad. 

The oscillator period is approximately t • 
RrCr where t is in microseconds when Rr = 
ohms and Cr • microfarad&. The use of Fig· 
ure 3 will allow selection of Rr and Cr for a 
wide range of operating frequencies. Note 
that for series regulator applications, the 
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OSCILLATOR PERIOD AS A 
FUNCTION OF RT AND CT 

I 100 l--l--+--+---l~ .... -i.-...... ..,..,1-..-1 
~ 50 

' 
~ 20 

i 10 1--hl'---'-"""'~hl'T.l'-+--ll--i 
I 
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OSCM..LATOA PERIOD·MICAOSECONDS 

Figure 3 

two outputs can be connected In parallel for 
an effective 0-90% duty cycle and the Ire· 
quency of the oscillator la the frequency of 
the output. For push-pull applications, the 
outputs are separated and the flip·flop di· 
videa the frequency such that each outputs 
duty cycle la 0-45% and the ovarall frequen· 
cy is one-half that of the oscillator. 

External Synchronization 
If It Is desired to synchronize the SG;3524 to 
an external clock, a pulse of ... +3 volts may 
be applied to the oscillator output terminal 
with RrCr set slightly greater than the clock 
period. The same considerations of pulse 
width apply. The Impedance to ground at 
Ihle point Is approximately 2K ohms. 

If two or more SG3524s must be synchro
nized together, one must be designated BS 

master with Its RrCr set for the correct peri· 
od. The slaves should each have an RrCT 
set for approximately 10% longer period 
than the master with the added requirement 
that Cr (slave) •one-half Cr (master). Then 
connecting Pin 3 on all units together will 
insure that the master output pulse-which 
occurs first and has a wider pulse width
will reset the slave units. 

Error Amplifier 
This circuit is a simple differential-input, 
transconductance amplifier. The output is 
the compensation terminal, pin 9, which is a 
high impedance node (RL ""5MO). The gain 
is 

Av - gmRL ~ 8 le RL = .002 RL 

2kT 

and can easily be reduced from a nominal of 
10,000 by an external shunt resistanca from 
pin 9 to ground, as $hown in Figure 4. 

SG3524 

AMPLIFIES OPEN·LOOP GAIN AS 
A FUNCTION OF FREQUENCY 

AND LOADING ON PIN g 

I 

80 l 
RL=30M~ 

~ 

~ .... RL:300k!l1 

~. 40~~:ir.:~.~=!1·~~~.,~~~~~-+~~ 
0 RL=30kl! ~ 

20 f---+-1--+--+---! ....... ~-+-~---l 
RL = RESISTANCE FROM PIN 9 TO GROUND ..:s 

10 100 1K 10K 100K 1M 10M 
FREQUENCY-HERTZ 

Figure 4 

In addition to DC gain control, the compen· 
eatlon terminal is also the place for AC 
phase compensation. The frequency re· 
aponae' curves of Figure 4 show the 
uncompensated amplifier with a single pole 
at approximately 200Hz and a unity gain 
croaa·over at 5MHz. 

Typically, moat output filter designs will In· 
troduca one or more additional poles at a 
significantly lower frequency. Therefore, the 
best stabilizing network is a series R·C com· 
blnation between pin 9 and ground which 
introduces a zero to cancel one of the output 
filter poles. A good starting point is 50kll 
plus .001 microfarad. 

One final point on Iha compensation terminal 
is that this ia also a convanient place to 
Insert any programming signal which Is to 
override the error amplifier. Internal 
shutdown and current limit circuits are con· 
nected here, but any other circuit which can 
sink 200µA can pull this point to ground thus 
shutting off both outputs. 

While feedback is normally applied around 
the entire regulator, Iha error amplifier can 
be used with conventional operational am· 
plifier feedback and Is stable in either the 
inverting or non-inverting mode. Regardless 
of Iha connections, however, Input common· 
mode limits must be observed or output sig· 
nal inveraions may result. For conventional 
regulator applications, the 5 volt reference 
voltage must be divided down as shown in 
Figure 5. The error amplifier may also be 
used in fixed duty cycle applications by 
using the unity gain configuration shown in 
the open loop test circuit. 
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SMPS CONTROL CIRCUIT 

Current Limiting 
The current llmltlng circuitry of the 
SG3524 Is shown In Figure 6. 

By matching the base-emitter voltages of 
01 and 02, and assuming negligible volt· 
age drop across R1: 

Threshold= VeE(01) + 11R2 - VeE(02) 
= l1R2 " 200mV 

Although this circuit provides a relatively 
small threshold with a negligible temper· 
ature coefficient, there are some llmlta· 
tlons to Its use, the most Important of 
which is the :1:1 volt common mode range 
which requires sensing In the ground line. 
Another factor to consider Is that the Ire· 
quency compensation provided by R1C1 

and 01 provides a roll-off pole at approxi· 
mately 300Hz. 

Since the gain of this circuit is relatively 
low, there Is a transition region as the cur· 
rent llmlt amplifier takes over pulse width 
control from the error amplifier. For test· 
Ing purposes, threshold is defined as the 
Input voltage to get 25% duty cycle with 
the error amplifier signaling maximum 
duty cycle. 

In addition to constant current limiting, 
pins 4 and 5 may also be used in trans· 
former-coupled circuits to sense primary 
current and shorten an output pulse, 
should transformer saturation occur. 
(Refer to Figure 11.) Another application is 
to ground pin 5 and use pin 4 as an addi· 
tional shutdown terminal: i.e., the output 
will be off with pin 4 open and on when it 
Is grounded. Finally, foldback current lim· 
iting can be provided with the network of 
Figure 7. This circuit can reduce the short· 
circuit current (lsc) to approximately one· 
third the maximum available output cur· 
rent (IMAX). 

*For additional information, consult 
the Applications Section. 

SG3524 

ERROR AMPLIFIER BIASING CIRCUITS 

YREF VRl!ir 
POSITIVE ..-.JV.,...._ OUTPUT 
VOlTAOES 

NEGATIVE 
~_,,,,.,..__ OUTPUT 

GND 

2.sv (Fl+ Rzl 
Vo=---

A1 

Note change in input connections for oppoaite polarity outputa. 

Figure 5 

•• 

~ .. 2.SkR Az + Rz 

CURRENT LIMITING CIRCUITRY OF THE SG3524 

Figure 6 

FOLDBACK CURRENT LIMITING 

, 
luAx·

"• .,. 
1sc••s 
VrH=200 mY 

WHERE 

Foldback current limiting can be used to reduce power 
dissipation under shorted output conditions. 

Figure 7 

VOLTAGES 
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PRECISION VOLTAGE REGULATOR µA723/723C/SA723C 

DESCRIPTION 
The µA723/SA723C is a Monolithic Preci
sion Voltage Regulator capable of operation 
in positive or negative supplies as a series, 
shunt, switching or floating regulator. The 
723 contains a temperature compensated 
reference amplifier, error amplifier, series 
pass transistor, and current limiter, with 
access to remote shutdown. 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER 

Pulse voltage from V+ to v- 150 msl 
Continous voltage from V+ to V-
Input-output voltage differential 
Maximum output current 

Current from VREF 

Current from Vz 
Internal power dissipation' 
Operating temperature range 

µA723 
µA723C 
SA723C 

Storage temperature range 

Lead temperature 

EQUIVALENT CIRCUIT 

7-52 

TEMPERATURE 
COMPENSATED 

ZENER 

VOLTAGE 
REFERENCE 
AMPLiFltfl 

FEATURES 
• Positive or negative supply operation 
• Serles, shunt, switching or floating oper

ation 
• .01% line and load regulation 
• Output voltage adjustable from 2 to 37 

volts 
• Output current to 150mA without exter

nal pass transistor 
• µA723 MIL STD 88 3A, B, C available 

RATING UNIT 

50 v 
40 v 
40 v 
150 mA 
15 mA 
25 mA 

800 mw 

-55 to +125 'C 
Oto 70 'C 

-40 to +85 'C 

-65 to i'150 'C 

300 'C 

PIN CONFIGURATIONS 

D,F,N PACKAGE 

NC 

13 FREQUENCY 
COMPENSATION 

NON-INVERTING 
INPUT 

TOP VIEW 

ORDER NUMBERS 
µA723F,N µA723CF,CN 

SA723CN µA723CD 

H PACKAGE• 

CURRENT LIMIT 

Vour 

CURRENT SENSE 
FREQUENCY 
COMPENSATION 

INVERTING INPUT 

NON-INVERTING 
INPUT 

ORDER NUMB'ERS 
µA723H µA723CH 

v+ 

·Metal cans \HJ not recommended tor new designs 

FREQUENCY 
COMPENSATION 

INVERTING 

v+ 

UMIT 

ERROR 
AMPUFIER 

CURRENT 
SENSE 

CURRENT 
LIMITER 

Ve 

SERIES PASS 
TRANSISTOR 

Vz 

vouT 
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PRECISION VOLT AGE REGULATOR 

DC ELECTRICAL CHARACTERISTICS TA= 25'C unless otherwise specified.1 

PARAMETER TEST CONDITIONS 

Line regulation2 V1N = 12V to V1N = 15V 
V1N = 12V to V1N = 40V 

Load regulation2 IL= 1mA to IL= 50mA 
f = 50Hz to 1 Ok Hz, CREF = 0 

f = 50Hz to 1 OK Hz, CREF = 5µF 

Short circuit current limit Rsc = 10!1. VouT = o 
Reference voltage 
Output noise voltage BW - 100Hz to 10kHz, CREF = 0 

BW= 100Hzto 10kHz, CREF=~ 

Lo~ term stability 
Standby current drain IL - 0, V1N - 30V 

Input voltage range 
Output voltage range 

l~ut-ou~t volt1!.9._e differential 

The following specifications apply 
over the operating temperature 
ranges 

Line r~lation 

Load r~ulation 

Average temperature coefficient V1N = 12V to V1N = 15V 
of output voltage IL= 1mA to IL= 50mA 

NOTES 

1 VtN:::: V+ =Ve= 12V, V- ""OV, Vour = SV, IL= lmA, Ase= 0, C1 = 100pF. CAEF = Oand 
divider impedance as seen by error amplifier-:; 10kfl when connected as shown in 
Figure 3 

2 The load and line regulation spec1f1cations are for constant iunction temperature 
Temperature drift effects must be taken into account separately when !he unit is 
operating under conditions ol high d1ss1pation 

TYPICAL PERFORMANCE CHARACTERISTICS 

Min 

6.95 

9.5 
2.0 

3.0 

STANDBY CURRENT DRAIN 
AS A FUNCTION OF 

INPUT VOLTAGE 

MAXIMUM LOAD CURRENT 
AS A FUNCTION OF 

INPUT-OUTPUT VOLTAGE 
DIFFERENTIAL 

µA723 

Typ 

O.D1 
0.02 

0.03 
74 
86 

65 

7.15 
20 
2.5 

0.1 
2.3 

0.002 

200 ~-~-~--T--1--~ 

r·+,--+--+---+~~~A: 1=5~~~~; 
160 PsrANDBY = 60mW 

[[ METAL CAN PACKAGE 
\ (NO HEAT SINK) 

\ -+-:l-___LL--t----1 
_\,_ TA= T25°C 

~ lt--+'\\-+-j~-t---+/. TA= +70°C H 
:1 80 ,u.._TA=+125°C 

~f:/ 

" E 120 
I 

o~~~~~~~~~~~~~ 

0 10 20 30 40 50 10 20 30 40 50 

INPUT VOLTAGE - V (V1N - Your> - V 

µA723/723C/SA723C 

Max 

0.1 
0.2 

0.15 

7.35 

3.5 

40 
37 

38 

0.3 

0.6 

0.015 

" ~ 0 
> ,._ 

-0.1 

z 
0 
;:: -0.2 
:3 
:0 

" w 

"' - 0.3 

µA723C/SA723C 
UNIT 

Min Typ Max 

O.D1 0.1 %VouT 
0.1 0.5 %VouT 

0.03 0.2 %VouT 
74 dB 
86 dB 

65 mA 

6.80 7.15 7.50 v 
20 µVrms 
2.5 µVrms 

1 0. 1 %/1000hrs. 
2.3 4.0 mA 

9.5 40 v 
2.0 37 v 
3.0 38 v 

0.3 %VouT 

0.6 %VouT 

0.003 0.015 %/oC 

LOAD REGULATION 
CHARACTERISTICS WITH 

CURRENT LIMITING 

OUTPUT CURRENT - mA 
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PRECISION VOLTAGE REGULATOR 

TYPICAL PERFORMANCE CHARACTERISTICS (Cont'd! 

CURRENT LIMITING 
CHARACTERISTICS AS A 
FUNCTION OF JUNCTION 

TEMPERATURE 

> 0.8 200 

I 
w 
" 0.7 180 

~ 
0 
> 
w 0.8 120 ., 
z w ., 
!: 0.6 80 
:I 
::; 
.... z 0.4 40 w .. .. 
" " 0.3 

-50 +SO +100 +150 
JUNCTION TEMPERATURE - •c 

LOAD TRANSIENT RESPONSE 

~ i--t..L~OA-D~cu_R~R-E~N_T-r-+-t-r-1+10 

1 
I .... 1 z w 
~ I 

" ~ " :I 

" .: z 

i 
::; 

MAXIMUM LOAD CURRENT 
AS A FUNCTION OF 

INPUT-OUTPUT VOLTAGE 
DIFFERENTIAL 

t-+--+---+-+- Ti1MAx = 1so•c 
RrH -111•c1w 

180 1::::::±=-t--+--t- PsTANDIY = 60mW 
DIP PACKAGE 

t--·-+-<t-1--+-+-(NO HEAT SINK) 

oL-1-1-r::::::i,,,,*'=*'=*'="-.L..J 
0 10 20 30 40 

<V1N - Your) - V 

LINE REGULATION AS A 
FUNCTION OF INPUT-OUTPUT 

VOLTAGE DIFFERENTIAL 

50 

1--+--t--t--+-+ ~~~';_ ";, + 5V --f--1 
I 
z 
0 I~ t 1-+0.2 TA=+25°C-t--1 

; 
i:i 

1 ~ ~~: 1=:..: 3V -t--1 
I ... 

Q 

i'5 I +0.1 
;:: z 

!~ 
Q .... 

~a 
9 ~ - 0.1 t-+--+--+--11--+--+--+---+-t--i 

-8.0 L-+--+--+---+~-~-+-~~~ 
-5 15 25 36 45 

TIME - µI 

LINE TRANSIENT RESPONSE 

> INPUT VOLTAGE f!! 
E o>-' 
I l--H[f-+-+--+-+-+-+-+-+--i2.0 
~ 1 ~ ~ 
Q~ 0 ... 

w OUTPUT VOLTAGE ~ ~ 
~.... 1:1 T--N w s 

" ~ :> 

~ g ~ 
O~ -2.0 ~ 

!!; 
-4.0.__,_....._--+__,1--+--'-~_.-~-6.o 

-5 16 25 35 45 

TIME-µ& 
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-0.2 ._..__,___.___..._.._..._.....__._...._... 

-5 15 25 35 

<V1N - Your) - V 

LOAD REGULATION AS A 
FUNCTION OF INPUT-OUTPUT 

VOLTAGE DIFFERENTIAL 

45 

+ 0.2 ....-..--.--,--,-..--r--,---,.-,--, 
l--+--1--t--I V1N ~ + 112V, I 

Vour=+SY --1 
+ 0.1 t--+-+--+-- Ase = o _, 

TA= +2s0 c 
1--+--t---+-- IL= 1mA TO IL=50mA 

-0.1 1--1-+-+-+-+--+N-+""'""'"'-+--1 

- 0.2 1--+--+--+--l'-+--+--+---+-t--i 

-0.3 --+-+--+---+---<--++--+-~_.-~ 
-5 15 25 35 45 

(V1N - Your) - V 

~ 
5 
" fll 

µA723/723C/SA723C 

LOAD REGULATION 
CHARACTERISTICS WITHOUT 

CURRENT LIMITING 

-0.1 
I 

TA:1+1o•c 
I TA= +25°C 

TA=o•c 
TA= +12s•c 

a: -0.15 TA= - ss•c ..___-+-_,...-+__,.__.,.. 

c: 
I 

··t- f-- ·~ ' 
- 0.2 L--+--+---+--+1--+-~--+' _._~ 

0 20 40 60 80 

OUTPUT CURRENT - mA 

OUTPUT IMPEDANCE AS A 
FUNCTION OF FREQUENCY 

10 

t- Voz; +SV 
I- V1N= +12V -ff Rsc=O 
I- TA= +2s•c ' 

100 

~ 1.0 I- IL•50mA ~ 
~ .. 
I 
~ 0.1 

~ 

> 

.01 
100 

c;.:1~F 

IZ 

1k 10k 100k 1M 

FREQUENCY - Hz 

CURRENT LIMITING 
CHARACTERISTICS 

I 1.0 1-+-+-+_.-. ........ ..!-~-t--i 
w 

~ 0.8 t-+--+--+-+-H--H--+--+-+--f 
~ r-+--t---+--+~+-li-t--f----t--i 
~ 0.6 TA = - 125°C --IH-1t--t---t"--t--1 

§ ~:::~~:g=---i-1=r1HHH~l--t---i 
~ o.4 ~:=~·~s0c 
~ 0.2 )- ~IN =1+12V+-l-f-!Hlf-1-t-+--i 
a: I- ~~~:~:0sv +--H-«--+-<t--+--< 

0 L--+--+--'---'-..._-'L.......__.___.__, 

0 20 40 60 80 100 

OUTPUT CURRENT- mA 
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PRECISION VOLTAGE REGULATOR 

TYPICAL APPLICATIONS 

LOW VOLTAGE REGULATOR 
(VOUT = 2 TO 7 VOLTS) 

CSt------. 

COMP 

100pF 

-------------------·------~ 
REMOTE SHUTDOWN REGULATOR 

WITH CURRENT LIMITING 
(VOUT = 2 TO 7 VOLTS) 

Rsc 
vour t--..~w---..-----<i .. ~~~~C~rEo 

CL 

CSI--·----· 

._---4N.I ln•I----~ 

v-
COMP ._-'V'J'v----, 

l 2k 11 

c, i1nF 

µA723/723C/SA723C 

NEGATIVE VOLTAGE REGULATOR 

CL 

cs 

HIGH VOLTAGE REGULATOR 
(V OUT = 7 TO 37 VOL TS) 

~---IN.I 

v-

c, 
100pF 

R3 = ~ f\Jr rn1n1mum 1empera1ure dnf1 
R1 -t R2 

RJ may be el11-r1•nci1ed for m•n1mum cornporient count 

~------------··---------------
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PRECISION VOLTAGE REGULATOR 

TYPICAL APPLICATIONS (Cont'd> 

cs 

FOLDBACK CURRENT LIMITING REGULATOR 
<Your= 2 ro 1 vol.TS) 

18 

14 ., 
!::'.; 12 

~ i 10 

!:; 8 
~ 

lnvt--+--1----' 

i 8 

5 4 
0 

COMP 

0 

µA723/723C/SA723C 

•sc • 3.4.!l ., &ooll .. ~ rKll 
IKNEE 

z 
L 

.A v 
V1sHORTCKT c, i1nF 0 10 20 30 40 50 80 

OUTPUT CURRENT IN mA 

~ = VouT lsc · _ 1 
R3 VseNSE (IKNEE - lsHORT CKT) 

Rsc= VseNser, + ~ 1 
1sc L R4.J 
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AN OVERVIEW OF DATA CONVERTERS AN100 

INTRODUCTION 
Large systems are comprised of many dif
ferent subsystems, all of which must inter
face to complete the system. All types of 
circuits, including linear, digital and dis
crete are often used in the subsystems. 

Interface circuits provide the necessary 
function of tying the parts of a system to
gether. These circuits are usually not purely 
linear or digital but contain both types of 
circuit funct.ions. For instance, sense ampli
fiers are designed for interface between low 
level memory outputs and bipolar levels, 
while differential comparators are designed 
for interface between analog systems and 
TTL/DTL systems. In general, this section 
will cover such devices as comparators, 
sense amplifiers, line drivers/receivers, and 
display drivers. 

CONVERTERS 
Digital communications, digital instruments 
and displays have created a demand for low 
cost reliable converters. Key factors in this 
demand are: 

• The need to communicate with digital 
computers for processing and storage of 
analog signals. 

• Severe limitations encountered in reli
able analog data transmission over any 
considerable distance. 

• The need for more easily readable dis
plays. 

General application areas for converters 
include: Data processing, data trans
mission, graphics and displays, audio sys
tems, control systems and arithmetic opera
tions. 

Specific Applications 

Test Systems 
• Transistor tester !Force le and lei 
• Resistor matching 
• Programmable power supplies 
• Programmable pulse generators 
• Programmable current source 
• Function generators !ROM drivel 

Arithmetic Operations 
• Analog division by a digital word 

Analog quotient of 2 digital words 
• Analog product of 2 digital words

squaring 
• Addition and subtraction with analog 

output 
• Magnitude comparison of 2 digital words 
• Digital quotient of 2 analog variables 
• Arithmetic operations with words from 

different logic families 

Graphics and Displays 
• Polar to rectangular conversion 
• CRT character generation 
• Chart recorder driver 
• CRT display driver 

Data Transmission 
• Modem transmitter 
• Differential line driver 
• Party line multiplexing of analog signals 
• Multi-level 2-wire data transmission 
• Secure communications !constant power 

dissipation! 

Control Systems 
• Reference level generator for setpoint 

controllers 
• Positive peak detector 
• Negative peak detector 
• Disc drive head positioner 
• Microfilm head positioner 

Audio Systems 
• Digital AVG and reverberation 
• Music distribution 
• Organ tone generator 
• Audio tracking AID 
• Speech compression and expansion 
• Audio digitizing and decoding 

DAC Building Blocks 
The actual implementation of a DIA system 
contains four separate parts: A reference 
quantity;. a set of binary switches to simulate 
binary coefficients 81 ... BN; a weighting 
network; and an output summing means. 

Binary-Weighted Ladder Employ
ing Voltage Switching 
The disadvantages of a binary-weighted lad
der employing voltage switching include: A 

CONVERSION OF A D1GITALLY 
CODED SIGNAL INPUT INTO AN 

ANALOG SIGNAL OUTPUT 

DIGITAL 
WORD 
INPUT D/A 

REF 

Output = Ref. x digital word 

91 B2 BN 
Output= Ref. x t2 + 4 + ... + 2Nl 

Figure 1 

ANALOG 
OUTPUT 

wide range of resistor values which are used 
in weighting the network; and nodal capacit
ances which are charged/discharged during 
conversion. See Figure 2. 

R-2R Ladder Network Employing 
Current Switching 
The advantages of this type of network 
include: No need for a wide range of resistor 
values; and current switching eliminates 
transients in nodal parasite capacitances. 
See Figure 3. 

KEY SPECIFICATIONS 

Speed 
The conversion process should represent 
the input signal with the highest fidelity and 
minimal lag in time !Real time applications!. 

BINARY-WEIGHTED LADDER 
EMPLOYING VOLTAGE SWITCHING 

y-d il !l bl 
'• ,. t •• ,,f •• •.f •• 

Figure 2 
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DAC PRODUCTS SUMMARY 

MC1408 
7-8 

Resolution 8 bit 

Relative Accuracy .39/ 
.19 

Settling Time 300ns 

Output I 

Features Standard 

Settling time 
Settling time is a measure of a converter's 
speed and is defined as the elapsed time 
after a code transition for DAC output to 
reach final value within specified limits, 
usually ±1/2 L.S.8. See Figure 4. 

Errors 
Offset Error - The output voltage of DAC 

with zero code input. Offset 
can and usually is trimmed to 
zero with an offset zero ad
just potentiometer. 
See Figure 5. 

Gain Error - Deviation in output voltage 
from correct level when the 
input calls for. a full scale 
output. This error may be 
trimmed to zero. 
See Figure 6. 

RelatlveAccuracy-The maximum devia
tion of the DAC output 
relative to an ideal 
straight line drawn 
from zero to full scale 
-1 L.S.8. 
See Figure 7. 

Dlflerentlal 
Non-Linearity- Incremental error from 

any ideal L.S.8. analog 
output change when the 
digital input is changed 1 
LS. 8 .. See Figure 8. 

Monotonicity-As the input code is incre
mented from one code to 
the next in sequence, the 
analog output will either 
increase or remain con
stant. See Figures .. 
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DAC08 Serles SE/NE5018/19 SE/NE5118/19 NES020 

8 bit 8 bit 8 bit 10 bit 

.39/ .19/ .19/ .1 .19/ .1 .05 
.1 

60ns 2µS 200ns 4µS 

1&T v I v 

Complementary Bus High 8 bit 
Current Compatible speed bus 
Outputs input current compatible 

latches out version 
ref of NE5018 

voltage 

Table 1 

R-2R LADDER NETWORK 
EMPLOYING CURRENT SWITCHING 

v-

b, +b2+b3+b4 
lour= IREFX ( 2 4 8) 

Stability 

Figure 3 

Long Term 

MC3410 AM6012 
INE5410 

10 bit 12 bit 

.05 .05 

250ns SOOns 

I ±V 

10 bit Com-
accµracy plementary 

Current 
Outputs 

Stability is a measure of the independence 
of converter parameters with respect to 
variations in external conditions such as 
temperature and supply voltage. 

Stability -Measure of how stable the 
output is over a fong period 
of time. 

Temperature 
Coefficient -The effects of temperature 

changes of the output. Spec
ified as %F.S. change. 

Supply 
ReJectlon -Ability to resist changes in 

the output with supply 
changes, specified as o/o full 
scale change. 
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SETTLING TIME 

•o 

:!:1/2 
LSB ------ ... 

SETTLING 
TIME 

Figure 4 

RELATIVE ACCURACY 

ANALOG 
OUTPUT IDEAL 

0 0 0 1 1 1 
0 0 1 1 0 0 1 

1 0 1 0 0 0 , 

Figure 7 

A/D CONVERTER CIRCUITS 
Analog-to-Digital conversion schemes 
generally fall into one of three categories: 

1. Feedback 
-Counting 
- Tracking (up-down) 
- Successive approximation 

2. Integrating 
- Single slope 
-Dual slope 
- Triple slope 

3. Multiple comparator (Flash) 

1: ~ ~ 

000 001 

ANALOG 
OUTPUT 

OFFSET ERROR 

DIGITAL 

010 011 100 101 110 111 INPUT 

Figure 5 

DIFFERENTIAL 
NON-LINEARITY 

0 0 0 0 1 1 DIGITAL 
0 0 1 1 INPUT 
0 t 0 1 . ' 

Figure 8 

The type of converter chosen for a given 
application depends upon many things: the 
accuracy required, the conversion speed 
necessary, the necessary immunity to noise, 
and cost are some of these considerations. 

The successive approximation technique is 
the one most widely used, mainly because of 
its excellent tradeoffs in resolution, speed, 
accuracy, and cost. All of the AID converters 
(ADCs) presently manufactured by Signetics 
are successive approximation types. 

Figure 10 shows a simplified block diagram of 
a successive approximation AID converter. 

10 

AN100 

GAIN ERROR 

•o 

DIGITAL 

lol?::~--l'--...1........L-..J...--L--'- INPUT 

000 001 010 011 100 101 110 111 

Figure 6 

NON-MONOTONIC 
(Mu1t be > ±1/2 LSB Non-Linear) 

FS 

000 001 010 011 100 un 110 111 

DIGITAL CODE 

Figure 9 

Upon receiving the start signal, the succes
sive approximation register (SAR) is cleared 
and the most significant bit (MSB) of that 
register is set. The SAR output is connected 
to the input of the DAC, the output of which is 
compared with the unknown input. If the input 
is less than the DAC output, the MSB is 
cleared and the next bit is set; if the input is 
greater than the DAC output, tbe MSB is left 
high and the next bit is set. The input is again 
compared with the DAC output and the 
second bit cleared or left high, based on the 

·same criteria as for the MSB. This process 
continues until all bits have been determined. 

8-5 
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INPUT 

REF N-BIT OAC 

MSB 

OUTPUT 
BUFFER 

CONVERSION 
COMPLETE 

LSB 

CONTROL SAR START LOGIC 

CLOCK 

Figure 10. Block Dia{lram of a Successive Approximation A/D Converter. 

The analog input should not change appre
ciably during the conversion time. If it did 
change during this time, the converted output 
would not be a true indication of the analog 
input. For this reason, it is common practice 
to use a sample-and-hold circuit at the con
verter analog input to hold the input value 
constant during the conversion process. A 
sample-and-hold circuit is not necessary if the 
signal at. the input of the converter varies 
slowly enough and has a noise level low 
enough so that the input will not change a 
significant amount during the conversion. The 
allowable input change during this conversion 
is generally accepted as the value of 1 /2 LSB 
(for n-bit accuracy). 

Accuracy and speed are determined primarily 
by the properties of the DAC and the com
parator. Linearity is determined primarily by 
the linearity of the DAC. If the DAC is non-

8-6 

monotonic, one or more codes will be missing 
from the A/D converter's output range. 

Figure 11 is the transfer function of a 3-bit 
binary coded AID converter with a Oto + 10V 
input range. A 3-bit ADC is shown for simplic
ity but the principle applies to ADCs of any 
resolution. Note that there is a 1/2 LSB offset 
at the input such that the first count occurs 
with the input is equal the 1/2 LSB. The cen
ter of the range for the first step occurs, there
fore, when the input is equal to the value of 
one LSB, and the error at the switch point is 
limited to 1 /2LSB. This error is known as the 
quantization error as it is derived from the 
smallest input quantity that can be resolved. If 
an ADC has a specified error of 1 /2 LSB max
imum, this means that any transition point 
can be as far as 1 /2 LSB from where it should 
be. 

w 
Q 
0 

" .... 
:::> 
0. .... 
:::> 
0 

111 

110 

101 

100 

011 

010 

001 

g 
.; 

INPUT VOLTAGE 

Figure 11. Transfer function of an ideal 
3'-bit ADC with a 0 to 10V input range. 
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CONSIDERATIONS FOR 
A/D CONVERTERS 
• Analog input signal range and resolution 

required 
• Linearity requirement and stability 
• Conversion speed required 
• Monotonicity requirement: Can missing 

codes be tolerated? 
• Character of input signal: Is it noisy, 

sampled, filtered, slowly varying? 
• Transfer characteristics !Type of coding! 

A/D CONVERTER TERMS 

Resolution 
Resolution is the input change required to 
increment the output between the two adja
cent codes. This term also refers to the 
number of bits in the output word and; 
hence, the number of discrete output codes 
the input analog signal can be broken into. 
Expressed in "bits" resolution. 

Transfer Characteristic 
The Transfer Characteristic is the relation
ship of the output digital word lcodel to the 
input analog signal, i.e., Binary, BCD. 

Conversion Speed 
The Conversion Speed is the speed at which 
an ADC can make repetitive data conver
sions. 

Quantizing Error 
Quantizing Error is an inherent error in the 
conversion process due to finite resolution 
!discrete outputl. See Figure 12. 

Offset Error 
An Offset Error is shown in Figure 13. 

Gain Error 
A Gain Error is shown in Figure 14. 

Relative Accuracy 
Relative Accuracy is the deviation of an 
actual bit transition from the ideal transition 
value at any level over the range of the ADC 
1% F.S.I. See Figure 15. 

Hysteresis Error 
A Hysteresis Error is the code transition 
voltage dependence relative to the direction 
from which the transition is approached. 

Monotonicity 
Monotonicity is when the output code either 
increases or remains the same for increas
ing analog input signals. The opposite is 
true in the reverse direction. 

Missing Codes 
A Missing Code is a code combination that 
is skipped. See Figure 16. 

,6,NALOG 
OUTPUT 

01GJT,6,L 
OUTPUT 

QUANTIZING ERRORS 

Figure 12 

OFFSET ERROR 

' 

, / 
/ / 

/ / ,, 

"" 

•H"~ ERROR E1N 

FUNCTl~:LSB ~-

Figure 13 

MISSING CODES 

ANALOG INPUTIT 

(SHOWS A MISSING COOE AT 101) 

Figure 16 

AN100 

GAIN ERROR 

FUNCTION lll::f'<--~-t-'"<+"""""t-'-----

l 
"" 

Figure 14 

RELATIVE ACCURACY 

DIGITAL 
t OUTPUT 

111 ~ 

'"i 
'"I 
100[ 

\ 

INPUT 
_____L _ _L_ _ _l_ _ __L_____!_ _ _L_l_______L__ ---

5 6 7 g \! 10 

-"·'· ~ 

~
-·'°'" 

- • - - -------......-+-

INPUT 

~ 

Figure 15 
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BASIC DACs 

DACOB SERIES' 
Reference Amplifier Setup 
The DAC08 Series is a multiplying D-to-A 
converter in which the output current is the 
product of a digital number and the input 
reference current. The reference current may 
be fixed or may vary from nearly zero to 
+ 4.0mA. The full scale output current is a 
linear function of the reference current and is 
given by this equation where IReF = 114• 

255 
IFS =-•IREF 

256 

In pcsitive reference applications shown in 
Figure 1, an external positive reference 
voltage forces current through R14 into the 
VReF ( +) terminal (pin 14) of the reference 
amplifier. Alternatively, a negative reference 
may be applied to VReF ( - ) at pin 15, shown 
in Figure 2. Reference current flows from 
ground through R14 into VReFl +) as in the 
positive reference case. This negative 
reference connection has the advantage of a 
very high impedance presented at pin 15. The 
voltage at pin 14 is equal to and tracks the 
voltage at pin 15 due to the high gain of the 
internal reference amplifier. R15 (nominally 
equal to R14) is used to cancel bias current 
errors. R15 may be eliminated with only a 
minor increase in error. 

Bipolar references. may be accommodated by 
offsetting VREF or pin 15 as shown in Figure 3. 
The negative common mode range of the 
reference amplifier is given by the following 
equation. 

VcM- = V- + <IREF • 1 kn> + 2.SV 

When a de reference is used, a reference 
bypass capacitor is recommended. A 5.0V 

·TTL logic supply is not recommended as a 
reference. If a regulated pcwer supply is used 
as a refernce R14 should be split Into 2 resis
tors with the junction bypassed to ground with 
a 0.1"F capacitor. 

For most applications, a + 10.0V reference is 
recommended for optimum full scale tem
perature coefficient performance. This will 
minimize the contributions of reference ampli
fier Vos and TCVos· For most applications the 
tight relationship between IREF and IFs will 
eliminate the need for trimming IRef' If 
required, full scale trimming may be ac
complished by adjusting the value of R14, or 
by using a potentiometer for R14. An Impro
ved method of full scale trimming which elimi
nates potentiometer T.C. effects is shown 
Figure 4. 

Using lower values of reference current 
reduces negative power supply current and 
increases reference amplifier negative com-

8-8 

mon mode range. The recommended. range 
for operation with a de reference current is 
+ 0.2mA to + 4.0mA. 

The reference amplifier must be compensa
ted by using a capacitor from pin 16 to V - . 
For fixed reference operation, a O.D1 ,,F ca
pacitor is recommended. For varible refer
ence applications, see section entitled Ref
erence Amplifier Compensation for 
Multiplying Applications. 

Multlplylng Operation 

The DAC08 Series provides excellent multi
plying performance with an extremely linear 
relationship between IFs and IReF over a 
range of 4mA to 4µA. Monotonic operation is 
maintained over a typical range of IReF from 
100,,A to 4.0mA. 

Reference Ampllfler 
Compensation for Multlplylng 
Applications 

AC reference applications will require the 
reference amplifier to be compensated using 
a capac,itor from pin 16 to V - . The value of 
this capacitor depends on the impedance pre
sented to pin 14. For R14 values of 1.0, 2.5 and 
5.0KO, minimum values of Cc are 15, 37 and 
75pF. Larger values of R14 require propor
tionately increased values of Cc for proper 
phase margin. 

For fastest multiplying response, low values 
of R14 enabling small Cc values should be 
used. If pin 14 is driven by a high impedance 

AN101 

such as a transistor current source, none· of 
the preceding values will suffice and the 
amplifier must be heavily compensated, 
which will decreased overall bandwidth and 
slew rate. For R14 = 1 kO and CC= 15pF, the 
reference amplifier slews at 4mAl"8 enabling 
a transition from IReF = 0 to IReF = 2mA in 
SOOns. 

Operation with pulse inputs to the reference 
amplifier may be accommodated by an al
ternate compensation scheme shown in 
Figure 5. This technique provides lowest full 
scale transition times. Full scale transition (0 
to 2mA) occurs in 120ns when the equivalent 
impedance at pin 14 is 2000 and Cc= 0. This 
yields a reference slew rate of 16mA/"8, 
which is relatively independent of R1N and v,N 

values. 

Logic Inputs 

The DAC08 design incorporates a logic input 
circuit which enables direct interface to all 
popular logic families and provides maximum 
noise immunity. This feature is made possible 
by the large input swing capability, 2µA logic 
input current and completely adjustable logic 
threshold voltage. For V - = - 15V, the logic 
inputs may swing between - 11V and + 18V. 
This enables direct interface with + 15V 
CMOS logic, even when the DAC08 is 
powered from a + 5V supply. Minimum input 
logic swing is given by following the equation. 

V- + llREF • 1 kill + 2.SV 

BASIC POSITIVE REFERENCE 
OPERATION 

MSB LSB 

B, B, B, e. B~ B~ B, B" 

IREF VREF {·) 

• VREF ,. 
RREF 
(R14) VREF (I ,. .,. .3 

":' 

1µf JV· 
IFS•+ VAEF. x 255 lo+ iO =IFS for all logic states 

RREt: 256 

For fixed reference, TTL operation typical values are: 
VREF = +10,000V, RAEF= s.ooon A15"" RAEF, 
Cc= 0.01µF, VLc = OV lgroundl 

Figure 1 
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BASIC NEGATIVE 
REFERENCE OPERATION 

"" 
RREF 

':" 

·VREF R15 

-VREF 255 
IFs=--x-

RREF 256 

14 

DAC08 ,. 

RREF sets IFS, R15 is for bias current cancellation. 

Figure 2 

ACCOMMODATING 
BIPOLAR REFERENCES 

DAC08 

IAEF ~ Peak Negative Swing of liN 

v,. 

·VR~F 
AC08 

~- R15f0PTIONAL! 
HIGH INPUT 
IMPEDANCE 

+VREF must be above Peak Positive Swing of V1N 

Figure 3 

RECOMMENDED FULL SCALE 
ADJUSTMENT CIRCUIT 

Figure 4 

The logic threshold may be adjusted over a 
wide range by placing an appropriate voltage 
at the logic threshold control in (pin 1, VLd· 
Figure 6 shows the relationship between V LC 
and VrH over the temperature range, with VrH 
nominally 1.4 above VLc· For TIL and DTL 
interface, simply ground pin 1. When interfac
ing ECL, an IReF = 1 mA is recommended. For 
interfacing other logic families, see Figure 7. 
For general setup of the logic control circuit, it 
should be noted that pin 1 may source up to 
200µA. External circuitry should be designed 
to accommodate this current. 

Fastest settling times are obtained when pin 
1 sees a low impedance. If pin 1 is connect
ed to a 1k0divider, for example, it should be 
bypassed to ground by a 0.01 ;iF capacitor. 

Analog Output Currents 
Both true and complemented output sink 
currents are provided, where lo +TO = IFs. 
Current appears at the true output when a 1 
is applied to each logic input. As the binary 
count increases, the sink current at pin 4 
increases proportionally, in the fashion of a 
positive logic D-to-A converter. When a O is 
applied to any Input bit, that current Is 
turned off at pin 4 and turned on at pin 2. A 
decreasing logic count increases lo as in a 
negative or inverted logic 0-to-A converter. 
Both outputs may be used simultaneously. 
If one of the outputs is not required it must 
still be connected to ground or to a point 
capable of sourcing ifs. Do not leave an 
unused output pin open. 

Both outputs have an extremely wide voltage 
compliance enabling fast direct current-to
voltage conversion through a resistor tied to 
ground or other voltage source. Positive com
pliance Is 36V above V - and is independent 
of the positive supply. Negative compliance is 
given by the equation: 

V - + (IReF• 1 kll) + 3.0V 

Note that lower values of IREF will allow a 
greater output compliance. 

The dual outputs enable double the usual 
peak-to-peak load swing when driving loads 
in quasi-differential fashion. This feature is 
especially useful in cable driving, CRT de
flection and in other balanced applications 
such as balanced bridge A/D circuits as well 
as driving center-tapped coils and trans
formers. 

Power Supplies 
The DAC08 operates over a wide range of 
power supply voltages from a total supply of 
9V to 36V. When operating at supplies of 
t5Vor less, IReFs1mA is recommended. 

AN101 

PULSED REFERENCE OPERATION 

ov.n 

Figure 5 

Low reference current operation decreases 
power consumption and increases negative 
compliance, reference amplifier negative 
common mode range, negative logic input 
range, and negative logic threshold range. 
Consult the various figures for guidance. For 
example, operation at - 4.5V with IREF = 2mA 
is not recommended because negative output 
compliance would be reduced to near zero. 
Operation from lower supplies is possible; 
however, at least av total must be applied 
between pins 2 and 4, and pin 3 to insure 
turn-on of the internal bias network. 

Symmetrical supplies are not required, as the 
DACOB is quite insensitive to variations in sup
ply voltage. Battery operation is feasible as 
no ground connection is required; however, 
an artificial ground may be useful to insure 
logic swings, etc., remain between accep
table limits. 

Power consumption may be calculated by this 
equation. 

Po= ll+llV+I + ll+llV-1 + 121REFllV-1 

A useful feature of the DACOB design is that 
supply current is constant and independent of 
input logic states. This is useful in crypto
graphic applications and further serves to 
reduce the size of the power supply bypass 
capacitors. 

Temperature Performance 
The linearity and monotonicity specifications 
of the DAC08 are guaranteed to apply over 
the entire rated operating temperature range. 
Full scale output current drift is low, typically 
± 10ppm/°C, with zero scale output current 
and drift essentially negligible compared to 
1/2 LSB. -

Full scale output drift performance will be 
best with + 10.0V references, as Vos and 
TCVos of the reference amplifier will be very 
small compared to 10.0V. The temperature 
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VTH - VLc vs TEMPERATURE 

2 0 

1.a 

16 

~ 1.4 

~ 1.2 

> 1.0 

~ 0.8 
> 

0.6 

0.4 

0.2 

N 

50 

N 
N t-' 

~so +too •1so 
TEMPERATURE {"Cl 

Figure 6 

coefficient of the reference resistor R14 
should match and track that of the output 
resistor for minimum overall full scale drift 
Settling times of the DACOB decrease approx
imately 10% at - 55°C and an increase ol 
about 15% at + 125°C is typical. 

Settling Time 
The DAC08 is capable of extremely fast set
tling times (typically 85ns at IREF = 2.0mA). 

NOTE 

Judicious circuit design and careful board lay
out must be employed to obtain full perform
ance potential during testing and application. 
The logic switch design enables propagation 
delays of only 35ns for each of the 8 bits. 
Settling time to within 1 /2 LSB of the LSB is 
therefore 35ns, with each progressively larger 
bit taking successively longer. The MSB set
tles in 85ns, thus determining the overall set
tling time of 85ns. Settling to 6-bit accuracy 
requires about 65 to 70 ns. The output capa
citance, including the package, is approxi
mately 15pF. Therefore the output RC time 
constant dominates settling time if AL 
>Soon. 

Settling time and propagation delay are 
relatively insensitive to logic input ampli
tude and rise and fall times due to the high 
gain of the logic switches. Settling time also 
remains essentially constant for IREF values 
down to 1.0mA, with gradual increases for 
lower IREF values. The principal advantage 
of higher IREF values lies in the ability to 
attain a given output level with lower load 
resistors, thus reducing the output RC time 
constant. 

Measurement of settling time requires the 
ability to accurately resolve ± 4µ.A. Therefore 

AN101 

a 1 kn load is needed to provide adequate 
drive for most oscilloscopes. The settling time 
fixture of Figure 8 uses a cascade design to 
permit driving a 1 kn load with less than 5pF of 
parastic capacitance at the measurement 
node. At IREF values of less than 1.0mA, 
excessive RC damping of the output is diffi
cult to prevent while maintaining adequate 
sensitivity. However, the major carry from 
01111111 to 10000000 provides an accurate 
indicator of settling time. This code change 
does not require the normal 6.2 time con
stants to settle to within ± 0.2% of the final 
value; thus, settling time may be observed at 
lower values of IREP 

The DAC08 switching transients or glitches 
are very low and may be further reduced by 
small capacitive loads at the output at a minor 
sacrifice in settling time. 

Fastest operation can be obtained by using 
short leads, minimizing output capacitance 
and load resistor values, and by adequate 
bypassing at the supply, reference and VLc 
terminals. Supplies do not require large 
electrolytic bypass capacitors as the supply 
current drain is dependent of input logic 
states. 0. 1µF capacitors at the supply pins 
provide full transient performance. 

INTERFACING WITH VARIOUS LOGIC FAMILIES 

52V 

Do not exceed negative logic input range of DAC 

Figure 7 
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TYPICAL APPLICATIONS 

Full scale 
Full scale - LSB 

Half scale + LSB 
Half scale 
Half scale - LSB 

Zero scale+ LSB 
Zero scale 

SETTLING TIME MEASUREMENT 

FOR TURN·ON. VL' 2.7V 
FOR TURN·OFF. VL' 0.7V 

VL 

Figure 8 

-15V 
TO D.U.T 

1µF 

•.4V 

vour L_ ov 
!ixPRQ~OV 
~ - 4V 

BASIC UNIPOLAR NEGATIVE OPERATION 

''"'" •2.000mA 

B1 82 

1 1 
1 1 

1 0 
1 0 
0 1 

0 0 
0 0 

MSB LSI 
111 Ba B3 B4 8 8 a, a, Be 

,. 
eACOB 

83 84 B5 89 

1 1 1 1 
1 1 1 1 

0 0 0 0 
0 0 0 0 
1 , 1 1 

0 0 0 0 
0 a 0 a 

Figura 9 

.. 
5.0000 

87 Ba 10 mA lemA 

1 1 1.992 000 
1 0 1.984 .008 

0 1 1.008 .984 
0 0 1.000 .992 
1 , .992 1.000 

0 1 .008 1.984 
0 0 .000 1.992 
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8 -
Ee Ee 

-9.960 .000 
-9.920 -.040 

-5.040 -4.920 
-5.000 -4.960 
-4.960 -5.000 

-.040 -9.920 
.000 -9.960 
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TYPICAL APPLICATIONS <Cont'dl 

BASIC BIPOLAR OUTPUT OPERATION 

+ 10,0000 

10,0000 ~ 10,0000 

8-12 

PCS full scale 
POS full scale - LSB 

Zero scale + LSB 
Zero scale 
Zero scale - LSB 

Neg full scale + LSB 
Neg full scale 

IAEF(-) 

•2.0~ 10~ 
~ J'r--o---~ .._ _____ _, 

DAC08 

B1 B2 B3 B4 Bs Be B7 Be 

Figure 10 

SYMMETRICAL OFFSET BINARY OPERATION 

5.0kO 

VMF 0-..;..,V\,.-r----,,~ ••• i\--..._.f':-... 
= + 10.000V 

DAC08 

B1 B2 B3 B4 Bs Be B1 
POS full scale 1 1 1 1 1 1 1 
POS full scale - LSB 1 1 1 1 1 1 1 

HJ Zero scale 1 0 0 0 0 0 0 
H Zero scale 0 1 1 1 1 1 1 

Neg full scale + LSB 0 0 0 0 0 0 0 
Neg full scale 0 0 0 0 0 0 0 

Figure 11 

Eo 
-9.920 
-9.840 

-0.080 
0.000 

+0.080 

+9.920 
+10.000 

Be Eo 
1 +9.920 
0 +9.840 

0 +0.040 
1 -0.040 

1 -9.840 
0 -9.920 
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Eo 
+10.000 

+9.920 

+0.180 
+0.080 

0.000 

-9.840 
-9.920 
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POSITIVE LOW IMPEDANCE OUTPUT OPERATION 

DAC08 

0TO1,9 •Rt, 

255 
IFS :: 256 IFIEF 

For complementary output loperation as negative logic DACI. connect inverting 
input of OP-amp to lo (pin 2J, connect To (pin 4) to ground 

Figure 12 

NEGATIVE LOW IMPEDANCE OUTPUT OPERATION 

DAC08 

OTO IFS• RL 

IFS ;;; ~:: IREF 

For complementary output !operation as a negative logic DACI connect non
inverting input.of OP-amp to lo (pin 2); connect lo (pin 41 to ground 

Figure 13 

AN101 

LOW COST 8-BIT 1 MICROSECOND A-TO-D CONVERTER 

START 
SCHOTTKY 

TTL 

Figure 14 
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BASIC DACs 

3 IC LOW COST A-TO-D CONVERTER 

SERIAL 
OUTPUT 

-15V ·15V 

141312116543 

' 
START 10 

CONVERSJON 
COMPLETE 

TIL CLOCK INPUT 0-------~ 
2 25MHz 

NOTE 

ANALOG 
INPUT 

Connect "start" to "conversion complete" for continuous conversions 

Figure 15 

DC-COUPLED DIGITAL ATTENUATOR/ 
PROGRAMMABLE GAIN AMPLIFIER 

·lOV 
-"'\;:,--- ov 

10V 

INPUT 

•15V 15V 

Bipolar input offset multiplications-AC input } 
Performs 2 quadrant 

binary output controls output polarity. 

Figure 17 

8-14 

NOTES 

1. R1 ~A2~R3 
2 R4 = R5 
3. Eo DC to 20KHz = ±SV 
4. Eo DC to 10KHz = ±10V 

AN101 

LOW COST 2-DIGIT BCD DAC 

VFS •9.9V FOR 
11001 1001) CODE 

NOTE 

Output is directly proportional to positive power supply 

Figure 16 

HIGH SPEED WAVEFORM GENERATOR 

OUTPUT SWITCH CONOITIONS 
TYPE (EO) S(+) SH 

Unipolar positive + GND 
Unipolar negative GND ~ 

Bipolar + 

CLOCK INPUT 

NOTES 

1. Bipolar output is symmetrical around zero, adjustable peak to peak amplitude. 
2. For triangle wave, count up to full, reverse and count down. 
3 For positive-going sawtooth, count up to full, clear, repeat. 
4. For negative-going sawtooth, count down, clear, repeat. 
5. For other waveforrns, use a ROM programmed with the desired function. 

Figure 18 
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DIGITAL ATTENUATOR 

Figure 1 shows a D·C coupled Digital Atten
uator or Programmable Gain Arnp!if1er. 

Pin 14 of the DAG is a Virtual Ground. Current 
must always flow into Pin 14, so the current 
through R4 must bH greater than that through 
R1 when the input signal is at its most nega
tive usable value. If the input signal value 
goes low enough to cause the current through 
R1 to be greater than that through R4, output 
clipping will occur. 

To extend the operating frequency range, the 
compensation cap, Cc, needs to be 
minimized, which implies that the resistance 
at Pin 14 (R1 and R4) must be minimized. If 
the voltage to which R4 and R5 are returned 
has any noise on it at all, R4 and R5 should 
be formed of two series resistors with the 
junction of them bypassed with 0.1JlF to 
ground. Pin 15 could be grounded with a 
small sacrifice in accuracy and temperature 
drift. R6 and R? compensate for reference 
amplifier input offset. 

R1 and R4 should be chosen such that, when 
the input is at peak usable signal, the total 
current into Pin 14 does not exceed 4mA. 
When the input is most negative, R1 current 
must be less than R4 current (remember, 
pin 14 is always at OV). Also, when the input is 
at its absolute positive peak value, current 
into pin 14 should not exceed 5mA. Minimum 
compensation capacitor, Cc, in pF is 15 times 
the parallel combination of R1 and R4 in 
K-ohms. 

With a single DAG, there is a DC offset at the 
circuit output that varies with the digital word 
input. To eliminate this, we use a second DAG 
to subtract this offset at the sum node of the 
op-amp. 

Example 1: Input signal is to be 20V p-p, cen
tered at OV. Maximum input fre
quency is to be 15kHz. Power 
supplies available are +I - 15V, 
both regulated. Determine val
ues of all resistors for maximum 
gain of unity. 

Solution 1: At minimum input ( - 10V), 
reference current, IREF is 

IREF = 15V + ( - 10V) 
R4 R1 

If minimum IREF = 0, then 

15V 10V 
--=-
R4 R1 

and R4= (1.5)(R1), 

Therefore, 60 percent of IREF 
comes through R4. If we let IREF go 
to about 3.9mA (4mA is max 

recommended), R4 current is 
found to be 

IR4 = (0.6) (3.9mA) = 2.34mA 
and R4 = 6.4K. 

The balance of the reference current IR1 is 
found to be 

IR1 = 3.9mA- IR4 
or 
IR 1 = 3.9mA - 234mA = 1.56mA 
and 
R1=6.4K 

Using commonly available values, and 
remembering that R4 current must exceed R1 
current, we set 

R1=6.8K 
and R4 = 6.2K. 

Maximum reference current is now 

'REF (max)= 15v + 10V = 3.9mA. 
6.2K 6.BK 

The parallel combination of R1 and R4 is 
found to be 3.24K, so minimum compensa
tion capacitor value is 

Cc (min)= (3.24)(15)pF = 48.6pF. 

If we use SOpF, from the graph we find F(max) 
to be 370kHz. For unity gain, 

R2=R1 =6.SK 
R3 = R2 = 6.BK 
R5=R1 =6.BK 

R6 = R7 = (R1) (R4) = 3.24K 
R1 +R4 

(use 3.3K) 

Example 2: Usable input signal is 12V p-p, 
centered at OV, with occasional 
excursion to twice this ampli
tude, which we do not care 
about. Maximum input fre
quency is to be 500kHz. Avail
able power supplies are + 5V 
logic supply, + 15V, - 15V, all 
regulated. Determine values of 
all resistors and Cc for max
imum gain of 2. 

Solution 2: To extend the frequency re
sponse, we want minimum com
pensation capacitor value, 
therefore need minimum R1 and 
R4 values, for which reason we 
want to return R4 to as low a 
regulated supply as is possible; 
we will use the 5V logic supply. 

At minimum usable input, 

!REF= 5V 
R4 

6V 

R1 

AN105 

or, for 5V 
IREF = 0, 

R4 

6V 

R1 

therefore, 55 percent of l(REFJ 
comes through R4, and 

R4 = (5/6)R 1. 

Because peak input goes to 
+ 12V, this condition should not 
cause l(REFJ to exceed 5mA, and 

12V + ~=5mA 
R1 R4 

Recall that R4 = (5/6) R1 

~ + --5--= 5mA 
R1 (5/6) (R1) 

~ + SV =5mA 
R1 R1 

R1=3.6K 
and R4 = (516) R1 = 3.0K 

Because the reference source will be the SV 
logic supply, which will be noisy, we will split 
R4 into two resistors and bypass their junc
tion with 0.1JlF to ground. Furthermore, to be 
sure that R4 current exceeds R1 current, we 
will increase R1 to 4.3K. The absolute maxi
mum reference current is now 

'REF (max)= ~ + 5V = 4.46mA. 
4.3K 3K 

The parallel combination of R1 and R4 is 
1. 77K, so minimum compensation capacitor 
is 

Cc(min) = (15)(1.77) = 26.5pF 

If we use 27pF, the graph tells us the max
imum frequency is about 490kHz, which is 2 
percent lower than desired. If we wanted to 
further extend this frequency range, we find 
that we can reduce R4 to two resistors of 1.1 K 
and 1.2K, bringing the absolute maximum 
reference current to 

IREF (max)= 12V + sv = 4.96mA 
4.3K 2.3K 

and the maximum usable reference current 
becomes 

!REF= 6V + 5V = 3.57mA, 
4.3K 2.3K 

below the 5mA and 4mA respective desired 
maximum values. Now the resistance at pin 
14 is the parallel combination of R1 and R4, 
or 1.4K, and the minimum compensation 
capacitor becomes 

Cc( min)= (15)(1.4)pF = 21pF. 

If we use 22pF, the graph tells us we can just 
go to 500kHz. 
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USING THE DAC08 WITHOUT A 
NEGATIVE SUPPLY 
The DAC08 can be used without a negative 
supply if a few precautions are observed: 

1. V cc must be in the range of 10V to 30V. 
2. V REF(_ ! must be at least 3V more positive 

than pin 3 at all times. 
3. Pins 2 and 4 must always be at least 5 

volts above pin 3 for reference currents up 
to 2mA, and at least 8 volts above pin 3 tor 
reference currents above 2mA. 

4. Pin 1 must be at least 5 volts above pin 3. 

Figure 1 shows the DAC08 in a circuit without 
a negative supply with two MC1489's used as 
level shifters. The need for level shifters is 
implied from requirement 4 above, since the 
logic threshold is about 1.35 volts above pin 1. 
V0 must be the same potential as the positive 
logic supply because of the internal circuitry 
of the MC1489. 

If VREFi + 1 is a very stable source with no rip
ple or noise, R1 and R2 can be a single resis
tor. The same is true of R3 and R4 if V REF(_ 1 
is a very stable source. Resistor values are 
determined as follows: 

R1 +R2- VAEF(+J-VREF(-) 

1AEF 

R3+R4=A1 +R2 

where IREF is reference current through R1 and R2 

{pin 14 is at VHEF{-) potential) 

The value of the compensation capacitor, Cc, 
is determined by the relationship: 

Cc= 15 (A1 +R2) 

where Cc is in pF and R1 and R2 are in Kilohms, 

v0 (DACOS pin 1 and MC1489 pin 7) must be 
at least 5 volts for DACOB reference currents 
at or below 2mA, and at least 8 volts for 
reference currents above 2mA. V0 must also 
be equal to the positive potential of the logic 
supply, as mentioned above. It should be 
noted that the MC1489 inverts the logic 
inputs. 

EXAMPLE 

Power supply voltages of + 5V and + 15V are 
available and the input logic is TTL. The need 
is for a DAC with a full scale output of 2mA. 

• V 0 is set to + 5V 
• Vee for the DAC08 and the MC1489 are set 

to + 15V 
• If VREF( + 1 and VREF(-I are set to + 15V and 

+ SV respectively, 

R1+R2=~=~= SK 
IAEF 2mA 

• R3 + R4 should also add up to 5 Kilohms. 
• Cc is 15(5)pF = 75pF. 

&16 

0.1pF 

VREF( +) O---'VV..,_._,V>/V--f14 

Vee ( + 10 TO) 
+ 30V 

~ 
13 

DAC08 

VREF(-) 0-~V\IV-o-'l/V',,--1155 G 7 S 
~,....,...,,..,....,....,...,....,....,....,..,... 

Vo 

Bi 
(MSB) 

02 

BJ 

il4 

Vo 

Bs 

66 

87 

88 
(LSB) 

Vo 

Figure 1. Using the DACOB without a negative supply. 
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DAC products are designed to convert a 
digital code to an analog signal. Since a 
common source of digital signals is the data 
bus of a µ processor, DAC circuits that are 
bus compatible ease the design engineer's 
interface problems. 

WHAT FEATURES MAKE A DEVICE 
BUS COMPATIBLE? 
The five conditions which determine pro
ceaaor bus compatlblllty are: 

• Inputs must be low loadlng 
• Addressing must be provided 
• Inputs mu1t be latched 
• Logic thresholds must be compatlble 
• Timing requirements should be ade

quate ( < 1 µ sec) 

Signetics microprocessor compatible DACs, 
the NE5018 series, meet these requirements. 
In addition, they provide an internal reference 
source. The NE5018 provides a scaled 
voltage output, eliminating the need for an 
external op amp. The NE5118 is identical to 
the NE5018, except it provides the user with a 
current output. Figure 1 shows a typical 
microprocessor system with analog 1/0 using 
the NE5018 to provide a programmable 
voltage and an NE5118 to provide a program
mable current. 

The following discussions detail the operation 
of the NE5018 and NE5118 series DAC's. 

LATCH CIRCUIT 

The latch circuits of the NE5018 and 
NES 118 are identical. Both the data inputs 
and latch enable (LE) input feature ultra-low 
loading for ease of interfacing. The eight bit
data latch, controlled by the latch enable 
input, is static and level sensitive. When 
(LE) is low, all the latches become transpar
ent and the output changes as the bit pat
tern changes on the data bus. When the 
latch enable returns to its high slate, the 
last set of inputs are held by the latch and a 
unique output corresponding to the binary 
word in the latch is produced. While the 
latch enable is high, the latch inputs repre
sent a high impedance load on the data bus 
and changes on the data bus have no effect 
on the DAC output. 

The digital logic input for the NE5018 and 
NE5118 series DAC's utilize a differential 
input logic system with a lhreshold level of 
+ 1.4 volts with respect to the voltage level on 
the digital ground pin (Pin 1 ). 
To be compatible with microprocessors, the 
DAC should respond in as short a period as 
possible to insure full utilization of the µP and 
1/0 data bus lines. Figure 2 gives the typical 
timing requirements of the latch circuits in the 
NE5018 and NE5118. 

The voltage levels on the data bus should be 
stable for approximately 150ns before latch 
enable returns to high level. The timing dia
gram shows 100ns is required for set-up 
time and the information on the data lines 
should remain valid for another 50ns. 

REFERENCE INTERFACE 

The NE5018 end NE5118 contain an internal 
bandgap voltage reference which is de
signed to have a very low temperature coef
ficient end excellent long term stability char
acteristics. 

The internal bandgap reference (1.23V) is 
buffered and amplified to provide the 5 volt 
reference output. Providing a VREF (ADJ) (pin 
12) allows easy trimming of the reference out
put (pin 13). Use of a 10K pot and series resis
tor, as shown in Figure 3, adjusts the gain of 
the buffer amplifier therefore varying the out
put reference voltage level. 

This network can then be used es a full scale 
output adjust. A variation in the VREF OUT of 

- .BV, results in a corresponding 1.6V vari
ation in the full scale output. This 1s more 
than adequate since the untrimmed VREF 
OUT is typically within 200mv of the nominal 
5 volts. The VREF OUT will provide a maxi
mum of SmA drive and can be used as a 
reference voltage for other system compo
nents, if required. 

Since a potential need exists to use the 
NE5018 and NE5118 as multiplying DAC's, the 
VAEF is not connected internally, allowing the 
use of external reference sources. To utilize 
the internal reference, the VREF OUT (pin 13) 
must be jumper connected to the VREF IN 
(pin 14). This also makes it possible to use a 
common reference for other D/A or AID cir
cuits in a system. 

INPUT AMPLIFIER OF THE NESO 18 

The DAC reference amplifier has been de
signed to eliminate the need for compensa
tion when operating from the internal refer
ence or from an external reference which is 
buffered by an op amp or low impedance 

INTERFACING TO A µPROCESSOR 

I 
ANALOG VOLTAGE OUT I 

~-_J 
Figure 1 

LATCH ENABLE (LE) TIMING DIAGRAM 
for the NE5018 and NE5118 

Figure 2 

,\NALOG CURRE'Nf OUT 
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source. Compensation is required, however, 
when operating from a high impedance 
source. The addition of an external resistance 
reduces the phase margin of the amplifier 
making if less stable. Compensation, when 
required, is a single capacitor from pin 16 to 
ground. 

Figure 4 details the input reference amplifier 
·and current ladder. The voltage to current 
converter of the DAC amp will generate a 
1 mA reference current through QR with a 5 
volt VREF This current sets the input bias to 
the ladder network. Data bit 7 (087) 0 7, when 
turned on, will mirror this current and will con
tribute 1 mA to the output. DB6 (Qa) will contri
bute 112 of that value or .5mA, and so on. If all 
bits are on, the output curreni will be 2mA - 1 
LSB. The full scale VouT will be (louTRs) or 
(2mA- 1 LSB x 5K) = (10V - 1 LSB) = 9.961V. 
The overall input/output expression for the 
NE5018 is: 

Vour = 2VREF x (~+ D~S +~ + 

~+~+ !?/f+~+~:~> 

The minimum current for the ladder network 
to be operative in the linear region is 1 OOµA. 
Therefore the minimum VREF input is 
500mV. The slew rate of· the reference am
plifier is typically. 7V I µs without compensa
tion. The input structure of the NE5118 is 
slightly different and will be discussed in 
greater detail later. Or provides a termina
tion for the R-2R ladder network and does 
not contribute to lour. 

OUTPUT INTERFACE OF THE 
NE5018 
The NE501B has an internal op amp which 
provides a voltage output, while the NE5118 is 
a current output device. The NE5018 output 
op amp is a two stage design with feed
forward compensation. Having a slew rate 
10Vlµs, it provides a voltage output from Oto 
10V ( ± .2%) typically within 2µS (the time 
allowed for the output voltage to settle to 
within 1/2 LSB). Compensation must be pro
vided externally as shown in Figure 5. 

The addition of the optional diode between 
the summing node (Pin 20) and ground pre
vents the DAC current switches from driving 
the op amp into saturation during large signal 

transitions which would increase the settling 
time. 
Zero adjust circuits such as the one shown in 
Figure 5 may also be connected to the sum
ming node to provide a means to zero the out
put when all zeros are present on the input. 
Not all applications require a zero adjust cir
cuit since the untrimmed zero scale is typi
cally less than 5mV. Excess stray capacitance 
at the sum node of the output op amp may 
necessitate the use of a feedback capacitor 
from VouT to the sum node (CFFl to insure sta
bility of the op amp. Typical values of CFF 
range from 15 to 22pF. The rated load of the 
op amp is - 2Kohm. For stability, the load 
capacitance should be minimized (50pF 
max). 

REFERENCE ADJUST CIRCUIT 

·;.~·i=---~~:.~· 
10K 821( ___ ::'._R~Fc>A_D_J_+--------~ 

(t2) 

SK 

15K 

Figure 3 

R • 2R LADDER NETWORK DEVELOPS A SCALED REFERENCE CURRENT 
VALUE INTO THE DAC SWITCHING NETWORK 

8-18 

BIPOLAR 
(1S) OFFSET 

NOTE 

SK 

'DAC 
COMP 

(16) 

R 

(17) 
Vee 

DAC compensatton may be required If V REF resistance exceeds 10K ohm. 

Figure 4 

•our 1 

DAC SWITCHES 

R 

R R R R R R R 
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MODES OF OPERATION OF THE 
NE5018 

The NE5018 has two basic modes of oper
ation: unipolar and bipolar. When operating in 
the unipolar mode the output range is O to 
+ 10 volts. To change from unipolar to bipolar 
operation the bipolar offset pin is connected 
to the summing node. This pr011ides the 5 volt 
offset required for this mode of operation. The 
output now will have a range from - 5 to + 5 
volts. Figure 6 details the connection of the 
NE5018 in the bipolar mode of operation. 

With the bipolar offset pin (15) connected to 
the sum node pin (20), it forms a unity gain 
inverter with an input of + VREP The bipolar 
offset develops an IREF current through the 
internal 5K resistor. This current is then fed to 
the sum node of the output amplifier where it 
is summed with the current output of the DAG 
ladder network. Assume for the moment that 
the current output of the ladder network is 
OmA. With a VREF equal to + 5 volts, IREF is 
1 mA and the output of the op amp is con
verted to - 5V. If the DAG switches are now 
set to full scale, the current from the DAG lad
der is 2mA. This is summed against the 1 mA 
IREF and causes the output of the op amp to 
swing from - 5V to + 5 volts. 

(laAC - IREF) 5K = (2mA - 1mA) 5K = +5 volts 

Since the bipolar offset resistor is monolith
ic, tracking with the SK feedback resistor of 
the output amplifier is excellent. 

Note that the bi polar offset pin could not be 
used when using the DAG in a multiplier ap
plication since the VouT would reflect an 
inverted input signal. 

NOTES ON THE NES 118 CURRENT 
OUTPUT DAC 

The basic operation of the NE5118 current 
output DAG is the same as the NE5018. The 
current output structure allows the user to 
provide a programmable current sink (louT 
max of 2mA). Several jumper options provide 
a variety of operational modes. Figure 7 is a 
block diagram of the NE5118. The input logic 
and V REF portions are identical to the 
NFE5018. 

REFERENCE INPUT AMPLIFIER 

The characteristics of the reference input 
amplifier are identical to the NE5018; how
ever, extended versatility of the input struc
ture allows for both current (via pin 14) or 
voltage (via pin 15) reference inputs. 

The maximum DAG output current is 2mA. 
The DAG has an internal gain of 2, limiting 
the maximum usable input current to 1 mA. 
(Note: The absolute maximum input current 
should be limited to SmA to prevent damage 

50K 

________ su_M~i -"' '• J ••• 
NODE1 I 1 

I I (OPTIONAL) 
I I 
I ..L 
I -r -= 

5K 

DAC 
- CURRENT OUTPUT 

I I 
Your ! (18) I c,, 

AMP 1 COMP 
(21) 

l Cc 

5K 

(22) -=-

ZERO SCALE OFFSET 

Figure 5 

BIPOLAR OUTPUT 

!REF j , 
JUMPER FOR ( 

BIPOLAR OPERATION \ 

10 DAC 
-+--CURRENT 

FROM 
CURRENT 
SWITCHES 

SUM 
NODE (20) -Vee 

Figure 6 

to the input reference amplifier). Figure 8 
shows the basic operating mode of the 
NE5118 using an external current reference 
resistor (R 1) and a positive reference voltage. 

This voltage can be provided by either an 
internal or external reference voltage. Figure 
9 shows a typical connection using a voltage 
input directly via pin 15. 

Besides a reduced parts count, use of the 
internal RAEF provides excellent tracking 
characteristics with the AouT resistor (pin 20) 
when developing a high slew rate voltage out-

put. The negative VREF input must be 
returned to ground directly or through R2. A2 

is optional and is used to cancel minor errors 
developed by the input bias currents of the 
reference amplifier (R2 = R1). A negative 
voltage can be the reference by using the 
- VREF input pin as shown in Figure 10. 

The positive VREF is returned to ground via 
R1N (pin 15). As with the NE5018, a compen
sation capacitor on Pin 16 is not required if 
the VREF is supplied by a low impedance 
source. 
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BLOCK DIAGRAM 

(12) ~~·; 
15K 

(11) VAEF 
ADJ 

5K 
(22) 

ANALOG 
GND 

(15) REF R 

(14) + VREF IN 

(13) 

(19) 

Vee+ 

(10) 
i:E 

(9) (8) (7) (6) (5) (4) (3) (2) 
DS7 DS8 DS5 DS4 DS3 0$2 DS1 DSO 

M~ ~D 

LATCHES AND 
SWITCH DRIVERS 

DIGITAL 

GND VLC 

R 
,----¥v"v---<>---o RouT 1 (20) 

,-------------------v louT(21) 

! DAC CURRENT 
OUTPUT 

All R valuea are equal Ska and are thermally matched. Figure 7 

POSITIVE IREF 

Extern1I VREF ----4 

NOTE 

DAC compensation 
Figure 8 

OUTPUT STRUCTURE 

The output of the NES 118 is a current sink 
with a capacity of 2mA (full scale) capable 
of settling to .2% in 200ns. Internal bias and 
feedback resistors are also made available 
to ease the designer's task of interfacing. 

Figure 11 shows the NE5118 using a current 
to voltage converter at the output to provide a 
high slew rate voltage output. Using the 
NE538 as shown can provide 60V/µ.s slew 
rate output. The diode at the inverting node of 

8-20 

IREF = VAEF ..,--

the op amp improves the response time by 
preventing saturation of the op amp during 
large signal transitions. The feedback resistor 
RouTi (pin 20) is provided internally; this pro
vides excellent thermal tracking characteris
tics with the RAEF on the input. 

Bipolar operation can be accomplished by 
connecting the VREF our (Pin 12) to the RouT 
resistor (Pin 20)(Figure 12). The principal is 
the same as the NE5018 bipolar operation. 
The internal resistors exhibit excellent ther
mal tracking characteristics. 

An alternate method of bipolar output oper
ation is shown in Figure 12. The RREF and 
Rour set up a current to voltage converter 
while two (2) external resistors provide a bipo
lar offset. RExr and RExr 2 should have simi
lar thermal tracking characteristics. 

The NE5118 can provide a voltage output 
directly when driving a high impedance load 
as shown in Figure13. With a full scale current 
of 2mA, pin 20 tied to + 10V and a digital 
input of zero, the high impedance loa.J will 
see + 10V. For a full scale digital input, the 
load will see O volts. Since the load and the 
internal resistor form a voltage divider, their 
ratio determines full scale accuracy. 

By connecting the Rour resistor (pin 20) to 
ground (Figure1::i), the output voltage seen by 
the load ranges from o volts as zero scale to 
- 10 volts as full scale. Only a few of the 
many possible output configurations have 
been shown to demonstra:e the NE5118 
flexibility. 

CIRCUIT EXAMPLES 

Now that the basics of the NE5018 and the 
NE5118 have been discussed, let's examine 
some specific circuits. Figure 14 is a micro
processor controlled programmable gain 
amplifier, using the NE5018. The VREF output 
is fed to the non-inverting input to a differen· 
tial amplifier. R1 + R2 set the differential gain 
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to 0.5. This places 2.5V DC bias on the VREF 
input. R2 can be made adjustable to precisely 
control the DC reference input. The analog 
input is fed to the inverting input of the dif
ferential amplifier with a gain of unity. An 
input of ± 2V will provide a ± 4 volt output full 
scale. With a maximum input of ± 2 volts. 
VREF IN will vary from .5 volts to 4.5 volts. The 
current ladder is always kept in the linear 
operating range and the output will not 
become distorted. 

No compensation is required for the DAC 
reference amplifier since the VREF IN is fed 
from a low impedance source. With a com
pensation cap of 30pF on the output amplifier, 
the frequency response of the output is linear 
to at least 20kHz with less than .1 % distortion 
with an input amplitude of 1 V p.p. The 
NE5018 is seen by the µ processor as an 1/0 
device. 

In Figure 15, the N5018 and NE5118 provide 
a method of summing two digital words of 
equal weight and generating a voltage output. 
The latch enable feature of both devices 
direct connection to a data bus, using 
address decoding. These devices greatly 
reduced the total component count required 
to perform this operation. 
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The reference voltage is common to both 
DAG's, being provided by the NE5018. The 
bipolar offset resistor of the NE5018 pro
vides the 1 mA current reference for the 
NE5118. Using the internal resistor of the 
NE5018 to develop the reference current en
hances the thermal tracking since the cur
rent to voltage resistor of the output op amp 
is also in the NE5018. Both DAG's can be 
addressed by a µprocessor using an ad
dress decoder to select DAG A or DAG B. 

-VREF --'V..,.,,.--t-----1 

Figure 16 is a schematic of the NE5118 and 
NE527 as a high speed programmable limit 
sensor (or AID converter). A 4.8 volt zener 
diode is used on the comparator input to 
insure the input voltage range of the com
parator is not exceeded. The outputs of the 
NE527 comparator are complementary, eas
ing the logic interface requirement. If the 
strobe function is not used, the strobe inputs 
should be tied high, through a 10K!l resistor. 
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LED DECODER DRIVER 
NE587 and 589 
The NE587 and 589 are latchable decoder 
drivers for .L.E.D. displays. Figure 1 provides 
a summary of their features. 

The programmable constant current supplies 
(fixed or adjustable) are essentially indepen
dent of output voltage, power supply voltage, 
and temperature. 

The data (BCD) and CE (latch enable) inputs 
are low loading and thus are compatible with 
a data bus system. 

Figure 2 shows a block diagram of the 
NE587. Seven segment decoding is imple
mented using a ROM so that alternate decod
ing fonts can be made available. 

L.E.D. Drivers and Power Dissipa
tion Consideration 

The following discussion refers to the NE587, 
but is also applicable for the 589. 

LED displays are power hungry devices, 
and, inevitably, somewhat inefficient in their 
use of the power supply necessary to drive 
them. Duty cycle control does afford one 
way of improving display efficiency, pro-
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NE587/589 LED DRIVERS 
• Strobed Latch • Inputs are compatible with mlcropro-
• Inputs compatible with NMOS, CMOS, cessor bus 

DMOS, TTL • BCD Inputs-Hexadecimal Outputs 
• Single 5 volt supply • Programmable segment current 
• Constant Current Outputs 

Figure 1 

vided that the LEDs are not driven too far 
into saturation, but the improvement is mar
ginal. Operation at higher peak currents has 
the added advantage of giving much better 
matching of light output, both from seg
ment-to-segment and digit-to-digit. 

When designing a display system, particular 
care must be taken to minimize power dissi
pation within the IC display driver. Since the 
NE587 output is a constant programmed cur
rent source, all the remaining supply voltage, 
which is not dropped across the LED (and the 
digit driver, if used) will appear across the out
put of the NE587. Thus the power dissipation 
in the NE587 will go up sharply if the display 
power supply voltage rises. Clearly, then, it is 
good design practice to keep the display sup
ply voltage as low as possible consistent with 
proper operation of the output current 
sources. Inserting a resistor or diode in series 

NE587/589 
LED DRIVERS 

BLOCK DIAGRAM 

Figure 2 

ROM 

DECODER 

with the display supply is a good way of 
reducing the power dissipation within the inte
grated circuit segment driver, although, of 
course, total system power remains the same. 

Power dissipation within the NE587 may be 
calculated as follows. Referring to Figure 3, 
the two system power supplies are Vee and 
V8 . In many cases, these will be the same 
voltage. Necessary parameters are: 

• Vee 
• Vs 
• Ice 
• lsea 
• VF 
• Koc 

Supply voltage to driver 
Supply voltage to display 
Quiescent supply current of driver 
LED segment current 
LED segment forward voltage at 1509 

% Duty cycle 

VF, the forward LED drop, depends upon 
the type of LED material (hence the color) 
and the forward current. The actual forward 
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voltage drops should be obtained from the 
LED display manufacturers literature for the 
peak segment current selected. However, 
approximate voltages at nominal rated cur
rents are: 

Red 
Orange 
Yellow 
Green 

1.6 to 2.0V 
2.0 to 2.5V 
2.2 to 3.5V 
2.5 to 3.5V 

These voltages are all for single diode dis
plays. Some early red displays had 2 series 
LEDs per segment, hence the forward volt
age drop was around 3 .. 5V. 

Thus a maximum power dissipation calcula
tion when all segments are on, is: 

Pd= Vee x lee+ (Vs - VFl x 7 x lseg x Koc mW 

Assuming Vs =Vee= 5.25V 
VF= 2.0V 

Koc= 100% 

lseg = 30mA 

Pd max 5.25 x 50 + 3.25 x 7 x 30 mW 
945 mW 

(1) 

However, the average power dissipation will 
be considerably less than this. Assuming 5 
segments are on (the average for all output 
code combinations), then 

Pd "' = 5.0 x 30 + 3.00 x 5 x 25 mW 
= 525 mW 

Operating temperature range limitations can 
be deduced from the power dissipation graph 
in Figure 4. 

However, a maior portion of this power 
dissipation IPd maxi is because the current 
source output is operating with 3.25V 
across it. In practice, the outputs operate 
satisfactoriiy down to 0 5V, and so the extra 
voltage may be dropped external to the 
integrated circuit. 

Suppose the worst case V ccN s supply is 
4.75 to 5.25V, and that the maximum VF for 
the LED display is 2.25V. Only 2.75V is 
required to keep the display active, and 
hence 2.0V may be dropped externally with a 
resistor from Vee to Vs. The value of this 
resistor is calculated by using equation 2. 

Rs= VoRoP 
lseg X # of seg 

or 2 o 
Rs= __ · _ = 10!111/2 W rating! 

7 X lseg 

assuming worst case lseg of 30mA 
Hence now: 

Pd max = Vee X Ice + (Vs - Vv - Rx x l x 
lsegl X 7 x lseg X Koc 

= 5.25 X 50 + 1 .25 X 7 X 30mW 
= 525mW 

and Pd ., = 5.0 x 30 + 1.25 x 5 x 25 
= 306mW 

(2) 

(3) 

,--MAXIMUM POWER DISSIPATION 
VS TEMPERATURE 

1000 

80-0 ~ 
• .s 600 --., 

200 r------;-----r-----t--1 

Figure 4 

If a diode lor 21 is used to reduce voltage to 
the display, then the voltage appearing 
across the display driver will be independent 
of the number of "ON" segments and will be 
equal to 

Vs - VF - nVd . Vo= 0.8V 

Where n is the number of diodes used, and 
so power dissipation can be calculated in a 
similar manner 

In a multiplexed display system, the voltage 
drop across the digit driver must also be con
sidered in computing device power dis
sipation. It may even be an advantage to use 
a digit driver which drops an appreciable 
voltage, rather than the saturating PNP tran
sistors shown in Figure 5. For example a 
Darlington PNP or NPN emitter follower may 
be preferable. Figure 6 shows the NE591 as 
the digit driver in a multiplexed display sys
tem. The NE591 output drops about 1.SV 
which means that the power dissipation is 
evenly distributed between the two integrated 
circuits. 

Where Vs and Vee are two different sup
plies, the Vs supply may be optimized for 
minimum system power dissipation and/or 
cost. Clearly, good regulation in the Vs 
supply is totally unnecessary, and so this 
supply can be made much cheaper than the 
regulated 5V supply used in the rest of the 
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4-DIGIT MULTIPLEXED LED DISPLAY 
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ADDAEI 
Dl!eODE • 

1: 

~ 

~ 

system. In fact a simple unsmoothed full
wave rectified sine wave works extremely well 
if a slight loss in brightness can be tolerated. 
A transformer voltage of about 3-4.SVrms 
works well in most LED display systems. 
Waveforms are shown in Figure 7. 

The duty cycle for this system depends 
upon Vs, VF and the output characteristics 
of the display driver. 

viii th 

Vs= 4.9V pk. 
VF= 2.0V 

The duty cycle is approximately 60%. 

Vs in this example was derived by the circuit 
shown in Figure 7. Remember that the 
forward voltage drop of the rectifying diode 
must be subtracted to arrive at the exact peak 
of the Vs voltage. 

Figure 8 shows other typical application 
schemes tor multiplexing LED diplays. 

INTERFACING 8-DIGIT LED DISPLAY 
WITH µP BUS 

DATA aus 

ADDA!SB BUS 

NE511 

Do D1 D2 03 04 05 Do 07 

vee 8----------------B 
ho1, 

. 
J 

NE587 

I 
Figure 6 

ADDRESSABLE PERIPHERAL 
DRIVERS SUPPORT 
µP-BASED SYSTEMS 

• 

The Signetics NE590 and NE591 address
able peripheral drivers IAPDsl greatly facili
tate interlacing a variety of support circuits 
to microprocessor based systems. 

The APDs are designed to eliminate the 
need for many of the buffers, latches. TTL 
ICs, and discrete transistors currently 
needed to drive peripheral devices. 

Figure 9 shows that _each driver includes a set 
of input latches, a 1-of-8 demultiplexer, and a 
set of high current drive outputs together with 
the assorted chip enable and clear logic. 

The low loading inputs of these drivers 
!typically liL = 15µA and liH = lµAI allow 
direct interlacing to the µP-bus. Eight ad
dressable latches. which are addressed by a 
three bit binary code and lset/resetl by a 
single binary bit, allow storage of each 
output condition ION/OFFI, allowing the µP 
to continue processing alter the APD has 
been addressed. 

' d . f • 

4.0 V rrn1 GIVES A. PEAK VALUE 

OF 4.9V FOR V9. 

Figure 7 
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4-DIGIT DISPLAY WITH BRIGHTNESS CONTROL 
AND LEADING EDGE RIPPLE BLANKING. 
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Driver selection is accomplished with a tow 
active chip enable which may be derived 
from the 1/0 decoder common to all 1/0 
devices. A low active master clear is also 
provided to reset all outputs simultaneous
ly. This signal may be generated from the 
1/0 decoder or set high when not required. 

The high-current outputs of the drivers 
(250mA sinking with the NE590 and 250mA 
sourcing with the NE591 l allows direct inter
facing to relays, motors, lamps, LED's, and 
other devices or systems requiring high 
current drive cap.abilities. 

Figure 10 demonstrates the use of APD's in a 
uP-based system. When driving LED dis
plays, a single 8-bit word contains all the data 
required for defining both digit location and 
segment selection. The APO uses four bits
three to address one of 8 outputs and one to 
set the output to an ON or OFF state. 

When using he NE590, ON refers to the out
put low state in which the output is 

INPUT STAGE 

•cc 

a, 

a, 

a, 

03 NESID 

a, 

a, 
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MICROPRO
CESSOR 

CONTROL SUS 

SUS DRIVER 

capable of sinking a maximum of 250mA. 
The clear (CU pin may be tied high and 
WOL'ld normally not be required in this appli
cation. 

The iour remaining data bits are required by 
the NE589 which supplies segment data. 
These four BCD data bits are converted into 
seven-segment data used for driving the 
anodes of the LED's. Data is strobed into the 
latches by the LATCH ENABLE INPUT at 
the same time that information is being sup
plied to the NE590. Since the NE589 pro
vides a constant current source, uniform 
brightness is obtained from each segment 
in the display. The NE589 is capable of 

MICROPROCESSOR BASED SYSTEM 
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Figure 10 

supplying up to 50 mA/segment. Segment 
currents are set by a single programming 
resistor. 

Figure 10 shows several devices connected to 
the NE591: a relay, a motor, and a D-C sub
system. Each device is selected in the same 
manner as the LED digits: that is, three bits 
are used to select the output and one bit is 
used to turn the output ON or OFF. 

An output may be cleared in one of two 
ways: 

11 By direct selection and clearing of the 
individual latch, 
or 

21 By clearing all outputs through the use 
of the clear in put. 

The latter method does not require address
ing. 

The examples shown in Figure 10 clearly 
demonstrate the advantages that can be 
derived from using the NE590 and NE591 
APDs in microprocessor-based systems. 
These devices provide easy interlacing and 
minimize the number of interfacing compo
nents; they also provide the logic interface to 
the microprocessor and the switch function 
and high-current drive required by the 
peripheral units. 

8-29 

8 



LINEAR LSI PRODUCTS 

USING THE MC1488/1489 LINE DRIVERS AND RECEIVERS AN113 

LINE DRIVERS AND RECEIVERS 
Many types of line drivers and receivers are 
available today. Each device has been de
signed to meet specific criteria. For instance, 
the device may be extremely wide band or be 
intended for use in party line systems. Some 
Include built in hysteresis in the receiver while 
others do not. 

The EIA Standard 
The Electronic Industries Association has 
produced a set of specifications dealing with 
the transmission of data between data ter
minal and communications equipment. This 
is EIA Standard RS-232-C and delineates 
much information about signal levels and 
hardware configurations in data systems. 

MC1488/1489 
As line driver and receiver the MC1488 and 
MC1489 meet or exceed the RS-232 
specification. 

Standard RS-232 defines the voltage level as 
being from 5 to 15 volts with positive voltage 
representing a logic 0. The MC1488 meets 
these requirements when loaded with resis
tors from 3k to 7k ohms. 

Output slew rates are limited by RS-232 to 30 
volts per microsecond: To accomplish this 
specification the MC1488 is loaded at its out
put by capacitance as shown by the typical 
hookup diagram of Figure 1. A graph of slew 
rate vs output capacitance is given in Figure 
2. For the standard 30V/µ.s a capacitance of 
400pF is selected. 

8-30 

The short circuit current charges the capaci
tance with the relationship. 

'scAT c- -..v-

Where C is the required capacitor, lsc is the 
short circuit current value, and A V/tl T is the 
slew rate. 

Using the worst case output short circuit cur
rent of 12mA in the above equation, calcula
tions result in a required capacitor of 400pF 
connected to each output to limit the output 
slew rate to 30V/µ.s in accordance with the 
EIA standard. 

The EIA standard also states that output 
shorts to any other conductor of the cable 
must not damage the driver. Thus the 
MC1488 is designed such that the output will 
withstand shorts to other conductors indefini
tely even if these conductors are at worst 
case voltage levels. In addition to output pro
tection, the MC1488 includes a 300 ohm 
resistor to ensure that the output impedance 
of the driver will be at least 300 ohms even if 
the power supply is turned off. In cases where 
power supply malfunction produces a low 
impedance to ground, the 300 ohm resistors 
are shorted to ground also. Output shorts 
then can cause excessive power dissipation. 
To prevent this, series diodes should be 
included in both supply lines as pictured in 
Figure 3. 

The companion receiver, MC1489, is also 
designed to meet RS-232 specifications for 
receivers. It must detect a voltage from ± 3 to 
± 25 volts as logic signals but cannot 
generate an input differential voltage of grea-

ter than 2 volts should its inputs become 
open circuited. Noise and spurious signals 
are rejected by incorporating positive feed
back internally to produce hysteresis. 
Featured also in the receiver is an external 
response node so that the threshold may be 
externally varied to fit the application. Figure 
4 shows the shift in high and low trip points as 
a function of the programming resistance. 

APPLICATIONS 
The design of the MC1488 and MC1489 
makes them very versatile with many possi
ble applications. The MC1488 output current 
limiting enables the user to define the output 
voltage levels independent of supply 
voltages. Figure 5 shows the MC1488 as a 
TTL to MOS Translator, while Figures 6 and 7 
illustrate TTL to HTL and TTL to MOS 
Translator. 

The MC1489 response control node allows 
the user to modify the input threshold voltage 
levels. This is accomplished by adding a 
resistor between the response control pin 
and an external power supply. Figure 4 shows 
the shift thus provided. This feature and the 
fact that the inputs are designed to withstand 
± 30 volts permit the use of the MC1489 for 
level translation as shown in the MOS to TTL 
translator of Figure 8. This feature is also 
useful for level shifting, as illustrated in 
Figure 9. 

The response control node can also be used 
to filter out high frequency, high energy noise 
pulses. Figures 10 and 11 give typical noise 
pulse rejection curves for various sized 
external capacitors. 
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TYPICAL LINE DRIVER-RECEIVER APPLICATION 

Figure 1 
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APPLICATIONS FOR THE NE521 /522/527 /529 

COMPARATORS 
Voltage compartors are high gain differential 
input-logic output devices. They are specifi
cally designed tor open loop operation with a 
minimum of delay time. Although variations of 
the comparator are used in a host of applica
tions, all uses depend upon the basic transfer 
function of Figure 1. As shown, device opera
tion is simply a change of output voltage 
dependent upon whether the signal input is 
above or below the threshold input. The 
threshold in this example is O volts. 

Comparator inputs are customarily marked 
with plus or minus signs to indicate their 
polarity. For example the circuit of Figure 2 
produces a logic 1 level when the non
inverting input is more positive than the 
reference voltage. 

DEFINITIONS 
Many similarities exist between operational 
amplifiers and the amplifier section of voltage 
comparators. In fact op amps can be used to 
implement the comparator function at low fre
quencies. 

Thus, the characteristic definitions presented 
here are similar to those reveiwed for op 
amps. 

Input Offset Voltage 
As with operational amplifiers, the non-ideal 
comparator possesses some offset voltage. 
The definition differs slightly in that the output 
structure of comparators is digital rather than 
linear. Hence, input offset voltage is defined 
for comparators as the de voltage required at 
the input to force the output to the logic 
threshold of ensuing devices (1.2 volts for 
TTL). 

Input Offset Current 
Imbalances of input bias current arise from 
small variances of the junction geometry of 
the differential input amplifier. As for op 
amps, the imbalance is referred to as input 
offset current. 

Blas Current 
As with op amps the input structure of com
parators is usually a differential bipolar stage. 
Input bias current is the average of the two 
input currents. 

Common Mode Range 
When specifying voltage comparators one of 
the key parameters is common mode range, 
which is defined as the range of voltages over 
which both inputs can be varied simulta
neously without abnormal output voltage tran
sitions or device degradation. This parameter 

must be kept uppermost in the designer's 
mind because the reference and signal 
voltages become common mode signals at 
threshold. All ranges of input signals thus 
must be within the common mode range of 
the input amplifier. 

Voltage Gain 
Specifications of voltage gain refer to the 
overall gain of the device, the bulk of which 
occurs in the amplifier section. 

In general, higher gains would be advanta
geous for resolving smaller input signals. Of 
course, the propagation delay suffers due to 
the more severe saturation of the transistors. 
Typical gains for TTL output devices are set 
for 5000 volts per volt. This gain provides 5 
vclts of output swing with 1 mV input signal 
change for reasonable accuracy but does not 
contribute severely to the overload recovery 
delay. 

Propagation Delay 
Voltage comparisons of analog signals with a 
reference voltage usually require that the 
operation take as little time as possible. Long 
delays in the comparator cause a pulse posi
tion error at the output since the analog signal 
in the meantime has changed value. At low 
frequencies the delay is of small conse
quence but, at higher frequencies, transit 
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time becomes intolerable. Design of voltage 
comparator devices includes, as a prime 
goal, the minimizing of transit times. 

Propagation delay testing is done under worst 
case conditions. The recovery from saturation 
varies depending upon the initial state of the 
amplifier and the overdrive. Worst case condi
tions begin by applying a 100mV signal on the 
reference terminal. With no signal applied the 
amplifier is in saturation in· one direction. A 
step input pulse on the signal line of 
100mV ±Vos will bring the amplifier to a 
threshold level. Propagation delay at this 
point is undefined since the output has not 
switched. 

To attain output switching a small overdrive is 
necessary. Propagation delay is tested in a 
configuration such as Figure 3. The input is a 
step function of 100mV plus a specified 
excess or overdrive signal. This causes the 
amplifier to be exercised from saturation in 
one direction to saturation in the other for 
worst case propagation delay. Note that 
larger overdrive reduces delay time as can be 
seen in Figure 4. An overdrive of 5mV causes 
12ns delay, whereas a 100mV overdrive 
improves transit time to only 6ns. 

PROPAGATION DELAY 
TEST SETUP 

Figure 3 

RESPONSE TIME FOR NE/SE521 
COMPARATOR FOR VARIOUS 

INPUT OVERDRIVES 

··~ 

Figure 4 
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If the measurement were made without initial 
saturation (less than 100mV V threshold) the 
delay time would be less, due to the 
decreased storage times of unsaturated tran
sistors. 

STATE-OF-THE-ART 
Comparator design has always been opti
mized for four basic parameters. They are: 
1. High Speed 
2. Wide Input Voltage Range 
3. Low Input Current 
4. Good Resolution 

Unfortunately these four parameters are not 
compatible. For instance gain and input cur
rent can be improved by using thinner diffu
sions for higher beta, but only at the expense 
of input voltage range. Higher gain also 
means higher saturation for an increase in 
delay time. So it becomes obvious that older 
comparators such as the 710 were designed 
with the best compromises in mind using 
standard processing. 

One method of improving overall response 
adds gold doping to the processing flow. The 
gold dopant causes a decrease in minority 
carrier lifetime which aids the recombination 
process and shortens the saturation recovery 
time. Unfortunately, the transistor beta is 
adversely affected by gold causing slightly 
higher bias and offset currents. 

It was not until advent of the Schottky clamp 
that a vast improvement in speed without 
input degradation was possible. A very fami
liar term in the semiconductor industry, the 
Schottky barrier diode's (SBD) location is 
illustrated in Figure 5. 

The Schottky clamped transistor is formed 
by parallelling the Schottky diode with the 
base-collector junction of the npn transis
tor. Without the clamp, as base drive is 
increased the collector voltage falls until 
hard saturation occurs. At this point the 
collector voltage is very near the emitter 
voltage, and stored charges in the junctions 
causes slow recovery from saturation after 
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SCHOTTKY CLAMPED 
TRANSISTOR 

Figure 5 

SCHOTTKY CLAMPED TRANSISTOR GEOMETRY 

Figure 6 

base drive has been removed. The forward 
voltage drop of the Schottky diode is 0.4 
volts-less than the forward drop of silicon 
diodes. This difference in forward drop is 
used by placing the diode across the tran
sistor base-collector junction. The Schottky 
diode becomes forward biased when the 
collector voltage falls 0.4 volts below the 
base voltage. Excess base drive is then 

shunted into the collector circuit prohibit
ing the transistor from reaching classic 
saturation. With almost no stored charge in 
either the SBD or the transistor, there is a 
large reduction in storage time. Thus, tran
sistor switching time is significantly re
duced. 

A cross sectional area of the Schottky diode 
is shown in Figure 6. 

COMPARATOR SELECTION GUIDE 

Propagation Vas los I bias CMR 
Device Delay (ns) (mV) (µA) (µA) Gain (V) Benefits 

NE521 12 7.5 5 20 5000 ±3 Dual, very fast, standard 
supplies, TTL compatible, 
individual & common strobe. 

NE522 15 7.5 5 20 5000 ±3 Same as NE521 plus open 
collector outputs for addi-
tional decoding. 

NE527 26 6 0.75 2 5000 ±6 Fast, very low input current, 
differential outputs, flexible 
surplus wide common mode 
range. 

NE529 22 6 5 20 5000 ±6 Same as NE527 but with 
faster response. 

LM311 200 7.5 0.05 0.25 200K ±30 High common mode input 
range, ± 5V to ± 15V supply, 
strobe input, open collector 
output. 

LM319 80 8 0.2 1.2 40K ±5 Low input bias, dual, + 5V to 
± 15V supply, open collector 
output. 

V+ High common mode input 
LM339 1300 2 0.05 0.25 200K -1.5V range, low input bias, quad, 

+ 5V to ± 15V supply, open 
collector output. 

LM393 1300 2 0.05 0.25 200K 
V+ 

-1.SV Same as LM339 but dual. 

Figure 7 

NOTE Parameters are based on min/max limits at 25° C as defined in the individual data sheet 
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COMPARING THE 
COMPARATORS 
Presently available comparator ICs range 
from the ultra fast SE/NE521 to the general 
purpose comparator fashioned from an in
expensive op amp. Selection of the device 
depends upon the application in which it will 
be used. Speed of conversion is often of pri
mary importance to minimize pulse position 
errors of high frequency signals. At other 
times the requirements are much less 
stringent allowing the use of a general pur
pose comparator. 

A handy reference guide to the major pa
rameters is summarized in Figure 7. The 
necessary parameters can be chosen to 
select the proper device. 

A general description of the comparator 
devices is included here to familiarize the 
user with available devices and their advan
tages. 

SE/NE521/522 Comparators 
Processed with state-of-the-art Schottky bar
rier diodes, the NE521/522 series· devices 
provide good input characteristics while pro
viding the fastest analog to TTL conversion to 
date. Total delay from input to output is typi
cally 6ns with a guaranteed speed of 12ns. 
Additional features of this device include the 
dual configuration and individual output 
strobes to simplify system logic. The NE522, 
although sacrificing some speed, features 
open collector outputs for party line or wired
OR configurations for additional system flex
ibility. 

NE/SE527 Comparator 
Featuring darlington inputs for very low bias 
current, the NE527 is generically related to 
the NE529 comparator. Emitter follower 
inputs to the differential amplifier are used to 
trade better input parameters for slightly less 
speed. As Figure 7 shows, a factor of 10 
improvement in leiAs is gained with a propa
gation delay increase of only 4ns maximum. 

NE529 Comparator 
The NE529 is manufactured using Schottky 
technology. Although a few nano seconds slo
wer than the NE521, the NE529 features 
variable supplies from ± 5 to ± 10 volts with a 
high common mode range of ± 6 volts. Both 
the NE527 and NE529 Schottky comparators 
boast complimentary logic outputs with out
put A being in phase with input A. In addition, 
the supplies of both the NE527 and NE529 
may be non-symmetrical to produce a desired 
shift in the common mode range. 

This technique is illustrated by the ECL to 
TTL and TTL to ECL transistor of Figures 17 
and 18 respectively. The only major require-

ment of the supplies is that the negative sup
ply be at least 5 volts more negative than the 
ground terminal of the gate. This is necessary 
to insure that the internal bias arrangement 
has sufficient voltage to operate normally. 

APPLICATIONS 
Today's state-of-the-art ultra-high speed 
comparators are capable of making logic 
decisions in less than 10 nano seconds. 
They are easily applied and possess good 
input and power supply noise rejection. As 
with all linear !Cs however, some prelimi
nary steps should be taken in their use. 

General Precautions 

Layout 
The comparator is capable of resolving sub
millivolt signals. To prevent unwanted signals 
from appearing at signal ports, good physical 
layout is required. For any high speed design, 
ground planes should be used to guard 
against ground loops and other sources of 
spurious signals. At high frequencies hidden 
signal paths become dominant. Distributed 
capacitance is a particular nuisance. If care is 
not taken to isolate output from input, distri
buted capacitance can couple a few millivolts 
into the input, causing oscillation. 

Another source of spurious signals is ground 
current. Input structures are relatively high 
impedance while the gate structures of com
parators run with large signal and ground cur
rents. If this gate ground current is allowed to 
pass near the input signal path, the smail 
impedances of the ground circuit will cause 
millivolt changes in reference or signal 
voltages producing errors, sustained oscilla
tion, ringing, or excessive Vos· A ground 
plane arranged such that output currents do 
not flow near input areas is highly 
recommended. 

Power Supplies 
Another general precaution that should 
always be execised is power supply by
passing. As mentioned the name of the game 
is speed. Very high speed gates are used to 
produce the desired output logic levels. Max
imizing response speed also requires higher 
current levels, giving rise to power supply 
noise. For this reason, good power supply by
passing very close to the device itself is 
always mandatory. A tantalum capacitor of 1 
to 10µF in parallel with 500 to 1000pF will 
prove effective in most cases. Lead lengths 
should be as short as physically possible to 
preserve low impedances at high frequency. 

Unused Inputs 
Some currently available comparators such 
as the NE521 and NE522 are dual devices. 
Most often both sections of these devices 
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will be utilized. Should a system utilize one 
device, the unused inputs should be biased 
in a known condition. The high gain
bar.dwidth may otherwise cause oscilla
tions in the unused comparator section. A 
low impedance should be provided from 
both unused inputs to ground. A resistor of 
relatively high impedance may then be used 
to supply a differential input on the order of 
100mV to insure the comparator assumes a 
known state. 

It the inverting input is tied to the positive 
differential voltage the gate output will be 
low. The strobe inputs then provide a means 
of utilizing the Schottky gate for other sys
tem logic functions. 

If the strobe inputs are not used, they should 
be connected to the output of a logic gate that 
is always high, or to the + 5 volt supply 
through a 5 to 10 K-ohm resistor. They should 
never be tied directly to the + 5 volt supply as 
the relatively minor spiking on the supply may 
damage these inputs. 

Common Mode Signals 

Manufacturers specify the maximum voltage 
range over which the inputs may be taken. In 
addition the maximum differential voltage that 
may be safely applied to the inputs is speci
fied. In the case of the NE529 comparator the 
differential voltage is restricted to less than 
± 5 volts, with a common mode of ± 6 volts. 
That these two quantities interact cannot be 
overlooked. F-:,r instance, with both inputs at 
± 4 volts the common mode restriction is 
satisfied. If v,01 is now le!! at + 4 volts the 
signal input may not be taken mor" than 1 volt 
below ground because the differential signal 
becomes 5 volts. 

It is important to observe this maximum 
rating since exceeding the c•Herential input 
voltage limit and drawing excessive current 
in breaking down the emitter-base junctions 
of the input transistors could cause gross 
degradation in the input offset current and 
bias current parameters. 

Exceeding the absolute maximum positive 
input voltage limit of the device will saturate 
the input transistor and possibly cause dam
age through excessive current. However, 
even ii the current is limited to a reasonable 
value so that the device is not damaged, 
erratic operation can resu It. 

Input Impedance 
The differential bias and offset currents of 
comparators are minimized by design. As 
was pointed out for op amps, the input 
resistance seen by both inputs should be 
equal. This reduces to a minimum the con
tribution of offset current to threshold error. 
Unbalanced input impedance also adds to 
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the offset error due to the difference in volt
age drop across the input resistances. 

BASIC APPLICATIONS 
The basic comparator circuit and its transfer 
function were presented by Figures 1 and 2. 

When the Input exceeds the reference volt
age, the output switches either positive or 
negative, depending on how the inputs are 
connected. 

The vast majority of specific applications 
Involve only the basic configuration with a 
change of reference voltage. A to D con
verters are real/zed by applying the signal to 
one terminal and the voltage derived from a 
ladder network to the other. Limit detectors 
are likewise made from only the very basic 
circuit. Both are only a small deviation from 
the basic level detector. 

Hysteresis 
Normally saturated high or low, the amplifi
ers used in voltage comparators are seldom 
held In their threshold region. 

They possess high gain-bandwidth products 
and are not compensated to preserve swit
ching speed. Therefore, if the compared 
voltages remain at or near the threshold for 
long periods of time, the comparator may 
oscillate or respond to noise pulses. For 
instance, this is a common problem with suc
cessive approximation DIA converters where 
the differential voltage seen by the compara· 
tor becomes successively smaller until noise 
signals cause indecision. To avoid this oscilla
tion in the linear range, hysteresis can be 
employed from output to input. Figure 8 
defines the arrangement. Both positive and 
negative feedback is provided by A1N and A1• 

Hysteresis occurs because a small portion of 
the "one" level output voltage is fed back in 
phase and added to the input signal. This 

LEVEL DETECTOR WITH HYSTERESIS 

Figure 8 
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feedback aids the signal in crossing the 
threshold. When the signal returns to the 
threshold, the positive feedback must be 
overcome by the signal before switching can 
occur. The switching process is then assured 
and oscillations cannot occur. The threshold 
"dead zone" created by this method, illustra
ted in Figure 9, prevents output chatter with 
signals having slow and erratic zero 
crossings. 

As shown in Figure B, the voltage feedback is 
calculated from the expression: 

VHYST = Eour • R1N 

R1N + R1 

where Eour is the gate high output voltage. 
The hysteresis voltage is bounded by the 
common mode range and the ability of the 
gate to source the current required by the 
feedback network. If symmetrical hysteresis 
is desired an additional inverting gate is 
required if the comparator does not have dif
ferential outputs. The NE527 and NE529 
devices provide inverted signals from dif
ferential outputs while the NE521 and NE522 
devices will require the inverter. Care should 
be taken in the selection of the inverter that 
propagation delay is minimum, especially for 
very high speed comparators such as the 
NE521. 

Line Receiver 
Retrieving signals which have been trans
mitted over long cables in the presence of 
high electrical noise is a perfect application 
for differential comparators. Such systems 
as automated production lines and large 
computer systems must transmit high fre
quency digital signals over long distances. 

If the twisted pair of the system is driven 
differentially from ground, the signals can 
be reclaimed easily via a differential line 
receiver. 

0 VOLT LEVEL DETECTOR 
WITH ± 10mV HYSTERESIS 

i-LJJ 
----1--H-
>--+--+---+--+---t--t--1 -- t--+-1 

~~i=~T --fH+H++ftttirnrfl:t+Kf+lt ___ _ 

Figure 9 
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Since the electrical noise imposed upon a 
pair of wires takes the form of a common 
mode signal, the very high common mode 
rejection of the NE5211522 makes the unit 
ideal for differential line receivers. Figure 10 
depicts the simple schematic arrangement. 
The NE521 is used as a differential amplifier 
having a logic level output. Because common 
mode signals are rejected, noise on the cable 
disappears and only the desired differential 
signal remains. Figure 11 illustrates the 
NE521 response to the 200mV peak to peak 
10MHz differential signal. In Figure 12 the 
same signal has been buried in 5 volts peak 
to peak of 1 HMz common mode "noise." 

The circuit suffers no degradation of signal. If 
desired several NE522 comparators may be 
"wire OA'd," or latched output can be built as 
shown in Figure 10. 

The NE521 and NE529 comparators have the 
advantage of wider bandwidth to permit 
higher data rates. 

Double Ended Limit (Window) 
Detector 
Many system designs require that it be known 
when a signal level lies between two limits. 
This function is easily accomplished with a 
single NE522 package. The schematic and 
transfer curve of the circuit is shown in Figure 
13. 

Each half of the NE522 is referenced to the 
desired upper or lower voltage limit producing 
the desired transfer curve shown. Taking 
advantage of the dual configuration and the 
open collectors of the NE522 minimize 
external components and connections. 

Crystal Oscillator 
Any device with a reasonable gain can be 
made to oscillate by applying positive feed· 
back in controlled amounts. The NE521 will 
lend itself to crystal control easily, provided 
the crystal is used in its fundamental mode. 
Figure 14 shows a typical oscillator circuit. 

The crystal is operated in its series resonant 
mode, providing the necessary feedback 
through the capacitor to the input of the 
NE521. The resistor Aadi is used to control the 
amount of feedback for symmetry. Oscilla· 
lions will start whenever a circuit disturbance 
such as turning on the power supplies occurs. 
The NE521 will oscillate up to 70MHz. 
However, crystals wth frequencies higher than 
about 20MHz are usually operated in one of 
their overtones. To build an oscillator for a 
specific overtone requires tuned circuits in 
addition to the crystal to provide the neces
sary mode suppression. If the spurious 
modes are not tuned out the crystal will oscil· 
late at the fundamental frequency. Higher fre
quency oscillators could be realized using 
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input and output mode suppression or tuning. 
The NE522 is especially desirable since the 
open collector topology allows the output to 
be collector tuned readily. 

Analog to Digital Converter 

There are many types of A to D converter 
designs, each having its own merits. However, 
where speed of conversion is of prime 
interest the multi-threshold conversion type is 
used exclusively. It is apparent from Figure 
15, that the conversion speed of this design is 
the sum of the delay through the comparator 
and the decoding gates. 

The sacrifices which must be made to ob
tain speed are the number of components, 
bit accuracy and cost. The number of com
parators needed for an N-bit converter is 2n-
1 Although the NE521 provides two com
parators per package, the length of parallel 
converters is usually limited to less than 4 
bits. Accuracy of multi-threshold A-D con
verters also suffers since the integrity of 
each bit is dependent upon comparator 
threshold accuracy. 

The implementation of a 3-bit parallel A-D 
converter is shown in Figure 16 with a 3-bit 
digital equivalent of an analog input shown in 
Figure 15. 

Reference voltages for each bit are devel
oped from a precision resistor ladder net
work. Values of Rand 2R are chosen so that 
the threshold is one half of the least signifi
cant bit. This assures maximum accuracy of 
±1/2 bit. 

It is apparent from the schematic that the 
individual strobe line and duality features of 
the NE521 have greatly reduced the cost and 
complexity of the design. The speed 01 the 
converter is graphically illustrated by the 
photo of Figure 15. All 3-bit outputs have set· 
tied and are true a mere 15ns after the input 
step of 3 volts has arrived. The output is 
usually strobed into a register only after acer
tain time has elapsed to insure that all data 
has arrived. 

Logic Interface 

During the design of the NE527 and NE529 
devices, particular attention was paid to the 
biasing network so that balanced supplies 
need not be provided. For example, if the 
"ground" terminal is set at -5.2 volts and the 
other supplies are adjusted accordingly, the 
output logic 1 state will be at -1.5 volts and 
logic Owill be at-5.0 volts. With this freedom 
of power supply voltage, the user may ad
just the output swings to match the desired 
logic levels even ii that logic is other than 
TTL levels. 
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ECL to TTL Interface 
Emitter coupled logic is very popular due to 
its speed. Systems are often built around 
standard TTL logic with those portions re
quiring higher soeed being implemented 
with emitter coupled logic. As soon as such 
a decision is made the problem of interfac
ing TTL to EGL logic levels is encountered. 

The standard logic output swings of EGL are 
-0.BV to -1.BV at room temperature. Con
verting these signals to TTL levels is accom· 
plished simply by using the basic voltage 
comparator circuit with slight modifications. 
Figure 17 reveals that the power supplies 
have been shifted in order to shift the com· 
mon mode range more negative. This insures 
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that the common mode range is not exceeded 
by the logic inputs. Since ECL is extremely 
fast the NE529 is usually selected because of 
its superior speed so that a minimum of time 
is lost in translation. 

TTL to ECL 
Operating in the reverse, TTL levels can also 
be converted to ECL levels by the NE529. 
Again the NE529 is selected as the fastest 
converter with the necessary power supply 
flexibility to accomplish the level shifting 
with a minimum of effort and cost. 

A check of output voltage for the NE529 
reveals that the voltage is slightly less than 
required by the ECL logic for fast switching 
R2 and the diode of Figure 18 raises the gate 
supply voltage and therefore the NE529 out
put voltage by 0. 7 sufficient to guarantee fast 
switching of the translator. Resistive pull up 
from the NE529 output to Vee can also be 
used with the gate supply grounded. This 
method is dependent upon RC time constants 
of distributed capacitance and is the there
fore much slower. 

Photo Diode Detector 
Responding to the presence or absence of 
light, the photo diode increases or decreases 
the current through it. Detecting the changes 
becomes a matter of converting light and dark 
currents to voltage across a resistor as shown 
in Figure 19. R1 is selected to be large 
enough to generate detectable differences 
between light and dark conditions. Once the 
signal levels are defined by R1 and the diode 
characteristics, the average between light 
and dark signals is used for V reference and 
is produced by the resistive divider consisting 
of R1 and R2. The comparator then produces 
an output dependent upon the presence or 
absence of light upon the diode. 

SENSE AMPLIFIERS 
Closely related to the comparator is the sense 
amplifer. Signals derived from the many 
sources, such as transducers, are not of suffi
cient amplitude to be compatible with subse
quent logic. It then becomes necessary to 
amplify and convert the signal to TTL levels, 
which is the responsibility of the sense ampli
fier. 

Some transducers produce an output current. 
It remains, then, for the user to convert these 
currents to TTL levels. A terminating resistor 
from the drain to ground provides a voltage 
output proportional to the current and the 
resistor size. Larger signals can be produced 
by larger resistors; but in practice resistors 
larger than 1 k ohm are avoided because of 
increasing access time. Distributed capacit
ance forms a time constant with this output 

resistance causing slow rise and fall times 
when the resistor is large, adding to the 
access time. 

Virtually any voltage comparator or sense 
amplifier can be used. Since total time is the 
sum of all delays, the sense amplifier is most 
often the fastest available. Signetics com
parators NE521 and NE522 are ideal in this 
application because of low input offset 
voltages and very fast response. Using these 
Schottky clamped comparators significantly 
reduces the total cycle time of the memory. 

Consideration must first be given to the dif
ferential input voltage requirements of the 
sense amplifier. The required reference 
voltage is calculated from the relationship: 

Vrel :5 U1 - Isl R1 - Vditf 

Table 1 
IMPORTANT SENSE 

AMPLIFIER PARAMETERS 

,--~--- --.,----·-.,.--· 
DEVICE vos(mVJ 15(µ1\) v1N(MIN)(mV) 

Design of the sense amplifier network 
depends upon the transducer used and the 
input characteristics of the sense amplifier. 
The significant specifications are given in 
Table 1. 

521 
522 

10 40 15 

10 40 15 

ECL TO TTL TRANSLATOR 
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R2 

"' 
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Figure 17 
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PHOTO DIODE DETECTOR 
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Figure 19 

Where 11 is the transducer output current, 16 is 
sense amplifier bias current and V diff is mini
mum differential voltage to switch the sense 
amplifier. 

In large systems, noise coupled into the 
sense lines by stray capacitance can be very 
troublesome. Judicious layout patterns with 
sense lines as short as possible will help, but 
will not always be sufficient. One method of 
eliminating noise is to use a balance sense 
line as shown in Figure 20. 

A dummy line should be run parallel to the 
actual sense line in as close proximity as pos
sible. One end is connected to the sense 
amplifier at the V,81 point while the other end 
is left open. The normal sense line is con
nected as usual. Electrical noise imposed 
upon the pair of sense lines takes the form of 
a common mode signal and will be rejected 
by the sense amplifier. Signal currents in the 
sense line, on the other hand, form differen
tial signals at the sense amp causing the out
put to switch. 
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INTRODUCTION 

An LVDT is an electromechanical trans
ducer which makes possible the measure
ment of very small motion in a structure or 
mechanical device. Mechanical motion is 
translated to an electrical signal which 
contains position information much as a 
radio frequency carrier contains sound in
formation. The position information from 
the LVDT is contained in the phase and 
amplitude of the output AC waveform. In 
order to remove the position information 
(demodulation). a system such as is 
shown in block form in Figure 1 must be 
used. Once signal demodulation is 
achieved the position data may be read 
out on a meter or digital display in addi
tion to being processed by microproces
sor or computer. The Signetics NE5520 is 
a new Monolithic L VDT Driver-Demodu
lator designed to interface with most 
LVDT's presently being used in the in
dustry. 

Uses will range over a large number of 
potential applications including the accu
rate measurement of position, pressure, 
load weight. angular position and even ac
celeration. Historically. LVDT's have been 
used in the following applications: 

• Load cell 
• Linear motion 
• Torque celi 
• Vibration 
• Fluid pressure 
• Accelerometer 
• Inclinometer 
• Seismic load cell 

MOTION MAY-BE 

• Linear 
• Rotary 

The NE5520 provides sinusoidal drive to 
the Linear Variable Differential Trans
former (LVDT). the output of which is buf
fered. rectified and phase demodulated to 
obtain both direction and displacement in
formation in the form of a DC output 
signal (Figure 2). 

LVDT LOADING 

Due to the loosely coupled characteristics 
of the typical LVDT, loading effects versus 
frequency may be critical to a successful 
design. The graph (Figure 3A) shows this 
relationship in the form of a family of 
curves relative to LVDT core displacement 
for 400Hz and 2500Hz. From the curves it 
is obvious that the linearity and output 
level versus displacement is superior lor 
an LVDT operated at 2500Hz with a very 
high impedance load (0.5 meg ohm). The 

ALL PIN NUMBERS REFER TO N PACKAGE 

THE LVDT WITH SINEWAVE EXCITATION AND SYNCHRONOUS DEMODULATION 

CORE POSITION 

;:! 0 

SIGNAL OUTPUT 

LVOT
0 ~ 

• DISPLACEMENT 
PRIMARY 

~~~-<'"\..J--~~~ 

t, 

Figure 1 

LVDT SYSTEM TRANSFER FUNCTION 

vouT 

OUTPUT 

INTERNAL LVOT 

Figure 2 

NE5520 demodulator presents a very high 
input Impedance to the LVDT secondary 
for maximum linearity. (Fig. 36) 

LVDT INTERFACING: SIGNAL 
CONDITIONING IS REQUIRED 

In order to obtain usable information from 
the LVDT a series of signal conditioning 
circuit operations are required. First, a 
stable source of constant frequency ex-

citation voltage must be applied to the 
primary of the LVDT. 

Next some form of demodulator is needed 
to extract position information from the 
LVDT secondary output signal. A full wave 
rectifier will provide usable amplitude in
formation when adequately filtered, how
ever, relative phase information is lacking. 
In order to obtain both phase and ampli
tude information synchronous demodula
tion is needed. This type of demodulator 
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OUTPUT CHARACTERISTICS OF A TYPICAL LVDT FOR VARIOUS LOADS 
AND EXCITATION FREQUENCIES 

LVDT NE5520 

~ 

DE MOD 

NOTE: INTERNAL BUFFER AMP PROVIDES HIGH IMPEDANCE LOAD TO SECONDARY. 

0.150 0.050 0 0.050 0.150 

CORE DISPLACEMENT INPUT 10 VOLTS 

BY PERMISSION SCHAEVITZ ENGINEERING 
Figure 3b 

"HANDBOOK OF MEASUREMENT AND CONrROL" BY HERCEG. 

Figure3a 

exists in the Signetics NE5520. Once 
phase and an:iplitude information is ob
tained in the form of a polar fu1i· ..,,ave recti
fied signal (see Figure 3C) from the syn
chronous demodulator, the carrier compo
nent (actually 2nd harmonic of the carrier 
plus higher order spectral components) 
must be filtered out leaving only the true 
position information. This is accom
plished by passing the demodulated sig
nal through a low-pass active filter. An 
auxiliary operational amplifier is provided 
for this purpose within the NE5520, in ad
dition to adjustable signal gain for proper 
full scale output (span adjustment). In ad
dition, DC offsets are nulled by a simple 
offset adjustment at the auxiliary ampli
fier. The resulting system is a complete 
LVDT signal conditioner. Figure 4 shows a 
block diagram of the N E5520. The device 
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CORE DISPLACEMENT 

• 
O NULL 

DEMODULATOR 
OUTPUT 

UVJ,.J WAVEFORM 

Figure 3c 

will operate in a single supply range from 
5 to 20 volts DC or with split supplies of 
± 5 to ± 10 volts DC. A device current, Ice. 
of 10 milliamperes at an operating voltage 
of 10 volts is typical. 

DESCRIPTION OF THE NE5520 
(Figure 4) 

The NE5520 oscillator consists of a tri
angle wave generator, a current source
sink circuit which switChes when the 
capacitor voltage reaches discrete levels 
at 1/4 and 314 VREF· The total swing being 
V REFi2 volts p-p. The triangle wave is fed 
into a non-linear load which generates a 
sinusoidal waveform with low distortion. 
The sine wave output is then buffered by 
two op amps, the output of which appear 
on pins 9 and 10 in phase opposition. This 

then is the excitation signal for the LVDT 
primary. 
The second major functional portion of 
the NE5520 is the synchronous demodu
lator and this section performs full wave 
rectification in phase synchronism (pin 6) 
with the above oscillator output. In order 
to extract true position information, the 
phase relationship of the LVDT secondary 
must be obtained. This means that as the 
LVDT core passes through null an abrupt 
1so· phase change occurs. Once full wave 
rectification is accomplished, the result
ing signal carrier frequency must be re· 
moved by filtering. Demodulator output 
appears on pin 5. This .is accomplished by 
an active filter incorporating the auxiliary 
op amp (pins 1, 2, 3). The original position 
information then appears ripple free on 
pin 1 of the auxiliary amplifier. 
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BLOCK DIAGRAM 

VAEF 

12 

10K 

13 SINE 
Cr osc CONY. 

14 
+V BIASCKT 

NOTE 
Pin numbers for tor N 9ackage 

Other functions include buffer amplifier 
feedback in the oscillator circuit. The loop 
,s closed with negative feedback around 
both amplifie;·s (pin 10 to 11) operating at 
unity gain. 

The oscillator timing capacitor controls 
the frequency as shown in the graph, Fig
ure 5. The frequency is related by the 
equation fosc= 110/C,,F Absolute output 
frequency will vary slightly with supply 
voltage. 

BIASING THE REFERENCE 
VREF (PIN 12) 

The manner in which the VA pin is biased 
will effect the output voltage function of 
the NE5520 and consideration must be 
given to this in order to arrive at an opti
mum system design. There are two basic 
modes of operation involved as listed 
below: 

10K 

Figure 4 

OSCILLATOR FREQUENCY vs 
CAPACITANCE 

"' -" .... 
" 

0.1 

0.01 

0.001 
0.01K 

1) Ratiometric 

1K 
fo{Hz) 

Figure 5 

2) Fixed Reference 

I 

10K 100K 

With the ratiometric mode, pin 12 (VAEF) is 

AN118 

11 
FEEDBACK 

oscl 
~VOLTSRMS 

10 OSCJ 

VR/2 

LVDT IN 

SYNC 

connected to pin 14 ( + V). Since VA con
trols the DC common mode voltage of the 
demodulator and the oscillator rms out
put, these magnitudes will now change 
with supply voltage. The DC output from 
pin 1, using a single ground referenced 
supply, will be ratiometric with the supply 
voltage and centered within the common 
mode range of the output amplifier when 
the LVDT transducer is at null. Single or 
dual supply operation will be ratiometric 
when + V is connected to VA· 

The alternate method of biasing is the 
fixed reference mode with pin 12 (VA) con
nected to a fixed reference voltage such 
as + 10 volts and pin 14 ( + V) allowed to 
vary with an incoming poorly regulated 
supply. This might occur in automotive 
applications where battery voltage may 
vary from 10 to 14 volts. However, with a 
fixed reference driving VA• DC voltage at 
the output will not vary with supply but 
will vary within the. common mode limits 
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of the amplifier as the LVDT core traverses 
its path. Output voltage of pin 1 at LVDT 
null will be V~2. Thus, for the case men· 
tioned with VA"' 10 voits, the null voltage 
will be + 5 volts. The maximum linear 
swing would be 1.5-8.5 volts around this 
value. The fixed reference mode may be 
used with single or dual supply operation. 

DUAL SUPPLY OPERATION 
When connected to a typical LVDT transducer 
as shown in Figure 6, the NE5520 will exhibit 
an extremely linear transfer function. Very 
Important to precision position measurement 
is the Inherent repeatablllty of the system. 
The graphs In Figure 7A, B Illustrate the 
highly linear transfer function and Its repeat
able accuracy with different supply voltages, 
in this case t 6 and :t: 10 volts. The transdu
cer motion was over a .range of :t: 150 milli
inches each side of the LVDT null. Typical DC 
output signal is shown with an output ampli
fier gain of X10 in both cases. Note that 
linearity remains constant, however, full scale 
output varies with supply voltage. This is due 
to the increased exciter drive to the LVDT with 
increased reference voltage. LVDT ouput is a 
linear function of exciter amplitude on the pri
mary winding. The addition of a single gain 
control may easily be added between pins 1 
and 3 to reduce gain in order to retain cons
tant output for different supply voltages (see 
Figure 8) or V R may be connected to a fixed 
voltage. (See 'Biasing.') 

TRANSFER FUNCTION :!: 6V 

+4.00 

+3.00 

i +2.00 

~+1.00 

~ 
0 -1.00 
I!? 6 -2.00 
> 

-3.00 

VREF= +V= :t6V 

if 
~ 

JeJ 
~ 

12 
~ 

- 4·00 -120-80 -40 0 +40 +80+120 

DISPLACEMENT (mill) 

+8 
+5 
+4 

; +3 
~ +2 

~ +1 
~ 0 
:> 
0 -1 

:!? -2 
5 -3 
> -4 

-5 
-6 

Figure 7a 

:t: 10V 
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d~-

0 I 
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v I 
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Figure 7b 

TYPICAL MEASURING SYSTEM 
(RATIOMETRIC MODE) 

DUAL 
TRACKING 

REGULATOR 
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Figure 6 

AN118 

TYPICAL GAIN ADJUST CIRCUIT 

L---
aA1N 

----·-...---
Rt 

GAIN= 1 +~ 
R1 

Figure 8 

NE5520 

SIGNAL 
OUT 

It is strongly recommended that dual out· 
put tracking regulated supplies be used in 
this type of application in order to mini· 
mize system DC offset and impaired mea· 
surement accuracy due to power supply 
unbalance. An optional circuit capable of 
automatically tracking and nulling power 
supply offset is shown in Figure 9. The 
bipolar output signal is referenced to 
ground. 
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10KO 

OFFSET 
ADJUST 1KO 

10KO 

AUTO PSRR FOR USE WITH NON-TRACKING SUPPLIES 

+6V 

TRACKINQ 

1KO 

1000 >oi--'N-1>-.,-1 
12 14 

VR NE5520 

10K 

Rt 

-6V 

Figure 9 

NULLING PROCEDURE 
(Ref Fig. 9) 

AN118 

1. Null transducer position by observing 
pin 4 waveform. Set supply voltage for 
± 6.00 volts. 

2. Set offset adjust pot (feeds pin 3 of 
NE5520) for 0.00 volts DC at pin 1 of 
NE5520. 

3. Adjust offset null pot (NE5512) for zero 
output on Terminal A. 

4. Check for equal voltage ± deflection 
when transducer is displaced equal 
distances from physical null position. 

5. Adjust tracking control for minimum 
DC output change when either supply 
is varied over operating range at 'A'. 

SINGLE SUPPLY OPERATION 

Single ended supply operation requires a 
different circuit approach to obtain mea· 
surement system interface. Figure 10 
shows a typical circuit using a single 
10-volt supply. Note that the output (pin 1) 
of the NE5520 is now floating above 
ground at approximately VR/2. Simple 
measuring circuits may be realized (Fig· 
ures 11A, B, C) by placing a DC microam· 
meter between pin 1 and a resistive divider 

TYPICAL SINGLE SUPPLY LVDT CIRCUIT 

M 
Cr 

0.033µ1 J 
VR/2-.. 

epk + ,....,... 

LOW PASS 
FILTER 

13 

Rt 

12 

SINE WAVE 
CONVERTER 

BIAS CKT 

SYNCHRONOUS 
~---t DEMODULATOR 

OUTPUT 
SIGNAL 

Figure 10 

_Y' 
osc 

osfV 
10 LVDT 

,_ ____ ,__o---------~ 
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creating a bridge readout which is ratio
metric with supply voltage .variations. In 
case more precision is necessary, a buffer 
amplifier may be added between the volt
age divider or V R/2 and the readout circuit 
in order to minimize offset due to measur
ing circuit loading. DC offset due to inter
nal tracking error in the NE5520 may be 
reduced by using the nulling circuit shown 
in Figure 12. Offset sensitivity and its ef
fect on system accuracy will be inversely 
proportional to full scale signal output of 
the NE5520 which is a function of the DC 
gain of the auxiliary amplifier and LVDT 
output. A typical full scale output with 
10-volt supply operation is V R/2 -:t; 3.5 volts 
with gain equal to 10. 

OUTPUT INTERFACING EXAMPLES 
+V 

NE5520 

NE5520 

VR/2 

+V 
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1 SIGNAL 

HI 
RIN DVM 

+vcc 

Figure 11b 

LVOT ,,__........ 

_f'Y"'tY)._ 

'"\.,, 
Figure 11c 

D.C. OFFSET ADJUST 

+vcc 

VCM= +VCC/2 

SIGNAL 
OUT 

12 

Figure 12 

MATCHING THE NE5520 TO 
LOW IMPEDANCE LVDT's 

14 

The NE5520 exciter output is capable of 
driving LVDT primary windings with a min
imum impedance of 1K ohm. When a sig
nificantly lower impedance primary is 
driven by the device some form of step
down impedan~e matching or a power buf
fer is recommended. Figure 13 shows a 
step-down matching transformer ap
proach. A transformer with primary imped
ance of approximately 1 Kohm (audio type) 
with the proper secondary impedance to 
match the LVDT primary is used to couple 

oscillator excitation. Depending on the 
output efficiency of the LVDT, output sig
nal losses may occur with a correspond
ing loss in measuring sensitivity. The aux
ilia(y amplifier gain may be increased to 
offset this loss. 

A second approach makes use of a power 
buffer amplifier constructed from discrete 
transistors (2N2222, 2N3644). This circuit 
(Figure 14) results in less signal loss and 
is inexpensive. A DC decoupling capacitor 
must be used to prevent DC offset cur
rents from flowing in the LVDT primary 
winding. A 3dB signal reduction is noted 
when driving a 15-ohm load to 6 volts peak 
to peak (10-volt operation); and 12 volts 
peak to peak for 20-volt supply. 

NE5520 TEMPERATURE 
COMPENSATION 

Internal offset voltages originating in the 
NE5520 synchronous demodulator require 
external compensation to obtain best 
measurement accuracy when operating 
over the full temperature range. The cir
cuits shown (Figures 15A, B) give a simple 
approach using a thermistor inserted in 
series with the offset null resistors to 
reduce voltage drift to a reasonable level. 
These tolerances are based on ± 3.5 volts 
full scale output for LVDT displacements 
each side of physical null. A thermistor 
having a positive coefficient of +0.7%/'C 
is used. Obviously, if the total divider 
resistance is changed a different ther
mistor resistance will be required. 

DRIVING LOW Z LVDT'S WITH THE NE/SE5520 

+V 

Figure 13 
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LOW Z LVDT 
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DEMODULATOR DISTORTION 
(OVERDRIVE) 

When the demodulator input exceeds 2 
volts peak to peak clipping distortion will 
increase and must be avoided by control· 
ling oscillator drive to the primary of _the 
LVDT. Figure 16 shows an example of a 
circuit for attenuating primary excitation 
using a 1 K ohm pntentiometer. 

The procedure for adjusting the level 1s 
simply to: 

1. Set LVDT core position for maximum 
output from the secondary. 

2. Monitor the waveform on (pin 5 demod· 
ulator output) and adjust oscillator 
level for the amplitude just below clip· 
ping. Normally this should result in a 
maximum of 2 volts peak to peak at pin 
4 of the NE5520 (25°C). 

THERMISTOR TEMPERATURE 
COMPENSATION 

+0.3 

s +0.2 

" ~ +0.1 

: .,. 
t: -0.1 
ii! 
Q 
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i' 
I~ 
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TEMPERATURE •c 

Figure 15b. 
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LVDT SECONDARY PHASE 
ANGLE COMPENSATION BY 
EXCITATION FREQUENCY 

The LVDT has a frequency dependent 
phase shift associated with the particular 
characteristics of the device and its exci· 
talion frequency. This phase shift is in ad· 
dition to the 180' shift which occurs when 
passing through null position. 

By adiusting the frequency of the sine 
wave excitation a condition results which 
causes secondary voltage to be in phase 
with primary excitation. The adjustment of 
relative primary and secondary phase 
angles has several effects. First, if the 
primary excitation is referenced to the 
synchronous demodulator, as in the 
NE5520, optimum rectification occurs at 
zero phase differential between secondary 
AC phase and demodulator switching rela· 
tive to the waveform zero crossings. Sec· 
ond ... Exciting an LVDT at its zero phase 
angle frequency results in minimum sensi· 
tivity to frequency and temperature varia· 
tions .. (Schaevitz Handbook of Measure· 
ment and Control, 1976). 

DEMODULATOR SYNC PHASE 

A seco.nd method of phase compensation 
of the NE5520 versus the LVDT is to use a 
variable phase shift network between the 
oscillator output and the sync input to the 
NE5520. This is shown in Figure 17. The 
oscillator frequency remains fixed and the 
pot is tuned for optimum demodulator 
phasing. 

ti +s emphasized that an external phasing 
adjustment as outlined above is not al· 
ways necessary. Some LVDT's operating 
in the 1-5kHz range will be near zero 
phase and wil I need no phase compensa· 
tion. Experimental evaluation of the proto· 
type design combined with system speci· 
fications will be the best means of making 
this decision. 

Waveform photo in Figure 18A·B, shows 
the demodulator output signal when phas· 
ing of the aynchronous demodulator is 
correct (A) and improperly adjusted (8). 

Proper phasing of the sync signal to the 
demodulator results in optimum sensitiv· 
ity and linearity. 

8-48 

LIMITING LVDT EXCITATION TO PREVENT DEMODULATOR DISTORTION 

Figure 16 
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NE5520 DEMODULATOR PHASING 
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NE5520 LVDT DRIVER 
DEMODULATOR APPLICATIONS 

OPERATED WITH A SINGLE 
POWER SUPPLY 

The NE5520 may be operated with a single 
ended power supply ranging from + 5 to 
20 volts. 

A very simple motion transducer may be 
constructed using the circuit shown in 
Figure 19A, B. The output is biased to one· 
half the supply voltage. This requires 
special interface circuitry for the signal 
readout. One simple method is to use a 
zero center meter in a bridge configura
tion as shown. Displacement now may be 
measured as a positive or negative meter 
reading. Readout sensitivity is a function 
of the particular LVDT and of the gain of 
the error amplifier. DC offsets may be 
nulled by using a simple offset adjustment 
circuit as indicated. 

The transducer is centered in its displace
ment and the offset adjust pot set for a 
zero meter reading. Once this procedure is 
completed, the circuit is capable of mak· 
ing measurements based on transducer 
displacement. Displacement sensitivity is 

a function of the LVDT transducer rated in 
volts-per-inch in addition to the transfer 
gain of the NE5520 demodulator. The in
put excitation is generally a fixed level as 
is the LVDT transducer transformer ratio. 
However, the auxiliary gain stage may be 
used to adjust the overall system sensitiv· 
ify. This section of the device is also used 
to obtain a low-pass active filter for the 
smoothing of demodulator ripple. The 
design examples use a simple VCVS low
pass filter which allows gain and cut-off 
frequency to be adjusted independently. 
Gain equals ten in the example. 

Note that using a single supply results in a 
DC common mode voltage at the output of 
one-half the reference voltage on pin 12. 
This voltage V R may be equal to but not 
greater than the supply voltage on pin 14. 

LVDT MEASURING CIRCUIT 
USING A DUAL SUPPLY 

A second mode of operation makes use of 
dual power supply. A common choice may 
be ± 5, ± 6, or ± 10 volts. Special consid
eration must be made in properly biasing 
the internal circuitry to operate under 
these conditions. Figure 20 shows a sim
ple design for working with ± 6-volt sup· 
plies. Special provisions for minimizing 

VERT 0.SVIDIV 

HOAIZ - 5Qµs&c/OIV 

Figure 18b 

DC power supply offsets may be made by 
using the NE5512 dual op amp as a track· 
ing voltage source and difference ampli
fier-output buffer (see Figure 9). A second 
method is to use a dual tracking regulator 
io supply the NE5520. 

LVDT IN CLOSED LOOP SERVO 

The LVDT provides an excellent method of 
obtaining position information for closed 
loop servo drive systems. Pressure rollers, 
hydraulic drivers, and motor driven linear 
motion transducers are a few of the gen
eral applications which may benefit from 
the accuracy and speed of response inher· ~==~ 
ent in the LVDT sensor. --------

A simple block diagram (Figure 21A) -~----
shows one possible application m which 
the NE5520 with LVDT sensor provides 
accurate position control in a closed loop 
servo. Linear motion from millimeters to 
inches of translational motion are possi-
ble using the LVDT technique. 

In practice the po$ition voltage may be the 
output of a DIA converter whict1 1n turn is 
activated digitally from a contro!hng 
microprocessor. Keyboard information or 
software commands are translated direct
ly into mechanical motion (Figure 2·1 BL 
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NE5520 LVDT MEASURING CIRCUIT WITH LIMIT DETECTOR 
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NE5520 POSITION SERVO WITH LVDT SENSOR 
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LVDT SIGNAL TRANSMISSION 
BY CURRENT LOOP 

In certain situations the demodulated out
put signal must be transmitted over long 
wires or cables before reaching the signal 
monitoring equipment. The receiver end 
may consist of chart recorders, digital 
panel meters and computers or micro
processors. In some systems many LVDT 
signals must be monitored from different 
locations thus requiring variable wire 
length between transmitter and receiver, 
thus a different line resistance in each 
case. If voltage feed were used, signal 
accuracy would be affected by line 
resistance. This need for accurate signal 
transmission necessitates the use of a 
current loop. A current loop develops a 
current exactly in proportion to the 
demodulated LVDT output voltage. It is 
not affected by line resistance within cer
tain limits governed by the current 
generator. 

One method of current loop transmission 
uses the VR/2 common mode reference to 
create a null balance signal circuit which 
is converted to a bipolar current signal 
corresponding to the LVDT transducer null 
(i.e. physical displacement center null po
sition at which zero current occurs). This 
method is shown In Figure 22 and requires 
the use of an external dual op amp, half of 
which Is used to provide a buffered refer
ence (VRJ2) voltage return for the current 
loop. With R2 = 200 ohms the current loop 
sensitivity Is 5 mllliamperes per volt of in
put signal. In all cases, the current output 
to the loop receiver will remain constant 
with fixed input voltage (LVDT demodula
tor)·even for varying line resistance up to 
600 ohms. This resistance must include all 
wire and load drops In the loop. Various 
full scale current limits require different 
supply voltages and without external sup
plies will be limited by op amp swing char
acteristics, for to force a given current 
across RL + R2 results In an ultimate volt
age limit from the op amp output In the 
current converter as total resistance In
creases. 

Another method uses an external supply 
and discrete transistor controlled by the 
closed loop op amp referenced to shunt 
resistor RsH in the emitter return circuit. 
This of course is a unipolar current loop. 
See Figure 23. 
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Some systems in common use require two 
wire source to include both the device 
operating current and the signal loop cur
rent. Thus the quiescent device current 
must be nulled out at the receiver end 
leaving the residual signal loop current. 
The NE5520 is not well suited to this par
ticular application since the device stand
by current is approximately 10 milli· 
amperes. 

A current loop operated from supply volt· 
age sources at the transducer location is a 
better choice for the operation of an out
put signal loop where long lines must 
carry locally generated LVDT signals after 
demodulation back to the monitor site. 

POSITIONING THE NE5520 LVDT 
3·WIRE REMOTE DRIVER 
DEMODULATOR SENSING HEAD 
The NE5520 may be placed in close prox
imity to the LVDT transducer provided the 
environment stays within device specifi· 
cations. This physical arrangement allows 
only DC supply and low frequency sign31 
lines (3 wires) being run between the 
transducer-conditioner unit and the signal 
processing station as shown in Figure 24. 

POSITIONING THE NE/SE5520 LVDT 3 WIRE REMOTE DEMODULATOR 
SENSING HEAD 

POWER 
SUPPLY 

AND 
DATA 

RECEIVER 

vcc 
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Figure 24 
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MULTIPLE TRANSDUCER OPERATION - SYNCHRONOUS OSCILLATOR MODE 
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INTRODUCTION 

In mid 1972, Signetics introduced the 
555 timer, a unique functional building 
block that has enjoyed unprecedented 
popularity. The timer's success can be 
attributed to several inherent character
istics foremost of which are versatility, 
stability and low cost. There can be no 
doubt that the 555 timer has altered the 
course of the electronics industry with 
an impact not unlike that of the l.C. 
operational amplifier. 

The simplicity of the timer in conjunc
tion with its ability to produce long time 
delays in a variety of applications has 
lured many designers from mechanical 
timers, op amps, and various discrete 
circuits into the ever increasing ranks 
of timer users. 

DESCRIPTION 

The 555 timer consists of two voltage 
comparators, a bistable flip-flop, a dis· 
charge transistor, and a resistor .divider 
network. To understand the basic con
cept of the timer let's first examine the 
timer in block form as in Figure 1. 

changes state and sets the flip-flop driv
ing the output to a high state. The 
threshold pin normally monitors the 
capacitor voltage of the RC timing net
work When the capacitor voltage 
exceeds 2/3 of the supply, the threshold 
comparator resets the flip-flop which in 
turn drives the output to a low state. 
When the output is in a low state, the 
discharge transistor is "on", hereby dis
charging the external timing capacitor. 
Once the capacitor is discharged, the 
timer will await another trigger pulse, 
the timing cycle having been completed. 

The 555 and its complement, the 556 
Dual Timer, exhibit a typical initial 
timing accuracy of 1 % with a 50ppm/°C 
timing drift with temperature. To oper
ate the timer as a one shot, only two 
external components are necessary; resis
tance & capacitance. For an oscillator, 
only one additional resistor is necessary. 
By proper selection of external com
ponents, oscillating frequencies from 
one cycle per half hour to 500KHz can 
be realized. Duty cycles can be adjusted 
from less than one percent to 99 percent 
over the frequency spectrum. Voltage 

555/556 TIMER FUNCTIONAL BLOCK DIAGRAM 

RESET 

Figure 1 

The resistive divider network is used to 
set the comparator levels. Since all three 
resistors are of equal value, the threshold 
comparator is referenced internally at 
2/3 of supply voltage level and the trig
ger comparator is referenced at 1 /3 of 
supply voltage. The outputs of the com
parators are tied to the bistable flip-flop. 
When the trigger voltage is moved below 
1 /3 of the supply, the comparator 

control of timing and oscillation func
tions is also available, 

Timer Circuitry 

The timer is comprised of five distinct 
circuits; two voltage comparators, a 
resistive voltage divider reference, a bi
stable flip-flop, a i:Jischarge transistor, 
and an output stage that is the "totem 
pole" design for sink or source capability. 

AN170 

01 o · 013 comprise a Darlington dif
ferential pair which serves as a trigger 
comparator. Starting with a positive 
voltage on the trigger; 010 and 011 
turn on when the voltage at pin 2 is 
moved below one third of the supply 
voltage. The voltage level is derived 
from a resistive divider chain consisting 
of R7, Rs and R9. All three resistors 
are of equal value (5K ohms). At fif
teen volts supply, the triggering level 
would be five volts. When 01 o and 01 1 
turn on, they provide a base drive for 
01s, turning it on. 016 and 011 form 
a bistable flip-flop. When 01 s is satu
rated, 016 is 'off' and 011 is saturated. 
016 and 011 will remain in these states 
even if the trigger is removed and 01 s 
is turned 'off'. While 011 is saturated, 
020 and 014 are turned off. 

The output structure of the timer is a 
"totem pole"design, with 022 and 024 
being large geometry transistors capable 
of providing 200mA with a fifteen volt 
supply. While 020 is 'off', base drive is 
provided for 022 by 021, thus provid
ing a high output. 

For the duration that the output is in 
a high state, the discharge transistor is 
'off'. Since the collector of 014 is typ
ically connected to the external timing 
capacitor, C, while 014 is off the timing 
capacitor now can charge thru the tim
ing resistor, RA. 

The capacitor voltage is monitored by 
the threshold Comparator ( 0 I · 04) 
which is a Darlington differential pair. 
When the capacitor voltage reaches two 
thirds of the supply voltage, the current 
is directed from 03 and 04 thru 01 and 
02. Amplification of the current change 
is proviLad by Os and 06. Os - 06 and 
01 · Os comprise a diode-biased ampli
fier. The amplified current change from 
06 now provides a base drive for 016 
which is part of the bistable flip-flop to 
change states. In doing so, the output is 
driven "low", and 014 the discharge 
transistor is turned "on" shorting the 
timing capacitor to ground. 

The discussion to this point has only 
encompassed the most fundamental of 
the timer's operating modes and cir
cuitry. Several points of the circuit are 
brought out to the real world which 
allow the timer to function in a variety 
of modes. It is important; more than 
that, it is essential that one understands 
all the variations possible in order to 
utilize this device to its fullest extent. 
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SCHEMATIC 555 OR 1/2 556 DUAL TIMER 

CONTROL VOLTAGE 

a, 

2 
TRIGGER c.>' ------, 

RESET 0------

7 
DISCHARGE 0-~ 

1 014 

GNO~ I 

~~ 
"" 100 

R10 

8.2K 

ALL RESISTOR VALUES ARE IN OHMS 

Reset Function 

Regressing to the trigger mode, it should 
be noted that once the device has trig
gered and the bistable flip-flop set, con
tinued triggering will not interfere with 
the timing cycle. However, there may 
come a time when it is necessary to in
terrupt or halt a timing cycle. This is the 
function that the reset accomplishes. 

In the normal operating mode the reset 
transistor, 02 s, is off with its base held 
high. When the base of 025 is grounded, 
it turns on, providing base drive to 014, 
turning it on. This discharges the timing 
capacitor, resets the flip-flop at 017, 
and drives the output low. The reset 
overrides all other functions within the 
timer. 

Trigger Requirements 

Due to the natu,.e of the trigger circuitry, 
the timer will trigger on the negative 
going edge of the input pulse. For the 
device to time out properly, it is nec
essary .that the trigger voltage level be 
returned to some voltage greater than 
one third of the supply before the time 
out period. This can be achieved by 
making either the trigger pulse suffi
ciently short or by AC coupling into 
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Figure 2 

the trigger. By AC coupling the trigger, 
see Figure 3, a short negative going pulse 
is achieved when the trigger signal goes 
to ground. AC coupling is most fre· 
quently used in conjunction with a 
switch or a signal that goes to ground 
which initiates the timing cycle. Should 
the trigger be held low, without AC 
coupling, for a longer duration than the 
timing cycle the output will remain in a 
high state for the duration of the low 
trigger signal, without regard to the 
threshold comparator state. This is due 
to the predominance of 01 s on the base 
of 016, controlling the state of the bi
st;,ble flip-flop. When the trigger signal 
then returns to a high level, the output 
will fall immediately. Thus, the output 
signal will follow the trigger signal in 
this case. 

Control Voltage 

One additional point of significance, the 
control voltage, is brought out on the 
timer. As mentioned earlier, both the 
trigger comparator, 01 o · Q13, and the 
threshold comparator, 01 · 04, are ref
erenced to an internal resistor divider 
network, R7, Ra, R9. This network es
tablishes the nominal two thirds of 
supply voltage (Vee) trip point for the 
threshold comparator and one third of 

a., 

OUTPUT 

023 B 

a,, 

... 
220 

a,. 

"" 4.7K 

AC COUPLING OF THE TRIGGER PULSE 

l ,,, 10~• 
~2 555 

l 
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Vee 1-----

113 Vee 

OvoLTS '----~------:-
~1 1 ... 

• 
SWITCH GROUNDED 

AT THIS POINT 

DURATION OF TRIGGER PULSE 
AS SEEN BY THE TIMER 

Figure 3 
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Vee for the trigger comparator. The two 
thirds point at the junction of R1, Ra 
and the base of 04 is brought out. By 
imposing a voltage at this point, the 
comparator reference levels may be 
shifted either higher or lower than the 
nominal levels of one third and two 
thirds of the supply voltage. Varying the 
voltage at this point will vary the timing. 
This feature of the timer opens a mul· 
titude of application possibilities such as 
using the timer as a voltage controlled 
oscillator, pulse width modulator, etc. 
For applications where the control voltage 
function is not used, it is strongly rec· 
ommended that a bypass capacitor 
(.Q1µF) be place across the control volt· 
age pin and ground. This will increase 
the noise immunity of the timer to high 
frequency trash which may monitor the 
threshold levels causing timing error. 

Monostable Operation 
The timer lends itself to three basic 
operating modes: 

1. Monostable (one shot) 
2. Astable (oscillatory) 
3. Time delay 

By utilizing any one or combination of 
basic operating modes and suitable var· 
iations it is possible to lftilize the timer 
in a myriad of applications. The applica· 
tions are limited only to the imagination 
of the designer. 

One of the simplest and most widely 
used operating modes of the timer is the 
monostable (one shot). This configura· 
tion requires only two external compo· 
nerits for operation (See Figure 4). The 
sequence of events starts when a voltage 
below one third Vee is sensed by the 
trigger comparator. The trigger is nor· 
mally applied in the form of a short 
negative going pulse. On the negative 
going edge of the pulse, the device trig· 
gers, the output goes high and the dis
charge transistor turns off. Note that 
prior to the input pulse, the discharge 
transistor is on, shorting the timing ca
pacitor to ground. At this point the tim· 
ing capacitor, C, starts charging thru the 
timing resistor, R. The voltage on the 
capacitor increases exponentially with a 
time constant T =RC. Ignoring capacitor 
leakage, the capacitor will reach the 
two thirds Vee level in 1.1 time con· 
stants or 

T=1.1 RC (1) 

where T is in seconds; R is in ohms and; 
C is in Farads. This voltage level trips 
the threshold comparator, which in turn 

MONOSTABLE OPERATION 
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ASTABLE OPERATION 
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I 
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Figure 5 

drives the output low and turns on the 
discharge transistor. The transistor dis· 
charges the capacitor, C, rapidly. The 
timer has completed its cycle and will 
now await another trigger pulse. 

Astable Operation 
In the astable (free run) mode, only one 
additional component, Rb is necessary. 

The trigger is now tied to the threshold 
pin. At power up, the capacitor is dis· 
charged, holding the trigger low. This 
triggers the timer, which establishes the 
capacitor charge path thru RA and Rs. 
When the capacitor reaches the thresh· 
old level of 2/3 Vee, the output drops 
low and the discharge transistor turns 
on. 
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The timing capacitor now discharges 
thru Rs. When the capacitor voltage 
drops to 1 /3 Vee, the trigger comparator 
trips, automatically retriggering the 
timer, creating an oscillator whose fre
quency is given by: 

f 1.49 
=(RA+ 2RB) C 

(2) 

Selecting the ratios or RA and Rs varies 
the duty cycle accordingly. Lo and be
hold, we have a problem. If a duty cycle 
of less than fifty percent is required, 
then what? Even if RA = 0, the charge 
time cannot be made smaller than the 
discharge time because the charge path 
is RA + Rs while the discharge path is 
Rs alone. In this case it becomes 
necessary to insert a diode in parallel 
with Rs, cathode toward the timing ca
pacitor. Another diode is desireable, but 
not mandatory, this one in series with 
Rs, cathode away from the timing ca
pacitor. Now the charge path becomes 
RA, thru the parallel diode into C. Dis
charge is thru the series diode and Rs 
to the discharge transistor. This scheme 
will afford a duty cycle range from less 
than 5% to greater than 95%. It should 
be noted that for reliable operation a 
minimum value of 3Kn for Rs is rec
ommended to assure that oscillation 
begins. 

METHOD OF ACHIEVING 
DUTY CYCLES LESS THAN 50% 

~--1? 
'! ~ "• 

... 
OR 

1/2 555 

Time Delay 

If 

Figure 6 

In this third basic operating mode, we 
aim to accomplish something a little 
different from monostable operation. In 
the monostable mode, when a trigger 
was applied, the output immediately 
changed to the high state, timed out, 
and returned to its pre-trigger low state. 
in the time delay mode, we require the 
output not to change state upon trig
gering, but at some precalculated time 
after trigger is received. 
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The threshold and trigger are tied to· 
gether monitoring the capacitor voltage. 
The discharge function is not used. The 
operation sequence begins as transistor 
(Ti) is turned on, keeping the capacitor 
grounded. The trigger sees a low state 
and forces the timer output high. When 
the transistor is turned off the capacitor 
commences its charge cycle. When the 
capacitor reaches the threshold level, 
then and only then does the output 
change from its normally high state to 
the low state. The output will remain 
low until Ti is again turned on. 

GENERAL DESIGN 
CONSIDERATIONS 
The timer will operate over a guaranteed 
voltage range of 4.5 volts to 1.5 volts 
DC, with 16 VDC being the absolute 
max. rating. Most of the devices, how
ever, will operate at voltage levels as low 
as 3 VDC. The timing interval is inde
pendent of supply voltage since the 
charge rate and threshold level of the 
comparator are both directly proportion
al to supply. The supply volatage may be 
provided by any number of sources: 
however, several precautions should be 
taken. The most important, the one 
which provides the most headaches if 
not practiced, is good power supply 
filtering and adequate bypassing. Ripple 
on the supply line can cause loss of tim
ing accuracy. The threshold level shifts 
causing a change of charging current. 
This will cause a timing error for that 
cycle. 

Due to the nature of the -output struc
ture, a high power totem pole design, 
the output of the timer can exhibit large 
current spikes on the supply line. By
passing is necessary to eliminate this 
phenomenon. A capacitor across the Vee 
and ground, ideally, directly across the 
device is necessary. The size of capacitor 
will depend on the specific application. 
Values of capacitance from .01µF to 
1 OµF are not uncommon. Note that the 
bypass capacitor would be as close to 
the device as physically possible. 

Selecting External 
Components 

In selecting the timing resistor and ca
pacitor, there are several considerations 
to be taken into account. 

Stable external components are neces
sary for the RC network if good timing 
accuracy is to be maintained. The timing 
resistor{s) should be of the metal film 
variety if timing accuracy and repeata
bility are important design criteria. The 
timer exhibits a typical initial accuracy 
of one percent. That is, with any one 
RC network, from timer to timer only 
one percent change is to be expected. 
Most of the initial timing error (i.e. de
viation from the formula) is due to in
accuracies of external components. Re
sistors range from their rated values by 
.01 % to 10 and 20 percent. Capacitors 
may have a 5 to 10 percent deviation 
from rated capacity. Therefore, in a 
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system where timing is critical, an adjus
table timing resistor or precision com
ponents are necessary. For best results, 
a good quality trim pot, placed in series 
with the largest feasible resistance will 
allow for best adjustability and perfor
mance. 

The timing capacitor should be a high 
quality, stable component with very low 
leakage characteristics. Under no cir
cumstances should ceramic disc capaci
tors be used in the timing network! 
Ceramic disc capacitors are not suffi
ciently stable in capacitance to operate 
properly in an RC mode. Several accept
able capacitor types are: silver mica, 
mylar, polycarbonate, polystyrene, tan
tulum or similar types. 

The timer typically exhibits a small nega
tive temperature coefficient (50ppm/°C). 
If timer accuracy over temperature is a 
consideration, timing components with 
a small positive temperature coefficient 
should be chosen. This combination will 
tend to cancel timing drift due to tem
perature. 

In selecting the values for the timing 
resistors and capacitor, several points 
should be considered. A minimum value 
of threshold current is necessary to trip 
the threshold comparator. This value is 
.25µA. To calculate the maximum value 
of resistance, keep in mind that at the 
time the threshold current is required, 
the voltage potential on the threshold 
pin is two thirds of supply. Therefore: 

Vpotential = V cc-· Vcapacitor 

Vpotential = V cc - 2/3 V cc = 
1 /3 Vee 

Maximum resistance is then defined as 

R _Vee - Vcan max - ··-~--"'=
'thresh 

Example: Vee= 15V 

15 - 10 n 
Rmax =.25 (1Q-6) = 20M 

Vee= 5V 

5 - 3.33 
Amax= .25 (10-6) 6.6MQ 

(3) 

NOTE: If using a large value of timing 
resistor, be certain that the capacitor 
leakage is significantly lower than the 
charging current available to minimize 
timing error. 

On the other end of the spectrum, there 
are certain minimum values of resistance 
that should be observed. The discharge 
transistor, 014, is current limited at 
35mA to 55mA internally. Thus, at the 
current limiting values, 014, establishes 
high saturation voltages. When examining 
the currents at 014, remember that the 
transistor, when turned on will be carry
ing two current loads. The first being 
the constant current thru timing res•s· 
tor, RA. The second will be the varying 
discharge current from the timing capac
itor. To provide best operation the cur
rent contributed by the RA path should 
be minimized so that the majority of 
discharge current can be used to reset 
the capacitor voltage. Hence it is rec· 
ommended that a 5K ohm value be the 
minimum feasible value for RA. This 
does not mean lower values cannot be 
used successfully in certain applications. 
Yet there are extreme cases that should 
be avoided if at all possible. 

Capacitor size has not proven to be a 
legitimate design criteria. Values ranging 
from picofarads to greater than one 
thousand microfarads have been used 
successfully. One precaution need be 
utilized though. (It should be a cardinal 
rule that applies to the usage of all I C's.) 
Make certain that the package power 
dissipation is not exceeded. With ex
tremely large capacitor values, a max
imum duty cycle which allows some 
cooling time for the discharge tran
sistor, may be necessary. 

The most important characteristic of 
·the cap9citor should be as low a leakage 
as possible. Obviously any leakage will 
subtract from the charge count causing 
the calculated time to be longer than 
anticipated. 

Control Voltage 

Regressing momentarily, we recall that 
the control voltage pin is connected 
directly to the threshold comparator at 
the junction of Ro, or Rs. The combina
tion of R7, Rs and R9 corn prise the 
resistive voltage divider network that es
tablishes the nominal 1 /3 Vee trigger 
comparator level (junction Rs, R9) and 
the 2/3 Vee level for the threshold com
parator (junction R7, Rs). 

For most applications, the control volt
age function is not used and therefore 
is bypassed to ground with a small capac
itor for noise filtering. The control volt
age function, in other applications be
comes an integral part of the design. By 
imposing a voltage at this pin, it becomes 
possible to vary the threshold compara· 
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tor "set" level above or below the 2/3 
Vee nominal, hereby varying the timing. 
In the monostable mode, the control 
voltage may be varied from 45 percent 
to 90 percent of Vee. The 45 to 90 per
cent figure is not firm, but only an in
dication to a safe usage. Control voltage 
levels below and above those stated have 
been used successfully in some applica
tions. 

In the oscillatory (free run) mode, the 
control voltage limitations are from 1.7 
volts to Vee. These values should be 
heeded for reliable operation. Keep in 
mind that in this mode the trigger level 
is also important. When the control volt
age raises the threshold comparator level 
it also raise the trigger comparator level 
by one half that amount due to Rs and 
R9 of Figure 2. As a voltage controlled 
oscillator, one can expect ±25% around 
center frequency (fol to be virtually 
linear with a normal RC timing circuit. 
For wider linear variations around Fo it 
may be desireable to replace the charging 
resistor with a constant current source. 
In this manner the exponential chargir.g 
characteristics of the classical configura
tion will be altered to linear charge time. 

Reset Control 

The only remaining function now is the 
reset. As mentioned earlier, the reset, 
when taken to ground, inhibits all device 
functioning. The output is driven low, 
the bistable flip-flop is reset, and the 
timing capacitor is discharged. In the 
astable (oscillatory) mode, the reset can 
be used to gate the oscillator. In the 
monostable it can be used as a timing 
abort to either interrupt a timing se
quence or establish a standby mode (i.e. 
- device off during power up). It can 
also be used in conjunction with the trig
ger pin to establish a positive edge trig
gered circuit as opposed to the normal 
negative edge trigger mode. One thing 
to keep in mind when using the reset 
function is that the reset voltage (switch
ing) point is between 0.4 V and 1.0V 
(min/max). Therefore, if used in con
junction with the trigger, the device will 
be out of the reset mode prior to reach
ing 1 volt. At that point the trigger is in 
the "turn on" region, below 1 /3 Vee. 
This will cause the device to trigger im
mediately, effectively triggering on the 
positive going edge if a pulse is applied 
to pins 4 and 2 simultaneously. 

FREQUENTLY ASKED 
APPLICATIONS QUESTIONS 

The following is a harvest of various mal
adies, exceptions, and idiosyncracies 
that may exhibit themselves from time 
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to time in various applications. Rather 
than cast aspersions, a quick review of 
this list may uncover a solution to the 
problem at hand .. 

1. In the oscillator mode when reset is 
released the first time constant is ap.
proximately twice as long as the rest. 
Why? 

Answer: In the oscillator mode the 
capacitor voltage fluctuates between 
1 /3 and 2/3 of the supply voltage. 
When reset is pulled down the capaci
tor discharges completely. Thus for 
the first cycle it must charge from 
ground to 2/3. Vee which takes twice 
as long. 

2. What is maximum frequency of 
oscillations? 

Answer: Most devices will oscillate 
about 1 M Hz. However, in the in
terest of temperature stability one 
should operate only up to about 
500kHz. 

3. What is temperature drift for oscilla
tor mode? 

Answer: Temperature drift of oscilla
tor mode is 3 times that of one shot 
mode due to addition of second volt· 
age ccmparator. Frequency always 
increases with an increasing tempera· 
ture. Therefore it is possible to par
tially offset this drift with an off· 
setting temperature coefficient in the 
external resistor/capacitor combina· 
tion. 

4. Oscillator exhibits spurious oscilla
tions on cross over points. Why? 

Answer: The 555 can oscillate due to 
feedback from power supply. Always 
bypass with sufficient capacitance 
close to the device for all applica
tions. 

5. Trying to drive a relay but 555 hangs 
up. How come? 

Answer: Inductive feedback. A clamp 
diode across the coil prevents the coil 
from driving pin 3 below a negative 
.6 volts. This negative voltage is suffi· 
cient in some cases to cause the timer 
to malfunction. The solution is to 
drive the relay through a diode thus 
preventing pin 3 from ever seeing a 
negative voltage. 

6. Double triggering of the TTL loads 
sometimes occurs. Why? 

Answer: Due to the high current ca
pability and fast rise and fall times of 
the output a totem pole structure 
different from the TTL classical struc· 
ture was used. Near TTL threshold 
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this output exhibits a cross over dis· 
tortion which may double trigger log· 
ic. A 1000 pF capacitor from the out· 
put to ground will eliminate any false 
triggering. 

7. What is the longest time I can get out 
of the timer? 

Answer: Times exceeding an hour are 
possible, but not always practical. 
Large capacitors with low leakage 
specs are quite expensive. It becomes 
cheaper to use a countdown scheme 
(see Figure 15) at some point depen
dent on required accuracy. Normally 
20 to 30 min. is the longest feasible 
time. 

DRIVING HIGH 0 INDUCTIVE LOADS 

Vee 

o, 

1 5 °"! RELAY 

I c"--i-1-...,..~ .• ,...., / o, 

TRIGGER :_J 1 o--1 
Figure 8 

DESIGN FORMULAS 

Before entering the section on specific 
applications it is advantageous to review 
the timing formulas. The formulas given 
here apply to the 555 and 556 devices. 

MONOSTABLE TIMING 

Figure 9a 
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TRUE TIME DELAY 

Vee 

"• 

T • 1.1 RAC 
(T • TIME BEFORE i OUTPUT GOES LOW) 

Figure 9b 

MODIFIED DUTY CYCLE (ASTABLE) 
Vee 

"· 

"• 

l1(0UTPUT HIGH) • 0.17 RAC C 

'•ouTPur Low1 • o . ., Rae I-=-
T • 11 + t2(TOTAL PERIOD) 

1 
I•

T 

Figure 9c 

ASTABLE TIMING 

' 

Vee"• 

"• 

t1{0UTPUT HIGH) = 0.67 (RA + R9)C I c 
t2{0UTPUT LOW) • 0.67 (R8)C "':'" 

T .. t, + tz(TarAL PERIOD) 
, 1.49 

l=-=---
T (RA • 2Ra)C Re 

D(OUTY CYCLE) = fi;+2Re 

Figure 9d 

APPLICATIONS 

The timer since introduction has spurred 
the imagination of thousands. Thus the 
ways in which this device has been used 
are far too numerous to present each 
one. A review of the basic operation and 
basic modes has previously been given. 
Presented here are some ingenious appli· 
cations devised by our applications en· 
gineers and by some of our customers. 
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Missing Pulse Detector 

Using the circuit of Figure 10a, the timing 
cycle is continuously reset by the input pulse 
train. A change in frequency, or a missing 
pulse, allows completion of the timing cycle 
which causes a change in the output level. 
For this application, the time delay should be 
set to be slightly longer than the normal time 
between pulses. Figure 10b shows the actual 
waveforms seen in this mode of operation. 

HEMATIC DIAGR-;;:;--

+ Vee (5 TO 15\/) 

OU1'PUT 
~ .. -l 

I 

, I 10 

INPUTP{ I 
Figure 10a 

EXPECTED WAVE FORMS 

CAPACITOR VOLTAGE 5VICM 

RA 1K!!C "'.09-F 

Figure 10b 

Frequency Divider 

If the input frequency is known, the timer 
can easily be used as a frequency divider by 
adjusting the length of the timing cycle. 

OUTPUT 

SCHEMATIC DIAGRAM 

+Vee (5 TO 15\/) 

4 
2 

Figure 11a 

I VOt.TAGE 
-=" .011'F 

EXPECTED WAVE FORMS 

I= 0.1 MS/CM 
RA = 125011 C = .02µF 

Figure 11b 

Figure 11 b shows the waveforms of the timer 
in Figure 11a when used as a divide by three 
circuit. This application makes use of the fact 
that this circuit cannot be retriggered during 
the timing cycle. 

Pulse Width Modulation 
(PWM) 

In this application, the timer is connected in 
the monostable mode as shown in Figure 
12a. The circuit is triggered with a continuous 
pulse train and the threshold voltage is modu
lated by the signal applied to the control 
voltage terminal (pin 5). This has the effect of 
modulating the pulse width as the control 
voltage varies. Figure 12b shows the actual 
waveform generated with this circuit. 

DEVICE SCHEMATIC 

+Vee (5TO15\/) 

1---t---- "• 
I 

' 8 OUTPUTO---" 3 7 

CLOCK 
INPUT O--- 2 

NE/SE 555 6 J :t 

Figure 12a 

--=~---a MODULATION 
INPUT 

EXPECTED WAVE FORMS 

t = 0.5 MSICM 

MODULATION INPUT -·2V/CM 

Figure 12b 
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Pulse Position Modulation 
(PPM) 

This application uses the timer connected for 
astable (free-running) operation. Figure 13a, 
with a modulating signal again applied to the 
control voltage terminal. Now the pulse posi
tion varies with the modulating signal, since 
the threshold voltage and hence the time 
delay is varied. Figure 13b shows the wave
form generated for triangle wave modulation 
signal. 

SCHEMATIC DIAGRAMS 
+Vee (5 TO 15\/) 

OUTPUT 

MODULATION 
INPUT 

Figure 13a 

EXPECTED WAVE FORMS 
t = 0.1 MS/CM 

MODULATION INPUT - 2\//CM 

Figure 13b 

TONE BURST GENERATOR 

R, R, 
2K 
MIN~-----, 

2K MIN 

12 

558 

'I 10 9 -<:I OUTPUT 
7 11 

01+ :f' 
ALL RESISTOR VALUES ARE IN OHMS 

Figure 14 
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Tone Burst Generator 
SEQUENTIAL TIMER 

The 556 Dual Timer makes an excellent tone 
burst generator. The first half is connected as 
a one shot and the second half as an oscilla
tor. (Figure 14) 

The pulse established by the one shot turns 
on the oscillator allowing a burst to be genera
ted. 

Sequential Timing 

One feature of the dual timer is that by utiliz
ing both halves it is possible to obtain sequen
tial timing. By connecting the output of the 
first half to the input of the second half via a 
.001µfd coupling capacitor sequential timing 
may be obtained. Delay t1 is determined by 
the first half and t2 by the second half delay. 
(Figure 15) 

556 

IC' 
.001 -:- 1µF 

INPUT o-i ,_.,_._ __ __. 
11 

ALL RESISTOR VALUES ARE IN OHMS 

12· 

13 

"• 130K 10K 

c, 
~ 50µF 

.001 
1----_._-0 OUTPUT 1 

1-------o OUTPUT 2 

The first half of the timer is started by momen
tarily connected pin 6 to ground. When it is. 
timed out (determined by 1.1 R1C1) the sec
ond half begins. Its duration is determined by 
1.1 R2C2. Figure 15 

METHOD OF ACHIEVING LONG TIME DELAYS 

LONG TIME COUtffER 
(HOURS, DAYS, WEEKS, ETC.) 

-----~~--..---...--0 v,, 

"• 
(SM) 

"• 
(SK) 

14 

-------<2 112-556 5 N8281 

10K 

INPUT FROM 
N8281 COUNTER 

(30MIN.) \ 

(1 HOUR) .OlµF 

(2 HOURS) 0--i 
(4 HOURS) 

CLOCK TO NEXT N8281 

10 14 

13 

12 1/2-556 9 OUTPUT 

11 c 
J(130«F) 

i T.01µF_J_'•_,_• ___ ~--.----~c~o~u•~r-••_•_o_•_Lo_•_a_••_..._ _ _..._~ 
~ TIMES 

.01µF 

TOTAL PERIOD = .693 {RA + 2Aa) C 
(EXAMPLE VALUES SET FOR APPROX. 15 MIN.) 

OUTPUT PULSE WIDTH, T = 1.1RC 

ALL RESISiOR VALUES ARE IN OHMS 

Long Time Delays 

In the 556 timer the timing is a function 
of the charging rate of the external ca
pacitor. For long time delays expensive 
capacitors with extremely low leakage 
are required. the practicality of the com· 
ponents involved limits the time between 
pulses to something in the neighbor
hood of twenty minutes. 

To achieve longer time periods both 
halves may be connected in tandem with 
a "divide-by" network in between. 
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Figure 16 

The first timer section operates in an 
oscillatory mode with a period ot 1 /fo. 
This signal is then applied to a "Divide
by-N" network to give an output with 
the period of N/fo. Th is can then be 
used to trigger the second half of the 
556. The total time is now a function 
of N and fa (Figure 16). 

Speed Warning Device (1) 

Utilizing the "missing pulse detector" 
concept, a speed warning device, such as 

depicted, becomes a simple and inex
pensive circuit (Figure 17a). 

Car Tachometer (1) 

The timer receives pulses from the distri
butor points. Meter M receives a cali
brated current thru R6 when the timer" 
output is high. After time out the meter 
receives no current for that part of the 
duty cycle. Integration of the variable 
duty cycle by the meter movement pro
vides a visible indication of engine speed 
(Figure 18). 
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R11 

SCHEMATIC OF SPEED WARNING DEVICE OPERATING WAVE FORMS OF 
SPEED WARNING DEVICE 

R, .......... 
tOK 

t4 10 
12 

1/2-5H 13 

14 

1/2-551 • 
11 

tOK 

PIN8 

PIN Iv , .. 
PIN 5 

PIN 8 

OUT t----~--. 

15"F .Ot"F PIN 9 

Figure 17a 

TACHOMETER 

R, 
15 

t2VO--~-+----'\""-"~...-~-..~~~--~~~~~~~-..~~ 

DISTRl8UTOR 
POINTS 

I 

IGNITION 
COIL 

•• c, 

IV I'""' tNHO 

R1 C, 
1K O.t,11F 

R2 
SK 

ALL RESISTOR VALUES ARE IN OHMS 

Figure 18 

R, R, 
SOK SK 

... 
:zoot< 
CALIBRATOR 

DC 
50"A 
FULL 
SCALE 

Figure 17b 
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Oscilloscope Triggered 
Sweep 
The 555 timer holds down the cost of adding a 
triggered sweep to an economy oscilloscope. 
The circuit's input op amp triggers the timer, 
setting its flip-flop and cutting off its discharge 
transistor so that capacitor C can charge. 
When capacitor voltage reaches the timer's 
control voltage (0.33V eel. the flip-flop resets 
and the transistor conducts, discharging the 
capacitor (Figure 19). 

Greater linear~y can be achieved by substi· 
tuting a constant current source for the fre
quency adjust resistor (R). 

°'"FROM 
VERTICAL 
AMPLIFIER 1 M 

ADJUST 

Square Wave Tone Burst 
Generator (4) 
Depressing the pushbutton provides 
square-wave tone bursts whose duration 
depends on the duration for which the 
voltage at pin 4 exceeds a threshold. 
Components Rt, R2 and Ct causes the 
astable action of the timer IC (Figure 6-20). 

Regulated DC-to-DC 
Converter (2) 
Regulated DC to DC converter produces 15V 
DC outputs from a + 5V DC input. Line and 
load regulation is 0.1% (Figure 21). 

SCHEMATIC OF TRIGGERED SWEEP 

2K 
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Voltage to Pulse Duration 
Converter (1) 

Voltage levels can be converted to pulse dura
tions by combining an op amp and a timer IC. 
Accuracies to better than 1 % can be obtained 
with this circuit (a) and the output signals (b) 
still retain the original frequency, independent 
of the input voltage (Figure 22). 

SIGNETICS NE555 

+Vee 

1 K FREQUENCY 
ADJUST 

+Vee 

100K A/ 
O TO 

1M 

+ Vccl !::slTIVITY 

~-------t-r-""--r--<J HORIZONTAL 

100K 

TRIGGER 
LEVEL 

-:- ADJUST -Yee 

ALL RESISTOR VALUES ARE IN OHMS 
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--....-- AMPLIFIER 

10K TRIGGER 
SK 10kHz - RANGE 

1 [MHz / 100;i:~ 100 Hz 

I 10kHz + 
c T "o,;001 To. 1,,F T 1D11F 

L------...-----'+---+------' ~ 

Figure 19 

SQUARE WAVE TONE BURST GENERATOR 

Vee (s-1sv) 

.. J IPB 
I SW 

R5 
2.2K 

OUTPUT 

---OJLJLJLJl_ 

R2 
4.7M 

~__.~,..,...-...--;4 NESSS 6 t------1 
R4 
1.SK 

ALL RESISlORS VALUES IN OHMS 

Figure 20 

c, 
1000pF 
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REGULATED DC TO DC CONVERTER 

+15V UNREG 
12 11 

6 10 

REMOTE SHUTDOWN 

? PEAK INVERSE 110V 

I 
+6VDC a ! 

0.1µFl 

µA723 

1 
BACK EMF 2 

5 
7 

1001tf 

GND 

ru _, I•·· 30µSEC 

ALL RESISTOR VALUES IN OHMS 

• SHAFER MAGNETICS 
COVINA, CALIF. 
(213) 331-3115 

Vcc+1sv 

OFFSET SK 
ADJUST 

2.SK 

VIN" 
10K 100K 

VREF 100K 

213 Vee 

15V 

+30V 

II " 

"SMC3359 

2A 
1N2071 

Figure 21 

12 
6 

.-----ts 

Ra 
22K 

7 

VOLTAGE-TO-PULSE-DURATION CONVERTER 

PULSE GENERATOR Your OR SYSTEM CLOCK 
FOR 
V1N=O 

1M 

Your 
FOR 
V1N=V1 

C1 YouT 1µF 

47K -15V Your FOR 

V1N=V2 2N3842 

ALL RESISTOR VALUES IN OHMS 

Servo System 
Controller (1) 

To control a servo motor remotely, the 555 
needs only six extra components !Figure 6-
23>. 

V2 V1 

• V1N IS LIMITED TO 2 

DIODE DROPS WITHIN 
GROUND OR BELOW 

Vee 

Figure 22 

Stimulus Isolator (5) 

Stimulus isolator uses a photo-SCA and a 
toroid for shaping pulses of up to 200V at 
2001'A (Figure 24). 

R11 1 C12 
5.6 0.1µF 

___ ] 

Voltage to Frequency 
Converter 
(0.2% Accuracy) (6) 

Linear voltage-to-frequency converter (a) 
achieves good linearity over the Oto - 10V. Its 
mirror image (b) provides the same linearity 
over the 0-to + 1 OV range but is not DTL/TTL 
compatible (Figure 25a & b). 
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Vee 

555 

0.1µF 

TRANSMITTER 

ALL RESISTOR VALUES IN OHMS 

SERVO SYSTEM CONTROLLER 

v 
TO PIN 8 
OF 843 

Ra 
100 

11.50 
MOTOR 

' 7 9 ~-v----~ ' I 
._, _ _,_....,._.,._. R9 I 

\ 
\ vo---v..,.,__~ 

R1 
58K 

\ R 
\ s:K I 4.7µF I 4.7µF 

\ -=- -=-\__ ______ T __ _ 

I 
I 

TO CONTROL SURFACE 

Figure 23 

STIMULUS ISOLATOR 

220 

TO PIN 5 
OF 543 

I 
I 

_ _I 

.,,,nl r---. l~:,-rFfF. ,., 
-=- l GATED I I 

I I PULSE GEN, 1' 1' 

I I I I I' 

I ; ;--- ~SK 0,N.:11 

10K 

PULSE 
IN 

'i 1- , , I f-1 ! "[ I 
-=- NE555 I +--- i ~ I ii 

. , L-4 , I 1"' I 
_L • , I 

~~--·~ T 0.01 I ! ~ : MONSANTO 

~~-~J .... ,, r.,,,-1---r' .c.. I =11 ----rl-1: .... ~; ~~=~ 1 T PIV I ~ ""'·""'" '0~-~-~ "" l :;{ t ~~:,} •• ~L 
\,\c.!) 200 PIV ~ 1 ~ ·;~ 
'1 TURN I 

1K -~ _i ______ - I- _L ii i ·~~~· 
L_ ____ _Lj____t:'•' -L-l-----o 

"POWER RATING OIEPENOS ON DUTY CYCLE 
FROM 1/2W FOR 20-25% OUTY CYCLE TO t5-20W 
FOR 75-90% DUTY CYCLE 

ALL RESISTOR VALUES IN OHMS 

Figure 24 
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VOL TAGE-TO-FREOUENCV CONVERTER (0.2% ACCURACY) 

"' INPUT 100K 
0 TO 10Y 

100K ., 
SM 

ALL RESISTOR VALUES IN OHMS 

Positive to Negative 
Converter (7) 

Figure 2Sa 

Transformerless de-de converter derives a 
negative supply voltage from a positive. As a 
bonus the circuit also generates a clock 
signal. 

The negative output voltage tracks the de 
input voltage linearity (a), but its magnitude is 
about 3V lower. Application of a soon load, 
(b), causes 10% change from the no-load 
value (Figure 26a, b, & c). 

POSITIVE TO NEGATIVE CONVERTER 
Vee 2kHz CLOCK 

"• :3JK 

1N916 

1N916 

10K [-VouT 

1--..__~~-4-~->-~-+-~~F 

ALL RESISTOR VALUES ARE IN OHMS 

Figure 26a 

Auto Burglar Alarm (8) 

Timer A produces a safeguard delay, allowing 
driver to disarm alarm and eliminating 
vulnerable outside control switch. The SCR 
prevents timer A from triggering timer B, 
unless timer B is triggered by strategically 
located sensor switches (Figure 27). 

1'V 

I 

NE H5 

"• 
RAMlt OUTP'UT 

c, 
1000pl' 

UV -15V ., 9 9 
"• 100K 7 

INPUT 
10K OTO 10\1 

OUTPUT 

av 

OUTPUT 

NISH 

"• c, 
100K 20pF 

Figure 25b 

12 I 
RL = 500 OHMS t-,.1H /lt--

S :~ rrr -- -+ I y LJ 

§ 9f--t I tt-t--~t-1 
T v I i T t-+-+--r-+-f- J7f+- -t+'" 

"' . : v i L 
!:! f--t v +.L 
fi 4 I v 
ffi 3 -1-+f ·--~ r
z ± l l 

I I I t--1--+--+--+---+I -+--/-

1 2 3 4 5 6 7 8 9 10 11 12 1314 15 

POSITIVE SUPPLY 

figure 26b 

--/-

-111\1 

10 100 1000 10K 100K 

LOAD RESISTANCE 

Figure 26c 
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Cable Tester (9) 

Compact tester checks cables for open-circuit 
or short-circuit conditions. A differential tran
sistor pair at one end of each cable line 
remains balanced as long as the same clock 
pulse-generated by the timer IC - appears at 
both ends of the line. A clock pulse just at the 
clock end of the line lights green light-emitting 
diode, and a clock pulse only at the other end 
lights a red LED (Figure 28). 

Low Cost Line Receiver (10) 

The timer makes an excellent line receiver for 
control applications involving relatively slow 
electro-mechanical devices. It can work 
without special drivers over single unshielded 
lines (Figure 29). 

AUTO BURGLAR ALARM 

8, 7 TIMER 

ON 
PUSH 

1K 

ON/OFF SLIDE SWITCH~ 

24K 

JlµF 

6,7 TIMER 3 

10-- IGNITION 

.;.BAT 

TURN ON 
RESET 

ALARM 
OUTPUT 

r-r BUTTON 

or-<>--i 
0.001µF 24K 

D2 

I ~ -::- !.. FRONT 
DOOR 
JAMB 
SWITCH 

... eAT 

... :~ 
I SCR 

oP 241( -=-

TIMER StGNETJCS NESSS 

ALL RESISTOR VALUES IN OHMS 

CABLE TESTER 

_TO CASE AND 
CONNECTOR SHELLS 

PUSH 1'.0 
TEST 

Figure 27 

- • ...L 0--+11--0 0--0 

FAULT INDICATION 

QFIEEN:OPEN 
R!D: SHOAT 
DARK: OK 

71J Vdc 
BATTERY 

Figure 28 

- - ~PARALLEL 
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1 1 
-=- -=-
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RED 

RED 
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\\ 

+BAT 

220 

220 

220 

220 

220 

220 

220 

220 

D1 SILICON SIQNAI. CllODE 
Da 1-A BILICON DIODE 
0 1 200 mW·npn SILICON, 

2N21H OR 1l22N2103 
TIMEA SIQNETICS NEISHV 
LED MONSANTO MVIJ4t1 
•11tw R!SISTORS 

(1) 

(2) 

(3} 

(4) 

~ 
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LOW COST LINE RECEIVER 

Vcc+SV 

Temperature Control (11) 

A couple of transistors and thermistor in the 
charging network of the 555-type timer enable 
this device to sense temperature and produce 
a corresponding frequency output. The circuit 
is accurate to within ± 1 Hertz over a 78°F 
temperature range {Figure 30a & b}. 

Automobile Voltage 
Regulator (12) 

INPUT 100K 

OUTPUT 

555 

5 1 4 

1 1 _,b. ~TROBE 
0.001- -J 0.1µF l 0.1µF 

Monolithic 555-type timer is the heart of this 
simple automobile voltage regulator. When 
the timer is off so that its output (pin 3) is low, 
the power Darlington transistor pair is off. If 
battery voltage becomes too low (less than 
14.4 volts in this case), the timer turns on and 
the Darlington pair conducts (Figure 31) 

ALL RESISTOR VALUES ARE IN OHMS 

Figure 29 

TEMPERATURE CONTROL 

Yee (5-15 Vdc) 

2.7K 

OUTPUT 

Ar 
5.000 
® 25•c 

1.04µ.F 
(POLY 

JcARBONATE) 

TEMPERATURE (F) 

ALL RESISTOR VALUES ARE IN OHMS 

Figure 30a Figure 30b 

AUTOMOBILE VOLTAGE REGULATOR ro BATTERY AND 

ALTERNATOR OUTPUT 
VIA FIELD RELAY AND 
IGNITION SWITCH 

TURN OFF 
ADJUST.--~.~-

TURN ON 
ADJUST 

20K 6 SIGNETICS 5 
NE555 

20K < ~----~-+-<2 TIMER 

TO COIL TERMINAL -:
ON STARTER RELAY --~NV--.--C 
FROM IGNITION SWITCH 

• CAN BE ANY GENERAL PURPOSE 
SILICON DIODES OR 1N4157 DEVICE 

• * CAN BE ANY GENERAL PURPOSE 
stLICON TRANSISTOR 

ALL RESISTOR VALUES ARE IN OHMS 

2.2K 

Figure 31 

2.2K 

POWER 
DARLINGTON 
MOTOROLA 
MJE 1090 

o, j 
o, I ~,N"'91"•"'"· --t-TO-A-LT_E_R~NATOR FIELD COIL 

D4 >-1 D5 0 1 

1N5229 + 1N4001 ":" 
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Switching Regulator (13) 

The basic regulator of Figure 32 is shown 
here with its associated timing and pulse 
generating circuitry. The block diagram illus
trates how the over-all regulator works. The 
multivibrator determines switching frequency, 
and the error amplifier adjusts the pulse width 
of the modulator to maintain output voltage at 
the desired level. The output resistor divider 
provides the sensing voltage. (Figure 35). 

DC-to-DC Converter (14) 

DC TD DC CONVERTER 

+V 

Figure 32 

Ramp Generator (14) 

+vRAMP GENERATOR 

~10K 
TRIGGER I 8 

OUT 

Figure 33 

Audio Oscillator (14) 

AUDIO OSCILLATOR 

+V 

11Qcj 
1.49 

f=----
(R. • 2R8)C 

Figure 34 
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Low Power Monostable 
Operation 

In battery operated equipment where 
load current is a significant factor figure 
36 can deliver 555 monostable operation 
at low standby power. This circuit inter
faces directly with CMOS 4000 series 

and 74 LOO series. During the monostable 
time, the current drawn is 4.5mA for 
T = 1.1 RC. The rest of the time the cur
rent drawn is less than 50µA. Circuit 
submitted by Karl Imhof, Executone 
Inc., Long Island City, NY. 

In other low power operations of the 
timer where Vee is removed until timing 

AN170 

is needed, it is necessary to consider the 
output load. It the output is driving the 
base of a PNP transistor, for example, 
and its power is not removed, it will sink 
current into pin 3 to ground and use 
excessive power. Therefore, when driving 
these types of loads, one should recall 
this internal sinking path of the timer. 

.-----------------------------------------·-~------·------------
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INTRODUCTION 

The 558 is a monolithic Quad Timer designed 
to be used in the timing range from a few 
microseconds to a few hours. Four entirely 
independent timing functions can be 
acheived, using a timing resistor and capaci
tor for each section. Two sections of the quad 
may be interconnected for astable operation. 
All four sections may be used together, in tan
dem, for sequential timing applications up to 
several hours. No coupling capacitors are 
required when connecting the output of one 
timer section to the input of the next. 

FEATURES 

• 100mA OUTPUT CURRENT PER SEC
TION 

• EDGE TRIGGERED (NO COUPLING CA
PACITOR) 

• OUTPUT INDEPENDENT OF TRIGGER 
CONDITIONS 

• WIDE SUPPLY VOLTAGE RANGE 4.SV 
TO 16V 

• TIMER INTERVALS FROM MICROSEC
ONDS TO HOURS 

• TIME PERIOD EQUALS RC 

CIRCUIT OPERATIONS 

In the one shot mode of operation, it 
is necessary to supply a minimum of 
two external components, the resistor 
and capacitor for timing. The time per
iod is equal to the product of R and C. 
An output load must be present to com
plete the circuit due to the output structure of 
the 558. 

For astable operation, it is desirable to cross 
couple two devices from the 558 Quad. The 
outputs are direct coupled to the opposite 
trigger input. The duty cycle can be set by 
ratio of R1C1 to R2C2 from dose to zero to 
almost 100%. An astable circuit using one 
timer is shown in Figure Sb. 

8-74 

OUTPUT STRUCTURE 558 

The 558 structure is open collector which 
requires a pull-up resistor to Vee and is 
capable of sinking 1 OOmA per unit but 
not to exceed the power dissipation and 
junction temperature rating of the die 
and package. The output is normally 
low and is switched high when triggered. 

RESET 

A reset function has been made available 
to reset all sections simultaneously to an 
output low state. During reset the trigger 
is disabled. After reset is finished, the 
trigger voltage must be taken high and. 
then low to i~plement triggering. 

The reset voltage must be brought be
low O.BV to insure reset. 

THE CONTROL VOLTAGE 

The control voltage is also made available on 
the 558 timer. This allows the threshold volt
age to be modulated, therefore controlling the 
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output pulse width and duty cycle with an 
external control voltage. The range of this 
control voltage is from about 0.5V to Vee 
minus 1 volt. This will give a cycle time varia
tion of about 50: 1. In a sequential timer with 
voltage controlled cycle time, the timing peri
ods remain proportional over the adjustment 
range. 

TEST BOARD FOR 558 

The circuit layout can be used to test and 
characterize the 558 timer. 82 is used to con
nect the loads to either Vee or ground. The 
main precaution, in layout of the 558 circuit, 
is the path of the discharge current from the 
timing capacitor to ground (pin 12). The path 
must be direct to pin 12 and not on the 
ground bus. This is to prevent voltage spikes 
on the ground bus return due to current 
switching transient. It is also wise to use good 
power supply by passing when large currents 
are being switched. 

558 TEST CIRCUIT 

C1 

~
2 
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TEST BOARD LAYOUT 

RL4 

0--0 RLl 

INPUTS 1 2 3 4 
0 0 0 0 

OUTPUTS 1 2 3 4 
0 0 0 0 

Figure 2a 

FOIL SIDE 

Figure 2b 

8 

8-75 



LINEAR LSI PRODUCTS 

NE558 APPLICATIONS AN171 

558 TWO HOUR TIMER 

4 !ACI 2 HRS --filo-j 
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Figure 3 

558 SEQUENTIAL TIMER WITH VOLTAGE CONTROLLED CYCLE TIME (50:1 RANGE) 

TRIGGER 
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NE558 400 Hz SQUARE WAVE OSCILLATOR 
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. 01 
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Figure 8 
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A single section of the Quad time may 
be used as a non precision oscillator. The 
values given are for oscillation at about 
400Hz. T1 ,., R1C1 and T2,., 2.25 Rz 
Cz for Vee of 15 volts. The frequency 
of oscillation is subject to the changes 
in Vee . 
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2.1 An Overview of the Phase Locked Loop (PPL) 
Portions of this Phase Locked Loop section were edited by Dr. J.A. Connelly 

INTRODUCTION 
The basic phase locked loop (PLL) concept 
has been known and widely utilized since 
first being proposed in 1922 (1). Since that 
time PLLs have been used in instrumenta
tion, space telemetry, and many other appli· 
cations requiring a high degree of noise 
immunity and narrow bandwidth. Tech
niques and systems involved in these appli
cations frequently are quite complex, 
requiring a high degree of sophistication. 
Many of the PLL applications have been at 
microwave frequencies and employ com
plex phase shifters, signal splitters, modu
lation, and demodulation schemes ·such as 
biphase and quadraphase. Because of the 
high frequencies involved in microwave ap
plications, most all components of these 
PLL systems are made from discrete as op
posed to integrated circuits. However in 
other communication system applications 
swch as FSK and FM and AM demodulation 
where frequencies are below approximately 
100MHz, monolithic PLLs have found wide 
application because of their low cost ver
sus high performance. 

A block diagram representation of a PLL is 
shown in Figure 1. Phase locked loops 
operate by producing an oscillator frequency 
to match the frequency of an input signal, f;. 
In this locked condition, any slight change inf; 
first appears as a change in phase between f; 
and the oscillator frequency. This phase shift 
then acts as an error signal to change the fre
quency of the local PLL oscillator to match f;. 
The locking onto a phase relationship 
between f; and the local oscillator accounts 
for the name phase locked loop. 

A MECHANICAL ANALOG 
TO THE PLL 
To better visualize the frequency and phase 
relationships in a PLL, consider the mechani
cal system shown in Figure 2 which is a dual 
to the electronic PLL. This mechanical sys
tem has two identical, heavy disks with two 
separate center shafts attached to each disk. 
Each staft is presumed to be mounted on a 
bearing that allows each massive disk to be 
rotated in either direction when some external 
force is applied. The shafts are coupled 
together by a spring whose end points are 
fixed to each shaft. This spring can be twisted 
in either direction depending upon the rela
tive positions of the shafts. The spring cannot 
"kink up" due to the shafts passing through 
the center of the spring. 

Now suppose the sequence of events shown 
on Figure 3 occurs to the mechanical system. 
The disks are simply represented like clock 
faces with positional reference markers. 
lnitally both disks are stationary in a neutral 
position. Then the left disk, or input, is 
advanced slowly clockwise through an angle 
8 1 from the neutral position. The right disk, or 
output, initially doesn't move as the spring 
begins to tighten. As the input continues to 
move and when it reaches 8 2, the output disk 
just begins to turn and tracks the input with a 
positional phase shift error of 

(1) 

At any point in time with both disks slowly 
turning at the same speed, there will be 
some inherent phase error between the 
disks, Qr 
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8 0 = 8 3 -8,. (2) 

This positional phase error in the mechanical 
system is analogous to the phase error in the 
electronic PLL. When the input disk coasts to 
a stop, the output also gradually comes to a 
stop with a fixed phase error equal to that in 
Equation 2 or 

a.= El5 - 8 6 = e3 - 8.. (3) 

The spring has a residual stored twist in one 
direction due to 8 •. 

Now consider that the disks are first re
turned to their neutral positions. Then the in
put disk is instantaneously rotated through 
an angle of 01 as shown in Figure 4. The 
output disk can't respond instantaneously 
because of its large mass. It doesn't move 
instantaneously and the spring develops 
considerable torque. Then as shown in the 
sequence of events in Figure 4, the output 
disk begins accelerating after some delay 
due to the large phase error. It swings past 
the stopped position of the input disk due to 
its mom1>ntum, reaches a peak overshoot, 
and gradually oscillates about 01 with a 
damped response, finally coming to rest 
with some small residual phase error. The 
input twist of ~) 1 represents the application 
of a step of position or phase to the syslem, 
and the response of the output disk is typi
cal for a second-order, under-damped sys
tem. This same type of second-order 
behavior occurs in the PLL system for an in
stantaneous change of input phase. 

As a final example, consider the events in 
Figure 5 where both disks are rotating at 
a constant rate. Applying a strobing light 
(strobotac) simultaneously to both disks 

BLOCK DIAGRAM OF A PHASE LOCKED LOOP 

OUTPUT 

PHASE 

COMPARATOH 

Vi!<I } f VQIOI 

F1 PARAMHERS l Fa 

OJ 90 

LOW· PASS 

Figure 1 

VOLTAGE 
CONTROLLED 
OSCILLATOR 
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INPUT ACTION 
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MOVED SLOWLY 
CLOCKWISE TO ~1 

STILL MOVING 
SLOWLY CW 

MECHANICAL ANALOG TO PLL 

Figure2 

DISK SEQUE'NCE SHOWING OUTPUT 
TRACKING INPUT WITH PHASE ERROR 

INPUT OUTPUT OUTPUT RESPONSE 

C) C) NEUTRAL 

I 
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MOVED 

I I 
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I 

(!)1 JUST STARTING TO 

MOVE CW 

STILL MOVING SLOWLY \q} ~ TRACKING INPUT WITH 
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LAGGING POSITION 

I 

STOPPED zO, 0J .. STOPPED WITH Sl'ORED 
TWIST tN SPRING 

Figure 3 
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and adjusting its flashing rate to one flash 
per disk rotation will cause the positional 
markers to appear stationary. There will be 
a. constant phase error in this case just as 
there was in Figure 3. Now suppose the 
revolution rate of the input disk gradually in· 
creases by a small amount to a naw rate. 
The positional marker will appear to walk 
around the disk. The output first senses the 
increased rate of the input through an in· 
crease in the phase error. Then, after some 
delay, the rate of the output gradually in· 
creases to track the input. Both positional 
markers appear to be walking around each 
disk at the same rate until the strobotac is 
adjusted for the higher input and output 
rate. Then the strobe light again freezes the 
markers, producing a phase error at this 
higher rate that is larger than before the in· 
put rate was increased. This gradual in· 
crease in the input rate to the mechanical 
system sill)ulates a ramp change in the in· 
put frequency to the PLL system. The re· 
sponse. to the output disk simulates the 
behavior of the oscillator in the PLL. 

If the rate of the input disk is alternately in· 
creased and decreased by some small 
amount compared to the nominal revolution 
rate, the positional markers will appear to 
walk both clockwise and counter clock· 
wise, momentarily appearing stationary 
when the strobing light rate equals the disk 
revolution rate. This "walking" represents a 
changing phase error which is occurring at 
the modulation rate. Thus the phase error 
can be thought of as a useable demodulat· 
ed output signal. 

The disk-spring mechanical system is a 
helpful analog for visualizing frequency, 
phase, transient, and steady-state re· 
sponses in the electronic phase locked 
loop system. In this example, the positions 
of the disk marker and rotation rates are 
analogous to phase and frequency in the 
electronic PLL system. The spring acts as a 
phase comparator to constantly sense the 
relative positions or phases of the disks. 
The torque developed in this spring acts as 
the driving force or input signal to turn the 
second disk. 

Thus the spring torque simulates a voltage 
which controls the rate or frequency of the 
output disk or oscillator. Hence the second 
disk is analogous to a voltage-controlled 
oscillator (VCO). The large mass of the 
disks together with their angular momentum 
slows down the systems response time and 
simulates a low-pass filter in the electronic 
PLL system. This describes the lagging of 
the VCO free-running frequency to the input 
signal in an analog phase locked loop. 
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EXAMPLES OF PLL APPLICATIONS 
Now consider the action of the voltage con
trolled oscillator, phase comparator and 
low pass filter in the PLL. The VCO gener
ates a signal that is periodic. Normally, the 
rate or frequency of the VCO is primarily de
termined by the value of a capacitance con
nected to this oscillator. This action of 
starting the VCO running by itself is analo
gous to disconnecting the spring from one 
of the shafts in the mechanical system and 
starting the output disk rotating at a con
stant rate through some external means 
such as a motor. In the PLL system this fre
quency is called the oscillator's free run
ning frequency, (10 '), because it occurs 
when the system is unlocked and there is no 
coupling between input and output frequen
cies. With the PLL, the VCO frequency can 
be shifted above and below 10 ' by applying 
a voltage to the optional fine tune input.• 
This signal generator property is just one of 
the many uses of the PLL. Specifically with 
integrated circuit PLLs, frequency ranges 
from less than 1.0Hz to more than 50MHz 
can be produced just by selecting the right 
value of capacitance from a chart on the 
data sheet. 

Selecting 10 ' and then changing it by a con
trol voltage makes the VCO well suited for 
converting digital data that is represented 
by two different voltage levels into two dif
ferent frequencies. A "1" voltage level can 
be related to a frequency called a mark, and 
an "O" level to a frequency called a space. 
This technique called frequency shift key
ing, or (FSK), is typical of data being trans
mitted over telephone and radio links where 
it is impractical to use de voltage level 
shifts. Essentially this is what a modem 
(modulator-demodulator) does as it con
verts data to tones to go out of the system 
into a transmission link. Then it reverses the 
process and converts received tones to 
"1 '"sand "O'"s at the receiver for the sys
tem to use. Sometimes confusion arises be
cause different names are used for the 
same thing. For example, 

A shift up in frequency = " 1" = Mark 
A shift down in frequency = "O" = Space 

If voice or music is applied to the VCO in
stead of digital data, the oscillator's fre
quency will move or modulate with the voice 
or music. This is frequency modulation (FM) 
and is simply moving the frequency in rela
tion to some input voltage which represents 
intelligence. Of course as in the modem 
case the process has to be reversed and 
the PLL can do this also. The PLL is a com
plete working system that can be used to 

•Some oscillators have frequencies controlled by an input 
current rather than a voltage and are referred to as cur· 
rent·controlled oscillators (CCO). 
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send and receive signals. In fact the PLL 
can create the signal, or select a signal, de
code it and reproduce it. Now let's look at 
how this works. 

The VCO is connected to a section where 
its frequency is put together with an incom
ing signal or signals. In a radio this is known 
as a "mixer" where signals are mixed to· 
gether. In a PLL it is usually called a Phase 
Comparator. Other names for this function 
are phase detector or multiplier - either 
analog or digital. (Differences between ana
log and digital phase comparators will be 
explained later in this chapter). The pur
pose of this phase comparator is to pro· 
duce an output which represents how far 
the VCO frequency is from that of the in
coming signal. Comparing these frequen
cies and producing an error signal 
proportional to their difference allows the 
VCO frequency to shift from 10 ' and become 
the same frequency as the input signal. This 
is exactly what happens with the VCO fre
quency - first "capturing" the input frequen
cy, and then locking onto it. A similar type 
action can be visualized in the mechanical 
system by having the coupling spring dis
connected at one end with the two disks ro
tating at different rates. When their rotation 
rates are approximately equal, the spring is 
suddenly connected, and the output disk's 
speed will gradually become equal to and 
track the inputs rate as in Figure 1.5. 

When the VCO shifts frequency and locks 
to the input, the signal frequency is dupli
cated. If the input signal contains static or 
noise, the VCO output will be an exact re
production of the signal frequency without 
the static or noise. Thus the PLL has ac
complished signal reconditioning or recon
stitution. 

The error signal used to keep the VCO ex
actly synchronized with an incoming signal 
can be amplified, filtered, and used to 
"clock" the signal or give synchronizing in
formation necessary to look at the signal. 
For example, in some digital memories and 
transmission systems, data are stored in a 
code and looked at or strobed at a rate 
which must be synchronized to the data. 
This strobing may be at twice or one-half 
the data rate. By setting 10 ' equal to twice 
or one-half the data rate, the PLL will lock 
to the data and give an exact synchronized 
clock. This shows another application of 
the PLL for multiplying or dividing frequen
cies. 

Plls can separate a signal of one frequen
cy from among many others as for example 
is done in television "nd radio reception. 
This selectivity or capture range is con-
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trolled in the PLL by the low-pass filter 
(LPF) which allows the PLL to only see sig
nals close to the frequency of interest. The 
time constant of the LPF is set easily by the 
selection of a resistor and capacitor net
work. This network determines how far 
away in frequency an input signal can be 
from 10 ' and still permit the PLL to respond 
and capture. Once locking is activated, the 
PLL system will continue to track the input 
frequency unless the instantaneous phase 
error exceeds the systems capability. 

The error signal which drives the VCO and 
keeps the system locked is a usable output. 
In the FSK example the oscillator's frequen
cy is shifted with each "1" or "O" digital in
put. Converting these frequency shifts back 
to the "1" and "O" signals automatically oc
curs in a PLL because a mark input gener
ates an error signal to move the VCO up to 
that frequency. When the mark changes to 
a space, the error signal jumps suddenly 
down, forcing the VCO to follow. The error 
signal then is exactly the data that generat
ed the FSK signals. A PLL for FSK can con
vert data to tones for transmission to a 
remote point. Then another PLL can recon
vert the data tones back to voltage levels, 
all without tuned circuits. 

The PLL system decodes FM signals in a 
similar way. The frequency variations 
caused by voltages from a microphone into 
one VCO serve as the input signal to an·· 
other PLL which reverses the action since 
the error signal driving the second Plls 
VCO is exactly the same as the original mi
crophone voltage. 

Decoding of an amplitude modulated (AM) 
input signal is another application of the 
PLL. This application is more involved than 
FM demodulation because a phase shift 
network, a second phase comparator, and 
another low-pass filter are required. This 
application is discussed in detail later in 
Chapters 4 and 5. However, it should be 
pointed out that AM demodulation with PLLs 
offers improved system linearity than the 
more commonly employed technique of non
linear diode detection. Tone decoding is a 
special case of AM demodulation. When 
performed with PLLs, the second phase 
comparator is called a quadrature phase 
detector (QPD). The QPD produces a maxi
mum output error voltage whenever the in
put and oscillator frequencies are locked to 
the free-running frequency, 10 ', unlike the 
regular phase comparator which has a 
nominal zero error voltage under this same 
condition. 

These application examples show that with 
the PLL is a system that can: 
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Generate a signal 
2 Modulate a signal (encode) 
3 Select a signal from among many 
4 Demodulate (decode) 
5 Recn'late (reconstitute) a signal frequen-

cy with reduced noise 
6 Multiply and divide frequency 

TYPES OF PLLS 
Generally speaking the monolithic Plls can 
be classified into two groups - digital and 
analog. While both perform as PLLs, the 
digital circuits are more suitable for syn
chronization of digital signals, clock recov
ery from encoded digital data streams, and 
other digital applications. Analog monolith
ic PLLs are used quite extensively in com
munication systems since they maintain 
linear relationships between input and out
put quantities. 

The phase comparator is perhaps the most 
important part of the PLL system since it is 
here that the input and VCO frequencies are 
simultaneously compared. Some digital 
PLLs employ a two-input Exclusive-Or gate 
as the phase comparator. When the digital 
loop is locked to t0 ', there is an inherent 
phase error of 90° that is represented by 
asymmetry in the output waveform. Also the 
phase comparators output has a frequency 
component of twice the reference frequen
cy. Because of the la<ge logic voltage 
swings in digital systems, extensive filtering 
must be performed to remove the harmonic 
frequencies. For this reason, other types of 
digital phase comparators achieve locking 
by synchronizing the "edges" of the input 
and VCO frequency waveshapes. The 
phase comparator produces an error volt
age that is proportional to the time differ
ence between the edges, i.e., the phase 
error. This edge-triggering technique for the 
phase comparator produces lower nutput 
noise than with the Exclusive-Or approach. 
However time jitter on the input and VCO 
frequencies is translated into phase error 
jitter that may require additional filtering 
within the loop. 

Triggering on the edges of digital signals 
means that only frequency (or period) is im
portant and not duty cycle. This is a key 
consideration in PLL applications utilizing 
counters where waveshapes usually aren't 
symmetrical, i.e., 500/o duty cycle. For the 
TTL family, it is easier to provide the edge 
matching function on the falling edges (" 1" 
to "O") transition of the waveform. CMOS, 
12L, and EGL are better suited for leading 
edge triggering ("O" to "1 "). 

Analog PLLs utilize a phase comparator 
which functions as a four-quadrant analog 
multiplier to mix the input and VCO signals. 
Since this mixing is true analog multiplica-
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tlori, the phase comparators output la a 
function of Input and VCO signal amplitudes, 
frequencies, phase relatlonahlpa, and duty 
cyclaa. The lnh11rant linearity afforded by 
this analog multlpllcatlon makaa the mono· 
llthlc analog PLL well suited for many gener· 
al purpose and communication system 
applications. 

Another way of distinguishing between digi
tal and analog phase comparators is by 
thinking of the slmllarltlea and dlllerencaa 
between voltage comparators and oper· 
atlonal ampllllera. Voltage comparators are 
specially designed for digital applications 
where response time between o,ulput levels 
has been minimized at the expense of aye· 
tern linearity. Feedback la seldom used to 
maintain llnaar system relationships, with 
the comparator normally running open loop. 
Op amps, on the other hand, are designed 
for a linear Input-output relationship, with 
negative feedback being employed to fur· 
ther improve the system linearity. 

PLL TERMINOLOGY 
The following is a brief glossary of frequent· 
ly encountered terms in PLL literature. 

Free-running Frequency (10', w0 '). 

Aleo called the center frequency, this is the 
frequency at which the loop VCO operates 
when not locked to an input signal. The 
"prime" superscripts are used to distin
guish the free-running frequency from 10 and 
w0 which are used for the general oscillator 
frequency. (Many references use 10 and w0 
for both the free-running and general oscil
lator frequency and leave the proper choice 
for .the reader to infer from the context). The 

appropriate unite for 10 'and w0 ' are Hz.and 
radians per second respectively. 

Lock Range (2 IL, 2wL).' 
The range of frequencies over which the 
loop will remain In lock. Normally the lock 
range is centered al the free-running fre
quency unless there is some nonlinearity in 
the system which limits the frequency devi· 
allon on one aide of 10 '. The deviations from 
10 ' are referred to as the Tracking Rsngs or 
Hold-in Range. (See Figure 1.6). The track
ing range la therefore one-hall of the lock 
range. 

Capture Rsnge (2 10 , 2wc).' ' 
Although the loop will remain in lock 
throughout its lock range, it may not be able 
to acquire lock et the tracking range ex
tremes because of the selectivity afforded 
by the low-pass filter. The capture range 
also is centered at 10 ' with the equal devi
ations called the Lock-in or Pull-in Ranges. 
The capture range can never exceed the lock 
range. 

Lock-up Time (IL).'' ' 
The transient time required for a free run
ning loop to lock. This time depends princi
pally upon the bandwidth selectivity 
designed into the loop with the low-pass fil
ter. The lock-up time is inversely proportional 
to the selectivity bandwidth. Also, lock
up time exhibits a statistical spreading due 
to random initial phase relationships be
tween the input and oscillator phases. 

Phase Comparator Conversion Gain (Kdl· 
The conversion constant relating the phase 
comparators output voltage to the phase 
difference between input and VCO signals 

LOCK AND CAPTURE RANGE RELATIONSHIPS 
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when the loop is locked. At low Input signal 
levels, Kd la also a function of signal ampli· 
tude. Kd has unite of volte per radian 
(V/rad). 

VCO Conversion Gain (K0 ). 

The conversion constant relating the oacll
latora lrequency shill from 10 ' to the applied 
input voltage. K0 has unite of radians per 
second per volt (rad/sec/volt). K0 is a lln· 
ear function of w0' and must be obtained us· 
Ing a formula or graph provided or 
experimentally measured al the desired 
wo'· 

Loop Gain CKvl 
The product of Kd, K0 , and the low-pass fil
ters gain at de. Kd is evaluated at the ap
propriate input signal level and K0 at the 
appropriate w0 '. Kv has units of (sec)· 1. 

Closed Loop Gsin (CLG) 
The output signal frequency and phase can 
be determined from a product of the CLG 
and the input signal where the CLG is given 
by 

Kv 
CLG = 1 +Kv (4) 

Natural Fraquancy (wnl. 
The characteristic frequency of the loop, 
determined mathematically by the final pole 
positions in the complex plane or deter· 
mined experimentally as the modulation Ire· 
quency for which an underdamped loop 

. gives the maximum frequency deviation 
from 10 ' and at which the phase error swing 
is the greatest. 

Damping Factor <n. 
The standard damping constant of a second 
order feedback system. For the PLL, l" re
fers to the ability of the loop to respond 
quickly to an input frequency step without 
excessive overshoot 

Loop Noise Bandwidth (BL). 
A loop property relating wn and l" which 
describes the effective bandwidth of the 
received signal. Noise and signal compo
nents outside this bandwidth are greatly at· 
tenuated. 

• Also catted Synchronization Range. 
• • Also called Acquisition Range. 
• • •Also called Acquisition Time. 
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INTRODUCTION 
The phase locked. loop is a feedback system 
comprised of a phase comparator, a low pass 
filler and an error amplifier in the forward sig
nal path and a voltage-controlled oscillator 
(VCO) in the feedback path. The block dia
gram of a basic PLL system is shown in Fig
ure 1. Perhaps the single most important 
point to realize when designing with the PLL 
is that it is a feedback system and, hence, is 
characterized mathematically by the same 
equations that apply to other, more conven
tional feedback systems. However, the para
meters in the equations are somewhat differ
ent since the feedback error signal in the 
phase locked system is a phase rather than a 
current or voltage signal, as is usually the 
case in conventional feedback systems. 

PHASE LOCKED LOOP OPERATION 
The basic principle of the PLL operation 
can be briefly explained as follows: 

With no signal input applied to the system, 
the VCO control voltage V d(t) is equal to 
zero. The VCO operates at a set frequency, 
10 ' (or the equivalent radian frequency w0 ') 

which is known as the free-running frequen
cy. When an input signal is applied to the 
system, the phase comparator compares 
the phase and the frequency of the input 
with the VCO frequency and generates an 
error voltage VeCtl that is related to the 
phase and the frequency difference be
tween the two signals. This error voltage is 
then filtered, amplified, and applied to the 
control terminal of the VCO. In this manner, 
the control voltage V d(t) forces the VCO 
frequency lo vary in a direction that reduces 
the frequency difference between w0 and 
the input signal. If the input frequency Wi is 
sufficiently close to w0 , the feedback na
ture of the PLL causes the VCO to synchro
nize or lock with the incoming signal. Once 
in lock, the VCO frequency is identical to 
the input signal except for a finite phase dif· 
ference. 

This net phase difference of 0e where 

0e = 0 0 - 0; (1) 

is necessary to generate the corrective er
ror voltage Vd to shift the VCO frequency 
from its free-running value to the input signal 
frequency wi and, thus, keep the PLL in 
lock. This self-correcting ability of the sys
tem also allows. the PLL to track the fre
quency changes of the input signal once it is 
locked. The range of frequencies over 
which the PLL can maintain lock with an in
put signal is defined as the "lock range" of 
the system. The band of frequencies over 
which the PLL can acquire lock with an in
coming signal is known as the "capture 
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BLOCK DIAGRAM OF PHASE LOCKED LOOP 
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range" of the system and is never greater 
than the lock range. 

Another means of describing the operation of 
the PLL is to observe that the phase compara
tor is in actuality a multiplier circuit that mixes 
the input signal with the VCO signal. This mix 
produces the sum and difference frequencies 
w; ± w0 shown in Figure 1. When the loop in in 
lock, the VCO duplicates the input frequency 
so that the difference frequency component 
(w; • w0 ) is zero; hence, the output of the phase 
comparator contains only a de component. 
The low pass filter removes the sum fre
quency component (w; + w0 ) but passes the 
de component which is then amplified and fed 
back to the VCO. Notice that when the loop is 
in lock, the difference frequency component 
is always de, so the lock range is independent 
of the band edge of the low pass filter. 

LOCK AND CAPTURE 
Consider now the case where the loop is 
not yet in lock. The phase comparator again 
mixes the input and VCO signals to produce 
sum and difference frequency components. 
However, the difference component may fall 
outside the band edge of the low pass filter 
and be removed along with the sum frequen
cy component. If this is the case, no infor
mation is transmitted around the loop and 
the VCO remains at its initial free-running 
frequency. As the input frequency ap
proaches that of the VCO, the frequency of 
the difference component decreases and 
approaches the band edge of the low pass 
filter. Now some of the difference compo
nent is passed, which tends to drive the 
VCO towards the frequency of the input sig
nal. This, in turn, decreases the frequency 
of the difference component and allows 
more information to be transmitted through 
the low pass filter to the VCO. This is es
sentially a positive feedback mechanism 
which causes the VCO to snap into lock 

with the input signal. With this mechanism in 
mind, the term "capture range" can again 
be defined as the frequency range cantered 
about the VCO initial free-running frequency 
over which the loop can acquire lock with 
the input signal. The capture range is a 
measure of how close the input signal must 
be in frequency to that of the VCO to ac
quire lock. The "capture range" can assume 
any value within the lock range and de
pends primarily upon the band edge of the 
low pass filter together with the closed loop 
gain of the system. It is this signal capturing 
phenomenon which gives the loop its fre
quency selective properties. 

It is important to distinguish the "capture 
range" from the "lock range" which can, 
again, be defined as the frequency range 
usually centered about the VCO initial free
running frequency over which the loop can 
track the input signal once lock has been 
achieved. 

When the loop is in lock, the difference fre
quency component at the output of the 
phase comparator (error voltage) is de and 
will always be passed by the low pass filter. 
Thus, the lock range is limited by the range 
of error voltage that can be generated and 
the corresponding VCO frequency deviation 
produced. The lock range is essentially a 
de parameter and is not affected by the 
band edge of the low pass filter. 

THE CAPTURE TRANSIENT 
The capture process is highly complex and 
does not lend itself to simple mathematical 
analysis. However, a qualitative description 
of the capture mechanism may be given as 
follows. Since frequency is the time deriva
tive of phase, the frequency and the phase 
errors in the loop can be related as 

d09 
:,w = "(Jt-- (2) 
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ASYNCHRONOUS ERROR BEAT FREQUENCY 
DURING THE CAPTURE PROCESS: 

I 
(A) VCO CONTROL VOLTAGE VARIATION 

DURING CAPTURE TRANSIENT 

lH,ll~'- f f.,l 
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(B) OSCILLOGRAM SHOWING A CAPTURE PROCESS 

Figure 2 

Figure 3 

where j,w is the instantaneous frequency 
separation between the signal and VCO fre·· 
quencies and (·)e is the µhase difference be
tween the input signal anrl VCO signals. 

If the feedback loop of the PLL were 
opened between the low pass filter and the 
VCO control input, then for a given condition 
of '"o and wi the phase comparator output 
would be a sinu3oidal beat note at a fixed 
frequency j.,.-. If '"i and w0 were sufficiently 
close in frequency, this beat note would aµ· 
pear at the filter output with negligible at· 
tenuation. 

Now suppose that the feedback loop is 
closed by connecting the low pass filter out· 
put to the VCO control terminal. The VCO 
frequency will be modulated by the beat 
note. When this happens, j.w itself will be· 
come a function of time. If during this modu
lation process, the VCO frequency moves 
closer to wi (i.e., decreasing j.w), then 
. ~.'~e_ decreases and the output of the 

dt 
phase comparator becomes a slowly vary
ing function of time. Similarly, if the VCO is 

d<·le 
modulated away from u..•j, -di-- increases 
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and the error voltage becomes a rapidly vary
ing function of time. Under this condition the 
beat note waveform no longer looks sinusoi
dal; it looks like a series of aperiodic cusps, 
depicted schematically in Figure 2(a). 
Because of its asymmetry, the beat note 
waveform contains a finite de component that 
pushes the average value of the VCO toward 
"'" and lock is established. When the system 
is in lock, t:.w is equal to zero and only a 
steady-state de error voltage remains. 

Figure 2(b) displays an oscillogram of the loop 
error voltage V d(t) in an actual PLL system 
during the capture process. Note that as lock 
is approached, L:.w is reduced, the low pass 
filter attenuation becomes less, and the 
amplitude of the beat note increases. 

The total time taken by the PLL to establish 
lock is called tt1e pull-in time. Pull-in time 
depends on the initial frequency and phase 
differences between the two signals as well 
as on the overall loop gain and the low pass 
filter bandwidth. Under certain conditions, 
the pull-in time may be shorter than the peri· 
od of the beat note and the loop can lock 
without an oscillatory error transient. 

A specific case to illustrate this is shown in 
Figure 3. The 565 PLL is shown acquiring 
lock within the first cycle of the input signal. 
The PLL was able to capture in this short time 
because it was operated as a first order loop 
(no low pass filter) and the input tone-burst 
frequency was within its lock and capture 
range. 

EFFECT OF THE LOW 
PASS FILTER 

In the operation of the loop, the low pass filter 
serves a dual function: 

First, by attenuating the high frequency error 
components at the output of the phase com· 
parator, it enhances the interference-rejection 
characteristics; second, it provides a short
term memory for the PLL and ensures a rapid 
recapture of the signal if the system is thrown 
out of lock due to a noise transient. Decreas
ing the low pass filter bandwidth has the fol
lowing effects on system performance: (Long 
Time Constant). 

a The capture process becomes slower. 
and the pull-in time increases. 

b The capture range decreases. 
c Interference-rejection properties of the 

PLL improve since the error voltage 
caused by an interfering frequency is at· 
tenuated further by the low pass filter. 

d The transient response of the loop (the 
response of the PLL to sudden changes 
of the input frequency within the capture 
range) becomes underdamped. 
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The last effect also produces a practical 
limitation on the low pass loop filter band· 
width and roll-off characteristics from a sta· 
bility standpoint. These points will be 
explained further in the lollowing analysis. 

MATHEMATICALLY DEFINING PLL 
OPERATION 

As mer.tioned previously, the phase compara
tor is basically an analog multiplier that forms 
the product of an RF input signal, v;(t), and 
the output signal, v0{t), from the VCO. Refer 
to Figure 1 and assume that the two signals to 
be multiplied can be described by 

Vi(t) = Vi sin wit 

Vo(t) = V 0 sin (w0 t + 0e) 

(3) 

(4) 

where Wi, w0 , and 0e are the frequency and 
phase difference (or phase error) charac· 
teristics of interest. The product of these 
two signals is an output voltage given by 

ve(t) = KtViVo(sin wit) [sin (w0 t + 00 )] 

(5) 

where K 1 is an appropriate dimensional 
constant. Note that the amplitude of ve(t) is 
directly proportional to the amplitude of the 
input signal Vi. The two cases of an un· 
locked loop (wi '1' w0 ) and of a locked loop 
(wi = w0 ) are now considered separately. 

Unlocked State (wi * w0 ) 

When the two frequencies to the phase com
parator are not synchronized, the loop is not 
locked. Furthermore the phase angle differ
ence e. in Equations 4 and 5 is meaningless 
for this case since it can be eliminated by 
appropriately choosing the time origin. 

Using trigonometric identities, Equation 5 can 
be rewritten as 

[cos(wi - "'o)t 

- cos(wi + wo)t] (6) 

When ve(t) is passed through the low pass 
filter, F(s), the sum frequency component is 
removed, leaving 

Vf(t) = K2ViVocos (wi - w0)t (7) 

where K2 is a constant. After amplification, 
the control voltage for the VCO appears as 

Vd(t) = AK2ViVoCOS (wi - wo)t (8) 

This equation shows that a beat frequency 
effect is established between Wi and w0 , 

causing the VCOs frequency to deviate by 
± C>w from w0 ' in proportion to the signal 
amplitude (AK2ViV 0) passing through the 
filter. If the amplitude of Vi is sufficiently 
large and if signal limiting or saturation 
does not occur, the VCO output frequency 
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LINEAR MODEL OF PLL SYSTEM 
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will be shifted from w0 ' by some 6.w until 
lock is established where 

After amplification the de voltage driving 
the VCO and maintaining lock within the 

(9) loop is 

If lock cannot be established, then either Vi 
is too small to drive the VCO to produce the 
necessary ± 6.w deviation or wi is beyoncj 
the dyoamic range of the VCO, i.e .. wi~wo 
± Liw. Remedies for these no lock condi· 
tions are: 

Increase Vi either internally or externally 
to the loop by providing additional ampli· 
fication. 

2 Increase the internal loop gain by adjust· 
ing upward (larger -3dB frequency) the 
response of the low-pass filter. 

3 Shift w0 ' closer to the expected wi. Es· 
tablishing frequency lock leads to the 
second case where wi = w0 . 

Locked State (wi = w0 ) 

When Wi and w0 are frequency synct.ro· 
nized, the output signal from the phase 
comparator for wi = w0 = w and a phase 
shift of 0e is 
Ve(tl = K 1V;V 0(sin wt) (sin wt + 0e) 

=K1ViVo [cos 0 0 - cos (2wt + 0e)l 
-2- {10) 

The low pass filter removes the high fre· 
quency, ac component of ve(t). leaving only 
the de component. Thus, 

{11) 

Suppose wi and w0 are perfectly synchro
nized to the free-running frequency w0 '. For 
this case, Vo will be zero, indicating that 0e 
must be ± 90°. Thus Vo is proportional to 
the phase difference or phase error be· 
tween 0i and 0 0 centered about a reference 
phase angle of ± 90°. If wi changes slightly 
from w0 ', the first effect will be a change in 
~le from ± 90°. Vo will adjust and settle out 
to some nonzero value to correct w0 ; under 
this condition frequency lock is maintained 
with wi = w 0 . The phase error will be shifted 
by some amount .:i.0 from the reference 
phase angle of ± 90°. This concept can be 
simplified by redefining 0e as 

0e = 0r ±.:\0 (13) 

where 0r is the inherent, reference phase 
shift of ± 90° and .l0 is the departure from 
this reference value. Now the VCO control 
voltage becomes 

Vo = AK2ViV 0 cos (0r ± .l0) {14) 
= ± AK2ViV0sin6.0 

Since the sine function is odd, a momentary 
change in 6.0 contains information about 
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which way to adjust the VCO frequency to 
correct and maintain the locked condition. 
The maximum range over which ..18 changes 
can be tracked is -go 0 to +go 0 . This cor
responds to a 8e range fr<;>m 0 to 180°. 

In addition to being an error signal, Vo re
presents the demodulated output of an FM 
input applied as Vin(t) assuming a linear 
VCO characteristic. Thus FM demodulation 
can be accomplished with the PLL without 
the inductively tuned circuits that are em
ployed with conventional detectors. 

DETERMINING PLL 
MODEL PARAMETERS 
Since the PLL is basically an electronic servo 
loop, many of the analytical techniques devel
oped for control systems are applicable to 
phase locked systems. Whenever phase Jock 
is established between v;(t) and v0 (t) the linear 
model of Figure 4 can be used to predict the 
performance of the PLL system. Here 8; and 
8 0 represent the phase angles associated 
with the input output waveshapes repectively; 
F(s) represents a generalized voltage transfer 
function for the low pass filter in the s complex 
frequency domain; and Kd and Ko are conver
sion gains of the phase comparator and VCO 
respectively, each having units as shown. The 
1 /s term associated with the VCO accounts 
for the inherent 90° phase shift in the loop 
since the VCO converts a voltage to a fre
quency and since phase is the integral of fre
quency. Thus the VCO functions as an 
integrator in the feedback loop. 

Specific values of Kd and Ko for all of Sig
netics general purpose PLLs can be found in 
the sections describing the particular loop of 
interest. However, sometimes it may be 
desired to determine these conversion gains 
exactly for a specific device. The measure
ment scheme shown in Figure 5 can be used 
to determine Kd and Ko for a loop under lock. 
The function of hte Khron-Hite filters is to 
extract the fundamental sinusoidal frequency 
component of their square wasve inputs for 
application to the Gain-Phase Meter. If the 
input signal from the Function Generator is 
sinusoidal, then the first Khron-Hite filter may 
be eliminated. It is recommended to use high 
impedance oscilloscope probes so as to not 
distort the input of VCO waveshapes, thereby 
potentially altering their phase relationships. 
The frequency counter can be driven from the 
scope as shown, or connected directly to the 
input or VCO provided its input impedance is 
large. 

The procedure to follow for obtaining Kd 
and K0 is as follows: 

Established the desired external bias 
and gain conditions for the Pll under 
test. 

2 With the Function Generator turned off, 
set the free-running frequency of the loop 
via the timing capacitor and timing resis
tor if appropriate. Monitor 10 ' with the 
Frequency Counter. 

3 Turn on the Function Generator and 
check to make sure the amplitude of the 
input signal is appropriate for the particu· 
lar loop under test. 

4 Adjust the input frequency tor lock. Lock 
1s d1scernable on a dual-trace scope 
when the input and VCO waveforms are 
synchronized and stationary with respect 
to each other. One should be especially 
careful to check that locking has not oc· 
curred between the VCO and some har· 
monic frequency. Carefully inspect both 
waveshapes, making sure each has the 
same period. (If a second Frequency 
Counter is available, an alternate scheme 
can be used to confirm frequency locking. 
One frequency counter is used to monitor 
the input signal frequency, and the sec
ond counter is used for the VCO frequen
cy. When the two counters display the 
same frequency, the PLL is locked). 

5 Set the input frequency to the free-run
ning frequency and note the Gain-Phase 
Meter display. It should be approximately 
go 0 , :±: 10° nominally. Record the phase 
error, Se. the VCO control voltage, Vo. 
and the input frequency, fi. 

6 Adjust ti for frequencies above and below 
f0 ' and record 8e and Vo for each fi as 
appropriate. 

7 Making a plot of Vo versus 0e is useful 
for checking the measurement data and 
the systems linearity. The slope of this 
plot (..1 Vo I t.8el is Kd in units of volts I de
gree. ·Multiplying this slope by 180 / ir 
gives the desired Kd in volts I radian. 

8 A plot of fi = f0 versus Vo while the loop 
remains Jocked will check the VCO lin
earity. The slope of this plot is K0 at the 
particular free-running frequency. The 
units of slope taken directly from the 
graph are Hz/volt. Multiplying this slope 
figure by 2ir gives the desired K0 in units 
of radians/volt-sec. 

Kd is generally constant over wide frequen
cy ranges, but is linearily related to the in· 
put signal amplitude. K0 is constant with 
input signal level but does vary linearily with 
f0 '. Otten it is convenient to specify a nor
malized K0 as 

Ko(norm) = ~ radia~ (15) 
fo volt 

The K0 value at any desired free-running 
frequency then can be estimated as 

Ko(@ any fo'l = Ko(norm) 10 ' (16) 

The loop gain for the PLL system is 
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(17) 

(Often when the gain A is due to an amplifier 
internal to the IC, A will be included in either 
Kd or Ko· This is further illustrated in the 
article on the 565 PLL. 

MODELING THE PLL SYSTEM WITH 
VARIOUS LOW PASS FILTERS 
The open loop transfer function for the PLL 
IS 

T(s) = KvF(s) 
s (18) 

Using linear feedback analysis techniques, 
the closed loop transfer characteristics 
H(s) can be related to the open loop perfor
mance as 

H(s) = T(s) 
~ 

(1g) 

and the roots of the characteristic system 
polynominal can be readily determined by 
root-locus techniques. 

From these equations, it is apparent that 
the transient performance and frequency 
response of the loop is heavily dependent 
upon the choice of filter and its correspond
ing transfer characteristic, F(s). 

Zero Order Filter - F(s) = 1 
The simplest case is that of the first order 
loop where F(s) = 1 (no filter). The closed 
loop transfer function then becomes 

Kv 
T(s) = s + Kv (20) 

This transfer function gives the root locus as a 
function of the total loop gain Kv and the cor
responding frequency response shown in Fig
ure 6(a). The open loop pole at the origin is 
due to the integrating action of the VCO. Note 
that the frequency res'ponse is actually the 
amplitude of the difference frequency compo
nent versus modulating frequency when the 
Pll is used to track a frequency modulated 
input signal. Since there is no low pass filter 
in this case, sum frequency components are 
also present at the phase comparator output 
and must be filtered outside of the loop if the 
difference frequency component (demodu
lated FM) is to be measured. 

First Order Filter 
With the addition of a single pole low pass 
filter F(s) of the form 

F(s) = _ _J_~ 
1 +r1 s (21) 

where r1 = R1C,, the PLL becomes a second 
order system with the root locus shown in Fig
ure 6(b). Again an open loop pole is located at 
the origin because of the integrating action of 
the VCO. Another open loop pole is posi
tioned on the real axis at - 1/r1 where r1 is 
the time constant of the low pass filter. 
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One can make the follov1ing observations 
from the root locus characteristics of Figure 
6(b): 

a As the loop gain Kv increases for a given 
choice of r 1 · the imaginary part of the 
closed loop poles increase; thus, the nat
ural frequency of the loop increases and 
the loop becomes more and more under
damped. 

b If the filter time constant is increased, the 
real part of the closed loop poles be
comes smaller and the loop damping is 
reduced. 

As in any practical feedback system, excess 
shifts or non-dominant poles associated with 
the blocks within the PLL can cause the root 
loci to bend toward the right half plane as 
shown by the dashed line in Figure 6(b). This 
is likely to happen if either the loop gain or the 
filter time constant is too large and may cause 
the loop to break into sustained oscillations. 

First Order Lag-Lead Filter 
The stability problem can be eliminated by 
using a lag-lead type of filter, as indicated in 
Figure 6(c). This type of a filter has the trans
fer function 

F(s) = 1 + r2s 
1 + (71 + r2)s (22) 

where r2 = R2C and T 1 = R 1 C. By proper 
choice of R2. this type of filter confines the 
root locus to the left-half plane and ensures 
stability. The lag-lead filter gives a frequen
cy response dependent on the damping, 
which can now be controlled by the proper 
adjustment of r 1 and r2. In practice, this 
type of filter is important because it allows 
the loop to be used with a response be
tween that of the first and second order 
loops and it provides an additional control 
over the loop transient response. If R2 = 0, 
the loop behaves as a second order loop 
and as R2· ~cc, the loop behaves as a first 
order loop due to a pole-zero cancellation. 
However, as first-order operation is ap
proached, the noise bandwidth increases 
and interference rejection decreases since 
the high frequency error components in the 
loop are now attenuated to a lesser degree. 

Second and Higher Order Filters 
Second and higher order filters as well as 
active filters occasionally are designed and 
incorporated wiihin the PLL to achieve a par
ticular response not possible or easily 
obtained with zero or first order filters. Adding 
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more poles and more gain to the closed loop 
transfer function reduces the inherent stabil· 
ity of the loop. Thus the designer must exer· 
cise extreme care and utilize complex stability 
analysis if second order (and higher) filters or 
active filters are to be considered. 

CALCULATING LOCK AND 
CAPTURE RANGES 
In terms of the basic gain expression in the 
system, the lock range of the PLL wL can be 
shown to be numerically equal to the de loop 
gain (2 sided lock range). 

2u>L = 4irfL = 2KvF(O) (23) 

where F(O) is the value of the low pass fil
ters transfer function at de. 

Since the capture range we denotes a tran
sient condition, it is not as readily derived as 
the lock range. However, an approximate 
expression for the capture range can be writ

ten as (2 sided capture range). 

2wc = 4r.fc = 2Kv IF<iwc>I (24) 

where F(iwc) is the magnitude of the low pass 
filter transfer function evaluated at we. Solu
tion of Equation 24 frequently involves a "trial 
and error" process since the capture range is 
a function of itself. Note that at all times the 
capture range is smaller than the lock range. 

For the simple first-order lag filter of Figure 
6(b) the capture range can be approximated 
as 

2wc"" 2{"§ff- = 2~ 
This approximation is valid for 

TJ >> _1_ 
2WL 

(25) 

(26) 

Equations 23 and 24 show that the capture 
range increases as the low pass filter time 
constant is decreased, whereas the lock 
range is unaffected by the filter and is deter
mined solely by the loop gain. 

Figure 7 shows the typical frequency-to· 
voltage transfer characteristics of the PLL. 
The input is assumed to be a sine wave 
whose frequency is swept slowly over a broad 
frequency range. The vertical scale is the cor
responding loop error voltage. In Figure ?(a), 
the input frequency is being gradually 
increased. The loop does not respond to the 
signal until it reaches a frequency w1, corres
ponding to the lower edge of the capture 
range. Then, the loop suddenly locks on the 
input and causes a negative jump of the loop 
error voltage. Next, V d varies with frequency 
with a slope equal to the reciprocal of VCO 
conversion gain (1/Ko) and goes through zero 
as w, = Wo'. The loop tracks the input until the 
input frequency reaches w2 , corresponding to 
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the upper edge of the lock range. The PLL 
then loses lock and the error voltage drops to 
zero. If the input frequency is swept slowly 
back, the cycle repeats itself, but is inverted, 
as shown in Figure 7(b). The loop recaptures 
the signal at w3 and tracks it down to w4. The 
total capture and lock ranges of the system 
are: 

2wc = w3 - w1 
and 

2WL = W2 - W4 

(27) 

(28) 

Note that, as indicated by the transfer charac· 
teristics of Figure 7, the PLL system has an 
inherent selectivity about the free-running fre
quency, w0 '. It will respond only to the input 
signal frequencies that are separated from 
w0 ' by less than we or wL, depending on 
whether the loop starts with or without an ini
tial lock condition. The linearity of the 
frequency-to-voltage conversion characteris· 
tics for the PLL is determined solely by the 
VCO conversion gain. Therefore, in most PLL 
applications, the VCO is required to have a 
highly linear voltage-to-frequency transfer 
characteristic. 

DETERMINING LOOP RESPONSE 
The transient response of a PLL can be cal· 
culated using the model of Figure 4 and 
Equations 18 and 19 as starting points. Com· 
bining these equations gives 

0 0 (s) KvF(s) 
H(s) = e;rsy- = s + KvF(s) (29) 

The phase error which keeps the system in 
lock is 

E>e(s) = E>i(s) - E>o(s) (30) 

Define a phase error transfer function 

E( ) - E>e(s) - 1 - E>o(s) H( ) s - e;rsy- - e;rsy- = 1 - s 

(31) 
As an example of the utilization of these 
equations, consider the most common case 
of a loop employing a simple first-order lag 
filter where 

F(s) = 
1 + 571 

(32) 

For this filter, Equations 29 and 31 become 

H(s) = 
Kvlr1 

s2 + s/r1 + Kvlr1 (33) 

E(s) = 
s(s + 1 lr1) 

s2 + slr1 + Kvlr1 (34) 

Both equations are second order and have 
the same denominator which can be ex· 
pressed as 

D(s) = s2 + s/71 + Kvlr1 = 
.s2 + 2!wns + wn2 (35) 

where wn and ! are respectively the sys· 
terns undamped natural frequency and 
damping factor defined as 

Wn = fKvh1 (36) 
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ROOT LOCUS AND FREQUENCY RESPONSE PLOTS 

(A) ZERO·ORDER FILTER 

~ 
f(I) 

0 0 

+lw 

- ' --------llf--

-Jw 

A 
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ROOT LOCUS FREQUENCY RESPONSE 

(B) FIRST·ORDER SIMPLE LAG FILTER 
R, 

~ l 
F(~'1=R,C I 

-1 

,, 
I 
I 

~ 

+Jw 
A 

\ 
ROOT LOCUS -Jw FREQUENCY RESPONSE 

ROOT LOCUS 

!= (37) 

The system is considered overdamped for 
> 1.0, and critically damped t= 1.0. 

Now examine this PLL systems response to 
various types of inputs. 

Step of Phase Input 
Consider a unit step of phase as the input sig
nal. This input is shown in Figure 8 and can 
be thought of as simply shifting the time axis 
by a unit step (one radian or one degree 

(Cl FIRST-ORDER LAG-LEAD FILTER 
+Jw 

A 

-Jw FREQUENCY RESPONSE 

Figure 6 

gree depending upon the working units) 
while maintaining the same input frequency. 
Mathematically this input has the form 

0i(s) = - 1- (38) s 
The phase of VCO output and the systems 
ph11se error are represented by 

H(s) wn2 
eo(s) =-s- = s (s2 + 2!wns + wn2) <39) 

E(s) s + 2!wn 
ee(s) = -s- = s2 + 2!w0 s + wn2 (40) 

depending upon the working units) while 
maintaining the same input frequency. Mathe
matically this input has the form 

0o(I) = 1 + e -!wnt sin ("'nt~ + 'i') 
~ (41) 

J1 - !2 
where 'i' = arc tan l (42) 

ands of. 1. 
0 -fwnt 

0 8(t)=-= 
V1-12 

(43) 
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TYPICAL PLL FREQUENCY· TO-VOLTAGE 
,TRANSFER CHARACTERISTICS 

(A) INPUT FREQUENCY INCREASING 

1-- "L --I 

SWEEP 

INCREASING 
FREQUENCY 

yd ~~ DIREC~F 
LOCK RANGE 

...----- 2wL ------

(B) DECREASING INPUT FREQUENCY 

I CAPTURE RANGE 

~ 
I 1-- 2wc ---+! 

Yd • : INCREASING 

FREQUENCY 

O DIRECf-T-10-N•O-:T·-----_,;~-.._-_,,t---o-- -

SWEEP 

Figure 7 

INPUT SIGNAL REPRESENTING A UNIT STEP OF 
PHASE AT CONSTANT FREQUENCY 

INPUT l 
VOLTAGE 
•1fll 

Figure 8 

When l = 1, these phase responses are 

0 0 (1) = 1 - (1 - wntle-wnt (44) 

and 

(45) 

Figure 9 is a plot of the VCO phase response 
and the phase error transient for various 
damping factors. Note from this figure that an 
under-damped system has overshoot which 
can cause the loop to break lock if this over
shoot is too large. The critical condition for 
maintaining lock is to keep the phase error 
within the dynamic range for the phase com
parator of - ,,12 to ,,12 radians. For the under
damped case, the peak phase-error 
overshoot is 

0e(max) = e -tir/{i-_::·(i (46) 

which must be less than "12 to maintain 
lock. Lock can also be broken for the over
damped and critically-damped loops if the' 
input phase shift is too large where the 
phase error exceeds ± "12 radians. 

The analysis and equations given are based 
upon the small-signal model of Figure 4. If the 
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signal amplitudes become too large, one or 
more functional blocks in the system can sat
urate, causing a slew-rate type limiting action 
that may break lock. 

The transient change in the VCO frequency 
due to the unit ste,p of phase input can be 
found by taking the time derivative of Equa
tion 41 or alternatively by finding the inverse 
Laplace transform of 

wn2 
wo(s) = s0o(s) = s2 + 2lwns + wn2 (47r 

which is 
wne-lwnt , ,-:----::;; 

w0 (t) = sin wnt v 1 - 12 
V1 -12 (4Bl 

Unit Step of Frequency Input 
This type of input occurs when the input fre
quency is instantaneously changed from one 
frequency to another as is done in FSK and 
modem applications. For this input as shown 
in Figure 10, 

0i(s) = ~ (49) 

The VCO output phase is 
wn2 

8 o(s) = s2(s2 + 2lwns + wn2) (50) 
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The transient time expression for the VCO 
phase change is 

0 (t) = t _ gt_ + e-l"wnt 
0 wn wnV1 - S2 

sin (wnt 1/1 - i2 + 2+) (51) 

fort '1' 1. 

The time expression for the VCO frequency 
change for a unit step of frequency input is 
the same as the time response VCO phase 
change due to a step of phase input (Equa
tion 41), or 

wo(I) for frequency step input = 0o(0 
for phase 
step input 

Thus -l'wnt 
w0(t)=1 + ~~ sin(wnt~++l 

v1 - i2 
for l' '1' 1, (52) 

Unit Ramp of Frequency Input 
This form of input signal represents sweeping 
the input frequency at a constant rate and 
direction as shown in Figure 11. The ampli
tude and phase of the input remain constant; 
the input frequency changes linearly with 
time. Since the input signal to the PLL model 
is a phase, a unit ramp of frequency appears 
as a phase acceleration type input that can be 
mathematically described as 

0i(s) = ~ (53) 
s3 

The VCO output phase change is 
w 2 

0 (s) = n (54) 
0 s3 (s2 + 2lwns + wn2J 

The time expression for the VCO phase 
change is 

t2 2!1 21 [ 
0 0 (t) = -2 - - + - 2 21(1 -wn2J + 

wn wn 

(
_1 - 412wn2 + 4i2wn4 )1'2 x e-lwnt sin (wnl 

1 - i2 

1/1 - 12 + +')] (55) 

1/1 - 12 
where +' = arc tan + + 

1(1 - 2wn2) 
and + is given in Equation 42. 

PLL BUILDING BLOCKS 
vco 

Since three different forms of VCO have been 
used in the Signelics PLL series, the VCO 
details will not be discussed until the individ
ual loops are described. However, a few gen
eral comments about VCOs are in order. 

When the PLL is locked to a signal, the VCO 
voltage is a function of the frequency of the 
input signal. Since the YCO control voltage 
is the demodulated output during FM de
modulation, it is important that the VCO 
voltage-to-frequency characteristic be lin-
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ear so that the output is not distorted. Over 
the linear range of the VCO, the conversion 
gain is given by Ko (in radian /volt· sec) 

which has an equivalent collector resistance 
R, and whose differential gain at balance is 
the ratio of R, to the dynamic emitter resist
ance, r0 , of 01 and 02. t>wo 

ko = ti.Vd (56) 

Since the loop output voltage is the VCO 
voltage, we can get the loop output voltage 

~-
A - Re - 0.026 - RclE ( 8) 

d - r; - IE I 2 - 0.052 5 
as 

t>wo 
C!.Vd = RO (57) 

where IE is the total de bias current for the 
differential amplifier pair. 

The gain Ko can be found from the data sheet. 
When the VCO voltage is changed, the fre
quency change is virtually instantaneous. 

The switching stage formed by 03-06 is 
switched on and off by the VCO square wave. 
Since the collector current swing of 02 is the 
negative of the collector current swing of 01, 
the switching action has the effect of multiply
ing the differential stage output first by + 1 
and than by - 1. That is, when the base of 04 
is positive, Rc2 receives 11 and when the base 
of 06 is positive, Rc2 receives i2 = i1· Since 
the circuit is called a multiplier, performing the 
multiplication will gain further insight into the 
action of the phase comparator. 

Phase Comparator 
All of Signetics analog phase locked loops 
use the same form of phase comparator -
often called the doubly-balanced multiplier or 
mixer. Such a circuit is shown in Figure 12. 

The input stage formed by transistors O 1 and 
02 may be viewed as a differential amplifier 

VCO PHASE AND LOOP PHASE ERROR TRANSIENT 
RESPONSES FOR VARIOUS DAMPl~~G FACTORS 

•o<•l 11.8 f-+-+--+--+-t-f-+--+--+__, o.8) 
1.6 ~ 0.6 
1.4 Vr (-1=0.10 ~ 0.4 

1.2 rL_ ~I= 0.25 1J 0.2 
~ ~r=o.soV....+-1 

1.0 rH~.LJ:Y"'t::~~"'"+~"'H 
0.8 f-+~~>,,lkd"-+-11\-"l ___ ,_,tti<+--~ -0.2 

o.6 l-IJ1lw.l71h-!--'-1 =,....0 ·_,_7'.1~-l/'--+- t----1 - o.• 
o.4 ._..l~r-.:---+ .. t_= '-+--,_'I-+~-+--+--+-< - o.• 
0.2 ILH'l-+--+--+-t-t-+--+--+-__, - 0.8 

-1.0 
01234567891L_. 

Figure 9 
w0 (t) 

INPUT SIGNAL FOR A UNIT STEP 
OF FREQUENCY AT CONSTANT PHASE 

INPUT 

VOLTAGE 11\ I\ f\ (\ ('\ (\ (\ 
'l(t) Iv v \JiVVV~ 

I ,, I ,, 1-~ 
Figure 10 

INPUT SIGNAL FOR A UNIT RAMP OF FREQUENCY INPUT 

INPUT I 
;'~ \f\!WN---. 

Figure 11 
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Consider an input .signal which consists of 
two added components: a component at 
frequency wi which is close to the free-run
ning frequency and a component at frequen· 
cy wk which may be at any frequency. The 
input signal is 

Vi(t) + Vk(t) = Visin(wit + Eli) + 

Vksin(wkt + 0k) (59) 

where 0; and ek are the phase in relation to 
the VCO signal. The unity square wave de
veloped in the multiplier by the VCO signal 
is 00 

v0 (t) = \ --4-- sin [<2n+1)w0 t] L 11"(2n+1> 
n=o (60) 

where w0 is the VCO frequency. Multiplying 
the two terms, using the appropriate trigo
nometric relationships, and inserting the dif· 
ferential stage gain Ad gives: 

Ve(t) = 2Ad 
tr 

oo· 

[ ~ (2~~ 1 ) cos[(2n+1)w0 t-w;t-0;] 

00 

\ V; - L (2n+ 1) cos [c2n +1)w0 t + w;t +El;] 
n=O 
00 

+\ ~ cos [<2n +1)wot-wkt-0k] L__, ,2n+1, 
n=O 

n=O 
(2 :~ 1) cos [ (2n+ 1 )w0 t+wkt+0k J] 

(61) 

Assuming that temporarily Vk is zero. if w 1 
is close to w0 , the first term (n = O) has a 
low frequency difference frequency compo· 
nent. This is the beat frequency component 
that feeds around the loop and causes lock 
up by modulating the VCO. As w0 is driven 
closer to w;. this difference component be
comes lower and lower in frequency until w0 

= w; and lock is achieved. The first term 
then becomes 

Ve(t) = VE = ~dvi cos El; (62) 
tr 

which is the usual phase comparator formu· 
la showing the de component of the phase 
comparator during lock. This component 
must equal the voltage necessary to keep 
the VCO at w0 . It is possible for w0 to equal 
w; momentarily during the lock up process 
and, yet, for the phase to be incorrect so 
that w 0 passes through w; without lock be· 
ing achieved. This explains why lock is usu
ally not achieved instantaneously, even 
when w; = w0 at t = 0. 

If n * O in the first term, the loop can lock 
when w; = (2n + 1) w0 , giving the de phase 
comparator component 

Ve(!)= VE=~ 2A~ cos 0 (63) 
~(2n+1) I 
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INTEGRATED PHASE COMPARATOR CIRCUIT 

+Vee +Vee 

SIGNAL 0-

INPUT 1~---------1------"R•"-'bl'--' 
BIAS 
VOLTAGE 

Figure 12 

showing that the loop can lock to odd har
monics of the free-running frequency. The 
(2n + 1) term in the denominator shows that 
the phase comparators output is lower for 
harmonic lock, which explains why the lock 
range decreases as higher and higher odd 
harmonics are used to achieve lock. 

Note also that the phase comparators out
put during lock is (assuming Ad is constant) 
also a function of the input amplitude V;. 
Thus, for a given de phase comparator out
put Ve. an input amplitude decrease must 
be accompanied by a phase change. Since 
the loop can remain locked only for 0; be· 
tween 0 and 180°, the lower V; becomes, 
the more the lock range is reduced. 

Note from the second term that during lock 
the lowest possible frequency is w0 + w; ~ 
2w;. A sum frequency component is always 
present at the phase comparator output. 
This component is usually greatly attenuat· 
ed by the low pass filter capacitor connect· 
ed to the phase comparator output. 
However, when rapid tracking is required 
(as with high-speed FM detection or FSK
frequency shift keying), the requirement for 
a relatively high frequency cutolf in the low 
pass filter may leave this component unat· 
tenuated to the extent !hat it interferes with 
detection. At the very least, additional tiller
ing may be required to remove this compo· 
nent. Components caused by n * O in the 
second term are both attenuated and of 
much higher frequency, so they may be ne
glected. 
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Suppose !hat other frequencies represent
ed by V11 a.re present What is their effect 

for vi<. """ 07 

The third term shows that Vk introduces an
other difference frequency component. Ob
viously, if wk is close to wi, it can interfere 
with the locking process since it may form a 
beat frequency of the same magnitude as 
the desired locking beat frequency. Howev
er, suppose lock has been achieved so that 
w 0 = w;. In order for lock to be maintained, 
the average phase comparator output must 
be constant. II w0 = Wk is relatively low in 
frequency, the phase 0i must change lo 
compensate for !his beat frequency. Broad
ly speaking, any signal in addition to the sig
nal to which the loop is locked causes a 
phase variation. Usually !his is negligible 
since "'k is often tar removed from w;. How· 
ever, it has been stated that the phase El; 
can move only between O and 180°. Sup
pose the phase limit has been reached and 
Vk appears. Since it cannot be compensat
ed for, ii will drive the loop out of lock. This 
explains why extraneous signals can result 
in a decrease in the lock range. If Vk is as
sumed to be an instantaneous noise compo
nent, the same effect occurs. When the lull 
swing of the loop is being utilized, noise will 
decrease the lock or tracking range. This 
effect can be reduced by decreasing the 
cutoff frequency of the low pass filter so 
that the w0 - "'k is attenuated to a greater 
extent, which illustrates that noise immunity 
and out-band frequency rejection is im
proved (at the expense of capture range 
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since w0 - "'i is likewise attenuated) when 
the low pass filter capacitor is large. 

The third term can have a de component 
when "'k is an odd harmonic of the locked 
frequency so that (2n + 1) (w0 - w 1) is zero 
and Elk makes its appearance. This will 
have an effect on 01 which will change the 
01 versus frequency w1. This is most no
ticeable when the waveform of the incoming 
signal is, for example, a square wave. The 
Elk term will combine with the Eli term so that 
the phase is a linear function of input fre
quency. Other waveforms will give different 
phase versus frequency functions. When 
the input amplitude V; is large and the loop 
gain is large, the phase will be close to 90° 
throughout the range of VCO swing, so this 
effect is often unnoticed. 

The fourth term is of little consequence ex
cept that if wl( approaches zero, the phase 
comparator output will have a component al 
the locked frequency w0 at the output. For 
example, a de offset at the input differential 
stage will appear as a square wave of fun
damental w0 at the phase comparator out
put. This is usually small and well 
attenuated by the low pass filler. Since 
many out-band signals or noise components 
may be present, many Vk terms may be 
combining to influence locking and phase 
during lock. Fortunately, only those close to 
the locked frequency need be considered. 

Quadrature Phase Detector (QPD) 
The quadrature phase detector action is ex
actly the same except that its output is pro
portional to the sine of the phase angle. 
When the phase El; is 90°, the quadrature 
phase detector output is then at its maxi
mum, which explains why ii makes a useful 
lock or amplitude detector. The output of 
the quadrature phase detector is given by 

2AgV· 
Vq = " 1 sin E>i (64) 

where Vi is the constant or modulated AM 
signal and El; ""' 90° in most cases so that 
sine 0; = 1 and 

Vq = ¥j (65) 

This is the demodulation principle of the 
aulodyne receiver and the basis for the 567 
tone decoder operation. 

INITIAL PLL SETUP CHOICES 
In a given application, maximum PLL effec
tiveness can be achieved if the designer un
derstands the tradeoffs which can be 
made. Generally speaking, the designer is 
free to select the frequency, lock range, 
capture range, and input amplitude. 
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FREE-RUNNING 
FREQUENCY SELECTION 
Setting the center or free-running frequency 
is accomplished by selecting one or two ex
ternal components. The center frequency is 
usually set in the center of the expected in· 
put frequency range. Since the loops ability 
to capture is a function of the difference be· 
tween the incoming and free-running fre
quencies, the band edges of the capture 
range are always an equal distance (in Hz) 
from the center frequency. Typically, the 
lock range is also centered about the free
running frequency. Occasionally, the center 
frequency is chosen to be offset from the 
incoming frequency so that the tracking 
range is limited on one side. This permits re· 
jection of an adjacent higher or lower fre
quency signal without paying the penalty for 
narrow band operation (reduced tracking 
speed). 

All of Signetics loops use a phase compare· 
tor in which the input signal is multiplied by 
a unity square wave at the VCO frequency. 
The odd harmonics present in the square 
wave permit the loop to lock to input signals 
at these odd harmonics. Thus, the center 
frequency may be set to, say, Ii 3 or Ii 5 of 
the input signal. The tracking range howev
er, will be considerably reduced as the 
higher harmonics are utilized. 

The foregoing phase comparator discus· 
sion would suggest that the PLL cannot 
lock to subharmonics because the phase 
comparator cannot produce a de compo· 
nent if wi is less than w0 . 

The loop can lock to both odd harmonic and 
subharmonic signals in practice because 
such signals often contain harmonic compo· 
nents at w0 . For example, a square wave ot 
fundamental w0 13 will have a substantial 
component at w 0 to which the loop can lock. 
Even a pure sine wave input signal can be 
used for harmonic locking if the PLL input 
stage is overdriven (the resultant internal 
limiting generates harmonic frequencies). 
Locking to even harmonics or subharmon· 
ics is the least satisfactory since the input 
or VCO signal must contain second harmon· 
ic distortion. If locking to even harmonics is 
desired, the duty cycle of the input and VCO 
signals must be shifted away from the sym· 
metrical to generate substantial even har· 
manic content. 

In evaluating the loop for a potential appli· 
cation, it is best to actually compute the 
magnitude of the expected signal compo· 
nent nearest w0 . This magnitude can be 
used to estimate the capture and lock 
ranges. 

All of Signetics loops are stabilized against 
center frequency drift due to power supply 
variations. Both the 565 and the 567 are 
temperature compensated over the entire 
military temperature range (-55 to 
+ 125°C). To benefit from this inherent sta· 
bility, however, the designer must provide 
equally stable (or better) external compo· 
nents. For maximum cost effectiveness in 
some noncritlca! applications. the designer 
may wish to trade some stability for lower 
cost external components. 

GUIDELINES FOR LOCK RANGE 
CONTROL 
Two things limit the lock range. First, any 
VCO can swing only so far; if the input signal 
frequency goes beyond this limit, lock will 
be lost. Second, the voltage developed by 
the phase comparator is proportional to the 
product of both the phase and the ampli· 
tude of the in-band coll'ponent to which the 
loop is locked. If the signal amplitude de· 
creases, the phase difference between the 
signal and the VCO must increase in order 
to maintain the same output voltage and, 
hence, the same frequency deviation. The 
564 contains an internal limiter circuit be· 
tween the signal input and one input to the 
phase comparator. This circuit limits the 
amplitude of large input signals such as 
those from TTL outputs to approximately 
1 OOmV before they are applied to the 
phase comparator. The limiter significantly 
improves the AM rejection of the PLL for in· 
put signal amplitudes greater than 100mV. 

It often happens with low input amplitudes 
that even the full ± 900 phase range of the 
phase comparator cannot generate enough 
voltage to allow tracking wide deviations. 
When this occurs, the effective lock range 
is reduced. Weak input signals cause a re· 
duction of tracking capability and greater 
phase errors. Conversely, a strong input 
signal will allow the use ot the entire VCO 
swing capability ana keeps the VCO phase 
(referred to the input signal) very close to 
90° throughout the range. Note that the 
lock range does not depend on the low pass 
filter. However, if a low pass filter is in the 
loop, it will have the effect of limiting the 
maximum rate at which tracking can occur. 
Obviously, the LPF capacitor voltage can· 
not change instantly, so lock may be lost 
when large enough step changes occur. Be· 
!ween the constant frequency input and the 
step-change frequency input is some limit .. 
ing frequency slew rate at which lock is just 
barely maintained. When tracking at this 
rate, the phase difference is at its limit of oo 
or 1000. It can be silen that if the LPF cutoff 
frequency is low, the loop will be unable to 
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track as fast as if the LPF cutoff frequency 
is higher. Thus, when maximum tracking 
rate is needed, the LPF should have a high 
cutofffrequency. However, a high cutoff Ire· 
quency LPF will attenuate the sum frequen· 
cies to a lesser extent so that the output 
contains a significant and often bothersome 
signal at twice the input frequency. The 
phase comparators output contains both 
sum and difference frequencies. During 
lock, the difference frequency is zero, but 
the sum frequency of twice the locked fre
quency is still present. This sum frequency 
component can then be filtered out with an 
external low pass filter. 

INPUT LEVEL AMPLITUDE 
SELECTION 
Whenever amplitude limiting of the in-band 
signal occurs, whether in the loop input 
stages or prior to the input, the lock and 
capture ranges become independent of sig
nal amplitude. 

Better noise and out-band signal immunity is 
achieved when the input levels are below 
the limiting threshold since the input stage 
is in its linear region and the creation of 
cross-modulation components is reduced. 
Higher input levels will allow somewhat fas
ter operation due to greater phase compa· 
rator gain and will result in a lock range 
which becomes constant with amplitude as 
the phase comparator gain becomes con
stant. Also, high input levels will result in a 
linear phase versus frequency characteris· 
tic. 

CAPTURE RANGE CONTROL 
There are two main reasons for making the 
low pass filter time constant large. First, a· 
large time constant provides an increased 
memory effect in the loop so that it remains 
at or near the operating frequency during 
momentary fading or loss of signal. Second, 
the large time constant integrates the 
phase comparators output so that in· 
creased immunity to noise and out-band 
signals is obtained. 

Besides the lower tracking rates attendant 
to large loop filters, other penalties must be 
paid for the benefits gained. The capture 
range is reduced and the capture transient 
becomes longer. Reduction of capture 
range occurs because the loop must utilize 
the magnitude of the difference frequency 
component at the phase comparator to 
drive the VCO towards the input frequency. 

If the LPF cutoff frequency is low, the differ· 
ence component amplitude is reduced and 
the loop cannot swing as far. Thus, the cap· 
lure range is reduced. 
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LOCK-UP TIME AND TRACKING 
SPEED CONTROL 
In tracking applic;ations, lock-up time is nor
mally of little consequence, but occasions 
do arise when ii is desirable lo keep lock-up 
time short to minimize data loss when noise 
or extraneous signals drive the loop out of 
lock. Lock-up lime is of great importance in 
tone decoder type applications. Tracking 
speed is important If the loop is used to de· 
modulate an FM signal. Although the follow· 
ing discussicn dwells largely on lock-up 
time, the same comments apply to tracking 
speeds. 

No simple expression is available which 
adequately describes the acquisition or 
lock-up time. This may be appreciated 
when we review the following factors which 
influence lock-up time. 

a Input phase 
b Low pass filter characteristic 
c Loop damping 
d Deviation of input frequency from center 

frequency 
e In-band input amplitude 
f Out-band signals and noise 
g Center frequency 

Fortunately, it is usually sufficient to know 
how to improve the lock-up time and what 
must be sacrificed to get faster lock-up. 
Consider an operational loop or tone de· 
coder where occasionally the lock-up tran
sient is too long. What can be done to 
improve the situation-keeping in mind the 
factors that influence lock? 

a Initial phase relationship between incom
ing signal and VCO - This is the greatest 
single factor influencing the lock time. If 
the initial phase is wrong, it first drives the 
VCO frequency away from the input fre
quency so that the VCO frequency must 
walk back on the beat notes. Figure 13 
gives a typical distribution of lock-up times 
with the input pulse initiated at random 
phase. The only way to overcome !~is vari
ation is to send phase information all the 
time so that a favorable phase relat\o,nship 
is guaranteed at t = 0. For example, a num
ber of PLLs or tone decoders rnay be 
weakly locked to low amplitude harmonics 
of a pulse train and the transmitted tone 
phase related to the same pulse train. Usu
ally, however, the incoming phase cannot 
be controlled. 

b Low pass filter - The larger the low pass 
filter time constant, the longer will be the 
lock-up time. The lock-up time can be re
duced by decreasing the filter time. con· 
slant, but in doing so, some of the noise 
immunity and out-band signal rejection 
will be sacrificed. This is unfortunate 
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since this is what necessitated the use of 
a large filter in the first place. Also pre
sent will be a sum frequency (twice the 
VCO frequency) component at the low 
pass filter and greater phase jitter result· 
ing from out-band signals and noise. In 
the case of the tone decoder (where con
trol of the capture range is required since 
it specifies the device bandwidth) a low
er value of low pass capacitor automali· 
cally increases the bandwidth. Speed is 
gained only at the expense of added 
bandwidth. 

c Loop damping - A simple first-order low 
pass filter of the form 

F(s)=~ (66) 

produces a loop damping of 
1 r,

l'= 2\J TKv (67) 

Damping can be increased not only by re
ducing'· as discussed above, but also by 
reducing the loop gain Ky. Using the loop 
gain reduction to control bandwidth or 
capture and lock ranges achieves better 
damping for narrow bandwidth operation. 
The penalty for this damping is that more 
phase comparator output is required for a 
given deviation so that phase errors are 
greater and noise immunity is reduced. 
Also, more input drive may be required for 
a given deviation. 

d Input frequency deviation from free-run
ning frequency - Naturally, the further an 
applied input signal is from the free-run· 
ning frequency of Iha loop, the longer it 

will take the loop to reach that frequency 
due to the charging time of the low pass 
filter capacitor. Usually, however, the el· 
feet of this frequency deviation is small 
compared to the variation resulting from 
the initial phase uncertainty. Where loop 
damping is very low, however, it may be 
predominant. 

e In-band input amplitude - Since input am
plitude is one factor in the phase compa
rators gain Kd and since Kd is a factor in 
the loop gain Ky. damping is also a lune· 
lion of input amplitude. When the input 
amplitude is low, the lock-up time may be 
limited by the rate at which the low pass 
capacitor can charge with the reduced 
phase comparator output (see d above). 
Out-band signals and noise - Low levels 
of extraneous signals and noise have little 
effect on the lock-up time, neither improv· 
ing or degrading it. However, large levels 
may overdrive the loop input stage so that 
limiting occurs, at which point the in-band 
signal starts to be suppressed. The lower 
effective input level can cause the lock-up 
time to increase, as discussed in e above. 

g Center frequency-Since lock-up time can 
be described in terms of the number of 
cycles to lock, fastest lock-up is 
achieved at higher frequencies. Thus, 
whenever a system can be operated at a 
higher frequency, lock will typically take 
place faster. Also, in systems where dif· 
ferent frequencies are being detected, 
the higher frequencies on the average 
will be detected before the lower Ire· 
quencies. 
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However, because of the wide variation due 
to initial phase, the reverse may be true for 
any single trial. 

PLL MEASUREMENT TECHNIQUES 
This section deals with measurements of 
PLL operation. The techniques suggested 
are meant to help the designer in evaluating 
the performance of the PLL during the initial 
setup period as well as to point out some 
pitfalls that may obscure loop evaluation. 
Recognizing that the test equipment may be 
limited, techniques are described which re
quire a minimum of standard test items. 

The majority of the PLL tests described can 
be done with a signal generator. a scope and 
a frequency counter. Most laboratories have 
these. A low-cost digital voltmeter will facili
tate accurate measurement of the VCO con
version gain. Where the need for a FM 
generator arises, it may be met in most cases 
by the VCO of a Signetics PLL. Any of the 
loops may be set up to operate as a VCO by 
simply applying the modulating voltage to the 
low pass filter terminal(s). The resulting gen
erator may be checked for linearity by using 
the counter to check frequency as a function 
of modulating voltage. Since the VCOs may 
be modulated right down to de, the calibration 
may be done in steps. Moreover, loop mea
surements may be made by applying a con
stant frequency to the loop input and the 
modulating signal to the low pass filter termi
nal to simulate the effect of a FM input so that 
a FM generator may be omitted for many 
measurements. 

FREE-RUNNING FREQUENCY 
Free-running frequency measurements are 
easily made by connecting a frequency 
counter or oscilloscope to the VCO output 
of the loop. The loop should be connected 
in its final configuration with the chosen val
ues of input, bypass, and low pass filter ca
pacitors. No input signal should be present. 
As the free-running frequency is read out, it 
can be adjusted to the desired value by the 
adjustment means selected for the particu
lar loop. It is important not to make the fre
quency measurement directly at the timing 
capacitor unless the capacity added by the 
measurement probe is much less than the 
timing capacitor value since the probe ca
pacity will then cause a frequency error. 

When the frequency measurement is to be 
converted to a de voltage for production 
readout or automated testing, a calibrated 
phase locked loop can be used as a fre
quency meter. 

CAPTURE AND LOCK RANGES 
Figure 14(a) shows a typical measurement 
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setup for capture and lock range measure
ments. The signal input from a variable fre
quency oscillator is swept linearly through the 
frequency range of interest and the loop FM 
output is displayed on a scope or (at low fre
quencies) X-Y recorder. The sweep voltage is 
applied to the X axis. 

Figure 14(b) shows the type of trace which 
results. The lock range is given by the outer 
lines on the trace, which are formed as the 
incoming frequency sweeps away from the 
center frequency. The inner trace, formed as 
the frequency sweeps toward the center fre
quency, designates the capture range. Line
arity of the VCO is revealed by the 
straightness of the trace portion within the 
lock range. The slope (Af/L'.V) is the conver
sion gain Ka for the VCO at the particular free
running frequency. 

By using the sweep technique, the effect on 
free-running frequency, capture range, and 
lock range of the input amplitude, supply volt
age, low pass filter and temperature can be 
examined. 

Because of the lock-up time duration and vari
ation, the sweep frequency must be very 
much lower than the free-running frequer.cy, 
especially when the capture range is below 
10% of the free-running frequency. Other
wise, the apparent capture and lock range will 
be function os sweep frequency. It is best to 
start sweeping as slow as possible and, if 
desired, increase the rate until the capture 
range begins to show an apparent reduction -
indicating that the sweep is too fast. Typical 
sweep frequencies are in the range of 1 /1000 
to 1 /100,000 of the free-running frequency. In 
the case of the 567, the quadrature detector 
output may be similarly displayed on the Y 
axis, as shown in Figure 15 showing the out
put level versus frequency for one value of 
input amplitude. 

Capture and lock range measurements may 
also be made by sweeping the generator 
manually through the band of interest. 
Sweeping must be done very slowly as the 
edges of the capture range are approached 
(sweeping toward center frequency) or the 
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QUADRATURE PHASE DETECTOR ANO 
PHASE COMPARATOR OUTPUTS OF THE 567 PLL 

Figure 15 

lock-up transient delay will cause an error in 
reading the band edge. Frequency should 
be read from the generator rather than the 
loop VCO because the VCO frequency gy
rates wildly around the center frequency 
just before and after lock. Lock and unlock 
can be readily detected by simultaneously 
monitoring the input and VCO signals, the 
de voltage at the low pass filter or the ac 
beat frequency components at the low pass 
filter. The latter are greatly reduced during 
lock as opposed to frequencies just outside 
of lock. 

FM AND AM DEMODULATION 
DISTORTION 
These measurements are quite straight
forward. The loop is simply setup for FM 
detection and the test signal is applied to the 
input. A spectrum analyzer or distortion ana
lyzer (HP333A) can be used to measure dis
tortion at the FM output. 

For FM demodulation, the input signal am
plitude must be large enough so that lock is 
not lost at the frequency extremes. The 
data sheets give the lock (or tracking) 
range as a function of input signal and the 
optional range control adjustments. Due to 
the inherent linearity of the VCOs, it makes 
little difference whether the FM carrrier is 
at the free-running frequency or offset 
slightly as long as the tracking range limits 
are not exceeded. 

The faster the FM modulation in rel~to 
the center frequency, the lower the value of 
the capacitor in the low pass filter must be 
for satisfactory tracking. As this value de
creases, however, it attenuates the sum 
frequency component of the phase compa
rator output less. The demodulated signal 
will appear to have greater distortion unless 
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this component is filtered out before the 
distortion is measured. 

NATURAL FREQUENCY AND 
DAMPING 

Circuits and mathematical expressions for 
the natural frequencies and dampings are 
given in Figure 16 for two, first-order low pass 
filters. Because of the integrator action of the 
PLL in converting frequency to phase, the 
order of the loop always will be one greater 
than the order of the LPF. Hence both these 
first order LPFs produce a second order PLL 
system. 

The natural frequency (wnl of a loop in its final 
circuit configuration can be measured by 
applying a frequency modulated signal of the 
desired amplitude to the loop. Figure 16 
shows that the natural frequency is a function 
of Kd, which is, in turn, a function of input 
amplitude. As the modulation frequency (wm) 
is increased, the phase relationship between 
the modulation and recovered sine wave will 
go through 90° at Sm= wn and the output 
amplitude will peak. 

Damping is a function of Kd, Ko. and the low 
pass filter. Since Ko and Kd are functions of 
the free-running frequency and input ampli
tude respectively, damping is highly depen
dent on the particular operating condition of 
the loop. Damping estimates for the desired 
operating condition can be made by applying 
an input signal which is frequency modulated 
within the lock range by a square wave. The 
low pass filter voltage is then monitored on an 
oscilloscope which is synchronized to the 
modulating waveform, as shown in Figure 17. 
Figure 18 shows typical waveforms displayed. 
The loop damping can be estimated by com
paring the number and magnitude of the over
shoots with the graph of Figure 19 which 
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gives the transient phase error due to a step 
in input frequency. 

An expression for calculating the damping for 
any underdamped second-order system 
(I< 1.0) when the normalized peak overshoot 
is known is 

Mp= 1 + e -!irt..J!:f2 (68) 

Examination of Figure 18 shows that the nor
malized peak overshoot of the error voltage is 
approximately 1.4. Using this value for Mp in 
Equation 68 gives a damping of i; = 0.28. 

Another way of estimating damping is to 
make use of the frequency response plot 
measured for the natural frequency (wnl mea
surement. For low damping constants, the 
frequency response measurement peak will 
be a strong function of damping. For high 
damping constants, the 3dB-down point will 
give the damping. Figure 19 tabulates some 
approximate relationships. 

NOISE 
The effect of input noise on loop operation 
is very difficult to predict. Briefly, the input 
noise components near the center frequen
cy are converted to phase noise. When the 
phase noise becomes so great that the 
± 900 permissible phase variation is ex
ceeded, the loop drops out of lock or fails to 
acquire lock. The best technique is to actu
ally apply the anticipated noise amplitude 
and bandwidth to the input and then perform 
the capture and lock range measurements 
as well as perform operating tests with the 
anticipated input level and modulation devi
ations. By including a small safety factor in 
the loop design to compensate for small 
processing variations, satisfactory oper
ation can be assured. 
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TRANSIENT RESPONSE OF PLL ERROR VOLTAGE TO SQUARE 
WAVE FREQUENCY MODULATION FOR VARIOUS DAMPING CQNDITIONS: 
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ESTIMATING THE DAMPING IN A SECOND ORDER PLL 

(A) TRANSIENT PHASE ERROR AS AN 
INDICATION OF DAMPING 

(a) 

Figure 19 
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(B) RATIO OF PEAK AMPLITUDE TO LOW 
FREQUENCY AMPLITUDE OF ERROR VOLTAGE 
FROM MODULATING FREQUENCY RESPONSE 

\ 
PEAK AMPLITUDE w-3db 
LOW FREQUENCY --WO 

AMPLITUDE 

.3 6.0dB 1.8 

.5 3.2dB 2.1 

.7 2.2dB 2.5 

1.0 1.3dB 4.3 

5.0 0.5dB 10 

(b) 
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CIRCUIT DESCRIPTION OF 
THE 564 
The 564 contains the functional blocks shown 
in Figure 1. In addition to the normal PLL 
functions of phase comparator, VCO, ampli
fier and low-pass filter, the 564 has internal 
circuitry for an input signal limiter, a de 
retriever, and a Schmitt trigger. The complete 
circuit for the 564 is shown in Figure 1. 

Limiter 
The input limiter functions to produce a near 
constant amplitude output that serves as 
the input for the phase comparator. Elimi
nating amplitude variations in the FM input 
signal improves the AM rejection of the 
PLL. Additional features of the 564s limiter 
are that it is capable of accepting TTL sig
nals, operates at high-frequencies up to 
50MHz, and remains functional with variable 
supply voltages between 5 and 12 • volts. 

Signal limiting is accomplished in the 564 
with a differential amplifier whose output volt
age is clipped by diodes 0 1 and 0 2 (see Fig-
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ure 2). Schottky diodes are used because 
their limiting occurs between 0.3 to 0.4 volts 
instead of the 0.6 to 0. 7 volt for regular IC 
diodes. This lower limiting level is helpful in 
biasing, especially for 5 volt operation. When 
limiting, the de voltage across R2 R3 remains 
at the Schottky diode voltage. Good high
frequency performance for 02 and 03 is 
achieved with current levels in the low mA 
range. Current-source biasing is established 
via the current mirror of 05 and 04 (See Fig
ure 1). 

Base biasing for 03 is of concern because of 
the nature of the input signal which can be 
either a TTL digital signal of Oto 5 volts ampli
tude or a low-level, ac coupled analog signal. 
Compatibility for either type is achieved by 
modifying the limiter of Figure 2 with the addi
tion of the vertical Schottky PNP transistors 
01 and 05 shown in Figure 3. The input sig
nal voltage appears as a collector-base volt
age for 01 which presents no problems for 
either high TTL level inputs or low-level ana
log inputs. 05 is in turn diode biased by 0 3 

and 0 4 (see Figure 1) which places the base 
voltages of 01 and 05 at approximately 1.0 

SCHEMATIC DIAGRAM OF 564 

volt. This same biasing network establishes a 
1.3 volt bias at the base of 013 for biasing the 
phase comparator section. A differential out
put signal from the input limiter is applied to 
one input of the phase comparator (09 
through 012) after buffering the level shifting 
though the 07-08 emitter followers. 
·when operating above 5Vdc, a limiting resistor must be 
used from Vee to pin 10 of the 564. 

Phase Comparator 
The phase comparator section of the 564 is 
shown in Figure 4. It is basically the conven
tional, double-balanced mixer commonly 
used in Pll circuits with a few exceptions. 
The transconductance, 9m· for the 013-014 
differential amplifier is directly proportional to 
the mirror current in 015. Thus by externally 
sinking or sourcing current at pin 2, gm can be 
changed to alter the phase comparators con
version gain, Kd. The nominal current injected 
into this node by the internal current source is 
0.75mA for 5 volt operation. If the current is 
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Figure 6 

externally removed by gating, the phase com
parator can be disabled and the VCO will 
operate at its free-running frequency. 

The variation of Kd with bias current at pin 2 is 
shown in the experimental results of Figure 5. 
Note the inherent 90° phase error in the loop 
produces an approximate zero phase com
parator output voltage. For any particular bias 
current, the slope of the line is the Kd conver
sion gain for the phase comparator. Numeri
cally the data of Figure 5 can be expressed as 

Kd""'0.4e volts +7.3x 10-4 volts xle1AS 
rad rad x µA 

(1) 

where 191As is in µA. Equation 1 is valid for 
bias current less than BOOµA where saturation 
occurs within the phase comparator. 

The current level established in 015 of Figure 
3 determines all other quiescent currents 
in the phase comparator (09 through 014). 
Currents through R12 and R13 set the com
mon-mode output voltage from the phase 
comparator (pins 4 and 5). Since this com
mon-mode voltage is applied to the VCO to 
establish its quiescent currents, the VCO con
version gain (f<o) also depends upon the bias 
current at pin 2. 
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The VCO is of the basic emitter-coupled asta
ble type with several modifications included to 
achieve the high frequency, TTL compatible 
operation while maintaining low frequency 
drift with temperature changes. The basic 
oscillator in Figure 6 consists of 019, 020, 
021, and 023 with current sinks of 025 and 
026. The master current sink of 028 keeps 
the total current constant by altering the ratio 
of currents in 025-026 and the dummy cur· 
rent sink of 027. 

The input drive voltage for the VCO is made 
up of common-mode and difference-mode 
components from the phase comparator. 
After buffering the level shifting through 017-
018 and RwR16, the VCO control voltage is 
applied differentially to the base of 027 and 
to the common bases of 025 and 026. 

The VCO control voltages from the phase 
comparator are the pin 4 and pin 5 voltages 
or 

V4 =Veg= Ve15 = VcM +-f voM (2) 

Vs= Vc12 = Ve11 = VcM --i-voM (3) 

where VcM and VoM are the respective 
common-mode and the difference-mode 
voltages. 
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VCO WAVESHAPES 

Figure 7 

Emitter followers 0 17 and 018 convert 
these control voltages into control currents 
through De and 07 of the form 

le= ~5 [vcM--fvoM-3VeEJ (4) 

17 = R~s [vcM + -t VoM - 3 VeEJ (5) 

These individual currents are summed in D9 
and become with R15 = R16 = R. 

la = I = le + 17 = ~ (VCM - 3 Vee) (6) 

Writing le and 17 as functions of the to· 
tal I current gives 

I VoM 
15 = 2 (1 - """"RI ) (7) 

I VoM 
17 = 2 (1 +""""RI ) (8) 

Now consider variations in le and 17 
while I remains constant. 

Let x indicate the current imbalance such 
that 

Is= (1 - x) 1 = + (1 - v~1M ) (9) 

I VDM 
17 = xi = 2 ( 1 + -RI l (10) 

where 0 ::S x ::S 1 . Thus x is defined to be 

(11) 

Currents Is and 17 establish proportional 
currents in 025, 02S, and 027 in a manner 
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similar to the analysis above since the cur
rent in 028 is a constant, or 

lo = lc2a = IE25 + IE26 + IE27 A + 
IE27B 

Gilbert (10) has shown that the DrD8 diode 
pair will cause identical differential currents to 
be reflected in both the 025-026 and the 
027A-0278 differential amplifier pairs. Con
sequently the constant current of 10 jointly 
shared by the differential amplifier pairs will 
divide in each pair with the same x factor 
imbalance as in Equation 11. 

IE25 + IE26 = xlo (12) 

IE25 = IE26 = ~ lo (13) 

IE27 A + IE27B = ( 1 - x) lo (14) 

IE27 A = IE27B =( 1 2 x) lo (15) 

Now consider placing a capacitor between 
the collectors of 025 and 026 (pins 12 and 
13). Oscillation will occur with the capacitor 
alternately being charged by 021 and 023 
and constantly discharged by 025 and 026. 
When the 021 and 022 pair conducts, 023 
and 024 will be off causing a negative ramp 
voltage to appear at pin 13 and a constant 
voltage at pin 12 as shown in Figure 7. During 
the next half-cycle, the transistor roles and 
voltages are reversed. Capacitor discharge is 

via 025 and 026 which act as constant· 
current sinks with current amplitudes as in 
Equation 13. 
During each half-cycle, the capacitor volt· 
age changes linearily by 2!!N volts in Ci. T 
seconds where 
Ci.V = 2R2Q 10 ( ~ + 1 2 x ) = R20 10 (16) 

and 
Ci.T = C2Ci.V. 

1e2s (17) 

Combining these two equations with Equation 
13 gives a half period of 

ti.T= 4CR20 
x 

(18) 

Utilizing Equation 11 with the aT expression 
gives the desired VCO frequency expression 
of 

f f ' ( VoM ) f ' [ VoM J 
0 = 0 1 + RI = 0 2(VcM. 3 Vee) 

(19) 

where f0 ' is the VCOs free-running frel!l'en· 
cy given by 

f ' - 1 
o - 16 R20 C 

(20) 

Equation 19 shows that the oscillator fre
quency is a linear function of the differential 
voltage from the phase comparator. Resistors 
R35 and R36 function to insure that an initial 
current imbalance exists between the 025 -

VCO OUTPUT FREQUENCY AS A FUNCTION OF 
INPUT VOLTAGE AND BIAS CURRENT 

VCO FREQUENCY 
IN MHz 

.6 

Figure B 
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026 transistor pair and the dummy 027. This 
imbalance insures that the oscillator is self
starting when power is first applied to the cir
cuit. 

The VCO conversion gain is determined as 

ato fo' 
Ko= aVoM =Rf Hz/volt (21) 

which is valid as long as the transistors V BE 

changes are small with respect to the 
common-mode voltage. Both 10 and Ko are 
inversely proportional to R which has a strong 
positive temperature coefficient. An internal 
current IR having an equal and opposite nega
tive temperature coefficient is inserted into 
the VCO as shown in Figure 6. 

Experimental determination of Ko can be 
found from the data of Figure 8 where Ko is 
the slope of either line. Numerically these 
results are for 181 As = 0. 

Ko = 0.95 ~~f = 5.9 x 106 v:i~-~ec (22) 

and for le1AS = BOOµA 

Ko =1.7 ~~~ =10.45 x 106 v:i~-~ec (23) 

It must be noted that the specific values ob· 
tained for K0 in the manner above are valid 
only for the l.OMHz free-running frequency 
where the data was taken. However, good 
estimates for K0 at other free-running fre
quencies can be obtained by linearly seal· 
ing K0 to the desired 10 '. Thus it is 
sometimes convenient to define a normal
ized K0 as 

Ko rad 
Ko(norm) = fo' = 5.9 voltCIBIAS = 0) 

= 10.45 ~~11 0BIAS = 800µA) (24) 

The K0 estimate for any bias then can be 
obtained by multiplying the normalized con
version gain by the desired free-running fre
quency, or 

K0 (any fo'l = Ko(norm) fo'. (25) 

The additonal VCO circuitry of 029 through 
036 functions to produce the TIL and ECL 
compatible outputs at pins 9 and 11. 

Amplifier 
The difference-mode voltage from the phase 
comparator is extracted and amplified by the 
amplifier in Figure 1. The single-ended output 
from this amplifier serves as input signals for 
both the Schmitt Trigger and a second differ
ential amplifier. Low-pass filtering with a large 
capacitance at pin 14 produces a stable de 
reference level as the second input to the 
Schmitt Trigger. When the PLL is locked, the 
voltage at pin 14 is directly proportional to the 
difference between the input frequency and 

8-103 
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POST DETECTION PROCESSOR FOR FSK 

IN 
16 

>--""" FSK OUT 

I 
I 
I 
I 
I 
I 

I I 
I DC RETRIEVER I L.-----------_J 

Figure 9 

WAVESHAPES FOR FSK DECODING IN THE 
POST DETECTION PROCESSOR 
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ADJUST 
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IN 

voc!OJ 

TIME 
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IN 
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FSK 
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Figure 10 
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lo'. Thus pin 14 provides the demodulated 
output for a FM input signal. 

Schmitt Trigger 
In FSK applications the pin 14 voltage will 
assume two different voltage levels corre· 
spending to the mark and space input Ire· 
quencies. A voltage comparator could be 
used to sense and convert these two volt· 
age levels to logic compatible levels. How· 
ever at high data rates, VoM will contain a 
considerable amount of carrier signal which 
can be removed by extensive filtering. Nor· 
mally this complex filtering requires quite a 
few components, most all of which are ex· 
ternal to the monolithic PLL. Also since the 
control voltage for the comparator depends 
upon K0 and the deviations of the mark and 
space frequencies from 10 ', the filtering has 
to be optimized for each different system 
utilized. However the necessary de refer· 
ence level for the comparator is present in 
the PLL but· buried in carrier frequency 
feedthrough which appears as noise in the 
system. A Schmitt trigger with variable hys· 
terisis can be used successfully to decode 
the FSK data without the need for extensive 
filtering. 

Consider the system shown in Figure 9 where 
the input signal is the single-ended output 
derived from the amplifier section of the 564. 
The de retriever functions to establish a de 
reference voltage for the Schmitt trigger. The 
upper and lower trigger points and adjustable 
externally around the reference voltage giving 
the variable hysteresis. For very low data 
rates, carrier feedthrough will be neglible and 
the ideal situation depicted in Figure 10 
results. Increased data rate produces the car
rier feedthrough shown in the (b) figure where 
false FSK outputs result because the feed
though amplitude exceeds the hysteresis volt
age. Having the capability to increase the 
hysteresis as in {c) produces the desired FSK 
output in the presence of carrier feedthrough. 

Another important factor to be considered is 
the temperature drift of the f0 ' in the VCO. 
Small changes in 10 ' will change the de level 
of the input voltage to the Schmitt trigger. This 
de voltage shift would produce errors in the 
FSK output in narrow-band systems where 
the mark and space deviations in f;n are less 
than the 10 ' change with temperature. How
ever this effect can be eliminated if the de or 
average value of the amplifier signal is 
retrieved and used as the reference voltage 
for the Schmitt trigger. In this manner, varia
tions in the 10 ' with temperature do not affect 
the FSK output. 
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FREQUENCY SYNTHESIS WITH 
THE NE564 
Frequency multiplication can be achieved 
with the PLL in two ways: 
a Locking to a harmonic of the input signal. 
b Insertion of a counter (digital frequency 

divider) in the loop. 

Harmonic locking is simpler and usually can 
be achieved by setting the VCO free-run· 
ning frequency to a multiple of the input Ire· 
quency and allowing the PLL to lock. 
However, a limitation of this scheme is that 
the lock range decreases as successively 
higher and weaker harmonics are used for 
locking. This limits the practical harmonic 
locking range to multiples of approximately 
less than ten. For larger multiples, the sec· 
ond scheme is more desirable. 

A block diagram of the second scheme is 
shown in Figure 1 a. Here, the loop is broken 
between the VCO and the phase comparator 
and a counter is inserted. In this case, the 
fundamental of the divided VCO frequency is 
locked to the input reference frequency so 
that the VCO is actually running at a multiple 
of the reference frequency. The amount of 
multiplication is determined by the counter. 
An obvious practical application of this multi
plication property is the use of the PLL in wide 
range frequency synthesizers. 

In frequency multiplication applications it is 
important to take into account that the 
phase comparator is actually a mixer and 
that its output contains sum and difference 
frequency components. The difference Ire-

quency is de and is the error voltage which 
drives the VCO to keep the PLL in lock. The 
sum frequency components (of which the 
fundamental is twice the frequency of the in· 
put signal) if not well filtered, will induce in· 
cidental FM on the VCO output. This occurs 
because the VCO is running at many times 
the frequency of the input signal and the 
s~m frequency component which appears 
on the control voltage to the VCO causes a 
periodic variation of its frequency about the 
desired multiple. For frequency multiplica
tion it is generally necessary to filter quite 
heavily to remove this sum frequency com· 
ponent. The tradeoff, of course, is a re· 
duced capture range and a more under· 
damped loop transient response. 

Producing a large number of frequencies with 
close spacing requires a counter with a large 
N for the system of Figure 1 (a). Large N val
ues. in turn, requir'I reference frequencies 
too low to be practicai for commercially availa
ble crystals. To overcome this difficulty, a sec
ond counter ( + M) is inserted as a prescaler 
as in Figure 1 (b) to divide down the reference 
frequency input. This also gives more pro
gramming flexibility since the synthesized 
output frequencies are functions of both M 
and N integers, each of which can be 
changed separately. As an example of frac
tional frequency synthesis, the two counters 
can be set to generate an output frequency 
exactly 16/3 of the input reference frequency. 
In this case N = 16, M = 3, and the initial f0 ' is 
set to approximately 16/3 times the reference 
frequency input. The output always will be 

FREQUENCY SYNTHESIS USING Plls 
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exactly 16/3 of the input frequency as long as 
the PLL remains in lock. 

PLL frequency synthesizers based upon Fig
ure 1 b find wide applications in many types of 
communications systems that require pre
cisely spaced channels having narrow band
widths which are centered around relatively 
high frequencies. For example, Citizens Band 
(CB) transceiver applications require forty 
channels corresponding to forty different ref
erence frequencies, each separated by 
10kHz bandwidths and centered in the 26 -
27MHz range. Channel 4 uses 27.055MHz; 
Channel 5 uses 27.015MHz; Channel 6 uses 
27.025MHz; and so on. These frequencies 
could be produced by using forty different 
crystals • one for each channel. However, this 
becomes expensive and adds unnecessary 
complexity to the system. Frequency mixing 
techniques have been employed to reduce 
the number of crystals needed to less than 
one crystal per channel. For example one 
common mixer design uses 14 crystals for 23 
channels. As a general rule, most practical 
approaches that use numerous crystals and 
mixers to produce discrete frequencies 
require more than one crystal for every two 
channel frequencies produced. As the num
ber of channels grows large, frequency syn
thesis using PLLs becomes more attractive, 
especially since usually only one or two crys
tals are needed. Frequency stability of all 
channels will be essentially the same as that 
of the crystal reference frequency. Reduced 
system complexity, size, weight, and power 
consumption are key advantages of PLL syn
thesizers. 

(a) FREQUENCY MULTIPLICATION (b) FRACTIONAL-FREQUENCY SYNTHESIS 
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FRACTIONAL FREQUENCY SYSTHESIS WITH THE 564 

(b)CIRCUIT IMPLEMENTATION 
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FREQUENCY SYNTHESIS WITH THE NE564 

Since the function of frequency synthesiz· 
ers is to generate frequencies and not to \in· 
eerily decode or demodulate input signals. 
digital PLLa are more commonly used than 
analog loops. 

Analog PLLs also can be used for frequency 
synthesis applications. The 564 is particu· 
larly well suited for these applications be· 
cause the loop is open between the VCO 
output and the phase comparator input. 
Also the phase comparator input and VCO 
output are compatible with TTL counters. 

NE564 FREQUENCY SYNTHESIS 
WITH CRYSTAL CONTROL 
The system shown in Figure 2 has been used 
to generate frequencies of 5.4MHz and 
21.6MHz from a 3.6MHz crystal-controlled 
source. This reference signal input is pro
duced by using the crystal as the frequency 
determining element in the VCO of a second 
PLL. The thermal stability of all three frequen
cies will be same as the stability afforded by 
the crystal. It may be necessary to place a 
small detuning capacitor in parallel With the 
crystal to precisely tune the PLL to the crys
tals resonant frequency and to prevent oscil
lations at harmonics of the resonant 
frequency. The value of this tuning capaci
tance must always be kept considerably less . 
than the value required to produce an 10 ' with
out the crystal present. Otherwise the crystal 
will lose control and the input reference fre
quency will be set by the capacitor alone. 

A recommendation for improved 564 opera
tion is to utilize a divide-by-N counter in the 
loop which produces "square" waves for the 
phase comparator that have as close to a 
50% duty cycie as possible. Normally 
counters with even N values produce square 
wave outputs perfectly compatible for the 
phase comparator. Counters for odd N values 
more commonly produce unsymmetrical out
puts that can be less desirable inputs to the 
phase comparator. An easy modification to 
"square up" odd divide-by-N counter outputs 
is to insert ~ single toggling flip-flop stage 
between the counter output and the phase 
comparators input. This produces an effec
tive 2N multiplication of the input frequency 
within the PLL. The extra factor of two is 
removed by a second toggle flip-flop whose 
input is the output from the first flip-flop. This 
is the same system as was previously shown 
in Figure 2(a) where the + N counter 
becomes a + 2N and M = 2 for the second 
counter. 

FSK Demodulation with the 564 
The 564 PLL is particularly attractive for 
FSK demodulation since it contains an inter
nal voltage comparator and VCO which 

have TTL compatible inputs and outputs, 
and it can operate from a single 5 volt pow
er supply. Demodulated de voltages asso
ciated with the mark and space frequencies 
are recovered with a single external ca
pacitor in a de retriever without utilizing ex
tensive filtering networks. An internal 
comparator, acting as a Schmitt trigger with 
an adjustable hysteresis, shapes the de· 
modulated voltages into compatible TTL 
output levels. The high frequency design of 
the 564 enables it to demodulate FSK at 
high data rates in excess of 1.0M baud. 

Figure 3 shows a high-frequency FSK de
coder designed for input frequency deviations 
of ± 1.0MHz centered around a freerunning 
frequency of 10.BMHz. The value of the tim-· 
ing capacitance required was estimated from 
Figure 4(a) to be approximately 40pF. A trim
mer capacitor was added to fine tune 10 ' to 
10.BMHz. 

Figure 4(b) indicates that the ± 1.0MHz fre
quency deviations will be within the lock 
range for input signal levels greater than 
approximately 50mV with zero pin 2 bias cur
rent. While strictly this figure is appropriate 
only for 5MHz, it can be used as a guide for 
lock range estimates at other f0 ' frequencies. 

A more thorough analysis confirms these 
lock range conclusions and serves as a 
guide for designing other systems. The 
closed loop gain of the PLL is equal to the 
systems lock range and is found as the 
product of Kd and K0 , or 

2wL = Kv = KdKo (1) 

2wL = (0.46 ~) (0.75 MHz ) 
radian volt 

(211' x 10.8 x 106 radian ) 
sec 

2wL = 3 x 101 radian (Lock range total) 
sec 

Thus pin 2 could be left as an open circuit and 
the internally set closed-loop gain would be 
adequate for tracking the mark and space 
input frequencies. However, to be safe, a bias 
.adjustment as shown in Figure 3 is recom
mended to allow for K.i and Ko variations from 
device to device. 

Designing for a capture range of approxi· 
mately 700kHz gives a \ow-pass filter time 
constant of 

"'c"" ~ wL=Kv 

(211' X 700XT103) °"' J 7·38 : ""'iQ6 
r=0.775 

(2) 

Therefore, choose the low-pass filter ca· 
pacitor as 

AN180 

C = ..!.. = 0. 775µs = 596pF (3) 
R 1.3K 

Two 300pF capacitors were selected for 
the design. 

Capacitive coupling was used for the FSK 
input and is recommended to avoid de feed
through. This de voltage would act as a de off
set to shift f0 ' from 10.BMHz. Balanced 
biasing with the 1.0kO resistors from pin 7 to 
pins 3 and 6 also is recommended to estab
lish symmetrical, quiescent current condi
tions in the limiter and phase comparator 
sections of the 564. The 3000 pull-up resistor 
for the VCO output was found to give a rise 
time less than 10ns. This rise time was further 
reduced by adding the 1000 resistor between 
pins 9 and 11. Figure 5 shows an unmodu
lated 10.BMHz input signal and the VCO out
put. Note the approximate 90° phase lag of 
the VCO output. 

A 0.1µF de retriever capacitor (pin 14) has 
less than 1 ohm impedance at f0 ' and repre
sents a good compromise between high baud 
rates (-100K baud) at f0 ' and higher order fil
tering. If very high baud rates are used, this 
capacitor could be made smaller with an 
accompanying increase in the Schmitt trigger 
hysteresis voltage. The hysteresis was 
adjusted experimentally via the 10k0 potenti
ometer and 2k!l bias arrangement to give the 
waveshape shown in Figure 6 for 20K, SOOK, 
2M baud rates with square wave FSK modula
tion. Note the magnitude and phase relation
ships of the phase comparators output 
voltages with respect to each other and to the 
FSK output. The high frequency sum compo
nents of the input and VCO frequency also 
are visible as noise on the phase comparators 
outputs. 

The phase comparators outputs exhibit the 
waveshapes shown in Figure 7 when the FM 
input is changed from a square wave FSK 
modulation to a triangular sweep at a 100Hz 
modulation rate. The amplitude of the triangu
lar sweep was increased from that used with 
square wave modulation, causing the loop to 
be driven in and out of lock. The loop is 
locked during the smooth, linear portions of 
the phase comparators waveshapes and 
locked during the remaining portions. Lock 
and capture frequencies were measured for a 
pin 2 bias current of 375µA and f0 ' = 1.0BMHz 
as: 

Lock: fL1 = 6.2MHz fL2 = 16.4MHz 

Capture: 101 = 9.3MHz f02 = 12.2MHz 

When the loop is locked, the phase detectors 
oµtputs represent the demodulated FM out
put. When unlocked, high frequency harmon
ics are present, increasing in amplitude until 
lock is achieved. 
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10.8 MHz FSK DECODER USING THE 564 
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Design Example 
It is desired to design an FSK converter oper
ating at 6MHz with deviation of ± 1%. 
Supply voltage is 5 volts. Input to the 564 
is from a radio receiver with an amplitude of 
0.5 voltsrm8 .Worst case SIN is 10dB. An over
all loop damping factor of 0.5 is specified (l). 

Using the circuit in Figure 1 

First the frequency determining capacitor 
must be established. Using the equation 

10 = -R1 C where Re is the internal resist-
25 c 0 

ance in the VCO osciUator equal to 100 ohms. 
Given two parameters the third is calculated 
10 = 6MHz; therefore 

C0 = 1 -66pF. 
27l"X 100x6x 106 

A parallel 2-20pF trimmer and a 47pF ± 5% 
fixed mica capacitor is chosen. 

Next, signal level versus bias current and lock 
range is examined. 

LOCK RANGE vs SIGNAL INPUT 

> 
E 
~ 
\!: 
~ 
~ 100 
z 8 

" ;;; • 5 . 
! 

NORMALIZED LOCK RANGE 

Figure 2 

The signal input to the 564 is specified to be 
0.5 voltsrms; in the lock range graph, the input 
level is well within the limiting region of the 
564. Thus no external AM limiter circuit is 
required and a 10dB S/N (3.1: 1) min. should 
provide reliable communication with a narrow 
deviation of ± 1 % ( ± 60KHz) and there is no 
problem with adequate lock range as it per
tains to bias current. We are free to use any 
loop gain necessary. The bias current sinking 
into pin 2 is set to an initial value of 200µA. 
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Figure 1 

It's now possible to determine the damping 
factor of the closed loop. First the natural fre
quency of the loop is calculated from the 
relationship, 

(1) 

where 

Ko= VCO conversion gain in s~~d~a~~lt 
K0 = Phase detector conversion gain in 

volts 
radian 

T =Loop filter time constant in seconds 

For 10 = 6MHz and le = 200µA, Ko may be 
derived from Figure 3a by first constructing 
an extrapolated transfer line with slope one
quarter of the angle between the existing 
le= 0 and 16 = 800 plots. 

Interpolation gives 
Ko = (1.48-1.25 MHz)_ .:l.10 ; 

(0.4-0.2 Volt) .:l.V0 

Multiplying .:l.F by 271" results inf = 1.45 x 106 

radians/sec at 1 MHz and 

Ko= 1.45 x 106 rad/sec_ 7_2 x 106 radians 
0.2 volts sec • volt 

Next, using the K0 graph (Figure 3b), ± 1 
radian ( - 90° ± 57°); i.e., .:i.e = 1 radian, 
results in an output of 0.6 volts/radian. 

Therefore, K0 = 1°;!d = 0.6 volts/radian at 

18 =200µA. 

The value obtained for Ko is for data taken at 
1 MHz and must be multiplied by 6 in order to 
find the correct value. 

Therefore, Ko= 6 x 7.2 x 106 radians 
sec• volt 

(6MHz) = 4.34 x 107 radians 
sec• volt 

f<oKo = Kv = (4.34 x 107)(0.6) = 2.6 x 107 

(loop gain) 

The damping factor specified (0.5) is now 
used to determine the necessary filter time 
constant (pins 4, 5). 

l"=--1--=--1-=~ 
2T ,/f<oKo 2../KvT 2Kv (2) 

T 

:.T= 1 =38ns 
(4) (2.6 x 107)(0.5)2 

Note that the filters on pins 4 and 5 operate 
differentially with the net effect that break fre
quency is 

wp = R~ (single pole filter - 3dB freq.) 

Now solving for wn using (1 ): 

wn = · 8 = 26 x 106 radians/sec ~ (2 6 x 107) J'2 
(3.8x10-) 

In= 4.14MHz (natural frequency of the loop 
and approximate one-sided capture 
B.W.) 
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The value of the loop filter capacitor may be 
determined by dividing the time constant by 
the value of the Internal resistance 1.3K ohm. 

T 3.8 X 10-B 
CL=---=---~ 

1.3Kohm 1.3x103 

=29pF 

This value filter time constant will give a less
than-critically-damped response allowing the 
fast excursion in VCO frequency necessary to 
good FSK reception. The tradeoff between 

response speed and carrier frequency har
monic rejection will have to be considered. A 
longer time constant gives more carrier rejec
tion but slower response and less damping. 
(Refer to equation 2.) 

The next step is to test the circuit under actual 
operating conditions with the specified FSK 
signal. The level on pin 15 (hysteresis adjust) 
must be set in the vicinity of + 1.4 volts in 
order to attain proper FSK demodulation. 
Final signal tests may be carried out with 

noise injected through a resistive summing 
network at the input (pin 6) to simulate the 
10dB S/N. 

Note that the loop filter response actually 
operates on the frequency spectrum above 
( +) and below ( - ) the carrier center fre. 
quency or center of deviation for a symmetric 
FM or FSK signal. This may be seen in Figure 
4. 

VARIATION OF THE PHASE COMPARATOR'S 
OUTPUT VOLTAGE VERSUS PHASE ERROR 

AND BIAS CURRENT (K0 ) 

VCO OUTPUT FREQUENCY AS A FUNCTION OF 
INPUT VOLTAGE AND BIAS CURRENT IKo) 

Vo · PHASE COMPAAUOR'S 
OUTI'UTVOLTAGE"IN mll 

10 "1owt11 

-2f0 

Figure 3b 

1 
VCO FREQUENCY 
INMH:li 

t ,, 
L 

Figure 3a 

Bandpass Effect of Loop Filter 

(10 +fp) 

'· 
Figure 4 
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INTRODUCTION 
In order . to obtain a local clock signal in 
Multiplexed Data Transmission systems, a 
phase and frequency coherent method of 
signal extraction is required. A Mastar
Slave system using the quartz crystal as the 
primary frequency determining elemerit in a 
phase lock loop VCO is used to reproduce a 
phase coherent clock from an asynchronous 
Data Stream. 

The NE564, a versatile phase locked loop 
(PLL) operating at frequencies of 50MHz, 
has inputs and outputs designed to ba TTL 
compatible. The Signalics NE564 is used to 
generate the ·phase locked, crystal-stabi
lized clock rafaranca signal. 

Its particular adaptation, for use with a cry
stal-controlled VCO instead of the usual R·C 
control elements, requires a brief review of 
Iha principles of Iha Phase Lock Loop de
sign. 

The NE564 Phase Locked Loop is a fully 
contained system, including limiter, phase 
detector, VCO, de amplifiers, de retriever 
and output comparator (rafaranca figure 1). 
For Iha clock regeneration system to ba dis
cussed the portions of Iha NE564 ·imple
mented are the input limiter, phase detector 
and VCO. 

The signal limiter amplifies low level inputs 
(until saturation is reached, which is typical
ly 60mv p-p for the NE564). The signal limit
er output is fed to the phase detector, where 
the "unknown" input is compared to the 
"known" VCO frequency of the NE564. The 
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differential error signal that is generated is 
fad through a de amplifier and a voltage to 
current converter. The change in the current 
generated forces the VCO frequency to vary 
in its frequency and I or phase relationship, 
such that a 0 of 90 degrees lagging is ob
tained (the actual phase relationship may 
be somewhat leas than 90 degrees depend
ing upon the KdKo (gain) product of the 
NE564 at Iha operating frequency and bias 
current). The external filtering incorporated 
at pins 4 and 5 control the dynamic frequen
cy response and loop stability criteria. 

The NE564 is a first order system; therefore, 
the use of single capacitors (at pins 4 and 5) 
will automatically create a "second order" 
system. An R·C aeries filter combination will 
cause a lead-lag condition that will permit 
dynamic selectivity, along with closed loop 
stability. 

LOOP GAIN FUNCTIONS 
The phase detector conversion gain (Kd) 
and Iha VCO conversion gain (Ko) dater· 
mine, in large part. the lock range, capture 
range and linearity characteristics of the 
NE564. These device parameters are both 
dependent upon bias current and operating 
frequency. Some typical curvaa 1or each of 
the parameters are shown for Iha NE564 in 
figures 2 and 3. The reader should refer to 
the Signatics Phase Locked Loop Daaign 
and Applic&tions Manual for a more in-depth 
study of thaae parameters and specific in
ternal circuit configurations. 

LOW PASS ....... --
LOOPGAlll 
CONTROL 

Figure t 
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THE CLOCK REGENERATOR 
CIRCUIT 
The baaic building blocks of the clock re
generator circuit are shown in figure 4. The 
PLL ia shown as a frequency multiplier incor
porating a divide by "N" in the VCO-phaae 
detector feedback loop (reference to the 
Signatic11 PLL Manual will provide greater in
dapth explanation of a frequency multiplier). 
The functions of the ringing circuit and the 
NE527 high speed comparator will be dis· 
cussed later. 

The wave forms of figure 5 indicate Iha 
waveforms transmitted over a T 1 line. The 
bipolar signal transmitted has •no" de com
ponents induced in the tranamiHion line 
(reference should be made to the affect of 
normal mode end common affects on signal 
information). When transmitted over tale· 
phone wire pairs, the resultant signal (at the 
receive and) will have bean degraded in 
both wavaahape and aignal-to-noiaa ration. 
Typical attenuation factors for a T 1 line are 
-30dB per 6000 feat. 

In addition, pair-to-pair cro1111 talk can de
grade. signal-to-noise ratios. The energy 
transmitted in the bipolar system of signal 
transfer is centered at 772kHz (generated 
by the bit format). 

At the receiving end the bipolar signal infor
mation is converted to a unipolar pulse train 
altar being amplified, filtered and fad 
through an llutomatic level control circuit. 
Some types of PCM systems use the recti
fied and filtered de (average) to control the 

1.----------, 
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VARIATION OF THE PHASE COMPARATOR'S OUTPUT VOLTAGE VERSUS PHASE ERROR AND BIAS CURRENT 

Vp • PHASE COMPARATOlll'S 

OUTPUT VOLTAGE IN mv 

800 

800 

400 

200 

-200 

·400 

-800 

·IOO 

•o,. 1.oMHr 

Figure 2 
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VCO OUTPUT FREQUENCY AS A FUNCTION OF INPUT VOLTAGE AND BIAS CURRENT 

phase of the regenerator clock; however, in 
newer systems, bipolar signals are prepro
cessed (or preconditioned) by terminal com
mon equipment resulting in unipolar 
information. 

T1 Data Transmission 
The bipolar algnal as transmitted on a T 1 
line appeare below with the original binary, 
converted unipolar and clock waveform (ref· 
erence figure 5). 

The bipolar signal when transmitted over 
etandard wire paira will be degraded both in 
wave shape and signal to noise by the time it 
reachea the signal repeater. Thia ia due to 
the attenuation factor of the cable which ia 
nearly -30dB for 6000 It. In addition, pair to 
pair croaa talk degrades signal to noise. The 
energy In the transmitted bipolar signal is 
centered al 772kHz due to the particular bit 
format. Bipolar eignala have no de offset. 

At each receiving station the bipolar signal 
la amplified, filtered and led through an 
automatic level control circuit. A full wave 
rectified algnal la then aent to the clock re· 
generation circuit. ThleJe eaaantially the for-

lM14 

..... 

VCO FREOUENCV 
INMH.! 

.• 

Figure 3 

-CRT 

600 800 

Vo!NmV 

REGENERATED 
CLOCK 

vco 

Figure 4 

mat followed by some of the original T1 re
peater equipment. The clock regeneration 
circuit described here could be ad•pted to 
thia system. 

THE T1 SPECTRUM 
The bipolar eignal is simil•r to NAZ d•ta in 
th•I It does not cont•in c•rrier information. 
In order to give the PLL coherent frequency 

inform•tion sufficient to obtain "capture" 
and lock, curier components must be ob
l•inad from the dat• stream. The time dura
tion of the frequency inlorm•tion fed to the 
PLL is also important in order to obtain ac-

NOTE 
•Th• PU. clock regeneretion circuit ia fully compatible with 
NAZ d81• end need• no aiQn•I proeeuaing for this formal. 
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BINARY CODE 

llPOU.A SIGNAL 

UNIPOLAR 

CLOCK 

50'lro DUTY 
CYCLE 

1,S44MH1 

Figure 5 

323.8n1 

Figure 6 

curate and stable information to update the 
PLL. In order to begin the extraction of fre
quency information, the positive goir.g por
tions of the bipolar data signals are used to 
drive a class "C" transistor tank circuit (ref
erence figure 4) which is sharply tuned to 
the basic clock frequency ( 1.544MHz). Each 
positive half cycle of data then starts a 
wave train of coherent information which is 
phase synchronous with each succeeding 
positive data bit. When the L-C tank is opti
mally tuned, relatively extended periods 
without data bits can be tolerated with mini
mal loss of frequency and phase informa
tion. The combination of good short term fre
quency stability of the high "Q" L-C tank, 
coupled with the long term stability of the 
crystal controlled VCO, is the foundation of 
the NE564 clock regeneration system accu
racy. 

It must be emphasized that data pulse syn
chronization of the pre-processing circuit 
must be frequency coherent with the funda
mental period of the time base to be extract
ed. That is, if the. time period of the clock is 
--&-- = T, where le is the clock frequency, 
thin the spacing between any positive code 
bit sequence must be n x I (reference figure 
6). 

period is T = 647.67ns. The pulse or bit 
width is 323.Bns. 

Here the bit duration 323.Bns = b. The 
Fourier expansion of the discrete spectrum 
is related by the following equation. 

(Ab) I sin(~) I 
F(n) = -T- n;b n = 0, 1. 2. (1) 

The basic frequency component resulting 
from various bit spacing factors is defined 
by the equation 

1 
f=--

T (2) 

where t :s f0 = l .544MHz 

If we consider the special case of a single 
pulse present out of 16 bipolar or 32NRZ 
periods, then 

T = 16 bipolar bit times 
= 16 x 647.67ns = 10.36µ.sec 

f = 96.5kHz 

(Fnt 

•• r 
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Accordingly, the spectral lines will be 
spaced in multiples of 96.SkHz. The spec
trum for this particular worst case condition 
is shown in figure 7 below. 

Solving equation 1 for the relative amplitude 
of the 1.544MHz spectral component with 
the pulse spacing shown, 

sin(~) 

c 1e;b > 

where T = 2nb, n = 16. 

Ab 
(T2rn6ib) 

. 16.-b 
Sm (32i)) 

(~) 
32b = (.02)A 

= -34d8 

It is evident that as the bit spacing in· 
creases to the point where 10 is the 16th 
harmonic of the fundamental, very little 10 

energy is available to drive a phase lock 
regeneration circuit. F( 16) is a bad case 
since it is an even subharmonic of f0 . The 
PLL will not normally lock to even 
harmonics; in fact, an error signal is pro
duced which tends to force the VCO out of 
lock. This fact further stresses the need tor 
preprocessing in the frequency domain. The 
class "C" pulsed resonant tank significantly 
multiplies the magnitude of the 10 spectral 
component and filters out unwanted 
subharmonics. 

The loop error voltage available from the 
phase detector for phase correction of the 
VCO is directly related to the product of the 
incoming coherent spectral energy multi· 
plied in the balanced mixer with the refer
ence signal derived from the VCO. Since the 
phase error information is integrated in the 
loop filters, the instantaneous magnitude of 
the de error voltage is proportional to the 
time integral of coherent mixer products. 
Thus, as the magnitude and time duration of 
the desired frequency component is in· 

Looking at the spectral analysis of the rela
tive energy available to the clock extraction 
circuitry (with a worst case duty cycle of 1 of 
16) will demonstrate the need tor 
enchancing the particular desired frequency 
component before applying the signal to the 
Phase Lock Loop. For 10 = 1.544MHz, the 

Figure 7 
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creased In the preproceaalng circuitry, the 
VCO phaae eccuracy is greatly improved. 
Capture time is obviously enhanced also. 

The signal from the tuned tank is buffered by 
a FET follower N-channel enhancement 
mode device (reference figure 12). This pro
vides power gain with virtually no loading on 
the tank circuit and avoids degrading the 
"Q". The buffered signal is then fed to a high 
speed comparator (Signetics NE527) which 
allows for waveform symmetry adjustment in 
addition to providing a standard TIL output to 
drive the NE564 PLL. 

In the particular circuit shown in figure 12, 
the 1.544MHz information is applied to the 
phase detector input of the NE564 Phase 
.Lock Loop. The VCO, however, is operated 
at four (4) times this frequency to order to 
take advantage of economical and readily 
available crystals. The VCO signal is fed 
through a divide·by·four counter (74LS73) 
to provide the Phase Detector reference 
and final regenerated clock signal. To avoid 
loading, the clock signal ( 1.544MHz) is 
buffered by the 75451 peripheral driver 
which provides a high speed open collector 
TTL output. The input signal is AC coupled in 
order to reduce de bias errors in the Phase 
Detector caused by "O" level variations. 

..... 
Cr 

Figure 8 

The Crystal 
The crystal used was chosen to match the 
NE564 VCO drive characteristics. It is an 
"AT" cut oscillator crystal which operatas 
near the anli·reaonata or "parallel" mode in 
ihls circuit. The crystal may have to be fine 
tuned, as indicated in figure 6. The pulling 
characteristic of the crystal is adequate to 
allow for o to 70°C operational drift plus 
Initial and aging accuracy tolerance factors 
and still retain lock between master and 
slave station VCXO's. The average lock 
range at room temperature with one of six· 
teen data bits present is typically 1 OOOHz 
for a 6. 176MHz crystal with a capture range 
greater than 500Hz. 

NE 564 CRYSTAL 
CONTROLLED VCO 
As shown in figure 8, the crystal ia operated 
with a series capacitor. When properly 
trimmed, this allows the crystal to operate 
near the series resonant mode. A crystal 
manufactured to operate in the series reso
nant mode will do so only if it sees a pure 
resistance looking into the oscillator termi· 
nals. The circuit below shows an oscillator 
which looks inductive with the equivalent 
crystal circuit and trimmer capacitor c 1 (ref· 
erence figure 9). 

If L0 is small and the internal gain of the 
device high over a wide frequency range, L0 
may resonate with the C0 of the crystal at a 
very high frequency. Under certain condi· 
lions the circuit may even tend to operate in 
the 3rd overtone mode unless measures are 
taken to roll off the circuit gain. This is the 
purpose of C8 in figure 8. Since the gain of 
the VCO is a factor in spurious oscillation, 
the current injected into pin 2 will also have 
an effect in this respect. (K0 increases with 
12). Al higher operating frequencies this pa· 
rameter may become more critical in attain· 
ing stable start ups in the desired frequency 
mode. Obviously the size of Cs must be 
smaller than the value needed to cause free 
running near the desired frequency without 
the crystal connected. 

CRYSTAL SPECIFICATION 
Crystals may be manufactured to operate in 
either the series mode with no external ca· 
pacitance (purely resistive load) or in the 
parallel mode with a specified value of load 
capacitance. The 584 tends to operate at a 
frequency above the specified value when a 
series mode crystal is used. For a design 
frequency of 8. 176000MHz and zero load 
capacitance. Referring to figure 8, for C8 • 

1 OpF and Cr • 1 OpF the average center 
frequency for an NE584 sample measured in 
the lab was 8181. 192kHz. For the aame C8 

but with Cr equal to 80pF, lo measured 
8178.585kHz. A Hoond crystal showed a 
spread of 8178.800kHz to 8180.855kHz. 
The effect of the VCO was to pull the xtal to 
a frequency above its design value. This el· 
feet is then nearly tuned out by Iha external 

fl , 
Co 

XTAL 
c, 
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capacitances C8 and Cr. If Cr is sufficiently 
increased, the crystal will see a purely re· 
siative load and operate at its rated 
frequency. 

A second approach is to specify a crystal 
which is to operate near the anti-resonate or 
parallel mode. Normally this is done with a 
certain value of external load· capacitance 
specified by the customer which matches 
the existing circuit parameters. The maxi· 
mum difference between series and parallel 
resonance for any crystal is 0.5% of fo (se·· 
ries reaonant mode) For fr = 8.126MHz, 
0.5% of fr • 30kHz. The usual value would 
be lower than this. (fa= fr..../1 + -k-. r0 = 
electromechanical coupling factor, I~= par· 
allel resonant frequency). The particular cut 
of the crystal material determines the drift 
response over temperature. For oscillator 
applications the AT cut offers the best over· 
all stability over a wide frequency and tem· 
perature range. Final design uses second 
approach. 

For a 1tablllty or total tolerance of 
± 15ppm over the rated operating range of 
-20°c to +70°C, a certain manufacturer's 
crystal actually performed as shown above. 
(Refer to figure 11.) 

Callbratlon accuracy is the allowable Ire· 
quency tolerance at the reference tempera· 
ture, i.e. ± 1oppm @ 25°C. 

Third is a long !arm drift spec which deter· 
mines the qustomer's maximum allowable 
drift due to aging effects. An acceptable val· 
ue in quality crystals is ± 2ppm I year . 

Using our reference crystal of 6. 178MHz and 
the above specifications, the crystal limits 
over a 1 year period would be: 

Temperature 
stability: ± 15ppm x 8.178 

• ±93HZ 
Calibration 
tolerance: 

@ 25•c 
Long term drift: 

Total-

± 10ppm x 8.178 
• ±82Hz 

±2ppm x 1x8.178 
• ± 12Hz 
(± 167Hz) 

The above figure of ± 167Hz then deter· 
mines the capture and lock range over which 

Co= XTAL SHUNT CAPACITORS 

C1.,fOUIVAl.ENT XTAL 
SERIES RESONANT 
ARM CAPACITANCE 

L1 =EQUIVALENT MOTIONAL 
INOUCTANCE 

R1 "EQUIVALENT CRYSTAL 
SER!E$RESISTANCE 

C8 =EXTERNALSHUNTOR 
STRAY CAPACITANCE 

For VCO operation at 6. 176MHz, Cs is 22pF, 
Cc is 18pF, and Ct, a 1·8pF trimmer capaci· 
tor (reference figure 8). 

Figura 9 
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BASIC CRVSTAl EQUIVALENT CIRCUIT 

~----·--~----<> 

C1 " MOTIONAL CAPACITANCE 

Co ~ SHUNT CAPACITANCE 

P 1 fftUlVALENT RESISTANCE 

L1 "' EQUIVALENT 1NDUCTAHCf 

Flgu•e 10 

DESIGN EXAMPLE 
----------·------ ·-·-----·---·-··----··--- ---·-·---------1 

I 
,.. ... ____ /. 

I 'I--- I 

+20Hi 

-20"C +20"C +70"C 

Figure 11 

two crystai stabiiizad VCO'a must track un· 
d-er worst case conditions when the exec~ 
same crystal specifications are used for 
master and slave units within an operation61I 
system. 

CRYSTAL SPECIFICATIONS 
'AT' CUT OSCILLATOR TYPE 
Fundamental mode operation HC·33 C>1M 
(Standard) 

Calibration tolerance: 
± 10ppm @ :!5°C 

Temperature stability: 
± 15ppm; -15°C !(> +fl5"C 

Circuit operating condition: 
Parallel resonance 

Frequency specified: 6.176000MHz 

Part designation: 
Crovsn # A330 DEF-32 or equivalent 

Set-up Procedure 
Referring lo figure 12, !he following set-up 
procedure will &id the user in esieblishing 
proper circuit operation. 

Regulated supply voltage of +5 and ·-6 
volts are rll':iquir~d. Curront drnin on ih-e t:>V 
line is ~ 100mA, and BmA for the -6V. 

With proper voltage applied (1), first check 
the supply cyrrents to be sure they are in !he 

nrnge indicated above. (2), check the oper 
alion of the NE564 VCXO by looking al pin 9 
with M oscilloscope (see figure 13). A rea· 
S\>nably symmetric square wave should be 
present, having a frequency near 6. 1 MHz. 
(3), altech a DVM across the 2K resistor 
wnich feeds pin 2 of the NE564 and adjust 
for a reading of 2.00 volts, indicating a 1 
milli~mp .. re de current flowing into pin #2. 

(The ( +) lead of the DVM should be con· 
nected to the end of the 2K resistor which 
fa1s to the wiper ol the 10K pot and the(-) 
lead to pin 2 of the 564. Reference figure 
14). 

(4), the exact center frequency ia set by 
adjusting c1, the crystal trimmer cap, for ex· 
actly 6. 176000MHz with no signal input 
(This sets the center frequency of the VCXO 
to free run in the center <lf the capture 
range.). 

(5), enable strobe •A' and 'B' with e +2. 7\1 
min, to +5V max. level. Apply a standard 
1.544MBS NRZ data signal lo the input ter· 
minal, terminated in 50 ohms. The amplitude 
should be +3 to +5V (O to peak). Set the 
duty cycle for 1 bit in a 16 bit period. Note 
the daie il£marator must be driven from a 
crystal controlled meeter oscillator also 
adjusted for a center data m!e of 1.544 
OOOMBS. Monitor the buffered output ol the 

AN182 

ringing circuit with a scope connected to the 
•ourca of the SD213 (figure 15). 

The waveform should appear as in figure 17. 

(6). adjust tank trimmer cap CT for a maxi· 
mum amplitude and note that I.he cycle peri· 
od should be 647 nanoseconds. (7), Now 
monitor the comparator output signal at pin 
7 and adjust Rt for a 50% duty cycle. The 
same signal will appear et pin 5 of the 
NE527 except ii will be inverted. The signal 
on pin 7 of the NE527 and pin 6 of the NE564 
should appear as shown in figure 19. Now 
atlach one lead of a dual trace scope to pin 
7 of the NE527 and the other to pin 3 of the 
NE564 es shown (figure 16). 

The two signals should be in phase lock with 
an approximate 90° differential as shown in 
figure 20 (data signal applied to input @ 
1.544MBS). If lock does not occur. a slight 
trimming of the crystal trimmer Cr should 
correct for slight differences in master to 
Biava crystal tolerance. It is recommended 
that master and slave crystals be of the ex· 
act same design and specification to insure 
optimal tracking over time and temperature. 
A recommended manufacturer and part num
ber 11pp0arn at the end of this application 
note for your convenience. 

Once lock is et!ained, move one lead of the 
dual trace scope to the buffered output of 
the 75451 pin 3, leaving the other scope 
prnbe on pin, 6 of the NE564. The phase 
k>cked waveform should appear as in figure 
25. If a data word generator is being used, 
you may check overall operation for various 
bit pattern a by synchronizing the scope trig
ger on the "end of word" pulse, then observe 
the phase error effect as different combine· 
lions are lad in. 

PHASE JITTER 
When operating with real time A·D data 
tranemi&Bion, the PLL. loop filters must be 
optimized to minimize regenerated clock jit· 
ter. A good grade of mylar capacitor ia rec· 
ommended as connected to pins 4 and 5 of 
the NE564. A simple pair of shunt connected = 
loop filter cape of 0.33 µF to 0.76µ.F was 8 
found to be adequate 
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CHECK VCO FREE RUNNING FREQUENCY 
AND OUTPUT WAVESHAPE 

11 

rr 0 NSM YCO . ..0 SCOPE 

CHECK VCO FREE RUNNING FREQUENCY AND OUTPUT WAVESHAPE. 

Figure 13 

Figure 15 

RINGING CIRCUIT RESPONSE 
(1 DATA PULSE IN 16) 

lDOmV 500..S 

fY I 
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I 

c::::::J 
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_i 
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f II ~ if II ~ !Cl f 
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2V 

Figure 17 

RINGING CIRCUIT TO SQUARE WAVE CONVERSION 
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2V 

500nS 

~ q F d 
Figure 19 
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Figure 14 

Figure 16 

RINGING CIRCUIT RESPONSE 
(4 DATA PULSES IN 16) 
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Figure 18 

PHASE COMPARATOR SIGNALS 
(IN LOCK) 
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Figure 20 
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REGENERATED CLOCK SIGNALS 
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Figure 21 
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Figure 23 

REGENERATED CLOCK SIGNAL 
RELATIVE TO RANDOM NRZ DATA SIGNAL 
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Figure 25 
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CIRCUIT DESCRIPTION OF 
THE NE565 PLL 
The 565 is a general purpose PLL designed 
to operate at frequencies below 1 MHz. The 
loop is broken between the VCO and phase 
comparator to allow the insertion of a counter 
for frequency multiplication applications. With 
the 565, it is also possible to break the loop 
between the output of the phase comparator 
ana the control terminal of the VCO lo allow 
additional stages of gain or filtering. This is 
described later in this section. 

The veo is made up of a precision current 
source and a non-saturating Schmitt trigger. 
In operation, the current source alternately 
charges and discharges an external timing 
capacitor between two switching levels of the 
Schmitt trigger, which in turn controls the 
direction of current generated by the current 
source. 

A simplified diagam of the veo is shown in 
Figure 1. 11 is the charging current created by 
the application of the control voltage V c· In 
the initial state, 03 is off and the cµrrent 11 

charges capacitor e, through the diode D,. 
When the voltage on e1 reaches the upper 
triggering threshold, the Schmitt trigger 
changes state and activates the transistor 
03. This provides a current sink and essen
tially grounds the emitters of 01 and 02. The 
charging current 11 now flows through D1• 01 
and 03 to ground. Since the base-emitter 
voltage of 02 is the same as that of 01, an 
equal current flows through 02. This dis
charges the capacitor e, until the lower trig
gering threshold is reached at which point the 
cycle repeats itself. Because the capacitor e, 
is charged and discharged with the constant 
current 11, the veo produces a triangle wave 
form as well as the square wave output of the 
Schmitt trigger. 

The complete circuit for the 565 is shown in 
Figure 2. Transistors 01-07 and diodes D1-D3 

form the precision current source. The base 
of 01 is the control voltage input to the veo. 
This voltage is transferred to pin 8 where it is 
applied across the external resistor R1. This 
develops a current through R1 which enters 
pin 8 and becomes the charging current for 
the veo. With the exception of the negligible 
01 base current, all the current that enters 
pin 8, appears at the anodes of diodes D2 and 
0 3. When 08 (controlled by the Schmitt trig
ger) is on, D3 is reverse biased and all the cur
rent flows through D2 to the duplicating 
current source 05-07, R2-R3 and appears as 
the capacitor discharge current at the collec
tor of 05. When QB is off, the duplicating cur
rent source Q5-Q7, R2-R3 floats and the 
charging current passes through D3 to charge 
e,. 

The Schmitt trigger (011, 012) is driven from 
the capacitor triangle wave form by the emit· 
ter follower 09. Diodes D6-D9 prevent satura· 
tion of 011 and 012, enhancing the switching 
speed. The Schmitt trigger output is buffered 
by emitter follower 013 and is brought out 
to pin 4, and is also connected back to the 
current source by the differential amplifier 
(014-016). 

Whe~ operBted fmm rlual symmetrical sup
plies, the square wave on pin 4 will swing 
between a low level of slightly (0.2V) below 
ground to a high level of one diode voltage 
drop (0. 7V) below the positive supply. The tri
angle wave form on pin 9 is approximately 
centered between the positive and negative 
supplies and has an amplitude of 2V with sup
ply voltages of ± 5V The amplitude of the tri
angle waveform is directly proportional to the 
supply voltages. 

The phase comparator is again of the dou
bly-balanced modulator type. Transistors 
020 and 024 form the signal input stage, 
and must be biased externally. If dual sym· 
metrical supplies are used, it is simplest to 
bias 020 and 024 through external resis· 
tors to ground. The switching stage 018, 
0 19, 022 and 023 is driven from the 
Schmitt trigger via pin 5 and D 11 · Diodes 
D 12 and D 13 limit the phase comparator 
output, and differential amplifier 026 and 
027 provides increased loop gain. 

The loop low pass filter is formed with an 
external capacitor (connected to pin 7) and 

the collector resistance R24 (typically 
3.6Kfl). The voltage on pin 7 becomes the 
error voltage which is then connected back 
to the control voltage terminal of the veo 
(base of 01). Pin 6 is connected to a tap on 
the bias resistor string and provides a refer
ence voltage which is nominally equal to the 
output voltage on pin 7. This allows differen· 
tial stages to be both biased and driven by 
connecting them to pins 6 and 7. 

The free-running center frequency of the 
565 is adjusted by means of R 1 and e 1 and 
is given approximately by 

f ' - _1.2 
0 - 4fi1C1 (1) 

When the phase comparator is in the limit· 
ing mode (Vin 2: 200mV p·p), the lock range 
can be calculated from the expression: 

2wL = 2KoKdA8d (2) 

where Ka is the VCO conversion gain, Kd is 
the phase comparators conversion gain, A is 
the amplifier gain, and ed is the maximum 
phase error over which the loop can remain in 
lock. Specific values for the terms of Equation 
2 for tt1e 565 are 

Kd = .!A volts I radian ,,. 
P.. = 1.4 

(3) 

(4) 

ed = ; radians (5) 

50 fo' radians 
Ko = Vee · Volt-sec (6) 

where Vee is the total supply voltage ap
plied to the circuit. 

SIMPLIFIED DIAGRAM OF 565 VCO l ~--·----.-----0 •V 

D1 

SCHMITT 

TRIGGER 

03 ...______J. 

Figure 1 
'------·--------·----------
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The tracking range for the 565 then be· 
comes: 

IL ""+ WL "" + ~ Hz. - 2.. - Vee (7) 

to each side of the free-running frequency, 
or a total lock range of: 

2fL :::.: 1610 Hz (8) 
Vee 

The capture range, over which the loop can 
acquire lock with the input signal is given 
approximately by: 

(9) 

where WL is the one-sided tracking range 

WL = 2.-fL (10) 

and r is the time constant of the loop filter 

(11) 
The lock-in range can be written as: 

tc"" ±_!_ f2;iL = ±~ j 321rfo' 
2 .. J 7 2.. Vee 

(12) 

to each side of the free-running frequency 
or a total capture range of: 

(13) 
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CIRCUIT DIAGRAM OF 565 

Figure 2 

This approximation works well for narrow 
capture ranges (fc = 1 / 31L but becomes 
too large as the limiting case is approached 
(le = IL). 

When it is desired to operate the 565 out of its 
limiting mode (V;0 <200mV p-p or32mV rms). 
Kd can be estimated from the graph in Figure 
3 for the specfic input voltage anticipated. 
The previous calculations for the lock and 
capture ranges remain valid with the new 
value of Kd from the graph being used to 
replace the KdA product in Equation 2. In Fig
ure 3, the de amplifier gain A has been 
included in the Kd value. 

For applications where both a narrow lock 
range and a large output voltage swing are 
required, it is necessary to inject a constant 
current into pin 8 and increase the value of 
R1. One scheme for this is shown in Figure 4. 
The basis for this scheme is the fact that the 
output voltage controls only the current 
thought R1 while the current through 01 
remains constant. Thus, if most of the charg
ing current is due to 01, the total current can 
be varied only a small amount due to the 
small change in current through R1. Conse
quently, the VCO can track the input signal 

AN183 

over a small frequency range yet the output 
voltage of the loop (control voltage of the 
VCO) will swing its maximum value. 

Diode D 1 is a Zener diode, used to allow a 
larger voltage drop across RA than would 
otherwise be available. 04 is a diode which 
should be matched to the emitter-base 
junction of Q 1 for temperature stability. In 
addition, 01 and D2 should have the same 
breakdown voltages and 03 and 04 should 
be similar so that the voltage seen across 
Rs and Re is the same as that seen across 
pins 10 and 1 of the phase locked loop. This 
causes the frequency of the loop to be in
sensitive to power supply variations. The 
free-running frequency can be found by: 

f ' - 2Rs 1 Hz 
0 - (Rs+ Re) RAC1 +~, (l4) 

and the total range is given by: 

2fL - 22.4VoCRs+Rc>RAfo' 
- qv 1l+\v2\-Vz-Vo>(BRsR1+RA(R9+Rc>t' 

(15) 

where Vo is the forward biased diode volt
age (""O. 7V), Vz is the zener diode break
down voltage, V 1 is the positive supply 
voltage, and V 2 is the negative supply volt· 
age. 
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PHASE COMPARATOR'S CONVERSION 
GAIN, Ko, FOR THE 565 AS A 

FUNCTION OF INPUT SIGNAL AMPLITUDE 

NARROW BANDWIDTH FM DEMODULATOR 
USING THE 565 

"'' VOL TS/RAD 

.s 1._-T 
t------1 DIFFERENTIAL i.L:LJ£'.'. 
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'--'--I INPUT AC l--+---1k_'-+it'lL_~-+-----1----1-+-t---! 
I I GROUNDED / Yl 

011---+--+-++-+c-~/+7'.V'l-+-t---1--t-+-t-+---i / v 
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lZ 
~ _,d INPUT 

01 _Lv v.J1 
005~ 

C---+--+--+-<--t--+-l--+--+-~f----+565 PIN 7--1 
6V SUPPLY 

10 

Figure 3 

When the output excursion at pin 7 need be 
only a volt or so, diodes D 1 · D2 and 03 may 
be replaced by short circuits. 

The value of A 1 can be selected to give a 
prescribed output voltage for a given fre
quency deviation. 

where ti.I is the desired frequency deviation 
per volt of output. 

In. most instances, Re and RA are chosen to 
be equal so that the voltage drop across 
them is about 200mV. For best temperature 
stability, diode o1 should be a base-collec
tor shorted transistor of the same type as 
01. 

When the 565 is connected normally, feed
back to the VCO from the phase comparator 
is internal. That is, an amplifier makes the pin 
8 voltage track the pin 7 (phase comparator 
output) voltage. Since the capacitor C1 

charge current is determined by the current 
through resistance R1, the frequency is a 

50 100 

INPUT 
mV - RMS 

function of the voltage at pin 8. It is possible, 
however, to bypass and swamp the internal 
loop amplifier so that the current into pin 8 is 
no longer a function of the pin 8 voltage but 
only of the pin 7 voltage. This makes a greater 
charge-discharge current variation possible, 
allowing a greater lock range. Figure 5 shows 
such a circuit in which the µA741 operational 
amplifier is set for a differential gain of 5, 
feeding current to pin 8 through the 33Kn 
resistor (simulating a current source). Not 
only is the tracking range greatly expanded, 
but the output voltage as a function of fre
quency is five times greater than normal. In 
setting up such a circuit, the designer should 
keep in mind that for best frequency stability, 
the charge-discharge current should be in the 
range of 50 to 1500µA which also specifies 
the pin 8 input current range, showing that a 
ratio of upper to lower lock extremes of about 
30 can be achieved. 

Many times it would be advantageous to be 
able to break the feedback connection be
tween the output (pin 7) and the control volt
age terminal (01) of the VCO. This can be 
easily done once it is seen that it is the current 

Figure 4 

into pin 8 which controls the VCO freqency. 
Replacing the external resistor R1 with a cur
rent source, such as the Figure 6, effectively 
breaks the internal voltage feedback connec
tion. The current flowing into pin 8 is now 
independent of the voltage on pin 8. The out
put voltage (on pin 7) can now be amplified or 
filtered and used to drive the current source 
by a scheme such as that shown in Figure 6. 
This scheme allows the addition of enough 
gain for the loop to stay in lock over a 100:1 
frequency range, or conversely, to stay in lock 
with a precise phase difference (between 
input and VCO signals) which is almost inde
pendent of frequency variation. Adjustment of 
the voltage to the non-inverting input of the op 
amp, together with a large enough loop gain 
allows the phase difference to be set at a con
stant value between 0° and 180°. In addition, 
it is now possible to do special filtering to 
improve the performance in certain applica
tions. For instance, in frequency multiplica
tion applications it may be desirable to 
include a notch filter tuned to the sum fre
quency component to minimize incidental FM 
without excessive reduction of capture range. 
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Figure 5 
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FSK DEMODULATION 
FSK DECODER USING THE 565 

r---+--~....---.---.---....--0+ SV + 14V 

FSK refers to data transmission by means 
of a carrier which is shifted between two 
preset frequencies. This frequency shift is 
usually accomplished by driving a VCO with 
the binary data signal so that the two result
ing frequencies correspond to the "O" and 
"1" states (commonly called space and 
mark) of the binary data signal. 

R1 SK C2 

FSK Demodulation with the 565 
A simple scheme using the 565 to receive 
FSK signals of 1070Hz and 1270Hz is shown 
in Figure 1. As the signal appears at the input, 
the loop locks to the input frequency and 
tracks it between the two frequencies with a 
corresponding de shift at the output (pin 7). 

The loop filter capacitor C2 is chosen to set 
the proper overshoot on the output and a 
three-stage RC ladder filter is used to re
move the sum frequency components. The 
band edge of the ladder filter is chosen to 
be approximately half-way between the 
maximum keying rate (300 baud or bits per 
second, or 150Hz). The free-running fre
quency should be adjusted (with R 1) so that 
the de voltage level at the output is the 
same as that at pin 6 of the loop. The output 
signal can now be made logic compatible by 
connecting a voltage comparator between 
the output and pin 6. 

The input connection is typical for cases 
where a de voltage is present at the source 
and, therefore, a direct connection is not 
desirable. Both input terminals are returned 
to ground with identical resistors (in this 
case, the values are chosen to achieve a 
600f! input impedance). 

A more sophisticated approach primarily use
ful for narrow frequency deviations is shown 
in Figure 2. Here, a constant current is 
injected into pin 8 by means of transistor 01. 
This has the effect of decreasing the lock 
range and increasing the output voltage sen
sitivity to the input frequency shift. The basis 
for this scheme is the fact that the output volt
age (control voltage for the VCO) controls 
only the current through R1, while the current 
through 01 remains constant. Thus, if most of 
the capacitor charging current is due to 01, 
the current variation due to R1 will be a small 
percentage of the total charging current and, 
consequently, the total frequency deviation of 
the VCO will be limited to a small percentage 
of the center frequency. A 0.25µF loop filter 
capacitor gives approximately 30% overshoot 
on the output pulse, as seen in the accompa
nying photographs. Figure 3 shows the output 
of the µA710 comparator and the output of the 
565 phase locked loop. 

FSK 
INPUT 

0.2µF 0.02µF 0.02µF 0.02µF 

0.0 1µF 

10 71--+-'\/V\,-;~~.,.....~!Vc.-..-.--t"'l 
OUTPUT 

~--+---------------+----n-sv 

Figure 1 

FSK DECODER WITH EXPANDED 565 
OUTPUT VOLTAGE RANGE 

Figure 2 

Cz 
.25µF 

10KD 

.02µF .02µF 

-5V 
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(a) 100 BAUD 

PLL OUTPUT AFTER FILTER 1200 mV/CMI 

(b) 200 BAUD 

(c) 300 BAUD 

Figure 3 

PLL OUTPUT AFTER FILTER 
1200mV/CMI 
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SCA DECODER 

1.8K 

SK 
.001 

NE565 

.-... """..,_-t3 9 

SCA Demodulator Using the 565 
This application involves .demodulation of a 
frequency modulated subcerrier of the main 
channel. A popular example here is the use 
of the PLL to recover the SCA (Subsidiary 
Carrier Authorization or storecest music) 
signal from the combined signal of many 
commercial FM broadcast stations. The 
SCA signal is a 67kHz frequency modulated 
subcerrier which puts it above the frequen
cy spectrum of the normal stereo or monau
ral FM program materiel. By connecting the 
circuit of Figure 5. 14 to a point between the 
FM discriminator end the de-emphasis filter 
of a commercial bend (home) FM receiver 
and tuning the receiver to a station which 
broadcasts en SCA signal, one can obtain 
hours of commercial free background mu
sic. 

........ ~~~~~"T""~ 

.001 

Figure 4 

ma .047 

AN184 

+10 VOLTS 
+24 VOLTS 

BACKGROUND 
MUSIC (SCA) 
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CIRCUIT DESCRIPTION OF 
THE 566 Pll 
The 566 is the voltage controlled oscillator 
portion of the 565. The basic die is the same 
as that of the 565; modified metalization is 
used to bring out only the VCO. The 566 cir
cuit diagram is shown in Figure 1. Transi_stor 
Q 18 provides a buffered triangle waveform 
output. (The triangle waveform is available at 
capacitor C1 also, but any current drawn from 
pin 7 will alter the duty cycle and frequency.) 
The square wave output is available from Q 19 
by pin 4. The circuit will opeate al frequencies 
up to 1 MHz and may be programmed by the 
voltage applied on the control terminal (pin 5), 
by injecting current into pin 6, or by changing 
the value of the external resistor and capaci
tor (R 1 and C1.) 

+V 

I > R1 f IEXT1 

I 

CURA ENT SOURC!: 

8-1.28 

CIRCUIT DIAGRAM OF 566 

8 
·..---...-~-..-~-~~-...-ov• 

017 

. ,, ., . 
-~--oo--~>-~~~~~~~~~~~~~~~~~~~~-v• 

GND 
vco SCHMITT TRIGGER 

Figure 1 
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WAVEFORM GENERATORS 
The oscillator portion of many of the PLLs 
can be used as a precision, voltage-control
lable waveform generator. Specifically, the 
566 Function Generator contains the oscil
lator of the 565 PLL. Most of the applica
tions which follow are designs using the 
566. Many of these designs can be modified' 
slightly to utilize the oscillator section of 
the 564 if higher frequency performance is 
desired. 

Ramp Generators 
Figure 1 shows how the 566 can be wired as a 
positive or negative ramp generator. In the 
positive ramp generator, the external transis
tor driven by the pin 3 output rapidly dis
charges C1 at the end of the charging period 
so that charging can resume instantaneously. 
The pnp transistor of the negative ramp gen
erator likewise rapidly charges the timing 

RAMP GENERATORS 

capacitor C1 at the end of the discharge per
iod. Because the circuits are reset so quickly, 
the temperature stability of the ramp genera
tor is excellent. The period r is 1'2 10 where f0 

is the 566 free-running frequency in normal 
operation. Therefore, 

1 RrC1Vcc 
.T = 2fO = 5(Vcc - Vcl (1) 

where Ve is the bias voltage at pin 5 and R1 
is the total resistance between pin 6 and 
Vee- Note that a short pulse is available at 
pin 3. (Placing collector resistance in series 
with the external transistor collector will 
lengthen the pulse.) 

Sawtooth and Pulse Generator 
Figure 2 shows how the pin 3 output of the 
566 can be used to provide different charge 
and discharge currents for C1 so that a saw
tooth output is available at pin 4 and a pulse 
at pin 3. The pnp transistor should be well sat
urated to preserve good temperature stability. 

The charge and discharge times may be esti
mated by using the formula 

(2) 

where Rr is the combined resistance be
tween pin 6 and Vee for the interval consid
ered. 

Triangle to Sine Converters 
Conversion of triangle wave shapes to sinus
oids is usually accomplished by diode-resis
tor shaping networks, which accurately 
reconstruct the sine wave segment by seg
ment. Two simpler and less costly methods 
may be used to shape the triangle waveform 
of the 566 into a sinusoid with less than 2% 
distortion. 

In Figure 3, the non-linear 105 •V05 transfer 
characteristic of a p-cha~nel junction FET is 
used to shape the triangle waveform. 

SAWTOOTH AND PULSE GENERATORS 
.-~~~~~~~~~~~~~~~~~~~~~~~---. 

(a) NEGATIVE RAMP (a) POSITIVE SAWTOOTH 
+vcc 1-VCC 

1.5K 

/'Vv SAWTOOTH 

10K 

(b) POSITIVE RAMP 
+vcc (b) NEGATIVE SAWTOOTH 

H'cc 

1.SK 

Ve lr-u--SAWTOOTH 

10K PULSE 

Figure 1 Figure 2 
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The amplitude of the triangle waveform is crit
ical and must be carefully adjusted to achieve 
a low distortion sinusoidal output. Naturally, 
where additional waveform accuracy is 
needed, the diode-resistor shaping scheme 
can be applied to the 566 with excellent 
results since it has very good output ampli
tude stability when operated from a regulated 
supply. 

Single Tone Burst Generator 
Figure 4 is a tone burst generator which sup
plies a tone for one-half second after the 
power supply is activated; its intended use is 
a communications network alert signal. Ces
sation of the tone· is accomplished at the 

TRiANGLE· TO-SINE CONVERTERS 

+12V 

TRIANGLE 

SCR, which shunts the timing capacitor C1 
charge current when activated. The SCR is 
gated on when C2 charges up to the gate volt
age which occurs in 0.5 seconds. Since only 
70;,.A are available for triggering, the SC must 
be sensitive enough to trigger at this level. 
The triggering current can be Increased, of 
course, by reducing R2 (and increasing C2 to 
keep the same time constant). If the tone 
duration must be constant under widely vary
ing supply voltage conditions, the optional 
Zener diode regulator circuit can be added, 
along with the new value for R2, R2' = 82k!l. 

If the SCR is replaced by a npn transistor, the 
tone can be switched on and off at will at the 
transistor base terminal. 

25K 
AMPLITUDE 

ADJUST 

(\J 
SOU ARE 

WAYE 
OUTPUT 

WAVE DC LEVEL 

.IL 
OUTPUT ADJUST 

/\/V'.,.. -12V 

Figure 3 

SINGLE·BURST TONE GENERATOR 
+12V 

'12V +12V 

AN186 

Low Frequency FM Generators 
Figure 5 shows FM generators for low fre
quency (less than 0.5MHz center frequency) 
applications. Each uses a 566 function gener
ator as a modulation generator and a second 
566 as the carrier generator. · 

Capacitor C 1 selects the modulation fre· 
quency adjustment range and Ct' selects 
the center frequency. Capacitor C2 is a 
coupling capacitor which only needs to be 
large enough to avoid distorting the modu
lating waveform. 

If a frequency sweep in only one direction Is 
required, the 566 ramp generators given in 
this section may be used to drive the carrier 
generator. 

)1\-f71 
~oLJ_~I Vos 

To 

z I~ 
~T1--- I~ 

x 

0.5 SEC TONE 
BURST FOLLOWING 
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FREQUENCY MODULATED GENERATORS 

(a) SMALL FREQUENCY DEVIATIONS TO ±20% (b) LARGE FREQUENCY DEVIATIONS TO ±JOO% 
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ADJUST 

IF SINUSOIDAL MODULATION 
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CIRCUIT DESCRIPTION OF 
THE 567 TONE DECODER 
The 567 is a PLL designed specifically for fre
quency sensing or tone decoding. The 567 
has a controlled oscillator, a phase compara
tor and a second auxiliary or quadrature 
phase detector. In addition, however, it con
tains a power output stage which is driven 
directly by the quadrature phase detector out
put. During lock, the quadrature phase detec
tor drives the output stage on, so the device 
functions as a tone decoder or frequency 
relay. The tone decoder free-running fre
quency and bandwidth are specified by the 
free-running frequency and capture range of 
the loop portion. Since a tone decoder, by def
inition, responds to a stable frequency, the 
lock or tracking range is relatively unimport
ant except as it limits the maximum attainable 
capture range. The complete circuit diagram 
of the 567 is shown in Figure 1. 

•• •• • • 

··~ 

The current controlled oscillator is shown in 
simplified form in Figure 2. It provides both a 
square wave output and a quadrature output. 
The control current 10 sweeps the oscillator 
± 7% of the free-running frequency, which is 
set by external components R1 and C1. 

Transistors Q 1 through Q6 form a flip-flop 
which can switch pin 5 between VsE and 
+V - VBE· Thus, the R1C1 network is driv
en from a square wave of +V - 2VBE peak
to-peak volts. On the positive portion of the 
square wave, C 1 is charged through R 1 un
til V 1 is reached. A comparator circuit driv
en from C 1 at pin 6 then supplies a pulse 
which resets the flip-flop so that pin 5 
switches to VsE and C 1 is discharged until 
V2 is reached. A second comparator then 
supplies a pulse which sets the flip-flop and 
C 1 resumes charging. 

CIRCUIT DIAGRAM OF 567 
.. v 

R10 R11 R21 

A24 A28 

CURRENT CONTROl..L.ED 
OSCILLATOR 

,.. BIAS 

PHASE DETECTOR 

Figure 1 
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The total swing of the capacitor voltage, as 
determined by the comparator sensing vol
tages, is 

[ 
R22 + R23 J 

V1 - V2 = (+V - 2VsE) R21 + R22 + R23 + R24 

= K (+V -2VBE) (1) 

Due to the excellent matching of integrated 
resistors, the resistor ratio K may be consid
ered constant. Figure 3 shows the pin 5 and 
pin 6 voltages during operation. It is obvious 
from the proportion that t1 + t2 is independent 
of the magnitude of + V and dependent only 
on the time constant R1C1 of the external 
components. Moreover, if (V1 + V2)/2 = + V/2, 
then t1 = t2 and the duty cycle is 50%. Note 
that the triangular waveform is phase shifted 
from the square wave. 

A35 

+V 

---i .. : 
14.7K f C3 

... 
GlUADFIATURE 

PHASE DETECTOR 

R47 
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A differential stage (022 and 023) ampli· 
fies the triangular wave with respect to (V 1 
+ V 2> / 2 to provide the quadrature output. 
(Due to the exponential distortion of the tri· 
angle wave, the quadrature output is actual· 
ly phase shilled about 80°, but no operating 
compromises result from this slight devi· 
alien from true quadrature.) 

One source of error in this oscillator 
scheme is current drawn by the compara
tors from the R 1C1 mode. An emitter follow-

er, therefore, is inserted at X to minimize 
this drain and 021 placed in series with 
020 to drop the comparator sensing volt· 
age one Vee to compensate for the Vee 
drop in the emitter follower. 

In order to insure that the square wave 
drops quickly and accurately to Vee. an ac· 
live clamp scheme is applied to the collec· 
tor of 02. The base of 09 is held at 2 Vee 
so that 88 02 is turned on its base current, 
its collector is held at Vee. Because 02 

AN187 

and 03 have the same geometry and their 
base-emitter voltages are the same, the 
maximum 02 current when clamped is es· 
sentially the same 88 the collector current 

·of 03 (as limited by R5). The flip-flop was 
optimized for maximum switching speed to 
reduce frequency drill due to switching 
speed variations. 

Current control of the frequency is achieved 
by making R21 somewhat less than R24 
and restoring the proper .voltage for 50% 

SIMPLIFIED DIAGRAM OF 567 TONE DECODER 
CURRENT-CONTROLLED OSCILLATOR 

R5 

+v- Vee 

~a, 

FLIP-FLOP 

Figure 2 

CURRENT·CONTROLLED OSCILLATOR 
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duty cycle by drawing le of 1 OOµA for the 
R21 • 020 junction. When le is then varied 
between O and 200µA, the frequency 
changes by ± 7%. Because of the slight 
shift in the voltage levels V 1 and V2 with le. 
the square wave duty cycle changes from 
about 4 7% to about 53% over the control 
range. To avoid drift of free-running frequen
cy with temperature and supply voltage 
changes when le* 0, le is also made a 
function of +V - 2 VBE· 

A doubly balanced multiplier formed by 032 
through 037 (Figure 1) functions as the 
phase comparator. The input signal is applied 
to the base of 032. Transistors 034-037 are 
driven by a square wave taken from the CCO 
at the collector of 02. Phase comparator 
input bias is provided by three diodes, 038 
through 040, connected in series, assuring 
good bias voltage matching from run to run. 
Emitter resistors R26 and R27, in addition to 
providing the necessary dynamic range at the 
input, help stabilize the gain over the wide 
temperature range. 

The loop de amplifier is formed by 051 and 
052. Having a current gain of 8, it permits 
even a small phase detector output to drive 
the CCO the full ± 7%. Therefore, full detec
tion bandwidth can be obtained for any in
band input signal greater than about 70mV 
rms. However, the main purpose of high 
loop gain in the tone decoder is to keep the 
locked phase as close to 7r / 2 as possible 
for all but the smallest input levels since 
this greatly facilitates operation of the qua
drature lock detector. Emitter resistors R36 
and R37 help stabilize the gain over the re
quired temperature range. Another function 
of the de amplifier is to allow a higher im
pedance level at the low pass filter terminal 
(pin 2) so that a smaller capacitor can be 
used for a given loop cutoff frequency. 
Once again, emitter resistors help stabilize 
the loop gain over the temperature range. 

The quadrature phase detector (OPD), 
formed by a second doubly-balanced multi
plier 042-047, is driven from the quadrature 
output (E,F, in Figure 1) of the CCO. The sig
nal input comes from the emitters of the input 
transistors 032 and 033. 

The output stage, 053 through 062, com
pares the average OPD current in the low 
pass output filter R3C3 with a temperature 
compensated current in R39 (forming the 
threshold voltage V1). 

Since R3 is slightly lower in value than R39· 
the output stage is normally off. When the 
lock and the OPD current lq occurs, pin 1 
voltage drops below the threshold v·oltage 
V1 and the output stage is energized. 

8-134 

The uncommitted collector (pin 8) of the 
power npn output transistor can drive both 
100 - 200mA loads and logic elements, in
cluding TTL 

The Ko conversion gain for the 567 tone 
decoder is given by 

K0 = 0.44 wo' ~~1:~~~ (2) 

while the Kd conversion gain depends upon 
the input signal level as shown in Figure 4. 
These parameters can be used to calculate 
the lock and capture range as has been illus
trated previously. 

The 567 tone decoder is a specialized loop 
which can be set up to respond to a given 
tone (constant frequency) within its band
width. The free-running frequency is set by 
a resistor R 1 and capacitor C 1 · The band
width is controlled by the low pass filler ca
pacitor C2. A third capacitor C3 integrates 
the output of the quadrature phase detector 
(OPD) so that the de lock-indicating compo
nent can switch the power output stage on 
when lock is present. The 567 is optimized 
for stability and predictability of free-run
ning frequency and bandwidth. 

Two events must occur before an output is 
given. First, the loop portion of the 567 must 
achieve lock. Second, the output capacitor 
C3 must charge sufficiently to activate the 
output stage. For minimum response time, 
these events must be as brief as possible. 

As previously discussed, the lock time of a 
loop can be minimized by reducing the re
sponse time of the low pass filter. Thus, C2 
must be as small as possible. However, C2 

also controls the bandwidth. Therefore, the 
response time is an inverse function of band
width as shown by Figure 5, reprinted from 
the 567 data sheet. The upper curve denotes 
the expected worst-case response time when 
the bandwidth is controlled solely by C2 and 
the input amplitude is 200mV rms or greater. 
The response time is given in cycles of free
"running frequency. For example, a 2% band
width at a free-running frequency of 1000 
cycles can require as long as 280 cycles 
(280ms) to lock when the initial phase rela
tionship is at its worst. Figure 6 gives a typical 
distribution of response time versus input 
phase. Note that, assuming random initial 
input phase, only 30/180 = 1/6 of the time will 
the lock-up time be longer than half the worst 
case lock-up time. Figure 7 shows some 
actual measurements of lock-up time for a 
set-up having a worst case lock-up time of 27 
cycles and a best-case lock-up time of four 
input cycles. 

The lower curve on the graph of Figure 5 
shows the worst-case lock-up time when the 
loop gain is reduced as a means of reducing 
the bandwidth (see data sheet, Alternate 
Method of Bandwidth Reduction). The value 
of C2 required for this minimum response 
time is 

(3) 

It is important to note that noise immunity 
and rejection of out-band tones suffer 
somewhat.when this minimum value of C2 is 
used so that response time is gained at 
their expense. Except at very low input lev
els, input amplitude has only a minor effect 
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GREATEST NUMBER OF CYCLES BEFORE 
OUTPUT FOR THE 567 TONE DECODER 

LOCK·UP TIME VERSUS INITIAL 
PHASE FOR THE 567 TONE DECODER 
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Figure 7 

on the lock-up time - usually negligible in 
comparison to the variation caused by input 
phase. 

Lock-up transients can be displayed on a two
channel scope with case. Figure B shows the 
display which results. The top trace shows the 
square wave which either gates the input gen
erator signal off and on (or shifts the fre
quency in and out of the band if you have a 
generator which has a frequency control input 
only). The lower trace shows the voltage at pin 
2, the low pass filter voltage. The input fre
quency is offset slightly from the free-running 
frequency so that the locked and unlocked 
voltage are different. It is apparent that, while 
the c2 decay during unlock is always the 
same, the lock transient is different each 
time. 

30 
I 

This is because the turn-on repetition rate is 
such that a different initial phase relation
ship occurs with each appearance of the in
band signal. It is tempting to adjust the rep
etition rate so that a fast, constant lock-up 
transient is displayed. However, in doing so 
a favorable Initial phase is created that Is 
not present in actual operation. On the con
trary, it is most realistic to adjust the repeti
tion rate so that the longest lock-up time is 
displayed, such as the fifth lock transient 
shows. Once this display is achieved, the 
effect of various adjustments in ·c2 or input 
amplitude is eeen. However, the repetition 
rate must be readjusted for worst-case 
lock-up atter each such change. 

Once lock Is achieved, the quadrature 
phase detector output at pin 1 is Integrated 

Figure 8 

by C3 to extract the de component. As C3 

charges from its quiescent value V q (see Fig
ure 9) to its final value (Vq•liV), it passes 
through the output stage threshold, turning it 
on. The total voltage change is a function of 
input amplitude. Since the unadjusted Vq is 
very close (within 50mV) to Vt, the output 
stage turns on very socn after lock. Only a 
small fraction of the output stage. time con
stant (T z 4700C:i) expires before Vt is crossed 
so that C3 does not greatly influence the 
response time. However, as shown in Figure 
9(a), the turn-off delay time can be quite long 
when C3 is large. Figure 9(b) shows how 
desensitizing the output stage by connecting 
a high-value resistor between pin 1 and pin 4 
(positive supply voltage) can equalize the 
turn-on and turn-off time. If turn-off delay is 
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EFFECT OF THRESHOLD VOLTAGE ADJUSTMENT ON 
TONE DECODER TURN-ON AND TURN-OFF DELAY 

I 
(A) Va SLIGHTLY GREATER THAN VT, 

LOCI< UNLOCK 

I Vq---
V1 - - - -I ---------,- -

I '-".J'...N'-.N""l"...r'-1 

(B) VQ MUCH GREATER THAN VT 

LOCK UNLOCK 

I 
I 

I 
I 

v, - - -1 -------1 

I 
I 
I 
I 
I 
I 

m___ ____._.1 

--' I ~RN-ON 
DELAY 

I 

--' I hURN-OFF 
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Figure 9 

important in the overall response time, !hen 
desensitizing can reduce the total delay. 

But why not make C3 very small so that 
these delays can be totally neglected? The 
problem here is that the QPD output has a 
large second harmonic component of the 
lree-ruoning frequency that must be filtered 
out. Also, noise, outband signals, and differ· 
ence frequencies formed by close out-band 
frequencies beating with the VCO frequen· 
cy appear at the QPD output. All these must 
be attenuated by C3 or the output stage will 
chatter on and off as the threshold is ap· 
preached. The more noisy the input signal 
and the larger the near-band signals, the 
greater C3 must be to reject them. Thus, 
there is a complicated relationship between 
the input spectrum and the size of C3. What 
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must be done, then, is to make C3 more 
than sufficient for proper operation (no 
false outputs or missed signals) under actu· 
al operating conditions and then reduce its 
value in small steps until either the required 
response time is obtained or operation be· 
comes unsatisfactory. 

In setting up the tone decoder for maximum 
speed, it is best to proceed as follows: 

a Alter the center frequency has been set, 
adjust C2 to give the desired bandwidth or, 
if the graph of response time in cycles (Fig
ure 7) suggests that worst case lock-up 
time will be too long, incorporate the loop 
gain reduction scheme as an alternate 
means of bandwidth reduction. (See data 
sheet). 

AN187 

b Check lock-up time by observing the wa· 
veform at pin 2 .while pulsing the input sig· 
nal on and off (or in and out of the band 
when a FM generator is used). Adjust 
repetition rate to reveal worst lock-up 
time. 

c Starting with a large value of C3 (say 10 
C2). reduce it as much as possible in 
steps while monitoring the output to be 
certain that no false outputs or missed 
signals occur. The full input spectrum 
should be used for this test. Ignore brief 
transients or chatter during turn-on and 
turn-off as they can be eliminated with the 
chatter prevention feedback technique 
described in the data sheet. 

d Use the desensitizing technique, also de· 
scribed in the data sheet, to balance 
turn-on and turn-off delay. 

e Apply the chatter prevention technique to 
clean up the output. 

If this procedure results in a worst-case re· 
sponse time that is too slow, the following 
suggestions m!'IY be considered: 

a Relax the bandwidth requirement. 
b Operate the entire system at higher Ire· 

quency when this option is available. 
c Use two tone decoders operating at 
, slightly different frequencies and OR the 

outputs. This will reduce the statistical 
occurrence of the worst-case lock-up time 
so that, excessive lock-up time occurs. 
For example, if the lock-up time is mar· 
ginal 10% of the time with one unit, it will 
drop to 1 % with two units. 

d Control the in-band input amplitude to 
stabilize the bandwidth, set up two tone 
decoders for maximum bandwidth, and 
overlap the detection bands to make the 
desired frequency range equal to the 
overlap. Since both tone decoders are on 
only when a lone appears within the over· 
lap range, the outputs can be ANDed to 
provide the desired selectivity. 

e If the system design permits, send the 
tone to be detected continuously at a low 
level (say 25mV rms) to keep the loop in 
lock ilt all times. The output stage, slight· 
ly desensitized, can then be gated on as 
required by increa.sing the signal ampli· 
tude during the on lime. Naturally, the sig· 
nal phase should be maintained as the 
amplitude is changed. This scheme is ex· 
tremely fast, allowing repetition rates as 
fast as 113 to 1 / 2 the free- running Ire· 
quency when C3 is small. This is equiv· 
alent to ASK (amplitude shift keying). 
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SELECTED CIRCUITS USING THE NE567 

Touch-Tone® Decoder 
Touch· Tone., decoding is of great interest 
since all sorts of remote control applications 
are possible if you make use of the encoder 
(the pushbutton dial) that will ultimately be 
part of every phone. A low cost decoder can 
be made as shown in Figure 1. S~n 567 
tone decoders, their inputs connected in com· 
mon to a phone line or acoustical coupler, 
drive three integrated NOR gate packages. 
Each tone decoder is tuned, by means of R1 

and C1, to one of the seven tones. The R2 

resistor reduces the bandwidth to about 8% 
at 100mV and 5% at 50mV rms. Capacitor C4 

decouples the seven units. The seven R2 
resistors and capacitor C4 can be eliminated 
at the expense of a somewhat slower 
response at low input voltages (50 to 100mV 
rms). The bandwidth can be controlled in the 
normal manner by selecting C2 to be 4.7,,F for 
the three lower frequencies and 2.21'F for the 
four higher frequencies. 

The only unusual feature of this circuit is the 
means of bandwidth reduction using the R2 
resistors. An external resistor R,. can· be used 
to reduce the loop gain and, therefore, the 
bandwidth. Resistor R2 serves the same func
tion as R,. except that instead of going to a 
voltage divider for de bias, it goes to a com
mon point with the six other R2 resistors. In 
effect, the five 567s which are not being acti· 
vated during the .decoding process serve as 
bias voltage sources for the R2 resistors of 
the two 567s which are being activated. 
Capacitor C4 decouples the ac currents at-the 
common point. 

TONE DECODER 
APPLICATIONS (567) 
The 567 is a special purpose PLL intended 
solely for use as a tone decoder. It contains 
a co111plete PLL including VCO, phase com· 
parator, and amplifier as well as a quad· 
rature phase detector or multiplier. If the 
signal amplitude at the lock frequency is 
above a minimal value, the driver amplifier 
turns on, driving a load with as much as 
200mA. Thus the 567 gives an output when
ever an inband tone is present. The 567 is 
optimized for both free-running frequency 
and bandwidth stability. 

Dual Tone Decoder 
Two 567 tone decoders connected as shown 
in Figure 2(a) permit decoding of simultane· 
ous or sequential tones. Both units must be
en before an output is given. R1C1 and R1 'C1' 

are chosen respectively for tones 1 and 2. If 
sequential tones (tone 1 followed by tone 2) 
are to be decoded, then C3 is made very large 
to delay turn off of unit i until unit 2 has 
turned on and the NOR gate is activated. 

100-200mYnna 

o-1 
0.51d 
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LOW·COST TOUCH TONE~ DECODER 
+ 

0 

-8 
COMPONENT VALUES (TYPICAL) 
R1 8.8 TO 15k ohm 
Ro 4.7kohm 
Ro 2.0k ohm 
c1 0.1 mid 
C2 1.0 mid 8V 
c. 2.2 mid av 
C4 250 &V 

(Figure 1) 
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DETECTION OF TWO SIMULTANEOUS OR SEQUENTIAL TONES 

(a) NORING OUTPUTS TOGETHER 

OUTPUT 

(B) DISABLING THE SECOND DECODER 
UNTIL ENABLED BY THE FIRST 

(C) BLOCKING POWER TO THE SECOND 
DECODER (PIN 7) UNTIL THE FIRST IS ENABLED. 

+V +V 

Note that the wrong sequence (tone 2 fol
lowed by tone 1) will not provide an output 
since unit 2 will turn off before unit 1 comes 
on. Figure 2(b) shows a circuit variation which 
eliminates the NOR gate. The output is taken 
from unit 2, but the unit 2 output stage is 
biased off by Ru and 0 1 until activated by 
tone 1. A further variation is given in Figure 
2(c). Here, unit 2 is turned on by the unit 1 
output when tone 1 appears, reducing the 
standby power to half. Thus, when unit 2 is 
on, tone 1 is or was present. If tone 2 is now 
present, unit 2 comes on also and an output is 
given. Since a transient output pulse may 
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INPUTo-j 

Figure 2 

appear during unit 1 turn on, even if tone 2· is 
not present, the load must be slow in 
response to avoid a false output due to tone 1 
alone. 

High-Speed, Narrow-Band 
Tone Decoder 
The circuit of Figure 2(a) may be used to 

. obtain a fast, narrrow-band tone decoder. The 
detection bandwidth is achieved by overlap
ping the detection bands of the two tone 
decoders. Thus, only a tone within the overlap 
portion will result in an output. The input 

+V +V 

amplitude should be greater than 70mV rms 
at all times to prevent detection band shrink
age and C2 should be between 130/10 and 
1300/f01<F where 10 is the nominal detection 
frequency. The small value of C2 allows oper
ation at the maximum speed so that worst
case output delay is only about 14 cycles. 

Low-Cost Frequency Indicator 
Figure 3 shows how two tone decoders set up 
with overlapping detection bands can be used 
for a go/no-go frequency meter. Unit 1 is set 
6% above the desired sensing frequency and 



LINEAR LSI PRODUCTS 

SELECTED CIRCUITS USING THE NE567 

unit 2 is set 6% below the desired frequency. 
Now, if the the incoming frequency is within 
130/o of the desired frequency, either unit 1 or 
unit 2 will give an output. If both units are on, 
it means that the incoming frequency is within 
1 % of the desired frequency. Three light 
bulbs and a transistor allow low cost read-out. 

Phase Modulator 
If a phase locked loop is locked onto a sig
nal at the free-running frequecy, the phase 
of the VCO will be 90° with respect to the 
input signal. If a current is injected into the 
VCO terminal (the low pass filter output), 
the phase will shift sufficiently to develop 
an opposing average current out of the 
phase comparator so that the VCO voltage 
is constant and lock is maintained. When 
the input signal amplitude is low enough so 
th.at the loop frequency swing is limited by 
the phase comparator output rather than 
the VCO swing, the phase can be modulat
ed over the full range of O to 180°. If the 
input signal is a square wave, the phase will 
be a linear function of the injected current. 

A block diagram of the phase modulator is 
given in Figure 4(a). The conversion factor K 
is a function of which loop is used, as well as 
the input square wave amplitude. Figure 4(b) 
shows an implementation of this circuit using 
the 567. 

FREQUENCY DETECTOR WITH LOW-COST, 
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PHASE MODULATION USING THE PLL 
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BALANCED MODULATOR/ 
DEMODULATOR APPLICATIONS 
USING MC1496/MC1596 
The MC1496 is a monolithic' transistor array 
arranged as a balanced modulator
demodulator. The device takes advantage of 
the excellent matching qualities of monolithic 
devices to provide superior carrier and signal 
rejection. Carrier suppressions of 50dB at 
10MHz are typical with no external balancing 
networks required. 

Applications include AM and suppressed car· 
rier modulators, AM and FM demodulators, 
and phase detectors. 

THEORY OF OPERATION 
As Figure 1 suggests, the topography 
includes three differential amplifiers. Internal 
connections are made such that the output 
becomes a product of the two input signa!s 
Ve and v,,. 
To accomplish this the diiferential pairs o·;. 
02 and 03-04, with their cross coupled col
lectors, are driven into saturation by the zero 
crossings of the carrim signal Ve. With a 
level signal, Vs driving the third differentia! 
amplifier 05-06, the output voltage will be & 

full wave multiplication of V c and Vs· Thus tor 
sine wave si9nals, Vout becomes: 

Vout = ExEy[cos(wx + wy)t + cos(wx -· uoy)t] 

(1) 

As seen by font= K (le - Is)+ K (le+ Is) (see 
Figure 2), the output voltage will contain the 
sum and difference frequencies of the two 
original signals. In addition, with the carrier 
input ports being driven into saturation, the 
output will contain the odd harmonics of the 
carrier signals. 

l:iHi~:SING 

Since thrJ MC1496 was intended for a multi
tude of different functions as well as a 
myriad of supply voltages, the biasing tech
niques are specified by the individual appli
cation. This allows the user complete free
dom to choose gain, current levels, and 
power supplies The device can be operated 
with single ended or dual supplies. 

lntorna!ly provided with the device are two 
;>ourc<.-s driven by a temperature com· 

pen2;citeo b1o;>: no3iwork. Since the transistor 
QS'i)tnctries are the same and since V8 E 

in monolithic devices is excellent, 
cu,.rents thmugh Q? and 08 will be identi· 

the current set at pin 5. Figures 2 and 3 
typict-:il biasing arrangements from 

and sin[Ji8 ended supplies respectively. 

p1·imary interest in beginning the bias 
c:·rcuitry design is relating available power 
supplies and desired output voltages to 

requirements with a minimum of 
f:!.'<t'.~rnai comµonents. 

------·-·· -·---·--
BALANCED MODULATOR 

SCHEMATIC 

SIGNAL 
INPUT 

10 

D1 

R1 
500 

v- 0-------· 

R3 
500 

AU resistor values are in ohms 

Figure 1 
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R2 
500 

R1 

500 
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The transistors are connected in a cascade 
fashion. Therefore sufficient collector volt
age must be supplied to avoid saturation if 
linear operation is to be achieved. Voltages 
greater than 2 volts are sufficient in most 
applications. 

Biasing is achieved with simple resistor 
divider networks as shown in Figure 3. This 
configuration assumes the presence of sym
metrical supplies. Explaining the de biasing 
technique is probably best accomplished by 
an example. Thus, the initial assumptions and 
criteria are set forth: 

1. Output swing greater than 4 volts p-p. 
2. Positive and negative supplies of 6 volts 

are available. 
3. Collector current is 2mA It should be 

noted here that the collector output cur
rent is equal to the current set in the 
current sources. 

As a matter of convenience the carrier sig
nal ports are referenced to ground. If de
sired the modulation signal ports could be 
ground referenced with slight changes in 
the bias arrangement. With the carrier in
puts at de ground, the quiescent operating 
point of the outputs should be at one half the 
total positive voltage or 3 volts for this case. 
Thus a collector load resistor is selected 
which drops 3 volts at 2mA or 1.5k ohm. A 
quick check at this point reveals that with 

SINGLE SUPPLY BIASING 

500 

GAIN 
SELECT 

500 

All resistor values are in ohms 

Figure 2 
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Vs"" 15. RE IPeakl these loads and current levels the peak to 
peak output swing will be greater than 4 
volts. It remains to set the current source 
level and proper biasing of the signal ports. 

Gain of the 1496 is set by including emitter 
degeneration resistance located as Re in Fig
ure 5. Degeneration also allows the maximum 
signal level of the modulation to be increased. 
In general, linear response defines the maxi
mum input signal as 

and the gain is given by 

The voltage at pin 5 is expressed by 

Vb;as = VeE = 500 X Is 

where 15 is the current set in the current 
sources. 

For the example Vee is 700mV at room 
temperature and the bias voltage at pin 5 
becomes 1.7 volts. Because of the cascode 
configuration both the collectors of the 
current sources and the collectors of the 
signal transistors must have some voltage to 
operate properly. Hence the remaining volt
age of the negative supply (-6v + 1.7v = 
-4.3vl is split between these transistors by 
biasing the signal transistor bases at 
-2.15 volts. 

Countless other bias arrangements can be 
used with other power supply voltages. The 
important thing to remember is that suffi
cient de voltage is applied to each bias 
point to avoid collector saturation over the 
expected signal wings. 

BALANCED MODULATOR 
In the primary application of balanced mod
ulation, generation of double sideband sup
pressed carrier modulation is accomplished. 
Due to the balance of both modulation and 
carrier inputs, the output, as mentioned, con
tains the sum and difference frequencies 
while attenuating the fundamentals. Upper 
and lower sideband signals are the strongest 
signals present with harmonic sidebands 
being of diminishing amplitudes as character
ized by Figure 4. 

•• 

2.2K 

RL 
Avs= ---

RE+ 2re 

DUAL SUPPLY BIASING 

All resistor values are in ohms -6V 

Figure 3 
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(2) 

le Carrier Fundamental IC± nfs Fundamental Carrier Sideband Harmonics 
IS Modulating Signal nfc Carrier Harmonics 

tc ± ts Fundamental Carrier Sidebands ntc± nts Carrier Harmonic Sidebands 

Figure 4 
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This approximation is good for high levels of 
carrier signals. Table 1 summarizes the gain 
for different carrier signals. 

As seen from Table 1 the output spectrum suf
fers an amplitude increase of undesired side
band signals when either the modulation or 
carrier signals are high. Indeed, the modula
tion level can be increased if RE is increased 
without significant consequence. However, 
large carrier signals cause odd harmonic 
sidebands (Figure 4) to increase. At the same 
time, due to imperfections of the carrier wave
forms and small imbalances of the device, the 
second harmonic rejection will be seriously 
degraded. Output filtering is often used with 
high carrier levels to remove all but the 
desired sideband. The filter removes 
unwanted signals while the high carrier level 
guards against amplitude variations and max
imizes gain. Broadband modulators, without 
benefit of filters, are implemented using low 
carrier and modulation signals to maximize 
linearity and minimize spurious sidebands. 

AM MODULATOR 
The basic current of Figure 5 allows no carrier 
to be present in the output. By adding offset 
to the carrier differential pairs, controlled 
amounts of carrier appear at the output 
whose amplitude becomes a function of the 
modulation signal or AM modulation. As 
shown, the carrier null circuit is changed from 
Figure 5 to have a wider range so that wider 
control is achieved. All connections are 
shown in Figure 6. 

AM DEMODULATION 
As pointed out in equation 1 the output of the 
balanced mixer is a cosine function of the 
angle between signal and carrier inputs. Fur
ther, if the carrier input is driven hard enough 
to provide a switching action, the output 
becomes a function of the input amplitude. 
Thus the output amplitude is maximum when 
there is 0° phase difference as shown in 
Figure 7. 

Amplifying and limiting of the AM carrier is 
accomplished by IF gain block providing 
55 dB of gain or higher with limiting of 400µV. 
The limited carrier is then applied to the 
detector at the carrier ports to provide the 
desired switching function. The signal is then 
demodulated by the synchronous AM demod
ulator (1496) where the carrier frequency is 
attenuated due to the balanced nature of the 
device. Care must be taken not to overdrive 
the signal input so that distortion does not 
appear in the recovered audio. Maximum 
conversion gain is reached when the carrier 
signals are in phase as indicated by the 
phase-gain relationship drawn in Figure 7. 
Output filtering will also be necessary to 
remove high frequency sum components of 
the carrier from the audio signal. 
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DOUBLE SIDEBAND 
SUPPRESSED CARRIER 

MODULATOR 

All resistor values are in ohms 

,. 
-8Vd< 

CARRIER INPUT 
SIGNAL (Ve) 

Low-level de 

High-level de 

Low-level ac 

High-level ac 

Figure 5 
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VOLTAGE GAIN 
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-- -------
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RL 
~---
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RL Vc(rmsJ 

2y'2 (-~-)IRE+ 2r,I 

0.637RL 
----~·-· 

RE + 2re 

Table 1 VOLTAGE GAIN & OUTPUT 
SPECTRUM VS INPUT SIGNAL 
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+12V 
AM DEMODULATOR 

All resistor values are in ohms 

PHASE COMPARATOR 

r·· 
.-!---+-~ 

Ve 0.1 ~F 
PHASE 1o---J1-<~------<8 MC 1-

! ,, 
All resistor vatues are in ohms 

,_ 
~e voe 

Figure 8 

PHASE DETECTOR 
The versatility of the balanced modulator or 
multiplier also allows the device to be used as 
a phase detector. As mentioned, the output of 
the detector contains a term related to the 
cosine of the phase angle. Two signals of 
equal frequency are applied to the inputs as 
per Figure 8. The frequencies are multiplied 
together producing the sum and difference 
frequencies. Equal frequencies cause the dif
ference component to become de while the 
undesired sum component is filtered out. The 
de component is related to the phase angle 
by the graph of Figure 9. At 90 degrees the 
cosine becomes zero, while being at maxi
mum positive or maximum negative at 0° and 
180° respectively. 

The advantage of using the balanced modu
lator over other types of phase comparators 
is the excellent linearity of conversion. This 
configuration also provides a conversion 

1------<>-'o 

Figure 7 

3.9K J.9K 

~IC\ 
-90° 90° 

Vour 
PHASE ANGLE 

-8V 

PHASE DETECTOR± VOLTAGES 

vco 
,, ,, ,, ,, 

....JL-J L.J D I-

INPUT 

q, ... 90' Jc f ./'f ~ 0 voe AVERAGE 

¢~0° = +VOCAVERAGE 

1'~180° = -VDCAVEAAGE 

Figure 9 

LOW FREQUENCY DOUBLER 

•l-100,,F 
-r25VDC 

-0 

All resistor values are in ohms ~~c 

Figure 10 
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gain rather than a loss for greater resolu
tion. Used in conjunction with a phase 
locked loop for instance, the balanced mod
ulator provides a very low distortion FM 
demodulator. 

FREQUENCY DOUBLER 
Very similar to the phase detector of Figure 8, 
a frequency doubler schematic is shown in 
Figure 10. Departure from Figure 8 is primar
ily the removal of the low pass filter. The out
put then contains the sum component which 
is twice the frequency of the input since both 
input signals are the same frequency. 
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APPLICATIONS OF LOW NOISE 
STEREO PREAMPLIFIERS: NE542 

Introduction 
Stereo preamplifiers have come into greater 
and greater demand with the increased 
usage of tape recorders. With stereophonic 
recording systems, the need increased to 
have !""'!U!!!ple devices in the same package 
to insure greater thermal tracking and pack
ing density, without sacrificing perform
ance. 

The NE542 qualifies as a low noise dual pre
amplifier. The NE542 is a pin dual-in-line 
device. 

This device has greater than 100dB open loop 
gain and (15-20) MHz gain bandwidth prod
uct. In selecting the proper "low noise" pre
amplifier several factors must be considered. 

Frequency shaping cr1aracteristic re
quired. 

II Closed loop response with respect to a 
system reference level. 

Ill Response of the record/playback 
head. 

IV System distortion requirements. 
V Response of the tape used. 

The following will deal with items I, II, IV. 

When approaching the design criteria of 
Item 2, the designer should be concerned 
with the open loop device characteristics. 
These characteristcs will aid in determining 
the maximum boost available, knowing that 
a specific loop gain (open loop gain minus 
closed loop gain! wil! be necessary to keep 
the system distortion low and maintain the 
output impedance of the "low noise" pream
plifier constant over the required operating 
frequency range. 

RIAA standards call for a maximum record
ing velocity of 21cm/sec for stereo discs. 
This worst case velocity describes a bound 
for the preamplifier gain because the input 
signal at this velocity is maximum 

NAB TAPE EQUALIZATION 
Recording and playback characteristics of 
magnetic tape and record/playback heads 
are not flat but exhibit a loss at high trequen
cies and a boost at lower frequencies. To 
obtain an overall flat frequency response 
and improved signal to noise ratio, the audio 
signals are equalized by boosting the higher 
frequencies in amplitude before recording. 
Playback amplifiers must exhibit bass boost 
to remove the effects of pre-emphasis for an 
overall flat response. 

Known as the NAB equalization curve, the 
standard deemphasis employs attenuation 
from the turnover frequency of 50Hz to the 
turnover frequency of 3180Hz for 7 1 /2 lps 
recording. The slower recording speed of 
3.75 lps employs turnover frequencies of 
50Hz and 1326Hz. These curves are shown in 
Figure 1. A reference level of 800µV head 
sensitivity at 1 kHz is also used by the NAB. 

STEREO PREAMPLIFICATION 
The voltage level appearing at the output of 
tape playback heads and some phone car
tridges are too small to be useful without a 
large amount of low noise preamplification. In 
addition to providing low noise amplification, 
the preamplifier should possess enough open 
loop gain so that the RIAA and NAB equaliza
tion curves can be produced in the feedback 
networks of the amplifier. The following para
graphs describe the characteristics and appli
cations of the 542. This device provides a 
matched pair of amplifiers which have been 
specifically designed to minimize amplifier 
noise and maximize signal to noise ratio. 

542 DEVICE DESCRIPTION 
The NE542 is a dual !ow noise amplifier with 
104dB open loop gain produced by two 
stages of voltage gain followed by one stage 
of current gain. 

In the design of low noise devices special 
attention must be focused on the input 
stage. If differential topography is used, the 
stage should be designed so that one of the 
differential transistors is turned off. This 
reduces the noise contribution by a factor of 
1.4 since only one transistor is producing 
noise. Current sources and mirrors cannot 
be used for biasing loads because active 
elements will contribute more noise. 

Implementing these observations, the first 
gain stage of the 542 is pictured with the com
plete schematic by Figure 2. 

TAPE EQUALIZATION CURVES 
(72) 40 ------_--71- 2-IP_S ___ _ 

TURN OVER FREQUENCIES 
35 F==~!--SOhZ, 3180Hl 

TIME CONST ANTS 

1K IOK 100K 

FREQUENCY (Ht) 

Figure 1 

----------------------·----
EQUIVALENT SCHEMATIC NE542 

Vee 

L ___ __J_ ___ :r-,---

All resistor values are in ohms 

Figu,-e 2 
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Although the differential input configura
tion degrades the noise performance slight
ly, using differential inputs has the advan
tages of higher input impedance, allowing 
smaller capacitors and larger resistors to be 
used to achieve the RIAA and NAB curves. 

The second stage is a common-emitter 
amplifier (0S) with a current source load 
(06'. The Darlington emitter-follower 03-
04 provides level shifting and current gain 
to the common-emitter stage (0S) and the 
output current sink (07). The voltage gain of 
the second stage is approximately 2000 
making the total gain of the amplifier typi
cally 160,000 in the differential input con
figuration. 

The preamplifier is internally compensated 
with the pole-splitting capacitor, C1. This 
compensates to unity gain at 1 SMHz. The 
compensation is adequate to preserve sta
bility to a closed loop gain of 10. 

BIASING 

The non-inverting input has been internally 
biased from a 1.4 Volt internal voltage source. 
Following the zero differential rule of amplifi
ers, the output voltage will be set by the resis
tor feedback network (R4 and RS) of Figure 3. 

The base of 02 requires O.SµA bias current. 
Hence RS should pass SµA minimum for 
stability, for an output de voltage of Vee 
the values of R4 and RS are: 2 

2 VsE 
RS = 1Q"i; = 240K Max. (1) 

( Vee ) R4= ---
2.8 - 1 RS 

(2) 

DC amplifier gain is defined by the ratio of 
R4 and RS. Open loop ac gain can be re
gained by adding a shunt capacitor across 
RS. The low frequency 3dB corner is then 
defined by the capacitor-resistor break 
point. 

NAB Tape Preamplifier 
Design of a preamplifier begins by determin· 
ing the gain and output signal amplitudes in 
reference to the standard 800µV input signal 
level. For the following design example, we 
will use the S42 to achieve a 100mV output 
level at 1 kHz following the 7-1 /2 lps NAB 
equalization curve. The graph of Figure 1 has 
been calibrated both in absolute gain for this 
example and relative gain for general use. 

From the given parameters, the closed loop 
gain becomes 32dB at the highest frequency 
of interest. The NAB response is achieved by 
adding frequency selective ac feedback as 
depicted by Figure 4. Resistors R4 and RS 

8-146 

DIFFERENTIAL INPUT BIASING NE542 

vcc 

07 

"' 
Z2 

RS 

All resistor values are in ohms 

Figure 3 

NAB RESPONSE AMPLIFIER 

12V 

II 

All resistor values are in ohms 

Figure 4 

select the de gain as defined by Equations 1 
and 2. Placing a value of 200K upon RS, 
Equation 2 yields a value of 680K ohms. 

The lower corner frequency is determined 
next by the reactance of C4 and R4 such 
that: 

.159 ( 
11 = C4 R4 3) 

Solving for C4 yields a value of .0047 µfd. 

The upper corner frequency, f2, is similarly 
fixed by the reactance of C4 and R7. 

.159 
12= C4R7 (4) 

Then solving Equation 4 for R7 defines a 
value of 11 k ohms. 

Midband gain is now fixed by the relation
ship. 

A=RS+R7 
RS 

(S) 

Solving for the 1 kHz gain of 42dB using 11 k 
for R7 yields a value of 88 ohms for R6. The 
final calculation of the low frequency cut off 
of the preamp determines the size of C2. 

C2 = .159 
lcuroFF RS 

Typical Applications 

(6) 

In addition to the previous detailed design 
examples, the following general amplifier con
figurations (see Figures S through 8) are pr.e
sented. The choice of design and the device 
used is a function of the desired complexity 
and overall performance. 
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FLAT RESPONSE TAPE 
AMPLIFIER 

II 

Figure 5 

TYPICAL NAB RECORD PREAMPLIFIER 

All resistor values are in ohms 

Figure 7 

II 

II 
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22<lK 

24K 
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STERO DECODER 
APPLICATIONS: µA758 

Introduction 
The phase locked loop (PLU has been used 
for many years in consumer equipment. 
Due to the nature of FM STEREO MUL Tl
PLEX SYSTEMS, where prime importance 
is the channel separation, discrete systems 
lacked the tracking ability over wide tempera
ture and voltage ranges to be done economi
cally. 

The development of the monolithic PLL and 
improvements in IC processing has made 
the Phase Locked Loop FM Stereo Multi
plexer Decoder a reality. 

Major Advantages 
The economic advantages in using the PLL 
multiplex decoding system are not only cost 
reduction, by eliminating peripheral com
ponents, but the man hour cost reduction by 
eliminating turning coils, thereby eliminat
ing tedious alignment procedures. 

The cost advantages are extremely signif
cant and are in addition to the following: 

• 45 dB Channel Separation 
• Automatic Stereo/Mono Switching 
• Stereo Indicator Lamp Driver With Cur

rent Limiting 
• High Impedance Input-Low Impedance 

Outputs 
• 70dB SCA Rejection (Subsidiary Carrier 

Authorization) 
• One Adjustment for Complete Alignment 
• 10V to 16V Supply Voltage Range 

FM Stereo Multiplex Subcarrier 
and Pilot 
The two (2) basic signals differentiating an 
FM stereo multiplex signal from an FM 
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monaural signal are the 19kHz pilot and the 
38kHz subcarrier. The frequency and phase 
relationship of these signals is well defined. 

Earlier systems had to reconstruct the 
38kHz subcarrier by using the 19kHz pilot. 
This system required frequency multipliers 
and selective filters lcoilsl. Since maximum 
channel separation is directly related to 
proper phasing, alignment procedures were 
extremely critical and therefore expensive. 
In addition, long term stability and per
formance were degraded due to component 
aging, and temperature. 

quired. The µA758 is suitable for all 
line-operated and automotive FM Stereo 
Receivers. 

Referencing The Block Diagram 
The upper row of blocks comprises the PLL 
which regenerates the 38kHz subcarrier, 
necessary for multiplex signal· demodula
tion. The basic 76kHz generator is voltage 
controlled, and is divided by 2 to insure a 
50% duty cycle 38kHz internally generated 
signal. This symmetry is necessary for max
imum left/right channel separation and SCA 
rejection !band centered at 67kHzl. Dividing 

Use of the PLL as the multiplex decoder the 38kHz by 2 generates the 19kHz signal 
eliminated these short comings since the necessary to lock on to the incoming pilot 
phase accuracy of the 38kHz signal is limit- signal. A second 19kHz signal is generated 
ed only by th_e loop gain of the system and . which is in quadrature to the first internally 
the free running oscillator stab1l1ty. Both of generated 19kHz signal and in phase with 
these parameters are easily controlled, pro- the pilot. This second 19kHz is mixed in a 
viding easy, rapi_d adjustment and excellent quadrature(synchronousl phase detector to 
long term stab1l1ty. operate the stereo switch and lamp driver 

General Description 

The µA758. is a monolithic Phase Locked 
Loop FM Stereo Multiplex decoder using the 
16-Lead DIP N Package. This integrated cir
cuit decodes an FM Stereo Multiplex Signal 
into Right and Left audio channels while 
inherently suppressing SCA information 
when it is contained in the composite input 
signal. Internal functions include automatic 
mono-stereo mode switching and drive for an 
external lamp to indicate stereo mode 
operation. 

circuitry. 

When a stereo signal is present, the stereo 
switch enables the stereo demodulator and 
when a stereo signal is not present the 
demodulator is disabled allowing the sys
tem to reach optimum noise performance. 

Functional Operation 

To aid in understanding the system operation, 
the µA 758 equivalent circuit has been broken 
down into subsections as follows. Reference 
Figure 2. 

I 
The µA758 operates over a wide supply II 
voltage range and uses a low number of Ill 
external components. It has only one con- IV 
trol to adjust a potentiometer to set oscilla- V 
tor frequency. No external coils are re- VI 

Buffer Amplifier and Bias Supplies 
Demodulator 
Stereo Switch and Lamp Driver 
Voltage Controlled Oscillator 
Frequency Dividers 
Pilot Phase and Amplitude Defectors 
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I Buffer Amplifier and Bias 
Supplies (Figure 3) 
The zener diode Z, and its associated tran
sistors generate a 6V internal voltage refer
ence source. From this 6V reference, addi
tional bias levels are established via 
resistors R3, R4, and RS. In addition transis
tor 07 acts as the control source for several 
current mirrors: 011 in the Buffer Amplifier, 
043 and 044 in the Stereo Switch and Lamp 
Driver (1111 and 067 and 073 in the Voltage 
Controlled Oscillator (IVJ. 

The input Buffer Amplifier (08, 091 level 
shifts the composite multiplex input signal 
to 2 levels each in phase with each other. 

Transistors 010 - 013 amplify this same 
signal by the ratio of: 

This amplified signal, the gain of which is 
independent of supply voltage variation, is 
fed to the Pilot Phase and Amplitude Detec
tors (Vil. 

II Demodulator (Figure 4) 
The basic demodulator, 025- 030, is a fully 
balanced detector similar to standard phase 
locked loop types. The addition of resistors 
R29, R30, and R31 introduces a small offset 
to allow a small multiplex signal in the 
collector of 030. This signal compensates 
the cross talk components inherent to the 
synchronous switching demodulation proc
ess. 

Switching to the left and right channels is 
accomplished through 025 and 026 when 
the 38kHz drive is present at their bases. 
This occurs when 033 is "ON." When 033 is 
off, a de bias is placed at the bases of 025 
and 026 through resistors R32 and R33, this 
automatically converts the system to mono
phonic operation. 

Supply voltage rejection is accomplished at 
the demodulator outputs by converting the 
audio to current supplies in 023 and 024. 
The voltage developed across pnp transis
tors is 
Ve= (V+ + Vmod) - (Vbe + Vo1 + [A22 iac] + Vmodl 

where Vbe = base-emitter voltage across 022 and 
023 

Vmod = modulation on the power line 

Vo1 =diode drop in 021 

IR22liac = voltage drop due to current in the de
modulator 

Simplifying the above reduces to 

Ve= V+ - <Vbe + Vo1 + R22 iacl (1) 

The output voltage developed is 

'JV 

LEFT 
OUTPUT 

Z1 

RS 

(HIGH) 

COMPOSITE 
MULTIPLEX 

(LOW) 

COMPOSITE 

INPUT BUFFER/AMPLIFIER AND 
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MULTIPLEX • ------------
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R8 

"::" 
+o.7V (LOW) (HIGH) 
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MUL Tl PL EX SIGNAL 
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Figure 3 

DEMODULATOR 

021 

'6V 

R15 2 AMPLIFIED 
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Vout = (~;,)Rex! (2) 

where Rext = external resistor 

The output voltage at pins 4 and 5 are 
provided through 1.3k resistors-driven by 
Emitter Followers 021 and 024. 

Ill Stereo Switch and Lamp Driver 
(Figure 5) 
The pilot amplitude detector differential 
voltage is sensed by the differential amplifi
er 041 and 042. This pair in conjunction 
with their load resistors IR41, R42l control 
amplifiers 045, 046. Positive feedback ac
tion is achieved through 047, R50, 050 and 
R46 !which turns off Q44l. 

The turn on threshold is the differential 
input voltage required to overcome the off
set voltage in R43 times the current summa
tion of IR44 and IR45· When the lamp is ON, 
044 is off and the differential voltage across 
R43 is reduced by the amount llR45 x R43l, 
which means a lower turn off voltage is 
required. This voltage difference is referred 
to as the switch hysteresis. 

Transistors 048 senses the current across 
R51 which therefore controls the maximum 
current in the Stereo Indicator Lamp. 

I = Vbe 048 
max R151 

IV Voltage Controlled Oscillator 
(Figure 6) 

(3) 

The basic oscillator 071-079 is an RC relaxa
tion type which generates a positive low duty 
cycle, 76kHz output. The frequency is estab
lished by equations 4 and 5. 

The control voltage from the phase detector 
into the transconductance amplifier 061 -
069 converts the differential error to a bidi
rectional single ended current drive to the 
oscillator. 

Voltage on the capacitor is compared with 
the set voltages by the differential input 
stage 071, 072. This feeds 074, 075. The 
output of 075 drives a PNP inverter, 076, 
!whose action eliminates power supply 
modulation as described in the demodula
tor section of this notel, when these set 
limits are reached the direction of charge 
reverses. 
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Lower set voltage is set by R79, RBO, and the 
regulated 6V supply. The upper set voltage 
(VHI involves two 121 additional resistors R77 
and R78 and is established when 076 turns 
on 077. Both set levels are referenced to the 
regulated 6V supply and are therefore de
pendent only on resistor ratios. <Proper 
design layout should also eliminate tem
perature variations.I 

Capacitor charging is through 078 and RB 
and discharging through the external fixed 
resistor. 

Equations 4 and 5 of Figure 7 are first order 
expressions for the change and discharge 
periods. 

079 supplies a positive output pulse neces
sary to operate the 38kHz dividers. 

V Frequency Dividers 
(Figure 8) 
Transistors 091 through 094 form a simple 
divide-by-two circuit which converts the 
pulse output from the 76kHz oscillator to a 
38kHz square wave. 

The divider changes state during the posi
tive excursion of the input pulse supplied 
from the emitter of 079 in the oscillator. 
Initially, when the input is low, 091 and 092 
are OFF and we may arbitrarily assume 093 
is ON and 094 is OFF. 

As the potential on the input rises, 091 
starts conduction before 092 because the 
emitter of 091 is at a lower potential than the 
emitter of 092. IThe emitter of 091 is con
nected through R95 to the collector of 093 
which is in saturation, whereas the emitter 

76kHz 
INPUT 

3BkHz OUTPUTS 
TO DEMODULATOR 

180° 

of 092 is at the VsE(ONi potential of 0931. 
Since 091 is ON, the current from both R92 
and R93 flows through the emitter of 091 
into R95. As this current increases, the 
rising voltage at the emitter of 091 turns 
094 ON which removes base drive to 093 
and turns it OFF, thus producing a change 
of state in the divider. Even though the 
relative potentials at the emitters of 091 and 
092 are now reversed, current continues to 
flow in 091 for the duration or tne positive 
input because 092 is held OFF by 091. 
When the input returns to a low potential, 

091 turns OFF. The divider remains in its 
present state until driven by the next posi
tive going input. 

Oppositely phased 38kHz outputs to the 
demodulator are taken from the collectors 
of 093 and 094. Transistors 095 and 096 
are used to drive the two 38kHz dividers. 

The 38kHz Quadrature Divider has an 
identical configuration to the 76kHz divider. 
A change of state occurs with each positive 
excursion of the 38kHz input signal from the 
emitter of 096. 

OSCILLATOR WAVEFORMS 

!""-
~\""I 

_v,. -~•11-•2-----i 

Basic timing equations: 

t1=R81C1n Vs-VL 
Vs- VH 

VH 
t2 =RC 1n VL 

(Equation 4) 

(Equation 5) 

where A and Care external components on Lead 15, AB1 is on the chip, and VHandVLare 
set voltages which are a fixed percentage of v~, the Internally regulated 6 Volt supply. 

Figure 7 

FREQUENCY DIVIDERS 

... 270° o' 180° 

19kHz outputs to pilot amplitude and phase detectors. 

Figure 8 
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The 38kHz In-Phase divider contains a bi
stable pair, Q113 and Q114, steered by 
inputs into 0111 and 0112, (a 38kHz input 
from the collector of 095, and 19kHz inputs 
from the bases of 0103 and Q1041. If the 
19kHz input to the base of Q111 is high 
when the 76kHz dividerturns Q95 ON, Q111 
conducts and removes drive to 0114, 
changing the state of the bistable pair, Q113 
and Q114. The bistable remains in this state 
until the next 38kHz turn on of 095 which, 
this time, turns Q112 ON, removes drive to 
Q113 and resets the bistable pair. The re
sulting 19kHz output from Q113and 0114 is 
at 90 degrees to the Quadrature Divider 
output with no ambiguity in phasing. 

Pilot Phase and 
Amplitude Detectors 
The pilot phase detector and pilot amplitude 
detector as shown in Figure 9 are syn
chronous, balanced chopper types which 
develop differential output signals across 
external filters. Back-to-back NPN transistor 
pairs are used for each switch to insure mini
mum drop regardless of signal polarity with
out reliance on inverse NPN beta 
characteristics. 

The chopper transistors (Q121 through 
Q1241, in the phase detector are driven from 
the 38kHz Quadrature Divider through tran
sistors Q125 and 0126. The input signal is 
supplied from lead 12 through resistors 
R125 and R126. A differential output is 
developed across the loop filter, comprised 
of resistors R123 and R124 and the external 
R-C network between leads 13 and 14. 

The pilot amplitude detector (Q131 through 
Q136J, has an identical configuration to the 
phase detector. Since it operates with drive 
which is in phase with the pilot signal (90 
degrees from the drive to the phase detec
tor), its output is proportional to the ampli
tude of the pilot component of the multiplex 
signal. The differential output at leads 9 and 
10 is filtered by the external capacitor on 
these two leads. 

A reference 19kHz square wave signal is 
taken from the collector of drive transistor 
Q136 through resistor R137to lead 11. It has 
the same phasing as the pilot contained in 
the multiplex input signal. 
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R4 Tolerance= ±10% 
R1 and R2 Tolerances= ±1% in test circuit and ±5% in typical application. 
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TYPICAL PERFORMANCE CURVES FOR 758 
(Test Circuit 1 unless Otherwise Specified) 

• 
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APPLICATIONS 
The following circuits will illustrate some of 
the wide variety of applications for the 
NE570. 

BASIC EXPANDOR 
Figure 1 shows how the circuit would be 
hooked up for use as an expander. Both the 
rectifer and LiG cell inputs are tied to V;n so 
that the gain is proportional to the average 
value of (V;.,). Thus, when V;n falls 6d8, the 
gain drops 6dB and the output drops 12dB. 
The exact expression for the gain is 

2 A3 Vin \ave) 
Gain exp.= , la= 140µA 

R1 R2 Is 

The maximum input that can be handled by 
the circuit in Figure 1 is a peak of 3V. The rec
tifier input current can be as large as I= 3V/ 
R1 = 3V/10K = 300µA. The AG cell input 
current should be limited to I= 2.BV/ 
R2 = 2.8V/20K = 140µA. If it is necessary to 
handle larger input voltages than 0 ± 2.BV pk, 
external resistors should be placed in series 
with R1 and R2 to limit the input current to the 
above values. 

Figure 1 shows a pair of input capacitors C;n 1 

and C;n2· It is not necessary to use both 
capacitors if low level tracking accuracy is not 
important. It R1 and R2 are tied together and 
share a common capacitor, a small current 
will flow between the AG cell summing node 
and the rectifier summing node due to offset 
voltages. This current will produce an error in 
the gain control signal at low levels, degrad
ing tracking accuracy. 

The output of the expander is biased up to 
3V by the de gain provided by R3, R4. The 
output wi II bias up to 

A3 
Vout de= (1 + - J Vref 

A4 

For supply voltages higher than 6V, R4 can 
be shunted with an external resistor to bias 
the output up to 1/2Vcc. 

Note that it is possible to externally increase 
R,, R2. and R3, arid to decrease R3 and R4. 
This allows a great deal of flexibility in 
setting up system levels. If larger input 
signals are to be handled, R1 and R2 may be 
increased; if a larger output is required, R3 
may be increased. To obtain the largest 
dynamic range out of this circuit, the rectifi· 
er input should always be as large as possi
ble !subject to the :t300µA peak current 
restrictio nl. 

BASIC COMPRESSOR 
Figure 2 shows how to use the NE570/571 as 
a compressor. It functions as an expander in 
the feedback loop of an op amp. If the input 
rises 6d8, the output can rise only 3dB. The 
3dB increase in output level produces a 3d8 
increase in gain in the AG cell, yielding a 6d8 
increase in feedback current to the summing 
node. Exact expression for gain is 

Gain comp = [ 
R1 R2 la ~ 112 

2 Ra V rn level 

The same restrictions tor the rectifier and 
AG cell maximum input current still hold, 
which place a limit on the maximum com
pressor output. As in the expander, the 
rectifier and AG cell inputs could be made 
common to save a capacitor, but low level 
tracking accuracy would suffer. Since there 
is no de feedback path around the op amp 
through the AG cell, one must be provided 
externally. The pair of resistors Rdc and the 

BASIC EXPANDOR 

vs~ 
- GN2 R, 
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R, 

dG 

"· 

Figure 1 

capacitor Cdc must be provided. The op 
amp output will bias up to 

2 Ade 
Vout de= (l + -- ) Vref 

R4 

For the largest dynamic range, the com· 
pressor output should be as large as possi
ble so that the rectifier input is as large as 
possible <subject to the ±300µA peak cur· 
rent restriction!. If the input signal is small, a 
large output can be produced by reducing 
R3 with the attendant decrease in input 
impedance, or by increasing R1 or R,. It 
would be best to increase R2 rather than R1 
so that the rectifier input current is not re
duced. 

BASIC COMPRESSOR 

.J: CRECT 

"oc w::" Roe 

C1N R, 

<>--i 1-\i~~-1 v,. Vour 

.. 
Figure 2 

DISTORTION TRIM 
Distortion can be produced by voltage off
sets in the ~G cell. The distortion is mainly 
even harmonics, and drops with decreasing 

input signal. (Input signal meaning the cur
rent into the AG cell.) The THO trim terminal 
provides a means for trimming out the offset 
voltages and thus trimming out the distortion. 
The circuit shown in Figure 3 is suitable, as 
would be any other capable of delivering 
± 30µA into 1oon resistor tied to 1.BV. 

THO TRIM NETWORK 

Yee 

3 8Y 

e.ZK 
O>---~A .. A.'\:--!a ... .( 20K 

To THO Trim 

Figure 3 



LINEAR LSI PRODUCTS 

APPLICATIONS FOR COMPANDORS: NE570/571 /SA571 AN174 

LOW LEVEL MISTRACKING 
The compandor will follow a 2 to 1 tracking 
ratio down to very low levels. The rectifier is 
responsible for errors in gain, and it is the 
rectifier input bias current of <1 OOna that 
produces errors at low levels. The magni
tude of the error can be estimated. For a full 
scale rectifier input signal of ±200µA, the 
average input current will be 127µA. When 
the input signal ievel drops to a 1 µA aver
age, the bias current will produce a 10% or 
1dB error in gain. This will occur at 42d8 
below the maximum input level. 

It is possible to deviate from the 2 to 1 transfer 
characteristic at low levels as shown in the cir
cuit of Figure 4. Either Ra or Rb, (but not 
both), is required. The voltage on Greet is 
2 x Vbe plus Vin ave. For low level inputs Vin 
ave is negligible, so we can assume 1.3V as 
the bias on Greet· If Ra is placed from Greet to 
gnd we will bleed off a current I= 1.3V/Ra. If 
the rectifer average input current is less than 
this value, there will be no gain control input 
to the AG cell so that its gain will be zero and 
the expander output will be zero. As the input 
level is raised, the input current will exceed 
1.3V/Ra and the expander output will become 
active. For large input signals, Ra will have lit
tle effect. The result of this is that we will devi
ate from the 2 to 1 expansion, present at high 
levels, to an infinite expansion, at low levels 
where the output shuts off completely. Figure 
5 shows some examples of tracking curves 
which can be obtained. Complementary 
curves would be obtained for a compressor, 
where at low level signals the result would be 
infinite compression. The bleed current 
through Ra will be a function of temperature 
because of the two Vbe drops, so the low level 
tracking will drift with temperature. If a nega
tive supply is available, it would be desirable 

to tie Ra to that, rather than ground, and to 
increase its value accordingly. The bleed cur
rent will then be less sensitive to the Vbe tem
perature drift. 

Rb will supply an extra current to the rectifier 
equal to (Vee -1.3V)Rb. In this case, the 
expander transfer characteristic will deviate 
towards 1 to 1 at low levels. At low levels the 
expander gain will stop dropping and the 
expansion will cease. In a compressor this 
would lead to a lack of compression at low lev
els. Figure 6 shows some typical transfer 
curves. An Rb value of approximately 2.5Meg 
would trim the low level tracking so as to 
match the Bell system N2 trunk compandor 
characteristic. 

MISTRACKING WITH RA 
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MISTRACKING WITH RB 
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RECTIFIER BIAS CURRENT 
CANCELLATION 
The rectifier has an input bias current of 
between 50 and 100na. This limits the 
dynamic range of the rectifier to about 60dB. 
It also limits the amount of attenuation of the 
AG cell. The rectifier dynamic range may be 
increased by about 20dB by the bias current 
trim network shown in Figure 7. Figure 8 
shows the rectifier performance with and 
without bias current cancellation. 

ATTACK AND DECAY TIME 
The attack and decay times of the compandor 
are determined by the rectifier filter time con
stant 10K x Greet· Figure 9 shows how the 
gain will change when the input signal under
goes a 10, 20, or 30d8 change in level. 

The attack time is much faster than the decay, 
which is desirable in most applications. Fig
ure 10 shows the compressor attack envelope 
for a + 12dB step in input level. The initial out
put level of 1 unit instantaneously rise~ to 4 
units, and then starts to fall towards its final 
value of 2 units. The CC/TT recommendation 
on attack and decay times for telephone sys
tem compandors defines the attack time as 
when the envelope has fallen to a level of 3 
units, corresponding to t = .15 in the figure. 
The CC/TT recommends an attack time of 3 
± 2ms, which suggests an RC product of 
20ms. Figure 11 shows the compressor out
put envelope when the input level is suddenly 
reduced 12d8. The output, initially at a level 
of 4 units, drops 12d8 to 1 unit and then rises 
to its final value of 2 units. The CC/TT defines 
release time as when the output has risen to 
1.5 units, and suggests a value of 13.5 
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RECTIFIER BIAS CURRENT 
COMPENSATION 
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Figure 11 

± 9ms. This corresponds tot= .675 in the fig
ure, which again suggests a 20ms RC prod· 
uct. Since R1 =10K, the CCITT recommenda
tions will be met if Crect = 2µF. 

There is a trade-off between fast response 
and low distortion. If a small Crect is used to 
get very fast attack and decay, some ripple 
will appear on the gain control line and pro
duce distortion. As a rule, a 1µF Crect will pro
duce .2% distortion at 1 kHz. The distortion is 
inversely proportional to both frequency and 
capacitance. Thus, for telephone applications 
where Crect = 2µF, the ripple would cause . 1 % 
distortion at 1 kHz and .33% at 300Hz. The 
low frequency distortion generated by a com· 
presser would be cancelled (or undistorted) 
by an expander, providing that they have the 
same value of Crect· 

FAST ATTACK, SLOW 
RELEASE HARO LIMITER 
The NE570/571 can be easily used to make 
an excellent limiter. Figure 12 shows a typical 
circuit which requires 1/2 of an NE570/571, 1/2 

of an LM339 quad comparator, and a pnp 
transistor. For small signals, the t.G cell is 
nearly off, and the circuit runs at unity gain as 
set by R8 , R7 . When the output signal tries to 
exceed a + or - 1 V peak, a comparator 
threshold is exceeded. The pnp is turned on 
and rapidly charges C4 which activates the 
t.G cell. Negative feedback through the t.G 
cell reduces the gain and the output signal 
level. The attack time is set by the RC product 
of R18 and C4, and the release time is deter
mined by C4 and the internal rectifier resistor, 
which is 10K. The circuit shown attacks in 
less than 1 ms and has a release time con
stant of 100ms. R9 trickles about .7µA through 
the rectifier to prevent C4 from becoming 
completely discharged. The gain cell is acti
vated when the voltage on pin 1 or 16 ex
ceeds two diode drops. If C4 were allowed to 
become completely discharged, there would 
be a siight delay before it recharged to > 1.2V 
and activated limiting action. 

A stereo limiter can be bJilt out of 1 
NE570/571, 1 LM339 and two pnp transis
tors. The resistor networks R12, R13and R14, 
R1s. which set the limiting thresholds, could 
be common between channels. To gang the 
stereo channels together !limiting in one 
channel will produce a corresponding gain 
change in the second channel to maintain 
the balance of the stereo imagel, then pins 1 
and 16 should be jumpered together. The 
outputs of all 4 comparators may then be 
tied together, and only one pnp transistor 
and one capacitor C4 need be used. The 
release time will then be the product 5KxC4 
since two channels are being supplied cur
rent from c., 

USE OF EXTERNAL OP AMP 
The operational amplifiers in the NE570/571 
is not adequate for some applications. The 
slew rate, bandwidth, noise, and output 
drive capability can limit performance in 
many systems. For best performance, an 
external op amp can be used. The external 
op amp may be powered by bipolar supplies 
for <i larger output swing. 

Figure 13 shows how an external op amp may 
be connected. The non-inverting input must 
be biased at about 1.SV. This is easily accom
plished by tying it to either pin 8 or 9, the THO 
trim pins, since these pins sit at 1.BV. An 
optional RC decoupling network is shown 
which will filter out the noise from the NE570/ 
571 reference (typically about 10µV in 20kHz 
BW). The inverting input of the external op 
amp is tied to the inverting input of the inter
nal op amp. The output of the external op 
amp is then used, with the internal op amp 
output left to float. If the external op amp is 
used single supply (+Vee and ground), it 
must have an input common mode range 
down to less than 1.8V. 

N2 COMPANOOR 
There are four primary considerations in
volved in the application of the NE570/571 
in an N2 compandor. These are matching of 
input and output levels, accurate 600!1 input 
and output impedances, conformance to 
the Bell system low level tracking curve, and 
proper attack and release times. 

Figure 14 shows the implementation of an N2 
compressor. The input level of .245V rms is 
stepped up to 1.41 V rms by the 600{): 20Kll 
matching transformer. The 20K input resistor 
properly terminates the 'transformer. An inter
nal 20Kll resistor (R3) is provided, but for 
accurate impedance termination an external 
resistor should be used. The output imped
ance is provided by the 4K output resistor and 
the 4Kll: 600{) output transformer. The .275V 
rms output level requires a 1.4V op amp out-
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FAST ATTACK, SLOW RELEASE HARD LIMITER 
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USE OF EXTERNAL OP AMP 

Figure 13 

put level. This can be provided by increasing 
the value of R2 with an external resistor, which 
can be· selected to fine trim the gain. A rear
rangement of the compressor gain equation 
(6) allows us to determine the value for R2 . 

Gain2 x 2 R3 V;n ave 12 X 2 X 20K X 1.27 
R2=~----~~-

10K X 140µA 

= 36.3K 

The external resistance required wi\\ thus be 
36.3K - 20K = 16.3K 

The Bell compatible low level tracking 
characteristic is provided by the low level trim 
resistor from Greet to V CC· As shown in Figure 
6, this will skew the sytem to a 1 :1 transfer 
characteristic at low levels. The 2µF rectifier 
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capacitor provides attack and release times 
of 3ms and 13.5ms respectively, as shown in 
Figures 10 and 11. The R-C-R network around 
the op amp provides de feedback to bias the 
output at de. 

An N2 expandor is shown in Figure 15. The 
input level of 3.27V RMS is stepped down to 

1.33V by the 600!l: 100!l transformer, which is 
terminated with a 100!l resistor for accurate 
impedance matching. The output impedance 
is accurately set by the 1500 output resistor 
and the 1500: 6000 output transformer. With 
this configuration the 3.46V transformer out
put requires a 3.46V op amp output. To obtain 
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N2 EXPANDOR 

R, 20K 

eoon 1oon R, 20K 

'27 
VRMS 
soon 

5µF 

10µF 

1oon .,. 

this output level, it is necessary to increase 
the value of R3 with an external trim resistor. 
The new value of R3 can be found with the 
expander gain equation 

R1 R2 Is Gain 10K X 20K X 140µA X 2.6 
R3-----

2 V1N avg 2 X 1.20 

= 30.3K 

An external addition to R3of 10K is required, 
and this value can be selected to accurately 
set the high level gain. 

A low level trim resistor from C,001 to V cc of 
about 3Meg provides matching of the Bell low 
level tracking curve, and the 2µF value of Crect 
provides the proper attack and release times. 
A 16K resistor from the summing node to 
ground biases the output to 7V de. 

VOLTAGE CONTROLLED 
ATTENUATOR 
The variable gain cell in the NE570/571 may 
be used as the heart of a high quality voltage 
controlled amplifier (VCA). Figure 16 shows a 
typical circuit which uses an external op amp 
for better performance, and an exponential 
converter to get a control characteristic of 
- 6dB/V. Trim networks are shown to null out 
distortion and de shift, and to fine trim gain to 
OdB with zero volts of control voltage. 

Op amp A2 and transistors 01 and 02 form 
the exponential converter generating an ex
ponential gain control current, which is fed 
into the rectifier. A reference current of 
150µA, 115V and R20 = 100Kl, is attenuated a 
factor of two 16dBl for every volt increase in 
the control voltage. Capacitor Cs slows 
down gain changes to a 20ms time constant 
!Ce x R1l so that an abrupt change in the 
control voltage will produce a smooth 
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sounding gain change. R18 assures that for 
large control voltages the circuit will go to 
full attenuation. The rectifier bias current 
would normally limit the gain reduction to 
about 70dB. R1sdraws excess current out of 
the rectifier. After approximately SOdB of 
attenuation at a -6dB/V slope, the slope 
steepens and attenuation becomes much 
more rapid until the circuit totally shuts off 
at about 9 volts of control voltage. A1 should 
be a low noise high slew rate op amp. R13 
and R14 establish approximately a zero volt 
bias at A,'s output. 

With a zero volt control voltage, R19 should 
be adjusted for OdB gain. At 1 V l-6dB gainl 
R9 should be adjusted for minimum distor
tion with a large 1+10dBml input signal. The 
output de bias IA1 outputl should be meas
ured at full attenuation 1+1ov control volt
age) and then Rs is adjusted to give the same 
value at OdB gain. Properly adjusted, the 
circuit will give typically less than .1% dis
tortion at any gain with a de output voltage 
variation of only a few millivolts. The clip
ping level 1140µA into pin 3, 14) is ±10V 
peak. A signal to noise ratio of 90dB can be 
obtained. 

If several VCA's must track each other, a 
common exponential converter can be 
used. Transistors can simply be added in 
parallel with 02 to control the other chan
nels. The transistors should be maintained 
at the same temperature for best tracking. 

AUTOMATIC LEVEL CONTROL 
The NE570 can be used to make a very high 
performance ALC as shown in Figure 17. This 
circuit hookup is very similar to the basic com
pressor shown in Figure 2 except that the rec
tifier input is tied to the input rather than the 

output. This makes gain inversely propor
tional to input level so that a 20dB drop in 
input level will produce a 20dB increase in 
gain. The output will remain fixed at a con
stant level. As shown, the circuit will maintain 
an output level of ± 1dbm for an input range 
of + 14 to - 43dbm at 1 kHz. Additional exter
nal components will allow the output level to 
be adjusted. Some relevant design equations 
are: 

R1 R2 le( VIN ) Output level= --- ---- : le= 140µA 
2 A3 v,N{avg) 

R1 R2 le 
Gain - where 

2 R3 VIN (avg) 

V1N 1r 
ViNl&vgl •2 '{2 = 1.11 lfor sine wave! 

If ALC action at very low input levels is not 
desired, the addition of resistor Rx will limit 
the maximum gain of the circuit. 

Gain max. 

R1 +Rx 
~ XR2Xle 

2 R3 

The time constant of the circuit is deter
mjned by the rectifier capacitor. Crect, and 
an internal 10K resistor. 

1 = 10K Crect 

Response time can be made faster at the 
expense of distortion. Distortion can be 
approximated by the equation. 

( lµF) (lKHz) THO= -- -- X.2% 
Crect freq. 
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VOLTAGE CONTROLLED ATTENUATOR 
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VARIABLE SLOPE 
COMPRESSOR-EXPANDOR 
Compression and expansion ratios other than 
2: 1 can be achieved by the circuit shown in 
Figure 18. Rotation of the dual potentiometer 
causes the circuit hookup to change from a 
basic compressor to a basic expander. In the 
center of rotation, the circuit is 1: 1, has nei
ther compression nor expansion. The (input) 
output transfer characteristic is thus continu
ously variable from 2:1 compression, through 
1:1 up to 1:2 expansion. If a fixed compres
sion or expansion ratio is desired, proper 
selection of fixed resistors can be used 
instead of the potentiometer. The optional 
threshold resistor will make the compression 
or expansion ratio deviate towards 1: 1 at low 
levels. A wide variety of (input) output charac
teristics can be created with this circuit, some 
of which are shown in Figure 18. 

_uv 
-11Y 

Figure 16 

HI Fl COMPANDOR 
The NE570 can be used to construct a high 
performance compandor suitable for use 
with music. This type of system can be used 
for noise reduction in tape recorders, trans
mission systems, bucket brigade delay 
lines, and digital audio systems. The circuits 
to be described contain features which im
prove performance, but are not required for 
all applications. 

A major problem with the simple NE570 com
pressor (Figure 2) is the limited op amp gain 
at high frequencies. For weak input signals, 
the compressor circuit operates at high gain 
and the 570 op amp simply runs out of loop 
gain. Another problem with the 570 op amp is 
its limited slew rate of about .6V/µ.s. This is a 
limitation of the expander, since the expander 
is more likely to produce large output signals 
than a compressor. 

c, 

... 
"" 

1000 . .. 
1µ1 rOUT 

c ... 

" 

Figure 20 is a circuit for a high fidelity com
pressor which uses an external op amp and 
has a high gain and wide bandwidth. An input 
compensation network is required for stability. 

Another feature of the circuit in Figure 20 
is that the rectifier capacitor (C9) is not 
grounded, but is tied to the output of an op 
amp circuit. This circuit, built around an 
LM324, speeds up the compressor attack 
time at low signal levels. The response times 
of the simple expander and compressor (Fig
ures 1 and 2) become longer at low signal 
levels. The time constant is not simply 
10K x C,601 , but is really 

~ ( .026V)) 10K+2 -- xCrect. 
lrect 

When the rectifier input level drops from 
OdBm to -30dBm, the time constant in
creases from 10.7KxCrect to 32.6KxCrect· In 

8-161 

8 



LINEAR LSI PRODUCTS 

APPLICATIONS FOR COMPANDORS: NE570/571 /SA571 AN174 

'"' 
(3,H) 

lul+ A, 10K 

(2,11) 

THRESHOLD 1 MEG 
LOG 

8·162 

AUTOMATIC LEVEL CONTROL 

(1,11) 

Ra 20K 

ICNECT 

.,,. 

l--"""'r--0(3,14) 

"'' 

systems where there is unity gain between 
the compressor and expander, this will 
cause no overall error. Gain or loss between 
the compressor and expander will be a 
mistracking of low signal dynamics. The 
circuit with the LM324 will greatly reduce 
this problem for systems which cannot 
guarantee the unity gain . 

When a compressor is operating at high 
gain, Csmall input signal), and is suddenly hit 
with a signal, it will overload until it can 
reduce its gain. Overloaded the output will 
attempt to swing rail to rail. This compress
or is limited to approximately a 7V peak to 
peak output swing by the brute force clamp 
diodes D3 and 04. The diodes cannot be 
placed in the feedback loop because their 
capacitance would limit high frequency 
gain. The purpose of limiting the output 
swing is to avoid overloading any succeed
ing circuit such as a tape recorder input. 

The time it takes for the compressor to 
recover from overload is determined by the 
rectifier capacitor Cg. A smaller capacitor 
will allow faster response to transients, but 
will produce more low frequency third har
monic distortion due to gain modulation. A 
value of 11'F seems to be a good compromise 
value and yields good subjective results. Of 
course, the expander should have exactly 
the same value rectifier capacitor for proper 
transient response. Systems which have 
good low frequency amplitude and phase 
response can use compandors with smaller 
rectifier capacitors, since the third harmon
ic distortion which is generated by the com
pressor will be undistorted by the expander. 

Simple compandor systems are subject to a 
problem known as breathing. As the system 
is changing gain, the change in the back
ground noise level can sometimes be heard. 

TYPICAL INPUT-OUTPUT 
TRACKING CURVES OF 

VARIABLE RATIO 
COMPRES.SOR·EXPANDOR 

OUTPUT 
Ll!VIL 
10dBIDIV 

INPUT LEVEL 10dl/DIY. 

Figure 19 
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The compressor in Figure 20 contains a high 
frequency pre-emphasis circuit (C2, R5 and 
C8 , R14), which helps solve this problem. 
Matching de-emphasis on the expander is 
required. More complex designs could make 
the pre-emphasis variable and further reduce 
breathing. 

The expander to complement the compressor 
is shown in Figure 21. Here an external op 
amp is used for high slew rate. Both the com
pressor and expander have unity gain levels 
of OdBm. Trim networks are shown for distor
tion (THD) and de shift. The distortion trim 
should be done first, with an input of OdBm at 
10kHz. The de shift should be adjusted for 
minimum envelope bounce with tone bursts. 
When applied to consumer tape recorders, 
the subjective performance of this system is 
excellent. 

+3.IV 
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TRIM 
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NE572 AUTOMATIC LEVEL CONTROL 

3.3K 
NOTE: 

R, PIN NUMBERS ARE FOR SIDE A OF THE NE572 

Rx 

- ATTACK 
- CAP~------< 

100K 

+ 
CAJ1µF 

9.1K 

V1N 0------111-•----"JVY-------1>----t 
2.2µF 

TOTHD~---'\IV\~----0------1 

TRIM PIN 
OF 572 

PIN 6 

Voce= VREF ('1 + Roc1 + Roc2) 
R, 

OUTPUT LEVEL=(R 1 R2l~v~) 
2R3 AV1N(a11g), 

ATTACK TIME= (10K) CA 

RECOVERY TIME= (10K) CR 

RECOVERY 1------- CAP + 
CR I 10µF 

8.BK 

9.1K 

V+ 

>-'1_v;.,o:.>:u.:..r ~oc=---4>--•'"i!------o Vour 

2.2µF 

WHERE: R4 = 100K 
Roc1=Roc2=9.1K 
VREF = 2.5V 

WHERE: R1 = 6.8K (Internal) 
R2 = 3.3K 
R3=17.3K 
la= 140µ,A 

TO LIMIT THE GAIN AT VERY LOW INPUT LEVELS, ADD Rx: 

-~=-7r -= 1.11 
V1N(a11g) 2~ 
(FOR SINE WAVES) 

R1 +Rx 

GAIN MAX. = 1.BV •R2·~ 
2R3 

8-165 

8 



LINEAR LSI PRODUCTS 

COMPANDOR COOKBOOK 

Compandors are versatile, low cost, dual 
channel gain control devices for audio fre
quencies. They are used in tape decks, cord
less telephones, and wireless microphones 
performing noise reduction. Electronic 
organs, modems and mobile telephone 
equipment use compandors for signal level 
control. 

So what is companding? Why do it at all? 
What happens when we do it? Compandor is 
the contraction of the two words compressor 
and expandor. There is one basic reason to 
compress a signal before sending it through a 
telephone line or recording it on a cassette 
tape. It is to process that signal (music, 
speech, data) so that all parts of it are above 
the inherent noise floor of the transmission 
medium and yet not running into the max 
dynamic range limits, causing clipping and 
distortion. The diagrams below demonstrate 
the idea; they are not totally correct because 
in the real world of electronics the 3kHz tone 
is riding on the 1 kHz tone. They are shown 
separated for better explanation. 

Figure 1 is the signal from the source. Figure 
2 shows the noise always in the transmission 
medium. Figure 3 shows the max limits of the 
transmission medium and what happens 
when a signal larger than those limits is sent 
through it. Figure 4 is the result of compress
ing the signal. (Note that the larger signal 
would not be clipped when transmitted.) 

The received/playback signal is processed 
(expanded) in exactly the same-only inverted
ratio as the input signal was compressed. The 
end result is clean, undistorted signal with a 
high signal-to-noise ratio. 

This document has been designed to give the 
reader a basic working knowledge of the 

BLOCK DIAGRAMS 

Signetics Compandor family. The analyses of 
three primary applications will be accompa
nied by "recipes" describing how to select 
external components (for both proper opera
tion and function modification). Schematic 
and artwork for an application board are also 
provided. For comprehensive technical infor
mation consult the Compandor Product 
Guide or the Linear LSI Data Manual. 

The basic blocks in a compandor are the cur
rent controlled variable gain cell (delta-G), 
voltage to current converter (rectifier), and 
operational amplifier. Each Signetics com
pandor package has two identical, indepen
dent channels with the following block 
diagrams (notice that the 570/71 is different 
from the 572): 

JV 

1V 

- JV 

ORIGINAL SIGNAL INPUT 

Figure 1 

WIDE BAND NOISE FLOOR 
OF TRANSMISSION LINE 

Figure 2 

NE570/571/SA571 

INPUT 

INPUT 
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CURRENT 

CONVERTER 

6 
ATTACK/RELEASE 
TIME CONSTANT 
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INPUT 

OUTPUT 

ATTACK 
TIME 

CAPACITOR 

INPUT 

AN176 

/ .. '\ 
3V 

2V 

1V 

-1V 

-2V 

-JV ---\---r---
MAx DYNAMIC ,_/ 
RANGE 6V pk-pk 

Figure 3 

SIGNAL AFTER COMPRESSION 

3V -----------

- JV 

NE572 

CURRENT 
CONTROLLED 

GAIN CELL 

BUFFER 

VOLTAGE 
TO 

CURRENT 

Figure 4 

OUTPUT 

RELEASE 
TIME 
CAPACITOR 

SEE NOTES 
AT END 
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The operational amplifier is the main signal 
path and output drive. 

The full wave averaging rectifier measures the 
AC amplitude of a signal and develops a con
trol current for the variable gain cell. 

The variable gain cell uses the rectifier con
trol current to provide variable gain control for 
the operational amplifier gain block. 

The compandor can function as a COM
PRESSOR, EXPANDOR, and AUTOMATIC 
LEVEL CONTROLLER or as a complete 
compressor/expandor system as described in 
the following: 

1) The COMPRESSOR function processes 
uncontrolled input signals into controlled 
output signals. The purpose of this is to 
avoid distortion caused by a narrow 
dynamic range medium such as: telephone 
lines, RF and satellite transmissions, and 
magnetic tape. The COMPRESSOR can 
also limit the level of a signal. 

2) The EXPANDOR function allows a user to 
increase the dynamic range of an incoming 
compressed signal such as radio broad
casts. 

3) The compressor/expandor system allows a 
user to retain dynamic range and reduce 
the effects of noise introduced by the trans
mission medium. 

4) The AUTOMATIC LEVEL CONTROL (ALC) 
function (like the familiar automatic gain 
control) adjusts its gain proportionally with 
the input amplitude. This ALC circuit there
fore transforms a widely varying input sig
nal into a fixed amplitude output signal 
without clipping and distortion. 

BASIC COMPRESSOR 

CURRENT R2 
CONTROLLED J--'INlr----11 I--. 

GAIN CELL 

VOLTAGE TO 
CURRENT 

CONVERTER 

Figure 5 

HOW TO DESIGN COMPANDOR 
CIRCUITS 
The rest of the cookbook will provide you with 
basic compressor, expandor, and automatic 
level control application information. In all of 
the circuits a NE570/571 has been used. If 
high fidelity audio or separately programma
ble attack and decay time are needed, the 
NE572 with a low noise op-amp should be 
used. 

The COMPRESSOR (see Figure 5) utilizes all 
basic building blocks of the compandor. In 
this configuration, the variable gain cell is 
placed in the feedback loop of the standard 
inverting amplifier circuit. The gain equation 
is Av= - RF/RiN· As shown above, the varia
ble gain cell acts as a variable feedback resis
tor (RF)· (See Figure 5.) 

As the input signal increases (above the 
crossover level of OdBm), this variable resistor 
decreases in value, causing the gain to 
decrease, thus limiting the output amplitude. 

Below the crossover level of OdBm, an 
increase in input signal causes the variable 
resistor to increase in value thereby causing 
the output signal's amplitude to increase. 

In the compressor configuration the rectifier 
is connected to the output. 

The complete equation for the compressor 
gain is: 

>-------------OVour 

where: R1 = 10K 
R2 = 20K 
R3 = 20K 
18 = 140µA 

V1N(avg) = 0.9 (V,N(rms)) 

COMPRESSOR RECIPE 

1) DC bias the output half way between the 
supply and ground to get maximum head
room. The circuit in Figure 6 is designed 
around a system supply of 6 volts so we 
want the output DC level to be 3 volts. 

Vournc = ( 1 + (2RoclR4)) v REF 

where: R4 = 30K 
VREF = 1.BV 
Roe is external 

manipulating the equation we arrive at . 

Roe= (C:~:)-1) :•) 
Note that the C(DCJ should be large enough to 
totally short out any AC in this feedback loop. 

2) Analyze the OUTPUT signal's anticipated 
amplitude. 

a) if larger than 2.BV peak, R2 needs to be 
increased. (see INGREDIENTS sec
tion, below) 

b) if larger than 3.0V peak, R1 will a/so 
need to be increased. 

By limiting the peak input currents we avoid 
signal distortion. 

3) The input and output coupling caps need 
to be large enough not to attenuate any 
desired frequencies. (X0 = 1 /(6.28xf) 
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4) The C(rect) should be 1 µF to 2µF for initial 
setup. This directly affects Attack and 
Release times. 

5) An input buffer may be necessary if the 
sources' output impedance needs match
ing. 

6) Pre-emphasis may be used to reduce 
noise-pumping, breathing, etc., if present. 
See the NE570/571 data sheet for specific 
details. 

7) Distortion (THO) trim pins are available if 
the already low distortion needs to be fur
ther reduced. Refer to data sheet for trim
ming network. Note that if not used, the 
THD trim pins should have 200pF caps to 
ground. 

8) At very low input signal levels, the rectifier's 
errors become significant and can be 
reduced with the Low Level Mistracking 
network. (This technique prevents infinite 
compression at low input levels.) 

The EXPANDOR utilizes all the basic building 
blocks of the compandor (see Figure 7). In 
this configuration the variable gain cell is 
placed in the inverting input lead of the opera
tional amplifier and acts as a variable input 
resistance, RiN· The basic gain equation for 
operational amplifiers in the standard invert
ing feedback loop is Av= - Rp/RiN· 

As the input amplitude increases above the 
crossover level of OdBM, this variable resistor 
decreases in value, causing the gain to 
increase, thus forcing the output amplitude to 
increase. (Refer to Figure 10.) 

Below the crossover level an increase in input 
amplitude causes the variable resistor to 
increase in value, thus forcing the output 
amplitude to decrease. 

In the expandor configuration the rectifier is 
connected to the input. 

The complete equation for the expander gain 
is: 

BASIC EXPANDOR 

8-168 

Gain expandor = (2R3V1N(avg))/R1R21s 

where: R1 = 10K 
R2 = 201< 
R3 = 20K 
Is= 140µA 

V1N(avg) = 0.9 (V1N(rms)) 

EXPANDOR RECIPE 
1) DC bias the output half way between the 

supply and ground to get maximum head
room. The circuit in Figure 8 is designed 
around a system supply of 6 volts so we 
want the output DC level to be 3 volts. 

VouT DC= (1 + R3/R4) VAEF 

where: R3 = 20K 
R4 = 30K 
VREF = 1.8V 

Note that when using a supply voltage higher 
than 6 volts the DC output level should be 
adjusted. To increase the DC output level, it is 
recommended that R4 be decreased by add
ing parallel resistance to it. (Changing R3 
would affect the expandor's AC gain also and 
thus cause a mismatch in a companding 
system.) 

BASIC COMPRESSOR 

Roe 

5,12 

1,16 

~CREeT 

~Coe 

3,14 h 
R2 cF1 I 

Roe 

NOTE 
Max AC current into: 
" Gaincell is 140,.A peak 
• Rectifier is 300µA peak 
All components are internal, except 
the caps and Roe 

L -:- Figures 
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BASIC EXPANDOR 
R, 

~ 
~ 

R3 

R2 CURRENT 

'"1 CONTROLLED 
Vour GAIN CELL Vour 
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R1 VOLTAGE 

TO CURRENT 
CONVERTER 

Figure 7 ~ 
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2) Analyze the input signal's anticipated 
amplitude: 

a) if larger than 2.8 peak, R2 needs to be 
increased. (see INGREDIENTS sec
tion, below) 

b) if larger than 3.0V peak, R1 will a/so 
need to be increased. (see INGREDI
ENTS, below) 

By limiting the peak input currents we avoid 
signal distortion. 

3) The input and output decoupling caps 
need to be large enough not to attenuate 
any desired frequencies. 

4) The C(rect) should be 1 µF to 2µF for initial 
setup. 

5) An input buffer may be necessary if the 
sources' output impedance needs match
ing. 

6) De-emphasis would be necessary if the 
complementary compressor circuit had 
been pre-emphasized (as in a tape deck 
application). See the HI-Fl Expander appli
cation in the Linear LSI Data Manual. 

7) Distortion (THD) trim pins are available if 
the already low distortion needs to be fur
ther reduced. See Linear LSI Data Manual 
for trimming network. Note that if not used, 
the THD trim pins should have 200pF caps 
to ground. 

8) At very low input signal levels, the rectifier's 
errors become significant and can be 
reduced with the Low Level Mistracking 
network (see Linear LSI Data Manual). 
(This technique prevents infinite expansion 
at low input levels.) 

In the ALC configuration, (Figure 9). the varia
ble gain cell is placed in the feedback loop of 
the operational amplifier (as in the COM
PRESSOR) and the rectifier is connected to 
the input. 

As the input amplitude increases above the 
crossover point, the overall system gain 
decreases proportionally, holding the output 
amplitude constant. 

As the input amplitude decreases below the 
crossover point, the overall system gain 
increases proportionally, holding the output 
amplitude at the same constant level. 

The complete gain equation for the .ALC is: 

Gain 

Output level = _t_g_j!_ RR I ( VIN ) 

2 R3 V1N(avg) 

where ~=-"-= 1.11 (for sine wave) 
V1N(avg) 2,/2 

Note that for very low input levels, ALC may 
not be desired and to limit the maximum gain, 
resistor Rx has been added. The modified 
gain equation is: 

R1 +Rx 

Gain max. =-1_.e_v __ x_R-=2_x_ls=-
2 R3 

Rx= ((desired max gain) x 261<) - 10K 

INGREDIENTS 
(Application guidelines for internal and exter
nal <:omponents (and input/output con
straints) needed to tailor (cook) each of the 
three entrees (applications) to your taste.] 

R1 (10Kohms) limits input current to the rec
tifier. This current should not exceed an AC 
peak value of ± 300 microamps. An external 
resistor may be placed in series with R1 if the 
input voltage to the rectifier will exceed 
± 3.0V peak (i.e., 10K x 300µA = 3.0V). 

BASIC EXPANDOR 

C IN1 R2 
AB 

3,14 20K 

'{ R4 

C IN2 R1 

2,15 
10K 

Figure 8 

5,12 

VREF 

30K 

..,. 

20K 

VouT 

7,10 

NOTE: 
ALL COMPONENTS ARE 
INTERNAL EXCEPT CAPS. 

AUTOMATIC LEVEL CONTROL 

1,F (2,15) R1 (1,16) 

* 10K + 

Rx 1CRECT 
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R2 (20Kohms) limits input current to the vari
able gain cell. This current should not exceed 
an AC peak value of ± 140 microamps. 
Again, an external resistor has to be placed in 
series with R2 if the input voltage to the varia
ble gain cell exceeds ± 2.BV (i.e., 
20K x 1401<A). 

R3 (20Kohms) acts in conjunction with R4 as 
the feedback resistor (Rf) (expandor configu
ration) in the equation. (R3 's value can be 
either reduced or increased externally.) How
ever, it is recommended that R4 be the one to 
change when adjusting the output DC revel. 

R4 (30Kohms) acts as the input resistor (R1N) 

in the standard non-inverting op amp circuit. 
(Its value can only be reduced.) 

Vout oc = (1 + (R3/R4))V,81 (for the EX PAN DOR) 

Vout oc = (1 + (2Roc/R4))V181 (for the COMPAN
DOR,ALC) 

[The purpose of these DC biasing equations 
is to allow the designer to set the output half 

way between the supply rails for largest head
room (usually some positive voltage and 
ground).] 

C0 c acts as an AC shunt to ground to totally 
remove the DC biasing resistors from the AC 
gain equation. 

CF caps are AC signal coupling caps. 

CRECT acts as the rectifier's filter cap and 
directly affects the response time of the cir
cuit. There is a trade-off, though, between 
fast attack and decay times and distortion. 

The time constant is: 10K x CRECT 

The total harmonic distortion (THD) is approx
imated by: 

THD "' (11'F/CRECT)(1kHz/freq.)x0.2% 

NOTES: 
The NE572 differs from the 570/571 in that: 
1. There is no internal op amp. 
2. The attack and release times are pro

grammed separately. 

SYSTEM LEVELS OF A COM· 
PLETE COMPANDING SYSTEM 
Figure 10 demonstrates the compressing and 
expanding functions: 

Point A represents a wide dynamic range sig
nal with a maximum amplitude of + 16dB and 
minimum amplitude of - 80d8. 

Point B represents the compressor output 
showing a 2: 1 reduction in dynamic range 
( - 40dB is increased to - 20d8, for exam
ple). Point B can also be seen as the dynamic 
range of a transmission medium. Transmis
sion noise is present at the - 60d8 level from 
Point B to Point C. 

Point C represents the input signal to the 
expandor. 

Point D represents the output of the expander. 
The signal transformation from Point C to D 
represents a 1 :2 expansion. 

SYSTEM LEVELS OF A COMPLETE COMPANDING SYSTEM 

V RMS 

+ 16d8 4.9V 
3.1V -

OdB 775MV 

-20dB 775MV 

-40dB 7.75MV 

- 60dB 775MV 

-80d8 L 72.SMV 
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WHAT IS COMPANDING?? 
Shown here are some scope pictures of what 
three functions of the compandor look like in 
the kitchen, responding to tone bursts of vary
ing amplitudes. 

INPUT---.. 

OUTPUT___., 

INPUT---.. 

COMPRESSION 1 kHz 

COMPANDOR SYSTEM 15kHz 

OUTPUT 

AUTOMATIC LEVEL CONTROL 
(SMALL SIGNAL INPUT) 

Figure 11 

AN176 

EXPANSION 1 kHz 

COMPANDOR SYSTEM 1 kHz 

AUTOMATIC LEVEL CONTROL 
(LARGE SIGNAL INPUT) 
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APPLICATION BOARD 
Shown below is the schematic (Figure 12) for 
Signetics' NE570/571 evaluation/demo board. 
This board provides one channel of EXPAN· 
SION and one channel of COMPRESSION 
(which can be switched to AUTOMATIC 
LEVEL CONTROL). 
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(OPTIONAL 
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Figure 12 
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APPLICATIONS 
Figure 1 shows a block diagram of the 
NE5080 and NE5081 in a simple point-to
point communications scheme. Pin 5 of the 
NE5080 is grounded to permanently enable 
transmission; grounding pin 3 disables the 
jabber function. 

An example of a communications system 
block diagram using the NE5080 and 
the NE5081 (as in a modem) is shown In 
Figure 2. 

The jabber function is active in this system. 
The NE5080 Jabber Flag (pin 2) goes high 
when the capacitor at pin 3 of the NE5080 
charges to about 1.4 volts. This fault condi
tion will interrupt the Transmission Controller, 
which will cease transmitting and write to the 
proper address for the decoder to put out 
a signal to discharge the capacitor. The 
Controller will then pass the token to the 
next node. 

NESOBO FSK TRANSMISSION NE5081 
DATA IN>- TRANSMITTER RECEIVER 

~5 
Figure 1. Point-to-Point Communications 

AN195 

The transmission medium can be anything 
from a twisted pair to a fiber optic link. The 
NE5081 receives the FSK signal and con
verts it to a digital data stream correspond
ing to the data sent by the NE5080. Pin-10 
of the NE5081 goes high when the signal 
at its input is above the threshold set by 
the potentiometer between pins 13 and 14 of 
the NE5081. 

1-- DATA OUT 
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TRANSMISSION 
CONTROLLER 

WR ADDRESS 

SERIAL 
DATA DUT 

14 

NE5080 TRANSMISSION 
MEDIUM 

19 NE5081 

SERIAL 
t-1~1 ___ 0ATA IN 

RECEIVER 
CONTROLLER 

t-1"-0 --+toATA 
VALID 

Figure 2. Communications System Block Diagram. 

NE5080 
3.5 pf 

100 

100 

C13 
0.0047 µF 

XXE 
C12 

0.0047 µF 

Figure 3. Modem Using a Twisted Pair Transmission Line. 

Note: In applications using twisted pair lines where noise pick-up may be excessive, it is 
recommended that the twisted pair be driven differentially. Figure 8 shows how this may 
be implemented. 

DC to 2 Megabaud Modem Using 
the NE5080 and NE5081 
The NE5080 and NE5081 are designed to be 
used together as an asynchronous modem. 
They employ FSK modulation at high carrier 
frequencies, plus filtering to reject EMI and 
RFI noise that is frequently encountered 
in industrial and commercial environments. 
Figures 4 and 5 show Full and Half Duplex 
modems. 

The carrier frequency is externally adjustable 
and can range from SOkHz to over 20MHz. 

The modem can be used in a number of 
ways: 
1. Multidrop party line of data transmitting 

and receiving devices (local area net
works). 

2. Point-to-point qperation connecting just 
two transmittinti/receiving devices. 

3. Either of the above operated on one cable 
in the half duplex mode. 
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4. Either 1 or 2 above operated on two cables 
in the full duplex mode. 

The 30d8 dynamic range of modems built 
using the NE5080 and NE5081 makes it 
possible to attach them at any point on 
the cable without any gain adjustment. 
There is no problem with proximity fo 
other similar modems. 

The distance that can be driven varies with 
the type of cable used, the number of 
modems attached to the cable, and the 
carrier frequency. 

Typical operation can be 100 modems 
randomly spaced on up to 2000 meters 
of RG-11 1 foam I cable with a center fre
quency of SMHz. 

In point-to-point operation, one can drive 
further. Table 1 gives obtainable distances 
when different carrier frequencies and cables 
are used. 

Table 1. TRANSMISSION DISTANCE FOR A SINGLE RECEIVER AS 
A FUNCTION OF CENTER FREQUENCY AND CABLE TYPE 

Carrier Maximum Cable 
Frequency Data Rate RG-59 RG-11 (Foam) JT34125 JT3750J 

1MHz 0.5 Megabaud 6000 Ft 21000 Ft 33000 Ft 50000 Ft 
3M Hz 1.0 Megabaud 5000 Ft 12000 Ft 20000 Ft 32000 Ft 
5MHz 2.0 Megabaud 4200 Ft 9500 Ft 15000 Ft 25000 Ft 
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_!!!.TA IN 
14 

GATE IN 
NESOBO 

JABBER FLAG 

11 13 1S 15 

C2 cs 
0.47µF 0.1µF 

+SV -::- cs 
0.1µF 

1-
DATA OUT 

INPUT LEVEL FLAG 

EXTERNAL COMPONENTS SHOWN ARE FOR SMHz CARRIER 

Figure 4. NE5080 and NE5081 Connected as a Full Duplex Modem. 

14 

NESOBO 

11 13 12 1S 

R1 A2 
2.1K 500 

C2 
0.47pF C1 C3 

130pF 0.11,F 

cs 
0.1µF 

ri 
DATA OUT 

11 8 
INPUT LEVEL FLAG 

EXTERNAL COMPONENTS SHOWN ARE FOR SMHz CARRIER 

Figure 5. NE5080 and NE5081 Connected as a Half Duplex Modem. 
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FSK MODEM SET-UP 
PROCEDURES 
To set up the modem per IEEE 802.4 specifi
cations, the following sequence should be 
followed at 25 ± 2°C ambient. 

TRANSMITTER SET-UP: 
1. Ground Jabber Control (pin 3) and the 

transmit gate (pin 5) of the NE5080. 
2. Turn on the power and allow the circuit 

to warm up for 3 minutes. 
3. Hold the Data Input (pin 14) of the 

NE5080 at a logic high. 
4. Measure the frequency at the FSK out

put of the transmitter (cable should be 
properly terminated I and adjust R2 for a 
frequency reading of 6.250MHz ± 5kHz. 

5. Apply a logic low to the Data Input and 
check the output frequency. If the read
ing is not 3.750MHZ ±40kHz, readjust 
R1 until the high frequency is 6.250MHz 
± 25kHz and the low frequency is 
3.750MHZ ±40kHz. 

Transmitter set-up is now complete. 

Figure 6. NE5081 Data Output When 
Correctly Tuned to Incoming SMHz 

Carrier. 

FSKIN 

FLAG 

RECEIVER SET-UP: 
6. Set Detection Timing pot R5 and Input 

Level Detect pot R4 at the NE5081 to 
mid range. 

7. Apply a 5.000 MHz 1Vp-p sine wave to 
the receiver FSK Input. 

8. Attach an oscilloscope probe to the Data 
Output pin of the NE5081 and adjust L 1 
or C7 (whichever is adjustable) until the 
output state alternates between high and 
low levels. Figures 7 and 8 indicate 
examples of improper tuning. 

9. Set the generator to 3.750MHz, 35mVp-p. 
10. Adjust Input Level Detect pot R4 until 

the Data Output pin is alternating be
tween high and low levels. 

11. lncreasethegeneratoroutputto45mVp-p 
and verify that the data output is low. 

12. Decrease the generator output to 
25mVp-p and verify that the data output 
is high. 

13. Apply a 100kHz 1Vp-p signal to the FSK 
Input and connect a scope probe to the 
Input Level Flag and another probe to 

Figure 7. NE5081 Data Output Whan 
Tuned Just Below SMHz Carrier. 

AN195 

the FSK Input. Adjust Detection Timing 
pot R5 so that the delay from the time 
the FSK Input signal goes through 0 
volts on the Positive to negative transi
tion, to the time when the Input Level 
Flag goes from high to low, is between 
0.5 and 2.5µSec. See Figure 9. 

14. Final adjustment to the tuning of L1/C7 
should be done by using an adjusted 
transmitter to transmit pseudo random 
data and tuning the receiver L 1/C7 tank 
circuit for minimum jitter and symmetrical 
eye pattern observed on the receiver pin 
8 (see Figure 10). 

This concludes the receiver set-up procedure. 

Figure a. NE5081 Data Output Output 
Tuned Juat Above SMHz Carrier. 

Figure 9. Correct Adjustment of Input 
Level Detection Timing. 

Figure 10. "Eye" Pattern at NE5081 Pin 8. 
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DETERMINING 
COMPONENT VALUES 
Power supply pins of both devices should be 
bypassed with high quality 0.1 µ.F capacitors 
close to the devices. Additionally. the 
NE5081 Vcc2 (pin 9) should be well
decoupled from the power supply by a small 
inductor (about 10 µ.H) and another 0.1 µ.F 
capacitor as the NE5081 exhibits large 
changes in power supply current during 
switching. 

The coupling capacitors C4 and C13 are 
needed to maintain input bias when a low 
DC impedance line is connected to the FSK 
Input. Too small a value for these capacitors 
could result in excessive signal attenuation. 
If these capacitrs are too large. the receiver 
Input Level Flag may remain high for an ex
cessive amount of time after the input signal 
is removed. Each transmitter and each re
ceiver should have its own coupling 
capacitor. This is necessary to prevent any 
DC terminations from altering biases. 

The external resistance at the NE5080 pin 
12 should always be about 2.4 kilohms, with 
some adjustment allowable to compensate 
for the tolerance of C1 and slight differences 
between individual ICs. 

C11 and R5 are the Carrier Detect timing 
components and determine how long after 
the FSK input signal is discontinued before 
the Input Level Flag goes low. R5 should not 
exceed 5 kilohms. With C11 set at 56 pF, a 5 
kilohm R5 will allow Carrier Detect Timing 
adjustment to 2 µ.Sec. R5 can be a fixed re
sistor if this timing is not critical (perhaps be
cause of the use of an "end of data" signal). 
This delay is required to allow the signal to 
propagate through the receiver. Carrier 
Detect Timing should be adjusted for different 
center frequencies by choosing C11 accord
ing to the relationship: 

1 
C11=--

3572 le 

The Input Level Detect function can be dis
abled and the receiver be made to hold the 
Carrier Detect Flag high by removing R5 and 
C11 and tying pins 15 and 16 together and 
pulling them up to Vee with a 10 kilohm 
resistor. 

If the Jabber function is not to be used, Jab
ber control pin 3 of NE5080 should be 
grounded. If the Jabber function is to be 
used, a capacitor. C2, should be connected 
between pin 3 and ground. The value of this 
capacitor is determined as indicated below: 

C2 = (0.95 x 10 .. 1 t 

where t is the maximum allowable transmit 
time in seconds. 

The resistance R1. together with capacitor 
C1. set the transmit frequencies. The logic 
high frequency is fixed at about 1.67 times 
the logic low frequency, meaning that the 
logic low frequency is 0. 75 times the center 
frequency fe. and the logic high frequency is 
1.25 times the center frequency. Note that 
this center frequency is never transmitted in 
normal operation and is sometimes referred 
to as the "carrier frequency." 

C1 is chosen by the relationship for le at or 
below 7MHz: 

C1 = 6.5 x 10-• 

fe 

Above ?MHz center frequency, this capacitor 
is found by modifying this equation to: 

5.5 x 10 .. 
C1= --

fe 

To get the characteristics that are needed for 
proper operation of the NE5081. it is im-

AN195 

portant to keep the proper relationship 
between L 1 and C7: 

C7 = 

L1 = 

7885 fe 

200 

fe 

Capacitor values of the filter are dependent 
upon operating frequencies to maintain 
proper characteristics: 

ca = 9.o x 10-• 

fe 

C9 = 
4.1 x 10-• 

fe 

1.2 x 10-3 
C10 = 

.fe 

C12 = 
5 x 10-• 

le 
Coupling capacitor values also depend upon 
center frequency: 

2.5 x 10-2 
C4 = C13 = 

fe 

In all of the above equations. capacitances 
are in Farads. inductances in Henrys, and 
frequencies in Hertz. 
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SOME COMMON BAUD RATES 
Although intended to be used with a center 
frequency of 5MHz, the NE5080 and 
NE5081 can be used at other center fre
quencies. Table 2 gives minimum center fre
quency (I 0 ) for some common baud rates, 
together with external component values for 
those center frequencies. Note that it is not 
recommended that these devices be oper
ated at center frequencies below 50kHz. 

USING THE NE5080/NE5081 
WITH A FIBER OPTIC LINK 
The NE5080/NE5081 chip set is highly suit
able for use in low cost fiber-optic links. 
There are many advantages to fiber links 
over open wire or coaxial cable links. These 
advantages include: 

1. Cost savings in conductor weight and 
size. 

2. Immunity to EMl/RFI. 
3. Low crosstalk. 
4. High communications security; cannot 

be tapped by electromagnetic induction 
or surface conduction. 

5. Fiber-optic cable does not radiate elec
tromagnetic energy nor disturb other 
communications media. 

6. Extremely wide bandwidth 1high chan
nel per conductor density!. 

7. Low attenuation. 
8. No ground loops or shifts caused by 

common grounds. 

9. Complete electrical isolation between 
transmitter and receiver. 

10. Cable breaks cause no shorts. making 
this technology useful in hazardous 
environments, e.g .. explosive chemical 
facilities. 

11. No damage to equipment is expected 
due to current surges on adjacent lines. 

12. Fiber cable does not act as an antenna to 
pick up high electromagnetic pulses 
such as those caused by electrical 
storms. 

13. Low BER 1Bit Error Ratel. 

The circuit of Figure 11 shows a simplex fiber 
link between the NE5080 transmitter 
and the NE5061 receiver. The components 
shown are for a center frequency of 5MHz, 
although this frequency can be increased to 
20MHz with proper selection of external 
component values. The NE5539 has a 
350MHz unity gain bandwidth which may 
limit maximum operating frequencies in 
some systems. 

Since the NE50B1 can adequately accept 
signals below 10 mV at 5MHz carrier, the 
gain stage (within the dashed lines of Figure 
11) may be eliminated if the attenuation in 
the link is low. If the gain stage is used, be 
mindful of the bandwidth trade-off at higher 
gains. Refer to the NE5539 data sheet for 
details. 

The transmitter and receiver are set up as 
described under FSK MODEM SET-UP 
PROCEDURE above. 

LAYOUT PRECAUTIONS 
As is the case with any components using 
high frequencies, good layout practice is 
essential; poor layout can adversely affect 
performance. All lead lengths should be as 
short as is practical for all lines which carry 
R-F, including the tuning capacitor and 
resistors (C1, R1, R2) of the NE5080. Lead 
length is especially critical with C1. which 
should be mounted as close to the NE5060 as 
is possible. A printed circuit board with a good 
ground plane, both top and bottom, is also 
recommended (wire-wrap is NOT recom
mended). The ground plane should extend 
below tuning capacitor C1 on .both top and 
bottom of the board. with no other trace 
coming between the leads of this capacitor. 

Because of the high speed switching, pin 9 
(Vcc2) of the NE5081 can exhibit a large 
current swing, causing vertical output jitter 
which may be eliminated by decoupling pin 9 
with a small (10µH) R-F choke and a 0.05µF 
capacitor. 

See Figure 12 for an example of a working lay
out. 

Table 2. RECO.MMENDED MINIMUM CENTER FREQUENCY AND 
COMPONENT VALUES FOR VARIOUS BAUD RATES. 

BAUD 
RATE fc C4 

(KBaud) (kHz) C1 L1 C13 C7 CB C9 C10 C11 C12 

9.6 50 13nF 4mH 0.50µF 2.4nF 1.BnF 8.2nF 24nF 5.6nF 10nF 

19.2 50 13nF 4mH O.SOµF 2.4nF 1.BnF 8.2nF 24nF 5.6nF 10n"' 

38.4 100 6.8nF 2mH 0.27µF 1.3nF 0.9nF 3.9nF 12nF 2.7nF 5nF 

50.1 125 5.1nF 1.6mH 0.20µF 1.0nF 750pF 3.3nF 10nF 2.2nF 3.9nF 

64.0 160 3.9nF 1.3mH 0.15µF BOOpF 560pF 2.5nF 7.5nF 1.BnF 3nF 

128 320 2nF 625µH 0.075µF 390pF 270pF 1.3nF 3.9nF 660pF 1.6nF 

256 640 1nF 312µH 0.039µF 200pF 150pF 640pF 1.BnF 430pF 750pF 

512 1250 510pF 160µH 0.02µF 100pF 75pF 330pF 1.0nF 220pF 390pF 

1500 3750 180pF 53µH 6.BnF 33pF 25pF 110pF 330pF 75pF 130pF 

1544 4000 160pF 501tH 6.BnF 33pF 22pF 100pF 300pF 66pF 125pF 

2000 5K 130pF 40µH 5.0nF 25pF 16pF 82pF 240pF 56pF 100pF 

6000 20K 33pF 10µH 1.2nF 6pF 5pF 20pF 62pF 15pF 25pF 
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INTRODUCTION 
The operational amplifier was first intro
duced in the early 1940's. Primary usage of 
these vacuum tube forerunners of the ideal 
gain block was in computational circuits. 
They were fed back in such a way as to 
accomplish addition, subtraction, and other 
mathematical functions. 

Expensive and extremely bulky, the opera
tional amplifier found limited use until new 
technology brought about the integrated 
version, solving both size and cost draw
backs. 

Volumes upon volumes have been and 
could be written on the subject of op amps. 
In the interest of brevity this chapter will 
cover the basic op amp as it is defined along 
with test methods and suggestive applica
tions. Also, included is a basic coverage of 
the feedback theory from which all configu
rations can be analyzed. 

THE PERFECT AMPLIFIER 
The ideal operational amplifier possesses 
several unique characteristics. Since the 
device will be used as a gain block, the ideal 
amplifier should have infinite gain. By defini
tion also, the gain block should have an infi
nite input impedance in order not to draw any 
power from the driving source. Additionally, 
the output impedance would be zero in order 
to supply infinite current to the load being 
driven. These ideal definitions are illustrated 
by the ideal amplifier model of Figure 1. 

IDEAL OPERATIONAL AMPLIFIER 

Figure 1 

Further desirable attributes would include 
infinite bandwidth, zero offset voltage, and 
complete insensitivity to temperature, pow
er supply variations, and common mode 
input signals. 

Keeping these parameters in mind, further 
contemplation produces two very powerful 
analysis tools. Since the input impedance is 
infinite, there will be no current flowing at 
the amplifier input nodes. In addition, when 
feedback is employed the differential input 
voltage reduces to zero. These two state
ments are used universally as beginning 
points for any network analysis and will be 
explored in detail later on. 

THE PRACTICAL AMPLIFIER 
Tremendous strides have been made by 
modern technology with respect to the ideal 
amplifier. Integrated circuits are coming 
closer and closer to the ideal gain block. 
Input bias currents for instance are in the 
pA range for FET input amplifiers while 
offset voltages have been reduced to less 
than 1mV in many cases, in Bipolar devices. 

Any device has limitations however, and the 
integrated circuit is no exception. Modern 
op amps have both voltage and current 
limitations. Peak to peak output voltage, for 
instance, is generally limited to one or two 
base-emitter voltage drops below the sup
ply voltage while output current is internally 
limited to approximately 25mA. Other 
limitations such as bandwidth and slew 
rates are also present, although each 
generation of devices improves over the 
previous one. 

DEFINITION OF TERMS 
Earlier the ideal operational amplifier was 
defined. No circuit is ideal of course so 
practical realizations contain some sources 
of error. Most sources of error are very smal I 
and therefore can usually be ignored. It 
should be noted that some applications 
require special attention to specific sources 
of error. 

Before the internal circuitry of the op amp is 
further explored it would be beneficial to 
define those parameters commonly refer
enced. 

INPUT OFFSET VOLTAGE 
Ideal amplifiers produce 0 volts out for 0 volts 
input. But, since the practical case is not per
fect, there will appear a small de voltage at 
the output even though no differential voltage 
is applied. This de voltage is called the input 
offset voltage, with the majority of its magni
tude being generated by the differential input 
stage pictured in Figure 2. 

An operational amplifier's performance is in 
large part dependent upon the first stage. It 
is the very high gain of the first stage that 
amplifies small signal levels to drive remain
ing circuitry. Coincidentally, the input 
current, a function of beta, must be as small 
as possible. Collector current levels are thus 
made very low in the input stage in order to 
gain low bias currents. It is this input stage 
also which determines de parameters such 
as offset voltage since the amplified output 
of this stage is of sufficient voltage levels to 
eclipse most subsequent error terms added 
by the remaining circuitry. Under balanced 
conditions the collector currents of 01 and 
02 are perfectly matched, hence we may 
say: 
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DIFFERENTIAL INPUT STAGE 

v-

Figure 2 

(1) 

In practice small differences in geometries 
of the base emitter reg ions of 01and02will 
cause Eos not to equal 0. Thus, for balance 
to be restored a small de voltage must be 
added to one VsE or 

Vos = Vse1 - Vae2 (2) 

where the VsE of the transistor is found by 

Vse = ~ In(~) 
q Is 

(3) 

Reference is made to the input when talking 
of offset voltage. Thus, the classic definition 
of input offset voltage is 'that differential de 
voltage required between inputs of an 
amplifier to force its output to zero volts.' 

Offset voltage becomes a very useful 
quantity for the designer because many 
other sources of error can be expressed in 
terms of Vos. For instance, the error 
contribution of input bias current can be 
expressed as offset voltages appearing 
across the input resistors. 

INPUT OFFSET VOLTAGE DRIFT 
Another related parameter to offset voltage 
is Vos drift with temperature. Present day 
amplifiers usually possess Vos drift levels in 
the range of 5µV to 40µV per degree C. The 
magnitude of Vos drift is directly related to 
the initial offset voltage at room tempera
ture. Amplifiers exhibiting larger initial 
offset voltages will also possess higher drift 
rates with temperature. A rule of thumb 
often applied is that the drift per degree C 
will be 3.3µV for each millivolt of initial 
offset. Thus, for tighter control of thermal 
drift, a low offset amplifier would be se
lected. 
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-
INPUT B.IAS CURRENT 

Figure 3 

INPUT BIAS CURRENT 
Again referring to Figure 3-2, it is apparent 
that the input pins of this op amp are base 
inputs. They must, therefore, possess a de 
current path to ground in order for the input 
to function. Input bias current, then is 'the 
de current required by the inputs of the 
amplifier to properly drive the first stage.' 

The magnitude of lbias is calculated as the 
average of both currents flowing into the 
inputs and is calculated from 

le= 11+12 

2 
(4) 

Bias current requirements are made as 
small as possible by using high beta input 
transistors and very low collector currents 
in the first stage. The trade-off for bias 
current is lower stage gain due to low 
collector current levels and lower slew 
rates. The effect upon slew rate is covered 
in detail under the compensation section. 

INPUT OFFSET CURRENT 
The ideal case of the differential amplifier 
and its associated bias current does not 
possess an input offset current. Circuit 
realizations always have a small difference 
in bias currents from one input to the other, 
however. This difference is called the input 
offset current. Actual magnitudes of offset 
current are usually ar least an order of 
magnitude below the bias current. For many 
applications this offset may be ignored but 
very high gain, high input impedance 
amplifiers should possess as little los as 
possible because the difference in currents 
flowing across large impedances develops 
substantial offset voltages. Output voltage 
offset due to los can be calculated by 

Vout = Ac1(losRsl (5) 

Hence, high gain and high input imped
ances magnify directly to the output, the 
error created by offset current. Circuits 
capable of nulling the input voltage and 
current errors are available and will be 
covered later in this chapter. 

INPUT OFFSET CURRENT 
DRIFT 
Of considerable importance is the temper
ature coefficient of input offset current. 
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Even though the effects of offset are nulled 
at room temperature, the output will drift 
due to changes In offset current over 
temperature. Many popular models now 
include a typical specification for los drift 
with values ranging in the .5nA per degree 
C area. Obviously those applications requir
ing low Input offset currents also require 
low drift with temperature. 

INPUT IMPEDANCE 
Differential and common mode impedances 
looking Into the input are often specified for 
integrated op amps. The differential imped
ance is the total resistance looking from one 
input to the other while common mode Is the 
common impedance as measured to 
ground. Differential impedances are calcu
lated by measuring the change of bias 
current caused by a change in the input volt
age. 

COMMON MODE RANGE 
All input structures have limitations as to the 
range of voltages over which they will 
operate properly. This range of voltages 
impressed upon both inputs which will not 
cause the output to misbehave is called the 
common mode range. Most amplifiers 
possess common mode ranges of ±12 volts 
with supplies of ±15 volts. 

COMMON MODE REJECTION 
RATIO 
The ideal operational amplifier should have 
no gain for an input signal common to both 
inputs. Practical amplifiers do have some 
gain to common mode signals. The classic 
definition for common mode rejection ratio of 
an amplifier is the ratio the differential signal 
gain to the common mode signal gain 
expressed in dB as shown in equ_ation ea. 

CMRRldBI = 20 log Bo/Bi (6a) 
eo/ecm 

The measurement CMRR as in 3-6a requires 
2 sets of measurements. However, note that 
if e0 in equation 3-6a is held constant, 
CMRR becomes: 

CMRRldBI = 20 log Bern 
Bi 

(6b) 

A new alternate definition of CMRR based 
on 3-6b is the ratio of the change of input 

EFFECTS OF CMRR ON 
VOLTAGE FOLLOWER 

Figure 4 
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offset voltage to the Input common mode 
voltage change producing it. 

Figure 4 illustrates the application of the 
equivalent common mode error generator to 
the voltage follower circuit. The gain of the 
voltage follower with error contributions 
caused by both finite gain and finite common 
mode rejection ratio is shown in equation 7. 

eo 

9in 

1±1/CMRR 
1+1/A 

(7) 

where A equals open loop gain and is fre
quency dependent. 

AC PARAMETERS 
Parameter definition has up to this point, 
been dealing primarily with de quantities of 
voltages, currents, etc. Several important ac 
or frequency dependent parameters will 
now be discussed. 

An ideal gain block was defined earlier as 
one which would provide infinite gain and 
bandwidth. Real circuits approximate infi
nite open loop gain with low frequency 
gains in excess of 100dB. The very high 
gains achieved with present designs are 
possible only by cascading stages. Al
though providing very high open loop gain 
the cascading of stages results In the need 
for frequency compensation in closed loop 
configurations and reduces the open loop. 

LARGE SIGNAL BANDWIDTH 
The large signal or power bandwidth of an 
amplifier refers to its ability to provide its 
maximum output voltage swing with in
creasing frequency. At some frequency the 
output will become slew rate limited and the 
output will begin to degrade. This point is 
defined by 

FPL = Slew Rate (8) 
21f' • Eout 

where FPL is the upper power bandwidth 
frequency and Eout is the peak output swing 
of the amplifier. 

SLEW RATE 
The maximum rate of change of the output 
in response to a step input signal is termed 
slew rate. Deviation from the ideal is caused 
by the limitation in frequency response of 
the amplifier stages and the phase compen
sation technique used. Sum~ing node and 
amplifier output capacitances must be kept 
to a minimum to guarantee getting the 
maximum slew rate of the operational 
amplifier. Circuit board layout must also be 
of high frequency quality. Power supplies 
should be adequately bypassed at the pins, 
with both low and high frequency compo
nents to avoid possible ringing. A selection 
of a proper capacitor in parallel with the 
feedback resistor may be necessary. Too 
small a value could result in excessive 
ringing and too large a value will decrease 
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frequency response. In general, the worst 
case slew rate is in the unity gain non
inverting mode (see Figure Sa). Specifica
tions of slew rate should always reflect this 
worst case condition with the maximum 
required compensation network. 

AMPLIFIER SLEW RATE 
LIMITATIONS 

Figure Sa 

EouT 

Figure Sb 

FREQUENCY RESPONSE 
Distributed capacitances and transit times in 
semiconductors cause an upper frequency 
limit or pole for each and every gain stage. 
Monolithic pnp transistors used for level shift
ing possess poor upper frequency character
istics and cascaded gain stages, used to 
approach the highest gain, subtract from the 
maximum frequency response. As shown in 
Figure 6 the open loop frequency response of 
the op amps shown crosses unity gain at 
approximately 10MHz. Closed loop response 
is unstable without compensation, however, 
so typical unity gain frequencies are read
justed by the effects of phase compensation, 
in this case 1 MHz. 

From Figure 6 it is also apparent that an 
amplifier has a trade off between gain and 
bandwidth. Higher gains are achieved at the 
expense of bandwidth. This trade off is a con
stant figure called the gain bandwidth 
product. 

TEST METHODS 
Product testing of integrated circuits uses 

OPEN LOOP VOLTAGE GAIN AS 
A FUNCTION OF FREQUENCY 

Figure 6 

automatic test equipment. Large computer 
controlled test decks test all data sheet 
limits in a matter of milliseconds. Each 
parameter is tested in a specific circuit 
configuration defined by the test hardware. 

A typical simplified op amp test configuration 
is depicted by Figure 9. Units may be classed 

in several categories according to selected 
parameters. Even failures may be classified 
categorically depending upon their mode of 
failure. 

Figures 7, 8, 10 and 11 illustrate the general 
test set-ups commonly used to measure 
CMRR, average bias current, offset voltage 
and current, and open loop gain, respectively. 
In general, the following parameters are 
tested und"r th" following conditions. 

COMMON MODE REJECTION 
The test set-up for CMRR is given in Figure 7. 
Resistor values are chosen to provide suffi
cient sensitivity and accuracy for the device 
type being tested and the voltage measuring 
equipment being used. 

The positive common mode input voltage 
within the range VcM1 is algebraically sub
tracted from all supply voltages and from 
Vo. Then V1 is measured (V11I. The most 
negative common mode voltage within the 
range, VcM2. is then subtracted from all the 
supply voltages and Vo, and V1 is again 
measured (V12i. 
Then 

CMRR = (R1 + R21 /R1 l(VcM1-VcM2i/V11 -V12 
(9) 

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

"' "' 

CIRCUIT DIAGRAM USED 
FOR CMRR MEASUREMENT 

R2 
SOK 

All resistor values are in ohms. 

Figure 7 

CIRCUIT DIAGRAM USED FOR 
AVERAGE BIAS CURRENT 

MEASUREMENT 

" '" 
,, 

lbAVG.•l!.Ob1+l1>2l 

SAMPLE a HOLD 

v, 

1 SWITCH 1S THROWN AT POSITION 1 
2. SWITCH IS THROWN AT POSITION 2 

All resistor values are in ohms. 

Figure 8 
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A TYPICAL OP AMP TEST CIRCUIT 
(SIMPLIFIED) 
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Figure 9 

CIRCUIT DIAGRAM USED FOR OFFSET 
VOLTAGE AND OFFSET CURRENT 

CIRCUIT DIAGRAM USED FOR 
LARGE-SIGNAL OPEN LOOP GAIN 

MEASUREMENT 

.. ... 

RS" 1000 SWITCH AT POllTION 1 
RS• 10KCI SWITCH AT POllTION 2 

Vos·~!V1I 

•os· vos• 1o~oitm• 100'1 

All resistor values are In ohms. 

Figure 10 

., 
100 

•• &OK 

All resistor values are in ohms. 

Figure 11 
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This operation Is equivalent to swinging 
both Inputs over the full common mode 
range, and holding the output voltage 
constant, but It makes the V1 measurement 
much simpler. 

BIAS CURRENT 
Blas current Is measured In the configuration 
of Figure B. 

With switches at position 1 and Vo = o volts, 
measure V11. Move switches to position 2 
and again measure V12. Calculate le1As 
(average), by 

la1 = _R_1 - (~) 
R1 + R2 R3 

(10a) 

(10b) 

la1+182 R1 V11 - V12 
latAS !avgl = --- • -- --

2 R1 + R2 2R3 

OFFSET VOLTAGE 
(10c) 

Figure 10 Is used for both offset voltage and 
current. With V0 at O volts and the switches 
selecting the source Impedance of 100 ohms, 
the offset voltage Is measured at V1 and la 
equal to 

(11) 

OFFSET CURRENT 
Offset current Is measured by calculation of 
offset voltage change with a change In 
source Impedance. With switches In posi
tion 1, measure V12. Calculate the contribu
tion of 101 by 

V1t-V1 
lo1•--

R3 

SIGNAL GAIN 

(12) 

The signal gain of operational amplifiers Is 
most commonly specified for the full output 
swing. 

This Is referred to as large signal voltage gain 
and can be measured by the circuit of Figure 
11. Usually specified under a specific load 
determined by R~, a signal equal to the maxi· 
mum swing of the output voltage Is applied to 
V0 In both positive and negative directions. V11 
and V12 are measured values of V1 and and V0 

• maximum positive and mv.lmum negative 
signals respectively. The gain of the device 
under test then becomes 

Avo = (R.1 + R2) ( Vo1 -Vo2 ) (13) 
R1 V11 • V12 

SLEW RATE 
Many other parameters are checked auto
matically by similar means. Only the most 

Important ones have been covered here. Of 
great Interest to the designer are other 
parameters which do not necessarily carry 
minimum or maximum limits. One such 
parameter Is slew rate. The configuration 
used to measure slaw rate depends upon 
the Intended application. Worst case condl· 
Ilona arise In the unity gain non-Inverting 
mode. 

MEASURING SLEW RATE 

FROM PULSE 
.f(ERATOA 

ao 

Figure 121 

l+-••-*l 
TIME 

Figure 12b 

TO 
OSCILLOSCOPE 

Figura 12 shows a typical bench sat up for 
measuring the response of the output to a 
step Input. The Input step frequency should 
be of a frequency low enough for the output of 
the op amp to have sufficient time to slew 
from limit to limit. In addition, V1n must be lass 
than absolute maximum Input voltage and the 
wave form should have good rise and fall 
times. The slew rate Is than calculated from 
the slope of the output voltage versus time or 

SR= /J.Vout In volts/~S 
/J.T 

OP AMP CURVE TRACER 

(14) 

Two of the most Important parameters of 
linear Integrated circuits having differential 
Inputs are voltage gain and Input offset 
voltage. These parameters may be read 
directly from a plot of the transfer character
istic of the device. This memo wl II describe a 
very simple curve tracer which, when used 
with an oscilloscope, will display the 
transfer characteristic of most Slgnetlcs 
linear devices. 

Figura 13 shows the transfer characteristics 
of a typical linear device, the Slgnetlcs 
NE531. Note that the unit saturates at appro· 
xlmately + 12 and - 12 volts and exhibits a 
linear transfer characteristic between - 10 
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and + 10 volts. 

From the slope of this linear portion of the 
transfer characteristic, and from the point 

TRANSFER CURVE OF 531 

Figure 13a 

Eour (VOL TS) ,. 
12 

l--+-+--+--1--+ ...... -~ ''" 
2 3 4 IMILL.IVOL TS~ 

-· ·• VOS• 1 mV ____ ,, 
Avo • .!~~ • &OK ... 

Figure 13b 

and +10 volts where It crosses the E1n axis, 
the voltage gain and offset voltage may be 
determined. It can be seen that the voltage 
gain of the device under test, !D.U. T.l, is 
50,000 and Its Input offset voltage Is 1.0mV. 

A simple circuit to display the curves of Figure 
13 on an oscllloscope ls shown In Figure 14. A 
60Hz, 44Vp-p slnewave Is applied to the horl· 
zontal Input of oscilloscope and an attenu· 
ated version of Iha slnewave Is applied to the 
input of the D.U.T. 

The output of the D.U.T. drives the vertical 
Input of the scope. For providing V+and V
to the D.U.T., the tester uses two simple 
adjustable regulators, both current limited 
at 25mA. Input drive to the D.U.T. may be 
selected by means of S-2 as shown. 

To use the curve tracer, first preset the V + 
and V - supplies with an accurate meter. The 
supply voltages are somewhat dependent on 
ac line regulation and should be checked 
periodically. The horizontal gain of the scope 
may be set to give a convenient readout of the 
peak-to-peak D.U.T. Input signal correspond· 
Ing to the setting of S·2. As some devices 
have two outputs, a second output line (vertl· 
cal 2) has been provided for these devices. 
The transfer function of such devices will be 
Inverted to that of Figure 13 of course. 
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S-T 11VRMI 

~ii 
npn • INIOIS 
pnp•INW7 

v
ADJUIT 

Simplicity and low cost are the two major 
attributes of this tester. It Is not Intended to 
perform highly rigorous tests for all devices. 
It Is, however, a reasonably accurate means 
of determining the gains and offset voltages 
of moat ampllflers. It wlll In addition, 
Indicate the transfer curves of comparators 
and sense ampllflers with equivalent accu
racies. 

AMPLIFIER DESIGN 
Linear operational ampllfler IC's were 
Introduced soon after the appearance of the 
first dlgltal Integrated circuits. The perform
ance of these early devices, however, left 
much to be desired until the Introduction of 
the 709 device. Even with Its lack of short 
circuit protection and Its complicated 
compensation requirements, the 709 gained 
real acceptance for the IC op amp. The 709 
was designed using a three stage approach 
requiring both Input and output stage com
pensation. In addition the output stage was 
not short circuit proof and the Input stage 
latched up under certain conditions, requir
ing external protection. 
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CURVE TRACER SCHEMATIC 

22K 

•• 

47/20 

47/20 

33 

Figure 14 

Much better designs soon were Introduced. 
Amongthecontenderswerethe741, 748, 101, 
and 107 devices. All were generil purpose 
devices with single capacitor compensation, 
(some were Internally compensated), and all 
heralded Input and output overstre88 protec
tion. The basic design has tVYO gain stages. 
By rolllng off the frequency response of one 
of these (the second stage), so that the overall 
gain Is unity at a frequency below the point 
where excess phase becomes significant, the 
device can be stabilized for all feedback con· 
figurations. Further, by making the first stage 
a voltage to current converter, with a small gm 
and the second stage a current to voltage 
converter with a high rm, the second stage 
can be rolled off at 8dB octave with a small 
value capacitor in the order of 30pF, which 
can then be bullt Into the device Itself. This 
concept le ehown In Figura 15. 

The frequency and phase response of the 
pnp devices In the first stage dictate a roll off 
In the second stage to give a loop gain of 
unity at about 1.0MHz. For the unity gain 
feedback configuration, this Implies an 
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D.U.T. 
CKT 
BOARD 

SCOPE 
VERTICAL 

BASIC TWO STAGE OP 
AMPDESION 

Figure 16 

open loop gain of unity at this frequency. 
The capacitor Cc controls this parameter by 
looking much smaller than rm at frequencies 
above a few cycles, giving a clean 6dB/oc
tave roll off over 5 decades. 

The overall gain at frequencies where the 
Impedance of Cc dominates rm Is given by 

Avlwl • qi,,• .2_ (15) 
4KT wee 
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Substituting the value given, we find that a 
capacitance of Cc= 30pF gives a unity gain 
frequency of about 1.0MHz. 

First stage large signal current also defines 
the slew rate for a specific compensation 
technique. It is this current which must 
charge and discharge the Cc by the expres
sion 

SR=~ 
dT 

ILS 

Cc 
(16) 

where I Ls is the largest signal current of the 
input stage. Obviously, the slew rate can be 
improved by increasing the first stage 
collector current. This would, however, 
reflect directly upon the bias current by 
increasing it. 

Two serious limitations, then, of these 
devices for diverse applications are input 
bias current and slew rate. Both may be 

overcome with small changes of the input 
structure to yield higher performance 
devices. 

Reducing the input bias current becomes a 
matter of raising the transistor beta of the 
first stage. Several current designs boasting 
very low input currents use what is termed 
super beta input devices. These transistors 
have betas of 1,500 to 7.000. Bias currents 
under 2nA can be achieved in this way. Even 
though the Bvceo of such transistors can be 
as low .as 1 volt, the lower breakdowns are 
accounted for in the input stage by rear
ranging the bias technique. Bandwidths and 
slew rates suffer only slightly as a result of 
the lower current levels. 

The second limitation of 741 devices is slew 
rate. As previously mentioned, the rate of 
change is dictated by the compensation 
capacitance as charged by the large signal 
current of the first stage. By altering the large 

INPUT STRUCTURE OF 531 

Figure 18 
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signal gm of the first stage as depicted by Fig
ure 18, the slew rate can be dramatically 
increased. 

The additional current supplied during large 
signal swings by current source 14 causes the 
first stage transfer function to change as 
shown in Figure 19. The compensation 
capacitor is returned to the output of the 
NE531 structure because the output driving 
source must be capable of supplying the 
increased current to charge the capacitor. 

Large signal bandwidths with this input 
structure will be essentially the same as the 
small signal response. Full bandwidth 
possibilities of this configuration are still 
limited by the beta and ft of the lateral pnp 
devices used for collector loads in the first 
stage. Even so, the slew rate of the NE531 
and NE53S is a factor of 40 better than 
general purpose devices. 

VOLTAGE/CURRENT CURVES OF 
FIRST STAGE 

I __ J 

iouT 

Figure 19 

NE531 
r--

1 
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BASIC FEEDBACK 
THEORY 

Earlier, the Ideal op amp wae defined. The 
Ideal parametere are never fully realized but 
they present a very convenient method tor the 
preliminary analysis of circuitry. So Important 
are these Ideal definitions that they are 
repeated here. The Ideal amplifier possesses. 

1. Infinite gain 
2. Infinite input impedance 
3. Infinite bandwidth 
4. Zero output impedance 

From these definitions two important theo
rems are developed: 

1. No current flows into or out of the input 
terminals. 

2. When negative feedback is applied the 
differential input voltage is reduced to 
zero. 

Keeping these rules in mind, the basic 
concept of feedback can be explored. 

VOLTAGE FOLLOWER 

Perhaps the most often used and simplest cir· 
cuit is that of a voltage follower. The circuit of 
Figure 1 illustrates the simplicity. 

VOLTAGE FOLLOWER 

fbi.,, 
":"' Eour •Es ":" 

Figure 1 

Applying the zero differential input theorem 
the voltages of pins 2 and 3 are equal and 
since pins 2 and 6 are tied together, their 
voltage is equal; hence, Eout = E;n. Trivial to 
analyze, the circuit nevertheless does 
illustrate the power of the zero differential 
voltage theorem. Because the input imped
ance is multiplied and the output imped
ance divided by the loop gain the voltage 
follower is extremely useful for buffering 
voltage sources and for impedance trans
formation. 

The basic configuration in Figure 1 has a gain 
of 1 with extremely high input impedance. 
Setting the feedback resistor equal to the 
source impedance will cancel the effects of 
bias current if desired. 
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However, for most applications a direct 
connection from output to Input will suffice. 
Errors arise from offset voltage, common 
mode rejection ratio and gain. The circuit 
can be used with any op amp with the 
required unity gain compensation, If It Is 
required. 

NON-INVERTING AMPLIFIER 
Only slightly more complicated is the non· 
inverting amplifier of Figure 2. 

NON-INVERTING AMPLIFIER 

"'" l 
Figure 2 

The voltage appearing at the inverting input 
is defined by 

Eout • Rin 
E2= --

RF+ Rm 
(1a) 

Since the differential voltage is zero, E2=Es, 
and the output voltage becomes 

(1b) 

It should be noted that as long as the gain of 
the closed loop is small compared to open 
loop gain, the output will be accurate, but as 
the closed loop gain approaches the open 
loop value more error will be introduced. 

The signal source is shown in Figure 2 in 
series with a resistor equal in size to the para· 
llel combination of R1n and Ap This is desir· 
able because the voltage drops due to bias 
currents to the inputs are equal and cancel 
out even over temperature. Thus overall per
formance is much improved. 

The amplifier does not phase invert and 
possesses high input impedance. Again the 
impedances of the two inputs should be 
equal to reduce offsets due to bias currents. 

INVERTING AMPLIFIER 
By slightly rearranging the circuit of Figure 2, 
the non-inverting amplifier is changed to an 
inverting amplifier. The circuit gain is found by 
applying both theorems; hence, the voltage at 
the inverting input is O and no current flows 
into the input. Thus the following relation· 
ships hold. 
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~ + ~ =O 
Rin RF 

Solving for the output Eo 

Eo =-Es RF 
R1n 

INVERTING AMPLIFIER 

Eour 

I 
Figure 3 

(2a) 

(2b) 

As opposed to the non-inverting circuits the 
Input impedance of.the inverting amplifier is 
not infinite but becomes essentially equal to 
R1n. This circuit has found widespread 
acceptance because of the ease with which 
input impedance and gain can be controlled 
to advantage, as in the case of the summing 
amplifier. 

With the inverting amplifier of Figure 3 the 
gain can be set to any desired value defined 
by A divided by RiN· Input impedance is 
defined by the value or R1N and A should 
equal the parallel combination or R1N and A to 
cancel the effect of bias current. Offset vol· 
tage, offset current, and gain contribute most 
of the errors. The ground may be set any
where within the common mode range and 
any op amp will provide satisfactory 
response. 

CURRENT TO VOLTAGE 
CONVERTER 
The transfer function of the current to volt
age converter is 

Vout = lnR1 (3) 

Evaluation of the circuit depends upon the 
virtual ground theorem developed earlier. 
The current flowing into the input must be 
the same as that flowing across R1, hence, 
the output voltage is the IA drop of R1. 

Limitations, of course, are output saturation 
voltage and output current capability. The 
inputs may be biased anywhere within the 
common mode range. 
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DIFFERENTIAL AMPLIFIER 
This circuit of Figure 5 has a gain with respect 
to differential signals of R2/R1. 

The common mode rejection is dominated 
by the accuracy of the resistors. Other 
errors arise from the offset voltage, input 
offset current, gain and common mode 
rejection. The circuit can be used with any 
op amp discussed in this chapter with the 
proper compensation. 

SUMMING AMPLIFIER 
The summing amplifier is a variation of the 
Inverting amplifier. The output is the sum of 
the input voltages, each being weighed by
RF/R1N· 

The value of R4 may be chosen to cancel the 
effects of bias current and is selected equal 
to the parallel combination of RF and all the 
input resistors. 

CURRENT TO VOLTAGE 
CONVERTER 

R1 

f~ -~, ...... ''" ~ 
Figure 4 

INTEGRATOR 
Integration can be performed with a varia
tion of the Inverting amplifier by replacing 
the feedback resistor with a capacitance. 
Th_e transfer function is defined by 

t 

VouT = -~ J V,N • di 
RC 

0 

(4) 

The gain of the circuit falls at 6dB per octave 
over the range in which strays and leakages 
are small. 

Since the gain at de is very high a method for 
resetting initial conditions is necessary. 
Switch S 1 removes the charge on the ca
pacitor. A relay or FET may be used in the 
practical circuit. Bias and offset currents 
and offset voltage of the switch should be 
low in such an application. 

INTEGRATOR 
S1 

Figure 7 

DIFFERENTIAL AMPLIFIER 

"' 

R4 

Figure 5 

Vour .. l112-e1! {~) 
It 

R1 ~ Rl. 
R2 ~ R4 

------~-------·----·---------------~ 

SUMMING AMPLIFIER 

VouP [~1 (~)j ·[~•(if)]·[-·~(*)] 

Figure 6 
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DIFFERENTIATOR 

The differentiator of Figure B Is another varia
tion of the Inverting amplifier. The gain 
Increase at BdB per octave until It Intersects 
the amplifier open loop gain, then decreases 
because of the ampllfler bandwidth. This 
characteristic can lead to Instability and high 
frequency noise sensitivity. 

DIFFERENTIATOR 

R1 Cr o--1 -. 
"' 

Figure 8 

A more practical circuit is shown In Figure 9. 
The gain has been reduced by R3 and the 
high frequency gain reduced by C2 allowing 
better phase control and less high frequency 
noise. Compensation should be for unity 
gain. 

PRACTICAL DIFFERENTIATOR 

., 

Figure 9 

COMPENSATION 
Present day operational amplifiers are com
prised of multiple stages, each of which has a 
3dB point or pole associated with it. Referring 
to Figure 10, the 3dB break points of a two 
stage amplifier are approximated by the Bode 
plot. 
As with any feedback loop, the op amp must 
be protected from phase shifts in excess of 
360°. A steady 180' phase shift is developed 
by the amplifier from output to inverting 
input. In addition the sum of all additional 
shifts due to amplifier poles or feedback 
component poles will cause the necessary 
additional 180° to sustain oscillation if the 
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FREQUENCY COMPENSATION 

TYPICAL 

·~-r--;---;,-rUNCOMPENSATED_L___ 
•r .rs RESPONSE _j_ -,-----

,,. __ ,___, _ _,__~_.,.._.,_em_,c'1rr"-"-r--, 

~ ~:=======h....-~_;-~ -r_,_ -__, 
..),:12d810CTAVE 

ol---+~~-+---++-+-\--1 
•f---f---t--+--;---t--1.-T-T---J 

•1---i---t--r---r---r---.-\.,--, 
ol---1---t--+--+---+--+-__, 

'"f---t--t--+--;---t---t~T--; 
•'---'----'---'-~-~~~~ 

102 103 1o4 105 106 107 

Figure 10 

gain of the amplifier is greater than one for 
the frequency at which the 180° phase shift 
is reached. By adding poles and zeros to the 
amplifier response externally, the phase 
shift can be controlled to insure stability. 

Many op amps now include internal com
pensation. These are single capacitors of 
30pF typically and the amplifier will remain 
stable for all gains. However, since they are 
unconditionally stable, the compensation is 
larger than required for most applications. 
The resultant loss of bandwidth and slew 
rate may be acceptable in the general case 
but selection of an externally compensated 
device can add a great deal to the amplifier 
response if the compensation is handled 
properly. 

In order to fully develop the point at which 
instability occurs a fuller understanding of 
phase response is necessary. 

The diagram of Figure 11 depicts the phase 
shift of a single pole. Note that at the pole 
position the phase shift is 45° and that phase 
shift becomes 0° for a decade below the pole 
adn - 90° for a decade above the pole loca
tion. This is a Bode approximation which pos
sesses a 5.7° error at 0° and goo but this 
error is usually considered small enough to 
be ignored. The single pole produces a maxi· 
mum of goo phase shift and also produces a 
frequency roll off of 20dB per decade. The 
addition of the second pole of Figure 12 pro
duces an additional goo phase shift and 
increases the role off slope to - 40dB per 
decade. 

At this point phase shift could exceed 180° 
because unity gain is reached causing stabil· 
ity. For gain levels equal to A1 or 1/(3, the 
phase shift is only goo and the amplifier is 
stable. However, the gain of A2 the phase shift 
is 180° and the loop is unstable. Gains in 
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SINGLE POLE AMPLITUDE AND 
PHASE RESPONSE 

1AtldB) 

-45 

-90 

~ 
O.t Ip ., 10 fp 

0.1 fp •, 10fp 

-45 !DECADE 

I 

Figure 11 

TWO POLE CLOSED LOOP 
RESPONSE 

AIJv. (dB) 

Figure 12 

between A 1 and A2 are marginally stable. 
However, as shown in Figure 13 the phase 
shift as it approaches 180° causes increasing 
frequency peaking and overshoot until sus
tained oscillations occur. 

AN166 

FREQUENCY PEAKING DUE TO 
INSUFFICIENT PHASE MARGIN 

'A.(dB) 

LOOP GAIN OPEN LOOP 

Figure 13 

It is generally accepted in the interest of 
minimized frequency peaking· to limit the 
phase shift of the amplifier to 135° or a 
phase margin of 45°. At this margin the sec
ond order response of the system is crit
ically damped and oscillation is prevented. 

Referring to Figure 14, the required com
pensation can be determined. Given the open 
loop response of the amplifier, the desired 
gain is plotted until it intercepts the open loop 
curve as shown. 

FREQUENCY COMPENSATION 

Figure 14 

The phase shift for minimum peaking is 135°. 
Remembering that phase shift is 45° at the 
frequency pole the example of Figure 14 will 
be unstable at gains less than 20dB where 
phase shift exceeds 180°, and will possess 
excessive overshoot and ringing at gains less 
than 60dB where phase shift exceeds 135°. 
Thus, the desired compensation will move the 
second pole of the amplifier out in frequency 
until the closed loop gain intersects the open 
loop response before the second break of the 
amplifier occurs. Selecting only enough com
pensation to do the job assures the maximum 
bandwidths and slew rates of the amplifier. 
Additional in-depth information on compensa
tion can be found in the reference material. 
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FEED FORWARD 
COMPENSATION 
External compensation has been shown to 
improve amplifier bandwidth over internal 
compensation in the preceding section. 
Additional bandwidth can be realized if feed 
forward compensation is used. Bandwidth 
is limited in monolithic design by the poor 
frequency response of the pnp level shifters 
of the first stage. 

TECHNIQUE OF FEED 
FORWARD AROUND 1st STAGE 

Figure 15 

FREQUENCY RESPONSE WITH 
FEED FORWARD COMPENSATION 

0 

/', ~ 
~~ 

' TS: ::raoFN~~:~~~-
30MPENSATION +--

j " 1--:~=~EOW~=F' COMPf.NSATION . ' ~ 
r--+---·S

1
d8/0CTAVE ' "' 

0 

' 

' \ 

FAEOUENC'I' !Mtl 

Figure 18 

' 
rs::: 

'\J 
' ~ ' 

The concept of feed forward compensation 
bypasses the input stage at high frequencies 
driving the higher frequency second stage 
directly as pictured by Figure 15. The Bode 

AN166 

plot of Figure 16 shows the additional 
response added by the feed forward tech· 
nique. The response of the original amplifier 
requires less compensation at lower frequen· 
cies allowing an order of magnitude improv
ment in bandwidth. Standard compensation 
and feed forward are both plotted to Illustrate 
the bandwidth Improvement. Unfortunately, 
the use of feed forward compensation Is 
restricted to the inverting amplifier mode. 

REFERENCES 
1. OPERATIONAL AMPLIFIERS-Design & 

Applications, Jerald Graeme and Gene 
Tobey, McGraw Hill Book Company. 
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AUDIO CIRCUITS USING THE 
NE5532/33/34 
More detailed information is available in the 
communications section of this manual, 
regarding other audio circuits. The following 
will explain the Signetics line of low noise op 
amps and show their use in some audio appli· 
cation. 

AIAA C1 

o--IH--~ 

"' 

•• 
+ C•i 

COMPONENT VALUE TABLES 

DESCRIPTION This makes the device especially sultabla 
The 5532 Is a dual high-performance low for application In high quality and profes· 
noise operational amplifier. Compared to slonal audio equipment, Instrumentation 
moat of the standard operational ampllflere, and control circuits, and telephone chan· 
such aa the 1458, It ahowa better noise per· nel amplifiers. The op amp Is Internally 
formance, Improved output drive capability compensated for gains equal to one. If 
and considerably higher amall·signal and very low noise Is of prime Importance, It Is 
power bandwidths. 

RIAA-EQUALIZER SCHEMATIC 

Cl 

"" 
COMl'ONINT VALUll 

TO VOL/ --
R8•25k RB•&Ok R8•100k 1111 1m111 C1 .12,111' 

Cl 710pll 
ca .0011,d1 

C4 11141' 
R7•2.4k RB• 240k R7 •5.1k Rll•510k 

to C5 ce lo C5 ce 

23 Hz 1µF .1µF 25 Hz .47µF .047µF 
50 Hz .47µF .047µF 36 Hz .33µF .033µF 
72 Hz .33µF .033µF 54 Hz .22µF .022µF 
108 Hz .22µF .022µF 79 Hz .15µF .0115µF 
158 Hz .15µF .015µF 119 Hz .1µF .01µF 
238 Hz .1µF .01µF 145 Hz .082µF .0082µF 
290 Hz .082µF .0082µF 176 Hz .088µF .ooe6µF 
360 Hz .088µF .0088µF 212 Hz .068µF .0066µF 
426 Hz .056µF .0066µF 253 Hz .047µF .0047µF 
608 Hz .047µF .0047µF 360 Hz .033µF .0033µF 
721 Hz .033µF .0033µF 541 Hz .022µF .0022µF 
1082 Hz .022µF .0022µF 794 Hz .016µF .0016µF 
1688 Hz .016µF .0016µF 1191 Hz .01µF .001µF 
2382 Hz .01µF .001µF 1462 Hz .0082µF 820pF 
2904 Hz .0082µF 820pF 1761 Hz .0068µF 680pF 
3602 Hz .0068µF 880pF 2126 Hz .0068µF 680pF 
4253 Hz .0058µF 680pF 2534 Hz .0047µF 470pF 
5088 Hz .0047µF 470pF 3809 Hz .0033µF 330pF 
7218 Hz .0033µF 330pF 5413 Hz .0022µF 220pF 
10827 Hz .0022µF 220pF 7940 Hz .0015µF 150pF 
15880 Hz .0015µF 160pF 11910 Hz .001µF 100pF 
23820 Hz .001µF 100pF 14524 Hz 820pF 82pF 

17514 Hz 680pF 68pF 
21287 Hz 580pF 58pF 
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R7•10k Rll•1m19 

fo Cl5 Ce 

12 Hz .47µF .047µF 
18 Hz .33µF .033µF 
27 Hz .22µF .022µF 
39 Hz .115µF .015µF 
59 Hz .1µF .01µF 
72 Hz .082µF .0082µF 
87 Hz .088µF .0088µF 
108 Hz .056µF .0056µF 
126 Hz .047µF .0047µF 
180 Hz .033µF .0033µF 
270 Hz .022µF .0022µF 
397 Hz .016µF .0016µF 
696 Hz .01µF .001µF 
728 Hz .0082µF 820pF 
876 Hz .0088µF 880pF 
1083 Hz .0068µF 680pF 
1287 Hz .0047µF 470pF 
1804 Hz .0033µF 330pF 
2706 Hz .0022µF 220pF 
3970 Hz .0015µF 160pF 
6956 Hz .001µF 100pF 
7282 Hz 820pF 82pF 
8767 Hz 880pF 88pF 
10833 Hz 560pF 58pF 
12670 Hz 470pF 47pF 
18046 Hz 330pF 33pF 

Figure 1 
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recommended that the 5532A version be 
used which has guaranteed noise voltage 
specifications. 

APPLICATIONS 
The Slgnetlce 6632 High Performance Op 
Amp la an Ideal amplifier for use In high qua I· 
lty and profeeelonal audio equipment which 
requlrea low noise and low distortion. 

The circuit Included In this application note 
haa been assembled on a P.C. board, and 
teated with actual audio Input devlcea 
(Tuner and Turntable). It conalats of an RIAA 
pre-amp, Input buffer, 6·band equalizer, and 
·mixer. Although the circuit design Is not new, 
ita performance using the 6632 has been 
Improved. 

The RIAA pre-amp section la a standard 
compensation configuration with low fre· 
quency boost provided by the Magnetic car· 
!ridge and the RC network In the op amp 
feedback loop. Cartridge loading la accom· 
pllahed via R 1. 47k waa chosen aa a typical 
value, and may differ from cartridge to 
cartridge. 

The Equalizer section consists of an input 
buffer, 5 active variable band pass/notch 
(depending on R9's setting) filters, and an 
output summing amplifier. The input buffer is 
a standard unity gain design providing impe
dance matching between the pre amplifiers 
and the equalizer section. Because the S532 
Is Internally compensated, no external com
pensations required. The 5-band active filter 
section is actually S individual active filters 
with the same feedback design for all s. The 
main difference in all five stages is the values 
of CS and C6 which are responsible for set
ting the center frequency of each stage. Lin
ear pots are recommended for R9. To simplify 
use of this circuit, a component value table is 
provided, which lists center frequencies and 
their associated capacitor values. Notice that 
CS equals (10) C6, and that the Value of RB 
and R10 are related to R9 by a factor of 10 as 
well. The values listed in the table are com
mon and easily found standard values. 

RIAA EQUALIZATION AUDIO 
PREAMPLIFIER USING NE5532A 
With the onset of new recording techniques 
along with sophisticated playback equip
ment, a new breed of low noise operational 
amplifiers was developed to complement 
the state-of-the-art in audio reproduction. 
The first ultra low noise op amp introduced 
by Signetics was called the NE5S34A. This 
is a single operational amplifier with less 
than 4nV/yHz input noise voltage. The 
NES534A is internally compensated at a 

gain of three. This device has been used in 
many audio preamp and equalizer (active 
filter! applications since its introduction 
early last year. 

Many of the amplifiers that are being de
signed today are de coupled. This means 
that very low frequencies 12-15Hzl are being 
amplified. These low frequencies are com
mon to turntables because of rumble and 
tone arm resonancies. Since the amplifiers 
can reproduce these sub-audible tones, 
they become quite objectionable because 
the speakers try to reproduce these tones. 
This causes non-linearities when the actual 
recorded material is amplified and convert
ed to sound waves. 

The RIAA has proposed a change in its 
standard playback response curve in order 
to alleviate some of the problems that were 
previously discussed. The changes occur 
primarily at the low frequency range with a 
slight modification to the high frequency 
range. (See Figure 2). Note that the response 
peak for the bass section of the playback 
curve now occurs at 31.SHz and begins to roll 
off below that frequency. The rollofl occurs by 
introducing a fourth R/C network with a 
79SOl's time constant to the three existing 

networks that make up the equalization 
circuit. The high end of the equalization curve 
is extended to 20kHz, because recordings at 
these frequencies are achievable on many 
current discs. 

NE5533/34 DESCRIPTION 
The S533/5534 are dual and single high· 
performance low noise operational amplifiers. 
Compared to other operational amplifiers 
such as TL083, they show better noise per
formance, improved output drive capability 
and considerably higher small-signal and 
power bandwidths. 

This makes the devices especially suitable for 
application in high quality and professional 
audio equipment, in instrumentation and con· 
trol circuits and telephone channel amplifiers. 
The op amps are internally compensated for 
gain equal to, or higher than, three. The fre· 
quency response can be optimized with an 
external compensation capacitor for various 
applications (unity gain amplifier, capacitive 
load, slew-rate, low overshoot, etc.) If very low 
noise is of prime importance, it is recom
mended that the 5533A/5534A version be 
used which has guaranteed noise specifica· 
tions. 

PROPOSED RIAA PLAYBACK EQUALIZATION 

JWlJ 
.1,)Llol •1,22 

•25 

•20 

~ I': ~ 
NEW RIAA ~ ,.. 

(db) -5 11-
-10 

-15 

-20 :hi 

-25 

-30 

10 100 (HZ) 1K 10K ·100K 

Figure 2 
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RIAA PHONOGRAPH PREAMPLIFIER USING THE NE5532A 

.2'1µf 

INPUT~I------~ 

"" 

49.9 

'+1SV 

49.9K 

.058µ1 

.015µ.I 

• 1/2 OF DUAL OPERATIONAL AMPLIFIER 

NOTE 

Alf resistors are 1% metal film and are valued in 

Figure 3 

APPLICATIONS 

Diode Protection of Input 

The Input leads of the device are protected 
from differential transients above ± 0.6V 
by Internal back-to-back diodes. Their 
presence Imposes certain limitations on 
the amplifier dynamic characteristics re
lated to closed-loop gain and slew rate. 

Consider the unity gain follower as an 
example: 

8-194 

Assume a signal Input square wave with 
dV/dt of 250V per µS and 2V peak ampll· 
tude as shown. If a 22 pf compensation 
capacitor Is Inserted and the R1 C1 circuit 
deleted, the device slew rate falls to ap
proximately 7V/µs. The input waveform 
will reach 2V/250V/µs or 8 ns, while the 
output will have changed (8x 10- 3) (7) 
only 56 mV. The differential input signal Is 
then (V1N - V0 ) R,tR1 + R1 or approximately 
1V. 

The diode limiter will definitely be active 
and output distortion will occur; therefore, 
V1n < 1V as Indicated. 

AN142 

V1N=2Slnwt 

1K 

Next, a sine wave Input Is used with a sim· 
liar circuit. 

The slew rate of the Input waveform now 
depends on frequency and the exact ex· 
presslon Is 

~ =2wcoswt 
dt 

The upper limit before slew rate distortion 
occurs for smell signal (V1N < 100 mV) con
ditions Is found by setting the slew rate to 
7V/µs. That Is: 

7 X 106 V/µS = 2w COS wt 

at wt=O 

7x106 e 
"'LIMIT =-2- = 3.5 x 10 rad/s 

3.5x106 
fLIMIT~ a.560kHz 

Rt 
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.. External Compensation Network 
Improves Bandwidth 
By using an external lead-lag network, the 
follower circuit slew rate and small signal 
bandwidth can be increased. This may be 
useful in situations where a closed-loop 
gain less than 3 to 5 is indicated. A num
ber of examples are shown in subsequent 
figures. The principle benefit of using the 
network approach is that the full slew rate 
and bandwidth of the device is retained, 
while impulse-related parameters such as 
damping and phase margin are controlled 
by choosing the appropriate circuit con
stants. For example, consider the follow
ing configuration: 

The major problem to be overcome is poor 
phase margin leading to instability. 

GAIN 

0 
0 0.1 1.0 10 50 

MHz 

PHASE 

e -90° 

LAG NETWORKS 

-180° 
0.1 1.0 10 50 

MHz 

By choosing the lag network break fre
quency one decade below the unity gain 
crossover frequency (30-50 MHz), the 
phase and gain margin are Improved. An 
appropriate value for R is 2700. Setting the 
lag network break frequency at 5 MHz, C 
may be calculated 

C=-----
2r·270·5 X 106 

118 = pF 

RULES AND EXAMPLES 

Compensation Using Pins 5 and 8 
(Limited Bandwidth and Slew Rate) 

6 

V1N 

A single pole and zero inserted in the 
transfer function will give an added 45 • of 
phase margin depending on the network 
values. 

Calculating the Lead-Lag 
Network 

UGBW=30 MHz 

Vour 

Cc(1) 
C Cc= 22pF for NE5533/34 

1 .'. C1 = 22pf [SEE GRAPH UNDER 

V1N 

TYPICAL PERFORMANCE 
CHARACTERISTICS] 

Figure 4 . Unity Gain Non-Inverting Configuration 

RF 
RF=R1N 

C1=Cc --[ R1N l 
RF+ R1N 

Vour 
Cc 

2 
.C1=11pF 

"!:' 

Figure 5. Unity Gain Inverting Configuration 
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External Compensation for 
Wideband Voltage Follower 

Co1sr, 

r--H--
1 t----'V\l'r-----. 

.,;,. 
V1N o---v..rv--.--t 

NOTE: Input diodes limit differential to < 0.5V 

Figure 6 . External Compensation for Wideband Voltage Follower 

Shunt Capacitance 
Compensation 

1 
CF= 2,,. FF RF, FF a. 30 MHz 

or 
C _ Co1sr 

F = AcL 

C01sr "' Distributed Capacitance a. 2-3pF 

Many audio circuits involve carefully tailored 
frequency responses. Pre-emphasis is used 
in all recording mediums to reduce noise and 
produce flat frequency response. The most 
often used de-emphasis curves for broadcast 
and home entertainment systems are shown 
in Figure 7. Operational amplifiers are well 
suited to these applications because of their 
high gain and easily tailored frequency 
response. 

RIAA PREAMP USING 
THE NE5534 

The preamplifier for phone equalization is 
shown in Figure 8 along with the theoretical 
and actual circuit response. 

Low frequency boost is provided by the 
inductance of the magnetic cartridge with 
the RC network providing the necessary 
break points to approximate the theoretical 
RIAA curve. 

RUMBLE FILTER 
Following the amplifier stage, rumble and 
scratch filters are often used to improve over
all quality. Such a filter designed with op 
amps uses the 2 pole Butterworth approach 
and features switchable break points. With 
the circuit of Figure 9 any degree of filter
ing from fairly sharp to none at all is switch 
selectable. 
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3.75 IPS TAPE 
EQUALIZATION 
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Figure 7e 
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PREAMPLIFIER-RIAA/NAB 
COMPENSATION 

1N•uro-f" 
1~IL 

•111tct lo provldt ~PMlflld trtnlduotr loMl119. 
Output Nol•• O.lmV rm1 (with Input JhQrttd) 

All r91l1tor values are in ohms. 

1,1M 

11K 0.003 

Figure Ba 
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Figure Sb 

RUMBLE 
POSITION FREQ. 

1 FLAT 
2 30Hi 
J 50 Hz 
4 80Hz 

All resistor values are in ohms. 

RUMBLE/SCRATCH FILTER 
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NOTES 

TONE CONTROL CIRCUIT 
FOR OPERATIONAL AMPLIFIERS 

All resistor values are in ohms. 

1 Amplifier A may be a NE531 or 301. Frequency compensation, as for unity gain non
inverting amplifiers, must be used. 

2. Turn-over frequency-1 kHz 
3 Bass boost +20d8 at 20Hz, bass cut -20d8 at 20Hz. treble boost +19dB at 20kHz. treble 

cut -19d8 at 20kHz. 

MA< .... 
IOOST 

MA< 
TllE8LE 
llOOST 

F'"' MAX MA>I 
BASS TREBLE 
CUT CUT 

-'0,0~--~--~---~---' 

Figure 10 

BALANCE AMPLIFIER WITH LOUDNESS 
CONTROL 

'"o----11' 
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~ I 
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I 
I 
I" 
I 

All resistor values are in ohms 

""·'~ 
•OO< "" """ . 
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: I 
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I I 

oo•I : 
I I 
I I 

~: :~ 
1"°'" : •oo•: ;;;, '"'" 

120 I ____,_____ . 
I 

[
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Figure 11 
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TONE CONTROL 
Tone control of audio systems involves alter
ing the flat response in order to attain more 
low frequencies or more high ones dependent 
upon listener preference. The circuit of Figure 
10 provides 20dB of bass or treble boost or 
cut as set by the variable resistance. The 
actual response of the circuit is shown also. 

BALANCE AND LOUDNESS 
AMPLIFIER 
Figure 11 shows a combination of balance 
and loudness controls. Due to the non
linearity of the human hearing system the low 
frequencies must be boosted at low listening 
levels. Balance, level, and loudness controls 
provide all the listening controls to produce 
the desired music response. 

VOLTAGE AND CURRENT 
OFFSET ADJUSTMENTS 
Many IC amplifiers include the necessary pin 
connections to provide external offset adjust
ments. Many times, however, it becomes nes
cessary to select a device not possessing 
external adjustments. Figure 12, 13, and 14 
suggest some possible arrangements for off
set voltage adjust and bias current nulling cir
cuitry. The circuitry of Figure 14 provides 
sufficient current into the input to cancel the 
bias current requirement. Although more sim
plified arrangements are possible the addition 
of 02 and 03 provide a fixed current level to 
01, thus, bias cancellation can be provided 
without regard to input voltage level. 

INPU'T 

UNIVERSAL OFFSET NULL 
FOR INVERTING AMPLIFIERS 

R4 

R1 
2UOK 

RJ 

OUTPUT 

RANGE = · V ( :~ ) 

AU resistor values are in ohms. 

Figure 12 
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UNIVERSAL OFFSET NULL FOR 
NONINVERTING AMPLIFIERS 

All resistor values are In ohms. 

Figure 13 

v• 

v-

BIAS CURRENT 
COMPENSATION 

Figure 14 
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APPLICATIONS 

Introduction 
The NE5535 is a new generation monolithic 
op amp which features improved input 
characterisics. The device is compensated to 
unity gain and has a minimum guaranteed 
unity gain slew rate of 10V/µs This is 
achieved by employing a clamped super beta 
input stage which has lower input bias cur
rent. 

Applications 
These improved parameters can be put to 
good use in applications such as sample and 
hold circuits which require low input current 
and in voltage follower circuits which require 
high slew rates. The circuit that follows will 
yield slew rates. The circuit that follows will 
yield maximum small signal transient 
response and slew rate for the NE5535 at 
unity gain. 

It is always good practice in designing a sys
tem to use dual tracking regulators to power 
the dual supply op amps. This will guarantee 
the positive and negative supply voltage will 
be equal during power up. With the NE5535, 
it is possible to degrade the input circuit char
acteristics by not applying the power supplies 
simultaneously. The NE5535 is capable of 
directly replacing the µA741 with higher input 
resistance which will improve such designed 
as active filters, sample and hold, as well as 
voltage followers. 

The NE5535 can be used either with single or 
split power supplies. 

APPLICATIONS 
CAPACITANCE MULTIPLIER 
The circuit in Figure 1 can be used to 
simulate large capacitances using small 
value components. With the values shown 
and C = 10µF, an effective capacitance of 
10,000µF was obtained. The Q available is 
limited by the effective series resistance. 
So R1 should be as large as practical. 

SIMULATED INDUCTOR 
With a constant current excitation, the 
voltage dropped across an inductance in· 
creases with frequency. Thus, an active 
device whose output increases with fre
quency can be characterized as an induct
ance. The circuit of Figure 2 yields such a 
response with the effective inductance 
being equal to: 

L=R1R2C 

The Q of this inductance depends upon R1 
being equal to R2. At the same time, 
however, the positive and negative feed
back paths of the amplifier are equal 

8-200 

leading to the distinct possibility of Insta
bility at high frequencies. R1 should there
fore always be slightly smaller than R2 to 
assure stable operation. 

POWER AMPLIFIER 
For most applications, the available power 
from op amps Is sufficient. There are 
times when more power handling capa
bility Is necessary. A simple power 

Rz 
lM 

~ 
Ceff'~~·C1 
Rs• R3 

All resistor values are in ohms. 

Figure 1. Capacitance Multiplier 

lOK 

All resistor values are in ohms. 

booster capable of driving moderate loads 
Is offered In Figure 3. 

The circuit as shown uses a NE5535 
device. Other ampllllers may be substl· 
luted only If R1 values are changed 
because of the ICC current required by the 
amplifier. R1 should be calculated from 
the expression 

R1 _ 600mV 
- ICC 

Figure 2. Virtual Inductor 

lK 

Figure 3. Power Booster 



LINEAR LSI PRODUCTS 

APPLICATIONS USING THE SE/NE5535 

02 

DC. 

Figure 4. Voltage to Current Converters 

R4 

RS 
R2 R4 
ii1°R3 

V1N·R2 
lour. Rs. R1 

Figure 5. Voltage to Currant Converter 

Figure 6. Active Clamp Limiting Ampllfler 

10K 

10K 10K 

All resistor values are in ohms. 

Figure 7. Absolute Value Ampllfler 
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VOLTAGE·TO·CURRENT 
CONVERTERS 
A sh11ple voltage-to-current converter Is 
shown In Figure 4. The current out Is 
loureV1N/R. For negative currents, a pnp 
can be used and, for better accuracy, a 
Darlington pair can be substituted for the 
transistor. With careful design, this circuit 
can be used to control currents of many 
amps. Unity gain compensation Is 
necessary. 

The circuit In Figure 5 has a different Input 
and will produce either polarity of output 
current. The main disadvantages are the 
error current flowing In R2 and the limited 
current available. 

ACTIVE CLAMP LIMITING 
AMPLIFIER 
The modified Inverting amplifier In Figure 
6 uses an active clamp to limit the output 
swing with precision. Allowance must be 
made for the Vbe of the transistors. The 
swing Is limited by the base-emitter break· 
down of the transistors. A simple circuit 
uses two back-to-back zener diodes 
across the feedback resistor, but tends to 
give less precise llmltlng and cannot be 
easily controlled. 

ABSOLUTE VALUE AMPLIFIER 
The circuit In Figure 7 generates a positive 
output voltage for either polarity of Input. 
For positive signals, It acts as a non
Inverting amplifier and for negative 
signals, as an Inverting amplifier. The ac
curacy is poor for input voltages under 1V, 
but for less stringent applications, It can · 
be effective. 

HALF WAVE RECTIFIER 
Figure 8 provides a circuit for accurate 
half wave rectification of the Incoming 
signal. For positive signals, the gain is O; 
for negative signals, the gain Is -1. By 
reversing both diodes, the polarity can be 
inverted. This circuit provides an accurate 
output, but the output impedance differs 
for the two input polarities and buffering 
may be needed. The output must slew 
through two diode drops when the Input 
polarity reverses. The NE5535 device will 
work up to 10kHz with less than 5% 
distortion. 

PRECISION FULL WAVE 
RECTIFIER 
The circuit In Figure 9 provides accurate 
full wave rectification. The output Imped· 
ance Is low for both Input polarities, and 
the errors are small at all signal levels. 
Note that the output will not sink heavy 
currents, except a small amount through 

8-201 
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8-202 

c, 
.005 ., 

10K 

10K 10K 

5.1K 

All resistor values are in ohms. 

Figure 8. Half Wave Rectifier 

!OK 

10K 

5.1K 

Figure 9. Precision Full Wave Rectifier 

TWO-PHASE SINE WAVE 
OSCILLATOR 

'• 6001! 

All resistor values are in ohms. OV 

ov 

Figure 10. Two-Phase Sine Wave Oscillator 
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the 10k0 resistors. Therefore, the load ap
plied should be referenced to ground or a 
negative voltage. Reversal of all diode 
polarities will reverse the polarity of the 
output. Since the outputs of the amplifiers 
must stew through two diode drops when 
the Input polarity changes, 741 type 
devices give 5% distortion at about 
300Hz. 

TWO-PHASE SINE WAVE 
OSCILLATOR 
The circuit (referring to Figure 10, uses a 2· 
pole pass Butterworth, followed by a phase 
shifting single pole stage, led back through a 
voltge limiter to achieve sine and cosine out· 
puts. The values shown using 741 amplifiers 
give about 1.5% distortion at the sine output 
and about 3% distortion at the cosine output. 
By careful trimming of Ca and/or the limiting 
network, better distortion figures are possible. 
The component values sh.own give a Ire· 
quency of oscillation of about 2kHz. The val· 
ues can be readily selected for other 
frequencies. The NE5535 should be used at 
higher frequencies to reduce distortion due to 
slew limiting. 
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Introduction 
The Signetics NE538 is the under
compensated version of the NE535. The 
NE538 has a typical slew rate of 50V I µsand 
a gain bandwidth product of 6MHz. 

The internal frequency compensation is 
designed for a minimum inverting gain of 4 
and a minimum non-inverting gain of 5. 
Below these gains the NE538 will be un
stable and the NE535 should be used. 
The higher slew rate of the NE538 has made 
this device quite appealing for high speed 
designs and the fact that it has a standard 
pinout will allow it to be used to upgrade 
existing systems that now use the µA741 or 
µA748. 

VOLTAGE COMPARATOR 

Inexpensive voltage comparators with only 
modest parameters are often needed. The op 
amp is often used in the configuration 

OFFSET ADJUST CIRCUIT 

V• 

Figure 1 

because the high gain provides good selectiv
ity. Figure 2 shows a circuit usable with most 
any op amp. 1·he zener is selected for the out
put voltage required (5.1 volt for TTL), and the 
resistor provides some current protection to 

AN150 

VOLTAGE COMPARATOR 

v• 

A~I resistor values are in ohms 

Figure 2 

the op amp output structure. Vret can be any 
voltage within the wide common mode range 
of the amplifier-another advantage of using 
op amps for comparators. 

8-203 
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CYCLIC A TO D CONVERTER 
One lntereatlng, but, much Ignored A/D con· 
verter la the cyclic converter. This consists of 
a chain of Identical stages, each of which 
aenses the polarity of the input. The stage 
then subtracia V ,.1 from the input and doubles 
the remainder If the polarity was correct. In 
Figure 1 the signal Is lull wave rectified and 
the remainder of V1n-:- V,.1 Is doubled. A chain 
of theae stages gives the gray code equiva
lent of the input voltage in digitized form 
related to the magnitude of v,.,. Possessing 
high potential accuracy, the circuit using 
NE531 devices settles In 5,.s. 

•Vee 
10K 

TRIANGLE AND SQUARE 
WAVE GENERATOR 
The circuit In Figure 2 will generate precision 
triangle and square waves. The output ampil· 
tude of the square wave Is set by the output 
swing of the op amp A·1 and A1/A2 sets the 
triangle amplitude. The frequency of oscllla· 
tlon In either case Is 

f=_!_.~ 
4RC R1 

(1) 

The square wave will maintain 50% duty 
cycle even II the amplitude of the oscillation 
Is not symmetrical. 

CYCLIC A TO D CONVERTER 

Figure 1a 

TRIANGLE AND SQUARE 
WAVE GENERATOR 

Figure 2 

8-204 
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The useoltheNE531 inthlscircuitwillallow 
good square waves to be generated to quite 
high frequencies. Since. the amplifier A 1 
runs open loop, there Is no need for com· 
pensatlon. The triangle-generating amplifi
er must be compensated.The N E55.35device 
can be used as .well, except for .the lower 
frequency response. 

___ _.I LOG~~T~ 
V1N 

Figure 1b 
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MC3403 DESCRIPTION 
The MC3403 Is a quad operational amplifier 
with true differential Inputs. The device has 
electrical characteristics similar to the pop
ular µA741. However, the MC3403 has sev· 
eral distinct advantages over standard op· 
eratlonal amplifier types In single supply 
applications. The MC3403 can operate at 
supply voltages as low as 3.0V or as high as 
36V. The common mode Input range In· 
eludes the negative supply, thereby ellml· 
natlng the necessity for external biasing 
components In many applications. The out· 
put voltage range also Includes the nega· 
live power supply voltage. 

APPLICATIONS 

VOLTAGE REFERENCE 

Vee 

RZ 
10K 

R1 
10K Vo•A1~1R2 

Vo•jVcc 

1 

INPUT BIAS CURRENT va 
SUPPLY VOLTAGE 

180 .--..-..--.---.--.-...,.--.-..... 

~ I 
~ 170 t:~~:t::r:s':;;;1t:tj 
B ::I:::"'i; 

i 180 1--+-+--+--+--+-~j>--~ 

i ~_, -+, -+-+--+--! 

! 1&0 I 
o 2.0 4.0 8.o a 10 12 14 18 

Vee AND v ••• 
POWER SUPPLY VOLTAGES (V) 

SINGLE SUPPLY 

SPLIT SUPPLIES 

WEIN BRIDGE OSCILLATOR 

SOK 

Vo 

lo• tn~C 
FOR f0 •1kHI 

A• 19kQ 
C•0.01,1.1F 

HIGH IMPEDANCE DIFFERENTIAL AMPLIFIER COMPARATOR WITH HYSTERESIS 

AZ 

HYSTERESIS 
VoH 

R1 Vo 
I 
I 

Vo 

VoL V1N(LJ: V1NtH) 

.. v,.0-----1 

V1N(L)• R1~~2 (Vol-V'AEF)+VAEF VfttF 

t2 
V1N(H) • R1 ~1 R2 (VoH -VRf.F)+ VAEF 

H • A1 :
1 A2 (VoH - VOL) 

9o=C(1 +I+ b) (e2- 11) 

8-205 

8 -



LINEAR LSI PRODUCTS 

APPLICATIONS FOR THE MC3403 

APPLICATIONS (Continued) 

8-206 

R2 

FUNCTION GENERATOR 

TRIANGLE WAYE 
OUTPUT 

Rt 

R2 
300K 

I= =~:.~~ IF R3• R~~~11 

R1 

Bl-QUAD FILTER 

100K 

C1 

lo=2n'~C 
R1=QR 

R2=T~p Y11u·-~Vcc 
R3=TNA2 
C1•10C 

FOR f0 =1kHz 
Qa10 

T1p=1 
TN•1 

l>-+----i(-----<>NOTCH OUTPUT R•180kQ 
C=0.0011o1F 

A1=1.8MQ 
WHERE T9p=CENTER FREQUENCY GAIN R2•1.IMQ 

TN= PASSBAND NOTCH GAIN R3 = 1.8MQ 

AN160 

MULTIPLE FEEDBACK BANDPASS FILTER 

t c v,. 

2 

GIVEN 10 =CENTER FREQUENCY 

• ~---;f-ovo 
Co 

Co=10C 

A(lo)=GAIN AT CENTER FREQUENCY 

CHOOSE VALUE 10 , C 

THEN: 

R3= nt~C 

R1 =·=~ol 
R2 = 4Q~~1R~ RS 

FOR LESS THAN 10% ERROq FROM OPERATIONAL AMPLIFIER 

°;~• < 0.1 WHERE 10 AND BW ARE EXPRESSED IN Hz. 

IF SOURCE IMPEDANCE VARIES, FILTER MAY BE PRECEDED WITH 
VOLTAGE FOLLOWER BUFFER TO STABILIZE FILTER PARAMETERS. 
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TYPICAL APPLICATIONS 

SINGLE SUPPLY INVERTING AMPLIFIER 

RF 

.7----1'"-QVo 

RL 

-AAA:-Y.± 
2 

NON-INVERTING AMPLIFIER 

V+ 

10K V+ 

v,. 

10K 

BLOCKS ":" 

DC. 
GAIN R1 -=- RF 

I' 

AN160 

INPUT BIASING VOLTAGE FOLLOWER 

v. 

V+ 

Vo 

8 
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·Pl~TION 
· ·' .ni. ff 12 Hrlea of high performance oper· 
. •:~ l!TIPliller provides very good input 
· :~atica. These amplifiers feature 
· i.w·:'illllJ!f .bJH ind voltage characteristics 
· a@h 111 108 op 1mp with improved CMRR 
t.nf I :l119h dlllerentlal input voltage limit 
1c~d1hrough the uee of a bias cancella· 
tlon . .nct PNP Input circuit• with collector to 

.·ern:n;.r"cllmping. The output characteristics 

. ire lllle thoH of 1 7 41 op emp with Improved 
· alew. :rite and drive capability yet have low 
ll'PPIY quilacant current. 

BRIDGE TRANSDUCER AMPLIFIER 
In 1ppllcalion1 Involving strain gauges, 
accalerometera and thermal sensors a 
bridge tranaducer le often used. Frequently 
the eenaor elements ara high resistance 
unite requiring equally high bridge reals· 
t1nce for good eenaltlvity. This type of cir· 
cuit th.en demands an amplifier with high In· 
put impedance, low bias current and low 
drift. Tha circuit shown reprHente a poHi· 
ble aolutlon to these general requirements 
(Figure 1). 

For Vs• 10 volts, the common mode volt· 
age le approximately +5 volts, well within 
the common mode limits of the NE5512. 

The eenalllvity of the input stage is approxi· 
m1tely 

A.F ·Va 

2A 
to a change In transducer resistance AR. 
Thlafiveea gain factor of ::.50forVs • 1ov 
and. R .• 25k0. The second stage gain Is 
x 100 giVing a total gain of ""5000. 

Nol.&e la minimized by shielding the 
1111nsdt1cer leads and taking special care to 
dltermine a good signal· ground. Common 
mode noise rejection is panlcularly imper· 
tent making matched differential Impedance 
crltlcal. The NE5512 typically provides 
1ClO<jB of· common mode reJactlon and will 

.. C9fi'1-bly reduce this undesirable effect. 

. ~ fQtlowlng are eenaitlvity figures for the 
t;1naducer circuits. 

AR ~ 
lelj 1 100 -2.ev 

50 -1.3V 
le02 100 +2.4 

50 +1.2 

Ternpereture compensation of the bridge 
ellm911t la accomplished by using low drift 
me.tat fUm realators and also by providing a 
¢0nipllm1ntary non·active eeneor alement to 
~rmilHy track the offset in the active 
etetnent. 

+•1 

NE/SE5512 BRIDGE TRANSDUCER AMPLIFIER 

llOldJ 

M,ETAL ALM RP 

llOICll 

tOOldJ 

.01-.ifl 

tlXlkU 

0 
1k0 

[ 
Tf••ldu::;~P.rHmp ]~ '1H..H t.~1 • [ : .. mplo: J 

"' .l vs . -1s +ts .lll • '" .lea '=== t.2v 
eo :a.l~A· r~·.i· (f:.J."lP1fi·~··.i'f+·;pMFi vs• +tov 
.1 = li" 

'NOTE 
Therm11 compen1etlon tr1n1ducar (non·1ctive) 

.. 

Figure 1 

NE/SE5512 CURRENT TO VOLTAGE CONVERTER WITH 1% ACCURACY 
{SENSITIVITY: 1 VOLT PER MICROAMP] 

IC :a 1IOHl 

10DpF (POLVITYRINI) 

., 

~~~··: -
t1 f~ 

-11Y +15Y 

Figure 2 

10kU 

>-........... -0 •out • 18"F 

0 
10k0 

.. 

High frequency roll·olf provides attenuation 
of unwanted noise above the pa11 band of 
the transducer. The shunt capacitors aoroaa 
both atege feedbeok realatora are for this 
purpose. 

The lower limit of meaauring accuracy ia de· 
!ermined by le (inverting) which la typically 
8nA. In order to attain a meaaurement accu· 
racy of 1% the following inequality muat 
hold, 

CURRENT TO VOLTAGE 
CONVERTER • 
Taking advantage of the very low biaa cur, 
rent and offset of the NE5512 la demon· 
atrated In 111 adaptation to a current to volt· 
age converter aa ahown below (Figure 2). 

la < (.01) ISm1n 

. Where le • Input blaa ou"ent, lsmln • mini· 
mum meaaured currant. For IB • 8nA and 
ISmln • 1µA, 

enA < (.01) 1,.A • 10nA 

and the Inequality hold. 
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DC ot11et and current nolH gain la deter· 
mined by 

Rp +Rs 

li8 
which .. 1 for Rs » RF· 

The mea1ur1d r11ult1 for thl1 clroult 1ppear 
below <Vee• ± 115 volt•). 

INPUT CURRl!NT OUTPUT VOLTAGI 

1µA 1.008 Vott1 
15µA 15.00 Volte 

10.00µA 10.00 Volt1 

NEU12 OPERATIONAL 
DIFFERENTIATOR 
By utilizing the very high Input Impedance 
ohereoterl1tlo of the NEU 12, an exoellent 
aotlve differentiator cen be reallzed. Uelng 
the olroult 1hown (Ftoure S), good re1ult1 
were obtained 11 1hown by the wev1 form1 
In Flgurea 4, 6 and 8. One of the primary 
probl1m1 with auch clrculll 11 the tendency 
tcwa.rda lnatablllty end dlllortlon 11th1r due to 
loadlng caulld by Input blu currentl or 
ampllfler non·llnearlty. In addition, geln 
lncreue1 with frequency requiring low Input 

. nolae In the ampllfler. 

The relat1v1 1tablllty 11 1hown by th• output 
1lgnal wave form• mentioned above. Adding 
R 1 provldea added oompenutlon In the 
form of a zero near the ampllfler unity gain 
frequency. Frequenoy range 11 1 OOHz to 
10kHz. 

In order to obtain good differentiation, the 
network time conetant, RC, m111t be 1mall 
relative to the period of the hlgheat frequen· 
oy pr11ent at the Input. Slnoe the 
differentiator wfll attenuate the 1lgnal by a 
feotor Of wRC whloh may be 100: 1 In the 
operating region, the Hcond ampllfler 1tag1 
11 uHd to comp1nute for thl1 lou. Varlou1 
olrcult• are 111lly Interfaced with th• 
differentiator blook due to th• Inherently low 
output Impedance Of the NEU 12. 

Nl!/8111112 ACTIVI! DIFFERl!NTIATOR WITH INVERTING ><10 BUFFl!R 

... 

DIFFERENTIATOR WAVEFORMS 

TRIANQLI! WAVI! 
INPUT 

SQUARI! WAVI 
OUTPUT 

SQUARE WAVI. 
INPUT 

IMPULll! 
OUTPUT 

Figure 3 

Figure 4 

Figure II 

~--OA-v 
© 

1kU 

IN 

200mV/cm 

OUT 

llOOmV/cm 

H • 20µ1/ln 

8 -
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THE OPERATIONAL INTEGRATOR 
The operational complement of the active dif· 
ferentiator is the active integrator. The 
NE5512 is easily adapted to this function as 
shown In the circuit below (Figure 7). to obtain 
satisfactory integration the time constant 
must fulfill the following requirement: 

RC> 16T 

Where T la the period of the Input wave form. 
For tha ideal integrator 

•ou1 • R1c f •in dt 

DIFFERENTIATOR WAVEFORMS 

Vin• 1ln wt 

Vo'" co1 ... 1 

AN144 

200mV/cm 

1Y/cm 

H • 20µ1/cm 

Figure 8 

The factor 1 /RC repreaenta an attenuation 
of the Input signal. The low aignal level la 
increased by ualng the second half of the 
NEl51512 aa a gain stage following the oper· 
atlonal Integration. The wave forms In Fig· 
urea 8 and 9 ihow the Input-output relation· 
ship for both a 1lne wave and a aquare wave 
function. A good Integrator muat exhibit a 
phaae ahlft of >89° for elne wave Input over 
the active frequency range. For a square 
wave the resultant output mu1t be 1 linear 
ramp. The circuit 1hown fulfills Ihle require· 
ment (see Figure 7). No external oompenaa· 
lion 11 required since the amplifier la unity 
gain atable. 

NE/SEl51512 ACTIVE INTEGRATOR WITH INVERTING BUFFER 

INTEGRATOR WAVEFORMS 

SQUARE 
WAY! 
INPUT 

TRIANO LI! 
WAY! 

OUTPUT 

8-210 

Figure 8 

.... .. ..,. 
ltn>-

IN 

10Y/cm 

OUT 

1Y/cm 

H • 1m11cm 

SINE WAYE 
INPUT 

COSINE WAYE 
OUTPUT 

-11 +15 

Figure 7 

10llO 

IN 

SY/cm (\\j(\ /\ 
\) \ 

/l\J 

Figure 9 

OUT 

O.SY/cm 

H • 1m1/cm 
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NE5514 DESCRIPTION 
The SE/NE5514 family of Ovad Operational 
Amplifiers sets new standards in Bipolar 
Quad Amplifier Performance. The amplifiers 
feature low input bias current and low offset 
voltages. Pin-out is identical to 
LM324 / LM348 which facilitates direct 
product substitution for improved system 
performance. Output characteristics are 
similar to a µA741 with improved slaw and 
drive capability. 

FOUR QUADRANT PHOTO· 
CONDUCTIVE DETECTOR 
AMPLIFIER 
When operating a photo diode in the photo
conductive mode (reverse biased) very 
small currents in the micro ampere range 
must be sensed in the photo active operat
ing region. Dark currents in the nano am
peres are common. Generally, for this 
reason, J·FET input preamps are used to 
prevent interaction and accuracy degrada
tion due to input bias currents. 

The 5514 has sufficiently low input bias cur
rent (Sna) to allow its use under these circuit 
constraints as shown in a possible design 
used to sense lour quandrant motion of a light 
source. By proper summing of the signals 
form the X and Y axes, four quandrant output 
may be fed to an X-Y plotter, oscilloscope or 
computer for simulation. (See Figure 10.) 

The wide input common mode voltage range 
of the device allows a + 1 O volt supply to be1 

used to drive the signal bridge giving high 
sensitivity and improved signal to noise. Ob
viously, input balancing is critical to achiev
ing ·common mode signal rejection in addi
tion to adequate shielding of the sensor 
leads. The sensor head itself must be 
shielded and the shield grounded to signal 
common to avoid unwanted noise pick up 
from power line and other local noise 
sources. Amplifier response may be shaped 
to aid in noise reduction by more complex 
filler configurations. If possible the 5514 
should be located in close proximity to the 
sensor head. 

System balance may be done under dark 
field conditions if adequate photo detector 
tracking results. However, for high accuracy 
systems a bipolar balance adjust added to 
the non-inverting output stage is more desir
able. With this latter method the signal 
bridge is balanced for a null output under 
uniform light field conditions using the 
bridge balance pot as shown. D.C. offset is 
then adjusted using the balance pot on the 
output amplifier under dark field conditions. 

FOUR QUADRANT PHOTO DETECTOR 

X·AXIS 

Y·AXIS 

SIGNAL 
~ 

1MEG 

.05% 

25pf 

1EG ":"' 
.05% 

1MEG 

.05% 

1MEG 

.001µ 

"':"' 0 -'\/\/tir-O 
+ DC 

NULL 

NE5514 

1MEG 

0 @ 
~· 1"~ 

+15 SOK -15 

ID(ACTIVE) ; 5µA 

+15 ! -15 

(-.+) (+,+) 

(-.-) (+.-) 

Figure 10 

MULTI· TONE BANDPASS FILTER 
FOR PLL TONE DECODER 
In the design of a multiple tone signaling 
system, particularly where signals are trans
mitted over long lines, noise and adjacent 
channel interference may be a significant 
barrier to reliable communications. 

By the use of narrow band active pre-filters to 
attain selectivity and gain, the effective signal 
to noise ratio is greatly improved. The SE/ 
NE5514 is easily adapted to such filter config
urations due to Its inherent stability. In 
addition its very high input, impedance drasti
cally reduces loading o the passive networks 
and allows for increased "Q" and large value 
resistors. 

The circuit in Figure 4 demonstrates multiple 
feedback filters operating at four of the stand
ard signaling frequencies. More channels 
may be added to increase the capacity of the 
system. 

Teat results obtained from this filter configu
ration were as follows: 

Wide band signal to noise 
Gain (Mid band) 
Q (effective) 
Output 

63dB 
30dB 
=30 
OdBM 
(.775vrms> 

Note that the amplifiers are operated from a 
single + 12 volt supply and are biased to half 
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APPLICATIONS FOR THE NE5512/5514 

Vee by 11lmpte re1l1ttve divider 11 point B 
whtoh connect• to 111 non·lnverttng tnput1. 

4·STATION 0-500 TEMPERATURE 
SENSOR 
By using an NPN transistor as a temperature 
sensing element, the NE5514 forms the basis 
for a multi-station temperature sensor as 
shown In Figure 12. The principle used is fun· 
damental to the current voltage relallonshlp 
of a forward biased junction. The current flow 
acroes the base-emitter junction Is deter· 
mined by absolute temperature In the follow· 
Ing Wfll!i: 

le • -lie + lal kt 
and le oo Is exp <VaelVrl: Vr • q 

therefore, Vee oo Vr In lells 

Where IE la the forward current and ts la the 
aaturatlon current Inherent In .the Junction, IE 
muat be high enough 1uch that the ts varl· 
atlon with temperature Is small relative to IE 
(IE > > ts). ts la typically .05 pA, therefore, 
aettlng IE to 1 or 2 p.A glvea the desired 
condition. 

Diode D1 aervea to substantially reduce er· 
ror due to power supply variation by giving a 
fixed voltage reference. To calfbrate the 
aenaor adjust R4 for "0" volts output from 
the NE5514 at o•c. AdJuet Re tracking re· 
alator for a scale factor of 100 millivolts per 
•c output. 

Only the transistor need be placed in the tem· 
perature controlled environment. Figure 13 
shows the addition of an AID converter and 
display to give a digital thermometer. 
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APPLICATIONS FOR THE NE5512/5514 

SENSOR 

BIAS CIRCUIT 
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"' 
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NE5517 /A TRANSCONDUCTANCE AMPLIFIER APPLICATIONS AN145 

DESCRIPTION 
The Signetics NE5517 is a truly versatile dual 
operational transconductance amplifier. In 
plain language, it is a voltage-to-current con
verter governed by the transconductance gm, 
which is equivalent to loutNin· The gm is in
creased or decreased linearly by varying the 
amplifier bias current (IABd through an exter
nal pin (see Figure 1). From the proper use of 
the IABC pin, many control circuits can be 
realized. 

For more insight into the way the part operates, 
the transconductance can be thought of as 
gain and is governed by the following equation: 

gm = lout = IABCq (1) 

V;n 2KT 

where the transconductance is dependent on 
the constant KT/q (which is 26mv at 25°C), and 
IABC (which is controlled by the user). 

To make the device more universal and adap
table for many functions, two impedance buf
fers for voltage output applications are also in
cluded with the amps so that the part can be 
used as a programmable operational amplifier. 

Linearizing diodes provide another useful op
tion. These should be applied when large in
put voltages or wide temperature variations are 
encountered. To show the significance of the 
diodes, compare the difference between Equa
tion 1 without diodes and Equation 2 with 
diodes: 

lout 2 IABC io (2) 
- = -- for l;n greater than -
V;n R;n lo 2 

Here, it can be seen that the transconductance 
is not temperature dependent. R;n is the 
signal input resistance and l;n is the signal 
current. l;n must not exceed. half the diode cur
rent (10 , nominally 1 mA). The diode current is 
set by a resistor tied to + V cc· A graph show
ing the output distortion improvement versus 
differential imput voltage when using the 
diodes is shown in Figure 2. 

An advantage that the NE5517 has over similar 
devices is a special biasing network between 
the amplifier and output impedance buffers. 
This network eliminates output offset current 
changes with a sudden change in the bias cur
rent (IABd· This is particularly important in 
audio applications where an audible offset 
would be produced. 
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PIN. NO. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

I .... .... 
llPUT 

11 

.... .... .... 
• 

I 
OtCOI .... 
,. 

LINEARIZING 
DIODES 

OtCOI .... 
• 

SYMBOL 

IAeca 

o. 

+IN8 

-IN1 

loa 

V-

INBuffer (a) 

V0 Buffer (a) 

V0 Buffer (b) 

INBuffer (b) 

V+ 

lob 

-INb 

+INb 

ob 

IABCb 

• _,T I .... 
(-) (+) 

NAME AND FUNCTION 

Amplifier bias input A 

Diode bias A 

Non-inverting input A 

Inverting input A 

Output A 

Negative supply 

Buffer input A 

Buffer output A 

Buffer output B 

Buffer input B 

Positive supply 

Output B 

Inverting input B 

Non-inverting input B 

Diode bias B 

Amplifier bias input B 

r - - - ----1 
1 lout 9 

I 8UFl'llt 
OUTPUT Y+ WUT 

CURRENT OUTPUT WITH 
CURRENT CONTROL 

.... 
(+) 

• 
.... OUTl'UT v- -.... (-) . 

• I • L __ 
- - _J 

Figure 1 Pin Designation and Functlonal Diagram 
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NE5517/A TRANSCONDUCTANCE AMPLIFIER APPLICATIONS AN145 

APPLICATIONS 

An application employing both amplifiers and 
buffers Internal to the NE5517 is the adjustable 
triangle-square wave generator shown In 
Figure 3. 

The center oscillating frequency Is set by the 
capacitor C at the output of amplifier A. The 
output amplitude Is set by the resistor R con
nected between the non-inverting inputs, 
amplifier B output, buffer B input and ground. 

The oscillating frequency Is varied by chang
ing V 0 , which In turn controls the amplifier 
bias current (1Aac1). If a positive voltage is ap
plied to V 0 , the center frequency will Increase 
linearly with Increasing voltage. If a negative 
Is applied, the center frequency will decrease 

DllTOllTION va DIPl'llllNTIAL 
INPUT VOLTAGI 

100 Vee• t 1sv 
l RL • 10kCI 

10 1AIC • 1mA 

I I 0.1 

0.01 '---1---L---l 
1 10 100 1000 

DIFl'llllNTIAL INPUT VOL TAQI (mVp) 

Figure 2 Output Dlltortlon Vereue Input 
Voltage Showing Benefit Ot DlodH 

47K 
V+l)o...~,,_-

11 
I 
AMP 
llAS 
INPUT 

A 
AMP 
llAS 
INPUT 

15 
I 
DIODE 
llAI 

A 
DIODE 
llAS 

linearly with Increasing negative voltage. This 
makes a very good programable oscillator with 
variable amplitude. 

By using a large value capacitor and negative 
control voltage, oscillations In the fractions of 
Hertz can be realized; a small capacitor and 
positive control voltage will give frequencies 
up to 500k Hz. Graphs showing the linearity of 
control voltage versus frequency for different 
capacitor values are shown in Figure 4. 

Pertinent calculations are: 

fc • IABC1 (3) 
4(C) (IAec2) (R) 

Where: le 
IABC1 
IABC2 
R 
c 

• center frequency 
• oscillator control current 
• amplitude control current 
• amplitude control resistor 
• oscillator control capacitor 

Also: Amplitude • (IAecal (R) (4) 

Another very useful application Is to use the 
NE5517 as a digitally programmable amplifier. 
The entire circuit Is shown In Figure 5. 

The circuit consists of a Slgnetlcs mlcropro· 
cessor compatible DAC, a transistor array, and 
the NE5517 conflgured as a voltage controlled 
amplifier. This arrangement can also be used 
with the VCO explained earlier to program Its 
oscillating frequency. 

14 
I 
INPUT 
(+) 

V+ 

11 

v-

Figure 3 Trl1ngle-Squ1re Wive Qener1tor 

The pertinent equations governing this applica
tion are as follows: 

x 
loAC MAX X q X RL 

2 x KT 

(5) 

Where: BW (10) • binary word decimal 
loAC MAX • maximum DAC output 

current (1 mA) 
RL • load resistance (301() 
q/KT - 38.5 at 25•c 

Also: v,., 
loAc MAX - 2 x R,., 
•2x~ ~1mA 

10K 

(8) 

Where: V ref • supplied by DAC (5V) 
R,.1 • referenced resistor (1 OK 

ohms) 

The loAc MAX of 1 mA Is used to keep the 
transconductance within the linear range. 

A 
BUFFER 
INPUT 

10K 
..-w--i--ov-

.,_...,.,,.,,.....--oVour1 ........ ..,.,,. __ -ov-
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.. .1 ll 
:: ~~=",t---<1-t-+-+--+-~4rz~ 
12 H c • 4,F +--+--t-+-t-+.y~-+-1 
41 H A • 2.4K +-+-+--+-->-z __ .....__,._. 
44 H~l--1--1--1--1--t-~+--+-H 
40f-+-+-+-+--+--+--+Jt._Ll+-+-+-IH 

i:>-+--+-+-+-+-2~1Z----+-~-+-< 

f 28H--'l--l--l--~-l--l--t-t-H 
24r-i--il--l--~-"1~';-:;-t=:!::=!::=H 

~: -'-IL_ j ·: P" 

1: ll: .....r--k 0 ~ 
4 lZ_ P" ,. ... k.9,__1.._3.8_1 ... 3.-10 

ollZ::l'.'. I II 
-11-12-1-4 0 4 8 12 11 20 2428 

V,(VOLTS) 

A 
Note: 
V, Below - 13.6V or above + 30V will cause distortion. 
Cbanglng the C value will vary the frequency range. 

B 

100,.....,_.....,__,__,__,__,--,---,--,.--,~ 

180 Hl--H--t--t--t--t--t--t--t--+-1 
520 t-t-t-t-t--1--1--t--t--H--t-t 
480 ,_..,_.,_.,_,__........,,__,__ ....... !-<__, ..... 
440 t-t-t-t--t--Hl--t--t--H--t-t 400 ,__ ___ ,__........,,__,__,__,_.__, ..... 

4: ..ii!! I 

310 t-t--t-t--t--Hl--t--l--H1-......,"'l 
f320 I'"~ 
f 280 t-t--t-t--t--Hl--t--~H--t-t 

240 ,_..,_.,_,__,__,___..,_ ....... ~...t!i----.............. 
200 t-t--t-t--Hf-~-Jttl'..c..'+--+--+--t--1-t 
110 l-H'-l-4~...,i.q.-1--1--1--1-.+-1 

1:: V" ~: 1~:~· 
jii""" R•2.4K 

-18 -12-• -4 0 4 • 12 18 20 24 21 
v,(VOLTS) 

c 

Figure 4 Control Volt19e (V0) Ver1u1 Frequency D1t1 

The current mirror matches the current flow 
Into the OAC and supplies the same amount 
to the 5517 control pin. Using a current out· 
put OAC Is much faster than using a voltage 
output device to control the part. (If speed Is 
not Important, this can ba done and the cur
rent mirror can be replaced with a resistor.) 
Also, the Input attenuation has not been 
calculated Into the gain equation. Therefore, 
equation (5) pertains to the signal after the In· 
put divider. 

Many other applications for the NE5517 exist; 
refer to the data sheet applications section In 
the Slgnetlcs Linear LSI data book for numer· 
ous Ideas. 
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EXPLANATION OF NOISE 

INTRODUCTION TO NOISE 
Since fabrication techniques in the integrat
ed circuit industry have improved so tre
mendously in the past few years, input 
offset voltages and bias currents are being 
minimized and noise parameters !whether 
measured at the output or referred to the 
inputl have become a major source of con
cern. Reducing noise by improved process 
techniques and by use of peripheral compo
nent control wi II be the thrust of th is appl i
cation as a secondary effort, in understand
ing the noise components themselves. 

An inspection of industry specifications 
show several methods of rating amplifier 
noise performance. 

1. Output signal to noise ratio. 
2. Output noise level !with specified loads 

and bandwidth). 
3. Output noise level referenced to normal 

operating level. 
4. Equivalent input noise !at a specified 

gain, source impedance and bandwidth). 
5. Noise figure. 

BASIC NOISE PROPERTIES 
Noise, for purposes of this discussion, is 
defined as any signal appearing in an op 
amp's output that could not have been pre
dicted by DC and AC input error analysis. 
Noise can be random or repetitive, internal
ly or externally generated, current or volt
age type, narrowband or wideband, high 
frequency or low frequency; whatever its 
nature, it can be minimized. 

The first step in minimizing noise is source 
identification in terms of bandwidth and loca
tion in the frequency spectrum; some of the 
more common sources are shown in Figure 1. 
Some observations to be made from Figure 1 
are that noise is present from DC to VHF from 
sources which may be identified in terms of 
bandwidth and frequency, noise source band
widths overlap, making noise a composite 
quantity at any given frequency. Most exter
nally caused noise is repetitive rather than 
random and can be found at a definite fre
quency. Noise effects from external sources 
must be reduced to insignificant levels to real
ize the full performance available from a low 
noise op amp. 

EXTERNAL NOISE SOURCES 
Since noise is a composite signal, the indi
vidual sources must be indentified to mini
mize their effects. For example, 60Hz power 
line pickup is a common interference noise 
appearing at an op amp's output as a 16ms 
sine wave. In this and most other situations, 
the basic tool for external noise source fre
quency characterization is the oscilloscope 
sweep rate setting. Recognizing the oscillo
scope's potential in this area, there are availa
ble several preamplifiers with variable 
bandwidth and frequency which allow quick 
noise source frequency identification. 
Another basic identification tool is the simple 
low pass filter as shown in Figure 2 where the 
bandpass is calculated by: 

AN164 

1 
1lfo=--

2rrRC 
(1) 

With such a filter, measurement bandpass 
can be changed form 10Hz to 100Hz 
(C = 4.7J<F to 470pF), attenuating higher fre
quency components while passing frequen
cies of interest. Once identified, noise from an 
external source may be minimized by the 
methods outlined in Table 1, the external 
noise chart. 

POWER SUPPLY RIPPLE 
Power supply ripple at 120Hz is not usually 
thought of as noise, but it should be. In an 
actual op amp·application, it is quite possi
ble to have a 120Hz noise component that is 
equal in magnitude to all other noise 
sources combined, and, for this reason, it 
deserves a special discussion. 

To be. negligible, 120Hz ripple noise should 
be between 10nV and 100nV referred to the 
input of an op amp. Achieving these low 
levels requires consideration of three fac
tors: the op amp's 120Hz power supply 

NOISE FREQUENCY ANALYSIS 
RC LOW PASS FILTER 

>-~,.,._....,._ .. TO SCOPE 

4.7 µF to 470 pFd 

V

Figure 2 

FREQUENCY SPECTRUM OF NOISE SOURCES 
AFFECTING OPERATIONAL AMPLIFIERS & LOW NOISE PREAMPLIFIERS 
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EXPLANATION OF NOISE 

rejection ratio IPSRRI. the regulator's ripple 
rejection ratio, and, finally, the regulator's 
input capacitor size. 

PSRR at 120Hz for a given op amp may be 
found in the manufacturer's data sheet curves 
of PSRR versus frequency as shown in Figure 
3. For the amplifier shown. 120Hz PSRR is 
about 74dB. and to attain a goal of 100nV 
referred to the input, ripple at the power termi
nals must be less than 5mV Today's IC regu
lators provide about 60dB of ripple rejection; 
in this case the regulator input capacitor must 
be made large enough to limit input ripple to 
.sv 
Externally compensated low noise op amps 
can provide improved 120Hz PSRR in high 
close-loop gain configurations. The PSRR 
versus frequency curves of such an op amp 
are shown in Figure 5. When compensated 
for a closed loop gain of 1000, 120Hz PSRR is 
115dB. PSRR is still excellent at much higher 
frequencies, allowing low ripple noise opera
tion in exceptionally severe environment 

POWER SUPPLY DECOUPLING 
Usually, 120Hz ripple is not the only power 
supply associated noise. Series regulator out
puts typically contain at least 150~ V of noise 
in the 100Hz to 10kHz range, switching types 
contain even more. Unpredictable amounts of 
induced noise can also be present on power 
leads from many sources. Since high fre
quency PSRR decreases at 20dB/decade, 
these higher freqency supply noise compo
nents must not be allowed to reach the op 
amp's power terminals. RC decoupling, as 
shown in Figure 6, will adequately filter most 
wideband noise. Some caution must be exer
cised with this type of decoupling, as load 
current changes will modulate the voltage as 
the op amp's supply pins. 

POWER SUPPLY REGULATION 
Any change in power supply voltage will have 
a resultant effect referred to an op amp's 
;nputs. For the op amp of Figure 3, PSRR at 
DC is 110dB (3µV/V) which may be consid
ered as a potential low frequency noise 
source. Power supplies for low noise op amp 
applications should, therefore, be both low in 
ripple and well-regulated. Inadequate supply 
regulation is often mistaken to be low fre
quency op amp noise. 

When noise from external sources has been 
effectively minimized, further improve
ments in low noise performance are ob
tained by specifying the right op amp, and 
through careful selection and application of 
the peripheral components. 
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NOISE VOLTAGE, en, or more properly, 
EQUIVALENT SHORT-CIRCUIT INPUT RMS 
NOISE VOLTAGE is simply that noise voltage 
which would appear to originate at the input 
of a noiseless amplifier (referring to Figure 4) 
if the input terminals were shorted. It is 
expressed in nanovolts per root Hertz (nV/ 
,/Hz) at specified frequency, or in microvolts 
for a given frequency band. It is determined, 
or measured, by shorting the input terminals, 
measuring the output rms noise, dividing by 
amplifier gain, and referencing to the input. 
Hence the term, equivalent noise voltage. An 
output bandpass filter of known characteristic 
is used in measurements, and the measured 
value is divided by the square root of the 
bandwidth v1e', if data is to be expressed per 
unit bandwidth or per root Hertz. The level of 
en is not constant over the frequency band; 
typically it increases at lower frequencies as 
shown in Figure 7. This increase is 1/f NOISE 
(flicker). 

NOISE CURRENT, in, or more properly, 
EQUIVALENT OPEN-CIRCUIT RMS 
NOISE CURRENT is that noise which oc
curs apparently at the input of a noiseless 
amplifier due only to noise currents. It is 
expressed in picoamps per root Hertz 
(pA/$2) at a specified frequency or in nano
amps in a given frequency band. It is 
measured by shunting a capacitor or resis
tor across the input terminals such that the 
noise current will give rise to an additional 
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noise voltage which is in x R1n (or Xc;nl. The 
output is measured, divided by amplifier 
gain, referenced to input, and that contribu
tion known to be due to en and resistor noise 
is appropriately subtracted from the total 
measured noise. If a capacitor is used at the 
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EXTERNAL NOISE CHART 

Source Nature Causes 

60Hz Power Repetitive Interference Powerlines physically close to 
op amp inputs. Poor CMRR 
at 60Hz. 

120HzRipple Repetitive Inadequate ripple consider-
ation. Poor RSRR at 120Hz 

180Hz Repetitive EMI 180Hz radiated from saturated 
60Hz transformers. 

Radio stations Standard AM broadcast Antenna action anyplace in 
through FM system. 

Relay & switch High frequency burst at Proximity to amplifier inputs, 
arcing switching rate. power lines, compensation ter-

minals, or nulling terminals. 

Printed circuit board Random low frequency Dirty boards or sockets. 
contamination 

Radar transmitters High frequency gated at Radar transmitters from long 
radar pulse repetition rate. range surface search to short 

range navigational especially 
near airports. 

Mechanical vibration Random < 1 OOHz Loose connections, intermittent 
metallic contact in mobile 
equipment. 

Chopper frequency Common mode input current Abnormally high noise chop-
noise at chopping frequency per amplifier in system 

input, there is only en and in Xc1N. The in is 
measured with a bandpass filter and con
verted to pA/yHz if appropriate; typically it 
increases at lower frequencies for bipolar 
op amps and transistors, but it increases at 
higher frequencies for field-effect transis
tors and Bi-Fet/Bi MOS op amps. 

NOISE FIGURE, NF, is the logarithm of the 
ratio of input signal-to-noise and output 
signal-to-noise. 

NF~ 10 log IS/NI in 

IS/NI out (2) 

where: S and N are power or lvoltagel2 
levels 

This is measured by determining the S/N at 
the input with no amplifier present, and then 
dividing by the measured S/N at the output 
with signal source present. 

The values of Rgen and any Xgen as well as 
frequency must be known to properly ex
press NF in meaningxul terms. This is be
cause the amplifier in x Zgen as well as Rgen 
itself produces input noise. The signal 
source contains some noise. However, esig is 

Table 1 

generally considered to be noise free and 
input noise is present as the THERMAL 
NOISE of the resistive component of the sig
nal generator impedance Rgen .. This thermal 
noise is WHITE in nature as it contains con
stant NOISE POWER DENSITY per unit 
bandwidth. It is easily seen that the en2 has 
the units V2/Hz and that (e0 ) has the units VI 
,/Hz 

eR2 ~ 4kTRB 

where: T is temperature in ° K 
R is resistor value in ohms 
Bis bandwidth in Hz 
k is Boltzman's constant 

OPERATIONAL AMPLIFIER 
INTERNAL NOISE 
OP AMP NOISE 
SPECIFICATIONS 

(3) 

Most completely specified low noise op amp 
data sheets specify curr,ent and voltage 
noises in a 1 Hz bandwidth and low frequen
cy noise over a range of .1 Hz to 10Hz. To 
minimize total noise, a knowledge of the 
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Minimization Methods 

Reorientation of power wiring. 
Shielded transformers. 

Thorough design to minimize ripple. 
RC decoupling at the op amp. 

Physical reorientation of components. 
Shielding. Battery power. 

Shielding. Output filtering. Limited 
circuit bandwidth. 

Filtering of HF components. Shielding. 
Avoidance of ground loops. Arc sup-
pressers at switching source. 

Thorough cleaning and humidity 
sealant. 

Shielding. Output filtering of Ire-
quencies >> PRR. 

Attention to connectors and cable 
conditions. Shock mounting in severe 
environments. 

Balanced source resistors. Use bi-
polar input op amps instead. 

deriv.ltion of these specifications is useful. 
In thi~ section, the reader is provided with 
an explanation of basic op amp associated 
random noise mechanisms and introduced 
to a simplified method for calculating total 
input-referred noise in typical applications. 

RANDOM NOISE CHARACTER
ISTICS 
Op amp associated noise currents and volt
ages are random. They are aperiodic and 
uncorrelated to each other and have Gaus
sian amplitude distributions, the highest 
noise amplitudes having the lowest proba
bility. Gaussian amplitude distribution al
lows random noises to be expressed as rms 
quantities; multiplying a Gaussian rms 
quantity by six results in a peak to peak 
value that will not be exceeded 99.73% of the 
time. 

The two basic types of op amp associated 
noises are white noise and flicker noise (l/f). 
White noise contains equal amounts of power 
in each Hertz of bandwidth. Flicker noise is 
different in that it contains equal amounts of 
power in each decade of bandwidth. This is 
best illustrated by spectral noise density plots 
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such as in Figure !l and 9. Above a certain 
corner frequency, white noise domi~ates; 

below that frequency, flicker (l/f) noise is dom
inant. Low noise corner frequencies distin
guish low noise op amps from general 
purpose devices. 

SPECTRAL NOISE DENSITY 
To utilize Figures 8 and 9, let us consider the 
definition of spectral noise density: the 
square root of the rate of change of mean
square noise voltage {or current) with fre
quency Eq. 4A. 

en2 ~~1Enl2 
dF 

8-220 

(4A) 

(49) 
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where: en= White noise voltage in a 1 Hz 
bandwidth 

(SB) in = White noise current in a 1 Hz 

where en, in = Spectral noise density 
En, In =Total rms noise 

fH =Upper frequency limit 
IL =Lower frequency limit 

Conversely, the rms noise value within a given 
frequency band is the square root of the defi
nite integral of the spectral noise density over 
the frequency band (Equation 59). This 
means that three things must be known to 
evaluate total voltage noise (En) or current 
noise (In): fH, fl, and a knowledge of noise 
behavior over frequency. 

WHITE NOISE 
White noise sources are defined to have a 
noise content that is equal in each Hertz of 
bandwidth, and Equation 5B may be rewritten 
for white noise sources as: 

Enlwl =en vlH - fL lnlwl =in~ 
(6) 

It is therefore convenient to express spec
tral noise density in VIVHZ or A/YHz where 
fH - fL = 1 Hz. When fH 2: 10 fL. the white noise 
expressions may be further reduced to: 

(7) 

FLICKER NOISE & WHITE NOISE 
Since flicker noise content is equal in each 
decade of bandwidth, total flicker noise may 
be calculated if noise in one decade is 
known. The .1Hz to 1Hz decade noise con
tent tKl is widely used for this purpose 
because the white noise contribution below 
10Hz is usually negligible. 

Enif)" K J! , In If)"' K J[_ 
f f (Sa and b) 

When substituted in Equation (3), the expres
sions may be rewritten to: 

Enlf)=KJin C:)·lnlfl=Klin C:) 
(9a and b) 

When corner frequencies are known, sim
plified expressions for total voltage and 
current noise, IEN and INl, may be written: 

ENifH - fLI en Jrce I,, c: ) + lfH - fL) 
(10) 

bandwidth 
fee = Voltage noise corner frequency 
fci = Current noise corner frequency 
fH = Upper frequency limit 
fL =Lower frequency limit 

The two most important internally generat
ed noise minimization rules are: limit the 
circuit bandwidth and use operational am
plifiers with low corner frequencies. 

NOISE SUMMATION 
In the spectral density discussions, the con
cepts of white noise and flicker noise were 
introduced. In Figure 10, the complete input
referred op amp noise model, internal white 
and flicker noise sources are combined into 
three equivalent input noise generators, En, 
IN1 and IN2· The noise current generators pro
duce noise voltage drops across their respec
tive source resistors, R51 and R82. The 
source resistors themselves generate thermal 
noise voltages, E11 and E12• Total rms input 
referred voltage noise, over a given band
width, is the square root of the sum of the 
squares of the five noise voltage sources over 
that bandwidth. 

THERMAL NOISE 
Thermal (Johnson! noise is a white noise 
voltage generated by random movement of 
thermally-charged carriers in a resistance; 
in op amp circuits this is the type of noise 
produced by the source resistances in se
ries with each input. Its rms value over a 
given bandwidth is calculated by: 

Et = J 4kTR lfH - fcl (13) 

Where: k = Boltzman's constant = 1.38 x 
10-23 joules/° K 

T = Absolute temperature, ° Kelvin 
A = Resistance in ohms 

fH = Upper frequency limit in Hertz 
fL = Lower frequency limit in Hertz 

At room temperature Equation 13 simplilies 
to: 

Et= 1.28 X 10-10 .,/RlfH - fL) (14) 

To minimize thermal noise tE11 and E12l from 
Rs1 and Rs2. large source resistors and 
excessive system bandwidth should be 
avoided. 

Thermal noise is also generated inside the 
op amp, principally from rob. the base-

(11) spreading resistances in the input stage 
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OP AMP NOISE MODEL 

v-

Figure 10 

transistors. These noises are included in EN. 
the total equivalent input voltage noise gen
erator. 

SHOT NOISE 
Shot noise (Shottky noise) is a white noise 
current associated with the fact that current 
flow is actually a movement of discrete 
charged particles {electrons). In figure 10 IN1 

and IN2, above the 1 If frequency, are shot 
noise currents which are related to the ampli
fier's DC input bias currents: 

(15) 

where: lsh =RMS shot noise value in amps 
q = Charge of an electron = 1 .59 x 

10-19 
ls1As = Bias current in amps 

IH =Upper frequency limit in Hertz 
IL = Lower frequency limit in Hertz 

At room temperature Equation 15 simplifies 
to: 

lsh = 5.64 x 10-10 J1s1AS llH - ILi (16) 

Shot noise currents also flow in the input 
stage emitter dynamic resistances, lrel, pro
ducing input noise voltages. These volt
ages, along with the rbb. thermal noise, 
make up the white noise portion of EN, the 
total equivalent input noise voltage genera
tor. 

FLICKER NOISE 
In limited bandwidth applications, flicker (1/f) 
noise is the most critical noise source. An op 
amp designer minimizes flicker noise by 
keeping current noise components in the 
input and second stages from contributing to 
input voltages noise. Equation 17 illustrates 
this relationship: 

in se~~nd_:;~~=- :=en input 
gm first stage {17) 

Another critical factor is corner frequency. For 
minimum noise the current and voltage noise 
corner frequencies must be low; this is cru
cial. As shown in Figure 11 low noise corner 
frequencies distinguish low noise op amps 
from ordinary industry standard 741 types. 

POPCORN NOISE 
Popcorn noise I burst noisel is a momentary 
change in input bias current usually occur
ring below 100Hz, and is caused by imper
fect semiconductor surface conditions 
incurred during wafer processing. Minimi
zation of this problem can be accomplished 
through careful surlace treatment, general 
cleanliness, and a special three-step pro
cess known as "Triple Passivation". 

Op amp manufacturers face a difficult deci
sion in dealing wiih popcorn noise. Through 
careful low noise processing, it can be sig
nificantly reduced in almost all devices; 
alternatively, the processing may be re
laxed, and finished devices must be individ
ually tested for this parameter. Special 
noise testing takes valuable labor time, adds. 
significant amounts to manufacturing cost, 
and ultimately increases the price a custom
er has to pay. 

TOTAL NOISE CALCULATION 
With data sheet curves and specifications, 
and a knowledge of source resistance values, 
total input-referred noise may be calculated 
for a given application. To illustrate the 
method, noise information from a data sheet 
is reproduced in Figure 12. The first step is to 
determine the current and voltage noise cor
ner frequencies so that the EN and IN terms of 
Equation 12 may be calcuated using Equa
tions 10 and 11. 

CORNER FREQUENCY DETER
MINATION 
In the input shot noise versus frequency 
curves ol Figure 12, it may be seen that volt-
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NOISE VOLTAGE COMPARISON 
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1000 

age noise (R, = 0) begins to rise at about 
10Hz. Lines projected from the horizontal 
(white noise) portion and sloped (flicker noise) 
portion intersect at 6Hz, the voltage noise cor
ner frequency (feel· In the center curve, 
excluding thermal noise multiplied by 2000 is 
plotted as a voltage noise. Lines projected 
from the horizontal portion and sloped por
tions intersect at 60Hz, the current noise cor
ner frequency (fc)· Equations 10 and 11 also 
require en and in for calculation of EN and IN. To 
find en and in, use the data sheet specification 
a decade or more above the respective corner 
frequencies; in this case en is 9.6 nV/$z 
(1000Hz), and in is 0.12 pAJ.y'Ffz (1000Hz). 

BANDWIDTH OF INTEREST 
To be summed correctly, each of the five 
noise quantities must be expressed over the 
same bandwidth, lfH - ILi. At this time, as
sume IH to be the highestfrequency compo-
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nent that must be amplified without distor
tion. Note that en, in, corner frequencies and 
bandwidth are independent of actual circuit 
component values. When doing noise cal
culations for a large number of circuits 
using the same op amp, these numbers only 
have to be calculated once. 

TYPICAL APPLICATION EXAM· 
PLE 
Figure 13a shows a typical X10 gain stage 
with a 10k!l source resistance. In Figure 13b, 
the circuit is redrawn to show five noise volt
age sources. To evaluate total input-referred 
noise, the values of each of the five sources 
must be determined. 

en= 9.6 nVIJHz 
In= .12 pA/JHz 
fee= 6Hz 
I"= 60Hz 

Using Equation 14: E1 = .J 4KTR (IH - IL) 

E11 = 1.28 x 1010 v 19000! 11 OOHzl = 0.4µ V rms 

E12=1.28x10-10V110KOll100Hzl- .128µY rms 

Next, calculate IN using Equation 11 

. IN= in )1,; In (~) ; llH - ILi 

=.12pA )eo In ( 100Hz )+ 1100-0.011 
\0,01 Hz 

= 3.066pA rms 

and: 

IN1 . Rst "'3.066pA 19000! = .0027µV rms 

IN2 · Rs2 = 3.066pA 110kfl) = .0306µV rms. 

Finally, EN from Equation 10 

EN= en Jfce In(~) + lfH - ILi 

= 9.6nV J 6 In ( 100Hz) + 1100 - 0.011 
0.01Hz 

= 0.120µY rms 

Substituting in Equation 12 

ENT lfH - IL) = 
v EN2 + IN12 Rs1' + !IN2 Rs212 + E112 + Et22 

= V l.120µYl2 + l.0027µYl2 + l.0306µYl2 
+ l.04µYl2 + l.128µYl2 

Using the factor of 6, totai input-referred 
noise = 1.1 µV peak to peak m.01 Hz to 
100Hzl. 
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741 CALCULATION EXAMPLE 
The preceding calculation determined total 
noise in a given bandwidth using a low noise 
op amp. To place this level of performance 
into perspective, a calculation using the 
industry-standard 741 op amp in the circuit of 
Figure 13 is useful. Once again the starting 
point is corner frequency determination, 
using the data sheet curves: 

fee = 200Hz: lei = 2kHz; en = 20nVIJHz; in = 
.5pA/JHz 

Using these corner frequencies and noise 
magnitudes, EN and IN are calculated to be 
0.88µV rms and 68pA rms respectively. Multi
plying this noise current by the source resis
tance gives terms 2 and 3 of Equation 12 as 
shown below. 

ENT !IH - ILi= 
v EN2 + IN1' Rs1' + IN2' Rs2' + E+12 + Et2' 

(12) 

Substituting in Equation 12 

= V I0.88µYl2+l.061µYl2+1.68µYl2 + I0.4µYl2 
+ l.128µYl2 

= 1.12µY rms 

Total input-referred noise= 6.7µV peak to 
peak I0.01Hz to 100Hzl 

This is 5.9 times that of the low noise op amp 
example. 

The calculation examples illustrate three 
rules for minimizing noise in operational 
amplifier applications: 

RULE 1. Use an op amp with low corner 
frequencies. 

RULE 2. Keep source resistances as low as 
possible. 

RULE 3. Limit circuit bandwidth to signal 
bandwidth. 

NOISE PERFORMANCE 
This segment shall be concerned with de
termining the signal to noise characteristics 
and the noise figure of amplifiers. 

The amplifier noise is composed of thermal 
noise generated in the base resistance shot 
noise caused by the arrival of discrete 
charges at diode junction and 1/f noise. 

For simplification these noise sources can be 
combined and the amplifier modeled by a 
noise source and a noiseless amplifier as in 
Figure 14. 

en = Amplifier's equivalent mean square 
noise voltage /VHz 
iN = Amplifier's equivalent mean square 
noise current/VHz 
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NOISE ANALYSIS CIRCUIT 

R2 

9Kll 

R1 

Rs1 = R~1_!'~2 = 9000 

Rs2 = R3 = 10K!l 

Figure 13a 

NOISE ANALYSIS 
EQUIVALENT CIRCUIT 

Figure 13b 

The total output noise can now be computed 
by equation 8: 

et= len2 + in2 R,2 + 4KTR,1V29V2 Arms volts 
(8) 

•assuming Rs small compared to amplifier 
input. 

If we now compare the total output noise to 
the output signal, A-Es, we find the output 
signal to noise ratio. 

Es 
SIN=-----------

(13) 

The denominator of the S/N ratio is the total 
output noise divided by the midband gain or 

·the equivalent input noise as shown on 
NE542 specification sheet. 

(14) 

The S/N ratio may now be computed inde
pendent of the amplifier gain. However, the 
gain should be chosen to maintain linear 
operation of the amplifier. For example: If 
the input signal to the NE542 is 400µV rms 
from a source resistance of 680 ohm with a 
bandwidth of 100Hz to 10kHz, the S/N ratio 
becomes, in dB: 

SIN= 20 log 400 µV 
0.77µV 

= 54.3d8 
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operational amplifiers and low noise pream
plifiers. 

where IN = total current noise over a speci
fied bandwidth. 

NOTE 

EN = total voltage noise over a speci
fied bandwidth. 

Et1 =thermal !Johnson! noise of the 
source resistance. 

·Rs =equivalent input source lor gen
era tori resistance. 

If Rs is a complex function. Zs. then this function must 
be calculated for the Rss mean of each bandwidth 
considered. For example the input is a capacitor in 

parallel with a resistor, the input impedance is there
fore 

Z;n =-' ---- R __ 

1 + jwCR 

Figure 14 

Therefore as the frequency varies the abso
lute value of Zin will vary and will affect the 
INRs', input noise value. 

An amplifier gain of 68dB yields an output 
signal voltage of 1V rms. 

For an input signal of 10mV rms, 40dB of 
gain, and 1V rms output, the NE542 gives a 
S/N ratio: 

SIN= 20 log 10,000 = 82.3dB 
0.77 

Another popular figure of merit for measur
ing the noise performance of an amplifier is 
noise figure. We first define noise factor IFI 
as 

F =Noise power input( Tot.l 

Thermal noise power 

in terms of voltage this can be expressed as: 

4KTRs + (en2 + in2R52) 
F= = 5.34, Rs= 6800 

4KTR, (15) 

The noise figure is now defined as: 

N.F. = 10 log F ldBI 

or 

N.F. = 10 log 4KTR, + en2 + in2Rs2ldBI 
4KTR, (16) 

A noiseless amplifier will, therefore, have a 
noise figure of "O" dB. Although the band
width has been eliminated from this calcula
tion, it is still an influencing factor on the 
noise figure since the value of en and in will 
be dependent on the bandwidth of interest. 
This is especially true if l/f or high frequency 
noise is in this bandwidth. 

From Figures 15 and 16 we can calculate the 
noise figure. For the NE542 the noise figure 
for 100 Hz to 10Hz, 3dB bandwidth (15.7 kHz 

equivalent noise bandwidth) and a source 
resistance of 5K ohms is: 

N.F. = 10 log (1 + ~~ in2R,2) 

4KTRS (17) 

( 171 2 x 10-18+1.2512x10-24 x Rs2) NF=101og 1+-----------
75 x 10-18 

4X 1.38 X 1523 X 300° K XRs 
= 10 log x 

= 7.27@ Rs = 680!1 
= 2.07@ Rs = 5Kn 
= 1.25@ Rs= 10Kfl 

To this point, the discussion has been limit
ed to flat band response and no mention of 
the effect of equalization networks has been 
made. In instances where the gain of the 
amplifier is changing significantly across 
the frequency band of interest, as is the case 
for NAB and RIAA equalization, the noise 
performance is significantly improved. 

The following table lists the spectral voltage 
and current noise densities and the respec
tive corner frequencies for several different 

GENERAL EQUATIONS 

Total Spectral Voltage Noise 

EN lfe- fLI = en~(t-)+ lfH - fLI 
(18) 

Total Spectral Noise Current 

(19) 

Thermal 

Et~ 4 KTR lfH - fLI 
K = 1.38 x 10-23 joules/°K (20) 
T =abs. temp in °K 
k ~"' ohms 
ft~ 1.28x10-10 VRlfH - fLI at Room Temp. 

Shot at Room 

(21) 

Total Noise* 

IENTI fH-= JEn2+(1N Rs1l2+1N2 Rs22+Et12+Et22 

~ ~~ 

SPECTRAL VOLTAGE AND CURRENT NOISE DENSITIES 

µA741 5534 LF357 NE542 

en lnv/yHzl 40 4 12 7 
in lpa/yHzl .25 .6 .01 .25 
en fee IHzl 200 90 50 800 
in lei IHzl 1.5k 200 1 700 

TABLE 2 

NOTES 
1 The current spectral noise is omitted for the LF series since current noise levels in J-FET devices are 

insignificant. 
2 The spectral current noise for the LM387 is relatively linear over the frequency spectrum of 1 OOHz to 

10 kHz and is not specified below 1 OOHz 

LM387 

9 
0.7 
850 
2 
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INPUT NOISE CURRENT VS. FREQUENCY INPUT NOISE VOLTAGE VS. FREQUENCY 
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TOTAL NOISE CONFIGURATION 

Figure 17. 

Example: 

In order to determine the total noise of any 
device the following basic procedures can 
be used. 

1. Determine the spectral voltage noise 
value en and the 3dB corner frequency. 
Ill the value is not listed, but a curve 
given, the spectral noise value will be 
that value above the 3dB corner frequen
cy on the flat portion of the curve.I 

2. Determine the spectral current noise 
value Tn and the 3dB corner frequency. 
!The same note holds true as for the 
spectral voltage noise, except that the 
corner frequencies are generally not the 
same!. 

3. Determine the thermal noise of the input 
port source resistances by using the 
basic equal at room temperature of 
Er= 1.28 x 10-10 VR/VHz 
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4. Using Equation 1, 2, and 4 and using Fig· Using the factor of 6 
ure 1 as a basic block, we then can deter-
mine the total current and voltage noise at fnorne P-P = 3.00µV p-p will never be exceeded in 
the input ports. 99.73% of all cases. 

5. Employing Equation 5 we can then de-
termine the total RSS voltage noise re- For the second band 11kHz to 10kHzl 

!erred to the input of the amplifier. 
6. If the closed loop gain of the system is "EN~· 4 x 10-9 v'900o = .38µV rms 

known, then the total output noise is 
then "INRs = .6 X 10-12 J 9000 x 11041 = .58µV rms 

ENout = ENin X AcL 

Given: From Table 2, the NE5534 operating 
over the range of 10Hz to 1 kHz and 1 kHz to 
10kHz, with Rs= 10k0: determine total input 
noise over each bandwidth. 

EN lfH - ILi =en Jtce In fH + lfH - ILi --
IL (18) 

IN lfH - ILi = in }1,1 In fH + lfH - fLI 
fL (19) 

Er=1.28X1Q-10~ (21) 

I ENT I :: = J IEN12 + lln1R5 112 + IE112 
(22) 

For the first band 11 OHz to 1 kHzl 

EN= 4 x 10-9 J 90 1n 11001+19901 = .15µV rms 

INRs = .6 x 10-12 J 2001n1100!+19901x11041 = 
.26µV rms 

Er= 1.28 x 10-B J 990 = 0.4µV rms 

1000 
ETH = J IEN12 + llNRsl2 + ET2 = O.SOµV rms 

10 

Et= 1.28 x10-10 J 10• 19000! = 1.21µV rms 

NOTE 
·For frequencies above 1kHz only white noise 1s a 

consideration 

I I 10kHz 
ETH =J1.3812+1.5712+11.2112µV rms 

lkHz 

I I 10kHz 
ETH = v'1.39µV rms 

RSS 1kHz 

ETH = 8.34µV p-p 
ma> 

CONCLUSION 
The designer should look at the previous 
application note as a reasonable approach 
to determine system noise levels. The varia
tions of parameters, such as resistance 
values, temperature, bandwidth are control
lable by design procedure; however, the 
parametric variations of the monolithic op 
amps are controlled by the IC manufacturer. 
Signetics manufactures a wide variety of 
operational amplifiers designed to meet all 
contingencies. 
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VIDEO AMPLIFIER PRODUCTS 

NE/SE592 Video Amplifier 
The 592 is a two stage differential output, 
wideband video amplifier with voltage gains 
as high as 400 and bandwidths up to 
120MHz. 

Three basic gain options are provided. 
Fixed gains of 400 and 100 result from 
shorting together gain select pins G1A -
Gm and G2A-G2B respectively. As shown 
by Figure 1 the emitter circuits of the differen
tial pair return thru independent current 
sources. This topology allows no gain in the 
input stage if all gain select pins are left open. 
Thus the third gain option of tying an exter
nal resistance across the gain select pins 
allows the user to select any desired gain 
from 0 to 400 volts per volt. The advantages of 
this configuration will be covered in greater 
detail under the filter application section. 

Three factors should be pointed out at this 
time: 

1. The gains specified are differential. 
Single ended gains are one half the stated 
value. 

2. The circuit 3dB bandwidths are a func
tion of and are inversely proportional to 
the gain settings. 

3. The differential input impedance is an 
inverse function of the gain setting. 

In applications where the signal source is a 
transformer or magnetic transducer the 
input bias current required by the 592 may 
be passed directly thru the source to 
ground. Where capacitive coupling is to be 
used, the base inputs must be returned to 
ground through a resistor to provide a de 
path for the bias current. 

Due to offset currents, the selection of the 
input bias resistors is a compromise. To 
reduce the loading on the source, the resis
tors should be large, but to minimize the 
output de offset, they should be small -
ideally 0 ohms. Their maximum value 1s set 
by the maximum allowable output offset 
and may be determined as follows· 

1. Define the allowable output offset !as
sume 1.SVI. 

2. Subtract the maximum 592 output offset 
!from the data sheet!. This gives the out
put offset allowed as a function of input 
offset currents 11.5V - 1.0V = 0.5VI. 

3. Divide by the circuit gain !assume 1001. 
This refers the output offset to the input. 

4. The maximum input resistor size is: 
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RMAX = __ J.rip_LI!.Qffs~~oltage__ (1) 
Max Input Offset Current 

.005V 
5µA 

·c 1.00kl) 

Of paramount importance during the design 
of the NE592 device was bandwidth. In a 
monolithic device, this precludes the use of 
pnp transistors and standard level shifting 
techniques used in lower frequency de
vices. Thus without the aid of level shifting 
the output common mode voltage present 
on the NE592 1s· typically 2.9 volts. Most 
applications, therefore. require capacitive 
coupling to the load. An exception to the 
rule is a differential amplifier with an input 
common mode range greater than +2.9V as 
shown in Figure 2. In this circuit, the NE592 
drives a NE511 B transistor array connected 
as a differential cascode amplifier. This ampli
fier is capable of differential output voltages 
of 48V peak-to-peak with a 3dB bandwidth of 
approximately 10MHz (depending on the 
capacitive load). For optimum operation, R1 is 
set for a no signal level of + 18V. The emitter 
resistors, RE, were selected to give the cas
code amplifier a differential gain of 10. The 
gain of the composite amplifier is adjusted at 
the gain selected point of the NE592. 

Filters 
As mentioned earlier. the emitter circuit of 
the NE592 includes two current sources 

Since the stage gain 1s calculated by d1v1d
ing the collector load impedance by the 
emitter impedance. the high impedance 
contributed by the current sources causes 
the stage gain to be zero with all gain select 
pins open. As shown by the gain vs. fre
quency graph of Figure 3 the overall gain at 
low frequencies is a negative 48d8. 

Higher frequencies cause higher gain due 
to distributed parasitic capacitive react
ance. This reactance in the first stage emit
ter circuit causes increasing stage gain until 
at 10MHz the gain is OdB or unity. 

Referring to Figure 4, the impedance seen 
looking across the emitter structure includes 
small r • of each transistor. 
Any calculations of impedance networks 
across the emitters then must include this 
quantity. The collector current level is ap
proximately 2mA causing the quantity of 2 
re to be approximately 32 ohms. Overall 
device gain is thus given by 

V0 1SI _ 1.4 X 104 
ViN1s1 - Z1s; +32 (2) 

where Z1s) can be resistance or a reactive 
impedance. Table 2 summarizes the possible 
configurations to produce low, high, and 
bandpass filters. The emitter impedance is 
made to vary as a function of frequency by 
using capacitors or inductors to alter the fre
quency response. Included also in Table 2 is 
the gain calculation to determine the voltage 
gain as a function of frequency. 

PARAMETER NE/SE592 733 

BANDWIDTH 120 120 
(MHz) 

GAIN 0, 100,400 10, 100,400 

R1N 4-30 4-250 
(K) 

Vpp 4.0 4.0 
{VOLTS) 

Table 1 VIDEO AMPLIFIER COMPARISON FILE 
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592 INPUT STRUCTURE 

All resistor values are in ohms. 

Figure 1 

VOLTAGE GAIN AS A 
FUNCTION OF FREQUENCY 

(ALL GAIN SELECT PINS OPEN) 

V5• ·6V 
TAT 2'5 c 

~ 

~ ~ 
~ 

\ 

b:::::::::: 

Figure 3 

Differentiation 
With ihe addition of a capacitor across the 
gain select terminals the NE592 becomes a 
differentiator. The primary advantage of 
using the emitter circuit to accomplish dif
ferentiation is the retention of the high 

VIDEO AMPLIFIER WITH HIGH 
LEVEL DIFFERENTIAL OUTPUT 

All resistor values ar~ in ohms 

Figure 2 

Z NETWORK FILTER Vo Isl TRANSFER 
TYPE V1 Isl FUNCTION 

R L 
1.4 x 1o4 

[s+1
R/d 

~ LOW PASS --L--

R c 
1.4 x 104 [s+;!Rc] ~I 0 HIGH PASS --R-

R L c ~io4 
[s2+ A/L's+ 1/Lc] ~1--o BANO PASS 

L 

L 

~ BANO REJECT 
1.4 x 104 [ ,2 + 1/LC J -R- s2 + 1/LC + s/RC 

NOTE: In the networks above, the A value used is assumed to include 2 re. or 
approximately, 32 ohms 

Table 2 FILTER NETWORKS 

common mode noise rejection. Disc file 
playback systems rely heavily upon this 
common mode rejection for proper opera
tion. Figure 5 shows a differential amplifier 
configuration with transfer function. 

Disc file Decoding 
In recovering data from disc or drum files, 
several steps must be taken to pre-condition 
the linear data. The NE592 video amplifier, 
coupled with the 8T20 bi-directional one
shot, provides all the signal conditioning 
necessary for phase encoded data. 

When data is recorded on a disc, drum or 
tape system, the readback will be a Gaus-

sian shaped pulse with the peak of the pulse 
corresponding to the actual recorded trans
ition point. This readback signal is usually 
500µV p-p to 3mV p-p for oxide coated disc 
files and 1to20mV p-pfor nickel-cobalt disc 
files. In order to accurately reproduce the 
data stream originally written on the disc 
memory, the time of peak point of the Gaus
sian readback signal must be determined. 

The classical approach to peak-time deter
mination is to differentiate the input signal. 
Differentiation results in a voltage propor
tional to the slope of the input signal. The 
zero-crossing point of the differentiator, 
therefore, will occur when the input signal is 

8-227 
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BASIC GAIN CONFIGURATION 
FOR NE592, N14 

v, 

2" 

~. h1f+!~t~ 
"!~_K __ 1~ 

Z(1) + 32 

.. 

-· 

Figure 4 

at a peak. Using a zero-crossing detector 
and one-shot, therefore, results in pulses 
occurring at the input peak points. 

A circuit which provides the pre
conditioning described above is shown in 
Figure 6. Readback data is applied directly to 
the input of the first NE592. This amplifier 
functions as a wideband ac coupled amplifier 
with a gain of 100. The NE592 is excellent for 
this use because of its high phase linearity, 
high gain and ability to directly couple the unit 

DIFFERENTIAL WITH HIGH 
COMMON MODE NOISE REJECTION 

•6 

V1 

''T 
I" VO 

-· 
For frequency F1 <:-.- 1/2 rr(32JC 

Vo ;;,;1.4 X 104C ~~ 
All resistor values are in ohms 

Figure 5 

with the readback head. By direct coupling o! 
readback head to amplifier, no matched termi
nating resistors are required and the excel
lent common mode rejection ratio of the 
amplifier is preserved. DC components are 
also rejected because the NE592 has no gain 
at de due to the capacitance across the gain 
select terminals. 

SMHz PHASE-ENCODED DATA 
READ CIRCUITRY 

4mH 

AN141 

The output of the first stage amplifier is 
routed to a linear phase shift low pass filter. 
The filter is a single stage constant K filter, 
with a characteristic impedance of 200!! . 
Calculations for the filter are as follows: 

L = 2A/we Where R = characteristic impedance 
lohmsJ 

C = 1/wc we= cutoff frequency (radians/secJ 

The second NE592 is utilized as a low noise 
differentiator/amplifier stage. The NE592 is 
excellent in this application because it al
lows differentiation with excellent common 
mode noise rejection. 

The output of the differentiator/amplifier is 
connected to the 8T20 bi-directional mon
ostable unit to provide the proper pulses at 
the zero-crossing points of the differentia
tor. 

The circuit in Figure 6 was tested with an 
input signal approximating that of a readback 
signal. The results are shown in Figure 8. 

Automatic Gain Control 
The NE592 can also be connected in con
junction with a MC1496 balanced modula
tor to form an excellent automatic gain 
control system. 

--~------~---+~·-_______/YYY\~- ·-------0 +5 \/ 
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X100 AC 
PRE-AMPllFtER 

All resistor vafues are in ohms 

LINEAR PHASE 
LOW PASS FIL TEA 

D!FFERENTIA TOR 

Figure 6 

4mH 

BIDIRECrlONAL 
ONE-SHOT 
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10 µ F 

o-:11--<--~~~~~--< 

51 

51 

0.1 

1K 

lK 

WIDE BAND AGC AMPLIFIER 

lK 

2.7K 2.7K 

0.1 µf 

MC1496 

12>-----

14 10 

1 0.1,,f 0.1 µ F 

f--0 

3.3K 

lK 

.__ __ ._ __ ._--'l.1\11..-..._~--~---.._-~~-~~~~~-~--t>---~--o-sv 

Al! resistor values are in ohms 

The signal is fed to the signal input of the 
MC1496 and RC coupled to the NE592. 
Unbalancing the carrier input of the 
MC1496 causes the signal to pass thru 
unattenuated. Rectifying and filtering one 
of the NE592 outputs produces a de signal 
which is proportional to the ac signal ampli
tude. After filtering this control signal is 
applied to the MC1496 causing its gain to 
change. 

Figure 7 

AN141 

8 

8-229 



LINEAR LSI PRODUCTS 

USING THE NE592/5592 VIDEO AMPLIFIER AN141 

TEST RESULTS OF DISC 
FILE DECODER CIRCUIT (FIGURE 5·108) 

Figure 8 
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COMPENSATION TECHNIQUES FOR USE WITH THE SE/NE5539 AN140 

NE5539 DESCRIPTION 
The Signetics SE/NE5539 ultra-high fre
quency operational amplifier is one of the 
fastest monolithic amplifiers made today. 
With a unity gain bandwidth of 350MHz 
and a slew rate of 600V/µs, it is second to 
none. Therefore, it is understandable that 
to attain this speed, standard internal 
compensation would have to be left out of 
its design. As a consequence, the op amp 
is not unconditionally stable for all closed
loop gains and must be externally com
pensated for gains below 17dB. Properly 
done, compensation need not limit slew 
rate. The following will explain how to use 
the methods available with the SE/NE5539. 

LEAD AND LAG-LEAD 
COMPENSATION 
A useful method for compensating the 
device for closed-loop gains below seven 
is to use lag-lead and lead networks as 
shown in Figure 1. The lead network is pri
marily concerned with compensating for 
loss of phase margin caused by distrib
uted board capacitance and input capaci
tance, while lag-iead is mainly for optimiz
ing transient response. Lead compensa
tion modifies the feedback network and 
adds a zero to the overall transfer func
tion. This increases the phase, but does 
not greatly change the gain magnitude. 
This zero improves the phase margin. 

To determine components, it can be 
shown that the optimal conditions for 
amplifier stability occur when: 

(R1) (Cdistl =(RF) (C1ead) (1) 

However, when the stability criteria is ob
tained, it should be noted that the actual 
bandwidth of the closed-loop amplifier 

Co1s1 -+--~vRv·.,._ __ l LEAD 
r--H--~ 

...L 

CL=CLAG 

RL=RLAG 

Vour 

will be reduced. Based on using a double
sided copper-clad printed circuit board 
with a distributed capacitance of 3.5pF 
and a unity gain configuration, C1oad would 
be 3.5pF. Another way of stating the rela
tionship between the distributed capac
itance closed-loop gain and the lead 
compensation capacitor is: 

R1 
C1ead = Cdist ~ (2) 

When bandwidth is of primary concern, 
the lead compensation will usually be ade
quate. For closed-loop gains less than 
seven, lag-lead compensation is neces
sary for stability. 

If transient response is also a factor in 
design, a lag-lead compensation network 
may be necessary. (Reference Figure 1.) 
For practical applications, the following 
equations can be used to determine 
proper lag-lead components: 

Therefore, 

RF 
---"?.? 
R1/IR1ag 

(4) 

(5) 

Using the above equation will insure a 
closed-loop gain of seven above the net
work break frequency. c,.9 may now be 
approximated using: 

W1a9 = 2"(GBW) Rad/Sec (6) 
10 

7r(GBW) 
W1ag= --5-- Rad/Sec 

c. 

Co1sr 
r - -H- - ...--'V\1\,-__. 

...L 

NON-INVERTING 

(7) 

Vour 

Figure 1. Standard Lag-Lead 
Compensation 

Where 

1 
wlag= ---

(R1agHC1ag) 

Therefore, 

"(GBW) 

--5- = (R1ag)(C1ag) 

And 

5 

(8) 

(9) 

clag=------ (10) 
KR1ag(GBW) 

This method adds a pole and zero to the 
transfer function of the device, causing 
the actual open-loop gain and phase curve 
to be reshaped, thus creating a progres
sive improvement above the critical fre
quency where phase changes rapidly. 
(Near 70MHz; see Figures 2A and 2B.) But 
also, the lag-lead network can be adjusted 
to optimize gain peaking for transient 
responses. Therefore, rise time, over
shoot, and settling time can be changed 
for various closed-loop gains. The result 
of using this technique is shown for a 
pulse amplifier in Figure 3 

oo 1--~.,,,.,.,.,.,,._....:-+--'\----I 

-90° r---------~-
-1800 

70MHz 

Figure 2A. Closed-Loop Inverting 
Gain of Seven Gain-Phase Response 

(Uncompensated) 

Figure 28. Open-Loop Phase 
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V1N 

"::' 

8-232 

OUTPUT 
200mV 

p.p 
INPUT 

100mV 
p.p 

SMALL SIGNAL RESPONSE 

100mVIDIV 

10ns/OIV 

Figure 3. Compensated Pulse Response 

RF 

Cc 

Vour 

INVERTING 

"::' 

V1N 

Figure 4. Pin 12 Compensation 

2K 

INVERTING 

R1 

Re 

Figure 5. Pulse Response Test Circuits 

USING PIN 12 COMPENSATION 
An alternate method of external compen· 
sation is obtained by use of the SE/ 
NE5539 frequency compensation pin. The 
circuits in Figure 4 show the correct way 
to use this pin. As can be seen, this 
method saves the use of one capacitor as 
compared to standard lag-lead and lead 
compensation as shown in Figure 1. 

But, most important, both methods are 
equally effective; i.e., a good wideband 
amplifier below 17d8, with control over 
ringing and overshoot. For example, in
verting and non-inverting amplifier circuits 
using pin 12 are shown in Figure 5. The 
corresponding pulse response for each 
circuit is shown in Figures 6 and 7 for the 

RF 

Cc 

Vour 

NON·INVERTING 

2K 

NON-INVERTING 
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INPUT 

OUTPUT 

CRITICALLY DAMPED 

RISE TIME - 2.4ns 
Re= 11an - Cc= 4.6pF 
PROPAGATION OELAY = 2.3ns 

(•) 

10n&IDIV 

UNDER DAMPED 

RISE TIME - 2.1 ns 
Re= 200 - Cc= 5.4pF 
PROPAGATION DELAY= 2.3ns 

(b) 

100mV/DIV 

Figure 6. Small Signal Response - Non-Inverting 

INPUT 

OUTPUT 

CRITICALLY DAMPED 

RISE TIME 5.3n1 
Re = 2260 - Cc = 2.3pF 
PROPAGATION DELAYm5.1na 

(1) 

10ntlDIV 

UNDER DAMPED 

RISE TIME - 3.3ns 
Re = 4600 - Cc = 2.0pF 
PROPAGATION DELAY= 4.5ns 

(b) 

100mV/DIV 

Figure 7. Small Signal Response - Inverting 

Figure 8. C0 Wiii Reduce Output 
Offset and Noise 

network values recommended. As shown 
by the response photos, the overshoot 
and settling time can be controlled by ad
justing Re and Cc. In damping the over
shoot, rise time is slightly decreased. 
Also, the non-inverting configuration (Fig
ure 6) gives a very fast response time com
pared to the inverting mode. 

If it is important to reduce output offset 
voltage and noise, an additional capacitor, 
C0 , can be added in series with the resis
tor (Re) across the inputs. This should be a 
large value to block DC but not affect the 
benefits of the compensation compo
nents at high frequencies. A value of 
0.01µF as shown in Figure 8 is sufficient. 

INTERNAL CHARACTERISTICS 
OF THE SE/NE5539 
In order to better understand the compen· 
sat ion procedure, a detailed discussion of 
the amplifier follows. 

The complete amplifier schematic is 
shown in Figure 9. To clarify the effect of 
the compensation pin, the schematic is 
split into five main parts as shown In 
Figure 10. 

Each segment in Figure 10 is defined as 
follows: starting from the non-inverting in
put, Section A1 is the amplification from 
the input to the base of transistor 0 4• A2 is 
from the base of 0 4 to the summation 
point at the collector of 0 3. Furthermore, 
A3 represents the gain from the non
inverting input to the summation point via 
the common emitter side of 0 2 and 03. 
Finally, BF is the feedback factor of the 
positive feedback loop from the collector 
of 0 3 to the base of 0 4• 

From Figure 10, it can be seen that the 
total gain (Ar) is: 

A1A2 
Ar= + A3(1 + BFA2) 

1 - (BFA2) 

Each term In this equation plays a role at 
different frequencies to determine the 
total transfer function of the device. Of 
particular Importance is the pole in A3 
(near 340M Hz) which causes a roll·off of 
12dB/octave and loss of phase margin just 
before unity gain. This can be seen in the 
Bode plot in Figure 11 A. To overcome this 
pole, a capacitor and resistor are con· 
nected as shown in Figures 12A and 12B. 
The compensation pin is connected to the 
emitter of 0 5, which is in an emitter· 
follower configuration. Therefore, a reac
tance connected to pin 12 acts essentially 
as if it were connected at the base of 0 5. 

Since the capacitor is connected here, it is 
now a component of BF and a zero is 
added to the transfer function. The resis
tor across the input pins controls overall 
gain and causes Ar to cross OdB at a lower 
frequency; the capacitor in the feedback 
loop controls phase shift and gain peak
ing. 

To further explain, Bode plots of open
loop response using varying capacitor val
ues and corresponding pulse responses 
are shown in Figures 13A through 13F. The 
changes in gain and phase can readily be 
seen, as is the effect on bandwidth. 

COMPUTER ANALYSIS 
The open-loop and pulse response plots 
were generated using an IBM 370 com
puter and SPICE, a general-purpose circuit 
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COMPENSATION 

10K 

OUT 

Figure 9. Complete Schematic of SE/NE5539 

OUTPUT 

Figure 10. Internal Sections 
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ii 55 
~ 

i--- ,...._ 
~ ~ 

o• 

~dB .::s.. --~ 
,..._ 

w 
~ 
x 

-...... .180° 

~ 
0.. 

270 350 
I (MHz) 

Figure 11A. Open·Loop Gain - No 
Compensation 

(Computer Simulation) 

OUTPUT 

n. lLl Jl n. 
I rr I JI ]l :A 
_l lL ll__l fill 

v 11 
INPUT 

5ns/DIV 

Figure 118. Closed·Loop Non·lnverting 
Response - No Compensation 

(Computer Simulation -
Oscillation is Evident) 

simulation program. Each transistor in the 
part is mathematically modeled after 
actual device parameters, which were 
measured in the laboratory. Then these 
models are combined with the resistors 
and voltage sources through node num
bers so that the computer knows where 
each is connected. 

To indicate the accuracy of this system, 
the actual open-loop gain is compared to 
the computer plots in Figures 14 and 15. 
The real payoff for this system is that once 
a credible simulation is achieved, any out
side circuit can be modeled around the op 
amp. This would be used to check for fea
sibility before breadboarding in the lab. 
The internal circuit can be treated like a 
black box and the outside circuit program 
altered to whatever application the user 
would like to examine. 

--I~ 
Co Re 

ALTERNATE 
LOWERS OFFSET 

OUTPUT 

Figure 12A. Pin 12 Compensation Showing Internal Connections - Inverting 

------<t----<t--t---- + 

Re 

--I~ 
Co Re 

ALTERNATE 
LOWERS OFFSET 

R1 

OUTPUT 

Figure 128. Pin 12 Compensation Showing Internal Connections - Non-Inverting 
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a; 
:&. 
> 

" 

250350 

f(MHz) 

Figure 13A. Open-Loop Pin 12 
Compensation -

> 

Re= 200fl, Cc= 1pF, 
(Computer Simulation) 

i5 t-+t---r- r i r-+>--r-+-

Sns/DIV 

Figure 138. Closed-Loop Non-Inverting 
Pulse Response -

Rc=200fl, Cc=1pF, Av=3 
(Computer Simulation - Underdamped) 

40 

20 

10MHz 100MHz 350 1GHz 

Figure 14. Actual Open-Loop Gain 
Measured in Lab 
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150 350 

f(MHz) 

Figure 13C. Open-Loop Pin 12 
Compensation -

Re= 200!1, Cc= 2pF 
(Computer Simulation) 

f--+- - -J~br--;~f-T+--·+·-+
r-. ~f-T-l--+--r--t---1 

INPll \ii 
- t+-+- ···--~~-··---"--r·--t----t--.+-~l-1t--t---1 

1 l!--] ± ~ 
J_ 

f-i=t_-i-f-· +---1----1---+---t---1 

Sns!DIV 

Figure 130. Closed-Loop Non-Inverting 
Pulse Response -

55 a; 
:&. 
> 
<t 

Re= 20on, Cc= 2pF, Av= 3 
(Computer Simulation -

Critically Damped) 

350 

f(MHz) 

Figure 15. Computer-Generated Open· 
Loop Gain 

43 

75 350 

f (MHz) 

Figure 13E. Open-Loop Pin 12 
Compensation -

Re= 20011, Cc= 3pF 
(Computer Simulation) 

5nsf01V 

Figure 13F. Closed-Loop Non-Inverting 
Pulse Response -

Re= 200!1, Cc= 3pF, Av= 3 
(Computer Simulation -

Overdamped) 
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Conceptually, three basic approaches exist 
for obtaining regulated DC voltage from an 
,..:; power source. These are: 
• Shunt regulation 
• Series linear regulation 
• Series switched mode regulation 

All required M:; power line rectification 

The series switched mode regulators will be 
referred to as switched mode power supplies 
or SMPS during the course of this article. 

Briefly stated, if all three types of regulation 
can perform the same function, following 
are some of the key parameters to be ad
dressed: 

From an economical point of view. cost 
of the system is paramount. 
From an operations point of view. weight 
of the system is critical. 
From a design criteria, system efficiency 
is the first order of business. 

The series and shunt regulators operate on 
the same principle of sensing the DC output 
voltage. comparing to an internal reference 
level and varying a resistor !active device) to 
maintain the output levels within pre
specified limits. 

Switched mode power supplies ISMPSl are 
basically DC to DC converters. operating at 
frequencies in the 20kHz and higher region 
Basically the SMPS is a power source which 
utilizes the energy stored during one por
tion of its operating cycle to supply power 
during the remaining segment of its operat
ing cycle. 

Linear regulators. both shunt and series, 
suffer when required to supply large cur
rents with resultant high dissipation across 
the regulating device. Efficiency suffers 

tremendously. !Efficiencies less than 40% 
are typical.I 

Switched mode power supplies operate at 
much higher levels of efficiency !generally 
in the order of 75%to80%l thereby reducing 
significantly the energy wasted in the regu
lated supply. The SMPS does. however. 
suffer significantly in the ripple regulation it 
is able to maintain as opposed to a much 
higher degree of regu la ti on available in 
series lor shuntl linear regulators. 

The linear regulators obtain improved regu
lation by virtue of the series pass elements 
always conducting, as opposed to SMPS 
devices having their active devices operat
ive only during a portion of the overall 
operating period. 

Some definitions and comparisons between 
linear regulators and switched mode power 
supplies are below for reference. 

REGULATION 
line Regulation: 
(Sometimes referred to as static regulation) 
refers to the changes in the output (as a per
cent of nominal or actual value) as the input 
,..:; is varied slowly from its rated minimum 
value to its rated maximum value (eg. from 
105VACRMS to 125VM:;RMS). 

Load Regulation: 
(Sometimes referred to as dynamic regula
tion) refers to changes in output (as a percent 
of nominal or actual value) when the load con
ditions are suddenly changed (eg. minimum 
load to full load.) 
NOTE 
The comb1nat1on ol static and dynamic regulalton are 

cumulative. care should be taken when referring to 
tfie regulation characteristics of a power supply 

LOSSES IN REGULATED POWER SUPPLIES 

•a 
045 P 1 

.. 

LINEAR OUTPUT 
REGULATOR 

Thermal Regulation: 
Referred to as changes due to ambient 
variations or thermal drift. 

TRANSIENT RESPONSE 
The ability cif the regulator to respond to rapid 
changes in either line variations, load varia
tions, or intermittent transiet input conditions. 
(This parameter is often referred to as "recov· 
ery time.") 

AC PARAMETERS 
Voltage limiting: 
The regulator's ability to "shut down" in the 
event that the internal control elements fail 
to function. properly. 

Current limiting: 
Often referred to as "fold-back" where the 
amplifier segment pt the regulator folds 
back the output current of the device when 
safe operating limits are exceeded. 

Thermal Shutdown: 
The regulator's ability to shut itself down 
when the maximum die temperature is ex
ceeded. 

GENERAL PARAMETERS 
Power Dissipation: 
The maximum power the regulator can tol
erate and still maintain operation within the 
safe operating area of its active devices. 

Efficiency: 
The ratio lin percent> of the usable versus 
total power being dissipated in a regulated 
supply. !The losses can be ac as well as de 
losses.l 

0.9 0.85 ---.. 
P 1 Pi 

I ~E~~~T~~NC. l 
l!TRANSISTORll L _____ J 

MAINS 
ISOlAT· 
ING AND 
ENERGY 

STORAGE 
ELEMENT 

(a)CONVENTIONAL SUPPLY - 45% EFFICIENCY (b)SWITCHED·MODE SUPPLY· 80% EFFICIENCY 

Figure 1 
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EMl/RFI: 
Generation of radio frequency interference 
signals and magnetic field disturbance espe
cially in SMPS devices. (Transformer and 
choke design are available which reduce both 
RFI & EMI to safe acceptance regions.) 

The balance of this sectron will be dedicated 
to the discussron of the general operatron of 
Switched Mode Power Supplies ISMPSI 
with emphasis on the Signetics NE5560 
Control and Protection Module. 

Switched-mode power supplies rSMPSsl 
have garned much popularity in recent 
years because of the benefits they offer. 
They are used now on a large scale in desk 
calculators. computers. as instrumentation 
supplies. etc . and it is confidently expected 
that the market for this type of supply will 
grow 

The advantages of SMPSs are low weight 
and small srze, high efficrency, wide AC 
input voltage range, and low cost. 

• Low werght and small size are possible 
because operation occurs at a frequency 
beyond the audible range; the inductive 
elements are small 

• High efficiency because. for output reg
ulation, the power transistor is switched 
rapidly between saturation and cut-off 
and therefore has little dissipation; thrs 
eases heatsink requirements. which also 
contributes to weight and volume reduc
tion. Conventional linear-regulator sup
plies may have efficiencies as low as 
50%, or less, but efficrencies of 80% are 
readily achievable with SMPSs; see fig
ure 1. 

• Wide AC input voltage range because of 
the flexibility of varying the switching 
frequency in additron to the change in 
transistor duty cycle makes voltage ad
aptation unnecessary. 

• Low overall cost. due to the reduced 
volume and drssipation. means that less 
materral is required and smaller semi
conductor devices suffrce. 

Switched-mode power supplies also have 
slrght disadvantages rn comparison wrth 
linear regulators. namely, somewhat great
er crrcuit complexity, tendency to r.f.i. radi
atron. slower response to rapid load 
changes. and less abrlity to remove output 
rrpple. 

HOW .SWITCHED-MODE POWER 
SUPPLIES OPERATE 
The swilched-mode power supply is a mod
ern version of its forerunner, the eleclrome
chanical vibrator used in the past to supply 
car radios. But the new concept is much 
more reliable because of the far greater life-
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BLOCK DIAGRAM OF SWITCHED-MODE 
POWER SUPPLY 

DRIVE CONTROL 
CIRCUIT CIRCUIT 

RECTIFIER 

DC TO DC CONVERTER 
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H F. SWITCH 
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~n nrl rm 1 l 
ULJLJLJLJL t== 

DC 
60H1 DC 

NOTE 
Switching frequency is between 20kHz and SOkHz 

Figure 2 

time of the transistor switch. Figure 2 shows 
the principle of the ac fed SMPS. In this sys
tem the ac voltage is rectified, smoothed, and 
supplied to the electronic chopper, which 
operates at a frequency above the audible 
range to prevent noise. The chopped de volt
age is applied to the primary of a transformer, 
and the secondary voltage is rectified and 
smoolhed to give the required de output. The 
transformer is necessary to isolate the output 
from the input. Output voltage is sensed by a 
control circuit, which adjusts the duty cycle of 
the switching transistor, via the drive circuit, 
to keep the output voltage constant irrespec
tive of load and line voltage changes. Without 
the input rectifier, this system can be oper
ated from a battery or other de source. 

Depending on the requirements of the 
applrcation. the de-to-de converter can be 
one of the three basrc types: fly back convert
er, forward converter. or push-pull lbal
ancedl converter 

The Flyback Converter 

Figure 3 shows the flyback converter circuit, 
and the waveforms of transistor voltage, Vee• 
and choke current, iL, reflected to the primary 
(choke double-wound for line isolation). Cycle 
time and transistor duty cycle are denoted T 
and b, respectively. While 01 conducts, 
energy is accumul<>.ted in the choke magnetic 
field (IL rising and D1 reversed biased), and it 
is discharged into the output capacitor and 
the load during the flyback period, that is, 
while 01 is off (iL falling and D1 !onward 
biased). During 01 conduction, C0 continues 
delivering energy to the load so providing 
smoothing action. It will be noted that only 
one inductive element is needed, in distinc
tion to the converter types discussed below, 

which require two. As the Vee waveform 
shows, the peak collector voltage is twice the 
input voltage, V1, for b equal to 0.5. 

The Forward Converter 

A major advantage of the forward converter, 
particularly for low output voltage applica
tions, is that the high-frequency output ripple 
is limited by the choke in series with the out
put. Figure 4 illustrates the circuit. During the 
transistor-on (or !onward) period, energy is 
simultaneously stored in the choke L0 and 
passed via D1 to the load. While 01 is off, part 
of the energy accumulated in L0 is transfer
red to the load through free-wheeling diode 
D2. Output capacitor C0 smoothes the ripple 
due to transistor switching. After transistor 
turn-off, the magnetic energy built up in the 
transformer core is returned to the de input 
via the demagnetizing winding (closely coup
led with the primary) and D3, so limiting the 
peak collector voltage to twice the input volt
age V1• 

The Push-Pull Converter 
This converter type, given in Figure 5, con
sists of two !onward converters operating in 
push-pull. Diodes 0 1 and 0 2 rectify the rec
tangular secondary voltage generated by 01 
and 02 being turned on during alternate half 
cycles. Push-pull operation doubles the fre
quency of the ripple current in output filter 
L0C0 and so reduces the output ripple volt
age. The peak transistor voltage is 2V1• 

MAKING THE BEST CONVERTER 
CHOICE 
There exist several versions of the three 
fundamental circuits described earlier. 
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FL YB ACK CONVERTER CIRCUIT 
DIAGRAM AND WAVEFORMS 

NOTES 
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These are shown in Figure 6. Circuits IA, llA 
and lllA are the basic types. In the two
transistor circuits IB and llB, transistors 01 
and 02 conduct simultaneously and diodes 
0 40 5 limit the peak collector voltage to the 
level of DC input voltage v,. Similarly in the 
push-pull circuits lllB and lllC, the collector 
voltage does not exceed v,, in circuit lllB, 01 
and 02 are turned on during alternate half 
cycles; in circuit lllC, 01 and 04 are turned 
on in one half cycle and 02 03 in the next. 

Converter choice depends on application 
and performance requirements. The flyback 
converter is the simplest and least expen
sive; it is recommended for multi-output 
supplies because each output requires only 
one diode and one capacitor. However, 
smoothing may be a problem where ripple 
requirements are severe. The push-pull type 
has the most complex base drive circuit but 
it produces the lowest output ripple with 
given values of Lo and Co. 

Figure 7 is a general guide for the choice of 
converter type, based on output voltage and 
power. In the case of the flyback converter, it 
becomes more and more difficult to keep the 
percentage output ripple below an acceptable 
level as the output power increases and the 
output voltage decreases; for reasons of cir
cuit economy, however, the flyback converter 
is the best proposition if the output power 
does not exceed about 10W. For output 
powers higher than about 1 kW, the push-pull 
converter is preferable. 

THE CONTROL AND PROTEC· 
TION MODULE 

In addition to providing adequate output 
voltage stabilization against line voltage 
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s VARIOUS D.C.-T0-0.C. CONVERTER 
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CONVERTER TYPE 

v':oo I F! vBACK CONVERTERS 
[Vi 

mo 

l__.______.___ 
mo 

Po {W) 

NOTE 

Converter choice as a function of SMPS Dutput voltage 

V(; and output power. Pu 

Figure 7 

and load changes. the control module must 
give fast protection against overload, equip
ment malfunction. and the effects of sw1tch
on immediately following switch-off. In ad
dition the following features are desirable: 

• Soft Start that is, a gradual increase of 
the transistor duty cycle after switch-on 
causing a slow rise of the output voltage, 
which prevents an excessive inrush cur
rent due to a capacitive load or charging 
of the output capacitor. 

• Synchronization: to prevent interference 
due to the difference in free-running 
frequencies >for example, in a system in 
which a low-power SMPS supplies the 
base drive circuit of the output switching 
transistor in a high-power SMPSI 

• Remote switch-on and switch-off: es
sential for sequential switching of supply 
units in, for instance, a computer supply 
system. 

The control and protection circuitry of a 
switched-mode power supply ISMPSI is a 

SMPS CONTROL-LOOP 
--------·------1 

I~ Vour 

1----:EEDBACK 1----PROT __ .... J 
1 NETWORK 

Figure 8 

crucial and complicated part ofthe whole 
supply Integration of this circuitry on a chip 
will therefore ease the design of an SMPS 
considerably. 

SMPS CONTROL-LOOP 
Figure 8 shows the principal control-loop of a 
regulated SMPS. The output voltage V0 is 
sensed and via a feedback network fed to the 
input of an error amplifier where it is com
pared with a reference voltage. 

The output of this amplifier is connected to an 
inp~t of the pulse-width modulator PWM. 

The other input of this modulator 1s used for 
an oscillator signal. which can be a saw
tooth or a triangle 

As a result. a rectangular waveform with the 
frequency of the oscillator is emerging at 
the output of the PWM. 

The width of this pulse is dictated by the 
output voltage of the error amplifier. 

After passing tlirough an output stage, the 
pulse can be used to drive the power transis
tor of the SMPS. 

When the width of the pulse is vaned. also 
the on-time o1 this transistor will vary and 
consequently the amount of energy taken 
from the input voltage V,. 

So. by controlling the duty cycle ii of the 
power transistor. one can stabilize the out
put of the SMPS against line and load varia
tions. The duty cycle o is defined as ton/T for 
the power transistor. Protections for over
voltage. overcurrent, etc, can be realized 
with add1ti0nal inputs on the PWM or the 
output stage. 

INTIAL TURN ON 
It may be helpful to operate an SMPS open 
loop with reduced error amplifier gain. This 
provides an easy way to verify correct opera
tion of control loop elements. 
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Dual Output ± 50V, 1 Amp, 
Forward Converter for Off·line 
Operation 

A straightforward 100 watt off-line converter, 
with transformer isolation to load, is shown in 
Figure 1. 

The NE5560 is operated at a switching fre
quency of 75kHz allowing minimum mag-

netics and component size. Line regula
tion is greatly improved also by making 
use of pin 16, the feed forward input. 
Typical transformer design recommended 
is: T 1: Primary 60T #24, Secondary 20T #26 
on a Ferroxcube #2616 (3C8) pot core 
wound tightly coupled for minimum 
leakage inductance and having adequate 
primary inductance for low droop in the 
base drive waveform. Base drive to 02 

should approach 0.5A peak for fast turn-on 
response and minimum losses. 

T2 provides 2.4 = 1 stepdown from primary 
to each secondary. A primary winding of 
60 turns of #26 wire wound between the 
two secondaries with 25 turns each of #20 
wire. The recommended core is a 
Ferroxcube-type 3622 pot core with a 25 
mil gap to prevent saturation. 

± 50V FEED FORWARD SWITCH MODE CONVERTER 

115VAC 
50-60Hz 
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+ 160V RAB040 

Figure 1 

2K 
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+50V 

1000µF 
100V 
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1000,F 
100V 

-50V 
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NE5560 PUSH-PULL REGULATOR APPLICATOR 

APPLICATIONS 
SE/NE5560 Push-Pull Regulator 
This application describes the use of the 
Signetics SE/NE5560 adapted to function as 
a push-pull switched mode regulator, as 
shown in Figures 1 and 2. 

Input voltage range is + 12 to + 18V for a 
nominal output of + 30 and - 30V at a maxi· 

mum load current of 1 A with an average effi
ciency of 81 %. 

Features include feed forward input compen
sation, cycle-to-cycle drive current protection 
and other voltage sensing, line (to positive 
output) regulation < 1 % for an input range of 
+ 13 to + 18V and load regulation to positive 
output of <3% for aid+) of 0.1to1 Amp. 

AN122 

The main pulse width modulator operates to 
48 kHz with power switching at 24 kHz. 

SE/NE5560 PUSH-PULL SWITCH MODE REGULATED SUPPLY 
WITH CMOS DRIVE CONVERSION LOGIC 

T 1, Primary= 130T (C.T.) #26 
Secondary =18T (C.T.) #22 

Core =Ferroxcube 3622 
3C8 material 

C.T. =SOT #26 on 
Ferroxcube 2616 core (3C8) 
F2D bobbin 

T 2· Primary = 16T (C.T.) # 18 Secondaries (each) 52T (C.T.) #22, 

Core =Ferroxcube 4229 3C8 materiel 
L 1. L2 1201 #20 on single gapped EC35 Ferroxcube core. 3CB material 

ro@ co~~ON 
CUAllEN"f SE .. Sl .. G 

NHWORK 

Figure 1 
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I t---+--"Nr-..-<. 
I 
I 
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~. --~·~l 
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I :i ! l_____ _J 
'° S05WO -=-

@'50V T 2W 

c~ 

" ~"''ctl· "'--OH 

~----~----~ TO 

.1.Q:] ~m ~t__JC -·-
NOTE 
Power ground and signal ground must be kept separated. 
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NOTE 
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DRIVE 

COM 
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1W 

SE/NE5560 PUSH-PULL SWITCH MODE REGULATED SUPPLY 
WITH TTL DRIVE CONVERSION LOGIC 
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CURRENT SENSING 
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T 1, Primary= 130T (C.T.) #28 
Secondary= 18T (C.T.) #22 

Core= Ferroxcube 3622 
3C8 material 

Figure 2 
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C.T. = 50T #26 on 
Ferroxcube 2616 core {3C8) 
F20 bobbin 

T 2, Primary= 16T {CT.) #18 Secondaries (each) 52T (C.T.) #22, 
Core= Ferroxcwbe 4229 3C8 material 

Li, Lz = 120T #20 on single gapped EC35 Ferroxcube core. 3CS material 
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APPLICATIONS 

5V, 0.5A Buck Regulator Operates 
from 15V 
The converter design shows how simple it is 
to derive a TIL supply from a system supply 
of 15V (see Figure 1 ). The NE5561 drives a 
2N4920 PNP transistor directly to provide 
switching current to the inductor. Overall line 
regulation is excellent and covers a range of 
12V to 18V with minimal change ( < 10mV) in 
the output operating at full load. 

As with all NE5561 circuits, the auxiliary slow 
start and Omax circuit is required, as evi
denced by 01. The •max limit may be calcu
lated by using the relationship. 

R2 
R1 + R2 (8.2V) = Vil(max) 

The maximum duty cycle is then determined 
from the pulse-width modulator transfer 
graph, and R1, R2 are defined from the 
desired conditions. 

Cr 

NE5561 Boost Converter with 
Output Variable (18V to 30V, 0.2A) 

The circuit shown uses the NE5561 SMPS 
controller in a non-isolated boost con· 
verter operating from a 15V line. The addi· 
lion of three transistors and one diode is 
necessary to complete the design (see 
Figure 3). 

Operation is as follows. 01 is a cornbina· 
tion slow start and max duty cycle limit 
transistor. When power is first applied to 
the circuit, C7 in a discharged state begins 
to charge toward the divider voltage, V0. 
This Vo+ VaE controls the voltage on pin 4, 
the error amp output, causing the duty cy
cle to be limited initially to 00, then to 
gradually approach its normal operating 
range, o. The base divider is fed from Vz, 
which is nominally 8.2V. 

Output regulation starts at the error ampli· 
lier, with gain set by R2 (adj) and R5 com· 
bi nation. The error amp is stable for closed 
loop gain in excess of 40 dB (X100), for 

AN123 

which the regulation will be approximately 
1%. C4 is added to the output to insure 
stability at gain below 40 dB. C4 creates a 
dominant pole at approximately 1 kHz, 
descending at 6 dB per octave to unity near 
1 MHz. Input to the error amplifier is 
referenced to 3.75V and must reach this 
reference level for the output of the 
NE5561 to be active. Output voltage is 
then the quantity 3.75V limes the divider 
ratio from Vour to Pin 3 as set by R2. 

If the ratio is, for instance, 10:1, the output 
will be = 37V. If the ratio is 5:1, the output 
will be = 18.5V, etc. 

Output to 02 base is a square wave of 
variable duty cycle as determined by load 
demand. The internal transistor is open 
collector and must have a pull-up resist
ance, in this application the base circuit of 
02. The duty cycle O is a fraction between 0 
and 1. The actual on-time is proportional 
then to O • T, where T is the period of the 
free-running frequency of the sawtooth 
generator internal the NE5561. Frequency 

NE5561 5V/0.5A BUCK CONVERTER 
151l 

112W 
VsuPPLY 

....-------..---'VV\r--~------<r----<> +15V to +18V 

+ 100µ.F 

0.0022,.F w 
5% MYLAR 

~---1 !------+------. 
2.2KO 

50V I TANTALUM 

* 18K 

+8.2V 

1KO 

0.47,F 
CERAMIC 

fi 
4700 

L1 29T #20 wire 
Ferroxcube 2616 (3C8) core 

Figure 1 

._rr-rin..-<>----f.o Your 
L1 +5.0V 

0.6mH 

RAB005 

470,F/18V 
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~------------~ 
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VOLTAGE 
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is set by the RC combination, R7 • C5 with 
charging current supplied from Vz (8.2V). 
The stabilizing effect of the internal zener 
supply gives a constant frequency. The 
sawtooth waveform is related to duty cycle 
as shown below. 

+sv~ 

+1.5V 1 ! I 

>--T--' 
I I I 

V5 

1:FL_Jv1 
(V7 NOT TO SCALE) 

03 is switched on during the saturated por
tion of the output waveform from pin 7 of 
the NE5561, termed o, and is switched off 
during the remainder of the cycle (1-0). 

The sawtooth frequency is set at approxi
mately 22 kHz in this example. The NE5561 
is capable of operation to 100 kHz, 
however. 

Pin 6 of the NE5561 operates an over
current protective feature which resets the 
output on pin 7 if the instantaneous pin 6 
voltage exceeds 0.50V. In this case, RB 
determines the peak current of 03 emitter 
circuit prior to shutdown. The operation of 
the over-current circuit is on a pulse to 
pulse basis, returning to normal as soon as 

DC TO DC SMPS USING NE5561 VARIABLE 18V TO 30V OUT AT 0.2A 

Vz 

TO R2 (C) .-e---f-"l 

r - - -, RS 

I 
I 
I 
I 
I 

~.~~ I 270K 

L---
SLOW START 
AND DUTY CYCLE LIMIT ':" 
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the pin 6 voltage falls below 0.50V. As is 
noted, a small degree of filtering is needed 
to eliminate short switching transient, 
allowing only the primary current wave
form to be sensed. 

Switching circuit operation proceeds as 
follows. 03 turns on, causing magnetiza· 
lion current to begin increasing in L1, the 
switching inductor. After initial start up, C3 
is charged to the output, thus with 03 on, 
Diode D1 is reverse biased and does not 
conduct during the duty cycle, o. C3, the 
output capacitor, sustains the full load cur· 
rent during this part of the cycle. When 03 
turns off, the magnetic field energy pre
viously stored in L1 is discharged through 
D1 now forward biased. The output capaci
tor is incrementally charged, restoring its 
depleted voltage. The ripple voltage is a 
function of the size of C3 and its internal 
resistance. For minimum ripple, a low ESR 
(Equivalent Series Resistance) capacitor 
must be used, since previously mentioned 
peak load current flows in C3. 

Single Transistor 100V, 250 mA 
Buck Converter 

With a single 15V zener diode to limit 
package dissipation, the NE5561 controller 
may be operated directly from the rectified 
AC line. The following example shows the 
simplicity of such a converter which is 
capable of a nominal 100V output (see 
Figure 5). A base drive transformer is used 
to gain high voltage isolation between the 
NE5561 and the switching transistor, and to 
provide adequate base drive. A low power 
PNP transistor is used in an auxilliary slow 
start and duty cycle limiting circuit to pre
vent over-excitation (01). 

Operation is as follows. Drive from the 
NE5561 output is fed to the primary of T1, 
base drive transformer, with a pulse-width 
modulated signal causing 02 (BU407) to 
switch current to inductor, Lt. As the cur
rent builds up, energy is stored in L1, coin· 
cident with the saturation period (O) of the 
NE5561 output stage. During this period, 

AN123 

current also flows through L 1 to C0 and the 
load. When 02 cuts off, the choke field col
lapses and D1 conducts as the load is sus
tained by the inductor-stored energy. 

Your is sampled by the divider R7 and RS, 
rising until the junction of the divider is 
forced to 3.75V. Load variations are thus 
translated to duty cycle variations to main
tain constant voltage at the output. The 
measured efficiency at 0.5A load is in ex-

1-'-F ll 

Figure 4 
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cess of 72%. Line regulation is good from 
approximately 93V to 120V., 

The base current waveform driving 02 is 
shown in Figure 4. This indicates that the 
BU407 base current rises initially to 60 mA 
to obtain fast turn-on, then settles to about 
40 mA for the remainder of the duty cycle, 
O. Reverse biasing of the emitter-base 
junction occurs to enhance turn-off. 

Snubber networks are necessary, as 
shown across 02 and commutation diode, 
D1, to prevent component failure during 
fast switching. It is critical that these net
works be placed physically adjacent to the 
respective components they protect, and 
that_ low inductance capacitors and re· 
sisters be used as snubbers (ceramic or 
dura mica caps and carbon resistors). 

The base drive transformer is constructed 
using a Ferroxcube 2616·3C8 core, with 
primary of 120 turns of #26 wire, and 20 
turns of #26 on secondary. The primary is 
wound in a simple solenoidal manner, first 
on the bobbin, followed by a layer of mylar 
tape to provide voltage isolation. Next, the 
secondary winding is added. Primary in· 
ductance measures 45 mH with a leakage 
Inductance of 120 ,..H. It is important to 
have sufficient primary inductance to pre-

vent excessive droop in base drive current. 
Also, leakage reactance must be kept rea· 
sonably low to minimize ringing. 

DC Motor Drive with Fixed Speed 
Control 
The circuit shown in Figure 7 incorpo· 
rates a simple switch mode approach to DC 
motor control, which is efficient and free of 
the dissipation problems inherent in linear 
drives. The NE5561 provides pulse propor
tional drive and speed control based on DC 
tachometer feedback. A simple switching 
circuit consisting of one transistor 
(2N4920 PNP) and a commutation diode is 
used to deliver programmed pulse energy 
to the motor. 

A frequency of approximately 20 kHz is 
used to eliminate audio noise present in 
some switching drives. The DC tach in this 
example delivers 2.7V/1000 RPM. Its out
put is such that negative feedback occurs 
when this voltage is applied. to the error 
amplifier of the NE5561, pin 3, through a 
suitable divider. Note that the voltage to 
pin 3 must be 3.75V In order to obtain servo 
lock. Thus, the divider from the tach output 
must be appropriate to maintain the proper 
ratio for speed control to occur. 

AN123 

As shown In the waveform photo (Figure 6), 
duty cycle varies directly with load torque 
demand. No load current is ::0.3A and full 
load Is 0.6A. Current and voltage wave
forms at 0.6A are shown In Figure 6. If 
desired, torque limiting may be set by feed· 
ing a derivative of motor return current 
back to pin 6 of the NE5561. 

Operating range is 12V to 18V Input for a 
tach output nominal variation of less than 
20 mV, and approximately 4.35V for the 
divider values shown. The motor is a Globe 
100A 565 rated at 12V DC. 

MOTOR CURRENT 
O.SAIDIV 

I- MOTOR VOLTAGE 

1 1\: IT 10VIDIV 

BASE VOLTAGE "'W-..+- I'-+-..... 1--1-1 5VIDIV 

'....ov 

Figure 6 

NE5561 PULSE•WIDTH MODULATED MOTOR DRIVE (CONSTANT SPEED) 
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Synchronization of the 5561 can be accom
plished by forcing the timing pin (Pin 5) above 
the 5.6 volt sawtooth limit comparator for a 
short time. 

EXTERNAL 
SYNC 

This can be accomplished with a simple 
diode-coupled narrow pulse source with fairly 
low source impedance: 

SYNC 
Co GENERATOR 

IN 
"' 914 

.__~___,.,__,___.I--<> JL 
JCT Ro 

A drawback to this approach is that when the This relates the magnitude of the spike to the 
5.6 volt threshold is reached, a discharge size of the pulse. Also assume R0C0 <1,.s. 

transistor is turned on to quickly pull the tim- The free run frequency of the slaved 5561 
ing capacitor to ground and will also attempt should be slightly IOIN8r than the sync fre
to pull the pulse generator to ground. This quency for proper operation. 
condition can be avoided by keeping the 
pulse width very narrow (0.1µs) or by placing 
a differentiator network between the pulse 
generator and the diode. 

The differentiator will now produce a positive 
going spike with the positive edge of the sync 
pulse, resetting the sawtooth without passing 
too much current through the discharge tran
sistor. The negative spike produced by the 
falling edge of the clock will be blocked by the 
diode and will have no effect on the sawtooth 
ramp. A narrow sync pulse is no longer nec
essary while a sharp edged pulse is. The 
value of C0 should be sufficient to ensure that 
a 10V pulse will drive the capacitor, Cr. high 
enough to trip the 5.6V comparator according 
to: 
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APPLICATIONS 
The capacitor-diode output circuit is used in 
Figure 1 as a polarity converter to generate a 
- 5 volt supply from + 15 volts. This circuit is 
useful for an output current of up to 20mA 
with no additional boost transistors required. 
Since the output transistors are current lim
ited, no additional protection is necessary. 
Also, the lack of an inductor allows the circuit 
to be stabilized with only the output capacitor. 

Another low-current supply is the flyback con
verter used in Figure 2 to generate ± 15 volts 
at 20mA from a + 5 volt regulated line. The 
reference generator in the SG3524 is unused 
with the input voltage providing the reference. 
Current limiting in a flyback converter is diffi
cult and is accomplished here by sensing cur
rent in the primary line and resetting a soft
start circuit. 

In the conventional single-ended regulator cir
cuit shown in Figure 3, the two outputs of the 
SG3524 are connected in parallel for effective 
.0-90% duty-cycle modulation. The use of an 
output inductor requires an R-C phase com
pensation network for loop stability. 

Push-pull outputs are used in this 
transformer-coupled DC-DC regulating con
verter shown in Figure 4. Note that the oscilla
tor must be set at twice the desired output 
frequency as the SG3524's internal flip-flop 
divides the frequency by 2 as it switches the 
P. W. M. signal from one output to the other. 
Current limiting is done here in the primary so 
that the pulse width will be reduced should 
transformer saturation occur. 

SG3524 PUSH·PULL :t SOV, 
100 Watt Converter 
A simple solution to off-line converter 
design for power audio amplifier circuits 
is shown in Figure 5. The SG3524 emitter 
outputs are used to drive directly a pair of 
VN3500A Power FETs in the primary side 
of the step down transformer at a 50kHz 
rate. (The main oscillator operates at 
100kHz.) The transformer consists of 120T 
of #24 wire centertapped at 60T. This Is 
sandwiched between two 50 turn center
tapped secondary windings of #20 wire. 
Diodes are fast recovery BYW30s; the out· 
put chokes, 500µH wound on EC35 (3C8) 
pair Ferroxcube cores, provide adequate 
filtering in conjunction with the 1000µF 
and .01µF ceramic capacitors across the 
output. 
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APPLICATIONS 
The encoder inputs have been designed to 
accept a wide variety of signal sources. 
This can range from simple systems using 
as an input the wiper of a control pot 
which is connected between VR and 
ground to complex systems incorporating 
mixing, exponential processing and/or 
control polarity reversing. In all cases, it 
must be remembered that the control in· 
puts to the encoder look like voltage 
followers, that Is they draw only very small 
currents (> 200nA). The voltage range for 
these Inputs is + 1.5V to + 5V; however, 
Internal clamps limit the linear control to 
approximately + 1.5V to + 3.5V. These 
clamps prevent Interaction between chan
nels If one Input Is open circuited or 
shorted to supply or ground. 

An example was worked out previously 
which utilized mechanical fine trim of the 
Inputs (where the control pot body is 
rotated a small amount). In some appllca· 
tlons, it is desirable to implement this fine 
trim electrically with the use of an addi· 
tional pot. Many methods exist to achieve 
this and two are shown below. 

In Figure 1 the series resistors RT and Re are 
much larger than the control pots so as to 
minimize nonlinearity errors and the ratio of 
Rr to Re control the relative sensitivity of the 
control and trim pots. This scheme allows the 
control pot to be centered at neutral so polar
ity reversing can be achieved by reversing VR 
and ground on the pots. 

The second approach, shown in Figure 2, is a 
simpler method for achieving electrical trim. 

Interfacing the 5044 encoder to the modulator 
of an RF transistor can be done in several 
ways depending on the desired output power. 
freqency stability and oscillator leakage. The 
simplest method is to use the 5044 output to 
directly modulate the bias current of a crystal 
controlled oscillator. Figure 3 shows an exam
ple of such a connection. 

In a high performance system, separate oscil
lator, modulator and RF output stages may be 
required. An example of such a circuit is 
shown in Figure 4. In some systems, it may be 
required to provide additional liltering 
between the encoder output (Pin 11) and the 
RF modulator to comply with FCC regula· 
lions. 
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In the previous section, a design example was 
given for a fixed frame encoder (T F constant). 
In some applications, it may be desirable to 
make the frame time variable, allowing the 
synchronization pulse, which follows the last 

TO PIN 15 

l VR 

channel, to remain constant. The variable 
frame mode simplifies the synchronization 
pulse detector in the receiver since the pulse 
does not vary with the control inputs. How
ever. the variable frame time may complicate 

CONTROL TO ENCODER 
TRIM 

~ 

18 

NE5044 

RT 

J 
Figure 1 

TO PIN 15 

v. 

Re 

CONTROL ___ ro_EN-CODER 

Re x,, 

TRIM 
RT 

PIN 1-7 

Figure 2 

PIN 1-7 

L_ Figure 3. Modulated Oscillator Output Stage R.F. Transmitter 
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Vee 

Figure 4. 5044 With High Performance RF Transmitter 

the design of the pulse stretchers in the ser
vos. The 5044 can be operated as a variable 
frame encoder by discharging the capacitor 
CF each time the output goes high. After the 
last output pulse CF is allowed to charge fully 
and the frame generator resets the encoder 
to channel 1. In this mode, the frame genera
tor operates as a monostable multivibrator. 
Figure 5 shows the external connection. The 
sync pulse width (time between the falling 
edge of the last output pulse and the rising 
edge of the first pulse) is given by 

Ts= .85 RFCF + R1Cmux· 

So if a sync pulse of 6ms is desired and 
CF= .1µF, then 

R _ .85 x 6ms - .047 µF • 27k0 ,,. 39k 
F- .1µF 

Some applications may require an RF 
bypass on each of the multiplexer Inputs, 
depending on PC board layout and the wir
ing between the control pots and the 
board. If such Is the case, a .001µF 
capacitor Is sufficient. Pin 12 may also re· 
quire a bypass capacitor of 0.1µF. 
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Figure 5. 5044 Variable Frame Encoder 
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DECODER APPLICATIONS 
In most applications, the decoder input will be 
derived from the decoder of a radio receiver 
and will have the following characteristics: 

1. Contain thermal noise at low levels 
2. Will vary in level depending on R/F signal 

strength and may contain flutter 

The thermal noise can be filtered with a sim· 
pie RC circuit. This filter should have a cut-off 
frequency of about 3kHz which is approxi· 
mately the bandwidth of the receiver IF ampli· 
fier. A lower cut-off frequency would limit the 
information rate and resolution of the system. 
Figure 1 shows the external connections for 
the decoder input amplifier in which the 
above-mentioned conditions are handled. 
Diodes 01 and 02 charge the 1µF coupling 
capacitor to the peak input voltage minus the 
fixed voltage at pin 12 and the diode drops. 
02 also clamps the input signal reaching A 1. 
The .2µF capacitor forms a filter which allows 
the amplitude of the input to vary over a wide 
range and at high rates (as a result of RF flut· 
ter in the receiver) without false triggering the 
decoder. When flutter occurs the baseline of 
the positive input pulses varies as shown in 
Figure 2. The .2µF charges up to the average 
baseline voltage but the 10k resistor does not 
allow it to be charged by the information 
pulses. Thus, so long as the pulse peaks 
exceed the baseline voltage by greater than 
the drop across diode D2, the system will be 
unaffected by baseline flutter no matter what 
its rate is. 

Positive feedback has also been incorporated 
in the connection of Figure 1 to provide 
100mV of hysteresis on thB threshold. When 
the input (pin 13) is low, the current generator 
is off and pin 11 is near ground. However, 
when pin 13 goes positive, the current gener· 
ator turns on and approximately 150µA is 
sourced. This raises pin 11 by 
150µA x 4.7k0: 0.7V. The threshold is now 
given by 
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~ (V12-V11) (--1-) 
1 + R,IR3 

~ (J-O.?) (1+33~k/51k) 
=0.3V 

So the threshold has been reduced by 100mV 
or the amplifier will not turn off until the input 
drops below 0.3V. A low pass filter is also 
used in the circuit of Figure 1. The 5.6k0 and 
.01µF form a 2.SkHz low pass filter to improve 
the noise rejection characteristics of the 
detector. 

A particular application of the NE5045 may 
not require all the components shown in Fig· 
ure 1, however this circuit demonstrates all 
the features of the decoder which may be uti· 
lized. 

Figure 3 shows a decoder connected for neg· 
ative input pulses without hysteresis or flutter 
rejection. In this case, V13 is set to 3V and V12 

is set to 3V + Vthreshold· If V1hreshold = 0.4V 

R
4
= VR-V12 _ 4.1-3.4 

Vthreshold/51k - 0.4/51k 

= 89kn = 91 kn. 

11 CURRENT 
~-~-<>--I GENERATOR 

INPUT 
POS. PULSE 

v. 
PIN 15 

Figure 1. NE5045 Decoder Input Circuit With Flutter and Noise Filtering 

Figure 2. Input Signal With Fast Flutter 
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APPLICATIONS 

DESCRIPTION 
The NE544 is a new servo amplifier design 
for digital proportional RC systems which 
incorporates the latest state-of-the-art in 
integrated circuit technology. The basic 
systems concept was developed in close 
cooperation with a number of leading man
ufacturers of radio control equipment. 

The design philosophy behind the NE544 
was to provide the RC servo systems de
signer with maximum flexibility in adapt
ing the amplifier performance characteristic 
to his particular servo system and at the 
same time to keep the external components 
count low. To achieve this goal, all the basic 
servo amplifier functions, such as motor 
drive, deadband and minimum output pulse, 
are integrated into the IC, but can be modi
fied over a wide range by using external 
transistors or padding resistors respective
ly. This makes it possible to use the IC for 
extremely low cost applications as well as 
for the most sophisticated RC servo sys
tems. Additional features of the circuit are 
very low standby power drain (typically less 
than 6mA), an internal voltage regulator for 
improved power supply rejection and a 
highly accurate monostable multivibrator. 
This circuit may be used in 2 different 
charging modes: linear and exponential. In 
the linear charging mode, the internally 
generated charging current is program
mable over a wide range with a resistor to 
ground. Usable currents range from below 
10µA to above 1mA. In the exponential 
charging mode, the internal current source 
is simply bypassed with an external resistor 
from pin 1 to the regulator output. 

The bidirectional power output stage can 
suppJy load currents up to 500mA (NE544N 
package only). Output drive pins for exter
nal PNP transistor provide the user with the 
option of increasing the motor drive by 
bypassing the internal compound PNP 
transistors. 

The NE544 also provides external pins to 
adjust deadband and to vary the hysteresis 
of the Schmitt trigger. This gives the user 
maximum flexibility in adapting the servo 
amplifier to a large variety of servo motor 
and gear train combinations. A dynamic 
brake integrated into the output stage 
serves to suppress inductive noise spikes 
and helps to improve the dynamic perfor
mance. 
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IC PACKAGE 
The NE544N has sufficient power dissipa
tion to handle motors with a minimum of 
80 impedance with the integrated power 
transistors. 

OPERATION 
The basic building blocks of the NE544 
servo driver are shown in Figure 1. 

A positive input signal applied to the input 
pin (4) sets the input flip-flop and starts the 
one shot time period. The directional logic 
compares the length of the input pulse to 
that of the internal one shot and stores the 
result of this comparison in a directional 
flip-flop. The exact difference in pulse width 
between input and internal one shot pulse, 
called the error pulse, is also fed to a pulse 
stretcher, deadband and trigger circuit. 
These circuits determine 3 important pa
rameters: 

1. DeadbaFld-The minimum difference between 
input puls~ and internally generated pulse to 
turn on the output 

2. Minimum output pulse-The smallest output 
pulse that can be generated from the trigger 
circuit 

3. Pulse stretcher gain-The relationship be
tween error pulse and output pulse 

Proper adjustment of these parameters can 
be achieved with external resistors and 
capacitors at pins 6, 7 and 8. The trigger 
circuit activates the gate for a precise length 
of time to provide drive to the bridge output 
circuitry in proportion to the length of the 
error pulse. 

TYPICAL APPLICATION AS A 
LINEAR SERVO AMPLIFIER 
Figure 2 shows a typical connection of the 
NE544 as a high performance servo amplifi
er for remote control servo applications 
using the 14-pin dual in-line package. The 
input pulse may be de coupled if a reset is 
used in the receiver decoder. Output drive 
to the servo motor is applied through pins 9 
and 13 with PNP transistors TA and Ts 
optional for high performance applications. 
The wiper of potentiometer RP is mechani
cally coupled to the servo control surface 
providing positional feedback. The internal 
one shot in this application is operating in 
the linear charging code. 

LINEAR ONE SHOT TIMING 
In contrast to most conventional servo driv
ers which use exponential one shots, the 
NE544 uses a linear one shot. This makes it 
possible to design servo systems with very 
high positional accuracy and linear pulse 
width to position transfer fuctions. The tim
ing of the linear one shot can best be ex
plained with the help of Figure 3. 

The timing cycle starts after the input pulse 
sets thetfi1put flip-flop and releases the reset 
transistor TR· This allows current I c to 
charge up capacitor CT in a linear fashion. 
Current I is programmed by resistor RT. 
The op amp serves as a linear voltage to 
current converter, with the current through 
RT and CT matched identically. The invert
ing input of the op amp is internally refer
enced to 1.8 volts so that the current IR is 
given by this equation. 

Equation 1 
IR =VI = 1.8V 

Rr RT 
BLOCK DIAGRAM OF NE544 SERVO AMPLIFIER 

Figure 1 
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"' 
660k 

TYPICAL CONNECTION OF NE544AA FOR LINEAR ONE SHOT TIMING 

Figure 2 

c, 

TA Te 
OPTIONAL 
USE MPS 6562 
OR EQUIV 

4.7µf 
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The timing period of the internal one shot is 
complete when the voltage ramp at pin 1 
reaches the threshold set at pin 14. This time 
is given by this equation. 

SIMPLIFIED CIRCUIT DIAGRAM OF LINEAR ONE SHOT 

Equation 2 
T= CTV1, 

IR 

If we substitute the typical values given in 
Figure 2 we obtain this equation. 
Equation 3 

T = (0.1 x 10-•F) (1.5V) = 15x10-' 
0.1 x 10-'A · sec 

When the internal one shot has timed out, 
the input flip-flop is reset The reset transis
tor TR is clamped to ground as soon as the 
input pulse goes to zero. Figure 4 shows the 
relationship of the input pulse, the internal 
one shot pulse, the ramp at pin 1 and the 
error pulse for a condition where the input 
pulse is longer than the internal pulse. 

In contrast to most conventional designs, 
the total value of the feedback pot R pis no 
longer important, since it serves only as a 
voltage divider. A reasonable lower limit is 
1.5k O to keep power consumption low and 
to prevent loading of the voltage regulator. 
In the typical application a SK pot is used. 

R, 

Vt= 1.BV 

Rp 

R, 

Figure 3 
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TIMING DIAGRAM 

INPUT PULSE J 
INTERNAL PULSE J 
LINEAR VOLTAGE 
RAMPIPIN1) -,- - -

ERROR PULSE 

- - - THRESHOLD !PIN ,14) 

Li 
Figure 4 

ADJUSTMENT OF SERVO 
TRAVEL 
The amount of angular rotation of the feed
back pot R p (or of the servo control surface) 
can be changed by simply changing the 
charging current. Figure 5 shows a plot of 
the servo travel as a function of input pulse 
width for3 different values of current setting 
resistors RT. 

It should be noted that the center position of 
the wiper (1.5ms) will also shift when the 
amount of travel is changed. This shift may 
be compensated by mechanical wiper ad
justment or by the addition of padding resis
tors as described in the next paragraph. 

SERVO TRAVEL AS A FUNCTION 
OF INPUT PULSE FOR 3 DIFFERENT 

CHARGING CURRENTS 

11: •60 2.0 

! ~ 
~ .. 
" z 
I!: ~ g 

INCREASED SERVO TRAVEL 
SCHEMATIC 

3 TO REGULATOR 
OUTPUT PIN3 

Rp -_J,4\ TO PIN 14 .. -------..::; 

•• 

Figure 6 

POT TRAVEL vs Ra 

~ 1.0 I •o l---l--+-h'l...--t---+-t---

INPUT PULSE fmsJ 

Figure 5 

INCREASING SERVO TRAVEL 
TO MORE THAN 180° 
Servo travel may be Increased up to the 
maximum active area of the feedback pot by 
using padding resistors RA and Re as 
shown in Figure 6. 

Figure 7 shows the values of resistors which 
are required to obtain a desired amount of 
servo travel. 
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EXPONENTIAL TIMING OPTION 
If an exponential timing characteristic is 
desired, the circuit shown In Figure 8 may 
be used. 

The time constant of the one shot in this 
case is given by this equation. 

Eq1111Uon 4 v 
Te= RTE CT In v. -·v,. 

Substituting the values shown in Figure 8 
where V3 = 2.SV and V14 =1.5Vatthecenter 
position we obtain this equation. 
Equation 5 

T = (16kn) (0.1µFJ In~= 1.47ms 
2.SV-1.SV 

The center position and servo travel can be 
changed as described in the previous sec
tion for Ii near operation. 

PULSE STRETCHER 
The pulse stretcher and associated circuitry 
shown in Figure 9 determine important 
servo-parameters such as minimum output 
pulse, deadband and error pulse to output 
pulse conversion gain. 

Initially transistor Q s is off and capacitor 
Cs is charged to the regulator voltage. An 
error pulse from gate G turns on transistor 
as and discharges capacitor cs to ground 
through the parallel combination of R DB 
and RI· The deadband Is determined by the 
time it takes for the voltage at pin 6 to reach 
the trigger threshold (V1) as shown in Figure 
10. 

As soon as the Schmitt trigger threshold is 
reached, transistor Q s is turned off and the 
capacitor is discharged through a constant 
current source Is until the error pulse dis
appears. 

After the error pulse disappears, capacitor 
Cs is charged up through resistor Rs. The 
output remains turned on until the upper 
threshold (V.) of the Schmitt trigger is 
reached. The minimum output pulse is de
termined by the hysteresis in the Schmitt 
trigger. This hysteresis may be varied over a 
wide range by connecting an external resis
tor R MP from pin 8 to ground or positive 
supply. 
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TYPICAL CONNECTION FOR EXPONENTIAL TIMING CHARACTERISTIC 
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Figure 8 

TYPICAL CONNECTION OF PULSE STRETCHER CIRCUIT 

TO PIN 3 
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4.7µF 

PULSE STRETCHER WAVE FORMS 
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Figure 9 
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Figure 10 
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DEADBAND 
Referring to Figure 10, the deadband can be 
calculated using these equations where 
T DB Is deadband in' microseconds, Cs is 
the pulse stretching capacitor, IT is the total 
discharge current, and I!. Vis approximately 
.65 volts. The deadband is determined by 
the time it takes to discharge capacitor Cs 
from its initial voltage to the Schmitt trigger 
threshold. 
Equations 6 

Toa .. Cst.V, and Ir ... 18 +~DB) 
IT R1+Roa 

The value of the internal deadband resistor 
RI ia approximately 150 n. IT can be calcu
lated with this equation. 
Equation 7 

IT= 3mA + 2.2V (150 Roal 
150 +Roa 

For the typical values shown in Figure 2 we 
obtain this equation. 
Equation 8 

Ir = 3 + 27 = 30mA 

The deadband can then be calculated using 
Equations 6 to obtain this equation. 

Equation 9 
Toa = (.22 x µF) .65V = 4.Bµs 

30mA 

The total deadband then is twice this value, 
i.e .. Toe Total= ±ToB· 

Figure 11 shows plots of total deadband 
versus R DB for 3 different values of pulse 
stretching capacitor Cs. The value of the 
minimum pulse resistor R MP is held con
stant at 240 
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DEADBAND va RDB 
FOR 3 DIFFERENT PULSE 

STRETCHING CAPACITORS 

DEADBAND (µ•) 

Figure 11 

MINIMUM PULSE 
The length of the minimum output pulse can 
be adjusted by changing the hysteresis of 
the Schmitt trigger. As can be seen from 
Figure 10, this will also affectthedeadband. 
To aid in the selection of the right value of 
minimum pulse and deadband resistor, 
Table 1 may be consulted. This table gives 
typical values of deadband and minimum 
pulse for 5 combinations of R DB and R MP 
with Cs and Rs held constant at 0.22µF and 
75k n respectively. 

If a particular application requires different 
values, Cs and Rs can be changed accor
dingly. A capacitor with low series resis
tance should be used for Cs. If Cs is too 
resistive, the minimum pulse becomes 
equal to the error pulse causing the servo 
to buzz at the rest position. 
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DEAD· MINIMUM 
BAND PULSE 

RMP RDB (µa) (ma) 

±7 5.0 
360 130 ±5 2.5 
240 130 ±5 2.0 
160 82 ±3.5 1.6 
100 51 ±2.3 2.0 

Table 1 VALUES OF DEADBAND 
AND MINIMUM PULSE FOR 

CS= 0.22µF AND 
RS= 75k0 

PULSE STRETCHER GAIN 
For given values of R DB and R MP· the gain 
of the pulse stretcher can be adjusted with 
capacitor C-s and resistor Rs. The values 
chosen in the typical application turn the 
outputs fully on with an error pulse of ap
proximately 200µs. 

The charging resistor Rs can also be con
nected to the positive supply voltage in· 
stead of the voltage regulator output. This 
usually requires somewhat tighter toler
ances on Rs and Cs. but allows operation 
over a wide range of supply voltage since 
pulse stretcher gain now varies inversely 
with supply voltage. 

FEEDBACK RESISTORS FOR 
CLOSED LOOP DAMPING 
The amount of feedback required for good 
closed loop damping depends on the motor 
and gear train used, the desired pulse 
stretcher gain and the deadband. In many 
applications, a single feedback resistor, RF. 
from pin 9 to pin 1 is sufficient, since the 
dynamic brake provides some damping. If 
the mechanical gain is very high, an addi· 
ti on al feedback resistor from pin 13 to pin 14 
may be required. 
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A LOW·COST ANALOG/DIGITAL PROPORTIONAL CONTROL 
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ROBOTICS APPLICATIONS 

Hens Stellrecht, Dan H1riton, Oietm1r Beer 
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Bob Bl1uschlld 
Linear Design, Inc .. Los Altos, California 

1. ABSTRACT 

Tllis paper describes an integrated circuit chip set• designed for 
low-cost transmission of analog and digital data. The system provides 
remote motion control capability and is designed for personal com· 
puter or microprocessor control applications. The control system 
is based on a multichannel serial bus concept and uses pulse position 
modulation (PPM) for information transfer. The input end output of 
the system interfaces directly with a personal computer. 

2. OVERVIEW OF CONTROL SYSTEM DATA BUSES 

With the rapid expansion of microprocessors and personal com· 
puters into virtually all areas of modern life, there is an increasing 
need for methods of communication between computers and remote 
devices. Communication is usually accomplished by parallel digital 
data transfer and digital/analog conversion. This method is used in the 
case of most stationary computer peripheral devices. For movable 
peripheral equipment, or when communication has to cover larger 
distances, various forms of serial data concepts are used. The choice 
of a particular serial data bus system depends on cost/performance 
tradeoffs and possible requirements for coding and protocol stan· 
dardization. In a digital system a serial message unit typically consists 
of a byte of serial digital data plus additional bits for addressing, 
synchronization, and other management functions. 

In consumer applications, where low cost is an important 
factor, mixed digital and analog encoding methods can offer signifi· 
cant advantages ov,r other serial encoding methods. The digital 
proportional system ,2 described here uses pulse position modulation 
for serial data transfer. In contrast to the pure digital systems, where 
one message block (or frame) contains one byte of data, the digital 
proportional system packs several bytes into one frame. This is 
possible because the information is encoded in the form of pulse 
position. 

A comparison of various data transfer methods is shown in 
Table 1. The first three methods are purely digital and are mostly 
used for commercial serial bus systems and for computer networks. 
The fourth, a digital proportional method, is a special-purpose serial 
bus. It offers advantages in consumer applications due to combined 
analog and digital techniques. The concept also lends itself to either 
amplitude or frequency modulation for remote control. 

Table 1. Comparison of Data Transfer Methods 

TYPICAL PERFORMANCE 

TYPE ENCODING ACCURACY SPEED APPl.ICAT10N 
06glllrl9rn ··- 1111bH 

,_ ... 
Computtr .._ttpMral1 

0... ... ,....__. .. leltlilDatl '"'' 300-1200 Dlitl ConwnllRGalOn ._ .... .. ... Colnpular-IO ·---(Rs-232) T--Computer NelwOrtl. SeNIOatl 111&blt 1 llbeud ~ 
Communtca1lon 

DtgtUI Proportion.II Benll PPM ... 3500 .. ud Conlumo< ... 
-~ ·-· 

• Signetics NE5044 and NE5045 Encoder/Decoder, 
NE544 Servoamplifier, and NE5018 8-bit D/A Converter. 

3. DESCRIPTION OF THE ANALOG/DIGITAL 
PROPORTIONAL CONTROL SYSTEM 

In a typical application, the system is Interfaced to a personal 
computer through one of its peripheral 3·stlte 1/0 ports 11 shown in 
Figure 1. The B·blt digital·to-pulse position encoder and the personal 
computer form the control center. In addition to the B data lines, 
3 control lines ere used to connect the computer to the pulse position 
encoder. The encoded information is transmitted vie 1 standard r1dio 
control (RF) link, The signal is detected by a receiver in the remote 
control device or robot. The pulse position information Is then de· 
coded and processed with standard proportional circuit tachnlques:f. 

The bus control program occupies 600 bytes of memory, The 
rest of the computer memory is available to the user for recording 
and playing back the stored programs. A floppy disk drive is used for 
permanent storage of information. 

PULSE POSITION CODING AND 
SERVOMOTOR CONTROL 

The circuit blocks required to perform the pulse position 
encoding function are shown in Figure 2. The encoder contains all the 
active circuits necessary to convert successive B-bit words of digital 
information into accurate pulse position modulated signals, for up to 
7 channels. Parallel data from the compute.r 1/0 bus is latched 
directly to an B·bit DAC input. A bidirectional constant current 
generator alternately charges and discharges the CMUX capacitor. 

The resulting voltage waveform is shown in the second trace 
of Figure 3. Two high-gain comparators compare the multiplex 
capacitor (CMUX) voltage to the DAC output voltage (VA) and to 
the range input voltage (Vrange). The counter control logic uses the 
two comparator output signals to increment the channel count and to 
reverse the current source polarity. Under computer control, the 
comparator analog input signal is taken from the DAC output; under 
manual control, this signal is taken from the multiplex switch analog 
output. The multiple)'.( switch is controlled by the channel counter, 
and samples the analog voltages generated by the manual joystick 
inputs. The encoder output waveforms are shown in Figure 3. The 
top trace shows the frame pulse, which controls the encoder frame 
time and can be operated in either variable or fixed frame mode. The 
lower two traces show the channel pulses and the latch enable pulses, 
respectively, The latch enable pulse (OE) updates the DAC input 
data. 

Two ICs are used to perform pulse decoding and servocontrol as 
shown in Figure 4. The serial PPM signal, after RF detection, is 
decoded into parallel pulses by the decoding IC. Each channel is now 
a pulse-width modulated signal. This IC contains two monostable 
multivibrators used for frame synchronization and for increased noise 
immunity. Each channel pulse is then sent to a servocontrol IC, which 
demodulates the pulse ~dth information into position, speed, or 
other control parameters . In this circuit a servoloop is used to 
compare the input pulse to an internally generated pulse that is 
proportional to the control parameter. Negative feedback is then used 
to drive the servomotor output to the desired position. 

4. COMPUTER CONTROLLED ROBOTICS APPLICATION 

The serial data transmission and proportional control system 
described in this paper can be used for various applications such as 
remote motion control, home control, alarm systems, and remote 
video games. A wide choice of transmission media can be used: 
hardwire, RF, current carrier. infrared, fiberoptics, and ultrasonic. 

To take full advantage of the availability of multichannel 
analog data transmission, a robotics application was implemented. 
The system uses 7 channels. Each channel represents a robot control 
surface as listed below: 
A1··Forward/Backward Motion 
A3-Head Rotation 
A5--Elbow Movement 
A7-Hand (Claw) OpeniClosed 

A2··Steering( Direction Control) 
A4··Shoulder (Arm) Movement 
AS··Wrist Rotation 
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The robot can be exercised either manually or by computer. 
Individual channels may be recorded and played simultaneously. 
Reprogramming several channels while maintaining the rest unchanged 
becomes possible. The robot can be "taught" or its actions can be 
corrected. The final result may be stored on floppy disk for future 
playback. In the "Play" mode, the computer sends B bits per channel 
to a PPM encoder. In the "Learn" mode, manual inputs·are converted 
into digital data and processed by the computer. Remote sensing 
capability can be added to the control system by adding a feedback 
transmission loop. Sensor feedback data is sent back to the computer 
and results in a full duplex system. Sensor information can then be 
processed and used to make decisions for execution by the forward 
path. 

SUMMARY 
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FIGURE 1. Block Diagram of the Analog/Digital Proportional 
Control System for Personal Computer Applications 

CH1 CHI CH? 

FAA.ME 
PULSES 

_Jl ,,,_Jl_ 
TPRAllE 

FIGURE 3. Systems Timing Diagram 

MANUAL INltUTI llRVO CONTROL 

FIGURE 4. Block Diagram of the Serial to Parallel Decoder 
FIGURE 2. Block Diagram of the Digital to Pulse Position Encoder and of the Servocontrol 
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LINEAR LSI PRODUCTS 

PACKAGE OUTLINES 

FOR PREFIXES: ADC, AM, CA, DAC, LF, LM, MC, NE, SA, SE, SG, µ,A, ULN 

INTRODUCTION 
The following Information applies to all 
packages unless otherwise specified on 
Individual package outline drawings. 

General 
1. Dimensions shown are metric units 

(millimeters), except those In par
entheses which are English units 
(Inches). 

2. Lead spacing shall be measured with· 
In this zone. 
a. Shoulder and lead tip dimensions 

are to centerline of leads. 

3. Tolerances non-cumulative. 

4. Thermal resistance values are deter
mined by utilizing the linear tempera
ture dependence of the forward volt· 
age drop across the substrate diode In 
a digital device to monitor the Junc
tion temperature rise during known 
power appllcatlon across V cc and 
ground. The values are based upon 
120 mils square die for plastic pack· 
ages and a 90 mils square die In the 
smallest available cavity for hermetic 
packages. All units were solder 
mounted to P.C. boards, with stand
ard stand-off, for measurement. 

PLASTIC ONLY 
5. Lead material: Alloy 42 (Nickel/Iron 

Alloy) Olin 194 (Copper Alloy) or equiv· 
alents, solder dipped. 

6. Body material: Plastic (Epoxy) 

7. Round hole In top corner denotes lead 
No. 1. 

8. Body dimensions do not Include 
molding flash. 

9. SO Packages·mlcromlnlature 
packages. 
a. Lead material: Alloy-42. 
b. Body material: Plastic (Epoxy). 

HERMETIC ONLY 
10. Lead material 

a. ASTM alloy F-15 (KOVAR) ,or 
equivalent-gold plated, tin plated, 
or solder dipped. 

b. ASTM alloy F-30 (Alloy 42) or 
equivalent-tin plated, gold plated 
or solder dipped. 

c. ASTM alloy F-15 (KOVAR) or 
equivalent-gold plated. 

11. Body Material 
a. Eyelet, ASTM alloy F-15 or equlva· 

lent-gold or tin plated, glass 
body. 

b. Ceramic with glass seal at leads. 
c. BeO ceramic with glass seal at 

leads. 
d. Ceramic with ASTM alloy F-30 or 

equivalent. 

12. Lid Material 
a. Nickel or tin plated nickel, weld 

seal. 
b. Ceramic, glass seal. 
c. ASTM alloy F-15 or equivalent, gold 

plated, alloy seal. 
d. BeO Ceramic with glass seal. 

13. Slgnetics symbol, angle cut, or lead 
tab denotes Lead No. 1. 

14. Recommended minimum offset 
before lead bend. 

15. Maximum glass climb .010 inches. 

16. Maximum glass climb or lid skew is 
.010 Inches. 

17. Typical four places. 

18. Dimension also applies to seating 
plane. 
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LINEAR LSI PRODUCTS 

PACKAGE OUTLINES 

FOR PREFIXES: ADC, AM, CA, DAC, LF, LM, MC, NE, SA, SE, SG, µ,A, ULN 

PLASTIC PACKAGES 
PACKAGE CODE 0Ji~°C/W) DESCRIPTION 

Standard Dual·ln·Llne Packages 
8-Pln N 99/50 

14-Pin N 86/48 T0·116/M0·001 
16-Pln N 83/42 M0·001 
18-Pin N 63/29 
20-Pln N 61/24 
22·Pln N 51/23 
24·Pln N 52/23 M0·015 
28-Pin N 52/23 M0·015 

Metal Headers 
4·Pln E 100/20 T0·46 Header 
4-Pln E 150/25 T0·72 Header 
8·Pln H 150/25 T0·5 Header 

10-Pin H 150/25 TO 5/T0-100 Header, Short Can 
10-Pln H 150/25 T0-5/T0-100 Header, Tall Can 
Cerdlp Family 
8-Pin FE 110/30 Dual-in-Line Ceramic 

14-Pln F 110/30 Dual-in-Line Ceramic 
16-Pin F 100/30 Dual·ln·Llne Ceramic 
18·Pin F 93/27 Dual-in-Line Ceramic 
20-Pln F 90125 Dual·in·Line Ceramic 
22·Pln F 75127 Dual·in·Line Ceramic 
24-Pln F 60/26 Dual·in·Llne Ceramic 
28·Pln F 57127 Dual·ln·Llne Ceramic 

Laminated Ceramic, Side Brazed Lead 
16·Pln I 90125 Dip Laminate 

SO Package Thermal Data 

Package Max. Allowable Max. Allowable Thermal Resistance 
Package Mounting Power Diss. Power Diss. (9JA°C/Watl) 

~~· Technlgue• (mW) a12s0 c tmW)at7o0 c Avera~• Maximum 
S0·14 PCB 658 421 190 225 

Ceramic 962 615 130 165 
Ceramic w/H.S. 1471 941 85 110 

S0·16 PCB 862 551 145 170 
Ceramic 1250 800 100 125 
Ceramic w/H.S. 1923 1231 65 85 

S0·16L PCB 1250 800 100 140 
Ceramic 1743 1143 70 100 
Ceramic w/H.S. 2500 1600 50 65 

S0-20 PCB 1471 941 85 115 
Ceramic 2273 1454 55 85 
Ceramic w/H.S. 3572 2286 35 55 

S0·24 PCB 1563 1000 80 110 
Ceramic 2000 1600 50 80 
Ceramic w/H.S. 4167 2667 30 50 

PCB=Printed circuit board 
Ceramic= Ceramic substrate 
Ceramic w/H.S. =Ceramic substrate with heat sink and/or thermal compound 
•Air gap is 0.006 inches unless thermal compound is used 
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LINEAR LSI PRODUCTS 

PACKAGE OUTLINES 

FOR PREFIXES: ADC, AM, CA, DAC, LF, LM, MC, NE, SA, SE, SG, µ,A, ULN 

t 
5.2 (.205) 

4.6Ti8iT 
6.2 (.244) 
5.8 (.228) 

i...E:...D NO. 

Note: 

:49 ('.019) _ __, r
.35 (.014) 11 

0 ------i- ! 
I 5 207 (205) 

4 00 \ 158) 4 623 { 182) 

3so < 1so1 I 

I J~--1 
L_ 875(344) J 1.~S(.057) 

1 ____ 1 8.55(.336) ~- 11.245,\.049) 

J I 1_L 

0'2-L~ 
>;T 

.25(.010) 

.19 (.0075) 

D PACKAGE - PLASTIC 
(SO 8-PIN) 

77 I 030\ 164 i 025) 

-~--~- (Note) 

--rt 
3 - 6 

D PACKAGE - PLASTIC 
(SO 14-PIN) 

D PACKAGE - PLASTIC 
(SO 16·PIN) 

1270(050) I\ 
- 406 ( o1e1 --\ r----

Dimensions shown are metric units (millimeters), except those in parentheses which are English units (inches). 
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LINEAR LSI PRODUCTS 

PACKAGE OUTLINES 

FOR PREFIXES: ADC, AM, CA, DAC, LF, LM, MC, NE, SA, SE, SG, µ,A, ULN 

Note: 

.75 (.030)MAX 

D PACKAGE - PLASTIC 
(S0·18L PIN) 

D PACKAGE - PLASTIC 
(S0·20) 

19.248 (.384) 
8.763(.345) 

,,.. 7.8 (.299) 

-t 

..,,=rT'Ti"i""=ii=Ti=i'M'i\~';:lf_::r"1) 

1.27(.0SO)BSC 

' 
.75 (.030)MAX --1 

-~~~1·· 
''.1_\ Ur{ hJ 
~ ,_,,,(~"')I\ 

.32 (.O.!!).. .406 (.016) _, -

.23(.00S) 

Dimensions shown are metric units (millimeters), except those in parentheses which are English units (inches). 



LINEAR LSI PRODUCTS 

PACKAGE OUTLINES 

FOR PREFIXES: ADC, AM, CA, DAC, LF, LM, MC, NE, SA, SE, SG, µA, ULN 

I ~ ~ ~ ~ t 11.11 . .,., ___ ..., _L__r-- 10.2(.HI) _J_ 

U• 1.1"1 I t:rlOii:{Hi 9 ~ !~M!!l tl~Qjlu,.1.0111 
.30 (.012) UT (.o&O}ISC 

.10(.0CM) -1' 
.75(.oao)MAX 

.41 (.011)-l f-
,ft (.0141 11 

D PACKAGE-PLASTIC 
(S0·24) 

10.tl(.411) 
--- 10.00(.SM) --

,~~r;:1 r 
O':L~unr---hJ 
~ 1.270(.050)-\1 

.32(.013) 

.23(.00I) 

~ I-

D PACKAGE-PLASTIC 
(S0·28) 

r 1:1~:: 
\ T.1(.211) 

.... _ 7.4(.211) 

u.;.;._-~"""""-~__l 
I M M M M ~ t 1L1 \713) 

J____~17.7T.ii7l- _J_ 
.... (.1°''L~·--2.35 (.(113) I I 2.235 (,Oii) t.~11~~ r 

.10 (,004) I 

.75 (.O_..AX-j 

Note: 

E PACKAGE - HERMETIC 
(T0·72 HEADER) 

Dimensions shown are metric units (millimeters), except those in parentheses which are English units (inches). 
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LINEAR LSI PRODUCTS 

PACKAGE OUTLINES 

FOR PREFIXES: ADC, AM, CA, DAC, LF, LM, MC, NE, SA, SE, SG, µA, ULN 

9-8 

Note: 

LEAD NO.~ 

0.58-l.023) 
0.38 1.015) 

FE PACKAGE - HERMETIC 
(S·PIN) 

F PACKAGE - HERMETIC 
(14·PIN) 

F PACKAGE - HERMETIC 
(18·PIN) 

(Note) 

Dimensions shown are metric units (millimeters), except those in parentheses which are English units (inches). 



LINEAR LSI PRODUCTS 

PACKAGE OUTLINES 

FOR PREFIXES: ADC, AM, CA, DAC, LF, LM, MC, NE, SA, SE, SG, µ.A, ULN 

Note: 

0.58 1.0231 
0.38 (.015) 

~ 
0.38 (.015) 

LEAD NO. 1 13 

f 

F PACKAGE - HERMETIC 
(18-PIN) 

F PACKAGE - HERMETIC 
(20-PIN) 

7 67 1.302) fi.~AX. 

~'T"T'"'TT""rT"'"T'T""T"l"""l~-_J F ~;~ :::::~ ;:: : ::i: 

um~ 
~;: :g~g:~U 1bw. ,,,,,,.,~ 
0.58 I 0231 2 29 I 0901 
0 38 I 0151 

1 27 I 0501 
T2'fT005i 

10.03 1.3951 
~ 

4.19 1.1651 
3.18 1.125) 

F PACKAGE - HERMETIC 
(22-PIN) 

~--f- 0.20 (.008) -1 
~ 
10.16 1.4001 

0.581.023! 
0.38 (.015) 

4.191.1651 

3.iiT125T 

Dimensions shown are metric unill! (millimeters), except those In parentheses which are English units (Inches), 
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LINEAR LSI PRODUCTS 

PACKAGE OUTLINES 

FOR PREFIXES: ADC, AM, CA, OAC, LF, LM, MC, NE, SA, SE, SG, µA, ULN 

9-10 

Note: 

F PACKAGE - HERMETIC 
(24-PIN) 

2.49 i.09SJ 
t52106oi 

LEAD i\IQ_ 1 

-·1 
15. 75 1.620) 

~:;~ ::~~:: :=r 
I--~~:~~:::~~:-~ 

r PACKAGE - HERMETIC 
(28-PIN) 

2.54 (. 100) 4. 19 (. 165) 
t.s2 Lo6o) 3.05T120T 

(Note) 

Dimensions shown are metric units (millimeters), except those in parentheses which are English units (inches). 



LINEAR LSI PRODUCTS 

PACKAGE OUTLINES 

FOR PREFIXES: ADC, AM, CA, DAC, LF, LM, MC, NE, SA, SE, SG, µA, ULN 

5.33 L2i0/ 
4.8:iT190l 

H PACKAGE - HERMETIC 
B·PIN 

(TO·S HEADER) 

114 ( 04fil1NSULATOA 
0 38 ( 015) 

~DIA 
041 ( 016) 
8 LEADS 

H PACKAGE HERMETIC 
10·PIN 

(TO·S/100 HEADER 
TALL CAN) 

I 8.2" 1.325) 
8.00f3i5') DIA. 

l~-761030) 6.48 (.255) 0.51 (.020) 

~ I u 4 !.D4S) ll\ISULATOR + D3•101S1 

14.28 !.662) 
Ti7o'T.SoOT 

Note: 

1.02 ~ 040) 
T.7'iT02ii 

H PACKAGE - HERMETIC 
10·PIN 

(TO·S/100 HEADER 
SHORT CAN) 

I PACKAGE - HERMETIC 
(16-PIN) 

2.79 C1101 
2.29T.090) 

I . e.1• 1.3441 .1 
i7.11 (.2861 

Dimensions shown are met,ic units (millimeters), except those ;n parentheses which are English units (inches). 

_L 
(Note) 

T 
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LINEAR LSI PRODUCTS 

PACKAGE OUTLINES 

FOR PREFIXES: ADC, AM, CA, DAC, LF, LM, MC, NE, SA, SE, SG, µA, ULN 

9-12 

Note: 

N PACKAGE - PLASTIC 
(8·PIN) 

2.79 (.110! 
2.29T.090i 

LEAD NO. 1 

1.141.045! 
o.s.iTOi5i 

1--10.03 {.3961-1 
7.62T.3iiOi 

N PACKAGE - PLASTIC 
(14·PIN) 

LEAD NO. 1 

3.43 {.1361 
3.05 {.1201 

2.16 f.08!)) 
i':6s7.085i 

Dimensions shown are metric units (millimeters), except those in parentheses which are English unite (inches). 



LINEAR LSI PRODUCTS 

PACKAGE OUTLINES 

FOR PREFIXES: ADC, AM, CA, DAC, LF, LM, MC~ NE, SA, SE, SG, µ,A, ULN 

Note: 

N PACKAGE - PLASTIC 
(18-PIN) 

LEAD NO 1 

3.43 1.135)1-10.03 <.3951 I 
~ 7.621.3001......, 

0.76 (.030) 
0.51 (.020) 

N PACKAGE - PLASTIC 
(18·PIN) 

Dimensions shown are metric units (millimeters), except those in parentheses which are English units (inches). 
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LINEAR LSI PRODUCTS 

PACKAGE OUTLINES 

FOR PREFIXES: ADC, AM, CA, DAC, LF, LM, MC, NE, SA, SE, SG, µA, ULN 

9-14 

0.53 (.021) 
OTaT.015i 

Note: 

N PACKAGE - PLASTIC 
(20-PIN) 

N PACKAGE - PLASTIC 
(22-PIN) 

LEAO NO. 1 

Dimensions shown are metric units (millimeters), except those in parentheses which are English units (inches). 



LINEAR LSI PRODUCTS 

PACKAGE OUTLINES 

FOR PREFIXES: ADC, AM, CA, DAC, LF, LM, MC, NE, SA, SE, SG, µ,A, ULN 

Note: 

N PACKAGE - PLASTIC 
(24-PIN) 

N PACKAGE - PLASTIC 
(28·PIN) 

Dimensions shown are metric units (millimeters}, except those in parenthese" which are English units (inches;. 
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Amplifiers 

LT1012 

LT1037 

NE5230 

Communications 

NE568 

Interface/Data Conversion 

DAC800 

NE5030 

NE5170 

NE5180 

NE5181 

NE5521 

Power Conversion and Control 

NE5562 

SG1526B 

Section 10 

FORTHCOMING NEW PRODUCTS 
BY PRODUCT GROUP 

Low noise op amp with internal compensation: 0.5µV p-p noise (0.1 Hz-10Hz) 

Precision op amp: high speed 11V/µs; low noise: 0.13µV p-p 

Low voltage (1.SV) op amp: 8 pin 741 pin out with internal compensation 

40 watt amplifier with 0.01% THD 

150MHz phase locked loop 

12-Bit, 2.5µs multiplying DIA with internal reference; V or I output 

10-Bit, 1.5µ5 µP compatible AID with three-state outputs, internal reference, 5V operation 

Octal line drivers RS232C/RS423A 

Octal line receivers RS232C/RS423A/RS422 

Octal line receivers RS232C/RS423A/RS422 without filter 

Improved NE5520 LVDT for - 55°C to + 125°C operation 

20 pin, 5560-type SMPS for driving power FET's 

SMPS controller with full features and dual FET drive (Sprague ULN8126 second source) 
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MC 1408-7 ............ ·, .• 4-50 
MC 1408-8 .••.••••••••. •. 4-50 

MC/SA 1458 ................ 6·13 
MC 1488 ••.•••.•..•••••• 4-134 
MC 1489/A ..••.•.•••.••• 4-137 
MC 1496 .••••.....•••••• 5-51 
MC 1508-8 ••••.•••••••.•• 4-50 
SG 1526A ............... 7·43 
MC 1558 ••..••...••.•••• 6-13 
LM 158 .••••••.••.•••.•• 6·9 
MC 1596 .•..•••..•••..•• 5-51 
LM 1870 .••..••••.••.••• 5-15 
LM 193/A ............... 4-111 
LF 198 ••.•••.•.••..•••• 4-179 

ULN 2003 ••••••.•.•••...• 4-170 
ULN 2004 .••••••.••.••• _.. 4-170 

LM 211 ..•• , ............. 4-99 
LM 219 •••.••.•.••••.••• 4-101 
LM 224 •••••..••••.••••• 6·5 
LM 239/A ............... 4-106 
SG 2526A ............... 7·43 
LM258 ••••.•••.•••••••• 6-9 
LM 2901 •••.•••••.••••.• 4-106 
LM 2903 ................ 4-111 
LM 293/A ............... 4-111 
LF 298 •••..•••••••••••• 2·179 
CA 3089 ................ 5-46 
LM 311 ................. 4-99 
LM 319 ................. 4-101 
LM 324 ................. 6-5 
MC 3302 •••••.•...•.•.•. 4-106 
MC. 3303 ••••.•••.••••.•• 6-18 
LM 339/A ............... 4-106 
MC 3403 •••••...••••.••. 6-18 
MC 3410 ••••.•.•..••..•. 4-56 
MC 3410-C ............... 4-56 
MC 3503 ••...••..••••.•• 6-18 
MC 3510 .•.••••.••.•.••• 4-56 
SG 3524 ••.•.••..•••.••• 7-47 
SG 3526A •••••..••.•.••• 7-43 
LM358 ................. 6-9 
LM 393/A ............... 4-111 
LF 398 ....•......•....• 4·179 

SAl$E/NE 4568 ................ 6-22 
~E/NE 6018 •••••••••••••••• 4-63 
Sl=/NE 6019 ................ 4-68 

NE 5020 ••••••.•••••••••. 4-73 
NE 5034 ................ 4-11 
NE 5036 •••••.•••••••••• 4-17 
NE 6037 •••••••••••••••• 4-23 

1 NE 5044 ......•......... 7-3 
\ NE 6045 •....••...•.•... 7-9 

10-2 

NE 5080 ..••••..•..•.••• 5·54 
NE 5081 ....••.•.••••... 5-58 
NE 5090 •.••...•••••.•.• 4-139 

SE/NE 5118 ................ 4-81 
SE/NE 5119 ................ 4-85 
SE/NE 521 ••.•..••....••••. 4-116 
SE/NE 522 .•••••...•..••..• 4-120 
SE/NE 527 ..•.•••.••.•••••. 4-124 
SE/NE 529 •..••••..••••••.. 4-128 
SE/NE 530 ••.••••••.••••..• 6-26 
SE/NE 531 •••••••••..•••••. 6-31 

SA/SEINE 532 ••••..••••.••.••• 6·9 
SA534 •.•••.....•.•.•.. 6-5 

SE/NE 538 ................. 6-38 
SE/NE 5410 ..••..••..•••..• 4-89 

NE 542 •...••••...•..•.. 5-19 
NE 544 ••••••••.••.••..• 7-14 

SE/NE 5512 •••.•••...••••.. 6-44 
SE/NE 5514 •••.••.•..•.•..• 6-46 

NE 5517/A ••••••..••••.. 6-84 
NE 5520 ••••••..•.••..•. 4-174 

SE/NE 5532/A ...•••....••.• 6-48 
NE 5533/A •••..•.••.•.•. 6-59 

SA/SE/NE 5534/A .•.••.•...•... 6-59 
SE/NE 5535 •..•...••.•.••.. 6-65 
SE/NE 5537 •.•••.......•..• 4-183 
SE/NE 5539 •...••.•..•.••.• 6-96 
SE/NE 555 •.. , •.•••.•..•.•• 5-88 

SE 555C ................ 5-88 
SA/SE/NE 556 •.•...••..•..•..• 5-93 
SA/SE/NE 556-1 ................ 5-93 

SE 556-1C •..•••••••.•.• 5-93 
SE/NE 5560 •..•.•••..••.•.• 7-20 
SEINE 5561 .••..••••..•..•• 7-33 
SEINE 5562 .•.....••••.•... 7-37 

NE 5568 •..••.•••••••••• 7-41 
SA/SE/NE 558 .••..••.•••••.•.. 5-98 

NE 5592 ••.•.•....•••..• 6-103 
SE/NE 564 ................. 5-63 
SE/NE 565 .••••..••.••..••. 5-70 
SE/NE 566 .•••..•••..•••.•• 5-75 
SE/NE 567 .•••.•..•..•••••• 5-78 

NE 570 ••••.••.•..•.••.. 5-3 
SAINE 571 •••.•.••••••.•••. 5-3 
SAINE 572 ••••••••••••••••• 5-9 

NE 587 •••.••.•••••..••• 4-144 
NE 589 .•••••.•••••...•. 4-152 

\NE 590 ••••••••••••••.•• 4-160 
NE 591 ••.•.•..••••..•.• 4-160 

SE/NE 592 ...•.....••...... 6-108 
SA/NE 594 ••••..••••••••••• 4-166 

AM 6012 ••••.•••..•••••• 4-30 
SAINE 602 .••.•••••.•.••••• 5-22 
SAINE 604 .••••...••••.•••• 5·24 

NE 645 ................. 5·26 
NE 646 .••••...•••.•...• 5·26 
NE 648 ................. 5·30 
NE 649 ................. 5-30 
NE 650 ••.•.........•... 5·34 
NE 660 •••••..••••.•••.• 5-38 
µA 723 .•.•••••..••••••. 7-52 

SA/µA 723C ••••••••.•.••••. 7-52 
µA 733/C •••.•.•.••.•••• 6-115 

µA 741 •••••••••••••••••. 6-73 
SAlµA 741C ................. 6-73 

µA 747 •••••••••••••••••• 6-78 
SAlµA 747C .......... , ...... 6-78 

µA 758 •••..••••••••••••• 5-42 
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