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Building An Unequalled Reputation, Worldwide,
for Quality, Performance, Reliability

Data acquisition, signal conditioning, and computer /O components
and systems from Burr-Brown are recognized and used worldwide.
Over the past two decades these products have earned a reputation for
superior quality, exceptional performance, and consistent reliability—
~perhaps the best reputation for workmanship in our industry.

Cost effectiveness of our products has been proven in a host of-
applications: in industrial and process control, test instrumentation,
aerospace systems, environmental monitoring, medical-clinical, and
analytical instrumentation. ) ) :

We have built our credibility by being totally responsive to our
customers’ requirements. Knowing the problems encountered in the
real world, we apply the best, most appropriate, and proven technol-
ogies to achieve practical solutions.

Our integrated circuits have become more complex, more sophisti-
cated as we continue to combine and vertically integrate multiple
functions into smaller, space-saving packages. When you select these
versatile “mini-systems” your design and assembly time is decreased
while your products’ performance and reliability are increased. And
today you pay less, per function, as these microcircuits and subsystems
work more efficiently for you. )

At Burr-Brown, quality and reliability are built-in by conservative
designs, carefully selected components and manufacturing processes,
by intensive, thorough testing, and stringent quality control.

Customers also give Burr-Brown high marks for service and support.
Our technical literature is among the best in the industry and our
global applications and sales force is factory trained—highly qualified
to help you in product selection and use. Wherever in the world you
contact us, you can be assured of prompt, courteous, efficient service—
and superb product performance.
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BURR-BROWN
INTEGRATED CIRCUITS
DATA BOOK

The Burr-Brown Integrated Circuits Data Book contains detailed
product data sheets for our broad line of precision integrated circuits
for signal processing, data acquisition, and data transmission. In
addition, it includes supplementary data for these products, such as
screening programs available, a list of other technical literature that
you may order, accessories, and information on how to interface with
Burr-Brown.

To acquaint you with the full breadth of the Burr-Brown product line,
we also include information on the products from our Data Acquisition
And Control Systems Division. Additional detailed manuals are avail-
able for most of these products upon request. Contact your local
Burr-Brown Sales Office listed inside the back cover.

For your convenience the Data Book is separated into 16 major
sections: Operational Amplifiers, Instrumentation Amplifiers, Isolation
Amplifiers, Analog Circuit Functions, Analog-to-Digital Converters,
Digital-to-Analog Converters, Sample/Hold Amplifiers, Data Acquisi-
tion Components, CMOS Multiplexers, Voltage-to-Frequency Conver-
ters, High Performance Chips, Military Products, BS9000 Products,
Modular Power Supplies, Accessories, and System and Subsystem
Products. Each right-hand page has a margin tab on the outer edge.
The tab index on page V provides a visual guide to the major sections.

At the beginning of each product section, you will find explanatory
material and a selection guide to assist you in selecting the product
most suitable for your applications. The selection guide also contains
page numbers for individual product data sheets.

An index of products in this Data Book, listed in alphanumeric order,
is found on the inside of the front cover. A general table of contents
appears on page IV.
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'INTERFACING WITH BURR-BROWN

PLACING AN ORDER

Orders may be placed via mail, telephone, TWX or TELEX with any authorized Burr-Brown field sales
office, sales representative, or our headquarters in Tucson. Our offices are listed inside the back cover of -
this Data Book. When placing your order, please provide complete information, including modelnumber
with all option designations, product description or name, quantity desired, and ship-to and bill-to
addresses.

TECHNICAL ASSISTANCE : , :

Burr-Brown has a large and competent field sales force, backed-up by an experienced staff of
applications specialists. They will be most happy to assist you in selecting the right product for your
application. This service is available, without charge, from aHsaIes offices and from our headquartersin
Tucson.

DATA SHEETS/LITERATURE \ ‘ , :

Product data sheets or manuals, similar to those in this Data Book but perhaps containing more recent
revisions, are available for most of the products listed in this Data Book. Application Notes and other
" supporting literature are also available on request. If you wish acopy of any of these items simply contact
your nearest Burr-Brown sales office or representative.

PRICES AND TERMS
Prices listed in this catalog, unless otherwise noted, apply only to domestic USA customers: all other
customers should contact their local Burr-Brown representative for price information.

All prices are FOB Tucson, Arizona, USA, in U.S. dollars. Applicable federal, state, and local taxes are
extra. Terms are net 30 days. Prices and specifications are subject to change with‘out notice.

QUOTATIONS

Price quotatlons made by Burr-Brown or its authorized faeld sales representatives are valid for 30 days.
Delivery quotations are subject to reconfirmation at the time of order placement.

RETURNS AND WARRANTY SERVICE

When returning products for any reason, it is necessary to contact Burr-Brown, prior to shipping, for

“authorization and shipping instructions. In the U.S., contact our Tucson headquarters. In other
countries, contact your nearest Burr-Brown field sales office or representative. Returned units should be
shipped prepaid and must be accompanied by the original purchase order number and date, and an
explanation of the malfunction. Upon receipt of the returned unit, Burr-Brown will verify the malfunction
and will inform you of the warranty status, cost to repair or replace, credits, and status of replacement
units where applicable. )

i
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HIGH RELIABILITY
PROGRAMS

Burr-Brown is committed to providing products of high quality and reliability. This is manifested by designing
for conservative stress levels, careful selection of components and processes, comprehensive testing
procedures, thorough quality control practices, and optional programs of military screening. The Burr-Brown
Q-Progam, described below, is intended as a reliable enhancement of standard Burr-Brown products by
subjecting them to a defined program of environmental stresses. ‘

An even more comprehensive reliability program, aimed particularly at the needs of military customers, is the
/MIL program which includes manufacturing procedures per MIL-M-38510 and screening procedures per
MIL-STD-883. This program, and the products available under it, are described in section eleven of this Data
Book. :

THE Q-PROGRAM

The Burr-Brown Q-Program is designed to further enhance the reliability of Burr-Brown microcircuits at a
reasonable cost. The Q-Program is appropriate for some military and aerospace applications, industrial
control systems, medical patient monitoring instrumentation, and other applications where failure may be
expensive or where replacement of parts is difficult and inconvenient. The Q-Program consists of the screen-
ing of standard Burr-Brown microcircuits in accordance with applicable test methods of MIL-STD-883. The
screening sequences shown below identify the mechanical, electrical, and thermal stresses applied to all
Q-Products.

Q-SCREENING SEQUENCE

STEP SCREEN - = PROCEDURE

Routinely INTERNAL VISUAL INSPECTION | Burr-Brown QC4118 (copies available on request)
performed 100% (precap)
on all Burr-Brown | ELECTRICAL TEST, 100% - Per appropriate Burr-Brown product data sheet
products : {postcap: ‘ )

@ STABILIZATION BAKE MIL-STD-883, Method 1008

@ TEMPERATURE CYCLING MIL-STD-883, Method 1010

© HERMETICITY, GROSS LEAK MIL-STD-883, Method 1014

@ HERMETICITY, FINE LEAK MIL-STD-883, Method 1014

) BURN-IN MIL-STD-883, Method 1015

® CONSTANT ACCELERATION MIL-STD-883, Method 2001

(centrifuge)
@ FINAL ELECTRICAL TEST Per appropriate Burr-Brown product data sheet
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Explanation of Screening Steps...

 INTERNAL VISUAL INSPECTION
This is a microscopic examination of the product performed prior to capping in order to verify
conformance to Burr-Brown standards of quality for material, methods of construction, and work-
manship. Its purpose is to detect and eliminate devices with internal defects which could lead to failures
under the thermal, mechanical. and electrical st'resses of extended operation.

® 100% ELECTRICAL TEST
Each product is tested in accordance with the appropnate Burr-Brown product data sheet. These tests
will normally include static and dynamic tests at +25°C, as well as drift tests over the operating
temperature range.

(DSTABILIZATION BAKE
In this step the product is stored at an elevated temperature without electrical stress apphed The
purpose is to stabilize circuit parameters through accelerated aging.

(QTEMPERATURE CYCLING
The product is alternately exposed to extremes of high and low temperature such. as would be
experienced when parts or equipment are transferred to and from heated shelters in arctic areas. The
purpose is to check for permanent changes in operating characteristics and physucal damage resulting - -
principally from variation in dimensions and other physical properties.

(3@HERMETICITY - GROSS AND FINE LEAK
The purpose of these two tests is to verify the hermeticity of the seal of integrated circuits having
internal cavities which are evacuated or filled with gas. The test is intended to determine those devices
which, when exposed for long periods to atmosphere containing high concentration of water vapor or
other gaseous contaminants, would degrade in performance and become latent failures. )

(®BURN-IN

During burn-in the device is subjected to a high temperature for an extended period of time, with power
applied. The burn-in screen is performed in order to eliminate marginal devices with inherent defects. In
the absence of burn-in, these defective devices would be expected to result in infant mortality or early
lifetime failures under use conditions.

OCONSTANT ACCELERATION
This test subjects the product to a constant acceleration force in a centrlfuge The purpose is to detect
and eliminate devices having structural and mechanical weaknesses that could lead to failure when
subjected to mechanical stresses during application.

@FINAL ELECTRICAL TEST
This is a repetition of the 100% electrical test above. Devuces which pass this test, after successfully
passing the above screening test, are qualified as Q-parts.
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HANDLING PROCEDURES FOR MICROCIRCUITS

In developing handling procedures for microcircuits it is well to keep in mind that virtually all semiconductor devices
are vulnerable in some degree to damage from the discharge of electrostatic energy. This is due to the small
dimensions involved. It should be noted that electrostatic damage (ESD) to semiconductor devices can cause
effects ranging from a degradation in performance, to latent failure, or immediate failure, of the device involved.

We at Burr-Brown are directly concerned with this subject because our products are designed to achieve the highest
performance and precision. Often, this depends upon a high degree of device matching or precision within the
microcircuit and any degradation due to ESD is unacceptable. Accordingly, we have developed a set of guidelines
that will minimize the exposure of our products to possible electrostatic damage during manufacturing and
handling at Burr-Brown. We strongly recommend that our customers adopt similar procedures throughout their
handling and utilization of these and other semiconductor products. These guidelines are summarized below:

GUIDELINES .

1. Eliminate souces of ESD by removing static generating materials from all areas that handle products, by
grounding all operators, equipment, and work stations where products are handled or stored, and by
transporting and shipping products in static-free containers.

2. Shield products from potential damage by using a conductive Faraday shield where practical.

3. Shunt electrostatic charges and voltage potentials to zero where practical by connecting together all leads of
each device by means of a conductive material.

ELIMINATE SOURCES OF ESD

It is highly desirable to eliminate static-generating matenals from close proxcmlty to products This includes the

elimination of all plastics, such as wrappnng and packing materials, which have not been properly treated to achieve

antistatic properties.

Antistatic is aterm used to describe insulators WhICh have been treated to reduce their very high surface resistance
from a value in excess of a million meghoms to a value in the vicinity of one megohm.

The human body has been electrically characterized as a capacitor ranging from 100 to 200 picofarads and a
resistance ranging from 500 ohms to several thousand ohms. As in electrical applications, the best way to preventan
accumulation of charge, or to drain the accumulation of existing charge on a capacitor, is to short the capacitor
terminals together. The body is one plate of the capacitor with earth being the other. The only way to effectively
short this capacitor is to connect the body to earth ground. For reasons of safety, this connection should include
approximately one megohm of series resistance, or a ground fault interrupter. There should be periodic
measurement to assure proper continuity all the way from the wrist strap connection to earth ground, and that the
safety protection is operational. The wrist strap must have continuity to the skinin order to drain off the accumulated
charge. Work station surfaces should be metallic or conductive plastic and should also be grounded through one
megohm of series resistance, or have ground fault interrupters.

Static-free containers are important in storing and transporting product because the product could act as one plate
of the capacitor and the container the other plate. Thus, it is possible to induce a charge, and therefore create a
voltage, on the product without ohmic contact. Because of area and spacing considerationsonly unusual situations
could cause damage, but it is nevertheless a possibility.

SHIELDING

In even the most optimum environments, there is always the potential for some accumulation of charge. The most
positive control is to shield the product from potentially damaging electrostatic fields by use of a highly conductive
(Faraday) shield. Antistatic enclosures or wrappers are only low enough in resistance to disperse accumulated.
charge. The Faraday shield must be low enough in resistance to completely conduct any electrostatic field around
the product and prevent any field inside the enclosure. To be totally effective the Faraday shield must completely
enclose the product. In addition, only antistatic materials may be used inside the container to assure that internal
charge is not developed.

SHUNTING

Shunting is one of the most cost-effective ways to protect products during assembly, testing, packing, unpacking,
and handling. With a short circuit across sensitive terminals, it is nearly impossible to develop the voltages required
for damage to occur. The limitation to this occurs when it is possible to induce large voltages internally in complex
microcircuits. We can only shunt or short the exterior connections.

OTHER MEASURES

To help minimize the buildup of electrostatic charge it is desirable to control relative humidity to as hugh avalue as
practical (50% is recommended). In addition,- where it is not possible to ground all surfaces, or where non-
conducting surfaces cannot be completely eliminated, a good alternative may be the use of ionized air blowers.

ix



BURR-BROWN

TECHNICAL LIBRARY

The Burr-Brown engineering staff, in cooperation with
McGraw-Hill have authored the world’s most extensive
and authoritative library dealing with the art of analog
signal condmomng, conversion, and computation. These
books,  respected and referenced throughout the
international engineering community, are available to
you directly from Burr-Brown. i

FUNCTION CIRCUITS
Design and Applications -

This new volume in'the growing Burr-Brown series is the
first to deal with the multi-faceted area of analog functlon
circuits. FUNCTION CIRCUITS explores in depth both
the design theory and numerous applications for such
analog functions as Multipliers, Dividers, Logarithmic

Amplifiers, Exponentiators, RMS Converters, and
Active Filters. It also shows clearly how to specify and
test these functions, which are jncreasingly becoming
available in the form of integrated circuits. As in previous

Burr-Brown books, the emphasis is on practicality while

maintaining a rigorous treatment of theory. Numerous
graphs and formulas are presented to allow the user to
obtain optimum circuit performance (over 300 pages and
200 illustrations).

-DESIGNING WITH

OPERATIONAL AMPI.IFIERS

Applications Alternatives

This latest volume in Burr-Brown’s well-known series on
Operational Amplifiers presents a wealth. of new
applications and circuit techniques which have evolved
since publication of the previous two books. The’
applications are presented in a manner that will aid the
user in developing further circuits. In ‘addition to
providing completed designs, the applications include
explanations of circuit operation. Practical limitations
are discussed and pertinent design equations presented to
allow adaptation to specific application requirements.

New applications include amplifier performance
improvement techniques, signal analyzers, signal
conditioners, absolute-value circuits, signal generators,
computmg circuits, data transmission circuits, and test
an ‘measurement circuits (approxnmately 270 pages and
200 1llustrauons)

OPERATIONAL AMPI.IFIERS

‘ Design and Applications

Covering basic theory, test methods, amplifier design

techniques, and applications, this pioneer work provides

practical information which can be directly applied to

instrumentation design.

The book is divided into two principal parts and two
appendices. Part I considers the design of operational

amplifiers, offers insight into the factors determining

performance characteristics, and outlines the techniques

available for their control. Part I1 presents a wide range of

practical operational amplifier applications, and-

. provides sufficient descriptions of operation to permit

design adaption from the specific circuits described. In
Appendix A the basic theory of operational amplifiers is’
reviewed to provide an accompanying reference.’
Appendix B gives concise definitions of the performance
parameters used to .characterize operational amplifiers,
and provides associated test circuits (over 470 pages and
300 illustrations).



APPLICATIONS OF
OPERATIONAL AMPLIFIERS
Third Generation Techniques

This is the second volume in the opera-
tional amplifier series. More than just a
collection of circuit or theoretical analy-
sis, the book presents numerous appli-
cations of operational amplifiers in a var-
iety of electronic equipment: specialized
amplifiers, signal controls, processors,
waveform generators, and special-purpose
circuits. It is a storehouse of detailed
practical information, featuring numer-
ous circuit diagrams, circuit values, per-
tinent design equations, error sources,

APPLICATION NOTES

and tesi-based comments on the effi-
ciency of the arrangements and devices
(over 230 pages and 170 illustrations)

BURR-BROWN UPDATE

The Burr-Brown Update is published
several times per year to keep our cus-
tomers informed about new product devel-
opments, literature, and applications. If

~ you would like to receive this publica-

tion on a regular basis, please contact
your nearest Burr-Brown sales office or
representatlve and ask to be put on our
Update mailing list.

Burr-Brown engineers have compiled a library of Application Notes to assist you in
your designs. These notes are listed below and are available on request.

Varying Comparator Hysteresis Without Shifting Initial Trip Point....................l. AN-62
Electronic Controller with an Equilibrium SustainingMode ..., AN-63
Combine Two Operational Amplifiers to Avoid the Speed/Accuracy Compromise.............. AN-64
Using Operational Amplifiers in Low Noise Applications ........ F AN-68
ANAI0G SN ..ot AN-70
Design of a Unique Precision Controlled Current Source ...............oocoevviiiiiinnnnn. AN-74
Instrumentation AmplIfiers. ... . ..o AN-75
Principles of Data Acquisition and CONVErsion .............cooviviiiiiiiiiiii e, AN-79
Heat SiNKS ... AN-83
Squeeze High Performance Out of Low Cost Hybrid Data Conversion.......................... AN-86
Software Conversion of Analog Outputs to Analog Inputs........................ .. AN-88
What Designers Should Know About Data Converter Drift .................cocoiiiiiinnn. AN-89
Differential Optical Coupler Hits New High in Linearity Stability......................ccoco. AN-90
Getting Transducers to “Talk” to Digital Computers............cccoeveiiiiiiiiniiiiiicinnes AN-91
Unique Transformer Design Shrinks Hybrid Isolation Amplifiers’ Size and Cost ............... AN-93
Programmable Handheld Calculator Computes Digital-to-Analog Converter Errors........... AN-94
Using the MPBA18 .. ... AN-95
Isolated Digital Input/Output Mlcrocomputer Peripherals Solve Industrial Problems.......... AN-96
Static and Dynamic Testing of Digital-to-Analog Converters..................................... AN-99
Testing Analog-to-Digital Converters ... AN-100
Correcting Errors Digitally in Data Acquisition and Control .......................coeiinnll. AN-101
- To Sidestep Track/Hold Pitfalls, Recognize Subtle Design Errors............................... AN-102
Instrumentation Amplifiers Sift Signals from Noise............ccoviiiiiiiiiiiie AN-103
Advantages of ECL for High Speed, High Accuracy, D/A Conversion ......... A AN-105
Diode-Connected FET Protects Operational Amplifiers..................ooiiiiiiiiiit. AN-106
VFC32 Operation at 500kHz ................cocoeiiiiieieii, [T TR O PTPRTI AN-109



A —55°C t0 +200°C, 12-Bit A/D CONVEIMBI ... neeeii e e e ... AN-112

Data Converter Test Methods for Digital Audio Applications...................co.cieviin, AN-113
Settling Times ...................... el PO OO AN-115
Tiny Hybrid Delivers King-Sized Isolation.....................coooeeein, e ST AN-117
Two-Wire Transmitter Promotes Painless Process Control ................... T AN-118
Test Digital-to-Analog Converters Accurately and Economically ..........................l. AN-121
Superposition: The Hidden Digital-to-Analog Converter Linearity Error ....................... AN-122
Understanding Power Amplifier Specifications ................cocoviiiiiiiiiiiiiin AN-123
Glossary of Terms and Definitions for Microcomputer 1/O Systems .................... e . AN-124
ISO100 Isolation Amplifier Error Sources: A Guide to Optimizing Accuracy ................... AN-126
The SWOP AMP®—A Low-Power Op Amp with Multiplexed Inputs ...... ereeaeians e AN-127
Mold Circuit Response with a Multifunction Converter ......................cooiiiiiiiinnnnn. AN-128
Automatically Test the Linearity of 12-Bit Analog-to-Digital Converters............... e AN-129
Voltage-to-Frequency Converters Offer Useful Options in Analog-to-Digital Conversion .... AN-130
Maintaining Accuracy in High-Resolution Analog-to-Digital Converters....................... AN-131
PCI-20000 Personal Computer Interface System Sample Conflguratlons ...................... AN-132
Measuring Waveform Recorder Performance ................cocoviiiiiiiiiiiiiiieeen AN-133
3554FrequencyCompensatlon........................................’...' ............. SN AN-134
Data Acquisition, Test, Measurement, Analysis and Control Using “Labtech” Notebook ..... AN-135
SWOP AMP®, Analog-to-Digital Converter Make Zero-Droop Sample/Hold................... AN-136
A High Speed Peak Detector. ... ......ovieiiie e AN-137
Capturing and Analyzing Transient Waveforms with a Personal Computer .................... AN-138
Single-Supply Operation of Operational Amplifiers ................cocoi AN-139 -

Programming Your PC for Data Acquisition Appllcatlons Using IBM“‘ -Compatible PCs...... AN-142

xii



OPERATIONAL AMPLIFIERS

Burr-Brown operational amplifiers are listed in eight applica-
tions groups and are described below. This enables the user to
determine and select the best operational amplifier available
for a design requirement. Instrumentation amplifiers and isola-
tion amplifiers are described in sections 2 and 3 respectively.

General Purpose—General purpose operational amplifiers are
suited for a wide variety of applications. They give moderately
good performance over a wide range of parameters at moderate
cost. This applications group contains both FET and bipolar
* input models with frequency responses of 0.5MHz to 1.5MHz
and offset voltages as low as TmV. '

Low Drift—Low drift operational amplifiers are best suited for

applications where accuracy must be preserved over a sub-

stantial temperature range. These amplifiers are optimized to
minimize the initial input offset voltage and input offset voltage
- change with temperature. Input offset drifts from 0.1uV/°C to
5uV/°C are available within this group. ”

Low Bias Current—Low bias current operational amplifiers
consist of FET input designs. This group includes amplifiers
with input bias currents from 0.01pA to 1nA. Applications with
large feedback resistances or large source resistances (long
time constants, integrators, current sources, etc.) and buffer
applications will benefit by the use of low bias current
amplifiers.




Low Noise—This group contains low noise bipolar and FET
input operational amplifiers. Burr-Brown units offer guaran-
teed noise spectral density, 100% tested. In applications like
low noise signal conditioning, light measurements, radiation
measurements, photodiode circuits or low noise data acquisi-
tion, the fully characterized and tested voltage noise perfor-
mance of these units aIIows the desugner to truly bound noise
errors. .

Wideband—Wideband operatlonal ampllflers have bandwidths
greater than 10MHz. This group also contains fast settling and
high slew rate amplifiers. These.amplifiers reduce phase
errors at high frequencies and accurately reproduce complex
waveforms. These amplifiers are well suited for pulse, video,
fast settling, and multiplexing applications.

High Voltage—The amplifiers in this group are desrgned to
provide large output voltage swings and to operate on wide
ranges of supply voltage. Output voltages greater than =10V
and up to £145V are available in this applications group (up to
290V, single supply). These amplifiers provide good frequency
response and performance in other parameters. Most models
have' electrically isolated packages and automatic thermal
sensing and shutdown. All'units have FET inputs to minimize
bias current errors when the amplifier is used with the large
resistances usually found with high voltage ampllflers

High Current—These ampllflers provide output currents from
£10mA to +10A. They are used with small load resistances,
coax cable impedance, and with power booster applications.
Many units have self-contained thermal sensing and shutdown
to automatically protect the amplifiers from overheating and
damage. All of these units have electrically isolated packages.

Unity-Gain Buffer (Power Booster)—Unity-gain buffer ampli-
fiers have a wide variety of applications. They are used to
boost the output current capability of another amplifier, buffer
an impedance that might load a critical circuit or to be an input
impedance converter from an input which must not be loaded.
These amplifiers may also be used inside the feedback loop of
another operational ampllfler to form a current- boosted com-
posﬂe ampllfler , ‘ )



SELECTION GUIDE

GENERAL PURPOSE
These moderately priced FET and bipolar.op amps offer good

confident that Burr-Brown’s quality and reliability are inherent in

performance over a wide range of parameters. These are good their design.
options when a special function op amp is not required. You can be
GENERAL PURPOSE
Offset Voltage, . Frequency
max Bias Open Response |
Current | Loop Rated
At Temp | (25°C), | Gain, | Unity | Slew Output, min
25°C, | Drift, max min | Gain Rate put, Temp
Description Model (£mV) [(zuV/°C)| (nA) (dB) | (MHz) |(V/usec)| (£V) {(xmA) | Range" | Package Page
Low Power OPA21GZ 0.5 5 50 114 0.3 0.2 136 | 1.3 Ind DIP 1-13
OPA21EZ 0.1 1 25 120 0.3 0.2 13.7 1.4 Ind DIP 1-13
Switchable OPA201AG 0.5 5 50 114 0.5 0.1 13.5 5 Com DIP 1-87
Input OPA201BG 0.2 2 40 114 0.5 0.1 13.5 5 Com DIP 1-87
OPA201CG 0.1 1 25 120 0.5 0.1 13.5 5 Com DIP 1-87
OPA201SG 0.2 2 40 114 0.5 0.1 13.5 5 MIL DIP 1-87
FET - OPA103AM 0.50 25 —0.002 106 1 13 10 5 Ind TO-99 1-45
OPA103BM 0.50 15 —0.001 106 1 13 10 5 Ind TO-99 1-45 "
OPA103CM 0.25 5 —0.001 106 1 1.3 10 5 Ind TO-99 1-45
OPA103DM 0.25 2 —0.001 106 1 13 10 5 Ind TO-99 1-45
Low Cost OPA121KP 3 10 +0.010 106 2 2 10 5 Com DIP 1-67
FET OPA121KM 2 10 +0.005 | 110 2 2 10 5 Com TO-99 1-67
Wide Temp OPA1HT 5 52" +25 94 12,0 7.0 10 15 |-55°Cto TO-99 1-9
Range . +175°C
OPA27HT 0.05 | 0.25% 1uA 120 6 19" | 12 |['16® |=55°Cto TO-99 1-29
+200°C
OPA37HT 0.05 0.25% 1uA 120 36 119 12 16? | —55°C to TO-99 1-29
: +200°C
OPA11IHT 0.5 8@ 0.002 114 2 2 10 5 —55°C to TO-99 1-63
. . +200°C -

NOTES: (1) Com =0to +70°C; Ind = —25°C to +85°C; MIL = —55°C to +125°C. (2) Typical.

LOW DRIFT ‘

Low offset voltage drift vs temperature performance in both FET
and bipolar input types is obtained by our sophisticated drift
compensation techniques. First, the drift is measured and then

special laser trim techniques are used to minimize the drift and the
initial offset voltage'at 25°C. Finally, “max drift” performance is
retested for conformance with specifications.

Low DRIFT, (<5uV/°C)
Offset Voltage, " Frequency
Bias | Open
max Current | Loop Response . Rated
At Temp' | (25°C), | Gain, | Unity | Slew Output, min
25°C | Drift max min [ Gain | Rate utput " Temp
Description Model (£mV) [(£uv°C)| (nA) (dB) | (MHz) [(V/usec)| (£V) |(+mA)| Range™ | Package Page
FET OPA103CM 0.25 5 —0.001 106 1 13 10 5 Ind TO-99 1-45
OPA103DM 0.25 —0.001 106 1 13 10 5 Ind TO-99 1-45
OPA111AM 05 5 +0.002 | 114 2 2 T 5 Ind -~ TO-99 1-53
OPA111BM 0.25 1 +0.001 120 2 2 1 5 Ind TO-99 - 1-53
OPAT111SM 0.5 5 +0.002 114 2 2 1 5 MIL TO-99 1-53
Wideband OPA156AM 2 5 0.05 94 6 14 10 5 MIL TO-99 1-81
OPA356AM 2 5 0.05 94 6 14 10 5 Com TO-99 1-81
OPA606LM 0.5 5 +0.01 100 13 35 12 5 Com TO-99 1-135
Dual FET OPA2111BM 0.5 2.8 +0.004 114 2 2 1 5 Ind TO-99 1-143 -
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LOW DRIFT (S5uV/°C) (Continued)
Offset Voltage, Bias | Open Frequency
max Current | Loop Response Rated
At | Temp |(@5°c), | Gain, | unity | Slew ompaL: min
25°C Drift max min Gain Rate . Temp
Description Model (EmV) [(zuveC)| (nA) (dB) | (MHz) |(V/usec)| (£V) |(tmA) Range™ Package Page
Bipolar OPA27A 0025 | 06 +40 120 8 19 12 | 166. MiL 1-17
. OPA37A 0.025 | 06 +40 120 | 63% 11.9 12 | 166 MIL 1-17
OPA27B 0.060 | 1.3 +55 120 8 | 19 12 | 16.6 MiL 1-17
OPA37B 0.060 1.3 +55 120 | 63% 11.9 12 | 16.6 MIL 1-17
OPA27C 0100 | 1.8 +80 17 8 1.9 12 | 166 MIL 1-17
OPA37C 0.100 | 1.8 +80 17 | 632 | 119 | 12 | 166 MiL TO-99/ 1-17
OPA27E 0025 | 06 +40 120 8 1.9 12 | 166 Ind DIP 1-17
OPA37E 0.025 | 06 +40 120 | 63% | 119 | 12 | 166 Ind 1417
OPA27F 0060 [ 1.3 +55 120 8 1.9 12 | 166 Ind 1-17
OPA37F 0060 | 13 | 55 120 | 63% | 119 | 12 | 166 Ind 1-17
OPA27G 0100 | 1.8 +80 17 8 1.9 12 | 166 Ind 1-17
OPA37G 0100 | 1.8 | 80 17 | 63% | 119 | 12 | 166 Ind 1-17
OPA27GP 0100 | 1.8 +80 17 8 1.9 12 | 166 Com DIP 1-17
) OPA37GP 0.100 | 1.8 +80 17 | 63 | 119 | 12 | 166 Com DIP 117
Ultra-Low OPA128LM 0.5 5 +75fA | 110 1 3 10 5 Com TO-99 1-73
Bias FET :
Low Power | OPA21EZ 0.1 1 25 120 0.3 0.2 13 5 Ind DIP 1-13
OPA21GZ 05 5 50 114 | 03 0.2 13 5 Ind DIP 1-13

NOTES: (1) Com = 0to +70°C, Ind = —25°C to +85°C, MIL = —55°C to +125°C. (2) Gain-bandwidth product for OPA37. Ay = § minimum.
LOW BIAS CURRENT :

Our many years of experience in designing, manufacturing and currents as low as 75fA (75 X 10" amps) and low voltage drift as
testing FET amplifiers gives us unique abilities in providing low low as 1uV/°C. With offset voltage laser-trimmed to as low as
and ultra low bias current' op amps. These amplifiers offer bias 250uV, the need for expensive trim pot adjustments is eliminated.
. LOW BIAS CURRENT (<100pA)
Offse:n \{ac:(ltage. - Bias Open l:::us::ey
Current |Loop P Rated
At Temp | (25°C), [Gain, | Unity Stew Output, min
25°C, | Drift, max min Gain Rate put, " Temp
Description Mode!™"’ (£mV) [(ZuV/°C)| (pA) (dB) | (MHz) {(V/usec)| (£V) |(£mA)| Range® | Package , Page
Premium OPA111AM 0.5 5 +2 114 2 2 ' 1 5 Ind TO-99 1-563
Performance | OPA111BM 0.25 1 +1 120 2 | 2 1 5 Ind TO-99 1-53
OPA111SM 0.5 5 +2 114 2 2 1 5 MiL TO-99 1-563
Low Bias OPA103AM 0.50 25 -2 106 1 13 10 5 Ind TO-99 1-45
Current OPA1038M 0.50 15 -1 106 1 13 10 5 ind TO-99 1—451
OPA103CM 0.25 5 -1 106 1 13 10 |- 5 Ind TO-99 1-45
OPA103DM 0.25 2 -1 106 1 13 10 5 Ind TO-99 1-45
Low Noise OPA101AM 0.50 10 —15 94 10 6.5 12 12 Ind TO-99 1-33
OPA1018M 0.256 5 -10 94 10 6.5 12 12 Ind TO-99 1-33
OPA102AM 0.50 10 -15 94 40 14 12 12 ind TO-99 1-33
OPA102BM 0.25 5 —-10 94 40 - 14 12 12 ind TO-99 1-33
Ultra-Low OPA104AM 1.0 25 —0.300 106 1 2.2 .10 5 Ind TO-99 1-49
Bias - OPA104BM 0.50 15 —0.150 | 106 1 22 10 5 Ind TO-99 1-49
Current OPA104CM 0.50 10 -0.075 | 106 1 2.2 10 5 Ind TO-99 1-49
3528AM, (Q) 0.50 15 —0.300 88 0.7 0.3 10 5 Ind TO-99 1-174
3528BM, (Q) 0.25 5 —0.150 92 0.7 0.3 10 5 ind TO-99 1-174
3528CM, (Q) 0.50 10 —0.075 90 0.7 03 10 5 Ind TO-99 1-174
OPA128JM 1 20 +0.300 94 1 3 10 5 Com TO-99 1-73
OPA128KM 05 10 +0.150 110 1 3 10 5 Com TO-99 1-73
OPA128LM 05 5 +0.075 | 110 1 3 10 5 Com TO-99 1-73
OPA128SM 0.5 10 +0.150 | 110 1 3 10 5 MiL TO-99 . 1-73
Dual FET OPA2111AM 0.75 6 . 18 110 2 | 2 11 5 Ind TO-99 . 1-143
OPA2111BM 0.5 2.8 +4 114 2 2 11 5 Ind TO-99 1-143
OPA2111SM 0.75 6 +8 110 2 2 1 5 MIL TO-99 1-143
Quad FET OPA404AG 1 i 18 88 6.4 35 115 5 Ind DIP 1-95
OPA404BG 0.75 3% +4 92 6.4 35 12 5 ind ] 4 1-95
OPA404SG 1 3w +8 88 6.4 3 [115] 5 MiL DIP 1-95
Low Cost OPA121KM 2 10 +5 110 2 2 1 5 Com TO-99 1-67
OPA121KP 3 10 +10 106 2 2 1 5 Com DIP 1-67




LOW BIAS CURRENT (<100pA) (Continued)
Offset Voltage, . Frequency
max cBnas Open Response
urrent {Loop Rated
At Temp | (25°C), |Gain, | Unity | Slew Output, min
25°C, | Drift, | max |min | Gain | Rate | OUtPU“ Temp

Description Model" (£mV) Juvrec)| (pA) | (dB) | (MHz) [(V/wsec)| (£V) |(+mA) | Range” | Package Page
Wideband 3554AM, (Q) 2 50 —50 100 | 1000 | 1000 | 10 | 100 Ind TO-3 1-188
3554BM, (Q) 1 15 -50 100 { 1000 | 1000 | 10 | 100 Ind T0-3 1-188

3554SM, (Q) 1 25 —-50 100 | 1000 | 1000 | 10 | 100 MIL T0-3 1-188

OPA156AM 2 5 50 94 6 14 10 5 MiL TO-99 1-81

OPA356AM 2 5 50 94 6 14 10 5 Com TO-99 1-81

OPAB06KM 1.5 5 +15 95 12,5 33 11 5 Com TO-99 1-135

OPAB06LM 0.5 5 +10 100 13 35 12 5 Com TO-99 1-135

OPAGB06SM 1.5 5¢ +15 95 12,5 33 1 5 MIL TO-99 1-135

OPAB0GKP 3 10 +25 90 12 30 1 5 Com DIP 1-135

High 3571AM, (Q) 2 40 —100 94 05 3 30 1A Ind TO-3 1-196
Current 3572AM 2 40 —100 94 0.5 3 30 2A Ind TO-3 1-196
High 35804 10 30 —~50 86 5 15 30 | 60 Com TO-3 1-206
Voltage 35814 3 25 —-20 94 5 20 70 | 30 Com TO-3 1-206
. 35824, (Q) 3 25 —20 100 5 20 | 145 | 15 Com TO-3 1-206
3583AM, (Q) 3 25 —20 105 5 30 | 140 | 75 Ind T0-3 1-210

3583JM 3 25 —20 94 5 30 | 140 | 75 Com TO-3 1-210

3584JM, (Q) 3 25 —20 100 20 150 | 145 | 15 Com TO-3 1-214

Fast OPABOOVM 4 20 —100 86 | 6000 | 500 10 | 200 MIL DIP 12-94
Settling OPAB0OUM 5 100 —100 86 | 6000 | 500 10 | 200 MIL DIP 12-94
Low Cost, AD515JH 3 50 0300 | 86 | 0.35 1 10 5 Com TO-99 1-153
Ultra-Low AD515KH 1 15 0150 | 92 | 035 1 10 5 Com TO-99 1-153
Bias Current | AD515LH 1 25 0075 | 88 | 035 B 10 5 Com TO-99 1-153

NOTES: (1) “(Q)" indicates product also available with screening for increased reliability. See'High Reliability Screening, section 12. (2) Com =0 to
+70°C; Ind = —25°C to +85°C; MIL = —55°C to +125°C.  (3) Gain-bandwidth product. (4) Typical.

LOW NOISE
Now both FET and bipolar input op amps are offered with fully characterized parts allow a truly complete error budget
guaranteed low noise specifications. Until now the designer had to calculation. .
rely on “typical” specs for his demanding low noise designs. These
LOW NOISE (Guaranteed en)
) . ' Frequency
Noise .
Voltage | Bias v°|tcam:e:nax Open Response
at Current Chad Loop Slew Rated
10kHz, | (25°C) At Temp | Gain, Rate, Output, min Temp
max max 25°C Drift min | GBW min put, Range .
Description Model (nV/VHz)| (pA) | (xmV) | (zuV/eC) | (dB) | (MHz) |(V/ (V) |(xmA), o Package| Page
Bipolar OPA27A 3.8 +40nA | 0.025 0.6 120 8 1.7 12 16.6 MIL 1-17
OPA37A 3.8 +40nA | 0.025 0.6 120 63 1 12 16.6 MIL 117
OPA27B 3.8 +55nA | 0.060 13 120 8 17 12 16.6 MiL 117
OPA37B 3.8 +55nA | 0.060 1.3 120 63 1 12 16.6 MIL 1-17
OPA27C 45 +80nA | 0.100 1.8 117 8 1.7 12 [16.6| MIL 1-17
OPA37C 45 +80nA | 0.100 1.8 17 63 - 1 12 16.6 MiL TO-99/ 1-17
OPA27E T 38 +40nA | 0.025 0.6 120 8 1 12 16.6 Ind /DIP 1-17
OPA37E 3.8 +40nA | 0.025 0.6 120 63 11 12 16.6 Ind 1-17
OPA27F 3.8 +55nA | 0.060 13 120 8 1.7 12 16.6 Ind 1-17
OPA37F 38 +55nA | 0.060 1.3 120 63 1" 12 16.6 Ind 117
QPA27G 4.5 180nA | 0.100 1.8 117 8 17 12 16.6 Ind i-17
OPA37G 45 +80nA | 0.100 1.8 i17 63 1" 12 16.6 Ind 1-17
FET OPA101AM 8 —15 0.5 10 94 20 5 12 12 Ind TO-99 1-33
OPA101BM 8 -10 0.25 5 94 20 5 12 12 Ind TO-99 1-33
OPA102AM 8 - —15 0.5 10 94 40 10 12 12 Ind TO-99 1-33
OPA102BM 8 -10 0.25 5 94 40 10 12 12 Ind TO-99 1-33
OPA111AM 8 12 0.5 5 114 2 1 11 5 Ind TO-99 1-563
OPA111BM 8 +1 0.25 1 120 2 1 1 5 *Ind TO-99 1-53
OPA111SM 8 +2 0.5 5 114 2 1 1" 5 MiL TO-99 1-53
OPA606LM 13 +10 0.5 5 100 13 25 12 5 Com TO-99 1-135
Low Cost OPA27GP 4.5 +80nA | 0.100 | 18 17 8 1.9% 10 |166| Com DIP 1-17
OPA37GP 45 | +80nA | 0.100 | 18 17 63 [11.9% 10 [166| Com DIP 1-17
Dual FET OPA2111AM 8 +8 0.75 6 110 2 1 1 5 ind TO-99 1-143
OPA2111BM 8 +4 0.5 28 114 2 1 11 5 ind TO-99 1-143
OPA2111SM 8’ +4 0.75 6 110 2 1 1 5 MiL TO-99 1-143

NOTES: (1) Ind=—25°C to +85°C; MIL = —55°C to +125°C; Com = 0°C to +70°C. (2) Typical.
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UNITY-GAIN BUFFER (Power Booster)

These versatile amplifiers: boost the output current capability of
another amplifier; buffer an impedance that might load a critical

circuit; may be used inside the feedback loop of another op amp to

form a current-boosted, composite amplifier. Currents as high avs"
+100mA are available with speeds of 2000V/ usec.

UNITY-GAIN BUFFER

Rated Frequency Response Open
Output, min Input Loop .
. —3dB | Fuli Power |Slew Rate | Gain | Impedance | Gain | .Temp
Description Model | (V) |(xmA)| (MHz) | BW (MHz) | (V/usec) | (w/v) Q) (dB) |Range' | Package Page
Noninverting | 3553AM | 10 | 200 300 32 2000 ~1 10" NA Ind TO-3 .. 1-184

NOTES: (1) Ind =-25°C to +85°C.
WIDE BANDWIDTH

Design expertise in wideband circuits combines with our fullyBurr-Brown high speed amplifiers also offer outstandmg DC
developed technology to create cost effective wideband op amps.

performance specxﬁcauons

WIDE BANDWIDTH (=5MHz)

Frequency Response Offset Voitage, - Open
Slew o max Lgop
Rated .
Rate, ts Com- Output, min At Temp | Gain, | Temp
) GBW min +0.1% | pensa- Put, N § 950 Drift min | Range
Description Model™ (MHz) (V/psec) | (nsec) | tion | (xV) |[(xmA)|(xmV) |[(zuV/°C)| (dB) @ Package Page
FET 3554AM, (Q) 1700, 1000 | 120 ext. | 10 | 100 2 50 100 Ind TO-3 1-188
' 3554BM, (Q) A= 1000 120 ext. | 10 | 100 1 .15 100 Ind TO-3 1-188
3554SM, (Q) 1000 1000 120 ext. | 10 | 100 1 25 100 | MIL TO-3 1-188 -
3551J - 50, A=10 250 400 ext. 10 | 10 1 .| s50® 88 Com | TO-99 1-180°
35518, (Q) 50, A=10 250 | 400 ext. | 10 | 10 1 50 88 MIL - | TO-99 '1-180
35504 10, A=10 - 65 400 int. | 10 | 10 1 50 88 [ Com | TO-99 1-176
3550K 20, A=1 100 400 int. 10 | 10 1 50 88 | Com | TO-99 1-176
35508, (Q) 10, A=1 65 | 400 int. | 10 | 10 1 50 88 | ML | TO-99 . 1-176
Bipolar 3508 100, A=100 20 - ext. | 10 | 10 5 30 | 98 | Com | TO-99 1-163
: 35074, (Q) 20, A=10 80 200 | ext. | 10 [ 10 | 10 30 83 | Com | TO-99 1-161
FET OPA156AM 6,A=1 10 |t5usec| int. | 10 | 5 2 5 9 .| ML | To-99 1-81
OPA356AM 6,A=1 10 [15usec| int. | 10 | 5 2 5 94 | Com | TO-99 1-81
OPA605H 200, A=1000 | 300 | 300 ext. | 10 | 30 1 25 96 | Com *| DIP 1-129
OPA605A 200, A=1000 | 300“ 300 ext. | 10 | 30 1 25 96 Ind DIP 1-129
OPA605K 200, A=1000 | 300° 300 ext. {10 | 30 | 05 5 96 | Com DIP 1-129
OPA605C 200, A=1000 | 300 300 ext. [.10 | 30 | 05 5 96 | Ind -DIP 1-129
OPABOSKM 12.5 22 1usec int. | 1 5 15 59 95 | Com '| TO-99 1-135
OPA606LM 13 25 1usec int. 12 5 0.5 5 100 Com TO-99 1-135
OPAB0BSM 12,5 22 ipsec | int. | 11 5 15 5 95 | MIL | TO-99 1-135
OPAB06KP 12 20 1usec | int. 1 5 3 10% 90 | Com .| TO-99 1-135
Quad FET [ OPA404AG 6.4 24 600 int. [115] 5 1] 8 88 | Ind DIP 1-95
OPA404BG 64 28 600 int. {12 ]| 5 | 075 3 92 Ind DIP 1-95
OPA4045G 6.4 24 600 int. [115] & 1 3@ 88 MiL DIP 1-95
Low Noise | OPA27A 8,A=1 1.7 - int” |12 |166 |0.025 | 06 120 | MIL 1-17
Bipolar OPA3T7A 63,A=5 1 —_ int® | 12 |16.6 | 0.025 0.6 120 MiL 1-17
' OPA27B 8A=1 1.7 - int” | 12 | 166 | 0.060 13 120 | MIL 1-17
OPA37B 63,A=5 1 - int” | 12 |16.6 |0.060 | 13 120 | MIL 1-17
OPA27C - 8,A=1 1.7 - int' | 12 1166 | 0100 | 1.8 17 | MIL 1-17
OPA37C 63,A=5 1 — int“ | 12 | 16.6 | 0.100 1.8 117 | ML | TO-99/ 1-17
OPA27E 8 A=1 17 — int w112 |166 | 0025 | 06 120 Ind DIP 1-17
OPAS37E 63,A=5 1 — it | 12 | 166 | 0025 | 06 120 Ind 1-17
OPA27F 8,A=1 1.7 —_ im.“’ 12 116.6 | 0.060 1.3 120 Ind 1-17
OPA3TF 63,A=5 1 - int” 1712 |16.6 | 0.060 13 120 Ind 1-17
OPA27G - 8,A=1 1.7 - in( “ 112 [166 | 0100 1.8 17 ind 1-17
OPA37G . 63,A=5 1 —~ int 'l 12 1166 |0.100 1.8 17 Ind 1-17
Low Noise | OPA101AM 20, A=100 5 |25psec | int. | 12.| 12 | 05 10 94 Ind | TO-99 1-33
FET OPA101BM 20, A=100 5 |25usec| int. | 12 | 12 | 025 5 94 Ind | TO-99 1-33
OPA102AM 40, A=100 10 |t5usec| int. | 12 | 12 J o5 | 10 94 Ind | TO-99 1-33
OPA102BM | 40,A=100 | 10 |1.5usec | int. | 12 | 12 | 0.25 5 94 Ind | TO-99 1-33
Fast OPA600UM - | 6000, A=1000| 500 80. [(.ext. | 9 .| 180 5 100 86 MIL op 12-94
Settling OPABOOVM | 6000, A=1000| 500 80 ext. 9 | 180 4 20 86 MIL DIP 12-94
' OPAG00BM | 5000, A=1000| 500 80 | ext 9 |180 | 5 +80 86 Ind DIP 1-121
OPA600CM | 5000, A=1000] 500 80 ext. 9 |180 | +4 +40 86 Ind DIP 1-121
OPAG600SM {5000, A=1000| 500 80 ext. 9 | 180 | x5 | £100 86 MIL DIP 1-121
OPAB00TM | 5000, A=1000{ 500 80 ext. 9 | 180 | 4 +80 86 MIL | DIP 1-121
Unity-Gain | 3553AM, (Q) 32 2000 - - 10 | 200 | s0 300° NA Ind TO-3 1-184
Buffer )
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WIDE BANDWIDTH (=5MHz) (Continued)
Frequency Response ‘ Offset Vt))(ltage, Open
Slew Rated ma Loop
Rate, ts Com- Output, min At Temp | Gain, | Temp
GBW min | +0.1% | pensa- | 2HtPUh 25°C | Drift | min |Range
Description Model” (MHz) (V/usec) | (nsec) | tion | (V) |(zmA)|(£mV) |(zuv/°C)| (dB) @ Package Page
Low Cost OPA27GP 8,A=1 1.9% - int. 12 | 166 [0.100 | 1.8 117 | Com DIP 117
OPA37GP 63,A=5 | 11.9° - int. | 12 {166 | 0.100 1.8 117 | Com DIP 1-17
Wide Temp | OPA27HT 6,A=1 1.9 - int. 12 |16.6”]0.050 | 0.25® | 120 |-55°C | TO-99 1-29
Range OPA37HT 36,A=5 119 — int® | 12 |16.6”[0.050 | 025 | 120 to TO-99 1-29
+200°C )
OPA11HT 12, A=1 4 | 1.5usec | ext. 10 | 15 59 5 98" |-55°C | TO-99 1-9
to
+200°C

NOTES: (1)*“(Q)” indicates product also available with screening for increased reliability. See High Reliability Screening, section 12. (2) Com =0 to
+70°C; Ind = —25°C to +85°C; MIL = —565°C to +125°C. (3) Typical. (4) G =5 min for OPA37.

HIGH VOLTAGE—HIGH CURRENT product of our extensive hybrid circuit technology. Output currents
These IC op amp designs set the pace for the industry and are a up to £10A peak and voltages up to %145V are available.
Output voltages > 130V to +145V.
HIGH VOLTAGE
Offset Voltage, Bi Frequency
1as
max Response o
Rated Output Current pen
min ' At Temp | (25°C), | Unity Slew Loop | Temp
25°C Drift max Gain Rate Gain | Range
Description Model"™ V) | @&mA) | (zmV) |(FuveC) | (pA) (MHz) |(V/usec) | (dB) @ Package Page
FET 3584JM, (Q) [ 145 15 3 25 —20 20° 150 120 | Com | TO-3 | 1-214
3583AM, (Q) 140 75 3 25 —20 5 30 118 Ind TO-3 1-210
3583JM 140 75 3 25 —20 5 30 118 Com TO-3 1-210
35824 145 15 3 25 —-20 5 20 118 Com TO-3 1-206
3581J 70 30 3 25 —20 5 20 12 Com TO-3 1-206
3580J 30 60 10 30 —50 5 15 106 Com TO-3 1-206
3571AM, (Q) 30 1A 2 40 —-100 05 3 94 Ind TO-3 1-196
3572AM 30 2A"® 2 40 —100 0.5 3 94 |, Ind TO-3 1-196

NOTES: (1) “(Q)" indicates product also available with screening for increased reliability. See High Reliability Screening, section 12. (2) Com =0 to
+70°C; Ind = —25°C to +85°C; MIL = —55°C to +125°C. . (3) Gain-bandwidth product. (4) 2A peak. (5) 5A peak.

Output currents > +15mA to £10A.

HIGH CURRENT

Offset Voltage, Bi ) Frequency
max as Response
Rated Output, Cu:rent N Open
min At Temp | (25°C), | Unity Slew Loop | Temp
25°C, Drift, max Gain Rate Gain | Range )
Description Model™ .| (£V) | (zmA) | (xmV) | (zuveC) | (pA) (MHz) | (V/usec) [ (dB) @ Package Page
High Power | OPA501AM 20 10A 10 65 40nA 1 1.35 94 Ind TO-3 1-103
: OPA501BM 26 10A 5 40 20nA 1, 1.35 98 Ind TO-3 | 1-103
OPAS501RM 20 10A 10 65 40nA 1 1.35 94 MIL TO-3 1-103
OPA501SM 26 10A 5 40 20nA 1 1.35 98 MiL T0-3 1-103
OPA511AM 22 | sA 10 65 40 1 1 91 ind TO-3 1-111
OPA512BM 35 10A 6 65 30 4 25 110 ind TO-3 1-116
OPA5125M 35 15A 3 40 20 4 25 110 MIL TO-3 1-116
3573AM 20 2A"® 10 65 40nA 1 26 94 Ind TO-3 1-202
3572AM 30 2A® 2 40 -100 05 3 94 Ind TO-3 1-196
3571AM, (Q) 30 1A% 2 40 —-100 05 3 94 Ind TO-3 1-196
Wideband 3554AM, (Q) 10 100 2 50 —50 1700 | 1200 100 Ind TO-3 1-188
3554BM, (Q) 10 100 1 15 —50 { 1700 | 1200 100 Ind TO-3 . 1-188
3554SM, (Q) 10 100 1 25 —-50 1700® | 1200 100 MIL TO-3 1-188
High Voltage | 3584JM, (Q) 145 15 3 25 -20 20® 150 126 Com TO-3 1-214
3583AM 140 75 3 25 —20 5 30 118 Ind TO-3 1-210
3583JM 140 75 3 25 —20 5 30 118 | Com | TO-3 1-210
3582J 145 15 3 25 —20 5 20 18 | Com | TO-3 1-206
35810 . 70 30 3 25 -20 5 20 12 | Com | TO-3 1-206
35804 30 60 10 30 ~50 5 15 106 | Com | TO-3 1-206
Booster 3553AM, (Q) 10 200 50 300 | —200 300 2000 NA Ind T0-3 1-184
(Buffer) 3329/03 .10 100 50 - Bipolar 5 — NA Ind DIP 1-157

NOTES: (1) “(Q)”.indicates product also available with screening for increased reliability. See High Reliability Screening, section 12. (2) Com =0 to
+70°C; Ind = —25°C to +85°C; MIL = —55°C to +125°C.  (3) Gain-bandwidth product. (4) 2A peak. (5) 5A peak. (6) Typical.
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GLOSSARY OF TERMS AND DEFINITIONS |
Operational Amplifiers

COMMON-MODE INPUT IMPEDANCE

The effective impedance (resistance in parallel with
capacitance) between either input of an amplifier and its
common, or ground terminal.

COMMON-MODE REJECTION (CMR)

When both inputs of a differential amplifier experience
the same common-mode voltage (CMV), the output
should, ideally, be unaffected. CMR is the ratio of the
common-mode input voltage change to the differential
input voltage (error voltage) which produces the same
output change.

CMR (in dB) = 20 logio CMV/Error Voltage
Thus a CMR of 80dB means that 1V of common-mode
voltage will cause an error of 100V (referred to input).
COMMON-MODE VOLTAGE (CMV)

That portion of an input signal which is common to both

inputs of a differential amplifier. Mathematically it is

defined as the average of the signals at the two inputs:
CMV = (e. + ez)/2

COMMON-MODE VOLTAGE GAIN

The ratio of the output signal voltage (ideally zero) to the

common-mode input signal voltage.

COMMON-MODE VOLTAGE RANGE
The range of input voltage for linear, nonsaturated
operation.

DIFFERENTIAL INPUT IMPEDANCE
The apparent impedance, resistance in parallel with
capacitance, between the two input terminals.

FULL POWER FREQUENCY RESPONSE

The maximum frequency at which a device can supply its
peak-to-peak rated output voltage and current, without
introducing significant distortion.
GAIN-BANDWIDTH PRODUCT

A product of small signal, open-loop gain and frequency
at that gain.

INPUT BIAS CURRENT

The DC input ‘current required at each input of an
amplifier to provide zero output voltage when the input
signal and input offset voltage are zero. The specified
maximum is for each input.

INPUT BIAS CURRENT VS SUPPLY VOLTAGE
The sensitivity of input bias current to the power supply
voltages.

INPUT BIAS CURRENT VS TEMPERATURE

The sensitivity of input bias current to temperature.
INPUT CURRENT NOISE

The input current which would produce, at the output of
a noiseless amplifier, the same output as that produced by
the inherent noise generated internally in the amplifier
when the source resistances are large.

INPUT OFFSET CURRENT

The difference of the two mput bias currents of a
differential amplifier.

INPUT OFFSET VOLTAGE

The DC input voltage required to provide zero voltage at
the output of an amplifier when the input signal and input
bias currents are zero.

INPUT OFFSET VOLTAGE VS SUPPLY VOLTAGE
I/PSRR

The sensitivity of input offset voltage to the power supply

1-8

voltages. Both power supply magnitudes are changed in
the same direction and over the operating voltage range.

INPUT OFFSET VOLTAGE VS TEMPERATURE
(DRIFT)

The rate of change of input offset voltage with
temperature. At Burr-Brown, this is the change in input
offset voltage from 25°C to the maximum specification
temperature, plus the change in input offset voltage from
25°C to the minimum specification temperature, this
quantity divided by the specification temperature range.

INPUT OFFSET VOLTAGE VS TIME
The sensitivity of input offset voltage to time.

INPUT VOLTAGE NOISE

The differential input voltage which would produce, at
the output of a noiseless amplifier, the same output as
that produced by the inherent noise generated internally
in the amplifier when the source resistances are small.

MAXIMUM SAFE INPUT VOLTAGE
The maximum, peak value, continuous voltage that may
be applied at, or between, the inputs without damage.

OPEN-LOOP GAIN
The ratio of the output signal voltage to the differential
input signal voltage.

OPERATING TEMPERATURE RANGE

The temperature range, ambient unless otherwise
indicated, over which the amplifier may be safely
operated.

OUTPUT HESISTANCE
The open-loop output source resnstance with respect to
ground.

POWER SUPPLY RATED VOLTAGE
The normal value of power supply voltage at which the
amplifier is designed to operate.

POWER SUPPLY VOLTAGE RANGE
The range of power supply voltage over whnch the
amplifier may be safely operated.

QUIESCENT CURRENT
The current required from the power supply to operate
the amplfiier with no load and with the output at zero.

RATED OUTPUT

The peak output voltage and current which can be
continuously, simultaneously supplied.

SETTLING TIME

The time required, after application of a step input signal,
for the output voltage to settle and remain within a
specified error band around the final value.

SLEW RATE

The maximum rate of charge of the output voltage when
supplying rated output. ;
SPECIFICATION TEMPERATURE RANGE
The temperature range over which the
temperature” specifications are specified.
STORAGE TEMPERATURE RANGE

The temperature range over which the amplifier may be
safely stored, unpowered.

UNITY-GAIN FREQUENCY RESPONSE

The frequency at which the open-loop becomes unity.

“versus



BURR-BROWN®

OPA11HT

Wide Temperature-Range
General Purpose
OPERATIONAL AMPLIFIER

FEATURES

o —55°C TO +175°C SPECIFICATIONS

e 30nA MAX, IﬁPUT BIAS CURRENT AT +175°C

o +6mV, MAX, INPUT OFFSET VOLTAGE AT +175°C

e +5uV/°C TYP, INPUT OFFSET VOLTAGE COEFFICIENT
o 12MHz BANDWIDTH, TYPICAL

© HERMETIC PACKAGE WITH STANDARD PINOUT
{T41-TYPE)

v

DESCRIPTION

These specifications give you a versatile operational
amplifier that will work in circuits that are subjected
to extremely wide temperature ranges. Typical ap-
plications for OPAIIHT include general purpose
gain blocks, high-speed pulse amplifiers, audio
amplifiers, high-frequency active filters, high-speed
integrators, and photodiode amplifiers.

You're assured of this product’s performance over
the -55°C to +175°C range because we conduct 100%
screening procedures in accordance with MIL-STD-
883, method 5004, class B. Burn-in is performed at
200°C. Our sample and inspection procedures include
both destructive and nondestructive bonding wire

pull tests in accordance with Method 2011 of MIL-
STD-883. The product is assembled in a clean-room
environment.

Model OPAIIHT is internally compensated for
stability at all gains. Pins are available for special
tailoring of the bandwidth compensation. Significant
advantages in high gain, wide bandwidth, low-bias
current, high output current and high common-
mode rejection are provided by OPAIIHT. Inputs
are protected against common-mode voltages up to
the value of the power supplies while the output is
current limited to offer short circuited protection.
TO-99 hermetic package has standard 741-type
pinout arrangement.

International Airport Industrial Park - P.0. Box 11400 - Tucson, Arizona 85734 - Tel. (602} 746-1111 - Twx: 910-952-1111 - Cable: BBRCORP - Telex: 66-6491

PDS-476

19




SPECIFICATIONS

ELECTRICAL

Specifications at £15VDC and Ta = +175°C unless otherwise noted. MECHANICAL
MODEL OPA11HT .
CHARACTERISTIC symso| MIN | Tve | max [ uniT TO-99 PACKAGE
OPEN LOOP GAIN, DG, single-ended Av
No load 103 dB
RL=2kQ 94 100 dB
RATED QUTPUT
Voltage, RL= 2k} Vom *10 +12 A
Current (Ta =25°C) lom +15 +23 mA
DYNAMIC RESPONSE(TA = 25°C)
Small-Signal Bandwidth (0dB) . 12 MHz
Full-Power Bandwidth} Voyr = +10V BWrp 50 75 : kHz
Slew Rate’ R = 2k0 SR 4 7 V/usec
Settling Time (0.1%) . 15 usec
Rise Time (10% to 90%, small-signal) 30 nsec
INPUT OFFSET VOLTAGE Vio .
Initial (without adj. at 25°C) +1 *5 mvV N j—
Over Temperature L ‘
Ta=+175°C +6 ‘mv o ARY . ]
Ta=—55°C ) 7 mv T ¥ s
Average Vio coefficient +5 uV/eC "
Average Vio coefficient vs < \/-J
supply voltage(Ta = 25°C) +10 +200 uV/V H
INPUT BIAS CURRENT lib |
Initial at +25°C *10 *25 nA NOTE:
Over Temperature Leads in true position within .010"
(.25mm) R @ MMC at seating plane.
Ta=+175°C *30 nA
Ta=~—55°C +40 nA Pin numbers shown for reference only.
Average lip coefficient +0.1 nA/°C Numbers may not be marked on package.
INPUT DIFFERENCE CURRENT lio . INCHES MILLIMETERS
Initial at +25°C £10 125 nA oM MIN | max | MIN | mMax
Over Temperature A :30: :;g :j; :::’
= ° + 8 |- : 5 .
1’: = t;;fcc :_ig :2 c _|.1e5 .185 4.19 4.70
- .016 .021 041 0.53
Average lio coefficient 0.1 nA/eC : 010 | oao | 025 | 102
INPUT IMPEDANCE (Ta = 25°C) r Jow0 [ .os |ozs |02
Differential i 100 300 . M0 S | .2008/51C S.088/81C
i 3 pF H .028 .034 0.71 D,Bj
| .045 0.74 1.1
Common Mode f(CM) 1000 Mo PER T I v
) ci(CM) 3 pF L | 110 | 160 | 279 | a.06
INPUT VOLTAGE RANGE M_] 450 BASiC 45° BASIC
Common Mode 11 v N 095 | 105 2.41 | 2.67
Ditferential Mode *12 \
Common-Mode Rejection CMR 80 100 . dB
Over Temperature (-55°C < Ta < +175°C) 100 dB
POWER SUPPLY(Ta = 25°C| CONNECTION DIAGRAM
Rated Voltage Vece *15 v
Voltage Range, derated +8 to +22 v
Gurrent, quiescent I *3 +37 mA BANDWIDTH CONTROL
Over Temperature (-55°C < Ta < +175°C) ’ +3 mA
Power Supply Rejection
Ratio (Ta = +175°C) PS(r 80 100 dB
TEMPERATURE RANGE
Specification —56°C < Ta < +175°C
Operating —55°C < Ta < +200°C
Storage —65°C < Ta < +250°C

(TOP VIEW)

PIN 4 IS CONNECTED TO CASE




TYPICAL PERFORMANCE CURVES

(at £15VDC and Ta = +25°C unless otherwise specifiéd)
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1. Capacitance values shown are compensation from pin 8 to common. Not required for stability. See Figure 1. 2. See Figure 3.
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APPLICATIONS

BANDWIDTH COMPENSATION

The frequency response of the OPA11HT can be adjusted
by use of an external compensation capacitor from pin 8
to common as shown in Figure 1. The open-loop
frequency response curves illustrate the effect of various
values of capacitance. The OPA11HT is stable atany gain
level without the use of compensation, provided that stray
wiring capacitance and/or load capacitance are. not
excessive, and that moderate values of feedback res-
istance are used (Rrn < 10kQ2). A load capacitance of
~=50pF is desirable in all feedback configurations.

STABILITY

Because the OPA1IHT is an extremely-fast amplifier
with high gain, stray wiring capacitance and inductance in
power supply leads can cause circuit oscillation. This can
be prevented by proper circuit layout (all leads or patterns
asshortas possible) and by properly by passing the power
supply lines to common at points close to the amplifier. In
addition, it is recommended that the load be bypassed by
a SOpF capacitor, see Figure 1.

OFFSET VOLTAGE AND ADJUSTMENT

Although the offset voltage of these amplifiers is only a
few millivolts, it may in some cases be desirable to null
this offset. This is done by use of a 100k} potentiometer
as shown in Figure 2.

TEST CIRCUIT - DYNAMIC RESPONSE

The test circuit of Figure 3 is used for measurement of
slew rate, settling time, rise time and overshoot. Both rise
time and overshoot are measured for a small output signal
(Vourr = £100mV). Slew rate and settling time are
measured for a 10V, p-p, square wave.

VOLTAGE REGULATOR AT 200°C

In many applications, a regulated source of *I5V is
needed. A voltage regulator that typically will operate up
to +175°C is shown in Figure 4. This regulator accepts
+16V to +30V at its input and provides +15V at 20mA at
its output. A complementary version may be constructed
to provide -15V by using the OPALIHT with a 2N1711
transistor. Short-circuit protection should be added if
required.

suppLy BYPass [ 1

l._J

COMPENSATION (OPTIONAL)

3 .
o— LOAD
BYPASS F LOAD

FIGURE 1. Compensated Amplifier with Supply Load
Bypassing.

lH
OUTPUT
5.0k 3 +5Vat
20mA
"m 3 >
VOLTAGE L 1ot

ADJUST

FIGURE 4. A +15V Voltage Regulator that will
Operate at +175°C.
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ey - oPA2i

Low-Power Precision
OPERATIONAL AMPLIFIER

FEATURES APPLICATIONS
e LOW SUPPLY CURRENT © PORTABLE EQUIPMENT
230uA max at Vee = £15V e BATERY OPERATION
o WIDE SUPPLY RANGE o IMPROVED REPLACEMENT FOR OP-21
+2.5V to +18V
o LOW OFFSET VOLTAGE
100V max
o LOW OFFSET VOLTAGE DRIFT
1.0uV/°C max
DESCRIPTION |
A unique circuit design, state-of-the-art monolithic The OPA2I1 consumes only 6.9mW of power at Vcc
processing and advanced laser-trimming techniques = %15V and 1.ImW at Vcc = £2.5V but offers far
are used to provid¢ a low power amplifier with out- higher performance than MOS op-amps.
standing parameters—truly “instrumentation grade” The OPAZ2I is internally compensated for unity-gain
performance over a wide voltage supply range. stability.

® ®
H NUTPUT
S
{ 4 -Vcc
OFFSET TRIM
SIMPLIFIED CIRCUIT

International Airport Industrial Park - P.0. Box 11400 - Tucson, Arizona 85734 - Tel. {602) 746-1111 - Twx: 810-952-1111 - Cable: BBRCORP - Telex: 66-6491

PDS-482B
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SPECIFICATIONS

ELECTRICAL

At Ta = +25°C and Vec = 2.5VDC to 15VDC, unless otherwise noted.

NOTE: (1) Guar?n,teed fully warmed-up.

1-14

OPA21E’ OPA21G
PARAMETERS CONDITIONS MIN - TYP MAX MIN TYP MAX UNITS
INPUT OFFSET VOLTAGE
OFFSET VOLTAGE"™ 40 100 300 500 u
—25°C to +85°C 75 200 500 1000 uv
Drift —25°C to +85°C 05 1.0 25 . 50 /e
Offset Adjustment Range +4 * mV
INPUT OFFSET CURRENT
Offset Current . : . 03 1 1.2 4 nA .
—25°C to +85°C 0.5 2 2 6 | nA
INPUT BIAS CURRENT
Bias Current 7 25 15 50 nA
—25°C to +85°C 9 40 18 75 nA
INPUT NOISE '
Voltage 0.1Hz to 10Hz 1.0 i N p-p
Voltage Density fo=1Hz 60 * nV/v/Hz
! fo = 10Hz 20 * nV/\/Hz
- fo=100Hz 20 " nV/\/Hz
Current Density fo=1Hz 0.7 * pA/\/Hz
fo = 10Hz 0.256 * pA/VHz
fo = 100Hz 0.07 . pA/\/Hz
INPUT RESISTANCE
Differential 6 4 ) MO
Common-Mode 1012 . Q|lpF
INPUT VOLTAGE RANGE
Input Voltage Range —-12.5 . v
+14.3 * A
—25°C to +85°C -12.0 * v
+14.0 N v
COMMON-MODE REJECTION RATIO -
CMRR Vou = =12V to +14V, Ry = 100kQ 100 110 84 | 100 dB
—25°C to +85°C 96 105 80 95" . dB
POWER SUPPLY REJECTION RATIO
PSRR +Vee = 2.5V to 18V, RL = 100kQ 104 114 90 - 100 dB |
—25°C to +85°C 100 108 85 95 dB
LARGE SIGNAL VOLTAGE GAIN o
Open-Loop Voltage Gain RL = 10kQ 1000 2000 500 1000 V/mv
120 126 114 120 dB
—25°C to +85°C 500 1500 250 1000 - V/imV
114 124 108 - 120 dB
RATED OUTPUT
Output Voltage Swing RL = 10kQ -13.7 —14.2 —-13.6 * \
+14.0 +14.1 +13.8 * '
‘Output Current RL=2kQ 5 . mA
—25°C to +85°C, RL = 10kQ —13.5 * Vv
+13.8 +13.6 v
Output Resistance / Open-Loop 500 * Q
DYNAMIC RESPONSE [ ) i
Slew Rate / CL = 100pF, R = 25kQ 02 . Vusec
Closed-Loop Bandwidth / Ac. = +1, Ru=10kQ 300 * kHz
POWER SUPPLY ]
Rated Voltage ' %15 . vDC
Voltage Range Derated +2.5 +18 * . vDC
Current Quiescent lo = OMA .
+Vec =25V 170 210 * 250 UA
+Vec = 16V 200 230 * 325 HA
+Vec = 2.5V, —25°C to +85°C 210 275 N 325 HA
+Vee = 15V, —25°C to +85°C + 230 325 * 375 LA
TEMPERATURE RANGE
 Specification Ambient —25 +85 . . °C
Operating Ambient —55 +125 * * °C

*Specification same as OPA21E.



ABSOLUTE MAXIMUM RATINGS PIN CONFIGURATION
Supply Voitage
Internal Power Dissipation™ ............................. 500mwW (TOP VIEW)
Input Voltage ..................... Supply Voltage \/
Differential Input Voltage ...............ccooeiiiiiiiinns +30V OFFSETTRIM 1 8 | NC*
Output Short Circuit Duration ... Indefinite
Storage Temperature Range . —65°C to +150°C
Operating Temperature Range..... ... —55°C to +125°C -IN - +Vee
Lead Temperature Range (soldering, 60sec)... +300°C

NOTE: (1) Maximum package power dissipation vs ambient temper-
ature:
Maximum Ambient Derate Above
Package Temperature Maximum Ambient
Type for Rating Temperature
8-Pin Hermetic DIP (Z) +75°C 6.7mW/°C

MECHANICAL

ST

8-PIN HERMETIC DIP
("Z""SUFFIX)
NOTE:
Leads in true position within 0.01”
(0.25mm) R at MMC at seating plane.

Pin material and plating composition
conform to Method 2003 (solderability)

of MIL-STD-883 (except paragraph 3.2).

Pin numbers shown for
reference only. Numbers
may not be marked on
package.

NCHES. MILLIMETERS

DM ["Wn | MAX | Wi | MAX
9.63(10.28]

LEEL LTSk

OUTPUT

-Vee| 4

2 7
+IN| 3 + 6 |
I ‘ 5 l OFFSET

TRIM

“NO INTERNAL CONNECTION,

ORDERING INFORMATION

‘ OPA21 E Z
Basic Model Number
Performance Grade Code -
E, G = —25°C to +85°C
Package Code
Z = 8-Pin Hermetic DIP

TYPICAL PERFORMANCE CURVES

(Ta = +25°C, £Vcc = 15VDC unless otherwise noted)

SUPPLY CURRENT vs
OPEN-LOOP GAIN vs FREQUENCY SUPPLY VOLTAGE VOLTAGE NOISE vs FREQUENCY
” 320 10,000,
55°C| |
140 £, +25°C | 280 £125°6— o
_ {  +125°C /ﬂgg g
@ 120 N <:tx 240 = "] 3 1000
= \ 2 T +25°C z + H
£ 100 € 200 ) = - +H H
] N H — 55°C 2 H 1
1G] . N £ Iy e 2
g AN 3 160 —— — S 100
5] N = o -
2 60 N | 120 e ! Voltage
8 N 3 5 i
8- 40 “® 8o z 10
\\ ES £ =2
20 40 c -
N = T
0 N\ 1 L
00101 1 10 100 1k 10k 100k 1M 0 50  #10  *15 20 0.1 1 10 100 1K
Frequency (Hz) Supply Voltage (V) Frequency (Hz)
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Input Bias Current (nA)

INPUT BIAS CURRENT vs INPUT OFFSET CURRENT vs

TEMPERATURE TEMPERATURE 10 SURRENT NOISE vs FREQUENCY
16 16
14 1.4 :;E
—_ ‘N
12 € s2 2 1
= e =
c
10 B4 g *1.0 -%’, 1 lll’
8 '3 +08 Z 0= Current
- - c =
6 £ 108 ; £ i
o 0s'Y 3 { T
4 3 +04 5 001
‘_é \\\‘ é’
2 +0.2 =
0 0 0.001
-756 -50 -25 0 +25 +50 +75+100 +125 -75 -50 -25 0 +25 +50 +75+100 +125 0.1 1 10 100 1k
Temperture (°C) ’ * Temperature (°C) Frequency (Hz)
LARGE SIGNAL RESPONSE . ' ~ SMALL SIGNAL RESPONSE

Output Voltage (V)
o
<

Output Voltage (mV)

0 100 200 300

Time (usec) . Time (usec)
0 SLEW RATE VS TEMPERATURE o SETTLING TIME VS TEMPERATURE
0.35 - 80
o
—g 0.30 g 70—
so2s g 60 T0 0.01%
2 L~ S
£ 020 ' 50— 0-1%. ]
& 1 £ ==
3 0.15 Z 40
K] » |
“ 010 30
0.05 - 20
0 10
~75-50 —25 0 +25 +50 +75+100 +125 ~75-50 -25 0 +25 +50 +75+100+125
Temperature (°C) Temperature (°C)
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BURR-BROWNe® | | 0PA27
- OPA37

Ultra-Low Noise Precision
OPERATIONAL AMPLIFIERS

FEATURES | APPLICATIONS

© LOW NOISE: 100% tested, 3.8nV/+/Hz max at 1kHz © PRECISION INSTRUMENTATION

© LOW OFFSET: 254V max o DATA ACQUISITION

o LOW DRIFT: 0.6uV/°C max o TEST EQUIPMENT

o HIGH OPEN-LOOP GAIN: 120dB min ' o PROFESSIONAL AUDIO EQUIPMENT
o HIGH COMMON-MODE REJECTION: 114dB min o TRANSDUCER AMPLIFIER

o HIGH POWER SUPPLY REJECTION: 100dB min © RADIATION HARD EQUIPMENT

o FITS 0P-07, OP-05, ADS10, ADS17 SOCKETS

DESCRIPTION ' o)
The OPA27/37 is an ultra-low noise, high precision TRIM ;E :E e
monolithic operational amplifier. )
Laser-trimmed thin-film resistors provide excellent 1
long-term voltage offset stability and allow superior b1
voltage offset compared to common zener-zap :& ::

< <

A unique bias current cancellation circuit (patent

techniques. é—'. w

pending) allows bias and offset current specifica-

tions to be met over the full —55°C to +125°C —:'" /; ouTRUT

temperature range.

The OPA27 is internally compensated for unity- @

gain stability. The decompensated OPA37 requires et

a closed-loop gain = 5. "PATENT PENDING

The Burr-Brown OPA27/37 is an improved re- @
placement for the industry-standard OP-27/OP-37. 0PAZ1/37 SIMPLIFIED GIRGUIT Ve

International Airport Industrial Park - P.0. Box 11400 - Tucson, Arizona 85734 - Tel. (602) 746-1111 - Twx: 910-852-1111 - Cable; BBRCORP - Telex: 66-6491

- PDS-466F
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SPECIFICATIONS

ELECTRICAL
At Vec = P15VDC and Ta = +25°C unless otherwise noted.

. OPA27/37A, OPA27/37E OPA27/37B, OPA27/37F OPA27/37C, OPA27/371G
PARAMETER conomions | min [ tve | max | min | vve [ max [ wmin [ tve | max | uwnits
INPUT
NOISE
‘Voltage, fo = 10Hz 100% tested, (A, E) 3.1 5.5 3.5 55 . 3.8 8.0 nV/\/Hz
fo = 30Hz 100% tested, (A, E) 29 45 3.1 45 33 5.6 nV/\/Hz
fo=1kHz . 100% tested, (A, E) 27 3.8 3.0 38 3.2 45 nV/\/Hz
fs = 0.1Hz to 10Hz 0.07 0.18 0.08 0.18 0.09 0.25 uv, p-p
Current,” fo = 10Hz 100% tested, (A, E) 17 4.0 1.7 40 1.7 pA/\/Hz
fo = 30Hz 100% tested, (A, E) S 1.0 23 1.0 23 1.0 i pA/\/Hz
fo=1kHz 100% tested, (A, E) 04 0.6 0.4 0.6 0.4 0.6 pA/\/Hz
OFFSET VOLTAGE? . A . E .
Input Offset Voltage : 16 T 126 +12 © 160 +25 +100 uw
Average Drift™ Ta min 10 Ta max +0.2 +0.6 +03 +1.3 +0.4 +1.8 uv/°Cc
Long Term Stability” o 0.2 1 0.3 15 04 20 uV/mo
Supply Rejection +Vec =4 to 18V 100 134 ‘ 100 125 94 120 .dB
+Vec =4 to 18V +0.2 +10 0.6 +10 *1 +20 MUV
BIAS CURRENT ) '
input Bias Current +11 +40 +13 155 " x15 +80 nA
OFFSET CURRENT . } '
.Input Offset Current 6 35 8 50 10 75 nA
IMPEDANCE )
Common-Mode - 3 25 2 GQ
VOI.TAGE RANGE -
Common-Mode Input Range ’ 11 +123 1 +123 +11 +123 v
Common-Mode Rejection Vw=3£11VDC- | 114 128 106 125 | 100 122 |, dB
OPEN-LOOP GAIN, DC ) ) ] )
Open-Loop Voltage Gain Ru=z2kQ 120 126 120 125 | 17 124 ds
R =1kQ 118 125 118 ‘125 ) 124 dB
FREQUENCY RESPONSE - v : i ’
Gain-Bandwidth Product ® OPA27 5 8 5 8 5 8 MHz
. OPA37 45 63 45 63 45 63 MHz
Slew Rate ® Vo =10V,
R.=2kQ
OPA27, G =+1 1.7 1.9 1.7 1.9 17 1.9 V/usec
OPA37, G =+5 1 19 " 19 11 1.9 V/usec
Settling Time, 0.01% OPA27,G = +1 25 25 . 25 usec
. OPA37,G=+5 25 25 25 usec
RATED OUTPUT .
Vojtage Output . R.=2kQ +12 .| 138 +12 +13.8 T+12 +13.8 \
R.=600Q +10 +12.8 +10 +12.8 ] 10 . x128 \
Output Resistance DC, open loop 70 70 | 70 Q
Short Circuit Current R.=0Q ' 25 60 ' 25 60 - 25 60 mA
POWER SUPPLY i
Rated Voltage : +15 +15 +15 vDC
Voltage Range, : . ; ' : ) .

Derated Performance +4 +22 +4 +22 +4 +22 vDC
Current, Quiescent lo =0mADC .3 4.7 3 4.7 .33 57 mA
TEMPERATURE RANGE
Specification

ABCWU2) —55 +125 ~55 +125 —55 +125 °C .

E,F,G(J,2) ST —-25 : +85 -25 +85 - —25 +85 °C

G (P) 0 +70 °C
Operating: J, Z —55 . +125 —55 +125 —55 . +125 | °C
, P a —25 +85 °C

NOTES: (1) Measured with industry-standard noise test circuit (Figures 1and 2). Due to errors introduced by this method, these current noise specifications snouia
be used for comparison purposes only. (2) Offset voltage specifications on grades A and E are also guaranteed with units fully warmed up. Grades B, C, F, and G are
measured with at ic test equip after appr 0.5 second from power turn-on. (3) Unnulled or nulled with 8kQ to 20kQ potentiometer. (4) Long-
term voltage offset vs time trend line does not include warm-up drift. (5) Typical specification only on plastic package units. Slew rate varies on all units due to
differing test methods. Minimum specification applies to open-loop test.
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ELECTRICAL (FULL TEMPERATURE RANGE SPECIFICATIONS)

At Vec = £15VDC and Ta = Tan 10 Tuax unless otherwise noted.

OPA27/37A, OPA27/37E OPA27/378, OPA27/37F OPA27/37C, OPA27/37G

PARAMETER CONDITIONS MIN l TYP [ MAX MIN I TYP l MAX MIN I TYP I MAX UNITS

TEMPERATURE RANGE '

Specification Range
A, B, C(J 2 —55 +125 —55 +125 —55 +125 °C
E,F.G(J,2) —25 +85 —25 +85 -25 +85 °C
G (P) 0 +70 °C

INPUT

OFFSET VOLTAGE"

Input Offset Voltage )
A, B,C +24 160 +45 +200 +60 +300 w
E F, G 17 +50 +33 +140 +48 +220 u

Average Drift® Ta v t0 Ta max +0.2 +0.6 103 +1.3 +0.4 +1.8 uv/°C

Supply Rejection
A B C £Vec = 4.5 to 18V 96 130 94 127 86 122 dB
E F, G +Vec = 4.5 to 18V 97 130 96 127 90 122 : dB

BIAS CURRENT

Input Bias Current
A,B,C +16 +60 . +22 +95 +29 +150 nA
E F, G *13 +60 - £16 +95 +21 +150 nA

OFFSET CURRENT

Input Offset Current
A B C ’ 23 50 25 85 35 135 nA

'E,F,G 12 50 14 85 20 135 nA

VOLTAGE RANGE

Common-Mode Input Range .

A B C +10.3 +11.5 +10.3 +11.5 +10.3 1.5 l’V
E F, G | +105 £11.8 +10.5 +11.8 +10.5 +11.8 \

Common-Mode Rejection " Viy = £11IVDC . )

A B, C 108 124 100 122 94 120 dB
E F, G 110 126 102 124 96 122 dB

OPEN-LOOP GAIN, DC

Open-Loop Voltage Gain RL = 2kQ
A B C ’ 116 121 114 120 110 118 dB
E F, G 118 123 117 122 X 113 120 dB

RATED OUTPUT

Voltage Output . Ru=2kQ X

A, B C .o +11.5 +137 +11.0 +13.5 +10.5 +133 v
E.F, G +11.7 +13.8 +11.4 +13.6 +11.0 £13.4 v

Short Circuit Current Vo = 0VDC 25. 25 . 25 mA

NOTES: (1) Ofiset voltage specifications on grades A and E are also guarantead with the units fully warmed up. Grades B, C, F, and G are measured with automatic
eqL after approxi y 0.5 2 U lled or nulled with 8kQ to 20kQ potenhometar

ABSOLUTE MAXIMUM RATINGS

Supply VOltage .........cccoeeviiiniiniiiiiiieiiiaanans NOTES:
Internal Power Dlsslpatnon“' 1M package power dissipation vs P
@)
Input Voltage™ ...............ooooiiiiiiiiiiiin, Maximum Derate Above
Output Short Circuit Duration® .................. Indefinite Ambient Temp- Maximum Ambient
Differential input Voltage"’ Package Type erature for Rating Temperature
Differential Input Current'’ TO-99 (J) 80°C 7.AmW/°C
. 8-Pin Hermetic DIP (2) 75°C 6.7mW/°C
T : R

St:'.: azge Temperature Range —65°C to +150°C 8-Pin Plastic DIP (P) 6§2°C 5.6mW/°C

P ... —55°C to +125°C 2. For supply voltages less than +22V, the absol i input voltag
Operatmg Temperature Range: B is equal to the supply voltage. )

—_EEO, o 3. To common with tVcec = 15V.

AB,CEF.G (.2 55 9 to +125°C 4. The inputs are protected by back-to-back diodes. Current limiting resis-

G (P) """""""""""""""""""""""""""" —25°C to +85°C i tors are not used in order to achieve low noise. If differential input volt-
Lead Temperature Range (Soldering, 60sec) ..... +300°C age exceeds 0.7V, the input current should be limited to 25mA. -
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ORDERING INFORMATION

o
R
>
o]
x

__|

Basic Model Number
Performance Grade Code:

GP = 0°C to +70°C

<

A, B, C = —55°C to +125°C
E, F, G = —25°C to +85°C

L N

Package Code:
J = TO-99
Z = 8-Pin Hermetic DIP.
P = 8-Pin Plastic DIP

MECHANICAL

“J” PACKAGE, TO-99

=

Pin

INCHES MILLIMETERS
oM " miN_ | Max | MmN | mMax
A |33 | 370 | 851 9.40
s |.30s |.33s | 775 | sst
c laes | 18 | a1s | 470
o |.ote | .o 0.41 0.53
€ _J.010 | 040 | 025 1.02
F_|.010 | 040 | 025 1.02
G | .2008ASIC 5.08 BASIC
Pune oo o W o2 |03 | on | ose
J 029 |.0as [ 074 [ 114
N x | s00 | - 127 | —-
L L\ N ‘ L 2110 .160 2.79 °4.06
M__| 45°BASIC 45° BASIC
o TNN) . n
e G N_| 095 .105 241 | 267
" o] Y4
= ‘
H . NOTE:

Leads in true position within 0.01"
(0.25mm) R at MMC at seating plane.

shown for
Numbers may not be marked on package.

only.

Pin material and plating composition
conform to method 2003 (solderability)
of MIL-STD—883 (except paragraph 3.2).

e
— o —»f

LIRS
Pin 1
—{F ja—
Bl '
[ \v c
IREER®
H ’IL G Seating
) lane

NOTE:
Leads in true position within .010”
(.25mm) R at MMC at seating plane. °

“P” PACKAGE, 8-PIN PLASTIC

INCHES MILLIMETERS
DIM [TMIN MAX MIN MAX
A | 356]_400] 0.03[10.1
A |".340] .386] 6.65] 0.8
? .230] .200] 6.86[ 7.
1 | .200] .260 6.08] 6.3
[:CAA_-! _:2001 3.08 60!
D | .015 .02 0.3 0.5
F | .030 070 0.7¢] 1.7
G |.100 BASIC| 2.54 BASIC
["H_| .028] .050 0.64] 1.2
[, 0.20! 0.
™ 1.78)
G 7.63 BASKC
0° | 15°
X 025 0.7
e .64 1.

Pin numbers shown for
reference only. Numbers
may not be marked on

package.

“Z" PACKAGE, 8-PIN HERMETIC

NOTE:
Leads in true position within 0.01”
(0.25mm) R at MMC at seating plane.

Pin bers shown for only.
Numbers may not be marked on package.

Pin material and plating composition
conform to method 2003 (solderability)
of MIL-STD—883 (except paragraph 3.2).

A INCHES MILLIMETERS
fan Bl ) OIM | MmN | max MIN MAX
A | 378 .408] 9.83]10.26]
-24] .261] .22 e.ss)
68| 4.32)
X X3
21 1.8
- .84 BASIC
| | -] 2.49]
Pin ¢1 20 9.3
.8 8.1
T 76
23] 1.62]
_d;r 18] 4.4
Seating [J: =\(=
Plane | Il ||
L b
i d ol

CONNECTION DIAGRAMS

OFFSET TRIM

TOP VIEW

—Voc AND CASE
TOP VIEW )
ﬂFf/tﬂ TRIM E N~ 1] g.m
[z ]
+HN] 3 3 ouTPUT )
" ol
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22uF

4.3k

SCU‘PE

lm A = 1Mo
VOLTAGE GAIN 0iF | 22F
TOTAL = 50.000 110k

NOTE: ALL CAPACITOR VALUES ARE FOR
NONPOLARIZED CAPACITORS ONLY.

. 0.1Hz to 10Hz NOISE

FIGURE 1. 0.1Hz to 10Hz Noise Test Circuit.

FIGURE 2. Low Frequency Noise.

TYPICAL PERFORMANCE CURVES

Ta = +25°C, £Vcc = +15VDC unless otherwise noted.

INPUT CURRENT NOISE SPECTRAL DENSITY
| SR T B W 3 T Ll
[—Current Noise Test Circuit T T[]

-
PO

Hz)

Current Noise (pA/
[l =N=]
s O®a

L LA T 1T
Warning: This industry dard eq
0.2 — I8 | rate and these figures should
be used for comparison purposes onlyl
0.1 ek PRI el WY PR
10 B 100 C 1k 10k

Frequency (Hz)

NPUT VOLTAGE NOISE vs NOISE BANDWIDTH
(0.1Hz to indicated frequency)

10

1
ﬁ
g
= 1
>
3 as
2
2 H
=
i = Zzzze::
>
.
Ra =00
0.01 I l
100 1k 10k 100k
Noise Bandwidth (Hz)
VOLTAGE NOISE SPECTRAL DENSITY
vs SUPPLY VOLTAGE
4
g - A, Eat 10Hz
-
3 3
&
9 A, E at 1kHz
K
z
% 2
2
1 o
+5 +10 +15 +20
Supply Voltage (Vce)

INPUT VOLTAGE NOISE SPECTRAL DENSITY

10
= 8
T
Re
z 6
2 PN =
NS
9 A ENTH
s o —= |
o
> 2
] .
1 10 100 1k
Frequency (Hz)
TOTAL INPUT VOLTAGE NOISE SPECTRAL DENSITY
vs SOURCE RESISTANCE
100 ' Y
80) —
60 .
— B
aof—
F I % AE
2 05— Rsounce = 2 XRy H
S A
T 1 =
& 1 =
2 10 ot
2 .g —
Z 8
(] ez ———
g 4forz 4 Ir
°
> KRz LA “Reaistor Noise Only
2 / =
1
100 1k 10k
Source Resistance (Q)
VOLTAGE NOISE SPECTRAL DENSITY
vs TEMPERATURE
5 T
EENEA
T
— - !
T 4 - =
Re 7 = =
. E1
E T : A, E oH » LA
@ 3 = - 11
a = = agy
g = E 1kHz
’ =
j=J
]
5 2
>
1

-75 —50 -25 0 +25 +50 +75 +100 +125
Ambient Temperature (°C)




TYPICAL PERFORMANCE CURVES (CONT)

Ta = +25°C, £Veec = +£15VDC unless otherwise noted.

e T INPUT OFFSET VOLTAGE CHANGE
INPUT OFFSET VOLTAGE WARM-UP DRIFT DUE TO THERMAL SHOCK

+10 T TTT +20 !
i BEEN I
. 111 . A
) <C, G > - J
3+s ; 2+10 7 VA7 AT 7T
=4 =) AL 7 7 4 4 4
g £ a2y 871V 87V 44V 474V 4 4
[3) O H+25°CH+70°C A A Ta = +25°C to Ta = +70°CA2A
g ° g Of 77 AT Fluid Bath AP A
s S pd A1/ P44V 4
S ) p. "V AV A XL
2 2 AV A A A A
2 5 2 _10 XA A A Z p. A
- - L L L
° TO-991 ° TO-580
|| 111 1T
—10 jd L -20 T
0 1 2 3 4 5 6 : -1 0 +1° +2 +3 +4 45
Time From Power Turn-on (min) Time From Thermal Shock (min) .
OPEN-LOOP FREQUENCY RESPONSE BIAS AND OFFSET CURRENT VS TEMPERATURE
140 20 i 20
= 1
120 . A E >
e < A g
A £15 150
5 100 C - = =
2 OPA37’ £ s A b4
£' 80 " a as LH 2
1] OPAZTEY g1 T 10k
g 60 Biiin a l e
s A © ' 5
= io S I Offset §
> - S s 52
N < 2
20 AY =
0 Y 0
10 100 1k 10k 100k M 10M  100M —75 =50 —25 0 +25 ° +50 +75 +100 +125
Frequency (Hz) . Ambient Temperature (°C) :
OPA27 CLOSED-LOOP VOLTAGE GAIN AND ' OPA37 CLOSED-LOOP VOLTAGE GAIN AND
+ PHASE SHIFT vs FREQUENCY (G = 100) | PHASE SHIFT vs FREQUENCY (G = 100)
50 50
40 40
N TN 0 ) N 0
: N
= 30 45 o 30 —45
g \ -
L . »
£ 20 = -0 & £20 D NEY o0 &
K N 2 8 ¥ ¢
@ \ ES o G=5 4o =
= 1 3
}‘!?’ 10 ) 135 Z g 0 Gain 135 z
s s 3, | G
> 0 S r]-180
—10 225 -10 —225
—20 —2(,‘
© 10 100 1k . .10k 100k ™ 10M  100M 10 100 1k 10k 100k ™ 1OM 100M
Frequency (Hz) . Frequency (Hz)
COMMON-MODE REJECTION vs FREQUENCY 140 POWER SUPPLY REJECTION vs FREQUENCY
140 T
11 i JllEE
T 12 : [ 11 = 120 y OPA27 A, E
g a AE g" S
§ 100 AN l § 100 N N
S NI T 5 A1
2 KRR OPA3: o Voo
g 80 T 80 o
] RPADT >
3 6 OPA27 g e N
= N g °
‘n: N w N
o —
g 40 g <
§ 2 € 20 !
© NN
0 - 0
A 10 100 1k 10k 100k ™ oM 1 10 100 1k 10k . 100k iM 10M

Frequency (Hz) ) ) Frequency (Hz)
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TYPICAL PERFORMANCE CURVES (CONT)

Ta = +25°C, *Vcec = £15VDC uniess otherwise noted.

OPEN-LOOP VOLTAGE GAIN vs SUPPLY VOLTAGE OPEN-LOOP VOLTAGE GAIN vs TEMPERATURE

130 - T 135 T
AE l RN

AL =2kQ A E.
130 L
o RL=2kQ

|

|

|
1

8
o
N\

Voltage Gain (dB)
\
A
T
|
T
I
1
|
t
i
Voltage Gain (dB)
N
o
7
1

| ‘> ‘ 120
|

i

15

15
£5 +10 +15 +20 +25 -75 —50 -25 0 +25 450 +75 +100 +125
Supply Voltage (Vce) Ambient Temperature (°C)

COMMON-MODE INPUT VOLTAGE ‘HANGE

vs SUPPLY VOLTAGE SUPPLY CURRENT vs SUPPLY VOLTAGE
+15 » : 6
< +10 r‘gf [MTa = —55°C
S ;
= /524 NTa = +25°C z 3125°C =
& 5 = INTa = +125°C| E* /T
1 LA = o
: >Z4 EEERAGE .
g o g e —55°C
b SNV Ta=—55°C S
S -5 \;\L\(‘ 4 . é 2 —
E \\§Q< Ta=1+25°C a
S N, [Ta = +H25°C
~
R
-15 SN 0 . 15 *=10 +15 +20
0 - +5 +10 +15 +20 Supply Voltage (Vce)
Supply Voltage (Vce)
OPA27 SMALL SIGNAL . OPA37 SMALL SIGNAL
. TRANSIENT RESPONSE TRANSIENT RESPONSE
+50

Output Voltage (mV)
Output Voltage (mV)
o

B s -

Av = +5, C = 25pF

AveL=4+1,Cc= 15PF Time (usec) ’ Time (usec)
OPA27 LARGE SIGNAL . ’ . OPA37 LARGE SIGNAL
TRANSIENT RESPONSE TRANSIENT RESPONSE

s s .
g %
2 s
g i
3 -
ey AN ey
Aver =1 Time (usec) : Av=+5 Time (usec)
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APPLICATIONS INFORMATION

OFFSET VOLTAGE ADJUSTMENT

The OPA27/37 offset voltage is laser-trimmed and will
require no further trim for most applications. Offset volt-
age drift will not be degraded when the input offset is
nulled with a 10kQ trim potentiometer. Other potenti-
ometer values from 1kQ) to IMQ can be used but Vos
drift will be degraded by an additional 0.1 to 0.2uV/°C.

Nulling large system offsets by use of the offset trim
adjust will degrade drift performance by approximately
0.3 V/°C per millivolt of offset. Large system offsets
can be nulled without drift degradation by input
summing.

The conventional offset voltage trim circuit is shown in
Figure 3. For trimming very-small offsets, the higher
resolution circuit shown in Figure 4 is recommended.

The OPA27/37 can replace 741-type operational ampli-
fiers by removing or modifying the trim circuit.

+4mV TYPICAL
TRIM RANGE

*1kQ to IMQ
TRIM POTENTIOMETER
{10k RECOMMENDED)

O —Vec

FIGURE 3. Offset Voltage Trim. -

+280uV TYPICAL
TRIM RANGE

*1kQ TRIM
POTENTIOMETER

FIGURE 4. High Resolution Offset Voltage Trim.

THERMOELECTRIC POTENTIALS

The OPA27/37 is laser-trimmed to microvolt-level input
offset voltage and for very-low input offset voltage drift.
Careful layout and.circuit design techniques are neces-
sary to prevent offset and drift errors from external
thermoelectric potentials. Dissimilar metal junctions
can generate small EMF’s if care is not taken to elimi-
nate either their sources (lead-to-PC, wiring, etc.) or
their temperature difference. See Figure 7.
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Short, direct mounting of the OPA27/37 with close
spacing of the input pins is highly recommended. Poor
layout can result in circuit drifts and offsets which are an
order of magnitude greater than the operational ampli-
fier alone.

NOISE: BIPOLAR VERSUS FET

Low-noise circuit design requires careful analysis of all
noise sources. External noise sources can dominate in
many cases, so consider the effect of source resistance on
overall operational amplifier noise performance. At low
source impedances, the lower voltage noise of a bipolar
operational amplifier is superior, but at higher impe-
dances the high current noise of a bipolar amplifier
becomes a serious liability. Above about 15k(} the Burr-

* Brown OPALlIl low-noise FET operational amplifier is

recommended for lower total noise than the OPA27 (see
Figure 5). ‘

=
=3
o
o

_=_‘0PA27 + Resistor
-OPA111 + Resistor

-
o
o

Eo= e + (inRs

)2+ akTR, |

nV/\/Hz, Typical at 1kHz
=
=)

Voltage Noise Spectral Density (Eo)

tesistor Noise:
—Only
PA27 + Resistor Fo = 1khz
1
100 1k 10k 100k ™ 10M

Source Resistance (Rs), Q '

FIGURE 5. Voltage Noise Spectral Density Versus
‘Source Resistance.

COMPENSATION

Although internally compensated for unity-gain stabil-
ity, the OPA27 may require a small capacitor in parallel

"with a feedback resistor (Ry) which is greater than 2kQ).

This capacitor will compensate the pole generated by Ry
and Civ and eliminate peaking or oscillation.

INPUT PROTECTION |

Back-to-back diodes are used for input protection on
the OPA27/37. Exceeding a few hundred millivolts dif-
ferential input signal will cause current to flow and

“without external current limiting resistors the input will

be destroyed.

Accidental static discharge as well as high current can
damage the amplifier’s input circuit. Although the unit
may still be functional, important parameters such as
input offset voltage, drift, and noise may be perma-
nently damaged if any precision operational amplifier is
subjected to abuse. )
Transient conditions can cause feedthrough due to the
amplifier’s finite slew-rate. When using the OP-27 as a
unity-gain buffer (follower) a feedback resistor of 1k} is
recommended (see Figure 6).



G ~ 40dB at TkHz

METAL FILM RESISTORS
FILM CAPACITORS

"F
A A
~1kQ 787kQ
— MOVING —
L & —0 ouTPUT (AGNET OOIWF ,  p 003F
O T 976k
INPUT 1000 2
- - WF - gyypur
- 0PA37
e+ 20k
1.9V/usec Y IGL 1
n R AND C. PER CARTRIDGE MANUFACTURER'S RECOMMENDATIONS
FIGURE 6. Pulsed Operation.
FIGURE 8. Low-Noise RIAA Preamplifier.
APPLICATIONS CIRCUITS
TOTAL GAIN = 10° l—_"’,‘{,rn‘_
10Q
- cuan | 10mV/mm
= our G=1 e RECORDER | Smm/sec

A. 741 NOISE WITH CIRCUIT WELL-
SHIELDED FROM AIR CURRENTS AND
RFI. {NOTE SCALE CHANGE.)

B. OP-OTAH WITH CIRCUIT WELL-SHIELDED
FROM AIR CURRENTS AND RFI.

€. OPA27AJ WITH CIRCUIT WELL-SHIELDED
FROM AIR CURRENTS AND RFI.
(REPRESENTS ULTIMATE OPA27 PER-
FORMANCE POTENTIAL)

0. 0PA27 WITH CIRCUIT UNSHIELDED AND
EXPOSED TO NORMAL LAB BENCH-TOP
AR CURRENTS. (EXTERNAL THERMO-
ELECTRIC POTENTIALS FAR EXCEED
OPA27 NOISE.)

E. OPA27 WITH HEAT SINK AND SHIELD*
WHICH PROTECTS INPUT LEADS FROM
AIR CURRENTS. CONDITIONS SAME AS
(D). [NOTE IMPROVEMENT.)

* AVAILABLE FROM BURR-BROWN:
MODEL 0807HS

FIGURE 7. Low Frequency Noise Comparisoh.
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OUTPUT

INPUT

500pF 3
INPUT

OUTPUT

FIGURE 10. High Slew Rate Unity-Gain Buffer.

O~
INPUT  TkQ
ouTPUT
FIGURE I11. Unity-Gain Inverting Amplifier.
lk(;} 2
INPUT :; 2500
>
WFFé 3 oUTPUT

FIGURE 12. High Slew Rate Unity-Gain Inverting
: Amplifier.

METAL FILM RESISTORS
FILM CAPACITORS

MAGNETIC

0.01uF .

G ~ 50dB at 1kHz

TAPE
HEAD

2

W
9

3 1
B Icl

L}i:F QUTPUT

o]

R. AND C. PER HEAD MANUFACTURER'S RECOMMENDATIONS

FIGURE 13. NAB Tape Head Preamplifier.

APA

Vos = 10uV RTI

GAIN =100

CHAR ~ 106dB
BANDWIDTH ~ 500kHz

VA

Re

>
- 10103 Re
3

5kQ

AN

]
2 3 ijQ

’
: BURR-BROWN
1 3627
3 DIFFERENTIAL
3l AMPLIFIER

AAA

4

Re

+IN

VA~

1 25kQ
[ 25kQ
&

DIFFERENTIAL VOLTAGE GAIN =1 + 2R¢/Rs

- )

OUTPUT
—O

FIGURE 14. Low Noise Instrumentation Amplifier.
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1*Q GAIN = —1010V/V

Vos =~ 2uV

DRIFT ~ 0.07uV/°C

6 ~ 1nV/\/Hz at 10H2

QUTPUT 0.9aV//Miz at 160Hz

. 0.87nV/\/Hz at 1kiiz

0.1uF FULL POWER BANDWIDTH ~ 180kiz
GAIN BANDWIDTH ~ 500MHz

%a EQUIVALENT NOISE RESISTANCE ~ 500

T00 6166 1M FREQUENCY RESPONSE 200 %
TRANSOUCER ~ Tkfiz T0 50kHz SIGNAL-TO-NOISE RATID < /i

SINCE AMPLIFIER HOISE 1S

a

UNCORRELATED
- INPUT OPAJTEZ
FIGURE 15. Hydrophone Preamplifier. o / 6 2
3
200 %0
0.1uF
]
11 >
= 2
1000 \ OPASTEL D>—d—niv
100kQ / ite}
l 3
= 200 %0 %0
ouTPUT WA
—0
- 21”
DEXTER 1M OPAITEZ o zm —0
THERMOPILE ; / OUTPUT
~ RESPONSIVITY ~ 25 X 10°V/W
. OUTPUT NOISE ~ 304V rms, 0.1Hz to 10Hz 200 %0 =

HOTE: USE METAL FILM RESISTORS AND
PLASTIC EILM CAPACITOR,
CIRCUIT MUST BE WELL SHIELDED
70 ACHIEVE LOW NOISE. OPASTEZ

ﬂ

i
w
\
o
®
032

FIGURE 16. Long-wavelength Infrared Detector

. 200 %0
Amplifier. W-
= e
. P o amasg
9.76k0 + 278
MW BALANCE 31 71
TRIM |
5000 3 ]
WpUT mae ] ' U
O—o——M 2 . N = 10 EACH OPA3TEZ
u a8ka 3 QUTPUT
NEP A
UZ-L\SZ ATk FIGURE 18. Ultra-low Noise “N” Stage Parallel
AN .TokQ .
L~ ATk Amplifier.
’ )
: OFFSET 1
DG188 i TRIN'
| +Vee
L >
" TIL INPUT | GAIN
ER +
0" -1

FIGURE 17. High Performance Synchronous
‘ Demodulator.

1-27



MY M
| 2000 . 20k0

VIRTEC V1000
PLANAR TUNNEL b o VIDEO
0.014F DIODE oUTPUT
s0Q
INPUT

FIGURE 19. RF Detector and Video Amplifier.

10uF/2v @ 15V
7 > 100Q . 10kQ

l— T
| | d i
| o 1004F/200 TANT. uPAZI —0
| T I 3 UTPUT
l i +1 :
| [/ =3 |
I | e
' o
T 7 semewswiss |2
FIGURE 20. Balanced Pyroelectric Infrared Detector.
asv
+
ke :
—0 o :
ouTPUT |— =
" AIRPAX
MAGNETIC four o APM X N
PICKuP £ WHERE N = NUMBER OF GEAR TEETH

FIGURE 21. Magnetic Tachometer.
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BURR-BROWN®

OPA27HT
OPA37HT

Wide Temperature Range Precision
'OPERATIONAL AMPLIFIERS

FEATURES

® FULLY SPECIFIED OVER —55°C to +200°C
e LOW OFFSET: +400uV max at +200°C

o L OW DRIFT: £0.4uV/°C

e ULTRA-LOW NOISE

o MONOLITHIC

o HERMETIC T0-99 PACKAGE

© 100% BURN-IN AT +200°C

DESCRIPTION

The OPA27/37HT is an ultra-low noise, high preci-
sion monolithic operational amplifier.

Laser trimmed thin-film resistors provide excellent
long-term voltage offset stability and allow superior
voltage offset and drift performance.

The OPA27/37HT are tested and guaranteed over
an extremely wide temperature range: —55°C to
+200°C. In addition, they have demonstrated an
ability to withstand a total dose of 2 X 10° RAD (Si)
gamma and a neutron fluence of | x10", IMEV
equivalent n/cm’. .

The OPA27HT is internally compensated for unity-
gain stability. The decompensated OPA37HT requires
a closed-loop gain = 5.

The Burr-Brown OPA27/37HT use an industry-
standard OP27/37 pinout and they can replace
many existing amplifiers in low-source-impedance
applications.

APPLICATIONS

© DOWN-HOLE INSTRUMENTATION

o WELL LOGGING

o ENGINE CONTROLS

e EXTREMELY SEVERE ENVIRONMENT
o TRANSDUCER AMPLIFIER

© RADIATION HARD EQUIPMENT

TRIM 3 +Vec

\>®

/ ‘ ouTPUT
0|
___®

-V

OPA27/37THT SIMPLIFIED CIRCUIT

International Airport Industrial Park - P.0. Box 11400 - Tucson, Arizona 85734 - Tel. (602 746-1111 - Twx: 910-952-1111 - Cable: BBRCORP - Telex: 66-6481

PDS-656A
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SPECIFICATIONS

ELECTRICAL :
At Vee = 15VDC, Ta = indicated temperature.
+25°C —56°C TO +125°C +200°C
PARAMETER CONDITIONS MIN J TYP ] MAX MIN I TYP I MAX MIN J TYP | MAX UNITS
INPUT
NOISE
Voltage, fo = 10Hz m 3.1 8.5 5.6 nV/v/Hz
fo = 30Hz o 29 4.0 4.5 nV/v/Hz
fo=1kHz m 27 36 4.0 nV/\VHz

) fs = 0.1Hz to 10Hz 0.07 uVv, p-p
Current, fo = 1kHz 0.4 0.5 0.8 pA/\/Hz
OFFSET VOLTAGE® ‘
Input Offset Voltage +25 175 +37 +200 +150 +400 uw
Average Drift® Ta min 10 Ta max +0.4 uv/°C
Long Term Stability'” Ta=+125°C . 8 HV/kHrs
Supply Rejection ™ +Vee = 4V to 18V 100 134 ) 94 127 94 127 dB

+Vec =4V to 18V +0.2 +10 +0.45 | +20 +0.45 +20 UV
BIAS CURRENT
Input Bias Current 430 1uA 600 2uA 3.4uA SuA nA
OFFSET CURRENT . ‘
Input Offset Current +40 +180 +50 +200 +300 +550 nA
IMPEDANCE -
Common-Mode 3 GQ
VOLTAGE RANGE )
Common-Mode input Range 1 ‘+12.3 +10.3 +11.5 +9.0 +11.0 v
Common-Mode Rejection Vin = +£10VDC® 106 128 100 122 96 119 dB
OPEN-LOOP GAIN, DC
Open-Loop.Voltage Gain RL=2kQ 120 126 +109 120 104 113 dB

RL=1kQ +116 125 dB

FREQUENCY RESPONSE )
Gain-Bandwidth Product OPA27THT 6 7 6 MHz

Ay = 1000V/V OPAS7THT 36 38 41 MHz
Slew Rate Vo =110V, R.=2kQ

OPA27HT, G = +1 1.9 1.7 35 V/us
OPA37HT, G = +5 11.9 10 16 V/us
Settling Time, 0.01% OPA27HT, G = +1 25 us
. OPA37HT, G = +5 25 us
RATED OUTPUT
Voitage Output RL=2kQ *+12 +13.9 +1 +13.8 +10.5 +13.7 3
Output Resistance DC, open loop © 70 N . Q
Short Circuit Current R.=0Q 35 60 25 15 mA
POWER SUPPLY
Rated Voltage +15 +15 +15 vDC
Voltage Range,

Derated Performance +4 - +18 vDC
Current, Quiescent lo =0mMADC 36 47 43 6 6.1 8 mA
TEMPERATURE RANGE .

Specification'® Ambient temp. —55 +200 °C
Operating (Typical) Ambient temp. —65 +225 °C
Storage Ambient temp. - —65 - +225 °C
8 Junction-Ambient 175 °C

NOTES:

with Viy = £9VDC.
at ~200°C.

(1) Noise testing available—inquire.
with 8kQ) to 20kQ potentiometer.
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(2) Offset voltage specifications on grade HT are also guaranteed with units fully warmed up.
(4) Long-term voltage offset vs time trend line does not include warm-up drift.

(3) Unnulled or nulled

(5) Common-made rejection specified at +200°C

(6) 100% tested at —55°C, +25°C and +200°C using forced-air environment. +125°C specification is guaranteed by design. (7) +Vcc =6V to 18V



ABSOLUTE MAXIMUM RATINGS

ORDERING INFORMATION

Basic Model Number

Performance Grade
HT = —55°C to +200°C

QPAXX HT

SUPPIY e v +18VDC
Internal Power Dissipation'”. . . 500mW
Differential Input Voltage® ... +0.7VDC
Input Voltage Range™ ....... +18VDC
Storage Temperature Range............. —65°C to +225°C
Operating Temperature Range........... —65°C to +225°C
Lead Temperature (soldering, 10 seconds)......... +300°C
Output Short Circuit Duration'® .............. Continuous
"Junction Temperature. .......veveerrneernnneenenn. +250°C
NOTES: (1) Packages must be derated based on 8,c = 45°C/W or 6,4 =

175°C/W. (2) The inputs are protected by back-to-back diodes. Current
limiting resistors are not used in order to achieve low noise. If differential
input voltage exceeds 0.7V, the input current should be limited to
25mA. (3) Forsupply voltages less than £18VDC, the absolute maximum
input voltage is equal to the supply voltage. (4) Short circuit may be to
power supply common only. Rating applies to +25°C ambient. Observe
dissipation limit and T,.

MECHANICAL

TO-99 (Hermetic)

Pin numbers shown for reference
only. Numbers may not be marked
on package.

“M” PACKAGE

NOTE:
Leads in true position within .010"
(.25mmA)at MMC at seating plane.
A —
le— g —] Pin material and plating composi-
tion conform to Method 2003 (sol-
derability) of MIL-STD-883 (except
paragraph 3.2).

j INCHES MILLIMETERS
£ " i OIM [ MIN | MAX MIN MAX
Seating :(
Plane A 335 370 851 940
" ' " J 8 308 335 775 | 851
- c 165 185 413 470
—-u-— o 016 021 041 053
€ 010 040 025 102
¥ 010 040 025 102
G 200 BASIC 5.08 BASIC
H 028 034 | o 086
J 029 045 074 114
L3 500 127
L 110 160 279 406
M 45° BASIC 45° BAsIC
n_ | 095 | tos | 241 [ 267

CONNECTION DIAGRAM

TOP VIEW

Offset Trim o

Offset Trim

—Vc¢c and Case

TYPICAL PERFORMANCE CURVES

Ta=+25°C, Vcc = £15VDC unless otherwise noted.

.OPEN-LOOP FREQUENCY RESPONSE
140

120

100

OPA37

p4

80

60

OPA27 ™

Voltage Gain (dB)
A

40

20 B

10 100 1k . 10k 100k ™M
Frequency (Hz)

10M  100M
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Fiz)

Voltage Noise (nV/

INPUT VOLTAGE NOISE SPECTRAL DENSITY

T

+200°C

4 - |
N\ +25°C

- T

2 AT

‘ -55°C |

-
0 [ ]
10 100 1k 10k

Frequency (Hz)



COMMON-MODE REJECTION vs FREQUENCY
140 e

Tl 1l
120 mat
™R

100

40

20 ]

Common-Mode Rejection (dB)"
x|

1 10 100 1k 10k 100k M 10M

Frequency (Hz)

SUPPLY CURRENT vs TEMPERATURE

10
< 8 Ry
E _L"
g ° o
3
o 11
> 4 &
§ Ll
@
2
0
—50 0 +50 +100 +150 +200 +250
Ambient Temperature (°C)
CMR AND PSR vs TEMPERATURE
150 PSR TTTT
t 5V CMR
1 Ni | .
g | CMR NRLECCE
P 100 10V CMR AN
7]
a 1
= ]
c
©
«
2 50
(8]
0 .
-=50 0 +50 +100 +150 +200 +250

Ambient Temperature (°C)

APPLICATIONS INFORMATION

These amplifiers are capable of unusually low voltage
offset and drift and to achieve this ultimate capability,
attention must be paid to externally generated thermal
EMF contributions. Dissimilar metal junctions together
with temperature gradients can generate thermocouple
voltages that exceed the OPA27/37HT amplifier drift.

The OPA27/37HT are extremely wide-temperature range
versions of the standard Burr-Brown OPA27 and OPA37.
These high-temperature amplifiers do not employ bias
current cancellation but note that their noise current per-
formance has not been degraded.

Eutectic die attach is used exclusively for the OPA27HT
and OPA37HT. Hermeticity is assured by 100% fine leak

POWER SUPPLY REJECTION vs FREQUENCY

140
il i
UL
@ 120 HNIN OPA27;
§ 100 S
g ;
S 8
&’ N —Vcc
> |
g ]
@ 0
5 40 +V
H
o 20 J
0 = -
-1 10 100 1k 10k 100k M 10M
Frequency (Hz)
OPEN-LOOP VOLTAGE GAIN vs TEMPERATURE
130
Py,
NN
- 125
g mEe
~ N Ru=2kQ
£ 120 o Nl
S N
[G]
@ N
g’ 115
s A
10 D
N
\
105
-50 0 +50 +100 +150 +200  +250
Ambient Temperature (°C)
BIAS AND OFFSET CURRENT vs TEMPERATURE
10
8 I ) 400
P H Q
3 j g
€ 6 300 &
< 4 (o]
£ T Vg
3 ' S
o 4 200 3
8 5
o los - 2
2 1/ 100
pabid
== - > l l
0 0
-50 0 +50 +100 +150 +200 +250

Ambient Temperature (°C)

testing. Units are “100% burned-in for 28 hours at +200°C
for increased reliability.

OFFSET TRIM CIRCUIT
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BURR-BROWN®

OPA101
OPA102

Low Noise - Wideband
PRECISION JFET INPUT OPERATIONAL
AMPLIFIER

FEATURES

o GUARANTEED NOISE SPECTRAL DENSITY -
100% Tested

o LOW VOLTAGE NOISE - 8nV/+/Hz max at 10kHz
o LOW VOLTAGE DRIFT - 5,./°C max (B grade)
o LOW OFFSET VOLTAGE - 250,.V max (B grade)

o LOW BIAS CURRENTS - 10pA max at
25°C Ambient (B Grade)

o HIGH SPEED - 10V/ usec min (OPA102)

o GAIN BANDWIDTH PRODUCT - 40MHz (OPA102) .

DESCRIPTION

The OPAI0] and OPAI102 are the first FET
operational amplifiers available with noise charac-
teristics (voltage spectral density) guaranteed and
100% tested.

The amplifiers have a complementary set of speci-
fications permitting low errors in signal conditioning
_applications; low noise, low bias current, high open-
loop gain, high common-mode rejection, low offset
voltage, low offset voltage drift, etc.

APPLICATIONS

o LOW NOISE SIGNAL CONDITIONING

o LIGHT MEASURMENTS

o RADIATION MEASUREMENTS

o PIN DIODE APPLICATIONS

o DENSITOMETERS

o PHOTODIODE/PHOTOMULTIPLIER CIRCUITS
o LOW NOISE DATA ACQUISITION

In addition, the amplifiers have moderately high
speed. The OPAI10! is compensated for unity gain
stability and has a slew rate of 5V/usec, min. The
OPA102 is compensated for gains of 3V/V and
above and has a slew rate of 10V/ usec, min.

Each unit is laser-trimmed for low offset voltage and
low offset voltage drift versus temperature. Bias
currents are specified with the units fully warmed up
at +25°C ambient temperature.

N
+N (3

O™

TriM (1) :
i )4

m OUTPUT
Co—©

;.

@ Yoo

* DPAIO1 ONLY

International Airport Industrial Park - P.0. Box 11400 - Tucsen, Arizona 85734 - Tel. (602) 746-1111 - Twx: 810-52-1111 - Cable: BBRCORP - Telex: 66-6491

PDS-434A
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SPECIFICATIONS

ELECTRICAL
Specifications at Ta = +25°C and +V¢c = +15VDC unless otherwise noted.
MODEL OPA101/102AM OPA101/102BM
PARAMETER CONDITIG} N MIN ] TYP MAX MIN | TYP | MAX UNITS
INPUT NOISE .
Voltage Noise Density fo=1Hz() 100 200 80 100 nV//Hz
fo=10Hz 32 60 25 30 nV/A/AzZ
fo = 100Hz 14 30 1 15 nVA/HZ
fo=1kHz 9 15 8 12 nVAHZ
fo = 10kHz 7 8 7 8 nVA/Hz
fo = 100kHz 6.5 8 65 8 nVA/HzZ
fc; 1/f Corner Frequency 125 s 100 Hz
Voltage Noise fe =0.1Hz to 10Hz(1) 13 26 1.0 13 uV, p-p
s = 10Hz to 10kHz' 1.0 12 ‘0.8 1.0 uV, rms
fs = 10Hz to 100kHz 21 26 21 26 1V, rms
Current Noise Density fo = 0.1Hz thru 10kHz 20. 14 fa//Hz
Current Noise fs = 0.1Hz to 10Hz 38 26 A, p-p
fs = 10Hz to 10kHz 200 140 A, rms
DYNAMIC RESPONSE
Bandwidth, Unity Gain Small Signal
OPA101 . 10 - MHz
OPA102 Note 2 *
Gain-Bandwidth Product AcL =100 .
OPA101 . 20 * MHz
OPA102 o 40 * MHz
Full Power Bandwidth Vo =20V, p-p; RL = 1k} !
OPA101 80 100 * * kHz
OPA102 160 210 * * kHz
Slew Rate Vo =+10V; RL = 1k
OPA101 AcL=-1 5 65 d . V/usec
OPA102 . AcL=-3" 10 14 * * V/usec
Settling Time (OPA101) Vo =+5V; AcL=-1;
RL =1k}
e=1% 2 * usec
e=0.1% 25 * usec
€=0.01% 10 * usec
Settling Time (OPA102) Vo =*5V; AcL =-3;
RL=1kn
e=1% 1 * usec
e=0.1% 15 . usec
€=0.01% 8 * pusec
Small-Signal Overshoot RL = 1kQ; CL = 100pF
OPA101 AcL=+1 15 * %
OPA102 AcL=+3 20 - * %
Rise Time 10% to 80%, Small Signal
OPA101 ’ 40 * nsec
OPA102 30 * nsec
Phase Margin RL =1k
OPA101 AcL = +1 60 * Degrees
OPA102 AcL=+3 45 * Degrees
Overioad Recoveryl(3) .
OPA101 AcL = -1, 50% overdrive 1 * usec
OPA102 AcL = -3, 50% overdrive 0.8 . pusec
OPEN-LOOP GAIN, DC i . .
Full Load Vo =£10V; RL = 1k 94 105 * * dB
No Load Vo =£10V; RL = 10k 96 108 * * dB
RATED OUTPUT .
Voltage lo=*12mA *12 +13 * . v
Current Vo =%12V +12 +30 M . mA
Output Resistance Open-Loop, f=DC 500 * n
Short-Circuit Current +45 * mA
Capacitive Load Range Phase Margin = 25°
OPA101 AcL=+1 500 * pF
OPA102 AcL =143 . 300 * pF
INPUT OFFSET VOLTAGE
Initial Offset Ta=+25°C +100 +500 +50 +250 uv
vs Temperature -25°C < Ta < +85°C +6 +10 +3 +5 mgel
vs Supply Voitage +5VDC < | Vec | £ +20VDC *10 +50 * * RV/V
vs Time . +10 N © uV/mo.
Adjustment Range Circuit in “Connection *1 * mV
- Diagram”
INPUT BIAS CURRENT
Initial Bias Ta=+25°C -12 -15 -6 -10 pA
vs Temperature : Note 4 N
vs Supply Voltage Note 5 *
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ELECTRICAL (CONT)

MODEL OPA101/102AM | OPA101/102BM |
PARAMETER | CONDITION MIN ] TYP | MAX | MIN [ TYP | MAX | UNITS
INPUT DIFFERENCE CURRENT
Initial Difference Ta=+25°C . +3 *6 *1.5 +4 pA
vs Temperature . Note 4 N
vs Supply Voltage Note 5 *
|_INPUT IMPEDANCE
Differential
Resistance 1012 * Q
Capacitance 1 * pF
Common-mode )
Resistance 1013 . Q
Capacitance 3 ’ . pF
INPUT VOLTAGE RANGE
Common-mode Voltage Range Linear Operation (| Vee | -3), " Vv
Common-mode Rejection fo =DC, Vcm = £10V 80 105 * M dB
POWER SUPPLY
Rated Voltage *15 . vDC
Voltage Range Derated Performance +5 +20 * * vbC
Current, Quiescent 5.8 8 * * mA
TEMPERATURE RANGE
Specification -25 +85 * * °C
Operating Derated Performance -55 +125 * * °C
Storage -65 +150 . * °C
NOTES: *Specifications same as for OPA101/102AM. 3. Time required for output to return from saturation to linear operation

1. Parameter is untested and is not guaranteed. This specification is
established to a 90% confidence level.
2. Minimum stable gain for the OPA102 is 3V/V.

following the removal of an input overdrive signal.
4. Doubles approximately every 8.5°C.
5. See Typical Performance Curves.

MECHANICAL SPECIFICATIONS

A ——sl
INCHES MILLIMETERS
DIM | MIN | MAX MIN MAX
A | 480 | 522 [12.47 [i3.28 ] iiili l ¢
C | .243) .307] 6.17 | 7.80 L HE
D | .01 .021 | 0.41 | 0.53 {?’ u“ u i ]’
E .010 | .040 0.25 1.02
ABSOLUTE MAXIMUM RATINGS R e R R r—
Supply +20VDC G -200 BASIC 5.08 BASIC nﬂ [I [“]
Internal Power Dissipation(1) 750mwW k | .s00] - 127 ] -~
Differential Input Voltage(2) +20VDC L | .110] .180 | 2.79 ] 4.06 o
Input Voitage, Either Input(2) +20VDC M 45° BASIC 45° BASIC M
Storage Temperature Range -65°C to +150°C N .095 | 106 | 2.41 | 2.67
Operating Temperature Range -65°C to +125°C D
Lead Temperature (soldering, 10 seconds) +300°C NOTE: T 0 o
Output Short-Circuit Duration(3) 60 seconds - .G + P
Junction Temperature +175°C Leads in true position within .010” LN o5,
(.25mm) R at MMC at seating plane. L 0
NOTES: Pin numbers shown for reference N L
— N j—

1. Package must be derated according to the details in the
Application Information section. .

2. For supply voltages less than 20VDC, the absolute maximum
input is equal to the supply voltage.

3. Short-circuit may be to ground only. See discussion of Thermal
Model in the Application Information section.

only. Numbers may not be

marked on package. Weight: 2 grams

Pin material and plating composition
conform to method 2003
(solderability) of MIL-STD-883
texcept paragraph 3.2).

Order Number:
OPA101AM OPA101BM
OPA102AM OPA102BM

 CONNECTION DIAGRAM

+Vee b

-ViN
ouTPUT
OFFSET
VN VOLTAGE ADJUSTMENT

100k
*Optional to improve
resolution and limit range.

NOTE: Offset voltage adjustment affects voltage drift vs temperature
by approximately +0.3uV/°C for each 100V of offset adjusted.

PIN CONFIGURATION

(BOTTOM VIEW)

POSITIVE SUPPLY OFFSET TRIM

(+Vee)
INVERTING
OUTPUT
(Vour) INPUT
(\-V%
OFFSET TRIM NONINVERTING
INPUT (+VIN)

NEGATIVE SUPPLY (-Vcc)
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TYPICAL PERFORMANCE CURVES

{Ta=+25°C, *Vcc = £15VDC, unless otherwise noted. Performance curves apply to both OPA101 and OPA102 unless otherwise noted.)

INPUT NOISE VOLTAGE ! TOTAL INPUT NOISE VOLTAGE RMS INPUT NOISE VOLTAGE,
VS FREQUENGY VS FREQUENCY VS SOURCE RESISTANCE
1000 - 1000 — T 1000 T T T
—~ N Rs = 10M0 | __*Includes contribution
4 = "E ——from source resistance 1
2 +
2 3 Rs=1Mn— E il
z £ 2 fg = 10Hz to 100kHz y.
Py & 100 = 100 ¥
g £ Rs=100kn| &
S > 3
; 3 . T 13 7
o z Rs = 10000 ° ~
z 5 10 - Z 10!
5 a 5 fs = 10Hz to 10kHz
13 = 13
£ 3 BM £
K v 4
1 1 1 14 o
1 10 100 1k 10k 100k 1M 01 1 10, 100 1k 10k 100k . 103 10* 105 108 107 108 109
Frequency (Hz) , Frequency (Hz) Source Resistance (1)
PEAK-TO-PEAK INPUT NOISE VOLTAGE INPUT NOISE CURRENT COMMON-MODE REJECTION
VS SOURCE RESISTANCE VS FREQUENCY : VS FREQUENCY
1000 =13 - 100 e - - 120 .
* — —_
s : 3 Ak
3 *Includes contribution B A
O from source resistance 2 §
S 100 < 10 ]
2 g T
9 5 v 4 «
> 3 D 4 2
2 3 g
5 — @
2 . 8=01to10Hz 4 s, :
3 ‘ y E £
£ 2 E
= 8
1 0.1
108 104 105 10° 107 108 10° 110 100 1k 10k 100k 1M 10100 1k 10k 100k 1M 10M
Source Resistance (1) Frequency (Hz) -~ Frequency (Hz)
OPEN-LOOP FREQUENCY RESPONSE - LARGE SIGNAL TRANSIENT RESPONSE SMALL SIGNAL TRANSIENT RESPONSE
120
Al ‘ : ' ’
OPA101 OPA101 OPA101
100 145 +10 +100
o RL=1kn 51, _
! b 2
T 80 N 0 B 45 1 E 450
] @ 5 [
E AN RE §
g e N a5 = §0 30
S \ g3 3
a6 Q %, =3 50
e ' %08 38 R = 1k 3 RAL= k0
=8 CL = 100pF . CL = 100pF|
20 135 -10 —AcL =+1V/V -100 —AcL =+1V/V
0 1 l I I i l I
1 10 100 1k 10k 100k 1M 10M 0 5 10 18 20 25 [} 0.1 0.2 0.3 04 05
- Frequency (Hz) Time (usec) ' Time (usec)
OPEN-LOOP FREQUENCY RESPONSE LARGE SIGNAL TRANSIENT RESPONSE ) SMALL SIGNAL TRANSIENT RESPONSE
R T ~ T T
OPA102 OPA102 OPA102
o
100 +45 +10 +100 1
& RL= 1k .
] ¢ \ ? >
c 80 0o & 5 £ +50
k1 \ o2 e
H \ s l g
& 60 45% g0 3 0
8 : == >
3 N g2 2
> 202 35 )
25 RL=1kQ o RL= 1k
: -0 Cy = 100pF CL = 100pF
2 -135 10 AcL = +3V/V -100 Acy = +3V/V
o |
1.10 100 1k 10k 100k 1M 10M 0 5 10 15 20 25 0 0.1 02 03 04 05
Frequency (Hz) Time (usec) Time (usec)
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Relative Value

Relative Value

* Common-mode Rejection (dB)

Change In Input Offset Voltage (uV)

FREQUENCY CHARACTERISTICS

FREQUENCY CHARACTERISTICS

OVERLOAD RECOVERY TIME

5 - 10
Common-mode Input Voltage (+V)

STABILIZATION TIME OF INPUT OFFSET

VOLTAGE FROM POWER TURN-ON

10. 15
Supply Voltage (+Vcc)

THERMAL RESPONSE TIME OF INPUT OFFSET

VS SUPPLY VOLTAGE VS AMBIENT TEMPERATURE VS CLOSED-LOOP GAIN
13 T 13 T ' |
OPA101 OPA101 _ OPA101
12 12 1 F
Slew Rate i
1.1 E10
1.1 g E!
" >
. _ > §
1.0\~ Bandwidth| g 1.0 Bandwidth §
- . 2 > g
0‘9% - Slew Rate < 09 .§ 5
0.8 - 0.8 |—vs ¢}
07 : 07 : 0 prem——
5 10 15 20 -85 15 +5  +25 +45 +65 +85 1 10 100 i
Supply Voltage (+Vce) Temperature (°C) Closed-Loop Gain (V/V)
FREQUENCY CHARACTERISTICS FREQUENCY CHARACTERISTICS OVERLOAD RECOVERY TIME
16 VS SUPPLY VOLTAGE 13 VS AMBIENT TEMPERATURE 15 VS CLOSED-LOOP GAIN
: » T : I : T
OPA102 OPA102 _ OPA102
14 1.2 2
3
12 11 E10
' gt >l
R S fa
10 |_Bandwidth 2 1.0 %
| s o andwidth ]
¢ _/ =4 ’
0.8 i <09 5
: Slew Rate : 2
’ . T
0.6 0.8 3
0.4 . 0.7 - 0 s
10 15 20 . -35 -15 +5 +25 +45 +65 +85 1. 10 100 1k
Supply Vgltage (*Vce) o Temperatuee (°C) Closed-Loop Gain (V/V)
COMMON-MODE REJECTION QUIESCENT SUPPLY CURRENT
120 S COMMON-MODE INPUT VOLTAGE 0 VS SUPPLY VOLTAGE 120 VOLTAGE GAIN VS SUPPLY VOLTAGE
| I
: Vs=':t15V z o RL=1kD
110 ‘E8 115
ﬁ ;:: ,-
7 @ 110}
b 3 oG 2 LTa=+85°C
) > Th= 2 H
9% g6 255 O 105
3 ot ’ @
0t e g ~Ta =-25°C"
80 5 " S 100 \
g > \Ta=+25°C
70 G4 95
60 3 90
15 5 20 5 20

10 15
Supply Voltage (V)
OUTPUT VOLTAGE VS OUTPUT CURRENT

0 VOLTAGE FROM HEAT APPLICATION

150 30
s
125 23715 AM 2 —
) ]
AM s =2 =
100 2 0 Ta=25°Cto TA=85°C__| 520 Voo = £20VDGC
2 Air Environment =
3 )
7% S 225 m 215 Vee = +15VDC
. BM 3 s ——— > q
50 £ 150 a1 Vce =+10VDC
£ 3 —ﬁ
)
25 £ 75 5 Ve = #5VDC
5 —ﬁ
0 0 0
o 2 4 € 1 12 0 1 2 a4 5 6 010 20 30 40 50 60

Time From Power Turn-on (min)

Time From Heat Application (min)
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Power Supply Rejection (dB)

Normalized input Bias Current

POWER SUPPLY REJECTION

Power Supply Rejection (dB)

_SETTLING TIME : . )
* VS FREQUENCY VS CLOSED-LOOP GAIN OUTPUT VOLTAGE VS FREQUENCY
120
| 1 orain
100 OPA101 50 OPA101 25 d_RAL =1k
80 N § W} i_zo Vec = +20VDC
~ >
N, 2 5
60 = 30 §'15
‘ o °
£ >
Z 20 3 10|
\, | |
(<]
10 5
0 0 ol—
10 100 1k 10k 100k 1M 10M 10 - 100 - 1K 10 100 1k 10k 100k 1M 10M
Frequency (Hz) Closed-Loop Gain (V/V) . Frequency (Hz)
. POWECSS :‘:2;{,2,%%”“" SETTLING TIME OUTPUT VOLTAGE
120 N VS CLOSED-LOOP GAIN __VS FREQUENCY
T
OPA102 OPA102 OPA102
100 | 25 25 RL = 1k
~ = )
80 § 20 520 Vee = +20VDC
2 >
60 E s 815 Vee = +15VDC
= ] cc=xX
o K
£ 2> .
Py :’:; 10 ::;10 Vce = +10V0C
0.1% ’
(<)
20 5 chc=:svoc .-‘ -
. 1% } \
°1o 700 1k 10k 100k 1M 10M 0 10 100 S R TR [ M
Frequency (Hz) . Closed-Loop Gain (V/V) i

INPUT BIAS CURRENT VS TEMPERATURE AND
INPUT OFFSET CURRENT VS TEMPERATURE

INPUT BIAS CURRENT VS INPUT VOLTAGE
AND INPUT OFFSET CURRENT
VS INPUT VOLTAGE

Frequency (Hz)

INPUT BIAS CURREN‘I" VS SUPPLY VOLTAGE

or Input Offset Current

1000 16 40 l
5
100 T 14 3.
£ g
=] . 830 n
10 SE12 3 I
' 2 25
=5 g
1 2=1.0 D20
3 81 3 Without Heat Sink ~a,
= Q
6 £15
0.1 Ss08 3
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APPLICATION INFORMATION
INTRODUCTION

The availability of detailed noise spectral density charac-
teristics for the OPA101/102 amplifiers allows an
accurate noise error analysis in a variety of different
circuit configurations. The fact that the spectral char-
acteristics are guaranteed maximums allows absolute
noise errors to be truly bounded. Other FET amplifiers
normally use simpler specifications of rms noise in a
given bandwidth (typically 10Hz to 10kHz) and peak-to-
peak noise (typically specified in the band 0.1Hz to
10Hz). These specifications do not contain enough
information to allow accurate analysis of noise behavior
in any but the simplest of circuit configurations.

Now & VT [ (1) dt m

where N, is the rms value of some random variable n(t).
In the case of amplifier noise, n(t) represents either ea(t)
or ix(t).

The internal noise sources in operational amplifiers are
normally uncorrelated. That is, they are randomly related
to each other in time and there is no systematic phase
relationship. Uncorrelated noise quantities are combined
as root-sum-squares. Thus, if mi(t), n:(t), and na(t) are

_ uncorrelated then their combined value is

» Nolspless Amplitier
Iy -0 (U}
— v
* —
\ +
T o 4 (0

Amplifier With Nolss

NroraL = \/lenm + NoZims + Na*rms )
The basic approach in noise error calculations then is to
identify the noise sources, segment them into conveniently
handled groups (in terms of the shape of their noise
spectral densities), compute the rms value of each group,
and then combine them by root-sum-squares to get the
total noise.

TYPICAL APPLICATION

The circuit in Figure 3 is a common application of a low
noise FET amplifier. It will be used to demonstrate the.
above noise calculation method.

FIGURE 1. Noise Model of OPA101/102.

Noise in the OPA101/102 can be modeled as shown in
Figure 1. This model is the same form as the DC model
for offset voltage (Eos) and bias currents (Ig). In fact, if
the voltage e.(t) and currents is(t) are thought of as
general instantaneous error sources, then they could
represent either noise or DC offsets. The error equations
for the general instantaneous model are shown in Figure
2 below.

A AA
YV

2

o |

CR1

N

v

ggll) = eglt) [1 + Ba/Ryl + I _(0) Ry +1n (1R 1 + Ry/Ry)

FIGURE 3. Pin Photo Diode Application.

CR1 is a PIN photo diode connected in the photovoltaic
mode (no bias voltage) which produces an output current
iin when exposed to the light, A.

~ A more complete circuit is shown in Figure 4. The values

shown for C, and R, are typical for small geometry PIN
diodes with sensitivities in the range of 0.5 A/W. The
value of C: is what would be expected from stray
capacitance with moderately careful layout (0.5pF to
2pF). A larger value of C: would normally be used to
limit the bandwidth and reduce the voltage noise at
higher frequencies.

FIGURE 2. Circuit With Error Sources.

If the instantaneous terms represent DC errors (i.e.,
offset voltage and bias currents) the equation is a useful
tool to compute actual errors. It is not, however, useful in
the same direct way to compute noise errors. The basic
problem is that noise cannot be predicted as a function of
time. It is a random variable and must be described in
probabilistic terms. It is normally described by some type
of average - most commonly the rms value.

Bp= 100

AA
VWV

Note: i, shorted in this configuration.
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FIGURE 4. Noise Model of Photo Diode Application.




In Figure 4, e, and i, represent the amplifier’s voltage and
current spectral densities, ex(w) and ii(w) respectlvely
These are shown in Figure 5.

" 1000 I
E D N TN
g ' i
£ -] Ko = 8 0V//Hz
g 10
s . T 1o = 100Kz
00 o1 10 100 1k 10k 100k 1M 10M
Frequency (Hz)
5a. VOLTAGE NOISE
100

Kq=1.410/\/Hz

Carrant /2]

001 01 1 10 100 1k 10k 100k 1M 10M
Frequency (Hz) -

5b. CURRENT NOISE

FIGURE 5.Noise Voltage and Current Spectral Density.

Figure 6 shows the desired “gain” of the circuit
(transimpedance of e./iin = Z:(s)). It has a single-pole
rolloff at f; = 1/(2aR.C2) = w:/2w. Output noise is
minimized if f; is made smaller. Normally R, is chosen for
the desired DC transimpedance based on the full scale
input current (iin full scale) and maximum output (e,
max). Then C; is chosen to make f> as small as possible
. consistent with the necessary signal frequency response.

109
% 108
’E 107 S
g ' Ip= 2ANE
,5 w : . 15.9k
Ilrlill.l)l 0.1 -lﬂ 100 1k 10k. 100k 1M 10M
Frequency (Hz)
FIGURE 6. Transimpedance.
Voltage Noise

Figure 7 shows the noise voltage gain for the circuit in
Figure 4. It is derived from the equation

‘A 1 1
e _F[H_L] , 3)
AB

where: )

‘A ="A(w) is the open-loop gain

B = B(w) is the feedback factor. It is the amount of
output voltage feedback to the input of the op amp.

AB = A(w) B(w) is the loop gain. It is the amount of the

output voltage feedback to the input and then
amplified and returned to the output.
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FIGURE 7. Noise Voltage Gain.
Note that for large loop gain (AB>>1)
P | '
€=y — - : 4
B 4)
" For the circuit in Figure 4 it can be shown that
1 R:RiCis+1
LN AR Cis+1) ) )
B R|(R:C25+ l) -
This may be rearranged to
: S
1 '_ R:+ Ry _  7s+1 a)
B - R, s+ 1
where 7. = (Ry || R2)(Ci || C2) (5b)
R] R2 N
R_|+—Rz] (Ci +Cy) .
and 1:=R:C; ’ (5¢)
1
Then, f, = ) and f> = Dy : (5d)

For very low frequencies (f<<f,), s approaches zero and
equation 5 becomes :

(6)

For very high frequencies (>>fz), s approaches infinity
and equation 5 becomes

)



The noise voltage spectral density at the output is
obtained by multiplying the amplifier’s noise voltage
spectral density (Figure 5a) times the circuits noise gain
(Figure 7). Since both curves are plotted on log-log scales
the multiplication can be performed by the addition of
the two curves. The result is shown in Figure 8.

T o0E 1 U= 073Hz, | ¢lp= 165k ]
L |l = Tookzd ' f? 'la-muz
[ \ 1
Reglons 1 22 1(3) [ (4)1
[} 1 T
5 DI N Hil
§ 1000 2l *?l L’\ 1 +
= [ A
< w0 i
g e
2 10 By !
3 K]ll'f—l -l g3
& 1 } Ry n L4
Ko (1 +—-2— ]/ 0.
o A
| * Kao K
001 0013 __ L@ +—"3° R
001 01 1 10 100 1k 10k 100k 1M 10M
Fraquency (Hz)

FIGURE 8. Output Noise Voltage Spectral Density.
.The total rms noise at the amplifier’s output due to the
amplifier’s internal voltage noise is derived from the e.(w)
function in Figure 8 with the following expression:

EO rms =
Vj:;“ eo’ (w) dw @®

It is both convenient and informative to calculate the rms
noise using a piecewise approach (region-by-region) for
each of the four regions indicated in Figure 8.

Region I; fi = 0.01Hz to f. = 100Hz
R
En i =Ki (14 15) V/In(71) ®)
7
=80nV/v/ Hz (1+ 10 )/ 1n 100
10® 0.01 (%a)

=2.67uV

This region has the characteristic of 1/f or “pink” noise
(slope of -10dB per decade on-the log-log plot of e.(w)).
The selection of 0.01 Hz is somewhat arbitrary but it can
be shown that for this example there would be only
negligible additional contribution by extending fi several
decades lower. Note that K|(I + R:/Ry) is the value of ey
atf=1Hz.

Region 2; f. = 100Hz to f, = 673Hz

EnZ ms = K3 (] +‘R—z) AV fa-f.

(10)

‘8nV/\/Hz(1 +1o 0,, )\/ 673 - 100 (10a)

=0.21uV
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This is a region of “white” noise which leads to the form
of equation (10).

Region 3; f, = 673Hzto f, =

3

15.9kHz

K}

£

a

3

—

"y

3

En ms = K2 K3

Il

/(15.9k)! _(673) (

8nV/\/Hz (1.63 x 107) 3 3

[ 1a)

1]

15.1uV

This is the region of increasing noise gain (slope of
+20dB/decade on the log-log plot) caused by the lead
network formed by the resistance R, || Rz and the capaci-
tance (C; + C;). Note that K3 « K is the value of the e, (w)
function for this segment projected back to 1Hz.

Region 4; f > 15.9kHz

C
Evm =Ko (1+ & ) V516 - f (12)
\/[—]380k- 15.9k (12a)

—8nV/\/_(l+

= 158.5uV

This is a region of white noise with a single order rolloff at
f; = 380kHz caused by the intersection of the 1/ curve
and the open-loop gain curve. The value of 380kHz is
obtained from observing the intersection point of Figure
7. The 7/ 2 applied to f3 is to convert from a 3dB corner
frequency to an effective noise bandwidth.

Current Noise

The output voltage component due to current noise is
equal to:

Eni =i X ZI(S)
where Zx(s) = R. || X(\‘:

(13)
(13a)
This voltage may be obtained by combining the in-
formation from figures 5 (b) and 6 together with the open

loop gain curve of Figure 7. The result is shown in Figure
9 below.

Replon @ 4?. @
g. 107 OkHz —
2
2
£ -
> A
fq = 380kiz \
109 L
0.1 1 10 100 1k 10k 100k M

Frequency (Hz)

FIGURE 9. Output Voltage Due to Noise Current.

Using the same techniques that were used for the voltage
noise:

Region 1;0.1Hz to 10kHz




(14)

Enir =1.4 x 10/ 10k-0.1

= 1.4uV
Region 2; 10kHz to 15.9kHz
: (159k)  (10k)

— 12

Enx=14x10 ——3'—-—3—— (14a)
= 1.4uV

Region 3; f> 15.9kHz
Ena=22x 10° v/ - 380k - 159k (14b)
= 16.8uV

Eni ot = 10 v/ (1.4 + (1.4) + (16.8)’ (14c)
=16.9%Vm

Resistor Noise

For a complete noise analysis of the circuit in Figure 4,
the noise of the feedback resistor, R, must also be
included. The thermal noise of the resistor is given by:

Er ms = V 4kKTRB (15)
K = Boltzmann's constant = 1.38 x 107
Joules/°Kelvin
T = Absolute temperature (degrees Kelvin)
R = Resistance (ohms) )
B = Effective noise bandwidth (Hz) (ideal filter
. assumed)
At 25°C this becomes
Er rms=0.13
Er rms in uV
R in MQ
B in Hz
For the circuit in Figure 4
=10'Q = 10MQ
=" ey =" o
=3 (f2) ) 15.9k
Then
Er rms = (41 an/\/ z2)VB
=(41InV/\/H )\/ 15.9kHz
= 64.9;4\7 rms
Total Noise
The total noise may now be computed from
Enwa =+ En’ + En’ + En’ + Eni® + E® +Ei’  (16)
=\2.67°+021° +15.1°+158.5° +64.9°+16.9° (l6a)
L =\/7.0+004+228+ 25122 + 4212 + 286 (16b)

=173uV rms

Conclusions

Examination of the results in equation (16b) together
with the curves in Figure 8 leads to some interesting
conclusions. In this example 84% of the noise comes from
Ens. From Figure 8 it is seen that this is the-area beyond
the pole formed by R; and C..

The En4 contribution could be reduced several ways. The
most common method is to increase Cz. This reduces f;

- and the value of K2(1 + C1/C2) (see Figure 8). It also

reduces the signal bandwidth (see Figure 6) and the final
value of C; is normally a compromise between noise gain
and necessary signal bandwidth. '

It should be noted that increasing C: will also affect f,
since f, is determined by (C, + C:) (see equation (5b)).
Normally C; is larger than C; and f will change more
than f, for a given change in C,.

The other means of reducing the noise in regnon 4
involves changing amplifier parameters. For example,
the use of a slower amplifier would move the open-loop
gain curve to the left and decrease 3. Of course, reducing
the value of K. the noise floor, would also reduce the
noise in this region.

The second largest component is the resistor noise Eqr
(14% of the total noise). A lower resistor value decreases
resistor noise as a function of\/r. but it also lowers the
desired signal gain as a direct function of R. Thus,
lowering R reduces the signal-to-noise ratio at the output
which shows that the feedback resistor should be as large
as possible. The noise contribution due to R: can be
decreased by raising the value of C: (lowering f2) but this
reduces signal bandwidth.

It is interesting to note that the current noise of the
amplifier accounted for only 1% of the total E,. This is
different than would be expected when comparing the
current and voltage spectral densities with the size of the
feedback resistor. For example, if we define a char-

_acteristic value of resistance as

n(w)
i (w)

3nv/V/Hz
1.4fA/\/Hz

5.7MQ

Reharacteristic = at f=10kHz

amn

Thus, in simple transimpedance circuits with feedback
resistors greater than the characteristic value. the
amplifier’s current noise would cause more output noise
than the amplifier’s voltage noise. Based on this and the
10MQ feedback resistor in the example, the amplifier
noise current would be expected to have a higher
contribution than the noise voltage. The reason it does
not in the example of Figure 4 is that the noise voltage has
high gain at higher frequencies (Figure 7) and the noise
current does not (Figure 6). :

The fourth largest component of total noise comes from
E.:(0.8%). Decreasing C; will also lower the term Ka(1 +
C,/C>). In this case, f> will stay fixed and f, will move to
theright (i.e.. the +20d B/ decade slope segment will move
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to the right). This can have a significant reduction on
noise without lowering the signal bandwidth. This points
out the importance of maintaining low capacitance at the
amplifier’s input in low noise applications.

Shielding and Guarding

Thelow noise, low bias current and high inputimpedance
of the OPAI101/102 are well suited to a number of
precision applications. In order to fully benefit from the
outstanding specifications of this unit, careful layout,
shielding, and guarding are required. Careless signal
wiring or printed circuit board layout can easily degrade
circuit ‘performance several orders of magnitude below
the capability of the OPA101/102.

As in any situation where high impedances are involved,
careful shielding is required to reduce “hum” pickup in
input.leads. If large feedback resistors are used, they
should also be shielded along with the external input
circuitry. The metal case of the OPA101/102 is connected
to pin 8 and is not connected to any internal amplifier
circuitry. Thus it is possible to use the case as a shield to
reduce noise pickup. :

Unless care is used, leakage currents across printed circuit
boards can easily exceed the bias current of the OPA101/
102. To avoid leakage problems, it is recommended that a
Teflon IC socket be used or that at least the signal input
lead of the amplifier be wired to a Teflon standoff. If this
is not done and instead the OPA101/ 102 isto be soldered
directly into a printed circuit board, utmost care must be

used in planning the board layout. A “guard” pattern
should completely surround the two amplifier input leads
and should’be connected to a low impedance point whigh
is at the signal input potential (see Figure 10). The
amplifier case, pin 8, should also be connected to the
guard. This insures that the entire amplifier circuitry is
fully surrounded by the guard potential. This minimizes
the voltage placed across any leakage paths and thus
reduces leakage currents. Inaddition, noise pickup is also
reduced.

Figures 11, 12, and 13 show typical applications using the
guard and case shielding.

Cleanliness is also a prime concern in low bias current
circuits. It is recommended that after installation is
complete the assembly be washed with a low residue
solvent such as TMC Freon followed by rinsing with
deionized water. The use of some form of high dielectric
conformal coating such as a good two-part urathane
should be considered if the assembly will be used in air
environment which could deposit contaminants on the
low current circuitry.

Ve

8
OUTPUT Q?7 O
Os
X% A

S
&
GUARD

(BOTTOM VIEW)

Board layout for input Guarding with T0-89 Package.

Ry
M

R
Your = Vin <H —2>
By

"FIGURE 10. Connection of Case Guard and Input Guard.

C; = 30pF
Shield - ‘_‘—W—'—J'
ﬂz 100M 02

e ‘i®
1]
i

Vour =-inx 22

FIGURE 11. Ultra-Low Current to Voltage Converter.

FIGURE 12. Ultra-High Input Impedance Noninverting
Circuit.

Openatt=0
o<

MV ";@
%v'" : r : Vnux+
=% ¥

E
— (T2 Vln sl 2T
cz ‘o By

Vour =

FIGURE 13. Low Drift Integrator.

Thermal Model
Figure 14 is the thermal model for the OPA 101/ 102 where:

Ty = Junction temperature (output load)
TJ* = Junction temperature (no load)
= Case temperature
T,\ = Ambient temperature
6ca = Thermal resistance, case-to-ambient
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Ous = Effective thermal resistance of the heat sink
Ppq = Quiescent power dissipation .
' | +Vee| 1 +quiescent +| -Vcc| 1. QUIESCENT
Ppx = Power dissipation in the output transistor
= (Vour - Vcc) lour
(In a complementary output stage only one output
transistor is conducting current at a time.)

* INTERNAL POWER DISSIPATION
T - T
6 = 85°C/W 0y =TECW
: ®n
S I Sk

FIGURE 14. OPA101/102 Thermal Model v

This model is obviously not the simple one-power source
model used with most linear integrated circuits. It is,
however, a more accurate model for multichip hybrid

integrated circuits where the quiescent power is dissipated

in the input stage and the internal power dissipation due
to the load is dissipated in a somewhat physically
separated output stage.

The model in Figure 14 must be used in conjunction with
the OPA101/102’s absolute maximum ratings of internal
power dissipation and junction temperature to determine
the derated power dissipation capability of the package.
As an example of how to use this model, consider this
problem: Determine the output transistor junction tem-
perature when the output has its maximum load resistance
and is operated at the worst-case output voltage con-
ditions. Assume V¢e = +15VDC and Ta = 25°C.

Maximum Ppx occurs where Vour = 1/2Vce. Then

B (Vee)
Pox max = m ) . (18)

Ti =Ta+ PI)Q [9: + (OHS ” 9(‘,\)]
+ Pox [+ 6> + (Ous || 6ca)] (19)

. Onsc
where (Bus || Oca) = OH:Z' (0/:/\ =90°C/W

Substituting appropriate values yields
T; = 25"+ (30V x 8mA)[85°C/W + 90°C/ W]

(15V)’

——— [75°C/W + 85°C/W +90°C/ W]
4 x 1k}

=25C+42°C+14°C =Ta +56°C

=81°C

The conclusion is that under a worst-case output voltage
condition and with a 1kQ) load the junction temperature
rise is 56°C above ambient. Thus, under these conditions,
the device could be operated in an ambient up to 119°C
without exceeding the 175°C junction temperature rating.

A similar analysis for conditions of the output short-
circuited to ground where

" Pox ss = Vee Loupu timio (20)

shows that the maximum junction temperature rating of
175°C is exceeded. Thus, the output should not be
shorted to ground for sustained periods of time.

HEAT SINK

"The heat sink used on the OPA101,102 should not be

removed. It has the effect of reducing the package
thermal resistance from 150°C/ W to about 90°C per watt.
Removing the heat sink would naturally increase the
junction temperature of the amplifier which would in
turn raise the input bias current. The change in thermal
resistance also affects the noise performance. Removing
the heat sink would increase the noise in the 1, f region.
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BURR-BROWN?®

For a /883B version of this
product see OPA105/883B in
the Military Products section.

OPA103

" Low Drift - Low Bias Current FET Input
OPERATIONAL AMPLIFIER

FEATURES

* LOW BIAS CURRENT, 1pA, max

« HIGH INPUT IMPEDANCE, 10"

o ULTRA-LOW DRIFT, 2,:V/°C, max

* LOW OFFSET VOLTAGE, 0.25mV, max

« LOW QUIESCENT CURRENT, 1.5mA, max
o HERMETICALLY SEALED T0-09 PACKAGE

DESCRIPTION

The OPA103 is a precision low bias current opera-
tional amplifier. Guaranteed low initial offset voltage
(0.25mV, max) and associated drift versus tempera-
ture (2uV/°C, max) is achieved by laser-adjusting the
amplifier during manufacturing. This feature, and
guaranteed -low bias current (1pA, max), allow
greater system accuracy with no external components.
Quiescent current (1.5mA, max) is unaffected by
changes in ambient temperature or power supply
voltage. Other characteristics of the OPA103 include
internal compensation for unity-gain stability and

APPLICATIONS
* CURRENT TO VOLTAGE CONVERSION
o LONG TERM PRECISION INTEGRATION

« PRECISION VOLTAGE AMPLIFICATION FOR
HIGH INPUT IMPEDANCE APPLICATIONS SUCH AS:
" o photo current detectors
« pH elactrodes
« biological probes/transducers

rapid thermal response for quick stabilization after
turn-on or temperature changes.

The amplifier is free from latch-up and is protected
for' continuous output shorts to common. As an
added protection feature, either of the trim pins can
be accidentally shorted to a potential greater than the
negative supply voltage without damage.

The standard pin configuration (741 type) of the
OPAI103 allows the user drop-in replacement capabi-
lity. A pin 8 case connection permits the reduction of
noise and leakage by employing guarding techniques.

+IN
3

-IN
2

—T0
| Ve

[INTERMEDIATE

’ nrrser l .
TRIM @2'{9 3|
s b “'21(0

LY nd Pov

STAGES

INPUT STAGE

OUTPUT STAGE

International Airport Industrial Park - P.0. Box 11400 - Tucson, Arizona 85734 - Tel. (602} 746-1111 - Twx: 810-852-1111 - Cable: BBRCORP - Telex: 66-6491

PDS-444D
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SPECIFICATIONS

ELECTRICAL
At Ta = +25°C and *Vcc = +15VDC unless otherwise noted. )
MODEL OPA103AM OPA103BM OPA103CM OPA103DM
MIN [ TYP [ mAX [ MIN] TYP[ mAX [ MIN | TYP [ Max| miINT Tve [ max UNITS
OPEN-LOOP GAIN, DC, Voyr * 10V
Rated Load, RL = 2k 100 | 106 . " . . . . dB
RL=>10k0 . 112 - . . : dB

Ta =-25°C to +85°C, RL = 2kQ 94 100 . . . . . . dB

RATED OUTPUT

Voltage at RL =2k}, Ta =-25°C to +85°C +10.| +12 . . v . . * \

RL =10k(), TA =-25°C to +85°C ‘| *12 | *13 . . . . . . v

Current, Ta = -25°C to +85°C; Vo = +10V *5 *10 b . . . . . mA

Output impedance . 3 . . . kO

Load Capacitance(!) 500 | 1000 . . . . . . pF

Short Circuit Current 10 25 . hd . . hd . mA

FREQUENCY RESPONSE

Unity Gain, Small Signal 1 X . . . MHz

Full Power Response 14 20 . . . . . . kHz

Slew Rate ) 09 | 13 . . . . L V/usec

Settling Time (0.1%). 9 . . . usec

Settling Time (0.01%) 20 . . . usec

Overload Recovery(2), 50% overdrive 4 15 d b . M * * pusec

INPUT OFFSET VOLTAGE ) . )

Initial Offset, TA = +25°C +200 | +500 . * +100| +250 +100 | +250 my

vs Temperature, TA = -25°C to +85°C *15 | 25 +10 | £15 +3 +5 *1 *2 uv/eC
vs Supply Voltage, Ta =-25°C to +85°C 420 | +200 * * * * * * uvVN

INPUT BIAS CURRENT(3)

Initial Bias, Ta = +25°C : -2 -1 -1 -1 PA

vs Supply Voltage 0.005 . . . - A

INPUT DIFFERENCE CURRENT - |

Initial Difference, Ta = +25°C [ 03] 1. ] z02] [ [xo2] [ T xo2] | pA

INPUT IMPEDANCE .

Differential - 1013]]0. - . . Q| pF

Common-mode 1015}11.4 . . . * Q| pF

INPUT NOISE -

Voltage, fo = 10Hz 55 . . . nV/\/Hz
fo = 100Hz 35 . . - nV/yHz
fo = 1kHz 30 . . . nV/\/Hz
fo = 10kHz . 25 . . . nV/\/Hz
fB =0.1Hz to 10Hz 3.0 . . . uV (p-p)

Current, fg = 0.1Hz to 10Hz 0.01 . . - PA (p-p)

© f8 = 10Hz'to 10kHz 0.003 . . . PA, rms
fo = 1kHz . 0.6 . v - fA/\/Hz

INPUT VOLTAGE RANGE L )

Differential 20 . . . T v

Common-mode, Ta =-25°C to +85°C +10 | +12 . . . . . * v

Common-mode Rejection, ViN = 210V . | 76 86 e . . . . . dB

Maximum Safe Input Voltage . *Vee . - . \

POWER SUPPLY . '

Rated Voltage ) +15 . X ‘. : . vDC

Voltage Range, derated performance +5 +20 . . . . . . vDC

Current, quiescent Ta = -25°C to +85°C 1.0 | 1.5 * M . . . . mA

TEMPERATURE RANGE (amblent) |

Specification . -25 +85 * * * * . * °C

Operating : -55 +125 * * * - * * °C

Storage . . -65 +150 * N * * * . °C

8 junction - ambient 235 * * * °C/W

* *Specifications same as for OPA103AM.

NOTES:
1. Stability guaranteed with load capacitance < 500pF.
2. Overload recovery is defined as the time required for the output to return from saturation to linear operation following the removal of a 50% input

overdrive signal. ‘
3. Bias current is tested and guaranteed after 5§ minutes of operation at Ta = +25°C. For higher temperature the bias current doubles every +10°C.
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MECHANICAL

CONNECTION DIAGRAM

T0-99 PACKAGE

OFFSET
-TRIM

INCHES MILLIMETERS
OIM | MIN T Max | MIN | MAX
A_|.335 .370 8.51 9.40
8 | 305 .335 2.75 8.51
[+ 165 l__lE_S 4.19 4.70
o_|.016 .021 0.41 053
E .010 .040 0.25 1.02
F_|.o10 .040 0.25 1.02
G__| .200 BASIC 5.08 BASIC
H_|.028 .034 0.71 0.86
f .029 .045 0.74 1.14
K .500 - 12.7 -
L 110 .160 2.79 4.06
M 45° BASIC 45° BASIC
N | .05 | .05 | 241 [ 267

Weight: 1 gram "OFFSET
TRIM
< “Vee
’> Leads in true position within .010” (TOP VIEW)
(.25mm) R at MMC at seating plane. Pin material and plating composition
Pin numbers shown for reference only. conform to Method 2003 (solderability)
Numbers may not be marked on package. of MIL-STD-883 (except paragraph 3.2).
OPEN-LOOP FREQUENCY OUTPUT VOLTAGE vs FREQUENCY
RESPONSE VOLTAGE GAIN FREQUENCY CHARACTERISTICS
1 + R
20 0 o RL =>10kN % RL =2k 13 RL =2k}
g H5 2 o 12 525 i | o12 Ci=500pF
° o Z b SR ES
80 & ] - — ©
3 \ ° E4 g e Ta=-25°C g 2ops -+ t?? Ll -|2" Voo| 3 b \ sieINFlaIe
S 60N 2 S 110 S 15fvs = £15v 1 2 p
o o P K
2 40 {90 & £ 105{Ta = +85°C1Ta = +25°C 2 10}vs = +10v ‘\" Sos o
3 7
> 20 1358 > 100 O sfvs =15y \ 08 7 —
[ -18 95 0 L 0.7
1 10 100 1k 10k 100k 1M 10M 10 15 20 1 10 100 1k 10k 100k 1M -50 -25 0 +25 +50+75+100
Frequency (Hz) Supply Voltage (+VDC) Frequency (Hz) Temperature (°C)
VOLTAGE FOLLOWER _ QUIESCENT - . MAXIMUM
LARGE SIGNAL RESPONSE TRANSIENT RESPONSE E SUPPLY CURRENT % POWER DISSIPATION
RC=2k | CL = 500pF _ RL = 2k, Cu = 500pF =7 Pad
s 10 2 +10 8 £750
= -~ 5 ‘a
o N
g s ] I} $ ¥ Q2 2 N
= = a {9
20 | \ $or S [ras2sc A= +25°C] 540
2 -5 : EE <R 5 N
2 a s € = & 300 N
3 35 2 = +85° =
S-10 S -10 g g 150
- s, s
0 20 40 60 80 01 2 3 4 s 0 15 20 0 50 100 150
Time (usec) Time (usec) Supply Voltage (V) Ambient Temperature (°C)
STABILIZATION TIME OF )
& INPUT OFFSET VOLTAGE FROM  INPUT OFFSET VOLTAGE vs
— COMMON-MODE REJECTION @ § CMRR AND PSRR : POWER TURN-ON THERMAL SHOCK vs TIME
D 120 25120 T S S T 1
2 o2 +PSRR 2 2 -—Ta =+25°C l
& 100 S 100 ° ° ' —
= ' — & o F—{Tc = +85°C
e g0 §2 80 £ £
T 2% N ] s 0
3 S8 > / > 4
g 60 E 2 60 \\ g 15 T t100 /
<} = =
$w §§ ol | CMRAR W £.0 S x200
§ 83 NN 2 a0
g 20 3E 2 P 2415 2300
g § E o Tl \ £ £
© o 5 10 15 3E 1 10 100 1k 10k 100k 1M ‘g, 0 10 20 30 40 50 & 0 _15 30 45 60 75
Common-Mode N3] H Time From Power S Time from Heat
Input Voltage (+V) Frequency (Hz) 5 Turn-On (sec) 5 Application (sec)
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APPLICATIONS INFORMATION

THERMAL RESPONSE TIME

Thermal responsé time is an important parameter in low
drift operational amplifiers like the OPA103. A low drift

specification would be of little value if the amplifier took

a long time to stabilize after turn-on or ambient tempera-
ture change. The TO-99 package and careful circuit
design provide the necessary quick thermal response.
Typical warm-up drift of the OPA103 is approximately
20 seconds (see Typical Performance Curves).

GUARDING AND SHIELDING

The ultra-low bias current and high input impedance of
the OPA103 are well-suited to a number of stringent
applications. However, careless signal wiring of printed
circuit board: layout can degrade circuit performance
several orders of magmtude below the capablhty of the
OPAI103.

As in any situation where high impedances are involved,
careful shielding is required to reduce “hum” pickup in
input leads. If large feedback resistors are used, they
should also be shlelded along with the external input
circuitry.

Leakage currents across printed circuit boards can easily
exceed the bias current of the OPA103. To avoid leakage
problems, it is recommended that the signal input lead of
the OPA'103 be wired to a Teflon standoff. If the OPA 103
is to be soldered directly into a printed circuit board,
utmost care must be used in planning the board layout. A
“guard” pattern should completely surround the two
amplifier input leads and should be connected to a low
impedance point which is at the signal input potential.

The amplifier case should be connected to any input
shield or guard via pin 8. This insures that the amplifier
itself is fully surrounded by guard potential, minimizing
both leakage and noise pickup. Figure I illustrates the use
of: the ‘guard. The resistor Ry shown in Figure 1 is
optional. It may be used to compensate effects of very
large source resistances. However, note that its use would
also increase the notse due to the thermal noise of Rj.

OFFSET VOLTAGE ADJUSTMENT
Although the OPA103 has a low initial offset voltage

(2501 V), some applications may, require external nulling

of this small offset. Figure 2 shows the recommended
circuit for .adjustment of the offset voltage. External
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offset voltage adjustment changes the laser adjusted offset
voltage temperature drift slightly. The drift will change
approximately 0.3uV/°C, for every 100uV of offset
adjustment.

L]

OUTPUT

—0

output |

NONINVERTING AMPLIFIER
{BOTTOM VIEW)
*Rq may be used to compensate +,
{«3vm large source resistances. g Q7
uurrurQ
Q5
4
Board layout for Input Guarding v, 0
with T0-99 Packags. ce

FIGURE 1. Connection of Input Guard.

OPAI03

Any potentiometer value
between 10k<2 and 100k<.

FIGURE 2. External Nulling of Offset Voltage.



BURR-BROWN?®

For a /883B version of this
product, see OPA106/883B in
the Military Products section.

OPA104

Ultra-Low Bias Current Low Drift FET Input
OPERATIONAL AMPLIFIER

FEATURES
» SPECIFICATIONS GUARANTEED OVER TEMPERATURE

o ULTRA-LOW BIAS CURRRENT, 75(A, max
« HIGH INPUT IMPEDANCE, 10'50

© LOW DRIFT, 10.V/°C, max

o LOW OFFSET VOLTAGE, 0.5mV, max

o LOW QUIESCENT CURRENT, 1.5mA, max

DESCRIPTION

The OPA104 is a precision low bias current opera-
tional amplifier. Guaranteed low initial offset volt-
age (0.5mV, max) and associated drift versus temper-
ature (10pV/°C, max) is achieved by laser-adjusting
the amplifier during manufacturing. The low offset,
in addition to the guaranteed low bias current (75fA,
max), allows greater system accuracy with no exter-
nal components. :

Quiescent current (1.5mA, max) is -unaffected by
changes in ambient temperature or power supply
voltage. Other characteristics of the OPA 104 include
" internal compensation for unity-gain stability and

APPLICATIONS
« CURRENT T0 VOLTAGE CONVERSION

o LONG TERM PREGISION INTEGRATION

© PRECISION VOLTAGE AMPLIFICATION FOR
HIGH INPUT IMPEDANCE APPLICATIONS SUCH AS:
o photo current detectors
« pH electrodes
« biological probes/transducers

rapid thermal response for quick stabilization after
turn-on or ambient temperature changes.

The amplifier is free from latch-up and is protected
for continuous output shorts to common. As an
added protection feature, either of the trim pins can
be accidently shorted to a potential greater than the
negative supply voltage without damage.

The standard pin configuration (741 type) of the
OPAL104 allows the user drop-in replacement capa-
bility. A pin 8 case connection permits the reduction
of noise and leakage by employing guarding
techniques.

| Ve
[
INTERMEDIATE
STAGES — NETWORK
orrser O | @'
TRIM @}2513 :
. 3k b Lo :
[l ¢ ke LY -
- —(4
INPUT STAGE OUTPUT STAGE O

International Airport Industrial Park - P.0. Box 11400 - Tucson, Arizena 85734 - Tel. (602) 746-1111 - Twx: 810-952-1111 - Cable: BBRCORP - Telex: 66-6491

PDS-451B
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SPECIFICATIONS

ELECTRICAL

At Ta = +25°C and +V¢c = +15VDC unless otherwise noted.

MODEL - OPA1D4AM OPA1D4BM OPA104CM

PARAMETERS MIN | Tve | max MIN T 1vp T wmax MmN T tve | max UNITS

OPEN-LOOP GAIN, DC, V, =+10V . -

["Rated Load, AL = 2kiT 100 1065 v T N N a8

RL = 10kn 106 112 * * * * dB

Ta =-25°C to +85°C, Ry > 2k0} 92 100 M : . : dB

) T N
Voltage at RL = 2k}, Ta = -25°C to +85°C *10 *12 * * . M \'
RL =10k}, TA =-25°C to +85°C *12 *13 * * * . \

Current TA = -25°C to +85°C 15 +10 . * . . mA

Output Impedance 3 * N k0

Load Capacitance(t) . 500 1000 . . . . pF

Short Circuit Current - 10 25 * N * * mA

FREQUENCY RESPONSE

ﬁnity Gain, Small Signal 1 . * MHz

Full Power Response 25 35 * * . M kHz

Slew Rate 16 22 M . . . . V/usec

Settling Time (0.1%), Av =-1, Vo =0 to 10V 6 * - usec

Settling Time (0.01%), Av = -1, Vo =0 to 10V 18 . * usec

Overload Recovery(2), 50% overdrive - 4 15 * * * * usec

INPUT OFFSET VOLTAGE - :

Initial Offset, Ta = +25°C . +200 +1000 +200 +500 +200 +500 - uV
vs Temperature, Ta = -25°C to +85°C . *15 +25 *10 15 +5 +10 uv/eC
vs Supply Volitage, Ta = +25°C +10 +100 * . ' . Co unv
vs Supply Voltage, Ta = -25°C to +85°C *20 *150 N . . . uN

INPUT BIAS CURRENT(3) . .

Initial Bias, Ta = +25°C -300 . -150 . -75 fA
vs Supply Voltage ' 1 ) . - . ANV

Rttt e -

INPUT DIFFERENCE CURRENT . . .

Initial Difference, Ta = +25°C | {0 | | | 280 | | | +40 | | 1A

INPUT IMPEDANCE ) . :

"Differential 1014 ] 0.5 . i N . 0j pF
Common-mode 105 ) 1.0 * * : ) [
INPUT NOISE ] . -

Voltage, fo = 10HzZ 75 v N nV/VHZ
fo = 100Hz 55 . . nV/\/Hz
fo=1kHz iR 35 * * nV//Hz
fo = 10kHz ) 1 s3s . . vA/Hz
f8 = 0.1Hz to 10Hz ) 6 . . uV, p-p

Current, fg = 0.1Hz to 10Hz 3 . * fA, p-p

fa = 10Hz to 10kHz . 10 : . - . . fA, rms
fo=1kHz . - 0.25 . * v fA/\/Hz

INPUT VOLTAGE RANGE . .

Differential " 120 v v V

Common-mode, Ta = -25°C to +85°C. 1 10 +12 - LR . . v

Common-mode Rejection at Vin = 10V - . 66 76 . ot 80 90 dB

Maximum Safe Input Voltage - . *Vs . * \

POWER SUPPLY ) : :

Rated Voltage E3 L ) T g T VO©

Voltage Range, derated performance *5 3 +20 * * * . vDC

Current, quiescent Ta = -25°C to +85°C . 1.0 15 . . . M mA

TEMPERATURE RANGE (ambient)

Speciication 25 85 T i T T T T
Operating . -55 +125 . . . . . °C
Storage -65 +150 * * M . °C
8 junction - ambient 235 N . °C/W

*Specifications same as for OPA104AM.

NOTES:

1. Stability g with load i <500pF

2.Overload recovery is defined as the time required for the output fo return from saturation to linear operation following the removal of a50% input overdrive signal.

3. Bias current is tested and g after 5 minutes of operation at Ta = +25°C. For higher temperature the bias current doubles approximately every +10°C
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MECHANICAL CONNECTION DIAGRAM
A TO-99 PACKAGE INCHES MILLIMETERS
jo— 5 —= oM [TMIN | MAX | MIN | MAX
L] A .335 370 8.51 9.40 OFFSET
‘ ) ¢ 8 |.305 .335 7.75 8.51
=] C .165 .185 4.19 4.70
I e F_f o |.01 .021 0.41 0.53
E 010 .040 0.25 1.02 ouT-
K F 010 .040 0.25 1.02
G .200 BASIC 5.08 BASIC
H .028 .034 0.71 0.86
Seating J .029 .045 0.74 1.14
Plane ___JL_D K .500 —-— 12.7 -—
N L 110 160 2.79 4.06
M 45° BASIC 45° BASIC
N | .0es | 105 | 241 [ 267
e Weight: 1 gram
“Vee
Note:
H Leads in true position within .010" (TOP VIEW)
1.25mm: R at MMC at seating plane. Pin material and plating composition
Pin numbers shown for reference only.  conform to Method 2003 'solderability
Numbers may not be marked on package of MIL-STD-883 :except paragraph 3.2 .
OPEN-LOOP FREQUENCY OUTPUT VOLTAGE vs FREQUENCY
RESPONSE 120 VOLTAGE GAIN 2 FREQUENCY CHARACTERISTICS
120
+90 . RL=10k] 3 Fi=2¢n] '3
100 +53 S5 et i 12
: 8 = z L | s |3 N
80 110 ° = —p= 5
,§ \ [ % § Ta=-25°C 2,20 Vs . t2l‘)V fo ‘2” Vo %1.1 o
g I N= s g g 105 p—r—TT=To5C]| S5[Vso xSV |‘/ | 20 .
- T 1 -
% 40 ~y -90 & % 100} Ta = +85°C 310}vs =10 X Sool— A o
> > T T
20 1358 95 ) T AN 08 "
a -180 90 0 I ' 07
110 100 1k 10k 100k 1M 5 10 15 .20 1 10 100 1k 10k 100k 1M -50 -25 0 +25 +50+75+100
Frequency (Hz) Supply Voltage (VDC) Frequency (Hz) Temperature (°Cj
VOLTAGE FOLLOWER QUIESCENT i MAXIMUM
’ LARGE SIGNAL RESPONSE TRANSIENT RESPONSE < SUPPLY CURRENT £ POWER DISSIPATION
SR =2k | O = 5009F AL Z.2KIY, Cu = 500pF E g 900
— = =
g+1c, J E +40 8 H 750 C
2 +5 2 +20 32 2 600
g I ‘ g \ > [a} \
s 0 = a o & 450
ST R S N
é -5 32 T \ =1 == z 300 N
N o =
3-10 3 40 — g |Ta=+ £ 150
] -
15 L 3 | ] €
0 10 20 30 40 0 1 2,3 4 ) 0 15 20 0 50 100 150
Time (usec) Time (usec Supply Voltage (+V) Ambient Temperature (°C)
STABILIZATION TIME OF INPUT OFFSET VOLTAGE
' 5 @ FFSET VOLTAGE FROM vs
__COMMON-MODE REJECTION $ 3 CMRR AND PSRR T e 1R Ok THERMAL SHOCK vs TIME
@ 120 o1 T ~ ~
T L s 20 +PSRR 2 2 Ta = +25°C ]
© ~ - . .
g c 100 A g5 g+100 Tc = +85°C T ]
B a0 §2 & AN g | £
§ 2% NN 8° = O -
P zZ 60 N % _ T-100
o 4 T N S -5 ]
3 s cmar AN £ £
= 0 a8 40 Y 9-10 9-200
: 52 NN 2 z
Q 20 wE 2 ; €5 <-300|
£ 52 psRRNY = <
; BE N e E
o 0 5 10 15 3_5 1 10 100 1k 10k100kIM & 0 10 20 30 40 50 & 0 15 30 45 60 7
Common-Mode o . H Time From Power ] Time (sec)
Input Voltage (+V) Frequency (Hz) 5 Turn-On (sec) ]
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APPL'CAT'ONS |NFORMAT|ON value of C; (0.5pF to 2pF) is what would be typically

required to compensate for the pole generated by the

THERMAL RESPONSE TIME . : )
capacitance at the input node. A larger value of C; could
Thermal response time is an important parameter in low be used to limit the bandwidth and reduce the voltage
drift operational amplifiers like the OPA104. A low drift noise at higher frequencies.
specification would be of little value if the amplifier tooka
long time to stabilize after turn-on or ambient tempera- : R o Ry
ture change. The TO-99 package and careful circuit INPUT —1
design provide the necessary quick thermal response. : ). |outeur
Typical warm-up drift of the OPA104 is approximately GUARD ! N
20 seconds (see Typical Performance Curves). C [ - i +
N 1 1
GUARDING AND SHIELDING

The ultra-low bias current and high input impedance of
the OPA104 are well-suited to a number of stringent
applications. However, careless signal wiring of printed
circuit board layout can degrade circuit -performance
several orders of magnitude below the capability of the

OUTPUT

OPA104. . FOLLOWER Ry
As in any situation where high impedances are involved, I R, AL
careful shielding is required to reduce “hum™ pickup in = L(ilg?ur
input leads. If large feedback resistors are used, they .

should also be shielded along with the external input . WP O——————
circuitry. NONINVERTING AHPLIHE‘III
Leakage currents across printed circuit boards cafi easily (BOTTOM VIEW) ' ccQ7
exceed the bias current of the OPA104. To avoid leakage OUTPUT
problems, it is recommended that the signal input lead of 05 .
the OPA104 be wired to a Teflon standoff. If the OPA 104 04

is to be soldered directly into a.printed circuit board, :‘;1":17:!.&:’::;:::‘." Guarding Vor
utmost care must be used in planning the board layout. A ) Co- GUARD
“guard” pattern should completely surround the two FIGURE I. Connection of Input Guard.

amplifier input leads and should be connected to a low
impedance point which is at the signal input potential.

The amplifier case should be connected to any input
shield or guard via pin 8. This insures that the amplifier
itself is fully surrounded by guard potential, minimizing
both leakage and noise pickup. Figure I illustrates the use
of the guard.

OFFSET VOLTAGE ADJUSTMENT :
Although the OPA104 has a low initial offset voltage
(500 V). some applications may require external nulling : hin
of this small offset. Figure 2 shows the recommended .
circuit for adjustment of the offset voltage. External \i
chy

Any potentiometer
between 10k} to
: 100k} range.

offset voltage adjustment changes the laser adjusted offset
voltage temperature drift slightly. The drift will change
approximately 0.3uV/°C, for every 100uV of - offset = iRy
adjustment. o -

: FIGURE 3. Pin Photodiode Application.
TYPICAL APPLICATION ' : '

The circuit in Fignre 3 is a common application of a low Equivalent circult for CRY o —1
noise FET amplifier. Noise calculations are often im- gttt — __ &
portant when using low current photodiodes. '

CR1 is a PIN photodiode connected in the photovoltaic ! S:"u = %=
‘mode (no bias voltage) which produces an output current ! 1080 f[;s,; !
in when exposed to the light, A. [ 6
A more complete circuit is shown in Figure 4. The values Note: I, shortad In this configuration.
shown for C, and R, are typical for small geometry PIN — :
diodes with sensitivities in the range of 0.5 A/W. The FIGURE 4. Model of Photodiode Application.
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BURR-BROWN® )
< | OPAIN

Low Noise Precision 2/7er*®
OPERATIONAL AMPLIFIER

FEATURES APPLICATIONS
o LOW NOISE: 100% tested, 8nV/+/Hz max at 10kHz o PRECISION INSTRUMENTATION
o LOW BIAS CURRENT: 1pA max o DATA ACQUISITION
o LOW OFFSET: 250V max » o TEST EQUIPMENT
o LOW DRIFT: 1uV/°C max : o OPTOELECTRONICS
. HIGH OPEN-LOOP GAIN: 120dB min . . o MEDICAL EQUIPMENT—CAT SCANNER
o HiGH COMMON-MODE REJECTION: 100dB min o RADIATION HARD EQUIPMENT
DESCRIPTION
CASE AND SUBSTRAT
The OPALI1l is a precision monolithic dielectrically- STRATE
isolated FET (£2/7es ®) operational amplifier. Out- @
standing performance characteristics allow its use in ) +leo
the most critical instrumentation applications.
Noise, bias current, voltage offset, drift, open-loop —W
gain, common-mode rejection, and power supply
rejection are superior to BIFET® amplifiers. @
Very-low bias current is obtained by dielectric isola- +IN 'ﬂ:::;:f I
tion with on-chip guarding.
Laser trimming of thin-film resistors gives very-low ) ) QUTPUT
offset and drift. Extremely-low noise is achieved TAM g SO Sun
with new circuit design techniques (patented). A new oO—~— 1
cascode design allows high precision input specifica- DA
tions and reduced susceptibility to flicker noise. S TRRLCIE #N Sun
Standard 741 pin configuration allows upgrading of b @
existing designs to higher performance levels. “PATENTED ~Veo
OPAIN] SIMPLIFIED CIRCUIT
BIFET ional Semicond Corp., Osfer® Burr-Brown Corp.

International Alrpnh Industrial Park - P.0. Box 11400 - Tucson, Arizona 85734 - Tel. (602) 746-1111 - Twx: 810-52-1111 - Cable: BBRCORP - Telex: 66-6491

PDS-526F
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SPECIFICATIONS

ELECTRICAL :
At Vce = £15VDC and Ta = +25°C unless otherwise noted. Pin 8 connected to ground.
OPA111AM OPA111BM OPAT1ISM

PARAMETER CONDITIONS mn | orve [ omax | min ] tve ] omax | min | tve | max | units

INPUT )

NOISE :

Voltage, fo = 10Hz 100% tested 40 80 30 60 40 80 nV/\/Hz
fo = 100Hz 100% tested 15 40 1 30 15 40 nV/yv/Hz
fo = 1kHz 100% tested 8 15 7 12 8 15 nV/\/Hz
fo = 10kHz 100% tested 6 8 6 8 6 8 nV/\/Hz
fs = 10Hz to 10kHz 100% tested 07 12 06 1.0 0.7 1.2 uV, rms
fo = 0.1Hz to 10Hz o 16 33 1.2 25 16 35 | wV.pp.

Current, fs =-0.1Hz to 10Hz w 9.5 15 75 12 9.5 15 1A, p-p
fo = 0.1Hz thru 20kHz o 0.5 0.8 0.4 0.6 0.5 0.8 fA/NHz

OFFSET VOLTAGE®

Input Offset Voltage Vem = ovDC +100 +500 +50 +250 +100 1500 uv

Average Drift Ta = T t0 Tmax +2 . x5 +0.5 +1 +2 +5 uv/ec

Supply Rejection Vee — £10V to 18V 90 110 100 10 90 110 daB

+3 +31 +3 +10 +3 +31 uviv

BIAS CURRENT?

Input Bias Current Vem=0VDC +0.8 +2 +0.5 +1 +0.8 +2 pA

OFFSET CURRENT? .

Input Offset Current Vem = 0VDC +0.5 *1.5 +0.25 +0.75 +0.5 +1.5 pA

IMPEDANCE

Differential 1011 101 1011 Q|| pF

Common-Mode 1013 10" 3 103 Q| pF

VOLTAGE RANGE

Common-Mode Input Range +10 11 +10 11 +10 +11 v

Common-Mode Rejection Vin =+10VDC 90 110 100 110 90 110 dB

OPEN-LOOP GAIN, DC '

Open-Loop Voltage Gain R=2k0 | 14 | s | 2 | 1z | s | s | dB

FREQUENCY RESPONSE . )

Unity Gain, Small Signal 2 2 2 - MHz

Full Power Response 20V p-p, R = 2k 16 32 16 32 16 32 kHz

Slew Rate Vo =£10V, R, = 2k 1 2 1 2 1 2 V/usec

Settling Time, 0.1% Gain =—1, R, =2k 6 6 6 nusec

0.01% 10V step 10 10 10 usec

Overload Recovery,

50% Overdrive® Gain = —1 5 5 5 usec
RATED OUTPUT
Voltage Output Ru = 2kQ 11 +12 +11 +12 AN +12 A
Current Output, Vo =+10VDC 55 +10 1556 +10 5.5 +10 mA
Output Resistance DC, open loop 100 100 100 Q
Load Capacitance Stability Gain = +1 1000 1000 1000 pF
Short Circuit Current 10 40 10 40 10 40 mA
POWER SUPPLY
Rated Voltage +15 +15 +15 vDC
Voltage Range, )

Derated Performance 15 +18 +5 +18 E= ‘ +18 vDC
Current, Quiescent lo=0mADC 25 35 25 35 . 25 35 mA
TEMPERATURE RANGE '

Specification Ambient temp. —25 +85 —25 - +85 —55 +125 °C

Operating Ambient temp. —55 +125 —55 +125 - —55 +125 °C

Storage Ambient temp. —65 +150 —65 +150 —65 +150 °C

6 Junction-Ambient 200 200 200 °C/W

NOTES:

(1) Sample tested—this parameter is guaranteed.
up. (3) Overload recovery is defined as the time required for the output to return from
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(2) Offset voltage, offset current, and bias current are measured with

to linear op

the units fully warmed
ion following the removal of a 50% input overdrive.



ELECTRICAL [FULL TEMPERATURE RANGE SPECIFICATIONS]

At Vec = £15VDC and Ta =

Twmin to Tumax unless otherwise noted.
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OPAIAM OPA111BM OPATISM
PARAMETER CONDITIONS MmN | rve | max | min | orve [ max | min [ v | max | units
TEMPERATURE RANGE
) Specification Range Ambient temp. —25 +85 -25 +85 —55 +125 °C
INPUT
OFFSET VOLTAGE"™
Input Offset Voltage Vem = OVDC +220 +1000 +110 +500 +300 +1500 n%
Average Drift +2 +5 +0.5 +1 *2 +5 uv/ePC
Supply Rejection Vec — 10V to +£18V 86 100 90 100 86 100 dB
+10 +50 %10 +32 +10 +50 nva%
] BIAS CURRENT"
nput Bias Current Vem = OVDC +50 +250 +30 +130 +820 +4100 pA
OFFSET CURRENT"
Input Offset Current Vem = OVDC +30 +200 +15 +100 +510 +3100 PA
VOLTAGE RANGE
Common-Mode Input Range +10 +11 +10 +11 *10 +11 v
Common-Mode Rejection Vin = +10VDC 86 100 90 100 86 100 dB
OPEN-LOOP GAIN, DC
Open-Loop Voltage Gain | R, = 2k [ 1o ] 120 ] [ 14 ] 120 [ o [ 120 ] | s
RATED OUTPUT
Voltage Output . R. = 2kQ +10.5 +11 +11 +1 +=N =11 \
Current Output Vo = %10VDC 15.25 +10 +5.25 +10 +6.25 +10 mA
Short Circuit Current - Vo = 0VDC 10 40 10 40 10 40 mA
POWER SUPPLY
Current, Quiescent [ w=omaoc ] [ 25 | a5 | | 25 | 3s ] | 25 [ 35 | ma
NOTES: (1) Offset voltage, offset current, and bias current are measured with the units fully warmed up.
ABSOLUTE MAXIMUM RATINGS
Supply +18VDC
Internal Power Dissipation™ . .... 500mW
Differential Input Voltage®.. .. .. *36VDC
Input Voltage Range™ ..........eveevnrinnieninueenn +18VDC
. Storage Temperature Range ... —65°C to +150°C
Operating Temperature Range ... —55°Cto +125°C-
ORDERING INFORMATION Lead Temperature (soldering, 10 seconds) ............. +300°C
. Output Short Circuit Duration® .... .. Continuous
OPA111 X M Junction Temperature +175°C
Basic model number NOTES: - ‘
Performance grade (1) Packages must be derated based on 8sc = 150° C/W or 6.4 =200°C/W.
= 950 o (2) For supply voltages less than £18VDC the absolute maximum input
A, B _ 25° Cto +85 oC voltage is equal to +18V > Vin > —Vec —6V. See Figure 2.
S =—55°C to +125°C (3) Short circuit may be to power supply common only. Rating applies to
Package code +25°C ambient. Observe dissipation limitand T,. . .
M =9T0_99 metal can MECHANICAL- “M” PACKAGE TO-99 (Hermetic)
NOTE: .
g Leads in true position within .010" Z:;yn;T:ir:r:':;nnzrb?:fr::de
.25mmR)at MMC at seating pfane. :
CONNECTION DIAGRAM rasmmA 9P on package.
TOP VIEW " SUBSTRATE AND CASE le— & | Pin material and plating composi-
tion conform to Method 2003 (sol-
’ derability) of MIL-STD-883 (except
c
0;;?;1’ W, L_ 1 paragraph 3.2).
o ce { e / INCHES MILLIMETERS
DIM | MIN T MAX MIN | MAX
A 335 370 8.51 9.40
B 305 3358 1.75 8.51
c .165 185 4.19 4.70
| D 018 .021 0.41 0.53
lu o o nUIPUT E 010 .040 0.25 1.02
F 010 .040 0.25 1.02
G .200 BASIC 5.08 BASIC
H .028 034 0.71 0.86
J 029 045 0.74 1.14
(5) orrser oo T T [
TRIM L 110 160 2.79 4.06
M__| 45°8BASIC 45° BASIC
—Vee N |oos | vop | zav | 267
— :




TYPICAL PERFORMANCE CURVES

Ta=+25°C, Vcc = £15VDC unless otherwise noted.

Volitage Noise (nV/\/Hz)
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TYPICAL PERFORMANCE CURVES [CONT]

Ta=+25°C, Vec = 215VDC unless otherwise noted.

BIAS AND OFFSET CURRENT
vs TEMPERATURE
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TYPICAL PERFORMANCE CURVES [CONT]

Ta=+26°C, Vec = 115VDC unless otherwise noted.

Output Voltage (V) Voitage Gain (dB)

Settling Time (usec)

OPEN-LOOP GAIN
vs TEMPERATURE
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APPLICATIONS
INFORMATION

OFFSET VOLTAGE ADJUSTMENT

" The OPALIIlL offset voltage is laser-trimmed and will
require no further trim for most applications.. As with
most amplifiers, externally trimming the remaining offset
can change drift performance by about 0.3uV/°C for
each 100V of adjusted offset. Note that the trim (Figure
1) is similar to operational amplifiers such as 741 and
ADS547. The OPALlII can replace most other amplifiers
by leaving the external null circuit unconnected.

INPUT PROTECTION
‘Conventional monolithic FET operational amplifiers
require external current-limiting resistors to protect their
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VOLTAGE vs FREQUENCY
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FIGURE 1. Offset Voltage Trim.
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inputs against destructive currents that can flow when
input FET gate-to-substrate isolation diodes are forward-
biased. Most BIFET amplifiers can be destroyed by the
loss of —Vcc.

Unlike BIFET amplifiers, the £2/7e# OPAll1 requires
input current limiting resistors only if its input voltage is
greater than 6 volts more negative than =Vcc. A 10k{}
series resistor will limit input current to a safe level with
up to 15V input levels even if both supply voltages are
lost.

Static damage can cause subtle changes in amplifier
input characteristics without necessarily destroying the
device. In precision operational amplifiers (both bipolar
and FET types), this may cause a noticeable degradation
of offset voltage and drift.

Static protection is recommended when handling any
precision IC operational amplifier.

NON-INVERTING

UV

§

-0 0UT

e mm——.

BOARD LAYOUT
FOR INPUT GUARDING
Guard top and bottom of hoard.
Altarnate: use Teflon® standoff
for sensitive input pins.

. Teflon® E. |. Du Pont de Nemours & Co.

+2 TTTTTTTT
A Safe Current +—1—
+1fa
 H
E
S of+
o IT
]
a
£
-1
Safe Current +——
-2
~15 -10 -5 0 +5 +10 +15
Input Voltage (V)

FIGURE 2. Input Current vs Input Voltage with +Vcc
Pins Grounded. .

GUARDING AND SHIELDING

As in any situation where high impedances are involved,
careful shielding is rquired to reduce “hum” pickup in
input leads. If large feedback resistors are used, they
should also be shielded along with the external input
circuitry.

Leakage currents across printed circuit boards can easily
exceed the bias curent of the OPAL11L. To avoid leakage
problems, it is recommended that the signal input lead of
the OPALII be wired to a Teflon standoff. If the OPAIll
is to be soldered directly into a printed circuit board,
utmost care must be used in planning the board layout.
A “guard” pattern should completely surround the high
impedance input leads and should be connected to a low
impedance point which is at the signal input potential.

The amplifier case should be connected to any input
shield or guard via pin 8. This insures that the amplifier
itself is fully surrounded by guard potential, minimizing
both leakage and noise pickup (see Figure 3).

If guarding is not required, pin 8 (case) should be
connected to ground.
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FIGURE 3. Connection of Input Guard.

NOISE: FET VERSUS BIPOLAR

Low noise circuit design requires careful analysis of all
noise sources. External noise sources can dominate in

- many cases, so consider the effect of source resistance on

overall operational amplifier noise performance. At low
source impedances, the lower voltage noise of a bipolar
operational amplifier is superior, but at higher impedan-
ces the high current noise of a bipolar amplifier becomes
a serious liability. Above about 15k the OPAIll will
have lower total noise than an OP-27 (see Figure 4).

5 1000 pemmm——
o
2
gl
3%
Eg

|
52
3
Z° -~
8% Only
s i L BM —]
s ., [oP-27 + Resistor |

100 1k 10k 100k ™ 10M
Source Resistance (R.), [o]

FIGURE 4. Voltage Noise Spectral Density Versus
Source Resistance.

BIAS CURRENT CHANGE VERSUS
COMMON-MODE VOLTAGE )

The input bias currents of most popular BIFET opera-
tional amplifiers are affected by common-mode voltage
(Figure 5). Higher input FET gate-to-drain voltage
causes leakage and ionization (bias) currents to increase.
Due to its cascode input stage, the extremely-low bias
current of the OPAL11l is not compromised by common-
mode voltage.
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'APPLICATIONS CIRCUITS

Figures 6 through 18 are circuit diagrams of various
apphcatlons for the OPAlll
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FIGURE 9. Low-Droop Positive Peak Detector.
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FIGURE 10. High Impedance (10“(]) Amplifier.
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FIGURE 16. 0.6Hz Second Order Low-Pass Filter.
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BURR-BROWN®

- OPATHT

Wide Temperature Range Difer®
OPERATIONAL AMPLIFIER

FEATURES

o FULLY SPECIFIED OVER —55°C to +200°C
o LOW BIAS CURRENT

o LOW NOISE

o MONOLITHIC

o HERMETIC T0-99 PACKAGE

© 100% BURN-IN AT +200°C

DESCRIPTION

The OPAIIIHT is a precision monolithic dielectrically-
isolated FET (L/Fe& ®) operational amplifier. Out-
standing performance characteristics allow its use in
the most critical instrumentation applications.

The OPAILLHT is tested and guaranteed over an
extremely wide temperature range: —55°C to +200°C.
In addition, it has demonstrated an ability to with-
stand a total dose of 10 X 10°RAD (Si) of 2.5MeV
electrons, and a neutron fluence of 1 X 10", IMeV
equivalent n/cm?.

Laser trimmed thin-film resistors give very-low offset
and drift. Extremely-low noise is achieved with new
circuit design techniques (patented). A new cascode
design allows high precision input specifications and
reduced susceptibility to flicker noise.

Standard 741 pin configuration allows upgrading of
existing designs to higher performance levels.

LDsfer® Burr-Brown Corp.

APPLICATIONS

o WELL LOGGING

o DOWN-HOLE INSTRUMENTATION

o ENGINE CONTROLS

o EMISSIONS CONTROLS

o EXTREMELY SEVERE ENVIRONMENT
o RADIATION HARD EQUIPMENT

CASE AND SUBSTRATE

D s

NOISE-FREE I
CASCODE : :
[ oUTPUT

f"}

) b4
M g S0 $ua
D—w—p
mn ' 2an  Zan .
©
* PATENTED Ve
OPAIIHT SIMPLIFIED CIRCUIT

International Airport Industrial Park - P.0. Box 11400 - Tucson, Arizona 85734 - Tel. (602) 746-1111 - Twx: 910-952-1111 - Cable: BBRCORP - Telex: 66-6431

PDS-655A
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SPECIFICATIONS
ELECTRICAL (FULL TEMPERATURE RANGE SPECIFICATIONS)

. AtVce = £15VDC, Ta = indicated temperature, Pin 8 connected to ground.

. +25°C —55°C TO +125°C' +200°C
PARAMETER CONDITIONS MmN | T [max [ wmin | Tve | max | min] Tve [max | uwits
INPUT NOISE '
Voltage, fo = 10Hz o 40 50 65 nV/v/Hz
'fo =100Hz m 15 17 19 nV/\/Hz
fo = 1kHz m 8 9 95 nV/\/Hz
fo = 10kHz 6 7 ! 8 nV/\/Hz
fs = 10Hz to 10kHz w 0.7 08 09 MV, rms
fs = 0.1Hz to 10Hz 1.6 uv, p-p
Current, fs = 0.1Hz to 10Hz 9.5 fA, p-p.
fo = 0.1Hz thru 20kHz 0.5 fA/\/Hz
OFFSET VOLTAGE® . -
Input Offset Voltage Vem ='0VDC +100 +500 4300 | *2mVv +1.8mV |£5mV u
Average Drift Ta = Thim 10 Traax . . +2 +8 uv/°C
Supply Rejection Vee = 29V to £15V 90 110 . 86 100 . 80 97 dB
33 +31 +10 +50 +14 +100 A
BIAS CURRENT? . N ‘ .
Input Bias Current Vem =0VDC 0.8 2 820 2.1nA 65nA 150nA pA
OFFSET CURRENT??
Input Offset Current Vem =0VDC +0.5 +1.5 4510 | £1.6nA +5nA ' [£50nA pA:
IMPEDANCE
Differential 10741 Q| pF
Common-Mode 103 Q |l pF
VOLTAGE RANGE .
Common-Mode Input Range +10 +11 +10 1 +10 +11 \
Common-Mode Rejection Vin=%10VDC 90 110 86 100 80 95 dB
OPEN-LOOP GAIN, DC
Open-Loop Voltage Gain R. = 2kQ | 14| 125 | 108 | 120 | [ o0 [ o dB.
FREQUENCY RESPONSE ) ) B
Unity Gain, Small Signal o 2 15 06 MHz
Full Power Response 20V p-p, Ru = 2kQ 32 17 11 kHz
Slew Rate Vo = +10V, R. = 2kQ 1 2 1.1 07 Vius
Settling Time, 0.1% Gain=—1,RL=2kQ 6 us
0.01% 10V step 10 us
Overload Recovery, .

50% Overdrive' Gain =—1 5 s
RATED OUTPUT
Voitage Output Ru=2kQ +10° +13 +10 +12.9 +10 +127 \'
Current Output Vo =+10VDC +5 +10 +5 +10 +5 +10 mA
Output Resistance . DC, open loop “ 100 o]
Load Capacitance Stability Gain = +1 1000 pF
Short Circuit Current i 10 40 mA
POWER SUPPLY
Rated Voltage *15 +15 +15 vDC
Voltage Range, .

Derated Performance +5 +18 vDC
Current, Quiescent lo =0mADC N 23 35 24 35 24 37 mA
TEMPERATURE RANGE )

Specification' Ambient temp. —55 +200 °C

Operating Ambient temp. —65 +225 °C

Storage Ambient temp. —65 +225 °C

6 Junction-Ambient 175 . °C/W
NOTES: . (1) Noise testing inquire. (2) Offset ge, offset current, and bias current on grade HT are also guaranteed with the units fully warmed

up.

(3) Bias current and offset current double appr

ly every 10°C up to about 130°C.

(4) Overload recovery is defined as the time required for the output to

return from saturation to linear operation ‘following the rernpval of a 50% input overdrive. (5) 100% tested at —55°C, +25°C, and +200°C using forced-air
environment. +125°C specification is guaranteed by design.
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Performance Grade
HT = —55°C to +200°C

Basic Model Number

OPAI11 HT




CONNECTION DIAGRAM MECHANICAL

TOP VIEW SUBSTRATE AND.CASE “M” PACKAGE TO-99 (Hermetic)

. NOTE: i
Leads in true position within .010"

Pin numbers shown for reference

U;I;IS;T (.25mmR)at MMC at seating plane. only. Numbers may not be marked
o +Vec A on package.
le— g —al Pin material and plating composi-
tion conform to Method 2003 (sol-
—: derability) of MIL-STD-883 (except
~IN 0 O OUTPUT }— = [ paragraph 3.2).
| € R T ) INCHES MILLIMETERS
Seating OIM ["MIN_ | MAX | - MIN_| MAX
Plane K _A 335 370 851 9.40
I| I II 8 -305 338 7.75 8.51
c 2165 188 4.19 4.70
U;;’ST:T —.L—— o o | .ot 021 0.41 0.53
N jo— E 010 040 0.25 1.02
L F .010 .040 0.25 102
—Vee ‘ G| 200 BASIC 5.08 BASIC
®, =X N | .02 034 0.71 0.86
T -+ 3¢ G J .029 045 0.74 114
M O 157 t x .500 -- 127
ABSOLUTE MAXIMUM RATINGS : L |10 | ves | 29 | aoe
( \\(J M| as9BAsic 459 BASIC
N 095 105 241 | 267

SUPPIY e eoveiiiiiiiii e [N +18VDC

Internal Power Dissipation' . ... 500mw
Differential Input Voltage................ e +36VDC
Input Voltage Range ..........ovvvvevninen. ..... £18VDC
Storage Temperature Range. .. . .—65°C to +225°C
Operating Temperature Range........... —65°C to +225°C
Lead Temperature (soldering, 10 seconds)..... .... +300°C
Output Short Circuit Duration® .............. Continuous
Junction Temperature.........ccoeoveeenann. ve... +250°C

NOTES: (1) Packages must be derated based on 8,c = 45°C/W or 6,4 =
175°C/W. (2) Shortcircuit may be to power supply common only. Rating
applies to +25°C amb Observe dissipation limit and T,.

TYPICAL PERFORMANCE CURVES

Ta=+25°C, Ve = £15VDC unless otherwise noted.
8 BIAS AND OFFSET CURRENT.

OPEN-LOOP FREQUENCY RESPONSE ) vs TEMPERATURE
1407 & ]
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g% N o g P ==
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> 40 N r-135 3 o 2
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20 I
.
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SUPPLY GURRENT vs TEMPERATURE
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R = 2kQ, Ay = +1V/V

APPLICATIONS INFORMATION
To preserve this ampliﬁ_ef’s low bias current, pin 8 (case
connection) should be: driven in a guard mode or it
should be connected to.common. Recommended guard
circuits are shown in the standard OPAI111 data sheet.

The OPAIIIHT is unity-gain stable over-its full =55°C to
+200°C temperature range. The OPAIIIHT is an
extremely wide temperature version of the standard
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OPEN-LOOP GAIN
vs TEMPERATURE
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Burr-Brown model OPALIL lt is bullt ‘and tested for
severe service apphcanons

Eutectic die attach is used exclusively for the OPAIIIHT.
Hermetlcny is assured by 100% fine leak testing.

Units are 100% burned-m for 28 hours at +200°C for
increased rehabxhty



BURR-BROWN® | OPA121

Low Cost Precision L7er®
OPERATIONAL AMPLIFIER

FEATURES "~ APPLICATIONS

o LOW NOISE: 6nV/+/Hz typ at 10kHz o OPTOELECTRONICS

o LOW BIAS CURRENT: 5pA max © DATA ACQUISITION

o LOW OFFSET: 2mV max o TEST EQUIPMENT

o LOW DRIFT: 3uV/°C typ o MEDICAL EQUIPMENT

© HIGH OPEN-LOOP GAIN: 11048 min © RADIATION HARD EQUIPMENT

o HIGH COMMON-MODE REJECTION: 86dB min

DESCRIPTION

The OPAI12l is a precision monolithic dielectrically- CASE (T0-9) AND SUBSTRATE
isolated FET (D#e#®) operational amplifier.

Outstanding performance- characteristics are now
available for low-cost applications.

Noise, bias current, voltage offset, drift, open-loop
gain, common-mode rejection, and power supply
rejection are superior to BIFET® amplifiers.

Very-low bias current is obtained by dielectric isola- % ™ NOREFREE
tion with on-chip guarding. ’ ©_CASCODE®

Laser trimming of thin-film resistors gives very-low

offset and drift. Extremely-low noise is achieved N p
with new circuit design techniques (patented). A new TR g 320 1E %0
cascode design allows high precision input specifica- 0—"""—‘ »
tions and reduced susceptibility to flicker noise. @=~‘v‘v‘ 4
noise. \ T 371 $aa

O

+Vec

OUTPUT

Standard 741 pin configuration allows upgrading of

existing designs to higher performance levels. “PATENTED

. . OPA121 SIMPLIFIED CIRCUIT
BIFET® National Semiconductor Corp., £2/7e£® Burr-Brown Corp. :

International Airport Industrial Park - P.0. Box 11400 - Tucson, Arizona 85734 - Tel. (602) 746-1111 - Twx: 910-952-1111 - Cable: BBRCORP -

Telex: 66-6491

.PDS-539A
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SPECIFICATIONS

ELECTRICAL .
At Vcc = 215VDC and Ta = +25°C unless otherwise noted. Pin 8 connected to ground.
OPA121KM OPA121KP
PARAMETER CONDITIONS mn [ Tve | max MIN TYP MAX UNITS
INPUT
NOISE
Voltage, fo = 10Hz m 40 50 nv/\/Hz
fo = 100Hz " 15 18 nv/\/Hz
fo = 1kHz o 8 10 nV/\VHz
o = 10kHz w 6 7 nV/\/Hz
fg = 10Hz to 10kHz w 0.7 08 pV, rms
s = 0.1Hz to 10Hz w 1.6 2 uv, p-p
Current, fs = 0.1Hz to 10Hz m 15 21 1A, p-p
fo = 0.1Hz thru 20kHz w 08 1.1 fA/\/HZ
OFFSET VOLTAGE™?
Input Offset Voltage Vem = 0VDC +0.5 +2 +0.5 +3 mv
Average Drift Ta= Tmin to Tmax +3 +10 +3 *10 uv/°ec
Supply Rejection Vec = 10V to £18V 86 104 86 104 dB
+6 +50 +6 +50 un
BIAS CURRENT?
Input Bias Current Vem = 0VDC +1 *5 +1 ' +10 pA
OFFSET CURRENT® ]
Input Offset Current Vem = 0VDC +0.7 +4 +0.7 +8 pA
IMPEDANCE
Differential 101 1 10" )] 1 Q| pF
Common-Mode 10" 3 103 Q|| pF
VOLTAGE RANGE .
Common-Mode Input Range +10 11 +10 11 \
Common-Mode Rejection Vin=110VDC 86 104 82 100 dB
OPEN-LOOP GAIN, DC ) v
‘Open-Loop Voltage Gain R.>2kQ o [ 120 ] w06 | 114 | | dB
FREQUENCY RESPONSE
Unity Gain, Small Signal ' 2 2 MHz
Full Power Response 20V p-p, RL = 2kQ 32 32 kHz
Slew Rate Vo = £10V, RL = 2kQ 2 2 V/usec
Settling Time, 0.1% Gain = —1, R. = 2kQ 6 6 usec
0.01% 10V step 10 10 usec
Overload Recovery, .
- 50% Overdrive® Gain = —1 5 5 usec
RATED OUTPUT
Voltage Output Ru=2kQ 11 +12 11 +12 v
Current Output Vo = £10VDC +5.5 *10 +55 +10 mA
Output Resistance DC, operi loop 100 100 o]
Load Capacitance Stability Gain = +1 1000 1000 pF
Short Circuit Current 10 40 10 40 mA
POWER SUPPLY
Rated Voltage *15 *15 vDC
Voltage Range,

Derated Performance 15 +18 i5 +18 vDC
Current, Quiescent lo = 0mADC 25 ' 40 25 45 mA
TEMPERATURE RANGE
Specification Ambient temp. 0 ‘ +70 0 +70 °C
Operating Ambient temp. —40 +85 —-25 +85 °C
Storage Ambient temp. —65 +150 —55 +125 °C
6 Junction-Ambient 200 150 °C/W

NOTES: (1) Sampletested. (2) Offset voltage, offset current, and bias current are also specified with the units fully warmed up. (3) Overload recovery

is defined as the time required for the output to return from

ion to linear op!
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ELECTRICAL (FULL TEMPERATURE RANGE SPECIFICATIONS)
At Ve = 215VDC and Ta = +Tmin to Tuax unless otherwise noted.

OPA121KM OPA121KP

PARAMETER CONDITIONS mn | te | max mn | Tve [ wmax UNITS
TEMPERATURE RANGE
Specification Range Ambient temp. 0 l I +70 0 | I +70 | °C
INPUT .
OFFSET VOLTAGE' :
Input Offset Voltage Vem = 0VDC +1 *3 : +1 £5 mvV
Average Drift +3 +10 +3 +10 uv/re
Supply Rejection Vee = £10V to £18V 82 94 82 94 ds

+20 +80 +20 +80 UV

BIAS CURRENT™
Input Bias Current Vem = 0VDC +23 +115 +23 +250 pA
Device operating

OFFSET CURRENT""
Input Offset Current Vem = 0VDC ' 16 +100 +16 +200 pA
Device operating

VOLTAGE RANGE

Common-Maode Input Range +10 11 +10 11 v
Common-Mode Rejection Vin = +10VDC 82 " 98 80 96 dB
OPEN-LOOP GAIN, DC ‘

Open-Loop Voltage Gain . R.=2kQ 16 | 16 100 1w | | dB
RATED OUTPUT »

Voltage Output RL=2kQ +10.5 +11 +10.5 11 \
Current Output . Vo = £10VDC 15.25 +10 1525 £10 mA
Short Circuit Current Vo, =0VDC 10 40 10 40 mA
POWER SUPPLY

Current, Quiescent ) lo = 0mADC [ as ] as ] 25 | 50 | mA

NOTES: (1) Offset voltage, offset current, and bias current are measured with the units fully warmed up.

MECHANICAL
“M” PACKAGE TO-99 (Hermetic) “p” PACKAGE 8-pin Plastic
j— A ) Pin numbers shown for reference
WAL !
— 5 —] 8 5 T only. Numbers may not be marked
) on package. .
L}
i : c o1 a
r LTV ILVAL |
3 F e A — .
-— F
L 1 L]
NOTE: -
Seating ———— Leads in true position within .010"
Plane —-ﬂ-— D (.25mm) R at MMC at seating plane. N 3 !
i t ™M
Pin numbers shown for ref  only. Numbers may not be marked - ~_Dsmmq Plane \/
on package. " o
Pin material and plating composition conform to Method 2003 (solder- "
ability) of MIL-STD-883 (except paragraph 3.2). NOTE: Leads in true position within 0.10” (0.25mm) R at MMC at
’ - . seating plane. : :
INCHES MILLIMETERS .
OIM I MIN | MAX MIN | MAX .__INCHES MILLIMETERS
A | 335 | 370 | 851 | .40 OiM [ MIN_[ MAX™ [ MIN T MAX
8 | .305 .335 7.75 8.51 A | 370 .400 9.40 10.16
c 165 .185 4.19 4.70 8 .230 .290 5.84 2.37
o | .06 .021 041 . | 053 c .120 .200 3.05 5.08
€ .010 .040 0.25 1.02 o_J.015 .023 0.38 0.58
F .010 .040 0.25 1.02 F .030 .070 0.76 1.78
G | .200 BASIC 5.08 BASIC G |.1008ASIC 2.54 BASIC
H_ | .028 .034 a.71 0.86 H].030 .050 0.76 1.27
J .029 .045 0.74 1.14 J .008 .015 0.20 0.38
K .00 | -- 12.7 K .070 .135 1.78 3.43
L_| .10 .160 2.79 4.06 L | .300 BASIC 7.62 BASIC
M 45° BASIC 45° BASIC M - | 10° —_ i 100 -
N | 095 | 05 | 241 | 267 nN_ .00 [.030 {025 | o076
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CONNECTION DIAGRAMS

“M” PACKAGE TO-99 (Hermetic)
SUBSTRATE AND CASE

OFFSET
TRIM

‘TOP VIEW

“P” PACKAGE Plastic Mini-DIP

OFFSET
TRIM

-IN] 2] [ 7] +Vec

>

+N | 3] 6 ] oureuT

~veo [4] OFFSET

[ 8 | susstante

TRIM

TOP VIEW

ABSOLUTE MAXIMUM RATINGS

Supply
Internal Power Dissipation"

+18VDC
.. 500mwW

Differential Input Voltage . .+36VDC
Input Voltage Range ........... 1+18VDC
Storage Temperature Range .............. —65°C to +150°C (KM)
—55°C to +125°C (KP)

Operating Temperature Range ............. —40°C to +85°C (KM)
—25°C to +85°C (KP)

Lead Temp: ire (soldering, 10 ds) ..oooiiiiiinn +300°C
Output Short Circuit Duration® ...........ovviiuin.s Continuous
Junction Temperature ............coeeievniieneeianiaannns +175°C

NOTES:

1. Packages must be derated based on 8, = 150°C/W (KP) or 8 ="

200°C/W (KM). R
2. For supply voitages less than +£18VDC the absolute maximum input
voltage is equal to +18V > Vin > —Vec —6V. See typical curves.
3.'Short circuit may be to power supply common only. Rating applies to
+25°C ambient. Observe dissipation limit and T,. ’

ORDERING INFORMATION

) OPA121 K X
Basic model number

Performance grade
K=0°C to +70°C

Package code
M = TO-99 metal can
P = Plastic mini-DIP

TYPICAL PERFORMANCE CURVES

Ta = +26°C, Vec = £15VDC unless otherwise noted.

" INPUT VOLTAGE NOISE SPECTRAL DENSITY
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TYPICAL PERFORMANCE CURVES [CONT]

Ta = +25°C, Vec = £15VDC unless otherwise noted.

Common-Mode Rejection (dB) Bias Current (pA)

Output Voitage (V)

Input Current (mA)
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POWER SUPPLY REJECTION
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APPLICATIONS
INFORMATION

OFFSET VOLTAGE ADJUSTMENT == .

The OPAI2] offset voltage is laser-trimmed and will
require no further trim for most applications. As with
most amplifiers, externally trimming the remaining offset
can change drift performance by about 0.3uV/°C for
each 100.V of adjusted offset. Note that the trim (Figure
1) is similar to operational amplifiers such as 741 and
AD547. The OPAI21 can replace most BIFET amplifiers
by leaving the external null circuit unconnected.




+10mV TYPICAL
TRIM RANGE

“10k TO IMQ
TRIM POTENTIOMETER
{100ke2 RECOMMENDED)

FIGURE 1. Offset Voltage Trim.

INPUT PROTECTION

Conventional monolithic FET operational amplifiers
require external current-limiting resistors to protect their
inputs against destructive currents that can flow when
input FET gate-to-substrate isolation diodes are forward-
biased. Most BIFET amplifiers can be destroyed by the
loss of —=Vec.

Unlike BIFET amplifiers, the £77ef OPALllL requires
input current limiting resistors only if its input voltage is
greater than 6 volts more negative than —Vcc. A 10kQ
series resistor will limit input current to a safe level with
up to £15V input levels even if both supply voltages are
lost.

Static damage can cause subtle changes in amplifier
input characteristics without necessarily destroying the
device. In precision operational amplifiers (both bipolar
and FET types), this may cause a noticeable degradation
of offset voltage and drift.

Static protection is recommended when handlmg any
precision IC operational amplifier.

GUARDING AND SHIELDING

As in any situation where high impedances are involved,
careful shielding is required to reduce “hum” pickup in
" input leads. If large feedback resistors are used, they
should also be shielded along with the external input
circuitry.

Leakage currents across printed circuit boards can easily
exceed the bias curent of the: OPAI21. To avoid leakage
problems, it is recommended that the signal input lead of
the OPAI21 be wired to a Teflon standoff. If the OPA121
is to be soldered directly into a printed circuit board,
utmost care must be used in planning the board layout.
A “guard” pattern should completely surround the high
impedance input leads and should be connected to a low
impedance point which is at the signal input potential.

Thie amplifier case should be connected to any input
shield or guard via pin 8. This insures that the amplifier
itself is fully surrounded by guard potential, minimizing
both leakage and noise pickup (see Figure 2).

If guarding is not required, pin 8 (case) should be
connected to ground.

NON-INVERTING BUFFER

]

.
-

-
~

—drmmman,

T

-

L)
.

INVERTING

.

-
e -
@

OPAI2I 8 ouT

BOARD LAYOUT
FOR INPUT GUARDING
Guard top and bottom of board. B
Alternate: use Teflon® standoff 0
for sensitive input pins.

(] =]
Teflon® E. I. Du Pont
de Nemours & Co. 50 =L

. mode voltage.

FIGURE 2. Connection of Input Guard.

BIAS CURRENT CHANGE VERSUS
COMMON-MODE VOLTAGE

The input bias currents of most popular BIFET opera-
tional amplifiers are affected by common-mode voltage
(Figure 3). Higher input FET gate-to-drain voltage
causes leakage and ionization (bias) currents to increase.
Due to its cascode input stage, the extremely-low bias
current of the OPA121 is not compromised by common-

.

'BOT"IZSI’ cr:/'stktm TIT11

A urves taken from | .
4= 157

7011 mtg. published typical data Lh1s8

~ 60

< : LA

S 5 ADS47I-
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2 an Lo

- v

@ 11

5. 10}4-LF155 - o /
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£ o0 Fop;ﬁ. -H!FF qeatzy

Tl
-10 l0P-15/16 fect Bias Current Cancellati
—20 IIllllllllllllll LILILL
—-10 -5 0 +5 410 -

Common-Mode Voltage (VDC)

FIGURE 3. Input Bias Current Versus Common-Mode
Voltage.
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BURR-BROWN®
OPA128

Drifer® Eiectrometer-Grade
OPERATIONAL AMPLIFIER

FEATURES ‘ APPLICATIONS

o ULTRA-LOW BIAS CURRENT: 75fA max ' . ELECTHUMETEB

o LOW OFFSET: 500uV max o MASS SPECTROMETER

o LOW DRIFT: 5.V/°C max o CHROMATOGRAPH

o HIGH OPEN-LOOP GAIN: 110dB min o |ON GAUGE

o HIGH COMMON-MODE REJECTION: 90dB min e PHOTODETECTOR

o IMPROVED REPLACEMENT FOR AD515 AND AD549 o RADIATION-HARD EQUIPMENT
DESCR|PTION Case (Guard) '

The OPAI28 is an ultra-low bias current monolithic @
operational amplifier. Using advanced geometry ) +Veo
dielectrically-isolated FET (£2Z7e# ®) inputs, this

monolithic: amplifier achieves a performance level —In

exceeding even the best hybrid electrometer amplifiers. @——tL

Laser-trimmed thin-film resistors give outstanding &

A noise-free cascode and low-noise processing.give
the OPAI28 excellent low-level signal handling

voltage offset and drift performance. +in Noise-Free l
' Cascode : :

Output

Ao

rees . . . <
capabilities. Flicker noise is very low. Tim :E 28kQ :E 28kQ
The OPAI28 is an improved pin-for-pin replacement
for the ADSIS. . O 4
. kQ & S
Trim 32k $2kn
Difet ® Burr-Brown Corp. : . ®

—Vee

OPA128 Simplified Circuit

International Airport Industrial Park - P.0. Box 11400 - Tucson, Arizona 85734 - Tel. (602) 746-1111 - Twx: 910-852-1111 - Cable: BBRCORP - Telex: 66-6491

PDS-653
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SPECIFICATIONS

ELECTRICAL
At Vec — 1 15VDC and Ta = +25°C unless otherwise noted. Pin 8 connected to ground.
. OPA128JM OPA128KM OPA128LM OPA128SM
PARAMETER conpitions | min [ Tve [ max | min | Tve [ max [ min [ ve [ max [ min | Tve | max | units
INPUT
BIAS CURRENT"™ - ,
Input Bias Current Vem = 0VDC,
R > 10kQ +150 | +£300 +75 | £150 +40 +75 +75 | %150 fA
OFFSET CURRENT"
Input Offset Current 'Vem — OVDC,
) R. — 10kQ 65 30 30 30 fA
OFFSET VOLTAGE" ‘
Input Offset Voltage Vem - OVDC +260 |£1000 +140 | £500 +140 | +500 +140 | £500 uv
Average Drift Ta — Tmim t0 Tiax +20 +10 . +5 |’ +10 | wpv/°eC
Supply Rejection : 80 120 90 120 90 120 90 120 dB

. +1 +100 ’ +1 +32 |’ +1 +32 +1 +32 HV/V
NOISE™
Voltage, fo = 10Hz 92 92 92 92 nV/\/Hz

to < 100Hz 78 78 78 78 nV/\/Hz
fo -~ 1kHz 27 27 27 27 nV/\/Hz
fo = 10kHz 15 15 15 15 nV/\/Hz
fs = 10Hz to 10kHz 24 24 24 24 UV, rms
fe — 0.1Hz to 10Hz 4 4 a 4 uV, p-p
Current, fg = 0.1Hz to 10Hz 42 2.3 1A, p-p
fo = 0.1Hz thru 20kHz 0.22 0.16 0.12 0.16 fA/\/Hz
IMPEDANCE
Differential 1071 10711 1071 10”41 Q || pF
Common-Mode 102 1012 10%)12 10")12 Q| pF
VOLTAGE RANGE
Common-Mode Input Range‘ +10 +12 +10 +12 +10 +12 +10 +12 A
Common-Mode Rejection , Vin = £10VDC 80 118 90 118 90 118 90 118 daB
OPEN-LOOP GAIN, DC" .
Open-Loop Voltage Gain Rz2k0 | 94 | 128 | [ 110 ] 128 | | 110 ] 128 | [ 110 ] 18 | dB
FREQUENCY RESPONSE . :
Unity Gain, Small Signal @ . 0.5 1 0.5 1 0.5 1 0.5 1 MHz
Full Power Response 20V p-p, RL = 2kQ ' 47 47 47 47 kHz
Slew Rate Vo=%10V,R.=2kQ | r 0.5 3 1 3 1 3 . 1 3 Vius
Settling Time, 0.1% Gain =—1, R. = 2kQ 5 5 5 5 Hs
0.01% 10V step 10 10 10 10 I’S]
Overload Recovery,

50% Overdrive™ Gain = —1 5 5 5 5 us -
RATED OUTPUT
Voitage Output R = 2kQ +10.5| +13 +10.5| 13 +10.5 | =13 +105 | +13 \
Current Output Vo = +10VDC +5 +10 +5 +10 +5 +10 +5 +10 mA
Output Resistance DC, open loop 100 - ,| 100 100 100 Q -
Load Capacitance Stability Gain = +1 1000 1000 . 1000 1000 pF
Short Circuit Current 10 29 40 10 29 40 10 29 40 10 29 40 mA
POWER SUPPLY
Rated Voltage +15 +15 +15 +15 vDC
Voltage Range, :

Derated Performance +5 +18 +5 +18 +5 +18 +5 +18 vDC
Current, Quiescent lo = 0mADC 0.9 1.5 09 1.5 0.9 15 0.9 1.5 mA
TEMPERATURE RANGE
Specification Ambient temp. 0 +70 0 +70 0 +70 | —55 +125 °C
Operating Ambient temp. ~55 +125 | =55 +125 | 55 +125 | —55 +125 °Cc
Storage Ambient temp. —65 +150 | —65 +150 | —65 +150 | —65 +150 °C
8 Junction-Ambient 200 200 200 200 °C/W

NO'_TES: (1) Offset voltage, offset current, and bias current are measured with the units fully warmed up. Bias current doubles approximately eveéy 11°C. (2) Sample
tested. (3) Overload recovery is defined as the time required for the output to return from saturation to linear operation following the removal of a 50% input overdrive.

(4) Noise test available—inquire.
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ELECTRICAL (FULL TEMPERATURE RANGE SPECIFICATIONS)

At Vee = £15VDC and Ta = Tmm t0 Tuax unless otherwise noted.

OPA128JM OPA128KM OPA128LM OPA128SM
PARAMETER conoirions | min | 1ve [ max | min | Tve [ max [ min [ Tve [ max [ min | tve [ max | units
TEMPERATURE RANGE
Specification Range Ambienttemp. | 0 | [ +0] o] [ +70 [0 ] [ +70 [ -ss | [ +12s] =c
INPUT
BIAS CURRENT'"
Input Bias Current Vem = 0VDC +2.5 +8 +1.3 +4 +0.7 | .x2 +43 | +170 pA
OFFSET CURRENT"
Input Offset Current Vem = 0VDC 1.1 0.6 0.6 18 pA
OFFSET VOLTAGE" )
Input Offset Voltage Vem =0VDC +2.2mv +1imv +750 +1.5mV uv
Average Drift +20 +10 +5 +10 | wpv/°C
Supply Rejection 74 114 80 14 80 114 80 106 dB
+2 | +200 +2 | %100 +2 | £100 +5 | £100 | pwv
VOLTAGE RANGE N
Common-Mode Input Range +10 1 +10 +1 +10 +11 +10 +11 \
Common-Mode Rejection Vin = 110VDC 74 112 80 112 80 112 74 104 dB
OPEN-LOOP GAIN, DC
Open-Loop Voltage Gain mR=2ka | s0 | 125 | [ 104 | 125 | B [ o0 | 122 ] [ a8
RATED OUTPUT )
Voltage Output R = 2kQ +105 105 105 +105 v
Current Output Vo = £10VDC +5 5 +5 +5 mA
Short Circuit Current Vo =0VDC 10 22 10 22 10 22 10 18 mA
POWER SUPPLY
Current, Quiescent [ i1=omanc | [os] 18] [os J1s ] ~Too] 18] [oo] 2 ] ma
NOTES: (1) Offset voltage, offset current, and bias current are measured with the units fully warmed up.
ABSOLUTE MAXIMUM RATINGS
SUPPIY e v i ieeiiieraaees +18VDC
Internal Power Dissipation™..........ooiveeeennn. 500mW
Differential Input Voltage....................... . £36VDC
Input VoltageRange ...............oiiuiininnns +18vDC
Storage Temperature Range............. —65°C to +150°C
Operating Temperature Range........... —55°C to +125°C
ORDERING INFORMATION Lead Temperature (soldering, 10 seconds)......... +300°C
Output Short Circuit Duration® .............. Continuous
OPA128 X M Junction Temperature...........coviiiiiienn. +175°C
Basic Model Number ! NOTES: (1) Packages must be derated based on fca= 150°C/W or ;a =
. 200°C/W. (2) Short circuit may be to power supply common only.
Performance Grade A Rating appli€s to +25°C ambient. Observe dissipation limit and T,.
K, L=10°C to +70°C '
KL= J MECHANICAL
S = —55°C to +125°C
Package Code “M” PACKAGE TO-99 (Hermetic)
M = TO-99 metal can . NOTE: Leads in true position within .010” (:25mm) R at MMC at

seating plane.
Pin numbers shown for reference only. Numbers may not
be marked on package.

CONNECT|ON DIAGRAM Pin material and plating composition conform to Method
2003 (solderability) of MIL-STD-883 (except paragraph 3.2).

Top View Substrate and Case R
X r— 8
' WCHES MILLIMETERS
Offset Trim +Vee i c OMJ MIN | Max | MIN | MAX
o [—= A 335 370 851 940
€ £ ’ 8 305 .335 775 851
Seatng K c 165 185 419 470
Plane [+] 016 021 oa 053
“ l I L € 010 040 025 107
' F 010 040 025 102
—in e OUtDU( ° G 200 BASIC 5 08 BASIC
H 028 034 071 086
J 029 045 074 . 114
L3 500 - 12.7
L 110 160 279 406
° Offset Trim m_| asSBaAsic 45° BASIC
N 095 | 105 241 | 267

—Vee
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TYPICAL PERFORMANCE CURVES

Ta = +25°C, £15VDC unless otherwise noted.

OPEN-LOOP FREQUENCY RESPONSE
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TYPICAL PERFORMANCE CURVES (CONT)

Ta = +25°C, 215VDC unless otherwise noted.

GAIN-BANDWIDTH AND SLEW RATE GAIN-BANDWIDTH AND SLEW RATE
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4 4 3 - 6
§ s .- s -
)
2 o I %]
< > S @
p L 2 < 2 4 =
'§ 3z 3 + Slew §
° 2 2 3 3 &
§ 2 ¢ — Slew 2
1 ®
& it - i 2 8
3 1 T 2 £ ] o
© 3
0 0 0
—75 —50 —25 0 +25 +50 +75 +100 +125 0 5 10 15 20
Ambient Temperature (°C) Supply Voltage (+Vcc)
SUPPLY CURRENT vs TEMPERATURE OPEN-LOOP GAIN, PSﬁ, AND CMR vs TEMPERATURE
2 140
g { )
- 15 T 130 == y
B - — oL
£ 5] - -\’\ <
~
g i = £ 120 poe N‘ 1
o > : \
> g V\KiMn
a
S gs o 1o N
a PSH,
0 100 I
-75 —-50 -25 ] +25 +50 +75 +100 +125 -75 -50 -25 0 +25 +50 +75 +100 +125
Ambient Temperature (°C) Ambient Temperature (°C)
LARGE SIGNAL TRANSIENT RESPONSE SMALL SIGNAL TRANSIENT RESPONSE
s s
® £
o
o L
= ’ o
3 &
z 3
5 >
5 H
o 5
o
Time (us) ' | Time (ws)
COMMON-MODE INPUT RANGE ; . BIAS CURRENT
vs SUPPLY VOLTAGE vs ADDITIONAL POWER DISSIPATION
15 100pA -
=
jul 4 10pA
& -
£ 10 < KM
o ~ 1
s W z PA
@ A 2 "
3 4 5 ]
b3 / O 100 [y
5 s g
€ @
; / K
) , V1
o 1
5 10 15 20 [¢] 50 100 150 200 250 300 350

Supply Voltage (+Vcc) Additional Power Dissipation (mW)

1-77



APPLICATIONS INFORMATION

OFFSET VOLTAGE ADJUSTMENT

The OPAI28 offset voltage is laser-trimmed and will
require no further trim for most applications. As with most
amplfiers, externally trimming the remaining offset can
change drift performance by about 0.3uV/°C for each
1001V of adjusted offset. Note that the trim (Figure 1) is
similar to operational amplifiers such as HA-5180 and
AD5I15. The OPAI28 can replace many other amplifiers
by leaving the external null circuit unconnected.

+10mV TYPICAL
TRIM RANGE

*10kQ T0 1MQ
TRIM POTENTIOMETER
{100k> RECOMMENDED)

"Vcc

FIGURE 1. Offset Voltage Trim.

INPUT PROTECTION

Conventional monolithic FET operational ampllﬁers
inputs must be protected against destructive currents that
can flow when input FET gate-to-substrate isolation diodes
are forward-biased. Most BIFET® amplifiers can be
destroyed by the loss of —Vcc. '

’

" Because of its dielectric isolation, no special protection is
needed on the OPAI28. Of course, the differential and
common-mode voltage limits should be observed.

Static damage can cause subtle changes in amplifier input
characteristics without necessarily destroying the device. In
precision operational amplifiers (both bipolar and FET
types), this may cause a noticeable degradation of offset
voltage and drift. . :

Static protection is recommendcd when handlmg any
precision IC operational amplifier.

GUAhD!NG AND SHIELDING

As in any situation where high impedances are involved,
careful shielding is required to reduce “hum” pickup in
input leads. If large feedback resistors are used, they should
also be shielded along with the external input circuitry.

Leakage currents across printed circuit boards can easily
exceed the bias current of the OPAI128. To avoid leakage
problems, it is recommended that the signal input lead of
the OPAI28 be wired to a Teflon standoff. If the input is to
be soldered directly into a printed circuit board, utmost care

must be used in planning the board layout. A “guard”

BIFET® National Semiconductor Corp.

pattern should completely surround the high impedance
input leads and should be connected to a low impedance
point which is at the signal input potential.

The amplifier case should be connected to any input shield
or guard via pin 8. This insures that the amplifier itself is
fully surrounded by guard potential, minimizing both
leakage and noise pickup (see Figure 2).

Triboelectric charge (static electricity generated by friction)
can be a troublesome noise source from cables connected
to the input of an electrometer amplifier. Special low-noise
cable will minimize this effect but the optimum solution is
to mount the signal source directly at the electrometer inpul
with short, rigid, wiring to preclude mlcrophomc noise
generation.

TESTING

Accurately testing the OPAI128 is extremely difficult due to
its high level of performance. Ordinary test equipment may
not be able to resolve the amplifier’s extremely low bias
current.

Inaccurate bias current measurements can be due to:

1. Test socket leakage

2. Unclean package =

3. Humidity or dew point condensatnon

4. Circuit contamination from ﬁngerprmts or anti-static
treatment chemicals

. Test ambient temperature

6. Load power dissipation.

wn

NON-INVERTING . BUFFER
L 1, /
- K : )
- L2 glour  f out
maE -0 _ i -0
wo—% + o :
LY

-

.,
#
s,

IHVERTING ) © 70-99 BOTTOM VIEW

=
~

~o %
-

e ——.
@

+
)

o,

BOARD LAYOUT
FOR INPUT GUARDING
Guard top and bottom of board.
Alternate: use Teflon® standoff
for sensitive input pins.

-Teflon® E. |. Du Pont de Nemours & Co.

FIGURE 2. Connection of Input Guard.
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OFFSET
TRIM

oH PROBE
R, ~ 500M0
A| somv out

a

~15v

>0

woc
OUTPUT

.||.__—

a0

L

OuTPUT
o

€

|l

i

Y
N,

10"'a LOW FREQUENCY CUTOFF =

1/27RC) = 0.18Hz
e, = —AQ/Ce

FIGURE 3. High Impedance (10"°Q)) Amplifier.

FIGURE 4. Piezoelectric Transducer Charge Amplifier.
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INg14
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== 1000pF POLYSTYRENE

b————O 0UTPUT

DROOP ~ 100.V/s

* REVERSE POLARITY FOR NEGATIVE
PEAK DETECTION

FIGURE 5. Low-Droop Positive Peak Detector.

la = 1001A

BAIN = 100
CMRR ~ 11848
R = 10"%Q
r ——— ———————
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1
21 B Za s
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i |
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2020 3 Ra L H
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10k 3l Bk H 8
oy W
[ B |
: BURR-BROWN |
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| I S U
+ O3
DIFFERENTIAL VOLTABE GAIN = | + 2R¢/Rs -

FIGURE 6. FET Input Instrumentation Amplifier for Biomedical Applications.
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"5 <1pF T0 PHEVEHT EAHI PEAKING
PIN PHOTODIODE A

CIRCUIT MUST BE
WELL SHIELDED.

W 100MQ
WP 50824204 - |guaRD  10°0 " AN _
‘ $ %
>
1 e $
ouTPUT yd
O [+, 1 =
CURRENT { :
§ X 10%/WATT INPUT \ oUTPUT |
F1 o—\
-6V Vo = —1V/nA

FIGURE 7. Sensitive Photodiode Amplifier.

FIGURE 8. Current-to-Voltage Converter.
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" FIGURE 9. Biased Current-to-Voltage Converter.
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BURR-BROWN®

OPA156A
OPA356A

Wide-Bandwidth 2/7er°
OPERATIONAL AMPLIFIER

FEATURES

o WIDE BANDWIDTH, 4MHz min

o HIGH SLEW RATE, 10V/usec min

© LOW BIAS CURRENT, 50pA max at Ta = +25°C
© LOW OFFSET VOLTAGE, 2mV max

o LOW DRIFT, 54V/°C max

DESCRIPTION

The OPAISGA/ 356A is a wide-bandwidth monoli-
thic dielectrically-isolated FET (£2/ef) opera-

tional amplifier. Improved circuit design and di-

electric isolation allow. lower bias current than
BIFET LF156A amplifiers. Bias current is specified
under warmed-up and operating conditions, not at a

BIFET® National Semiconductor Corp., £27e# ® Burr-Brown Corp.

APPLICATIONS

© OPTOELECTRONICS
© DATA ACQUISITION

o |[MPROVED REPLAGEMENT FOR INDUSTRY-
STANDARD LF156A BIFET® OPERATIONAL
AMPLIFIER

JUNCTION temperature of +25°C.

Laser-trimmed thin-film resistors offer improved
offset voltage and noise performance.

The OPAIS6A is internally compensated for umty-
gain stability.

TRIM G) @ TRIM

@ +Vee

]

MomL

®

SR L

QUTPUT

I
3 o

SIMPLIFIED CIRCUIT

International Airport Industrial Park - P.0. Box 11400 - Tucson, Arizona 85734 - Tel. (602) 746-1111 - Twx: 910-952-1111 - Cable: BBRCORP - Telex: 66-6491

PDS-548A
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SPECIFICATIONS

ELECTRICAL e
At £Vcc = 15VDC and Ta = +25°C unless otherwise specified.
OPA156A OPA356A
PARAMETER CONDITIONS MIN TVYP MAX MIN TP MAX UNITS
FREQUENCY RESPONSE ) )
Slew Rate Vo = %10V, R = 2k
G=+1 10 14 10 14 V/usec
Settling Time, 0.01%"" 10V Step, R. = 2kQ 4 4 usec
Gain Bandwidth 4 6 4 6 MHz
INPUT )
NOISE .
Voltage: fo =100Hz R, = 1000 25 25 nV/\/Hz
fo = 1kHz R, = 10002 15 15 nV/\v/Hz
Current: fo = 100Hz 0.005 0.005 pA/\/Hz
o = 1kHZ . 0.005 0.005 pA/VHZ
OFFSET VOLTAGE? .
Input Offset Voltage © Rs =500 +1 +2 -+ +2 mv
Average Drift Ta = Twn 10 Trax +3 %5 +3 +5 uv/°C
Supply Rejection A+Veec = A—Vcc 85 100 85 100 dB
+10 +57 +10 +57 uN
BIAS CURRENT? .
Input Bias Current Vem =0VDC, . 30 50 30 50 pA
OFFSET CURRENT? ! .
Input Offset Current Vem =0VDC 3 10 3 10 pA
INPUT IMPEDANCE P
Resistance || Capacitance 103 1073 Q|| pF
VOLTAGE RANGE. ’ :
Common-Mode Input Range o +11 +12 T T2 \
Common-Mode Rejection Vin =+10VDC 85 100 85 100 dB8
OPEN-LOOP GAIN, DC . ’
Open-Loop Voltage Gain RL=2kQ 94 106 94 106 dB
50 200 50 200 V/mV
RATED OUTPUT
Voltage Output Ru= 10kf_l *12 +13 +12 +13 v
. Ru=2kQ +10 +12 +10 +12 \'
POWER SUPPLY
Rated Voltage +15 +15 vbeC
Voltage Range, Derated .

Performance Ceo +5 +20 +5 +18 vbc
Current, Quiescent lo = 0MADC 5 -7 5 10 mA
TEMPERATURE RANGE .

Specification Ambient temp. —55 © +125 0 +70 °C

Storage Ambient temp. —65 +150 —65 +150 °C

6 Junction-Ambient . 150 150 °C/W
NOTES: (1) S le tested—this p: is not gui d. See settling time test circuit (Figure 2). (2) Offset voltage, offset current, and bias current

are measured with the units fully warmed up.
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ELECTRICAL (FULL TEMPERATURE RANGE SPECIFICATIONS)

At £Vcc = 15VDC and Ta = Tam t0 Tuax unless otherwise noted.

OPA156A OPA356A
PARAMETER CONDITIONS MN | TP | MAX MmN | T | max UNITS
TEMPERATURE RANGE
Specification Range | Ambienttemp. | -s5 | [ 425 | o ] [ +0 | =
INPUT
OFFSET VOLTAGE™
Input Offset Voltage R, = 500 +1 +25 +1 +23 mv
Average Drift R, = 500 +3 +5 +3 +5 ° uvI°C
Supply Rejection A+Vee = A—Vee 85 100 85 100 . d8
+10 57 +10 57 uvv
BIAS CURRENT"
Input Bias Current Vem = OVDC 15 25 3 5 nA
OFFSET CURRENT™"
Input Offset Current Vem ='0VDC [ 10 0.6 1 nA
VOLTAGE RANGE
Common-Made Input Range +1 +12 N1 +12 v
Common-Mode Rejection Vin = £10VDC 85 100 85 100 dB
OPEN-LOOP GAIN, DC , ‘
Open-Loop Voltage Gain R. = 2kQ 88 92 88 92 dB
25 40 25 40 v/mv
RATED OUTPUT
Voltage Output R. = 10kQ +12 +13 +12 +13 v
A= 20 +10 +12 +10 +12 v
NOTE: (1) Offset voitage, offset , and blas current are d with the units fully warmed up.
ABSOLUTE MAXIMUM RATINGS
Supply: OPA156A... ... £22vDC
OPA356A. . +18VDC
Power Dissip ... 670MmW
Differential Input Voltage' ... +40VDC
Input Voltage Range'”...... . £20VDC

ORDERING INFORMATION

Storage Temperature Range ..

OPA X 56A X

| |

Basic mode! number
Temperature range
= —55°C to +125°C

3 = 0°C to +70°C

Package code
M = TO-99

Junction Temperature

Operating Temperature Range ..
Lead Temperature (soldering, 10 seconds) ..
Output Short Circuit Duration'

-65"0 to +150°C
. —=55°C to +125°C
+300°C
Continuous
+150°C

Observe dissipation limit and T..

MECHANICAL

NOTES: (1) Packages must be derated based on fic = 45°C/W or 6. =
150°C/W. (2) For supply voitages less than £18VDC the absolute maxi-
mum input voltage is equal to the supply voltage.
be to power supply common only. Rating applies to +25°C ambient.

(3) Short circuit may

CONNECTION DIAGRAMS

TOP VIEW

OFFSET,

TRM 0

* NO INTERNAL CONNECTION
CASE IS INTERNALLY CONNECTED TO Ve

“M" PACKAGE: TO-99

NOTE: Leads in true posi-
tion within 0.01” (0.25mm)
R at MMC at seating plane.
Pin numbers shown for ref-
erence only. Numbers may
not be marked on package.
The TO-99 can and leads
are bright acid tin plated.

MILLIMETERS
WIN_ | MAX

WoHEs ]

oM ["MIN_| MAX

P BT KT WYY KCYT)
P AT BT SEETSR T
S TV TSN YT YT,
o ore [ on m
. T ) m
O T ) w

Pin material and plating < | aoeast BAS

composition conform to o B BT RO AT

Method 2003 (solderability) P T BTN T T
C

of MIL-STD-883 | as® sasic 450 sasic
Yo TS RTTN NEXTH BT

paragraph 3.2).
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TYPICAL PERFORMANCE CURVES

Ta = +25°C, Ve = £15VDC unless otherwise noted. .
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TYPICAL PERFORMANCE CURVES (CONT)

Ta = +25°C, Vec = £15VDC unless otherwise noted.

SETTLING TIME vs CLOSED-LOOP GAIN

10
L /]

Y

0.01%

0.1%

Settling Time (usec)

-1 —10 —100
Closed-Loop Gain (V/V)

APPLICATIONS INFORMATION

OFFSET VOLTAGE ADJUSTMENT

The OPAIS6A offset voltage is laser-trimmed and will
require no further trim for most applications. As with
most amplifiers, externally trimming the remaining offset
can change drift performance by about 0.5uV/°C for
each millivolt of adjusted offset. Note that the trim (Fig-
ure 1) is similar to operational amplifiers such as LF156
and OP-16. The OPAI156A can replace most other ampli-
fiers by leaving the external null circuit unconnected.

OPAISGA

o——4+
+50mV TYPICAL
TRIM RANGE

*10kQ T0 IMQ
TRIM POTENTIOMETER

—Vec O {100k RECOMMENDED)

FIGURE 1. Offset Voltage Trim.

INPUT PROTECTION

Static damage can cause subtle changes in amplifier
input characteristics without necessarily destroying the
device. In precision operational ampilifiers (both bipolar

LARGE SIGNAL TRANSIENT RESPONSE

Output Voitage (V)

0 25 5
Time (usec)

and FET types), this may cause a noticeable degradation
of offset voltage and drift.

Static protection is recommended when handling any
precision IC operational amplifier.

If the input voltage exceeds the supply voltage, current
must be limited to ImA to prevent damage.

CIRCUIT LAYOUT

Wideband amplifiers require good circuit layout tech-
niques and adequate power supply bypassing. Short,
direct connections and good high frequency bypass
capacitors (ceramic or tantalum) will help avoid noise
pickup or oscillation.

%Q 01%
+15V VWv
o :
+ov %0 0.1%
O —AAA
—5v
50
0%
[ b W
—15v SUMMING P
MO0 skq 01,

SCOPE TE 5y
2N4416 o
%0
= =

FIGURE 2. Settling Time Test Circuit.

ll}
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APPLICATIONS CIRCUITS

10kQ
AAA
+1§vnc o
. 7 B —
INPUT O—AR -z A =
. opasen L —O DUTPUT
+ 6=-10
o / :_" 0.1uF
_I5V0C ) ) —15VDC
FIGURE 3. Inverting Amplifier. FIGURE 4. Noninverting Buffer.

CMR = 100dB typ

Is = 50pA max

GAIN = 100

BANDWIDTH = 100kHz typ
R = 1070

en
>
te)
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s Lt )

~n
a
>
te)
~n
]
3
te]
=

S
1010 $Rg

OUTPUT
—O0

BURR-BROWN
 INAIGS
2k DIFFERENTIAL
AMPLIFIER

R Y

DIFFERENTIAL VOLTAGE GAIN = 1 + 2R/Rs -

+IN

| PSS

FIGURE 5. Wideband FET Input Instrumentation Amplifier.

CURRENT
INPUT

QUTPUT
VOLTAGE

———ok, 0

Eo = |I| R=1V/uh

FIGURE 6. Absolute Value Current-to-Voltage Converter.
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BURR-BROWN ©

PAT. PEND.

OPA201

| Switchable-Input Operational Amplifier
SWOP AMP™

FEATURES

o TWO PRECISION INPUT STAGES
SELECTABLE BY DIGITAL SIGNAL

© EXCELLENT INPUT SPECIFICATIONS
Vos 100uV max
DRIFT: 0.5uV/°C typ
I 25nA max

e LOW POWER
*Vcc 2.5V to 18V
lq 500uA max

DESCRIPTION

The OPA201 is a switchable-input operational amp-
lifier (Swop Amp™). It contains two independent
differential input stages and one output stage. Either
of the input stages may be connected to the output
stage under the control of the' Channel Select digital
input signal which is TTL-compatible or user-

programmable, The OPA201 is easy to use and.

functions as an operational amplifier that can switch

' APPLICATIONS

o AUTO-ZERD SYSTEMS

o TWO-CHANNEL MULTIPLEXER WITH GAIN

e SWITCHABLE-GAIN CIRCUITS

o SWITCHABLE-BANDWIDTH CIRCUITS

© SYNCHRONOUS MODULATOR/DEMODULATOR
o BATTERY OPERATED SYSTEMS

resistors, and active laser trimming produce a truly
unique highly versatile circuit. The unique switch-
able input stage design allows solutigns to very
demanding analog circuit design problems.

\ . OFFSET

AN 12, - -~

between two sets of inputs. TRIM
Each input stage provides excellent input character- ! — OFFSET
istics: low offset voltage (100uV, max), low offset w13 + TRIM
voltage drift versus' temperature (IxV/°C, max), : ’ / UUTPUT .
and low bias current (25nA, max). \ | )
Additionally, the Swop Amp is a low power device. Wz - J : @,v
It draws less than 500uA (max) over the supply 2 | o
range £2.5V to 18V. It is well suited for portable, w2 @2 + : @'Vcc
remote, and other battery powered applications. / :
Also, its low power consumption and excellent CHANREL /7 CHANNEL 77) CHANNEL
specifications make it well suited for isolation circuit 8TATUS SELECT SELECT
applications. Burr-Brown’s state-of-the-art mono- sTatus (5 0) THRESHOLD
COMMON CONTROL

lithic design and processing, compatible thin-film

International Airport Industrial Park - P.0. Box 11400 - Tucson, Arizona 85734 - Tel. (602) 746-1111 - Twx: 910-952-1111 - Cable: BBRCORP - Telex: 66-6491

PDS-491C
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SPECIFICATIONS

ELECTRICAL

At Ta = +25°C and *Vec = 15VDC unless otherwise noted. Specifications are for either channel 1 or 2 unless otherwise noted.

OPA201AG/RG OPA201BG/SG OPA201CG
PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX MIN - TYP MAX UNITS
OPEN-LOOP GAIN, DC Vour = £10V .
Rated Load R.=10kQ 114 130 114 130 120 130 dB
Ta =T t0 Tmax 120 N 120 . 120 dB
RATED OUTPUT
Voltage RL = 10kQ +13.5 +14 +135 +14 +13.5 *14 v
Current Vour = 10V 5 5 5 mA
Output Impedance 05 05 05 kQ
Short Circuit Current 10 10 10 mA
INPUT OFFSET VOLTAGE
Either Channel
Voltage Offset" . 120 500 70 200 35 100 w
Average Drift Ta=Tmin to Tmax 14 09 05 uv/r°C
vs Supply +Vee = £2.5V to £18V 8 32 5 18 4 10 uwN
: 10 6 5 | ey
Match Between
Channels 1 and 2
Initial 150 500 65 100 25 50 w
INPUT BIAS CURRENT
Initial Bias Current 15 50 13 40 12 25 nA
Over Temperature 22 18 17 nA
INPUT OFFSET CURRENT
Initial Offset Current 14 4 0.75 2 0.7 1 nA
Over Temperature 24 13 1.2 " nA
FREQUENCY RESPONSE
Galn Bandwidth G =100V/V 500 500 500 kHz
Full Power Response 20V, p-p, RL = 10kQ 4 4 4 kHz
Slow Rate Vour = £10V, RL = 10kQ 0.1 0.18 0.1 0.18 0.1 0.18 V/usec
Settling Time 0.1% G =1V/V,RL.=10kQ 49 49 49 usec
0.01% R 10V Step 52 52 52 usec
INPUT IMPEDANCE .
Differential 6 6 6 MO
Common-Mode 10 2 1012 10 2 Q| pF
INPUT NOISE
Voltage fs = 0.1 to 10Hz - 1 1 1 uV, pA
Voltage Density fo=1Hz 85 85 85 nV/v/Hz
fo = 10Hz 27 27 27 nV/v/Hz
fo = 100Hz 27 27 27 nv/vHz
fo = 1kHz 27 27 27 nv/y/Hz
Current fo =0.1 to 10Hz 15 16 - 15 PA, p-
Current Density fo=1Hz 1000 1000 1000 fA/\/Hz
fo=10Hz 300 300 300 tA/V/Hz
fo = 100Hz 100 100 100 tA/\/Hz
fo = 1kHz 100 100 100 ta/VHz
INPUT VOLTAGE RANGE
Common-Mode -125 . +12.5 -125 +12.5 —125 +125 v
Ta= T t0 Truax +12 *12 +12 v
Common-Mode Rejection . Vin=+10V 85 94 90 98 95 08 dB
Ta = Tum 10 Traax 92 95 97 dB
POWER SUPPLY X :
Rated Voltage *15 +15 *15 vbC
Voltage Range,
derated performance +25 +18 125 +18 +25 +18 vDC
Current, quiescent - 425 500 425 500 . 425 500 uA
DIGITAL SIGNALS
Threshold control
(TC) Voltage Range ' . —Vee +Vee—5 —Vee +Vec—5 —Vee +Vee—5 v
Channel Select (CSEL) *
Voltage Range —Vee +Vee —Vee : +Vee —Vee +Vee v
Vin (selectsch. 1) | Vic+2 +Vee +Vec +2 +Vee +Vec +2 . +Vee v
Vi (selects ch. 2) —Vee Vic+0.6 | Vic+0.8 —Vec Vic+0.6 |—Vec+08 | —Vec Vec+0.6'| Vic+0.6 v
Ta = T t0 Tiax —Vee —Vee ~Vee v
Im ' Veser = +Vec <t 50 <1 50 <1 50 uA
I Veser = Vre =0V ©25 60 25. 60 25 60 HA
Status Common (SC)
Voltage Range —Vee @ —Vee o —Vee @ v
Channel Status
(CSTA = CSEL)?
Vou lo. = 1mA, Vgc =0V 04 04 04 v
- Vou Vpunwp = 15V, Vsc =0V 20 15 20 15 20 15 v
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ELECTRICAL (CONT)

OPA201AG/RG OPA201BG/SG OPA201CG

PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS
DIGITAL SIGNALS

lon (OFF) <1 20 <1 20 <1 20 uA
Switching Time

Between Channels Tiin < Ta = Tuax 5 5 5 usec
CROSSTALK
DC Vinto OFF -100 —130 -120 —130 -120 -130 dB
60Hz Channel = £12V ~108 —108 -108 dB
TEMPERATURE RANGE (amblent)
Specification

A, B, C Grades —25 +85 -25 +85 -25 +85 °C

S Grade —55 +125 °C
Operating —55 +125 -55 © 4125 -55 +125 °c
Storage —65 +150 —65 +150 —65 +150 °C

NOTES:

1. Voltage offset is also guaranteed fully warmed-up.

2. Vic = Voltage on threshold control, pin 10. Vin, Vit, Vou, Vo, Iin, e, lon, low, refers to voltage and-current, input and output, high and low Ioglc states.
3. Maximum voltage at Status Common must not be more positive than the Channe! Select voltage (pin 11) or Threshold Control voltage (pin 10).

MECHANICAL : ABSOLUTE MAXIMUM RATINGS
NOTES: 1. Leads in true position within 0.01"
(0.25mm) R at seating plane. SUPPIY teeiitii i i it it i et i, +18VDC
Internal Power Dissipation'" .. 500mwW
A Differential input Voltage™ . . . +36VDC
e e N e S e O S e Y Input Voltage Range'™ .. .........oveueernrennirennnnns +18VDC
7 Storage Temperature Range. . . —65°C to +150°C
Operating Temperature Range ........... —55°C to +125°C
H Lead Temperature (soldering, 10 seconds) .............. +300°C
. l Output Short Circuit Duration® ........ . Continuous
LS S S Ry S S JUNCLion TeMPerature ... ...oeevviereeeenrninennnanns +175°C
Pin #1 + Fle
1]
M ¢ - NOTES:
') 1. 6= 100°C/W
f =~ | | i T_f 2. For supply voltages less than +18VDC the absolute maximum input
R f f 3 voltage Is equal to the supply voltage.
L | l U ; 3. Short circuit may be to power supply common or £Vce.
i H e Lo-] -I L—D
[ MILLIMETERS |
MIN_| WAX |
19.1; 19.48
8.22 6.38
3.58 J,&
0.38 0.53
J 1.14 1.52 v
\/ ! ' 254 AS;C‘
= X
“ t— om | o® PIN CONFIGURATION
3.80
azerse ]
o 15°
OFFSET
=rE %35 G rroe vEw, e
~IN, @ - 13 ) —IN2
2 v 4 o
ORDERING INFORMATION +IN, @ + 12) +INz
CHANNEL @ CHANNEL
OPA201 X G STATUS l_ ~ _.I SELECT
STATUS CHANNEL THRESHOLD
Basic Model Number . common (° SELECT 10 ) cONTROL
Performance Grade Code )
A,B,C —25°Cto+85°C ~Vee @ @ +Vee
s . —55°C to +125°C
Package Code OFFSET @ : . OUTPUT
G 14-pin Hermetic DIP ADJUST o
N
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TYPICAL PERFORMANCE CURVES

Ta = +25°C, £Vec = 15VDC, specifications are for both channels unless otherwise noted.

Input Voltage Noise (nV/v/Hz) Input Bias Current (nA) Ao(dB)

Output Voltage (mV)

SUPPLY CURRENT VS
Ao. VS FREQUENCY SUPPLY VOLTAGE
180 800
160 ‘700 ‘
-55°C _
10 ﬁ(" +25°C g s +126°C—
120 X7 fg 500 . : 95°C
100 (—+125°C 3 400 ’./" +A!_‘,r
® N, R T
g 300 T
%0 AN % 00 | m o o
40
20 100
o )
0.001 0.1 10 1k 100k 0 15 +10  +15  $20
. Frequency (Hz) Supply Voltage (V)
INPUT BIAS AND OFFSET OFF CHANNEL INPUT CURRENT
CURRENT VS TEMPERATURE VS INPUT VOLTAGE
32 jomA l }
+28 _ 'imA —
. 1248 +125°C I
242 to0ua |
0 +20 2 . +lss°c I
3 10pA o
6 163 I
o
. N s t1.2§ 777 - —-+25°C
- For this region
s os 0.8 § 100nAF |, = <15pA at +25°C
nas I = <100pA at +125°C
4 0.4 rOnA | I
0 0  1nal A -
=75 ~50~25 0 +25 +50 +75+100+125 sV —1av—10v—12vF1ZVH13VE14VF15V
. Temperature (°C) Vin
VOLTAGE NOISE VS FREQUENCY 10000 _CURRENT NOISE VS FREQUENCY
T - -
T
E R
NN g
190 E o0 HHHT
° Tt
z
St -
5 J
10 3 100
H i
£ 1
1 10 v
0.1 1.0 10 100 01 1 10 100
Frequency (Hz) Frequency (Hz)
SMALL SIGNAL RESPONSE SLEW RATE VS TEMPERATURE ' "
' 0.35
g 0.30
s 0.25 -
2020
4 !
3015
® 010
1 0.05

w
8 8

- = N

Time (usec)

9—75~50 —25 0 +25 +50 +75+100+125

Temberature (°C)
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ON CHANNEL Vos VS*
OFF CHANNEL Vin
BT T T 1
700 —
3 600~ 0
§ Vour
T 500 H
c
£ agof -y Vw18V o +15V | |
Z 300l Vos and Drift in this region
o may be positive or negative
>'r"> 200 [ R A
/+125°C +85°C +25°C \
100 ./
) S — — — e —
\
—15 —14-13 —12 +12 +13 +14+15
Vin to OFF Channel (V)

50 CROSSTALK VS FREQUENCY
—140]- IIIIII'IIH Ilw IIIFIIIIIIIII
-130
—120 IIIIII unn Illlllll IINIII
-110 |||||| "ll\lllllll I T

@-100 lIIIIII illln!!lllllli IIHIII\ IIIIHNIIIHW
e 1A o N AR IIH
£ 80 I|IIIIHII||||H‘IIIIIII|!Illle
H AL ALY
8 : a0 llllllllllllllll‘;
S N
-30 %
-20 J ‘ it
=10 Y Crosstalk = 20 log Vo/ Vi
o bl L
0.1 1 10 100 1k 10k 100k
Frequency (Hz)
LARGE SIGNAL RESPONSE
£
(-]
o
S
o
>
s
o
-
o
Time (usec)
% SETTLING TIME VS.TEMPERATURE
- 80
o
g o
2 60 To 0.01%
E
> 50 T00.1%
£
Z 40
g
30
20

1~075—50 —25 0 +25 +50 +75+100+125

Temperature (°C)



THEORY OF OPERATION

A simplfied schematic of the OPA201 Swop Amp is
shown in Figure 1. The circuit has four main parts: (A)
input stage 1, (B) input stage 2, (C) active load and
output amplifier, and (D) channel sclect circuit. The two
precision differential input stages are identical, with
offset and' drift laser-trimmed for very-tight matching.
The input stages share a balanced, high precision active
load and external offset adjust pins, so offset trim affects
both channels (see “Using the Swop Amp” section for
independent trim techniques). The input stages also
share a gain stage and complementary output stage. The
biasing circuits for the two input stages are well matched,
so the characteristics of the two amplifiers are very
nearly identical.

so the channel status can be referenced to ground or —V.

The complete circuit functions as a high precision
operational amplifier which can switch between two sets
of inputs under control of a I-bit logic sxgnal

USING THE SWOP AMP

Designing with the Swop Amp is basically the same as
designing with any precision operational amplifer, with
the added versatility of switchable inputs. Feedback is
connected from the output to each differential input to
configure each channel as an inverting or noninverting
amplifier, integrator, or other analog circuit function.
The transfer functions for channels 1 and 2 may be
identical to the point of sharing feedback elements, or
they may be completely independent. Feedback resistors
for the off channel are driven by the output as part of

+iINt

Vos ADJUST

]
CHANNEL
SELECT
8 ) [CSEL]
N2
CHANNEL
STATUS
[CSTA]
"4
THRESHOLD D
CONTROL
[TC]

FIGURE 1. OPA 201 Simplified Schematic.

Under control of the channel select circuitry, only one
input stage at a time is active. The selected input stage
controls the output amplifier, while the unselected input
stage is turned off by deactivating its bias circuitry. With
no current in the unselected stage, it has negligible input
bias current, and the OFF channel cannot send signals
to the output amplifier (see Crosstalk specifications and
Typical Performance Curves).

The channel select circuitry is simple but versatile, and
its use is fully described in the “Using the Swop Amp”
section. The trip point for changing channels is set by
the threshold control, pin 10.. This provides TTL-
compatible levels for the channel select voltage on pin 11
when pin 10 is grounded. An open collector output
transistor provides the logic inverse of the channel select
voltage at the channel status pin. The emitter of this
transistor, status common, is also brought out to a pin

1-91

the load resistance. Error analysis involving Ees, Is, los,
and V.m is the same as for any operational amplifier.

The OFF channel may be modeled as an open circuit in
most applications, with input currents typically under
15pA for input voltages within the specified common-
mode range (see Typical Performance Curves). Although
crosstalk is specified for OFF channel input voltages
equal to the common-mode input range extremes, the
same crosstalk characteristics are typically observed for
all input voltages between —Vcc and (+Vce —1VDC).
Rejection of signals applied to the OFF channel’s inputs
is outstanding, as shown by the —120dB Crosstalk
specifications and Typical Performance Curves for cross-
talk versus frequency

CHANNEL SELECTION
Four pins are involved in the channel select logic,




providing programmable input logic levels for channel
select and an output status indicating which channel has
been selected. Programmable logic levels allow the logic
to be referenced to ground or virtually any voltage.
Referencing the logic to —V is especially useful in
applications where the supply voltage is low, for example
+3V. The pin-by-pin description and recommended
connections describe the versatile but simple channel
select techniques (refer to Figures 2 and 3).

Pin 10 - Threshold Control

Pin 10 sets the threshold voltage for channel switching,
such that the switching point is two diode drops (=1.3V)

" " more positive than the Threshold Control voltage. This

results in TTL compatibility when pin 10 is grounded.
Pin 10 must be at least 5V more negative than +Vcc, and
should be tied to —Vcc when the minimum supply
voltages are used (£2.5V or +5V). This results in TTL
compatibility for logic referenced to —Vcc.

Pin 11 - Channel Select

The voltage on pin 11 determines which input stage is
active. A logic high selects channe] 1, logic low selects
channel 2. Logic voltages are referenced to the Threshold
Control, pin 10, and are TTL-, CMOS-, and open
collector-compatible.

Pin 4 - Channel Status

Channel Status.is an open collector output indicating
which channel has been selected. It is the logic inverse of
the Channel Select input referenced to Status Common,
pin 5. This function is not required in many applications,
and pin 4 should be left unconnected if not used. When
using Channel Status, a pullup resistor is connected
between pin 4 and a potential more positive than pin 5
(usually +V or ground). The logic low (indicating
channel 1 selected) will be less than 0.4V more positive
than pin S if the pullup resistor sets a current of ImA or
less. Logic high will be the voltage connected to the
pullup resistor.

Pin 5 - Status Common

Status Common sets the reference point for Channel
Status, and is usually connected to the same potential as
the Threshold Control. Pin 5 must be more negative
than pins 10 and 11 at all times, and should be connected
to —Vcc if the Channel Status function is not used.
.Status Common must be at least 5V more negative than
+Vee. )

OFFSET ADJUSTMENT

The input offset voltage is laser-trimmed and will not
require user-adjustment for most applications. Pins 1
and 7 may be used to adjust the offset of the active
channel to zero (see Figure 4). This will also affect the
offset of the inactive channel (both offsets move in the
same direction as the pot is adjusted). This technique
may be used to make the offset for each channel equal in
magnitude and opposite in polarity, which is desirable in
many applications. Besides the con{plementary nature
of the adjusted offsets, their magnitudes-will now be less
than one-half of the Vo match specification. ‘

An inexpensive CMOS IC, CD4007 (dual-Complemen-

SELECTED W
+ ALUM
Veuanner seecr | CHANNEL " ;'ﬂm’
20<Ves <4V 1 STATOS ?D b
0<Ves<06 THRESHOL!
hd 2| cowston contRoL

FIGURE 2. Channel Selection for Ground-Referenced
Channel Select Signals.

Ve

oy ©

) |seecreo STATUS  THRESHOLD 7 2/
Ve
Vouwee seiect CHANNEL COMHON  CONTROL
[~Veo +2.0) <Ves <+ Vec 1
Ve SVes<|[-Veo 2

FIGURE 3. Channel Selection for —Vcc Referenced
Logic Signals.

~Vec } 100K OFFSET ADJUST
FIGURE 4. Basic Offset Adjustment.

tary Pair Plus Inverter), may be used to alternately
connect dual-offset adjust potentiometers (see Figure 5)
allowing independent Vo, adjustment. In this circuit, the
channel status output from the Swop Amp is used to
drive the CMOS logic, which connects one wiper or the



other to —Vcc. Thus R, adjusts the offset of channel 1
while R, affects the offset only when channel 2 is
selected.

Note: Digital Channel Select
circult not shown.

nz J
100K R,
100k

Ve

FIGURE 5. Independent Dual-Offset Adjustment.

Note: The CMOS logic requires —Vcc (3V minimum)
and common. The Status Common (pin 5) must be
connected to —Vcc.

APPLICATIONS

The OPA201 is ideal for a variety of applications where
a precision amplifier and switch are needed. Since the
two input stages are contained on the same IC and are
precision laser-trimmed, their offsets match very closely.
Therefore, the OPA201 can be used as an auto-zeroing
circuit as well as a dual-channel or switchable-gain
amplifier. It can also be extended to become a low
power 4-channel Swop Amp or dual-channel instrumen-
tation amplifier under control of TTL level logic. Gen-
eral purpose and unique applications are only limited by
the user’s imagination.

Software auto-zeroing using the Swop Amp is easy to

perform (Figure 6). One channel processes signals and

the other channel has the input grounded (both channels

have the same gain). The system generating the error

sigrial may be a VFC, Iso Amp, ADC, Modulator, etc.

When the zero-input channel is selected,

Verror = system error voltage

Vos2 = Channel 2 Vs

.Av = Swop Amp voltage gain
=1+ (R2/Ry)

Vou = Vermr + Av VosZ
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When the signal channel is selected,
Vou = Veror + AvVoa + AvVin

Subtracting the “zero” V, from signal V, leaves a
corrected output voltage

Vou = AvVin + Av (Vo — Vos2)
= Av (VIN + Avos)
Using this technique, system errors may be reduced to
the Vos match error (50uV untrimmed for CG grade) of
the Swop Amp. Obviously the channel used for zeroing
could have a voltage reference or AC waveform for gain
calibration for an input, instead of ground.

Auto-zeroing may be free-running, with the Swop Amp
functioning as a chopper, by connecting an oscillator to
the channel select. Figure 6 shows pin 10 grounded,
which allows TTL level interfacing. By programming
this pin with a voltage level, other logic levels can be
accommodated.

TTL INPUT

FIGURE 6. Input Amplifier for Auto-Zeroing Systems.

The OPA201 requires only external resistors to make a
dual-channel amplifier (2-channel multiplexer with gain).
Gain for either channel may be noninverting (Figure 7)
or inverting (Figure 8) with the usual operational ampli-
fier gain equations applying in each case. In the non-
inverting case, feedback is connected from the output to
each input, with a common feedback resistor for equal
gains. The advantage, in inverting gain circuits, is that
the signal does not produce a common-mode voltage
which can introduce error or input swing limitations.
This is especially important in low supply voltage appli-
cations where common-mode range becomes limited.
Also one channel can be noninverting and the other
inverting, which is particularly useful in absolute value
circuits. Note that in order to achieve the specified open-
loop gain and maximum output voltage swing, the total
output load including both feedback networks should
not be less than 10k} (see Figures 7 and 8).

Amplifiers with switchable transfer functions are de-
signed much like dual-channel amplifiers, except both
inputs are connected in parallel, with each channel
configured for a different transfer function. Figure 9
shows a circuit that has a gain of 10 for Channel Select
HIGH (channel | selected) and a gain of 1000 for
Channel Select LOW (channel 2 selected). In this case,
the channel select may be thought of as a gain select.




AAA.
W/
R:
Vins Ry
A
V
Vinz Ra V:
VAA " ; ot
E R
"3
il ‘,

TTL CONTROL
Avi=Av2=1+Ro/Ry

Ri=Re= (R || Ry
- for balance of bias current effects
- [Rui (Rz + Ry)] > 10kQ for output current rating

FIGURE 7. Selectable Input Amplifier, Noninverting.

Vinz Rs
O—wV
Av1 = -Ro/Ry I TTL CONTROL |
Ri=Ri iR
Ay 2= -Ry/Rs ’
Ri=Rs ! Rs.

Rl Ry + Ry) § (R + Rs) 2 10k

FIGURE 8. Selectable Input Amplifier, Inverting.

1000

wanw— .

1060 100kQ .
l TTL CONTROL I Ay =10 and 1000

digital control. A wide variety of operational amplifier
function circuits may be made selectable or switchable
using these techniques.

Figure 10 shows a two-channel differential amplifier.
This concept can be expanded to a full high input
impedance instrumentation amplifier by adding four
input buffer amplifiers or by using two front end Swop
Amps followed by an operational amp (Figure 11).

R ' R;
+ O~

+ AN~

Rs=R;
Rs=Re . Ri=Ry :
SELECT CHANNEL 2 Vo= Vo Ry/Rs  SELECT CHANNEL 1: Vo = Voy Ry/R,

FIGURE10, Low Power Dual-Channel Differential
Amoplifier.

Vour

+iN2
Lo

+INt

s
CONTROL

A A= 1+ [40/R]

FIGURE9. Switchable Gain Amplifier.

This concept also applies to switchable bandwidth cir-
cuits,” where AC coupling (high-pass) or smoothing
(low-pass) characteristics need to be switched in under

FIGURE 11. Low Power Dual-Channel Instrumen-
tation Amplifier.
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BURR-BROWNe |
OPAd04

" Quad High-Speed Precision
Diifer® OPERATIONAL AMPLIFIER

FEATURES APPLICATIONS

o WIDE BANDWIDTH: 6.4MHz o PRECISION INSTRUMENTATION

o HIGH SLEW RATE: 35V/us o OPTOELECTRONICS

o LOW OFFSET: +£750uV max @ SONAR, ULTRASOUND

o LOW BIAS CURRENT: +4pA max @ PROFESSIONAL AUDIO EQUIPMENT
© FAST SETTLING: 1.5us to 0.01% o MEDICAL EQUIPMENT

o STANDAD QUAD PINOUT o DETECTOR ARRAYS

DESCRIPTION

The OPA404 is a high performance monolithic dj @
Lifes ® (dielectrically-isolated FET) quad opera- +Vee
tional amplifier. It offers an unusual combination of

very-low bias current together with wide bandwidth ~In

and fast slew rate.

Noise, bias current, voltage offset, drift, and speed

are superior to BIFET® amplifiers. +in I Cascode I

Laser trimming of thin-film resistors gives very-low - >_O
offset and drift—the best available in a quad FET 4 Outpit
op amp. )

The OPA404’s input cascode design allows high

precision input specifications and uncompromised ) C)

high-speed performance.

Standard quad op amp pin configuration allows @
upgrading of existing designs to higher performance ) Ve

levels. The OPA404 is unity-gain stable. OPA04 Simplified Gircuit

(Each Amplifier)
Lrifer® Burr-Brown Corp., BIFET® National Semiconductor Corp.

International Airport Industrial Park - P.0. Box 11400 - Tucson, Arizona 85734 - Tel. (602) 746-1111 - Twx: 910-952-1111 - Cable: BBRCORP - Telex: 66-6491

PDS-677
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SPECIFICATIONS

ELECTRICAL ‘
At Vce = 215VDC and Ta = +25°C unless otherwise noted.
OPA404AG OPA404BG OPA404SG

PARAMETER CONDITIONS mn | tve | max | min [ tve [ max [ min | 1Y | max | units

INPUT

NOISE"

Voltage: fo = 10Hz 32 32 32 nV/\/Hz
fo = 100Hz 19 - 19 19 nV/\/Hz
fo =1kHz 15 15 15 nV/\/Hz
fo = 10kHz 12 12 12 nV/\/Hz
fs = 10Hz to 10kHz 14 14 14 uV, rms
fs = 0.1Hz to 10Hz 0.95 0.95 0.95 uv, p-p

Current: fs = 0.1Hz to 10Hz 12 12 12 A, p-p
fo = 0.1Hz thru 20kHz 0.6 0.6 0.6 fA/\/Hz

OFFSET VOLTAGE"®

Input Offset Voltage Vem =0VDC +260 +1mV +260 1750 1260 +1mVv uv-

Average Drift Ta= Twmin t0 Trmax +3 +3 +3 uv/°C

Supply Rejection +Vee = 12V to 18V 80 100 86 100 80 100 dB

10 100 10 50 10 100 uv/v

Channel Separation 100Hz, R = 2kQ 125 125 125 dB

BIAS CURRENT®

Input Bias Current Vem = 0VDC +1 +8 +1 +4 +1 +8 pA

OFFSET CURRENT®?

Input Offset Current Vem =0VDC 0.5 8 05 4 05 8 pPA

IMPEDANCE ' )

Differential 10" )11 101 10711 Q| pF

Common-Mode 1013 1013 103 Q| pF

VOLTAGE RANGE o

Common-Mode Input Range +10.5 +13, +10.5 +13, +10.5 +13, \

. -11 =11 -1

Common-Mode Rejection _ Vin=+10VDC 88 100 92 100 88 100 dB

OPEN-LOOP GAIN, DC

Open-Loop Voltage Gain R.>2kQ 8 | 10 92 [ 100 | B8 [ 100 | [ e

FREQUENCY RESPONSE

Gain Bandwidth Gain =100 4 6.4 5 6.4 4 6.4 MHz

Full Power Response 20V p-p, Ru=2kQ 570 570 570 kHz

Slew Rate Vo =%10V, R. = 2kQ 24 35 28 35 24 35 V/us

Settling Time: 0.1% Gain = -1, R =2kQ 0.6 0.6 0.6 us

0.01% C. = 100pF, 15 1.5 15 us
10V step

RATED OUTPUT

Voltage Output Ru=2kQ +11.5 +13.2, +11.5 +13.2, +11.5 +13.2, A

-13.8 -13.8 -13.8

Current Output Vo = 10VDC +5 +10 +5 +10 5 +10 mA

Output Resistance 1MHz, open loop 80 80 80 Q

Load Capacitance Stability Gain=+1 1000 1000 1000 pF

Short Circuit Current +10 +18 +10 +18 10 +18 mA

POWER SUPPLY

Rated Voltage +15 *15 *15 vDC

Voltage Range,

Derated Performance . +5 +18 +5 +18 5 | © 118 vDC
Current, Quiescent lo=0mADC 9 10 , 9 10 9 10 mA
TEMPERATURE RANGE
Specification Ambient temp. —25 +85 —-25- +85 —55 +125 °C
Operating Ambient temp. —55 +125 —55 +125 —55 +125 °C
Storage Ambient temp. —65 +150 —65 +150 —65 +150 °C
8 Junction-Ambient 85 85 85 °C/W

NOTES: (1) Noise testing available—inquire. (2) Offset voltage, offset current, and bias current are also guaranteed with the units fully warmed up.
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ELECTRICAL (FULL TEMPERATURE RANGE SPECIFICATIONS)

At Ve = £15VDC and Ta = Tumin to Tuax unless otherwise noted.

OPA404AG OPA404BG OPA404SG
PARAMETER CONDITIONS mn | tve | max | min | Tve [ max | min | Tve | max | uwits
TEMPERATURE RANGE
Specification Range Ambienttemp. | -25 | | +es | -5 | IEEEEE [ +125 [ °c
INPUT
OFFSET VOLTAGE"'
Input Offset Voltage Vew = OVDC +450 +2mV +450 +1.5mV 1550 | £2.5mV mw
Average Drift £3 +3 *3 uv/°C
Supply Rejection 75 96 80 96 70 a3 dB
16 178 16 100 22 316 uvv
BIAS CURRENT"
Input Bias Current Vem =0VDC +32 +200 +32 +100 +500 +5nA pA
OFFSET CURRENT""
Input Offset Current Vew = 0VDC 17. 100 17 50 260 2.5nA pA
VOLTAGE RANGE
Common-Mode Input Range +10.2 +127, +10.2 +12.7 +10.0 +12.6
) ~10.6 —10.6 -10.5 v
Common-Mode Rejection Vin = £10VDC 82 99 86 99 80 98 dB
OPEN-LOOP GAIN, DC )
Open-Loop Voltage Gain Rz | 8 | 94 | [ 88 | o | [ s | 8 | | s
RATED OUTPUT
Voltage Output RL=2kQ 115 +12.9, +11.5 +12.9, +11 +12.7, \
-13.8 -13.8 -13.8
Current Output Vo = £10VDC +5 +9 5 +9 +5 +8 mA
Short Circuit Current Vo =0VDC +10 +12 +10 +12 +8 +10 mA
POWER SUPPLY .
Current, Quiescent lo=0mADC | [ s [ 105 | [ o2 ] 105 T [ oa [ 1 ] ma
NOTES: (1) Offset voltage, offset current, and bias current are also guaranteed with the units fully warmed up.
ABSOLUTE MAXIMUM RATINGS
SUPPIY ettt e e +18VDC
Internal Power Dissipation™ .. ... 1000mwW
Differential Input Voltage® .. . +36VDC
Input Voltage Range™ ...........cieiivinuiineiinnieanns +18VDC
: Storage Temperature Range............. .... —65°C to +150°C
R Operating Temperature Range .... —55°C to +125°C
ORDERING INFORMATION Lead Temperature (soldering, 10 seconds) . +300°C
Output Short Circuit Duration™ ............c.evvennnn. Continuous
OPA404 X X Junction Temperature ..........c.cccoeiiiiiiiiiiinieeiiiains +175°C
Basic model number

Performance grade

A, B=—25°C to +85°C
S

Package code

—55°C to +125°C

G = 14-pin ceramic DIP

NOTES:

(1) Packages must be derated based on fsc = 15°C/W or 6, = 85° C/W.

(2) For supply voltages less than +18VDC the absolute maximum input
voltage is equal to: 18V > Viy > —Vec — 8V. See Figure 2.

(3) Short circuit may be to power supply common only. Rating applies to
+25°C ambi Observe di ion limit and T,.

CONNECTION DIAGRAM

MECHANICAL
- “G” Package

Top View
OutA E

~in AE
+inA[]
+Ve [4]
+n 8]
-1nB[¢]
outsf]

bl
<

4] out o
5] -1n
7] +inD
3—Vcc
E] +InC
5] -nc
5] outc

NOTE:
Leads in true position within .010”
(.25mm) R at MMC at seating plane.

7.

Rl

Pin numbers shown for reference only.
Numbers may not be marked on package.

MILUIMETERS
MIN_| MAX

INCHES
MIN_]| MAX

]
z

A e | 7o | vier [
a i c [oes 170 165 | 432
[~ S‘ [5 T o | o3 [ 0%
_‘ M \a/ B 045 060 114 152
o | L e
L—H Gle—Seating Plane |, ] I TN S T T
T Joms | o2 | oz [ 0%
] . . . x [0 ] 20 | 305 | 60
Pin material and plating compositior © [ 3c08asc 762 BASIC
conform to Method 2003 (solderabiiity) ™ | Too
N o [ oso | om | 12

of MIL-STD-883 (except paragraph 3.2).
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Ta - +25°C, Ve = $15VDC unless otherwise noted.

TYPICAL PERFORMANCE CURVES

INPUT CURRENT NOISE SPECTRAL DENSITY
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TYPICAL PERFORMANCE CURVES [CONT]

Ta = +25°C, Vcc = 215VDC unless otherwise noted

Voltage Gain (dB) Gain Bandwidth (MHz) Common-Mode Rejection (dB)

Output Voltage (V)

COMMON-MODE REJECTION
vs INPUT COMMON MODE VOLTAGE

120
110
100
90
80
70
-15 -10 -5 0 -5 +10 +15
Common-Mode Voltage (V)
GAIN-BANDWIDTH AND SLEW RATE
vs TEMPERATURE
10 ¢ 140
8 2 GBW 36
[ L 35
= —
Slew Rate \
4 34
2 33
75 -50 ~-25 0 +25 -50 +75 +100 -125
Ambient Temperature (°C)
OPEN-LOOP GAIN
vs TEMPERATURE
120
110
L — \\
1
* \'\
9% P,
~N
80
75 -50 -25 0 +25 +80 +75 +100 +125

+10

Ambient Temperature (°C)

PONSE

LARGE SIGNAL TRANSIENT RES|

A(Time (us)
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@
[0}
o
o
s
°
>
N
I
o 3
T =
2 £
.-
2 3
T B
—
s &
A
<
(U]
a
i
a
>
o
o
p:]
)
>
3
2
=3
o

Output Voltage (mV)
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OPEN-LOOP FREQUENCY RESPONSE

140
[ T
T TH—T
120 N\ RL = 2kQ -45
C. = 100pF -
100 3 3
o 8
80 o 0 ¢
60 N A °
N, 8
40 Ao N _1351%
N
20
R Nl _1g0
1 10 100 1k 10k 100k ™M 10M
Frequency (Hz)
GAIN-BANDWIDTH AND SLEW RATE
vs SUPPLY VOLTAGE
8 y 38
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R =10k
(%)
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5 L L] 32
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TYPICAL PERFORMANCE CURVES [CONT]

Ta = +25°C, Vcc = £15VDC unless otherwise noted

SETTLING TIME .
vs CLOSED-LOOP GAIN SUPPLY CURRENT vs TEMPERATURE

5 "
II I1
. ¢ < o
2 g
g 3 £
= o
- [/ t :
‘_% 2 ‘i I —
3 0.01% / s ~
. / 3 e
' 01% L4 Re=2k | ||
I CL = 100pF |
0 R A 7
-1 -10 —100 =1k -75 -50 -25 0 +25 +50 +75 +100 +125
Closed-Loop Gain (V/V) Ambient Temperature (°C)
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& 140
i R.= —_ L 4020 = 6.5Vrms
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8 110 : ]
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104
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"
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92
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APPLICATIONS INFORMATION "~

OFFSET VOLTAGE ADJUSTMENT

The OPA404 offset voltage is laser-trimmed and will
require no further trim for. most applications. If desired,
offset voltage can be trimmed by summing (see Figure 1).
With this trim method there will be no degradation of
input offset drift.

FIGURE 1. Offset Voltage Trim.
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INPUT PROTECTION

Conventional monolithic FET operational amplifiers
require external current-limiting resistors to protect their
inputs against destructive currents that can flow when
input FET gate-to-substrate isolation diodes are forward-
biased. Most BIFET® amplifiers can be destroyed by the
loss of —Vcc

Unlike BIFET® amplifiers, the Z/Fef® OPA404
requires input current limiting resistors only if its input
voltage can exceed —8V. A 10k} series resistor will limit
the input current to a safe value with up to =15V input
levels even if both supply voltages are lost. (See Figure 2
and Absolute Maximum Ratings).

+2 T TITITTC

Maximum Safe Current +——

A
T T T 117
rrirrriTe

Input Current (mA)
o

|

Maximum Safe Current 4—

-2
-15 -10 -5 0 +5 +10 +15
Input Voltage (V)

FIGURE 2. Input Current vs Input Voltage with +Vecc
Pins Grounded.

Static damage can cause subtle changes in amplifier
input characteristics without necessarily destroying the
device. In precision operational amplifiers (both bipolar
and FET types), this may cause a noticeable degradation
of offset voltage and drift.

Static ‘protection is recommended when handling any
precision IC operational amplifier.

GUARDING AND SHIELDING

As in any situation where high impedances are involved,
careful shielding is required to reduce “hum” pickup in
input leads. If large feedback resistors are used, they
should also be shielded along with the external input
circuitry.

Leakage currents across printed circuit boards can easily
exceed the bias current of the OPA404. To avoid leakage,
utmost care must be used in planning the board layout.
A “guard” pattern should completely surround the high
impedance input leads and should be connected to a low
impedance point which is at the signal input ptotential
(see Figure 3).
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Non-inverting Buffer

For input guarding,
guard top and bottom of board.

FIGURE 3. Connection of Input Guard.

HANDLING AND TESTING

Measuring the unusually low bias current of the OPA404
is difficult without specialized test equipment; most
commercial benchtop testers cannot accurately measure
the OPA404 bias current. Low-leakage test sockets and
special test fixtures are recommended if incoming inspec-
tion of bias current is to be performed.

To prevent surface leakage between pins, the DIP package
should not be handled by bare fingers. Oils and salts
from fingerprints or careless handling can create leakage
currents that exceed the specified OPA404 bias currents.

If necessary, DIP packages and PC board assemblies can
be cleaned with Freon TF®, baked for 30 minutes at
85°C, rinsed with de-ionized water, and baked again for
30 minutes at 85°C. Surface contamination can be
prevented by the application of a high-quality conformal
coating to the cleaned PC board assembly.

BIAS CURRENT CHANGE VERSUS
COMMON-MODE VOLTAGE

The input bias currents of most popular BIFET® opera-
tional amplifiers are affected by common-mode voltage
(Figure 4). Higher input FET gate-to-drain voltage
causes leakage and ionization (bias) currents to increase.
Due to its cascode input stage, the extremely-low bias
current of the OPA404 is not compromised by common-
mode voltage.




80 T T T T T T T Y T T T TTT |||‘|rr
— 2B0 (- h .
70 rTA =25 C.‘curves tgken from}{ LF156/157
I mfg. published typical data " Operate 10kQ
< LV AN
=z 50 - ADSA7I1 1000 O Out
S 40 LF15544 N
S : Ll VW
3 a0 LF156, 15: > : \\
8 20 ! - - O Gain = —100
3 1044 LF155 =anfZy 100kQ Vos < 10uV
3 AD547 111 OPA404 Drift =~ 0.05uV/°C
- OJOFA404 - ' Zero Droop =~ 1uV/sec
~10} OP-15/16/17 “Perfect Bias Current Cancellation” Referred to Input
oLl B llu b bypr RN apIyIILLllY
-10 5 0 -5 +10
Common-Mode Voltage (VDC)
FIGURE 4. Input Bias Current Versus Common-Mode -

Voltage. FIGURE 5. Auto-Zero Amplifier.

APPLICATIONS CIRCUITS

Figures 5 through 7 are circuit diagrams of various
applications for the OPA404.

ANA—
~10pF | 10kQ
| » A
\
IN914 :: MQ l' \‘ 6
r ]
! 1/4 7
2 \ 5| oradns -——O Output
* 1]
N +
1/4 Y
Y ]
—‘N' ’
Inout 3 OPAd04 " ‘1" J Droop =~ 0.1mV/sec
nput Q————— .
p ING1 oNat17 °F
"i‘ 0.01uF Polystyrene
= * Reverse polarity for negative peak detection.
FIGURE 6. Low-Droop Positive Peak Detector.
________ ————— 2
r 1 -
| o 14 1
| A A4 0 1/4 OPA404
3
Differential | | + Output = 1pA/V
Input | |
3 | VY YN
E1 O T VVv + | lo
I Is Cme
AN
AAAS
2 | | R l
E: O Wy - |
| | Load
| |
AAA It lo= (Es — E2) /R
A A4 1] ] 1 2,
INA105 | =
_______ ——

FIGURE 7. Voltage-Controlled Microamp Currrent Source.
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For a /883B version of this
product, see OPA8785/883B in
the Military Products section.

BURR-BROWN® OPA501

High Current - High Power
OPERATIONAL AMPLIFIER

FEATURES - APPLICATIONS

o WIDE SUPPLY RANGE o SERVO AMPLIFIER
+10 o +40 Volts ’ o MOTOR DRIVER
o HIGH OUTPUT CURRENT o ACTUATOR CONTROL
+10 Amps Peak
HIGH our:ur POWER  AUDIO AMPLIFIER
[ ]
260 Waiz Poak o SYNCRO DRIVER

o SMALL SIZE: T0-3 PACKAGE ° POWER SUPPLY REGULATDR

DESCRIPTION

The OPAS01 is a high power operational amplifier.
Its high current output stage delivers Z10A yet the
amplifier is unity-gain stable and it can be used inany
operational amplifier configuration. The 260W peak
output capability allows the OPA501 to drive loads
" (such as motors) with a greater safety margin. an(s) CURRENT

Safe operating area is fully specified and output () + LT
current limiting is provided to protect both the
amplifier and the load from excessive current.

This hybrid IC is housed in an 8-pin hermetic TO-3
package. The electrically-isolated package allows
direct mounting to chassis or heat sink without an
insulating washer or spacer which would increase - Yoo
thermal resistance. .

SIMPLIFIED CIRCUIT

{nternational Airport Industrial Park - P.0. Box 11400 - Tucson. Arizona 85734 - Tel. (602) 746-1111 - Twx: 910-952-1111 - Cable: BBRCORP - Telex: 66-6491

PDS490C
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SPECIFICATIONS

ELECTRICAL
AtTc =+25°C and £Vcc =28VDC  1OPA501RM/AM); £Vcc = 34VDC (OPA501SM/BM) unless otherwise noted.
OPA501RM/AM OPAS501SM/BM
PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX UNITS
RATED OUTPUT(12) |
Output Current, RL =20 (RM/AM! *10 * A
Continuous(3) RL =26 (SM/BM: +10 o 7 A
Output Voltage(d) lo = 10A peak +20 23 126 +29 \
DYNAMIC RESPONSE
Bandwidth, Unity Gain Small Signal 1 * MHz
Full Power Bandwidth Vo = 40Vp-p, RL =80 10 16 N M kHz
Slew Rate RL =500 (RM/AM 1.35 * V/us
RL =650 SM/BM) 1.35 . Vius
INPUT OFFSET VOLTAGE
Initial Offset 15 *10 +2 +5 mv
vs Temperature —25°C < T< +85°C (AM/BM) +10 +65 uV/ec
—55°C < T< +125°C (RM/SM) ! *10 +40 uv/°c
vs Supply Voltage +35 . unNv
INPUT BIAS CURRENT .
Initial Tease = +25°C 15 40 ' 20 nA
vs Temperature +0.05 * . nA/°C
vs Supply Voltage - +0.02 * nAN
INPUT DIFFERENCE
CURRENT
Initial Tcase =*25°C *5 10 *2 +3 nA
vs Temperature —25°C <T < +85°C (AM/BM) +0.01 nA/°C
—55°C < T <+126°C (RM/SM) +0.01 nA/°C
OPEN-LOOP GAIN, DC RL =50 (RM/AM) 94 115 dB
RL =6.50 (SM/BM) 98 115 dB
INPUT IMPEDANCE
Differential 10 * MQ
Common-mode 250 * MO
INPUT NOISE
Voltage Noise fn = 0.3Hz to 10Hz 3 : uV, p-p
fn = 10HZ to 10kHz 5 . uV, rms
Current Noise fn = 0.3Hz to 10Hz 20 * PA, p-p
fn = 10Hz to 10kHz ‘ 45 * PA, rms
INPUT VOLTAGE RANGE .
Common-mode Voltage(4) Linear Operation +(|Vec|-6) | £(|Veei-3) * . A
Common-mode Rejection F =DC, Vom =%(|Vcc|6) 70 110 80 - dB
POWER SUPPLY
Rated Voitage *28 +34 A
Operating Voltage Range +10 +36 . +40 v
Current, quiescent . +26 +10 N * mA
TEMPERATURE RANGE case )
Specification, RM/SM -55 +125 * ‘ °C
AM/BM -25 +85 * * °C
Operating, derated
performance, AM/BM -55 +125 * * °C
Storage -65 +150 M * °C
THERMAL RESISTANCE Steady State 6ic 20 22 * * °CW

‘Speciﬁcation same as for OPA501RM/AM.

NOTES:

1. Package must be derated based on a junction to case thermal résistance of 2.2°C/W or a junction to émbien\ thermal resistance of 30°C/W.
.2. Safe Operating Area and Power Derating Curves must be observed. '
3. With £Rsc = 0. Peak output currentis typically greater than 10A if duty cycle and pulse width limitations are observed. Output current greater

than 10A is not. guaranteed.

4. The absolute maximum voltage is 3V less than supply voltage.

1-104




ABSOLUTE MAXIMUM RATINGS

Power supply voltage (Vcc)...... e it e +40VDC
Power dissipation at +25°C™"2, ... ..... i e, e e 79W
Differential input voltage................... e i i vevene £VeE3V
Common-mode input voltage . ovvvuevneeennenniennnnnss e v +Vee
Operat.ng temperature range .......... e e et .-55°C to +125°C
Storage temperature range ..........c..... RN e e RN -65°C to +150°C
Lead temperature (soldering, 10sec)...... e et e, +300°C
Junction temperature .. .. .. P +200°C
Output short-circuit duration”. ...,........ e e e, continuous
NOTES: .
1. At case temperature of +25°C. Derate at 2.2° C/W above case temperature of +25°C.
2. Average dissipation. ) CONNECTION DIAGRAM
3. Within safe operating area and with appropriate derating.
. (TOP VIEW)
(+Rsc)
+CURRENT
LIMIT

ORDERING INFORMATION
v OPA501 X M
Basic Model Number ————— I :
Performance Grade Code OPA501AM
A, B=-25°C to +85°C OPA501BM
R, §=-55°C to +125°C OPA501RM
Packsge Gode OPASOTSM S
TO-3
MECHANICAL
A NOTE:
| — B —1 c— Leads in true position within .010”

(.25mm) R @ MMC at seating plane.
‘

l Pin numbers shown for reference only.

_ Numbers may not be marked on package.
_/ E J
Seating Plane )

L_ INCHES MILLIMETERS
MIN | MAX | MIN | MAX
1.510 | 1.550 | 38.35 | 39.37
745 770 | 18.92 | 19.56
.240 .290 6.10 737
.038 .042 0.97 1.07
.080 .105 2.03 2.67
40° BASIC 40° BASIC
.500 BASIC 12.7 BASIC
1.186 BASIC 30.12 BASIC
.583 BASIC 15.06 BASIC
400 .500 | 10.16 | 12.70
151 .161 3.84 4.09
.980- | 1.020 | 24.89 | 25.91

D —»

IOX"—IO'HITIUOUJ>§

je——— 0 ———=f
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TYPICAL PERFORMANCE CURVES

(Typical at +25° case and *Vcc = 28VDC unless otherwise noted.)

{nput/Output Voltage (5V/Div)

TG i

o R | A AN
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INSTALLATION AND
OPERATING INSTRUCTIONS

PROPER GROUNDING AND POWER
SUPPLY BYPASSING

Particular attention should be given-to proper grounding
practices because the large output currents can cause
significant ground-loop errors. Fu,urc | illustrates proper
connections.

= SIGNAL
GROUND _
, LoAD
. .
I—.
"
- com
POWER SUPPLY

FIGURE 1. Proper Power Supply Connections.

Note that the connections are such that the load curent does
not flow through the wire connecting the signal ground
point to the power supply common. Also, power supply and
load leads should be run physically separated from the
amplifier input and signal leads.

The amplifier should be power-supply-bypassed with
10xF tantalum capacitors connected as close to pins 3
and 6 as possible. The capacitors should be connected to
the load ground rather than the signal ground..

CURRENT LIMITS

The OPAS01 amplifier is designed so that both the positive
and negative load current limits can be set independently
with external resistors. Risc and R-sc respectively. The
approximate value of these resistors is given by the

equation:
Rec = ( 0.65
ILimir

Iuivr s the desired maximum current in amperes. The
power dissipation of the current limit resistor is:

Prux = Rc (ILivrr)’ watts
Rsc is in ohms and Iuvrr is in amperes.
Current limit resistors carry the full amplifier output current
so lead lengths should be minimized. Highly inductive
resistors can cause loop instability. Variation in I v with
case temperature is shown in the Typical Performance
Curves.
The amplifier should be used with as low a current limit as
possible for its particular application. This will minimize the
chance of damaging the amplifier under abnormal load

- 0‘0437) ohms

conditions apd will increase reliability by limiting internal
power dissipation.

The current limits may be used to generate other functions
such as constant current supplies and torque or stall current
limits for servomotor applications.

HEAT SINKING

The OPA501 requires a heat sink to limit output transistor
junction temperature (T;) to an absolute maximum of
+200°C. The steady-state thermal circuit is illustrated in
Figure 2.

HEAT N
SOURCE . JUNCTION
f5c
T
£ case
bcs
Ts
HEAT SINK
OsA
T
AMBIENT

FIGURE 2. Simplified Steady-State Heat Flow Model.

Junction temperature (T;) is found from the equation:
T = Pp (fc + Ocs + Osa) + Ta
Where Pp = average amplifier power dissipation (W)
6ic = junction to case thermal resistance ("C/ W)
6cs = device mounting thermal resistance
(C/W)

054 = heat sink thermal resistance (°C/ W)

Ta = ambient temperature (°C)
For most heat sink calculations the quiescent power
dissipation is very low (<1 watt) and can be disregarded
with only a small error. -
The minimum size heat sink can be found from the
equation:

Ty-Ta

D

Bsa = = fcs - Oic

Example: Find the maximum thermal resistance (smallest
heat sink) that can be used for an OPAS501 with +V¢c =
28VDC. Output voltage is +10VDC across a 10(} resistor
and ambient temperature is +50°C:

_ +10VD :
Pp = [(+28VDC) - (+10VDC)] X _‘:_OQ_C. - W
200°C - 50°C S
s = ——————-0.1"C/W - 2.2°
SA 18W C/ i 2°C/W

6sa= 6.03°C/W maximum

As large a heat sink as possible should be used. 6cs depends
on the flatness of the heat sink, the thermal compound used,
and the roughness of the mating surfaces.
Typical values are between 0.1°C/W and 0.3°C/W for a
TO-3 package properly mounted on a heat sink. g
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The OPA501 mounting-flange is electrically-isolated and
can be mounted directly to a heat sink without insulating

washers or spacers. Screws with Bellville spring washersare .

recommended to maintain positive clamping pressure on
heat sink mounting surfaces. Long periods of thermal
cycling can loosen mounting screws and increase cs.

The output transistor thermal resistance (6;c) is a function
of output current pulse width, pulse shape, and duty cycle.
Long duration pulses allow the junction temperature
to approach its steady state value while shorter pulses cause
a lower peak junction temperature due to the junction’s
thermal time constant. Heat is conducted rapidly away
from the junction so that as duty cycle decreases junction'
temperature decreases. )

Steady state 6yc is rated at 2.2°C/ W maximum. ln appli-
cations where the amplifier’s output current alternates
between output transistors—for example, an AC amplifier—
the-transistor @5 will depend on frequency as shown in
Figure 3.

DUTY CYCLE = 0.5 FOR EACH TRANSISTOR

=4
@

NORMALIZED o
.
=]
v

o
>

o
~N

o 10 100 1k 10k
FREQUENCY [H2)

FIGURE 3. Effective 8¢ for Applications Where Output
Current Alternates Between Output Trans-
istors.

Example: OPAS0ISM with £Vcc = 28VDC; héat sink
Bsa = 0.4°C/W; output = 11.2VAC, rms 400Hz
(sine) at 5SA, rms; Power Factor = 1.0; assume
a mounting resistance of 0.1°C/W and an
ambient temperature of +25°C.

The power dissipated by the OPA501, Py, is equal to the
power delivered by the power supplles Ps, minus the
power delivered to the load, PL.

Peak butpui current is (SA)(\/f) = 7.07A peak.
Ps = (Veo)(lava) = (28V)(2/w)(7.07A) = 126W.

Note that the power delivered by the power supply is
equal to its voltage times the average current (not rms).
Average is equal to 2/ times peak for a sine wave,

Pi. = (1.2VAC)(5A) = 56W.
Average power.diésipation of the amplifier is 126W —

56W = 70W. From Figure 3, the effective value of 6;c at
400Hz is 0.6 X the rated 6ic, threrfore, 6;c = 1.32°C/W.

This accounts for the fact that each output transistor is
“resting” during alternate half cycles.

The junétion temperatufe will be:
- Ty =(70W) (1.32 +0.1 + 0.4°C/ W) + 25°C = 152°C.

This is well below the maximum junction temperature
limit of 200°C. Best circuit reliability can be achieved,
however, by keeping junction temperature to a min-
imum. In this case, a lower +Vcc could be used to
further reduce amplifier power dissipation. '

" At frequencies of S0Hz or less the junciion temperature

will change in response to the instantaneous dissipa-
tion—the product of the instantaneous voltage and cur-

~ rent across the power transistors. Under approximately

50Hz the junction will heat in response to the peak dissi-
pation condition which occurs at an output of one-half
the power supply voltage. In the previous example, the
peak dissipation can be found as follows:

- Peak dissipation occurs at half of 28V = 14V output.
The load impedance Zroap = 11.2V/5A = 2.24Q).
The load current at peak dissipation =

14V/2.24Q0 = 6.25A.

The peak dlSSlpatlon = (14V)(6.25A) = 87.5W.
Furthermore, the ;c at thls low frequency is equal tots
specified value of 2.2°C/W (see Figure 3). In this case,
the junction temperature would be:

T = (87.5W)(2.2 + 0.1 + 0.4°C/ W) + 25°C = 261°C.
This exceeds the maximum specified junction tempera-
ture and is clearly unacceptable More examples of this
type of calculation can be found in Burr-Brown Applica-

) twn Note AN-123;

SAFE OPERATING AREA (SOA)

In addition to the limits imposed by power dissipation,
the amplifier’s output transistors are also limited by a

“2 | MAXIMUM SPECIFIED L} AN 2
b currtNT| T T N W%, %[ |
' POWER \
4 DISSIPATICN
LIMIT op\ 2
0
| \\\S
£ 1 BN #
= SECOND BREAKDOWN
] LimiT 1
£ 10 ——Toase= BT \
2 08 |—TsuncTion = +200° \
= 06 }—"uc=22°cw
2
04
02— ) MAXIMUM Y RM7AM
. * |speciFiED 1
vnu‘m[l SM/EM?-
0.1
S 2 4 65810 2 40 6080100
VOLTAGE ACROSS OUTPUT TRANSISTOR (V)

FIGURE 4. Transistor Safe Operating Area at +25°C
 Case Temperature.
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second breakdown region. This occurs because of in-
creased emitter current density due to current crowding
at higher operating voltages. Both the dissipation and
second breakdown limits depend on time and temper-
ature. Figure 4 shows each output transistor’s SOA at a
case temperature of +25°C.

Limits for short pulse widths are substantially greater
than for steady state (DC). At a case temperature of
+125°C the SOA limits are reduced (see Figure 5). The
SOA shown in these curves is based on a conservative
linear derating of both the power dissipation and the
secand breakdown region.

b rm NEAEAND G
g |- MAXiNUN 2\
[ SPECIFIED ™| <3
4 |__CuRReNT N CY
N %
RN
2
= " T \ .
| Toase=+1mec N
£ 10 FTuncrion = +200°C N
-3 08 f——6)0 = 22°C/W \

U
§ 08 - !
5o

02 — \AH
[ MAXIMUM
' SPECIFIED }""’ A
ol VOLTAGE | ) SM/BM
1 2 4 6 610 220 40 8080100
VOLTAGE ACROSS OUTPUT TRANSISTOR (V)

*BOTH LEADS OF HORIZONTAL [®H vo] |
AND VERTICAL INPUTS MUST hd
FLOAT WITH RESPECT TO EACH OTHER 08CILLOSCOPE

FIGURE 6. Loadline Display.

FIGURE 5. Transistor Safe Operating Area at +125°C
Case Temperature.

Resistive loads are easy to analyze by simply plotting
load lines on the SOA curve. If the curve representing the
load line stays within the OPA501 output transistor SOA
curve and all other parameters are observed, such as case
temperature, etc., the amplifier will be safe. The load line
can swing through the larger SOA limits if their time
duration constraints are strictly observed.

Reactive loads present a more complex problem since the
output voltage and current are not in phase. This results
inthereactive load line becoming elliptical (when plotted
on linear axes) which requires a larger SOA for safe
operation.

Although detailed analysis is beyond the scope of this
data sheet, the load line can be viewed on an oscilloscope
as shown in Figure 6. The X-Y display is driven by the
voltage across the load and by the current into the load.

This set up can also display voltage and current stress
across the OPAS501 output transistors as shown in Figure
7. This data can then be compared to the SOA limits.

The amplifier is designed to operate with electromotive-
force-generating loads such as servomotors, relays, and
actuators. Careful attention must be paid to both the load
characteristics and the amplifier’s SOA to ensure safe
operation.

10,6 O
'_4‘ Y
-E_ 35V
= A
10k
TEST
SIGNAL O
IN
O 4 oy O
*BOTH LEADS OF HORIZONTAL L]
AND VERTICAL INPUTS MUST

FLOAT WITH RESPECT T0 EACH OTHER OSCILLOSCOPE

FIGURE 7. Output Transistor Safe Operating Area
Stress Display.

+28V0C
Q@ 10

P\ P u1zmT
~—{ SERVOMOTOR

L3 = shusw
NOSE ==
2V0C  gyppRESSION

FIGURE 8. Servomotor Amplifier.
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- Figure 8 shows the OPA501 configured as a DC perma-
nent magnet motordriver. The armature current (1.) and
motor voltage (V) are monitored within an oscilloscope
in the X-Y mode displaying I\ and Vn respectively:

Slewing the motor with a 4Hz sine wave results in the -

motor power ellipse of Figure 9. The input level has been
‘adjusted to give £20V, pk, across the motor. An exam-
ination of the power ecllipse indicates that the instan-

INSTAN-  INSTAN-
TANEOUS TANEOUS
POWER AMPLIFIER

T0 POWER
8 AmoTon DISSIPATION}
VA v-a

PIIL1Z0AT MOTOR, KOLOAD
1= 4z, SINE WAVE
Hpp = 20, Tp=25°

Ay=+10

FIGURE 9. D.C. Servomoter Load Line.

taneous power delivered to the motor exceeds the
amplifier output transistor’s safe cperating arsa at a case
temperature of +25°C. The point at which the moter
shows OV at -6.9A is a problem. The voltage across the
output transistor is 28V - 0V = 28V. Checking the SOA
curve shows that the amplifier can safely withstand this
condition for slightly under S5msec. At 4Hz this transient
swing outside the DC SOA region is exceeded for much
longer than Smsec. Continued operation under these
conditicns will result in failure. Peak junction temper
tures should notexceed +200° C. Perhaps a motor with a'
higher impedance winding should be considered for this
application. Current limiting and lower supply voltage
can also reduce dissipation.

gigt

Sist

Motors used in servo applications often required a
surprisingly large current to zccelerate quickly. Worst
case conditions occur when the motor is operating at full
speed and is suddenly slammed into reverse (“plugging”)
This conditicn is illustrated in Figure 10 when a DC
servomator is driven by 2 bipolar square w As the
motor reverses directicn a large surge current flows,
causing very high peak power dissipation in theamplifier.
After several time constants (determinad by the inertia
moment) the current drops to a lower steady-state value.
Loading the motor increases the motor average power
and amplifier dissipation. SOA curves sheould be checked
“ for safe operation under these surge conditions.
The OPASO! current limits may be set to clip the high
surge currents to a safe level. This is shown in Figure 11.
Note that the current limit does hmn the serve motor
peak acceleration.

ave.

Inductive loads should be investigated for high peak
transients generated by a collapsing magnetic field.
Resistive damping can reduce this problem and although
the amplifier has substrate diodes as part of the Darlington
output transistor structure, external dtodes are recom-

mended for heavy clamping.

Fast. diodes such as those normally used as rectifiers in

switching power supplies are suxtable E

100w ). OUTRUT
TRANSISTOR
95W
s | POWER
r DISSIPATION

PMI U‘van4T MOTOR, NOLOAD
{ = 44z, SQUARE WAVE
+Vpp = 28, Tp = 25°

Ay =+10

FIGURE 10. Servoematoer Drive — “Plugging”

PMI U12E4T MOTOR, O LOAD
1= 4Hz, SQUARE WAVE.
Vg = 28VDC, +Rgp = 0150
Tg=25° Ay = +10

_FIGURE-11. Servemctor Drive With Current Limit.
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BURR-BROWN©® o
=l OPAS511

High Current—High Power
OPERATIONAL AMPLIFIER

FEATURES | DESCRIPTION

o WIDE SUPPLY RANGE: 10V to +30V The OPASII is a high voltage, high current opera-
o HIGH DUTPUT CURRENT: 5A peak tional amplifier designed to drive a wide variety of
o CLASS A/B OUTPUT STAGE: Low distortion resistive and reactive loads. Its complementary class

A/B output stage provides superior performance in
© SMALL T0-3 PACKAGE applications requiring freedom from cross-over dis-

tortion. User-set current limit circuitry provides pro-

APPLICATIONS tection to the amplifier and load in fault conditions.

o SERVO AMPLIFIER The OPASI'I ex}nploxs a laser-trimmed .mono’lithic

integrated circuit to bias the output transisters, pro-
© MOTOR DRIVER viding excellent low-level signal fidelity and high
o SYNCRO EXCITATION output voltage swing. The reduced internal parts
e AUDI0 AMPLIFIER . count made possible with this bias IC improves per-
o TEST PIN DRIVER formance and reliability. .

This hybrid integrated circuit is housed in a hermeti-
cally sealed TO-3 package and all circuitry is electri-
cally isolated from the case. This allows direct
mounting to a chassis or heat sink without cumber-
some insulating hardware and provides optimum
heat transfer.
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' SPECIFICATIONS

ELECTRICAL
At Te = +25°C and Vs = +28VDC unless otherwise noted.

OPAS11AM
PARAMETER CONDITIONS MIN TYP l MAX UNITS
INPUT
OFFSET VOLTAGE
Initial Offset +5 +10 mv
vs Temperature Full temperature range *10 +65 uvV/°C
vs Supply Voltage +35 +200 MVN
vs Power +20 uv/W
BIAS CURRENT i
Initial +15 +40 nA
vs Temperature Full temperature range +0.05 +0.4 nA/°C
vs Supply Voltage +0.02 nA/NV
OFFSET CURRENT
Initial +5 +10 nA
vs Temperature Full temperature range +0.01 nA/°C
INPUT IMPEDANCE
Common-Mode 200 MQ
Difterential 10 MQ
VOLTAGE RANGE"
Common-Mode Voltage Full temperature range £(|Vs] — 6) +(|Vs] — 3) , v
Common-Mode Rejection Vem = Vs — BV 70 110 dB
GAIN
Open-Loop Gain at 10Hz Full temperature range, full load 91 113 dB
Gain-Bandwidth Product at 1MHz - T = +25°C, full load 1 MHz
Power Bandwidth Te = +25°C, lo = 4A, Vo = 40V p-p 15 23 kHz
Phase Margin Full temperature range 45 Degrees
OUTPUT
Voltage Swing lo="5A *(|Vs| — 8) " (|Vs| —5) v
Full temperature range, lo = 2A +(|Vs| — 6) +(|Vs| — 8) v
Full temperature range, lo = 56mA £(|Vs| — 5) v
Current, Peak +5 A
Settling Time to 0.1% 2V step 2 #s
Slew Rate R.=25Q +1.0 1.8 V/us
Capacitive Load: Unity Gain Full temperature range 3.3 . nF
Gain >4 Full temperature range SOA?
. POWER SUPPLY
Voltage Full temperature range +10 128 +30 "
Current, Quiescent 20 30 mA
THERMAL
RESISTANCE
AC Junction to Case™ > 60Hz 1.9 21 °C/W
DC Junction to Case f > 60Hz 24 286 °C/W
Junction to Air 30 °C/W
TEMPERATURE RANGE, case —25 +85 °C

NOTES: (1) +Vs and —Vs denote the positive and negative supply voltage respectively. Total Vs is measured from +Vs to —Vs. (2) SOA = Safe Operating
Area. (3) Rating applies if the output current alternates both output s at a rate faster than 60Hz.
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ABSOLUTE MAXIMUM RATINGS ORDERING INFORMATION

Supply Voltage, +Vs to Vs OPASII A M
Output Current: source.......... .
SINK ..t Basic Model Number -1
Power Dissipation, internal"’ . ceee.. BTW
Input Voltage: differential. ... £(|Vs| — 3V) Grade Code )
COMMON-MOJE ...ovuiitiriieineiiaiinns +Vs Package Code (TO_3)
Temperature: junction ... +200°C
. pin solder, 10sec . +300°C
Temperature Range: storage . —65°C to +150°C CONNECTION DIAGRAM
operating (case) ......... —25°C to +85°C
NOTE: (1) Long term operation at the maximum junction temper- (TOP VIEW) +CURRENT
ature will result in reduced product life. Derate internal power LIMIT {+Rc)
dissipation to achieve high MTTF.
ouTPUT
—CURRENT
LIMIT (—Rc.)
NO INTERNAL
CONNECTION
MECHANICAL
A NOTE: Leads in true position within .010" (.25mm) R at MMC at seating plane.
e —" c— Pin numbers shown for reference only. Numbers may not be marked on package.
i INGHES MILLIMETERS
/ eJ ! oM | MIN [ MAX [ MIN [ MAX
Seating Plane ) A ] 1510 | 1.550 | 38.35 | 39.37
B 745 770 | 1892 | 19.56
o c 240 | 290 | 610 | 737
D .038 .042 0.97 1.07
E .080 105 2.03 267
F 40° BASIC 40° BASIC
G .500 BASIC 12.7 BASIC
H 1.186 BASIC 30.12 BASIC
J .583 BASIC 15.06 BASIC
K 400 | 500 | 10.16 | 12.70
Q 51 | 161 | 384 [ 409
R 980 | 1.020 [ 24.89 [ 2591
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TYPICAL PERFORMANCE CURVES

Ta = 25°C. Vs = £28VDC unless otherwise noted.
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Output Voltage, Vo (V p-p)

Current Limit, lum (A)
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Input Noise Voltage, Vn (nV/
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APPLICATIONS INFORMATION

POWER SUPPLIES

Specifications for the OPASII are based on a nominal
operating voltage of £28V. A single power supply or
unbalanced supplies may be used so long as the maxi-
mum total operating voltage (total of +Vs and —Vs) is
not greater than 68V. :

CURRENT LIMITS

Current limit resistors must be provided for proper
operation. Independent positive and negative current
limit values may be selected by choice of Rcr.+ and Rer-
respectively. Resistor values are calculated by:
Rcr = 0.65/ILim (amps) — 0.01

This is the nominal current limit value at room tempera-
ture. The maximum output current decreases at high
temperature as shown in the typical performance curve.
Most wire-wound resistors are satisfactory, but some
highly inductive types may cause loop stability prob-
lems. Be sure to evaluate performance with the actual
resistors to be used in production.

HEAT SINKING

Power amplifiers are rated by case temperature (not
ambient temperature). The maximum allowable power
dissipation is a function of the case temperature as
shown in the power derating curve. Load characteristics,
signal conditions, and power supply voltage determine
the power dissipated by the amplifier. The case tempera-
ture will be determined by the heat sinking conditions.
Sufficient heat sinking must be provided to keep the case
temperature within safe bounds given the power dissi-
pated and ambient temperature. See Applications Note
AN-83 for further details.

SAFE OPERATING AREA (SOA)

The safe area plot provides a comprehensive summary of
the power handling limitations of a power amplifier,
including maximum current, voltage and power as well
as the secondary breakdown region (see Figure 1). It
shows the allowable output current as a function of the
power supply to output voltage differential (voltage
across the conducting power device).” See Applications
Note AN-123 for details on SOA.

[}
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FIGURE 1. Safe Operating Area.
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BURR-BROWN®

OPA512

Very-High Current—High Power
OPERATIONAL AMPLIFIER

FEATURES

o WIDE SUPPLY RANGE: 10V to +50V

o HIGH OUTPUT CURRENT: 15A peak

o CLASS A/B OUTPUT STAGE: Low distortion

o VOLTAGE-CURRENT LIMIT PROTECTION CIRGUIT
o SMALL T0-3 PACKAGE

DESCRIPTION

The OPASI2 is a high voltage, very-high current
operational amplifier designed to drive a wide var-
iety of resistive and reactive loads. Its complemen-
tary class A/B output stage provides superior per-
formance in applications requiring freedom from
cross-over distortion. User-set current limit circuitry
provides protection to the amplifier and load in fault
conditions. A resistor-programmable voltage-current
limiter circuit may be used to further protect the
amplifier from damaging conditions. =

APPLICATIONS

© SERVO AMPLIFIER
o MOTOR DRIVER

o SYNCRO EXCITATION
© AUDIO AMPLIFIER

o TEST PIN DRIVER

The OPASI2 employs a laser-trimmed monolithic
integrated circuit to bias the output transistors, pro-
viding excellent low-level signal fidelity and high
output voltage swing. The reduced internal parts
count made possible with this monolithic IC

. improves performance and reliability.

This hybrid integrated circuit is housed in a hermet-
ically-sealed TO-3 package and all circuitry is elec-
trically-isolated from the case. This allows direct
mounting to a chassis or heat sink without cumber-
some insulating hardware and provides optimum
heat transfer. ‘
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SPECIFICATIONS

ELECTRICAL
+ At Tc = +25°C and Vs = £40VDC unless otherwise noted.
OPAS512BM OPA512SM

PARAMETER CONDITIONS MIN L TYP MAX MIN TYP MAX UNITS
INPUT
OFFSET VOLTAGE
Initial Offset +2 +6 +1 +3 mV
vs Temperature Specified temp. range +10 +65 . +40 uv/°C
vs Supply Voltage +30 1200 * * uvv
vs Power +20 * VW
BIAS CURRENT
Initial 12 30 10 20 nA
vs Temperature Specified temp. range +50 400 * * pA/°C
vs Supply Voltage +10 * pA/V
OFFSET CURRENT
Initial +12 +30 +5 +10 nA
vs Temperature Specified temp. range +50 * pA/°C
INPUT IMPEDANCE,

DC 200 * MQ
INPUT CAPACITANCE 3 * pF
VOLTAGE RANGE
Common-Mode Voltage | Specified temp. range +(|Vs| — 5) *(|Vs| — 3) * * A
Common-Mode

Rejection Specified temp. range 74 100 * * dB
GAIN
Open-Loop Gain kN

at 10Hz 1kQ load 110 * dB

Specified temp. range,
8Q load 96 108 * * dB
Gain-Bandwidth

Product, IMHz 8Q load 4 * MHz
Power Bandwidth 8Q load 13 20 . * kHz
Phase Margin Specified temp. range,

8Q load 20 o Degrees
OUTPUT
Voltage Swing"”’ BM at 10A, SM at 15A +(IVs| —6) (Vs — 7) v
Specified temp. range,
lo = 80mA +(|Vs| — 5) . v
lo = 5A +(|Vs| — 5) . v
Current, Peak 10 15 A
Settling Time to 0.1% 2V step 2 o us
Slew Rate 25 4 * * Vius
Capacitive Load Specified temp. range,
G=1 15 * nF
Specified temp. range,
G>10 SOA® *
POWER SUPPLY
Voltage Specified temp. range +10 +40 +45 . * +50 \"
Current, Quiescent 25 50 . 35 mA
THERMAL |
RESISTANCE
AC Junction to Case® Te = —55°C to +125°C,
f> 60Hz 0.8 0.9 * * °C/W
DC Junction to Case Te = —55°C to +125°C 1.25 14 * * °C/W
Junction to Air Te =—55°C to +125°C 30 * °C/W
TEMPERATURE
RANGE, specified Tc . —25 +85 —55 +125 °C

*Specification same as OPA512BM.

NOTES:
Area.
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(3) Rating applies if the output current alternates between both output transistors at a rate faster than 60Hz.

(2) SOA = Safe Operating




ABSOLUTE MAXIMUM RATINGS

ORDERING INFORMATION

Supply Voltage, +Vs to —Vs

OPASI2 X M
Output Current: source. ... 15A ) '
sink ... . see SOA Basic Model Number
Power Dissipation, internal’ . 125W
Input Voltage: differential ......................... +(IVs] — 3V) Performance Grade Code
common-mode . s, EVs B = —25°C to +85°C
Temperature: pin solder, 10s .. +300°C S = —55°C to +125°C
junction™....... .. +200°C : :
Temperature Range: storage'” ..... . —65°C to +150°C Package Code (TO-3)
operating (case) .. . —55°C to +125°C M=T0-3

NOTE: (1) Long term operation at the maximum junction temper-

ature will result in reduced product life. Derate internal power

dissipation to achieve high MTTF. (2) OPA512BM, —55°C to CONNECTION DIAGRAM

e {TOP VIEW) :

+CURRENT .
LiMiT
+Vs
o
+IN
Q5
—CURRENT
~Vs Limir
nVl
MECHANICAL

Seating Plane

INCHES MILLIMETERS
DIM | MIN MAX MIN MAX
A 1.510 | 1.550 | 38.35 | 39.37
8 .745 770 | 1892 | 19.56
C .240 290 6.10 7.37
) .038 .042 .87 1.07
E | .080 108 2.03 267
F 40° BASIC 40° BASIC
G .500 BASIC 12.7 BASIC
H 1.186 BASIC 30.12 BASIC
J .593 BASIC 15.06 BASIC
K .400 .500 | 10.16 | 12.70
Q 151 161 384 4.09
R 880 | 1.020 | 2483 | 2591

NOTE: Leads in true position within .010” (.25mm) R at MMC at Sealing plane.
Pin numbers shown for reference only. Numbers may not be marked on package
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TYPICAL PERFORMANCE CURVES

Ta = 25°C, Vs = £40VDC unless otherwise noted.
POWER DERATING

Common-Mode Rejection, CMR (dB) Open Loop Gain, A-(dB) Internal Power Dissipation, P (W)

Distortion (%)

BIAS CURRENT

140 25 k
120 22
A\
100 H 19
‘ N \
80 3 16
@
o
60 @ 13
3 N .
N
40 'g 1.0
BM SM 5 N
20 z 07
N
0.4
0 20 40 60 80 100 120 140 -50 —-25 0 25 50 75 100 125
Case Temperature, Tc (°C) Case Temperature, Tc (°C)
SMALL SIGNAL RESPONSE PHASE RESPONSE
120 0
100 \ —30
80 - —60
o
o
60 5 -9 : \
2 \\
40 € -120
N
3
20 AY £ ~-150 N
0 \ -180
—20 —210
1 10 100 1k 10k 100k 1M 10OM 1 10 100 1k 10k 100k 1M 10M
Frequency, f (Hz) Frequency, f (Hz)
COMMON-MODE REJECTION PULSE RESPONSE
120 8 T T T T 7T
Vin = £5V, ta = 100ns
6 P
100 - }
>
> ¢ J\
=
80 \ g 2 \
\ g
60 \ g 0 i
a -2
40 g
-4
20
—6
0 -8
1 10 100 1k 10k 100k 1M . 0 2 4 6 8 10 12
Frequency, f (Hz) Time, t (us)
HARMONIC DISTORTION QUIESCENT CURRENT
3 T 16
G=10
1] Vs =237V 14
RL=4Q
o
_05°C
03 P 2 12 ,——T;';?;;"
g °C
@((s\ //‘f/ g j o= +28
0.1 //\ o 'g 1.0 = —ﬂ-’:-’“g‘, ¢+85°C’ -
y / 2 = =
0.03 08 -_— ]
— I = 125°C
VA —] b
0.01 P 0.6
A
003 0.4 :
100 300 1k 3k 10k 30k 100k 40 50 60 70 80 80 100
Frequency, f (Hz) Total Supply Voltage, Vs (V)
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Output Voltage, Vo (V p-p)

Current Limit, lum (A)

Hz)

Input Noise Voltage, Vn (nV/:

Voltage Drop From Supply (V)

CURRENT LIMIT
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125 ~
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100 = v'[
7.5 \\V" > 0+
e _Rc. = 0180, Rv.:oN\
1
5.0 == FVo = v
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0 L1 ]
—-50 —25 0 25 50 75 100 125
Case Temperature, Tc (°C)
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68 — =
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46
32
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10 20° 30 50 70 100
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40
30
20
\\
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OUTPUT VOLTAGE SWING
5
R
L
Vo /
3
/ +Vo
2 m{
1 ,
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Output Current, o (A)




APPLICATIONS INFORMATION

POWER SUPPLIES

Specifications for the OPA512 are based on a nominal
operating voltage of £40V. A single power supply or
unbalanced supplies may be used as long as the maxi-
mum total operating voltage (total of +Vs and —Vs) is
not greater than 90V (100V for “S™ grade version).

CURRENT LIMITS

Current limit resistors must be provided for proper
operation. Independent positive and negative current
limit values may be selected by choice of Rcr+ and Rer-
respectively. Resistor values are calculated by:
Rc = 0.65/1Iuim (amps) — 0.007

This is the nominal current limit value at room tempera-
ture. The maximum output current decreases at high
temperature as shown in the typical performance curve.
Most wire-wound resistors are satisfactory, but some
highly inductive types may cause loop stability prob-
lems. Be sure to evaluate performance with the actual
resistors to be used in production.

HEAT SINKING.

* Power amplifiers are rated by case temperature (not
ambient temperature). The maximum allowable power
dissipation is a function of the case temperature as
shown in the power derating curve. Load characteristics,
signal conditions, and power supply voltage determine
the power dissipated by the amplifier. The case tempera-
ture will be determined by the heat sinking conditions.

Sufficient heat sinking must be provided to keep the case .

temperature within safe bounds given the power dissi-
pated and ambient temperature. See Applications Note
AN-83 for further details.

SAFE OPERATING AREA (SOA)

The safe area plot provides a comprehensive summary of
the power handling limitations of a power amplifier,
including maximum current, voltage and power as well
as the secondary breakdown region (see Figure 1). It
shows the allowable output current as a function of the
power supply to.output voltage differential (voltage
across the conducting power device). See Applications
~ Note AN-123 for details on SOA.

VOLTAGE-CURRENT LIMITER CIRCUITRY

The voltage-current (V-I) limiter circuit provides a means
to protect the amplifier from SOA damage such as a

15 ;
75, 1 ,;\ |
10 e"?;a 7 rJr a o
8 (,‘,7' c X o\ A
] 7 %2, AR '
6 ko) W I
5 + 2]
4 A an
- 7‘:‘ c
< 3 o )(85"0 N
= 2
é 2 c \ \6"\2
= ’>°,l
O 1.5 s?_
g 1 R
3 08 ?‘o
06 - - o1
0.5 >
0.4
0.3
0.2
5 6 78910 - 15 20 40 60 - 80 100
Voltage Across Output Transistor (V)

FIGURE I. Safe Operating Area.

short circuit to ground, yet allows high output currents

" to flow under normal load conditions. Sensing both the

output current and the output voltage, this limiter circuit
increases the current limit value as the output voltage
approaches the power supply voltage (where power dis-
sipation is low). This type of limiting is achieved by con-
necting pin 7 through a programming resistor to ground.
The V-1 limiter circuit is governed by the equation:

0.28 Vo
065+ 5 + Rw:

RcL + 0.007

Iivir =

where:

[Limir is the maximum current available at a given
output voltage.

Ruvi is the value (kQ) of the resistor from pin 7 to
ground.

Rcw is the current limit resistor in ohms.
Vo is the instantaneous output voltage in volts.

Reactive or EMF generating loads may produce unusual
(perhaps undesirable) waveforms with the V-I limit cir-
cuit driven into limit. Since current peaks in a reactive
load do not align with the output voltage peaks, the
output waveform will not appear as a simple voltage-
limited waveform. Response of the load to the limiter, in
fact, may produce a “backfire” reaction producing unus-
ual output waveforms.
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BURR-BROWN®@

OPA600

Fasi-Settling Wideband
OPERATIONAL AMPLIFIER

FEATURES

° FAST SETTLING: 80ns to +0.1%
115ns to +0.01%

o FULL DIFFERENTIAL FET INPUT

o —25°C to +85°C AND
~55°C to +125°C TEMPERATURE RANGES

© 10V OUTPUT; 200mA
© GAIN BANDWIDTH PRODUCT: 5GHz

DESCRIPTION

The OPA600 is a wideband operational amplifier
specifically designed for fast settling to =+0.01%
accuracy. It is stable, easy to use, has good phase
margin with minimum overshoot, and it has excellent
DC performance. It utilizes an FET input stage to
give low input bias current. Its DC stability over
temperature is outstanding. The slew rate exceeds
400V us. All of this combines to form an outstanding
amplifier for large and small signals.

form an outstanding amplifier for large and small
signals.

High accuracy with fast settling time is achieved by
using a high open-loop gain which provides the
accuracy at high frequencies. The thermally balanced
design maintains this accuracy without droop or

Frequency

Offset Offset Compensation

Compensation +Vcc

APPLICATIONS

o VOLTAGE CONTROLLED OSCILLATOR DRIVER

-@ LARGE SIGNAL, WIDEBAND DRIVERS

o HIGH SPEED D/A CONVERTER QUTPUT AMPLIFIER
o VIDEO PULSE AMPLIFIER

thermal tail. External frequency compensation allows
the user to optimize the settling time for various
gains and load conditions.

The OPAG600 is useful in a broad range of video,
high speed test circuits and ECM applications. It is
particularly well suited to operate as a voltage
controlled oscillator (VCO) driver. It makes an
excellent digital-to-analog converter output amplifier.
It is a workhorse in test equipment where fast pulses,
large signals, and 50Q) drive are important. It is a
good choice for sample/holds, integrators, fast
waveform generators, and multiplexers.

The OPAG600 is specified over the industrial temp-
erature range (OPA600BM, CM) and military temp- .
erature range (OPA600SM, TM). The OPA600 is
housed in a welded, hermetic metal package.

Frequency

Frequenc
N 4 Common  Compensation

15) (2 4 5 12 (Case’? @ 11
i § I Current
| | L j 500 Boost
A N —— ]
+Ut 1(. I Output
T T 3 é— H
O3 0

—Input

.
.
{ ]

50Q Current

Boost

(tb—vcc ‘ ’Common

International Airport Industrial Park - P.0. Box-11400 - Tucson, Arizona 85734 - Tel. (602) 746-1111 - Twx: 910-952- IIII Cable: BBRCORP - Telex: 66-6491

PDS-672
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SPECIFICATIONS

ELECTRICAL
At Vec = £15VDC and Ta = +25°C unless otherwise specified.

OPA600CM, TM™' . OPA600BM, SM

PARAMETER CONDITIONS min [ tve [max | min [ Tve [ max | units

OUTPUT . - -

Voltage Ry = 2kQ +10 - * " \

R =500 +9 . . v

Current R. = 50Q% +180 | +200 * . mA

Current Pulse R =500 +180 | +200 . . mA

Resistance Open loop DC , 75 M * Q

Short-Circuit Current To COMMON only, tuax = 15" ’ 250 300 . . mA

DYNAMIC RESPONSE i .

Settling Time': to +:0.01% (+1mV) AVour = 10V ' 100 125 . . ns
to £0.1% (£10mV) AVour =10V ] 80 105 * M ns
to £1% (£100mV) AVoyr =10V - . 70 95 * M ns

Gain-Bandwidth Product (open-toop) Cc = 0pF, G =1V/V 150 * MHz

. Cc = 0pF, G = 10V/V 500 . * MHz

Cc = OpF, G = 100V/V 15 * GHz

Cc¢ = OpF, G = 1000V/V 5 * GHz

‘Cc = OpF, G = 10,000V/V 10 | * - GHz

Bandwidth (—3dB small signal)'® G =+ . 125 . MHz
G=-1WV 90 ' * MHz

G =—-10wV 95 N MHz

G = —-100V/V 20 N MHz

G = —1000V/V , 6 . N MHz

* Over Temperature ? t MHz

Full Power Bandwidth Vour = £5V, G = —1V/V, Cc = 3.3pF, RL = 100Q 16 * MHz
Slew Rate Vour = 5V, G = —1000V/V, C¢ = OpF, R = 10002 500 * Vipus
Vour = 5V, G = =1V/V*® 400 440 . Vius

Phase Margin G = —1V/V, Cc = 3.3pF 40 . Degrees

GAIN

Open-Loop Voltage Gain f=DC, R, = 2kQ, Ta = +25°C I 86 I 94 1 . I . I . l I dB

INPUT

Offset Voltage™ : Ta = +25°C +1 +4 +2 +5 mv

Ta = —25°C to +85°C o +5 +10 mV
Ta = —55°C to +125°C +6 . +15 mV
Offset Voltage Drift Ta = —25°C to +85°C . +20 +80 uv/°C
Ta = —55°C to +125°C ’ +20 +100 pv/°C
Bias Current Ta = +25°C -20 -100 * * pA
Ta = +25°C to +125°C —20 —100 M * nA
Offset Current Ta = +25°C 20 . pA
Ta = +55°C to +125°C . 20 * nA

Power Supply Rejection Ratio Vee = 215V, 21V . 200 500 . o MV

Common-Mode Voltage Range -10 C+7 . * \

Common-Mode Rejection Ratio Vem = —5V to +5V 60 80 * * dB

Impedance - Differential and Common-Mode 1012 . Q|lpF

Voltage Noise 10kHz Bandwidth 20 . * . nV/\/Hz

POWER SUPPLY )

Rated (Vcc) ) +15 . vDC

Operating Range +9 +16 - . * vDC

Quiescent Current +30 +38 * * mA

TEMPERATURE RANGE (Ambient)

Operating: BM, CM 25 +85 | * * °C

SM, ™™ —55 +125 * * °C

Storage —65 +150 . . °C

,c, (junction to case) 30 . °C/W

Bca, (case to ambient 35 . °C/W

* Specification same as OPA600CM, TM.

NOTES: (1) BM, CM grades: —25°C to +85°C. SM, TM grades: —55°C to +125°C. (2) Pin 9 connected to +Vcc, pin 7 connected to —Vcc. Observe power dissipation
ratings. (3) Pin 9 and pin 7 open. Single pulse t = 100ns. Observe power dissipation ratings. (4) Pin 9 and pin 7 open. See section on Current Boost. (5) G =
—1V/V. Optimum settling time and slew rate achieved by individually compensating each device. Refer to section on Compensation. (6) Frequency compensation as
discussed in section on Compensation. (7) Adjustable to zero.
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Open-Loop Gain :dB:

CONNECTION DIAGRAM

Offset Error Null (6ptional)
10kQ " +Vee

Frequency

5kQ Compensation'"

—Input 3

+Ve

Current Boost®

DenotesPin1

T‘" l OPAG600

Cc
y
PR LR R .
N s 000000 Seating Plane
-—'GI— —~+-0 :
INCHES MILLIMETERS -
oM [TMIN | MAX MIN MAX Current Boost?
A .063| .980| 24.48| 24.59
r—vl 8 .760| .805 | 10.30| 20.45 +Input 16
c | .175] .100| 4.46] 4.83
T | D | .014] .022| o.3e[ 0.56 Common Common
1] I Q | 100 BASIC | 2.54 BASIC N (Case) (Case)
I W | .196] 166 | 3.43] a.04
L k | .230] 270 5,54] 8.88 NOTES: (1) Refer to Figure 4 for recommended frequency compensation.
L | 800 BASIC | 15.24 BASIC (2) Connect pin 9to pin 12 and connect pin 7 to pin 6 for maximum output
R | 006 [ .116| 2.41] 2.92 current. See Application Information for further information. (3) Bypass
NOTES: ' each power supply lead as close as possible to the amplifier pins. A 1uF
1. Leads in true position within 0.010" ' CS13 tantalum gapacitor is recommended. (4) There is no internal
>(0.25mm) R at MMC at seating plane. connection. An external connection may be made. (5) Itis recommended

that the amplifier be mounted with the case in contact with a ground plane
for good thermal transfer and optimum AC performance.

ORDERING INFORMATION ABSOLUTE MAXIMUM RATINGS'"

2. Pin numbers shown for reference only.

Voltage
0 0 . CASE
Model -Range (°C) Drift (u¥/7°C) Input Voltage: Difierential

OPA600BM —25to +85 +80 Common-Mode. .

OPA600CM —251t0 +85 +20 Output Short Circuit Duration to Common
OPAB00SM | —55to +125 +10 Temperature: Pin (soldering, 20sec).

OPAB00TM —25to +125 +20 Junction™, Ty ..oou..

Temperature Range: Storage ........ e
Operating (case)............ —55°C to +125°C

NOTES: (1) Stresses above those listed under “Absolute Maximum
Ratings" may cause permanent damage to the device. Exposure to
absolute maximum conditions for extended periods may affect device
reliability. (2) Long term operation at the maximum junction temperature
will result in reduced product life. Derate internal power dissipation to
achieve high MTTF.

TYPICAL PERFORMANCE CURVES

Typical at Ta = +25°C and +Vcc = 15VDC, unless otherwise specified .

BODE PLOT ) COMPENSATION AND SLEW RATE VS GAIN
100 10 700
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50 el N s 3
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SETTLING TIME
VS OUTPUT VOLTAGE CHANGE

SETTLING TIME AND
SLEW RATE VS TEMPERATURE
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INSTALLATION AND.
OPERATION

WIRING PRECAUTIONS

The OPA600 is a wideband, high frequency operational
amplifier with a gain-bandwidth product exceeding SGHz.
This capability can be realized by observing a few wiring
precautions and using high frequency layout techniques.
In general, all printed circuit board conductors should
be wide to provide low resistance, low impedance signal
paths and should be as short as possible. The entire phys-
ical circuit should be as small as is practical. Stray capaci-
tances should be minimized, especially at high impe-
dance nodes, such as the input terminals of the amplifier
and compensation pins. Stray signal coupling from the
output to the input should be minimized. All circuit ele-
ment leads should be as short as possible and low values
of resistance should be used. This will give the best cir-
cuit performance as it will minimize the time constants
formed with the circuit capacitances and will eliminate
stray, unwanted tuned circuits.

Grounding is the most important application considera-

tion for the OPA600, as it is with all high frequency
circuits. Ultra-high frequency transistors are used in the
design of the OPA600 and oscillations at frequencies of
500MHz and above can be stimulated if good grounding

Temperature (°C:

Temperature (°C:

techniques are not used. A ground plane is highly
recommended. It should connect all areas of the pattern
side of the printed circuit that are not otherwise used.
The ground plane provides a low resistance, low induc-
tance common return path for all signal and power
returns. The ground plane also reduces stray signal
pickup.

Point-to-point wiring is not recommended. However, if
point-to-point wiring is used, a single-point ground
should be used. The input signal return, the load signal
return and the power supply common should all be con-
nected at the same physical point. This eliminates com-
mon current paths or ground loops which .can cause
unwanted feedback.

Each power supply lead should be bypassed to ground as
near as possible to the amplifier pins. A 1uF CSI3 tanta-
lum capacitor is recommended. A parallel 0.01xF ceramic
may be added if desired. This is especially important
when driving high current loads. Properly bypassed and
modulation-free power supply lines allow full amplifier
output and optimum settling time performance.
OPA600 circuit common is connected to pins 1 and 13;
these pins should be connected to the ground plane. The
input signal return, load return, and power supply com-
mmon should also be connected to the ground plane.
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The case of the OPA600 is internally connected to circuit
common, and as indicated above, pins | and 13 should be
connected to the ground plane. Ideally, the case should
be mechanically connected to the ground plane for good
thermal transfer, but because this is difficult in practice,
the OPA600 should be fully inserted into the printed
circuit board with the case very close to the ground plane
to make the best possible thermal connection. If the case
and ground plane are physically connected or are in
close thermal proximity, the ground plane will provide
heat sinking which will reduce the case temperature rise.
The minimum OPAG600 pin length will minimize lead
inductance, thereby maximizing performance.

COMPENSATION

The OPA600 uses external frequency compensation so
that the user may optimize the bandwidth or settling
time for his particular application. Several performance
curves aid in the selection of the correct compensations
capacitance value. The Bode plot shows amplitude and
phase versus frequency for several values of compensa-
tion. A related curve shows the recommended compen-
sation capacitance versus closed-loop gain.

Figure 1 shows a recommended circuit schematic. Com-
ponent values and compensation for amplifiers with sev-
eral different closed-loop gains are shown. This circuit
will yield the specified settling time. Because each device
is unique and slightly different, as is each user’s circuit,
optimum settling time will be achieved by individually
compensating each device in its own circuit, if desired. A
10% to 20% improvement in settling time has been experi-
enced from the values indicated in the Electrical Specifi-
cations table.

OPAB00 —

Closed
Loop
Gain | Ry | Ry | Ry | Ry [C4.Cy(Cq | €4 | Rg
1 open | 100 | short | open| 6.8 0 0
-1 620 620 | short | open| 3.3 4.7 0 56.
-10 100 1k | short | open 1 2.2 0 100
-100 100 | 3.3k | 3.3k | 3.2k 0 1 0 100

-1000 100 | 3.3k | 3.3k | 116 0 0 4.7 100

FIGURE 1. Recommended Amplifier Circuits and
Frequency Compensation.

The primary compensation capacitors are C; and C; (see
Figure 1). They are connected between pins 4 and 5 and
between pins 11 and 14. Both C, and C, should be the
same value. As Figure 1 and the performance curves
show, larger closed-loop configurations require less capa-
citance and improved gain-bandwidth product can be
realized. Note that no compensation capacitor is required
for closed-loop gains equal to or above 100V/ V. If upon
initial application the user’s circuit is unstable, and
remains so after checking for proper bypassing, ground-
ing, etc., it may be necessary to increase the compensa-
tion slightly to eliminate oscillations. Do not over com-
pensate. It should not be necesary to increase C, and C,
beyond 10pF to ISpF. It may also be necessary to indi-
vidually optimize C, and C; for improved performance.

The flat high frequency response of the OPA600 is pre-
served and high frequency peaking is minimized by con-
necting a small capacitor in parallel with the feedback
resistor (see Figure 1). This capacitor compensates for
the closed-loop, high frequency, transfer function zero
that results from the time constant formed by the input
capacitance of the amplifier, typically 2pF, and the input

" and feedback resistors. The selected compensation capa-

citor may be a trimmer, a fixed capacitor or a planned
PC board capacitance. The capacitance value is strongly
dependent on circuit layout and closed-loop gain. It will
typically be 2pF for a clean layout using low resistances
(1kQ) and up to 10pF for circuits using larger resitances.
Using small resistor values will preserve the phase mar-
gin and avoid peaking by keeping the break frequency of
this zero sufficiently high. When high closed-loop gains
are required, a three-resistor attenuator is recommended
to avoid using a large value resistor with its long time
constant.

CAPACITIVE LOADS

The OPA600 will drive large capacitive loads (up to
100pF) when properly compensated and settling times of
under 150ns are achievable. The effect of a capacitive
load is to decrease the phase margin of the amplifier,
which may cause high frequency peaking or oscillations.
A solution is to increase the compensation capacitance,
somewhat slowing the amplifier’s ability to respond. The
recommended compensation capacitance value as a func-
tion of load capacitance is shown in Figure 2. (Use two
capcitors, each with the value indicated.) Alternately,
without increasing the OPA600’s compensation capaci-
tance, the capacitive load may be buffered by connecting
a small resistance, usually 5 to 50(), in series with the
Output, pin 8.

For very-large capacitive loads, greater than 100pF, it
will be necessary to use doublet compensation. Refer to
Figure 3 and discussion on slew rate. This places the
dominant pole at the input stage. Settling time will be
approximately 50% slower; slew rate should increase.
Load capacitance should be minimized for optimum
high frequency performance.

Because of its large output capability, the OPA600 is
particularly well ‘suited for driving loads via coaxial
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FIGURE 2. Capacitive Load Compensation and Response.

cables. Note that the capacitance of coaxial cable
(29pF/foot of length for RG-58) will not load the ampli-
fier when the coaxial cable or transmission line is termi-
nated in its characteristic impedance.

SETTLING TIME

Settling time is defined as the total time required, from
the input signal step, for the output to settle to within the
specified error band around the final value. This error
band is expressed as a percentage of the magnitude of
the output transition, a 10V step.

Settling time is a complete dynamic measure of the
OPA600’s total performance. It includes the slew rate
time, a large signal dynamic parameter, and the time to
accurately reach the final value, a small sigi.al parameter
that is a function of bandwidth and open-loop gain. Per-
formance curves show the OPA600 settling time to =1%,
+0.1%, and +0.01%. The best settling time is achieved in
low closed-loop gain circuits.

Settling time is dependent upon compensation. Under-
compensation will result in small phase  margin, over-
shoot or instability. Over-compensation will result in
poor settling time.

Figure | shows the recommended compensation to yield
the specified settling time. Improved or optimum settling
time may be achieved by individually compensating each
device in the user’s circuit since individual devices vary
slightly from one to another, as do user’s circuits.

SLEW RATE

Slew rate is pfimarly an output, large signal parameter.
It has virtually no dependence upon the closed-loop gain
or small signal bandwidth. Slew rate is dependent upon
compensation and decreasing the compensation capaci-
tor value will increase the available slew rate as shown in
the performance curve.

The OPA600 slew rate may be increased by using an
alternate compensation as shown in Figure 3. The slew
rate will increase between 700 and 800V/ us typical, with
0.01% settling time increasing to between 175 and 190ns
typical, and 0.1% settling time increasing to between.110
and 120ns typical.

3pF
?(10‘ 3 600Q
VW

a4~ +15VDC
0.001uF £ 2 g
OPAB00 SN
20 4, )
16) 13 g —15vDC

—1.[-:‘—— 1

*3pF {yp. should match stray capacitance between pin 3 and common.

FIGURE 3. Amplifier Circuit for Increased Slew Rate.

For alternate doublet compensation refer to Figure 3.
For a closed-loop gain equal to. —1, delete C; and C; and
add a series RC circuit (R = 220}, C = 0.01xF) between
pins 14 and 4. Make no connections to pins 11 and 5.
_ Absolutely minimze the capacitance to these pins. If a
connector is used for the OPA600, it is recommended
-that sockets for pins 11 and 5 be removed. For a PC
board mount, it is recommended that the PC board
holes be overdrilled for pins 11 and 5 and adjacent
ground plane copper be removed. Effectively this com-
pensation places the dominant pole at the input stage,
allowing the output stage to-have no compensation and
to slew as fast as possible. Bandwidth and settling time
are impaired only slightly. For closed-loop gains other
than —1, different values of R and C may be required.

OFFSET ADJUSTMENT
The offset voltage of the OPA600 may be adjusted to
zero by connecting a 5k(} resistor in series with a 10kQ

linear potentiometer in series with another 5k{) resistor
between pins 2 and 15, as shown in Figure 4. It is impor-

. tant that one end of each of the two resistors be located

very close to pins 2 and 15 to isolate and avoid loading
these sensitive terminals. The potentiometer should be a
small noninductive type with the wiper connected to the
positive supply. The leads connecting these components
should be short, no longer than 0.5-inch, to avoid stray
capacitance and stray signal pick-up. If the poteénti-
ometer must be located away from the immediate vicin-

1-126



* +Vee

OPAB00

_ Inputs 4
Output

FIGURE 4. Offset Null Circuit.

ity of the OPA600, extreme care must be observed with
the sensitive leads. Locate the two 5k() resistors very
close to pins 2 and 15.

Never connect +Ve¢c directly to pin 2 or 15. Do not
attempt to eliminate the 5k{} resistors because at extreme
rotation, the potentiometer will directly connect +Vcc to
pin 2 or 15 and permanent damage will result.

Offset voltage adjustment is optional. The potentiometer
and two resistors are omitted when the offset voltage is
considered sufficiently low for the particular application.
For each microvolt of offset voltage adjusted, the off-
set voltage temperature sensitivity will change b;
+0.004uV/°C. :

CURRENT BOOST

External ability to bypass the internal current limiting
resistors has been provided in the OPA600. This is
referred to as current boost. Current boost enables the
OPAG00 to deliver large currents into heavy loads
(£200mA at :10V). To bypass the resistors and activate
the current boost, connect pin 7 to —Vcc at-pin 6 with a
short lead to minimize lead inductance and connect pin 9
to +Vcc at pin 12 with a short lead.

CAUTION—Activating current boost by bypassing the
internal current limiting resistors can permanently dam-
age the OPA600 under fault conditions. See section on
short circuit protection.

Not activating current boost is especially useful for
initial breadboarding. The 50Q (£5%) current limiting
resistor in the collector circuit of each of the output
transistors causes the output transistors to saturate; this
limits the power dissipation in the output stage in case of
a fault. Operating with the current boost not activated
may also be desirable with small-signal outputs (i.e.,
+1V) or.when the load current ;s small.

Each resistor is internally capaci-ively-bypassed (0.01uF,
+20%) to allow the amplifier to deliver large pulses of
current, such as to charge diode junctions or circuit capa-
citance and still respond quickly. The length of time that

the OPA600 can deliver these current pulses is limited by
the RC time constant.

The internal voltage drops, output voltage available,
power dissipation, and maximum output current can be
determined for the user’s application by knowing the
load resistance and computing:

Vour = 14 [Rroap + (50 + Rroab)]

This applies for Rroap less than 100Q and the current
boost not activated. When Ryoab is large, the peak out-
put voltage is typically =11V, which is determined by
other factors within the OPA600. ‘

SHORT-CIRCUIT PROTECTION

The OPAG600 is short-circuit-protected for mornentary
short to common (<5s), typical of those enountered
when probing a circuit during experimental breadboard-
ing or troubleshooting. This is true only if pins 7 and 9
are open (current boost not activated). An internal 50(}
resistor is in series with the collector of each aof the out-
put transistors, which under fault conditions will cause
the output transistors to saturate and limit the power
dissipation in the output stage. Extended application of
an output short can damage the amplifier due to exces-
sive power dissipation.

The OPAG600 is not short-circuit-protected when the cur-
rent boost is activated. The large output current capabil-
ity of the OPA600 will cause excessive power dissipation
and permanent damage will result even for momentary
shorts to ground.

Output shorts to either supply will destroy the OPA600
whether the current boost is activated or not.

HEAT SINKING AND POWER DISSIPATION

The OPA600 is intended as a printed circuit board
mounted device, and as such does not require a heat
sink. It is specified for ambient temperature operation
from —55°C to +125°C. However, the power dissipation
must be kept within safe limits. At extreme temperature
and under full load conditions, some form of heat sink-
ing will be necessary. The use of a heat sink, or other
heat dissipating means such as proximity to the ground
plane, will result in cooler operating temperatures, better
temperature performance, and improved reliability.

It may be necessary to physically connect the OPA600 to
the printed circuit board ground plane, attach fins, tabs,
etc., to dissipate the generated heat. Because of the wide
variety of possibilities, this task is left to the user. For all
applications it is recommended that the OPA600 be fully
inserted into the printed circuit board and that the pin
length be short. Heat will be dissipated through the
ground plane and the AC performance will be its best.
With a maximum case temperature of +125°C and not
exceeding the maximum junction of +175°C, a maxi-
mum power dissipation of 600mW is allowed in either
output transistor. .
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TESTING

For static and low frequency dynamic measurements,
the OPA600 may be tested in conventional operational
amplifier test circuits, provided proper ground tech-
niques are observed, excessive lead lengths are avoided,
and care is maintained to avoid parasitic oscillations.
The circuit in Figure 3 is recommended for low fre-
quency functional testing, incoming inspection, etc. This
circuit is less susceptible to stray capacitance, excessive
lead length, parasitic tuned circuits, changing capacitive
loads, etc. It does not yield optimum settling time. We
recommend placing a resistor (approximately 3000)) in
series with each piece of test equipment, such asa DVM,
to isolate loading effects on the OPA600.

To realize the full performance capabilities of the OPA600,
high frequency techniques must be employed and the test
fixture must not limit the amplifier. Settling time is the
most critical dynamic test and Figure 5 shows a recom-
mended OPA600 settling time test circuit schematic.
Good grounding, truly square drive signals, minimum
stray coupling, and small physical size are important.

The input pulse generator must have a flat topped, fast
settling pulse to measure the true settling time of the
amplifier. A circuit that generates a +5V flat topped
pulse is shown in Figure 6.

(2) HP2835 ~1svoc
A [ - 1
A P o _"L,L
A 6190 :' i
~15VDC 619Q v
) ' 1uF
- - I\
BNC . i
input (0 Jg o 3 1/2 2N5564 BNC
N 61902
' 510
: . BNC 1/2 2N5564 Error
Output
1uF
N '—_"q_
J 6190 v
Input = £5V ¢ ot
Output = 5V C? WF
Error Output £0.5mV (+0.01%) 3 _.
(1) 0.02Q Matched -15vDC -15vDC i
(2) With C, = C3 = 3.3pF typical, Cy optimized for circuit layout, and R, = 50Q. t; < 100ns.
. (3) Use 5100 with generator of Figure 6.
FIGURE 5. Settling Time and Slew Rate Test Circuit. .
+15VDC
+15VDC
100uF
- =
>
IN4148 <
1004F a ? ?;?\2 2N5943 o 3 *
vl ¥ AH—e
+15VDC { 20
62v $ 2200 IN4148 +—
¢
o o MPS-Hg1* Output
Input. - 2N2369 IN4148
IN4148 > 68 Input = TTL
Output = 5V ‘
o
: 18k - .:—'iH
*ALT 2N3906 - ,
.~ 2N2907 - Tt 3150
1004F el
+15vDC _15VD(;I I
-15VDC .

FIGURE 6. Flat Top Pulse Generator.
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OPAG605

Wideband - Fast Settling
OPERATIONAL AMPLIFIER

FEATURES |
o FAST SETTLING - 500nsec max to 0.1%

» WIDE BANDWIDTH - 200MHz Gain - Bandwidth Product
 FAST SLEWING - 300V/ .sec slew rate, Ag =50
 LARGE OUTPUT CURRENT - +30mA min at £10V

o HIGH GAIN - 80dB min at +30mA output

o LOW VOLTAGE OFFSET AND DRIFT - 500V max,

5uV/°C max

DESCRIPTION

The OPA605 is designed to offer a well balanced set
of both AC and DC specifications. Versatility in fast
settling, wideband and steady state AC applications
is provided by the use of a single external com-
pensation capacitor. This allows the user to optimize
speed and stability for any particular application. -

The full £30mA guaranteed minimum output current
(at £10V) allows the user to realize the high speed
features of the OPA605. Unlike most integrated
circuit wideband amplifiers additional current boost-

APPLICATIONS

* PULSE AMPLIFIERS

 FAST D/A CONVERTERS

o LINE DRIVERS

o WAVEFORM GENERATORS

o HIGH SPEED TEST EQUIPMENT

er circuitry is not needed for most applications.

The 500nsec max to 0. 19 settling time specification is
guaranteed with a load of 500() and 100pF. Also the
open-loop gain is guaranteed at the full £30mA
output.

Inaddition to the excellent wideband and fast settling
characteristics, the OPA605 also offers outstanding
DC performance. Offset voltages are as low as 500uV
max and offset voltage drift versus temperature of
only 54V “C max is avdilable.

- o @ Ve
() 32000
mm@—mé glll J —@ comp 1
?) COMP 2
ml"_®qxu % » @
N : N+t
12
NG E uuwur
120
—@®s¢
it
. LOR

International Airport Industrial Park - P.0. Box 11400 - Tucson, Arizona 85734 - Tel. (602) 746-1111 - Twx: 910-952-1111 - Cable: BBRCORP - Telex: 66-6401

PDS-443
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SPECIFICATIONS

ELECTRICAL

Specifications at Ta = +25°C and +Vcc = £15VDC uniess otherwise noted. .

MODEL . OPAB05GH/OPABO5AM | OPAGO5KG/OPAB0SCM Co

PARAMETER T CONDITION MIN | TYP | MAX | MIN | TYP | maAX UNITS

OPER-LOOP GAIN, DC

Full Load Vo = +10V; R = 33002 80 96 * * dB

Noload . Vo = £10V: RL > 10k} [ | 102 | I | : ' | a8

RATED OUTPUT .~

Voltage lo = +30mA *10 *12 : N \

Current Vo =+10V *30 *50 . N mA

Output Resistance Open Loop 200 . 1}

Short Circuit Current Internal Limits(1) +30 +50 +80 * . . mA

Capacitive Load(2) AcL =-1, Cc = 20pF 500 . pF

DYNAMIC RESPONSE |

Gain-Bandwidth Product
AcL =1000,Cc =0 . , 200 : MHz
AcL =-1, Cc = 20pF ' ' o 20 . MHz

Slew Rate | RL=3300), Vo =0to +10V, .

AcL=50,Cc=0 0to-10V . ’ 300 . V/usec

AcL = -1, Cc = 20pF . 80 94 * N © V/usec
Full Power Bandwidth RL = 3301}, Vo = 10V, 13 15 * * MHz

" | Act =-1,Cc =20pF R t
Settling Time, Av = -1(3) Cc = 20pF, RL = 50011,
CL = 100pF, Vo = 0 to +10V,
0to-10V . .
=1% 200 * nsec
€=01% . 300 500 |, ‘ . nsec
€=001% e 400 : M nsec
Small-Signal Overshoot Av=-1,Cc =20pF, Fh. 500!1 0 20 ‘ . . %
. CL= IOOPF ) )

INPUT OFFSEY VOLTAGE . . .

Initial Offset Ta =+25°C +0.25 1.0 : +0.5 mvV
vs Temperature . . TLto Tw, Vem=0 | ozes _ +5 uv/eC
vs Supply Voltage +30° | +200 o . uvIv

Adjustment' Range(4) Circuit in .39 . Lt mvV

) : : “Connection Diagram" )

INPUT BIAS CURRENT I .

Initial Bias Ta = +25°C,Vecm =0 1 -0 -35 . . " pA
vs Temperature TLtoTH Note 5 . L
vs Supply Voltage 0.2 * pPAN
vs Vem Note 6 *

INPUT DIFFERRENCE CURRENT j

Initial Difference  ~ Ta = +25°C,Vcm =0 +2 * PA
vs Temperature A . Noge 5 * - .
vs Supply Voltage 0.05 ° . E . pAN

-VOLTAGE NOISE DENSITY Rs < 10002 ) . 3
o= 10Hz T 80 . .  nV/\ Hz
fo = 100Hz ’ 30 L . , NV Hz
fo = 1kHz 20 - . ’ nV/\ Az -
fo = 10kHz : ’ 12 : fot BN
) fo = 100kHz 12 . nV\Hz

INPUT IMPEDANCE :

Differential .

- Resistance S0 : S A a -
Capacitance . 3 . . . pF

"'Common-Mode ’ '

Resistance 1011 . 1 i

Capaciiance 3 . pF
INPUT'VOLTAGE RANGE
Common-Mode Voitage Linear Operation .

Range . +10 *12 . . ‘ \
Common-Mode Rejection 70 90 80 90 dB
POWER SUPPLY j -

Rated Voltage - N , +15 ) B vDC

Voltage Range Derated Performance +5 +18 : . vDC

Curent, Quiescent ) . +7.2 +9 ) ) : mA

TEMPERATURE RANGE

Specification . ' )

GH, KG Grades TLto TH 1] +70 . . °C

AM, CM Grades TLtoTH -25 +85 . ' . °C
Operating Derated Performance -55 +125 . * - °C
Storage -65 +150 * . °C

NOTES: ‘*Specifications same as for OPABO5H/OPA605A. (1) Current limit may be increased with external resistors. (2) Al-
lowable capacitive load depends on several. factors. See Compensation section. . (3) Settling Time measured in circuit of
Figure 4. (4) Adjustment affects voitage drift vs temperature by approximately io 3uV/°C for each 1004V of offset adjusted.
(5) Doubies approxnmately every 8.5°C.  (6) See Typical Performance Curves. -

1-130



'ABSOLUTE MAXiMUM RATINGS

Supply

Internal Power Dissipation
Differential Input Voltage(2)
Input Voltage, Either Input(2)
Storage Temperature Range
Operating Temperature Range

Lead Temperature (soidering 10 seconds)

Output Short-Circuit Duration(3)
Junction Temperature

NOTES:

+20VDC

%))

*20VDC
+20VDC

-65°C to +150°C
-55°C to +125°C
+300°C
Continuous
+175°C

1. Package must Sg derated according to datails in the Applications

Information section.

2. For supply voltages less than £20VDC, the absolute maximum input

is equal to the supply voliage.

3. Short circuit to ground conly. See Short Circuit Protaction discussion
in the Application Information section.

MECHANICAL

1. No Internal Connection.

2. Optional Frequency Compensation.
3. Offset Adjust.

4. Inverting Input

5. Noninverting Input.
6.-Vezo. .
7. Gptionai Short Circuit Adjust.
8. Sptional Shaort Circut Adjust.

11. +Vee.

12. Frequency Compensation.
13. No Internal Connection ®
14, No Internal Connection

* Case on metal package

PIN CONFIGURATION

014 10
013" 20|
012 30
o1 40
o1 50
Q9 60
[e}:) 70
Bottom View

Pin numbers skown for referenice only.
Numbers are not marked on package.
Pin 13 is case on metal unit

D

CONNECTION DIAGRAM

OFFSET VOLTAGE
ADJUSTMENT!)

+Rsc@

[ it

|
i
9———@—o= OUTPUT
!
|
i

-Rsc(2)

NCT!

1. Olfset voltage adjustment afiects voliage drift vs temperature by
appreximately £0.3uV/°C for sazn 100pV of ofizet adjusted.
2. Opiicnal resisicrs to increase current limits. See

Appiication Informaticn.

3. Optiona! frequency compancation. See Applications Information.

{-' A v-_l
\Denotes Pin 1

I S—
LU

5 —

NOTES

METAL PACKAGE—"M"

1. Leads in true pcsition
within .010” (.25mm R

at MMiC at s
. Pin material and plating

n

plane.

composition conicrm to
Method 2062 1 soiderability
of MIL-3TD-883 iexcept
paragraph 3.2

.

Fin numbers shown for

referance cnly. M

mbers are

riot marked on package.

INCHES MILLIMETERS
oiv [TMIN | MAX | MIN | MAX
A |860 | 880 | 2184 | 2235
B .490 .510 12.45 12.95
c_ |70 | 2s0 432 | 635
o Joie [.021 0.41 0.53
G . |.100 BASIC 2.54 BASIC
H [.11s 165 292 | 3.94
k_ |.1s0__| .300 381 | 162
L |.300 BASIC 7.62 BASIC
R l.os0  [.120 2.03 | 3.05

e

CERAMIC PACKAGE—"G”

NOTES:
1. Leads in true pesition within .010”
(.25mm) R at MMC at seating plane

2. Pin materiai enc p
conform to Methed
(zoideraciiity) of MiL-STD-883
texcept paragraph 3.2)

L

lating composition

2003 |

INCHES MILLIMETERS
CiM [TRMIN | MAX | MIN_| MAX
A .770 £12 19.58 20.57
] .480 .5C0 12,19 12.70
c L1565 .215 3.84 5.46
o .016 020 .41 S5
G .100 BASIT 2.54 BASIC

H .08C .10 2.03 2.79
J .002 012 .23 .30
K 150 210 3.81 5.33
L .300 BASIC 7.62 BASIC

N 015 ' .035 ,JBJ -8%
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TYPICAL PERFORMANCE CURVES

. - (Ta =+25°C, Vcc = £15VDC unless otherwise noted)
COMPENSATION CAPACITANCE

AND SLEW RATE VS AC PARAMETERS
NONINVERTING GAIN POWER DERATING VS TEMPERATURE
® TTTT T 111 S T
@ Noninverting gain = 1/8 3 Ti=Ta+Pox (61 + 62 +6ca) 16 CL = -
© a8 50 —————+ = |+an 162 + 6ca) Cc = 20pF
o) l ’ Rt +Ri %1 f 14 |
o 1= - o (Curves shown for Ppg = 270mW) ’ 1
5 40 1000 g 2 12l 5
= s 1
S \ 1500, £ \ Metal Package 120°C/W s N t
Q o Qa N > — s
< 30 008 210 > 10 =
Q P 008 & ~N £ - N | SR
g 20 Too? 5 3 08 N
= 1002 & < .
3 \ Js0 ?; 305 N 0.6 BW
2 10 08 & Ceramic Package
E \ ' . 145°C/W 0.4
[¢] ™~ o
123510 100 1000 -25 25 75 125 175 -75 -50 -25 0 +25'+50 +75 +100 +125
Noninverting Gain Temperature 1°C) Temperature (°C)
 OPEN-LOOP GAIN OPEN-LOOP PHASE SHIFT COMMON-MODE REJECTION
VS FREQUENCY ) VS FREQUENCY VS FREQUENCY
o
120 K 2 120
_ 2 0 ~ <
@ 409 8 \ Cc = OpF = 100
- N Cc 7 OpF D 45 " 2 \
£ 8o o Cc =,20pF c 80
8 SN e AN %7 ; N
2 60 £ 90 o 60
§ Cc = 20pF \\\\ @ Cc = 20pF £ \\
L 40 & 135] : 5 40 AN
g \\ & E N
o 20 N Cc = 0pF ] E 20
\ 180 S
° N
10 100 1k 10k 100k 1M 10M 100M 10 100 1k 10k100k 1M 10M 100M 10 100 1k 10k 100k 1M 10M 100M
Frequency (Hz) Frequency (Hz) . Frequency (Hz!
LARGE SIGNAL TRANSIENT POWER SUPPLY REJECTION COMMON-MODE REJECTION VS
RESPONSE VS FREQUENCY COMMON-MODE VOLTAGE
@ 120 cé 110 ! ! l
- c c *Vec =15V
S +10 § 100, o é 100 -
§l +5 z_’ 80 NI .% 90
£ ] '\ & SN 2 7 ~
S o ; > 60 NN 2 80
3 A g +psrT | NN °
g 5 3 40 NN 70
8 \ 5 NN 3
-10 2 2 NP E 60
AcL = +1V/V, Cc = 40pF g N 8
] 50
RL = 5000, CL = 100pF
Il i\ L .l I - . .
0 200 400 600 8001000 1200 10 100 1k 10k 100k 1M 10M 100M -5 110 -5 0 5 10 15
Time insec: Frequency (Hz) Common-mode Voltage
BIAS CURRENT VS ; QUIESCENT CURRENT VS
COMMON-MODE VOLTAGE "SUPPLY VOLTAGE OFFSET VOLTAGE VS TIME
- I 1 |
E 2 _ t=0is power turn on
5 01 g€ 75 310
o o = 250 e
8 10 5 - Tﬁ 2 - £ a0
@ €70 i o Ceramic Case
B ® T Noso 2 v
g 10 8 Ta =+85°C Ta=+25°C 2 &0
H / Z 65 <)
% 102 ] »E 40
3 8 2 \ Metal Case
S 103 3 6.0 - . 54 / |
-4 o 5 20 N
T o R ,
-10 -5 0 +5  +10 5 10 15 20 0 1 2 3 4 5
Common-mode Voltage (V1 Supply Voltage, *Vce (V) Time (min)
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APPLICATION INFORMATION

SLEW RATE

Slew rate is a large signal output parameter. It is primarily
dependent on the compensation capacitor value (Cc¢) and
has almost no dependence on changes in the closed loop
gain or bandwidth. Typical values of slew rate versus
compensation capacitor value are shown in the Typical
Performance Curves. Decreasing the compensation ca-
pacitance increases the slew rate but reduces the frequency
stability of the closed-loop circuit. Stray circuit capaci-
tances may appear as added compensation to the ampli-
fier. Therefore, stray capacitances should be minimized to
avoid limiting slew rate performance.

BANDWIDTH

The closed-loop bandwidth is a small signal parameter. It
is dependent on the open-loop frequency response of the
op amp (which is determined by the value of the

compensation capacitor, Cc¢) and the external closed-loop

circuitry applied to the amplifier. Requirements for
increased bandwidth and more frequency stability result
in opposing constraints on the circuitry and generally the
final selection of circuit values represents a compromise
between the two needs.

SETTLING TIME

Settling time is defined as the total time required.
measured from the input signal step, for the output to
settle to within the specified error band around the final
value. The error band is expressed as a percent of the full
scale output voltage (10V) and the output transition is
from OV to +10V or 0V to -10V.

Settling time depends on slew rate (discussed above) and
the time to reach the final value after the slew portion of
the transition is complete. The latter is a function of the
closed-loop bandwidth (discussed above) and the closed-
loop gain. Thus, settling time is a function of both the
open-loop frequency compensation (value of Cc¢) and the
particular closed-loop circuit configuration. The best
settling time is generally obtained at low gains.

COMPENSATION.

The OPAG605 uses external frequency compensation
which allows the user to optimize slew rate, bandwidth
and settling time for a particular application. As men-
tioned previously, compensation is normally a com-
promise between the desired speed and the necessary
frequency stability - the higher the speed the lower the
value of Cc¢ and the less stable the circuit. Several of the
Typical Performance Curves provide information to aid
in the selection of the correct value of compensation
capacitor. In addition, several typical circuits show
recommended compensation in different applications.

The value of compensation capacitor required for stability
is a function of the amount of negative feedback used in
the particular application. ‘

This is characterized as | B, where B8 is the “feedback
factor™ 1 B is also equal to the gain in noninverting
configurations (see figures 2 and 3).

FIGURE [. Unity Gain Follower.

ﬁ,= 1K

AA
W/ A

L Vour

R' =900

AA < AAA
\Ad YW

FIGURE 3. Gain of +10V.

The OPA605 may be compensated in-eithér one of two
ways. In the primary compensation method, Ce is con-
nected between pins 10 and 12. Alternately the amplifier
may be compensated with C¢’ between pins 12 and 2 (sec
Connection Diagram). Normally the use of C¢ is recom-
mended. The use of C¢’ will give lower output impedance
at higher frequencies. This can be an advantage in some
applications, but the effects are subtle and must be
determined empirically.

Improved stability with larger capacitive loads may be
obtained by connecting a small resistor (a value of 16€} is
recommended) in series with the output (see figures 2
through 4). '
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Flat high frequency closed-loop frequency response may
be preserved and any high frequency peaking reduced by
connecting ‘a small capacitor (C in the. examples) in
parallel with the feedback resistor. This capacitor will
compensate for the high frequency closed-loop transfer
function zero formed by the capacitance at the amplifier’s
input and the input and feedback resistors. C; may be a
trimmer capacitor, a fixed capacitor or a planned printed
circuit board capacitance. Typical values range fromOpF
to SpF.

WIRING PRECAUTIONS

Of all the wiring precautions, grounding is the most
important. A good ground plane and good grounding
practices should. be used. The ground plane should
connect all areas of the pattern side of the printed circuit
board that are not otherwise used. The ground plane
provides a low resistance, low inductance common return
path for all signal and power returns.

If point-to-point wiring is used (no ground plane), single
point grounding should be used. The input signal return,
the-load signal return and the power supply common
should all be connected at the same physical point. This
will eliminate any common current paths or ground loops
which could cause signal modulation or unwanted
feedback.

Each power supply lead should be bypassed to ground as
near as possible to the amplifier pins.

All printed circuit board conductors should be wide to
provide low resistance, low inductance connections, and
should be as short as possible. In general, the entire
physical circuit should be as small as practical. Stray
capacitance should be minimized especially at high
impedance nodes. Pin 4, the inverting input is especially
sensitive to capacitance and all connections to that point
must be short..

Input and feedback resistors should be kept as small in
value as practical; values less than 5.6k() are recom-
mended. This will minimize performance limitations
caused by the time constants formed by these resistors
and circuit capacitances.

View from component side of board. Shaded area is patiern side connector.

Error Signal, 8"

=5mV for Voyy
Ry Tk Rg 1O within +0.1% of 10V.
m_o ¢ ¢ 3'tn5pny
F P
' _in, i"’ e
Od e

@3500 BNC By Tk

c‘. 03

I 470nF; 1F
*ee Voo
NOTES:
1. Fast recovery diodes, HP5082- 2sn
2. Rg optional. Improves lraquuncy stability when driving large
capacitive loads.

3. Resistive load at Vgyy Is 50012 due to 1K feedback resistors.
4. Not Included on printed circuit layout.

FIGURE 4. Dynamic Test Circuit.

FIGURE §. Dynamic Test Circuit Layout.

SHORT CIRCUIT PROTECTION

Short circuit protection to common is provided by
internal current limiting resistors. (Output shorts to either
supply can destroy the device.) The current limits may be
[increased by paralleling the internal resistors withexternal
resistors, Ri:xr connected between pins 7 and 10 and pins
8 and 10. The short-circuit current is then ls¢ =~ 0.05.+
0.6/ Ri:xr (inamps). The power derating constraints must
be observed when modifying the current limits. Detalls
are glven by the thermal model.

THERMAL MODEL
Flgure 6 is the thermal model for the OPA605 where

T; = Junction temperature (oulput load)
T/* = Junction temperature (no load)

Te = Case temperature

Ta = Ambient temperature

6ca = Thermal resistance, case-to-ambient

Pno = Quiescent power dissipation
|+Vee|lquiescent +1—Vecll-quiescent
Pux = Power dissipation in the output transistor
= (Vour = Vee) lour

(In a complementary output stage only one output
transistor is conducting current at a time.)

82=
C/W S 40oC/W g
Pox

Pog O b Te (¢

$ oca

[Wetl Case | Coramic Case_|
fcA| Sec/Ww | T5L/W_ |

Ty=Ta+ "'no {62 + oga) + Poy 16y + 69 + ogp)
FIGURE 6. Thermal Model.

This model yields a Power Derating curve which is a
function of Pi. See Typical Performance Curves.
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BURR-BROWN® .
OPAG08

Wide-Bandwidth 27er°®
OPERATIONAL AMPLIFIER

FEATURES APPLICATIONS
o WIDE BANDWIDTH, 13MHz typ © OPTOELECTRONICS
o HIGH SLEW RATE, 35V/usec typ o DATA ACQUISITION
o LOW BIAS CURRENT, 10pA max at Ta = +25°C o TEST EQUIPMENT
e LOW OFFSET VOLTAGE, 500V max _ o AUDIO AMPLIFIERS

o LOW DISTORTION, 0.0035% typ at 10kHz

DESCRIPTION

The OPA606 is a wide-bandwidth monolithic dielec-  tions, not at a JUNCTION temperature of +25°C. :
trically-isolated FET (£/#e£®) operational ampli- Laser-trimmed thin-film resistors offer improved
fier featuring a wider bandwidth and lower bias cur-  ffeet voltage and noise performance.

rent than BIFET® LFI56A amplifiers. Bias current

is specified under warmed-up and operating condi- The OPAG606 is internally compensated for unity-

gain stability.

Difer® Burr-Brown Corp., Bifet® National Semiconductor Corp.

TRIM @ @ THI.M | " ) @ +Vec

80 1) T
0o [0

SIMPLIFIED CIRCUIT @ Ve

International Airport Industrial Park - P.0. Box 11400 - Tucson, Arizona 85734 - Tel. (602) 746-1111 - Twx: 910-952-1111 - Cable: BBRCORP - Telex: 66-6491

PDS-598
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SPECIFICATIONS

ELECTRICAL
At Ve = £15VDC and Ta = + 25°C unless otherwise specitied.
OPAGO6KM/SM OPAGO6LM OPABOGKP

PARAMETER conomions | min | tve | max [ min | tve | max | min [ 1ve | max | unms

FREQUENCY RESPONSE

Gain Bandwidth ~ Small signal 10 125 " 13 9 12 MHz

Full Power Response 20V p-p, Ru = 2kQ 515 550 470 kHz

Slew Rate : Vo = %10V, 22 33 25 35 20 30 V/usec

R. = 2kQ
Settling Time'™: 0.1% Gain = —1, 1.0 1.0 1.0 psec
R. = 2kQ !
0.01% 10V step 21 . 21 21 usec

Total Harmonic Distortion G = +1, 20V p-p 0.0035 0.0035 0.0035 %

R. = 2kQ,
f = 10kHz

INPUT

OFFSET VOLTAGE?

Input Offset Voltage Vem = 0VDC +180 +1.5mV +100 +500 . 300 +3mV uv

Average Drift Ta = Tain t0 Tmax +5 +3 +5 +10 uv/°C

Supply Rejection Vee = £10V to £18V 82 100 90 104 80 90 dB

+10 +79 +6 +32 132 +100 un

BIAS CURRENT®?

Input Bias Current Vew = 0VDC +7 +15 +5 +10 +8 +25 pPA

OFFSET CURRENT? :

Input Offset Current Vem = OVDC +0.6 +10 +0.4 +5 +1 +15 pA

NOISE : ’

Voltage, fo = 10Hz 100% tested (L) 37 30 40 37 nV\Hz
100Hz 100% tested (L) 21 20 28 21 nV/VHz
1kHz 100% tested (L) 14 13 16 14 nV/v/Hz
10kHz @ 12 1 13 12 nV/v/Hz
20kHz @ 11 105 13 1 nV/\/Hz

fs = 10Hz to 10kHz @ 1.3 1.2 1.5 13 uV rms

Current, fo = 0.1Hz thru 20kHz o 15 1.3 2 1.7 fA/NHz

IMPEDANCE

Differential 107 11 10 || 1 10 (1 Q| pF

Common-Mode 10" 3 10 3 10 3 Q|| pF

VOLTAGE RANGE

Common-Mode Input Range +105 . +115 +11 +11.6 +10.2 +11 "

Common-Mode Rejection Vin = £10VDC 80 95 85 96 78 90 dB

OPEN-LOOP GAIN, DC

Open-Loop Voltage Gain R = 2kQ s [ 15 | 100 [ 118 | [ o | 110 ] [ a8

RATED OUTPUT ‘

Voltage Output R. = 2kQ 11 +12.2 12 +12.6 +11 +12 \

Current Qutput Vo = £10VDC 15 +10 +5 +10 15 +10 mA

Output Resistance DC, open loop 40 40 40 Mol

Load Capacitance Stability Gain = +1 1000 1000 1000 pF

Short Circuit Current 10 20 10 20 10 20 mA

POWER SUPPLY

Rated Voltage *15 +15 +16 vDC

Voltage Range,

Derated Performance +5 +18 +5 +18 +5 +18 vDC
Current, Quiescent- lo = 0mADC . 6.5 9.5 6.2 9 6.5 10 mA
TEMPERATURE RANGE
Specification Ambient temp.

KM, KP, LM [} +70 0 +70 0 +70 °C
SM —55 +125 °C
Operating Ambient Temp. —55 +125 —55 +125 —25 +85 °C
6 Junction-Ambient ¢ 200 200 155 °C/W
NOTES: (1) See settling time test circuit in Figure 2. (2) Offset voltage, offset current, and bias current are measured with the units fully warmed up. (3) Sample

tested—this parameter is guaranteed on L grade only.
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ELECTRICAL (FULL TEMPERATURE RANGE SPECIFICATIONS)

At Vcc = £15VDC and Ta = Tumin to Tuax unless otherwise noted.

OPAG06KM/SM OPA6G06LM OPAG06KP
PARAMETER CONDITIONS mn | tve [ max | N [ tve [ omax [ min | Tve | max | uwits
TEMPERATURE RANGE
Specification Range Ambient temp. KM 0 +70 0 +70 0 +70 °C
SM —55 +125 °C
INPUT
OFFSET VOLTAGE"™
Input Offset Voltage Vem = OVDC KM 1400 +2mv +335 +750 +750 +3.5mV uv
SM 1680 +3mv uv
Average Drift . +5 +3 +5 +10 uv/°C
Supply Rejection Vee = £10V to £18V 80 98 85 100 78 95 dB
+13 +100 +10 +56 T ox18 +126 uVIN
BIAS CURRENT"
Input Bias Current Vem = OVDC KM +158 +339 +113 +226 +181 +566 pPA
SM 7.2 | +154 | nA
OFFSET CURRENT"" .
Input Offset Current Vem = 0VDC KM +14 +226 +9 *113 +23 +339 PA
SM +614 +10.2nA pA
VOLTAGE RANGE
Common-Mode Input Range +10.4 +11.4 . +10.9 +11.5 +10 +10.9 \
Common-Mode Rejection Vin = £10VDC 78 92 82 95 75 88 dB
OPEN-LOOP GAIN, DC
Open-Loop Voltage Gain R = 2k0 [ 0 [ 108 | [ s | 12 | | s | 104 | | a8
RATED OUTPUT .
Voltage Output R. = 2kQ +10.5 +12 115 +12.4 . +10.4 +11.8 A
Current Output Vo = £10VDC +5 +10 +5 +10 +5 +10 mA
POWER SUPPLY
Current, Quiescent [ 1o=0mADC | | es | 10 ] [ 64 [ 95 | | 66 | 105 | ma

NOTES: (1) Offset voltage, offset current, and bias current are measured with the. units fully warmed up.

ORDERING INFORMATION CONNECTION DIAGRAMS

OPAB06 X X TOP VIEW . TO-99

Basic model number
Performance grade
K, L = 0°C to +70°C
S = —55°C to +125°C
Package code
M = TO-99 metal can
P = 8-pin plastic DIP (K grade only)

ABSOLUTE MAXIMUM RATINGS

—Vee
.. +18VDC CASE 1S CONNECTED TO Vcc
Internal Power Dissipation'”. . 500mwW
Differential Input Voltage .. +£36VDC MECHANICAL
Input Voltage Range™ ... ... ... cciiriireiiiiiiiiiieieeieennn. +18VDC
Storage Temperature Range. . ... —65°C to +150°C, P = ~40°C to +85°C TOP VIEW DIP
Operating Temperature Range... M = —55°C to +125°C, —40°C to +85°C A
Lead Temperature (soldering, 10 seconds). . . +300°C OFFSET
Output Short Circuit Duration® ......... Continuous TRIM 8] | NC
Junction Temperature .... H175°C
NOTES: (1) Packages must be derated based on 6ic = 15°C/W or 6. (2) For —IN

supply voltages less than +£18VDC, the absolute maximum input voltage is equal to
the negative supply voltage. (3) Short circuit may be to power supply common
only. Rating applies to +25°C ambient. Observe dissipation limit and T,. +HN

e [

o

TRIM -
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MECHANICAL

“M” PACKAGE TO-99 (Hermetic)
NOTE: Leads in true position Pin numbers shown for refer-
within 0.01" (0.25mm) R at ence only. Numbers may not be
MMC at seating plane. marked on package.
fo— A —eo " " :
e — ~ Pin material and plating com-
— position conform to Method .
) 4 2003 (solderability) of MIL- R
t. " Il 3 STD-883 (except paragraph 3.2).
i SreEar
Seotng e |30s [o3s | 775 | ®st
s e Tow Tar T o Ton
. e [0 | o oz
= Towo oo o7
AN I T T
s | o0 | oes 78 D)
« [0 27
« 1o | we0 2 Jaee
L 43° 8ASIC 4s°BasiC
8 Lo [ v [ e Jier

MECHANICAL

“P” PACKAGE

NOTE: Leads in true position
within 0.01” (0.25mm) R at
MMC at seating plane.

Plastic DIP

Pin numbers shown for refer-
ence only. Numbers may not be
marked on package.

Pin material and plating com- -
position conform to Method
2003 (solderability) of MIL-
STD-883 (except paragraph 3.2).

MILLIMETERS

INCHES

OIM IN MAX MIN MAX

x_|a70 ] 400 | w0 | vons

s |20 |20 [see | 7ar

c_ 120|200 | 308 | soe

D Jow |0 |03 | ose

¢ Jow oo [orw | 17a

s [ iomasic 254BASIC

w_ o0 |.os0 Jove | var

s oo |ow |o2 | oo
[« Joro {138 {178 | se

+_ [ 3ooeasic 762 8ASIC

™ |- 10° - |e°

N_Jowo Joewp o2 o.78

TYPICAL PERFORMANCE CURVES

Ta=+25°C, Vcc = +15VDC unless otherwise noted.
OPEN-LOOP FREQUENCY RESPONSE

140 T
120 —45
= 10011 2
g 00 §
£ 80 -9 2
o N, E]
§ e ™ =l
S EAID
> 40 Gain =M H-135 §
- il -
2 ‘ M \ ;
I
0 I -180
10 100 1k 10k 100k ™ 10M  100M
Frequency (Hz)
BIAS AND OFFSET CURRENT vs TEMPERATURE
10nA OnA
v 4
;s
4
1nA 1nA
- 7 Q
< . 7 7 g
£ 100 A—A oo 3
§ = — > o
E 3
3 o
3 10 ls J . 10 2
: ———— 2
1 A ﬁ los 1 =
=
01 =l 01
—=50 —25 0 +25 +50 +75 +100 +125
Ambient Temperature (°C)
POWER SUPPLY REJECTION
140 vs FREQUENCY
il }
oy
= 120
3 Ny
S 10f ™y
2 ~ Ny +HVee
8 80 ;
3 3
™ —Vec ~
g h ™
@ .‘
. 40 + +
N N
£
a 20 N
10 . I
10 100 1k 10k 100k ™ oM 100M
. Frequency (Hz)
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INPUT VOLTAGE NOISE SPECTRAL DENSITY
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BIAS AND OFFSET CURRENT vs
INPUT COMMON-MODE VOLTAGE
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TYPICAL PERFORMANCE CURVES (CONT)

Ta = +25°C, Vcc = £15VDC unless otherwise noted.

MAXIMUM UNDISTORTED OUTPUT GAIN-BANDWIDTH AND SLEW RATE
VOLTAGE vs FREQUENCY vs SUPPLY VOLTAGE
30 14 40
—_ |
iy \ 0 SBW f—hy
a s (%)
=20 \ 212 == = == g
o £
g E AT lsim £
£ \ 3 2
3 : d 3
210 2 10 30 %
=3 - o
o N\, 3 -
0 [ 8 25
10k 100k . ™ 10M 0 5 10 15 20
Frequency (Hz) Supply Voitage (+Vcc)
SUPPLY CURRENT vs TEMPERATURE OPEN-LOOP GAIN vs TEMPERATURE
8 130 \\
37 5 120 ™~
E 2
z oy . < \\
e — ©
Lt G 10
O % L]
> 7 g
[=% =
a o
35 > 100
4 90
-75 —-50 —25 o +25 +50 +75 +100 +125 =75 —50 —25 0 +25 +50 +75 +100 +125
Ambient Temperature (°C) Ambient Temperature (°C)
GAIN-BANDWIDTH AND SLEW RATE OPEN-LOOP GAIN AND SUPPLY CURRENT
vs TEMPERATURE vs SUPPLY VOLTAGE
16 J 38 10
: 120 9
o sBw \‘\ 36 o & .a-nﬂ‘"“” 4
o b=}
i: %\ % E *}'/V al 8 5
] B © g [o]
32 g 34 S 110 ! 7§
g 2 & /| g
H »;,-c:?‘ H 3 e 63
c
& 10 "~ %2 < z / 2
[V} N
\ 100 5
8 M o 4
—-75 -50 —25 0 +25 +50 +75 +100 +125 0 5 10 15 20
Ambient Temperature (°C) Supply Voltage (£Vcc)
SETTLING TIME TOTAL HARMONIC DISTORTION
vs CLOSED-LOOP GAIN . vs FREQUENCY
10 - 0.01 T
| G=+1
g Vo = 6Vams
8 = 0.008
) o ,
§ 5
S Z 0008 L
E | ° /
’; P 5
£ 4 v £ 0.004
= <
B — T 7
2 P, £ 0002 Test Equip E
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0! 0 l j
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TYPICAL PERFORMANCE CURVES (CONT)

Ta = +25°C, Voc = +15VDC unless otherwise noted.

SMALL SIGNAL TRANSIENT RESPONSE
+80 g g >

+
Y
o

Output Voltage (mV)
o

. R : or -
© Time (usec)

APPLICATIONS INFORMATION

OFFSET VOLTAGE ADJUSTMENT

The OPAG606 offset voltage is laser-trimmed and will’

require no further trim for most applications. As with
most amplifiers, externally trimming the remaining offset
can change drift performance by about 0.5uV/°C for
each millivolt of adjusted offset. Note that the trim (Fig-
ure 1) is similar to operational amplifiers such as LF156
and OP-16. The OPA606 can replace most other amplifi-
ers by leaving the external null circuit unconnected.

+50mV TYPICAL
TRIM RANGE

*10kQ TO 1MQ
TRIM POTENTIOMETER

Ve O (100k©> RECOMMENDED)

FIGURE 1. Offset Voltage Trim.

INPUT PROTECTION

Static damage can cause subtle changes in amplifier
input characteristics without necessarily destroying the
device. In precision operational amplifiers (both bipolar
and FET types), this may cause a noticeable degradation

LARGE SIGNAL TRANSIENT RESPONSE

Output Voltage (V)

0 25 5
Time (usec)

of offset voltage and drift. Static protection is recom-
mended when handling any precision IC operational
amplifier.

If the input voltage exceeds the amplifier’s negative
supply voltage, input current limiting must be used to
prevent damage.

CIRCUIT LAYOUT

Wideband amplifiers require good circuit layout tech-
niques and adequate power supply bypassing. Short,
direct connections and good high frequency bypass
capacitors (ceramic or tantalum) will help avoid noise
pickup or oscillation.

2%Q 0%
+15V VWV
° .
+5v %0 0.1%
o e
-5V
5k
0.1%
o
—15V
SCOPE .
2441
8 o
%0
= 4 = e

FIGURE 2. Settling Time Test Circuit.
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GUARDING AND SHIELDING

As in any situation where high impedances are involved,
careful shielding is required to reduce “hum” pickup in
input leads. If large feedback resistors are used, they

HON-IHVERTING BUFFER

|

should also be shielded along with the external input = .," h)

circuitry. H

Leakage currents across printed circuit boards can easily o '|‘_ i
D

exceed the bias current of the OPA606. To avoid leakage
problems, it is recommended that the signal input lead of
the OPA606 be wired to a Teflon” standoff. If the INVERTIE 70-60 BOTTON VIEW

OPAG606 is to be soldered directly into a printed circuit ®
©
560
(o)
7®

board, utmost care must be used in planning the board
o O

g

layout.

A “guard” pattern should completely surround the high
impedance input leads and should be connected to a low
impedance point which is at the signal input potential
(see Figure 3).

e ——

FIRI-DIP BOTTOA VIEW

BOARD LAYOUT
FOR IIPUT GUARDING

Guard top and bottom of board. [ xa]
Alternate: use Teflon® standoff 1
for sensitive input pins.
63
&
Teflon® E. 1. Du Pont 50

de Nemours & Co.

APPLBCATONS CERCUTS FIGURE 3. Connection of Input Guard.

+15v0C 0.1uF

1kQ . —
INPUT O—— v
0PAGO6 >—O BUTPUT
3
NPT O———————— +
BANDWIDTH > THz LA Te g O
Ts =~ 1.8usec (0.01%) '_I
GAIN = —10V/V BANDWIDTH > 12MHz
GAIN = +1V/V
-.-L R =~ 1070 =3
—15v0C —15v0C
FIGURE 4. Inverting Amplifier. FIGURE 5. Noninverting Buffer.
1MQ
AR
CURRENT
IHPUT OUTPUT
i VOLTAGE
————O0 ko 0

Eo = Jil R =1W/uh

FIGURE 6. Absolute Value Current-to-Voltage Converter.
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~0.2pF IF NECESSARY T0
PREVENT GAIN PEAKING

r--=-=-4F-------1
1
]
smEmLALm L 190K 10O 150ka
RESISTORS
+5V
0.0F
2} 7 L :
= ouTPUT
PIN PHOTODIODE 0PAGOS
MOTOROLA
N wror A
—— 0.01!;:._]__.—
0.1F _l_
= 1o
10k0
1. CIRCUIT MUST BE WELL SHIELDED.
2. STRAY CAPACITAHE IS CRITICAL.
3. BAKDWIDTH =~ 1HIKz.
4 OUTPUT ~ 22V/mW/cn?
+151

OPTIMIZE RESPONSE
FOR PARTICULAR LOAD
COKDITION WITH C, AND R,.

FIGURE 8. Isolating Load Capacitance from Buffer.

DIFFEREMTIAL GAIN = 1 + (2 X 10kQ)/Rs

DIFFERENTIAL BIFFERENTIAL
IMPUT OUTPUT
D) 2t

1. BANOWIDTH ~ 1.2MHz

2. DIFFERENTIAL GAIN = 11

3. DIFFERENTIAL OUTPUT ~ 50V p-p

4. DIFFERENTIAL SLEW RATE ~ 65V/sec

FIGURE 7. High-Speed Photodetector.

FIGURE 9. Differential Input/Differential Output
Amplifier.

49.9

AMA

| \Ad
-

MOVIiNG MAGNET
CARTRIDGE

. 245k
NV

OPA3TEJ

G =~ 51W/V 1.32%aQ

TOTAL MID-BAND GAIN = 40dB

SEE: “TOPGLOGY CONSIDERATIONS FOR RIAA
PHONO PREAMPLIFIERS”, AES REPRINT #1719,
OCTOBER 1980, BY WALTER G. JUNG

150pF
[NOTE 1)

0.14F J"
il

1. LORD R AND C PER CARTRIDGE MANUFACTURER'S RECOMMENDATIONS.
2. USE METAL FILM RESISTORS AND PLASTIC FILR CAPACITORS.
3. BYPASS +Vcc ADEQUATELY.

. G = 20V/V

N 3
10uF
| i o

2 OUTPUT

1.05kQ
ama
“‘":]: 2000 g10ka

FIGURE 10. Low Noise/Low Distortion RIAA Preamplifier.
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OPA2111

Dual Low Noise Precision
ider® OPERATIONAL AMPLIFIER

FEATURES ‘ APPLICATIONS

o LOW NOISE: 100% tested: 8nV/+/Hz max at 10kHz © PRECISION INSTRUMENTATION

o LOW BIAS CURRENT: 4pA max : © DATA ACQUISITION

o LOW OFFSET: 5004V max © TEST EQUIPMENT

o LOW DRIFT: 2.8,0/°C o PROFESSIONAL AUDIO EQUIPMENT
o HIGH OPEN LOOP GAIN: 114dB min © MEDICAL EQUIPMENT

© HIGH COMMON-MODE REJECTION: 9648 min o DETECTOR ARRAYS
DESCRIPTION

The OPA2111 is a high precision monolithic
Lifer® (dielectrically-isolated FET) operational
amplifier. Outstanding performance characteristics @
allow its use in the most critical instrumentation ) Hec
applications.

Noise, bias current, voltage offset, drift, open-loop L
gain, common-mode rejection, and power supply
rejection are superior to BIFET® amplifiers.

Very-low bias current is obtained by dielectric isola- +N I NSt ThEE I
tion with on-chip guarding. >__o
Laser-trimming of thin film resistors gives very-low (2 OUTPUT

offset and drift. Extremely-low noise is achieved with 3
new circuit design techniques (patented). A new cas-

code design allows high precision input specifications

and reduced susceptibility to flicker noise.

A

W
AAA-

VW

Standard dual op-amp pin configuration allows ) 4@ ’
upgrading of existing designs to higher performance PATENTED Ve
levels. OPAZITI SIMPLIFIED CIRCUIT

' (EACH AMPLIFIER)

BIFET® National Semiconductor Corp., £%7e# ® Burr-Brown Corp.

International Airport Industrial Park - P.0. Box 11400 - Tucson, Arizona 85734 - Tel. (602} 746-1111 - Twx: 810-952-1111 - Cable: BBRCORP - Telex: 66-6491

PDS-540A

‘ 1-143



SPECIFICATIONS

ELECTRICAL
At Vec = £15VDC and Ta = +25°C unless otherwise noted.
OPA2111AM OPA2111BM OPA2111SM
PARAMETER CONDITIONS mn | e [ max | min [ rve [ max | min | Tve | max | unirs
INPUT
NOISE
Voltage, fo = 10Hz 100% tested 40 80 30 60 40 80 nV/\/Hz
to = 100Hz 100% tested 15 40 11 30 15 40 nV/\/Hz
fo=1kHz 100% tested 8 15 7 12 8 15 nV/\/Hz
fo =10kHz 100% tested 6 8 6 8 ' 6 8 nV/\/Hz
fs = 10Hz to 10kHz 100% tested 0.7 1.2 0.6 1.0 0.7 1.2 uvV, rms
fs = 0.1Hz to 10Hz o 1.6 33 1.2 25 16 33 Vv, p-p
Current, fs = 0.1Hz to 10Hz m 15 24 12 19 15 24 fA, p-p
fo = 0.1Hz thru 20kHz w 0.8 13 0.6 1.0 0.8 1.0 tA/\/Hz
OFFSET VOLTAGE® ’
Input Offset Voltage Vem = 0OVDC +0.1 +0.75 +0.05 +0.5 +0.1 +0.75 mv
Average Drift Ta= T to Tmax +2 +6 +0.5 +2.8 +2 +6 uv/re
Match 1 05 ' 2 uv/°c
Supply Rejection 90 110 96 110 90 110 dB
. +3 +31 +3 +16 13 +31 uwnN
Channel Separation 100Hz, R. = 2kQ 136 136 136 dB
BIAS CURRENT?
Initial Bias Current 'Vem = 0VDC +2 +8 +1.2 +4 +2 18 PA
Match 1 05 1 PA
OFFSET CURRENT® '
Input Offset Current Vem = 0VDC +1.2 +6 +0.6 +3 +1.2 +6 pPA
IMPEDANCE
Differential 107 |1 1071 10711 Qi pF
Common-Mode 103 1013 10" 3 Q| pF
VOLTAGE RANGE
Common-Mode Input Range +10 11 +10 +11 +10 S v
Common-Mode Rejection Vin = £10VDC 20 110 . 96 110 . 90 110 dB
OPEN-LOOP GAIN, DC
Open-Loop Voltage Gain Ru=2kQ 110 125 114 125 110 125 dB
Match 3 2 3 dB
FREQUENCY RESPONSE
Unity Gain, Small Signal 2 2 2 MHz
Full Power Response 20V p-p, RL = 2k 16 32 16 32 16 32 kHz
Slew Rate Vo = £10V, Ry = 2kQ 1 2 1. 2 1 2 V/usec
Settling Time, 0.1% Gain = -1, R. = 2k 6 6 6 usec
0.01% 10V step 10 10 10 usec
Overload Recovery,

50% Overdrive'™ Gain=—1 3 5 5 psec
RATED OUTPUT
Voltage Output Ru=2kQ +11 +12 +11 +12 +11 +12 v
Current Output Vo = £10VDC +5 +10 +5 +10 +5 +10 mA
Output Resistance DC, open loop 100 - 100 100 Q
Load Capacitance Stability Gain = +1 1000 1000 X 1000 pF
Short Circuit Cyrrent 10 40 10 40 10 40 mA
POWER SUPPLY
Rated Voltage +15 +15 +15 vDC
Voltage Range,

Derated Performance 15 +18 15 +18 +5 +18 vDC
Current, Quiescent lo = OmADC 5 7 5 7 5 7 mA
TEMPERATURE RANGE ’

Specification Ambient temp. ~25 +85 —25 +85 —56 +125 °C
Operating Ambient temp. —55 +125 —55 +125 —55 +125 °C
Storage Ambient temp. —65 +150 —65 © +150 —65 ° : +150 °C
6 Junction-Ambient 200 200 200 °C/W

NOTES: (1) ple tested

isg d

yis as the time

1 to linear op
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following the removal of a 50% input overdrive.

(2) Offset voltage, offset current, and bias current are measured with the units fully warmed up. (3) Overload
d for the output to return from



ELECTRICAL (FULL TEMPERATURE RANGE SPECIFICATIONS)

At Vce = £15VDC and Ta = Tuin to Tuax unless otherwise noted.

OPA2111AM OPA2111BM OPA2111SM
PARAMETER CONDITIONS MmN | e [ max | min [ rve [ omax [ min | tve | wmax | umits
TEMPERATURE RANGE
Specification Range Ambient temp. | 25 | EEE [ +es | -s5 | [ +12s |
INPUT
OFFSET VOLTAGE"
Input Offset Voltage Vem = 0VDC +0.22 +1.2 +0.08 +0.75 +0.3 1.5 mV
.Average Drift 12 +6 +0.5 +2.8 +2 6 uv/°C
Match 1 0.5 2 uv/°C
Supply Rejection 86 100 90 100 86 100 dB
+10 +50 +10 +32 +10 50 MU
BIAS CURRENT"
Initial Bias Current Vem =0VDC +125 *1nA +75 +500 +2.0nA | £16.3nA pA
Match 60 30 1nA pA
OFFSET/CURRENT" ]
input Offset Current Veum = 0VDC +75 +750 +38 | 375 +1.3nA | +12nA pA
VOLTAGE RANGE
Common-Mode Input Range +10 11 +10 +1 +10 11 A
Common-Mode Rejection Vin = £10VDC 86 100 90 100 86 100 dB
OPEN-LOOP GAIN, DC
Open-Loop Voltage Gain Ru=2kQ 106 120 110 120 106 120 dB
Match 5 3 5 dB
RATED OUTPUT
Voltage Output RL=2kQ +10.5 +11 +10.5 +11 +10.5 +11 1
Current Output Vo = +10VDC +5 +10 +5 +10 +5 +10 mA
Short Circuit Current Vo =0VDC 10 40 10 40 10 40 mA
POWER SUPPLY
Current, Quiescent J lo=0mADC I [ 5 | 8 | ] 5 I 8 I | 5 | [ mA
NOTES: (1) Offset voltage, offset current, and bias current are measured with the units fully warmed up.
ABSOLUTE MAXIMUM RATINGS
Supply +18VDC
Internal Power Dissipation'” . .. 500mW
Differential Input Voltage . +36vVDC
Input Voltage Range (See OPA111) ................. +18VDC
Storage Temperature Range ... —65°C to +150°C
Operating Temperature Range . . —55°C to +125°C
ORDERING INFORMATION - Lead Temperature (soldering, 10 seconds) ............. +300°C
OPA2111 X M Output Short Circuit Duration' .. Continuous
Basi del b Junction Temperature +175°C
asiC model number: NoTES:
Performance grade (1) Packages must be derated based on 6,c = 150° C/W or 8,4 =200°C/W.
A, B =—25°C to +85°C (2) Short circuit may be to power supply common only. Rating applies to
+25°C ambient. Observe dissipation limit and T,.
S =-55°Cto+125°C P :
Package So0e MECHANICAL _“M” Hermeti
M = TO-99 metal can M” PACKAGE TO-99 (Hermetic
&%E}n true position within .010" Pin numbers shown. for reference
CONNECTION DIAGRAM (.25mmR)at MMC at seating plane. only. Numbers may not be marked
A on package.
TOP VIEW +Voc AND CASE o5 —= Pin material and plating composi-
_ tion conform to Method 2003 (sol-
jc derability) of MIL-STD-883 (except
v paragraph 3.2).
I e - . T TNCHES MILLIMETERS
Seating - oM [ MIN | max MIN MAX
Plane ]K A 335 370 851 9 40
II I |' B 305 335 775 851
Cc 165 185 419 470
o .016 021 o041 053
E 010 040 025 102
F .010 040 025 102
G 200 BASIC 5 08 BASIC
H 028 034 071 086
J 029 045 0.74 114
K 500 127
L 110 160 279 4 06
M 45° BASIC 45° BASIC
N 095 | 105 241 | 267
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TYPICAL PERFORMANCE CURVES

Ta = +25°C, Vec = £15VDC uniess otherwise noted.
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TYPICAL PERFORMANCE CURVES [CONT]

Ta=+25°C, Vec = £15VDC unless otherwise noted.
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TYPICAL PERFORMANCE CURVES [CONT]

Ta = +25°C, Vec = 15VDC unless otherwise noted.
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APPLICATIONS INFORMATION
OFFSET VOLTAGE ADJUSTMENT

The OPA2I1I offset voltage is laser-trimmed and will
require no further trim for most applications.

Offset voltage can be trimmed by summing (see Figure 1).
With this trim method there will be no degradation of
input offset drift.

FIGURE 1. Offset Voltage Trim.

INPUT PROTECTION

Static damage can cause subtle changes in amplifier input

characteristics without necessarily destroying the device. In

precision operational amplifiers (both bipolar and FET

types), this may cause a noticeable degradation of offset
~voltage and drift.

Static protection is recommended when handling any pre-
cision IC operational amplifier.

GUARDING AND SHIELDING

As in any situation where high impedances are involved,
careful shielding is required to reduce “hum” pickup in
input leads. If large feedback resistors are used, they should
also be shielded along with the external input circuitry.

Leakage currents across printed circuit boards can easily
exceed the bias current of the OPA2I11. To avoid leakage
problems, it is recommended that the signal input lead of
the OPA2111 be wired to a Teflon standoff. If the OPA2I11
is to be soldered directly into a printed circuit board,
utmost care must be used in planning the board layout. A
“guard” pattern should completely surround the high
impedance input leads and should be connected to a low
impedance point which is at the signal input potential (see
Figure 2).

NOISE: FET VERSUS BIPOLAR

Low noise circuit design requires careful analysis of all
noise sources. External noise sources can dominate in
many cases, so consider the effect of source resistance on
overall operational amplifier noise performance. At low
source impedances, the low voltage noise of a bipolar
operational amplifier is superior, but at higher impedances

NON-INVERTING BUFFER

>y

bs

o fpmm—

»”

10 10

DOARD LAYOUT

FOR INPUT GUARDING
Guard top and bottom of board.
Alternate: use Teflon® standoff
for sensitive input pins.

Teflon® E. I. Du Pont de Nemours & Co.

FIGURE 2. Connection of Input Guard.

the high current noise of a bipolar amplifier becomes a
serious liability. Above about 15k} the OPA2111 will have
lower total noise than an OP-27 (see Figure 3).

1000
OP-27 + Resistor
OPA2111 + Resistor
Rs

©
J

FOPA2111 + Resistor
)

TTI

lllmi

—_——
o= ven + (i,Rs)’ + 4k TRs

nV/\/Hz, Typical at 1kHz
S

Voltage Noise Spectral Density (Eo),

- ) Res}lstor Noise:
S | [ Only BM——od
' OP-‘27 + Resistlor
100 1k 10k 100k ™ 10M

Source Resistance (Rs), Q

FIGURE 3. Voltage Noise Spectral Density Versus
Source Resistance.

BIAS CURRENT CHANGE VERSUS
COMMON-MODE VOLTAGE

The input bias currents of most popular BIFET® opera-
tional amplifiers are affected by common-mode voltage
(Figure 4). Higher input FET gate-to-drain voltage causes
leakage and ionization (bias) currents to increase. Due to
its cascode input stage, the extremely-low bias current of
the OPA2111 is not compromised by common-mode volt-
age.
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APPLICATIONS CIRCUITS
Figures 5 through 15 are circuit diagrams of various appli- o5k DO3F
cations for the OPA2111. .
umyr” LEFT
Mo 7320
3650 6
OPERATE  10x0 I v } 365() 1uF ouTPUT
= . 5| /2 opAzint
INPUT *
B . IJUI/zF I 100kQ
I_ 6 = 2648 MIDBAND
* DRIFT < 0.028,V/°C
ZERD DROOP < 2uV/soc
REFERRED TO INPUT
FIGURE 5. Auto-Zero Amplifier. FIGURE 6. RIAA Equalized Stereo Preamplifier.
~ 10pF I' ko
| N *
° RN
< 4 .y
1914 :E mMo "I ‘\ 8
i
2 H ————O OUTPUT
oy
'R
3 s, / DAOOP ~ 0.5mV/sec
o— 5 ~
INPUT MaN7 o
R isinnd

0.01uF POLYSTYRENE

+#
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PEAK DETECTION

FIGURE 7. Low-Droop Positive Peak Detector.
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