product data




MODEL INDEX

Model Page Model Page Model Page Model Page
ADC10HT ........ 6-8 MP1216 ....... 10-12 TM27 .......... 9-19 3500/MIL....... 7-73
ADCE0......... 6-18 MP2216 ....... 10-15 TM70 .......... 9-27 3501 ........... 1-71
ADC71......... 6-24 MP7104 ....... 10-17 TM71 ... 9-42 3507J .......... 1-75
ADC72......... 6-32 MP7208....... 10-17 TM71-1/0 ...... 9-42 3508J.......... 1-79
ADC76......... 6-40 MP7216........ 10-17 TM71B......... 9-60 3510 ........... 1-83
ADCS80......... 6-48 MP7218....... 10-21 TM76 .......... 9-27 3510VM/MIL. ... 7-84
ADCB82......... 6-56 MP7408 ....... 10-23 TM77 ... 9-42 3521 ........... 1-89
ADCS84......... 6-64 MP7432 ....... 10-23 TM77-1/0 ...... 9-42 3522 ........... 1-89
ADCS8S......... 6-64 MP7504 ....... 10-25 TM77B......... 9-60 3523 ........... 1-95
ADC87/MIL ...... 7-7 MP7608 ....... 10-27 UAF11 ......... 5-93 3527 ........... 1-99
ADC100........ 6-72 MP8304 ....... 10-29 UAF21 ......... 5-93 3528 .......... 1-103
ATF76 ......... 5-86 MP8316........ 10-33 UAF31 ........ 5-101 3542 .......... 1-109
CS450 ......... 11-1 MP8408 ....... 10-29 UAF41 ........ 5-109 3550 .......... 1-113
DAC10HT...... 6-80 MP8416 ....... 10-29 VFCi12........ 6-360 3551 .......... 1-117
DACE0......... 6-88 MP8418 ....... 10-35 VFC15 ........ 6-360 3553 .......... 1121
DAC63......... 6-93 MP8418-EXP .. 10-39 VFC32........ 6-367 3554 .......... 1-125
DAC70........ 6-101 MP8608 ....... 10-41 VFC32/MIL..... 7-61 3571 .......... 1-133
DAC71........ 6-109 MP8618....... 10-41 VFC42 ........ 6-375 3572 .......... 1-133
DAC72........ 6-119 MP8632....... 10-41 VFC52 ........ 6-375 3573 .......... 1-139
DAC73........ 6-129 MPC4D ....... 6-267 XTR100........ 2-23 3580 .......... 1-143
DAC74........ 6-137 MPCS8D ....... 6-274 100MS.......... 3-17 3581 .......... 1-143
DACS80........ 6-152 MPCS8S ....... 6-267 546 .............. 8-3 3582 .......... 1-143
DACs82........ 6-163 MPC16S ...... 6-274 550 ......iiinnn 8-3 3583 .......... 1-147
DACSS........ 6-170 MPC800....... 6-253 551 ...t 8-3 3584 .......... 1-151
DAC87/MIL .... 7-23 MPC801....... 6-260 652 ...l 8-3 3606 ........... 2-34
DAC90........ 6-178 OCA100........ 4-10 553 ...l 8-3 3626 ........... 2-42
DAC736....... 6-129 OCA101........ 4-10 §54 ...l 8-3 3627 ........... 2-46
DACS800....... 6-183 OCA102........ 4-10 556 ......iiinnn 8-3 3629 ........... 2-50
DACS850....... 6-190 OPA11HT ........ 1-8 558 .....iiiiiinnn 8-3 3630........... 2-56
DACS851....... 6-190 OPA12HT ...... 1-12 560 ............n 8-3 3650 ........... 3-32
DIV100........... 5-6 OPA27......... 1-16 561 .....oiiiii 8-3 3652........... 3-32
DTP-05 .......... 9-2 OPA37......... 1-16 562 ...t 8-3 3656 ........... 3-40
FOR110.......... 4-2 OPA101........ 1-24 700 ....0einennnn 8-7 3712 ........... 4-14
FOT110.......... 4-2 OPA102........ 1-24 4 L 8-9 3713 ...l 4-22
INA101........... 2-7 OPA103........ 1-36 722 ...l 8-13 3714 ........... 4-30
1082000 ....... 11-1 OPA104........ 1-40 724 ...l 8-17 4023/25 ........ 5-22
1ISO100........... 3-6 OPA105/MIL ... 7-35 3271/25 ........ 1-50 4082 ........... 5-24
LOG100........ 5-14 OPA600/MIL ... 7-45 3291/14 ........ 1-52 4085........... 5-26
MCS100........ 11-2 OPA60S........ 1-44 3292/14 ........ 1-52 4115/04 ........ 5-32
MICROMUX.... 11-2 PCMS50........ 6-281 3293/14 ........ 1-52 4127 ...l 5-34
MP10 ......... 6-197 PCM51........ 6-289 3329/03 ........ 1-58 4203 ........... 5-41
MP11 ... ... 6-197 PCM75........ 6-298 3354/25 ........ 1-52 4204 ........... 5-43
MP20 ......... 6-205 PGA100........ 2-15 3355/25 ........ 1-52 4205 ........... 5-41
MP21 ......... 6-217 SDMSS3....... 6-308 3356/25 ........ 1-52 4206 ........... 5-49
MP22BG ...... 6-229 SDM854. ...... 6-314 3430 ........... 1-60 4213 ........... 5-55
MP32BG ...... 6-237 SDM8s6. ....... 6-330 3431 ........... 1-60 4213/MIL....... 7-92
MP701 ......... 10-2 SDM857....... 6-330 3450 ........... 3-19 4214 ... ...... 5-62
MP702 ......... 10-2 SDM8Ss8........ 6-336 3451 ........... 3-19 4301 ........... 5-66
MP710......... 10-4 SHC80........ 6-342 3452 ........... 3-19 4302 ........... 5-68
MP801 ......... 10-6 SHCS8S........ 6-346 3455 ........... 3-19 4340........... 5-74
MP802 ......... 10-6 SHC298AM. ... 6-350 3456 ........... 3-26 4341 ........... 5-78
MP810......... 10-8 SHMe6O........ 6-356 3500 ........... 1-62 4423 ........... 5-82
MP1104 ....... 10-10 TM25 ... ...oeee 9-5 3500MP ........ 1-66 4804 .......... 6-381
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Building an Unequalled Reputation, Worldwide,
for Quality, Performance, Reliability

Data acquisition, signal conditioning, and computer I/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 momtormg 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 technologies to achieve
practical solutions.

Our components have become more complex, more sophlstlcated as we
continue to combine and vertically integrate multiple functionsinto smaller,
space-saving packages. When you select these versatile “mini-systems”
your design and assembly time is decreased while your products’ per-
formance 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
PRODUCT DATA BOOK

The Burr-Brown Product Data Book contains detailed product data sheets
for our broad line of precision components for signal processing, data
acquisition, and data transmission. In addition, it includes supplementary
data for these components, 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 Industrial Systems Division.
Additional detailed manuals are available 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 twelve major sections:
Operational Amplifiers, Instrumentation Amplifiers, Isolation Amplifiers,
Fiber Optic Data Links, Analog Circuit Functions, Data Conversion and
Acquisition, Military Products, Modular Power Supplies, Microcomputer 1/0
Systems, Data Entry and Display Terminals, Industrial Systems Products,
and Accessories. Each page has a margin tab on the outer edge which
indicates both product type and part number. 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 products most suitable for
your applications. The selection guide also contains page numbers for
individual product data sheets.

Anindex of productsin this Data Book, listed in alphanumeric order, is found
on the inside of the front cover. A general table of contents appears on page
V.
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INTERFACING WITHBURR—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 model number
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 all sales offices and from ourheadquartersin
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 a copy 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 without notice.

QUOTATIONS

Price quotations made by Burr-Brown or its authorized field 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.
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STILL AVAILABLE...

The following list includes the more popular Burr-
Brown models that are not listed elsewhere in this
catalog. We realize that these models are “designed
into” a greatnumber of applications. We also realize
thatit is usually not economical for you to re-design
in order to take advantage of newer products, even
though they offer lower cost. Consequently, we

want to assure you of the continuing availability of
these older models.

However, we feel obligated to remind you that in
many cases, these models may not be the best
choices for your new designs. For your conve-
nience, we have suggested newer models giving
similar performance at lower cost.

Model Nearest Model Nearest Model Nearest Model Nearest
Series Equivalent Series Equivalent Series Equivalent Series Equivalent
ADC40 ADCB80, ADC85 3016/25 3329/03 3421K 3523K 3600K 3606AG/BG
DAC12QZ DAC80 3038/25 35814, 35824 342101 3523L 3601J 3606AG/BG
DAC40 DACB80 3307/12C 3522K 34404 3510BM 3601K 3606AG/BG
SDM850 SDM8s53 3308/12C 3522K 3440K 3510CM 3602J 3606AG/BG
SDM851 SDM853 3341/15C 3554BM 3440L 3510CM 3602K 3606AG/BG
SHC23 SHC80 3342/15C 3554AM 3460 3580J 3622 3620
SHM40 SHC85 3400 3554AM 3503A 35424 3625 3626
SHM41 SHC85 3401 3550K 35038 35224 4095/15 4213

UAF15 UAF41 3402 3550K 3503R 35428 4096/15 4213
UAF25 UAF41 34204 3521J 35038 35228 4118/25 4301

501 553 3420K 3521K 35054 3507J 4130 4341
1538A/25 3293 3420L 3521L 3506J 35084 4131 4341
1541/25 35804 3421J 3523J 3600J 3606AG/BG
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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 seven 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 aerospece applications, industrial
control systems, medical patient monitoring instrumentation, and other applications where failure may be
expensive or where replacement of parts is difficultand incovenient. The Q-Program consists of the screening
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)

O, 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...

o 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 stresses of extended operation.

* 100% ELECTRICAL TEST
Each product is tested in accordance with the appropriate 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. :

@STABILIZATION BAKE
In this step the product is stored at an elevated temperature without electrical stress applied. 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 physical 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 whichare evacuated or filled with gas. The test is intended to determine those devices which,
when eg(posed for long periode 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.

@CONSTANT ACCELERATION
This test subjects the product to a constant acceleration force in a centrifuge. 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.

(DFINAL ELECTRICAL TEST
This is a repetition of the 100% electrical test above. Devices 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 removmg 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 practlcal 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- generatmg materials from close proximity to products. This includes the
elimination of all plastics, such as wrapping and packing materials, which have not been properly treated to achieve
antistatic properties. ’

Antistatic is a term 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 skin in 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 considerations only 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 high a value 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.



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 conditioning, conversion, and computation. These
books, respected and referenced throughout the
international engineering community, are available to
you directly from Burr-Brown.

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 function
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 increasingly 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 AMPLIFIERS

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,
computing circuits, data transmission circuits, and test
an measurement circuits (approximately 270 pages and
200 illustrations).

OPERATIONAL AMPLIFIERS

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 II 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).

xi



APPLICATIONS OF
OPERATIONAL AMPLIFIERS

Third Generation Techniques

This is the second volume in the operational am-
plifier series. More than just a collection of circuitor
theoretical analysis; the book presents numerous
applications of operational amplifiers in a variety of
electronic equipment: specialized amplifiers, signal
controls, processors, waveform generators, ‘and
special purpose circuits. It is astorehouse of detailed
practical information, featuring numerous circuit
diagrams, circuit values, pertinent design equations,
error sources, and test-based comments on the
efficiency of the arrangements and devices (over
230 pages and 170 illustrations).

BURR-BROWN UPDATE

The Burr-Brown Update is published several times
peryear to keep our customers informed about new
product developments, literature, and applications.
If you would like to receive this publication on a
regular basis, please contact your nearest Burr-
Brown sales office or representative and ask to be
put on our'Update mailing list. '
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APPLICATION NOTES...

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

AN-58 “D/A Converter Differential Linearity Error -
It Really Shows Up!”

AN-59  “Don't Forget D/A Converter Tempco!”

AN-60  “Protect Op Amps from Overloads”

AN-62  “Varying Comparator Hysteresis w/o Shifting
Initial Trip Point”

AN-63 ' “Electronic Controller With An Equilibrium
Sustaining Mode”

AN-64  “Combine Two Op Amps to Avoid the Speed
Accuracy Compromise”

AN-68  “Using Op Amps in Low Noise Applications”

AN-70 “Analog Shaping”

AN-74  “Design of AUnique Precision Controlled Current
Source”

AN-75  “Instrumentation Amplifiers”

AN-79  “Principles of Data Acquisition and Conversion”

AN-80 “Remote Multiplexing”

AN-83  “How to Determine What Heat Sink to Use”

AN-84  “Intrinsically Safe Data Acquisition”

AN-86 = “Squeeze High Performance Out of Low Cost
Hybrid Data Converters”

AN-87  “Analog I/0O for Microprocessors Made Easy”

AN-88  “Software Conversion of Analog Outputs to
Analog Inputs”

AN-89  “What Designers Should Know About Data
Converter Drift”

AN-90  “ Differential Optical Coupler Hits New High in
Linearity, Stability”

AN-91  “Getting Transducers to Talk to Digital Computers”

AN-93  “Design and Application of Transformer-coupled
Hybrid Isolation Amplifier Model 3656”

AN-94  “Programmable Handheld Calculator Computes
Digital-to-Analog Converter Errors”

AN-95  “Using the MP8418 Microcomputer Analog
1/0 System”

AN-96  “Isolated Digital Input/Output Microcomputer
Peripherals Solve Industrial Problems”

AN-97  “Mixed Data Link Extends Length, Reduces Cost”

AN-98 “Analog IC’s Divided Accuracy to Conquer
Computation Problems”

AN-99  “Static and Dynamic Testing of Digital-to-Analog
Converters”

AN-100 “Testing of Analog-to-Digital Converters”

AN-101 “Correcting Errors Digitally in Data Acquisition
and Control”

AN-102 - “To Sidestep Track/Hold Pitfalls, Recognize
Subtle Design Errors”

AN-103 “Instrumentation Amplifiers Sift Signals
from Noise.”

AN-105 *“Advantages of ECL for High Speed, High Accuracy,
D/A Conversion”

AN-106 “Diode-Connected FET Protects Op Amps.”

AN-107  “Properly Designed Log Amplifiers Process
Bipolar Input Signals”



OPERATIONAL AMPLIFIERS

Burr-Brown operational amplifiers are listed in eight applications groups
and are described below. This enables the user to determine and select the
best operational amplifier available for a design requirement. Instrumen-
tation amplifiers and isolation 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 from 0.5mHz to
1.5MHz and offset voltages as low as 1mV.

Low Drift - Low Drift operational amplifiers are best suited for applications
where accuracy must be preserved over a substantial 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 10uV/°C are available within this group. Chopper-stabilized
operational amplifiers represent the best available in overall accuracy and
long term stability.

Low Bias Current - Low bias current operational amplifiers consist of a group
of varactor diode and 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.
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LowNoise - This group contains low noise FET input operational amplifiers.
Burr-Brown units offer guaranteed noise spectral density, 100% tested. In
applications like low noise signal conditioning, light measurements, radia-
tion measurements, photodiode circuits or low noise data acquisition the
fully characterized and tested voltage noise performance of these units
allows the designer to'truly bound noise errors.

Wideband -Wideband operational amplifiers 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 settiing, and multiplexing applications.

High Voltage - The amplifiers in this group are designed 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 amplifiers.

High Current - These amplifiers provide output currents from =10mA to +2A
(£5A peak). They are used with small load resistances, coax cable imped-
ances, 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 amplifiers have a wide
variety of applications. They are used to boost the output current capability
of another amplifier, to 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 amplifier to form a current-boosted, composite amplifier.
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SELECTION GUIDE
Operational Amplifiers

GENERAL PURPOSE parameters. These are good options when a special

function op amp is not required. Models 3500 and
These moderately priced FET and bipolar op amps  OPA103 are particularly worth consideration in
offer good performance over a wide range of general purpose designs.

These give moderately good performance over a wide range of parameters.

GENERAL PURPOSE
Oftset Voltage Bias | Open Rated
at 25°C {Temp Driftf Current | Loop | Frequency Response Output
*mvV +uV/°C |nA25°Ci| Gain | Unity Gain | Slew Rate | *V [+fmA| Temp Price ($:
Description | Model() max max max  |dB, min MHz V/usec min | min |[Range(| Package Unit 100's | Page
Bipolar 3500A 5 20 +30 93 15 0.6 10 10 Ind TO-99 9.60 595 | 1-62
35008 2 5 +20 93 1.5 0.8 10 | 10 Ind TO-99 1725 | 1065 | 1-62
3500C 1 3 *15 93 15 1.0 10 | 10 Ind TO-99 22.00 | 13.90 | 1-62
3500R, (Q) 5 20 +30 93 1.5 0.6 10 | 10 Ind TO-99 20.50 | 12.20 | 1-62
35008, (Q:! 2 10 +20 93 1.5 0.8 10 | 10 Mil TO-99 33.00 | 21.20 | 1-62
3500T, (Q: 1 5 *15 93 1.5 1.0 10 10 Mil TO-99 53.25 | 33.60 | 1-62
Military 3500/MIL See Military Products
Series
Bipolar 3501A, (Q) 5 20 *15 93 0.5 0.1 10 5 Ind TO-99 5.50 350 | 1-71
35018, (Q: 2 10 *7 93 05 0.1 10 5 Ind TO-99 11.85 775 | 1-71
3501C, (Q» 2 5 +3 a3 05 0.1 10 5 Ind TO-99 1545 | 10.85 | 1-71
3501R 5 20 +15 93 05 0.1 10 5 Mil TO-99 17.00 | 11.35 | 1-71
35018 2 10 *7 93 0.5 0.1 10 5 Mil TO-99 2475 | 16.50 | 1-71
FET OPA103AM 0.50 25 -0.002 106 1 13 10 5 ind TO-99 1020 6.50 | 1-36
OPA103BM 0.50 15 -0.001 106 1 13 10 5 Ind TO-99 13.80 8.60 | 1-36
OPA103CM 0.25 5 -0.001 106 1 13 10 5 Ind TO-99 1805 | 11.20 | 1-36
OPA103DM 0.25 2 -0.001 106 1 13 10 5 ind TO-99 29.85 18.50 | 1-36
3527AM 0.50 10 -0.005 100 1.0 0.6 10 | 10 ind TO-99 1505 | 10.15 | 1-99
3527BM 0.25 5 -0.002 100 1.0 06 10 | 10 ind TO-99 2015 | 13.65 | 1-99
3527CM 0.25 2 -0.005 100 1.0 0.6 10 | 10 Ind TO-99 3315 | 2330 | 1-99
35424, (Q» 20 50 -0.025 88 1.0 05 10 10 Com TO-99 9.75 6.50 | 1-109
35428, Q) 20 50 -0.025 88 1.0 05 10 10 Mil TO-99 1580 | 12.65 | 1-109
Wide OPATIHT 5 5(3) +25 94 120 7.0 10 | 15 [55°Cto| TO-99 4900 | 39.20 | 1-8
Temp OPA12HT 10 30(3) +250 77 |20, A =104 120 10 10 ||+200°C(5 TO-99 59.00 | 47.20 | 1-12
Range

NOTES: 1) “(Q)" indicates product also avaliable with screening for increased reliability. 2) Com =0to +70°C; Ind =-25°C to +85°C; Mil =-55°C to +125°C.
3) Typical. 4) Gain-bandwidth product. 5) OPA12HT: -55°C to +175°C.

LOW NOISE applications for low noise signal conditioning, light
We now solve another designer’s dilemma with this measurements, radiation measurements, photo-
group of low noise FET op amps offering guaranteed diode circuits, low noise data acquisition, etc., the
noise spectral density, 100% tested. Until now the fully characterized and tested voltage noise per-
designer of low noise circuits had to rely on “typical” formance of the OPA101 or OPA102 allows the
specifications for his FET amplifier designs. In designer to truly bound noise errors.

LOW NOISE
Frequency(2)
Noise Open Response
Voltage Bias Offset Voltage Loop Slew Rated
nV/\/Hz| Current [at25°C Temp Drift| Gain Rate Qutput
_ at10kHz| at25°C [ +mv | #uv/eC dB | A-BW | y/usec | £V [tmA| Temp Price ($)

Description Model max max max max min | MHz min | min | min | Range(V) | Package [ Unit | 100's | Page
tAcL > 1V/V|OPA101AM 8 -15pA +0.5 *+10 94 20 5 12 12 Ind TO-99 3220 | 23.00 1-24
OPA101BM 8 -10pA +0.25 +5 94 20 5 12 12 Ind TO-99 40.25 | 2875 1-24
tAcL > 3V/V| OPA102AM 8 -15pA +0.5 +10 94 40 10 12 12 Ind TO-99 3220 | 23.00 1-24
OPA102BM - 8 -10pA +0.25 +5 94 40 10 12 12 Ind TO-99 4025 | 28.75 1-24
Low OPA27/37A 3,8 +40nA 0.025 0.6 120 | 8,40 (28,17 | 12 6 Mil (3 4) 1-16
Noise(® | OPA27/37E 3,8 +40nA | 0.025 0.6 120 | 8,40 [ 28,17] 12| 6 Ind @ (4 1-16
OPA27/378B 3.8 £55nA 0.06 1.3 120 8,40 | 28,17 | 12 6 Mit 3 4) 1-16
OPA27/37F 3,8 +55nA 0.06 1.3 120 [ 8,40 |} 28,17 12| 6 Ind ) (4) 1-16
OPA27/37C 4,5 +80nA 0.1 1.8 117 8,40 | 28,17 |11,5( 5,7 Mil 3) (4) 1-16
OPA27/37G 4.5 +80nA 0.1 1.8 17 8,40 | 28,17 [11,5] 5,7 Ind (3 [¢) 1-16

t FET Input  NOTES: 1) Com=0to+ 70°C; Ind =-25°C to +85°C; Mil =-55°C to +125°C. 2 OPA27 more heavily frequency compensated than OPA37. 3) Both OPA27
and OPA37 are available in TO-99 and 8-pin Hermetic DIP. 4) Advance information subject to change, contact Burr-Brown for price and availability.
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LOW BIAS CURRENT

This group includes amplifiers with input bias
currents from 0.01pA to 1nA. Applications with
large feedback resistances or large source resis-
tances (long time constants; integrators, current
sources, etc.) and buffer applications will benefitby
the use of low bias current amplifiers. Our many
years of experience in designing, manufacturing,

“and testing FET amplifiers gives us unique abilities

in providing low and ultra-low bias current op amps.
Models OPA103 and OPA104 are noteworthy as
they offer bias currents as low as 75fA (75 x 10715
amps) and offset voltage drift as low as 2uV/°C.
With offset voltage laser-trimmed to as low as
2501V, the need for expensive trim pot adjustment is
eliminated.

0.01pA to 1nA bias current. LOW BIAS CURRENT
Oftset Voltage Bias Open Rated
at25°C [Temp Drifff Current | Loop | Frequency Response Output
mVv +uV/°C [pA (25°C)| Gain | Unity Gain | Slew Rate | +V [+mA| Temp Price ($1
Description | Model(Y) max max max  |dB, min MHz V/usec [ min | min{Range(2 | Package Unit 100's Page
Low Drift OPA103AM 0.50 25 -2 106 1 1.3 10 5 ind TO-99 10.20 6.50 1-36
OPA1038M 0.50 15 -1 106 1 13 10 5 Ind TO-99 13.80 860 |+1-36
OPA103CM 0.25 5 -1 106 1 13 10 5 Ind TO-99 18.05 | 11.20 1-36
OPA103DM 0.25 2 -1 106 1 13 10 5 ind TO-99 29.85 | 18.50 1-36
tLow Noise OPA101AM 0.50 10 -15 94 10 6.5 12 | 12 Ind TO-99 3220 | 23.00 | 1-24
OPA101BM 0.25 5 -10 94 10 6.5 12 12 Ind TO-99 4025 | 28.75 1-24
OPA102AM 0.50 10 -15 94 4003 14 12 12 Ind TO-99 32.20 | 23.00 1-24
OPA102BM 0.25 5 -10 94 40(3) 14 12 12 Ind TO-99 4025 | 28.75 1-24
Ultra-Low OPA104AM 1.0 25 -0.300 106 1 22 10 5 Ind TO-99 17.00 9.90 1-40
Bias OPA1048M 0.50 15 -0.150 106 1 22 10 5 Ind TO-99 23.00 | 14.00 | 1-40
Current OPA104CM 0.50 10 -0.075 106 1 22 10 5 Ind TO-99 29.50 | 19.00 | 1-40
3528AM, (Q) 0.50 15 -0.300 88 0.7 03 10 5 ind TO-99 18.60 | 12.10 | 1-103
3528BM, (Q) 0.25 5. -0.150 92 0.7 0.3 10 5 Ind TO-99 2295 | 1635 | 1-103
3528CM, (Q! 0.50 A0 -0.075 90 0.7 0.3 10 5 Ind TO-99 29.35 | 21.25 | 1-103
35234, (Q) 1.0 50 -0.50 100 1 0.6 10 | 10 Com TO-99 31.75 | 20.60 1-85
3523K 0.50 25 -0.25 100 1 06 10 | 10 Com TO-99 39.70 | 27.55 1-95
3523L, (Q) 0.50 25 -0.10 100 1 0.6 10 |10 Com TO-99 47.60 | 31.80 1-95
Inverting 34304 Adj. 100 30 +0.01 100 2kHz 0.4V/msec | 10 5 Com Module 8195 | 55.00 | 1-60
Only 3430K Adj. to 0 10 +0.01 100 2kHz 0.4V/msec | 10 5 Com Module 104.00 5 1-60
Noninverting [ 3431J a Adj. to 0 30 +0.01 100 2kHz 0.4V/msec | 10 5 Com Module 81.95 | 55.00 | 1-60
Only 3431K Adj. to 0 10 .01 100 2kHz 0.4V/msec | 10 5 Com Module 104.00 (5) 1-60
tLow Cost 35424 20 50 1-25 88 1 05 10 10 Com TO-99 9.75 6.50 | 1-109
3542S 20 50 -25 88 1 0.5 10 10 Mil TO-99 15.80 | 12.65 | 1-109
Chopper-.. 3291/14 0.02 0.1 +50 140 3 6 10 5 Ind Module 109.00 | 77.50 1-52
Stabilized 3292/14 0.05 03 +50 140 3 [} 10 5 ind Module 80.60 | 56.10 | 1-52
3293/14 0.10 1 +100 140 3 6 10 5 Ind Module 70.35 | 46.00 1-52
3271/25 0.05 1 +80 140 1 20 110 | 20 Ind Module | 244.00 (17250 | 1-50
tWideband OPA605H/A 1.0 25 -35 80 20 94 10 | 30 |Com/ind Dip 49.00 | 34.50 | 1-44
OPA605J/8 05 10 -35 80 20 94 10 | 30 |Com/Ind DIP 58.00 | 41.00 1-44
OPA605K/C 0.5 5 -35 80 20 94 10 30 |Com/ind DiP 73.00 | 51.00 1-44
3554AM, (Q) 2 50 -50 100 1000(3) 1000 10 | 100 Ind T0-3 73.20 | 47.70 | 1-125
3554BM, (Q) 1 15 -50 100 1000(3) 1000 10 | 100 Ind TO-3 83.80 | 56.15 | 1-125
3554CM, (Q) 1 25 -50 100 1000(3) 1000 10 | 100 Mil TO-3 9760 | 66.30 | 1-125
tBuffer 3553AM, (Q) | - 50 300 -200 NA 300(4) 2000 10 | 200 Ind TO-3 36.00 | 2245 | 1-123
tHigh 3571AM, () 2 40 -100 94 05 3 30 | 1A Ind TO-3 72.45 | 48.00 | 1-133
Current 3572AM 2 40 -100 94 05 3 30 | 2A ind TO-3 83.00 | 54.50 | 1-133
tHigh 35804 10 30 -50 86, 5 15 30 | 60 Com TO-3 62.00 | 41.00 | 1-143
Voltage 35814 3 25 -20 94 5 20 70 | 30 | Com T0-3 93.45 | 61.00 | 1-143
35824, 1Q) 3 25 -20 100 5 20 145 | 15 Com TO-3 101.50 | 71.00 | 1-143
3583AM, (Q) 3 25 -20 105 5 30 140 | 75 ind T0-3 111.20 | 79.00 | 1-147
3583JM 3 25 -20 94 5 30 140 | 75 Com TO-3 105.60 | 74.00 | 1-147
3584UM, (Q) 3 25 -20 100 2003) 150 145 | 15 Com TO-3 107.00 | 79.00 | 1-147
General 35224 1.0 50 -10 94 1 0.6 10 | 10 | Com TO-99 17.00 | 11.20 -89
Purpose 3522K 0.50 10 -5 94 1 0.6 10 | 10 Com TO-99 2240 | 15.25 | 1-89
3522L 0.50 25 -1 94 1 06 10 { 10 | Com TO-99 3275 | 2110 | 1-89
35228, (Q) 0.50 25 -5 94 1 . 06 10 | 10 Mil TO-99 46.30 | 29.85 | 1-89
Ultra-Low 3527AM, (Q) 0.50 10 -5 100 1 06 10 | 10 Ind TO-99 15.05 | 10.15 | 1-99
Drift 3527BM, (Q) 0.25 5 -2 100 1 08 10 | 10| Ind TO-99 20.15 | 13.65 | 1-99
3527CM, (Q) 0.25 2 -5 100 1 0.6 10 | 10 ind TO-99 33.15 | 23.30 | 1-99
3521H. 050 10 -20 94 15 06 10 [ 10| Com | TO-99 | 2280 | 1490 | 1-89
3521J, (Q) 0.25 5 -20 94 15 0.6 10 | 10| Com TO-99 32,65 | 20.25 1-89
3521K 0.25 2 -15 94 15 0.6 10 | 10 Com TO-99 4895 | 3265 | 1-89
3521L 0.25 1 -10 94 15 0.6 10 |10 Com TO-99 7240 | 4700 | 1-89
3521R, (Q) 0.25 5 -20 94 15 0.6 10 | 10 Mit TO-99 8425 | 55.70 | 1-89
{FET Input  *Varactor Input

NOTES: 1) “(Q)” indicates product also available with screening for increased reliability. 2) Com =010 +70°C; Ind = -25°C to +85°C; Mil =-55°C to +125°C.

3) Gain-bandwidth product. 4) -3dB bandwidth. 5) Contact factory."
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HIGH VOLTAGE - HIGH CURRENT

The high voltage amplifiers are designed to provide
large output voltage swings (greater than £10V, up
to £145V) and to operate on wide ranges of supply
voltage. The high current amplifiers provide output

currents greater than £10mA to +5A peak. All high
voltage units have FET inputs to minimize bias
current errors while many high current units have
self-contained thermal sensing and shutdown to
automatically protect the amplifiers from over heat-

Output voltages > +10V to +145V. HIGH VOLTAGE
Rated Offset Voltage Bias Open
Output at25°C[Temp Drift| Current’ | Frequency Response Loop
=V [+mA]| zmv | zuv/eC |pA25°C: [Unity-Gain| Slew Rate | Gain Temp Price i$
Description { Model(H min | min | max max max MHz V/usec dB Range(2) | Package [ Unit 100's | Page
FET 3584UM, Q. 145 15 3 25 -20 20(3) 150 120 Com TO-3 94.50 | 65.50 }1-151
3583AM, (Q: |140 75 3 25 -20 5 30 118 Ind TO-3 100.00 | 70.00 |1-147
3583JM 140 75 3 25 -20 5 30 118 Com TO-3 95.00 | 65.00 {1-147
3582J 145 15 3 25 -20 5 20 118 Com TO-3 101.50 | 71.00 |1-143
3581J 70 30 3 25 -20 5 20 112 Com TO-3 93.45 | 61.00 |1-143
3580J 30 60 10 30 -50 5 15 106 Com TO-3 62.00 | 41.00 |4.143
3571AM, Q" | 30 1A4) 2 40 -100 05 3 94 ind TO-3 72.45 | 48.00 |1-133
3572AM 30 2A(5) 2 40 -100 05 3 94 Ind TO-3 83.00 | 54.50 | 1-133
3573AM 20 2A(5) 10 65 40nA 1 26 94 Ind TO-3 36.00 | 25.00 |1-139
Shopper, 3271/25 110 20 | 005 1 +80 1 20 140 Ind Module |244.00 | 172,50 | 1-50
Output currents > £15mA to +2A HIGH CURRENT
High Power | 3573AM 20 2A(5) 10 65 40nA 1 26 94 Ind TO-3 36.00 | 25.00 | 1-139
3572AM 30 2A(5) 2 40 -100 . 05 3 94 Ind TO-3 83.00 | 54.50 ] 1-133
3571AM, Q! | 30 1A4) 2 40 -100 0.5 3 94 Ind TO-3 7245 | 48.00 | 1-133
Wideband 3554AM, 1Q) | 10 100 2 50 -50 17003 1200 100 Ind TO-3 73.20 | 47.70 | 1-125
3554BM, (Q1 | 10 100 1 15 -50 170003 1200 100 Ind TO-3 8380 [ 56.15 }1-125
3554SM. Q1 | 10 100 1 25 -50 170003) 1200 100 Mil TO-3 97.60 | 66.30 }1-125
High Voltage| 3584JM, Q1 [145 | 15 3 25 -20 203) 150 126 Com TO-3 | 9450 | 6550 1-151
3583AM 140 75 3 25 -20 5 30 18 Ind TO-3 100.00 70.00 § 1-147
3583UM 140 75 3 25 -20 5 30 118 Com TO-3 95.00 65.00 | 1-147
35824 145 15 3 25 -20 5 20 18 Com TO-3 101.50 | 71.00 | 1-143
35814 70 30 3 25 -20 5 20 12 Com TO-3 93.45 61.00 | 1-143
35804 30 60 10 30 -50 5 15 106 Com TO-3 62.00 41.00 | 1-143
Booster 3553AM, Q1 | 10 200 50 300(6) -200 300 2000 NA Ind T0-3 36.00 | 2245
(Buffer 3329/03 10 100 50 - Bipolar 5 - NA Ind DIP 36.75 | 2295

NOTES: 1) “(Q)" indicates product also available with screening for increased reliability. 21 Com =0to +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.

WIDE BANDWIDTH

Wideband operational amplifiers have gain band-
widths (A BW) greater than 10MHz. This group also
contains fast settling and high slew rate amplifiers.
For pulse, video, fast settling and multiplexing

applications, select from this group of amplifiers.
Note Models 3554 and OPA605 which provide an
excellent combination of wide bandwidth, settling
time, and output current all at moderate cost.

WIDE BANDWIDTH
Frequency Response Rated Offset Voitage Open
Slew Rate ts Com- | Output | at25°C [Temp Drift|Loop
A-BW V/usec |*0.1% | pensa- [ £V |*mA| *mV *+uV/°C [Gain| Temp Price ($)
Description | Model(1) MHz min nsec | tion |min |min| max max dB |Range(2) |Package | Unit 100's Page
Differential | 3554AM, (Q){1700, A = 1000 1000 120 ext. 10 | 100 2 50 100 ind TO-3 7320 | 47.70 | 1-125
3554BM, (Q)|1700, A = 1000 1000 120 ext. 10 {100 1 15 100 ind TO-3 83.80 | 56.15 | 1-125
3554SM, (Q)[1700, A = 1000 1000 120 ext. 10 [100 1 25 100 Mil TO-3 97.60 | 66.30 | 1-125
3551J 50, A=10 2503 400 ext. 10 | 10 1 50 100 Com TO-99 31.80 | 21.45 | 1-117
35518, (Q) 50,A=10 250(3) 400 ext. 10 [ 10 1 50 100 Mil TO-99 56.15 | 3570 } 1-117
35504 10,A=1 65 400 int. 10 [ 10 1 50 100 Com TO-99 3120 | 2145 | 1-113
3550K 20,A=1 100 400 int. 10 | 10 1 50 100 | Com | TO-99 | 39.75 | 2550 |1-113
35508, (Q) 10,A=1 65 400 int. 10 | 10 1 50 100 Mil TO-99 57.80 | 35.70 | 1-113
35084 100, A =100 20 - ext. 10 | 10 5 30(3) 108 Com TO-99 10.25 1750 | 1-79
35074, (Q) 20,A=10 80 200 ext. 10 | 10 10 3063) 83 Com TO-99 12.50 890 | 1-75
OPAB05H/A | 200, A = 1000 30003 300 ext. 10 | 30 1 25 96 |Com/Ind| DIP 49.00 | 34.50 | 1-44
OPAB05J/B | 200, A =1000 300(3) 300 ext. 10 | 30 0.5 10 96 [Com/Ind| DIP 58.00 | 41.00 | 1-44
OPAB05K/C | 200, A = 1000 300(3) 300 ext. 10 | 30 05 5 96 |Com/Ind| DIP 73.00 | 51.00 | 1-44
Low Noise OPA101AM | 20, A=100 5 25 int. 12 | 12 05 10 105 Ind TO-99 3220 | 23.00 | 1-24
OPA101BM | 20, A=100 5 25 int. 12 | 12 025 5 105 ind TO-99 4025 | 28.75 | 1-24
OPA102AM | 40, A =100 10 15 int. 12 | 12 05 10 105 Ind TO-99 3220 | 23.00 | 1-24
OPA102BM | 40. A=100 10 1.5 int. 12 | 12 0.25 5 105 Ind TO-99 40.25 | 28.75 | 1-24
Military OPA600/MIL See Military Products
Series
Unity-Gain | 3553AM, (Q) 32(4) 2000 - - 10 | 200 50 300(3) NA Ind TO-3 36.00 | 22.45 |1-121
Buffer
Wide OPA12HT 0, A=10 80 200 ext. 10 | 10 10 3013 83 [[-55°Cto| TO-99 59.00 | 47.20 | 1-12
Temp OPA11HT 12,A=1 4 1500 int. 10 | 15 5 5(3) 98 [(+200°C(5) TO-99 49.00 | 39.20 | 1-8
Range

NOTES: 1)“(Q)" indicates product also available with screening for increased reliability. 2) Com =0t0 +70°C; Ind = -25°C to +85°C; Mil =-55°C to +125°C.
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LOW DRIFT

For applications where accuracy must be preserVed
overa substantial temperature range, select oper-
ational amplifiers from this group of low drift
operational amplifier. Sophisticated drift compen-
sation techniques help provide low offset voltage

0.11V/°C to 10uV/°C input offset voltage change with temperature.

drift versus temperature, in both the FET and the
Bipolar. input type operational amplifiers. Input
offset drifts from 0.1uV/°C to 10uV/°C are available
within this group. . Models 3510 and OPA103 are
particularly recommended because of their excellent

specifications and low cost.

. LOW DRIFT
Offset Voltage Bias Open Rated
at25°C [Temp Drift| Current | Loop | Frequency Response Output
*mV +uV/°C |nA (25°C)| Gain |Unity Gain | Slew Rate | +v |+mA| Temp Price ($)
Description | Model() max max |  max dB, min MHz Vusec min | min |[Range(?| Package Unit 100's Page
*Inverting 3291/14 0.02 0.10 +0.05 140 3 6 10 5 Ind Module. | 109.00 | 77.50 | 1-52
Only 3292/14 0.05 0.30 +0.05 140 3 6 10 5 Ind Module 8060 | 56.10 | 1-52
. 3293/14 0.10 1.0 +0.10 140 3 6 10 5 Ind Module 70.35 | 46.00 | 1-52
FET OPA103AM 0.50 25 0002 | 106 1. 13 10 | 5 | Ind TO-9%9 | 1020 | 650 | 1-36
OPA103BM 0.50 15 -0.001 106 1 13 10 5 Ind TO-99 13.80 | 860 | 1-36
OPA103CM 0.25 5 -0.001 106 1 13 10 5 Ind TO-99 18.05 | 11.20 | 1-36
OPA103DM 0.25 2 -0.001 106 1 13 10 5 ind TO-99 29.85 | 1850 | 1-¢
3521H 0.50 10 -0.02 94 15 0.6 10 [ 10 | Com TO-99 | 2280 | 1495 | 1-89
3521J 0.25 5 -0.02 94 15 0.6 10 | 10 | Com TO-99 3265 | 20.25 | 1-89
3521K 0.25 2 -0.015 94 15 0.6 10 | 10 Com TO-99 48.95 | 3265 | 1-89
3521L 0.25 1 -0.01 94 1.5 0.6 10 | 10 Com TO-99 72.40 | 47.00 | 1-89
3521R 0.25 5 -0.02 94 15 0.6 10 | 10 Mil TO-99 8425 | 55.70 | 1-89
3527AM, (Q) 0.50 10 -0.005 100 1 0.6 10 | 10 Ind TO-99 156.05 | 10.15 | 1-99
3527BM, (Q) 0.25 5 -0.002 100 1 0.6 10 | 10 Ind TO-99 20.15 | 13.65 | 1-99
3527CM, (Q) 0.25 2 -0.005 100 1 0.6 10 | 10 Ind TO-99 33.15 | 23.30 | 1-99
3528AM 0.50 15 -0.30pA | 88 . 0.7 03 10 | 5 Ind TO-99 18.60 | 1210 | 1-103
3528BM 0.25 5 -0.15pA | 92 0.7 0.3 10 | 5 Ind TO-99 22,95 | 16.35 | 1-103
3528CM 0.50 10 -0.075pA| 90 0.7 0.3 10| 5 Ind TO-99 29.35 | 21.25 | 1-103
Bipolar 3510AM 0.15 2 135 120 0.4 0.5 10 10 Ind TO-99. 8.90 5.70 1-83
35108M 0.12 1 +25 120 0.4 05 10 10 Ind TO-99 11.25 7.10 1-83
3510CM 0.06 05 *15 120 0.4 05 10 | 10 Ind TO-99 18.25 | 11.60 | 1-83
Military 3510VM/MIL, See Military Products
/8838
Bipolar 35008 2 5 *20 93 15 0.8 10 | 10 ind TO-99 17.25 | 10.65 1-62
3500C 1 3 *15 93 15 1.0 10 | 10 Ind TO-99 22.00 | 13.90 | 1-62
3500R, Q" 5 20 *30 93 1.5 0.6 10 | 10 Ind TO-99 20.50 | 12.20 | 1-62
35008, Q! 2 - 10 *20 93 15 0.8 10 | 10 Mil TO-99 33.00 | 21.20 | 1-62
| 3500T, Q! 1 3 *15 93 15 1.0 10| 10 Mil TO-99 53.25 | 33.60 | 1-62
3500E 0.50 1 +50 100(4) 15 08 10 10 Ind TO-99 36.25 | 22.25 | 1-62 |
3500MP 0.20(3) 13 +50 100(4 15 0.8 10 10 Ind TO-99 36.25 | 2225 | 1-66
3501A, Q! 5 20 *15 93 05 0.1 10 5 Ind TO-99 5.50 3.50 1-71
35018, Q" 2 10 *7 93 0.5 0.1 10 5 Ind TO-99 11.85 775 | 1-11
3501C, 1Q: 2 5 13 93 0.5 0.1 10 5 Ind TO-99 15.45 | 1085 | 1-71
3501R 5 20 +15 93 05 0.1 10 5 Mil TO-99 17.00 | 11.35 | 1-71
35018 2 10 +7 93 0.5 0.1 10 5 Mil TO-99 2475 | 1650 | 1-71
High Voltage | 3271/25 0.05 1.0 +0.08 140 1 20 110 | 20 Ind Module | 244.00 [172.00 | 1-50

*Chopper-stabilized

NOTES: 1)“(Q)" indicates product also avaliable with screening for increased reliability. 2) Com =010 +70°C; Ind =-25°C to +85°C; Mil = -55°C to +125°C.
3) These specifications apply tothe match between two devices. The 3500MP is a matched pair of amplifiers. 4) Typical.

UNITY-GAIN BUFFER (Power Booster)

These versatile amplifiers: boost the output current
capability of another amplifier; buffer animpedance
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 as £100mA are available with speeds of 2000V/
usec. i

UNITY-GAIN BUFFER
Rated Open
Output Frequency Response Input Loop
*V [£fmA -3dB Full Pwr BW] Slew Rate| Gain impedance | Gain | Temp Price ($!
Description | Model min | min MHz MHz V/usec | V/V 4] dB | Range(!) | Package [ Unit 100’s Page
Noninverting| 3553AM ~ 10 200 - 300 32 2000 =1 101 NA Ind TO-3 36.00 |.22.45 1-121
3329/03 10 100 5 1 - =1 10k NA Ind DIP 36.75 | 22.95 1-58

NOTES: 1) Com =0 to +70°C; Ind = -25°C to +85°C; Mil = -55°C to +125°C.

1-6



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 100uV (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 = (e1 + 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 input 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
1/PSRR

The sensitivity of input offset voltage to the power supply

1-7

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.
Ll

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 RESISTANCE
The open-loop output source resistanice 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 which 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 T0 +200°C SPECIFICATIONS

* 30nA MAX, INPUT BIAS CURRENT AT +200°C

o +5mV, MAX, INPUT OFFSET VOLTAGE AT +200°C

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

o HERMETIC PACKAGE WITH STANDARD PINOUT
(741-TYPE)

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 OPA11HT 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 +200°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. o

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: 910-852-1111 - Cable: BBRCORP - Telex: 66-6491

PDS476
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SPECIFICATIONS

ELECTRICAL

Specifications at £15VDC and Ta =+200°C unless otherwise noted. MECHANICAL
MODEL OPA11HT
CHARACTERISTIC symoL] MIN | Tve | max | uniT

OPEN LOOP GAIN, DC, single-ended

Av

No load
RL= 2k}

103 dB
100 dB

RATED OUTPUT

TO-99 PACKAGE

Voltage, RL= 2k} Vom *10 *12 " I_—_l
Current (Ta = 25°C) lom | +15 l +23 1 I mA ) ¢ S
DYNAMIC RESPONSE (T =25°C) € F f
Small-Signal Bandwidth (0dB) 12 MHz
Full-Power Bandwidth)| Vout = £10V BWip 50 75 kHz
Slew Rate RL = 2k SR 4 7 V/usec :
Settling Time (0.1%) 15 usec
Rise Time (10% to 90%, small-signal: 30 nsec gl'::."ﬂ
INPUT OFFSET VOLTAGE Vio "
Initial (without adj. at 25°C) +1 *5 mv — N
Over Temperature L b\r_ *
Ta=+2000C +6 mv N A R}
Ta=-55°C +7 mv K s
Average Vio coefficient +5 uV/reC. M A& t
Average Vio coefficient vs N
supply voltage(Ta = 25°C1 +10 +200 uV/V y
INPUT BIAS CURRENT lib
Initial at +25°C +10 +25 nA NOTE:
Over Temperature Leads in true position within .010"
Ta = +200°C +30 nA (:25mm) R @ MMC at seating plane.
Ta=-65°C +40 nA Pin numbers shown for referance only.
Average lib coefficient +0.1 nA/°C Numbers may not be marked on package.
INPUT DIFFERENCE CURRENT lio INCHES MILLIMETERS
Initial at +25°C 10 +25 nA oM [TWIN T MAX | RN | MAX
Over Temperature A | .338 370 8.51 9.40
Ta=+200°C +30 nA 8 | .305 .335 7.75 8.51
TA=-55°C +40 nA c 165 185 4.19 4.70
Average lio coefficient 0.1 nA/°C o BT BT S B
INPUT IMPEDANCE (Ta = 25°C) F_|.010 | 040 | o025 | 102
Differential - ri 100 300 MO G | .2008ASIC 5.08 BASIC
Ci 3 pF H .028 .034 0.71 0.86
Common Mode ri(CM) 1000 MQ : ‘::Z 045 ?.27: 114
cifCM) 3 PF L 10 .160 2.79 4.06
INPUT VOLTAGE RANGE M | 45°BASIC 45° BASIC
Common Mode *11 v N Joos T o105 241 ] 267
Differential Mode +12 \
Common-Mode Rejection CMR 80 100 dB
Over Temperature (-55°C < Ta < +200°C 100 dB
Rated Voltage Vce *+15 \
Voltage Range, derated +8 to +22 v
Current, quiescent Iq +3 +3.7 mA BANDWIDTH CONTROL
Over Temperature (-55°C < Ta < +200°C) *3 mA
Power Supply Rejection
Ratio (Ta =200°C) PSer 80 100 dB
TEMPERATURE RANGE
Specification -650C < Ta < +200°C
Operating -55°C < Ta < +200°C
Storage -65°C < Ta < +250°C

TOP VIEW
PIN 4 1S CONNECTED TO CASE.

OPATTHT




TYPICAL PERFORMANCE CURVES

(at 15VDC and Ta = +25°C unless otherwise specified)

OPEN LOOP FREQUENCY RESPONSE!( ! - COMMON MODE VOLTAGE RANGE vs. SUPPLY VOLTAGE
120 - _ 20
[ ' OpF £
T 100 s
10pF
£ 80 NN p. u 15 -~
© N fo0pF )
S 60 NN &
S TN «
3 NY g 10
S 40 N 3 /
S 20}—100pF NN t sl
J -P N s -
< 300pF NN g :
S 1000pF 8 0
-20 L
10 1000 1k 10k 100k 1M 10M x5V v 5V *20v
Frequency (Hz) Supply Voltage
STEP RESPONSE IN FOLLOWER CONFIGURATION‘z) OPEN LOOP VOLTAGE GAIN vs. TEMPERATURE
120 T
u +20V]
A L +15V
_._\\ V.4 ositive Going 5 /,_ ‘
: H i A ===5s
1;: -+ y H 35: HHHHHHH £ 100 =S ]
« \ ¥ Neg Going o 7 7---._ N
e ‘3 % +10V Supply /::5V Supply
- _ wl LI L]
— LA +A’00°IC -55-35-15+52545 6585 125 165 205 245
o
- Time (0.5usec/div) Temperature (°C)
OUTPUT VOLTAGE SWING vs. FREQUENCY EQUIVALENT INPUT NOISE vs. BANDWIDTH
20V 3 100
@ 10V N E
g 2 e
> =
i | N SA
2 S 012 Source ///1
F3 by Resns!an>
2] 3
o Q
o ;C_ B / /
3 01V s r” /\ :
> 3 / Thermal Noise
3 >3 ot 10k Resistor|
o g |
001V 0.1

10Kk 100k ™M 10M 100M 100 1k 10k 100k ™ 10M
Upper 3dB Frequency (Hz)

Fre: H
requency (Hz) (Lower 3dB Frequency = 10Hz,

INPUT BIAS CURRENT AND DIFFERENCE CURRENT
AS A FUNCTION OF TEMPERATURE

20 OPEN-LOOP FREQUENCY AND PHASE RESPONSE
z s 120
£ § "0 I
o c 100
$ 5 < v
£ 9] 80 b”s_ Vs 20°

. ° s,
2 \ & ol INT W\ 600
= 10 - 2 \
= > 40 100°
o a
S e 2 140°
o e 4 <
= < o
3 o 8 0 Ne—1 180"
£ o -2
0 10 100 1k 10k 100k 1M 10M 100M
-50 0 +50 +100 +150 +200 +250 Frequency (Hz)
Temperature °C

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 OPAI1HT isstableatany 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 (Rrs < 10k(}). A load capacitance of
~50pF is desirable in all feedback configurations.

STABILITY

Because the OPAITHT 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
as short as 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
(Vour = *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 15V is
needed. A voltage regulator that typically will operate up
to +200°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 OPATIHT with a 2N 1711
transistor. Short-circuit protection should be added if
required.

SUPPLY BYPASS [ I

<+

COMPENSATION {OPTIONAL)

LOAD

SUPPLY

;mnss

FIGURE I. Compensated Amplifier with Supply Load

Bypassing.

FIGURE 2. External Adjustment of Offset Voltage.

INPUT SIGNAL

"”":1 % %0
500 I

FIGURE 3. Dynamic Response Test Circuit.

UTPUT
5.0k wiitd
20mA
fans
VOLTAGE
ADJUST 100nF

X

FIGURE 4. A +15V Voltage Regulator that will
Operate at +200"C.



‘BURR-BROWN®

OPA12HT

Wide Temperature Range
Fast-Slewing

OPERATIONAL AMPLIFIER

FEATURES

. -55°c to +175°C SPECIFICATIONS
* 80V/ usec MII_I SLEW RATE (120V/ usec, typ)
© 200nsec SETTLING TIME, typ

o HERMETIC PACKAGE WITH STANDARD PINOUT
(741-type)

DESCRIPTION

If you need a fast transient-response circuit over wide
-55°C to +175°C temperature range, you'll find the
OPAI12HT has the solution. Very-high speed pulse
amplifiers, comparators, fast followers, and digital-
to-analog converters are typical applications.

Performance over the temperature is assured because

"OPAI12HT is subjected to 100% screening procedures
in accordance with MIL-STD-883; method 5004,
class B. Burn-in is performed at +175°C minimum.
Sample and inspection procedures include .both

destructive and nondestructive wire bond pull tests in
accordance with method 2011 of MIL-STD-883. The
product is assembled in a clean-room environment. .

OPAI12HT is internally compensated to provide fast
slewing and wide bandwidth for gains of 3 or more.
At gains greater than 3, the gain rolloff is 6d B/ octave.
Inputs are protected against common-mode voltages
up to the value of the power supplies and the output
can tolerate momentary short circuits to common.
The TO-99 hermetic package offers standard 741-
type pinout.

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-477
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SPECIFICATIONS

ELECTRICAL

ﬁECHANICAL

Specifications at +15VDC and +25°C unless otherwise noted.
MODEL OPA12HT
CHARACTERISTIC SYMBOL | MIN TYP MAX UNIT
OPEN LOOP GAIN, DC, single-ended Avs T0-99 PACKAGE
No load 90 dB .
RL = 2kQ 7 83 dB
RATED OUTPUT :
Voltage, RL= 1k Vom +10 *12 A
Current lom +10 +20 mA
DYNAMIC RESPONSE
Gain-Bandwidth Product (AcL = 10) 20 MHz
Full-Power Bandwidth{vow: *10v BWip 12 16 MHz
RL=2k(), AcL=3
Slew Rate RL =2k, AcL=3 SR 80 120 V/usec
Settling Time (0.1%) 200 nsec
Rise Time (10% to 90%, small-signal) 25 nsec
INPUT OFFSET VOLTAGE Vio
Initial (without adj.) at 25°C +5 *10 mV
Over Temperature (-65°C < Ta < +175°C) +14 mV
Average Vio coefficient +30 uVv/eC
Average Vio coefficient vs supply voltage +30 +200. Vv
INPUT BIAS CURRENT lib .
Initial at 25°C ) +50 +250 nA
Over Temperature (-55°C < TA < +175°C) *1 RA
Average lip Coefficient +2 nA/°C
'NPUT DlFFEnENCE cunRENT 'io [‘OO-ZIE ;n true position within .010""
Initial at +25°C +20 +50 nA (.25mm) R @ MMC st seating plane.
Over Temperature (-55°C < Ta< +175°C) +300 nA
Average lioCoefficient 1 nA/°C " Pin numbers shown for reterance only
Numbers may not be marked on package.
INPUT IMPEDANCE
Differential ri 100 MQ
ci 3 pF INCHES MILLIMETERS
Common Mode ri(CM} 1000 MO om ["MIN ] MAX | MIN | MAX
GiiCM: S pF A .33 | 370 | 851 | 940
INPUT VOLTAGE RANGE 8 1.305 | 335 [ 775 | 851
Common Mode 12 +10 V. c _|.165 | 185 4.19 4.70
Differential Mode +15, v 2 2 '::; 2 =
Absolute Max (inputs common) +Supply \ T T oo | os0 | 025 | 702
Common Mode Rejection CMR 74 90 dB o | 200 8ASIC T5.08 BASIC
POWER SUPPLY H_ | .028 .034 0.71 0.86
Rated Voltage Vee *15 \" J :029 -045 0.74 114
Voltage Range, derated +8 to +20 \ K f“’: T ;77-; =
Current, quiescent at 25°C Iq +4 +6 mA ‘;‘ oo sAsie Froryer
Over Temperature (-55°C < Ta< + 175°C) +5 mA - N_| 095 | 105 | 241 ] 267
TEMPERATURE RANGE
Specification -55°C < Ta< +175°C : B
Operating -55°C < Ta < +175°C
Storage -65°C < Ta < +200°C CONNECTION DIAGRAM
BANDWIDTH CONTROL

(TOP VIEW:

CASE IS ISOLATED FROM ALL PINS.

OPAI2HT




TYPICAL PERFORMANCE CURVES

(at £15VDC and Ta = +25°C unless otherwise specified)

OPEN-LOOP FREQUENCY RESPONSE!"’

@
® 120
£ 100
©
g 80 ||t 0%
al
£ ol i soef 1l |11}
S Ny 100pF
40 N
g 20 - :
_J? o 300pF
§, 20 1000pF
O N0 100 1k 10k 100k 1M 10M  100M
Frequency (Hz)
NORMALIZED AC PARAMETERS vs. TEMPERATURE
1.1
e [ |
o
3 9 S } Slew Rate
§ % 10 —
£ 8 , --
B T -
I Bandwidth -
T 209
E o
S ¢
Z 5
®
< 08
75 -50 -25 -+ 0 +25 +50 +75-+100+125+150+175+200
Temperature (°C)
OPEN-LOOP VOLTAGE GAIN vs. TEMPERATURE
1 Vsupply = £20V et
VSupply = = | Vsupply =%15V |
[
g 9 -
E Ly Vsupply = 10V bl
é
85 |
80 -
75 50 -25 0 +25 +50 +75 +1001+125 +150+175+200
Temperature (°C)
‘OPEN-LOOP PHASE RESPONSE
00
30°
@ 60°
o .
£ 90°
8 120°
£ 150°
180°
10 100 1k 10k 100k 1M 10M  100M

Frequency (Hz)

NORMALIZED AC PARAMETERS vs.

COMMON-MODE REJECTION 2
RATIO vs. TEMPERATURE & , SUPPLY VOLTAGE
K] . Tt
100 N 2. . Bandwidth | A
) g2 1
& 25 10 =
°© 2w =
« 50 S8 Slew Rate [T
3 & (—25 0.9
o o s '
N2
0 g o8
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Temperature (°C) z Supply Voltage

1.
2.
3.

" STEP RESPONSE(2’
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-
2
2 T B =
> HH
> H
us -— Output
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L 1 Lo
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values shown

Ci
Closed-Loop Gain = 3. See Figure 4.
With no external compensation capacitance.

from pin810 COMMON. SeeFigure 1.



APPLICATIONS

BANDWIDTH COMPENSATION

The frequency responsekofthe OPAI12HT can be adjusted
by use of an external compensation capacitor from pin 8
to common, as shown in Figure 1. The open loop

SUPPLY BYPASS

supeLYoveass T
= ” +gEE TEXT ON STABILITY

FIGURE 1. Compensated Amplifier with Supply and
Load Bypassing.

frequency response curves of illustrate the effect of
various values of capacitance. A load capacitance of
~50pF is desirable in all feedback configurations. The
OPAI2HT is stable for gains of 3 or greater without
external compensation (subject to limits on stray and load
capacitance and resistance levels). A 20pF compensation
capacitor will stabilize the OPAI2HT for all values of
gain, at the sacrifice of bandwidth and slew rate.

The circuit of Figure 2 illustrates another approach to
compensation of the OPAI2HT. This method yields
unity gain stability without sacrificing slew rate.

LOAD

500pF = -

FIGURE 2. Alternate Method for Unity -
Gain Compensation.

STABILITY

Because the OPAI2HT 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 as short as possible) and by properly bypassing
the power supply lines to common at points close to the
amplifier. Inaddition, it is recommended that the load be
bypassed by a S0pF capacitor. (see Figure 1).

OFFSET VOLTAGE ADJUSTMENT

Although the offset voltage of these amplifiers is only a
few millivolts, it may be desirable in some cases to null

this offset. Thisis done by use of a 20k(} potentiometer as
shown in Figure 3.

FIGURE 3. External Adjustment of Offset Voltage.

TEST CIRCUIT - DYNAMIC RESPONSE

The test circuits of Figure 4 is used for measurement of
slew rate, settling time, and overshoot. Both rise time and
overshoot are measured under small signal conditions
(Vour = *200mV). Slew rate and settling time are
measured for a 10V, p-p. square wave.

Tary

ouT

FIGURE 4. Dynamic Response Test Circuit.

HIGH TEMPERATURE
LARGE-OUTPUT OPERATION

Figure 5 shows a typical transfer-function plot at +175"C
for operation at no load and with a 2k(load resistance.
Distortion is just beginning to appear with the 2k(load at
-10V. This may be avoided by operating with a smaller
negative output swing, by increasing the value of load
resistance, or by reducing the temperature.

R 2 H
S Ny
E 1 ey § 4
5 5 =y
&h 2H
-10 0 +10 <10 0 +10
Output (V1 Output (V:

(a1 Ta =+175°C, No load b Ta=+175°C, RL = 2k()

FIGURE 5. Typical Open-Loop Transfer Function at
+175°C.
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BURR-BROWN®

OPA27/OPA37

- Ultra-Low Noise Precision
OPERATIONAL AMPLIFIERS

FEATURES

o EXTREMELY LOW NOISE
3nv/Hz at 1kHz
80nV, p-p from 0.1Hz to 10Hz

o LOW OFFSET VOLTAGE
10V
0.2.V/°C

o HIGH SPEED
0PA27, 2.8V/ usec
OPA37, 17V/ usec

o EXCELLENT CMRR
126dB over =11V Input

« HIGH GAIN
1800V/mV (125dB)

o FITS OP-07, OP-05, 725, AD510, AD517 SOCKETS

APPLICATIONS

o TRANSDUCER AMPLIFIER

o LOW NOISE INSTRUMENTATION AMPLIFIER

o DATA ACQUISITION PREAMPLIFIER

« PHONO AND TAPE PREAMPLIFIER

« FAST D/A CONVERTER OUTPUT

o WIDE BANDWIDTH INSTRUMENTATION AMPLIFIERS

DESCRIPTION

Low noise integrated processing, a unique circuit
design, and advanced wafer level trimming tech-
niques are combined in the OPA27/37 to producean
extremely-high performance “instrumentation grade”
operational amplifier.

The OPA27/37 provide superior performance in
three areas - low noise, excellent DC performance,
and high speed (OPA37 is stable in gains > 5).
Noise is typically only 3nV/\/Hz at 1kHz with an
exceptionally low 1/f corner frequency of 2.7Hz.
Peak-to-peak noise is just 80nVina 0.1Hz to 10Hz
bandwidth.

Offset voltage is typlcallyjust 10pV and drift is only
0.2uV/°C. 125dB open-loop gain is matched with
125dB common-mode rejection ratio. Power con-
sumption is only 3mA.

The same basic op amp comes in two frequency
compensation versions. The OPA37 is lightly com-
pensated and provides 17V/usec slew rate and
63MHz gain-bandwidth product. The OPA27 is
more heavily compensated for better frequency
stability in low gain applications. It hasa 2.8V/ usec

o PRECISION COMPARATOR slew rate and an 8M Hz unity gain frequency.
TRIM TRIM 1 § *Vcc
> o
-IN
+IN
Vge

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-466
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SPECIFICATIONS

~
ELECTRICAL 1S
At Ta =+25°C and *Vcc = 15VDC unless otherwise noted. R,
=<
: OPA27/37A, OPA27/3TE | OPA27/37B, OPA27/37F | OPA27/37C, OPA27/37G %
PARAMETERS CONDITIONS MIN | Tve | MAx | min | TvP | max | min | TvP | max
INITIAL OFFSET VOLTAGE
Initial Offset(1) Ta=+25°C 10 25 20 60 30 100 uv
Over Temperature A, B, C-55°C < Ta < +125°C 30 60 50 200 70 300 uv
Average vs Temperature A, B, C-55°C < Ta < +125°C(2) 0.2 0.6 0.3 1.3 0.4 18 . | wv/°C
Over Temperature E, F, G -25°C < Ta < +85°C 20 50 40 140 55 22 my
Average vs Temperature E, F, G -25°C < Ta < +85°C(2) 0.2 0.6 0.3 1.3 0.4 18 uv/eC
. Long Term Stability(3) 0.2 1.0 03 1.5 04 2.0 puV/mo
Offset Adjustment Range +4 . . mv
INPUT OFFSET CURRENT
Initial Offset ‘| Ta=+25°C 7 35 9 50 L 12 75 nA
Over Temperature A, B, C-55°C < Ta <+125°C 15 50 22 85 30 135 nA
E,F, G -25°C < Ta < +85°C 10 50 14 85 20 135 . nA
INPUT BIAS CURRENT
Initial Bias Ta=+25°C 10 +40 *12 155 *15 *80 nA
Over Temperature A, B, C-55°C < Ta<+125°C +20 +60 +28 *95 +35 *150 nA
E, F, G -25°C <Ta < +85°C *14 +60 *18 +95 +25 +150 nA
INPUT NOISE
Voltage 0.1Hz to 10Hz(4)(5) 0.08 0.18 * . 0.09 0.25 uV, p-p
Voltage Density fo = 10Hz(4) 35 55 * . 3.8 8.0 nV \/Hz
fo = 30Hz(4) 3.1 45 * . 33 56 nV VHz
fo = 1000Hz(4) 3.0 338 * * 3.2 45 nV VHz
Current Density fo = 10Hz(4)(6) 1.7 4.0 . . . PA VHz
fo = 30Hz(4)(6) 1.0 23 * . * pA VHz
fo = 1000H2(4)(6) 0.4 0.6 . . L . pA VAzZ
INPUT RESISTANCE
Differential(?) 15 6 1.2 5 0.8 4 MQ
Common-Mode 3 25 2 G
INPUT VOLTAGE RANGE
Initial Input Voltage Ta=+256°C *11.0 | +123 M * . * \
Over Temperature A, B, C-55°C < Ta <+125°C +103 | 115 . . * . "
E, F,G-25°C < TA < +85°C +105 | *118 * * * * v
COMMON-MODE REJECTION RATIO
Initial Rejection Ratio Vem = 211V 114 126 106 123 100 120 dB
Over Temperature A, B, C-55°C < Ta<+125°C 108 122 100 119 94 116 dB
Over Temperature E F, G -25°C < Ta < +85°C 110 124 102 121 96 118 dB
POWER SUPPLY REJECTION RATIO
Initial Rejection Ratio *Vcec =4V to 18V 100 120 * * 94 118 dB
Over Temperature A, B, C-55°C < Ta <+125°C 96 116 94 114 86 110 dB
(*Vcc =4.5V to 18V
Over Temperature E, F,G-25°C < Ta < +85°C 97 118 96 116 90 114 dB
(£Vcc = 4.5V to 18V
LARGE SIGNAL VOLTAGE GAIN(7)(8).
Initial Voltage Gain RL = 2kQ, Vo = +10V 1000 1800 - * 700 1500 V/mV
RL = 1k, Vo =10V 800 1500 * N " V/mV
RL = 600(), Vo = +1V, Vcc = 14V 250 700 * * 200 500 V/mvV
Over Temperature A, B, C-55°C < Ta < +125°C 600 1200 500 1000 300 800 V/mv
(RL =2k}, Vo = £10V) !
Over Temperature E, F, G -25°C < Ta < +85°C 750 1500 700 1300 450 1000 | V/mV
(RL = 2k(), Vo = 10V
RATED OUTPUT
Initial Voltage Swing RL =2k *120 | +13.8 * * +115 | £135 \
RL = 60012 +100 | 115 * * * * A
Over Temperature A, B, C-55°C <TAa<+125°C 115 | +135 +11.0 | #13.2 +105 | *13.0 v
(RL =2k
Over Temperature E, F, G-25°C < Ta < +85°C +11.7 | +136 *11.4 | +135 +11.0 | +133 v
(RL =2k
Output Resistance Open Loop 70 . * Q
DYNAMIC RESPONSE
Slew Rate OPA27 17 28 * " N * V/usec
OPA37 " 17 : . : . V/usec
Gain-Bandwidth Product OPA27 5 8 * N - * MHz
OPA37 40 * . MHz




ELECTRICAL (CONT)

OPA27/37A, OPA27/37E | OPA27/37B, OPA27/37F | OPA27/37C, OPA27/37G
PARAMETERS CONDITIONS MmN | Tve | max [ min T rve [ max | min [ Tve | max | units
POWER SUPPLY ’
Rated Voltage *15 * * vDC
Voltage Range *4 +22 * v . . vDC
Current, Quiescent +3 +4.7 . . +33 +5.7 mA
Power Comsumption 80 140 * * 100 170 mw
TEMPERATURE RANGE
Specification A, B, C -55 +125 . . . . °C
E.F.G -25 +85 * * * N °C
Operating A, B C -55 +125 * * * * °C
E,F.G -25 +85 * * * * °C
Storage -85 +150 * . - * °C

‘Specmcahon same as OPA27/37A and OPA27/37E.

_NOTES:

1. Input Offset Voltage measurements are performed by automated test
equipment approximately 0.5 seconds after application of power. A/E
grades guaranteed fully warmed up.

.2. The TCVos performance is within the specifications unnulied or when

nulled with Rp = 8k to 20k().
3. Long Term Input Offset Voltage Stability refers to average trend line of
Vos vs Time over extended periods after the first 30 days of operation.

Excluding the initial hour of operation, changes inVos duringthe first 30
days are typically 2.5uV (refer to Typical Performance Curves).

4. Parameter is not 100% tested; 90% of units meet this specification.

5. See Figures 1 and 2.

6. See Figure 1 for current noise measurement.

7. Parameter is guaranteed by design and is not tested.

8. Closed-loop gain = 5 is required for stability in the OPA37. OPA27 is

.ABSOLUTE MAXIMUM RATINGS

stable at unity gain.

Differential Input Voltage(
Differential Input Current(

A, B,C
E.F,.G.......

Lead Temperature Range
(Soldering, 60sec) .

Storage Temperature Range
Operating Temperature Range

2 ..
2) ...

Supply Voltage .........coovvvvvnvnennn..... 222V
Internal Power D|s5|pat|on(1) ceerieee.....500mW
Input Voltage(d) ..............coovnnnnn ... F22v
Output Short Circuit Duration ... ..Indefinite

TR « A
ceree....T26MA
.. -65°C to +150°C

.-55°C to +125°C
vev....=25°C to +85°C

.300°C

NOTES:
1. Maximum Package Power Dissipation vs ambient temperature.
Derate Above
Packag M Ambient Ambient

Type Temperature for Rating Temperature

TO-99 (J) - 80°C 7.1mW/°C

8-Pin Heremetic

Dip (Z) 75°C 6.7mW/°C

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 22V, the absolute maximum inputvoltage

is equal to the supply voltage.

ORDERING INFORMATION

OPAXX Y Z

Basic Model Number ————

Performance Grade Code
A, B, C -55°C to +125°C
E, F, G -25°C to +85°C

—

Package Code
J TO-99
Z 8-Pin Hermetic DIP

TO-99 J SUFFIX

OPA27AJ OPA27EJ OPA27AZ
OPA278J OPA27FJ OPA27BZ
OPA27CJ OPA27GJ OPA27CZ
OPA37AJ OPAS7EJ OPA37AZ
OPA37BJ OPAS37FJ OPA37BZ
OPA37CJ OPA37CZ

OPA37GJ

NOTE: All parts available with /883 scfeening.

8-PIN HERMETIC DIP

OPA27EZ
OPA27FZ
OPA27GZ

OPA37EZ
OPA37FZ
OPA37GZ



LOW FREQUENCY NOISE

0.1 uF
120
2k E 80
43k 22uF g 40
. o
SCOPE z o0
R XIIM g 40
b = 1MQ g -
2.24F N 3
VOLTAGE GAIN . > .80
TOTAL = 50,000 = 10k
— - —_ -120
NOTE: ALL CAPACITOR VALUES ARE FOR *
NONPOLARIZED CAPACITORS ONLY. 0.1Hz 10 10Hz Peak-to-Peak Noise
FIGURE 1. 0.1Hz to 10Hz Noise Test Circuit. FIGURE 2. Low Frequency Noise.
MECHANICAL
TO-99 PACKAGE 8-PIN HERMET!C DIP
R ("J" SUFFIX) 2" SUFFIX)
je— 5 —of Pin numbers shown for
—5 reference only. Numbers may
‘ ‘ c ? FAW LT 5" not be marked on package.
] p 8
L E F j o1 4
LR ALV |
K
|| I | ’
L
Seating
Plane >lle— D -— F
L \ L]
N3 K J
Seating Plane M \‘/
o
H G
INCHES MILLIMETERS | NOTE: INCHES MILLIMETERS | NOTE:
DIM I'"MIN | MAX MIN | MAX | Leads in true position within OIM [ MIN | MAX MIN MAX | Leads in true position within
A .335 370 851 9.40 | 0.10” (0.25mm) R at MMC at A |.370 400 9.40 10.16_| 0.10” (0.25mm) R at MMC at
8 305 335 775 8.51 seating plane. 8 230 290 5.84 7.37_| seating plane.
[ 165 185 419 4.70 " Cc 120 200 3.05 5.08 . . X
o | 016 021 041 055 | Pin numbers shown for o J.o15 [.023 | o3s 0ss | FiN material and plating
€ 010 040 | o025 70z | referenceonly. Numbers may F l.030 [.070 [ 076 178 | composition conform to
¢ | .00 0a0 | 025 | 102 | Notbemarked on package. G |.1008ASIC 2.54 BASIC Method 2003 (solderability)
G 200 BASIC 5 08 BASIC The TO-99 can and leads are H .030 .050 0.76 1.27 | of MIL-STD-883 (except
H 028 034 071 0.86 bright acid tin plated. J .008 .015 0.20 0.38_| paragraph 3.2).
J 029 045 074 114 _ ) ) K 070 135 178 3.43
K 500 127 Pin material and plating L 300 BASIC 7.62 BASIC
N 10 160 579 206 composition conform to ™M T 100 [ o0
M | 45° BASIC 450 BASIC Method 2003 (solderability) N 010__| 030 025 | o7e
N 095 | 105 241 | 267 of MIL-STD-883 except
paragraph 3.2).
PIN CONFIGURATION
OFFSETTRIM | 1 ~ 8 I OFFSET TRIM
OFFSET TRIM ° e
-IN | 2 7 | +Vce
-IN h > |
OuUTPUT +IN I 3 6 I OUTPUT
NO INTERNAL
-V 4 5
N NO INTERNAL cc l: CONNECTION
CONNECTION
(é\fgg; 8-PIN DIP
(TOP VIEW)




TYPICAL PERFORMANCE CURVES

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

Temperature (°C)

Time months

1-20

0.1Hz TO 10Hz, p-p NOISE TESTER VOLTAGE NOISE VS A COMPARISON OF OP AMP
FREQUENCY RESPONSE FREQUENCY VOLTAGE NOISE SPECTRUMS
100 1 100 i
g -
90 H 7 _
. £ ;
1 n
_ NN 3 3 !
g 70 E 4N = ¥ Corner | |
£ 8 N § 10 Low Noise
S0 23 S " Corner udio Op Ampd
| g 114 Corner = 2.7Hz s L 2Hz ) it 1/t Corner
) 2 k] OPA27/37 1§
0T ost Time of 10sec Further Limis s 1 g T
uency (< 0.1Hz) G [ i
40 Low Freq (< 0.1Hz) Gain i Instrumentation | Audio Range T"'
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30 1 i > - Y T STy ————
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Frequency (Hz) Frequency (Hz) Frequency (Hz)
INPUT WIDEBAND VOLTAGE NOISE VS TOTAL NOISE VS VOLTAGE NOISE VS
BANDWIDTH (0.1Hz TO FREQUENCY INDICATED) SOURCE RESISTANCE TEMPERATURE
10 100 T 5
Rl ~EHH
R2 _
—_ — N
> N - I4
3 I% Rs = 2R1] ﬂ. ATToE
s 1 2 11 RS K
3 E | - ]
3 $o : 2s At 1kHz
2z H z "
So1 s [AtioHz] ! ) wd
] o =
-
E wes At 1kHz FH ﬁl ! se
Resistor Noise Onlv_ﬂ H, )
e
ootk o Lt A 1 P 1
- : 1 1K 10k 50 25 0 25 50 75 100 125
Bandwidth (kHz) Source Resistance () Temperature (°C
VOLTAGE NOISE VS CURRENT NOISE VS SUPPLY CURRENT VS
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5.
5 10, 10k
. : g0 e
N N
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40 - /Tl/r % >=‘ 2 Y
I~ = I ©10
. OPA27/37A| 8 0 -~ ——~ 2
> 2 ] - 1 82 ~ s OPA27/37C&G
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OFFSET VOLTAGE CHANGE INPUT BIAS CURRENT INPUT OFFSET CURRENT

DUE TO THERMAL SHOCK VS TEMPERATURE VS TEMPERATURE ~
) 50 50 RS
2 r~
oN
) P
g% © 240 o
3 < < S
> |Ta= Ta=+70°C s N <
e I §% L 30
5 £ [\ orazrrarc £ 30 ——oPA27/37C
515 3 \\ °
a l Thermai e é
£ l ghock & 20 20
£10 8in 2 \\\K\\ OPA27/378 o A\
L] =1
8 y E 0 NN l g, NN opazr/ae
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3, in 70°C Oil Bath 0 L] o e
g 20 0 20 4 6 80 100 50 25 0 256 50 75 100 125 150 75 50 25 0 25 50 75 100 125
< Time {seconds) Temperature (°C) Temperature (°C)
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SMALL SIGNAL OVERSHOOT
VS CAPACITIVE LOAD
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APPLICATION INFORMATION

OPAZ27/37 Series units may be inserted directly into 725,
OP-06, OP-07 and OP-05 sockets with or without
removal of external compensation or nulling components.
Additionally, OPA27/37 may be fitted to unnulled 741-
type sockets; however, if conventional 741 nulling
circuitry is in use, it should be modified or removed to
enable proper OPA27/37 operation. OPA27/37 offset
voltage may be nulled to zero (or other desired setting)
through use of a potentiometer (see Figure 3).
OPA27/37 provides stable operation with load capac-
itances up to 2000pF and *10V swings; larger capac-
itances should be decoupled with 50€) decoupling resistor.
The designer is cautioned that stray thermoelectric
voltages generated by dissimilar metals at the contacts to
the input terminals can prevent realization of the drift
performance indicated. Best operation will be obtained
when both input contacts are maintained at the same
temperature, preferable close to the temperature of the
device’s package.

OFFSET VOLTAGE ADJUSTMENT

The input offset voltage and its drift with temperature of
the OPA27/37 are permanently trimmed at wafer testing
toa very-low level. However, if further adjustment of Vos
is necessary, nulling with a 10k} potentiometer will not
degrade TCVos (see Figure 4). Other potentiometer
values from 1kQ) to IMQ can be used with a slight
degradation (0.1 t0 0.2uV/"C) of TCVos. Trimming to a
value other than zero creates a drift of (Vos/300) uV/"C,
e.g.,if Vosis adjusted to 100u V, the change in TCV s will
be0.33uV/°C. The offset voltage adjustment range with a
10k} potentiometer is *4mV. If smaller adjustment
range is required, the sensitivity and/ or resolution of the
nulling can be increased by using a smaller pot in
conjunction with fixed resistors. For example, the
network in Figure 3 will have a £280uV adjustment
range.

1 4.7k Tk POT 47k 8

FIGURE 3. Higher Resolution Nulling Circuit.

FIGURE 4. Offset Nulling Circuit.

UNITY GAIN BUFFER APPLICATIONS - OPA27.

When R, < 100 and the input is driven with a fast, large
signal pulse (> 1V), the output waveform will look as
shown in Figure 4.

AN
A4

X X 0PA21

2.8V/ usec

FIGURE 5. Pulsed Operation.

During the fast feedthrough-like portion of the output,
the input protection diodes effectively short the output to
the input and a current, limited only by the output short
circuit protection, will be drawn by the signal generator.
This results in the waveform shown in Figure 5. With R,
= 5001}, the output is capable of handling the current
requirements (1; << 20mA at 10V) and the amplifier stays
in its active mode and a smooth transition will occur.
As with all operational amplifiers when R, = 2k, a pole
will be created with R; and the amplifier’s input capac-
itance (8pF). creating additional phase shift and reducing
the phase margin. A small capacitor (20pF to 50pF) in
parallel with R, will eliminate this problem.
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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 - 54V/°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)
© GAIN BANDWIDTH PRODUCT - 40MHz (OPA102)

DESCRIPTION

The OPAI10l and OPA102 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

« RADIATION MEASUREMENTS

« PIN DIODE APPLICATIONS

o DENSITOMETERS

* PHOTODIODE/PHOTOMULTIPLIER CIRCUITS
o LOW NOISE DATA ACQUISITION

In addition, the amplifiers have moderately high
speed. The OPAI101 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.

@

" TRIM
am (5

/+\ OUTPUT

yp

*

T

* DPA101 ONLY

@ Voo

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

ELECTRICAL
Specifications at TA = +25°C and +Vcc = £15VDC unless otherwise noted.
MODEL OPA101/102AM OPA101/102BM
PARAMETER CONDITION MiIN L TYP l MAX MIN L TYP ' MAX UNITS
INPUT NOISE
Voltage Noise Density fo = 1Hz(1) 100 200 80 100 nV/\/Hz
fo = 10Hz 32 60 25 30 NG
fo = 100Hz 14 30 1 15 nV/AAZ
fo = 1kHz 9 15 8 12 nV/A/Az
fo = 10kHz 7 8 7 8 nV/\/AzZ
fo = 100kHz 6.5 8 6.5 8 nV/\V/Az
fc; 1/f Corner Frequency 125 100 Hz
Voltage Noise f8 = 0.1Hz to 10Hz(1) 1.3 2.6 1.0 13 uv, p-p
fs = 10Hz to 10kHz 1.0 1.2 08 1.0 uV, rms
fB = 10Hz to 100kHz 21 2.6 21 26 uV, rms
Current Noise Density fo = 0.1Hz thru 10kHz 2.0 14 tA/N/AZ
Current Noise fs = 0.1Hz to 10Hz 38 26 fA, p-p
fs = 10Hz to 10kHz 200 140 fA, rms
DYNAMIC RESPONSE
Bandwidth, Unity Gain Small Signal
OPA101 10 . MHz
OPA102 Note 2 *
Gain-Bandwidth Product AcL =100
OPA101 20 " MHz
OPA102 40 * MHz
Full Power Bandwidth Vo = 20V, p-p; RL = 1kQ2
OPA101 80 100 * kHz
OPA102 160 210 * kHz
Slew Rate Vo =+10V; RL = 1k
OPA101 AcL=-1 5 6.5 " 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
e=0.01% 10 . usec
Settling Time (OPA102) Vo = £5V; AcL = -3;
RL =1k
e=1% 1 . usec
e=0.1% 15 * usec
€=0.01% 8 * usec
Small-Signal Overshoot RL = 1kQ); CL = 100pF
OPA101 AcL=+1 15 * %
OPA102 AcL=+3 20 N %
Rise Time 10% to 90%, Small Signal
OPA101 40 * nsec
OPA102 30 * nsec
Phase Margin RL =1k
OPA101 AcL=+1 60 * Degrees
OPA102 AcL=+3 45 * Degrees
Overload Recovery(3)
OPA101 AcL = -1, 50% overdrive 1 * usec
OPA102 AcL = -3, 50% overdrive 08 * usec
OPEN-LOOP GAIN, DC
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 . Vv
Current Vo = %12V *12 +30 * mA
Output Resistance Open-Loop, f=DC 500 " QO
Short-Circuit Current +45 * mA
Capacitive Load Range Phase Margin = 25°
OPA101 AcL=+1 500 * pF
OPA102 AcL =43 300 * pF
INPUT OFFSET VOLTAGE
Initial Offset Ta=+25°C +100 +500 +50 +250 uV
vs Temperature -25°C < Ta < +85°C +6 +10 +3 15 uVv/eC
vs Supply Voltage +5VDC < | Vec | <£20VDC +10 +50 * * uV/V
vs Time *10 * 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 -
vs Supply Voltage Note 5 *
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ELECTRICAL (CONT)

MODEL OPA101/102AM | OPA101/102BM
PARAMETER T CONDITION MIN | TYP | MAX | MIN | TVP_]' MAX | UNITS
INPUT DIFFERENCE CURRENT
Initial Difference Ta = +25°C +3 +6 *5 *4 PA
vs Temperature Note 4 N :
vs Supply Voltage Note 5 .
INPUT IMPEDANCE
Differential
Resistance 1012 * [0}
Capacitance 1 * pF
Common-mode
Resistance 1013 * Q
Capacitance 3 * pF
INPUT VOLTAGE RANGE
Common-mode Voltage Range Linear Operation +(|'Vee | -3), * v
Common-mode Rejection fo=DC, Vcm =10V 80 105 * . dB
POWER SUPPLY
Rated Voltage *15 * VvDC
Voltage Range Derated Performance *5 *20 * ot vDC
Current, Quiescent 58 8 * Lt 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

INCHES MILLIMETERS
DIM | MIN | MAX MIN MAX
A | 489 522 |12.42 f13.28 l l| l I ” l :
C | 243 307 617 [7.0 |4 LU LI UY] 4
0 | 018 ] 021 | 041063 ]F ““ 1, I
€ | 010] 040 | 0.26 | 1.02
ABSOLUTE MAXIMUM RATINGS + o010 o040 T 025 10z “ Lseating
Supply +20VDC G | .200 BASIC | 5.08 BASIC 0l Plane
Internal Power Dissipation(1) 750mwW kK [.s00] -~ | 127] --
Differential Input Voltage(2) +20VDC L [ .110] .160 | 2.79] 4.08 —-“-— D
Input Voltage, Either Input(2) +20VDC M 45° BASIC 45° BASIC ™
Storage Temperature Range -85°C to +150°C N | .095].106 | 2.41] 2.67
Operating Temperature Range -55°C to +125°C
Lead Temperature (soldering, 10 seconds) +300°C NOTE:
Output Short-Circuit Duration(3) 60 seconds
Junction Temperature +1750C Leads in true position within .010”
(.25mm) R at MMC at seating plane.
NOTES: Pin numbers shown for reference

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.

CONNECTION DIAGRAM

+vee L

-VIN
OUTPUT
VN OFFSET
VOLTAGE ADJUSTMENT

*Optional to improve
resolution and limit range.

50k *

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

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
(except paragraph 3.2).

Order Number:
OPA101AM OPA101BM
OPA102AM OPA102BM

PIN CONFIGURATION

(BOTTOM VIEW)

POSITIVE SUPPLY OFFSET TRIM

(+Vee)
OUTPUT INVERTING
(Vour) INPUT
(-ViN)
OFFSET TRIM NONINVERTING

INPUT (+ViN)

NEGATIVE SUPPLY (-Vcc)
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TYPICAL PERFORMANCE CURVES

(Ta=+25°C, xVcc = £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 1 ]
— N Rs = 10MQ | __*Includes contribution
& T * —from source resi y &
2 3 rRs=1Ma - E 1T ] y 4
< < >‘10'\ fg = 10HZ to 100kHz
< 100 100 2 4
© =4 o
g £ Rs=100k2| § V4
T>; AM > eme———— S
[ >
3 o o ! 3 y 4
5 z Rs=1000 | B A
Z 101-BM4 5 10 Z 10
=1 p— O s fe = 10Hz to 10kHz
Q £ a
c —_ ' c
£ = BM £
8 v 4
| : 1|
1 10 100 1k 10k 100k 1M 01 1 10, 100 1k 10k 100k 103 104 105 108 107 108 109
* Frequency (Hz) Frequency (Hz) Source Resistance ()
PEAK-TO-PEAK INPUT NOISE VOLTAGE INPUT NOISE CURRENT COMMON-MODE REJECTION
VS SOURCE RESISTANCE VS FREQUENCY VS FREQUENCY
1000 100 I 120 S
* :‘ o~
'E. ] ¥1 o 100
& *Includes contribution 2 g 13 OPA102
EY from source resistance Z §
o 100 < 10 3 80 \
8 e @
©° y A 5 y A o
S y 4 3 v 4 g 60
8 3 )
2 fs = 0.1 to 10Hz / K} 3 /
5 10 ' <1 s 40
a2 . 2 £ OPA101
£ v A4 £ Q
v 4 O 20
1 h— py 0.1 0
103 104 105 106 107 108 10° 110 100 1k 10k 100k 1M 10 100 1k 10k 100k 1M 10M
Source Resistance (02) Frequency (Hz) Frequency (Hz)
OPEN-LOOP FREQUENCY RESPONSE LARGE SIGNAL TRANSIENT RESPONSE SMALL SIGNAL TRANSIENT RESPONSE
120
_l Al OPILOI OP]A101 OPAI101
100 10 +100
+45 + v
Py RL =1k _
il ¢ 3 2
c 8 N 0 B 45 | €450
© LY ®
8 N 2> g
p N 23 g
g o 45 = g0 s 0
s \ g3 H
40 905 3- 5 -50
%0g 2° RL= TkQ 3 AL = 1k
=3 CL = 100pF CL = 100pF|
20 135 -10 L—AcL =+1V/V -100 | —AcL = +1V/V
: I
1 10 100 1k 10k 100k 1M 10M 0 5 10 15 20 25 0 0.1 0.2 03 04 05
Frequency (Hz) Time (usec) Time (usec)
OPEN-LOOP FREQUENCY RESPONSE LARGE SIGNAL TRANSIENT RESPONSE SMALL SIGNAL TRANSIENT RESPONSE
120 T T i
| Al OPA102 OPA102 OPA102
p—
100 PP +45 +10 +100
— L=
g ¢ \ 3 2
c 80 0 %5 *5 E +50
£ \ 85 °
° \ g ) g
S 60 45= g0 3 0
s - = >
H \ o8 5
S -3 2
40 1905 25 5 -50
9 g8 RL = 1k0 3 RL= 1k
%, °O CL = 100pF CL = 100pF
x -135 10 AcL = +3V/V -100 I Ac = +3V/V
0
1 10 100 1k 10k 100k 1M 10M 0 5 10 15 20 25 ] 0.1 02 0.3 04 05
Frequency (Hz) Time (usec) Time (usec)
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Relative Value

Common-mode Rejection (dB)

Change In Input Offset Voltage (uV)

Relative Value,

FREQUENCY CHARACTERISTICS

FREQUENCY CHARACTERISTICS '; :

OVERLOAD RECOVERY TIME

STABILIZATION TIME OF INPUT OFFSET

30
2 AM
125 2375 25
& P %
AM g =2 =
100 — T 300 Ta=25°CtoTa=85C__| & Ve = £20VDC
E Air Environment = —*1
; o
7% 5 225 ™ g5 Vee = +15VDC
5 +— 2 *
BM & 3 10
50 p— < 150 a1 Vee = £10VDC
< =
'; o —
2 g 75 5 Ve = +5VDC
£ 1 1
(8]
0 0 0 [
0o 2 4 ¢ 0 12 0 1 3 4 5 6 0 10 20 30 40 50 60

VOLTAGE FROM POWER TURN-ON

THERMAL RESPONSE TIME OF INPUT OFFSET
VOLTAGE FROM HEAT APPLICATION

VS SUPPLY VOLTAGE VS AMBIENT TEMPERATURE VS CLOSED-LOOP GAIN
13 — 13 T 1 |
OPA101 OPA101’ . OPA101
12 12 1 8
Slew Rate %
11 E 10
1.1 2 [~
’ < >
) > | . ]
10 TBandwndth- g ?.0 Bandwidth | §
. K] ’ i}
/ © . 4
0‘9% Slew Rate T 09 '§ 5
y %
08 / 08 3
07 07 . . 0
5 10 15 20 -35 -15 +5 +25 +45 +65 +85 1 10 100 1k
Supply Voltage (£Vcc) 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- | | |
,OPA102 OPA102 _ OPA102
14 - 12 3
123
2
1.2 1.1 210
’ El Slew Rate /; IS
g el
Bandwi % 10 g
1.0 > ‘ Q
% L Bandwidth §
08 ! € oo e T s )
Slew Rate L
’ [
0.6 0.8 5
04 0.7 0
10 15 . 20 -35 -15 +5 +25 +45 +65 +85 1 10 100 1k
Supply Voltage (xVce) Temperature (°C) Closed-Loop Gain (V/V)
COMMON-MODE REJECTION QUIESCENT SUPPLY CURRENT
120 yVS COMMON-MODE INPUT VOLTAGE . VS SUPPLY VOLTAGE 120 VOLTAGE GAIN VS SUPPLY VOLTAGE
T I
Vs =+16V . RL =1k
110 s 115
H _
8 @ 110
100 3 z bTa = +85°C
c
> ®
90 a G 105
3 &
@ s ~Ta=-25°C
80 % S 100
v g > \Ta=+25°C
5
70 ¢} 95
60 & 3 90
5 10 15 5 10 15 20 5 10 15 20
Common-mode Input Voltage (V) Supply Voltage (tVcc) Supply Voltage (V)

OUTPUT VOLTAGE VS OUTPUT CURRENT

Time From Power Turn-on (min)

Time From Heat Application (min)
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Normalized Input Bias Current

POWER SUPPLY REJECTION SETTLING TIME
VS FREQUENCY VS CLOSED-LOOP GAIN OUTPUT VOLTAGE VS FREQUENCY

-
n
o
3

| | OPA101
5100 \ OPA101 0 OPA101 2 AL=1ka
T \ — =
N ©
) § w0 d20 Vee = 20VDC
g ‘\ 5 S
) E S
< 0 N\ i 3 215 Vce = £15VDC
a ] 3
2 £ 2
@ 40 20 310
: AN v/4c
]
£ 20 10 5 Vce = £5VDC
0 0 % o ‘
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) '
PO S e TN SETTLING TIME OUTPUT VOLTAGE
VS CLOSED-LOOP GAIN VS FREQUENCY
120 T 30, . 30 -
OPA102 OPA102 OPA102
o 100 | 25 25 RL = 1k
T _ x
c Q o
S 80 2 20 20 Vce = £20VDC
g 3 > |
) £ ®
< 60 £15 215 Vce = +15VDC
> £ ; A
g 2 y. S
@ 40 § 10 310 Ve =+10VDC
g 1% 3
g 0 3 ]
a 20 5 5 Ve = +5VDC ——f
1%
0 \__& 0 0
10 1 ik 10k 100k 1M 10M 70 100 Tk 0 100 1k 10k 100k 1M 10M
Frequency (Hz) Closed-Loop Gain (V/V) Frequency (Hz)
INPUT BIAS CURRENT VS INPUT VOLTAGE
INPUT BIAS CURRENT VS TEMPERATURE AND AND INPUT OFFSET CURRENT
INPUT OFFSET CURRENT VS TEMPERATURE VAR v INPUT BIAS CURRENT VS SUPPLY VOLTAGE
1000 16 40 ]
100 E’ 14 _ 3.5 I
H 3 N ga0 /
= - =1
g " F Sas
3 3 :
=3 &
£ 1 a= T 20
o g% 10 3 Without Heat Sink ~a_
3 35 S15
a o0 = 1.
£ 01 Ss08 3 !
= ] 8
o / § 3 1.0
001|—# 2 o0s £, With Heat Sink
Zz Supplied
0.001 0.4 0
35 -15 +5 +25 +45 +65 +85 10 -5 0 +5 +10 5 10 15 20
Temperature (°C) Input Volitage (V) Supply Voltage (+Vce!
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APPLICATION INFORMATION
INTRODUCTION '

The availability of detailed noise spectral density charac-
teristics for the OPAI101/102 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 amoplifiers
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.

Noispless Amplifier
et
In-tt)

\‘ +

Amplifier With Noise

Nems A V I/Tj;in’(t)dt ()]

where Ny is the rms-value of some random variable n(t).
In the case of amplifier noise, n(t) represents either ex(t)
or in(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 ni(t), n2(t), and ns(t) are
uncorrelated then their combined value is

NTOTAers =+ Ni'ms + N22rms + strms 2)

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 (Is). In fact, if
the voltage en(t) and currents in(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.

AAA
YV~

A _"_".l By

AN

CR1
%

v

k3

0l = 8t [1 + Rg/Ryl + Iy (0 Ry +1y WRg 11 + Ry/Ry)

FIGURE 3. Pin Photo Diode Application.

CR1is a PIN photo diode connected in the photovoltaic
mode (no bias voltage) which produces an output current
iim 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
toolto 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.
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Note: iy, shorted in this configuration.

FIGURE 4. Noise Model of Photo Diode Application.



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

1000 T
E ~N K, = 800/ /R
s 100 }
£ T Ky = 8 nV/ Rz
s
£ " p— —
= 1, = 100Hz

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

2. VOLTAGE NOISE

Ky = 1410/l
=k

Current {1y /+/Hz)
S

o1 o1 1 10 100 1k 10k 100k
Frequency (Hz)
5b. CURRENT NOISE

M oM

FIGURE 5.Noise Voltage and Current Spectral Density.

Figure 6 shows the desired “gain” of the circuit
(transimpedance of €,/iin = Z2(s)). It has a single-pole
rolloff at f; = 1/(2wR2C2) = w2/2m. 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 (i 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
S
8
g 107 \
g fp=
E b
E 155
108 —
[T 10100 1k 10k 100k M 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
H'_AB]—CHT?-[H__L] 3)
AB

€ = e[

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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0.1
00 R
¢ fra= 10 x103 =| i+ ]
0001 S RN LR SRR
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Frequency (Hz)
FIGURE 7. Noise Voltage Gain.
Note that for large loop gain (AB>>1)
Co=e — - 4
B 4)
For the circuit in Figure 4 it can be shown that
1 R:RiCis+ 1
L4 RRCs*HD )
B Ri(R:Cs+ 1)
This may be rearranged to
5
| RetR | mstl (%)
B R mstl
where 7. = (R1 || R))(Ci || C2) (5b)
_ + RiR:
= [gvr) €+ 0
and 72=R:C; - (5¢)
T , :
hen, f, = py— and f, = Py (5d)

For very low frequencies (f<<f,), s approaches zero and

equation 5 becomes

(6)

For very high frequencies (£>>f), 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 Sa) 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.

I =001z, | Wy=813Hz, | ~f,=150kHz ~ |
T |lg= 00K f 11y = 380kHz
T | \ [ !

' Regions DL N @ |
l= | o ! i
§ 1000 lzl‘l 1‘0] I‘?! T :
S [ _&4 Ll 208
S H <
) TNCE T
g 10 Ry | ! !
3 K I+— . - 4B
:s"= 1! 1 ' y<d b2
] 2 Ao
K lf—o— ¢
a2 5]
P L --;0 2% K& 1
001 01 1 10 100 1k 10k 100k 1M 10M
Frequency (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 eq(w)
function in Figure 8 with the following expression:

Eo ms = ] Lt
Vv j:;; e’ (w) dw ®)

Itis 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; f; = 0.01Hz to f. = 100Hz
R,
Eni ms =Ky (1 + T ) VIn(f./f1) )
=80nV/v/ Hz (I + 10’ )\/ 100
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 en(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;(1 + R2/R}) is the value of e
at f= 1Hz.

Region 2; f. = 100Hz to f, = 673Hz
Enzrms—Kz(l+—)V s (10)
=8nV/\/Hz (1 + vV 673 - 100 (10a)

=0.21uV

W)
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This is a region of “white™ noise which leads to the form
of equation (10).

Region 3; f, = 673Hz to f> = 15.9kHz
. _ . f23 fa3
En3 ms — Kz‘KJ —3——?. (“)
/(1 67
=8nV/\/Hz(1.63x 107) ( 59k) (i( 11a)

=15.1uvV

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, ||R: and the capaci-
tance (C, +:C;). Note that K3 « K5 is the'value of the &, (w)
function for this segment projected back to 1Hz.

Region 4; f > 15.9kHz

C
Ewm =K (1+ 2 ) VIS -6 (12)
\/[—]380k- 15.9k (12a)

—8nV/\/—(l+

= 158.5uV

This is a region of white noise with a single order rolloff at
fs = 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 f; 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=1n X Z:(S) (’3)

where Zx(s)= R || Xc, (132)

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.

Region | ®© | 9 1®

% w? - 1= 15.9kHz —
: o
£ 8= ?\
s A
f3 = 380Kz \
'oj 1
0l 1 10 100 Tk 10c 100k IM

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



Eai =1.4 x 10®/ 10k-0.1 (14)

= 1.4uV

Region 2; 10kHz to 15.9kHz
(15.9k  (10k)’

Ew= 1.4 x 107"

3 3 (14a)
= 1.4uV:
Region 3; f> 15.9kHz
Ens=22x 10° / =
niz =2.2Xx 10 > 380k - 15.9k (14b)
=16.8uV
Eni ot = 1078/ (1.4) + (1.4) + (16.8) (14c)

= 16.9uV ms

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/ 4kTRB (15)
K = Boltzmann’s constant = 1.38 x 1072}
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+/ RB

Er rms in uV

R in MO

B in Hz
For the circuit in Figure 4

R;=10'0 = 10MQ

=T ey =L
= () = 159k

Then

Er rms = (411nV/\/Hz) /B

=@11nV/\/Hz) / % 15.9kHz
=64.9uV rms

Total Noise
The total noise may now be computed from
Enwow =V En’ + En’ + B’ + Eni® + E’ + Eo?  (16)
=267 +021+15.1°+158.5 +64.9°+16.9°  (l6a)
=+/7.1+0.04 + 228 + 25122 + 4212 + 286 (16b)

=173V rms
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Conclusions

Examination of the results in equation (16b) together
with the curves in Figure 8 leads to some interesting
conclusions. In this example 849 of the noise comes from
E.«. From Figure 8 it is seen that this is the area beyond
the pole formed by Rz and Ca.

The Ens contribution could be reduced several ways. The
most common method is to increase C,. This reduces f2
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 (Ci + 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 region 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 f3. 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\/ﬁ 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 19 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

en(w)

in(w)

80V VAL
1.4fA/\/Hz

5.7MQ

at f= 10kHz (17)

Rchamcteris!ic =

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
LOMQ) 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.3 (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
the right (i.e., the +20d B/ decade slope segment will move




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 input 1mpedance

of the OPA101/102 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 reccommended 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 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 (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.

v+

oUTPUT Q?1 O
Os
"% \

«

)
&

GUARD A

(BOTTOM VIEW)
Board layout for input Guarding with T0-99 Package.

Ry
M

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

4
v
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FIGURE 12. Ultra-High Input Impedance Nomnvemng
Circuit.
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FIGURE 11. Ultra-Low Current to Voltage Converter.

FIGURE 13. Low Drift Integrator.

Thermal Model
Figure 14 is the thermal model for the OPA101/ 102 where:

Ty = Junction temperature (output load)
Ts* = Junction temperature (no load)

Tc = Case temperature

Ta = Ambient temperature

6ca = Thermal resistance, case-to-ambient
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Ous = Effective thermal resistance of the heat sink
Ppo = Quiescent power dissipation
| +Vee| 1+quiescent +] -Vec| 1 Quisscent
Pux = Power dissipation in the output transistor
= (Vour - Vcc) lout
(In a complementary output stage only one output
transistor is conducting current at a time.)

INTERNAL POWER DISSIPATION
Ty

TJ.
69 = 85°C/W 6 =v1;:c/w
Pog T Pox
Houf §rmewn

FIGURE 14. OPA101/102 Thermal Model

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 OPAI101/102’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 Vcc = £15VDC and Ta = 25°C.

Maximum Ppx occurs where Vour = 1/2Vc¢c. Then

B (Vo)
PDX max — 4R|oad “8)

Tj=Ta + Png [62 + (Ohs || 6ca)]
+ Pox [01 + 6 + (Bus || 6ca)] (19)

BusOe
where (Bxs || Oca) = ;o = 90°C/W
Ous + Oca

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

(15Vy

——— [75°C/W +85°C/W +90°C/ W]
4 x 1kQ

=25°C+42°C+14°C =Ta +56°C

=81°C

The conclusion is that under a worst-case output voltage
condition and with a 1k{) 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 Loutput timi (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?®

'OPA103

Low Drift - Low Bias Current FET Input
OPERATIONAL AMPLIFIER |

"FEATURES
« LOW BIAS CURRENT, 1pA, max
« HIGH INPUT IMPEDANCE, 10'30
" o ULTRA-LOW DRIFT, 2,V/°C, max
o LOW OFFSET VOLTAGE, 0.25mV, max
+ LOW QUIESCENT CURRENT, 1.5mA, max
o HERMETICALLY SEALED T0-99 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 coniponents.
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
rapid thermal response for quick stabilization after

+IN

APPLICATIONS
o CURRENT TO VOLTAGE CONVERSION
o LONG TERM PHECISII)N INTEGRATION

© PRECISION VOLTAGE AMPLIFICATION FOR :
HIGH INPUT IMPEDANCE APPLICATIONS SUCH AS:
« pheto current detectors
«pH electrodes . _
« hiological probes/transducers

turn-on or temperature changes.

The amplifier is free from latch-up andis 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
_:egative supply voltage without damage.

The standard pin configuration (741 type) of the
OPA103 allows the user drop-in replacement capabil-
ity. A pin 8 case connection permits the reduction of
noise and leakage by employing guarding
techniques.

IINTENM!DI”J

OFFSET ©
TRIM 20

STAGES

6% v
ke 2k
WET 3 Koy
INPUT STAGE

OUTPUT STAGE

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-444A
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SPECIFICATIONS

ELECTRICAL
At Ta = 25°C and +Vcc = +15VDC unless otherwise noted.
JP——— —
MODEL OPA103AM OPA103BM OPA103CM OPA103DM
C MIN | Tvp [ max | min] Tvp] max| min] Tvr] max] minT TYP] max UNITS
OPEN-LOOP GAIN, DC, Voyr = +10V
Rated Load, RL > 2k 100 | 106 * * * * * * dB
RL = 10k 112 * * * dB
Ta =-25°C to +85°C, RL > 2k} 84 | 100 N . ' N . * dB
RATED OUTPUT
Voltage at RL = 2k(2, Ta = -25°C to +85°C 10 | 12 * * * " * . Vv
RL = 10k(}, Ta = -25°C to +85°C 12 | #13 * * * * * * \
Current, Ta = -25°C to +85°C +5 +10 * * * * * * mA
Output Impedance 3 * * * k)
Load Capacitance(1) 500 | 1000 M * * * * * pF
Short Circuit Current 10 25 N * * * * . mA
FREQUENCY RESPONSE
Unity Gain, Small Signal 1 * * * MHz
Full Power Response ) 14 20 * * . . * * kHz
Slew Rate 09 ( 13 * N . . . . V/usec
Settling Time (0.1%) 9 * * * usec
Settling Time (0.01%) 20 * * * usec
Overload Recovery(2). 50% overdrive 4 15 . * * * * * usec
INPUT OFFSET VOLTAGE
Initial Offset, Ta = +25°C +200 | +500 +200| 500 +100| +250 +100] +250 uv
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 +20 | +200 * * * * * . uv/v
vs Time +20 * * * uV/mo
INPUT BIAS CURRENT(3)
Initial Bias, Ta = +25°C -2 -1 -1 -1 pA
vs Supply Voltage 0.005 * * * pAN
INPUT DIFFERENCE CURRENT
Initial Ditference, Ta = +25°C [ | x03] | [ #o2] [ [x02] | [ +02] T eA
INPUT IMPEDANCE
Differential 10131 0.8 : N N 1 pF
Common-mode 1014 || 0.6 * * * Q| pF
INPUT NOISE
Voltage, fo = 10Hz 55 . . . nV/\/RAz
fo = 100Hz 35 . : . nv/\/Hz
fo =1kHz 30 . * * nV/\/Hz
fo = 10kHz 25 . . . nV/\/Hz
fe'=0.1Hz to 10Hz 3.0 * " * uV, p-p
Current, fg = 0.1Hz to 10Hz 0.01 * * * PA, p-p
s = 10Hz to 10kHz 0.03 * * * pA, rms
fo = 1kHz 0.6 : . St tA/\/Hz
INPUT VOLTAGE RANGE
Differential ) +20 * * . . v
Common-mode, Ta = -25°C to +85°C +10 | %12 * * - * * . . \
Common-mode Rejection, ViN = 10V 76 86 * * * * * * dB
Maximum Safe Input Volitage +Vs * * * \
POWER SUPPLY
Rated Voitage +15 * * * vDC
Voltage Range, derated performance *5 *20 * * * * * * vDC
Current, quiescent, Ta = -25°C to +85°C 10 | 15 : : N N : : mA
TEMPERATURE RANGE ( ) .
Specification -25 +85 * . . * * * °C
Operating -55 +125 * * * * * * °C
Storage -65 +150 | * . . . . . °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
A TO-99 PACKAGE INCHES MILLIMETERS
[+ B DIM MIN MAX MIN MAX
. L) A .335 370 8.51 9.40
* c 8 .305 .335 7.75 8.61
c |.1e5 185 4.19 4.70
F _f o_| .01 .021 0.41 0.53
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
Plane _.IL_D K .500 —— 12.7 ——
L .110 .160 2.79 4.06
M 45° BASIC 45° BASIC
N | 005 | 105 | 241 [ 267
Weight: 1 gram
: The TO-99 can and leads are bright acid
H Leads in true position within .010” tin plated. (TOP V|EW)
(:26mm) 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
120 +90 1 - _ 30 1.3 -

5 - RLZ>10k(| % F}L =fkn RL=2kQ
o~ ) o5 CL=
@100 HEE g 12 =25 12 L =500pF
< 8ol o % Zs 2 20}vs = +20v—fp L=b—| S 1.1 |
< 5 o = T fp = .

9 60 45 = O 449 S 15}vs = +15V F 2z 1

g \ o > s =+ £

g 1T g o 5 T ! 3 &

= 40 90 @ & 105|Ta =+85°C+-Ta=+25°C{ @ 10fvg =+10V \ <09 A%,

. 3 9 ] 2
20 135§ > 100 S 5lvs = s5v \ 08 O Wl

0 . 180 95 ol 07
1 10 100 1k 10k 100k 1M 10M 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 (°C)

VOLTAGE FOLLOWER _ QUIESCENT —~ MAXIMUM
LARGE SIGNAL RESPONSE FRANSIENT RESPONSE E SUPPLY CURFI:ENT % POWER DI_SSIPATION
RL = 2k{) | CL = 500pF RL = 2k(}, CL = 500pF bt Z900
=~ B § S
> 10 g 40 g e N
) - N
o 5 I \ E, +20 (i 2 H 600 Y
g £ | {0
3 0 I \ ‘<>3 ] §. Az 25°C Ta=+25°C g450
a5 3 -20 =1 S 300 NS
3 s 8 [Ta=+85°C | =
O-10 O -40 & 2 c150
s 1 § :
&) £ -
0 20 40 60 80 01 2 3 4 5 10 15 20 0 50 100 150
Time (usec) Time (usec) Supply Voltage (+V) Ambient Temperature (°C)
STABILIZATION TIME OF
_a INPUT OFFSET VOLTAGE FROM  INPUT OFFSET VOLTAGE vs
_ COMMON-MODE REJECTION @ 3 CMRR AND PSRR - POWER TURN-ON THERMAL SHOCK vs TIME
120 S <120 s . ~ ™ .
E 22 +PSRR 2 1R |eTa=+250cC [
% 100 3 « 100, % +5 §+5 E=iTc = +850C T
c
£ 80 SL 80 }!3‘ £ 0 50 ‘
¢ i Ry 3o
@ = @ 60 -5 T -5
H] e emrd NN\ £ £ /
S 40 _;:-8 ' 40 NCN O -10 O .10
c 35 5
5 2 82 NN 2 2
[ Loy c- £-15
; 52, RN r
© o 5 . 10 15 8E "1 10100 1k 10K100kTM & 0 10 20 30 40 50 & 0 15 30 45 60 75
Common-Mode t 0 S 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 response 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
along 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 OPAI03 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
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 shielded 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 OPA103 be wired to a Teflon standoff. If the OPA103
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 | illustrates the use
of the guard. The resistor R; 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 noise due to the thermal noise of Rj.

OFFSET VOLTAGE ADJUSTMENT

Although the OPA103 has a low initial offset voltage
(250p V), some applications may require external nulling
of this small offset. Figure 2 shows the recommended
circuit for adjustment of the offset voltage. External

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.

Ry Ry
INPUT O—AA—————AM—
-
1 M A 8
GUARD ! ; OUTPUT
' 1 "O
+
—— Ry* I |
INVERTING AMPLIFIER
Ry -
1
N T —NQ8 OUTPUT
1]
, —0

OUTPUT

INPUT

NONINVERTING AMPLIFIER
(BOTTOM VIEW)

+Vee Q7
uuwurQ

“Rg may be used to compensate
for very large source resistances.

ﬁl ﬂz/[ﬁrf nzl

must be LOW Impedance. (o]
4
Board layout for Input Guarding W 0
with T0-99 Package. cc
GUARD

Any potentiometer value
between 10k and 100k().

FIGURE 2. External Nulling of Offset Voltage.
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BURR-BROWN®

" 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

o LOW DRIFT, 104V/°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-
tiondl amplifier. Guaranteed low initial offset voltage
(0.5mV, max) and associated drift versus tempera-
ture (10uV "C. max) is achieved by laser-adjusting
the amplifier during manufacturing. The low offset.
in addition to the guaranteed low bias current (751A.
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
o CURRENT TO VOLTAGE CONVERSION

o LONG TERM PRECISION INTEGRATION

 PRECISION VOLTAGE AMPLIFICATION FOR
HIGH INPUT IMPEDANCE APPLICATIONS SUCH AS:
« photo current detactors
« pHi slectrodes
« 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 .
OPA104 allows the user drop-in replacement capa-
bility. A pin-8 case connection permits the reduction
of noise and leakage by employing guarding
techniques.

v
INTERMEDIATE| |
STAGES NETWORK
nrrm@ ] T
TRIM @25!} ]

k:;lkn Il v
ov a3 Fov Yeo
—(4
INPUT STAGE OUTPUT STAGE ©

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-451

1-40




SPECIFICATIONS
ELECTRICAL

At Ta = +25°C and +Vcc = +15VDC uniess otherwise noted.

MODEL | OPA104AM OPA1048M OPA104CM

PARAMETERS MIN TYP MAX MIN TYP MAX MIN TYP MAX

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

Rated Load, RL = 2kQ1 100 106 . N * .

RL = 10k0 106 112 . . . .

Ta =-25°C to +85°C, RL > 2kf) 92 100 . . . .

RATED OUTPUT

Voltage at RL = 2kM}, 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 +5 +10 . * . . mA

Output impedance 3 * . (34}

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

Short Circuit Current 10 25 * * * mA

FREQUENCY RESPONSE

Unity Gain, Small Signal 1 * . MHz

Full Power Response 25 35 . . . . kHz

Slew Rate 16 22 . . . . 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 Voltage, Ta = +25°C +10 +100 . . . . MY
vs Supply Voltage, Ta = -25°C to +85°C +20 +150 . . . . uVN

INPUT BIAS CURRENT(3 .

Initial Bias, Ta = +25°C -300 -150 -75 fA

vs Supply Voltage 1 " N fA/V

INPUT DIFFERENCE CURRENT

Initial Difference, Ta = +25°C | | 0 | | ] 0 | | | +a0 | fA

INPUT IMPEDANCE

Differential 1014 (] 0.5 * . 0| pF

Common-mode 10151 1.0 * * || pF

INPUT NOISE —

Voltage, fo = 10Hz 75 . nV/\/Hz
fo = 100Hz 55 . . nv/\Az
fo=1kHz 35 * N nV/\VHz
fo = 10kHz 35 . nv/V/Az
fg = 0.1Hz to 10Hz 6 * . sV, p-p

Current, fs = 0.1Hz to 10Hz 3 * * fA, p-p
fs = 10Hz to 10kHz 10 * . fA, rms
fo = 1kHz 0.25 - fA/\/Hz

INPUT VOLTAGE RANGE

Differential *20 * * v

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

Common-mode Rejection at ViN = +10V 66 76 . M 80 90 dB

Maximum Safe Input Voltage +Vs * * Y

POWER SUPPLY

Rated Voltage 15 N VvDC

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

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

TJEMPERATURE RANGE (ambient) —

Specification -25 +85 * * * N °C

Operating -55 +125 . . . °C

Storage -65 +150 N . . °C

@ junction - ambient 235 * °C/W

*Specifications same as for OPA104AM.

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 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
joe— 5 —» oM ["MIN | MAX MIN | MAX
L A .335 .370 851 | 9.40
{ 4 < B | .305 .335 775 | 851
r— = c_|.16s .185 4.19 4.70
3 F _T o |.016 .021 0.41 0.53
E_|.010 .040 0.25 1.02
[3 010 040 0.25 1.02
G| 200 BASIC 5.08 BASIC
H_| .02 .034 0.71 0.86
Seating S L J .029 .045 0.74 1.14
Plane o k__| .s00 - 12.7 ——
N pa— v | 110 160 2.79 4.06
] 45° BASIC 45° BASIC
l N | 095 | 105 | 241 | 287
) ol
X A.'i i Weight: 1 gram
\/-J “Vee
Note: The TO-99 can and leads are bright acid
H Leads in true position within .010” tin plated. (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
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g B 8 5% e
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20 135§ 95 S sfvs=zsv —\ 08 s
0 -1 90 0 L L 07
t 10 100 1k 10k100k»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 (°C)
VOLTAGE FOLLOWER QUIESCENT 3 MAXIMUM
LARGE SIGNAL RESPONSE TRANSIENT RESPONSE E SUPPLY CURRENT [3 POWER DISSIPATION
+15 RL = 2ki) | CL = 500pF R RL 3.2k(}, CL = 500pF = ’ 5 st
~+1 > 2
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e +5 © +20 382 8 600—T™N
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APPLICATIONS INFORMATION
THERMAL RESPONSE TIME

Thermal response time is an important parameter in low
drift operational amplifiers like the OPA104. 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 OPA104 is approximately
20 seconds (see Typical Performance Curves).

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
OPAI104.

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 OPA104. To avoid leakage
problems, it is recommended that the signal input lead of
the OPA104 be wired to a Teflon standoff. If the OPA 104
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.

OFFSET VOLTAGE ADJUSTMENT

Although the OPA104 has a low initial offset voltage
(500 V). some applications may require external nulling
of this small offset. Figure 2 shows the recommended
circuit for adjustment of the offset voltage. External
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.

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.

CRI1 is a PIN photodiode 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: (0.5pF to 2pF) is what would be typically
required to compensate for the pole generated by the
capacitance at the input node. A larger value of C» could
be used to limit the bandwidth and reduce the voltage
noise at higher frequencies.

Ry Ry
INPUT
: 8

OUTPUT

1
1
\+
;
1

OUTPUT

0UTPUT

INPUT O
NONINVERTING AMPLIFIER

*ee Q7
uuan

(o 1]
4
N/

(BOTTOM VIEW)

Board layout for Input Guarding
with T0-89 Package.

Any potentiometer
betwesn 10k() to
100k () range.

8 = lipfi

FIGURE 3. Pin Photodiode Application.

2 = IpF
Ry = 1070

Equivalent circuit for CR1 lin r_.",c____
. \

! P
L L v %
Note: I, shorted in this configuration.

FIGURE 4. Model of Photodiode Application.
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BURR-BROWNe

OPA605

Wideband - Fast Settling
 OPERATIONAL AMPLIFIER

FEATURES
o FAST SETTLING - 500nsec max to 0.1%

o WIDE BANDWIDTH - 200MHz Gain - Bandwidth Product
* FAST SLEWING - 300V/.sec slew rate, Agy > 50
o LARGE QUTPUT CURRENT - +30mA min at =10V

 HIGH GAIN - 80dB min at +30mA output

o LOW VOLTAGE OFFSET AND DRIFT - 500,V max,

5uV/°C max

DESCRIPTION

The OPAG60S 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 230mA guaranteed minimum output current
(at £10V) allows the user to realize che high speed
features of the OPA60S. Unlike most integrated
circuit wideband amplifiers additional current boost-

APPLICATIONS

o PULSE AMPLIFIERS

© FAST D/A CONVERTERS

o LINE DRIVERS

© WAVEFORM GENERATORS

o HIGH SPEED TEST EQUIPMENT

er circuitry is not needed for most applications.

The 500nsec max to 0.1% 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 5uV/°C max is available.
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SPECIFICATIONS

ELECTRICAL e
Specifications at Ta = +25°C and +Vcc = £15VDC unless otherwise noted. ‘2
- .
MODEL OPAGBO5H/OPABOSA OPAG05J/OPAG05B OPAB05K/OPA605C o
PARAMETER CONDITION MIN [ TP [ MAX [ MIN T TYP | MAX [ MIN ] TYP [ MAX UNITS
OPEN-LOOP GAIN, DC
Full Load Vo = +10V; RL = 3301} 80 96 * * ‘ * dB
No Load Vo = +10V; RL > 10k} 102 * . dB
RATED OUTPUT
Voltage lo = +30mA *10 *12 * : * : v
Current Vo =%10V +30 +50 * : * . mA
Output Resistance Open Loop 200 . : 0
Short Circuit Current Internal Limits(1) *30 +50 +80 * * * : * . mA
Capacitive Load(2) Act = -1, Cc = 20pF 500 . . pF
DYNAMIC RESPONSE
Gain-Bandwidth Product
AcL =1000,Cc =0 200 * * MHz
AcL =-1, Cc = 20pF 20 * . MHz
Slew Rate RL =330(), Vo =0 to +10V,
AcL=50,Cc=0 0to-10V 300 * . V/usec
AcL = -1, Cc = 20pF 80 94 . . . . V/usec
Full Power Bandwidth RL = 3301}, Vo = £10V, 13 15 * : * * MHz
AcL =-1, Cc = 20pF
Settling Time, Ay = -1(3) Cc = 20pF, RL = 5001},
CL = 100pF, Vo =0 to +10V,
0 to -10V
e=1% 200 * * nsec
€e=01% 300 500 : : * * nsec
e=001% 400 * . nsec
Small-Signal Overshoot Av=-1,Cc =20pF,RL =50002 [} 20 . . . . %
Cu = 100pF
INPUT OFFSET VOLTAGE
Initial Offset Ta =+25°C +0.25 +1.0 * +0.5 * 0.5 mv
vs Temperature TLtoTH +25 +10 +5 uv/eC
vs Supply Voltage +30 +200 . * . . uV/V
Adjustment Range(4) Circuit in 9 . . mv
“Connection Diagram”
INPUT BIAS CURRENT
Initial Bias Ta=+25°C,Vem =0 -10 -35 . ‘ : ) PA
vs Temperature TLtoTH Note 5 . .
vs Supply Voltage 02 . * ) PAN
vs VeM Note 6 * *
INPUT DIFFERRENCE CURRENT
Initial Difference Ta=+25°C,Vcm =0 *2 * * PA
vs Temperature Note § . .
vs Supply Voltage 0.05 * : pAN
VOLTAGE NOISE DENSITY Rs < 1001}
fo = 10Hz 80 : : nV/\/Hz
fo = 100Hz 30 . ' nv/\/Hz
fo = 1kHz 20 * : nv/\/Hz
fo = 10kHz 12 . . nV/\/Hz
fo = 100kHz 12 - * nVy/Hz
INPUT IMPEDANCE
Differential
Resistance on * : 0
Capacitance 3 * . pF
Common-Mode
Resistance 101 . . 0
Capacitance 3 * N pF
INPUT VOLTAGE RANGE
Common-Mode Voltage Linear Operation
Range *10 *12 . : * . v
Common-Mode Rejection 70 90 80 90 80 90 dB
POWER SUPPLY
Rated Voltage +15 N . vDC
Voltage Range Derated Performance 5 +18 N * * : vbC
Current, Quiescent *7.2 +9 * : . : mA
TEMPERATURE RANGE
Specification
H, J, K Grades TLtoTH 0 +70 : N : : °C
A, B, C Grades TLtoTH -25 +85 * . - : °C
Operating Derated Performance -55 +125 * * : ‘ °C
Storage -65 +150 . : : 3 °C
NOTES:

*Specifications same as for OPA605SH/OPAB605A. 1. Current limit may be increased with external resistors. 2. Allowable capacitive load depends on
several factors. See Compensation section. 3. Settling Time measured in circuit of Figure 4. 4. Adjustment affects voltage drift vs temperature by
approximately +0.3uV/°C for each 100uV of offset adjusted. 5. Doubles approximately every 8.5°C 6. See Typical Performance Curves.
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ABSOLUTE MAXIMUM RATINGS

Supply
Internal Power Dissipation
Differential Input Voltage(2)
 Input Voltage, Either Input(2)
Storage Temperature Range
Operating Temperature Range
Lead Temperature (soldering 10 seconds)
Output Short-Circuit Duration(3)
Junction Temperature

NOTES:
1. Package must be derated according to detail
Information section.

+20vDC

[§)]

+20vVDC
+20VDC

-65°C to +150°C
-55°C to +125°C
+300°C
Continuous
+175°C

s in the Applications

2. For supply voltages less than +20VDC, the absolute maximum input

is equal to the supply voltage.

3. Short circuit to ground only. See Short Circuit Protection discussion

in the Application Information section.

PIN CONFIGURATION
1. No Internal Connection.
2. Optional Frequency Compensation. o114 10
3. Offset Adjust. 013 20
4. Inverting Input.
5. Noninverting Input. 012 30
6.-Vce. on 40
7. Optional Short Circuit Adjust. 010 50
8. Optional Short Circuit Adjust. 09 60
9. Offset Adjust.
10. Output o8 B 70
1. +Vec.
12. Frequency Compensation. “Bottom View:

13. No Internal Connection *.
14. No Internal Connection.

*Case on metal package

Pin numbers shown for reference only.
Numbers are not marked on package.
Pin 13 is case on metal unit.

CONNECTION DIAGRAM
+Vee OFFSET VOLTAGE
ADJUSTMENT(!)
+Rsc(2)
=N,y

NOTES:
1. Offset voltage adjustment affects voltage drift vs temperature by
approximately +0.3uV/°C for each 100uV of offset adjusted.
2. Optional resistors to increase current limits. See
Application Information.
3. Optional frequency p

1sation. See Applications Information.

MECHANICAL “M” PACKAGE

NOTES

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

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

oo —»f

\Denotes Pin 1

—

EK
G —uf o L
—q j—H
L 12548589 Pin numbers shown for
R 14131211109 8 B
14131211109 8 reference only. Numbers are
not marked on package.
INCHES MILLIMETERS
OM I MIN | MAX MIN MAX
A 1860 880 | 21.84 | 2235
8 |.a90 510 12.45 | 12.95
c_ |70 [ 250 432 | 6.35
o |.016 .021 0.41 0.53
G__|.1008ASIC 2.54 BASIC
H [1s 155 2.92 | 394
K |.150 | 300 381 | 762
L |.300BASIC 7.62 BASIC
R |.os0 [ 120 2.03 | 3.05

MECHANICAL “G” PACKAGE

Denotes Pin 1 N
b
TR
3
Hel b +la seATNG PLANE |
o

NOTES:
1. Leads in true position within .010”

(.25mm) R at MMC at seating plane.
2. Pin material and plating composition

conform to Method 2003
(solderability) of MIL-STD-883
(except paragraph 3.2)

INCHES MILLIMETERS
oM [TMIN_| MAX_| MIN | MAX
A .770 .810 19.56 20.57
8 | 480 | 500 | 1219 | 1270
c 156 216 3.94 5.46
D .016 .020 .41 .61
G| 100easic 2.54 BASIC
H .080 110 2.03 2.79
J .009 .012 .23 .30
K 150 .210 3.81 5.33
L .300 BASIC 7.62 BASIC
N ] 015 T .38 38 | e
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TYPICAL PERFORMANCE CURVES

(TA =+25°C, Vcc = £15VDC unless otherwise noted
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2

AND SLEW RATE VS AC PARAMETERS
NONINVERTING GAIN POWER DERATING VS TEMPERATURF
2.0
FTTTT T 1T | T T T
Noninverting gain = 1/8 g Ti=Ta+ Pox (61 + 62+ 6ca! 16 AcL =-1V/V
0 ———+ = ¥ " ’ Z
[ 1 Re+R: %15 I | +Poa @2+ boa 1wl Co =20pF
VB= a (Curves shown for Ppq = 270mW) ’ I
0 1000 ¢ $ 129
L SR
102 5 NN\ Metal Package 120°C/W 3 TN N
0 300z 510 ° 10 ———
p. o0 ® 2 \ 2 p—1 q SR
o e o 3 08 . N
e @ [:4
4-50 § 205 AN 06 BW
0 30 © o Ceramic Package
145°C/W 0.4
N o |
1 23510 100 1000 -25 25 75 125 175 -75 -50 -25 0 +25 +50 +75 +100 +125
Noninverting Gain Temperature (°C) Temperature (°C)
OPEN-LOOP GAIN OPEN-LOUP PHASE SHIFT COMMON-MODE REJECTION
VS FREQUENCY VS FREQUENCY VS FREQUENCY
@
R 2 920
g ° S
8 \ Cc = 0pF < 100
Cc 7 OpF [ _%
™ a /\ Y Cc =20pF c 80 \\
AN £ AN/ s \
s 90 o 60
Cc = 20pF N \ ° Cc = 20pF £ \
AN\ 2 € a0 N
N S 135 2 N
\ £ - € \
\ Cc =0pF E 20
N\ 180 o o
Y
10 100 1k 10k 100k 1M 10M 100M 10 100 1k 10k 100k 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 2 110 L I ‘
c c Ve = £15V
S 100 R 2 100
° - 3]
§ 80 NN % 90
\ g SN 2 7 N
> 5 NN 3 80
g A N o
\ g +PSR
3 40 NN € 70
2] \ \ c
\ g N g
3 20 g 60
AcL = +1V/V, Cc = 40pF & \ 8
0 50
RL = 50012, CL = 100pF
L L 1 L L
0 200 400 600 800 1000 1200 10 100 1k 10k 100k 1M 10M 100M -15 .10 -5 ‘0 5 10 15
Time (nsec) Frequency (Hz) Common-mode Voltage
BIAS CURRENT VS QUIESCENT CURRENT VS
COMMON-MODE VOLTAGE SUPPLY VOLTAGE OFFSET VOLTAGE VS TIME
LR I
- _ ' t=0is power turn on
1 € 75 310
o Ta=-25°C g
b 4 st £ 80
€ 70 T N S Ceramic Case
o T p
5 Ta = +85°C Ta=+25°C g 60
/ s X
c
§ o 40
£ 6o 2 \ Metal Case
I £ 20 -
o )\
T o
10 -5 0 +5 +10 5 10 15 20 0 1 2 3 4 5
Common-mode Voltage (V) Supply Voltage, tVcc (Vi Time (min:
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APPLICATION INFORMATION

SLEW RATE

Slewrate isa large signal output parameter. It is primarily
dependent on the compensation capacitor value (C¢) 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 OV 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 C¢) and the
particular closed-loop circuit configuration. The best
settling time is generally obtained at low gains.

COMPENSATION

The OPA605 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 C¢ 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 1/, where 8 is the “feedback
factor™ 1/B is also equal to the gain in noninverting
configurations (see figures 2 and 3).

— Vour

B = 1000 Ry = 90002
WV ~$ W

FIGURE 3. Gain of +10V.

The OPA60S5 may be compensated in either one of two
ways. In the primary compensation method, Cc¢ is con-
nected between pins 10 and 12. Alternately the amplifier
may be compensated with C¢’” between pins 12 and 2 (see
Connection Diagram). Normally the use of Cc 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 (sce 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 from OpF
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.

Error Signal, “$"
+5mV for VOUT
within +0.1% of 10V.

[ L C 3 o .
[y S

“I" = =

A3 1ko

~ By ko)
lﬂ%son BNc Fy ko G 200F
= ) 0
—Vour
e cl,
—100pF
€. TCs . =Cp
Lo 1o =1uf = 4700F

oo Vec

NOTES:

1. Fast recovery diodes, HP5082-2811.

2. Rg optional. Improves frequency stability when driving large
capacitive loads.

3. Resistive load at V) Is 50012 due to 1K feedback resistors.

4. Not included on printed circuit layout.

FIGURE 4. Dynamic Test Circuit.

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. : :

i

View from component side of board. Shaded area is pattern side connector.
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FIGURE 5. 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 with external
resistors, Ry:xt connected between pins 7 and 10 and pins
8 and 10. The short-circuit current is then ls¢c = 0.05 +
0.6/ Rixr (inamps). The power derating constraints must
be observed when modifying the current limits. Details
are given by the thermal model.

THERMAL MODEL
Figure 6 is the thermal model for the OPA605 where:

Junction temperature (output load)
Junction temperature (no load)
Case temperature

Ambient temperature

I'hermal resistance, case-to-ambient

[ T T 1}

Pno = Quiescent power dissipation
| +Vee | Lovnsast + 1=V | =ornsasg
Pin = Power dissipation in the output transistor
=(Vorr - Ve loct

(In a complementary output stage only one output
transistor is conducting current at a time.)

Pog @O ‘9T

[ Metal Case | Ceramic Case |
ocal sec/w | 15°C/W |

Ty =Ta+Ppg (62 + gl + Ppx (67 + 62 + 6cp)

FIGURE 6. Thermal Model.

This model yields a Power Derating curve which is a
function of Pp. See Typical Performance Curves.
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BURR-BROWN

"BURR-BROWN ®

3271/25

High Voltage - Chopper-stabilized
OPERATIONAL AMPLIFIERS

FEATURES

LOW DRIFT

OPERATES OVER WIDE SUPPLY RANGE
HIGH OUTPUT VOLTAGE UP TO 110V
SMALL, ENCAPSULATED PACKAGE
ALL SOLID-STATE DESIGN

DESCRIPTION

The Model 3271/25 is a high voltage, chopper-
stabilized operational amplifier in a small,
encapsulated package. The module can be soldered
directly on a circuit board, or may be plugged into a
1500MC connector for chassis mounting. The epoxy
encapsulation insures ruggedness and resistance to
environmental stresses, while the all-solid-state
design, including self-contained MOSFET chopper
and driver, guarantees reliable operation.

The amplifier is designed for operation on external
supplies ranging anywhere from *60VDC to
+120VDC. Output voltage range depends on the
supply voltages. A low-noise chopping technique
insures ultra-low DC drift as a function of
temperature and time, while eliminating the noise
spikes usually associated with chopper amplifiers.

The 3271/25 has input protection up to the value of
supply voltage. The output stage may be shorted to
common ‘without damage to the amplifier. These
features are particularly-desirable when the amplifier
is used in a patchable simulator.

The open-loop gain exhibits a high frequency rolloff
of approximately 6dB/ octave, which insures stability
at all feedback gain levels, or when driving capacitive
loads. At the same time, the fast slewing rate and
relatively wide bandwidth guarantee fast step

response, with low overshoot, and low phase shift,
when the 3271/25 is used as an inverter or summing
amplifier.

APPLICATIONS

Typical areas of application for the 3271/25 are:
integrators, summing amplifiers, inverters, sample/
hold units, D/A converters, precision function
generation, data amplifiers, and DC preamplifiers.
The wide supply voltage tolerance and stable design
enable the 3271/25 to be used as a replacement for
vacuum tube amplifiers and older, solid-state
amplifiers in simulators, data acquisition systems,
and other systems where it is desired to increase
reliability and improve performance at modest cost.

Because of the rugged construction techniques and
use of silicon semiconductors, the 3271/25 is not
limited to laboratory applications, but may also be
used in relatively severe environments. Examples are
shipboard, airborne, high vibration industrial, and
remote monitoring stations.

MODEL 3271/25 ENCAPSULATED PACKAGE

./a; max (15.3)

@s8) * 187 (4.6)
NOTE: :
Dimensions in millimeters | 2PPed 4-40. .097 Decp 0407 typ (1.016)
are shown in parentheses, ore" Clearance
" To .19” Deep, 2 Holes
PIN CONNECTIONS MATERIAL

Pin | Inverting Signal Input Case - Black Epoxy

Pin 2 Common Pins - Gold-Flashed

Pin4 Sigral Output Header - Alum., Hard Black
+) Positive Power Anodized

) Negative Power Mating Connector

Pin3 External Zero Control Model 1500MC

Pin 5 Overload Signal

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

Performance at 25°C and +120 VDC supply unless otherwise noted.

* See discussion of output characteristics below.
Operating Temperature Range, -25°C to +85°C; Storage - 55°C to +100°C.

MODEL| RATED | DC PANDWIDTH SLEW INPUT OFFSET VOLTAGE INPUT BIAS CURRENT |INPUT | OPEN LOOP POWER SUPPLY
OUTPUT [GAIN RATE NOISE | IMPEDANCES
Vo |lo Unity | Full At | Over | Versus | Versus Versus| At [Over | Versus |Versus[10Hz |Input| Output | Range Quies.
Gain | Power +250C| Range | Temp. | Supply Time [250C|Range | Temp.|Supply| to Current
-250C -250C 10kHz
to to
[+850C 850C
Volts | mA | dB | MHz kHz | Vius | uV | uV uv/oC | uviv uV/mo|pA [ pA | pA/°C | pA/V|uV rms| MQ kQ Volts mA
min | min | min | min min min | max | max max max typ [max [ max max max | max typ typ max
3271/25 | Supply|
less | +20(140 [1.0 30* 20 |50 tl10 Lo 1.0 +1 [480 | +200 2 +10 25 0.5 25 [#60to+120] +20mA
$10V 10(typ) @+120VDC

OPEN-LOOP RESPONSE

The DC gain of the amplifier is typically 160dB because
of the additional gain contributed by the DC chopper
channel. This chopper channel gain rolls off at very-low
frequency after which the amplifier gain is determined by
the AC channel. The high frequency gain decreases at
very nearly 6dB/octave. Figure 1 illustrates the open-
loop gain response of a typical unit.

I t Rippl
@™ Model 3271/25 Input Ripple  mV
AL 101 ~Supply Ripple 'V
o 140
S :;: 107 Negative Supply
§ Lot 0.1
0
=
- 0 o1
3 20 o
& ol —. - oot Positive Supply
RSN B
Frequency (Hz) ' 10 100 1K
Ripple Frequency (Hz)
FIGURE 1. Open Loop FIGURE 2. Supply Ripple
Gain vs. Frequency. Rejection vs. Frequency.

OUTPUT CHARACTERISTICS

The output stage of the amplifier is a balanced class B
design which insures a minimum of quiescent drain from
the power supply. The output current rating is +20mA
and -20mA, regardless of the power supply level. Rated
output voltage swing in either direction is 10V less than
the supply voltage of the same polarity, whether equal or
unequal values of supply voltage are used. For example,
supply voltages of +75VDC and- -90VDC could
legitimately be used. The output voltage rated swing in
the positive direction would be +(75-10) = +65V, while
the negative rated output voltage would be -(90-10) =
-80V. Full power frequency is measured with 100V
swing and +20mA of output current, on *120VDC
supplies.

POWER SUPPLY CONSIDERATIONS

The 3271/25 will operate quite satisfactorily over a range
of power supply voltages from +60VDC to £120VDC. In
addition the supplies may have unequal values, so long as
each is between 60V and 120V. Amplifier noise and drift
will be minimized if the power supplies are balanced, well
regulated, and have low output ripple. High frequency
performance will be best, and crosstalk between adjacent
amplifier channels will be least, if the supply impedance
at the amplifier pins is low at all frequencies from DC to
above 100kHz. If the supplies incorporate provisions for
remote voltage sensing, the sense leads should be
connected to the positive and negative supply buses as

close as possible to the amplifier pins. The common lead
should be as short as possible. Heavy gauge bus wire
should be used if long supply and common leads are
necessary. The addition of bypass capacitors from the
supply bus to common, at the amplifier pins, will reduce
the equivalent supply impedance and may be required if
supply leads are long. Figure 2 illustrates the ripple
induced at the amplifier input as a result of supply ripple.

INSTALLATION RECOMMENDATIONS

The input lead to the amplifier summing junction should
be shielded to avoid pickup of spurious signals,
particularly signals at the chopper drive frequency of
100Hz. In integrator applications, a shielded wire may be
used to connect the feedback or integrating capacitor to
the amplifier input terminals. The center conductor
should be connected to the amplifier input, while the
shield is connected to the amplifier output. The lead
employed should have high insulation resistance to
prevent capacitor discharge.

OFFSET VOLTAGE ZERO CONTROL

The Model 3271/25 operates with low DC input offset
voltage, without the use of a zero control. An optional
external zero control may be employed to accurately null
the amplifier offset. This control is shown in the package
drawing.

EXTERNAL OVERFLOAD INDICATOR

Electrical overload signals may be detected in the
chopper stabilizing channel and applied through pin 5 to
an external overload indicating circuit. In the suggested
circuit of Figure 3, D1 and D2 aresilicondiodes; Q1 isan
NPN silicon switching transistor while Q2 is a PNP
silicon switch. Lamp DS|1 is a 10V, 15mA indicator, G.E.
#1869 or equivalent. The circuit may be adapted for
latching operation by including the 100k} resistor and
the reset switch shown in dotted lines. The indicator will
then remain lighted, after the amplifier comes out of
saturation, until the reset switch is closed.

o
+28VDC 1ok 3
1

Q2
To Master

Overload
Circuit

0.1 uFl

Fromo“ 0k
Pin 5 k
or Pin L m 12
10k $ DS,
Cc o0

Reset
FIGURE 3. Overload Indicating Circuit.
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3291
3292
3293
3354
3355
3356

Chopper-Stabilized
OPERATIONAL AMPLIFIERS

FEATURES

* DIFFERENTIAL INPUT OR SINGLE-ENDED
« VOLTAGE DRIFT AS LOW AS 0.1pV/°C
o CURRENT DRIFT AS LOW AS 0.5pA/°C

DESCRIPTION

Chopper-stabilized amplifiers achieve their ultra-low

DC offset voltage and bias current by “chopping” the

low frequency component of the input signal,
" amplifying this chopped signal in an AC amplifier

and then demodulating the output of the AC

amplifier. This output is then further amplified in a
. second stage of DC amplification. High frequency
signals, which are filtered out at the input of the
chopper channel, are coupled directly into the second
stage amplifier. The net result of this technique is to
reduce the DC offsets and drift of the second
amplifier by a factor equal to the gain of the chopper
channel. The AC amplifier introduces no offsets.
Minor offsets and bias currents exist due to imperfect
chopping, but these are extremely small.

'
"\
£ L oxitowr]

" THOPPER CHANNEL |

FIGURE 1. Single-ended Chopper-stablized
Amplifier.

The great strength of the chopper-stabilized
amplifier is its insensitivity to component changes
due to aging, temperature change, power supply
variation or other environmental factors. Thus it is
usually the best choice where both offset voltage and
bias current must be small over long periods of time,
or under significant environmental changes, and
where external adjustment of offsets is undersirable
or impossible. Both bias current and offset voltage
can be nulled, if desired, by optional external
controls. Figure 1 shows a simplified diagram of a
single-ended chopper-stabilized op amp. Since the
chopper channel, including switches and switch-
driving oscillator, is built into the amplifier, only the
DC power is supplied externally.

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

—
RATED DC SLEW
MODELS ouTPUT | GAIN BANDWIDTH | pate INPUT NOISE
Vo lo J Upify Full Voltage Current
SPECIFICATIONS Gain Power }
0.01 Hz 10 Hz 0.01 Hz 10 Hz !
Typical at 25°C and rated supply to to to to !
unless otherwise noted. 10 Hz 10 kHz 10 Hz 10 kHz
Volts | mA | dB MHz kHz V/usec Y uv pA pA
min | min min min min min p-p rms p-p rms
3291/14
Low Cost }|3292/14 £10 | £5 140 3 100 6.0 2 3 10 80
Inverting Only '|3293/14 fyp
3354/25 ’
Differential Input 3 3355/25 | 10 |5 140 3 100 6.0 8 2 30 400
3356/25

DIFFERENTIAL INPUT TYPES

Until the introudction of Burr-Brown Models 335425,
3355/25, and 3356/25, high performance chopper-
stabilized operational amplifiers were always single-
ended. In other words, they could only be used in
inverting circuits. Now, with these units, the same ultra-
low drift and low offset characteristics can be obtained
for noninverting amplifiers, differential feedback
amplifiers, sample/hold circuits, peak/hold circuits and
many other applications where the amplifier must
function with both differential and common-mode
signals. These amplifiers are ideal for amplification of
low level signals since the low drift and noise result in low
input signal uncertainty. In addition, the gain and
common-mode rejection ratio ‘are very high, insuring
excellent linearity of feedback gain (CMR for common-
mode voltage of +10V is typically 140dB at DC and
100dB up to 100Hz).

When the amplifier is used as a buffer for high impedance
signal sources, the 10°Q common-mode input
impedance results in negligible loading of the source.
Also, this causes the small DC input bias current to be
virtually independent of input voltage - a very desirable

characteristic for buffering of the memory capacitor in
sample/hold and peak/hold circuits.

In general, these differential chopper-stabilized units can
be used anywhere that a differential op amp would
normally be used - but where both voltage and current
drift must be very low.

LOW COST SINGLE-ENDED TYPES

For most inverting applications, Models 3291/14,
3292/ 14, or 3293/ 14 will be found to be the best choice.
These units represent the state-of-the-art in single-ended
chopper-stabilized amplifiers, featuring the lowest drift,
lowest noise, lowest profile (1.5” x 1.5” x 0.4”), and the
lowest prices available. Frequency response and slew rate
are more than adequate for most applications.

Typical applications for these single-ended amplifiers are
integrators, precision reference sources, D/A and A/D
converters of high accuracy, precision comparators,
current to voltage converters and high gain amplifiers for
low level, low impedance signal sources.

Where a differential input is not required, these are the
units to use for those applications where both low voltage
drift and low bias current drift are required.

DIFFERENTIAL AMPLIFIER

LOW LEVEL AMPLIFIER

1 t
€= "R "ro e () dt

INTEGRATOR PRECISION COMPARATOR

FIGURE 2. Typical Applications of Differential
Chopper-stabilized Amplifiers.

FIGURE 3. Typical Applications of Single-ended
Chopper-stabilized Amplifiers.
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L s e ——— —
INPUT OFFSET INPUT VOLTAGE INPUT BIAS | BIAS CURRENT OPEN LOOP
VOLTAGE DRIFT CURRENT F IMPEDANCES _ POWER SUPPLY owe,
At Qver | Versus | Versus | Versus At Over Versus | Versus Input Output | Nom. l Quies. See
25°C | Range | Temp. | Supply | Time [25°C | Range | Temp.| Supply —T- Rated Range !Current | Page
-25°¢ | -25°C -25%¢ | -25°C Diff. |- CM '
to to to to 1-57
+85°C [ +85°C +85°C | +85°C .
uv v uVv/°C| pV/V | pV/dayl pA pA |pA/°C | pA/V [ Ma | a ko | Volts Volts mA
max | max max max | max max max
+20 126 0.1 £50 +80 0.5
50 . =68 0.3 £5 1uV/mo | £50 =110 | 1.0 £10 0.5 - 1.5 =15 | £12 to 218 +10 /14
+100 | £160 | £1.0 +100 | *220 | £2.0
+30 +36 0.1 £20 doubles
£50 | +80 | £0.25| %10 | 1uV/mo | +50 S £1 1.0 {1013 2.0 | #15 | #1210218 | 210 | /25
+100 | +160 | 1.0 +50

INSTALLATION, OPERATION AND APPLICATIONS INFORMATION

DRIFT CONSIDERATIONS

The best overall drift performance of an amplifier circuit
will be achieved by minimizing impedance levels in the
feedback network. The effect on output offset and drift of
feedback and source impedances is illustrated in Figure 4.
For very large resistances, input bias current becomes the
major contributor to output voltage offset and drift.
Where high input impedance and high gain are needed
simultaneously, it may, therefore, not be feasible to use a
single-ended inverting chopper-stabilized amoplifier,
because of this bias current factor. The differential input
chopper-stabilized amplifier, used in the noninverting
mode, then becomes the best choice. This allows the use
of low impedance feedback networks while still retaining
very high input impedance to prevent source loading.
Note that input bias current doubles (approximately) for
every +10°C temperature rise for these units.

The circuit of Figure 5 illustrates the effects of offset
voltage and input bias current on integrator
performance. Both parameters cause output errors which
increase at a constant rate as a function of time.
Additional offset voltage and input bias current caused
by temperature drift will cause the output rate errors to
increase with temperature. Note that the output rate
error due to bias current diminishes as capacitance, Cr,

Ro

_OEO

es

error terms

R R0+R|

Eos = input offset voltage

I, = input bias current

FIGURE 4. Output Drift Compbnents.

increases. Usually, however, there is not much poirit in
going beyond 10uF because of capacitor dielectric
leakage. Also, as Cr is increased, R; must decrease to
maintain a given R; Cr product and there will usually be a
lower limit on desirable values of R;, since this represents
the input impedance of the integrator. Also, R;
determines the amount of input and feedback current
flowing for a given input level. The amplifier, and the
signal source, must be capable of supplying this current.
Thus a compromise set of Ri and Cr can usually be
reached which takes into account these factors.

C

error terms

= ! 1
Eo= RF_IeSdf+RiCF onsd'+t?I'bdf

Eos = input voltage. offset

I, = input bias current

FIGURE 5. Integrator Errors Due to Offset Voltage and
Bias Current.

NOISE CONSIDERATIONS

Because of the extremely low DC offset and DC drift
associated with the chopper-stabilized amplifier, noise is
often found to be the remaining limit on signal
resolution. Thus it is desirable to design the feedback
networks and external wiring to minimize the total circuit
noise. This includes the proper grounding and noise
decoupling as described under Wiring
Recommendations. In addition it is desirable to minimize
the levels of feedback impedance as a means of reducing
noise “pickup” and the effects of amplifier current noise.
When the full bandwidth of the amplifier is not required,
it is recommended that a feedback capacitor be used to
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limit the overall bandwidth and eliminate as much high
frequency noise as possible.

When one of the differential input, chopper-stabilized
amplifiers is used with a high impedance source, the input
current noise will be the limiting factor on signal
resolution. For source impedances of 1k(} or greater it is
recommended that a compensating resistance, Rc, be
inserted in series with the inverting input (see Figure 6).
This resistor will minimize the effect of current noise at
the chopper frequency.

Shielding of feedback components is desirable and may

be necessary in electrically noisy environments. Use of
shielded wire for summing junction leads is also

current /
noise -

3354/25
compensation
resistor
®; = R) °
|
Signal |
Source |

|
|
| Sp—

FIGURE 6. Use of a Current Noise Compensating
Resistor with Differential Chopper-
stabilized Operational Amplifier.

recommended in high noise environments. The shield
should then be connected to the output terminal of the
amplifier.

POWER SUPPLY REQUIREMENTS

The amplifiers described in this brochure are specified for
operation on the rated supply voltages (+1%). They will
operate with some degradation over the specified range

Load

COM -15 +15
Power Supply

FIGURE 7. Proper Grounding of Models 3291/ 14,
3292/14 and 3293/ 14.

of supply voltages (+12VDC to *18VDC for 10V
amplifiers).

Supply drain current is specified under quiescent
conditions (no output current from the amplifier). When
the amplifier is supplying current to a load, this current
must be added to the quiescent current of the proper
supply to determine total supply current.

WIRING RECOMMENDATIONS

Models 3291/ 14, 3292/ 14 and 3293/ 14 are designed with
separate pins for power supply command and signal
common. The diagram of Figure 7 illustrates the proper
grounding techniques for these amplifiers. It is important
that the signal common and power common leads be
connected only at pin 2 of the amplifier. A separate lead is
required from the power supply commonto the COM pin
of the amplifier.

Figure 8 illustrates proper grounding for noninverting
circuits using the differential amplifiers (3354/25,
3355/25, 3356/25).

<
: Load

Sig.  fcom -15 +15
Power Supply

FIGURE 8. Proper Grounding of Differential Models
(Noninverting Mode).

OVERLOAD CHARACTERISTICS

Because the chopper-stabilized amplifier consists of two
amplifying channels, one fast and the other very slow, the
overload behavior is different from that of nonchopper-
stabilized op amps. If the chopper channel becomes
overloaded due to a large error voltage at the summing
junction, recovery may require as much as a few seconds.
There are three ways in which such overloads may occur -
output voltage saturation, output current limiting, and
transient overload induced when power supply voltages
are applied. The first of these three possible conditions
arises when the amplifier output voltage is driven to its
limits. When the output voltage can no longer follow the
input signal, the summing junction voltage rises from its
virtual ground potential. This relatively large potential is
then amplified by the high gain of the chopper channel to
a level of several volts, a much larger value than is
encountered in the chopper channel during normal
operation. Because of the very large time constants of the
chopper channel filters, decay of this overvoltage, and
consequently amplifier recovery, may take several
seconds after removal of the overdrive signal. When the
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amplifier reaches one of its output current limits, under
the proper combination of loading and signal, a
. condition' much like that of voltage saturation occurs.
The output voltage fails to follow the input signal and

: *chopper channel overload occurs.

In general, the amplifier will recover quickly from
transient or short duration overloads since the relatively
slow chopper channel will not become charged to high
levels. k

Overloads due to output voltage limiting (not current
limiting) may be prevented by use of a feedback limiter
such as that of Figure 9. Because the amplifier summing
junction is always held at virtual ground, even when the
limiter is active, the chopper channel does not overload
and recovery from limiting is very rapid (1.0usec or less is
typical). The limits must, of ‘course, be set below the
output saturation levels of the amplifier itself.

The input current of the amplifier may be nulled as in
Figure 11 (for inverting circuits):

-V
——0
:E R Ry + Ry + Ry
< Gain = TR
173
Ry +RY R

Rf"cw

Ryx 10
- R' 2 100 Ry for gain < 10

FIGURE 10. Offset Voltage Adjustment for
Noninverting Circuits.

FIGURE 9. Feedback Limiter Circuit.

Overloads which occur during the application of DC
power to the amplifier are a result of transient imbalances
within the circuit. Recovery time from this type of
overload is a function of circuit design. Where rapid
recovery from such initial overloads is important, Models
335425, 3355/25 and 3356/ 25 are the best choices. These
amplifiers typically recover to specified operation in less
than one second. They recover equally fast from
extended overload due to signal overdrive conditions for
simple resistive feedback.

DC NULLING TECHNIQUES

The proper connections for nulling of the DC offset
voltage are shownin the Mechanical Specifications. Note
that in all cases these offset controls are optional and
need not be used if the small offset voltage of the
amplifier can be tolerated. The differential chopper-
stabilized models (3354/25, 3355/25 and 3356/25) can be
nulled as shown in Figure 10. However, the inherent
offset voltage of these amplifiers is acceptably low
(typically less than 10uV) for many applications and the
null control may be unnecessary.
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FIGURE 11. Null Adjustment of Input Current.

INPUT/OUTPUT PROTECTION

The various amplifiers described here are designed such
that any voltage up to the value of power supply voltage
may be applied directly to the amplifier input pin without
damage to the amplifier.

Output stages of the amplifiers are current limited to
prevent damage should the output pin be shorted to
common. Permanent damage to the amplifier may occur,
however, if the output pin is connected to a voltage of the
same order of magnitude as the supply voltages.




MECHANICAL SPECIFICATIONS

/14 MODULES

1.50" mox‘/\] -50" max.
(38.10mm)

(38.10mm)

/E40" max.

(10.16mm)

f .040" Dia. Typ.
(1.02mm)

PIN - Pin material and plating composition conform
to method 2003 (solderability) of Mil-Std-883
(except paragraph 3.2).

MATERIAL - Black Epoxy

WEIGHT - 1.50 oz. max (42.53) G

CONNECTOR - 1400MC
GRID - 0.1" (2.54mm)

100k
k optional
< offset
adjust

PIN CONNECTIONS - are as follows unless otherwise noted.

Pin Connection

17" min.

/25 MODULES

PIN - Pin material and plating composition conform
to method 2003 (solderability) of Mil-Std-883
(except paragraph 3.2).

MATERIAL ~ Black Epoxy

WEIGHT - 4.00 oz. max (113.40)

CONNECTOR - 1500MC’

GRID - 0.3" (7.6)

1.80" max.
2.40" max. (45.72)

(60.96)

.60" max.
(15.24)

/(

4.32)

/I—:L #4-40 Thread x

[} .19" Deep (4.82)
.040"Dia. 2 Holes
(1.02) Typ.

1 inverting input G-
2 signal common or noninverting input - -
3 (not used) B R
4 (Oum output

5 (not used) P

+ (V4 positive supply

- (V=) negative supply

COM power common

A optional offset adjust
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BURR-BROWN®

3329/03

HYBRID IC POWER BOOSTER

FEATURES
o +100mA OUTPUT

« SHORT CIRCUIT PROTECTED
* NO HEAT SINK REQUIRED
o DUAL-IN-LINE PACKAGE

DESCRIPTION

The Model 3329/03 is a power booster amplifier
designed for use in cascade with IC or discrete
component operational amplifiers inside the
feedback loop. Current output of up to £100mA at
+10VDC is provided without the need for a heat
sink. The unit is short circuit protected over the full
temperature range of -40°C to +85°C. Output current
is limited to *150mA by internal circuitry. No
external components are required. The high full
power frequency (IMHz) and small signal
bandwidth of SMHz insure that the unit will not
degrade the frequency response of the operational
amplifier used.

The class B output stage provides high output
current with a minimum of quiescent power supply
drain. The low open loop output impedance (10€2)
insures stable operation with large capacitive loads,
and virtually eliminates the closed loop gain loading
effect of low impedance loads such as 500
terminated lines. Because of the 10k} input
impedance of the booster, the current output require-
ments of the operational amplifier are minimal.

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




MECHANICAL SPECIFICATIONS

je— A —>] NOTE: ;
Leads in true position within 010" INCHES MILLIMETERS
(.25mm) R @ MMC at seating plane.
DIM | MIN MAX MIN MAX
} .790 .810 20.07 20.57
L B .490 | .510 12.45 12,95
Denotes pin 1
. c .190 .260 4.83 6.60
1 D .018 .021 0.46 0.53
'—;] . G .100 BASIC 2.54 BASIC
f I H .080 115 2.03 2.92
o Lo K 130 | .300 336 | 7.62
H —] ~— le— G L .300 BASIC 7.62 BASIC
A ‘I R | .80 [.115 2.03 | 292
L TIE L e it o rarves on peckager T
1 14 8
O 44+ o-+4
\_"+" denotes missing pins

APPLICATIONS INFORMATION

Power Supply Requirements pedance load (e.g. 5082) is being driven, a severe loading
The Model 3329/03 is designed to operate over a power sup- effect occurs which greatly reduces the effective open loop
ply range of #12 VDC to +18 VDC. Output voltage swing is gain and bandwidth. Effectively, the unloaded gain and
guaranteed to be in excess of +10 volts at full load, when op- bandwidth of the operational amplifier would be multipled
erating on supplies of +15 VDC. For other values of supply by the loading factorT%QS_O ~ .05. if the load is 5082.

voltage, the output swing varies in proportion.
8¢ P € prop When the 3329/03 booster is used, however, the effective

open loop output impedance is 10§2. The loading factor now

Gain and Stability 50

The voltage gain of the 3329/03 is approximately 1.0. The sen= .866, and the gain and bandwidth are reduced only
accuracy of this gain is relatively unimportant, since the boo- slightly by this loading.

ster is used inside the feedback loop of an operational ampli- .

fier. The booster by itself is completely stable under all input and Output Protection

conditions of capacitive loading. Because of it’s very low The output stage of the 3329/03 is current limited to insure
output impedance, the 3329/03 tends to isolate the associ- . survival of the booster if the output is shunted to ground.
ated operationa] amplifier from the effects of capacitive load. The unit is safe even under continuous short circuit at +85°C.
The input impedance of the booster is approximately equal No heat sink is required.

to 100 x (load impedance). Thus, for a 100 ohm load, the The input circuitry will withstand overvoltage up to the value
input impedance is approximately 10 k ohms. The effective of supply voltage.

output impedance of the booster is approximately equal to

the output impedance of the operational amplifier, divided Temperature Range

by 100. The 3329/03 will operate over the -40°C to +85°C temper-
For most general purpose operational amplifiers the dynamic ature range. Storage temperature range may vary from -55°C
output impedance is on the order of 1 k2. When a low im- to +100°C.

3329/03 POWER BOOSTER SPECIFICATIONS

Rated Full Power -3dB Input Signal Input Input Qutput .
P Supply R
Output Response Response| Range Offset Voltage | Impedance | Impedance ower Supply Requirements
Vo o
Volts mA kHz MHz Volts mVolts Nom. Rated} Range | Quies. Current
(min) (min) (min) (min) (min) (max) k& (typ.) 2 (typ.) Volts Volts mA (max)
£10 +100 1000 5 £10 50 10 10 a5 |wls 15

1-59



BURR-BROWN®

3430
3431

ELECTROMETER AMPLIFIERS

FEATURES

* ULTRA-LOW INPUT CURRENT, .01pA, max
‘© LOW INPUT CURRENT NOISE, .001pA, p-p
o HIGH INPUT IMPEDANCE, 10"

« INVERTING OR NONINVERTING OPERATION

DESCRIPTION

Models 3430 and 3431 are designed to minimize input
bias current and input noise current through the use of a
varactor diode bridge technique. Models 3430J and
3430K are intended for meaurement of very-low-level
currents, long-term integrators and analog memory
applications. The 3431J and 3431K are designed for
measurement of sub-millivolt signals from very high
source impedances such as pH and other electrochemical
cells, and in long-term track/hold applications where
charge stored on a capacitor is the input signal source.

The varactor bridge technique uses the voltage variable
capacitance and extremely low leakage current of the two
zero-biased varactor diodes to achieve input bias current
and input current noise 10 to 100 times less than that of
FET amplifiers.

The 3430 and 3431 out-perform amplifiers that use

electrometer tubes or MOSFET input stages. Primary
areas of advantage over these other devices are in voltage
drift, common-mode rejection, and lower cost. An
additional advantage over MOSFETs is the inherent
input protection of the varactor bridge input
configuration. '

Operation of the 3430 and 3431 are simply explained. The
amplifier input voltage, ei,, varies the capacitance of the
varactor diodes, causing a bridge ' unbalance and
developing a bridge output signal at the carrier frequency.
This carrier frequency signal, which is proportional in
amplitude to the input signal level, is amplified by the
low-noise AC amplifier, phase-sensitivity demodulated
to restore correct polarity and filtered to eliminate the
carrier components. Additional amplification is provided
by a conventional DC amplifier stage. The output is equal

to the product of input signal and open-loop gain. ‘

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-258C
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'SPECIFICATIONS

(Typical @ 25°C and 15 VDC unless otherwise noted)

MODEL 34304/K 343U/K
OPEN LOOP GAIN *
2k . load, min. 100 dB
RATED OUTPUT *
Voltage, min 10 vV
Current, min +5 mA :
Load Capacitance 0to .01 pF
Output Impedance @ DC 2k a
FREQUENCY RESPONSE
Unity gain, small signal 2 kHz *
Full power response, min 7 Hz
Slewing rate, min 0.4 V/ms
Overload recovery 10 ms
INPUT OFFSET VOLTAGE
External trim pot 100k o *
Avg. vs. temp (10°C to 70° C) max *?8 pv;gc éJ) 30 pV/zC )
* V/C (K
vs. supply voltage 1505 B/ v ) *10 PV/,,C ®)
vs. time +100 pv/mo. *

Warm-up drift 75 pV (15 min) *
INPUT BIAS CURRENT
Initial bias, 25°C, max
Inverting input +0.01 pA +1 nA
Non-inverting input 1 nA +0.01 pA
Avg. vs. temp (signal input only)** x2/10°C *
vs. supply voltage (signal input only) £0.01 pA/V *

INPUT IMPEDANCE
Differential
Inverting input (to common)
Non-inverting input (to common)

3x 10" o 1 30 pF

3x 10" & 1130 pF
109 o 1] .02 uF
1014 . 11 35pF -

PACKAGE CONFIGURATION

NOTE: Dimensions in millimeters
" are shown in parentheses.

ma)

165 max.
(s

X.19 Deep (4.82)
2 Noles
Aluminum Avodized

2400 200 .
00 (500
Header Plate

830 0 1" Grid Spacing

M5 2260
(n.:m—-‘ —

(';‘ BOTTOM VIEW

*_IN, 3430 **Optional Offset Adjust

+IN, 3431
PINS - Pin material and plating composi-
tion conform to method 2003 (solderability)
of Mil-Std-883 (except paragraph 3.2).
MATERIAL - Aluminum Case
Aluminum Anodized Header

INPUT NOISE : *
Voltage, .01 to 1Hz, p-p 10 v
1 to 100Hz rms 5upv
Current, .01 to 1Hz, p=p .001 pA
1 to 100Hz, rms .002 pA
COMMON MODE CHARACTERISTICS
Max safe input voltage 300V +300V
Max common mode NA +200V
Common mode rejection @ +25V NA 100 dB
POWER SUPPLY *
Voltage, rated specification ° +15V
Voltage, operating +(12 to 18)V
Current, quiescent +15, -6 mA
TEMPERATURE RANGE *
Operating, rated specifications 0° to 470°C
Operating, derated specifications -25° to +85°C
Storage -55° to +85°C
MECHANICAL *
Case style 28
Mating connector 2800MC
Weight 6oz.

*Specification same as 3430.

** Negative input for Model 3430; positive input for Model 3431. -
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WEIGHT - 6 oz max (170)
2800MC
a5 . 125" ia. bole (§ each).
18wt (102) _
,‘t‘]-”'it,;: [18 o (82) | —
T e T
ity _g‘“‘t‘j“‘Q_@ — dif
] S B S
L |
o ‘ ; _1
» OPEN LOOP
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120
o 100 N
©
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BURR-BROWN®

3500 SERIES

Low Bias Current
OPERATIONAL AMPLIFIERS

FEATURES

« LOW BIAS CURRENT, +15nA, max
o LOW DRIFT, +14V/°C, max
" o LOW NOISE, 1.4V, p-p
« WIDE SUPPLY RANGE, +3VDC to +20VDC
« INTERNAL COMPENSATION
o REPLACES 741 TYPE AMPLIFIERS

DESCRIPTION

The 3500 1C op amps are designed for low input
current while maintaining slew rate and bandwidth
adequate for most applications. The low input bias
current is achieved by a unique bias current cancelling
circuit. This method insures that the bias current
remains low over the full temperature and common-
mode voltage ranges. The same circuitry gives the am-
plifier high impedance, both differential and common-
mode. The amplifier maintains internal current levels
essentially constant over the full range of power
supply voltages. Thus the offset voltage and drift
remain low for all combinations of supply voltage.

Both military and industrial temperature range ver-
sions are offered. Drift selected units are offered at
*1, #£3, +5, +10, and +20uV/°C, max. The 3500 is
also a low noise IC op amp, as illustrated by the

APPLICATIONS

o GENERAL PURPOSE AMPLIFIER
* ANALGG COMPUTATION

* PRECISION BUFFER

o LOW DRIFT INTEGRATOR

« BRIDGE AMPLIFIER

o STABLE REFERENCE CIRCUITS

typical performance curves. Both current and voltage
noise are low, including the low frequency “flicker”
and “popcorn” noise which usually prevent the use of
IC op amps for low-level signal processing.

The 3500 is internally compensated for unconditional
stability for all feedback configurations. even with'
capacitive loads. The slew rate is independent of
supply voltage level. The input stage of the 3500
series exhibits no latch-up when the common-mode
voltage range is exceeded. The input impedance
remains high with differential inputs as high as 30
volts. thus the amplifier can be used as a sensitive
comparator. The output stage is internally current- -
limited to provide protection against continuous
short circuits. The 3500 is interchangeable with 741
type amplifiers but gives greatly improved performance. |

s W =

Y ¢ —©
" v “—““—,S}—Jj_J —— ] -
Offset Null % . N J —E
Offset ufm : : v 5 : ¢ i Vg & Case

Equivalent Circuit Diagram

PDS-471
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SPECIFICATIONS

ELECTRICAL
Typical at TA =+25°C and +Vcc = 15VDC unless otherwise noted. MECHANICAL
MODEL 3500 SERIES TO-99
3500A 35008 3500C g
3500R 35008 3500F 3500E
OPEN-LOOP GAIN,DC, no foad, min 93dB . . 100dB"* NS
,DC, 3 — 5
RATED OUTPUT
Voltage, min +10V * * . 4
Current, min +10mA M * * L <
Output Impedance 2k} * * 1kQ L =
FREQUENCY RESPONSE ¢ -
Unity Gain, Small Signal 1.5MHz . * *
Full Power Sine Wave, min 10kHz 12kHz 15kHz 12kHz
Slew Rate, min 0.6V/usec 0.8V/usec 1.0V/usec 0.8V/usec
INPUT OFFSET VOLTAGE . Seating
Initial Offset at 25°C, max +5mvV +2mV +1mV+500uV +500uV Plane _.‘ le—D
Avg. vs Temp. (-25°C to +85°C) max +20uV/°C (A) *+5uV/°C (B) +3uV/°C (C) +1uV/°C Order Number-:
(-565°C to +125°C) max | +20uV/°C (R) *10uV/°C (S) +5uV/°C (T) -
vs Supply Voltage +40uV/V N . . 3500A
vs Time +2uV/day . . +5,V/mo 35008
3500C
INPUT BIAS CURRENT 3500R
At 25°C (either input), max +30nA +20nA +15nA +50nA 35008
Avg. vs Temp. (-25°C to +85°C) max +1.0nA/°C (A) | +0.5nA/°C (B) | +0.3nA/°C (C) +0.5nA/°C 3500T
(-55°C to +125°C) max | +1.5nA/°C (R) +1.0nA/°C (S) +0.5nA/°C (T) - 3500E
vs Supply Voltage +0.2nA/V . * .
INPUT DIFFERENCE CURRENT
At 25°C +15nA *10nA +7nA +30nA, max
Avg. vs Temp. (-25°C to +85°C) +0.5nA/°C (A) | +0.2nA/°C (B) | *0.1nA/C (C) | £0.3nA/°C, max
(-65°C to +125°C) +0.7nA/°C (R) | +0.5nA/°C (S) +0.2nA/°C (T) -
vs Supply Voltage +0.1nA/V * * .
INPUT IMPEDANCE \H>
Differential 1070 3pF . . . Weight: 1.0 grams
Common Mode 5x109Q) || 3pF ot * .
INPUT NOISE DIM er‘IJNCHEN?Ax “n;ll;UMETrj:i
Voltage, 0.01Hz to 10Hz, p-p 2.0uV * * -
10Hz to 10kHz, rms 1.4pV * * . A 335 370 851 9.40
Current, 0.01Hz, p-p 200pA M * - 8 .305 .335 7.75 8.51
10Hz to 10kHz, rms 35pA * * . [ 165 185 4.19 4.70
D 016 021 0.41 0.53
INPUT VOLTAGE RANGE c 010 040 0.8 .02
Common-mode Voltage, min 11V * * * - 010 040 0.25 102
Common-mode Rejection at £10V 100dB * : * S 200 BASIC 5.08 BASIC
Maximum Safe Input Voitage*** +Vee * : * " 0z8 034 071 0.56
POWER SUPPLY 'y .029 045 0.74 114
Voltage, rated specification +15V * . " K .500 - 127
Operating Range +3V to 20V * * " L 110 160 2.79 4.06
Current, quiescent, max +3.5mA " * * ™ 45° BASIC 45° BASIC
TEMPERATURE N | .0es | 105 241 | 267
Operating, Rated Specs A, B, C -25°C to +85°C * * .
RS, T -55°C to +125°C y * -
Slorace SC o ee i i . PIN CONFIGURATION
*Specifications the same as the 3500A or 3500R.  **Typical.
***If signal voltage is applied to the input in the absence of power supply voltage, series resistance should
be used to limit input current to 20mA.
ABSOLUTE MAXIMUM RATINGS
Supply +20VDC
Internal Power Dissipation(?) 500mwW
Differential Input Voltage(2) +40VDC
Input Voltage Range(2) *20vVDC
Storage Temperature Range -65°C to +150°C
Operating Temperature Range -55°C to +125°C
Lead Temperature 1 Soldering, 10 seconds +300°C
Output Short Circuit Duration(3) Continuous
Junction Temperature +150°C _Vee CASE
NOTES:
1. Package must be derated based on: 8¢ = 45°C/W or lya = 150°C/W.
2.For supply voltages less than *20VDC the absolute maximum input voltage is equal to the supply voltage
3. Short circuit may be to power supply common only. Rating applies to +85°C ambient.
“No Internal Connection
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TYPICAL PERFORMANCE CURVES

(At Ta = +25°C and £Vcc = 15VDC unless otherwise specified)

Voltage Gain (dB)

CMR (dB)

Input Current (nA)

Open-Loop Gain (dB)

INPUT BIAS CURRENT VS

TEMPERATURE
80
60

/]
40 4
20 —
AT
0 Pt

-20 /
-40

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

OPEN-LOOP FREQUENCY

RESPONSE
M SeEEEED
*Vee = (o]
100 -~ \
80
60 \
40 - ‘\
20 \N
0 N

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

VOLTAGE GAIN VS
SUPPLY VOLTAGE

1
0 Ta=-55°C|

Ta=-25°C

N/ Ta=25°C

[t

100

4 \\ :rkf 85°C —

A

Ta=125°C

% ]
0 4 8 12 16 20
Supply Voltage (V)

COMMON-MODE REJECTION VS
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VLN
120 Vem = 10V, pk
100 -~
80 N
60 AN
N
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N
20 \
0
-20

1 10 100 1k 10k 100k
Frequency (Hz)

10M

Common-Mode Voltage

input Noise Voltage

Output Voltage (V, pk)

Output Voltage (V, pk)

(uV, rms)

Range (V, pk)

RMS INPUT NOISE VOLTAGE VS

SOURCE RESISTANCE
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10 + +
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1 H
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1 T »
Z
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} = 100H.
04 8 Hz
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ERUBRLLLL L
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6
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APPLICATIONS INFORMATION

OFFSET ADJUSTMENT

The input offset voltage of the Model 3500 may be
adjusted to zero by connecting a 50k{} potentiometer
between pins | and § with the wiper arm connected to
negative supply (Figure la). This provides an adjustment
range of approximately £10mV. This offset control is
optional and may be omitted if the specified offset is
considered sufficiently low.

Adjustment of the input offset voltage of the 3500 will
affect the voltage drift to some extent. A rough “rule-of-
thumb™ is £3uV/°C change of drift for each 1.0mV of
offset adjustment. This is true of other IC op amps, such
as the 741, 101, etc., but is usually masked by the greater
drift of these units. However, in low drift amplifiers, such
as the 3500C and 3500T, this effect must be considered.
By use of a transistor as in Figure | the effect of offset

adjustment on drift can be substantially reduced (by |

approximately a factor of six).

Br

50k (2 O -Vie

a) Simple Offset Adjustment b) Drift-Compensated Offset Adjustment

*Optional Component

FIGURE 1. Offset Adjustment Techniques.

BIAS CURRENT EFFECTS

Input bias current of the amplifier creates additional
offset voltages by flowing in the impedances of the signal
source and the feedback network. Although the bias
currents of the 3500 are quite small, their effects may be
appreciable when these impedances are large. The bias
currents at the two inputs tend to be equal and the differ-
ence current smaller than either. Thus equalizing the
resistance from each input to common, as in Figure 2, is

an effective means of reducing DC offset due to bias

When operating on a single supply (+Vcc), shorting the
output to common is equivalent to a short to supply and
the internal power dissipation is approximately twice
that which occurs for a short to common with balanced
supplies of = Vz—‘ . This dissipation may exceed safe limits
for single supply voltages greater than 20V and must be
prevented by use of a series limiting resistor or other
device, if short circuit protection is desired.

e (m),
2 f

b) Noninverting Amplifier -

FIGURE 3. Operation on a Single Supply.

WIRING PRECAUTIONS

In order to prevent high frequency oscillations due to
lead inductance the power supply leads should be bypassed.
This should be done by connecting a 10uF tantalum
capacitor in parallel with a 0.001uF ceramic capacitor
from pins 7 and 4 to the power supply common.

TYPICAL APPLICATIONS

current.
IB1= g2
R2+Ry X .
Vos ~ Ig1 R2-1g1R3 (_n ) w M R2 Ry Ry
1 O—44, iz rn s,
2 L zE
o PR
Vis ~ DRy = TE(::, 8 vour v o= 8 gy

FIGURE 2. Minimization of Bias Current Effects.

OPERATION ON A SINGLE SUPPLY

Although virtually any op amp can be operated ona
single supply if input and output voltage limitations are
observed, the Model 3500 is particularly suitable for such
use. Its wide supply range of 23VDC to £20VDC trans-
lates to a single supply operating range of 6VDC to
40VDC, plus or minus. Two possible modes of operation
on a single supply are shown in Figure 3. The following
conditions must be observed to keep the amplifier within
its linear region of operation.

D +2< Vo < (Ve -2)

2) +3 < Vin < (Ve - 3), Figure 3b

B2
vour=(1+ ==}
ouT (+“‘>m

b) Noninverting Amplifier

R2
Vour = - ——ViN
1

a) Inverting Amplifier

Ry " Ry=R3 Ry
For minimum error due to bias currents.
. v O—s¢
bR 2,82
og}“ Your | %oy 3 ¢ Y
ViN 3 R3 _:L Ra
Vout =VIN Ry +R2\Ry Ry
Your=\ggwna) O

. c) Precision Butfer Amplifier d) Difference Amplifier

1-65




BURR-BROWN®

3500MP

Matched Low Bias Current IC
OPERATIONAL AMPLIFIERS

FEATURES
TWO MONOLITHIC OP AMPS WITH ..

* MATCHED OFFSET VOLTAGES - A Vos = 200uV max

¢ MATCHED DRIFT, AVos vs Temp. = 1pV/°C max

APPLICATIONS
* INSTRUMENTATION AMPLIFIERS

* MULTISTAGE ACTIVE FILTERS WITH LOW
OUTPUT OFFSET

DESCRIPTION

Close process control and careful grading by Burr-
Brown make possible a new dimension in IC op amps
- drift matched pairs. Drifts as low as 1uV/°C may be
obtained using the 3500MP op amps. The 3500MP
IC’s are selected from Burr-Brown’s 3500 series of op
amps, thus all the features of the 3500 series are
automatically found in the 3500MP. This enables the
3500MP to provide very-low drift (1uV/°C) with
very-low noise (1.4uV p-p) without sacrificing speed.
(Slew rate 0.8V /usec min.)

The 3500 IC op amps are designed for low input
current while maintaining slew rate and bandwidth
adequate for most applications. The low input bias

current is achieved by a unique bias current

cancelling circuit. This method insures that the bias
current remains low over the full temperature and
common-mode voltage ranges. The same circuitry
gives the amplifier high input impedance, both
differential and common-mode.

o LOW NOISE, 1.4V p-p

* LOW BIAS CURRENT, 50nA max
 INTERNAL COMPENSATION

o WIDE POWER SUPPLY RANGE

* LOW DRIFT SINGLE-ENDED AMPLIFIERS WITH
LOW NOISE

* DUAL CHANNEL AMPLIFIERS WITH MATCHED
DRIFT

All units of the 3500E series are 100% temperature
tested for voltage and current drift. The 3500 is also
one of the lowest noise IC op amps yet produced, as
illustrated by the curves on page 1-68. Both current
and voltage noise are low, including the low
frequency “flicker” and “popcorn™ noise which
usually prevent the use of IC op amps for low-level
signal processing.

The 3500 is internally compensated for
unconditional stability for all feedback
configurations, even with capacitive loads. The slew
rate is independent of supply voltage level. The input
stage of the 3500 series exhibits no latch-up when the
common-mode voltage range is exceeded. The input
impedance remains high with differential inputs as
high as +30V. The output stage is internally current
limited to provide protection against continuous
short circuits. The 3500 is interchangeable with 741
type amplifiers but gives greatly improved
performance.

International Airport Industrial Park - P.0. Box 11400 - Tucson, Arizona 85734 - Tel. (602) 746-1111 - Twx: 910-052-1111 - Cable: BBRCORP - Telex: 66-6491

PDS-264E
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SPECIFICATIONS

Specifications typical at 25°C and %15 Vdc power supply unless otherwise noted.

(Two matched operational amplifiers Burr-Brown 3500 type)

AVos = l Vos1 = Vos2 l

Initial Offset @ 25°C
Avg. vs. Temp. (~25 to+85°C) max.

+200 pV, max.
+1.0pV/°C

[ MODEL 3500MP )
(Both Units) T0'99 PACKAGE Dimensions in millimeters are
i heses.
OPEN LOOP GAIN 100 dB 0 shown in parentheses ,
RATED OUTPUT 039 'l;: (r;g-s.;;

Voltage £10V, min. 3&55313.

Current £10 mA, min. i 2

OQutput Impedance Tk a 040" 185" (4.69) 400"

FREQUENCY RESPONSE (102 %:* T e N

Unity Gain, Small Signal 1.5 MHz - 050" 500" T "

Full Power Sine Wave 12 kHz, min. (1.21 (2.0 -150_4 L

Slew Rate 0.8 V/usec, min. 09" dia. 1 “8n

INPUT OFFSET VOLTAGE V1, Vo2 “ "

Initial Offset @ 25°C +2mV, max. (5.08)

Avg. vs. Temp. (=25 to +85°C) max. | +5uV/°C - PIN CONNECTIONS
vs. Sf)pply Voltage +40 uV/V #. 1) NULL 5) NULL
vs. Time £5uV/mo " i " 2) -IN 6) OUTPUT

o) < > it 3) +IN 7) v+
8 1.14
DIFFERENTIAL INPUT OFFSET VOLTAGE v & N.C.

*Pin 4 is connected to case. NC is no internal connection

INPUT BIAS CURRENT
@ 25°C (either input)

+50 nA, max.

Current, Quiescent

Avg. vs. Temp. (-25°C to +85°C) max. | 0.5 nA/°C
vs. Supply Voltage £0.2 nA/V
INPUT DIFFERENCE CURRENT
@ 25°C R £25nA
Avg. vs. Temp. (-25°C to +85°C) £0.25 nA/°C
vs. Supply Voltage +0.1 nA/V
INPUT IMPEDANCE 7
Differential 107~ Hapr
Common Mode 5x 10 ||3 pF
INPUT NOISE
Voltage, 0.01 Hz to 10 Hz, p-p 2.0V
10 Hz to 10 kHz, rms 1.4 v
Current, 0.01 Hz to 10 Hz, p-p 200 pA
10 Hz to 10 kHz, rms 35 pA
INPUT VOLTAGE RANGE
Common Mode Voltage +11V, min.
Common Mode Rejection @10 V 100 dB
Maximum Safe Input Voltage * + supply
POWER SUPPLY
Voltage, Rated Specification +15V
Operating Range +3tox20V

+3.5 mA, max

TEMPERATURE RANGE
Operating Ambient
Storage

-25 to +85°C

-65 to +125°C

# If signal voltage is applied to the input in the absence of power

supply voltage, series resistance should be used to limit input

current to 20 mA.

OFFSET ADJUSTMENT

The input offset voltage of the Model 3500 may be adjusted to
zero by connecting a 50 k .~ potentiometer between pins 1 and 5
with the wiper arm connected to negative supply (Figure 1a). This
provides an adjustment range of approximately 10 mV. This offset
control is optional and may be omitted if the specified offset is
considered sufficiently low.

Adjustment of the input offset voltage of the Model 3500 will
offect the voltage drift to some extent. A rough "rule-of-thumb"
is £3 pV/ °C change of drift for each 1.0 mV of offset adjustment.
This is true of other IC op amps, such as the 741, 101, etc., but
is usually masked by the greater drift of these units. However, in
low drift amplifiers this effect must be considered. By use of a
transistor as in Figure 1b the effect of offset adjustment on driftcan
be substantially reduced (by approximately a factor of six).

Whenever possible adjust Vo] to equal Vo (zero differential
offset). Do notadjust Vg1 = 0= Vo unless absolutely necessary.
If both Vos1 and Voso are adjusted to zero, the drift compensated
adjustment technique (Figure 1b) must be used or the 4V drift of

1 uV/°C will be adversely affected.

Vj-j
’
@ (5) 200 <
M
10k~ ST Ma
3

a) Simple Offset
Adjustment

b) Drift Compensated
Offset Adjustment

*2N3906 or similar. J

FIGURE 1. Offset Adjustment Techniques.
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INPUT NOISE VOLTAGE

OUTPUT VOLTAGE (V, PEAK)

OUTPUT VOLTAGE (V, PEAK)

COMMON MODE VOLTAGE
RANGE (V, PEAK)

@V, rms)

TYPICAL PERFORMANCE CURVES

RMS INPUT NOISE VOLTAGE vs.
SOURCE RESISTANCE
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BIAS CURRENT EFFECTS

Input bias current of an amplifier can generate additional small
offset voltages by flowing through the equivalent input source
resistances. Although the bias currents for the 3500MP are
quite small, the current-generated offset voltages may be
significant for source resistances greater than 1k .. When
using the matched 3500MP amplifiers to obtain offset voltage
drifts on the order of 1 uV/°C particular attention mustbe given
to the input bias currents. Because of the great number of
circuit configurations involving two operational amplifiers,
it is only possible to give some general guidelines for minimi-
zing bias current effects.

s A

y

35038
10 mV y 4
/.
. 35008 ~
g 'mv —
» 500
>o 200 500MP
< 100
10 pv
10~ 100 1K 10K 100K 1M~
RS
FIGURE 3. & Vs V5- Source Resistance.
5 100
E
sV 35038 /
T 2 T >
s > 101 350087+
33 STt
> 2 3500MP:
= 1
1 10 100 1k 10k 100k
R
s

FIGURE 2. Bias Current Effects.

Bias currents generate offset voltagesin two ways. If 311 = 1812
(see Figure 2a) no offset will be generated by Ig77 and Ig12

Ry IR
i Ryg= SN2

However, ingeneral, Igyq = Igqp * 1,57 Where 10y is the input

offset current of op amp l] los will vary from unit to unit and

|5 isalsosubject to drift with time and temperature. Fortunately

los is normally much less than Ig 7. Therefore we may minimize

effects of bias current by making the Thevenin equivalent input

resistances equal (i.e.R - R11Ry2 ) and the effectsof |
Ry * Rz

may be minimized by making the equivalent source resistances

small. Keep in mind that in some two amplifier circuits the

"differential” bias current (Al = | = In1,) will generate the
e nt (Bp =lgyq - Igyo

predominate source of bias current errors.

Similarly for the circuit configuration of Figure 2b bias current
effects are minimized by setting
e ik
23 = m——re—
3 Ry Ry

FIGURE 4. AV Drift vs. Source Resistance.

The effect of offset currents are summarized in Figures 3 and 4
which plot offset voltage (A V) between the two amplifiers
and 8 Vg drift as a function of source resistance (Rs)' Curves
for a single 3500B type amplifier and an FET input 3503B)
amplifier are included for comparison. Note that a 3500MP

provides superior performance for low source resistance.

THERMAL CONSIDERATIONS

The very low AV drift specification for the 3500MP assumes
both integrated circuits have the same "chip" temperature. A
metal clip is furnished with the 3500MP to provide close thermal
matching between the two device cases. However, care should
be taken to see thateach op amp drives approximately the same
load or thermal offsets will result due to internal self heating.
In any case thermal offsets are much less critical with the
3500MP than withmatched transistors. A 1°C temperature offset
will cause a voltage offset in a matched pair of transistors of
about 2.5 mV but the A Vg of a 3500MP will be only 5 pV for
1°C temperature offset.
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APPLICATIONS

COMPOSITE LOW DRIFT OP AMP

The two matched op amps in the 3500MP may be connected to
simulate a single op amp with very low initial offset voltage and
drift. The circuit shown in Figure 5a may be used in any con-
ventional op amp circuit to obtain low drift. A typical feedback
circuit with an inverting gain of 100 is shown in Figure 5c.
Note the addition of R3, Ry, and R5 to minimize bias current
effects on the offset voltage.

The composite op amp will be stable in circuits with voltage
gains greater than about three. For lower voltage gains the
compensation shown in Figure 5b may be used if required. For
unity gain non-inverting operation, the compensation technique
of Figure 5bwill not decrease the composite amplifier bandwidth
below the bandwidth of the individual op amps.

(- I/\\ 3500MP-1

l' > 3500MP-2
~

500 pF to 2000 pF
N

1K

(b)

HIGH INPUT IMPEDANCE
DIFFERENTIAL AMPLIFIER

The circuitin Figure 7 acts as ahigh input impedance differential
amplifier provided Ry / Ry = Ry / R3. A mismatch of resistance
ratios results in a common mode gain Ac as shown below. In
addition to finite common mode gain, a resistance mismatch
causes a differential gain error equal to AC/AD. Notice that
the output offset error is proportional to AVgg which is made
very small by the matching of the two op amps. (In most
practical cases Ap AVos >~ Ac (Vo) + Vog2) / 2.)

3500MP-2

R
_]+R_4
R, R - :
172 - R
Ra1= R+ A=1--2 :Ri
172 C
R R 1 73
_ 374 Ay = -
Ro R3+R4 Vos = Vost vosZ

FIGURE 7. Differential Amplifier.

LOW PASS FILTER WITH LOW DC ERROR

Multistage low pass active filters often have large amounts of
d.c. offset and drift because the offsets of the op amps used
tendto add. The inverting synthesis technique shown in Figure 6
to realize each pole pair causes the amplifier offset voltages to
cancel if they are matched. The net offset error without trim-
ming will be less than 400 pV and the total drift of the filter is
less than 2 pV/°C. The output d.c. error is made essentially
independent of bias current effects by choosing small resistor
values. However the small resistance values limit the maximum
output voltage to about 1.0 V p-p and R > 125 .

< =0.1,f
< T

4vvv Eo
77 o —O
- >

R B
3500MP-2
610 A

4

3

2
S S [ S S /[
._J_+w—3 4+/8 +?(2>+/2)+U°4+/8+1

u'o (]

FIGURE 6. 4 Pole Low Pass Butterworth Filter; fo=1 kHz.
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BURR-BROWN®

3501

Low Bias Current
OPERATIONAL AMPLIFIERS

FEATURES

e LOW BIAS CURRENT, +3nA, max

o LOW DRIFT, +5pV/°C, max +30pA/°C, max
* LOW NOISE, 0.8uV, p-p 30pA, p-p

o WIDE SUPPLY RANGE, +3VOC to +20VDC

* INTERNAL COMPENSATION

* REPLACES 108 AND 741 TYPE AMPLIFIERS

DESCRIPTION

The 3501 series is designed to minimize input voltage
drift and input bias current, without resorting to
exotic processing. The low input bias current is
achieved by a current cancellation technique
developed by Burr-Brown’s IC Engineering Group.
The same input circuitry gives the 3501 very-high
input impedance, both differential and common-
mode. Internal current levels of the amplifier are
maintained essentially constant over the full range of
supply voltages by relying on basic semiconductor
properties and device matching. The result is that
major performance parameters - open-loop gain,
bias current, voltage drift, slew rate and output
current - are affected only slightly by wide variations
of supply voltage. Quiescent power drain is quite low
over the supply voltage range.

The 3501 is internally compensated for
unconditional stability in all feedback
configurations, even with capacitive loads. Thus it is
interchangeable with both 741 and 108 type
amplifiers (eliminating the external frequency
compensation required of 108 type amplifiers).

Because of the unique input stage design of the 3501,
its common-mode rejection is very-high (100dB). The
result is excellent linearity (.01% or better) as a
noninverting buffer. Also the input stage exhibits no
latch-up when the common-mode voltage range is
exceeded. The input impedance remains high for
input voltages up to the value of the supply voltages.

The output stage. is internally current limited to
provide protection against continuous circuits.

All units of the 3501 series are 100% tested to all
min/max specifications - including voltage and
current drift versus temperature. Units are drift
selected with maximum specifications at =5uV/°C,
+10uV/°C and #20uV/°C. Both military and
industrial temperature range versions are offered.
The 3501 is also a very-low noise amplifier. Both
current and voltage noise are low, including the low
frequency “flicker” and “popcorn” noise which
usually dictate against the use of utility op amps, such
as the 741, for low-level signal processing.

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-249E
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SPECIFICATIONS

ELECTRICAL SPECIFICATIONS

Typical at 25°C and £15 Vdc unless otherwise noted.

} 3501A 35018
MODEL 3501 35015 ssoic
OPEN LOOP-GAIN , dc, no load 93 dB, min * *
RATED OUTPUT * *
Voltage £10V, min
Current 5 mA, min
Capacitive Load Range 0 to 1000 pF
Output Impedance 2ka
FREQUENCY RESPONSFE * *
Unity Gain, Open Loop 0.5 MHz '
Full Power Sine Wave 1.6 kHz, min
Slew Rate 0.1 V/psec, min
INPUT OFFSET VOLTAGE )
Initial Offset @ 25°C +5 mV, max 2 mV, max +2mV, max

Avg. vs. Temp. (-25° to +85°C) max 20 uV/°C (A) | 10pv/°C B) | +5pv/°C (€)
(-55° to +125°C) max | +20 wv/°C R) | %10 wv/°C (5)
*

vs. Supply Voltage 40 uV/V *
vs. Time +2 pV/day * *
INPUT BIAS CURRENT
@ 25°C £15 nA, max £7 nA, max | %3 nA, max

Avg. vs. Temp. (-25° to +859C) max +0.2 nA/°C (A) }20. 15 nA/°C(8)}£0.1 nA/°C(C)
(-559 to +125°C) max | £0.2 nA/°C R) |£0.15 nA/°C(S)

T0-99 PACKAGE

Specify 3501A, etc.

.3707DIA,
©.39)
335”DIA.
- 1857
©.51 I {4.69)
040"
(1.2

050"
: 500
(1.27) (12.7)
L019"DIA.
(.48) —l—
. 2007

(5.08)
Bottom View

450
o x>/
(0.86)

Note: Dimensions in millimeters are
shown in parentheses.

045"
(1.14)

PIN CONNECTIONS
1) NULL 5) NULL

2) -IN 6) OUTPUT
3) +IN 7) v+
4) v-* 8) N.C.

*Pin 4 connected to case

vs. Supply Voltage £30 pA/V * *
INPUT DIFFERENCE CURRENT
@ 25°C £5 nA £3 nA +2 nA
Avg. vs. Temp. (~25° to +85°C) 0.1 nA/°C (A) |£0.05 nA/°C(®)]£0.03nA/°C(C)
(-55° to +1250C 0.1 nA/°C R) |20.05 nA/°C(S)
vs. Supply Voltage +10 pA/V * *
INPUT IMPEDANCE : * *
Differential 5x 107 a |l 3 pF
Common Mode 10104113 pF
INPUT NOISE * *
Voltage, .01 Hz to 10 Hz, p-p 2pv
10 Hz to 10 kHz, rms 1.4pv
Current, .01 Hz to 10 Hz, p-p 66 pA
10 Hz to 10 kHz, rms 12 pA
INPUT VOLTAGE RANGE * *
Common Mode Voltage 11V, min
Common Mode Rejection @ 10V 100 dB
Max. Safe Input Voltage Esupply * #
POWER SUPPLY * *
Voltage, rated specification +15 Vde
Operating Range *3V to ¥20V
Absolute Max +22 Vde
Current, quiescent +1.5 mA, max,
TEMPERATURE RANGE
Operating, Rated Specs A, 8, C -25° to +850C * *
RS -559 to +125°C " *
Storage -65° to +150°C * *

* Specifications same for all models. * *If input voltage is applied in the absence of power supply
voltage, series resistance should be added to limit current
flow to £20 mA.

1-72




Open Loop Gain (dB) Voltage Gain (dB) Input Current (nA)
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APPLICATIONS
INFORMATION

OFFSET ADJUSTMENT

The input offset voltage of the Model 3501 may be adjusted to
zero by connecting a 50 k & potentiometer between pins 1 and 5
with the wiper arm connected to negative supply (Figure 1a). This
provides an adjustment range of approximately £10 mV. This
offset control is optional and may be omitted if the specified offset
is considered sufficiently low.

Adjustment of the input offset voltage of the 3501 will affect the
voltagedrift to'some extent. A rough "rule-of-thumb" is 3 uV/°C
change of drift for each 1.0 mV of offset adjustment. This is true
of other IC op amps, such as the 741, 101, etc., but is usually
masked by the greater drift of these units. However, in low drift
amplifiers, such as the 3501C, this effect must be considered. By
use of a transistor as in Figure 1 the effect of offset adjustment on
driftcanbe substantially reduced (by approximately a factor of six).

V-

3501A 3501C

200
ka

IM.A.

50k ~ 10k

b) Drift Compensated =
Offset Adjustment

a) Simple Offset
Adjustment

FIGURE 1. Offset Adjustment Techniques.

BIAS CURRENT EFFECTS

Input bias current of the amplifier creates additional offset voltages
by flowing in the impedances of the signal source and the feedback
network. Although the bias currents of the 3501 are quitesmall,
their effects may be appreciable when these impedances are large.
The bias currents at the two inputs tend tobe equal and the differ-
ence current smaller than either. Thus equalizing the resistance
from each input to common, as in Figure 2, is an effective means
of reducing DC offset due to bias current.

R )

‘3501 Lo Ry +R)
+ f
sz f Vos = 131 Ry = 1poR3 <T>
R R, R
3 , . Ry
Vum 0 Ry T g

\ g1~ I )

FIGURE 2. Minimization of Bias Current Effects.

OPERATION ON A SINGLE SUPPLY

Although virtually any op amp can be operated on a single supply
if input and output voltage limitations are observed, the Model
3501 is particularly suitable for such use. It's wide supply range
of 3 to #20 Vdc translates to a single supply operating range of
6 to 40 Vdc, plus or minus. Two possible modes of operation on a
single supply are shown in Figure 3. The following conditions must
be observed to keep the amplifier within its linear region of
operation.

1) 42 < e, < (Vg-2)
2) 43 < eg < (Vs = 3), Figure 3b

When operating on a single supply (V), shorting the output to
common is equivalent to a short to supply and the internal power
dissipation is approximately twice that which occurs for a short to
common with balanced supplies of + Vs . This dissipation may

exceed safe limits for single supply voltages greater than 20 volts
and must be prevented by use of a series limiting resistor or other
device, if short circuit protection is desired.

+V,
Ry Ry :
™ o (2 o
— NG v+ ) Ry s
3501
+ +
LOAD < e
es =
L b) Noninverting Amplifier - J

FIGURE 3. Operation on a Single Supply.
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BURR-BROWN®

3507

Fast-Slewing
OPERATIONAL AMPLIFIER

FEATURES

© 120V/.sec SLEW RATE
© 20MHz GAIN-BANDWIDTH PRODUCT
« INTERCHANGEABLE WITH 741 TYPES

DESCRIPTION

Burr-Brown model 3507J is intended for use in
circuits requiring fast transient response-pulse am-
plifiers, D/ A converters, comparators, fast followers,
etc. Key parameters such as slew rate, settling time
and bandwidth are orders of magnitude better than
for most other 1C op amps.

The 3507J is compensated to allow faster slewing and
greater bandwidth for gains of 3 or more. For gains
greater than 3, the gain rolloff is 6dB/ octave. By use
of a single external 20pF compensation capacitor the
3507J can be stabilized at all gains including unity. In
addition, by use of an.alternate compensation
technique, it is possible to stabilize the 3507J at unity
gain without sacrificing its faster slew rate.

The 3507J is pin-compatible with other standard 1C
op amps while offering greater speed and higher
output current. It also is input- and output-protected
to prevent damage if the output is shorted to
common, or the input is shorted to supply voltage.

International Airport Industrial Park - P.0. Box 11400 - Tucson, Arizona 85734 - Tel. (602) 746-1111 - Twx: 910-352-1111 - Cable: BBRCORP - Telex: 66-6491

PDS-297B
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SPECIFICATIONS

ELECTRICAL
Typical at £15VDC and +25°C unless otherwise noted.
MODEL 35074
TYPICAL | GUARANTEED
OPEN-LOOP GAIN, DC
No Load 30dB
2ktLoad 83dB 77d8
RATED OUTPUT
Voltage (1k2 load) +12V *10V
Current ' £20mA +10mA
DYNAMIC RESPONSE
Smali Signal Bandwidth (0dB) -
Gain-Bandwidth Product (AcL = 10) 20MHz
Full Power Bandwidth 1.6MHz 1.2MHz
Slew Rate 120V/usec 80V/usec
Settling Time (0.1%) 200nsec
Rise Time (10-90%, small signal) 25nsec 50nsec
Overshoot - -
INPUT OFFSET VOLTAGE
Initial (without adjust) at +25°C +5mV +10mV
Over Temperature *+14mV
(avg. 0°C to +70°C) +30uV/°C
vs Supply Voltage *+30uV/V 200uV/V
vs Time +50uV/mo
INPUT BIAS CURRENT
Initial at +25°C +50nA +250nA
Over Temperature +500nA
(avg. 0°C to +70°C) +0.5nA/PC
INPUT DIFFERENCE CURRENT
Initial at +25°C +20nA +50nA
Over Temperature +100nA
(avg. 0°C to +70°C) +0.1nA/°C
INPUT IMPEDANCE
Differential 100MQ || 3pF 40MQ
Common-Mode 1000MQ || 3pF
INPUT VOLTAGE RANGE
Common-Mode (linear operation) *12Vv +10V
Differential (between inputs) *16V
Absolute Max (either input) +Supply
Common-Mode Rejection 90dB 74dB
POWER SUPPLY
Rated Voltage +15VDC
Voltage Range, derated +8V to +20V
Current, quiecscent +4mA +6mA
TEMPERATURE RANGE
Specifications 0°C to +70°C
Operating -25°C to +85°C
Storage -65°C to +150°C
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MECHANICAL

TO-99 PACKAGE

A .

lo— B —»d

LE ) F 4

-—x———dnoJ

Seating
Plane

—ele—p

NOTE:
Leads in true position within 0.10”
(0.25mm) R at MMC at seating plane.

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

INCHES MILLIMETERS
OIM [ MIN | MAX MIN | MAX
A .335 .370 8.51 9.40
B -305 .335 7.75 8.51
c .165 .185 4.19 4.70
o | .o16 .021 0.41 0.53
3 .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
K .500 - 12.7 ——
L 110 160 2.79 4.06
M 45° BASIC 45° BASIC
N | 095 | 105 | 241 [ 267

CONNECTION DIAGRAM

BANDWIDTH CONTROL

OFFSET
ADJUST

IN- ouTt
OFFSET
IN+ ADJUST
-Vce
(TOP VIEW)




TYPICAL PERFORMANCE CURVES

(At +25°C and £15VDC, unless otherwise specified)

NORMALIZED AC PARAMETERS OPEN-LOOP FREQUENCY RESONSE"

VS TEMPERATURE
1.1 120
woo LI [ i
@ L OpF 1
4 Slew Rate oo %
] e Sz " |11 30pF
Tg 10 | 35 %
£g 238 4 . . " 100pF
s3 0 -3 % ] ™
9% T of w
el . o 300pF ; N
Sg+ Bandwidth > 0
<8 o [ ]I _rooosr 1
58 10 100 1k 10k 100k 1M 10M  100M
2 Frequeny (Hz)
*Capacitance values shown are external compensation
0.8 from pin 8 to Common.
75 -50 -25 0 +25 +50 +75 +100 +125
Temperature (°C)
OUTPUT VOLTAGE SWING EQUIVALENT INPUT NOISE
VS FREQUENCY* VS BANDWIDTH
b Dl i s o
Vce +20vDC
Vec +15VDC I .
= . | 10k Source Resistance .
e pu—— - 00 Source Resistance ™ !
x 2 10 ae 10
s £ . ge
] —~ Vcc £10VDC 1+ ££ ot T
o' 532 o W gt
£8 53 eo\'\(’* .
&2 10 g2 10 oS
PRy
01 o Ll
10k 100k ™ 10M 100 100 1k 10k 100k ™
Frequency (Hz) Upper 3dB Frequency (Hz)
*With no external compensation (Lower 3dB Frequency - 10Hz)
capacitance.
NORMALIZED AC PARAMETERS
VS SUPPLY VOLTAGE AT +25°C OPEN-LOOP PHASE RESPONSE
1.1 ramesr o
Bandwidth 8 30
1 e
> 60
g T / % Py
sg 10 2 % N
s 7: [e) s 2 120
>0 <
% RS Slew Rate g 150
S3W / £ 180 A\
E £ 09 , o \
° 210
é @ 10 100 1k 10k 100k ™M 10M 100M
Frequency (Hz)
08
*10 *15 +20

Supply Voltage (VDC)
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APPLICATIONS

BANDWIDTH COMPENSATION

The frequency response of the 3507J 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 3507J is stable for gains of 3 or greater
without external compensation (subject to the same limits
on stray and load capacitance and resistance levels). A 20pF
compensation capacitor will stabilize the 3507J for all values
of gain, at the sacrifice of bandwidth and slew rate.

The circuit of Figure 2 “illustrates another approach to
compensation of the 3507J. This method yields unity gain
stability without sacrificing slew rate.

STABILITY

Because the 3507J 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 as
short as 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
S0pF capacitor; see Figure 1.

OFFSET VOLTAGE ADJUSTMENT

Although the offset voltage of this amplifier is only a few
millivolts, it may be desirable in some cases to null this
offset. This is done by use of a 20k{) potentiometer as shown
in Figure 3.

TEST CIRCUIT - DYNAMIC RESPONSE

The test circuits of Figure 4 are used for measurement of
slew rate, settling time, rise time and overshoot. Both rise
time and overshoot are measured under small signal
conditions (Vour = £200mV). Slew rate and settling time
are measured for a 10V, p-p, square wave.

SUPPLY
BYPASS

0.1,F

COMPENSATION
(optional)

SUPPLY d —‘_[

BYPASS

LOAD

FIGURE 1. Compensated Amplifier with Supply and

Load Bypassing.

FIGURE 2. Alternate Method for Unity - Gain
Compensation of 3507J.

FIGURE 3. External Adjustment of Offset Voltage.

6670

e

1333k

FIGURE 4. Dyna
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BURR-BROWN®

3508J

Wideband
OPERATIONAL AMPLIFIER

FEATURES

 100mHz GAIN BANDWIDTH PRODUCT
 5nA INPUT BIAS CURENT

* 103dB OPEN-LOOP GAIN

o INTERCHANGEABLE WITH 741 TYPES

DESCRIPTION

Burr-Brown model 3508]J is a wideband operational
amplifier intended for use in circuits requiring
extended bandwidth and high gain. Typical examples
of applications are: RF signal amplifiers, fast
recovery voltage references, high speed integrators,
high frequency active filters, and photodiode am-
plifiers.

Model 3508]J is internally compensated for stability
at gains greater than five. The 3508J can be externallv
compensated by use of a single capacitor, and can
thus be stabilized at any value of gain. By use of an
alternate compensation scheme the 3508J can be
stabilized at unity gain without sacrificing slew rate.

In addition to its wide bandwidth and high gain the
amplifier has a number of other significant ad-
vantages over other IC op amps; low bias current,
high output current, and high common-mode re-
jection. Inputs are protected against voltages up to
the value of the power supplies. The output is
current-limited to provide short-circuit protection.

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-298B
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SPECIFICATIONS

" ELECTRICAL

" Typical at +15VDC and +2_5°C unless otherwise noted.

MECHANICAL

TO-99 PACKAGE

A B
MODEL 3508J F—B—-d PR
TYPICAL | GUARANTEED I é
OPEN-LOOP GAIN, DC —— g 1
No Load 106dB E
2kQLoad 103d8 98dB
RATED OUTPUT
‘| voltage 12V +10V
{ Current- - H18mA +10mA
DYNAMIC RESPONSE
Small Signal Bandwidth (0dB) -
Gain-Bandwidth Product (AcL = 10) 100MHz
Full Power Bandwidth o .600kHz 320kHz
Slew Rate 35V/usec 20V/usec
Settling Time (0.1%) - -
Rise Time (10-90%, small signal) A7nsec -45nsec
Overshoot - -
INPUT OFFSET VOLTAGE
Initial (without adjust) at +25°C +3mV +5mV
Over Temperature *7mvV NOTE:
(avg.0°C to +70°C) +30uV/°C Laads'in true positi i
position within 0.10”
:: -Snl::‘):ly Voltage +t5?)c::\ll‘7n\|/ o 200uV/V (0.25mm) R at MMC at seating plane.
. Pin numbers shown for reference only.
INPUT BIAS CURRENT Numbers may not be marked on package.
Initial at +25°C +15nA +25nA .
Over Temperature +40nA
(avg. 0°C to +70°C) 10.5nA/°C
INPUT DIFFERENCE CURRENT INCHES MILLIMETERS
DIM [ MIN | max MIN | MAX
Initial at +25°C +5nA +25nA A | 236 370 .61 5,40
Over Temperature +40nA s | 305 335 7.75 | 8.61
(avg.0°C to +70°C) $0.2nAPC c laes | .85 | 419 | 470
INPUT IMPEDANCE D ~:’: -021 o 053
E |0 040 | 025 1.02
Differential 300MQ || 3pF 40MQ 3 010 040 0.25 1.02
Common-Mode 1000MQ || 3pF G _'| :200 BASIC 5.08 BASIC
INPUT VOLTAGE RANGE ‘ T e
Common-Mode (linear operation) 13V +11V K__| 500 __ 12.7 __
Differential-Mode (between inputs) : +12v L {110 | 160 | 279 | 406
Absolute Max (either input) +Supply M __| 45°BASIC 45° BASIC
Common-Mode Rejection 100dB 74dB N 096 | 105 241 | 267
POWER SUPPLY
Rated Voltage +15VDC )
Voltage Range, derated +8V to +22V y
Current, quiecscent +3mA *+4mA CONNECTION DIAGRAM
TEMPERATURE RANGE
Specifications 0°C to +70°C
Operating -25°C to +85°C
Storage -65°C to +150°C BANDWIDTH CONTROL
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TYPICAL PERFORMANCE CURVES

'(At +25°C and +15VDC, unless otherwise specified)

Open-Loop
Voltage Gain (dB)

Peak Voltage Swing (V)

Equivalent Input
Noise uV, rms

120

100
80
60
40
20

OPEN-LOOP FREQUENCY RESONSE*

AN

N

N

115pF

300pF

OpF

Vee =+15VDC
20pF = +25°C
I

35pF ]
50pF —T
|

—
1000pF

N
\:\

10 100 1k

10k 100k 1M 1OM

Frequeny (Hz)

*Capacitance values shown are external compensation
from pin 8 to Common.

OUTPUT VOLTAGE SWING
VS FREQUENCY*
20 v
10 N +20VDC SUPPLY.
N £15VDC
1.0 7>
+10VvDC \
0.1 \
N
Ta=+25°C
0.01 |
10k 100k ™ 10M 100M
Frequency (Hz)
EQUIVALENT INPUT NOISE
VS BANDWIDTH
100
100k
Source /
Resistance
I A\ AN
10 | 00 Source = g
Resistance
! 7//<
/ Thermal Noise
/ of 10k(2 Resistor
0.1 - .
100 1k 10k 100k ™ 10M

Upper 3dB Frequency (Hz)

(Lower 3dB

Frequency - 10Hz)
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Gain (dB) Common-Mode Range (+V)

Open-Loop Voltage Gain (dB)

COMMON-MODE VOLTAGE RANGE

VS SUPPLY VOLTAGE
20
15 /
10
0
15V +10V +15v +20V
Supply Voitage
OPEN-LOOP VOLTAGE GAIN
VS TEMPERATURE
120 [ l
+20V Supply
— I
p—+15VDC
— v
100 +10VDC ™|
~ DC
'1‘15VDC
80 Ll
-5 -35 -15 5 25 45 65 85 105 125
Temperature (°C)
OPEN-LOOP GAIN AND
PHASE ANGLE VS FREQUENCY
120 T T T 0
N Vce +15VDC
100 N . 30
Ta=+25°C
80 S 60
60 90
40 120
20 150
0 180
-20 210
10 100 1k 10k 100k 1M 10M 100M

Frequency (Hz)

(degrees)

Phase Angle
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- APPLICATIONS

P
:‘y’p:g ¢ l COMPENSATION -:L
0.14F (optional)
LOAD

+ BYPASS I’“"F
SUPPLY
syass T O1.F = =

FIGURE 1. Compensated Amplifier with Supply and
Load Bypassing.

BANDWIDTH COMPENSATION

The frequency response of the 3508J can be adjusted by
use of an external compensation capacitor from pin 8 to
common as shownin Figure 1. The open-loop frequency
response curves included in the Typical Performance
Curves illustrate the effect of various values of capac-
itance. The 3508J is stable for gains of 5 or greater
without external compensation (subject to the same
limits on stray and load capacitance and resistance
levels). A 20pF compensation capacitor will stabilize the
3508J for all values of gain, at the sacrifice of bandwidth
and slew rate.

The circuit of Figure 2 illustrates another approach to
compensation of the 3508J. This method yields unity gain
stability without sacrificing slew rate.

- STABILITY . -

Because the 3508 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 as
short as possible) and by properly bypassing the power
supply lines to common at points close to the amplifier.
In addition, it is recommended that the load be bypassed
by a S0pF capacitor; (see Figure 1).

FIGURE 3. External Adjustment of Offset Voltage.

OFFSET VOLTAGE ADJUSTMENT

Although the offset voltage of this amplifier is only a few
millivolts, it may be desirable in some cases to null this
offset. This is done by use of a 100k} potentiometer as
shown in Figure 3.

TEST CIRCUIT - DYNAMIC RESPONSE

The test circuits of Figure 4 are used for measurement of
slew rate, settling time, rise time and overshoot. Both rise
time and overshoot are measured for a small output
signal (Vour =£100mV). Slew rate and settling time are
measured for a 10V, p-p, square wave.

IN 10k 10k

out

2%kn

;WpF

FIGURE 2. Alternate Method for Unity - Gain
Compensation of 3508J.

FIGURE 4. Dynamic Response Test Circuits.
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BURR-BROWN®

3510

Very-Low Drift - Precision
OPERATIONAL AMPLIFIER

FEATURES

* VERY-LOW DRIFT - +0.5uV/°C max

¢ VERY-LOW OFFSET - +60pV max

* LOW BIAS CURRENT - +15nA max

* HIGH OPEN-LOOP GAIN - 120dB min

¢ HIGH CMR - 110dB min

* VERY-LOW THERMAL FEEDBACK - +0.1uV/V

DESCRIPTION

High overall accuracy is offered by Burr-Brown’s
3510 Operational Amplifier. It’s designed expressly
for use in high gain analog circuits where very-low
drift and high accuracy are essential requirements.

This precision instrumentation grade op amp
provides an economical method to maintain high

circuit accuracy and reliability over temperature
ranges from -25°C to +85°C, surpassing competitive
units rated for only 0°C to +70°C.

Additional performance features of the 3510 include
high open-loop gain, extremely-low initial offset
voltage, high CMR, very-low thermal feedback, low
input bias current and very-low voltage drift vs
temperature.

Burr-Brown’s rigid control of monolithic processing
and its rigid quality control standards result in very-
low voltage and current noise in the 3510. It’s .
specifically designed for use in low level analog signal
processing. Performance specifications are met
exactly by precision trimming at the wafer level with
complete testing before shipment. Performance of
the 3510 significantly exceeds that of Burr-Brown’s
popular 3500 op amp.

o
4 <

1kQ (; 1k§2
3

12k03 S 12k l
®r

4902

INQ)

ThQ)

International Airport Industrial Park - P.0. Box 11400 - Tucson, Arizona 85734 - Tel. (602) 746-1111 - Twx: 910-852-1111 - Cable: BBRCORP - Telex: 66-6481
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 ELECTRICAL SPECIFICATIONS

Specifications at T = 25°C and £15VDC, unless otherwise noted. Standard specifications after warm-up.

3SI6AM 3510BM/35108m | - 3si0cm e
MODELS Min | Typ | Max | Min | Typ | Max | Min | Typ | Max UNITS
OPEN LOOP GAIN, DC .
2k} Load 120 * * dB
RATED OUTPUT
Voltage £10 * . A%
Current +10 * . mA
Output Resistance . . . = 300’ = Bd : . SRR R
Load Capacitance 1000 * * pF
FREQUENCY RESPONSE : .
Unity Gain, Open Loop, Small Signal C. = 4700pF . 0.4 i . . MHz
Closed Loop Gain, C. = 0, Stable Operation =10 N * * \70%
Full Power Response, Cc =0, AcL' = 10 . 7 ’ 12 o * * s » kHz
Slew Rate, Cc = 0, AcL = 10 0.5 0.8 . * . * V/us
INPUT OFFSET VOLTAGE B . o i i 3 B
Initial Offset, 25°C 150 120 60 nv
vs Temp'" - unnulled Vo ) ] 2.0 1.0 . 05} wv/C
vs Temp'" - nulled Vo ' i 2.5 1.4 0.7 uv/°C
vs Time . o . 0.2 * * uV/mo
Power Supply Rejection  *  * ) - 110 130 . . . . dB
Thermal Feedback, R. = 2k}, f = IHz 0.1 * * mV/vV
INPUT BIAS CURRENT }
Initial Bias, 25°C ' +35 +25 s nA
vs Temp'” ’ ‘ . +0.6 +0.4 +0.25 nA/°C
vs Supply Voltage o . +0.1 * . * nA/v
INPUT DIFFERENCE CURRENT . - S '
Initial Difference, 25°C +20 . *15 *10 U nA
vs Temp'" A . . +0.4 +0.25 0.15 nA/°C
vs Supply Voltage . . *10 * * pA/V
INPUT IMPEDANCE ; .
Differential : (] * | : MQ || pF
Common-mode 1003 GQ || pF
INPUT NOISE . .
Voltage, 0.1Hz to 10Hz . 0.8 * R uV, p-p
f,= 10 Hz 14 . * nv/VHz
f, =100 Hz 12 * . av/VHz
f,=1kHz . 12 * * nV/VHz
Current, 0.1 Hz to 10 Hz 50 * hd PA, p-p
f,=10 Hz 038 * * pA/\/Hz
f, = 100 Hz 0.46 * i pA//Hz
f,=1 kHz ) 035 * * pA/VHZ
INPUT VOLTAGE RANGE .
Common-mode Voltage Range, linear operation +(Ved-3 * * v
Common-mode Rejection at £10V 110 hd ' . dB
Maximum Safe Input Voltage EA | hd . . \%
POWER SUPPLY
Rated Voltage *15 . . * . . v
Voltage Range, derated performance 3 +20 * . . * v
Quiescent Current +2.5 +3.5 . * * * mA
TEMPERATURE RANGE .
Specification, (A, B, C) ) 25 +85 . * . . °C
,(S) =55 | +125 °C
Operating, derated performance ) -55 +125 * * . *
Storage . -65 +150 * i * * * °C
0 junction-case 40 * * °C/W
@ junction-ambient 150 * . °C/W

*Specification limits same as 3510AM.

(1) Temp coefficient specificati -25°C to +85°C for AM, BM. CM
-55°C to +125°C for SM
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"TYPICAL PERFORMANCE CURVES

Typical at Ta = 25°C and +15VDC, unless

otherwise noted.

OPEN LOOP FREQUENCY RESPONSE

OPEN LOOP PHASE RESPONSE

OUTPUT VOLTAGE VS OUTPUT CURRENT

OUTPUT VOLTAGE VS FREQUENCY

‘COMMON-MODE REJECTION VS FREQUENCY

COMMON-MODE RANGE VS SUPPLY VOLTAGE

QUIESCENT CURRENT VS SUPPLY VOLTAGE
4

AN |
1T
Vg=11sV Vg = 415V
12 \ _ 12
~ 100 2 E — ol
g % \ : Lﬁ z
£ 80 3 < \ %
S z 10 <
& & 3 R 1 e >
Z 3 2 S 9
3 2 4 G R Y E
K = - i b 2
- } >, 3 D u o
2 — A -1 2 I U
\ s ;
20 “ -180 A o I 0 H
001 0.1 10 100 1k 10k 100k IM 10M 0.01 0.1 10 100 1k 10k 100k IM 10 10 15 20 S 1k 1 0k ™M
Frequency (Hz) Frequency (Hz) Output Current (mA) Frequency (Hz)
VOLTAGE NOISE DENSITY VS FREQUENCY CURRENT NOISE DENSITY VS FREQUENCY STEP RESPONSE ) 'POWER SUPPLY REJECTION VS FREQUENCY
l I ’ A=+10
RL= 1k \
= ]- T ;:Q 0. \ 1 — '\
g A=WV o § _ / 212
z < 04 B B
2 16\ > & 24
g 3 Ce=0 2 / o
g =
& N Zo \ 2 2
" £ \ : |/ \ £
] £ 3
3 i = s-
S & ol B = \
0 o
U 10 100 ik 10k 100k 1M 10M ' 10 100 1k 10k 100k 0 20 40 60 80 100 001 0.1 1 10 100 1k 10k 100k 1M
Frequency (Hz) Frequency (Hz) Time (us) Frequency (Hz)

QUIESCENT CURRENT VS TEMPERATURE

M S 3
@ N o :
21 & -550C < T < 125% - —_ Vg =115V
5 \ C.=0 g < 125°¢ /| < <, S°t
£ 2 E L— Z2 ~
g % / H z ~
; 3
o \‘ % / § Lt g ~—]
3 s 1 v < - a2
3 > <
g ™ 2 / g z
g £ g 31
H £ / 5 2
] g / < 3
S £, o
g .
< /
0l 0 / 0 0
I 10 100 1k 10k 100k IM 0 4 8 12 16 2 10 20 30 40  -5540 20 0 20 40 60 80 100 125
Frequency (Hz) Supply Voltage (+V) Total Supply Voltage, Vs - V_, (V) Temperature (°C)
Ampllfler Connections MAXIMUM POWER DISSIPATION VS.
. TEMPERATURE
+v g
< 07
[ H \
o
a, AN
5 N
2 N
£ 04
3 N
s 03
= \
ERY
£
501
H
0
0 25 50 75 100 125 150 175
Ambient Temperature (°C)
* Optional
See applications information
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MECHANICAL SPECIFICATIONS

je— A —

je— 5 —»

T

'
-
L
x—-LO’

Seating Il | |——l

rane —alleo

T0-99

INCHES MILLIMETERS
DIM | MIN | MAX MIN MAX
A | .335 .370 8.51 9.40
8 | .308 335 | 775 8.51
c | .165 .185 4.19 4.70
o | .01 021 | o0.41 0.53
E .010 .040 0.25 1.02
F .010 040 | 025 1.02
G | .200 BASIC 5.08 BASIC
H | .028 .034 0.71 0.86
J .029 .045 0.74 1.14
K | .500 —— 12.7 —
L |10 160 | 2.79 4.06
M | 45° BASIC 45° BASIC
N [.00s [ 105 [ 241 ] 267

Notes:

L. There is no case connection
2. The case is metalic and is conductive
3. The case and leads are bright acid tin plated

APPLICATIONS INFORMATION

OFFSET VOLTAGE ADJUSTMENT,
NULLING AND DRIFT

Unlike some competitive models it is not necessary to null
the offset voltage of the 3510 to achieve minimum voltage
- drift versus temperature. Drift of the 3510 is specified
both nulled and unnulled.

In this op amp, the input offset voltage and the input
offset voltage drift versus temperature are trimmed, at the
wafer level, during manufacture. This feature, combined
with the op amp’s electrical design and high quality,
closely controlled processing produce the low offset
voltages and drifts indicated in the specifications. These
figures are 100% guaranteed.

Should it be necessary to null the offset voltage to the
lowest possible value this can be accomplished by
inserting a potentiometer between pins 1 and 8. See
“Alternate Nulling Techniques” for other methods.
Nulling ultra-low offset amplifiers may, however, be
undesirable when these factors are considered:

Cost of potentiometer and labor to install and null.

Decreased reliability through introduction of
additional components.

Possible degradation of overall performance due to
temperature coefficients of external nulling resistors
(not true with 3510).

Nulling the offset voltage of most modern op amps will
minimize offset voltage drift. In the 3510, an ultra low
offset amplifier, a major portion of the offset voltage is
trimmed during manufacture. Additional trimming by
the user may increase the voltage drift slightly. Drift
changes 0.33uV/°C for each 100uV of offset voltage
nulled. Due to second order effects, the point of minimum
voltage drift does not occur at the point of zero offset
voltage in approximately 25% of the cases. In these

instances, nulling the offset voltage may cause a slight
increase in voltage drift, but not beyond the guaranteed
nulled voltage drift specified. Nulling the offset voltage
will decrease the voltage drift in approximately 75% of
cases.

ALTERNATE NULLING TECHNIQUES

When it is essential to null offset voltage and achieve the
lowest guaranteed voltage drift specifications, the
following methods can be used:

Burr-Brown recommends nulling in a following stage as
shown in Figure 1.

-15VvDC

Figure 1. Multistage Nulling Circuit.

In this circuit, with Vi, =0, V, will be due to Eos and Ipis of
ViR4
R

3510. The component of Vo, dueto Vi is .Resistors

Rs and Rg are selected so that the component of Vo, due
to V; will cancel the component of V. due to V;. The
specific values of Rs and Re are selected to provide the
desired range and resolution and will depend upon the
model of the 3510 involved and the gain in each stage.

When only a single stage of amplification is used the
following circuits could be employed.
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Ry=R3+ R4 IRy

R
2
€, ;—ﬁ—l (ey-€y)

Ry
Ry > 105 ——
R, +R,

FIGURE 4. Follower Amplifier

RESOLUTION OF NULLING
POTENTIOMETER

One of the advantages of the 3510 is the ease of nulling the
offset voltage, even with a low cost, single turn
potentiometer. A single turn linear potentiometer can be
used with good resolution. Unlike some competitive, low
offset op amps, the 3510 does not require multiturn pots
or fixed resistors padded with a pot to produce a high
level of trim resolution.

Resolution and range of the offset trim potentiometer at
various resistance values are shown in Table 1.

P, Offset Adj Range Resolution | Sensitivity of
Value 10% - 90% % - 100% at Pot Center pAVM/‘AT to
Rotation Rotation Otentiometer
T.C.R. "
*100k 2 *170pV +2mV 1uV /% rotation|10*uV, ppm. "C
20k 6001V 2mV 35uV/% [10°uV/ppm/°C
rotation
10k +800uV +2mV 6uV /% rotation{10™uV /ppm/°C
*R ded offset adj potentiometer.

(1) T.C.R. = temperature coefficient of resistance
(2) Sensitivity after nulling +120uV of V.; typically the sensitivity is one-half the
value shown.

TABLE I. Offset Potentiometer Effects

POTENTIOMETER

Because the external offset 100k() potentiometer
parallels two internal 1kQ) resistors, the temperature
coefficient of the potentiometer will affect the offset
voltage temperature drift of the 3510 to a very small
degree. In addition, the potentiometer halves have the
same temperature coefficient, therefore the percent
rotation does not drift. Sensitivity of the offset voltage to
the external potentiometer is very low, only

FIGURE 5. Difference Amplifier

10*uV/ppm/°C and must be added to the amplifier’s
drift. However, even when using a 100ppm industrial pot,
this figure is £0.01xV/°C and can be ignored.

THERMAL FEEDBACK

When an amplifier achieves the high performance levels
of the 3510 some effects previously masked by larger error
terms (and now reduced by the 3510’s high accuracy, high
performance and low error terms) may become
observable. This situation exists with a condition referred
to as thermal feedback.

Thermal feedback is an error generating condition which
can be caused by the power dissipation and resultant
temperature rise of the amplifier’s output stage. This
error is fed back to a previous stage of the amplifier and
alters its usual operation. Normally the input stage is
affected. This error is described as a change in input offset
voltage per volt of output voltage change. When the 3510
has a 2k} load the specification is £0.1uV/V.

This phenomena is most noticeable at frequencies below a
few hertz and most easily observed on an oscilloscope.
Thermal feedback can add a small error term to the
“average” temperature effects normally described as
input offset voltage drift versus temperature and input
bias current versus temperature.

To minimize the effect of thermal feedback, the 3510

circuits are carefully laid out and thermally balanced to
minimize thermal feedback.

THERMAL RESPONSE TIME

In low drift operational amplifiers like the 3510, thermal
response time is an important performance parameter. In
precision applications the response of the amplifier to
warm-up or environmental change should be considered.
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Figure 5 and 7 show typical thermal response of the 3510.
Note that the offset voltage does not overshoot and that
the response time is very short - less than three minutes.
Some competitive low drift operational amplifiers
require 15 minutes to warm up.

= 18
> L Vs = 15V
o iy 3510AM
$s”
S e
23!
3
& I 3510BM. SM
3
g2 il
= E 3510CM
S8 3
2
2
S o

Isec 12 3 4 5 6

Time (Minutes)

FIGURE 6. Warm-up Drift.

3510AM

50 7 T
T.=25Cto T\ =85C
Air Environment

s
2
&
=2
=
> U
3
£ 3510BM. SM
S o+
5
.l
= 3510CM ]
%lo A
= +]5V
5 0 ) V[s. *15
0 ! 2 3 4 3

Time(Minutes)’

FIGURE 7. Offset Response to an Environmental
Change.

NOISE

In a high performance amplifier such as‘the 3510, noise
may well be the final and limiting criteria for system
accuracy. See specifications and performance curves.

While the 3510 noise is very acceptable in low and mid-
frequencies, it is fairly large above 100kHz. Whether or
not this unique characteristic will cause user problems
depends on the application of the 3510 and steps taken to
reduce high frequency noise effects.

If circuitry following the 3510 does not respond to noise
above 100kHz, no corrective steps need to be taken. This
situation is common in applications where a 0.5V/us
amplifier is satisfactory. When high frequency noise must
be reduced, a low pass filter should be installed in a stage
following the 3510 (filtering at the 3510 itself has little
effect).

Two high frequency filtering approaches are shown in
Figures 8 and 9.

| ! | Following
> —{-«/WI—Wv—l— Part of
. T | | System
|
(LI 4

Low pass filter

FIGURE 8. High Frequency Filter For Single Stage
Amplifier.

>

FIGURE 9. High Frequency Filter For Multi-stage
Amplifier

-———n Low pass
— ¢ =+ filter

COMPENSATION

At closed loop gains above 10V/V, the 3510 op amp is
stable without additional frequency compensation. The
amplifier is compensated as shown in Figure 10 for gains
below 10V/V. . i

FIGURE 10. Amplifier Compensation Circuit

Alternately, the capacitor may be connected between pin
S and +V.. (pin 7) if the supply is well bypassed to ground.

SHORT CIRCUIT PROTECTION

The 3510 may be short circuited to ground continuously
without .damage. Output shorts other than to ground
may be tolerated if the “Maximum Power Dissipation vs
Temperature” ratings given in the performance curves are
not exceeded. Power dissipation can be determined as the
product of (Vee - Vou) X Iow. Iow under current limit
conditions is specified in the “Output Voltage vs Output
Current” performance curve.
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BURR-BROWN®

3521 SERIES
3522 SERIES

Ultra-Low Drift - FET Input
OPERATIONAL AMPLIFIERS

FEATURES

o ULTRA-LOW DRIFT, 1,.V/°C max

o LOW INITIAL OFFSET VOLTAGE, 250V, max

o LOW BIAS CURRENT, 1pA, max

o LOW NOISE

o HIGH COMMON-MODE REJECTION, 90dB, typ

o WIDE POWER SUPPLY RANGE, +5VDC to +20VDC

DESCRIPTION

With input offset voltage drifts aslow as 1uV/°C, the
Burr-Brown 3521 IC Operational Amplifier provides
FET input performance combined with drift equal to
the best bipolar IC’s (e.g., BB3500E). The spectacular
performance is achieved through truly state-of-the-
art hybrid design and manufacturing, including
monolithic FET pairs and active laser-trimming.
The 3521 and 3522 have an exceptionally fast
thermal response. This fast warm-up is achieved
without any heat-sinking.

While low drift and FET input impedance are the
outstanding features of the 3521 and 3522 other
specifications have not been compromised. They are
internally compensated for unity-gain configuration
and the initial voltage offset is guaranteed less than
2501V so for most applications the 3521 is ready to
“plug-in and go.” Like other low drift IC’s from
Burr-Brown the 3521 and 3522 have ample speed and
bandwidth for most any application. (Slew rate =
0.6V/ usec). The high common-mode rejection ratio
(90dB, typ.) enables them to be used as a 0.01%
accurate buffer with low drift and extremely-high
input impedance. The 3521/3522 also have very-low
input noise to complement the low drift. The output
is current limited to provide protection for contin-
uous output shorts to common.

The 3521/3522 are pin-compatible with 741-type
amplifiers, but provide FET input performance
with ultra-low drift while exceeding all other spe-
cifications for general purpose operational amplifiers
of the 741-type. Buir-Brown tests and guarantees all
units to meet all max/min specifications.

O Ve

O Vee
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SPECIFICATIONS MECHANICAL
(TO-99 PACKAGE)
ELECTRICAL
Typical at +25°C and +15VDC power supply unless otherwise noted. ’;
MODELS 3521H 3521 3521K 3521L 3521R r_
C
OPEN-LOOP GAIN, DC }._ 1
Rated Load, min 94dB * * * *
ated mi T E
RATED OUTPUT
Voltage, min +10V * * * *
Current, min +10mA * * * .
Output Impedance 1000 * * * * Seating S— )
Plas
FREQUENCY RESPONSE ~ —b—0
Unity Gain, Open-Loop 1.5MHz . * * *
Full Power Response, min 10kHz * . * *
Slew Rate, min 0.6V/usec * . * *
INPUT OFFSET VOLTAGE
Initial Offset, 25°C, max +500uV 250uV 250uV 250uV 250uV
vs Temp (0°C to +70°C), **max +10uV/°C +5uV/°C 2uV/PC *+1uV/eC *5uV/°C
vs Temp (-25°C to +85°C) +15uV/°C +8uV/°C +4uV/°C +2uV/°C +2uV/°C
vs Supply Voltage *+25uV/V * * * *
vs Time 5uV/mo * * . * INCHES MILLIMETERS
INPUT BIAS CURRENT OM ] MIN | MAX | MIN_ | MAX
P— " - A 336 .370 8.51 9.40
Initial Bias, 25°C, max -20pA -15pA -10pA 5 305 e 7.76 8.51
(doublef e\\;e';y +10°C) AN . . . . c 165 .185 4.19 4.70
vs Supply Voltage 'p [} 016 .021 0.41 0.53~
INPUT DIFFERENCE CURRENT E .010 .040 0.25 1.02
ot g o + B . . . F .010 .040 0.25 1.02
Initial difference, 25°C | o BT et
INPUT IMPEDANCE W | .02 | o034 | 071 | ose
Differential 10110 . . . . J .029 .045 0.74 1.14
Common-mode 10120 * . * * K -500 ted 127 -
L 110 160 2.79 4.06
INPUT NOISE M| 4s°BASIC 45° BASIC
Voltage, 0.01Hz - 10Hz, p-p 4uv * . . . N | 095 [ 108 241 | 267
Voltage, 10Hz - 1kHz, rms 2uV * * * *
Current, 0.01Hz - 10Hz, p-p 0.3pA * * * *
Current, 10Hz - 1kHz, rms 0.6pA * " * * CONNECTION DIAGRAM
INPUT VOLTAGE RANGE
Common-mode Voltage +10vV * * * *
Common-mode Rejection 90dB * * * *
Max. Safe Input Voltage +Suppl * * * *
s g PPy (TOP VIEW)
POWER SUPPLY
Rated Voltage +15VDC * * * *
Voltage Range, derated +5 to +20VDC * * * *
Current, quiescent +4mA * * * *
TEMPERATURE RANGE
Specification 0°C to +70°C . . . -55°C to +125°C
Operating 25°C to +85°C * * * -55°C to +125°C
Storage l—65°C to +1 50°CI * * * *

*Specification same as for 3521H.
**-550C to +125°C for 3521R.
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ELECTRICAL (CONT)

Typical at +25°C and +15VDC power supply unless otherwise noted.

MODELS | sse2 3522K ss2oL | asa2s
OPEN-LOOP GAIN, DC
Rated Load, min 94dB * . *
RATED OUTPUT
Voltage, min +10V . * *
Current, min +10mA . * *
Output Impedance 1000 M " *
FREQUENCY RESPONSE
Unity Gain, Open-loop 1MHz * * *
Full Power Response, min 10kHz . . *
Slew Rate, min 0.6V/usec * " *
INPUT OFFSET VOLTAGE
Initial Offset, 25°C, max +1mVv +500uV +500uV +500uV
vs Temp (0°C to +70°C), max +50uV/°C *+10uV/°C +10uV/°C
(-55°C to +125°C), max *+25uV/°C
vs Supply Voltage +25uV/mo . . *
vs Time +10uV/mo * * *
INPUT BIAS CURRENT**
Input Bias, 25°C, max -10pA -5pA -1pA -5pA
(doubles every +10°C)
vs Supply Voltage +0.1pA/V * * *
INPUT DIFFERENCE CURRENT
Initial Difference, +25°C +2pA +1pA +0.5pA +1pA
INPUT IMPEDANCE )
Differential 10110 : * *
Common-mode 10120 * . *
INPUT NOISE
Voltage, 0.01Hz to 10Hz, p-p auV * * *
Voltage, 10Hz to 1kHz, rms 2uV * * *
Current, 0.01Hz to 10Hz, p-p 0.3pA * * *
Current, 10Hz to 1kHz, rms 0.6pA * * *
INPUT VOLTAGE RANGE
Common-mode Voltage *10V * * -
Common-mode Rejection 90dB * - "
Max. Safe Input Voltage +Supply * * *
POWER SUPPLY
Rated Voltage +15VDC * * *
Voltage Range, derated +5VDC to +20VDC * " "
Current, quiescent +4mA . * .
TEMPERATURE RANGE
Specification 0°C to +70°C . * -55°C to +125°C
Operating -25°C to +85°C * * -55°C to +125°C
Storage -65°C to +150°C M * *

*Specification same as for 3522J.
**After Warm-Up.
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TYPICAL PERFORMANCE CURVES

. (At +25°C and +15VDC unless otherwise specified)

NORMALIZED INPUT BIAS RMS INPUT NOISE VOLTAGE VS P-P INPUT NOISE VOLTAGE VS
CURRENT VS TEMPERATURE SOURCE RESISTANCE SOURCE RESISTANCE
100 / 100 g
50 50
100 /A @ / o /
. / £2_ 20 A £ 2 '
2o 4 / zg 10 4 z¢ 10 /
gg " 4 sE 54 P
E a> 50 a> 50
g3 o £32 10Hz - 1kHz £3 _~
sg¢ £g 20 £g 20 0.01Hz - 10Hz —
= A = ® 28
gm 0.1 / gré 1.0 EE 1.0
/| 2> 05 s> 05
0.01 w u
0.2 02
0.001 0.1 0.1
-50 -25 -0 25 50 75 100 125 106 106 107 108 105 106 107 108
Temperature (°C) Source Resistance () Source Resistance ()
OPEN-LOOP FREQUENCY OUTPUT VOLTAGE VS VOLTAGE FOLLOWER
RESPONSE FREQUENCY STEP RESPONSE
15
120 L1 1 1 I uwl o
™~ Vce = +5V to +20V =z - RL=1kQ 10
100 s 12 -
@ N Q s
o 80 N 10 -3 5
£ A Py Vce = +10V k] \
g * N g ok = S o
;.} 40 AN S 6 E 5 | Ru=1kQ \
S 2 N 2 4 H 3 CL = 100pF
0 A 8 2 11t -10 'l |
-20 0 O -15
1 10 100 1k 10k100k 1M 10M 1k 10k 100k ™ 0 10 20 30 40 50
Frequency (Hz) © Frequency (Hz) Time (usec)
VOLTAGE GAIN VS OUTPUT VOLTAGE VS OUTPUT VOLTAGE VS
SUPPLY VOLTAGE OUTPUT CURRENT SUPPLY VOLTAGE
e Ta=-55°C | 2 1 o 2
IA“' 1 = Ta=+25°C _ A
o Ta=-25°C - § 161 Ve = +20V § 16
‘Z’ Ta=+25°C ; | ‘; RL =1kQ //
s : Z 12 + = 12
2 100 \\\ ) Ve = :1svm % /
§ < N\ § 8 ‘I ! § 8 //
- - = Vee =1 =
c =
g T 2z || g /
] = 2 4] =3 4 7
Ta =+125°C le) o
[ 1 i
90 1
0o 4 8 12 16 20 0 5 10 15 20 25 30 0 4 8 12 16 20
Supply Voltage (£V) Output Current (mA) Supply Voitage (V)
COMMON-MODE REJECTION COMMON-MODE RANGE VS POWER SUPPLY REJECTION VS
VS FREQUENCY SUPPLY VOLTAGE FREQUENCY
20
120 10,000 A
o I~ 7
100 = 16 2
Vom = 10V, Peak E / 3
_ 80 S3 / <
% oa 12 S 1000}
T . - —
g g2 //i 3 7
3 4 £y o A g p 4
ES / >
20 N EE y. g 100 ./
0 N o / 17
-20
1 10 100 1k 10k 100k 1M 10M o 4 8 12 16 20 1 10 100 1k 10k 100k 1M
Frequency (Hz) Supply Voltage (V) Frequency (Hz)
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APPLICATIONS INFORMATION

THERMAL RESPONSE TIME

Thermal response time is an important parameter in low
drift operational amplifiers like the 3521/3522. A low
drift specification would be of little value if the amplifier
took several hours to stabilize after turn-on or ambient
temperature change. The TO-99 packaging is particularly
well suited for devices requiring fast thermal response.
Figure 1 shows the typical warm-up drift of the 3521.
Note that the offset voltage has stabilized in less than 4
minutes. Similar warm-up times for some discrete low
drift operational amplifiers range from 7 to 15 minutes.

Offset voltage response to thermal shock can provide
some real suprises, particularly for amplifiers packaged
in discrete modules. Again the TO-99 package proves
superior. Figure 2 shows that the response to thermal
shock settles very quickly. The 3521/3522 quickly and
smoothly assumes a new value of offset voltage as
dictated by the drift specification.

BIAS CURRENT EFFECTS

The low bias currents and offset currents of FET input
stages overcome most of the source resistance limitations

of bipolar operational amplifiers. However, for very
large source resistances or large unbalances in source
resistance (SM{ and up) the input offset voltage and drift
will be affected as shown in Figures 3 and 4.

COMMON-MODE PROPERTIES

The input stage of the 3521 is a monolithic FET pair,
which affords very good matching between the two input
transistors. This close matching makes the 90d Bcommon-
mode rejection ratio (CMRR) possible. Because of its
excellent common-mode properties the 3521 may be used
as a 0.01% accurate buffer amplifier for inputs between
+10V. Figure 5 below illustrates typical common-mode
performance of the 3521.

POWER SUPPLIES AND DRIFTS

Note that a power supply change of 40mV will typically
introduce an input offset voltage change of 1uV. Since
power supply drift will have the same effect as offset
voltage drift, the power supply temperature coefficients
of £15V supplies should be about 0.1%/°C for optimum
drift performance of the 3521L.

=
0 =
=t \ ™~ Power On § 2
: | : 11/
s 5 £ /
B 5 Time of Inssrtion \
5 g Into oven at 70°C , e
5 ‘é 0 | Il
- N — H STABILIZED In +25°C X1
£l Ambient Air
w 1 L
0 2 4 6 0 2 4 6
Time After Power On (min) Time (min) CMRR TEST CIRCUIT

FIGURE 2. Effect of Thermal
Shock on Offset Voltage.

FIGURE 1. Typical Warm-up Drift.

_ 100 g 300 _
E w® 3w ®
@® v o
R £ R
2 4 A = Wi 5
] 3 / 2: 10 = y
s 10 = 3 g 0 —~
E 3 s
Em g ! H
E 3 03 s
S £ 5
s um E 0 B
= — [x3
< om s 00 2
M =1
105 108 07 108 100 g 0 e 5 w08 0 BT 0 45 40

Source Resistance ()

FIGURE 3. Typical Effects of
Source Resistance on Initial
Offset Voltage.

Source Resistance ()

FIGURE 4. Typical Effects of Source
Resistance on Equivalent Input
Offset Voltage Drift.

Input Voltage (s; - V)

FIGURE 5. Common-Mode
Performance.
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WIRING CONSIDERATIONS (Shielding and
Guarding)

The ultra-low drift, very-low bias current and high input
impedance make the 3521/ 3522 well suited to a number
of unique applications. However, careless signal wiring
can degrade “system” performance several orders of
magnitude below the 3521/3522 capability.

As in any situation where high impedances are involved,
careful shielding is required to reduce “hum” pickup in
input leads. If large value 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 units. Perhaps more
important, unbalanced leakage paths (when is leakage
ever balanced?) can generate significant input offset
voltages when large source impedances (100k{} and up)
are involved. To avoid leakage problems, it is recom-
mended that the inputs of the 3521 be wired to teflon
standoffs. If the unit must be soldered directly into a
printed circuit boeard, utmost care should be used in
designing the board layout. A “guard” pattern should
completely surround the two input leads and be connected
to a low impedance point at the common-mode input
voltage. Figure 6 shows suggested guard connections for
various amplifier feedback configurations. Theamplifier
case should be connected to any input shield or guard via
pin 8.

L%T;UT

8
Ry INVERTING AMPLIFIER

OUTPUT
O 6

FOLLOWER

OUTPUT
—O 6

NONINVERTING AMPLIFIER

“Rg MAY BE USED TO COMPENSATE
FOR VERY LARGE SOURCE RESISTANCES
ms > 5MQ) II3 = ns

NOTE: Tk MUST BE LOW IMPEDANCE

1+Ry
V+%°

OUTPUTED 7 819
054 \

n §
{BOTTOM VIEW) GUARD W

BOARD LAYOUT FOR INPUT GUARDING
WITH T0-99 PACKAGE.

FIGURE 6. Connection of Input Guard.

OFFSET VOLTAGE ADJUSTMENT

The 3521 has a low initial offset (250u V) compatible with
its low drift. However, some high accuracy applications -
may require external nulling of even this small initial
offset voltage. Virtually any offset voltage adjustment
method can increase offset voltage drift unless some care
is used. For example, the initial offset voltage of most
monolithic op amps (BB 3500, 741-types, 101, etc.) may
be nulled using a single potentiometer, but offset voltage
drift is typically increased by about 3uV/°C for eachmV
of offset voltage adjust. This same relationship will also
hold for the 3521.

O Ve

FIGURE 7. Single Potentiometer Adjust at Op Amp
Trim Terminals.

Advantages:

1. Simplest circuit.

2. Compatible with most IC op amps.
Disadvantages:

1. Drift increased by circuit about 0.75uV/°C for 3521.

TEMPERATURE COMPENSATED
POTENTIOMETER OFFSET VOLTAGE ADJUST

If the circuit in Figure 7 is replaced with a circuit which
“drifts” with temperature, nulling the offset voltage will
not increase the drift by so large an amount. The circuit
shown in Figure 8 may be used to null initial offset
voltage and drift will increase only about 0.5uV/°C for
each mV of offset adjust. In the case of the 3521, this
zeroing circuit will typically add at most 0.14uV/°C.

5: 3.3mMn i

6 5

S
10k 820ka b3

.

I

*2N3906 OR SIMILAR. '1
Yoo

FIGURE 8. Temperature Compensated Potentiometer
Null.
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BURR-BROWN®

3523 SERIES

Ultra-Low Bias Current FET
OPERATIONAL AMPLIFIERS

FEATURES

o BIAS CURRENT, 0.1pA, max
 OFFSET VOLTAGE, 500pV, max
o VOLTAGE DRIFT, 25pV/°C, max
 INPUT IMPEDANCE, 10'* Q2

« Noise (10Hz), 0.003pA, p-p

DESCRIPTION

The Burr-Brown 3523 Series amplifiers are the first
IC operational amplifiers to achieve sub-picoampere
input currents without exhibiting excessive offset
voltage, voltage drift and voltage noise. The high
common-mode rejection, ultra-low bias current, and
10"°Q) input impedance of the 3523 make it the best
choice for a variety of buffer and electrometer
applications. These include pH measurement, photo-
current amplification, long term integration, and low
droop sample/hold or track/hold applications.
Because its input offset voltage is laser-trimmed to
less than 500V, the 3523 can usually be used without
offset nulling. This is a distinct advantage in
applications where it is desired to locate the 3523
near the signal source (e.g., in a signal probe).

The package of the 3523 is designed to preserve its
ability to measure ultra-low currents and to avoid
noise pickup. The case guard (pin no. 8) may be
connected to a point which is at signal potential. This
minimizes leakage current input from pins to case.
Also, it shields the amplifier’s sensitive input
circuitry from power - line frequency “hum”,
switching transients, and other sources of electrical
noise.

Bias current specifications of the 3523 are guaranteed
after warm-up in ambient air with no heat sink. Thus,
the ultra-low bias current specifications become even
more significant since internal power dissipation can
easily raise case temperature by 20°C in many
applications.

The bias current on many FET amplifiers is a strong
function of applied common-mode voltage. This is
not the case with the 3523. The input stage design of
the 3523 make the input bias current virtually
independent of the common-mode voltage over its
full range.

International Airport industrial Park - P.0. Box 11400 - Tucson, Arizona 85734 - Tel. (602) 746-1111 - Twx: 910-052-1111 - Cable: BBRCORP - Telex: 66-6431
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SPECIFICATIONS

"'Specifications typical at 25°C and 15 Vdc Power Supply unless otherwise noted.

; MECHANICAL
ELECTRICAL » 70-99

MODELS 3523 3523K - 3523L
OPEN LOOP GAIN, dc no load 100 4B Sim
1 k2, load, min 94 dB 102me Yl .[ILS?NT\
RATED OUTPUT L s
Voltage, min ) 1oV
Current min’ +10 mA
Output Impedance 100 1(2'.570%5?
FREQUENCY RESPONSE . @ e
N X .48mm

Unity Gain, Open Loop 1 MHz dia. l
Full Power Response, min o 10 kHz . 0.19")
Slew Rate, min 0.6 V/usec max.
INPUT OFFSET VOLTAGE BOTTOM VIEW
Initial Offset, 25°C, max 1 mV £500 uV I £500 uV

vs. Temp (0° to 70°C), max +50 uv/°C +25 uV/°C | 25 uv/oC

vs. Supply Voltage 25 uV/V

vs. Time +5 uV/mo 45°
INPUT BIAS CURRENT ‘m%> »
Initial bias, 25°C, max -05pA | -025pA | -0.1pA (034" 14mn

(doubles every +10°C)

vs. Supply Voltage £0.01 pA/V Dimensions in inches are in parentheses.
INPUT DIFFERENCE CURRENT Pin material and plating composition
Initial difference, 25°C £0.2 pA | t0.1pA | £0.05pA conform to Method 2003 (solderability)
INPUT IMPEDANCE of Mil-Std-883 [except paragraph 3.2].
Differential 1012
Common Mode 10130

WP WOiE CONNECTION
1y DIAGRAM

Current, .01 Hz - 10 Hz, p-p .003 pA

10 Hz - 10 kHz, rms 0.01 pA TOP VIEW
INPUT VOLTAGE RANGE orpseT  CASE
Common Mode Voltage (|Vsl-2) V
Common Mode Rejection @ 10V 80dB
Max. Safe Input Voltage. + Supply V+
POWER SUPPLY
Rated Voltage +15-Vdc OUTPUT
Voltage Range, derated . +5 to +20 Vdc
Current, quiescent +4 mA
TEMPERATURE RANGE ) '
Specification 0° to +70°C . : OFFSET
Operating -559 to +125°¢ TRIM
Storage -65° to +150°C

SIMPLIFIED
SCHEMATIC

I o Output

0.0
| Offset
@ - - Trim
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Normalized Input Bias Current

Open Loop Gain (dB) Voltage Gain (dB)

CMR (dB)

TYPICAL PERFORMANCE GURVES

(@+25°C and *15 Vdc unless otherwise specified)

NORMALIZED INPUT BIAS RMS INPUT NOISE VOLTAGE vs. P-P INPUT NOISE VOLTAGE vs.
CURRENT vs. TEMPERATURE SOURCE RESISTANCE SOURCE RESISTANCE
T 1000 1000 >
1000 2 )i ( ° \L‘&J” 7
= I <% S 75 /\3//'
100 ] % 100}— = "41/1 2 100 wa/,, & f
= = R dy/t F N
10 1 9 >4 A9 & P 10kHz
8 §55% fg=10kHz g J ]
1 fYs= 20V Vezi15vH P ) {‘b//,/ ! s 10 g =1kHz
1 : > y 7“3 f~fs=1knz > 5=100 Hz
t — 2 v | [ K fg=10Hz |
1 i =2V =£5V 5, A [f3—tg=100H2 3 L | |
] % 4 A f N l E —I—‘[— JTohnlson Nousle of
.01 A 3 = == Source Resistance g Source Resistance
i g 11 Johnson Noise| c — Amphfrer Noise
[eTo R e — = 1 — Amplifier Noise K| L | L |
"7 -0 -25 0 +25 +50 +100 105 107 109 1071 1013 105 107 109 1011 1013
Temperature (°C) Source Resistance ({2) Source Resistance (£2)
OPEN LOOP FREQUENCY MAXIMUM POWER FREQUENCY CHARACTERISTICS
REPONSE DISSIPATION _ vs. SUPPLY VOLTAGE
800 1.2 >
+100 | = 700 1.1 l =
\‘ v|=115v E ‘ 10 /3;’ =
+80 \ R > 10k ] < 600 s ITRARE P
+60 \ 2 500 5 094508 ,Jiq,?'«,f’
\ S 400 Y] Moyl /7 =
+40 N 2 \ Z S [ W po7nas
B 300 2 o7 S0p A~
+20 & \ ¢ 7 I /
\ g 200 \ 0.6 |- /7 7
o ‘\ ® 100 \ 0.5 | ,/ /
-20 0.4 I /L
1 10 100 1k 10k 100k 1 o 25°50 75 100125 150 175 200 24 6 8 101214 16 18 20 22
Frequency (Hz) Ambient Temperature (°C) Supply Voltage (+V)
e Small Signal Bandwidth
‘wm wm == Slew Rate
OPEN LOOP GAIN vs. OUTPUT VOLTAGE vs. SUPPLY CURRENT vs.
SUPPLY VOLTAGE 20 OUTPUT CURRENT s SUPPLY VOLTAGE
L] T.a
110 ~ 18} Ve=t20v ~ .
,EZIE E 16 - g 6
105 T~ f; 14 vJ .L 8
8] < =+1 -
100 = s"C FIRE] S SEALL £ s
I 4
95 TA"‘:’E’OC % 1: Vs=+10, N 3
> 3
90 A I 2
E WL \ B 2
85 C:> » s=15v \\ 7] 1
80 I | \ 0
0 2 4 6 8 1012 1416 18 20 o] 5 10 15 20 25 30 35 40 2 4 6 810 12 1416 18 20 22
- Supply Vqltage (1\{) Output Current (£ mA) Supply Voltage (+V)
COMMON MODE REJECTION COMMON MODE REJECTION POWER SUPPLY REJECTION
vs. FREQUENCY vs. SUPPLY VOLTAGE 10,000 RATIO vs. FREQUENCY
110 e 5
T 1 1 1 7 L
-100 L—[—r [f T,I_\=L125°C | Tp=+25°C Vs=£15V
Vg=+15 Vdc 2 1,000 Tamr e
+80 N\ Vem=£10V ] 100 S /
+60 AN é MTp=-55°C % /
2 ]
+40 N L o0 g 1
N Z 2
\ © <
+20 \ 80 > 10
0o \ g
3
7]
-20 70 1
1 10 100 1k 10k 100k 1M 2 4 6 8 10 12 14 16 18 20 22 1 10 100 1k 10k 100k
Frequency (Hz) Supply Voltage (+V) Frequency (Hz)
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APPLIGATION CONSIDERATIONS

“The ultra-low bias current and high input impedance of the
3523 are well suited to a number of challenging applications.
In order to fully benefit from the outstanding specifications
of this unit careful layout, shielding and guarding is required.
Careless signal wiring or printed circuit board layout can
easily degrade circuit performance several orders of magni-
tude below the capability of the 3523.

As in any situation where high impedances are involved,
careful shielding is required to reduce “hum” pickup in in-
put leads. If large feedback resistors are used, they should
also be shielded along with the external input circuitry. The
metal case of the 3523 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 pick-up.

Leakage currents across printed circuit boards can easily
exceed the bias current of the 3523. To avoid leakage pro-
blems, it is recommended that a Teflon IC socket be used
or that at least the signal input lead of the 3523 be wired
to a Telfon standoff. If this is not done and instead the
3523 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 ampli-
fier input leads and should be connected to a low impedance
point which is at the signal input potential. (See Figure 1)
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 potentjal. This minimizes
the voltage placed across any. leakage paths and thus reduces
leakage currents.

Figures 2, 3, and 4 show typical applications using the
guard and case shielding.

Cleanliness is also a prime concern in ultra low bias cur-
rent 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 con-

sidered if the assembly will be used in air environment which
could deposit contaminants on the low current circuitry.

V+

1
OUTPUT &,

@ &
A

N
GUARD $
(BOTTOM VIEW)
Board layout for Input Guarding with Guarded TO-99 Package.

30 pF
IL
BLL
Shield
'Y 1000 M2

Guard

Vout = -1 x 1000MQ

FIGURE 2. Ultra Low Current to Voltage Converter.

FIGURE 3. Ultra High Input Impedance Noninverting Circuit.

Vs

Vo= L T vater,c
out Rjn C1, © s B*~f

FIGURE 1. Connection of Case Guard and Input Guard.
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3527

BURR-BROWN®

Low Drift - Low Bias Current FET Input
OPERATIONAL AMPLIFIER

FEATURES

* LOWER PRICED

* ULTRA-LOW DRIFT, 2uV/°C, max

* LOW INITIAL OFFSET VOLTAGE, 250pV, max
* LOW BIAS CURRENT, 2pA, max

* LOW NOISF

DESCRIPTION

The Burr-Brown 3527 is a precision operational
amplifier. It offers spectacular performance at
moderate cost through the use of hybrid
construction, monolithic ICs, matched FETs, thin-
film resistors, and active laser trimming.

The 3527 low, initial offset voltage (250uV, max)
allows higher design accuracy at lower installed cost.
Costly pots and external nulling of the offset voltage
is not required for most applications. Also, higher
system reliability is achieved by using fewer parts.

The offset voltage temperature drift of the 3527 is
exceptionally low (2uV/°C, max) and is compatible
with the best bipolar amplifiers (BB3500E). It is
achieved by laser-adjusting the offset during
manufacture and means that high system accuracy is
maintained over the temperature range.

The low bias current (guaranteed 2pA, max) allows
the use of larger feedback resistor values, and smaller
bias current errors are realizable.

Of course, all the other desirable features of high
quality op amps are engineered into the 3527. It has
low input noise, is free from latch-up, is short-circuit-
protected for continuous output shorts to common,
is internally compensated for unity-gain stability,
and is pin-compatible with 741 amplifiers. Guarding
is achieved by the pin 8 case connection.

For increased reliability screening, consult Burr-
Brown.

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

ELECTRICAL

Specifications typical at Ta = 25°C and +15VDC supplies, unless otherwise noted.

*Specifications same as for 3527AM.
**Doubles every +10°C.

1-100

3527AM | 35278M | 3s2rc :
MODELS Min | Typ | Max | Min ] Typ I Max ] Min | Typ | Max | Units . MECHANICAL TO-99
OPEN LOOP GAIN, DC . . . . PACKAGE
No Load 112 dB
RL = 2k} 100 | 108 dB Order Number: 3527AM, 3527BM,
RATED OUTPUT * B . * 3527CM  Weight: 1 gram
Voltage +10 | 12 v A —o
Current +10 | +20 mA
Output Impedance 600 0 lr_ s —*|
Load Capacitance 1000 F L)
p p | b
FREQUENCY RESPONSE - - - 4
Unity Gain, Open Loop 1 MHz FJ
Full Power Response 10 14 kHz
Slew Rate 0.6 0.9 V/usec
Settling Time (0.01%. 45 usec
INPUT OFFSET VOLTAGE
Initial Offset, 25°C 1200 | 500 +100 | 250 +100| £250| uV
vs. Temp. (-25°C to +85°C +5 | £10 +2 +5 +1 +2 | uv/oC Plane e—D
vs. Supply Voltage +75 . " VIV
vs. Time +20 . uV/mo SN
L M~ J
INPUT BIAS CURRENT >
Initial Bias, 25°C 2] 5 07 -2 2] 5] pA Gai) N t
vs. Temp . . v ‘Mr A
vs. Supply Voltage +5 * * PA/V z
INPUT DIFFERENCE CURRENT * . \/J
Initial Difference, 25°C l J +0.3 [ I I R | I I ] pA H
INPUT IMPEDANCE * * NOTE:
Differential 1012 Q Leads in true position within .010"
Common-mode 1015 Q (.25mm) R @ MMC at seating plane.
'NPUT No'fs . . Pin numbers shown for reference onty.
Voltage, fo = 10Hz 75 nV/\/Hz Numbers may not be marked on package.
fo = 100Hz 35 nV/\/Hz
fo = 1kHz 30 nV/\/Hz INCHES MILLIMETERS
fo = 10kHz 25 nV/\/Hz DIM [ MIN | MAX MIN | MAX
0.3Hz to 10Hz, p-p 26 uv A .335 370 8.51 9.40
10Hz to 10kHz, rms 3 uv B .305 .335 7.75 8.51
Current, 0.3Hz to 10Hz, p~p 15 fA c .165 .185 4.19 4.70
10Hz to 10kHz, rms 60 fA [} .016 .021 0.41 0.53
INPUT VOLTAGE RANGE - : o B B e
Common-mode Voltage Range *([Vs|-3 v o | 2008As1C 508 BASIC
Common-mode Rejection at +10V 76 dB n | oz 038 | o1 086
Max. Safe Input Voltage *Vs vDC ) 029 045 074 XY
POWER SUPPLY " * * . * - K .500 - 12.7 —-
Rated Voltage +15 VDC L 110 .160 2.709 4.06
Voltage Range, derated performance 5 +20 vDC M| 459 BASIC 45° BASIC
Current, quiescent 26 4 mA N Joos [ oa0s | 2a1 [267
TEMPERATURE RANGE (ambient) N . . . ‘The TO-99 can and leads are bright acid
Specification -25 +85 °C tin plated.
Operating -55 +125 °C Pin material and plating composition
Storage -65 +150 °C conform to method 2003 (solderability)
6 junction-ambient 235 °C/W of MIL-STD-883 (except paragraph 3.2).

CONNECTION DIAGRAM

Offset
Trim

Offset
Trim
+IN

(TOP VIEW)




TYPICAL PERFORMANCE CURVES

at Ta = +25°C and *15VDC unless otherwise noted.
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APPLICATIONS INFORMATION

"THERMAL RESPONSE TIME

Thermal response time is an important parameter
in low drift operational amplifiers like the 3527. A
low drift specification would be of little value if the
amplifier took several hours to stabilize after turn-
on or ambient temperature change. The TO-99
packaging is particularly well suited for devices
requiring fast thermal response. Figure 1 shows the
typical warm-up drift of the 3527. Note that the
offset voltage has stabilized in less than 1 minute.
Similar warm-up times for some low drift
operational amplifiers. range from 2 to 15 minutes.

CHANGE IN INPUT OFFSET VOLTAGE (sV)

Offset voltage response to thermal shock can
provide some real surprises, particularly for
amplifiers packaged in discrete modules. Again the
3527 TO-99 package proves superior. Figure 2
shows that the response to thermal shock settles
very quickly. The 3527 quickly and smoothly
-assumes a new value of offset voltage as dictated by
the drift specification.

Y
25 22
8 |
- .
1= +125°C
20 = 200pTA =T
3 425°C
>
5 50
1 B
/ 4
™
10 5
e
s L/
: z
z
w
<]
z
-5 <
0 15 30 45 60 g 0 25 S0 75 100 125

TIME FROM POWER APPLICATION (sec)

FIGURE 1. Typical Warmup
Drift.

TIME FROM HEAT APPLICATION (sec)

FIGURE 2. Effect of Thermal|
Shock on Offset Voltage.

|

GUARDING AND SHIELDING

The ultra-low bias current and high input impedance of the
3527 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 3527.

As in any sitvation 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 3527. To avoid. leakage
problems, it is recommended that the signal input lead of the
3527 be wired to a Teflon standoff. If the 3527 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 amoplifier 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 3 illustrates the use of the
guard.

OFFSET VOLTAGE ADJUSTMENT

Although the 3527 has a low initial offset voltage (250uV),
some applications may require external nulling of this small
offset. Figure 4 shows the recommended circuit for
adjustment of the offset voltage. External offset voltage
adjustment changes the laser adjusted .offset voltage
temperature drift slightly. For each microvolt of offset
adjusted, an additional drift of £0.002 »V/°Cis induced.

1-102

b—Q Output
LLOWER

Input

—~Q Output

-
NON-INVERTING AMPLIFIER
* R; may be used to compensate

for very large source resistances (BOTTOM VIEW)

Ri R2/(Ri + R2) v+
must be LOW impedance Output Q -
[+ }]
Board layout for Input Guarding 4
with TO-99 Package. V-o

L
vard %

FIGURE 3. Connection of Input Guard.°

50 kQ
V-

FIGURE 4. External Nulling of Offset Voltage.




3528

BURR-BROWN®

Ultra Low Bias Current
FET OPERATIONAL AMPLIFIER

FEATURES

* 75fA MAX INPUT BIAS CURRENT
 250pV MAX OFFSET VOLTAGE
 5uV/°C MAX OFFSET VOLTAGE DRIFT

APPLICATIONS

« PHOTODIODE AMPLIFIER

* PHOTOMULTIPLIER TUBE AMPLIFIER
* LOW DRIFT INTEGRATOR

* CURRENT-TO-VOLTAGE CONVERTER

DESCRIPTION

An excellent combination of specifications for
applications requiring ultra low input bias currents
are provided by the 3528 amplifier family. These
applications include photometers, selective ion
detectors, long term integrators and low-droop
sample hold circuits.

The 3528 is unique in that in addition to providing
bias currents as low as 75fA (3528CM) it also
provides very low offset voltage drift (5uV/°C max,
3528BM) and offset voltage (250uV, 3528BM). Thus,
user trimming offset voltage with an external
potentiometer is usually avoided.

The output is protected from damage due to short
circuits to ground or either supply and the unit is
specified over the full -25°C to +85°C temperature
range rather than the more limited 0°C to 70°C range.

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

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

3528AM - 3528BM _3528CM
PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS
OPEN LOOP GAIN, DC
Ry > 2k Vo =20V p-p 88 93 92 95 % 93
R > 10k V, = 20V p-p 94 114 100 . 98 . dB
[RATED OUTPOT
Voltage Re = 2kQ +10 +12 . . * . v
Re = 10k *12 £13 * . * . v
Current V, = *10V +5 +10 . * * * mA
Output Resistance Open Loop f=DC 1.5 3 * * * * kQ
Short Circuit Current Re =00 19 * * mA
DYNAMIC RESPONSE )
Bandwidth, Unity Gain Small Signal 0.7 . . MHz
Full Power Bandwidth Ri. =2k} 5 11 . . hd . kHz
Slew Rate Ri. = 2k} 0.3 0.7 . . * * V/ usec
Settling time to 1% 30 * * us
t0 0.1% 150 * . us
to0 0.01% 1 * * ms
INPUT OFFSET VOLTAGE
Initial Offset Ta =25°C +200 +500 +100 +250 +200 +500 uv
vs Temperature -25°C < Ta < 485°C +5 +15 *2 +5 +5 +10 uv/°C
vs Supply Voltage *Vee= 15V to 20V, to 5V +25 +100 . i . * uv/v
vs Time 20 * . #V/mo
INPUT BIAS CURRENT B
Initial Ta =25°C -300 -150 *75 fA
at Temperature at Tx = 85°C -40 -60 20 -30 -10 -15 pPA
vs Supply Voltage 1 * . fA/V
INPUT DIFFERENCE CURRENT :
Initial Ta =25C +80 +40 +20 fA
at Temperature at Tx = 85°C +8 34 +2 pA
iINPUT IMPEDANCE
Differential 10 )] 0.8 * * Q| pF
Common-mode 10" 1 * * Q || pF
INPUT NOISE
Voltage Noise Density fo = 1Hz 475 * . nV/y/Hz
fo = 10H2 120 i » nV/\/Hz
f, = 100Hz 55 . . nV/\Hz
f, = 1kHz 40 bd . nV/\/Hz
f, = 10kHz 40 . . nV/\Hz
Voltage Noise fs = 0.3Hz to 10Hz 6 . b uv, pp
fs = 10Hz to 10kHz 4 * . Y, rms
Current Noise Density f. = 1Hz 0.25 0.2 0.15 fA/\/Hz
fo= 10Hz 0.25 0.2 0.15 fA/\/Hz
f, = 100Hz 0.25 ) 0.2 0.15 fA/\/Hz
f, = IkHz 0.25 : 0.2 0.15 fA/\/Hz
Current Noise fa = 0.3Hz to 10Hz 7 5 4 fA, p-p
fa = 10Hz to 10kHz 26 20 15 fA, rms
INPUT VOLTAGE RANGE
Common-mode Voltage Range Linear Operation +(Vd-3) * * v
Common-mode Rejection f=DC, Veu = 10V 66 74 80 86 70 86 dB
Max. Safe Input Voltage : V., * * v
POWER SUPPLY
Rated Voltage *15 . * * v
Voltage Range, derated performance +5 +20 * * * b v
Current, quiescent 1 L5 * . * * mA
TEMPERATURE RANGE (ambient)
Specification -25 +85 * * * * °C
Operating, derated performance -55 +125 * * * * °C
Storage -65 +150 . . * * °C

TABLE I. Electrical Specifications
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TYPICAL PERFORMANCE CURVES

(T = +25'C, Vi« = £15VDC unless otherwise noted)
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INPUT BIAS CURRENT VS TEMPERATURE INPUT BIAS CURRENT VS INPUT VOLTAGE INPUT OFFSET CURRENT VS TEMPERATURE
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FIGURE 1. Simplified Schematic

ABSOLUTE MAXIMUM RATINGS

Supply +20VDC
Internal Power Dissipation (note 1) 500mW
Differential Input Voltage (note 2) +40VDC

Input Voltage Range (note 2) +20VDC
Storage Temperature Range -65°C to +150°C
Operating Temperature Range -55°C to +125°C

Lead Temperature (soldering, 10 seconds) 300°C
Output Short - Circuit Duration (note 3) Continuous
Junction Temperature T; = +175°C

NOTES:
1. Package must be derated based on a junction to ambient
thermal resistance of 335°C/W.

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

3. Short circuit may be to ground or either supply. Rating
applies to +115°C case temperature or +75°C,

ambient temperature.
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TO-99 PACKAGE

9.39mm
(370) dia
max.

Dimensions in inches are in parentheses. Pin material and
plating composition conform to Method 2003
(solderability) of Mil-Std-883

FIGURE 2. Mechanical Specifications

CONNECTION DIAGRAM

TOP VIEW

OFFSET

Drift changes:
0.3uV/°C for each
100uV of offset
adjusted.

{optional)

FIGURE 3. Pin Connections



APPLICATION CONSIDERATIONS

The ultra-low bias current and high input impedance of
the 3528 are well suited to a number of challenging
applications. In order to fully benefit from the
outstanding specifications of this unit careful layout,
shielding and guarding is required. Careless signal wiring
or printed circuit board layout can easily degrade circuit
performance several orders of magnitude below the
capability of the 3528.

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 3528 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 pick-up.

Leakage currents across printed circuit boards can easily
exceed the bias current of the 3528. To avoid leakage
problems, it is recommended that a Teflon IC socket be
used or that at least the signal input lead of the 3528 be
wired to a Teflon standoff. If this is not done and instead
the 3528 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 (see Figure 4). 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.

Figures 5, 6, and 7 show typical applications using the
guard and case shielding. o
Cleanliness is also a prime concern in ultra-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.

+Vee

7
OUTPUT &,

Ve \3&%

g
GUARD &
(BOTTOM VIEW)

Board layout for Input Guarding with Guarded TO-99 Package.

30 pF
- |
L

Shield -
X\ 1000 M

g

Guard .

Vout = Is x 1000MQ

FIGURE 5.Ultra Low Current to Voltage Converter.

b—0 Vout

T
1
= — Vgdt + g C
Vout Rianof s B ~f

FIGURE 4. Connection of Case Guard and Input Guard.

FIGURE 7. Ultra Low Drift Integrator.
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3542 SERIES

BURR-BROWN®

FET Input
OPERATIONAL AMPLIFIERS

FEATURES

HIGH INPUT IMPEDANCE, 10" @

LOW NOISE, 2pV, p-p

HiGH CMR, 80dB

WIDE SUPPLY RANGE, +5VDC to +20VDC
INTERNAL FREQUENCY COMPENSATION
INDUSTRIAL AND MILITARY: VERSIONS

DESCRIPTION

These FET amplifiers offer excellent input characteristics at low
cost through the use of monolithic chips and thin film hybrid
technology. Unlike other FET op amps of comparable cost, they
have low input noise and moderate voltage drift. Thus they are
suitable for a number of applications where previous hybrid or
monolithic FET op amps were, at best marginal.

In addition, the 3542 series are extremely stable amplifiers having
internal frequency compensation. Other built-in features are out-
put short-circuit protection, input protection to supply voltage,
and operation over a wide range of supply voltages.

The pin configuration of the 3542 is conventional (same as 741
type amplifiers) except for pin 8, which is connected to the case.
In the usual IC operational amplifier, the case is connected to the
negative supply voltage. However, in FET amplifiers it is often
desirable to connect the case to a low impedance “guard” poten-
tial. This aids in eliminating noise “pickup” in high impedance
circuits and preserves the low input currents of the amplifier.
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SPECIFICATIONS

Specifications typical at 25°C and +15 Vdc Power Supply unless otnerwise noted.

MODEL

3542 35428

OPEN LOOP GAIN, dac

rated load, min.

RATED OUTPUT
Voltage, min.
Current, min.
Output Impedance

+10V
+10 mA
75 Q

FREQUENCY RESPONSE
Unity Gain, Open Loop
Full Power Response

Slew Rate

1 MHz
8 kHz
0.5 V/usec

INPUT OFFSET VOLTAGE
Initial Offset, 25°C, max.
vs. Temp (0° to 70°C)
vs. Supply Voltage
vs. Time

20 mV
+10uV/°C, typ; £50uV/°C, max
+50uV/V typ
+100 uV/mo

INPUT BIAS CURRENT

Initial bias, 25°C
(doubles every +10°C)
vs. Supply Voltage

-10 typ, -25 max. pA

1 pA/V

INPUT DIFFERENCE CURRENT
Initial difference, 25°C

2 pA

INPUT IMPEDANCE
Differential
Common Mode

10ll o
101l g

T0-99 PACKAGE

310" dia.
max.
(9.39
335" dia.
] 4
040" -

(102) % 4 185" max. (4.69)
¥

050" 500" min

(an (2.0

019" dia.
max.
(48)

200"
(508)

&

(BOTTOM VIEW)

034"
(0.86)

INPUT NOISE

Voltage, .01 Hz - 10 Hz, p-p
10 Hz - 1 kHz, rms

Current, .01 Hz - 10 Hz, p-p
10 Hz -1 kHz, rms

2 uvV
3uv
0.3 pA
0.6 pA

INPUT VOLTAGE RANGE
Common Mode Voltage
Common Mode Rejection
Max. Safe Input Voltage

+([Vgl-5 V)
80dB typ
*+Vg

POWER SUPPLY
Rated Voltage

Voltage Range, derated
Current, quiescent

+15 VDC
15 to +20 VDC
4 mA

TEMPERATURE RANGE
Specification

Operating

Storage

0° to +70°C
-25° to +85°C

-559 to +125°C
-55° to +125°C
-65° to +1500C
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INPUT

TYPICAL PERFORMANCE GURVES

(@+25°C and +15 Vdc unless otherwise specified)
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'WIRING CONSIDERATIONS
SHIELDING AND GUARDING

The low bias current and high input impedauce of the
3542 are well-suited to a number of stringent applications.
However, careless signal wiring or printed circuit board lay-
out can degrade circuit performance several orders of
magnitude below the capability of the 3542.

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 3542. To avoid leakage
problems, it is recommended that the signal input lead of
the 3542 be wired to a Teflon standoff. If the 3542 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 1 illustrates the use of the guard
for both inverting and non-inverting circuits.

OFFSET VOLTAGE ADJUSTMENT

Although the 3542 has a moderately low initial offset
voltage (5 mV, typ) compatible with it’s moderate voltage
drift, some applications may require external nulling of this
small offset. Figure 2 shows the recommended circuit for
adjustment of the offset voltage.
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e ® ]
OUTPUT

+

Z;

+

Non-Inverting Circuit

V+
OUTPUT
o

(BOTTOM VIEW)

Board layout for In  Guarding with
Guarded TO-99 Package.

FIGURE 1. Connection of Case Guard and
Input Guard.

FIGURE 2. External Nulling of Offset Voltage.




3550 SERIES

BURR-BROWN ®

Fast-Settling FET
OPERATIONAL AMPLIFIERS

FEATURES DESCRIPTION

¢ SETTLING TIME (0.01%), 600ns, max The 3550 is specifically designed for fast transient
applications such as D/A and A/D conversion,
* TRUE DIFFERENTIAL INPUT sample/hold, multiplexer buffering and pulse
SLEW RATE, 100V/ps, min amplification where the primary amplifier
requirements are fast settling, good accuracy, and

FULL POWER, ‘I.SMIIZ. min high input impedance.

< INPUT IMPEDANCE, 10" Because the 3550 is internally compensated,
o INTERNALLY COMPENSATED elaborate compensation schemes requiring external

components are not necessary. The smooth
* STABLE OPERATION, 1000pF, typ 6dB/octave rolloff of open-loop gain and the low

output impedance provides the excellent step
response and smooth settling without sacrificing
frequency stability (no oscillations even with 1000pF
of capacitive load)! A 10to 1 improvementinsettling
time with large capacitive loads can be obtained with
the addition of a single capacitor.

Unlike many wideband and fast settling amplifiers
the 3550 has a true differential input. This means it
can provide its excellent transient performance inthe
inverting, non-inverting, current to voltage, and
difference configurations.

The 3550J and S have identical specifications except
for temperature range: The 3550 is specified for 0°C
to +70°C and the 3550S is specified for -55°C to
+125°C. The 3550K has improved dynamic
specifications and is specified over the 0°C to +70°C
temperature range.

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

,
ELECTRICAL

~

Specifications typical at 25°C and +15 Vdc Power Supply unless otherwise noted.

MECHANICAL
T0-99

9.39 mm
—={ (370")dia je—
max.

o b
1.02mm (.33’5"“ lia. 4.69mm

Initial Bias, 25°C, max
vs. Temperature

-400pA (after full warm-up)
doubles every 10°C

Common Mode Rejection

vs. Supply Voltage 1 pA/V
INPUT DIFFERENCE CURRENT
Initial Difference, 25°C +10 pA
INPUT IMPEDANCE
Differential 1011 @ 3 pF
Comimnon Mode 1011 Q) 3 pF
INPUT NOISE
Voltage, .01 Hz - 10 Hz, p-p 20 uV
10 Hz - 10 kHz, rms 4 uv
Current, .01 Hz - 10 Hz, p-p 0.2 pA
10 Hz - 10 kHz, rms 1.5 pA
INPUT VOLTAGE RANGE
Common Mode Voltage +(|Vg|-5)V

70dB @+5 V, -10V

(.040") (185"}
max.
MODELS 35504 3550K 35508 i
OPEN LOOP GAIN, dc
no load 100dB
1 k2, load min 88 dB
RATED OUTPUT
Voltage, min 10V
Current, min £10 mA
Open loop Output Resistance 100 & @ 1 MHz
DYNAMIC RESPONSE
Bandwidth (0 dB, small signal) 10MHz 20 MHz 10 MHz
Full Power Response, min 1.0 MHz 1.5 MHz 1.0 MHz
Slew Rate, min 65 V/us 100 V/usec 65 V/us
Settling Time (0.01%), max 1 us 0.6 us 1 us BOTTOM VIEW
INPUT OFFSET VOLTAGE Dimensions in inches are in parentheses.
Initial Offset, 250C, max +1 mV . . . .
vs. Temp +50 uV/°C Pin material and plating composition
vs. Supply Voltage +500 uV/V conform to method 2003 (solderability)
vs. Time £100 uV/mo of Mil-Std-883 [except paragraph 3.2]
INPUT BIAS CURRENT

TOP VIEW

Optional 20k {
Offset Adjust to V+

(CONNECTION DIAGRAM)

/

Max. Safe Input Voltage +Supply

POWER SUPPLY

Rated Voltage +15 Vdc

Voltage Range, derated +5 to +20 Vdc

Current, quiescent (1) 11 mA

TEMPERATURE RANGE

Specification 0° to +70°C -550 to +125°C
Operating -55°C to +125°C -550 to +125°C
Storage -659 to +1500C

(1) The use of a finned heatsink is recommended.
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Normalized Input Bias Current (pA)

Voltage Gain (dB)

TYPICAL PERFORMANCE GURVES

TA =259C V=215 Vdc unless otherwise indicated.

SETTLING TIME vs.
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Power Dissipation (mW)
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" SETTLING TIME

Settling time of an amplifier is defined (see Figure 1) as the
total time required, after an input step signal, for the out-
put to “settle” within a specified error band around the
final value. This error band is expressed as a percentage
of the magnitude of the step transition. A recommended
test circuit for settling time is shown in Figure 2. The
output error signal appears, attenuated by a factor of two,
at point A and may be observed at this point with the aid
of an oscilloscope. The diodes act as limiters to prevent
overloading the oscilloscope during the fast leading edge of
the input signal. All resistors should be 2 k2 or less to
eliminate degradation of performance due to stray capaci-
tance. A typical measurement desired is the settling time
to .01% for a 10 volt step input. This is the time required
for the signal at point’A to decrease to 0.5 mV or less and
remain below this level.

v
out Output E d
Input { rror Ban
(S~ ———
1 Time
|
0 H
— o
Settling Time

FIGURE 1. Concept of Settling Time.

Settling time for noninverting circuits can also be measured
but requires the use of ultra-fast differential amplifier test
fixtures. For the 3550 settling time is equal for inverting
or noninverting circuits of equal gain.

i 2 g = To Oscilloscope
2% 1% A i
e AAA——

2k 1%

2k 1%

FIGURE 2. Settling Time Test Circuit.

Because settling time is affected by bandwidth which in
turn is dependent upon closed-loop gain, the settling time
of any operational amplifier will be a function of closed
loop gain. Settling time vs. gain curves on page 1-115 illustrate
this effect for the 3550 at several levels of settling accuracy.

The 3550 is remarkably tolerant of load capacitance because
of its stable, 6 dB/octave gain rolloff and low output imped-
ance. Settling time vs. load capacitance curves show this
characteristic for the unity-gain configuration. For larger
values of load capacitance the compensation technique of
Figure 3 may be used to optimize the response. The slight
negative feedback provided by C¢ tends to reduce any ringing
at the top of the output voltage waveform without signifi-
cantly affecting the slew rate. See the settling time vs. load
capacitance curves for typical improvements in settling time.
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APPLICATIONS

| _— Optional

Compensation
Capacitance
CC = 0.02 CL

S L ous.

Capacitance)

FIGURE 3. Compensation for Load Capacitance.
WIRING RECOMMENDATIONS

In order to fully realize the high frequency performance
capabilities of the 3550, proper attention must be given to
layout, component selection and grounding. All leads
associated with the input and feedback elements should be
as short as possible and all connections should be made as
close to the amplifier terminals as possible. Input and feed-
back resistors should be made as small as possible consistent
with other circuit constraints. Capacitance from the output
to noninverting input can cause high frequency oscillations,
particularly in high gain circuits operating from large source
impedances. Careful layout of wiring or PC board patterns
is the only satisfactory way of preventing such problems.

In order to prevent high frequency oscillations due to lead
inductance the power supply leads should be bypassed. This
should be done by connecting a 10 uf tantalum capacitor
in parallel with a 0.001 uf ceramic capacitor from pins 7 and
4 to the power supply common.

INPUT AND OUTPUT VOLTAGE RANGE

Although the 3550 is specified for best operation on power
supply voltage of +15 Vdc, it will operate with minor
performance changes over a power supply voltage range of
+SVDC to +20VDC. Many of the curves on page 1-115 show
performance of the 3550 when operated from suppliesother
than +15 Vdc.



BURR_BROWN® | 3551 SERIES

Wideband and Fast-Settling FET
OPERATIONAL AMPLIFIERS

FEATURES

* REDUCES WIDEBAND ERRORS
50MHz Gain-bandwidth product (ACL >10)
250V/ps slew rate (Cf = 0)

* VERSATILE
Single compensation capacitor allows
optimum response.
True differential input

* PRESERVES DC ACCURACY
Bias current, 100pA, max
Laser-trimmed offset voltage

DESCRIPTION

The 3551 isdesigned to offer the user versatility in wideband
steady state and fast transient applications. The use of a
single external compensation capacitor allows the user to
optimize frequency response for maximum bandwidth for
a variety of closed loop-gains and capacitive loads. The
amplifier is stable at closed-loop gains of greater than 20V/V,
with no external compensation and may be stablized at all
gains with the single 10pF compensation capacitor.

In addition to the excellent dynamic response characteris-
tics, the 3551 also has good DC properties. The use of a
monolithic FET input stage gives the 3551 very low input
bias and offset currents. This is in contrast to the high input
currents usually associated with fast amplifiers having bipolar
input stages. Also, the input offset voltage and offset voltage
drift are low as a result of Burr-Brown’s laser-trimming tech-
niques.

Unlike many wideband and fast settling amplifiers, the 3551
has a true differential input. This means it can provide its
excellent wideband response in the inverting, noninverting,
current-to-voltage and difference configurations.

~The 3551 is an excellent choice for applications such as
fast D/A and A/D converters, high speed comparators and
fast sampling circuits, to name just a few.

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

[
| MECHANICAL TO-99
[ .
i . ‘
i “ ELECTRICAL )
i . je—— A~
! Specifications typical at 25°C and +15VDC Power Supply unless otherwise noted. f o
i jo— 5 —o
MODELS | 35514 | 35518 5
OPEN LOOP GAIN, DC 4 4 5
No Load 100d8 h
1kQ, Load min 88dB L. -1
RATED OUTPUT
Voltage, min 10V
Current, min +10mA -
Open Loop Output Resistance 100Q at 1MHz i"“““ —_—
ane _l. o
DYNAMIC RESPONSE
Gain-Bandwidth Product
Gain = 1000 50MHz
Gain =10 50MHz
Slew Rate (Ct=0) 250V/usec
INPUT OFFSET VOLTAGE
Initial Offset, 25°C, max +1mV
vs. Temp(1) *50uV/°C
vs. Supply Voltage +500uV/V
vs. Time +100uV/mo

INPUT BIAS CURRENT

Initial Bias, 25°C, max
vs. Temperature

-400pA (after full warm-up)
doubles every 10°C

NOTE:
Leads in true position within .010""
{.25mm) R @ MMC at seating plane.

Pin numbers shown for reference only.

vs. Supply Voltage +1pA/NV Numbers may not be marked on package.
INPUT DIFFERENCE CURRENT
_Initial Difference, 25°C +10pA om INCHES MILLIMETERS
i MIN_ [ MAX | MIN T max
INPUT IMPEDANCE )
A | .33 .370 8.51 9.40
Differential 1010 || 3pF B .305. .335 7.75 8.51
Common-mode 1011Q || 3pF c 165 185 4.19 4.70
INPUT NOISE o) 016 .021 0.41 0.53
| E .010 .040 0.25 1.02
Voltage, 0.01Hz to 10Hz, p-p 20uV F 010 040 0.25 1.02
Voltage, 10Hz to 10kHz, rms 4uV G 200 BASIC 5.08 BASIC
Current, 0.01Hz to 10Hz, p-p 0.2pA H 028 034 0.71 0.86
Current, 10Hz to 10kHz, rms 1.5pA J .029 .045. 0.74 1.14
INPUT VOLTAGE RANGE K :500 — 12.7 —
L | .0 160 2.79 4.06
Common-mode Voltage *i|Vee -5V v | 450 BASIC 259 BASIC
Common-mode Rejection 70dB at +5V, -10V N 095 | .108 241 | 267
Max. Safe Input Voltage +Supply
POWER SUPPLY Pin material and plating composition
conform to method 2003 (solderability)
Rated Voltage *15VDC of Mil-Std-883 [except paragraph 3.2]
Voltage Range, derated - +5VDC to ¥20VDC
Current, quiescent(1) 11mA

TEMPERATURE RANGE

Specification

0°C to +70°C T -55°C to +125°C

Operating -55°C to +125°C . -55°C to +125°C
Storage -65°C to +150°C
NOTE:

1. The use of a finned heat sink is recommended.
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TYPICAL PERFORMANCE CURVES

Ta = 25°C, Vs = 15VDC unless otherwise indicated.
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APPLICATIONS

WIRING RECOMMENDATIONS

In order to fully realize the high frequency performance
capabilities of the 3551, proper attention must be given to
layout, component selection and grounding. All leads associ-
ated with the input and feedback elements should be as short
as possible and all connections should be made as close to the
amplifier terminals as possible. Input and feedback resistors
should be made as small as possible consistent with other
circuit constraints. Capacitance from the output to non-
inverting input can cause high frequency oscillations, parti-
cularly in high gain circuits operating from large source im-
pedances. Careful layout of wiring or PC board patterns is
the only satisfactory way of preventing such problems.

Ro
R, +Vee
o5 (A 3551
+ d >
Vee 2 Load
N Vg ?

Com . =15 +15
POWER SUPPLY

(a) Inverting Circuits

Com -16 +15
POWER SUPPLY

(b) Non-Inverting Circuits

FIGURE 1. Proper Grounding Methods

In order to prevent high frequency oscillations due to lead
inductance the power supply leads should be bypassed. This
should be done by connecting a 10 uf tantalum capacitor
in parallel with a 0.001 uf ceramic capacitor from pins 7 and
4 to the power supply common.

INPUT AND OUTPUT VOLTAGE RANGE

Although the 3551 is specified for best operation on power
supply voltage of +15 VDC, it will operate with minor per-
formance changes over a power supply voltage range of
+5 VDC to +20 VDC. Many of the performance curves show
performance of the 3551 when operated from supplies other
than +15 VDC.

INPUT/OUTPUT PROTECTION

All of the amplifiers listed in the specification table are de-
signed to withstand input voltages as high as the supply
voltage, without damage to the amplifier. Thus, inputs may

- be subjected to either supply voltage, in any combination,
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without damage.

Output stages are internally current limited and will with-
stand short-circuit-to-ground conditions. However, applica-
tion of nonzero potential to the output pin may cause per-
manent damage and should be prevented by the proper pre-
cautions.

SETTLING TIME

Settling time of an amplifier is defined as the total time re-
quired, after an input step signal, for the output to “settle”
within a specified error band around the final value. This
error band is expressed as a percentage of the magnitude of
the step transition.

Because settling time is affected by bandwidth which in turn
is dependent upon closed loop gain, the settling time of any
operational amplifier will be a function of closed loop gain.
Settling time vs. gain curves illustrate this effect for the
3551 at several levels of settling accuracy.



3553

BURR-BROWN®

Wideband - Fast-Slewing
BUFFER AMPLIFIER

FEATURES
* GAIN = .99V/V

* QUTPUT CURRENT, +200mA

* BANDWIDTH, 300MHz

* SLEW RATE, 2000V /psec

© ELECTRICALLY ISOLATED CASE

© EXTENDS OP AMP DRIVING CAPABILITY WHILE
PRESERVING BANDWIDTH & SETTLING TIME

DESCRIPTION

The 3553 is a unity-gain amplifier designed to be used
either as a signal buffer, or as the power output stage
for an operational amplifier. Because of its wideband
response (300MHz, -3dB bandwidth) and fast
slewing capability (2000V / usec) the 3553 is capable
of following very fast signals. When used inside the
feedback loop of an operational amplifier, these high
speed characteristics are essential in order to preserve
the performance and stability of the feedback
amplifier circuit.

With its £200mA of output current capability, the
3553 is capable of driving a signal of £10V into a 500}
load. This power capability, coupled with its
extremely high speed and wide bandwidth, makes the
3553 ideally suited for line driving applications where
fast pulses or wideband signals are involved.

In addition to its fast/wideband characteristics and
high output current, the 3553 has low input offset
voltage and drift. This' adds to its -versatility,
particularly in stand-alone buffer amplifier
applications.

The 3553 is packaged in a reliable hermetically sealed
TO-3 package for environmental ruggedness. The
metal case is completely electrically isolated. This
simplifies mounting and reduces cost since the need
for insulating spacers and bushings is eliminated.

International Airport Industrial Park - P.0. Box 11400 - Tucson, Arizona 85734 - Tel. (602) 746-1111 - Twx: Y10-952-1111 - Cable: BBRCORP - Telex: 66-6491

PDS-329B Printed in U.S.A. July. 1978
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unless otherwise noted.

SPECIFICATIONS

Specifications are typical at +25°C Case Temperature and * 15 VDC power supply

ELECTRICAL

Output Resistance

MODEL 3553AM
GAIN, DC

No Load 0.98 V/V

50  Load, min 0.92 V/V
RATED OUTPUT

Voltage, min *10V

Current, min +200 mA

10

DYNAMIC RESPONSE

Slew Rate, min

2000 V/usec

Voltage Range, derated
Current, Quiescent, max

Full Power Bandwidth, min 32 MHz
Small Signal -3dB Bandwidth 300 MHz
Settling Time to 1% 7.2 nsec
to .01% 14.5 nsec
INPUT PARAMETERS
Input Voltage, linear range 10V
Input Voltage, absolute, max +Supply Voltage
Input Impedance ioll o
Input Bias Current @ +25°C -200 pA
(doubles/+10°C)
OUTPUT OFFSET VOLTAGE
Initial Offset @ +25°C, max +50 mV
vs. Temperature (average) -25°C to +85°C +300 uV/°C
POWER SUPPLY
Rated Voltage +15 VDC

5 VDC to +20 VDC
+80 mA

MECHANICAL
M PACKAGE (T0-3)

10.16mm
(0.400")
2.54 39.62mm max
mm (1.56") max ‘
(0.100")

[ 1 i
DT foamm, 4

t 1
o }

(0.040")dia

{(BOTTOM

12.7mm (.500")dia VIEW)

pin circle

mm,
(1.02")
max
(0.156 £0.005")dia

A

30.15 £0.26mm
1.187 £0.01")

Pin material and plating composition
conform to Method 2003 (solderability)
of Mil-Std-883 [except paragraph 3.2]

typ +50 mA
TEMPERATURE RANGE (Case)
Specification =25°C to +85°C
Operation (derate above +120°C Case) -55°C to +125°C
Storage -65°C to +150°C
83c Thermal Resistance, junction to case 6°C/W
9JA Thermal Resistance, junction to ambient 33°C/wW
+Vee
-O
pe . I/
ut <
Inp 3: Output
o —0
b3
b3
P
¢ T~
-Vee
—0

SIMPLIFIED SCHEMATIC

CONNECTION DIAGRAM

(TOP VIEW)

case is
electrically
isolated

*No internal connection

CONNECTOR: 0803MC

HEATSINKS: 0803HS 12°C/W
0804HS 4.2°C/wW
0805HS 3°C/W
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Typical at 25°C and rated supply voltage unless otherwise noted.
SMALL SIGNAL PHASE SHIFT OUTPUT VOLTAGE RANGE
FREQUENCY RESPONSE vs FREQUENCY vs SUPPLY VOLTAGE
2 o % 20
o
- \ o R =500 /
2 s _ -50 E
> [ 1 g 15 V
< R =500 & = /
o & 100 o 10
) 2 g dé
o © -
% 5 g -150 g 5 /
> s 4
g
-200 CJ) o
10 1k 100k  10M 1G 10 1k 100k  10M 1G 0 5 10 15 20
Frequency (Hz) Frequency (Hz) Supply Voltage (:vcc)
QUIESCENT POWER SUPPLY GAIN vs
CURRENT vs SUPPLY VOLTAGE SUPPLY VOLTAGE = POWER DISSIPATION
< 100 2 T b 8
EEE
§ S aspVin© sy § 6 fyc=6%C/w __
= 75 B f = 25Hz ® (Case)
8 - 580 < T = -55°C to +125°C 3 |
E S R £ R =
Q /o o o /’q
3 Tc =+25°C g 2 6,
< Tc = +125%C g 5 & <
c 25 — 3 .
g > b N
2 <
g z
d o ) 0
5 10 15 20 5 10 15 20 u o 50 100 150 200
Supply Voltage (:vcc) Supply Voltage (9.vcc) z Temperature (°c)

APPLICATION INFORMATION

BOOSTER AMPLIFIER

One of the primary applications for the 3553 is that of a
current booster for an operational amplifier. The circuit
of Figure 1 is typical of such applications. Note that the
3553 is used inside the feedback loop and becomes, effec-
tively, the output stage of the composite amplifier. Be-
cause the 3553 has unity voltage gain, wideband response,
fast slewing rate, and very little phase delay, the dynamic
response of the operational amplifier is virtually unaffected
by the addition of the booster.

The already low offset voltage of the 3553 is effectively
reduced by a factor equal to the open loop gain of the
operational amplifier and becomes a negligible factor in
total offset error of the circuit. -

Input impedance of the 3553 is extremely high, thus requir-
ing almost no drive current from the operational amplifier.
On the other hand, the presence of the 3553 in the circuit
increases the output current capability to 200 mA, drasti-
cally lowers the output impedance of the loop, and permits
the driving of low impedance loads such as a terminated 5052
coaxial line.
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Capacitive loads, often a source of instability and oscillations
in operational amplifier circuits, are buffered by the pre-
sence of the 3553. In driving heavily capacitive loads the
slew rate of the 3553 will be seen to decrease. This is due
simply to the large currents required by fast voltage slewing
in a capacitive load, av
I¢ =Cload g

The internal current limit of the 3553 (approximately
600 mA) places a limit on the slewing rate under such
conditions.

FIGURE 1. Model 3553 as a power booster.




BUFFER AMPLIFIER :
" The 3553 may also be used, as shown in Figure 2, as a unity

gain buffer amplifier. No operational amplifier is required
in this mode of operation. Since the 3553 is then operated
without feedback, it’s offset voltage and drift are translated

‘to the output. While the gain is not precisely unity in this

mode, the accuracy is adequate for many applications.

INPUT/OUTPUT PROTECTION

The output stage of the 3553 is current limited at approx-
imately 600 mA. This will provide a measure of output short
circuit protection for the amplifier for a period of time as
determined by the heatsinking used, the amplifier’s thermal
resistance, the ambient temperature, etc. The amplifier’s
output stage transistors should not be allowed to exceed
1500C (175°C absolute max).

The input stage is designed to allow the application of either
supply voltage without damage to the amplifier.

POWER DISSIPATION

The power dissipation capability of the 3553 varies with
ambient temperature and with the type of heat sink used.
A heat sink may be used to increase the dissipation capabil-
ity or to achieve a given dissipation capabilify at higher tem-
perature. The power derating curve is given in the typical
performance curves on page 1-123.

WIRING RECOMMENDATIONS

No special wiring techniques are necessary with the 3553.
However, it is recommended, as a good engineering practice,
that the power supply lines be bypassed to common at a
point near the amplifier. (A 1.0 uF electrolytic in parallel
with a 1000 pF ceramic is recommended.) If the 3553 is
used with a wideband operational amplifier, all leads must

_be kept as short as possible to minimize stray capacitance

and unwanted feedback paths.

FIGURE 2. Model 3553 as a unity gain buffer.
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3554

BURR-BROWN®

Wideband - Fast-Settling
OPERATIONAL AMPLIFIER

FEATURES DESCRIPTION

* SLEW RATE, 1000Vpsec The 3554 is a full differential input, wideband operational
* FAST SETTLING, 150nsec, max (to +.05%) amplifier. It is designed specifically for the amplification

or conditioning of wideband data signals and fast pulses.
© GAIN-BANDWIDTH PRODUCT, 1.7GHz It features an unbeatable combination of gain-bandwidth
o FULL DIFFERENTIAL INPUT product, settling time and slew rate. It uses hybrid

construction. On the beryllia substrate are matched input

APPLI C ATI 0 N S FETs, thin-film resistors and high speed silicon dice.

Active laser trimming and complete testing provide

® PULSE AMPLIFIERS superior performance at a very moderate price.

o TEST EQUIPMENT The 3554 has a slew rate of 1000V / usec and will output
+10V and *100mA. When used as a fast settling

* WAVEFORM GENERATORS amplifier, the 3554 will settle to £0.05% of the final value

«FAST D/A CONVERTERS within 150nsec. A single external compensation capacitor

allows the user to optimize the bandwidth, slew rate or
settling time in the particular application.

The 3554 is reliable and rugged and addresses almost any
application when speed and bandwidth are serious
considerations. It is particularly a good choice for use in
fast settling circuits, fast D/A converters, multiplexer
buffers, comparators, waveform generators, integrators,
and fast current amplifiers. It is available in several grades
to allow selection of just the performance required.

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-331A
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TYPICAL CIRCUITS

5.6k 5.6k
AN A
2 pF
e:
1
: Cp
5
= 3 12pF
0 AAL O 3554 A Al —0
270 [N 6 27Q o
= 1000pF ~e; *
I : I 1000pF
X1 Inverters X1 Non-Inverter
’ ©
Error
R] 1009 Rllquﬂ D1 f D2 Signal
- VW
56082 5.6k R; 3k Rg 3k = =
YWy Vv HP 5082-2811
1pF to 10pF | Hot Carrier Diodes
1N,
v
e; = 10V Cg
t,=tf=4'5nsec b 1pF to 15pF
3) Amplifier
= —o0 Output
—0
€
-
1000pF
I O
- +Vee-Vee
X10 Inverter Settling Time Test Circuit Schematic
View from Component Side.
Shaded area is the pattern side conductor.
Cy C; R
+Vc c
Common Error
1009 10kQ2 Output
R3
e € Input
Cy
L Cr Output
——o
¢
X100 Inverter
“Vee

Settling Time Test Circuit Layout

NOTES:

1. These circuits are optimized for driving large capacitive loads (to 470pF).

2. The 3554 is stable at gains of greater than 55 (Cy < 100pF) without any frequency compensation.

3. 45nsec is optimum. Very fast rise times (10-20nsec) may saturate the input stage causing less than
optimum settling time performance.

*Indicates component that may be eli d when large capacitive loads are not being driven by the device.
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ELECTRICAL SPECIFICATIONS

At Tcase = 25°C and +15VDC, unless otherwise noted.

3554AM 3554BM 3554SM
PARAMETERS CONDITIONS UNITS
MIN| TYP [MAX|MIN | TYP |MAX | MIN| TYP| MAX
OPEN LOOP GAIN,DC D O 1 | °
No Load 100 106 dB
Rated Load Re = 1000 90 96 dB
RATED OUTPUT . . . . . .
Voltage Io = £100mA 10| 11 v
Current Vo = %10V *100| *125 mA
Output Resistance, open loop f=10MHz 20 o}
DYNAMIC RESPONSE * . - . M .
Bandwidth (0dB, small signal) Cer=0 70% 9% MHz
Gain-bandwidth Product Ce=0,G=10V/V 150 225 MH:z
Ce=0,G=100V/V 425 725 MH:z
Ce=0,G=1000V/V 1000| 1700 MH:z
Full Power Bandwidth Cr=0, Vo = 20Vp-p, RL=10002| 16 19 MHz
Slew Rate Cr=0,V, = 20Vp-p, RL= 10002 1000| 1200 V/usec
Settling Time to 1% A=-1 60 nsec
to £.1% A=-1 120 nsec
to +.05% A=-1 140 | 150 nsec
to £.01% A=-1 200 | 250 nsec
INPUT OFFSET VOLTAGE
Initial offset, Ta = 25°C +0.5 +2 10.2 *1 +0.2 £l mV
vs. Temp (Ta = -25°C to +85°C) *20 | £50 +8 +15 uv/°C
vs. Temp (Ta = -55°C to +125°C) 12| 225 | uv/°C
vs. Supply Voltage +80 |+300 * * * * uV/V
INPUT BIAS CURRENT d d . . * *
Initial bias, 25°C 0 -10 -50 PA
vs. Temp hid
vs. Supply Voltage *1 PA/V
INPUT DIFFERENCE CURRENT . * . . * .
Initial difference, 25°C +2 | *10 PA
INPUT IMPEDANCE . b
Differential 10" |1 2 Q|| pF
Common-mode 10" 12 Q|| pF
INPUT NOISE . . . * . *
Voltage, fo = 1Hz Rs = 1000 125 | 450% nV/VHz
f, =10 Hz Rs = 1000 50 | 1604 "nV/VHz
f, = 100 Hz Rs = 1000 25 90+ nV/VHz
f, = 1 kHz Rs = 1000 15 50+ nV/VHz
fo =10 kHz Rs = 1000 10 35+ nV/\VHz
fo = 100 kHz Rs = 1000 8 25+ nV/VHz
fo=1MHz Rs = 1000 7 25¢ nV/\/Hz
fa =.3 Hz to 10 Hz Rs = 1000 2 7+ uv, pp
fs = 10 Hz to | MHz Rs = 10002 8 25 uV, rms
Current, fs = .3 Hz to 10 Hz Rs = 1000 45 A, p-p
fs = 10 Hz to 1| MHz Rs = 1000 2 pA, rms
INPUT VOLTAGE RANGE . . . . . .
Common-mode Voltage Range Linear Operation (1Y F4) v
Common-mode Rejection f=DC, Veu = +7V, -10V 44 78 dB
Max. Safe Input Voltage +Supply v
POWER SUPPI' Y . . * * * *
Rated Voltage *15 vDC
Voltage Range, derated performance x5 *18 vDC
Current, quiescent *17| *35 | +45 mA
TEMPERATURE RANGE (ambient).
Specification -25 +85 | -25 +85 -55 +125 °C
Operating, derated performance -55 +125 | -55 +125 -55 +125 °C
Storage -65 +150 | -65 +150 -65 +150 °C
6 junction-case 15 15 15 °C/W
6 junction-ambient 45 45 45 °C/W

* Specifications same as for 3554AM
** Doubles every +10°C

F This p is d and is not g
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d. This specification is established to a 90% confidence level.




at Tg = +25°C and +15VDC unless otherwise noted. ’
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RMS INPUT NOISE VOLTAGE® PEAK-TO-PEAK INPUT NOISE VOLTAGE® TOTAL INPUT NOISE VOLTAGE®

/

fp=3He- 10H:

1MQ)

P [ig=10h- 1MH:

/

INPUT NOISE VOLTAGE (uV, ms)
INPUT NOISE VOLTAGE (uV. p-p)

TOTAL INPUT NOISE VOLTAGE (aV/v/Hiz)
=
.

>

10° 106 o0 I 10 100 1k 10k ) '] 100M

SOURCE RESISTANCE (£2)
* Includes contribution from source resistance. * Includes

‘COMMON-MODE REJECTION

1031 I 106107 109 I 07

SOURCE RESISTANCE (22) FREQUENCY (Hz)
contribution from source resistance. * Includes contribution from source resistance.

‘QUIESCENT SUPPLY CURRENT MAXIMUM POWER DISSIPATION

5

e

‘COMMON-MODE REJECTION (dB)
9
'QUIESCENT SUPPLY CURRENT (mA)

>

N
bk N

INTERNAL POWER DISSIPATION (W)

055 = 450C/W

1
‘COMMON-MODE INPUT VOLTAGE (£V)

L
10 T E ¥50 +100 +150
SUPPLY VOLTAGE (£V) . 'TEMPERATURE (°C)

MECHANICAL

—p —

Sesting Plane

u—-L—

(Bottom View)

INCHES __|_MILLIMETERS
DIM | MIN | Max | MIN | MAX
A 1.610 | 1850 | 38.35 | 38.3v | Pin material and
8 748 770 | 18.92 | 1908 } plating composi-
c .300 .400 7.62_| 10.16 | tion conform to
-] .038 .042 0.97 1.07 Method 2003
€ 080 | .106 2.03 267 | | (solderability) of
F 40° BASIC 40° BASIC Mil-Std-883
g 500 BASIC 12.7 BASIC [except para-
W] 1.186 BASIC 30.12 BASIC graph 3.2].
J .503 BASIC 15.08 BASIC
K .400 500 10.16 12.70
Q 2181 .181 3.84 4.09
R 980 | 1.020 | 2489 | 25.91
NOTE:

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

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

AMPLIFIER CONNECTIONS

+V Offset Potentiometer
¢ (Optional)

CF Frequency Compensation

s There is no internal case connection.

M ,w
Freq. |
Cont. N
b 4 x
: - O
-In ¥ T Out

.Vs
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APPLICATIONS INFORMATION

WIRING PRECAUTIONS

The 3554 is a wideband, high frequency operational
amplifier that has a gain-bandwidth product exceeding 1
Gigahertz. The full performance capability of this
amplifier will be realized by observing a few wiring
precautions and high frequency techniques.

Of all the wiring precautions, grounding is the most
important and is described in an individual section. The
mechanical circuit layout also is very important. All
circuit element leads should be as short as possible. 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
capacitances should be minimized especially at high
impedance nodes such as the input terminals of the
amplifier. Pin 5, the inverting input, is especially sensitive
and all associated connections must be short. Stray signal
coupling from the output to the input or to pin 8 should
be minimized. A recommended printed circuit board
layout is shown with the TYPICAL CIRCUITS. It also
may be used for test purposes as described below.

When designing high frequency circuits low resistor
values should be used; resistor values less than 5.6k() are
recommended. This practice will give the best circuit
performance as the time constants formed with the circuit
capacitances will not limit the performance of the
amplifier.

GROUNDING

As with all high frequency circuits a ground plane and
good grounding techniques 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. The
ground plane also reduces stray signal pick up. An
example of an adequate ground plane and good high
frequency techniques is the Settling Time Test Circuit
Layout shown with the TYPICAL CIRCUITS.

Each power supply lead should be bypassed to ground as
near as possible to the amplifier pins. A combination ofa
1uF tantalum capacitor in parallel with a 470pF ceramic
capacitor is a suitable bypass.

In inverting applications it is recommended that pin 6, the
non-inverting input, be grounded rather than being
connected to a bias current compensating resistor. This
assures a good signal ground at the non-inverting input.
A slight offset error will result; however, because the
resistor values normally used in high frequency circuits
are small and the bias current is small, the offset error will
be minimal.

If point to point wiring is used or a ground plane is not,
single point grounding should be used. The input signal
return and 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.

It is recommended that the case of the 3554 not be
grounded during use (it may, if desired). A grounded case
will add a slight capacitance to each pin. To an already
functional circuit grounding the case will probably
require slight compensation readjustment and the
compensation capacitor values will be slightly different
from those recommended in the typical performance
curves. There is no internal connection to the case.

Proper grounding is the single most important aspect of
high frequency circuitry.

GUARDING

The input terminals of the 3554 may be surrounded by a
guard ring to divert leakage currents from the input
terminals. This technique is particularly important in low
bias current and high input impedance applications. The
guard, a conductive path that completely surrounds the
two amplifier inputs, should be connected to a low
impedance point which is at the input signal potential. It
blocks unwanted printed circuit board leakage currents
from reaching the input terminals. The guard also will
reduce stray signal coupling to the input.

In high frequency applications guarding may not be
desirable as it increases the input capacitance and can
degrade performance. The effects of input capacitance,
however, can be compensated by a small capacitor placed
across the feedback resistor. This is described further in
the COMPENSATION section.

COMPENSATION

The 3554 uses external frequency compensation so that
the user may optimize the bandwidth or slew rate or
settling time for his particular application. Several typical
performance curves are provided to aid in the selection of
the correct compensation capacitance value. In addition
several typical circuits show recommended compensation
in different applications.

The primary compensation capacitor, C, is connected
between pins 1 and 3. As the performance curves show,
larger closed loop gain configurations require less
capacitance and an improved gain-bandwidth product
will be realized. Note that no compensation capacitor is
required for closed loop gains above 55 V/V and when the
load capacitance is less than 100 pF.

When driving large capacitive loads, 470 pF and greater,
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an additional capacitor, Cs, is connected between pin 8
and ground. This capacitor is typically 1000 pF. It is
particularly necessary in low closed loop voltage gain
configurations. The value may be varied to optimize
performance and will depend upon the load capacitance
value. In addition, the performance may be optimized by
connecting a small resistance in series with the output and
a small capacitor from pin 1 to 5. See the TYPICAL
CIRCUITS for the X10 Inverter.

The flat high frequency response of the 3554 may be
preserved and any high frequency peaking avoided by
connecting a small capacitor in parallel with the feedback
resistor. This capacitor will compensate for the closed
loop, high frequency, transfer function zero that results
from the time constant formed by the input capacitance
of the amplifier, typically 2 pF, and the input and
feedback resistors. Using small resistor values will keep
the break frequency of this zero sufficiently high,
avoiding peaking and preserving the phase margin.
Resistor values less than 5.6k} are recommended. The
selected compensation capacitor may be a trimmer, a
fixed capacitor or a planned PC board capacitance. The
capacitance value is strongly dependent on circuit layout
and closed loop gain. It will typically be 2 pF for a clean
layout using low resistances (1k{2) and up to 10 pF for
circuits using larger resistances.

SETTLING TIME

Settling time is truly a complete dynamic measure of the
3554’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 signal parameter
that is a function of bandwidth and open loop gain. The
settling time may be optimized for the particular
application by selection of the closed loop gain and the
compensation capacitance. The best settling time is
observed in low closed loop gain circuits. A performance
curve shows the settling time to three different error.
bands.

Settling time is defined as the total time required, from
the signal input 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.

SLEW RATE

Stew rate is primarily an output, large signal parameter. It
has virtually no dependence upon the closed loop gain or
the bandwidth, per se. It is dependent upon
compensation. Decreasing the compensation capacitor
value will increase the available slew rate as shown in the
performance curve. Stray capacitances may appear to the
amplifier as compensation. To avoid limiting the slew
rate performance, stray capacitances should be
minimized.

CAPACITIVE LOADS

The 3554 will drive large capacitive loads (up to 1000 pF)
when properly compensated. See the APPLICATIONS
INFORMATION section on COMPENSATION. The
effect of a capacitive load is to decrease the phase margin
of the amplifier. With compensation the amplifier will
provide stable operation even with large capacitive loads.

The 3554 is particularly well suited for driving 50 loads
connected via coaxial cables due to its £100mA output
drive capability. The capacitance of the coaxial cable, 29
pF/foot of length for RG-58, does not load the amplifier
when the coaxial cable or transmission line is terminated
in the characteristic impedance of the transmission line.

OFFSET VOLTAGE ADJUSTMENT

The offset voltage of the 3554 may be adjtisted to zero by
connecting a 20k(} linear potentiometer between pins 4
and 8 with the wiper connected to the positive supply. A
small, non-inductive potentiometer is recommended. The
leads connecting the potentiometer to pins 4 and 8 should
be no longer than 6 inches to avoid stray capacitance and
stray signal pickup. Stray coupling from the output, pin
1, to pin 4 (negative feedback) or to pin 8 (positive
feedback) should be avoided.

The potentiometer is optional and may be omitted when
the guaranteed offset voltage is considered sufficiently
low for the particular application.

For each microvolt of offset voltage adjusted, the offset
voltage temperature drift will change by £0.004 uV/°C.

HEATSINKING

The 3554 does not require a heatsink for operation in
most environments. The use of a heatsink, however, will
reduce the internal thermal rise and will result in cooler
operating temperatures. At extreme temperature and
under full load conditions a heatsink will be necessary as
indicated in the MAXIMUM POWER DISSIPATION
curve. A heatsink with 8 holes for the 8 amplifier pins
should be used. Burr-Brown has heatsinks available in
three sizes — 3°C/W, 4.2°C/W and 12°C/W. A separate
product data sheet is available upon request.

When heatsinking the 3554, it is reccommended that the
heatsink be connected to the amplifier case and the
combination not connected to the ground plane. For a
single sided printed circuit board, the heatsink may be
mounted between the 3554 and the non-conductive side
of the PC board, and insulating washers, etc., will not be
required. The addition of a heatsink to an already
functional circuit will probably require slight
compensation readjustment for optimum performance
due to the change in stray capacitances. The added stray
capacitance from the heatsink to each pin will depend on
the thickness and type of heatsink used.
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SHORT CIRCUIT PROTECTION

'The 3554 is short circuit protected for continuous output

shorts to common. Output shorts to either supply will
destroy the device, even for momentary connections.
Output shorts to other potential sources are not

‘recommended as they may cause permanent damage.

TESTING |

The 3554 may be tested in conventional operational
amplifier test -circuits; however, to realize the full
performance capabilities of the 3554, the test fixture must
not limit the full dynamic performance capability of the

amplifier. High frequency tccﬁniques ‘must be employed.
The most critical dynamic test is for settling time. The
3554 Settling Time Test Circuit Schematic and a test
circuit layout is shown with the “Typical Circuits.” The
input pulse generator must have a flat topped, fast
settling pulse to measure the true settling time of the
amplifier. The layout exemplifies the high frequency
considerations that must be observed. The layout also
may be used as a guide for other test circuits. Good
grounding, truly square drive signals, minimum stray
coupling and small physical size are important:

Every 3554 is thoroughly tested prior to shipment

~ assuring the user that all parameters equal or exceed their

specifications.

1-132



BURR-BROWN®

OPERATIONAL AMPLIFIERS

FEATURES

¢ HIGH CURRENT
Up to 5A peak, 2A continuous

* EASY TO USE
Adjustable current limits
Electrically isolated case
Small size - 8-pin T0-3 package
* HIGH VOLTAGE
Up to 70V p-p output

e SELF-PROTECTED
Self-contained automatic thermal
sensing and shutdown

¢ HIGH POWER
Delivers up to 70W to load

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-334C
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DESCRIPTION

The 3571AM and 3572 AM are high output current integrated
circuit operational amplifiers. Their performance, ease of use
and compact size make them ideal to use in a variety of high.-
current applications. They are especially well suited for driv-
ing permanent magnet DC servo and torque motors.

The equivalent circuit for the 3571 AM and 3572AM is shown
in Figure 1. The design uses a monolithic FET input stage for
high input impedance, low bias current, and low voltage drift
versus temperature. The high input impedance provides neg-
ligible source impedance loading errors when the noninvert-
ing circuit configuration is used. The low bias currents mini-
mize offset errors when large values of source and feedback
resistors are used. :

The input offset voltage at 25°C and the input offset voltage
drift versus temperature are compensated by state-of-the-art
laser trimming techniques. The offset voltage is low enough
so that trimming will not be required in most applications.
The excellent input characteristics and the high gain available
mean that the use of a preamplifier, sometimes required with
other servo type amplifiers, will not be necessary with the
3571AM and 3572AM.

The output stage is a class AB design which provides low
distortion and minimizes quiescent current drain. The out-
put circuitry provides for external current limiting resistors
for both positive and negative output currents. This allows
the user to select the current limit value suited to his parti-
cular application. This is especially desirable for driving
permanent magnet motors where the high current seen dur-
ing direction reversal (plugging) can demagnetize the motor.

The 3571AM and 3572AM have been designed to operate
over a relatively wide supply range (£15VDC to +40VDC)
while still maintaining the high output current capability.
This allows the user a wide range for the selection of the pro-
per output voltage and current and makes the amplifiers use-
ful for many different types of loads.

-IN | : Output

+IN
@
r
\‘ id
* b
\;SC : %
CC@_JA
L Frea. Comp. s

FIGURE 1. Equivalent Circuit.

The output circuit has a unique protection feature which is
only practical in integrated circuit amplifiers - self-contained

automatic thermal sensing and shut off circuitry which auto-
matically turns the amplifier off when the internal tempera-
ture reaches approximately 150°C. This is accomplished by
sensing the substrate temperature and deactivating the ampli-
fiers biasing network when the temperature reaches 150°C.
As this happens, the output load current limits at a safe value
and the amplifier’s quiescent current decreases. The output
currerit may remain at a low value or oscillate between two
values depending on the amount of power being dissipated
and the heat sink conditions seen by the amplifier. In either
case, the amplifier will not sustain internal damage and will
return to normal operation within a few seconds after the ab-
normal load condition is removed.

Internal thermal protection removes some of the constraints
of power derating for abnormal operating conditions. The
amplifier will protect itself for many conditions of excess
power dissipation (see POWER DERATING CURVE, page
1-136). This allows the use of a smaller heat sink to protect
against abnormal output conditions since the amplifier has its
own internal protection for many conditions of excess power
dissipation. The output constraints of the SAFE OPERAT-
ING AREA curves (see page 1-136) must still be observed..

The 3571AM and 3572AM have several other features that
improve their utility. For instance, the metal case of the units
is completely electrically isolated. (This can be contrasted
to most power semiconductors where the case is connected

" to the collector of the device.) This simplifies mounting and

reduces cost since the need for insulating spacers and bush-
ings is eliminated. The hermetically sealed package improves
reliability and will withstand severe environments better
than discrete component amplifiers. The small package size
makes mounting more convenient.

Burr-Brown offers three heat sinks as accessories;
0803HS with a thermal resistance of 12°C/watt, 0804HS
at 5.20C/watt, and 0805HS at 3°C/watt. A convenient
mating connector, 0803MC is also available.
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SPECIFICATIONS

Typical @ Tcase =25°C and *VCC = +35 VDC max unless otherwise noted.
MODELS 3571AM 3572AM
RATED OUTPUT (to load)

Power to Load
Continuous, min{!) 30 Watts 60 Watts
Peak, min 60 Watts 150 Watts
Output Voltage, +(|V el -5)V
Continuous, min{ as +30V @ t1A +30V @ £2A
Peak, min +30V @ 2A +30V @ 5A
Load Capacitance 3300 pF
DISSIPATION RATING
at 25°C Case Temperature 33 Watts 50 Watts
Derating Above 25°C See typical performance curves
Thermal Resistance, Case to Free Air 30°C/Watt
Thermal Time Constant (No heat sink) 2 minutes
Thermal Resistance, Junction to Case 2.5°C/wW

POWER SUPPLY
Voltage, iVCC

+15 to +40 VDC

MECHANICAL

“M” PACKAGE (T0-3)
39.62 1?.1 6mm
.62mm 0.40")
Sy (1.56") g e
(0.10") I l

’ 10 2mm

U I[ (0. 40")mm1
1.01mm el ‘
(0.04")dia

12.7mm (0.50") dia
pin circle

(BOTTOM

INPUT VOLTAGE RANGE
Max Safe Differential Voltage
Max Safe Common-Mode Voltage
Common-Mode Voltage, Linear Operation|
Common-Mode Rejection

#+Veet+|-Veel
+Veoeto -Vee
+(|Veel-10V

80 dB min., 90 dB, typ.

TEMPERATURE RANGE (Case)

Specification -25°C to +85°C
Operating -55°C to +125°C
Storage -55°C to F125°C
ACCESSORIES
Heat Sink 0803HS (12°C/W)
0804HS (5.2°C/W)
0805HS (3°C/W)
Connector 0803MC

(1) SAFE OPERATING AREA and POWER DERATING limitations must be observed.
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Quiescent Current, max +35 mA
OPEN LOOP VIEW)
Gain min, at Ry, 4 = 302 (3572AM) 94 dB
Rjgad = 602 (3571AM) 800
Output Impedance 25Q
FREQUENCY RESPONSE
Unity Gain Bandwidth, Small Signal 500 kHz
Full Power Bandwidth 16 kHz @ Vpk =30 V (1.02" max)
Slew Rate, Cc = 1000 pF 3V/us
INPUT OFFSET VOLTAGE
Initial @ 25°C, max +2mV 3.96 +0.13mm
Drift vs. Temp., max +40 uv/°C 30.15 £0.26mm__ | (0.156" £0.005) dia
Drift vs. Supply Voltage +100 uV/V (1.19" x0.01)
Drift vs. Time 50 uV/mo
Drift vs. Power Dissipation (T constant) 20 uV/ Watt . ol ]
in material and plating composition
INPUT BIAS CURRENT conform to Method 20%3 (so?derabilitv)
Initial @ 25°C, max -100 pA of Mil-Std 883 [except paragraph 3.2.].
Drift vs. Temp.- doubles every 10°C
Drift vs. Supply Voltage 0.5 pA/V
INPUT OFFSET CURRENT
Initial @ 25°C £50 pA o
Drift vs. Temp. doubles every 10°C - =
Drit ve, Supply Voltage 0.5 pAIV Connection Diagram
INPUT IMPEDANCE (TOP VIEW)
Differential o1l alliopF
Common-Mode 10llg
INPUT NOISE
Voltage 0.01 Hz to 10 Hz, p-p 4 uvV
10 Hz to 1 kHz, RMS 3uv
Current 0.01 Hz to 10 Hz, p-p 1 pA
10 Hz to 1 kHz, RMS 0.1 pA

The case is electrically isolated. 1t 1s recommended
that the case be grounded during use.

* A 1000 pF +20% ceramic capacitor is recommended
for all circuit configurations and at all amplifier
gains. The capacitor’s lead lengths should be short.
For gains above 10 V/V, C is not absolutely
required.
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INSTALLATION and OPERATING INSTRUCTIONS

General Precautions
CURRENT LIMITING

It is recommended that during initial amplifier setup, parti-
cularly in breadboarding and when a lack of familiarity with
the amplifier exists, that the current limit be set at about
250 mA (Rge =5.682). This will allow verification of the
circuit and will minimize the possibility of damaging the
amplifier. Later, when the circuit configuration and con-
nections have been proven, the current limits can be raised to
the desired value.

MINIMUM HEAT SINK

The 3571AM and 3572AM require a minimum heat sink of
169C/watt or lower in order to insure thermal stability
(mounting on a 3" x 3" x 0.06" piece of 80% copper-clad
printed circuit board material will be sufficient). Normally
this will not be a consideration since a larger heat sink will
be used to provide the proper power dissipation as described
in the THERMAL CONSIDERATIONS section which
follows.

PROPER GROUNDING & POWER SUPPLY BYPASSING

Particular attention should be given to proper grounding
practices because the large output currents can cause signi-
ficant ground loop errors. Figure 2 illustrates proper con-
nections.

|

Load

L
oad g

Ground

+Vee COM -V

Power Supplv

FIGURE 2. Proper power supply connections.

Note that the connections are such that the load current 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 S0 uF
tantalum capacitors connected in parallel with 0.01 uF ce-
ramic capacitors connected as close to pins 3 and 6 as pos-
sible. The capacitors should be connected to the load ground
rather than the signal ground.

Current Limits

The amplifiers are designed so that both the positive and
negative load current limits can be adjusted with external
resistors, Rygc and R_gc respectively. The value of the re-
sistors are given by the following equations:

1.3 (volts)  R_gc = 1.5 (volts)
Llimit(amps)’ Llimit(2amps)
I}imit is the desired maximum current. The maximum power
dissipation of the resistorsis P, = RSC(llimit)2' The cur-
rent limits determined by the equations above are accurate
to about £10%. The variation of Ijjyi; vs. temperature is
shown in the Typical Performance Curves. Both +V ¢ and
-V must be on for the current limits to function.

Rigc =

To avoid introducing unwanted inductance into the current
limit circuitry, which may introduce oscillations and perma-
nent damage, both current limit resistors must be non-induc-
tive. Do not use wire wound resistors. Carbon composition
resistors are preferred and paralleling them can provide awide
current limit range at the wattage needed.

The maximum value of the negative current limit resistor is
15 ohms (100 mA, minimum). Exceeding this value, or an
open circuit, could permanently damage the internal 75%2,
thin-film resistor which parallels R_gc.

The amplifier should be used with as low a current limit as
possible for the particular application. This will minimize
the chance of damaging the amplifier under abnormal load
conditions and increase reliability by limiting the internal
power dissipation of the amplifier.

Thermal Considerations
The 3571AM and 3572AM are rated for 150°C maximum
junction temperature. The thermal resistance from junction
to case (i) is 2.50C per watt. The corresponding Power
Derating éurve is given in the Typical Performance Curves
section.
The internal power dissipation of the amplifier is given by
the equation Pp =Ppq + PpL where Pp is the quiescent
power dissipation and Ppy is the power dissipated in the
output stage due to the load. (For Vo = +40V, Pp = 80
x 0.035 = 2.8 watts max) For the case where the amplifier
is driving a grounded load (Rp ) with a DCvoltage (V) the
maximum value of Ppj occurs at V4 = Ve and is
#Vee)? 2

4Ry,
tion of the output voltage with the load resistance as a run-
ning parameter. :

equal to PDLmax = . Figure 3 shows Pp as func-

7 N
/ \

4 \\ 3572 max DC Rating

s P
2 3 \ « \
3
P Y BEY. o
< “f A7 \
H <f 7 %, 3571 max
H LY. RSN DC Ratin,
E 30 ey X \
5 ¢ \
H D \
3 20 # <
e o7 AN
H o™ X\
£ T \
£ 10 Ay
£
P = 2.8 W max
= 1= " —
+10 +20 +30 +40

Output Voitage (Volts)

FIGURE 3. Internal Power Dissipation vs. Output Voltage.
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PpL for any other value of Vi can be computed from
AV
PpL = (Ve - Voud* IL=(*Vec - iVout(-ﬁﬂ)
L

The use of an adequate heat sink is mandatory and therm-
al resistance of the heat sink(@hs) can be determined from
the equation: _Ty- Ta
s ————PD
where Ty is the desired amplifier junction temperature
(+150°C max), T 5 is the ambient temperature, Pp is the
ampiifiers dissipation, Pp = Ppg + Ppy, and 6j is the
junction to case thermal resistance of the amplifier. Burr-
Brown Application Note AN-83 entitled, “‘How to Deter-
mine What Heatsink to Use”, is available for additional
information.

The electrically isolated case of the 3571AM and 3572AM
simplifies mounting the amplifiers to the heat sink (and
the heat sink to any other assemblies) since there is no
need for electrical insulation. Thermal joint compound
and lock washers should be used to prevent mechanical
relaxation due to thermal stresses. :

% _0jc

SAFE OPERATING AREA

There are additional constraints on the output voltage and
current other than those just due to the maximum internal
power dissipation of the amplifiers. These are related to the
prevention of secondary breakdown in the output stage tran-
sistors. These restrictions are shown in the SAFE OPERAT-
ING AREA CURVES in the Typical Performance Curves.’

APPLICATION CONSTRAINT

Because of the possibility of damaging the output stage if fre-
quency instability (oscillations) occurs, applications with an
inductive load which will activate the current limit of the
amplifier, are constrained to have a load impedance phase
angle of less than 600 leading, over the frequency band of
10kHz to 100kHz. Increasing the load’s series resistance will
decrease the phase angle, if necessary. Larger inductive loads
may be applied if current limit is not activated.

FREQUENCY COMPENSATION

The optimum value of the compensation capacitor is 1000
pF. A #20% tolerance ceramic capacitor is recommended.
The compensation capacitor should be used with all circuit
configurations and at all amplifier gains.

TYPICAL APPLICATIONS

TACHOMETER FEEDBACK — CURRENT "
FEEDBACK Ry
L
Motor ﬁ
DC Tachometer ) t J1tRs g + R2 fs
Power A\ R R, R
Signal Ground G(:\gund n R1 1 17s
VOLTAGE PROGRAMMABLE *Vgc o
FEEDBACK POWER SOURCE . 3 +SC
"Ry A O M
—— 52 b 3572 . 0 o0
% + O
o 4 Vout
1 4 64
& R/g R.sc -
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BURR-BROWN®

3573

High Current - High Power
OPERATIONAL AMPLIFIER

FEATURES

*HIGH QUTPUT POWER
100 Watts Peak
40 Watts Continuous

*WIDE SUPPLY RANGE
+10 to +34 Volts

*HIGH OUTPUT CURRENT
+5 Amps Peak
+2 Amps Continuous

*SMALL SIZE: T0-3 PACKAGE
*LOW COST

DESCRIPTION

If you need to supply 100 watts peak or 40 watts
continuous, yet must choose a small, easy to use op
amp, you’ll find the 3573 a logical solution. This
hybrid IC delivers +5A peak minimum at +20V
minimum to the load when operated from 28V
power supplies. The design of this op amp has been
optimized for low cost while preserving moderately
good input and distortion characteristics.

Output circuitry provides for external current
limiting resistors for both positive and negative
currents. This allows current limits to be set to values
dictated by the op amp’s application. 3573 is

APPLICATIONS

*0C MOTORS

*AC MOTORS
*ACTUATORS
*ELECTRONIC VALVES
*SYNCROS

internally frequency compensated and is
unconditionally stable with capacitive loads to
3300pF.

Housed in a small, rugged, hermetically sealed 8-lead
TO-3 package, 3573 will withstand severe
environments far better than discrete component
amplifiers. The metal case is completely electrically
isolated from the amplifier circuitry. Thus, mounting
is easier (no isolation washers or spacers) and the
hazards of a case connected to the output. or supply
voltage is eliminated.

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-393
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' At Tcae = 25°C and Ve = #28VDC unless otherwise noted.

- ELECTRICAL SPECIFICATIONS

ABSOLUTE MAXIMUM RATINGS

1-140

73AM
3 - Supply Voltage Range +34VDC
PARAMETER CONDITIONS MIN [ TYP | MAX | UNITS | jyiermal Power Dissipation” e
Differential Input Voltage'® +62VDC
Input Voltage Range™ +31VDC
= dB
OPEN LOOP GAIN. DC R =300 94 s Storage Temperature Range -65°C to 150°C
Lead Temperature (soldering, 10 sec)| 300°C
RATED OUTPUT Output Short-Circuit Duration® Continuous
Power to Load"" Junction Temperature 150°C
CP::E““"S :(?0 ‘a’, 1. Package must be derated based on a junction to
Output Current ) case thermal resistance of 2.8°C/W, or a junction
Continuous +2 A to ambient thermal resistance of 30°C/W.
Peak m 5 A 2. For supply voltages less than +34VDC, the
Output Voltage Lou = £5A 20 123 v absolute maximum voltage is three volts less than
supply voltage.
DYNAMIC RESPONSE 3. Safe Operating Area and Power Derating Curves
Bandwidth, Unity Gain Small Signal 1 MHz must be observed.
Full Power Bandwidth 15 23 kHz 4. With RsC = 0.
Slew Rate 1.5 2.6 V/us
INPUT OFFSET VOLTAGE . 103
Initial Offset +5 +10 mV -
vs Temperature -25°C < Teuwe < 85°C *10 +65 uv/C
vs Supply Voltage +35 wv/v 10.16mm
i 2.54 (0.40")
39.62mm I max
mm (1.56") |
INPUT BIAS CURRENT (0.10")
Initial Tewe = 25°C 15 40 nA | L1 i
vs Temperature -25°C < Tewe < 85°C +0.05 nA/°C e
vs Supply Voltage £0.02 nAlv l I”J | H 047 min ]
1.01mm l
(0.04" ia ——
INPUT DIFFERENCE
CURRENT .
Initial Tewe = 25°C 5 £10 nA 12.7mm (0.50") dia (BOTTOM VIEW)
vs Temperature -25°C < Tewe < 85°C +0.01 nA/°C pin circle
INPUT IMPEDANCE \
Differential 10 MQ 80°
Common-mode 250 MO
3.96mm £0.13
(0.156 £0.005")
ia
INPUT NOISE
Voltage Noise fa = 0.3Hz to 10Hz 3 uV p-p
f» = 10Hz to 10kHz 5 uVrms .\((:.llin;n‘;n;:)’.u
Current Noise » = 0.3Hz to 10Hz 20 PA p-p . -
fn = 10Hz to 10kHz 4.5 PA rms
Pin material and plating compasition
conform to Method 2003 (solderability)
INPUT VOLTAGE RANGE of Mil-5td-883 [except paragraph 3.2].
Common-mode Voltage Linear Operation +(1Vecl-6) | +(Vec-3) v
Common-mode Rejection f=DC,Vcm = £22 70 110 dB
POWER SUPPLY
Rated Voltage 28 v CONNECTION
Voltage Range, derated +10 +34 A% \
Current, quiescent 26 +5 mA D IAG R A M
(TOP VIEW) Rygc
TEMPERATURE RANGE
Operating Tease 25 +85 °c
Storage -65 +150 °c Output

No Internal Connection




Internal Power Dissipation, Pp (W)
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TYPICAL PERFORMANCE CURVES

(Typical at 25"Case and V(¢ = £28 VDC unless otherwise noted.)
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INSTALLATION AND OPERATING
INSTRUCTIONS

GENERAL PRECAUTIONS

CURRENT LIMITING

It is recommended that during initial amplifier setup,

particularly in breadboarding and when a lack of
familiarity with the amplifier exists, that the current limit
be set at about 250mA (Rsc = 2.6(2). This will allow
verification of the circuit and will minimize the possibility
of damaging the amplifier. Later, when the circuit
configuration and connections have been proven, the
current limits can be raised to the desired value.

PROPER GROUNDING & POWER SUPPLY
BYPASSING

Particular attention should be given to proper grounding
practices because the large output currents can cause
significant ground loop errors. Figure 1 illustrates proper
connections.

Signal 1
Ground
4 Load
Load—= @
Ground

+Vce COM -V
Power Supply

FIGURE 1. Proper Power Supply Connections.

Note that the connections are such that the load current
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
50uF tantalum capacitors connected in parallel with 0.01
wF ceramic 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 amplifier is designed so that both the positive and

negtive load current limits can be adjusted with external
resistors; R+sc and R_sc respectively. The value of the
resistors are given by the following equation:

0.65 (volts)

Rse = Limi (@amps)

Limi is the desired maximum current. The maximum
power dissipation of the resistors is Pmax = Rsc (Limi))>. The
current limits determined by the equations above are
accurate to about *10%. The variation of Limi Vs

" temperature is shown in the Typical Performance Curves.

The amplifier should be used with as low a current limit as
possible for the particular application. This will minimize
the chance of damaging the amplifier under abnormal
load conditions and increase reliability by limiting the
internal power dissipation of the amplifier.

THERMAL CONSIDERATIONS

The 3573AM is rated for 150°C maximum junction
temperature. The thermal resistance from junction to
case (6;c) is 2.8°C/W per watt. The corresponding Power
Derating Curve is given in the Typical Performance
Curves section. .
The internal power dissipation of the amplifier is given by
the equation Pp = Ppg + PoL where Ppq is the quiescent
power dissipation and Pp. is the power dissipated in the
output stage due to the load.

The thermal resistance of the required heat sink (k) can
be determined from the equation:

b = —2 T8 g
Pp

where T is the desired amplifier junction temperature
(+150°C max), Ta is the ambient temperature, Pp is the
amplifier’s dissipation, Po = Ppq + PpL, and 6 is the
junction to case thermal resistance of the amplifier.

The electrically isolated case of the 3573AM simplifies
mounting the amplifiers to the heat sink (and the heat

. sink to any other assemblies) since there is no need for

electrical insulation. Thermal joint compound and lock
washers should be used to prevent mechanical relaxation
due to thermal stresses.

SAFE OPERATING AREA

There are additional constraints on the output voltage
and current other than those just due to the maximum
internal power dissipation of the amplifiers. These are
related to the prevention of secondary breakdown in the
output stage transistors. These restrictions are shown in
the SAFE OPERATING AREA CURVES in the
Typical Performance Curves.
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BURR-BROWN ® 7 TN 4 3580
A 3561

High Voltage
OPERATIONAL AMPLIFIERS

FEATURES

HIGH OUTPUT SWINGS, up to +145V (3582)
LARGE LOAD CURRENTS, up to +60mA (3580}
DIFFICULT TO DAMAGE, automatic thermal shutoff
REDUCES SOURCE LOADING, 10" 2 Input Z

* PRESERVES SYSTEM ACCURACY,
110dB CMR 20pA bias current

L]

DESCRIPTION

The 3580 series is the first family of Integrated
Circuit operational amplifiers which will provide
output voltage swings of up to £145V.

The monolithic FET input stage has low bias
currents (20pA) which minimized the offset voltages
caused by the bias current and the large resistance
normally associated with high voltage circuits.

The 3580 series is packaged in a TO-3 package which
will dissipate over 3W of power without a heat sink
and 4.5W with a suitable heat sink.

The input stage is protected against overvoltages and
the output stage is protected against short-circuits-
to-ground. A special thermal sensing circuit prevents
damage to the amplifier by automatically shutting
the amplifier down when too much power is being
dissipated.

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-313A
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THEORY OF OPERATION

\

A
VVv~4-

1L .
" N
x
Out-
put
—(1
x

FIGURE 1. Simplified Schematic of 3580.

ﬁVCC

Offset -
Trim

Offset
Trim

@
N.C.

~IN

—+—=

—\

& - =

\

Ro + Ry
eo = ¢ ( R, )

+10V Se; S+290V

+5V e, S+290V

J

FIGURE 3. Operation from a single supply.

The 3580 family of integrated circuit high voltage ampli-
fiers provides performance which previously was only avail-
able in bulky modular packages. In addition to'the smaller
size and inherent reliability, the integrated circuit construc-
tion offers other advantages not normally available in mod-
ular or discrete component units. The amplifiers have
thermal sensing and shut-off circuitry which automatically
turns the amplifier off when the internal temperature
reaches approximately 150°C. This is accomplished by
sensing the substrate temperature and deactivating the in-
put stage current source when the temperature reaches a
critical level. As this happens, the output load current limits
at a safe value and the amplifier’s quiescent current decreases.

If the cause of the abnormal power dissipation is continu-
ous (such as a short circuit across the load) the output
current may remain at a low value or oscillate between 2
values depending on the amount of power being dissipated
and the heat sink conditions seen by the amplifier. In either
case, the amplifier will not sustain internal damage and will
return to normal operation within a few seconds after the
abnormal condition is removed.

The incorporation of thermal sensing and shut-off in the
amplifier will allow the use of a smaller heat sink than
would otherwise be required. This is due to the fact that
the amplifier will protect itself and does not require a mas-
sive heat sink for protection under abnormal conditions.
Another unique feature of the 3580 family is the thorough
testing the unit receives. In addition to the normal tests, all
amplifiers are 100% tested for input protection at its full
rated differential voltage (+Vcc-Vee). Each unit is also
100% tested for output short circuit to common at maxi-
mum supply voltage.

The 3581 and 3582 have an unique feature that is impor-
tant in many high voltage applications. In these two models
the input bias current is virtually independent of the ap-
plied common mode voltage. This is accomplished by the
true cascode input stage which keeps the drain to source
voltage of the input transistors constant as the common

mode voltage changes.

OPERATION FROM A SINGLE SUPPLY

It may be desirable in some applications to operate the am-
plifiers from a single supply. The circuit in Figure 3 illus-
trates a typical application.

Note that there are restrictions on the input and output
voltages (ej and ep) which are necessary in order to keep
the amplifier circuits operating in a linear manner.

It should be noted that when the 3581 and 3582 amplifiers
are operated from a single supply, the output stage, which
is still short circuit current limited and thermally protected,
is not protected against short circuits to ground (the 3580
will still be short circuit protected under these conditions).
When the amplifiers are operated from a single supply, the
voltage across one of the output transistors is high enough
that secondary breakdown is a consideration. The output
current must be limited in order to prevent damage. This
can be done by keeping the load resistor larger than Sk
ohms for the 3582 and greater than 1k ohm for the 3581.
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SPECGIFIGATIONS

Typical at 25°C and V.. max unless otherwise noted.

MECHANICAL

T0-3
10.16mm
2.54 je——0 39.62mm __,| (0.40")
mm (1.56") max
(010" r 1 f

1.01mMmM el ”
(0.04")dia 12.7mm (0.57)max

10.1mm (0.4")min

12.7mm (0.50") dia .
pin circle
(BOTTOM

VIEW)

3.96mm +0.13
(0.156 +0.005")
dia

30.15mm +0.26
(1.19 +0.01)
Pin material and plating composition

conform to Method 2003 (solderability)
of Mil-Std-883 [except paragraph 3.2].

MODELS 3580J 3581J 3582
POWER SUPPLY

Voltage, +V . £15t0 £35 Vdd +32 to £75 Vdc| 70 to £150 Vdd
Quiescent Current, max +10 mA +8 mA +6.5 mA
RATED OUTPUT

Voltage, (V¢ | -5)Vdc,min +10 to 30 Vdc| +27 to +70 Vdc| +65 to +145 Vd
Current, min +60 mA +30 mA +15 mA
Current, Short Circuit +100 mA +50 mA +25 mA
Load Capacitance, max * 10 nF *
OPEN LOOP GAIN

No Load, dc 106 dB 112 dB 118 dB
Rated Load, dc , min 86 dB 94 dB 100 dB
FREQUENCY RESPONSE

Unity Gain Bandwidth, Small Signal * 5 MHz, min *

Full Power Bandwidth 100 kHz 60 kHz 30 kH7
Slew Rate 15 V/us 20V /us 20 V/us
Settling Time, 0.1% * 12 us *
INPUT OFFSET VOLTAGE

Initial @ 25°C, max +10 mV +3mV +3mV
Drift vs Temp, max +30 uv/°C +25 uv/oC +25 uv/°C
Drift vs Supply Voltage 100 uV/V 20 uV/V 20 uv/vV
Drift vs Time 100 uV/mo 50 pV/mo 50 uV/mo
INPUT BIAS CURRENT

Initial @ 25°C, max -50 pA -20 pA 20 pA
Drift vs Temp doubles every 10°C

Drift vs Supply Voltage 0.5pA/V 0.2 pA/V 0.2 pA/V
INPUT OFFSET CURRENT

Initial @ 25°C * +20 pA *
Drift vs Temp * doubles every 109C *
Drift vs Supply Voltage 0.5 pA/V | .0.2 pA/V l 0.2 pA/V
INPUT IMPEDANCE

Differential * 10l @ 10 pF *
Common Mode * 10!l Q *
INPUT NOISE

Voltage 0.01 Hz to 10 Hz p-p * suV *

10 Hz to 1 kHz rms 1pV 1.7uV 1.7uV
Current 0.01 Hz to 10 Hz p-p 1 pA 0.3 pA 0.3 pA
INPUT VOLTAGE RANGE
Max Safe Differential Voltage (1) * (Ve + -V *

Max Safe Common Mode Voltage * +Vee to -V *
Common Mode Voltage, Linear
Operation +(IVecl-8)V £ ([Veel-10)V | £(1V cl-10)V
Common Mode Rejection 86 dB 110 dB 110dB
TEMPERATURE RANGE (Case)
Specification * 0°C to 70°C *
Operating * -559C to +125°C *
Storage * -55°C to +150°C *
*Speeifications same for all models.
(1) On Models 3581 and 3582 the inputs may be damaged by pulses at pins 5 or 6 with
dV/dt >1V/ns. Any possible damage can be eliminated by limiting the input current
‘0 150 mA with external resistors in series with those pins. No external protection is
needed for slower voltage.

CONNECTION DIAGRAM

(TOP VIEW) *
Adjust Trim
re-—=a
100 kQ +Vee
To ‘?
+Vee
L

Offset
Trim

Connector: 0803MC
Heat sink:  0803HS
0804HS
0805HS
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Output. Voltage (+V peak)

Normalized Input Bias Voltage Gain (dB)

CMR (dB)

Current

- 1000
100 A
/
1o |/
1
1
4
01 Vi
* y
Y/

TYPICAL PERFORMANCGE CURVES

Typical at 250C and +V . max unless otherwise noted.

OUTPUT VOLTAGE vs

FREQUENCY
150 T
Vg = +150V
125 Rp = 10 kQ
s I e R
5
%s=z7sv
75 Ry =2.3kQ ~T]
LTI
50 3580
V= £3sV
25 R] = 5009
10 100 1000

Frequency (kHz)

OPEN LOOP FREQUENCY
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Internal Power Dissipation (W) Normalized Current Limit (%)

Total Input Noise (uV p-p)

Power Supply Rejection (dB)

CURRENT LIMIT vs

TEMPERATURE
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3583

BURR-BROWN®

High Voltage - High Current
OPERATIONAL AMPLIFIER

FEATURES

* HIGH OUTPUT SWINGS, up to +140V

* LARGE LOAD CURRENTS, +75mA

* PROTECTED OUTPUT STAGE, automatic thermal shutoff
» REDUCES SOURCE LOADING. 10"'2 Input Z

* PRESERVES SYSTEM ACCURACY,
110dB CMR 20pA bias current

DESCRIPTION

The 3583 is the first integrated circuit operational
amplifier to provide output voltage swings of 140V
with currents as high as 275mA.

The amplifier operates over a wide supply range
(50VDC to *£150VDC) and has excellent input
characteristics (110dB CMR, 3mV Eos, 25uV/°C
AEos/ AT).

The monolithic FET input stage has low bias current
(20pA) which minimizes the offset voltages caused by
the bias current and the large resistances normally
associated with high voltage circuits.

The input stage is protected against overvoltages and
the output stage is protected against short circuits to
ground for supply voltages below £100VDC. A
special thermal sensing circuit prevents damage to
the amplifier by automatically shutting the amplifier
down when too much power is being dissipated.

Two temperature ranges are available: 0°C to +70°C
(3583JM) and -25°C to +85°C (3583AM).

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-343A
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DESCRIPTION

The 3583 is a high, voltage high output current integrated
circuit operational amplifier. Its ease of use, compact size,
. and excellent input and output specifications makes it
well suited for a wide variety of high voltage applications.

The equivalent circuit for the 3583 is shown in Figure 1.
The design uses a monolithic FET input stage for high
input impedance, low bias current, and low voltage drift
versus temperature. The offset voltage at 25°C and the
drift versus temperature are compensated by state-of-the-
art laser trimming techniques. They are low enough so
that user trimming will not be required in most
applications. The high input impedance provides
negligible source impedance loading errors when the
noninverting circuit configuration is used. The low bias
currents minimize offset errors when large values of
source and feedback resistors are used. o

A true cascode input stage is used together with
considerable protection circuitry. There are voltage
limiting transistors to prevent damage due to reverse bias
breakdown of the input pair and current limiting resistors
to limit the input current to ImA with the inputs at +150
volts. The units are conservatively rated (and 100%
tested) at full rated differential voltage (+150 and -150V)
but typically will withstand a 50% overvoltage without
damage.

The unit operates over a wide supply range (+50V to
+150V) with outstanding common-mode rejection
(110dB). It also has another feature which is important in
many high voltage applications. The input bias current is
virtually independent of applied common-mode voltage.
The output circuit has a unique protection feature which
is only practical in integrated circuit amplifiers - self
contained automatic thermal sensing and shut off cir-
cuitry which automatically turns the amplifier off when
the internal temperature reaches approximately 150°C.

Trim

AN
NV

AA

Ve

& L

FIGURE 1. 3583 Equivalent Circuit.

7 (* N.C. = No internal connection.)

This is accomplished by sensing the subtrate temperature
and deactivating the amplifiers biasing network when the
temperature reaches 150°C. As this happens, the output
load current limits at a safe value and the amplifier’s
quiescent current decreases. The output current will
remain at a low value or oscillate between two values
depending on the amount of power being dissipated and
the heat sink conditions seen by the amplifier. In either
case, the amplifier will not sustain internal damage and
will return to normal operation within a few seconds after
the abnormal load condition is removed.

Internal thermal protection removes some of the
constraints of power derating for abnormal operating
conditions. The amplifier will protect itself for many
conditions of excess power dissipation (see POWER
DERATING CURVE, page |-150). This allows the use
of a smaller heat sink to protect against abnormal output
conditions since the amplifier has its own internal
protection for many conditions of excess power
dissipation. The output constraints of the SAFE
OPERATING AREA CURVES (page 1-150) must still
be observed.

The 3583 has several other features that improve its
utility. For instance, the metal case of the unit is
completely electrically isolated. (This can be contrasted
to most power semiconductors where the case is
connected to the collector of the device.) This simplifies
mounting and reduces cost since the need for insulating
spacers and bushings is eliminated. The hermetically
sealed package improves reliability and will withstand
severe environments better than discrete component
amplifiers. The small package size reduces weight and
makes mounting more convenient.
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ELECTRICAL

Specifications typical at Tcase = +25°C and Vcc = 150VDC unless otherwise noted.

SPECIFICATIONS

Rated Load, DC

MODELS | sesam | 3ssum
POWER SUPPLY

Voitage, *Vcc +50VDC to £150VDC
Quiescent Current, max 8.5mA
RATED OUTPUT

Voltage, +(| Vcc| -10)VDC, min +40VDC to +140VDC
Current, min +75mA
Current, Short Circuit +100mA

Load Capacitance, max 10nF
OPEN-LOOP GAIN

No Load, DC 118dB

94dB, min; 105dB, typ

FREQUENCY RESPONSE

Unity Gain Bandwidth, Small Signal S5MHz
Full Power Bandwidth, RL = 10k() 60kHz
Slew Rate 30V/usec
Settling Time, 0.1% 12usec
INPUT OFFSET VOLTAGE Ta=+25°C
Initial at-25°C, max +3mV
Drift vs Temp, max +23u/°C
Drift vs Supply Voltage +20uV/V
Drift vs Time +50uV/mo
INPUT BIAS CURRENT
Initial at 25°C, max -20pA
Drift vs Temp doubles every 10°C
Drift vs Supply Voltage 0.2pA/V
INPUT OFFSET CURRENT
Initial at 25°C +20pA
Drift vs Temp doubles every 10°C
Drift vs Supply Voitage 0.2pA/V
INPUT IMPEDANCE
Differential 101102 ||.10pF
Common-mode 101102
INPUT NOISE
Voltage 0.01Hz to 10Hz, p-p 5uV

10Hz to 1kHz, rms 1.7uV
Current 0.01Hz to 10Hz, p-p 0.3pA
INPUT VOLTAGE RANGE
Max Safe Differential Voltage(1) (+Vee +| -Veel 1
Max Safe Common-mode Voltage +Vcc to -Vee
Common-mode Voltage, Linear

Operation *(] Vee| -100V
Common-mode Rejection 110dB

MECHANICAL

j—— A ————

= .
Al 3

Seating Plane

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

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

ORDER NUMBER:
3583AM 3583JM
WEIGHT:
15.1 Grams
_ MATING CONNECTOR:
0803MC
INCHES MILLIMETERS

DIM [ MIN | MAX MIN | MAX

A_|1.510 | 1550 | 38.35 | 38.37
8 .745 770 | 18.92_| 19.66
c .300 .400 7.62_| 10.16
D .038 .042 0.97 1.07
3 .080 .105 2.03 2.67
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 181 .161 3.84 4.09
R

980 1.020 24.89 25.91

TEMPERATURE RANGE (Case)

Specification

25°C 10 +85°C | 0°C to 70°C

Operating -55°C to +125°C
Storage -55°C to +125°C
NOTES:

1.The inputs may be damaged by pulses at pins 5 or 6 with dV/dt= 1V/nsec.
Any possible damage can be eliminated by limiting the input current to
150mA with external resistors in series with those pins. No external protection

is needed for slower voltage changes.
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CONNECTION DIAGRAM
(Top View)
Offset Trim

Optional
Offset Adjust pp===~-3

* No internal connection.

The metal case is electrically isolated.
It is recommended that the case be
grounded during use.




Output Voltage (+V peak)

Voltage Gain (dB)

TYPICAL PERFORMANCE CURVES

Typical at 25°C case and +V. max unless otherwise noted.

OUTPUT VOLTAGE vs.
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3584

BURR-BROWN®

High Voltage
OPERATIONAL AMPLIFIER

FEATURES

o TYPICAL GAIN-BANDWIDTH, S0MHz

OUTPUT, +145V

PROTECTED QUTPUT, automatic thermal shutoff
BIAS CURRENT, -20pA

CMR, 110dB

SLEW RATE, 150V/usec

APPLICATIONS

ANALOG SIMULATORS

o DIGITALLY-CONTROLLED POWER SUPPLIES
o CRT DEFLECTION

ELECTROSTATIC TRANSDUCERS

DESCRIPTION

The 3584 is a high voltage, integrated circuit operational
amplifier that will provide up to £145V output.

The amplifier will provide a gain-bandwidth product of
20MHz minimum, 50MHz typical. The amplifier uses
external frequency compensation (one R and one C) so
that the user may optimize the bandwidth and slew rate
for his particular application.

The amplifier operates over a wide supply range
(x70VDC to *150VDC) and has excellent input
characteristics (110dB CMR, 3mV E., and 25uV/°C Eos
Drift). The input stage is a FET. The low -20pA bias
current minimizes the offset errors caused by the large
value resistors normally used in high voltage circuits.

The input stage is protected against overvoltages and the
output stage is protected against short circuits to ground.
A special thermal sensing circuit helps to prevent damage
to the amplifier by automatically shutting the amplifier
down when too much power is being dissipated.

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-376A
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DISCUSSION

,The 3584 is a high voltage, integrated circuit operational

amplifier. Its ease of use, compact size, and excellent
input and output specifications makes it well suited for a
wide variety of high voltage and high speed applications.

The design uses a monolithic FET input stage for high

input impedance, low bias current, and low voltage drift
versus temperature. The offset, voltage and the drift are
laser trimmed. They are low enough so that user trimming
will not be required in most applications.

To achieve the high common-mode voltage capability
and rejection a true cascode input stage is used together
with considerable protection circuitry. There are voltage
limiting diodes to prevent damage due to reverse bias
breakdown of the input pair and current limiting resistors
to limit the steady state input current to ImA with the
inputs at £150 volts. The units are conservatively rated
(and 100% tested) at full rated differential voltage (+150
and -150V) but typically will withstand a 50%
overvoltage without damage.

It also has another feature which is important in many
high voltage applications. The input bias current is
virtually independent of applied common-mode voltage.
This is a benefit of the true cascode input stage which

keeps the drain to source voltage of the input transistors

constant as the common-mode voltage changes.

The amplifier contains automatic thermal sensing and
shut-off circuitry which automatically turns the amplifier
off when the internal (substrate) temperature reaches

approximately 150°C. This is accomplished by sensing*

the substrate temperature and deactivating all current
sources when the temperature reaches a critical level. As
this happens, the output current gradually decreases to
zero. The output current may remain at a low value or
oscillate between 2 values depending on the amount of
power being dissipated and the heat sink conditions seen
by the amplifier. In either case, the amplifier will not
sustain internal damage and will return to normal
operation within a few seconds after the abnormal
condition is removed.

The incorporation of thermal sensing and shut-off in the
amplifier will require a smaller heat sink than normal.
This is due to the fact that the amplifier will protect itself
and does not require a massive heat sink for protection
under abnormally high power dissipation.

The 3584 has several other features that improve its
utility. The metal case of the unit is completely electrically
isolated. This simplifies mounting and reduces cost since
the need for insulating spacers is eliminated. The
hermetically sealed package improves reliability and will
withstand severe environments better. And the small
package size reduces weight and makes mounting more
convenient.

OPERATION FROM A SINGLE SUPPLY

It may be desirable in some applications to operate the
amplifiers from a single supply. The circuit in Figure 1
illustrates a typical application. Note that there are
restrictions on the input and output voltages (ei and e,)
which are necessary in order to keep the amplifier circuits
operating in a linear manner.

It should be noted that when the amplifier is operated
from a single supply, the output stage, which is still short
circuit current limited and thermally protected, is not

“ protected for short circuits to ground under all operating

conditions. Consult the safe operating area curve.

Ro+ R,

)

e°=ei(

+10V < e; < +290V
+5V < e, <+ 290V

FIGURE 1. Operation from a single supply.

+130VDC to +285VDC

+5VDC +15VDC
)

Digital Input

NOTES:

1. May be connected to +15VDC.
"2. Use for DAC gain adjust. V4= (Ip )(Rg).
3. Optional offset ‘adjust. " AC OUTTe

FIGURE 2. High Speed, High Voltage DAC.
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SPECIFICATIONS

E LE CTR I CA L Typical at 25°C and +V.. max unless otherwise noted. M E C H A N I CA L
MODELS 3584JM To3 10-16mm
254 (0.40")
39.62:7'1,m max
POWER SUPPLY mm (1.56") —" \
Voltage, *Vee +70 to +150 VDC (0.10")
Quiescent Current, max +6.5mA r 1
RATED OUTPUT f ;04},6;;;;
Voltage, + (| Vd -5)VDC, min +65 10 +145 VDC
Current, min *15mA 1.0tmm ——"-—
Current, Short Circuit +25mA (0.04")dia
Load Capacitance, max 10 nF
- \ (BOTTOM VIEW)
OPEN LOOP GAIN 12.7mm (0.50") dia
No Load, DC 120 dB pin circle
Rated Load, DC, min 100dB
FREQUENCY RESPONSE
Unity Gain Bandwidth, Small Signal 7MHz o
Gain-bandwidth Product, =1 kHz, G = 100 20 MHz, min 80
Full Power Bandwidth, G = 100 135 kHz
Slew Rate,G=100, 150 V/ us 3.96mm +0.13
Settling Time, 0.1%, G = 100 12 ps (0.156 +0.005")
- dia
INPUT OFFSET VOLTAGE
Initial @ 25°C, max 3mV
Drffl vs 'I:emp. max 25 uv/°C 30.15mm £0.26
Drift vs Supply Voltage 20 uVIV (1.19 £0.01)
Drift vs Time 50 uV/mo U
INPUT BIAS CURRENT Pin material and plating composition
Initial @ 25°C, max 20 pA conform to Method 2003 (solderability)
Drift vs Temp doubles every 10°C of Mil-Std-883 [except paragraph 3.2]
Drift vs Supply Voltage 0.2 pA/V
INPUT OFFSET CURRENT CONNECTION
Initial @ 25°C +20 pA
Drift. vs Temp doubles every 10°C D I AG R AM
Drift vs Supply Voltage 0.2 pA/V
(TOP VIEW)
INPUT IMPEDANCE Optional
Differential 10" @ || 10 pF Offset Offset
Common Mode 100 Adiust | Trim
/ +Vee
INPUT NOISE 100k
Voltage 0.01 Hz to 10 Hz p-p 5uvV To —* Output
10 Hz to 1 kHz rms L7 pv +Vee L o
Current 0.01 Hz to 10 Hz p-p 0.3 pA Offset
Trim
INPUT VOLTAGE RANGE - ()
Max Safe Differential Voltage'" (+Va +| Ve | ) Compensation
Max Safe Common Mode Voltage +Vee to Ve
Common Mode Voltage, Linear Rc
Operation (| Vec| -10)V
Common Mode Rejection 11048 Ve LG
TEMPERATURE RANGE (Case) ; Connector: 0803MC
Specification: 0°C to 70°C ‘ . Heatsinks: 0803HS, 0804HS, or 0805HS
Operating -55°C to +125°C
Storage -55°C to +150°C i Compensation
Gain _Cc Re
I 10 nF 20002
(1) The inputs may be damaged by pulses at pins 5 or 6 with dV/dt > 1 V/ns. Any possible damage 10 - 5;:()) P: 22:::)
can be ehiminated by limiting the input current to 150mA with external resistors in series with those 100 p! .
pins. No external protection is needed for slower voltage changes. 1000 not required

For intermediate values of gain, R and C values may be
interpolated.

I he case is electrically |solatcd It is recommended that the
case be grounded during use.

1-153



" TYPICAL PERFORMANCE CURVES

Typical at 25°C and-£V . max unless otherwise noted.

OUTPUT VOLTAGE vs FREQUENCY * SLEW RATE vs SUPPLY VOLTAGE @ FULL LOAD SLEW RATE vs COMPENSATION

1 L1 1
o i 1]
o T i pe“”lﬁ T Il L0 Compensation: 20082 and .01uF 160
S 2009 and .01;4FJ ° 5 o
& 120 2k€2 and 500 pF Y = v 2
> \ AT 200 and 50 pF & 9 A 2 120
H 2 B4 >
5 <
| 23 s A L kS
3 g’ © yd < %0
> ) = 5¢ ) H
El I g 7 n° (& @
= S /] ﬁ:f ¢
3 % 40
S 30 “ 6 yd
/|
0 L 5 e 0
10k 100k M 10M 50 60 70 80 90 100 200 2k 20k
Frequency (Hz) Power Supply (% of Max) External Compensation Impedance (£2)
OPEN LOOP GAIN vs SUPPLY
OPEN LOOP FREQUENCY RESPONSE FULL LOAD VOLTAGE @ MAX LOAD POWER DISSIPATION
120
\ =)
100 \ \Y 0 — 25
- ,,,V g (Case) 03¢ = 129C/W
80 |-¢ = -l ' =4 \ j
—_ 20092 and .01uF oA\ ] ,L.,° sS4
) [~2k 2 and 500 pF N \ 4 4 o) g
Z 60 |-20k0 and 50 pF; £ 2 << a
£ : NS 3 | 23
3 \ 2 3 /| i S K 4,
o 40 \ g 7 tces g b
& N H a X85 =, g,
5 2 AW \Wlli ey A g NN
> \| & // g, 034 = 42°C/W] N
H
20 -6 0
1 10 100 1k 10k 100k IM 10M SO 60 70 80 90 100 0 25 50 75 100 125 150
Frequency (Hz) Power Supply (% of Max) Temperature (°C)
SAFE OPERATING AREA (Secondary Breakdown) NOISE vs SOURCE RESISTANCE CURRENT LIMIT vs TEMPERATURE
) 2
30 —femee g o
> Q
20 Vi 3 EIN
21000 s N
¢ o E+10 N
10 & v A 2
E 3 100 ) G # g 0
2 Internal Current Limit! W' ¥ =
5 0 2 4O S 1 3 N
o ) e g -10
- 4 [ D) oW 9 AN
ES < 10 > S WOy g
210 7 ) A 5 £ 5 N
o S Kl @ g
20 // T == 230
= Amplifier Noise| Noise of Source Resistor
-30 Smsec] ] 1 | 1 |
<150 <100 -50 0 +50 +100 +150 103 104 105 106 107 108 25 0 25 50 75 100
Output Voltage Source Resistance (£2) Case Temperature (°C)
MAXIMUM COMMON-MODE
COMMON-MODE REJECTION VOLTAGE vs FREQUENCY POWER SUPPLY REJECTION
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IF ! _150 — _
N c ion: __| | K I
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2 N 2 &
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20 25 N 0 N
0 . : 0 — 0
1 10 100 1k 10k 100k IM 10k 100k M 3M 10 100 1k 10k 100k
Frequency (Hz) Frequency (Hz) Frequency (Hz)
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INSTRUMENTATION
AMPLIFIERS

B even —— y
8AL - s ® 883335
NOGRAMMABLE SR

ENTATION Ampy 111

UM

WHAT IS AN INSTRUMENTATION AMPLIFIER?

Aninstrumentation amplifier is a closed-loop, differential input gain block. It
is a committed circuit with the primary function of accurately amplifying the
voltage applied to its inputs.

Ideally, the instrumentation amplifier responds only to the difference
between the two input signals and exhibits extremely-high impedances
between the two input terminals, and from each terminal to ground. The
outputvoltage is developed single-ended with respect to ground and is equal
to the product of amplifier gain and the difference of the two input voltages
(see Figure 1).

O
€0=Gle, - €q)

FIGURE 1. Idealized Model of an Instrumentation Amplifier.

The amplifier gain G is normally set by the user with a single external
resistor. The properties of this model may be summarized as infinite input
impedance, zero output impedance, the output voltage proportional to only
the difference voltage (e2-e1), a precisely known gain constant (implying no
nonlinearity), and unlimited bandwidth. This amplifier would completely
reject signal components common to both inputs (common-mode rejection)
and would exhibit no DC offset voltage or drift.
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CHARACTERISTICS OF S
INSTRUMENTATION AMPLIFIERS

Itis desirable to achieve, as close as possible, the characteristics of the ideal
instrumentation amplifier. The following paragraphs are a discussion of the,
other-than-ideal, characteristics of the instrumentation amplifiers.

Input Impedance - A simple model of realistic instrumentation amplifier is
shown in Figure 2. The impedance Zid represents the differential input
impedance. The common-mode inputimpedance Zicm is represented as two

[

L

FIGURE 2. Simple Model of an Instrumentation Amplifier Shown in
a Typical Application Configuration. -

equal components, 2Zicm, from each input to ground. Thése finite resistances
contribute an effective gain error due to loading of the source resistance.
The instrumentation amplifier provides a load on the source of Zi=Zid || Zicm.
If source impedance is Rs = Rs1 + Rs2, the gain error caused by this loading
is: : :

Z, R

R
‘Gain Error = 1 - = S~ Sif Z;> Ry

Z; + Ry Z;+ Ry

If Rs is 10k and Zi is 10MQ, 1ox 103

Gain Error & ————=0.1%
10 x 106

The DC common-mode input impedance Zicm Will be independent of gain.
The DC differential input impedance Zig may vary as a function of gain.
Specifications give the worst-case value. The nonzero output impedance of
the amplifier will also create a gain error, the value of which depends on the
load resistance. .

Nonlinearity - The linearity of gain is possnbly of more importance than the
gainaccuracy, since the value of the gain can be adjusted to compensate for
simple gain errors. The nonlinearity is specified to be the peak deviation from
a “best fit” straightline, expressed as'a percent of peak-to-peak full scale
output.

Common-mode Rejection - As illustrated in Figure 2, the output voltage has
two components. One component is proportional to the differential input
voltage ed = (e2-e1). The second component is proportional to the common-
mode input voltage. The common-mode voltage which appears at the
amplifier's input terminals is defined as Ecm = e2 + €1/2. This may consist of
some common-mode voltage in the source itself, ecm, (such as bridge
excitation) plus any noise voltage, en, between the source common and the
amplifier common. As shown in Figure 2, the constant G represents the
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differential amplifier gain factor (fixed by the external gain-setting resistor).
The constant (G/CMRR) represents the commo-mode signal gain of the
amplifier. The CMRR (common-mode rejection ratioj is the ratio of dif-
ferential gain to common-mode gain. Thus CMRR is proportional to the
differential gain and CMRR increases as the differential (gain G) increased.
Hence, CMRR is usually specified for the maximum and the minimum values
of gain of the ampllfler The common-mode rejection may be expressed in
dB as - CMRR (dB) = 20 log,, CMRR.

For an ideal instrumentation amphfler the output voltage component due to
common-mode voltage should be zero. For a realistic instrumentation
amplifier, the CMRR though very high, is still not infinite and so will causean
error voltage of Ecm/CMRR x G to appear at the output.

Source Impedance Unbalance - If the source impedances are unbalanced
the source voltages (ecm + en) are divided unequally upon the common-
mode impedances and a differential signal is developed at the amplifier's
input. This error signal cannot be separated from the desired signal. In the
circuitin Figure 2 if Rs2 =0, Rs1 =1k}, ecm +en =10V, and Zcm = 100MQ, then
the effect of unbalance is to generate a voltage.

o8 103 10V

: 1
ey -e; = 10V - 10V: = 10V- —OlmV
270 108+103 . 108+103 10°

If eq full scale is 10mV then this error is:

0.1mV
Error = = 1% of full scale.

10omV
Offset Voltége and Drift - Most instrumentation amplifiers are two stage
devices - they have a variable gain input stage and a fixed gain output stage.
I1f Viand Vo are the offset voltages of the input and output stages respectively,
then the amplifiers total offset voltage referred to the input (RTI) =Vi+Vo/G
where G is the amplifier's gain. [Note that Eos (RTI) x G.]

The initial offset voltage is usually adjustable to zero and therefore, the
voltage driftis the more significant term since it cannot be nulled. The offset
voltage drift also has two components - one due to the input stage of the
amplifier and the other due to the output stage. When the amplifier is
operated at high gain, the drift of the input stage predominates. At low values
of gain, the drift of the output stage will be the major component of drift.
When the total output drift is referred to the input, the effective input voltage
drift is largest for low values of gain. Output voltage drift will always be
lowest at low gains. If AVi/AT = 2uV/°C and AVo/AT = 500uV/°C and the
amplifier in a gain of 1000V/V is nulled at 25°C, then at 650C the offset

voltage will be:
Eyg (RTI) 50 = 40°C [2uV/OC + (500uV/°C/1000V V)]
=40°C (2.5uV/°C) = 100uV = 0.1mV

If the full scale input is 10mV then the error due to voltage drift is:
Error =0.1mV/10mV = 1% of full scale.

Input Bias and Offset Currents - The input bias currents are the currents that
flow out of (orinto) either of the two inputs of the amplifier. They are the base
currents for bipolar input stages and the JFET leakage currents for FET input
stage. Offset currents are the difference of the two bias currents.

The bias currents flowing into the source resistances will generate offset
voltages of Eos2 = 182 X Rs2 and Eos1 = 181 X Rs1. If Rs1 = Rs2 =Rs/2 the offset
voltage at the input is Eos2 - Eost = los X Rx/2. This input referred offset error
may be compared directly with the input voltage to compute percent error.
(Note that the source must be returned to power supply common or Rs will be
infinite and the amplifier will saturate.)
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APPLICATIONS OF INSTRUMENTATION
AMPLIFIERS

Instrumentation amplifiers are generally used in applications where ex-
tracting and accurately amplifying low level differential signals riding on
high common-mode voltages (£10V) is very important. Such applications
require high input impedance, high CMRR, low input noise, and excellent
DC levels stability (low offset voltage drift).

Instrumentation amplifiers are used as transducer amplifiers for various
types of transducers such as strain gage bridges, load cells, thermistor
networks, thermocouples, current shunts, biological probes, weather
gauges and so forth. Other appllcatlons include recorder preamplifiers,
multiplexer buffers, servo error amplifiers, current sensors, signal con-
ditioners in process control and data acquisition systems, and in general
measurements of small differential signals riding on common-mode
voltages.

The small size, low cost, and high performance of these amplifiers offer an
attractive approach for data acquisition applications, that is, assigning a
fixed-gain amplifier to each transducer and locating the amplifier physically
near the transducer. This approach largely eliminates common-mode noise
pickup problems since a high level signal (rather than a low level transducer
signal) is then retransmitted to the data gathering station. The result is a
higher signal/noise ratio at the output. Using one amplifier per point may
well be more economical, as well as offering better peformance and
flexibility, than the approach of using low level multiplexers.



SELECTION GUIDE
Instrumentation Amplifiers

INSTRUMENTATION AMPLIFIERS

Input Parameters
Gain Gain Non- CMR, DC to Dynamic
Accuracy Drift Linearity | 60Hz, G =10 Voltage Response
G=100, 25°C| G = 100 G =100 1k, vs. Temp. G =100 Temp. Price ($)
Description | Model Range max ppm/°C max Unbal..min | max (uV/°C) | +3dB BW | Range(!) | Package | Unit 100's Page
Very-High INA101AM | 1-1000(2) 0.03 22(5 +0.007% 96dB +(2+20/G) 25kHz Ind TO-100 13.20 9.90 | 2-7
Accuracy INA101BM | 1-1000(2) 0.03 22(5) +0.004% 96dB +(0.75 +10/G) 25kHz Ind TO-100 16.00 | 1200 | 2-7
INA101CM | 1-1000(2) 0.03 22(5) +0.004% 96d8 +(0.25 + 10/G) 25kHz Ind TO-100 18.40 | 1380 | 2-7
INA101SM | 1-1000(2) 0.03 22(5) +0.004% 96dB +(0.25 + 10/G) 25kHz Mil TO-100 19.50 | 14.40 | 2-7
3630AM 1-1000(2) 0.1 125(5) +0.007% 96dB +(2+20/G) 25kHz Ind DIP 44.00 | 28.00 | 2-56
3630BM 1-1000(2) 0.05 125(5) +0.003% 96dB +(0.75+ 10/G) 25kHz ind DIP 62.25 | 41.15 | 2-56
3630CM 1-1000(2) 0.05 125(5) +0.003% 96dB *(0.25 + 10/G! 25kHz Ind DIP 95.00 | 64.50 | 2-56
3630SM 1-1000(2) 0.05 125 +0.003% 96dB *(0.75 +10/G) 25kHz Ind DIP 95.00 | 64.50 | 2-56
General 3626AP 5-1000(2) 0.5 35(5) +0.05% 74dB +(6+10/G) 14kHz Ind DIP 30.50 | 18.90 | 2-42
Purpose 3626BP 5-1000(2) 05 35(9) +0.04% 80dB +(3+5/G) 14kHz Ind DiP 32.55 20.50 | 2-42
3626CP 5-1000(2) 0.5 35(5) +0.04% 80dB *(1+5/G) 14kHz Ind DIP 39.40 | 26.50 | 2-42
3629AM 5-1000(2) 0.1 45(5) +0.007% 106dB(3) *3+10/G) 30kHz Ind DIP 2960 | 20.90 | 2-50
3629AP 5-1000(2) 0.1 45(5) +0.007% 106dB(3) +(3+10/G» 30kHz Ind DIP 26.50 19.40 | 2-50
3629BM 5-1000(2) 0.1 45(5) +0.004% 106dB(3) +(1.5+7.5/G) 30kHz Ind DIP 3590 | 23.92 | 2-50
3629BP 5-1000(2) 0.1 45(5) +0.004% 106dB(3) +(1.5+7.5/G) 30kHz Ind DiP 33.80 | 20.80 | 2-50
3629CM 5-1000(2) 0.1 45(5) +0.004% 106dB(3) +(0.75 + 5/G) 30kHz Ind DIP 4415 | 29.15 | 2-50
3629CP 5-1000(2) 0.1 45(5) +0.004% 106dB(3) +(0.75 + 5/G) 30kHz Ind DiP 39.40 | 26.50 | 2-50
3629SM 5-1000(2) 0.1 45(5) +0.004% 106dB(3) *(1.5+7.5/G) 30kHz Ind DIP 44.15 | 26.15 | 2-50
Buffer,
Unity-Gain | 3627AM 1V/V, fixed 0.01 5 +0.001%(4) 90dB 30 800kHz(4) ind TO-99 12.50 9.15 | 2-46
Differential | 3627BM 1V/V, fixed 0.01 5 +0.001%(4) 100d8 20 800kHz(4) Ind TO-99 16.75 | 11.25 | 2-46
PROGRAMMABLE GAIN AMPLIFIERS
Noninverting| PGA100AG | Gain set 0.05 10 +0.01 NA 6(6) 5MHz Ind DIP 57.00 | 43.00 | 2-15
Multiplexed | PGA100BG | with 4-bit 0.02 10 +0.005 NA 6(6) 5MHz Ind DIP 63.00 | 47.00 | 2-15
Input word 1,2,4
8,..128
Differential | 3606AG Gain set 0.05 10 0.004% 90dB, G=1| *(3+50/G) 40kHz Ind DIP 93.40 | 63.75 | 2-34
Input 3606AM with 4-bit 0.05 10 0.004% 90dB, G=1| *(3+50/G) 40kHz ind oip 110.00 | 80.30 | 2-34
3606BG word 1,2,4,] 0.02 10 0.004% 90dB, G=1| *(1+20/G) 40kHz Ind DIP 12495 | 86.70 | 2-34
3606BM 8,..1024 002 - 10 0.004% 90dB, G=1| =*(1+20/G) 40kHz Ind DIP 152.00 {106.00 | 2-34
PBECISION TWO-WIRE TRANSMITTER
Span Input Parameters Output Parameters
Un- Offset Offset Full Scale
trimmed | Non- Temp. Offset | Voltage vs Current Current SU'PU‘(
error | Linearity Drift Voltage | Temp. max.| CMR Range error ::::p Temp.
Model max max ppm%/°C max uV/eC DC, min mA A, max uA. max | Range(!) | Package Price Page
XTR100AM/AP -3% 0.01% +100 +50uV *1 90dB 4-20 *4 +20 Mil/Ind DiP (6) 2-23
XTR100BM/BP -3% 0.01% +100 +25uV +0.5 90dB 4-20 *4 +20 Mil/Ind DIP (6) 2-23

NOTES: 1) Com =0 to +70°C; Ind = -25°C to +85°C; Mil =-55°C to +125°C. 2) Set with external resistor. 3) DC only. 4) Unity-gain. 5) Typical. 6) Advance information
subject to change, contact Burr-Brown for price and availability.
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GLOSSARY OF TERMS & DEFINITIONS
' Instrumentation 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 100uV (referred to input).

COMMON-MODE REJECTION RATIO (CMRR)

The ratio of the differential voltage gain of an amplifier to
its common-mode voltage gain.

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 =¢; + €/2

FEEDBACK

The return of a portion of the 6utput signal from a device
to the input of the device.

FULL POWER FREQUENCY RESPONSE

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

GAIN

The ratio of the output signal to the associated input
signal of a device.

GAIN ERROR

The difference between the actual gain of an amplifier
and the one predicted by the ideal gain expression.

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 DRIFT

The rate of change of input bias current with temperature
or time. ‘

INPUT GUARDING

The use of an input shield that is sometimes driven to
follow the voltage level of the input signal and, thereby,
remove leakage and loss-inducing voltage differences
between the input signal path and surrounding stray
conduction paths.

INPUT OFFSET CURRENT

" The difference of the two input bias currents in 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 PROTECTION

A means of protecting an input of a device from damage
due to the application of excessive input voltage.

INSTRUMENTATION AMPLIFIER

A closed-loop differential input gain block exhibiting
high input impedance and high common-mode rejection.
Its primary function is to accurately amplify the voltage
applied to its inputs.

NONLINEARITY

The peak deviation from a best straightline (curve fitting
on input-output graph) expressed as a percent of peak-to-
peak full scale output.

'OVERLOAD RECOVERY TIME

The time required for the output of an amplifier to return
from saturation to linear operation, following the
removal of an input overdrive signal.

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 change of an output voltage when
supplying the rated output.



BURR-BROWN® INA101

Very-High Accuracy
INSTRUMENTATION AMPLIFIER

FEATURES APPLICATIONS

o ULTRA-LOW VOLTAGE DRIFT - 0.25.V/°C o AMPLIFICATION OF SIGNALS
o LOW OFFSET VOLTAGE - 25..V FROM SOURCES SUCH AS:

o LOW NONLINEARITY - 0.002% Strain Gages

© LOW NOISE - 13nV/\/Hz at fg = 1kHz Thermocouples

o HIGH CMR - 106dB at 60Hz RTDs

« HIGH INPUT IMPEDANCE - 1010y o REMOTE TRANSDUCERS

o LOW COST o LOW LEVEL SIGNALS

o MEDICAL INSTRUMENTATION
DESCRIPTION

The INAIOI is a high accuracy, multistage, inte-
grated-circuit instrumentation amplifier designed for OFFSET ADJUST
signal conditioning requirements where very-high N
performance is desired. All circuits, including the
interconnected thin-film resistors, are integrated on a
single monolithic substrate.

A multiamplifier design is used to provide the highest
performance and maximum versatility with mono-
lithic construction for low cost. The input stage uses
Burr-Brown’s ultra-low drift, low noise technology
to provide exceptional input characteristics.

10k

ouTPUT
Gain accuracy is achieved with precision nichrome
resistors. This provides high initial accuracy, low
TCR (temperature coefficient of resistance) and
TCR matching, with outstanding stability as a

function of time. “:;',‘

o—vMA-

10k

State-of-the-art wafer-level laser-trimming tech- | +NPUT

niques are used for minimizing offset voltage and OO O

offset voltage drift versus temperature. This advanced o CONMON
. L I ec Voo

technique also maximizes common-mode rejection

and gain accuracy.

The INAIO! introduces premium instrumentation
amplifier performance and with the lower cost makes
it ideal for even higher volume applications.

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-454A
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SPECIFICATIONS

ELECTRICAL

At +25°C with £15VDC power supply and in circuit of Figure 2 unless otherwise noted.

MODEL I INA101AM | INA101BM, INA101SM | . INA101CM UNITS
[min] TYP MAX MmN Ty [ max  [miN] Ty | max
GAIN ]

‘- Range of Gain 1 1000 * * * * VIV
Gain Equation G =1+ (40k/RaG) * * VIV
Error From Equation, DC(1) +(0.04+0.000016G +(0.1+0.0003G * * * * % of FS

-0.02/G) - 0.05/G) !
Gain Temp. Coefficient(2)
G=1 2 5 . . . . ppm/°C
G=10 20 100 * * * * ppm/°C
G=100 22 110 . . . ppm/°C
G = 1000 22 110 M * * A ppm/°C
Nonlinearity, DC +(0.002 + 10°G) | +(0.005 + 2 x 10°G) +(0.001 +(0.002 +(0.001 +(0.002 |%ofp-pFS
+10°%G) +10%G) +10°%G) +10°%G)
RATED OUTPUT
Voltage *10 +125 * * . * \
Current *5 *125 * * * * mA
Output impedance 0.01 . * M [
INPUT OFFSET VOLTAGE
Initial Offset at +25°C(3) +25 +200/G +50 +400/G +10 £100/G | +25 +200/G +10 £100/G | +25 +200/G uv
vs. Temperature +2 +20/G +0.75 +10/G +0.25 £10/G uv/eC
vs. Supply +(1+20/G) N N VN
vs. Time +(1+20/G) * * uV/mo
INPUT BIAS CURRENT
Initial Bias Current +15 +30 *10 *30 +5 *20 nA
(each input)
vs. Temperature +0.2 * * nA/°C
vs Supply +0.1 * * nA/N
Initial Offset Current *15 +30 +10 +30 +5 *20 nA
vs. Temperature +0.5 * * nA/°C
INPUT IMPEDANCE i} i
Differential 1010) 3 * * Q| pF
Common-mode 1010 3 * * Q| pF
INPUT VOLTAGE RANGE
Range, Linear Response *10 *12 * * * N Vv
CMR with 1kQ Source Imbal.
DCto60Hz, G=1 80 90 ' | * * * " dB
DC to 60Hz, G =10 96 106 * " * * dB
DC to 60Hz, G = 100 to 1000| 106 110 i * * * * dB
INPUT NOISE
Input Voltage Noise
f8=0.01Hz to 10Hz 0.8 . N . KV, p-p
Density, G = 1000
fo=10Hz 18 . ’ nV/\/Hz
fo = 100Hz 15 . . nv/\/Hz
fo=1kHz 13 . ' nv/v/Hz
Input Current Noise
fg =0.01Hz to 10Hz 50 * N PA, p-p
Density
fo=10Hz 0.8 . . pA/\/Hz
fo = 100Hz 0.46 y . pA//HZ
fo=1kHz 0.35 * . pA//HzZ
DYNAMIC RESPONSE
Small Signal, +3dB Flatness
G=1 300 * * kHz
G=10 140 * * kHz
G =100 25 * * kHz
G = 1000 25 * * kHz
Small Signal, +1% Flatness
G=1 20 * * kHz
G=10 10 * * kHz
G =100 1 . . kHz
G =1000 200 * * Hz
Full Power, G = 1-100 6.4 * * kHz
Slew Rate, G =1- 100 0.2 04 * * * * V/usec
Settling Time (0.1%)
G=1 30 40 * * . * psec
G =100 40 55 * * * * usec
G =1000 35 470 : . : : usec
Settling Time (0.01%)
G=1 30 45 * * . * usec
G =100 50 70 . . . . usec
G = 1000 500 650 * * * * usec
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ELECTRICAL (CONT)

MODEL I INA101AM INA101BM, INA101SM INA101CM UNITS
[min| TYP MAX MIN[  TYP MAX |MIN[  TYP MAX

POWER SUPPLY

Rated Voltage +15 * B Vv

Voltage Range +5 +20 * * * * \

Current, Quiescent +6.7 +8.5 * . * * mA

TEMPERATURE RANGE

Specification(4) -25 +85 * * * * °C

Operation -55 +125 * * * * °C

Storage -65 +150 * * * . °C

*Specifications same as for INA101AM.
NOTES:

1. Typically the tolerance of Rg will be the major source of gain error.

2. Not including the TCR of Rg.

3. Adjustable to zero at any one gain. 4. -55°C to +125°C for INA101SM.

MECHANICAL

CONNECTION DIAGRAM

TO-100

=

A —
B8 —w

NOTE

O

r—

r[“—-.

Leads in true position within 0.010"
10.25mm: R at MMC at seating plane.

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

GAIN
SeT (1

OFFSET
ADJUST

OFFSET
ADJUST

INCHES MILLIMETERS
OIM | 'MIN | MAX MIN | MAX -Vee
A |.33s .370 8.51 9.40 SET +IN
8 305 .335 7.75 8.51
Seating
Plane C .165 .185 4.19 4.70 TOP VIEW
le—o o [.o16 .021 0.41 0.53
€ 010 .040 0.25 1.02
o0 o Lo 12 || ABSOLUTE MAXIMUM RATINGS
G __|.2308BASIC 5.84 BASIC Supp! +20V
H .028 .034 0.71 0.86 PpRly -
) 029 045 0.74 1.14 Internal Power Dissipation 600mW
K__1.500 - 12.70 = Input Voltage Range *Vee
L |20 160 3.05 4.06 )
™M | 36° BASIC 36° BASIC Operating Temperature Range -55°C to +125°C
N 210 [ az20 279 [ 305 Storage Temperature Range -65°C to +150°C
BOTTOM VIEW Lead Temperature (soldering 10 seconds) +300°C

Output Short-circuit Duration

Continuous to ground

TYPICAL PERFORMANCE CURVES

At +25°C and in circuit of Figure 2 unless otherwise noted.

TOTAL OFFSET VOLTAGE
00 GAIN NONLINEARITY VS GAIN CMR VS SOURCE IMBALANCE 5200 DRIFT VS GAIN
n
“ o
g / $
(-8 >
£ 0.003 2320 /
> Max £ /
£ [a]
3 ®
£ =4
5 Typ =
S 0001 — S 2
£ 3
I\!
5 N
° 3 / [9) :
L,
0.0003 1 40 3.2 l
1 10 100 1000 1 3.2 10 32 100 1 10 100 1000
Gain (V/V) Source Resistance Imbalance (kQ) Gain (V/V)




TYPICAL PERFORMANCE CURVES (CONT)

GAIN VS FREQUENCY

CMR VS FREQUENCY

GAIN ERROR VS FREQUENCY

120 5 =700, 1000
1000 =
wfpresm //
100 10%
. G=1 & /
_ =100 @ /
@ 40 = @ 2 G=1000
z ) ° = .
< . lw \ < 80 §1%
o = 2
o 20 o Balanced c / _
) \ Source 3 T G=100 /_
o pizd 1% Error 60 0.1% /| // G-!
G=10
0.01% l
10 100 1k 10k 100k 1M 1 10 100 1k 10k 10 100 1k 10k 100k
Frequency (Hz) Frequency (Hz) Frequency (Hz)
0 WARM-UP DRIFT VS TIME QUIESCENT CURRENT VS SUPPLY STEP RESPONSE
_ : |
ES =
- K _ +10 kel
g°® 2 .
= E= G = 1000
g £ ® +5
3 6 8 K ,
2 5 >
S ‘ O 27 5 0
5 € a
g ¢ \ 8 s
£ \ 2 O -5 \
< >
°® 9 g
=3 \ -10
[
0 1 2 3 4 5 ) +5 +10 +15 +20 0 100 200 300 400 500 600
Time (Minutes) Supply Voltage (Volts) Time (usec)
, INPUT NOISE VOLTAGE
1000 SETTLING TIME VS GAIN . OUTPUT NOISE VS GAIN VS FREQUENCY (100 < GAIN < 1000
0
RL=2kQ e =
) CuL =1000pF = T
£ > <
3 320 E o 2100
2 S °
£ £ Rs = 1MQ g
2 > S
£ 0.01% ] B re——
5 100 3 £ =
& 0.1% 2z 2
3 5
N 2
32
1 10 100 1000 1 100 1000 1 10 100 1000

Gain (V/V)

Gain (VV)

Frequency (Hz)

DISCUSSION OF PERFORMANCE

INSTRUMENTATION AMPLIFIERS

Instrumentation amplifiers are differential input closed-
loop gain blocks whose committed circuit accurately
amplifies the voltage applied to their inputs. They
respond only to the difference between the two input
signals and exhibit extremely-high input impedance,
both differentially and common-mode. Feedback net-
works are packaged within the amplifier module. Only
one external gain setting resistor must be added. An
operational amplifier, on the other hand, is an open-loop,
uncommitted device that requires external networks to

close the loop. While op amps can be used to achieve the
same basic function as instrumentation amplifiers, it is
very difficult to reach the same level of performance.
Using op amps often leads to design trade-offs when it is
necessary to amplify low level signals in the presence of
common-mode voltages while maintaining high input
impedances. Figure 1 shows a simplified model of an
instrumentation amplifier that eliminates most of the
problems.
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B =8+ 8y

8y =Glep-0)=G gy

N _Ghz*ﬂll/z_m
b~ TTCMRR  CMRR

'G&cm
'ﬂ's'd'm

For INAT01 G = 1 + 40k/Rg
where Rg is the gain setting resistor.

FIGURE 1. Model of an Instrumentation Amplifier.

THE INA101

A simplified schematic of the INA10! is shown on the
first page of this data sheet. It is a three-amplifier device
which provides all the desirable characteristics of a
premium performance instrumentation amplifier. In ad-
dition, it has features not riormally found on integrated
circuit instrumentation amplifiers.

The input section (Al and A2) incorporates high per-
formance, low drift amplifier circuitry. The amplifiers are
connected in the noninverting configuration to provide
the high input impedance (10'°Q2) desirable in the instru-
mentation amplifier function. The offset voltage and
offset voltage versus temperature is low due to the
monolithic design and improved even further by the
state-of-the-art laser-trimming techniques.

The output section (A3) is connected in a unity-gain
difference amplifier configuration. A critical part of this
stage is the matching of the four 10k} resistors which
provide the difference function. These resistors must be
initially well matched and the matching must be main-
tained over temperature and time in order to retain
excellent common-moderejection. (The 106dB minimum
at 60Hz for gains greater than 100V/V is a significant
improvement compared to most other integrated circuit
instrumentation amplifiers.)

All of the internal resistors are compatible thin-film
nichrome formed with the integrated circuit. The critical
resistors are laser-trimmed to provide the desired high
gain accuracy and common-mode rejection. Nichrome
ensures long-term stability of trimmed resistors and
simultaneous achievement of excellent TCR and TCR
tracking. This provides gain accuracy and common-
mode rejection when the INA101 is operated over wide
temperature ranges.

USING THE INA101

Figure 2 shows the simplest configuration of the INA101.
The gain is set by the external resistor, Rg with a gain
equation of“G =1+ (40K/Rg). The reference and TCR of
Rg contribute directly to the gain accuracy and drift.

For gains greater than unity, resistor R¢ is connected
externally between pins | and 4. At high gains where the
value of R becomes small, additional resistance (i.e.,
relays, sockets) in the Rg circuit will contribute to a gain
error. Care should be taken to minimize this effect.

The optional offset null capability is shown in Figure 2.
The adjustment affects only the input stage component of
the offset voltage. Thus, the null condition will be
disturbed when the gain is changed. Also, the input drift
will be affected by approximately 0.31uV/°C per 100uV
of input offset voltage that is trimmed. Therefore, care
should be taken when considering use of the control for
removal of other sources of offset. Output offsetting can
be accomplished in Figure 3 by applying a voltage to the
Common (pin 7) through a buffer amplifier. This limits
the resistance in series with pin 7 to minimize CMR error.
Resistance above 0.1Q) will cause the common-mode
rejection to fall below 106dB. Be certain to keep this
resistance low.

BASIC CIRCUIT CONNECTION

The basic circuit connection for the INA10I is shown in
Figure 2. The output voltage is a function of the
differential input voltage times the gain.

This circuit may be used as a replacement
for the single potentiometer. it will adjust
offset and leave drift unchanged.

+gp

2N2222

+Vie  OPTIONAL Ma

|

|

i
OFFSET |
ADJUST |
|

i

I

|

100k

OUTPUT

INRIDY

Eg = [1 + 40K /Rg)] (Ep - Eq)

Yoo

FIGURE 2. Basic Circuit Connection for the INA101
Including Optional Input Offset Null
Potentiometer.

OPTIONAL OFFSET ADJUSTMENT PROCEDURE
It is frequently desirable to null the input component of
offset (Figure 2) and occasionally that of the output
(Figure 3). The quality of the potentiometer will affect the
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Ep

INA101

g

OUTPUT

+15V0C

EXTERNAL -15V0C
AMPLIFIER

FIGURE 3. Optional Output Offset Nulling or Offsetting Using External Amplifier (Low Impedance to Pin 7).

results, therefore, choose one with good temperature and
mechanical-resistance stability. The procedure is as
follows:

1.

2.
3.

Set E; = E; =0V (be sure a good ground return pathv

exists to the input).

Set the gain to the desired value by choosing Rg.
Adjust to 100k} potentiometer in Figure 2 until the
output reads 0V £1mV or desired setting. Note that
the offset will change when the gain is changed. If the
output component of offset is to be removed or if it is
desired to establish an intentional offset, adjust the
100k} potentiometer in Figure 3 until the output
reads OV =1mV or desired setting. Note that the offset
will not change with gain, but be sure to use a stable
external amplifier with good DC characteristics. The

range of adjustment is £15mV as shown. For larger
ranges change the ratio of Ri to Ra.

TYPICAL APPLICATIONS

Many applications of instrumentation amplifiers involve
the amplification of low level differential signals from
bridges and transducers such as strain gages, thermo-
couples, and RTD’. Some of the important parameters
include common-mode rejection (differential cancellation
of common-mode offset and noise, see Figure 1), input
impedance, offset voltage and drift, gain accuracy,
linearity, and noise. The INAI0OI accomplishes all of
these with high precision.

Figures 4 through 9 show some typical applications
circuits.

v 14F OPTIONAL
TRANSDUCER S A__ﬂ g—‘]
ORSENSOR ——> ~\
E, RESISTANCE A
. BRIDGE Ep / \\ / Eq = (1 + (40k/Rg)) (€2 - Ey)
R~ R I !
(]
\ AEm : [
| [ +
! I Egur
\ // \\ /
e
SHIELD

-0.001,4F {7

FIGURE 4. Amplification of a Differential Voltagefrom a Resistance Bridge.
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0.001.F

1uF
NOISE (BOHz HUM) y

===~
7 AY 7 \
} roN
I \ ! \
\
TRANSOUCER OR ! | |
ANALOG SIGNAL | I I (8)
\ I ,’ Equr
\ \
? \ 4/ \ /
N7 N~ 7
TRANSFORMER ‘ 3 ,
NOISE (60Hz HUM) SHIELD
W= =

0.001 {7

FIGURE 5. Amplification of a Transformer Coupled Analog Signal.

+V0C
t
© V32 | migmAL
) (FM)
47 +15VC
TWISTED (4) I
PAIR 10k 2 By
(10 "

10k Y OFFSETTING

EXTERNAL

AMPLIFIER The range of +VOC Is OV to +7.5V

FIGURE 6. Output Offsetting Used to Introduce a DC Voltage for Use with a Voltage-to-Frequency Converter.

+15VDC (from isolation power supply)

mv, pp Rg ¢

EﬂUT W, pp

-15V0C
(from isolation

power supply) 6

FIGURE 7. ECG Amplifier or Recorder Preamp for Biological Signals.
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ISOLATION AMPLIFIER

3650
INATO! o0R /p————o
3656 /
Equr
$ +15V0C -15V0C +15V0C +15V0C
INPUT ISOLATION POWER SUPPLY QUTPUT  |—=—-15VDC
COMMON 73 COMMON __7
FIGURE 8. Precision Isolated Instrumentation Amplifier.

B | mmor
—3 CHANNEL SELECT
E
5 INATO! GAIN SELECT

_ CONTROL LOGIC
— °F

+ W7 cp| [CE
Eq INA101 ING

_ INS|
-] IN4|

N3 PGAI00

—_— IN2

+ “VREE NI Egur
s INATO! -{ o
—+
E INATO1

*Vger AND GROUND
—= MAY BE USED FOR
ERROR CORRECTION

p—— +
) INATO!

FIGURE 9. Multiple Channel Precision Instrumentation Amplifier.
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BURR-BROWN?®

PGA100

Digitally-Controlled
Programmable Gain/Multiplexed Input
OPERATIONAL AMPLIFIER

FEATURES

 HIGH GAIN ACCURACY. +0.02%, max [B grade)

o LOW NONLINEARITY, +0.005%, max (B grade)

o FAST SETTLING, 5usec to 0.01%

o LOW CHANNEL-TO-CHANNEL CROSSTALK, +0.003%
o INPUT PROTECTION, +20V, max above +Vge

© 8 ANALOG INPUT CHANNELS WITH HIGH Z)y, 10110
* 8 BINARY GAINS 1,2, 4, 8, 16, 32, 64, 128 (V/V)

o FULLY MICROPROCESSOR-COMPATIBLE

DESCRIPTION

The PGA100 is a precision, digitally-programmable-
gain multiplexed-input amplifier. The user can select
any one of eight analog input channels simulta-
neously with any one of eight noninverting binarily
weighted gain steps from 1 to 128 (V/V). The digital
gain and channel select are latchable for micro-
processor interface. Also, the fast Susec settling time
is ideal for rapid channel scanning in data acquisition
systems.

Precision laser-trimming of both offset voltage and

APPLICATIONS

o DATA ACQUISITION SYSTEM AMPLIFIER

o SOFTWARE ERROR CORRECTION

« AUTO-ZEROING CAPABILITY

* DIGITALLY-CONTROLLED AUTORANGING SYSTEM

« TEST EQUIPMENT

o REMOTE INSTRUMENTATION SYSTEM

« SYSTEM DYNAMIC RANGE AND RESOLUTION
IMPROVEMENT

gain accuracy, ‘/ith good temperature tracking of
feedback resistor ratios, permits direct use without
adjustments. However, hardware or software cor-
rection of errors is readily achievable.

In addition, gain scaling to gains other than 1 to
128V/V can easily be accomplished.

Microcircuit construction and the use of laser-
trimmed thin-film feedback resistors achieve high
accuracy, small size, and low cost not obtained with
discrete designs.

( cP
CONTROL
INPUTS

L

AA

3 >
ézn ; ] % A $m m$
3R 3R 3 b 1N GAIN

<d

>

A

EEn R
1

W

ANA——A/

<
<
<

VW

ADJUST

_AN"

GAIN SWITCH

DIGITAL INPUTS

\ SELECT

ANALOG
INPUT

channeL| *20]

cumunsl,ﬁz

Aol
LiXe

[ 1]

TTL LATCH

—=Vpp

g

P & |

INPUT
MULTIPLEXER

—]

OUTPUT

d

(o]
Voo

el
DIGITAL COMMON -Vc% ANALOG COMMON  *VeC

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

ELECTRICAL .

Specifications at Ta = +25°C, +Vcc =‘15VDC, Vpp =+5VDC unless otherwise noted.

IR PGA100AG PGA100BG =

PARAMETER CONDITIONS MIN 1 TYP l MAX MIN l - TYP MAX UNITS

GAIN, G .

Inaccuracy() G=110128,lo =1mA +0.01 +0.05 +0.005 +0.02 % *
vs Temperature(2) -25°C < TA <'+85°C *5 +10 * * ppm/°C
vs Time +0.001 M %/1000 hrs.

Nonlinearity(3) G=110128, lo =1mA +0.004 +0.01 +0.002 +0.005 % of FS
vs Temperature(2) -25°C < Ta < +85°C +2 +5 * * ppm/°C
vs Time +0.001 * %/1000 hrs.

Warm-up Time 1 * " min

RATED OUTPUT

Voltage lo=12mA *10 . v

Current Vo =10V +2 * mA

Output Resistance G<128 0.05 M 0

Short Circuit Current +15 . mA’

Capacitive Load Range Phase Margin = 25° 1000 * pF

INPUT OFFSET VOLTAGE

Initial Ta=+25°C 01 | #1 +0.05 +0.5' mv
vs Temperature -25°C < Ta < +85°C +6 M uv/eC
vs Supply Voltage +8VDC < | Vec | <+18VDC +10 +80 * * VNV
vs Time *15 * pV/mo.

INPUT BIAS CURRENT

Tnitial Ta=+25°C
“OFF” Channel ~ 10 * . pA
“ON" Channel 0.1 . +1 nA
vs Temperature Note 4 >

INPUT DIFFERENCE CURRENT,

BETWEEN CHANNELS

Initial TAa=+25°C
“OFF” Channel +20 * pA
“ON" Channel +0.2 * +2 nA
vs Temperature Note 4 .

ANALOG INPUT CHARACTERISTICS

Absolute Max Voltage No damage +(|Vcc|+20) * v

Input Volitage Range Linear operation *10 * \"

Input impedance !

“OFF” Channel 1012 5 * Q| pF
“ON” Channel 1011 || 25 * Q| pF
INPUT NOISE
Voltage Noise Density fo=THz 200 * nV/v/Hz
fo=10Hz " 60 * nV/A/Fz
fo = 100Hz 25 . N
fo=1kHz 18 * nVA/Fz
fo = 10kHz' 18 * nV//Fz
fo = 100kHz 18 * nV//Rz

Voitage Noise fa =0.1Hz to 10Hz 26 . uV, pp

Current Noise Density fo = 0.1Hz thru 8kHz 6 * tAA/Fz

Current Noise 8 =0.1Hz to 10Hz 115 . 1A, p-p

DYNAMIC RESPONSE

Gain Bandwidth Product 5 * MHz

Full Power Bandwidth G =1, Vo =20V, p-p, RL =5k 220 80 . kHz

Slew Rate G =1, Vo =110V, RL'=5k0 14 5 . V/usec

Settling Time(5) G =1, Vo =10V, RL = 5k
e=1% 25 * usec
e=01% 3 * usec
e=0.01% E 5 * usec

Rise Time 10% to 90%, small signal 70 * nsec

Phase Margin G=1,RL=5kQ 60 * Degrees

Overload Recovery (6) G = 1, 50% overdrive 2 * usec

Crosstalk, RTI(8)}(7) 20V, p-p, 1kHz sine, Rs = 1k} +0.003 * %

on all OFF channels

DIGITAL INPUT(8)

Input “Low” Threshold, ViL 0.8 . v

Input “High” Threshold, Vin 20 * \

fmax, Maximum Clock Frequency 30 * MHz

twL, Clock Pulse Width (Low) "Figure 1 20 * nsec
ts,, Setup Time (Data to CP) Figure 1 20 i nsec
tny, Hold Time (Data to CP) Figure 1 5 : nsec
ts,, Setup Time (CE to CP) Figure 1 25 . nsec
th,, Hold Time (CE to CP) Figure 1 5 N nsec
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ELECTRICAL (CONT)

PGA100AG PGA1008G
PARAMETER CONDITIONS MIN —L TYP T MAX MIN l TYP l MAX UNITS
ANALOG SUPPLY
Rated Voltage *15 N VvDC
Voltage Range Derated performance +8 +18 * . \
Positive Quiescent Current +20 +27 +15 +20 mA
Negative Quiescent Current -10 -16 -7.5 -12 mA
DIGITAL SUPPLY
Rated Voltage +5° * VvDC
Voltage Range +4.75 +5.25 . . v
Quiescent Current Vpp = +5.25V 15 27 . M mA
TEMPERATURE RANGE
Specification -25 +85 N °C
Operating Derated performance -55 +125 M N °C
Storage -55 +125 * . °C

*Specifications same as PGA100AG.

NOTES:

. Inaccuracy is the percent error between the actual and ideal gain

selected. It may be externally adjusted to zero.

Parameter is untested and is not guaranteed. This specification

is blished to a 90% fidence level.

. Nonlinearity is the maximum peak deviation from a “best straight line”
(curve fitting on input-output graph) expressed as a percent of the full

-

L

w

6.

7.

8.

scale peak-to-peak output. Gain constant, VouT ranges from-10V to +10V.

>

Doubles approximately every 10°C.
See Typical Performance Curves.

o

MECHANICAL

Time required for the output to return from saturation to linear
operation following the removal of an input overdrive signal.
Crosstalk is the amount of signal feedthrough from all OFF channels
that appears at the output of the input multiplexer. It is expressed as a
percent of the signal applied to all OFF channels

All digital inputs are one 74LSTTL load.

ABSOLUTE MAXIMUM RATINGS

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

|

(e00000000000
24 13

le— 0 —u

1
0000000000

M

le— H

L

A
NOTE: .
Leads in true position within
0.010” (0.25mm) R at MMC at seating plane.

I —

i Mg T T
ol i

CASE: Black Ceramic

MATING CONNECTOR: 245MC

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

WEIGHT: 6.3 grams (0.225 0z.)

HERMETICITY: Conform to method 1014 Condition C
Step 1 (fluorocarbon) of MIL-STD-883 (gross leak).

INCHES MILLIMETERS
DIM [ MmN | MAX MIN | MAX
A 1310 [ 1360 | 3327 | 34.54
8 770 810 | 1956 | 20.57
c 150 210 | 3.81 5.33
D .018 021 0.46 0.53 '
£ .035 0s0 [ 089 1.27
[ 100 BASIC 2.54 BASIC
H 110 | 30 | 279 | 330
K 1150 .250 381 | 6.35
L 600 BASIC 15.24 BASIC
N 002 | 010 005 | 025
R 085 | 105 216 | 267

Analog Supply +18V
Digital Supply +7V
Input Voltage Range, Analog *(|Veel +20)V
Input Voltage Range, Digital +7Vv
Storage Temperature Range -55°C to +125°C
Lead Temperature (soldering 10 seconds) 300°C
Output Short-circuit Duration Continuous to ground
Junction Temperature 175°C

PIN DESIGNATIONS

(TOP VIEW)

ANALOG
COMMON*

CE Clock
Enable Not)

m CP (Clock Pulse)

ADJUST

*Connected internally. Use pin 20 as the primary analog common.
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TYPICAL PERFORMANCE CURVES

(Ta =+25°C. £V¢cc =15VDC, Vpp = +5VDC, unless
GAIN ACCURACY VS GAIN

otherwise noted.)
GAIN NONLINEARITY VS GAIN

GAIN-ACCURACY AND NONLINEARITY

15 VS TEMPERATURE
+0.0 +0.015 +0.06 ey
L Accuracy
_+002 & T0.01 +0.04 /L
2 u b, ’ Nonlinearity
- L », .
g+0.01 7 ;ro‘oosx
3 £
Q
g S
< 1IN // = UL Y
6 -0.01% g.o 00
. 5 ) RL= 10klﬂ d | | N
RL= 10k o | p G=1thru128
0.02 } ' -0.01 5 GLA 1065G 0.04 RL =100
PaAt00BG ) I PGA100BG
.03 0,015 0.06 e —
1 2 4 8 16 32 64 128 2 4 8 16 32 64 128 35 -15 +5 +25 +45 +65 +85
Gain (V/V) Gain (V/V) Temperature (°C)
GAINACCURACY AND SETTLING TIME VS GAIN T e N
NONLINEARITY VS OUTPUT CURRENT 60 : 60 .
03
+0.02 %0 50
A " - Vout =20V, p-p
Nonlinearit; = S "
Accuracy y |~ 3 Vour =20V, p-p g =0.01%, AL = 5k
+0.01 40 Rs =500 2 40
— 4| 2 RL = 5k0 - i
g £ 4 oo | A E f
§ 0 e 0.1% > % 7 '
= o . o £ Rs =100k
u £ 1% £ |
-0.01 T £ 20 3 20 Rs =10k
3 '
G=1thru128 / N\
20.02 RL = 10kQ 10 17 10 \\
PGA100BG Rs<1kQ
-0.03 | — 0 0 1
2 3 4 5 6 1 2 4 8 16 32 64 128 1 2 4 8 16 32 64 128
Output Current (mA) Gain (V/V) : Gain (VV)
LARGE SIGNAL OUTPUT FREQUENCY CHARACTERISTICS
SMALL SIGNAL FREQUENCY RESPONSE VOLTAGE VS FREQUENCY VS AMBIENT TEMPERATURE
50 30 1.3
G=128 12 _Bandwidth
40 - — z 5 .
il é ~ / /
~ G ='32 \ 2 1 N P
g 0 G = Z 2 g N é
i) = Py s
< + o Vce = +18VDC >
& 20 G=8 \‘ % 15 < 210 Slew Rate
G=4 N > Voo =+ 5
+ 5 cc = +15VDC =
10 G - 2 8 10 1 I 09}
G=1 s Ve = +8VDC \ 1 /\
0 - 5 0.8 I
w Settling Time
) 07 Ll Lﬁs
10 100 1k 10k 100k 1M 10M 0 100 1k 10k 100k 1M 10M -85 -15 +5 +25 +45 +65 +
Frequency (Hz) B Frequency (Hz) Temperature (°C)
FREQUENCY CHARACTERISTICS® SMALL SIGNAL ' LARGE SIGNAL
1 VS SUPPLY VOLTAGE TRANSIENT RESPONSE TRANSIENT RESPONSE
1.2 +100 +10
. " ; —
14  Settling Time E 450 > +5
g e > & Rs =500
G / <) Rs = 500 s
> S~ s AL = 5kQ 3 RL = 5kQ)
2 10 S o L >0 G=1
£ ~ 2> G= 5
- " 3 Q
2 09 '/ Bandwidth g_ 50 8 5
L ]
08 Slew Rate 100 -10
0.7 r
5 15 20 0 02 04 06 08 1.0 CEIE 10 15 20 25

10
Supply Voltage (+Vcc)

Time (usec)

2-18

Time (usec)



-

Z)

Input Noise Voltage (nV/:

Power Supply Rejection (dB)

Change In Input Offset Voltage (uV)

Analog Supply Current (mA)

CHANNEL-TO-CHANNEL

INPUT NOISE INPUT NOISE
VOLTAGE VS FREQUENCY 1000 CURRENT VS FREQUENCY CROSSTALK VS FREQUENCY
000
|
o G=
7 10
g
100 N £ 100 g !
N, £ ™
S =1 =
S, o ’ . % 01
3 / g
2 g
w Z 10 0.01
=]
Q
£
0.001
. 0.0001
1 10 100 1k 10k 100k 1M 1 10 100 1k 10k 100k 1M 1 10 100 1k 10k 100k 1M
Frequency (Hz) Frequency (Hz) . Frequency (Hz)
POWER SUPPLY INPUT BIAS CURRENT INPUT BIAS CURRENT
REJECTION VS FREQUENCY VS SUPPLY VOLTAGE VS TEMPERATURE
120 1.6 - - 1000
100 514 £ 100
\ Positive Supply £ g /
\ o /' 8
80 ° 12 2 10 //
\\ @ o
60 2 1.0 3 1.0
\ £ £
°
“ N = os g o e
X \ ] = -
Negative Supply 13 / £ A
20 \N 2 06 / Soo
0 0.4 . 0.001 |
10 100 - 1k 10k 100k 1M 10M 5 10 15 -85 -15 +5 +25 +45 +65 +85
Frequency (Hz) Supply Volitage (+Vcc) Temperature (°C)
STABILIZATION TIME OF INPUT OFFSET THERMAL RESPONSE TIME OF INPUT OUTPUT VOLTAGE
150 VOLTAGE FROM POWER TURN-ON OFFSET VOLTAGE FROMHEAT APPLICATION VS OUTPUT CURRENT
400 - T
T
> ! l
2 i
125 @ 375 25 - —
2 E] P
100 2 300 / S { |
2 b i
£ — - Vcec =+18VDC
75 Y, TA=25°CtoTa=85C_| 845
5 Air Environment S |
. e 310 Ve = +15VDC
5 c 150 =3
~ ; ]
/ 2 o Vce = +8VDC
25 s 75 5
o
0 4 6 8 10 12 0 1 2 3 4 5 0 4 10 1
Time From Power Turn-on (min) Time From Heat Application (min) Output Current (mA)
ANALOG SUPPLY CURRENT QUIESCENT SUPPLY ANALOG INPUT
VS SUPPLY VOLTAGE CURRENT VS TEMPERATURE OVERVOLTAGE CHARACTERISTICS
1 3
12 12 15 /I
£ /
1.1 g 11 .. €12
Positive Current 4 % ‘\ ’/Dlmtal g /
4 > 3
\ [ \ O g /
1.0 210 b
= — 5 /
\ = T— 2 /
. [ =
08 /// < og ,J ™~ o6 7
// \ Analog N S /
tive Current ;
08 NegaI ive Curren 08 <3
07 l 0.7 VR T— 0
5 10 15 20 -85 -15 +5 +25 +45 +65 +85 5 18 21 24 27 30 33 36

Supply Voltage (+Vce)

Temperature (°C)
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DISCUSSION OF
PERFORMANCE

The PGAI100 is a self-contained programmable-gain
amplifier whose gain can be changed in 8 binarily
weighted steps from 1 to 128 or as scaled externally
through the gain scale/adjust pin. The gain control is

“dccomplished by the gain switch (break-before-make)
Whose position is determined by the 3-bit TTL address,
As, As, and As. When selected, 1 of 8 positions connects
the thin-film resistor network to the feedback loop of the
op amp. This establishes the desired gain: (See Installa-
tion and Operating Instructions for gain scaling.)

Similarly, the 8 analog input channels are switched by the
input multiplexer (break-before-make) whose position is
determined by the 3-bit TTL address, Ao, A1, and As.
Gain and channel selection appear in Table 1. 64-channel/
gain combinations are possible.

The digital inputs are latched by the positive transition of
the clock pulse, pin 18, when the clock enable, pin 19, is
low. The relative set up and holding times specitied in the
Electrical Specifications are shown in Figure 1. The
internal latch is similar to the industry standard 74LS378.
Figure 2 shows a timing diagram for selected addresses
indicating: the enable function, changing channel and
gain, changing channel/constant gain, and constant
channel/ changing gain.

TABLE I. Gain and Channel Select Truth Table.

GAI&LE CT GAIN CHANNEL SELECT | CHANNEL |
As | A4 | A3 Az | A1 Ao
[} 0 0 1 0 0 0 INO
0 0 1 2 1] 0 1 IN1
0 1 0 4 0 1 0 IN2
0 1 1 8 0 1 1 IN3
1 0 0 16 1 0 0 IN4
1 0 1 32 1 0 1 IN5
1 1 0 64 1 1 0 IN6
1 1 1 128 1 1 1 IN7
DATA
ADDRESS

twi

‘ A5
GAIN SELECT

N

CHANNEL ) o,
SELECT

__DISABLED ‘
®omn L) L |
ENABLED

POSITIVE
TRIGGER —— d " : !
. . 1 1 [}
CHANNEL CHOSEN N0 INO NN N7
R S S
] » 1 ! 1
GANCHOSEN 6=1  g=1 622 G=2 G=128

FIGURE 2. Timing Diagram for Selected Addresses.

INSTALLATION AND
OPERATING INSTRUCTIONS

POWER SUPPLY AND SIGNAL CONNECTIONS

%/ N/

FIGURE 1. Data Address and Clock Enable Setup and
Hold Times.

/ ”"’741 e 1000pF 14F +15V0C
g (Q < +

9
H le 0% T I SUPPLY
] O
s JQ 19 | | aNaLos
iﬁ 4 13¥DyscaLe GROUND!
- V
§ 24 PEAI00 1
g (23 10

?-] I
muop'r'r

= . n <
N\ *Connect pins 5 L <
S|  and 20 together
é externally but uss
=1 pin 20 as Analog
Common.

Vout = *Bsslected VIN

FIGURE 3. Basic Power Supply, Ground, and
Signal Connections. .

Figure 3 shows the proper analog and digital power
supply connections. The supplies should be decoupled
with 1uF tantalum and 1000pF ceramic capacitors as
close to the amplifier as possible. To avoid gain errors
connect grounds as indicated being sure to minimize
ground resistance. Note that a resistance of greater than
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0.005() in series with the analog common will degrade the
specified gain accuracy. IMPORTANT: Normally the
digital ground is brought in from the digital power supply
on a separate line. However, the analog and digital
commons must be connected together somewhere in the
system.

OPTIONAL GAIN SCALE/ADJUST

The gain scale/adjust pin is shown in Figure 4. When no
connection is made, gains appear as in Table 1. At least
two functions can be performed. First, the gain range can
be scaled to gains other than 1 to 128, for example, 1 to
100 or 1 to 1024. Gain steps, however, retain binary
weighting. Some examples are: (1, 1, 2, 4, 8, 16, 32, 64
with pins 11 and 12 connected together), (1, 1.5625, 3.125,
6.25,12.5, 25,50, 100), (1, 12.5, 25, 50, 100, 200, 400, 800),
and (1, 16, 32, 64, 128, 256, 512, 1024). Scaling is
accomplished by using a potentiometer, R;, shown in
Figure 4. Be certain to use a potentiometer of good
mechanical and thermal stability. Additional gain drift
with temperature should be minimal since it depends on
the thermal tracking of the resistance ratio, Ra to Ry, set
by the potentiometer.

+5V0C

ng

+15V0C

FIGURE 4. External Gain and Offset Adjustment.

Second, the gain inaccuracy, remaining after laser trim-
ming at the factory, can be adjusted to zero at any gain
other than unity. To improve resolution and limit
adjustment range, a resistor may be added in series with
the wiper of the potentiometer and pin 12. This will,
however, increase gain drift. Figure S shows the effect of
gain adjustment. R, does not affect gain linearity.

OPTIONAL OFFSET ADJUSTMENT

Figure 4 also illustrates a technique for offset adjustment.
This adjustment has no effect at unity gain. R, will trim
the offset to zero and have neglible effect on the gain
accuracy. For best results, trim the offset at the highest
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I/ 4
" AL
’
32 3 /
S 37 A
: A
- 4 ’
(7] o J’ ’7
4 2¥,<1 GaiN ADJUST
/17| woves Like
o e AS SHOWN
7 7
. ”I
BV
000 001 010 011 100 101 10 111
Digital Input (Ag, Ay Ay

FIGURE 5. Effect of Gain Adjustment.

gain. If R; is made smaller, output offsetting can be
accomplished. This can be used to introduce an inten-
tional DC voltage at the output. The external amplifier
used will add to the input noise, therefore, use one with a
noise level of at least three times lower than that specified
for the PGA100.

LAYOUT CONSIDERATIONS

Proper attention to layout is necessary to achieve the
specified performance of the PGA100. Major goals are to
reduce crosstalk, noise pickup, noise coupled from the
power supply, and gain errors.

Be certain to separate analog and digital runs to avoid
coupling of digital transients. To reduce gain errors,
connect analog grounds with a ground plane or a low
resistance star configuration as shown in Figure 3.
Analog and digital commons must be connected at some
point in the system to insure proper operation.

GAIN INACCURACY AND NONLINEARITY

As shown in Figure 3, connect pins 5 and 20 directly
together at the unit and use pin 20 as the primary analog
common. Ground resistance in series with pin 20 also
appears in series with the internal gain-setting resistors
and will decrease the magnitude of all gains except unity.
The resulting accuracy error varies nonlinearly with the
gain selected and therefore cannot be externally adjusted
to zero for more than one gain at a time. Gain linearity is
not affected by external ground resistance (see Per-
formance Curves.)

CROSSTALK

Crosstalk is the amount of signal feedthrough from all
OFF channels that appears at the output of the input
multiplexer. Itis expressed as a percent of the input signal
applied to all OFF channels. For example, the 0.003%
specification indicates that 0.6mV, p-p, out of a 20V, p-p,
1kHz sine wave (applied to 7 OFF channels) will appear
at the noninverting input of the internal op amp. Note
that crosstalk increases with high frequencies due to the
capacitive coupling between ON and OFF channels. It
also increases with greater source resistance. However,
because both the input signal and crosstalk noise are
amplified equally, the resulting output signal-to-noise




ratio is independent of gain. Unused input channels
should be grounded in order to reduce crosstalk and
: extraneous noise pickup. (See Performance Curves.)

SETTLING TIME

Settling time is 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. It is a very important consideration since * s will
- be the limiting parameter in determining the maximum
‘channel scanning or throughput rate. The PGA100
specification includes the effects of both the multiplexer
and amplifier. Note that settling time increases with
increasing source resistance and gain. Minimum settling
time is achieved by choosing a low source resistance, for
example, Rs < 10k{) and gains < 16. (See Performance
Curves.)

INPUT OVERVOLTAGE PROTECTION

The PGA100 provides input overvoltage protection of
20V inexcess of either power supply voltage expressed as
+( |Vec |+20). This is achieved in the dielectrically
isolated analog multiplexer which will withstand over-
voltage even when the power supplies are off. As a
consequence the PGA100 is protected against high input
levels and brief transient spikes of up to several hundred
volts that can result from signals originating from outside
the system. (See Performance Curves.)

TYPICAL APPLICATIONS

The PGAI00 is 1deal for a variety of appllcauons,
-especially where low channel-to-channel crosstalk i3
required. In many applications the PGA100 will not
require trimming of offset and gain errors. However,
these can be minimized utilizing hardware or software
error correction techniques. Figures 6 and 7 show

applications of the PGAI100 separately and in a data
acquisition system.

Figure 7 showsa Data Acquisition System. In this system

‘the PGA100 allows the user to deal with signals of wide

dynamic range while maintaining high system resolution.
For example: When used with a 12-bit A/ D converter in
a “floating point” system, the 2’ gain range of the
PGA100 plus the 2" range of the converter produces a
total system resolution of 2'° (524,000 to 1).

Also the user can modify and reprogram gain values for
different anaiog input channels merely by changing the
software computer program. Since different dedicated
amplifiers are not required for various input channels,
the PGA100 also saves space and overall system costs.

-Software correction virtually eliminates system offset

and gain errors over both time and temperature.

CHANNEL SELECT

GAIN SELECT
o} ¥ e
y INS
INPUT
SIGNALS [
o] M
O—l‘ LEVEL DET.|—

IN2|
oH—

‘wavee - |VAer N0
USEDFORERMORY [ |

CORRECTION

ANALOG COMMON

v

FIGURE 6. Digitally Selectable Function Amplifier..

I carosey |

£

™I ~ OATA BUS
KEY- 4 MICROCOMPUTER . :
BOARD ‘ ADDRESS BUS L
| @ : >| ADORESS DECODER. [T e—
2 CONTROL BUS <
[
o N -
£ < . |
= |cuanwee SELECT [ fam | P 1\
>E\~u GAIN SELECT. cE
e ——— AN
8 ANALOG INPUT CHANNELS CONVERTER
Ly Adceo
FOR OFFSET. AND GAIN | VREF
CORRECTION

FIGURE 7. Use of PGA100 in a Data Acquisitién System with Software Auto-zero and Gain Calibration.
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BURR-BROWN®

XTR100

ADVANCE INFORMATION

Subject to Change

Precision, Low Drift
4mA to 20mA
TWO-WIRE TRANSMITTER

FEATURES

o INSTRUMENTATION AMPLIFIER INPUT
Low Offset Voltage, 25,V max
Low Voltage Drift, 0.5.V/°C max
Low Nonlinearity, 0.01% max

o TRUE TWO-WIRE OPERATION
Power and Signal on One Wire Pair
Current Mode Signal Transmission
High Noise Immunity

o DUAL MATCHED CURRENT SOURCES

« WIDE SUPPLY RANGE, 11.6V to 40V

e -40°C TO +70°C SPECIFICATION RANGE
o SMALL 14-PIN DIP PACKAGE

DESCRIPTION

The XTR100 is a microcircuit, 4mA to 20mA, two-
wire transmitter containing a high accuracy instru-
mentation amplified (IA), a voltage controlled output
current source, and dual-matched precision current
references. This combination is ideally suited for
remote signal conditioning of a wide variety of
transducers such as thermocouples, RTD’s, ther-
mistors, and strain gauge bridges. State-of-the art
design and laser-trimming, wide temperature range
operation and small size make it very suitable for
industrial process control applications.

The two-wire transmitter allows signal and power to
be supplied on a single wire-pair by modulating the
power supply current with the input signal source.
The transmitter is immune to voltage drops from
long runs and noise from motors, relays, actuators,
switches, transformers, and industrial equipment. It
can be used by OEMs producing transmitter modules

APPLICATIONS

« INDUSTRIAL PROCESS CONTROL
Pressure Transmitters
Temperature Transmitters
Millivolt Transmitters

« RESISTANCE BRIDGE INPUTS

« THERMOCOUPLE INPUTS

« RTD INPUTS

« CURRENT SHUNT (mV) INPUTS

o AUTOMATED MANUFACTURING

o POWER PLANT/ENERGY SYSTEM MONITORING

or by data acquisition system manufacturers. Also,
the XTR100 is generally very useful for low noise,
current-mode signal transmission.

o
\Y

Iner, ©

%
60— - '

{ —
SPAN

520-——-—4

———

L OPTIONAL OFFSET NULL

OPTIONAL BANDWIDTH |
L
CONTROL

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-467
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SPECIFICATIONS

ELECTRICAL
At Ta = +25°C, +Vcc = 24VDC, RL = 10011 unles otherwise noted.

B : XTR100AM/AP XTR100BM/BP
PARAMETER CONDITIONS/DESIGNATION | MIN | TYP | max | MmN | Ty | max | uniTs
OUTPUT AND LOAD CHARACTERISTICS
Current Linear Operating Region 4 20 * " mA
Current Derated Performance 38 22 * * mA
Current Limit lo min 28 38 * * mA
Offset Current Error los, lo =4mA +4 . uA
Offset Current Error vs Temp. Alos/AT +10 N ppm, FS/°C
Full Scale Output Current Error Full Scale = 20mA +20 * HA
Power Supply Rejection 120 * dB
Power Supply Voltage Ve, pins 7 & 8, compliance() ' | +11.6 ! +40 * * vDC
Load Resistance AtVcc =+24V, lo =20mA 600 * Q
At Vcc = +40V, lo = 20mA 1400 * o)
SPAN .
Equation Rsin 0, e1andezinV io = 4mA + [(0.016mA/mV + (40/Rs)] (2 - €1
Untrimmed Error(2) ESPAN -3 0 * * %
Nonlinearity ENONLINEARITY 0.01 * %
Hysteresis 0 * %
Dead Band 0 * %
Temperature Effects +100 * ppm %/°C
INPUT CHARACTERISTICS
Impedance . . . .
Differential 0.4 || 0.047 " GN | uF
Common-Mode 10 || 180 * GQ || pF
Voltage Range, Full Scale Ae =(ez2-e1)(3) 0 1 * * \
Offset Voltage Vos +50 . *25 uv
vs Temperature AVos/AT +1 +0.5 uv/eC
Bias Current I8 150 * nA
vs Temperature Alg/AT 1 B * nA/°C
Offset Current losi 30 | ) * nA
vs Temperature Alosi/AT 0.3 * nA/°C
Common-Mode Rejection(4) DC - 90 * . dB
Common-Mode Range e1 and e2 with respect to pin 7 4 6 * * \
CURRENT SOURCES
Magnitude 1 " mA
Accuracy ' Vce =24V, VPN g to VPIN 10, 11= )
: 14V, Rz = 5k, Fig. 3 +0.05 * %
vs Temperature *30 - ppm/°C
vs Time *8 * ppm/mo.
Ratio Match Tracking
Accuracy 1 - IReF1/IReF2 +0.01 . %
vs Temperature +10 * ppm/°C
vs Time +1 " ppm/mo.
Output Impedance 10 - MO
TEMPERATURE RANGE
Specification -40° +85 ot * °C
Operating (AM, BM) -55 +125 - * °C
. (AP, BP) -40 +85 . . °C
Storage (AM, BP) -55 +165 * . °C
* (AP, BP) -40 +85 " * °C
*Same as XTR100AM/AP.
NOTES:

1. See Typical Performance Curves.

2. Span error shown is untrimmed and may be adjusted to zero.

3. e1 and e are signals on the -IN and +IN terminals with respect to the output, pin 7. While the maximum permissible Ae is 1V, it is primarily intended
for much lower input signal levels, e.g., 10mV or 50mV full scale for the XTR100A and XTR100B grades respectively.

4. Offset voltage is trimmed with the application of a 5V common-mode voltage. Thus the associated common-mode error is removed. See
Applications Information section.
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ABSOLUTE MAXIMUM RATINGS

PIN DESIGNATIONS

ZERO ADJUST( 1 14) ZERO ADJUST
Power Supply, Vcc 40v Zero ApJusT( 2 13) { BANDWIDTH
Input Voltage, e1, or e2 =Vour, <+Vcc
Storage Temperature Range, metal -55°C to +165°C -IN( 3 12)§ CONTROL
Storage Temperature Range, plastic -40°C to +85°C winCa (TOP VIEW) 11) IReF2
Lead Temperature (soldering 10 seconds) 300°C
Output Short-circuit Duration Continuous to ground span(s 10) IneF1
i O
Junction Temperature +165°C SPANC S " MAKE NO
CONNECTION
ouT(7 8 ) +Vec
MECHANICAL
AT XTR100AM/BM +— A XTR100AP/BP
(Metal) (Plastic)
g NOTE: Leads in true position within 3 NOTE: Leads in true position within
‘ 0.10” (0.25mm>: R at MMC °.\ 0.10” 10.25mm) R at MMC
at seating plane. Denotes at seating plane.
—c Denotes Pin 1 EC Pin1
| S | INCHES MILLIMETERS l INCHES MILLIMETERS
DM | MIN | MAX | MIN | MAX K TTITT1 oM ["MiN | MAX | MIN ] MAX
' I I I | A 860 .880 21.84 22.35 I L A .790 .810 20.07 20.57
l B .490 510 12.45 12.95 B 490 510 12.45 12.95
K G—J D c 170 .250 4.32 = G—=l L— - o c 190 210 4.83 5.33
) 016 .021 0.41 0.53 H D 018 021 0.46 0.53
G .100 BASIC -2.54 BASIC G 100 BASIC 2.54 BASIC
H | s ] iss 292 | 3.94 R H 080 | .115 2.03 | 292
K 150 | 300 381 ] 762 r K 130 | 300 330 | 762
L | so0sAsic 7.62 BASIC T g ece009g L 300 BASIC 7.62 BASIC
R | 080 [ 120 203 | 305 14 8 R | oso | s 203 | 292
©000000
Pin numbers shown for Zar:n";ﬁ:;hown for
reference only. .
Numbers are not marked g:m::;: aere not marked
on package. L P 9e.
L

TYPICAL PERFORMANCE CURVES

(Ta = +25°C, +Vcc = 24VDC unless otherwise noted)

FULL SCALE INPUT VOLTAGE VS Rs

Rs ()
SPAN VS FREQUENCY STEP RESPONSE 0 100 200 300 400

80 0.8 0.12
= Cc=0 ] I / ‘
Z  |Rs=2s0 © Rs == —
260 20 * 06 0.06
o = = _ 0. .06 -
SO Rs=100n0 N T Rs =250 > 0 to 800mV >
8 N— Z s 2 and 0 to 8k} ]
8 As = 4000 § 3 / scale &
< 40 + 5 204 0042
£+ | Rs =2k N S, 3 3
2 [Rs== ] 3" z z
8 3 a a
20 [¢] 02 0.02
§ \ 5 \0 to 120mV (low level signals:
= and 0 to 4001 scale

0 | | 1 0
100 1k 10k 100k ™ 0 200 400 600 800 1000 0 2 4 6 8
Frequency (Hz) Time (usec! Rs k()
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COMMON-MODE REJECTION s - POWER SUPPLY

CMR(dB)

BANDWIDTH VS

VS FREQUENCY... REJECTION VS FREQUENCY . . PHASE:COMPENSATION
$120 - 100k
f—
100 -
) 3 _
80 N o Not Available £
\ g at the Time = \
60 2 s & © of Printing g 100 A -
: &5 - H \
) & 5 \
40 @ 10 \ N
20 \ 1 \\
0 0.1
01 1 10 100 1k 10k 100k 110 100 1k 10k 100k 1M
Frequency (Hz) Frequency (Hz, Bandwidth Control, Cc (pF»
INPUT VOLTAGE NOISE : INPUT CURRENT NOISE OUTPUT VOLTAGE NOISE
DENSITY VS FREQUENCY DENSITY VS FREQUENCY ) DENSITY.VS FREQUENCY
60
T 50 - 'i
=~ ¢ ~ >~
2 < 2 )
£ 40 < Not Available . Not Available
o s at the Time g at the Time
= 30 5 of Printing 3 of Printing
> e (6] b i .
[} : @ &
2 20 2 5
$ 0 s E
5 N~ E 3
a 10 a I=3
c c =3
£ < o
0
1710 1000 1k 10k 100k 1M .
Frequency (Hz) Frequency (Hz: ! Frequency (Hz:
. o . . - Rg
A simplified schematic of the X TR100 is shown in Figure
1. Basically the amplifiers, A; and A, act as an instru- e I )2

mentation amplifier controlling a current source, A; and
Q:. Operation is determined by an internal feedback
loop. ¢, applied to pin 3 will also appear at pin 5 and
similarly e> will appear at pin 6. Therefore the current in

R, the span setting resistor, will be Is = (e2 - e)/Rs = B g

eiv/Rs. This current combines with the current, I;, to ,,,.@__:_

form 1,. The circuit is configured such that  is 19 times. - ; B’ ‘ ! [—
I;i. From this point the derivation of the transfer function B C
is straightforward but lengthy. The result is shown in (8)

Figure 1.

Examination of the transfer function shows that I, has a
lower range-limit of 4mA when eix = e2 - ey = 0V. This
4mA is composed of 2mA quiescent current exiting pin 7
plus 2mA from the current sources. The upper range limit
of I is set to 20mA by the proper selection of Rs based on

o | Jec
s

100,

the upper range limit of eix. Specifically Ry is chosen for a VOLTAGE CONTROLLED
S . . - . CURRENT SOURCE
16mA output current span for the given full scale input B
voltage span;i.e., (0.016mA/mV + 40/ Rs) (e~ full scale) . IRgF1 @ Iner2 ke
= 16mA. Note that since lo is unipolar e; must be kept A
larger than e;; i.e., €2 = €1 or ein = 0. Also note that.in v Iy =4+ [0016mA/mY + 40/Rglayy, oy =00y

order not to exceed the output upper range limit of
20mA, eix must be kept less than 1V when Ry == and

ey in volts, iy in mA, R

g in 2

proportionately less as Ry is reduced. o FIGURE 1. Simplified Schematic of the XTR 100.
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INSTALLATION AND Solving for Ry .
OPERATING INSTRUCTIONS Rs= 20

Alo/Ae-o.om%C— (1

Major points to consider when designing with the

where Rs is in () .
XTR100: ;

1. The leads to Rs should be kept as short as possible to Alois in mA
reduce noise pick-up and parasitic resistance. Aew in mV
2. +Vcc should be bypassed with a 0.01uF capacitor as For example, if Aein,g = 100mV for Al = 16mA
close to the unit at possible (pin 8 to 7). 40 40 40
3. Always keep the input voltages within their range of Rs= = = =278
linear operation: (16/100) - 0.016  0.16-0.016 0.144
4V <e; <6V See Typical Performance Curves for a plot of Rs vs
4V <e < 6V Aeing,. Note that in order not to exceed the 20mA upper
(e1 and e> measured with respect to pin 7) range limit e;x must be less than 1V when Rs = = and |
4. Themaximum input signal level (eiv, ) is IV with proportionately smaller as Rg decreases.

Rs == and proportionally less as Rs decreases.

5. Always return the current references (pins 10 and 11) BIASING THE INPUTS
to the output (pin 7) through an appropriate resistor.
If the references are not used for biasing or excitation
connect them together and through a 1k{} resistor to
pin 7. Each reference must have between +1V and
+(Vce 4V) with respect to pin 7.

6. Always choose R (including line resistance) so that
the voltage between pins 7 and 8 (+Vcc) remains
within the 11.6V to 40V range as the output changes
between the 4mA to 20mA range (see Figure 2).

7. It is recommended that a reverse polarity protection T4V < e < H6V
diode (D, in Figure 1) be used. This will prevent +4V < e < H6V
damage to the XTR100 caused by momentary (e.g.,
transient) or long term application of the wrong
polarity of voltage between pins 7 and 8.

The internal circuitry of the XTR 100 is such that both ¢,
and e: must be kept approximately SV above the voltage
at pin 7. This is easily done by using one or both current
sources and an external resistor R,. Figure 3 shows the
simplest case - a floating voltage source e’>. The 2mA
from the current sources flows through the 2.5k} value
of Rz and bothe; and e; are raised by the required 5V with
respect to pin 7. For linear operation the constraint is

2mA

Vpg - 116V
20mA

1250

Rl max =

1000

Max Load Resistance, Ry ()
g ¢

. ) +5V- .016mA
0 W 0 fp=4ma + (2200
Power Supply Voltage, Vpg (volts).

L
*hg ) ON

oN=e

FIGURE 2. Power Supply Operating Range.

FIGURE 3. Basic Connection for Floating Voltage

Source.
SELECTING Rg
Rspan is chosen so that a given full scale input span ein, Figure 4 shows a similar connection for a resistive
will result in the desired full scale output span of Alows, transducer. The transducer could be excited either by one
16mA [(0.016mA/mV) + (40/Rs)] Aein = Alo. (as shown) or both current sources.
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rA:;ERNATE ciRcurtRY | 5\2.—‘|

SHOWN IN FIGURE 6
LU R

oy =0 = ImAx Ry

FIGURE 4. Basic Connection for Resistive Source.

CMV AND CMR

Thus the XTR100 is designed to operate with a nominal
5V common-mode voltage at the input and will function
properly with either input operating over the range of 4V
to 6V with respect to pin 7. The error caused by the 5V
CMV is already included in the accuracy specifications.
If the inputs are biased at some other CMV thenan input
offset error term is (CMV - 5)/ CMRR; CMR is in dB,
CMRR isin V/V.

SIGNAL SUPPRESSION AND ELEVATION

In some applications it is desired to have suppressed zero
range (input signal elevation) or elevated zero range
(input signal suppression). This is easily accomplished
with the XTR 100 by using the current sources to create
the suppression/elevation voltage. The basic concept is
shown in Figures S and 6(a). In this example the sensor
voltage is derived from Ry (a thermistor, RTD or other
variable resistance element) excited by one of the ImA
current sources. The other current source is used to create
the elevated zero range voltage. Figures 6(b), (c) and (d)
show some of the possible circuit variations. These
circuits have the desirable feature of noninteractive span
and suppression/elevation adjustments. Note: It is not
recommended to use the optional offset voltage null (pins
1, 2, and 14) for elevation/suppression. This trim
capability is used only to null the amplifiers input offset
voltage. In many applications the already low offset
voltage (typically 20u V) will not need to be nulled at all.
Adjusting the offset voltage to nonzero values will
disturb the voltage drift by +0.3uV/°C per 100uV of
induced offset.

2 SPAN ADJUST/
15
=
E w0 4
= ELEVATED
ZERD RANGE SUPPRESSED
ZERO RANGE
5 L
0
Relative LT U]

FIGURE 5. Elevation and Suppression Graph.
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\“ ,'I ‘\\ vi "4 1"

. S —m N 7 —mA
oy = (0%- Vgl oy = (07 + Vgl
Vg=1mAX Ry Vg=1mAx Ry
8% =1mAxRy 8= ImA X Ry
(a) Elevated Zero Range {b) Suppressed Zero Range

N

N,
R \,
)um" kY

- ~.

oy =e2- Vg o =8+ Vg)
Vg=2mAx Ry Vg=2mAx Ry
(c) Elevated Zero Range (d) Suppressed Zero Range

FIGURE 6. Elevation and Suppression Circuits.

APPLICATION INFORMATION

The small size, low offset voltage and drift, excellent
linearity, and internal precision current sources, make
the XTR100 ideal for a variety of two-wire transmitter
applications. It can be used by OEM’s producing different
types of transducer transmitter modules and 5y data
acquisition systems manufacturers who gather transducer
data. Current mode transmission greatly reduces noise



interference. The two-wire nature of the device allows
economical signal conditioning at the transducer. Thus
the XTR100 s, in general, very suitable for individualized
and special purpose applications.

EXAMPLE | - RTD Transducer shown in Figure 7.
Given a process with temperature limits of + 25°C and
+150°C, configure the XTR100 to measure the temper-
ature with a Platinum RTD which produces 1002 at 0°C
and 20002 at +266°C (obtained from standard RTD
tables). Transmit 4mA for +25°C and 20mA for +150°C.
Computing Rs.

The sensitivity of the RTD is AR/AT = 100£/266°C.
When excited with a ImA current source for a 25°C to
150°C range (i.e., 125°C span) the span of eix is ImA x
(1002/266°C) x 125°C = 47mV = Aein.

40
From equation 1, Ry = ———————
Alo _ 0.016mA
Aein mV
_ 40 _ 4 _
Rs=T6mA _o00l6mA ~ 03244 12330
47mV mV

Span adjustment (calibration) is accomplished by trim-
ming Rs.

Computing Ra4:
o 4 _ 10002 o
At 25°C, e’ = ImA x [100Q +(—266°C x 25°C)]
= ImA x 109.4Q
=109.4mV

In order to make the lower range limit of 25°C correspond
to the output lower range limit of 4mA the input circuitry
shown in Figure 7 is used.

ein is made 0 at 25°C

Or €20¢ - Va =10

thus, Vs = €} 3¢ = 109.4mV

R, = Ye_ _ 109.4mv
‘" ImA ImA

=109.4Q

Computing R; and checking CMV:
At 25°C, €2 = 109.4mV

1002
266°C

At 150°C, ez = ImA x [1000) + ( x 150°C)]

=156.4mV

Since both €3 and V. are small relative to the desired 5V
common-mode voltage they may be ignored in computing
R; as long as the CMV is met.

R;=5V/2mA = 2.5k}
e min=5V +0.1094V
e; max =5V + 0.1564V
e =5V +0.1094V

The +4V to +6V CMV
requirement is met.

FIGURE 7. Circuit for Example 1.

EXAMPLE 2 - Thermocouple Transducer shown in
Figure 9. Given a process with temperature (T;) limits of
0°C and +1000°C, configure the XTR 100 to measure the
temperature with a type J thermocouple that produces a
58mV change for 1000°C change. Use a semiconductor
diode for a cold junction compensation to make the
measurement relative to 0°C. This is accomplished by
supplying a compensating voltage, Vke, equal to that
normally produced by the thermocouple with its “cold
junction”(T:) at ambient. At a typical ambient of +25°C
this is 1.28mV (obtained from standard thermocouple
tables with reference junction of 0°C). Transmit 4mA for
T, =0°C and 20mA for T; =+1000°C. Note: elx =¢€2- €
indicates that T, is relative to Ta.

Establishing Rs:
The input full scale span is S8mV (AemFs =58mV).
R is found from equation (1)

Rz
T3l 00temA
Aein mV
_ 40 _ 40
16mA _ 0.0l6mA 0.2599
58mV mV
Rs = 153.90
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Cold Junction Compensation:

The temperature reference circuit is shown in Figure 8.

llmA

FIGURE 8. Cold Junction Compensation Circuit.

‘The diode voltage has the form

KT Inione
Vo= q b Isat
Typically at T. = 25°C, Vp = 0.6V and AVp/AT =
-2mV/°C. Rs and R¢ form a voltage divider for the diode
voltage Vp. The divider values are selected so that the
gradient AVp/AT equals the gradient of the thermo-
couple at the reference temperature. At 25°C this is
approximately 52-V/°C (obtained from standard thermo-
couple table) therefore, '

Re
AVTL/AT AVD/AT (_R_‘FE—)

Re ,
52uV "C 2000 V/°C (—— (2)
uV/ uV/°C ( 5+R6)

Rs is chosen as 2k() to be much larger than the resistance
of the diode. Solving for Re yields 51€).

Selecting R4:

R4 is chosen to make the output 4mA at Trc = 0 C(Vic=
-1.28mV) and Tp = 25°C (Vp = 0.6V). A circuit is shown
in Figure 9.

Vrc will be -1.28mV when Tyc = 0°C and the reference
juntion is at +25°C. e; must be computed for the
condition of Tp =+25°C to make en = 0OV.

VDZS"C =600mV.

€lhgc =600mV x 51/205 = 14.9mV

e =ey-e; =+ Vic+ Vs-e;

withew  =0and Vic =-1.28mV

V4 =e'v+ e - Vie = 14.9mV + 0V -(-1.28mV)
ImA x Ry =16.18mV

R4 =16.18Q
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FIGURE 9. Thermocouple Input Circuit with Two
Temperature Regions and Diode (D)
Cold Junction Compensation.

THERMOCOUF;LE BURN-OUT INDICATION

In process control applications it is desirable to detect
when a thermocouple has burned out. This is typicaly
done by forcing the two-wire transmitter current to either
limit when the thermocouple impedance goes very high.
The circuits of Figures 14 and 15 inherently have down
scale indication. When the impedance of the thermo-
couple gets very large (open) the bias current flowing into
the +input (large impedance) will cause lo to go to its
lower range limit value (about 3.8mA). If up scale
indication is desired the circuit of Figure 16 should be
used. When the TC opens the output w1ll g0 to its upper
range limit value (about 38mA)

OPTIONAL INPUT OFFSET VOLTAGE TRIM

The XTR 100 has provisions for nulling the input offset
voltage associated with the input amplifiers. In many
applications the already low offset voltage (251 V max for
the B grade, 50uV max for the A grade) will not need to
be nulled at all. The null adjustment can be done with a
potentiometer at pins 1, 2, and 14 as shown in Figures 3
and 4. Either of these two circuits may be used. NOTE: It
is not recommended to use this input offset voltage
nulling capability for elevation or suppression. See the
Signal Suppression and Elevation section for the proper
techniques.

OPTIONAL BANDWIDTH CONTROL

Low-pass filtering can be done by either one of two

techniques shown in Figure 10. C: connected to pins 3

and 4 will reduce the bandwidth with a cutoff frequency
iven b . ‘

gvendy 159 x 10

(Ri + Rz + Ry+ Ry)(C: + 0.047uF)

feo =




with fco in Hz, all Rsin Q and C; in uF. This method has
the disadvantage of having fco vary with Ry, Rz, R;, Ry,
and it may require large values of R; and Rs. The other
method, using C, will use smaller values of capacitance
and is not a function of the input resistors. It is however,
more subject to nonlinear distortion caused by slew rate
limiting. This is normally not a problem with the slow
signals associated with most process control transducers.
The relationship between C; and fco is shown in the
Typical Performance Curves.

1mA
Ra‘
A'A'A a -
ImA‘
L G2 XTR100
3k
M 1) + =
A4 '.V 13
L Ry 12
B3 6

1

“Rg AND Ry SHOULD BE MADE EQUAL IF USED.

2.2k

AA
Vv

FIGURE 10. Optional Filtering.

APPLICATION CIRCUITS
NOT AVAILABLE AT
THE TIME OF PRINTING
FIGURE 11.
‘o.ssszm 18k
~
L YT
6.9V R+JR
VOLTAGE o5
REF PRESSURE =
STRAIN GAGE
mu‘E;\ :§4 T
N . =

FIGURE 12. Bridge Input, Voltage Excitation.
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1€ 0.022,F =
FIGURE 13. Bridge Input, Current Excitation.
1mA THE CIRCUIT HAS
DOWN SCALE BURN-OUT
TYPES Imh INDICATION
- +
$ 200
iilsni:%&) j; %"3
ZERO ADJ 25k
lE 0.022,.F T
FIGURE 14. Thermocouple Input with RTD
Cold Junction Compensation.
THE CIRCUIT HAS
s ™ DOWN SCALE BURN-OUT
xog 1M INDICATION
4
5108 ghs|  xtRIOD
N
+ —-—
T2 T

I E 0.022,.F

n'l

FIGURE 15. Thermocouple Input with
Diode Cold Junction Compensation.

THIS CIRCUIT HAS UP
SCALE BURN-QUT INDICATION

RTD

S
3150 1000

FIGURE 16. Thermocouple Input with RTD
Cold Junction Compensation.




DETAILED ERROR ANALYSIS

The ideal output current is
io ipear. = 4mA + K en 3)
K is the span (gain) term, (0.016mA/mV) + (40/ Rs)

The nature of the XTR 100 circuit is such that there are
three major components of error

oo = error associated with the output stage.

os = errors associated with span adjustment.

o1 = errors associated with input stage.

The transfer function including these errors is
lo actuaL = (4mA + ao) + K (1 + os)(e + 01) 4)

When this expression is expanded, second order terms (os
o1) dropped, and terms collected, the result is
io actuar = (4mA + oo) + K eiv “Ko) + Kosein ~ (5)

The error in the output current is io actuaL - io pearL and
can be found by subtracting equations (5) and (3).

io ErRrorR = 00 + Kos + K os ein (6)

This is a general error expression. The composition of
each component of error depends on the circuitry inside
the XTR100 and the particular circuit in which it is
applied. The circuit of Figure 7 will be used to illustrate
the principles.

00 = losg o (7)

losgro* = the output offset error current.

For the circuit of Figure 7,

AV(‘(‘

o1 = Vosi + [Is1 Rr-1g2 Ry] + PSRR (8)
(e1 +e)/2-5V
CMRR

The term in brackets maybe written in terms of offset
current and resistor mismatches as Is; AR + los Ra.

Vos* = input offset voltage
Is1,* Iz = input bias current
Iosi* = input offset current
AR = Ry - R¢ = mismatch in resistor
AVcce = change supply voltage between pins 7 and
8 away from 24V nomimal
PSRR* = power supply rejection ratio
CMRR* = common-mode rejection ratio
0s = €NONLIN T €span
enonLIN®* = span nonlinearity
espan* = span equation error. Untrimmed error
3% max. May be trimmed to zero.

Il

*Items marked with an asterisk (*) can be found in the
Electrical Specifications.

EXAMPLE 3

Given the circuit in Figure 7 with the XTR100B speci-
fications and the following conditions: Ry = 109.4() at
25°C,Rr=156.4Q at 150°C, I, =4mA at 25°C, [, =20mA
at 150°C, Rs = 123.3Q, Rs = 109Q, RL = 25092, Riine =
100Q), Vp; = 0.6V, Vps = 24V +0.5%. Determine the %
error at the upper and lower range values.

A. At the lower range value (T = 25°C).

g0 = losg,, = T4pA

AVce
= Vosi +[Is1 AR + losi R4] +
o1 ost + [Is1 ost Ra] PSRR
+ (e1t+e)/2-5
CMRR
AR =R;  -Rs=109.4-109=~0
2°C

AVee =24 x 0.005 + 4mA (2500 + 100Q) + 0.6V
120mV + 1400mV + 600mV = 2120mV
&1 =(2mAx 2.5kQ)+ (ImA x 109Q) = 5.109V
e; =(2mA x 2.5kQ) + (ImA x 109.4Q0) =5.1094V
(ert+e)/2-5=0
PSRR =3.16 x 10%for 130dB
CMRR =31.6 x 10’ for 90dB

01 =25uV + (150nA x 0 + 30nA x 1099)

2120mV 0
3.16 x 10° 31.6 x 10°
=25uV +3.27uV +0.067uV + 0 )
=28.3uV

05 = ENONLIN T €span
= 0.0001 + 0 (assumes trim of Ry)
ioerror=o00+ Ko+ Kos e

_ 40 40
K =0016+ 5= =0016+ 7=

=0.341v
ein = €2=Vis = Irer1 Rigge = Ivek2 Rs

since Ry, =Ry

ein = (Ireri=Irer2) Re=0.1pA x 1090 = 10.9uV

Since the maximum mismatch of the current references is
0.01% of ImA =0.1uA
io error =4u A +(0.34v x 28.9uV) + (0.341 x 0.0001)
x 10.9uV =4uA +9.85uA+0.0004uA = 13.9uA

13.94A

X 1009 = 0.35% .
AmA 9% = 0.359% at lower range value

9 error =

B. At the upper range value ( T = 150°C)
AR =Ry g - Ry = 156.4 - 109.4 = 470
AVee =24 x 0.005 + 20mA (25082 + 100Q) + 0.6
=7720mV
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e = 5.109V
e =(2mA x 2.5kQ)) + (ImA x 156.4Q) =5.156V
(e1€2)/2-5V=0
AR =Ry o+ Re = 156.4 - 109 = 470
oo = 4uA
o1 = 25uV + (150nA x 47€) + 30nA x 10992)
7720mV 0
i 3
3.16x 10 31.6 x 10°
=254V + 10.33uV) + 0.25uV FO = 35.58uV
os=0.0001
ev=2¢ - Vs = Iner1 Rr g5 - Iruk2 Ra
= ImA x 156.4Q - ImA 109Q
=47mV.

1o krroR =00 + K o1+ K os x ein
=4uA +0.341v x 39.9uV +0.341v x
0.0001 x 47000uV
=4x121+1.6=17.7uA

Lx 100% = 0.088% at upper

% error = S0mA

range value or % of FS.

CONCLUSIONS

(10)

From equation (9) it is observed that the predominant
error term is the input offset voltage (25uV for the B
grade). This is of little consequence in many applications.
Vos r11 can, however, be nulled using the pot shown in
Figures 3 and 4. From equation (10), the predominant
errors are los ki (4A), Vos r11 (25uV), and 15 (150nA).
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« 11 BINARY GAINS - 1, 2, 4,8, 16, 32, o LOW VOLTAGE DRIFT
64, 128, 256, 512, 1024V/V 1.V/°C max RTI, G = 1024V/V
¢ 4-BIT TTL GAIN CONTROL o HIGH CMR - 110dB min, G = 1024V/V
© EXCELLENT GAIN NONLINEARITY o HIGH INPUT IMPEDANCE - 10 x 10°Q
0.01% max at G = 1024V/V oLOW OFFSET VOLTAGE
o LOW GAIN ERRORS - 0.02% max 22,V max RTI, G = 1024V/V
« LOW GAIN DRIFT - 10ppm/°C max 2mV max RTI, G = TV/V
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DESCRIPTION

The 3606 is a self-contained, Programmable Gain
Instrumentation Amplifier (PGIA) whose gain can be
changed in 11 binary weighted steps from | to 1024V/ V.
The gain control is accomplished through a 4-bit TTL
input.

The PGIA function allows the user to deal with wide
dynamic range signals while maintaining high system
resolution. For example: when used with a 10-bit A to D
converter in a “floating point” system, the 2'° gain range
of the 3606, plus the 2'° range of the converter produces a
total system resolution of 2% (|| 1,000,000:1).

Desirable characteristics of a high performance instru-
mentation amplifier are offered by the 3606: high input
impedance (10G(}), excellent gain nonlinearity (0.01%
max, G = 1024V/V; 0.02% max, G = 1V/V), high
common-mode rejection (100dB min, G= 4V/V), low
gain error (0.02% max with no trimming required), low
gain temperature coefficient (10ppm/°C max), and low
offset voltage drift vs temperature (14 V/°C max, RTI, G
=1024).

Added to these outstanding instrumentation amplifier
characteristics is the ability to change 3606’s gain under
control of a 4-bit TTL input word. An important
characteristic of the 3606 PGIA is its low change in offset

plus laser trimming minimized this change to a maximum
of £25mV with no external adjustments. With two simple
offset adjustments the change can be limited to less than
2mV (ImV typ) at the output over the entire 1V/V to
1024V /V gain range.

A simplified schematic of the 3606 is shown in Figure 1.
The circuit consists of a variable gain high input imped-
ance voltage follower input stage (Al and A2) followed
by a unity gain difference amplifier (A3) with a variable
gain output stage (A4).

Common-mode voltage is derived for active guard drive
to improve system common-mode rejection. Two-pole,
low-pass filtering can easily be implemented on the
output stage to reduce noise bandwidth and improve
system signal-to-noise operation. A latch function is
provided to inhibit gain changes while the digital gain
control input is changed.

Burr-Brown’s instrumentation grade monolithic opera-
tional amplifiers, high stability precision thin-film resistor
networks and advanced laser-trimming techniques are
used by the 3606 to achieve a performance, size and cost
combination never before achieved in a PGIA. It is
available in a 32-pin dual-in-line package in either
ceramic or metal (hermetic) configurations.

+5 * +V GND v
DIGITAL  DIGITAL ANALOG ANALOG  ANALOG

+5  COMMON  +I5V  COMMON  -15¢ 0. g)
N—f -—Ar'ﬁ'ﬁ-l 10k 8
M
01 IUkQ@
_ D) 8
1 % (1.0) JE"‘}}_@SZ
< < < A4
pe———— R gamo 10k 1)_[1 $10 333 $140
H ! H 1 WA T 3kagkahy
By ] __,___'_I“ )
@ 2 Ia | 10ko
] | S 3 i - \
GAIN : (03,09} : s 5: :: - " +A3 10ka M 0) 0
@ | 10k - .
i T 1 0
¢ on_ T )
] —.—T—' L 10k §
______ PP $ in jaao (OPTIONAL OFFSET
$ > :y Skn o pF TRIM)
h 1 10k0 T0 SWITCHES
R
WO———+ 4BIT LATCH,
DECODER AND  |G9) &
DRIVERS
3) @2 @ O OO0 ® O

BAL cMV) Rz J J Ry F Dg DDy

FIGURE 1. Simplified Schematic.
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SPECIFICATIONS

ELECTRICAL

Typical at +25°C, unless otherwise noted.

3606A(7) 3606B(7) .
PARAMETER CONDITIONS MIN TYP MAX MIN TYP ] MAX UNITS
GAIN, G(1)
Inaccuracy G=1101024,l10=1mA +0.02 +0.05 +0.01 +0.02 %
Nonlinearity(2) G=1t0 16 0.001 0.002 . * %(5)
' G=32t0128 0.003 0.004 * * %
G =256 to 1024 0.005 0.01 R . %
Drift vs Temperature G =1to0 1024 *5 +10 . * ppm/°C
vs Time G=1to 1024 +0.01 %/1000 hrs
RATED OUTPUT
Voltage ' lo =*5mA +10 +12 * * \
Current Vo =10V +5 *10 - o mA
Impedance 0.05 * )
INPUT CHARACTERISTICS
Absolute Max Voltage No damage *Vce . v
Common-Mode Voltage Range Linear operation +10 *10.5 o * \
Differential Impedance 10 3 * 1090 |j pF
Common-Mode Impedance 103 * 10902 || pF
OFFSET VOLTAGE, RTO®)
Initial at 25°C(4) +(0.02G | *(0.04G +(0.01G | *(0.02G mvV
) +1) +2) +1) +2)
vs Temperature -25°C to +85°C (+£0.0015G| (+0.003G (+£0.0005G| (+0.001G mv/°C
+0.03Gz) | +0.05G2) +0.01G2) | *0.02G2)
vs Time (30.001G * mV/mo
+0.01G2)
vs Supply (+0.002G * mv/V
: +0.04G2)
vs Gain(5) With trimming * *2 * * mvV
INPUT BIAS CURRENT
Initial +25°C *15 +50 15 +20 nA
vs Temperature -25°C to +85°C +0.3 A nA/°C
vs Supply Voltage +0.1 ' nAN
INPUT DIFFERENCE CURRENT
Initial +25°C *15 +50 *5 +20 nA
vs Temperature -25°C to +85°C +05 * nA/eC
vs Supply Voltage *0.1 * nAN
INPUT NOISE
Voltage RsOURCE < 5kQ
0.01Hz to 10Hz G =1024 1.4 . wV, p-p
10Hz to 1kHz 1.0 * uV, rms
Current
0.01Hz to 10Hz 70 . nA, p-p
10Hz to 1kHz . 20 * nA, rms
COMMON-MODE REJECTION
DC, 1kQ Source Imbalance
G=12 80 90 90 100 dB
G=4t06 90 100 100 110 dB
G =32to 1024 100 114 110 114 dB
60Hz, 1kQ Source Imbalance
G=1,2 80 86 v " dB
G=41016 90 96 * * dB
G =32 to 1024 100 106 * * dB
DYNAMIC RESPONSE
+3dB Response Small Signal kHz
G=1 100 * kHz
G=32t0128 40 * kHz
G =256 to 1024 10 * kHz
+1% Response Small Signal
G=1 40 . kHz
G=32t0128 8 " kHz
G =256 to 1024 3 M kHz
Slew Rate G=1 0.2 0.5 * V/usec
Settling Time G=128 .
to 1% 75 * usec
100.1% 100 * usec
10 0.01% 200 * usec
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ELECTRICAL (CONT)

Typical at +25°C, unless otherwise noted.

3606A(") 3606B(7)
PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX UNITS
'LOGIC VOLTAGES )
“0” Level(6) 0 +0.4 * - \
“1" Level(6) +2.4 +5.0 * * A
Absolute Max No damage +7 v D
ANALOG SUPPLY =
Rated Voltage *15 * vDC
Voltage Range, Derated Performance *8 *18 * * vDC
Current, quiescent *10 +20 . " mA
DIGITAL SUPPLY
Rated Volitage +5 * vDC
Voltage Range +4.5 +5.5 . * vDC
Current, quiescent 10 * mA
TEMPERATURE RANGE
Specification -25 +85 * * °C
Storage -40 +100 . * °C
*Specifications same as 3606A.
NOTES:
1.G=G1xGa. 4. May be adjusted to zero.
2. Nonlinearity is the maximum peak deviation from the best straightline 5. Trimmed according to Figure 8.
as a percent of full scale peak-to-peak output. 6. All digital inputs are 1 TTL unit logd.
3. “RTO = Referred To Output. May be referred to input by dividing 7. Specify 3606AG or 3606BG for ceramic package and 3606AM or
by gain G. 3606BM for metal package - see below.
MECHANICAL
“G" PACKAGE “M” PACKAGE
A NOTE
] (eceeevecvcsscecs) Pin numbers shown for reference only. Leads in true position within .010"
- 7 Numbers may not be marked on package. (.25mm) R ® MMC at sasting plane.
8 ;r [ %
R 8
1-—- 1 16
| L .
! S -
- e Denotes pin 1 INCHES MILLIMETERS
A INCHES MILLIMETERS DIM ["MIN MAX MIN MAX
OIM ["MIN_ [ MAX | MIN_| MAX ; 7520 | v7e0 [ 45es [4a7o
A 1.700 1.760 43.18 44.70 K B 1.120 1.160 28.45 29.46
8 1120 | 1160 | 28.45 | 29.46 F ol 0 —afe— < 170 250 4.32 6.35
c | 170 | 230 | a3z | sea — - o | o | o2 | oar | oss
0 018 .021 046 | o053 t t G 100 BASIC 2.54 BASIC
F .035 .00 | 089 1.27 [gececcccoccocoae H 100 | 140 2.54 | 356
G 100 BASIC 2.54 BASIC K 150 .300 381 | 162
H .10 130 2.79 3.30 R L .900 BASIC 22.86 BASIC
K 150 250 | 381 | 6.3s R 100 | 140 254 | 356
L .900 BASIC 22.86 BASIC
NOTE: N 002 | o010 | oos | o025 32 1. in numbers shown for reference only. Number
ST T peave. [ Lo Torso T a0 T a0 LLILLILLULIIIL) pbetoetviicfoot et
PIN DESIGNATIONS
PIN NO. DESIG. FUNCTION PIN NO. DESIG. FUNCTION
1 -V -15V Analog Supply 17 Do Digital Input, LSB
-IN Inverting Input 18 D1 Digital Input, next LSB
3 J1 Output of A3 19 G Latch
4 (None)  Optional A4 Offset Trim 20 ) Digital Common
5 pN) Summing Junction of Ag 21 D2 Digital Input, next MSB
6 (None)  Optional A4 Offset Trim 22 D3 Digital Input, MSB
7 F Low-Pass Filter Pin 23 +5 +5 Digital Supply
8 J2 Input to A4 24 (None)  No Internal Connection
9 R1 Output Reference 25 (None)  No Internal Connection
10 o Output 26 Gain Optional External Gain
1 S1 Sense G=1 27 Gain Optional External Gain
12 S2 Sense G=4 28 (None)  Input CMV
13 S3 Sense G =2 29 +IN Noninverting Input
14 R2 Output Reference 30 +V +15V Analog Supply
15 GND Analog Common 31 BAL Optional Input Stage
16 (None)  No Internal Connection 32 BAL Offset Null
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TYPICAL PERFORMANCE CURVES

Typical at +25°C unless otherwise noted.

SMALL SIGNAL

COMMON-MODE REJECTION

COMMON-MODE REJECTION VS ‘

FREQUENCY RESPONSE 120 VS FREQUENCY 2 SOURCE RESISTNACE IMBALANCE
[G=32101024 [OCG=32101024
l— _\ | D =1
Py SCEA (02X G=16 60Hz G = 32
[ \ 100 |~ to1024
~ G =128 \ _ le=1 _ [eoHzg =16~ DCG=1
@ 40 o -] T
2 ° = fe0HzG=1 Sso
£ G=16 N T 80 g8 N
G 20 ! TN 3 o Ny
\
V1%
G=1 \ 60
0 60
)
10 100 1k 10k 100k 1M 1 10 100 1k 10k 32 10 32 100
Frequency (Hz) Frequency (Hz) Source Resistance Imbalance (k)
OUTPUT OFFSET VOLTAGE
DRIFT VS GAIN OUTPUT OFFSET VOLTAGE GAIN ” WARM-UP RESPONSE
10
[9) = -
> a
g 10 8 z 40
E g @
o
£ A 2 £ 30
a e ] S
S 3606A """ / B 3 . G=1024V/V
§ o1 N = £4 £ 20
. 5 2
> /\/ NN~ 36068 = 2 |eowen \
3 2 INITIAL 3
@ S & Jturv-on N
6 oo ) 3?2 AFTER USER TRIM 3"
G=1VNV
~ \
0.001 0 — 0
1 4 16 64 256 1024 4 16 64 256 1024 0 5 10 15 20
Gain (V/V) Gain(VN) Time (min)
OUTPUT STAGE GAIN ERROR OUTPUT STAGE GAIN NONLINEARITY
VS OUTPUT CURRENT VS OUTPUT CURRENT SETTLING TIME VS GAIN
0.02 0.01 250 T
RL =2k 0.01%
CL = 1000pF :
0015 H gzw
s 4 A 2
§ I ‘g [ -g 150
ﬁ;.» 0.01 '014'1« % 0.005 S 0.11%‘
ks A ]2 2 100
S / oAt = 1%
= =
0.005 - —”" 3 —”" 3
— i 50
*INCLUDES GAIN
SWITCHING TIME.
0 0 | .l
0 25 5 75 10 0 2.5 5 75 10 1 4 16 64 256 1024
Output Current (mA) Output Current (mA) Gain (V/V1
WIDEBAND
10 OUTPUT NOISE VS GAIN OUTPUT NOISE BANDWIDTH STEP RESPONSE
p—
G=1024 RL = 2k()
CL = 1000pF G =256, 1000
- 8 > s
g 2 o AL
= > 20 > 4
> > [ =4
ES £ ﬁs -mo| 8 |® -
Py 2 = G2 =1
3 2 S 0
° Lo, ] >
24 Rs = 100k€ z 3
3 \ g 10 5
5 3 d Rs = 100k O 90
o2 Rs =10k} %
Rs = 100k Rs =00Q
Rs=0
0 B8 =0 | 0 S
1 4 16 64 256 1024 10 100 1k 10k 0 20 60 100 140
Gain (V/V) Bandwidth (Hz) Time (usec:
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INSTALLATION AND
OPERATING INSTRUCTIONS

POWER SUPPLY CONNECTIONS

Figure 2 shows the proper analog and digital power
supply connections. The analog supplies should be
decoupled with IuF tantalum and 1000pF ceramic
capacitors as close to the amplifier as possible. Because
the amplifier is direct-coupled it must have a ground
return path for the bias currents associated with the
amplifier inputs at pins 2 and 29. If the ground return
path is not inherent in the signal source (floating source)
it must be provided externally. The ground return
resistance (Rgr) should be kept as low as practical. An
upper limit of approximately S0M() is established by the
input bias currents of the amplifier and its common-
mode voltage.

B
1000gF |
29 30 n B
ANALD
S 15 2 SUPPL

21 2 LoADS -18
&
10000F ANALOG

i
Ron [ [suppLY COMMON
3 A/

L DigITAL common

FIGURE 2. Power Supply and Ground Connections.

SIGNAL CONNECTIONS

Basic signal connections are shown in Figure 3. The
connection to pin 14 completes the difference amplifier of
As (see Figure 1). The 3 to 8 jumper connects the output
stage. The pin 9 connection provides a divide-by-two
attenuator for the A4 stage. This is necessary to limit the
signal on the output stage switches to maintain signal
linearity. The pin 11, 12 and 13 connections to pin 10
close the feedback loop around As.

VouT = Eq 61 B + (Egy/CMRRI G, G =

FIGURE 3. Basic Signal Connections.

In the equation shown in Figure 3, G, is the input stage
gain and G: is the output stage gain. CMRR is the
common-mode rejection ratio [CMR (in dB) = 20 log

CMRR (in V/V)]. Common-mode voltage shown as Ecm
is actually the average of the two voltages appearing at
the two inputs (pins 29 and 2) with respect to pin 15 (V)
and V2).

GAIN SETTING

Gain is determined by a 4-bit digital word applied to the
input Do through Ds (see Figure 1). Pin 19 provides a
latch function for the inputs. When pin 19 is a logic 0,
changes on the Do through D3 inputs are inhibited. Pin 19
should be at +5V if the latch is not used.

A gain state truth table is shown in Table 1. Gains are
determined by the resistor networks shown in Figure 1.
For the state D3, D, = 0, 0, the input stage gain is a
function of the gain setting resistor Rg connected between
pins 26 and 27. If gains of 1, 2 and 4 are desired, no
connection should be made to pins 26 and 27 and the
resistance across these pins should be kept high with
respect to 40k} (> 400MQ).

Gain accuracy is established by laser-trimming the thim-
film resistor networks during assembly. No external, user
trimming is required.

OUTPUT OFFSET

Output offset may be varied by either of two methods
shown in Figure 4. Sources at pin 9 and pin 14 apply
voltages to the noninverting inputs of A; and A; respect-
ively (see Figure 1). Since the output stage gain occurs
after these points, the output voltage bias established
with Vg and Vg will vary with the output gain, G..
Sources connected at pins 9 and 14 must have resistances
low with respect to 10k} in order not to disturb gain
accuracy and common-mode rejection.

Vour =6y B2 (Ep- Ey) + B (Vgp + Vp)

FIGURE 4. Output Offsetting.

LOW-PASS FILTER

For low frequency signals, system performance may be
improved by reducing noise bandwidth in the amplifier.
This may be accomplished with the addition of one or
two external capacitors as shown in Figure 5. C; is
connected toa 10k/ 10k attenuatorand C, is connected as
a feedback element across A4 (see Figures 1 and 5). The
transfer function is:

Vo _ [ 10x 10" ][ 10 x 10 ]
Vi 100 x 10°S(C: +330x 10%) + 20 x 10% 10 x 10' R: SCi + Ry
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TABLE 1. Gain State Truth Table.

Digital Inputs G, G:
Gy (G2) (A and A») (Ao) G - G: G- G
D, D.[D: Dy (Pins2& 29t03) | (Pin 8 to Pin 10) (Ri* = %) (Ri* # )
0000 ] ] T(1 + 40K/ Rq)
0 1 , 2 2 2(1 + 40k/Ra)
o o1 o I +40k/Rq 4 4 4(1 + 40k/Rc)
0o o1 1 4 4 4(1 + 40k/Rc)
0 T ]0 o ] 3 2
o 1o 1 4 2 8 8
o 1|1 o 4 16 16
o 1|1 1 4 16 16
00 o0 1 2 )
1 oo 1 » 2 64 64
1 o1 o 4 128 128
1ol : 4 128 128
oo i 756 256
1 0 1 2 512 512
oo 256 4 1024 1024
[ RN 4 1024 1024

*Ra connected between pins 26 and 27.

The first term is a first order filter. The second term is
more complex. R, varies with the output stage gain-1.4k
for G, = 4 (see Figure 1). The “l1 + ...” nature of the
transfer function prevents a true first order filter rolloff.

For most applications, the first order low-pass filter
obtained by C; provides sufficient filtering. The value C;
required for a desired cutoff frequency (f2 in Hz) is
obtained by the equation shown in Figure 5.

. i
"2 JmxsKa (G, + 39090

FIGURE 5. Low-Pass Filter Connections.

LARGER OUTPUT CURRENT

The output current rating of the 3606 is a minimum of
+5mA. The linearity of the gain is affected by output
current. See Typical Performance Curves. Optimum
linearity is achieved with lo < ImA, Io < 5mA is
acceptable. Above 5mA it may be desirable to use a
power or current booster as shown in Figure 6. Burr-

—
+100mA T0

3553 OR 3320 —~ +200mA

POWER BOOSTER

FIGURE 6. Output Current Booster.

Brown’s 3329 will provide £100mA output while Burr-
Brown’s 3553 will supply £200mA. When either booster
is placed inside the feedback loop as shown, the booster’s
offset voltage produces no significant errors since it is
divided by the open-loop gain of the output stage.

GUARD DRIVE CONNECTIONS

Use of the guard drive connection shown in Figure 7 can
improve system common-mode rejection when the dis-
tributed capacitance of the input lines is significant. The

FIGURE 7. Guard Drive Connections.

common-mode voltage which appears on the input lines
and on pins 29 and 2 is computed by the 3606 [(V, +
V,)/2] and appears at pin 28. It is then fed back to the
shield so that the voltage across the distributed capac-
itances is minimized. This reduces the common-mode
current and improves common-mode rejection. The
operational amplifier in the voltage follower configu-
ration is used to supply more current than can be
obtained from the 20k resistors connected internally to
pin 28 (see Figure 1).

OFFSET TRIM

Offset voltages of the 3606 are reduced by laser-trimming
during assembly. This reduces the initial offset voltage
and the offset voltage change with gain change to levels
that are acceptable for most applications. For more
critical applications the offset voltages can be externally
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nulled to zero. The following steps should be followed APPLICAT'ONS

(see Figure 8).

A typical application of 3606 in a microcomputer based
data acquisition system is shown in the block diagram
below.

The purpose of this system is to be able to acquire data
froma specific analog input channel, suitably condition it
(amplify it and convert it to digital form) and store it or
transmit it for further processing.

OUTPUT Initially the Microcomputer loads the RAM (random

%ﬁgi 10k0E access memory) with the required coding for various

T desired gains via Data Bus. The coding associates the

) gain state truth table for 3606 with corresponding address

FIGURE 8. Optional Offset Trim. locations in the computer memory. So when the computer

puts out an instruction to multiplex a specific analog
input channel through the multiplexer via the Address
Bus, the RAM also receives the same address information
and puts out corresponding gain code to the PGIA 3606.
The 3606 amplifies the multiplexed signal by the pro-
grammed gain value, and outputs it to S/ H (sample and
hold). The S/ H holds the output value when it receives

1. Adjust both R, and R: to mid-range.
2. Set the gain to minimum (1V/V).

3. Adjust R; to make Vour equal zero.
4. Set the gain to maximum (1024V/V).
5. Adjust Ra to make Vour equal zero.

By using this technique, the change in output offset the control signal from the computer and the A/D
voltage caused by a gain change of 1V/V to 1024V, V converts it and outputs it to the computer via the Data
may be reduced to, typically ImV instead of 10mV with Bus under computer control.

no external trimming. Trimming may cause the offset

. . . The PGIA 3606 allows the system user to modify and’
voltage drift vs temperature to increase slightly.

reprogram gain values for different analog input channels
merely by changing the software computer program.
Sincedifferent dedicated instruments are not required for
various input channels, the PGIA also saves space and
overall system costs.

< DATA BUS
ADDRESS BUS {/L
)

ADDRESS
DECODER

AND |
CONTROL BUS > CONTROL

UL ==

MICROCOMPUTER

RAM
ANALOG INPUT v
CHANNELS LATCH
] anace NL
1 muLTIPLEXER § N
— " MPC4D
: AD
: MPCBS o S/ CONVERTER
3606 SHC298 ADCBO

FIGURE 9. Use of 3606 in Data Acquisition System.
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3626

BURR-BROWN ®

Low Drift
INSTRUMENTATION AMPLlFIER

FEATURES

* LOW VOLTAGE DRIFT @ LOW GAIN
2uV/°C @ G = 5 (3626CP)

LOW NOISE - 2pV p-p

HIGH CMR - > 80dB @ = 1000
LOW COST

SMALL SIZE - DIP Package

DESCRIPTION

The 3626 is an integrated circuit instrumentation
amplifier designed for amplifying low-level signals in
the presence of high common-mode voltages. Its low
drift, high input impedance (5 x 10°Q)), easy gain
adjustment (5V/V to 1000V/V) and high common-
mode rejection eliminate the problems and
compromises associated with using operational
amplifiers to realize the same gain function.
Compared to other integrated circuit
instrumentation amplifiers it has the unique feature
of having low voltage drift versus temperature at low
gains.

The 3626 offers many benefits to the user for his
instrumentation applications:

Low voltage drift reduces temperature errors

High common-mode rejection preserves system
accuracy

High input impedance prevents errors due to
source loading and source impedance imbalance

Small, dual-in-line package conserves board space
Laser-trimmed offset requires no nulling

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-350A
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DISCUSSION

An instrumentation amplifier is basically a closed-loop gain
block that exhibits high input impedance and high common-
mode rejection. Instrumentation amplifiers are committed
devices with differential inputs and accurately predicatable
input-to-output relationships — all necessary feedback net-
works are contained in the circuit package. These character-
istics distinguish instrumentation amps from operational
amplifiers — open-loop devices whose closed-loop perform-
ance depends upon the external networks supplied by the
user.

In instrumentation amps parameters such as input and out-
put impedances, frequency response, offset voltage drift and
common-mode rejection are specified for the closed-loop,
committed configuration. One of the few parameters that
the user can vary is gain (by choosing the external gain-set-
ting resistor value). Another important difference between
an op amp and instrumentation amp is that the instrumen-
tation amp has no summing junction available; you cannot
make a summing amplifier or integrator out of an instru-
mentation amp.

In the past few years, choices in instrumentation amplifier
designs have grown from a number of discrete modular units
to include monolithic and hybrid integrated circuit versions
which offer high performance at lower cost — and in smaller
packages. Monolithic IC’s were the first to break the price
and performance barrier. Hybrid IC’s, such as the 3626, are
more expensive than monolithic IC’s but they give better
performance for the money.

Instrumentation amps normally require at least one external
resistor — the gain-setting resistor Rg. Monolithic units
usually require two additional — the output feedback resistor
and aresistor between feedback common and ground. Since
temperature coefficient differences between these two resis-
tors will cause output offset voltage drift, they must be
matched to meet the desired drift specification. Hybrid
units, such as the 3626, have the advantage that all resistors
except the gain-setting Rg can be included in the package.

GAIN
O,
GAIN
REF SENSE
Ry Rj Ry Ry
@_A“ AR e A AN s
1.25k 5k
ouT
+IN
14

FIGURE 1. Simplified Circuit Diagram.
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A simplified circuit diagram of the 3626 is shown in Figure
1. The circuit uses Burr-Brown’s high pérformance bipolar
integrated circuit amplifiers and a laser trimmed thin-film
resistor network. The excellent initial matching and temper-
ature tracking of these components provide a level of per-
formance difficult to obtain with even expensive discrete
amplifiers and resistors. The gain accuracy, linearity and
temperature coefficient are particularly attractive.

One of the most outstanding features of the 3626 is its low
voltage drift, especially at low and medium gains. Figure 2
shows the drift performance of the 3626 series comapred to
monolithic integrated circuit instrumentation amplifiers.
The guaranteed voltage drift performance is almost two
orders of magnitude better at low gains.

1000

500

400

300 %
5 o
g *a,%
3 /¢
e Gy
T 4
Q
w
=]
<
s | ]
S
P e
= : E_36268F

T
> 3626cp
, | Py
~ v Heo _9 NO,?'QQQ \& '§ ‘”? f
GAIN (V/V)
FIGURE 2. Input Offset Drift vs Gain.

The design of the 3626 is such that output biasing is easily
accomplished. See Figure 3 fur proper connections. The
impedance of the reference source should be low compared
to 5k§2. A current booster such as the 3329 (100 mA) or
3553 (200 mA) can conveniently be used with the 3626 to
increase its output current driving capability.

10k
Vour = (e meq) 5+ ) * Vier

FIGURE 3. Output Offsetting and Power Boosting.




SPECIFICATIONS

ELECTRICAL

Specifications typical at 25°C and +15 VDC
Power Supply Unless Otherwise Noted.

MODELS 3626AP | 36268P | 3626CP
L T
GAIN
Gain Equation G=5+ 10k
Rg
Error from Equation ™ (£0.25 - 0.003G)%
Range of Gain; min 5 to 1000
Gain Temp. Coefficient:
G=5 2ppm/°C
q =10 25ppm/°C
(f =100 35ppm/°C
G = 1000 50ppm/°C

)

Nonlinearity, max (%)

£(0.02 +0.0003G) |:(0.01 + 0.0003G)[+(0.01 +0.003G)

oUTPUT
Rated Output, min
Output Impedance, G = 100

+10V @ +5mA
280

INPUT
Input Impedance, Diff, & CM
Input Voltage Range, min

5x102 Q1 3pF

MECHANIGAL

(0.020")

Row Spacing: 7.6mm (0.300")
Weight: 3.4 grams (0.12 0z.)
Connector: 0145MC (14-pin DIP)

Pin‘material and plating composition
conform to Method 2003 (solderability)
rof MIL-STD-883 (except paragraph 3.2).

Differential +10V
Common-mode +6V
CMR, DC to 60Hz with 1k source unbalance
G =5, min 68dB 74dB 74dB
G =10 to 1000, min 74dB 80dB 80dB
INPUT OFFSET VOLTAGE

Initial Offset, max (1)

vs. Temperature, max

+ 10yuv/oc |+ 35 0, ) 0
+(6 + G)u / *(3+G)uw C |1 +%)uV/ C

+0.4 +2%)ymv | 0.2 + 22)mV | +(0.2 + &2)mV
G G G

Pin Connections

1. Gain 8. Sense

2. %No internal 9. Out

3. } Connection 10. +Ve

4. Vos 11. No Internal Connection
5. Vpg 12. Gain

6. -Voe 13. -in

7. Ref 14. +In

vs. Supply 40uV/V
vs. Time 3uV/mo.
INPUT BIAS CURRENTS
Initial Bias Current, max +50nA (either input)
vs. Temperature, max +0.7nA/°C
vs. Supply : +0.1nA/V
INPUT NOISE ‘
Voltage, p-p, 0.01Hz—10Hz 2uVp-p
RMS, 10Hz - 10kHz 2uV RMS
Current, p-p, 0.01Hz - 10Hz 150 pA p-p
RMS, 10Hz - 10kHz 50 pA RMS
DYNAMIC RESPONSE
Small Signal, +3dB Flatness:
G=5 400kHz
G=10 160kHz
G =100 14kHz
G = 1000 1.4kHz
Small Signal, +1% Flatness;
G=5 76kHz
G=10 27kHz ;
G =100 2.1 kHz
G =1000 250 Hz
Full Power, G =5 -100 - 19 kHz
Slew Rate, G = 5 - 100 1.2 V/us "
Settling Time (0.1%):
G=5 0.02 ms
G=10 0.03 ms
G =100 0.1 ms
G =1000 12 ms
POWER SUPPLY
Rated Voltage +15 VDC

Voltage Range
Quiescent Supply Current

+5to +20 VDC
+6 mA, max

TEMPERATURE RANGE
Specifications, min
Operation
Storage

-25°9C to +85°C
-559C to +125°C

-65°C to +150°C

(1) May be trimmed to zero.
(2) Nonli

ity is the maxi
full scale peak-to-peak output.

peak deviation from the best straightline as a percent of

2-44

Connection Diagram

*OPTIONAL
OFFSET
TRIM

FIGURE 4




TYPICAL PERFORMANCE CURVES

(TYPICAL @ 25°C and +15 VDC POWER SUPPLIES UNLESS OTHERWISE NOTED)

INPUT RANGE FOR
LINEAR RESPONSE

CMR VS.SOURCE
IMPEDANCE UNBALANCE

COMMON-MODE REJECTION
VS.FREQUENCY

T T
100 . 100kG = 100, 1000
S 16 G = 100,1000 G=10
~ {e]
4 T, = +25°C Y 5 80fG-5 P a 80 ——G = 1000
z 12 \ 7 ] 2 G=5
B }' ‘\ T 60 g s i G = 100
8 s
'5 /'T - _250C © © 40| 1k$2 Source _/] |
s jﬁ A 40 | 1mpedance G=10
z 4 /2 f =60 Hz
= 7 Cc™M | Imbalance
v 20 — 20 t f G = 51
[ | |
5 10 15 20 1K 3.2k 10k 32k 100k 10 100 1k 10k 100k
SUPPLY VOLTAGE (VDC) SOURCE IMPEDANCE UNBALANCE(2) COMMON-MODE INPUT FREQUENCY (H)
RMS INPUT NOISE VOLTAGE PEAK-TO-PEAK INPUT NOISE SATURATED OUTPUT VOLTAGE
_ VS.SOURCE RESISTANCE VOLTAGE VS.SOURCE RESISTANCE VS. OUTPUT CURRENT
[
2100 T 200 S ‘ ‘
a =~
> 50 > 100 w 20[v, =+20V
i 20|—f5 =10 Hz to 10 kHz f 50[~fg = 0.01Hz to 10H ZL - e
2T a 5 15[V, =sisv
o / o - o
Z s Z 10 A > 10
- E / . Vg = 10V
[N % Vv 'u_. 5
z pe
Z 1 E 5 Vg = £5V
@ a o
2 a
T 10 100 1k 10k 100k 1M 10 100 1k 10k 100k 1M 5 10 15 20
SOURCE RESISTANCE (£2) SOURCE RESISTANCE() OUTPUT CURRENT (mA)
FREQUENCY RESPONSE STEP RESPONSE SUPPLY CURRENT
10 VS. COMMON-MODE INPUT
1000 f~—< S / 2
\\ - E
N o S sg
3 100 0y g 5 / =
S N 5 g —
> 10— S 2 o Y se
z
2 5 > G =510 100 (S ]
< Locus of +1% - =
O 1.0|—— Response 5 -5 R =2k O 4
- >
£ c, | 100(7 pF o
0.1 2 10 ]
o [T 5
100 1k 10k 100k 1M 10M 0 10 20 30 40 50 @
FREQUENCY (Hz) TIME (us) 0 *2 *4 16 8 10

COMMON-MODE VOLTAGE (V)

INSTALLATION AND OPERATING INSTRUCTIONS

SETTING THE GAIN
Figure 3 shows the normal operating connections for the
3626. The differential gain, G, is determined according to
the equation G=5+ 10k

Rg
where R is the resistor shown in Figure 4. This gain equa-
tion is typically accurate to 0.25%. The temperature coef-
ficient of R will directly affect the stability of G. For high
gains, R will be quite small (R = 10£2 for G = 1000); thus,
the wiring impedance between pins 12 and 1 should be kept
as low as possible. (Trimming of Rg will eliminate the ef-
fects of wiring impedances so long as this impedance is
constant.) Also, note that V¢ source needs to be low im-
pedance so as not to significantly affect the gain equation.

CMR TRIM
The 3626 meets its CMR specifications without additional
trimming; however, for improved CMR in special situations

(such as imbalanced source impedances), the circuit in Fig-
ure 5 may be used. In this circuit, Ry is added to intention-
ally imbalance the inverting and noninverting gains of the
amplifier. Ry is then used to rebalance them, which over-
comes the effects of any residual CMR degradation due to
source impedance imbalance, etc. An improvement of ap-
proximately 6 to 10 dB can be typically realized at low gains.

FIGURE 5. CMR Trim.
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BURR-BROWN®

3627
“

High Accuracy Unity-Gain
DIFFERENTIAL AMPLIFIER

FEATURES

* LOW COST

* EASY T0 USE

* COMPLETELY SELF-CONTAINED

o HIGH ACCURACY
Gain Error, 0.005%
Nonlinearity, 0.0005%
CMR, 106dB

* NO TRIMMING REQUIRED
DESCRIPTION

The 3627 is a high accuracy committed-gain
differential amplifier. It consists of a high quality
monolithic operation amplifier, a low drift thin-film
resistor network and laser-trimmed offset circuitry -
all inside a single integrated circuit package.

The fact that the 3627 is completely self-contained in
a TO-99 package has several user benefits:

The total performance is guaranteed as a single
component. )

No gain adjustments are required.

No offset trimming is required.

The whole circuit, including the gain setting
resistors and offset trim circuitry, is protected by the
environmentally rugged hermetically sealed
package.

The total amplifier function is very small in size
(0.108 square inches of area and 0.025 cubic inches
of volume).

The 3627 is offered in two grades: the 3627AM and
the 3627BM. They differ only in common-mode
rejection (94dB typ. vs 106dB typ.) and offset voltage
drift (15uV/°C typ. vs 10uV/°C typ.).

The 3627 offers excellent total performance with no
fuss and a very-low total installed cost.

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-364A
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DISCUSSION

The 3627 is a new and unique approach to a widely
occurring problem-how to get excellent performance at a
low cost in a unity gain differential amplifier circuit. Burr-
Brown’s solution to this problem uses its wide range of
integrated circuit expertise; a high quality monolithic
amplifier, low drift high stability thin-film resistor
network and state-of-the-art laser-trimming techniques.
The result is a completely self-contained amplifier with
total guaranteed 25°C accuracy of less than +0.015%
(gain error, nonlinearity, offsets and common-mode
rejection). '

The simplicity of the unity gain differential amplifier
circuit may be deceiving when one considers an error
analysis. Consider, for example, gain and common-mode
rejection errors. The gain is determined by the ratio of R1
and R2 and the ratio of R3 and R4. The common-mode
rejection of the total circuit is a function of the CMR of
the operational amplifier and the matching of the
resistors R1 to R3 and R2 to R4. Even if the operational
amplifier is perfect (infinite CMR), in order to guarantee
100dB common-mode rejection would require resistor
match of approximately 0.0005% (5ppm).

This matching (and especially maintaining the match
over temperature) can be difficult and expensive to
achieve. Packaged matched :and tracking resistor
networks are available but they are fairly expensive

used in choosing the trimming sequence a frustrating
iterative trimming process can be encountered.

With the 3627 these problems no longer exist for the user.
They are solved inside the package by Burr-Brown and
the user has a completely self-contained plug-in-and-go
amplifier to use. The excellent gain accuracy and
common-mode rejection is obtained by using laser-
trimming of a thin-film resistor network (R1 through
R4). The outstanding gain and common-mode rejection
temperature coefficients are a result of the excellent TCR
tracking properties inherent in Burr-Brown’s thin-film
resistor networks.

The offset voltage is also laser-trimmed to a very low
250uV max value (100uV typical). This low value of
offset eliminates the need for external offset adjust
potentiometers which reduces cost and improves
reliability.

The basic approach of the 3627 as a completely self-
contained amplifier has several cost saving implications.
It reduces design, purchasing and inventory cost. It
reduces. labor costs because the gain setting resistors do
not require installation and adjustment. Also, no
potentiometers are required.

iy -V
compared to the cost of the complete 3627 amplifier. Of +In Laser Trimmed e
course, matching can be obtained by trimming or R3 Offset Network
padding some of the resistors, but this is difficult to do All resistors 25k 2 (1) Ref
. . . . nominal Ry
since each resistor effects” both gain accuracy and
common-mode rejection simultaneously. Unless care is FIGURE 1. Simplified Circuit Diagram.
UNITY GAIN DIFFERENCE AMPLIFIER VARIABLE GAIN DIFFERENTIAL AMPLIFIER
' +V
. v 25k £0.02%
€ N U JA(25K)
Oeo —<6x107% (Q)e, 2 S 9
_ €cm _ €o
€0 = (e2 - ey) 3627 6 O
+ -
= < x1075 ) eem (%2 2 3
ecm - + 8
= = 1 -V
= — 25k £0.02
ecm < 20V e()___2(1_’_IX)(e2_el) = 02%

HIGH INPUT IMPEDANCE, VARIABLE GAIN, INSTRUMENTATION

AMPLIFIER

VW

2R,
Ry

Zin = 10MQ

eo=(1+ ) (e2-ep)

DIFFERENTIAL IN - DIFFERENTIAL OUT AMPLIFIER
+V o

eq = -2¢j
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ELECTRICAL SPECIFICATIONS

Specifications typical at 25°C and +15VDC power supply unless otherwise noticed.

MECHANICAL

— A —

le— 5 —o

Gain Nonlinearity”’
Gain Temp. Coefficient, max
Gain Temp. Coefficient, typ

MODELS I 3627AM I 3627BM
GAIN

Gain Equation G=1v;V"

Gain Error +0.019%. max (£0.005% typ)

+0.001%. max (£0.0005% typ)
+0.0005%. "C (5ppm, "C)
10.0002%; "C (2ppm; "C)
1

OUTPUT

Common-mode Rejection, DC to 60Hz
CMR, at 25°C
CMR, -25°C to +85°C

Rated Output, min +10V at £5mA
Rated Output, typ +12V at £10mA
Output Impedance 0.0102
1
INPUT
Input Impedance !
Differential 50k
Common-mode S0k
Input Voltage Range, Linear Operation
Differential ) £lov
Common-mode *20v

90dB, min (94dB, typ)
80dB, min (90dB. typ)

100dB. min (106dB. typ)
86dB. min (94dB. typ)

OFFSET AND NOISE

Offset Voltage, RTO™"

4

te /7

Seating

NOTE:

Pane  _ pllg—

|

I

D

x;innJ

Leads in true position within .010""
(.25mm) R @ MMC at seating plane.

. Connected as unity-gain amplifier. Several other configurations ar possible. See the figures in Discussion
and Typical Applications.

Nonlinearity is the maximum peak deviation from the best straightline as a percent of full scale
peak-to-peak output.

. With zero source impedance unbalance.

Referred to output in unity-gain difference configuration. Note that this circuit has a gain of 2 for the
operational amplifiers offset voltage and noise voltage.

Includes effects of amplifiers’ input bias currents.

Includes effects of amplifiers’ input current noise.

~

N

[
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at 25°C 250uV (100uV. typ)
vs Temperature, uV/"C 30. max (15. typ) 20. max (10, typ) INCHES MILLIMETERS.
vs Supply 20uViV DIM [ MIN | MAX MIN MAX
vs Time ~ 20pV/mo A | .335 .370 8.51 9.40
Noise Voltage, RTO""" B | 305 | 335 | 775 | .51
0.01Hz to 10Hz 2uV. p-p c |.16s | 185 | 419 | 470
10Hz to 100Hz 1.5V, rms [>) .016 021 0.41 0.53
1 € .010 .040 0.25 1.02
DYNAMIC RESPONSE F .010 .040 0.25 1.02
Small Signal, *19% Flatness 5kHz min (8kHz, typ) G 200 BASIC 5.08 BASIC
Small Signal, +3dB Flatness 0.8MHz min (1.2MHz. typ) H .028 .034 0.71 0.86
Full Power Bandwidth 14kHz min (18kHz. typ) 3 .029 .045 0.74 1.14
'Slew Rate 0.6V us min (1V/ us, typ) K .500 - 12.7 —
Settling Time, 0.1% (*10mV) 20u<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>