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ABOUT BURR-BROWN

Burr-Brown Corporation is a leading designer and manufacturer of precision
microcircuits and microelectronic-based systems for use in data acquisition,
signal conditioning, measurement, and control.

‘We make our products for customers who pursue business success much as
we do—through worldwide competition based on high performance, high
quality, and high value. Our customers include OEMs, sophisticated end-
users, systems integrators, and VARs who demand an extra measure of
performance for their products and operations.

COMPANY FACTS

* Founded in 1956.

* Corporate headquarters, Tucson, Arizona, U.S.A.

* 1500 employees.

« Manufacturing and technical facilities: Tucson; Livingston, Scotland;
Atsugi, Japan.

« Sales and distribution subsidiaries in Austria, Belgium, England, France,
Germany, Italy, Japan, the Netherlands, Sweden, and Switzerland; 19 inter-
national sales representative organizations worldwide.

* Over 300 sales and service staff worldwide.
* 800+ high-performance products.

BURR-BROWN PRODUCTS

* Precision linear microcircuits, including data converters, operational and
instrumentation amplifiers, power amplifiers, and isolation amplifiers. Many
military/high reliability models.

* DC/DC converter power supplies in a broad range of input/output
ratings.*

* Board-level microcomputer subsystems, including high-speed DSP
boards for VME and IBM PC systems; industrial STD boards; and modular
PC instrumentation for data acquisition, test, measurement, and control.*

« Data entry terminals, transaction processors, and peripherals for factory
data collection, inventory control, labor tracking, and quality assurance.
Modems, multiplexers, and network servers for industrial data communica-
tions and LANs. See Section 14.

* These items are described in Section 14 and in separate databooks. Also see
Section 1.
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QUALITY AT BURR-BROWN

BUILT-IN QUALITY AND RELIABILITY
GUARANTEE HIGH PERFORMANCE

We have been building quality and reliability into our microcircuits, subsys-
tems, and systems for over 30 years. Today, our manufacturing and quality
assurance processes and procedures are backed by millions of units of
worldwide experience; we make sure our customers get all the operating
performance in their applications that we design into our products.

A SYSTEMS APPROACH TO
QUALITY MANUFACTURING

In the manufacture of microcircuits, sophisticated production techniques
and test equipment are used to fabricate silicon wafers and fashion them into
hybrid and monolithic electronic components. Our engineers have pio-
neered hundreds of innovations in manufacturing technology, including
thin-film deposition processes and wafer-level laser trimming to improve
accuracy and stability.

HIGH-PERFORMANCE PEOPLE

Our 1500 worldwide engineers, technicians, managers, and other employ-
ees are educated, trained and motivated to continuously improve the prod-
ucts and services demanded by our customers. Employee skills are con-
stantly improved through in-house and community educational programs to
meet new operating and competitive challenges. From top to bottom, our
people focus on the customer and his needs; everyone is a high-performance
partner in your aggregate business success.

GETTING IT RIGHT THE FIRST TIME!

Quality control, like almost everything else at Burr-Brown, begins at the
design phase. The completed design is carefully checked prior to production
to make sure that it will meet the quality criteria set up for it. Incoming
materials from vendors are sampled and carefully inspected to the standard
established for each item before going into manufactured product.

Burr-Brown IC Data Book vii
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During production, our in-line quality control people sample parts from the
production line at several stages and inspect partially assembled products
against performance criteria. A 100% electrical test performed after pro-
duction completes the manufacturing cycle.

Inspection and testing don’t stop when production is completed. Many
Burr-Brown products are subjected to “burn-in” at elevated temperatures to
catch early or “infant mortality” failures before they reach the customer.

To maintain both quality and on-time delivery, Burr-Brown uses several
computerized manufacturing systems. In our AMAPS system, information,
such as the location of materials, how they are being used, inventory of
parts, and what materials need to be ordered, is collected and analyzed on
a regular basis to make sure the work flows smoothly.

We are also now expanding a rigorous Statistical Process Control (SPC)
system throughout the company. Our employees are directly involved in all
aspects of the manufacturing process, so we “do it right the first time”
instead of catching errors later. SPC is a proven technique that represents the
future in electronics manufacturing.
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UNDERSTANDING COMPONENT
MODEL NUMBERS

Most Burr-Brown component products in this book have model numbers in
the following form:

ADC 80 M A H -12 {QM

Quality Designator
(optional)

Additional Performance
Information (optional)

Package Designator
Performance Grade/Temp Range Designator

Additional Performance Information (Second Generation,
Improved Performance, etc.), 1 or 2 Letters (optional)

Model Sequence Designator, 2 to 4 digits

Product Type Prefix

Exceptions: Second-source products are marked as similarly to the original
vendor’s part number as possible.

Some products designed for digital audio and signal processing applications
have model numbers as follows:

PCM 58 P TJ
l Performance Grade/Temp Range Designator
Package Designator
Model Sequence Designator, 2 to 4 digits
Product Type Prefix

Burr-Brown IC Data Book ix
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PRODUCT TYPE PREFIXES

Product Type Prefix Description
Amplifiers OPA Operational Amplifier
INA . Instrumentation Amplifier
PGA ‘ Programmable Gain Amplifier
ISO Isolation Amplifier
Analog Circuit MFC Multifunction Converter
Functions MPY Multiplier
DIV Divider
LOG Logarithmic Amplifier
Frequency Products VFC Voltage-to-Frequency Converter
UAF Universal Active Filter
Conversion Products ADC A/D Converter
ADS A/D Converter with Sample/Hold
DAC D/A Converter
MPC Multiplexer
PCM A/D and D/A Converters for Audio
and Digital Signal Processing
SDM System Data Modules
SHC Sample/Hold
Miscellaneous PWS Power Supply
' PWR Power Supply
REF Reference
XTR Transmitter
RCV Receiver

PERFORMANCE GRADE AND TEMPERATURE RANGE DESIGNATORS

Temperature Range

0°C to 70°C ~25°C to +85°C -55°C to +125°C
(Commercial) (Industrial) (Military)
Increasing Parametric
Performance H A R
: J B S
‘ K C (best) T (best)
L (best)

NOTE: (1) For some industrial products this may be —40°C to 85°C.

PACKAGE DESIGNATORS QUALITY DESIGNATORS
M Metal (hermetic) Q Burr-Brown's Q program
P Plastic DIP (nonhermetic) QM or/QM  Burr-Brown’s Q program with
G Ceramic (hermetic or Military Visual Criteria
nonhermetic) BlorB Burn-in
u SOIC
N PLCC
L Ceramic Leadless Chip Carrier
D Die
H Ceramic hermetic
Burr-Brown IC Data Book X Vol. 33



WHERE TO GO FROM HERE:
BURR-BROWN SALES & SERVICE

GETTING TECHNICAL ASSISTANCE

We have a large and competent field sales force, backed up by an
experienced staff of technical applications specialists. They are eager to
assist you in selecting the right product for your application. This free
service is available from our Tucson-based headquarters and all sales
offices.

GETTING PRODUCT DATA SHEETS
AND OTHER TECHNICAL LITERATURE

Burr-Brown uses Product Data Sheets (PDSs) to describe its components.
This Data Book is a compilation of PDSs for products recommended for
new designs at the time of publication (1/89). You can receive individual
PDSs for older products, new introductions, or revisions of existing prod-
ucts by contacting your local Burr-Brown salesperson or representative.
See the listing on the inside back cover.

HOW TO PLACE AN ORDER

You can place orders via telephone, FAX, mail, TWX, or TELEX with any
authorized Burr-Brown field sales office, sales representative, or our head-
quarters in Tucson. A complete list of sales offices is on the inside back
cover of this book. When placing an order, please provide complete infor-
mation, including model number with all option designations, product de-
scription or name, quantity desired, and ship-to and bill-to addresses. This
will help us serve you most efficiently.

PRICES AND TERMS

Prices listed in this catalog are effective until March 31, 1989 and unless
otherwise noted apply only to domestic U.S.A. customers. All other cus-
tomers should contact their local Burr-Brown sales office for pricing.
Prices and specifications are subject to change without notice.

For U.S.A. customers all prices are FOB Tucson, Arizona, U.S.A., in U.S.
dollars. Applicable federal, state, and local taxes are extra. Terms are net
30 days. .

Burr-Brown IC Data Book Xi
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QUOTATIONS

Price quotations made by Burr-Brown or its authorized field sales repre-
sentatives are valid for 30 days. Delivery quotations are subject to recon-
firmation 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.A., contact our Tucson headquarters. In other countries, contact your
local Burr-Brown sales office or representative. Please ship returned units
prepaid and supply the original purchase order number and date, along
with 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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BURR-BROWN
TECHNICAL LITERATURE

An extensive library of Burr-Brown technical literature is available to
design engineers and others interested in using Burr-Brown components.
Contact your local Burr-Brown salesperson or representative for the items
you need. See the listing on the inside back cover.

PRODUCT DATA SHEETS (PDSs)

Individual PDSs similar to those in this book are available. You may want
to request a particular PDS to get the most recent version or to obtain infor-
mation on products not featured here. This last group includes new products
not introduced when this book was created and those listed in Other Prod-
ucts Still Available tables in the introductory material of each section.

MILITARY PRODUCTS DATA BOOK

This publication covers the complete line of Burr-Brown military/high re-
liability components and die. Burr-Brown’s Military Products Division
facilities have been certified to both MIL-STD-976 and MIL-STD-1772. All
product families are fully specified from —55°C to +125°C with up to three
performance grades at the /883B product assurance level. For more informa-
tion, see page 14-5.

The Military Products Data Book will be available in Second Quarter 1989.
To obtain a copy, contact your local Burr-Brown salesperson or representa-
tive. See the listing on the inside back cover.

POWER SOURCES HANDBOOK

Burr-Brown offers a wide selection of power conversion products, all
completely described in this useful book. In addition to containing detailed
PDSs, it also has an extensive selection guide, a discussion of advanced
reliability programs, a glossary of terms, and application notes for effective
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use of these products. For more information, see pages 14-1 to 14-4.

The Power Sources Handbook will be available in early 1989. To obtain a
copy, contact your local Burr-Brown salesperson or representative.

RELIABILITY REPORTS

Burr-Brown performs extensive reliability evaluations of new products and
processes. Copies of these reports are ava11able from your local Burr-Brown
salesperson or representative.

APPLICATIONS HANDBOOK

This is a booklength collection of more than 50 Application Notes written
by Burr-Brown’s engineering staff. It offers practical, detailed information
on the most popular components, such as those covered in this book—
operational amplifiers, isolation amplifiers, digital-to-analog converters,
analog-to-digital converters, and more.

UPDATE

Burr-Brown publishes this full-color supplement sevetal times a year to
keep our customers informed about new product developments, supporting
literature, and applications.

TECHNICAL BOOKS

Burr-Brown engineers, in cooperation with McGraw-Hill, have authored
the world’s most ex.ensive and authoritative library dealing with the art of
analog signal conditioning, conversion, and computation. These four hard-
bound books, described below, are respected and referenced throughout the
international engineering community. They are available to you directly
from Burr-Brown.

FUNCTION CIRCUITS: Design and Applications

This volume is the first to cover the multifaceted area of analog function cir-
cuits. It explores in depth both the design theory and numerous applications
for such analog functions as Multipliers, Dividers, Logarithmic Amplifiers,
Exponentiators, RMS-to-DC Converters, and Active Filters. It also clearly
shows how to specify and test these functions, which are increasingly
becoming available in integrated circuit form. (more than 300 pages, 200
illustrations)
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OPERATIONAL AMPLIFIERS: Design and Applications

This pioneering work provides practical information you can directly apply
to instrumentation design. It covers basic theory, test methods, amplifier
design techniques, and applications. Part I discusses the design of opera-
tional amplifiers, offering insight into factors determining performance
characteristics, and outlines techniques for their control. Part II presents a
wide range of practical operational amplifier applications, and provides
sufficient descriptions of operation to permit design adaptation from the
specific circuits described. (more than 470 pages, 300 illustrations)

APPLICATIONS OF OPERATIONAL
AMPLIFIERS: Third Generation Techniques

The second volume of the Operational Amplifier series, this book is much
more than just a collection of circuit or theoretical analysis. It also 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 a storehouse 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. (more than 230 pages, 170
illustrations)

DESIGNING WITH OPERATIONAL
AMPLIFIERS: Applications Alternatives

The latest volume of the Operational Amplifier series offers a wealth of in-
novative applications and circuit techniques that have recently been devel-
oped. Example applications include complete explanations of circuit opera-
tions, allowing you to efficiently develop further circuits. Practical limita-
tions are also discussed, in addition to pertinent design equations that can
be adapted to your specific requirements. (more than 270 pages, 200 illus-
trations)

Vol. 33
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OPERATIONAL AMPLIFIERS

APPLICATION GROUPS

Burr-Brown operational amplifiers are listed in eight applications groups de-
scribed below. This helps you determine and select the best operational
amplifier available for a design. Instrumentation amplifiers and isolation
amplifiers are described in Sections 3 and 4 respectively.

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 0.14V/°C to
SUV/°C are available within this group.

LOW BIAS CURRENT

Low bias current operational amplifiers consist of FET input designs. This
group includes amplifiers with input bias currents from 0.01pA to 50pA.
Applications with large feedback resistances or large source resistances (long
time constants, integrators, current sources, etc.) and buffer applications will
benefit by the use of low bias current amplifiers.

LOW NOISE

This group contains low noise bipolar and FET input operational amplifiers.
Burr-Brown units offer guaranteed noise spectral density, 100% tested. In
applications such as low noise signal conditioning, light measurements,
radiation 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.
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WIDEBAND

Wideband operational amplifiers have bandwidths greater than SMHz. This
group also contains fast settling and high slew rate amplifiers. These ampli-
fiers reduce phase errors at high frequencies and accurately reproduce
complex waveforms. These amplifiers are well suited for pulse, video, fast
settling, and multiplexing applications.

HIGH VOLTAGE

Amplifiers in this group are designed to provide large output voltage swings
and to operate on wide ranges of supply voltage. Output voltages from +10V
and +145V (up to 290V, single supply) are available in this applications
group. 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 +1A to +£10A. They are used
with small load resistances, coax cable driving, and with power booster ap-
plications. 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, buffer an
impedance that might load a critical circuit or to be an input impedance
converter from an input that 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.

SPECIAL PURPOSE

Special purpose op amps provide features or performance that don’t fit
conventional categories. These include op amps specified for very wide
temperature range and devices with switchable inputs.

OPERATIONAL AMPLIFIERS SELECTION GUIDES

The following Selection Guides show parameters for the high grade. Refer to
the Product Data Sheet for a full selection of grades. Models shown in
boldface are new products introduced since publication of the previous Burr-
Brown IC Data Book.
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LOW DRIFT

Low offset voltage drift vs temperature performance in both FET and bipolar
input types is obtained by our sophisticated drift compensation techniques.
First, the drift is measured and then special laser trim techniques are used to
minimize the drift and the initial offset voltage at 25°C. Finally, “max drift”
performance is retested for conformance with specifications.

LOW DRIFT (s5uV/°C) Boldface = NEW

Offset Voltage, Bias Open Frequency
max Current Loop __Response
At Temp (25°C), Gain, Unity Slew Rated
25°C, Drift, max min  Gain Rate  Output, min Temp
Description Model (EmV) (uV/eC) (nA) (dB) (MHz) (V/us) (V) (tmA) Range” Pkg Page

OPERATIONAL AMPLIFIERS H

FET OPA627M 0.1 0.8 20 110 16 45 12 30 Ind TO-99 2-174
OPA627P 025 2 50 104 16 40 12 30 Ind DIP 2-174
OPA111IM 025 1 +0.001 120 2 2 11 5 Ind TO-99 2-55
Wideband OPA156M 2 5 005 94 6 14 10 5 Mil TO-99 2-80
OPA356M 2 5 005 94 6 14 10 5 Com TO-99 2-80
OPA602M 0.25 2 +.001 92 6.5 28 10 15 Ind TO-99 2-145
OPA602P 0.5 5 +.002 88 6.5 24 10 15 Ind DIP 2-145
OPA606M 0.5 5 +0.01 100 13 35 12 5 Com TO-99 2-158
Dual FET OPA2111M 0.5 2.8 +0.004 114 2 2 1 5 Ind TO99 2-195
OPA2107P 0.5 5 0.006 80 5 15 1 10 Ind DIP 2-193
Bipolar OPA27J,Z 0.025 0.6 +40 120 8 1.99) 12 16.6 Mil TO-99, 2-27
DIP
OPA37J,Z 0.025 0.6 +40 120 63®@ 1199 12 16.6  Mil TO-99, 2-27
DIP
OPA27P 0.100 1.8 +80 117 8 1.9@ 12 16.6 Com DIP 2-27
OPA37P 0.100 1.8 +80 117  63@ 11.9@ 12 16.6 Com DIP 2-27
Low Power  OPA21Z 0.1 1 25 120 0.3 0.2 13 5 Ind DIP 2-21

NOTES: (1) Com = 0°C to +70°C, Ind = —25°C to +85°C, Mil = —55°C to +125°C. (2) Gain-bandwidth product for OPA37.
A,= 5min. (3) Typical.

LOW BIAS CURRENT

Our many years of experience in designing, manufacturing and testing FET
amplifiers give us unique abilities in providing low and ultra-low bias current
op amps. These amplifiers offer bias currents as low as 75fA (75 x 10"5A) and
voltage drift as low as 1V/°C. With offset voltage laser-trimmed to as low
as 250UV, the need for expensive trim pot adjustments is eliminated.

LOW BIAS CURRENT (<50pA) Boldface = NEW

Offset Voltage, Bias Open Frequency
max Current Loop Response
At Temp (25°C), Gain, Unity Slew Rated
25°C, Drift, max min  Gain Rate  Output, min Temp
Description Model (xmV) (xpV/°C) (pA) (dB) (MHz)  (V/ps) (xV) (tmA) Range Pkg Page

FET OPA11iM 025 1 +1 120 2 2 11 5 Ind TO-99 2-55
(Continued on next page.)
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LOW BIAS CURRENT (<50pA) (Continued) ‘ Boldface = NEW

Offset Voltage, Bias Open Frequency
max Current Loop _Response
At  Temp (25°C), Gain, Unity Slew Rated
25°C, Drift, max min Gain Rate  Output, min Temp
Description Model (EmV) (zuVv/°C) (pA) (dB) (MHz)  (V/us) (*V) (tmA) Range® Pkg Page

FET OPA627M 0.1 0.8 20 110 16 45 12 30 Ind TO-99 2-174
OPA627P 025 2 50 104 16 40 12 30 Ind DIP 2-174
Low Noise OPA10IM 025 5 -10 94 10 6.5 12 12 Ind TO-99 2-43
OPA1O2M 025 5 -10 94 40 14 12 12 Ind TO-99 2-43
Ultra-Low OPA128M 0.5 5 +0.076 110 1 3 10 5 Com TO-99 2-72
Bias Current AD515H 1 25 0.075 88 0.35 1 10 5 Com TO-99 2-13
Dual FET OPA2111M 0.5 2.8 +4 114 2 2 1 5 Ind TO-99 2-195
OPA2111P 2 15 +15 106 2 2 11 5 Com DIP 2-195
OPA2107P 0.5 5 6 80 5 15 1 10 Ind DIP 2-193
Quad FET OPA404G 075 3@ +4 92 6.4 35 12 5 Ind DIP 2-94
OPA404P 25 5@ +12 88 6.4 35 11.5 5 Com DIP 2-94
Low Cost OPA12IM 2 10 +5 110 2 2 11 5 Com TO-99 2-66
OPA121P 3 10 +10 106 2 2 11 5 Com DIP 2-66
OPA602M 025 2 1 92 6.5 28 10 15 Ind TO-99 2-145
OPA602P 0.5 5 2 88 6.5 24 10 15 Ind TO-99 2-145
Wideband OPA606M 0.5 5 +10 100 13 35 12 5 Com TO-99 2-145
OPAB06P 3 10@ 25 90 12 30 11 5 Com DIP 2-145

7

NOTES: (1) Com= 0°Cto +70°C, Ind = —25°C {0 +85°C, Mii = —55°C to +125°C. (2) Typical.

LOW NOISE

Now both FET and bipolar input op amps are offered with guaranteed low
noise specifications. Until now the designer had to rely on “typical” specs for
his demanding low noise designs. These fully characterized parts allow a truly
complete error budget calculation.

LOW NOISE (Very Low e,) Boldface = NEW
Frequency
Noise Bias Offset Open _Response
Voltage Current Voltage, max Loop Slew
at 10kHz, (25°C), at Temp Gain, Gain Rate, Rated -

max_  max 25°C  Drit min BW min Output, min _ Temp
Descrip. Model (nVANHz) (pA) (xmV) (£pVv/°eC) (dB) (MHz) (V/us) (V) (+mA) Range” Pkg Page

Bipolar ~ OPA27J,Z 3.8 +40nA 0.025 0.6 120 8 1.9@ 12 166 Ml TO-99, 2-27

DIP
OPA37J,Z 38 +40nA 0.025 0.6 120 63 11.9@ 12 16.6 Ml  TO-99, 2-27
DIP
Wide OPA10IM 8 -10 025 5 94 20 5§ 12 12 Ind TO-99 243
Bandwidth OPA102M 8 -10 025 5 94 40 10 12 12 Ind TO-99 243
FET OPA111IM 8 +1 0.25 1 120 2 1 1 5 Ind TO99 2-55
OPA602M 122 1 025 2 92 65 28 10 15 Ind TO-99 2-145
(Continued on next page.)
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LOW NOISE (Very Low e,) (Continued) Boldface = NEW

Frequency
Noise Bias Offset Open _Response
Voltage Current Voltage, max Loop Slew
at10kHz, (25°C), at Temp Gain, Gain Rate, Rated

max  max 25°C Drit min BW min Output, min_  Temp
Descrip. Model (nVAHz) (pA) (mV) (xpVv/eC) (dB) (MHz) (V/ius) (V) (+mA) Range® Pkg Page

FET OPA627TM 54 20 0.1 0.8 110 16 45 12 30 Ind TO-99 2-174
OPA627P 6.2 50 025 2 104 16 40 12 30 Ind DIP 2-174

Low Cost OPA27P 45 +80nA 0.100 1.8 117 8 1.9@ 10 16.6 Com DIP 2-27
OPA37P 45 £80nA 0.100 1.8 117 63 11.9@ 10 166 Com DIP 2-27

Dual FET OPA2111M 8 +4 0.5 28 114 2 1 11 5 Ind TO-99 2-195
OPA2111P 6@ 15 2 15 106 2 1 1 5 Com DIP 2-195

NOTES: (1) Ind = -25°C to +85°C, Mil = -55°C to +125°C, Com = 0°C to +70°C. (2) Typical.

UNITY-GAIN BUFFER (POWER BOOSTER)

These versatile amplifiers boost the ouput current capability of another
amplifier; buffer an impedance that might load a critical circuit; and may be
used inside the feedback loop of another op amp to form a current-boosted,
composite amplifier. Currents as high as +200mA are available with speeds

of 2000V/ps.

UNITY-GAIN BUFFER Boldface = NEW
Rated Frequency Responses Input
Output, min  -3dB Full Power Slew Rate Gain impedance Temp

Description Model V) (mA) (MHz) (MH2) (Vius) (VIV) Q) Range” Pkg Page
High 3553AM 10 200 300 32 2000 =1 10" Ind TO-3 2-225
Performance
Low Cost OPAG633H,P 11 80 275 65 2500 =1 1.5x10° Ind TO-8,DIP 2-176

NOTE: (1) Ind = —25°C to +85°C.

WIDE BANDWIDTH

Design expertise in wideband circuits combines with our fully developed
technology to create cost-effective wideband op amps. Burr-Brown high-
speed amplifiers also offer outstanding DC performance specifications.

WIDE BANDWIDTH (>5MHz)
Frequency Response Offset Voltage, Open
Slew max Loop
Gain Rate tg Rated At Temp Gain,
BW min  +0.1% Output, min 25°C  Drift min Temp
Descrip. Model (MHz) (V/us) (ns) Comp (V) (+¢mA) (xmV) (xpV/°C) (dB) Range” Pkg Page
FET OPA156M 6 10  1.5us int 10 5 2 5 94  Mil TO99 2-80
OPA356M 6 10 1.5ps int 10 5 2 5 94 Com TO-99 2-80

(Continued on next page.)
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WIDE BANDWIDTH (>5MHz) (Continued)

Boldface = NEW

Frequency Response

Offset Voltage, Open

Slew max Loop
Gain  Rate ftg Rated At Temp Gain,
BW min  +0.1% Output, min 25°C Drift min Temp
Descrip. Model (MHz) (V/us) (ns) Comp (V) (tmA) (+mV) (+uV/°C) (dB) Range Pkg Page
FET OPA602M 6.5 28 600 int 10 15 025 2 92 Ind TO-99 2-145
OPA602P 6.5 24 600 int 10 15 05 5 88 Ind TO-99  2-145
(Dual) OPA2107 5 15 1us int 11 10 05 5 80 Ind DIP 2-193
OPA605C 200, 3009 300 ext 10 30 0.5 5 96@ Ind DIP 2-152
A=1000
OPA606M 13 25 1us int 12 5 0.5 5@ 100 Com TO-99 2-158
OPA606P 12 20 1us int 11 5 3 10@ 90 Com TO-99 2-158
OPA627M 16 45 400 int 12 30 0.1 0.8 110 Ind TO-99 2-174
OPA627P 16 40 400 int 12 30 025 2 104 Ind DIP 2-174
3554M 1700, 1000 120 ext 10 100 1 15 100 Ind TO-3 2-229
A=1000
3551 50, 250 400 ext 10 10 1 50@ 88 Com TO-99 2-221
A=10
3550 20, 100 400 int 10 10 1 50@ 88 Com TO-99 2-217
A=1
Bipolar 3508 100, 20 — ext 10 10 5 30@ 98 Com TO-99 2-215
A=100
3507 20, 80 200 ext 10 10 10 ) 30@ 83 Com TO99 2-213
A=10 S
Quad FET OPA404G 6.4 28 600 int 115 5 075 3@ 92 Ind DIP 2-94
OPA404P 6.4 24 600 int 115 5 25 5@ 88 Com DIP 2-94
Low Noise OPA27 8,A=1 1.9@ — int® 12 16.6 0.025 0.6 120 Mil TO-99,DIP 2-27
Bipolar OPA37 63,A=5 11.9® — int® 12 16.6 0.025 0.6 120 Mil TO-99,DIP 2-27
Low Noise OPA101M 20, 5 2.5us int 12 12 025 5 94 Ind TO-99 2-43
FET A=100
OPA102M 40, 10 1.5us int 12 12 025 5 94 Ind TO-99 2-43
A=100
Fast OPA600M 5000, 500 80 ext 9 180 4 40 86 Ind DIP 2-137
Settling A=1000
Very Fast OPA620 170 200@ 10 int 27 150@ 0.5 5@ 55 Com, Mil DIP 2-166
Setting  OPA621 250, 100010 ext 27 150@ 0.5 5@ 55 Com, Mil DIP 2-170
Precision A=10
Very Fast OPA675G 3000, 200 15 ext 2.1 30 1 5 65 Com, Mil DIP 2-186
Settling A=16
Switched OPA676G 3000, 200 15 ext 2.1 30 1 5 65 Com, Mil DIP 2-186
Input A=16
Low Cost OPA27P 8,A=1 1.9@ — int 12 16.6 0.100 1.8 117 Com DIP 2-27
OPA37P 63, 11.9@ — int® 12 16.6 0.100 1.8 117 Com DIP 2-27
A=5
Wide OPA11HT 12,A=1 4 1.5us  ext 10 15 5@ 5 98 -55/+200°C TO-99 2-17
Temp OPA27HT 6,A=1 1.9 — int 12 16.6® 0.050 0.25@ 120 -55/+200°C TO-99 2-39
Range

NOTES: (1) Com = 0°C to +70°C, Ind = —25°C to +85°C, Mil = =55°C to +125°C. (2) Typical. (3)G=5 min. for OPA37.
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HIGH VOLTAGE, HIGH CURRENT ‘ Boldface = NEW

Offset Voltage, Bias Frequency

max Current Response Open
Rated Output, At Temp (25°C), Unity Slew Loop
min 25°C  Drift max  Gain Rate Gain Temp

Description Model V)  (xmA) (mV) (zuVv/eC) (pA) (MHz) (V/us) (dB) Range™ Pkg Page

High Power OPA501M 26 10A 5 40 20nA 1 1.35 98 Ind TO-3 2-109

OPA511M 22 5A 10 65 40 1 1 91 Ind TO-3 2-117

OPA512BM 35 10A 6 65 30 4 2.5 110  Ind TO-3 2-122

OPA512SM 35 15A 3 40 20 4 25 110 Mil TO-3 2-122

OPA541M 35 5A 1 30 50 1.6 8 90 Ind TO-3 2-127

(Dual) OPA2541M 35 5A 1 30 50 1.6 8 90 Ind TO-3 2-205

OPA550 35 2A 1 30 50 3 15 90 Ind TO-220 2-135

3573M 20 2A™% 10 65 40nA 1 2.6 94 Ind TO-3 2-243
3572M 30 2A@ 2 40 100 0.5 3 94 Ind TO-3 2-237 7))
3571M 30 1A® 2 40 100 0.5 3 94 Ind TO-3 2-237 o
Wideband 3554M 10 100 1 15 50 1700@ 1200 100 Ind TO-3 2-229 I.EIJ
High Voltage 3584M 145 15 3 25 20 20@ 150 126 Com TO-3 2255 e~
3583M 140 75 3 25 20 5 30 118 Ind TO-3 2-251 o
3582 145 15 3 25 20 5 20 118  Com TO-3 2-247 E
3581 70 30 3 25 20 5 20 112 Com 103 2247 <X
3580 30 60 10 30 50 5 15 106  Com TO-3 2-247 -l
OPA445BM 35 15 3 10 50 2 10 100 Ind TO-99 2-104 g
Buffer 3553M 10 200 50 300 200 300 2000 NA Ind TO-3 2-225 9
OPA633 11 80 15 33® 35uA  275¢ 2500 NA Ind TO-8, DIP 2-176 =
<
NOTES: (1) Com = 0°C to +70°C, Ind = —25°C to +85°C, Mil = -55°C to +125°C. (2) Gain-bandwidth product. (3) 2A peak. 1)
(4) 5A peak. (5) Typical. w
o
o

SPECIAL PURPOSE

These op amps offer specialized performance or function, including devices
with wide temperature range, low quiescent current, and switched inputs.

SPECIAL PURPOSE Boldface = NEW

Offset Voltage, Bias Open Frequency
max Current Loop _ Response
At Temp (25°C), Gain, Unity Slew Rated
25°C, Drift, max min Gain Rate  Output, min Temp
Description Model (xmV) (£pV/eC) (nA) (dB) (MHz)  (Vius) (V) (tmA) Range™ Pkg Page

Low Power  OPA21Z 0.1 1 25 120 0.3 0.2 13.7 1.4 Ind DIP 2-21
Switchable = OPA201G 0.1 1 25 120 05 0.1 13.5 5 Com DIP 2-86
Input
Very Fast OPA675G 1 5 35pA 65 185 350 2.1 30 Com, Mil DIP 2-186
Settling OPA676G 1 5 35pA 65 185@ 350 2.1 30 Com, Mil DIP 2-186
Wide Temp OPA11HT 5 5@ +25 94 12 7 10 15 -55°Cto TO-99 2-17
Range +175°C

OPA27HT  0.05 0.25@ 1pA 120 6 1.9 12 16® -55°Cto TO-99 2-39

+200°C

NOTES: (1) Com = 0°C to +70°C, Ind = —~25°C to +85°C Mil = —55°C to +125°C. (2) Typical. (3)—3dB BW at Gain of +10V/V.
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MODELS STILL AVAILABLE BUT NOT FEATURED IN THIS BOOK

- Recommended

Model Description Newer Model Equivalency
3329/03 Hybrid Power Booster OPA633 F/IE
3500 Low Bias Current Op Amp OPA27 F/E
3501 Low Bias Current Op Amp OPA111 P/P
3510 Low Drift Op Amp OPA27 F/E
3521 Low Drift Op Amp OPA111 P/P
3522 Low Drift Op Amp OPA111 P/P
3523 Low Bias Current Op Amp OPA128 P/P
3527 Low Drift FET Op Amp . OPA111 P/P
3528 Low Bias Current Op Amp OPA128 PP
3542 FET Input Op Amp OPA121@ P/P
OPA37HT Wide Temp Op Amp OPA11HT P/P
OPA103 Low Bias Current Op Amp OPA128 P/P
OPA104 Low Bias Current Op Amp OPA128 P/P
DEM102 Demo Kit for ISO102

DEM106 Demo Kit for ISO106

NOTES: (1) P/P = Pin for Pin. A true second source. F/E = Functional Equivalent. Very similar function, very similar performance,
but not pin for pin. C/P = Closest Part. Similar function, similar performance, but significant differences exist. (2) Supply Range for
OPA121 is £5V to +18V (instead of £5V to £20V).
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OPERATIONAL AMPLIFIERS GLOSSARY

COMMON-MODE INPUT IMPEDANCE

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 log,, CMV/Error Voltage

Thus a CMR of 80dB means that 1V of common-mode voltage will cause an
error of 100pV (referred to input).

COMMON-MODE YOLTAGE (CMYV)

That portion of an input signal common to both inputs of a differential
amplifier. Mathematically it is defined as the average of the signals at the two
inputs:

CMV = (e, +¢,)2

COMMON-MODE VOLTAGE GAIN

Ratio of the output signal voltage (ideally zero) to the common-mode input
signal voltage.

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

DIFFERENTIAL INPUT IMPEDANCE

Apparentimpedance, resistance in parallel with capacitance, between the two
input terminals.

FULL POWER FREQUENCY RESPONSE

Maximum frequency at which a device can supply its peak-to-peak rated
output voltage and current, without introducing significant distortion.

GAIN-BANDWIDTHPRODUCT
Product of small signal, open-loop gain and frequency at that gain.
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INPUT BIAS CURRENT

DCinput 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
Sensitivity of input bias current to power supply voltages.

INPUT BIAS CURRENT vs TEMPERATURE
Sensitivity of input bias current to temperature.

INPUT CURRENT NOISE

Input current that 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
Difference of the two input bias currents of a differential amplifier.

INPUT OFFSET VOLTAGE

DCinput 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 (PSR)

Sensitivity of input offset voltage to the power supply voltages. Both power
supply voltages are changed in the same direction and magnitude over the op-
erating voltage range.

INPUT OFFSET VOLTAGE vs TEMPERATURE (DRIFT)

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 specifica-
tion temperature, plus the change in input offset voltage from +25°C to the
minimum specification temperature, this quantity is divided by the specified
temperature range.

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

INPUT VOLTAGE NOISE
Differential input voltage that would produce, at the output of a noiseless
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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

Maximum voltage that may be applied at, or between, the inputs without
damage.

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

OPERATING TEMPERATURE RANGE
Temperature range over which the amplifier may be safely operated.

OUTPUT RESISTANCE
Open-loop output source resistance with respect to ground.

POWER SUPPLY RATED VOLTAGE

Normal value of power supply voltage at which the amplifier is designed to
operate.

POWERSUPPLY VOLTAGERANGE

Range of power supply voltage over which the amplifier may be safely
operated.

QUIESCENT CURRENT

Current required from the power supply to operate the amplifier with no load
and with the output at zero volts.

RATED OUTPUT

Peak output voltage and current that can be continuously, simultaneously
supplied.

SETTLING TIME

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

Maximum rate of change of the output voltage when supplying rated output
current.
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SPECIFICATION TEMPERATURE RANGE

Temperature range over which “versus temperature” specifications are speci-
fied.

STORAGE TEMPERATURE RANGE

Temperature range over which the amplifier may be safely stored, unpow-
ered.

UNITY-GAIN FREQUENCY RESPONSE
Frequency at which the open-loop gain becomes unity.
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BURR-BROWN®

AD515

AD515

FET-Input Electrometer
OPERATIONAL AMPLIFIER

B

FEATURES

o ULTRA-LOW BIAS CURRENT: 0.075pA max

o LOW POWER: 1.5mA max
o LOW OFFSET: ImV max

o LOW DRIFT: 154V/°C max
© LOW COST

© REPLACES ANALOG DEVICES AD515

DESCRIPTION

The Burr-Brown ADS5IS5 is a monolithic pin-for-pin
replacement for the hybrid Analog Devices AD515
ultra-low bias current operational amplifier.

Laser-trimmed offset voltage and very-low bias
current are important features of this popular
amplifier. Monolithic construction allows lower cost
and higher reliability than hybrid designs.

The ADSI5 is available in three electrical grades; all
are specified over 0°C to +70°C and supplied in a

TO-99 hermetic package.

APPLICATIONS

o pH SENSORS

o INTEGRATORS

o TEST EQUIPMENT

o ELECTRO-OPTICS

o CHARGE AMPLIFIERS
o GAS DETECTORS

Case (Guard)

Inverting
Input

o—-

Noninverting
Input

@ +Veo
@___

>0

Output

O

Tm  Trim
AD515

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

OPERATIONAL AMPLIFIERS
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SPECIFICATIONS

ELECTRICAL

At Vee = £15VDC and Ta = +25°C unless otherwise noted Pin 8 connected to ground

AD515J ADS515K ADS15L
PARAMETER CONDITIONS | MIN v [max | min | tve [ max [ min [ tve | max| unrrs
OPEN-LOOP GAIN, DC
Open-Loop Voltage Gain’ RL=2kQ 20k 40k 25k \4%
RL = 10kQ 40k 100k 50k v
Twmin 10 Twmax,
R.=2k 15k 40k 25k VIV
RATED OUTPUT
| Voltage Output R. = 2kQ Tamin 0 Tmax +10 +12 * * * * v
R = 10kQ Tmin to Tmax +12 +13 * * * * \
Load Capacitance Stability Gain = +1 1000 * * pF
Short Circuit Current 10 25 50 * * * * * * mA
FREQUENCY RESPONSE
Unity Gain, Small Signal 350 * * kHz
Full Power Response 20V p-p,
Ru =2k 5 16 * * * * kHz
Slew Rate Vo = %10V,
R.= 2k,
Gain = —1 03 10 * * * * V/us
Overload Recovery Gain = —1 16 100 * * * * us
INPUT
OFFSET VOLTAGE?
Input Offset Voltage Vem = 0VDC 04 30 * 10 * 10 mV
Average Drift Twmin t0 Tmax 50 15 25 uv/°C
Supply Rejection Tmin to Tmax 68 86 80 74 . daB
50 400 100 200 uv/v
BIAS CURRENT?
Input Bias Current Vem = 0VDC 300 150 75 fA

Either input
IMPEDANCE
Differential 10116 * * Q| pF
Common-Mode 10108 * * Q| pF
VOLTAGE RANGE®™
Differential Input Range +20 * * \
Common-Mode Input Range +10 +11 * * * * v
Common-Mode Rejection Vin=£10VDC 66 94 80 70 dB
NOISE
Voltage 0 1Hz to 10Hz 40 ¥ * uV p-p

fo =10Hz 75, * * nV/\/Hz
fo = 100Hz 55 * * nV/\/Hz
fo = 1tkHz 50 * * nV/\/Hz
Current 0 1Hz to 10Hz 0003 * * PA p-p
fo = 10Hz to 10kHz o001 * * PA rms
POWER SUPPLY
Rated Voltage +15 * * vDC
Voltage Range,

Derated Performance +5 +18 * ¥ * * vDC
Current, Quiescent lo=0mADC 08 15 * * * * mA
TEMPERATURE RANGE '
Specification Range Ambient temp ] +70 * * * * °C
Storage Ambient temp —65 +150 * * * * °C

* Specification same as AD515J

NOTES (1) With or without nulling of Vos  (2) Offset voltage, offset current, and bias current are measured with the units fully warmed up  (3) If itis possible for
the input voltage to exceed the supply voltage, a series protection resistor should be added to limit input current to 0 5mA The input devices can withstand overload
currents of 0 3mA indefinitely without damage
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ORDERING INFORMATION

AD515 X H

Basic model number
Performance grade

J, K, L=0°C to +70°C

Package code

H = TO-99 metal can

CONNECTION DIAGRAM

Top View

Guard and Case

ABSOLUTE MAXIMUM RATINGS

E 10T o7 o] PN +18VDC
Internal Power Dissipation™...................... 500mW
Differential Input Voltage ...................... +36VDC

Input Voltage Range”® ..............

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® .............. Continuous
Junction Temperature. ...........coviveveeneinnes +175°C

cvse... £18VDC

NOTES (1) Packages must be derated based on f,c = 150°C/W or 6 =
200°C/W (2) For supply voltages less than +18VDC the absolute
maximum Input voltage i1s equal to the supply voitage. (3) Short circuit
may be to power supply common only Rating applies to +25°C ambient.
Observe dissipation mit and T,

MECHANICAL

“H” PACKAGE

NOTE Leads in true position within 010"
(25mm) R at MMC at seating plane

Pin numbers shown for reference only
Numbers may not be marked on package
Pin matenal and plating composition
conform to Method 2003 (solderability)

of MIL-STD-883 (except paragraph 3 2)

TO-99 (Hermetic)

jo— A —

je— g —»

OPERATIONAL AMPLIFIERS H AD515

L)
L c
INCHES MILLIMETERS = ——-L—Y
oM [ T MAX | MIN_ ] MAX e II | " B f
A 335 370 851 9 40 Seating
8 305 335 775 851 Plane “ " KI
C 165 185 419 470
o 016 021 041 053 l
e | 010 040 | 025 | 102 _.l._
F 010 040 025 102
G 200 BASIC 5 08 BASIC
H 028 034 071 086
J 029 045 074 114
x | so0 | -- 127
L 110 160 279 4 06
M | 4s5°8AsiC 45° BASIC
N @ 241 | 267
Ta = +25°C, Vcc = £15VDC unless otherwise noted
NORMALIZED BIAS CURRENT vs TEMPERATURE OPEN-LOOP FREQUENCY RESPONSE
1K 140
== [ | il
Ll 120 HIN —45
100 + h]
o 7 100 ‘ 3
o H o
3 v S L] * :
13 c 80 HH 90 2
5 8 N ¢ S
g 1 % 60 El-—‘i | \ | §
e = ain TN =1
3 S 40 L ; —135 §
P e
g OTE > 20 i
@ I [ N I
0.01 L 0 [ 3 | | [l —180
—50 —25 0 +25 +50 +75 +100 +125 1 10 100 1k 10k 100k ™ 10M

Ambient Temperature (°C)
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POWER SUPPLY REJECTION vs FREQUENCY
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Frequency (Hz)

APPLICATIONS INFORMATION

OFFSET VOLTAGE ADJUSTMENT

FIGURE 1. Offset Voltage Trim.

INPUT PROTECTION

The ADSI1S requires input protection only if the source is
not current limited. Limiting input current to 0.5mA
with a series resistor is recommended when input voltage
exceeds supply voltage.

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

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

GUARDING AND SHIELDING

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

Burr-Brown IC Data Book
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Frequency (Hz)

Leakage currents across printed circuit boards can easily
exceed the bias current of the AD5I15. To avoid leakage
problems, it is reccommended that the signal input lead of
the ADS515 be wired to a Teflon standoff. If the lead is to
be soldered directly into a printed circuit board, utmost
care must be used in planning the board layout.

A “guard” pattern should completely surround the high
impedance input leads and should be connected to a low
impedance point which is at the signal input potential.
The amplifier case should be connected to any input
shield or guard via pin 8. This insures that the amplifier
itself is fully surrounded by guard potential, minimizing
both leakage and noise pickup (see Figure 2).

Non-Inverting Buffer

-
Board layout for input guarding:
Guard top and bottom of board.
Alternate—use Teflon® standoff for sensnivq input pins.

Teflon® E | Du Pont de Nemours & Co

FIGURE 2. Connection of Input Guard.
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BURR-BROWN©®

OPA11HT

Wide Temperature-Range
General Purpose
OPERATIONAL AMPLIFIER

FEATURES

o —55°C TO +176°C SPECIFICATIONS

© 30nA MAX, INPUT BIAS CURRENT AT +175°C

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

o +5uV/°C TYP, INPUT OFFSET VOLTAGE COEFFICIENT
 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 +175°C range because we conduct 100%
screening procedures in accordance with MIL-STD-
883, method 5004, class B. Burn-in is performed at
200°C. Our sample and inspection procedures include
both destructive and nondestructive bonding wire

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

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

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

ELECTRICAL
Specifications at £15VDC and Ta = +175°C unless otherwise noted MECHAN|CA|-
MODEL OPA11HT ’
CHARACTERISTIC SYMBOL] MIN | TYP | MAX | UNIT TO-99 PACKAGE
OPEN LOOP GAIN, DC, single-ended Av
No load 108 dB
RL=2k 94 100 dB
RATED OUTPUT
Voltage, RL= 2k} Vom *10 *12 \
Current (Ta =25°C) | lom | +15 I +23 l l mA }_
DYNAMIC RESPONSE(Ta = 25°C) l €
Smali-Signal Bandwidth (0dB) 12 | MHz
Full-Power Bandwidth} Voyr = £10V BWip 50 75 kHz
Slew Rate R. =2k SR 4 7 V/usec
Settling Time (0.1%) 15 usec
Rise Time (10% to 90%, small-signal) 30 nsec o I EP—
INPUT OFFSET VOLTAGE Vio
Initial (without ad) at 25°C) * *5 mV
Over Temperature
Ta=+175°C 6 mv
Ta=—55°C +7 mvV
Average Vo coefficient *5 uv/eC
Average Vo coefficient vs
supply voltage(Ta = 25°C) *10 +200 uV/V
INPUT BIAS CURRENT lib
Initial at +25°C +10 *25 nA NOTE
Over Temperature Leads in true position within 010"
Ta= +175°C +30 nA {25mm) R @ MMC at seating plane
Ta=—55°C +40 nA Pin numbers shown for reference only
Average b coefficient +01 nA/°C Numbers may not be marked on package
INPUT DIFFERENCE CURRENT ho | INCHES MILLIMETERS
Initial at +25°C 110 125 nA OM ] MIN | max | WMIN | MA
Over Temperature Al 338 370 | 851 | 940
Ta=+175°C +30 nA 8 308 338 775 8 51
Ta=—55°C +40 nA C 165 185 419 470
o 053
Average lio coefficient +01 nA/°C : ::z Zi; o;; 102
INPUT IMPEDANCE (Ta = 25°C) F_] 010 040 | 025 | 102
Differential n 100 300 MQ G 200 BASIC 5 08 BASIC
o 3 pF H 028 034 071 086
74 114
Common Mode r(CM) 1000 Mo T T D IO
ci(CM) 3 pF L | 110 160 | 279 | 406
INPUT VOLTAGE RANGE M__| 45° BASIC 45° BASIC
Common Mode E3E] v N | oss | tos | 2a1 | 267
Differential Mode *12 v
Common-Mode Rejection CMR 80 100 dB
Over Temperature (-55°C < Ta < +175°C) 100 dB
POWER SUPPLY(Ta=25°C) CONNECTION DIAGRAM
Rated Voltage Vce *15 v ]
Voltage Range, derated +8 to +22 \
Current, quiescent Iq +3 37 mA BANDWIDTH CONTROL
Over Temperature (-55°C < TA < +175°C) +3 mA
Power Supply Rejection i
Ratio (Ta = +175°C) PSrr 80 100 dB
TEMPERATURE RANGE
Specification —55°C < Ta< +175°C
Operating —55°C < Ta < +200°C
Storage —65°C < Ta < +250°C
(TOP VIEW)
PIN 4 IS CONNECTED TO CASE
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TYPICAL PERFORMANCE CURVES

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

OPEN LOOP FREQUENCY RESPONSE!!) COMMON MODE VOLTAGE RANGE vs SUPPLY VOLTAGE

_ 120 P 20
8 100 OpF £
< 10pF 2 Pt
5 8o 30pF S
o NN Ll &
3 e NN §
£ N (4 10
S 4 N - e
§ NN : P
S 20p—100pF N H 5 s~
§ 300pF N E
S L 1000pF N 8 o
r .
10 100 1k 10k 100k 1M 10M 5V v sy *0v
Frequency (Hz) Supply Voltage
STEP RESPONSE IN FOLLOWER CONFIGURATION(z) OPEN LOOP VOLTAGE GAIN vs TEMPERATURE
120
200 |
[ ] +
'ﬁ +15V|
[N\ y.&i Positive Going — Z L
@
3 H T | ° — ~
g + -+ H + .I:..: HH-HHH c 100 SSmm =
o~ 1 /) \ Negative Going ] 7 r-ﬂ-—
Y/ NG rl'/ +10V Supply /iSV Supply
o ol LLL1 |
3 T,A +1175E -55-35-15+52545 6585 125 165 205 245
0
Time (0 Susec/div) Temperature (°C)
OUTPUT VOLTAGE SWING vs FREQUENCY EQUIVALENT INPUT NOISE vs BANDWIDTH
20 g 100 I
£ 1oV *20V ; 100k} Source
° - ES Resistance
2 +15V s /
o \ H 10 /
2 g 00 Source -
3 < Resistance™
w 3
© +10v. a )
g +5V z 1
3 01V 5 - ¥ \
3 : TR
© 5 of esistor|
> o
% 001v o019 Z I
10k 100k 1™ 10M 100M 100 1k 10k 100k ™ 10M
Frequency (Hz) Upper 3dB Frequency (Hz)
(Lower 3dB Frequency = 10Hz)
INPUT BIAS CURRENT AND DIFFERENCE CURRENT
AS A FUNCTION OF TEMPERATURE
20 OPEN-LOOP FREQUENCY AND PHASE RESPONSE
z 5 120
B g |
Py c 1
8 5 (,\‘* 0°
2 S 80 T 00
e N §' 60 NI\ 60> 2
2 10 3 <
S > 4 1000 &
] g 2
5 g 2 NG 1400 o
(8] v 4 .
= S § 0 180°
Q -
£ o .
10 100 1k 10k 100k 1M 10M 100M
0 ——
-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 OPA11HT 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 (Ryp < 10k1). A load capacitance of
=~50pF is desirable in all feedback configurations.

STABILITY

Because the OPAIIHT 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 50pF 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 IS5V is
needed. A voltage regulator that typically will operate up
to +175°C is shown in Figure 4. This regulator accepts
+16V to +30V at its input and provides +15V at 20mA at
its output. A complementary version may be constructed
to provide -15V by using the OPAIIHT with a 2N1711
transistor. Short-circuit protection should be added if
required.

Burr-Brown IC Data Book
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BURR-BROWN® 0 P A21
AVAILABLE IN
DIE FORM
Low-Power Precision
FEATURES APPLICATIONS
o LOW SUPPLY CURRENT o PORTABLE EQUIPMENT
230uA max at Vec = £15V o BATTERY OPERATION
o WIDE SUPPLY RANGE o |MPROVED REPLACEMENT FOR 0P-21
+2.5V to £18V
o LOW OFFSET VOLTAGE
100V max
o LOW OFFSET VOLTAGE DRIFT
1.0u:V/°C max
DESCRIPTION
A unique circuit design, state-of-the-art monolithic The OPA21 consumes only 6.9mW of power at Vcc
processing and advanced laser-trimming techniques = £15V and 1.ImW at Vcc = 2.5V but offers far
are used to provide a low power amplifier with out- higher performance than MOS op-amps.
standing parameters—truly “instrumentation grade” The OPA2I is internally compensated for unity-gain
performance over a wide voltage supply range. stability.
®
(= N
®
4) Vo
OFFSET TRIM
SIMPLIFIED CIRCUIT
International Airport Industrial Park - P.0. Box 11400 - Tucson, Arizona 85734 - Tel. (602) 746-1111 - Twx: 910-952-1111 - Cable: BBRCORP - Telex: 66-6491
PDS-482C
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SPECIFICATIONS

ELECTRICAL

At Ta = +26°C and +Vec = 2.5VDC to 15VDC, unless otherwise noted.

OPA21E ) ‘OPA21G
PARAMETERS CONDITIONS MIN TYP MAX MIN TYP MAX UNITS
INPUT OFFSET VOLTAGE
OFFSET VOLTAGE™ 40 100 300 500 uv
—25°C to +85°C 75 200 500 1000 uv
Drift —25°C to +85°C 0.5 1.0 25 5.0 uv/°C
Offset Adjustment Range +4 * mvV
INPUT OFFSET CURRENT
Offset Current 03 1 12 4 . nA
—25°C to +85°C 05 2 2 6 nA
INPUT BIAS CURRENT
Bias Current 7 25 15 50 nA
—25°C to +85°C 9 40 18 75 nA
INPUT NOISE
Voltage 0 1Hz to 10Hz 10 * uV p-p
Voltage Density fo=1Hz 60 * nV/\/Hz
fo=10Hz 20 * nV/\/Hz
fo =100Hz 20 * nV/\/Hz
Current Density fo=1Hz 07 . pA/\/Hz
fo = 10Hz 025 N pA/\/Hz
fo = 100Hz 007 . pA/\/Hz
INPUT RESISTANCE
Differential 6 4 MQ
Common-Mode 10")12 * Q|lpF
INPUT VOLTAGE RANGE
Input Voltage Range -125 * v
+143 * A
—25°C to +85°C -120 * \"
+14.0 * v
COMMON-MODE REJECTION RATIO
CMRR Vem = —12V to +14V, R, = 100kQ 100 110 .84 100 dB
—25°C to +85°C 96 105 80 95 dB
POWER SUPPLY REJECTION RATIO
PSRR +Vee = 2 5V to 18V, R = 100kQ 104 114 90 100 dB
—25°C to +85°C 100 108 85 95 dB
LARGE SIGNAL VOLTAGE GAIN
Open-Loop Voltage Gain R = 10kQ 1000 2000 500 1000 V/mV
120 126 114 120 dB
—25°C to +85°C 500 1500 250 1000 V/mV
114 124 108 120 dB
RATED OUTPUT
Output Voltage Swing RL = 10kQ -137 —142 —136 * \
+140 +141 +138 M \
Output Current Ru=2kQ 5 * mA
—25°C to +85°C, RL = 10kQ —135 * v
+138 +136 v
Output Resistance Open-Loop 500 * Q
DYNAMIC RESPONSE
Slew Rate C.=100pF, RL = 25kQ 02 * V/usec
Closed-Loop Bandwidth AcL = +1, RL = 10kQ 300 * kHz
POWER SUPPLY
Rated Voltage +15 * vDC
Voltage Range Derated 125 +18 * * vDC
Current Quiescent lo =0MA
+Vec =25V 170 210 * 250 A
+Vee = 15V 200 230 * 325 A
+Vec =2 5V, —25°C to +85°C 210 275 * 325 HA
+Vee = 15V, —25°C to +85°C 230 325 * 375 pA
TEMPERATURE RANGE
Spectfication Ambient —25 +85 * * °C
Operating Ambient —55 +125 * * °C
NOTE (1) Gt d fully war P *Specification same as OPA21E
Burr-Brown IC Data Book 2-22 Vol. 33




ABSOLUTE MAXIMUM RATINGS PIN CONFIGURATION

Supply Voltage .. . . . e ... *18v
Internal Power Dissipation” S . 500mW (TOP VIEW)
Input Voltage .o P Supply Voltage \_/
OFFSET TRIM

Differential Input Voltage o R =< 1|1 SE 1 8 | NC*
Output Short Circuit Duration ........ .. . Indefinite -
Storage Temperature Range . . . —65°C to +150°C
Operating Temperature Range —55°C to +125°C N[ 2 - 7 | tVee
Lead Temperature Range (soldering, 60sec) .. +300°C o

1) M m pach q . . I I
NOTE (1) Max [ power p vs ambient temper- Nl 3 + 6 OUTPUT o

Maximum Ambient Derate Above
Package Temperature Maximum Ambient OFFSET

Type for Rating Temperature -Veo| 4 5 TRIM

8-Pin Hermetic DIP (Z) +75°C 6 7mW/°C
MECHANICAL

- *NO INTERNAL CONNECTION
8-PIN HERMETIC DIP

(“2" SUFFIX) n
0"
A NOTE w
—-T Leads in true position within 0 01” ORDERING |NFORMAT|ON —
g (0:25mm) R at MMC at seating plane. !_.
—_l Pin material and plating composition OPA21 E Z -
Pin1 conform to Method 2003 (solderability) Basic Model Number o
- -F of MIL-STD-883 (except paragraph 3 2). E
1T : Performance Grade Code <
c Pin numbers shown for o o
v N reference only Numbers E, G =—25°C to +85°C -l
Seating T Tt t ki
P 0] R Paage. . mereedon Package Code <
e Z = 8-Pin Hermetic DIP <
H - G D WCHES ' o
Win_| MAx | ~
<
oc
7 1]
7 —fld
'Y o
T o

TYPICAL PERFORMANCE CURVES

(TAa =+25°C, *Vcc = 15VDC unless otherwise noted)

SUPPLY CURRENT vs

OPEN-LOOP GAIN vs FREQUENCY SUPPLY VOLTAGE VOLTAGE NOISE vs FREQUENCY
60 0] 320 10,000 = =
+25°C °. =
140 b 280 +125°C N i it
—_ |t o I
@ 120 m_— N < 240 +85°C— "> 1000
= \ ; __—-—""‘___ +25°C 2 e =
§ 10 N g 200 TesC @ i ' il
3 N 2 1 | &
§ 80 N 3 160 — 2 100 ==~ =
> S === H H
7 60 \\\ g 120 g - Voltage i
2 . 3 ° T
S 40 N a8 > 10
2 - — 3
20 \\ 40 i:l | M
0 - — N 1
00101 1 10 100 1k 10k 100k 1M 0 +50 10 +15 +20 0.1 1 10 10C 1k
Frequency (Hz) Supply Voltage (V) Frequency (Hz.
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INPUT BIAS CURRENT vs INPUT OFFSET CURRENT vs

1 TEMPERATURE e TEMPERATURE 10 CURRENT NOISE vs FREQUENCY
14 +1.4 lg i i =+
—_ — \ i
< 12 € #2 g 1
g 10 5§ +1.0 2 T
= Is § E 3 : T T 1
3 8 3 0] Z 01 = Current
23 ® c F— -
< N 3 S =
m 6 = 06 S 1
los® 1 1
F Y S - |
c ¢ 3 04 N 5 oot
£ — a = =
2 +0.2 = t H
0 - 0 0.001 [ |
-75 50 -26 0 +25,+501+75|+100i+125 <75 50 -25 0 +25 +50 +75|+100 +125 0.1 1 10 100 1k
Temperture (°C) Temperature (°C) Frequency (Hz)
LARGE SIGNAL RESPONSE SMALL SIGNAL RESPONSE

s +0, g
3
S ov =
E S
2 H
5 =
- 3
o -10 a

Load = 10kQ,100pF1
mmmasdBER

0 100 200 300 0 10 20 30
Time (usec) Time (usec)
o SLEW RATE VS TEMPERATURE 00 SETTLING TIME VS TEMPERATURE
.40
035 80
8
2 030 70
g s
Sos g 60 To 0 01%
Y 7 = To 0 1%
2020 o 50— —
o« " =
32015 5 40
2 %]
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005 20
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—75—50 -25 0 +25 +50 +75+100+125 —-75-50—-25 0 +25 +50+75+100+125
Temperature (°C) Temperature (°C)
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APPLICATIONS

Figures 1 through 6 are typical applications of the

OPAZ2I.

100kQ

Two 9V Batteries
Eveready No. 522 ~2k Hours

Offset Tnm
d
FIGURE 1. Voltage Offset Trim.
— O AN
200kQ
Meter
Calibration
Tnm
2l 7
0.54A 6
Full-Scale OPA21 V-
Input 3 5000
* A
0-50pA
Simpson @
- 12127
200k0 £ gl
+ —
Rint =1 8kQ
L= O

FIGURE 2. Fully-Floating Current Meter.

Gain

Adjust

49 9k

10kQ

100Q

=—= Microtran
SM1

Dynamic
Microphone

High-Impedance
Headset
Z=2kQ

_|
10uF
3v

FIGURE 3. Portable Microphone Amplifier.
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9V Battery
Eveready No 216 =~ 1k Hours

Input  0.047uF

Voltage Gain = 20dB

FIGURE 4. AC Amplifier.

—i'Jl”—‘L

Offset = £125uV max

b———o0
Output
fo = 10Hz .
Q=0707 I ||
Gain = +1V/V
Vv

OPERATIONAL AMPLIFIERS H OPA21

FIGURE 5. Second-Order 10Hz Low-Pass Filter.

Vol. 33



<— =~ 175uA at +25°C

‘\
~—— =~205uA at +85°C + I
Y
10?50 — Alkaline
vy Battery
e LN
Full-Scale 6 Rint =18k
Calibration OPA21
OPA21 Case Used As A b b
b Temperature Probe < / 4 25-0-25uA
2imae Simpson 1212
4 Meter Reads +25°C
200kQ
Read Inside Adjust Meter to Read Outside
Edge Temp Midscale Here Edge Temp <
_\ /_ $10ka
~
N 25kQ § 10T
N A W * \'—————]
§ Midscale 15kQ - ov
§ Adyust Alkaline
N | sattery
N
N
i
FIGURE 6. Portable Tire Pyrometer.
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BURR-BROWN® OPA27
MILITARY & DIE
VERSIONS
AVAILABLE
Ultra-Low Noise Precision
FEATURES APPLICATIONS
© LOW NOISE: 100% tested, 3.8nV/+/Hz max at 1kHz o PRECISION INSTRUMENTATION
o LOW OFFSET: 254V max o DATA ACQUISITION
o LOW DRIFT: 0.6uV/°C max o TEST EQUIPMENT
o HIGH OPEN-LOOP GAIN: 120dB min o PROFESSIONAL AUDIO EQUIPMENT
o HIGH COMMON-MODE REJECTION: 114dB min o TRANSDUCER AMPLIFIER
o HIGH POWER SUPPLY REJECTION: 100dB min o RADIATION HARD EQUIPMENT
o FITS OP-07, OP-05, AD510, AD517 SOCKETS
DESCRIPTION -
The OPA27/37 is an ultra-low noise, high precision TRIM :ﬁ s +Vec
monolithic operational amplifier. @ 4 1
Laser-trimmed thin-film resistors provide excellent 0
long-term voltage offset stability and allow superior b1
voltage offset compared to common zener-zap s s
techniques. < b4 \
A unique bias current cancellation circuit allows bias
and offset current specifications to be met over the J >‘®
_§50 o —IN OUTPUT
full —55°C to +125°C temperature range. @ % |~
The OPA27 is internally compensated for unity- lzi'\—
gain stability. The decompensated OPA37 requires @
a closed-loop gain = 5. +N )
The Burr-Brown OPA27/37 is an improved re- @
placement for the industry-standard OP-27/OP-37. e
OPA27/37 SIMPLIFIED CIRCUIT
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-466H
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SPECIFICATIONS

ELECTRICAL

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

OPA27/37A, OPA27/37E OPA27/37B, OPA27/37F OPA27/37C, OPA27/37G
PARAMETER CONDITIONS min | tve | max | min | rve [ max | min [ tve | max | uwits
INPUT
NOISE
Voltage, fo = 10Hz 100% tested, (A, E) 3.1 55 35 55 3.8 80°% | nv/\/Hz
fo = 30Hz 100% tested, (A, E) 29 45 31 45 33 56 | nV/\/Hz
fo = 1kHz 100% tested, (A, E) 27, 3.8 30 38 32 45° | nV/\/Hz
fa = 0 1Hz to 10Hz 007 018 0.08 0.18 0.09 025° | uv, p-p
Current," fo = 10Hz 100% tested, (A, E) 17 4.0 1.7 40 17 pA/\/Hz
fo = 30Hz 100% tested, (A, E) 1.0 23 1.0 23 10 pA/\/Hz
fo = 1kHz 100% tested, (A, E) 04 0.6 0.4 0.6 0.4 06° | pA/VHz
' OFFSET VOLTAGE®
Input Offset Voltage +6 +25 +12 +60 +25 +100 u
Average Drift® Ta min 10 Ta max +0.2 +06 +0.3 +13 +04 +18% | uv/eC
Long Term Stability"” . 0.2 1 03 15 04 20 uV/mo
Supply Rejection +Vec = 4 to 18V 100 134 100 125 94 120 dB
+Vec =4 to 18V +0.2 +10 +0.6 +10 +1 +20 MV
BIAS CURRENT
Input Bias Current +11 +40 +13 +55 +15 +80 nA
OFFSET CURRENT
Input Offset Current 6 35 8 50 10 75 nA
IMPEDANCE
Common-Mode 3 25 2 GQ
VOLTAGE RANGE
Common-Mode Input Range +11 +12.3 +11 +12.3 +11 +123 \
Common-Mode Rejection Vin = £11VDC 114 128 106 125 100 122 dB
OPEN-LOOP GAIN, DC
Open-Loop Voltage Gain RL=2kQ 120 126 120 125 117 124 dB
Ru=1kQ 118 125 118 125 124 dB
FREQUENCY RESPONSE
Gain-Bandwidth Product ® OPA27 5 8 5 8 5@ 8 MHz
OPAS37 45 63 45 63 45'® 63 MHz
Slew Rate Vo = £10V,
RL = 2kQ
OPA27,G = +1 17 19 17 19 179 19 Vius
OPA37,G=+5 1 19 1 19 11© 11.9 Vius
Settling Time, 0 01% OPA27,G=+1 25 25 25 us
OPA37,G =+5 25 25 25 us
RATED OUTPUT
Voltage Output RL=2kQ +12 +138 +12 +13.8 +12 +138 \
RL = 600Q +10 +128 +10 +12.8 +10 +128 \
Output Resistance DC, open loop 70 70 70 Q
Short Circuit Current RL=00 25 60 25 60 25 60" mA
POWER SUPPLY
Rated Voltage +15 +15 +15 vDC
Voltage Range, .

Derated Performance +4 +22 +4 122 +4 +22 vDC
Current, Quiescent lo =0mADC 3 47 3 47 3.3 57 mA
TEMPERATURE RANGE
Specification

A, B, C(J,2) —55 +125 —55 +125 —55" +125 °C

E,F,G(J,2) —25 +85 —25 +85 —25 +85 °C

G (P) (U) 0 +70 °Cc
Operating J, Z —55 +125 —55 +125 —55 +125 °C

P, U —25 +85 °C

NOTES' (1) Measured with industry-standard noise test circuit (Figures 1and 2). Due to errors introduced by this method, these current noise specifications shou'd
be used for comparison purposes only  (2) Offset voltage specifications on grades A and E are also guaranteed with units fully warmed up. Grades B, C, F, and G are
measured with automatic test equipment after approximately 0 5 second from power turn-on. (3) Unnulled or nulled with 8kQ to 20kQ potentiometer  (4) Long-
term voltage offset vs time trend line does not include warm-up dnft (5) Typical specification only on plastic package units Slew rate varies on all units due to
differing test methods Minimum specification applies to open-loop test  (6) This parameter not guaranteed in SOIC “U” package.
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ELECTRICAL (FULL TEMPERATURE RANGE SPECIFICATIONS)

At Vec = £15VDC and Ta = Tmin 10 Tmax unless otherwise noted.

OPERATIONAL AMPLIFIERS H OPA27/37

OPA27/37A, OPA27/3TE OPA27/37B, OPA27/37F OPA27/37C, OPA27/37G
PARAMETER CONDITIONS v | rve [ omax | min [ rve [ max [ v [ e | max | uwits
TEMPERATURE RANGE
Specification Range
A B, CW,2) —55 +125 —55 +125 —55 +125 °C
E F. G 2) —25 +85 —25 +85 —25 +85 °C
G (P) 0 +70 °C
INPUT
OFFSET VOLTAGE"
Input Offset Voltage
A. B, C +24 +60 +45 +200 +60 +300% uv
EF, G +17 +50 +33 +140 +48 +220% nw
Average Dnift® Ta min 10 Ta max $0.2 +0.6 $0.3 +13 +0.4 +18% | uvrec
Supply Rejection
A B, C +Vee = 4.5 to 18V 96 130 94 127 86 122 dB
E,F, G +Vec = 4.5 to0 18V 97 130 96 127 90" 122 dB
BIAS CURRENT
Input Bias Current
A B C +16 +60 +22 +95 +29 +150° nA
EF G +13 +60 +16 +95 +21 +150° nA
OFFSET CURRENT
Input Offset Current
A, B, C 23 50 25 85 35 135 nA
EF. G 12 50 14 85 20 135 nA
VOLTAGE RANGE
Common-Mode Input Range
A B, C +103 | +115 +103 [ +115 +103% [ £11.5 v
EF, G +105 | +11.8 +105 | +118 +105%| +11.8 v
Common-Mode Rejection Vin = £11VDC
A B C 108 124 100 122 94 120 daB
EF, G 110 126 102 124 96" 122 dB
OPEN-LOOP GAIN, DC
Open-Loop Voltage Gain Ru = 2kQ
A B C 116 121 114 120 1109 118 dB
EF, G 118 123 17 122 13 120 dB
RATED OUTPUT
Voltage Output RL = 2kQ
A B C +115 | +137 +110 | +135 +105% | +13.3 v
EF G +11.7 | +138 +114 | +136 +1109| +13.4 v
Short Circuit Current Vo = 0VDC 25 25 25 mA

NOTES:
equip

1t after appr y 0.5 d u

ABSOLUTE MAXIMUM RATINGS

(3) This parameter not guaranteed in SOIC “U” package

(1) Oftset voltage specifications on grades A and E are also guaranteed with the units fully warmed up. Grades B, C, F, and G are measured with automatic
or nulled with 8kQ to 20kQ potentiometer

SupplyVoltage . .....ovuiieiiiiiiiiii it +22Vv
Internal Power Dissipation™ ........................ 500mW
InputVoltage .............c.ooiiiiiiiiiiiiiiiiiin, +Vee
Output Short-Circuit Duration® .. .. Indefinite
Differential Input Voltage™ ............................ +0.7V
Differential Input Current®.......................... +25mA
Storage Temperature Range:

By Z e e —65°C to +150°C

P o —55°C to +125°C
Operating Temperature Range:

ABCEFGWZ) .covvvviiiiinininins —55°C to +125°C

[ I (0 ¥ ) —25°C to +85°C

Lead Temperature (Soldering, 60s) ..
SOIC Package (3s)

NOTES:
(1) Maximum package power dissipation vs ambient temperature
Maximum Derate Above
Ambient Temp- Maximum Ambient
Package Type erature for Rating Temperature
TO-99 (J) 80°C 7 1mW/°C
8-Pin Hermetic DIP (Z) 75°C 6 7mW/°C
8-Pin Plastic DIP (P) 62°C 5 6mW/°C
8-Pin SOIC (U) 85°C -

(2) To common with £Vec = 15V

(3) 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 imited to 25mA

Burr-Brown IC Data Book
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MECHANICAL

- A- - “P" PACKAGE,
[ A 8-PIN PLASTIC
sk —f T INCHES MILLIMETERS
DIM [ MIN | MAX | MIN | MAX
e 81 8 A 355 | 400 [ 903
. iy A | 340 | 385 865 | 980
EFET B8 230 | 200 | 585 | 738
By | 200 | 250 09 | 636
Pin 1 c 120 | 200 05 | 509
e D 015 | 023] 038 | 059
¥ F 030 | o070 o076 | 178
F \ G 100 BASIC 254 BASIC
c H 025 | 050 | o064 | 127
ﬂ_l J | o008 | 05] o020 | 038
I | z K 070 150] 178 | 382
b iyl N L 300 BASIC 763 BASIC
M 0° | 15° e [ 15
H L ¢ $oating N | 010 | 0%0] o025 [ 078
o P 025 | 050 o064 | 127
NOTE

Leads in true position within 0 01"
(0 25mm) R at MMC at seating plane

“U" PACKAGE, 8-PIN SOIC

INCHES MILLIMETERS
DIM.| MIN MAX MIN MAX
A 185 201 470 511
A 17 201 452 511,
B 14 162 an 411
By 13 149 330 378
C 054 145 137 369
2] 015 019 038 48
G 050 BASIC 127 BASIC
H 018 26 046 66
J 008 12 020 030
L 220 | 252 559 640
M 0 10° 0° 10°
N 000 012 008 030

Pin 1 Identifier

<) CT
A ]

- kD
G

Voltage Gain
Total = 50,000

NOTE All capacitor values are for nonpolarized capacitors only

0 1Hz to 10Hz NOISE

FIGURE | 0 1H7 to 10H7 Notse Test Circuit
ORDERING INFORMATION

FIGURF 2 T ow Frequency Noise

Temperature Offset Voltage
Model"’ Package Range max (uV), 25°C
OPA27AJ TO-99 -55°C to +125°C +25
OPA27BJ TO-99 -55°C to +125°C +60
OPA27CJ TO-99 -55°C to +125°C +100
OPA27EJ TO-99 -25°C to +85°C +25
OPA27FJ TO-99 -25°C to +85°C +60
OPA27GJ TO-99 —-25°C to +85°C +100
OPA27AZ Ceramic -55°C to +125°C 125
OPA27BZ Ceramic -55°C to +125°C 160
OPA27CZ Ceramic -55°C to +125°C +100
OPA27EZ Ceramic -25°C to +85°C 125
OPA27FZ Ceramic —25°C to +85°C +60
OPA27GZ Ceramic -25°C to +85°C +100
OPA27GP Plactic 0°C to +70°C +100
OPA27GU SoIC 0°C to +70°C +100
BURN-IN SCREENING OPTION
. Temperature Burn-In
Model™ Package Range Temp. (160h)?
OPA27AJ-BI TO-99 -55°C to +125°C +125°C
OPA27EJ-BI TO-99 -25°C to +85°C +125°C
OPA27GJ-BI TO-99 -25°C to +85°C +125°C
OPA27AZ-BI Ceramic —55°C to +125°C +125°C
OPA27EZ-BI Ceramic -25°C to +85°C +125°C
OPA27GP-BI Plastic 0°C to +70°C +85°C
OPA27GU-BI SOIC 0°C to +70°C +85°C
NOTE (1) Packages and prices for OPA37 are the same as for OPA27
(2) Or equwalent combination of time and temperature
Burr-Brown IC Data Book 2-30
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“Z” PACKAGE, 8-PIN HERMETIC

A~ INCHES _ | MILLIMETERS

J— DM | MIN | MAX | MIN | MAX
A | 375 | 405| 953 | 1028
B | 245 | 251 622 | 638
3 C | 140 | 70| 356 | 432
D 015 021 038 053
F | 045 ] 060] 114 152

G | 100BASIC | 254BASIC
H — ] o0 — ] 249
J | o8 | o12] 020 030
K_ |15 —[ 380 -
L | 200 [ 30| 707 | 818
M [ G N
N | 009 | os0| 023 | 152
R 125 175 318 445

NOTE

Leads in true position within 0 01"
(0 25mm) R at MMC at seating plane
/ Pin material and plating composition

I Jte conform to method 2003 (solderability)
‘/M L L of MIL-STD-883 (except paragrah 3 2)

“J” PACKAGE, TO-99

| INCHES | MILLIMETERS
s OIM [ MIN | MAX | MIN | MAX
- A | 335 | o70| 851 | 940
f 7 B _—_f ] 305 335 | 775 | 851
E F C | 165 | 185] 419 | 470
K D | 016 ] 021 ] o041 | 08
E | 00| 040 025] 102
l F | 00| 040 025] 102

G | _200BASIC | 508BASIC
H | o8] 03] 071 ] 086
) | 0| 045 074 | 114
K | s00 | —| 127] —
L | 10| 10| 279 | 406

K M_| 45 BASIC 45° BASIC
N | %5 | 105] 241 267

5 I I

NOTE
Leads in true position within 0 01"
(0 25mm) R at MMC at seating plane

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

Pin material and plating composition
conform to method 2003 (solderability)
of MIL-STD-883 (except paragrah 3 2)

CONNECTION DIAGRAMS

P, U, Z Packages—Top View
Offset Tnm E ~7
=In E
+in[3]
~Vee[4]

8] ofset Trim
[7] +vee

B Output
[5]ne

J Package—Top View

Offset Tnm

L®!

TYPICAL PERFORMANCE CURVES

Ta = +25°C, tVcc = £15VDC unless otherwise noted
INPUT CURRENT NOISE SPECTRAL DENSITY

10 T I T T 1 1
g [ Current Noise Test Circuit T
s | [ 1oke
& T
100Q |500kQ
2 2 BUTHES
g \ il 500k D!
8 1 i L .
5 08 = In= V(€no) —(130nV)! e
Z o6 IMQ X100
S 04 S~ —L 1 |1 1 e
£ 111 | IR
3 Warning This industry-standard equation
02 1s Inaccurate and these figures should
be used for comparison purposes only!
01 Ll 1 Ll L L]
10 100 1k 10k
Frequency (Hz)
INPUT VOLTAGE NOISE vs NOISE BANDWIDTH
0 (0 1Hz to indicated frequency)
— 1 1 —3- 1 P
I
H
£ 1
> T — B i i i
s F =
@
[} 3 ot
z Zat B I I B 6
g A E L1
g o1
5 ¥
S T
=
Re=0a | T[]
I [ I
001 ] ]
100 1k 10k 100k
Noise Bandwidth (Hz)
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INPUT VOLTAGE NOISE SPECTRAL DENSITY
T T

—
U O I AN O S I N R A

-
o

@

Hz)

o

Voltage Noise (nV/
»
@
il

2 T T
, R e
0 L [
1 10 100 1k
Frequency (Hz)
TOTAL INPUT VOLTAGE NOISE SPECTRAL DENSITY
100 vs SOURCE RESISTANCE
—
e T
6 — S R o o o
L R: - + o+ s Pap.
40— H PR
~ — —-‘—— + + 4 +
S - P o

Rsource =2 XR; | ||
|

-
(=}

Voltage Noise (nV/:
D

af-10Hzal__ '::’ < f. =]

2 1kHz L1 \Resustor Noise OEI);H—E
| X

1 | Lo

100 1k 10k

Source Resistance (Q)

OPA27/37
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TYPICAL PERFORMANCE

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

VOLTAGE NOISE SPECTRAL DENSITY
vs SUPPLY VOLTAGE

CURVES (CONT)

VOLTAGE NOISE SPECTRAL DENSITY
vs TEMPERATURE

4 T l ' I : ‘ L T ‘ 5
I U R
E S \\\%E;at{o&z} N .- @ 4 . "
S 38— : ; s A, E10Hz_[ 1
E |, e € [T /
2 | L _A EatikHz—" 8 5 ] T L]
s | L S — L A E 1kHz
z ey — 1 - B
® T [ "
g 2= - - 2
£ T T ] g, S s B et et
s I : : , g
S i
Ll . ’__ . R I
; [TIITil ; 0 IR UEEEE SREEE RSN A
0 +5 +10 +15 +20 -75 —50 -25 0 +25 +50 +75 +100 +125
Supply Voltage (Vec) Ambient Temperature (°C)
INPUT OFFSET VOLTAGE CHANGE
INPUT OFFSET VOLTAGE WARM-UP DRIFT DUE TO THERMAL SHOCK
PO T T L T tOFT
;*l}f"; 3 D RS SR - ’ AE-
3 /)xc'g ! . E A A AV A 4 . v
245 t +10 74 V 4 L/
[ - (] . P
8 ~ g I IIN Y,
£ - g G4 Y/
S BAE 4 el S e IOCC A Tn = f25°C 0 Ta = 2107 /
o T ol 1 Fluid Bath/ ¥
g Z2snuail H00S SER 0 PR L 7 '7%;7/////
s T 3 .
> ] - - IRER N 1 > : d SNV
B RERERE AN N B _ N/ A /é A /
] w T 1 £-10 RS S LA G AV BV AV A 4
ES — 1 - = - AR B =
o S EN i ko TO-99 o J— T ‘ [ S TO-99 1
! 1o ,-,H[ l B B N
10 A Hitidt PN 2SRRI SEEE: [RES2IRERERREN:
3 4 5 6 -1 0 + +2 +3 +4 +5
Time From Power Turn-on (min) Time From Thermal Shock (min) .
OPEN-LOOP FREQUENCY RESPONSE BIAS AND OFFSET CURRENT VS TEMPERATURE
140 ; 3 v T 20
CE T
™ + e >
[ o : L Fa o
B B L S g
o NN T € 5
2 L TN N opast T - 2 o
A B RN 1T 3 F
< L [oPAZIEI o N g g
o 60 T " i ~N T I ﬁ 9
S | l i i . 3
3 -1 s IO ONAT L T N £ 3
> 40 ‘ g —Ng— H S 5 2
B T R R 2 3
20— ; L AN N < 2
EEEE 1 B ‘ | HON
ol | L O NN 0 ~Jo
10 100 1k 10k 100k ™ 10M  100M -75 -50 -25' 0 +25 +50 +75 +100 +125
Frequency (Hz) Ambient Temperature (°C)
OPA27 CLOSED-LOOP VOLTAGE GAIN AND OPA37 CLOSED-LOOP VOLTAGE GAIN AND
PHASE SHIFT vs FREQUENCY (G = 100) PHASE SHIFT vs FREQUENCY (G = 100)
L TT T T T 50 T ™
p SN RIS S Ei g 1R R AR
- + u - T 0 t *
| Ny ' ' p ol ! R 0
RN ! I
~ 30 gy . N 45 - q I 1 45
o T T t T 45 o 30 T T
) ! 2 o \ !
z . B 3 A . ""*\ﬂ‘
£ 20 o i %0 § €20 ; DT N2 o,
(0] % P 2 (0] Ga=s | 4N T ¥
24 ; Ty ES @ -—G = . ~o—y
§ 10» T ) 135% 310 T o 1 135
3 o i ; : 8 s ' ‘ 10N
>0 ] T ( i T \ 180 >0 i T | | " 180
R A R R e i Y
—10 T e ‘ ! T 225 -10) - ‘: ‘ 1 t - 225
- b i N " vl : | -
P T O T Y ool LI L L T T ] 11
10 100 10k 100k ™M 10M  100M 10 100 1k 10k 100k ™ 10M  100M
Frequency (Hz) Frequency (Hz)
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TYPICAL PERFORMANCE CURVES (CONT)

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

COMMON-MODE REJECTION vs FREQUENCY 140 POWER SUPPLY REJECTION vs FREQUENCY
1 T T .
T T T I UNNEL R
_ T’E : l{ N %; L A12°’§3 e S TOPATAETT [ H
@ 120 -t T o r HIn . . ; g
g T T N A E ] g N
§ 00— L § 100 RIS g
= | i = i -l J% I 1 N
JERHEEEE a Nyt o
g ST T T g % N N | M
'§ 60 N ! v —; 60 . i I RaN ]
s I | N e RN I RNA 1] ]
< i : ! I il N :
o 40 +— * s 40 T N
s : ; — 1T g T T NN .
£ .T . L g C | , N
8 20 ! - : ' a 2 T T
|, I ’J.., | | il A*“l ] i I’ , [ INNE
0 ] T A oLl T NN
1 10 100 1k 10k 100k 1M 10M 1 10 100 1k 10k 100k 1M 10M
Frequency (Hz) Frequency (Hz)
OPEN-LOOP VOLTAGE GAIN vs SUPPLY VOLTAGE OPEN-LOOP VOLTAGE GAIN vs TEMPERATURE
135 .
AE
| RL=2kQ 150 . . AE
—_ _ ~ =
g 125 — gt | g \\ Ru=2kQ
c / _ / c H T
H RL = 600Q < ke
] G125
(] [
o = N~
o ©
3 120 3 ™~
> > 1T - 1T - Tt "1 1" -
120
15 115 b e
15 110 +15 +20 +25 —75 —-50 —25 0 +25 +50 +75 +100 +125
. Supply Voltage (Vce) Ambient Temperature (°C)
COMMON-MODE INPUT VOLTAGE RANGE
vs SUPPLY VOLTAGE SUPPLY CURRENT vs SUPPLY VOLTAGE
+15 6
< +10 -55°C
= Ta=+25°C = S
S ,,// Ta=+125°C | T4 +125C ]
€ +5 £ / |4
H .~ % £ +25°
° = ] —t1 L 1T
B S 3 == =
5 \%L\(T =% z2 =
S -5 ! a -
E \ Ta=+25°C (%
g Ta=+125°C
© -10
—15 —_l
0 15 +10 +15 120 0 15 10 +15 +20
Supply Voltage (Vec) Supply Voltage (Vec)

OPA37 SMALL SIGNAL
TRANSIENT RESPONSE

Output Voltage (mV)
Output Voltage (mV)

Av=+5, CL = 25pF
Time (us) Time (us)

Avce = +1, CL = 15pF
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TYPICAL PERFORMANCE CURVES (CONT)

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

OPA27 LARGE SIGNAL
TRANSIENT RESPONSE

Output Voltage (V)

Aver = +1 Time (us)

APPLICATIONS INFORMATION

OFFSET VOLTAGE ADJUSTMENT

The OPA27/37 offset voltage is laser-trimmed and will
require no further trim for most applications. Offset volt-
age drift will not be degraded when the input offset is
nulled with a 10k() trim potentiometer. Other potenti-
ometer values from 1kQ to IMQ can be used but Vos
drift will be degraded by an additional 0.1 to 0.2uV/°C.
Nulling large system offsets by use of the oftset trim
adjust will degrade drift performance by approximately
3.3uV/°C per millivolt of offset. Large system offsets

+4mV TYPICAL
TRIM RANGE

*1kQ to IMQ
TRIM POTENTIOMETER
10k RECOMMENDED)

O —Vec

FIGURE 3. Offset Voltage Trim.

+280,V TYPICAL
TRIM RANGE

*1kQ TRIM
POTENTIOMETER

FIGURE 4. High Resolution Offset Voltage Trim.

Burr-Brown IC Data Book
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OPA37 LARGE SIGNAL

Output Voltage (V)

Time (us)

can be nulled without drift degradation by input
summing.

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

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

THERMOELECTRIC POTENTIALS

The OPA27/37 is laser-trimmed to microvolt-level input
offset voltage and for very-low input offset voltage drift.

Careful layout and circuit design techniques are neces-
sary to prevent offset and drift errors from external
thermoelectric potentials. Dissimilar metal junctions
can generate small EMFs if care is not taken to elimi-
nate either their sources (lead-to-PC, wiring, etc.) or
their temperature difference. See Figure 11.

Short, direct mounting of the OPA27/37 with close
spacing of the input pins is highly recommended. Poor
layout can result in circuit drifts and offsets which are an
order of magnitude greater than the operational ampli-
fier alone.

NOISE: BIPOLAR VERSUS FET

Low-noise circuit design requires careful analysis of all
noise sources. External noise sources can dominate in
many cases, so consider the effect of source resistance on
overall operational amplifier noise performance. At low
source impedances, the lower voltage noise of a bipolar
operational amplifier is superior, but at higher impe-
dances the high current noise of a bipolar amplifier
becomes a serious liability. Above about 15k} the Burr-
Brown OPALIIl low-noise FET operational amplifier is
recommended for lower total noise than the OPA27 (see
Figure 5).

COMPENSATION

Although internally compensated for unity-gain stabil-
ity, the OPA27 may require a small capacitor in parallel
with a feedback resistor (R¢) which is greater than 2k(Q.
This capacitor will compensate the pole generated by R,
and Cin and eliminate peaking or oscillation.

Vol. 33



_. 1000
o -j'OPA27 + R?slstor
2N -OPAT111 + Resistor
@ I
c x
8 - Eo
100
R Rs
58 Resistor Noise
§ S < Only
nF OPA111 + Resistor
g_;@ 10 Eo= /&2 + (1nRs)” + 4KTR, |
3 Resistor Noise
< p—
S 2 Only
< .
H OPA27 + Resistor Fo = kHz 4
> 1 1
100 1k 10k 100k ™M 10M
Source Resistance (Rs), Q

FIGURE 5. Voltage Noise Spectral Density Versus
Source Resistance.

INPUT PROTECTION

Back-to-back diodes are used for input protection on

the OPA27/37. Exceeding a few hundred millivolts dif-

ferential input signal will cause current to flow and

without external current limiting resistors the input will
" be destroyed.

Accidental static discharge as well as high current can
damage the amplifier’s input circuit. Although the unit
may still be functional, important parameters such as
input offset voltage, drift, and noise may be perma-
nently damaged if any precision operational amplifier is
subjected to abuse.

Transient conditions can cause feedthrough due to the
amplifier’s finite slew-rate. When using the OP-27 as a
unity-gain buffer (follower) a feedback resistor of 1k is
recommended (see Figure 6).

BURN-IN SCREENING

Burn-in screening is an option available for the models
indicated in the Ordering Information table. Burn-in
duration is 160 hours at the maximum specified grade
operating temperature (or equivalent combination of
time and temperature).

All units are tested after burn-in to ensure that grade

specifications are met. To order burn-in, add “-BI” to the
base model number.

APPLICATIONS CIRCUITS

G ~ 400B at 1kHz

METAL FILM RESISTORS
FILM CAPACITORS

787k
MOVING — F—
MAGNET 001uF  O03F
CARTRIDGE s
100

> }.‘*—I
R I C.

W gyrpur

20kQ

R. AND C. PER CARTRIDGE MANUFACTURER'S RECOMMENDATIONS

FIGURE 7. Low-Noise RIAA Preamplifier.

AP

VW

1kQ

AAA
MAAS

(¢}

o—
INPUT

2
0PA27 8 — O
_|_—3 +

OUTPUT

FIGURE 8. Unity-Gain Inverting Amplifier.

AP

MAAS

1kQ

1kQ 2
O—v—4¢ -
INPUT ¢ 2500 onzr 8 4 o
i 3
5000F == _L—— +

OUTPUT

OPERATIONAL AMPLIFIERS H OPA27/37

Amplifier.

FIGURE 9. High Slew Rate Unity-Gain Inverting

METAL FILM RESISTORS
FILM CAPACITORS

6 ~ 50dB at 1kHz

Re
~ kG 499kQ
w MAGNETIC " 0014F
_ TAPE 36k
HEAD
woe | 2
& St +—O OUTPUT LW - 6 WF ouTPUT
o- = 5 | oe —]
INPUT + +
20kQ
@ R I"L =
1.9V/usec ’ ’ '
R. AND C. PER HEAD MANUFACTURER'S RECOMMENDATIONS
FIGURE 6. Pulsed Operation. FIGURE 10. NAB Tape Head Preamplifier.
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TOTAL GAIN = 10° o
100

itk

!

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

B. 0P-07AH WITH CIRCUIT WELL-SHIELDED
FROM AIR CURRENTS AND RFI

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

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

E. OPA27 WITH HEAT SINK AND SHIELD*

AIR CURRENTS. CONDITIONS SAME AS
(D). (NOTE IMPROVEMENT.)

* AVAILABLE FROM BURR-BROWN:
MODEL 0807HS

WHICH PROTECTS INPUT LEADS FROM

10Hz LOW-
PASS FILTER

CHART
RECORDER

10mV/mm
Smm/s

ey

£
<

e b

—

=
H

— =

g

FIGURE 11. Low Frequency Noise Comparison.

+IN

LIETOPUT

N Vos = 104V RTI
o— 34, GAIN = 100
6 CMRR ~ 10648 FOR GAIN = 1000 USE
o | OPASTA BANDWIDTH ~ 500kHz INA10G DIFFERENTIAL AMPLIFIER
- it
byvy 2y &k A |
Re ] !
} BURR-BROWN |
101Q 2 Re INP = R INA10S ]
S UT STAGE BAIN =1 + 2R-/Ro | iereRenTiAL "
k0 a3l AMPLIFIER '
e I 1
2] ' 25k i
6 [T U S ——— |
OPA3TA 1

FIGURE 12. Low Noise Instrumentation Amplifier.
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AA
VW

OUTPUT
0.14F
%0
Mo FREQUENCY RESPONSE
=~ 1kHz TO 50kHz
FIGURE 13. Hydrophone Preamplifier.
0.1uF
1l
i
1000
J_ o 100k
oUTPUT
—0

DEXTER 1M
THERMOPILE
DETECTOR

RESPONSIVITY ~ 2.5 X 10*V/W
OUTPUT NOISE ~ 30V rms, 0.1Hz to 10Hz

NOTE: USE METAL FILM RESISTORS AND
PLASTIC FILM CAPACITOR.
CIRCUIT MUST BE WELL SHIELDED

— TO ACHIEVE LOW NOISE.

FIGURE 14. Long-wavelength Infrared Detector

Amplifier.
| 20pF
9.76kQ
BALANCE
TRIM
5000 3
INPUT 10k 2
o AN 4
[} 498k QUTPUT
2 NE 1 $2
\\ 4750
— N 4.75kQ
j )
: OFFSET T
06188 i TRIM
| +Vee
O—D—D_I
" TTL INPUT | GAIN
" +
Q" -1

GAIN = —1010V/V
Vos ~ 2uV
DRIFT ~ 0.07uV/°C
8. = 1nV//HZ at 10Hz
0.9nV//Hz at 100Hz
0.87nV//HzZ at 1kHz
FULL POWER BANDWIDTH ~ 180kHz
GAIN BANDWIDTH ~ 500MHz
EQUIVALENT NOISE RESISTANCE ~ 500

20Q 2%Q

SIGNAL-TO-NOISE RATIO o< /N
SINCE AMPLIFIER NOISE IS
UNCORRELATED

OPA37E2 WA
INPUT %0

V4

200 2kQ

OPA37EZ VWA

w ~
\
B
R
o]

200 2kQ 2kQ

<|I
~
I
<
p:
3

OPERATIONAL AMPLIFIERS

L o

OUTPUT

OPA37EZ VWA

[~}
\
-]
~n
R
o]

200 2kQ —

“:I

OPA37EZ

6
/ + 2kQ

200 20

i

OPA37EZ AN
7 6 &n
3 + [
|~
|
|
U

N = 10 EACH OPA37E2

OPA27/37

FIGURE 15. High Performance Synchronous
Demodulator.

Bu(r-Brown IC Data Book

FIGURE 16. Ultra-low Noise “N” Stage Parallel
Amplifier.
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OUTPUT

INPUT

Rs = 50Q

%003
EMBF -J- 3

INPUT

OUTPUT

FIGURE 18. High Slew Rate Unity-Gain Buffer.

FIGURE 17. Unity-Gain Buffer.

500
weur 1

VIRTEC V1000 200 2k
PLANAR TUNNEL L
DIODE ;
0.01uF o VIDEO
UTPUT

—o
OUTPUT

FIGURE 20. Balanced Pyroelectric Infrared Detector.
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FIGURE 19. RF Detector and Video Amplifier.
i
a8y
*a *
MV z
6
v b—0 o
UTPUT I"‘ —
AIRPAX
MASNETIC four < RPM X N
PICKUP J L WHERE N = NUMBER OF GEAR TEETH
FIGURE 21. Magnetic Tachometer.
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BURR-BROWN®

OPA2ZTHT

OPA37HT*

OPA27HT

!

* OPA37HT NOT RECOMMENDED FOR NEW DESIGNS.

Wide Temperature Range Precision
OPERATIONAL AMPLIFIERS

(2}
o
w
r
wd
FEATURES APPLICATIONS a
o FULLY SPECIFIED OVER —55°C to +200°C o DOWN-HOLE INSTRUMENTATION E
o LOW OFFSET: +400u.V max at +200°C o WELL LOGGING 4
o LOW DRIFT: +0.4uV/°C o ENGINE CONTROLS <
o ULTRA-LOW NOISE o EXTREMELY SEVERE ENVIRONMENT <
o MONOLITHIC o TRANSDUCER AMPLIFIER 9
o HERMETIC T0-99 PACKAGE o RADIATION HARD EQUIPMENT :
© 100% BURN-IN AT +200°C o
w
DESCRIPTION >

The OPA27/37HT is an ultra-low noise, high preci-

sion monolithic operational amplifier. r
Laser trimmed thin-film resistors provide excellent TRIM 3 b Hee
long-term voltage offset stability and allow superior '
voltage offset and drift performance. 1
The OPA27/37HT are tested and guaranteed over TRIM | |
an extremely wide temperature range: —55°C to 3 EI
+200°C. In addition, they have demonstrated an \
ability to withstand a total dose of 2 X 10° RAD (Si) o
gamma and a neutron fluence of 1 XIO”, IMEV o
equivalent n/cm’. é v |~ OuTRU
The OPA27HT is internally compensated for unity- Yx _;I]
gain stability. The decompensated OPA37HT requires @
a closed-loop gain = 5. +IN
The Burr-Brown OPA27/37HT use an industry- @
standard OP27/37 pinout and they can replace N
many existing amplifiers in low-source-impedance OPA27/37HT SIMPLIFIED CIRCUIT «
applications.

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-656A
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SPECIFICATIONS

ELECTRICAL

At Vee = 15VDC, Ta = indicated temperature

+26°C —55°C TO +125°C +200°C
PARAMETER CONDITIONS mn [ Tve [max [ min | tve [ max | min | tve [ max | unrrs
INPUT
NOISE
Voltage, fo = 10Hz o 31 85 5.6 nV/v/Hz
fo =30Hz w 29 4.0 45 nV/\fHz
fo=1kHz w 27 36 40 nV/\/Hz
i fse =0 1Hz to 10Hz 0.07 uv, p-p
Current, fo = 1kHz 04 0.5 08 pA/\/Hz
OFFSET VOLTAGE®
Input Offset Voltage +25 +75 +37 +200 +150 +400 u
Average Drift'® . Ta min 10 Ta max - +04 uv/°C
Long Term Stability” Ta=+125°C 8 uV/KHrs
Supply Rejection” +Vee = 4V to 18V 100 134 94 127 94 127 dB
+Vee =4V to 18V +02 .| %10 .| %045 +20 +0 45 +20 /N
BIAS CURRENT -
Input Bias Current 430 1uA 600 2uA 3 4uA SuA nA
OFFSET CURRENT
Input Offset Current 140 +180 +50 +200 +300 +550 nA
IMPEDANCE )
Common-Mode ' 3 GQ
VOLTAGE RANGE
Common-Mode Input Range +11 +12.3 +10.3 +115 +90 +110 \'
Common-Mode Rejection Vin = £10VDC® 106 128 100 122 96 119 dB
OPEN-LOOP GAIN, DC
Open-Loop Voltage Gain . RL=2kQ 120 126 109 120 104 113 dB
RL=1kQ 116 125 dB
FREQUENCY RESPONSE
Gain-Bandwidth Product OPA27HT 6 7 6 MHz
Ay =1000V/V OPAS37HT 36 38 41 MHz
Slew Rate Vo =110V, Ru=2kQ
OPA27HT, G =+1 1.9 1.7 35 V/us
OPA37HT,G=+5 1.9 10 16 V/us
Settling Time, 0.01% OPA27HT, G =+1 25 Hus
OPA37HT, G=+5 25 us
RATED OUTPUT
Voltage Output RL=2kQ +12 +13.9 +11 +138 +105 | +137 \
Output Resistance DC, open loop 70 Q
Short Circuit Current R.=0Q 35 60 25 15 mA
POWER SUPPLY
Rated Voltage +15 +15 +15 vDC
Voltage Range,

Derated Performance +4 +18 VvDC
Current, Quiescent lo=0mADC 3.6 47 43 6 61 8 mA
TEMPERATURE RANGE ’

Specification'® Ambient temp. —55 +200 °C
Operating (Typical) Ambient temp —65 +225 °C
Storage Ambient temp. —65 +225 °C
8 Junction-Ambient 125 °C/W

NOTES (1) Noise testing available—inquire  (2) Offset voltage specifications on grade HT are also guaranteed with units fully warmed up  (3) Unnulled or nulled
with 8kQ to 20kQ potentiometer (4) Long-term voltage offset vs time trend line does not include warm-up drift  (5) Common-mode rejection specified at +200°C
with Vin=19VDC (6) 100% tested at —55°C, +25°C and +200°C using forced-air environment +125°C specification is guaranteed by design  (7) +Vcc =6V to 18V
at +200°C

Burr-Brown IC Data Book 2-40 ' Vol. 33



ABSOLUTE MAXIMUM RATINGS

ORDERING INFORMATION

OPAXX HT
Basic Model Number —I-

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

SUPPIY c ettt e +18VDC
Inteérnal Power Dissipation™...................... 500mW
Differential Input Voltage® ...................... +0.7VvDC
Input Voltage Range™ ............coovvvveiennn. +18VDC
Storage Temperature Range ............. —65°C to +225°C
Operating Temperature Range........... —65°C to +225°C
Lead Temperature (soldering, 10 seconds)......... +300°C
Output Short Circuit Duration'® . Continuous
Junction Temperature. ........oovviviiiineennnnes +250°C
NOTES (1) Packages must be derated based on 8,c = 45°C/W or 6sa =
175°C/W  (2) The inputs are protected by back-to-back diodes Current

limiting resistors are not used in order to achieve low noise If differential
input voltage exceeds +0 7V, the input current should be hmited to
25mA  (3) Forsupply voltages less than +18VDC, the absolute maximum
input voltage 1s equal to the supply voltage (4) Short circuit may be to
power supply common only Rating applies to +25°C ambient Observe
dissipation hmit and T,

MECHANICAL

“M” PACKAGE
NOTE
Leads in true position within 010"
(25mmR)at MMC at seating plane
A —

TO-99 (Hermetic)

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

Pin material and plating composi-
tion conform to Method 2003 (sol-

loe— g —o)

jc derabihity) of MIL-STD-883 (except
L__ - paragraph 3 2)
= == —
T __'f NCHES MILLIMETERS
£ f OM [TMIN_ | MAX | MIN | MAX
Seating K
Plane A 335 370 851 9 40
ll l I' J 8 308 338 775 851
_— c 165 185 419 4170
o 016 021 041 053
13 010 040 025 102
F 010 040 025 102
G 200 BASIC 5 08 BASIC
H 028 034 07 086
J 029 045 074 114
K 500 127
L 110 160 279 406
™M 45° BASIC 45° BASIC
N 095 | 105 241 | 267

CONNECTION DIAGRAM

TOP VIEW
Offset Tnm

—Vcc and Case

TYPICAL PERFORMANCE CURVES

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

OPEN-LOOP FREQUENCY RESPONSE
140

120

100

80

60

OPA27 IN
40 3

Voltage Gain (dB)

20 4

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

100M

Burr-Brown IC Data Book

INPUT VOLTAGE NOISE SPECTRAL DENSITY

10
\
_ 8
5 \\
S 6
3
9 “ +200°C
I eSS
) N\, 25°C
= T
2 2 1 A—t
| -55°C |
0 [ 1
10 100 1K 10k

Frequency (Hz)
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COMMON-MODE REJECTION vs FREQUENCY
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S 60
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SUPPLY CURRENT vs TEMPERATURE
10
< 8 'v’
£
€ 6
g 2d
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Ambient Temperature (°C)

APPLICATIONS INFORMATION

These amplifiers are capable of unusually low voltage
offset and drift and to achieve this ultimate capability,
attention must be paid to externally generated thermal
EMF contributions. Dissimilar metal junctions together
with temperature gradients can generate thermocouple
voltages that exceed the OPA27/37HT amplifier drift.
The OPA27/37HT are extremely wide-temperature range
versions of the standard Burr-Brown OPA27 and OPA37.
These high-temperature amplifiers do not employ bias
current cancellation but note that their noise current per-
formance has not been degraded.

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

Burr-Brown IC Data Book

POWER SUPPLY REJEQTION vs FREQUENCY

140 =1
~ Hi
@ 120 NS I OPA27
§ 10 X
g
2 w0 . 4 v
> 1 ocl
S 60
® H ) I
Vo
g y N
¢ ol ~
0 il L
1 10 100 1K 10k 100k 1M 10M
Frequency (Hz)
OPEN-LOOP VOLTAGE GAIN vs TEMPERATURE
130
N
Py
125 e Sw
a N
o
2 N [Ru=2kQ
c 120
o
<]
]
g s
§ M
10 N,
\
105 h
50 0 +50 +100  +150  +200  +250
Ambient Temperature (°C)
BIAS AND OFFSET CURRENT vs TEMPERATURE
10 500
8 x 400
1
< H ]
3 ' z
6 300 2
o e
g ! o
T e 3
o 4 200 3
2 5
’ 2 ' o 100>
/”‘ !
-
0 1 1 | 0
—50 0 +50 +100  +150 4200 +250

Ambient Temperature (°C)

testing. Units are 1009 burned-in for 28 hours at +200°C
for increased reliability.

+4mV Typical Tnm Range

OFFSET TRIM CIRCUIT
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BURR-BROWN®

OPA101
OPA102

Low Noise - Wideband
PRECISION JFET INPUT OPERATIONAL
AMPLIFIER

FEATURES

o GUARANTEED NOISE SPECTRAL DENSITY -
100% Tested

o LOW VOLTAGE NOISE - 8nV/+/Hz max at 10kHz
o LOW VOLTAGE DRIFT - 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)

 HIGH SPEED - 10V/ »8ec min (0PA102)
 GAIN BANDWIDTH PRODUCT - 40MHz (OPA102)

DESCRIPTION

The OPAI10l and OPAI102 are the first FET
operational amplifiers available with noise charac-
teristics (voltage spectral density) guaranteed and
100% tested.

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

APPLICATIONS

* LOW NOISE SIGNAL CONDITIONING

o LIGHT MEASURMENTS

o RADIATION MEASUREMENTS

* PIN DIODE APPLICATIONS

o DENSITOMETERS

« PHOTODIODE/PHOTOMULTIPLIER CIRCUITS
« LOW NOISE DATA ACQUISITION

In addition, the amplifiers have moderately high
speed. The OPAI10! is compensated for unity gain
stability and has a slew rate of 5V/usec, min. The
OPAI102 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
TRIM ( 5 /

<

\4

i

A

1
1
4t

@ Ve

* OPA101 ONLY

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 MIN ] TYP | MAX MIN J TYP MAX UNITS
INPUT NOISE
Voltage Noise Density fo = 1Hz(1) 100 200 80 00 nV/A/Az
fo=10Hz 32 60 25 30 nVA/HAzZ
fo = 100Hz 14 30 " 15 nV/A/Hz
fo=1kHz 9 15 8 12 nV/\/Hz
fo = 10kHz 7 8 7 8 nVA/Az
fo = 100kHz 6.5 8 6.5 8 nVA/Hz
fc, 1/f Corner Frequency 125 100 Hz
Voitage Noise fs = 0.1Hz to 10Hz(1) 13 26 1.0 13 »v, p-p
g = 10Hz to 10kHz 1.0 1.2 0.8 1.0 uV, rms
fs = 10Hz to 100kHz 21 26 2.1 26 uV, rms
Current Noise Density fo = 0.1Hz thru 10kHz 20 14 fAN/HZ
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 = 1k}
OPA101 80 100 * * kHz
OPA102 160 210 . * kHz
Slew Rate Vo =*10V; RL = 1k
OPA101 AcL=-1 5 65 * * V/usec
OPA102 AcL=-3 10 14 * * V/usec
Settling Time (OPA101) Vo =15V, AcL =-1,
RL =1k
e=1% 2 * pusec
e=0.1% 25 * usec
e=001% 10 * psec
Settling Time (OPA102) Vo =15V, AcL =-3;
RL=1kQ
e=1% 1 v usec
e=01% 15 M usec
e=001% 8 * usec
Small-Signal Overshoot RL = 1k, CL = 100pF
OPA101 AcL=+1 15 * %
OPA102 AcL=+3 20 * %
Rise Time 10% to 90%, Small Signal
OPA101 40 * nsec
OPA102 30 * nsec
Phase Margin RL=1kQ
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 * I * l dB
RATED OUTPUT
Voltage lo=%12mA *12 *13 * * v
Current Vo =12V +12 +30 * . mA
Output Resistance Open-Loop, f=DC 500 * Q
Short-Circuit Current +45 * mA
Capacitive Load Range Phase Margin = 25°
OPA101 AcL =+1 500 . pF
OPA102 AcL=+3 300 " pF
INPUT OFFSET VOLTAGE
Initial Offset Ta=+25°C 100 500 +50 +250 uV
vs Temperature -25°C < TA < +85°C +6 +10 *3 *5 uv/eC
vs Supply Voltage *5VDC < | Vce | <+20VDC *10 *50 * * NV
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 .
Burr-Brown IC Data Book 2-44 Vol. 33



ELECTRICAL (CONT)

MODEL OPA101/102AM | OPA101/102BM
PARAMETER | CONDITION MIN | TYP | MAX | MIN | TYP | MAX | UNITS
INPUT DIFFERENCE CURRENT
Initial Difference Ta =+425°C *3 16 +15 *4 PA
vs Temperature Note 4 *
vs Supply Voltage Note 5 *
INPUT IMPEDANCE
Differential
Resistance 1012 * [4)
Capacitance 1 . pF
Common-mode
Resistance 1013 * )
Capacitance 3 N 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 * vDC
Voltage Range Derated Performance +5 +20 * . vDC
Current, Quiescent 58 8 * * mA
TEMPERATURE RANGE
Specification -25 +85 * * °C
Operating Derated Performance -56 +125 * * °C
Storage -65 +150 * . °C
NOTES ‘*Specifications same as for OPA101/102AM. 3. Time required for output to return from saturation to hnear operation

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

following the removal of an input overdrive signal
4 Doubles approximately every 8 5°C
5 See Typical Performance Curves

MECHANICAL SPECIFICATIONS

A ——el
INCHES MILLIMETERS
oM [ MmIN | max MIN MAX
A_| 480 .622[12.42 hia.2e l HH !
C | .243] .307 | 6.17 | 7.80 | + LI i i
D [ .016 | .021 | 0.41 ] 0.53 ‘I'__E" ‘[—[F Y
E .010 | .040 0.26 | 1.02
ABSOLUTE MAXIMUM nATINGs F .010 | .040 0.25 | 1.02 Seating K
Supply +20VDGC G_| 200 BASIC | 5.08 BASIC 0l Plane
Internal Power Dissipation(1) 750mwW k | s00] - [ 127] --
Differential Input Voltage(@ +20VDC L | 110 160 | 2.79 | 408 Ao
Input Voltage, Either Input(2) +20VDC M 45° BASIC 45° BASIC "
Storage Temperature Range -65°C to +150°C N 095 ] .105 | 2.41 ] 2.7
Operating Temperature Range -65°C to +125°C
Lead Temperature (soldering, 10 seconds) +300°C NOTE
Output Short-Circuit Duration(3) 60 seconds
Junction Temperature +1750°C Leads in true position within 010”
(25mm) R at MMC at seating plane
NOTES

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

-VIN
OUTPUT
OFFSET
VN VOLTAGE ADJUSTMENT

100k

50k * *Optional to improve

-Vee resolution and limit range.
NOTE: Offset voltage adjustment affects voltage drift vs temperature
by approximately £0.3u:V/°C for each 100uV of offset adjusted.

Pin numbers shown for reference
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
(Vourt) INPUT
(-VIN)
OFFSET TRIM NONINVERTING

INPUT (+VIN)

- Burr-Brown IC Data Book
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TYPICAL PERFORMANCE CURVES

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

INPUT NOISE VOLTAGE TOTAL INPUT NOISE VOLTAGE RMS INPUT NOISE VOLTAGE
VS FREQUENCY VS FREQUENCY VS SOURCE RESISTANCE
1000 1000 T 1000 T T
- N ) Rs = 10M0 | *Includes contribution
;> T 'G from source y 4
2 3 ro—iwo] £ T 1 1T
= £ 2 fg = 10Hz to 100kHz y.E
o 100 & 100 =100 +
¢ 2 ¢ /
g % Rs=100k0] &
S AM > . °
: e : =3
<] z Rs = 1000 o
Z 10[-BMA 5 10 Z 10
‘g ——— 2 ‘g fa = 10Hz to 10kHz
£ 3 BM £
e 4
1 1 .
1 10 100 1k 10k 100k 1M 01 1 10 100 1k 10k 100k 103 10% 10° 105 107 108 109
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 = 100 120
' 5 _
a @ 100
& *1 contribution y
3 from source resistance 2 § OPA102
g 100 .E 10 g‘ 80
b4 e @
° v A 5 y A [+ 4
>° v 4 8 v 4 -8 60
3 2 e \
5 - g £
2 [ 01to10Hz/ 3, I PAN
5 ol
2 V. 3 £ OPA101
£ v 4 c 5
T o 20
1 — 01 0
108 10* 105 10 107 108 10° 110 100 1k 10k 100k 1M 10100 1k 10k 100k 1M 10M
Source Resistance ((2) Frequency (Hz) Frequency (Hz)
OPEN-LOOP FREQUENCY RESPONSE LARGE SIGNAL TRANSIENT RESPONSE SMALL SIGNAL TRANSIENT RESPCNSE
120 " T T T
__— OPA101 OPA101 OPA101
100 145 +10 +100 ’
& RL=1kn s _
) ® N 2 2
c 80 0 B +5 —1 E +50
H \ 835 Py
H N\ 2e -
© ER:) = N
g ® N 452 50 s 0
3 40 & E g 3
- 3 55 s -50
g 2 RL= 1k 3 RAL=1kQ
= S CL = 100pF CL = 100pF|
20 135 -10 —AcL = +1V/V -100 AcL =+H1V/V
0
1 10 100 1k 10k 100k 1M 10M 0 5 0 15 20 25 0 01 02 03 04 05
Frequency (Hz) Time (usec) Time (usec)
OPEN-LOOP FREQUENCY RESPONSE LARGE SIGNAL TRANSIENT RESPONSE SMALL SIGNAL TRANSIENT RESPONSE
120
A T ) T 1
‘ OPA102 . OPA102 k OPA102
100 +45 +10 +100 -
& RL =1k
s 1 N z 2 L
c 80 0 & 5 € +50
] ) \ o2 8
H N\ g g
& 60 452 §0 3 0
£ N oo >
2 g2 2L
40 -905 35 g 50
Ll Es RL = 1k 1<) RL = 1kQ)
. -0 Ci = 100pF CL = 100pF
2 4135 10 AcL = +aVV -100 AcL = +3V/V
0 l |
1 10 100 1k 10k 100k 1M 10M 0 5 10 15 20 25 0 0.1 02 03 04 05
Frequency (Hz) Time (usec) Time (usec)
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FREQUENCY CHARACTERISTICS FREQUENCY CHARACTERISTICS OVERLOAD RECOVERY TIME

H OPA101/102

VS SUPPLY VOLTAGE VS AMBIENT TEMPERATURE VS CLOSED-LOOP GAIN
13 I 13 T 15 T
OPA101 OPA101 . OPA101
1
1.2 1.2 I §
Slew Rate 5
1.1 £ 10
g 1 2 S
s g g
2 10}-Bandwidth 210 Bandwidth | 3
K] / 8 ‘/ 2
[] [}
€ ool Slew Rate € 09 3
=
0.8 / 08 g
07 07 0
5 10 15 20 35 15 +5 425 +45 +65 +85 1 10 700
Supply Volitage (*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 1.2 §
2
12 1.1 - 210
g ’ 5 ' Slew Rate / =
s . S >
> 10 |_Bandwidth 210 g
% -~ s -’ Bandwidth 8
2 o8 = | € ool g T s )
Slew Rate 2
Yy = 08 s
04l L 07 0
5 0 18 20 35 -15 +5 +25 +45 465 +85 1 10 100 1k
Supply Voltage (+Vcc) Temperature (°C) Closed-Loop Gain (V/V)
COMMON-MODE REJECTION QUIESCENT SUPPLY CURRENT
120 YS.COMMON-MODE INPUT VOLTAGE 0 VS SUPPLY VOLTAGE 120 VOLTAGE GAIN VS SUPPLY VOLTAGE
|
Vs =15V _ AL = 1kQ
3 1o Ts 115
s H -
£ 100 £7 @110
] 5 / 3 TA = +85°C
e (i = i g 5
$ % a6 oS = & 105
3
£ 2 » ?’ g ~S—-Ta=-25°C
S 80 85 g 100
£ % > \Ta =+25°C
€ 2
8 34 9%
60 3 9
0 5 10 5 5 10 15 20 5 10 15 20
Common-mode Input Voitage (+V) Supply Voltage (+Vce) Supply Voltage (V)
STABILIZATION TIME OF INPUT OFFSET  THERMAL RESPONSE TIME OF INPUT OFFSET
VOLTAGE FROM POWER TURN-ON 400 VOLTAGE FROM HEAT APPLICATION SOOUTPUT VOLTAGE VS OUTPUT CURRENT
s s AM
3 125 2375 25
AM ] = =
% 100 e 5 300 Ta=25°Cto Ta 85°C_ 2 20 Ve = +20VDC
> % Air Environment S —
3 -] 1
£ = k] Ve = +15VDC
5 75 9 225 M £ 15 cc
3 3 p—— > *
a BM a 5
£ 50 S — —2 150 a1 Vce =+10VDC
— 3
< r 3 —ﬁ
g = s 78 5 Ve = 25VD!
0 2 4 € 0 12 o0 T2 3 4 5 6 0 0 20 30 40 50 60

Time From Power Turn-on (min) Time From Heat Application (min) Output Current (mA)
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POWER SUPPLY REJECTION SETTLING TIME
VS FREQUENCY VS CLOSED-LOOP GAIN OUTPUT VOLTAGE VS FREQUENCY
120 60 30 T
OPA101
5100 OPA101 50 OPA101 25 RL = 1kQ
: N\, § i
§w § 40 & 20 Voo = 20VDC
3 \ ° 2 —
k) £ 3 | [
T 6 = 30 g1 Vee = +15VDC
2 - 2 R h
g N\, £ 2 -
= 5 =+
(g 40 ‘ 8 20 1% .‘=} 10 Vce .—‘°VD.°
H 8
£ 2 10 5 Vee = £5VDC
0 : % 0 [ 1
10 100 1k 10k 100k 1M  10M 0 10 100 1k 10 100 1k 10k 100k 1M 10M
. Frequency (Hz) Closed-Loop Gain (V/V) Frequency (Hz)
PO S U TN SETTLING TIME OUTPUT VOLTAGE
120 30 VS CLOSED-LOOP GAIN 2 VS FREQUENCY
L T 4
OPA102 OPA102 OPA102
s 100 | 25 25 RL = 1k}
° x
° L]
§ 80 g€ 2 820 Ve = 20VDC
g 3 5 e n
) ° 2
< 60 £ 15 45 Voc = +15VDC
g £ V.E L ovol
3 40 § 10 310 Vec = +10VDC
2 0.1% / g ! !
g 20 5 5 Vce = +5VDC ——
1%
0 1 0 0
10 100 1k 10k 100k 1M 10M 10 100 1k 0 100 1k 10k 100k 1M 10M
Frequency (Hz) Closed-Loop Gain (V/V) Frequency (Hz)

INPUT BIAS CURRENT VS TEMPERATURE AND
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APPLICATION INFORMATION
INTRODUCTION ‘

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

Noi Amplifier
"] 4l
— v
f —
\/ +
t+ O- D)
Amplifier With Noise

Nems AV T [Tni(t) dt O]
where N 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

NroraL = VNt + NoPems + Nilime ?)

. 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 amoplifier. It will be used to demonstrate the
above noise calculation method.

FIGURE 1. Noise Model of OPA101/102.

Noise in the OPA101/102 can be modeled as shown in
Figure 1. This model is the same form as the DC model
for offset voltage (Eos) and bias currents (Ig). In fact, if
the voltage en(t) and currents i,(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
VYV

I,

AN

In4lt +

s v
8glt) = 8q(0 [1 + R/Ry] + 1y 1By + 1y W R 11 + Ry/Ry]

FIGURE 3. Pin Photo Diode Application.

CRI1 is a PIN photo diode connected in the photovoltaic
mode (no bias voltage) which produces an output current
im When exposed to the light, A.

A more complete circuit is shown in Figure 4. The values
shown for C; and R, are typical for small geometry PIN
diodes with sensitivities in the range of 0.5 A/W. The
value of C, is what would be expected from stray
capacitance with moderately careful layout (0.5pF to
2pF). A larger value of C; would normally be used to
limit the bandwidth and reduce the voltage noise at
higher frequencies.

FIGURE 2. Circuit With Error Sources.

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

Burr-Brown IC Data Book

\E\qumlmt circuit for CR1
................... n Ry =1070

Note: i, shorted in this configuration.

FIGURE 4. Noise Model of Photo Diode Application.
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InFigure 4, e, and i, represent the amplifier’s voltage-and
current spectral densities, ex(w) and in(w) respectively.
These are shown in Figure 5.

1000 T
g ~N K, = 80nV/ /T
< 100 t
E - Ky = 8 nV/ Az
g 10 |
. T fo= 100k | |
001 01 110 100 1k 10k 100k 1M 10M
~ Frequency (Hz)
5a. VOLTAGE NOISE
100
&
R Ky = L4/ /BT
= ,/
=
3
0l

001 01 1 10 100 1k 10k 100k 1M 10M

Frequency ()
5b. CURRENT NOISE

FIGURE 5.Noise Voltage and Current Spectral Density.

Figure 6 shows the desired *“gain” of the circuit
(transimpedance of €,/im = Z2(s)). It has a single-pole
rolloff at f; = 1/(2mrR2C;) = w2/2m. Output noise is
minimized if f2 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.

10
% 108
g 1o
T 2=
g 150K
"ﬁam 0. 10100 1k 10k 100k 1M 10M
Frequency (Hz)

FIGURE 6. Transimpedance.

Voltage Noise

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

A _. | 1
ag ] °"‘5[Hl] ©
AB

€ =en[

where:

A = A(w) is the opén-loop gain

B = PB(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.

Burr-Brown IC Data Book
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100k x
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* \\ 13 = 380kHz
S0 VB | ag \‘ h
Y 1
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1 ALY ’ 5 = 159k \
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0.01 . R
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Frequency (Hz)
FIGURE 7. Noise Voltage Gain.

Note that for large loop gain (AB>>1)
1
€= € — - 4
B “4)

For the circuit in Figure 4 it can be shown that

1
— =14+ Rz(R]C]S+ l) . (5)
B Ri(R2Cas + 1)

This may be rearranged to

I Re+Ri 7t (%2)
B R ms+l
where 7. = (R || R2)(Ci || C2) (5b)
_r RiR;
= [R_xTiz]‘ G+
and 7m=R.;C; - (5¢)
- _ 1 1
en, f, = py— and f, = m . (5d)

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

(6)
1L R
B Ry

For very high frequencies (>>f2), s approaches infinity
and equation 5 becomes

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

[ 2001z | V,=03Hz, | o= 150kHZ |
P e tomeg " |2 'l,-muz
| '
Roglons | (1) 2D 1 (3) [0 (4).
‘ ! H
= [ : '
§ 1000 '2":";'1 "Xl H
i lw ! : - ' --.1”
NP A =3l
S 10 i Ry l R
3 +— iy 40
£ N I 7
1 X l" Ry '/ ..
4-—o—
ol—2
oml0013 - o4 —Kg - K
001 01 1 10 100 1k 10k 100k 1M 10M
Fraquency (Hz)

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

Eo rms =
Vide e () do ®

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

Region 1; f, = 0.0l Hz to f. = 100Hz
R
En i = Ki (1+R2) VI ®
7
=80nV/VHz (1+19 )/ 1n 100
10° 0.01 (9a)
=0.267uV

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
atf= lHz.

Region 2; f. = 100Hz to f, = 673Hz
= Ry /77
Enz ms—KZ (l +‘R—I) f-‘fc (IO)
107
=8nV/\/Hz (1 +T0-§)V 673 - 100 (10a)
=0:21uV
Burr-Brown IC Data Book

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

Region 3; f, = 673Hz to f, = 15.9kHz
6 f)
En3 ms — K3 —3— T (l I)

=8nV/\/Hz (1.63 x 10”° )\/(159k) (@(ll)

=15.1pV

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 K; ¢ K; is the value of the e, (w)
function for this segment projected back to 1Hz.

Region 4; f > 15.9kHz
=K, (1+£:—l \/[%]fa-fz (12)

—_—
=8nV/VHZ(1+2) /1Z] 380k - 15.9k (128)

EM ms =

= 158.5uV

This is a region of white noise with a single order rolloff at
f3 = 380kHz caused by the intersection of the 1/8 curve
and the open-loop gain curve. The value of 380kHz is
obtained from observing the intersection point of Figure
7. The /2 applied to f3 is to convert from a 3dB corner
frequency to an effective noise bandwidth.

Current Noise

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

En=inx ZZ(S) (’3)
where Zy(s) = R: || Xc, (13a)
This voltage may be obtained by combining the in-
formation from figures 5 (b) and 6 together with the open

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

Reglon @ @

E 107 15 = 158kHz —
~
= -
s ) _
g w814 :N
> A
13=3IM|1 \
109 .
01 1 10 100 1k 10k 100k IM
Frequency (Hz)

FIGURE 9. Output Voltage Due to Noise Current.

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

Region 1;0.1Hz to 10kHz
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Eni =1.4 x 10® 1/ 10k-0.1 (14)
= 1.4uV

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

En2=14x107" 3 3 (142)
= 1.4uV

Region 3; f> 15.9kHz
Ens =22 107 / —%- 380k - 15.9k (14b)
=16.8uV

En o = 107 v/ (1.4) + (1.4) + (16.8) (14c)

=16.94Vm

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 = vV 4kTRB (15)
K = Boltzmann’s constant = 1.38 x 107
Joules/°Kelvin
T = Absolute temperature (degrees Kelvin)
R = Resistance (ohms)
B = Effective noise bandwidth (Hz) (ideal filter
assumed)

At 25°C this becomes
Errms= 0.131/ RB
Er rms in uV
R in MQ
Bin Hz

For the circuit in Figure 4
R; =100 = 10MQ

=T _m
=3 (f2 =3 15.9k

Then

Er rms = (411nV/y/Hz) VB
=@11nV/V/HAD % 15.9kHz

=649V rms

Total Noise
The total noise may now be computed from

Enwa =V En’ + En’ + Eii’ + En” + E’ + Eo®  (16)
=1/0.267 + 0.212 + 15.17 + 158.57 + 64.9* + 16.9? (16a)

=/0.07 + 0.04 + 228 + 25122 + 4212 + 286 (16b)
= 173uV 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 84% of the noise comes from
Ens. From Figure 8 it is seen that this is the area beyond
the pole formed by R, and C,.

The Eqs contribution could be reduced several ways. The
most common method is to increase Ca. This reduces f;
and the value of K2(1 + C1/C2) (see Figure 8). It also
reduces the signal bandwidth (see Figure 6) and the final
value of C; is normally a compromise between noise gain
and necessary signal bandwidth.

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

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

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

en(w)

Reharactenstic = ;(;)' at f= 10kHz 17)

8nv/VHz
1.4fA/\/Hz

5.7MQ

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

The fourth largest component of total noise comes from
E3(0.8%). Decreasing C, will also lower the term K,(1 +
Ci/Cy). In this case, f; will stay fixed and f, will move to
theright (i.e., the +20d B/ decade slope segment will move

Vol. 33



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

The low noise, low bias current and high input impedance
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 OPAI101/102.

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

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

v+

QUTPUT Q?1
Qs
X%

GUARD
(BOTTOM VIEW)

O

&
\“Q

Board layout for input Guarding with T0-99 Package.

FIGURE 10. Connection of Case Guard and Input Guard.

Cp = 30pF
Il

1

Ry = 100M0

N
1]

e Ot
. '” O ouT __

®

lin e Case
é Guard
Vour=-nxZp

FIGURE 11. Ultra-Low Current to Voltage Converter.
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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. In addition, 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.

Vour =Vip <l* -:z—l>

FIGURE 12. Ultra-High Input Impedance Noninverting
Circuit.

oy Openatt=0

. I

v =0

Vin F : U Vour t
/ Case %

—-]—fT[_vl_" + g #E:!;-]ﬂl

v

Guard

Vour =

FIGURE 13. Low Drift Integrator.

Thermal Model

Figure 14 is the thermal model for the OPA101/102 where:
= Junction temperature (output load)

Ty* = Junction temperature (no load)

Tc = Case temperature

Ta = Ambient temperature

6ca = Thermal resistance, case-to-ambient

Vol. 33

OPA101/102

N

OPERATIONAL AMPLIFIERS




0us = Effective thermal resistance of the heat sink
Ppo = Quiescent power dissipation
' +Vcc' 1 +QUIESCENT +| -Vccl ]_ QUIESCENT
Pyx = Power dissipation in the output transistor
= (Vour - Vce) lour
(In a complementary output stage only one output
transistor is conducting current at a time.)

INTERNAL POWER DISSIPATION
Ly T

6y =T5C/W

02 = 85°C/W
Ppg T Pox

Opg = =150°C/W
225°C/W ‘oA

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 OPA101/102’s absolute maximum ratings of internal
power dissipation and junction temperature to determine
the derated power dissipation capability of the package.

As an example of how to use this model, consider this
problem: Determine the output transistor junction tem-
perature when the output has its maximum load resistance
and is operated at the worst-case output voltage con-
ditions. Assume Vce = 2£15VDC and Ta = 25°C.

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

 (Veoy
Pox max = T (18)
Burr-Brown IC Data Book
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T,=Ta+ Png[0: + (Bus || 6ca)]
+ Pox [61 + 62 +(Bns || 6ca)] a9

Ousbca
Ous + Oca

where (Ous || Oca) = =90°C/W

Substituting appropriate values yields

T, = 25"+ (30V x 8mA)[85°C/W + 90°C/ W]
(15vYy

[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

PDX ss = VCC l(oulpul hmit) (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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MILITARY & DIE
- VERSIONS
AVAILABLE

Low Noise Precision 2/7er®
OPERATIONAL AMPLIFIER

o LOW NOISE: 100% tested, 8nV/+/Hz max at 10kHz
o LOW BIAS CURRENT: 1pA max o DATA ACQUISITION
o LOW OFFSET: 2501V max o TEST EQUIPMENT
o LOW DRIFT: 1uV/°C max o OPTOELECTRONICS
o HIGH OPEN-LOOP GAIN: 120dB min

o HIGH COMMON-MODE REJECTION: 100dB min

DESCRIPTION

. . e . . CASF AND SUBSTRATE
The OPALIII is a precision monolithic dielectrically-

FEATURES APPLICATIONS
o PRECISION INSTRUMENTATION

© MEDICAL EQUIPMENT—CAT SCANNER
© RADIATION HARD EQUIPMENT

!

isolated FET (L#fef ®) operational amplifier. Out- c)
standing performance characteristics allow its use in

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

Very-low bias current is obtained by dielectric isola- 'g:g:::.‘ I

.

+Vec

: OUTPUT

O

tion with on-chip guarding.
Laser trimming of thin-film resistors gives very-low ) ]
offset and drift. Extremely-low noise is achieved M 00 S0 1E %0
. . . . . 4
with new circuit design techniques (patented). A new @—-vw—1
cascode design allows high precision input specifica- &ﬁ%‘
tions and reduced susceptibility to flicker noise. A I P ii %0
>
Standard 741 pin configuration allows upgrading of
existing designs to higher performance levels. *PATENTED
OPA111 SIMPLIFIED CIRCUIT

BIFET ®National Semiconductor Corp., £%/¥e#® Burr-Brown Corp.

—Vec

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-526G
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SPECIFICATIONS

ELECTRICAL
At Veec = £15VDC and Ta = +25°C unless otherwise noted. Pin 8 connected to ground.

OPAINAM OPA111BM OPA111SM
PARAMETER CONDITIONS mn [ tve [ max | min [ tve | max [ wmin | Tve ] max | uwims
INPUT )
NOISE
Voltage, fo = 10Hz 100% tested 40 80 30 60 40 80 nV/\/Hz
fo = 100Hz 100% tested 15 40 1" 30 15 40 nV/\/Hz
fo = 1kHz 100% tested 8 15 7 12 8 15 nV/\/Hz
fo = 10kHz 100% tested 6 8 6 8 6 8 nV/\/Hz
fs = 10Hz to 10kHz 100% tested 0.7 12 06 1.0 0.7 12 uv, rms
fa = 0 1Hz to 10Hz " 16 33 12 25 16 33 uv, p-p
Current, fs = 0 1Hz to 10Hz m 95 15 75 12 95 15 1A, p-p
fo = 0 1Hz thru 20kHz “ 05 08 04 06 05 08 tA/\/Fz
OFFSET VOLTAGE® ’
Input Offset Voltage Vem = 0VDC +100 +500 +50 +250 +100 +500 uv
Average Drift Ta = Tmin t0 Tmax +2 +5 +05 +1 +2 15 uv/°C
Supply Rejection Vee — 10V to +18V 90 110 100 110 90 110 dB
+3 +31 +3 +10 +3 +31 uv/N
BIAS CURRENT® )
Input Bias Current Vem =0VDC +08 +2 +05 +1 08 +2 pPA
OFFSET CURRENT"?
Input Offset Current Vem = 0VDC +05 +156 +0 25 +075 105 +15 pA
IMPEDANCE
Differential 10" 11 1071 1011 Q| pF
Common-Mode 10" 3 103 1013 Q| pF
VOLTAGE RANGE
Common-Mode Input Range +10 +11 +10 +11 +10 11 \
Common-Mode Rejection Vin = £10VDC 90 110 100 110 90 110 dB
OPEN-LOOP GAIN, DC
Open-Loop Voltage Gain Rz | 114 | 125 | | 120 | 125 ] ] na | s | | s
FREQUENCY RESPONSE
Unity Gain, Small Signal 2 2 2 MHz
Full Power Response 20V p-p, RL = 2k 16 32 16 32 16 32 kHz
Slew Rate Vo = £10V, RL = 2k 1 2 1 2 1 2 V/usec
Settling Time, 0 1% Gain =—1, Ru=2k 6 6 6 usec
001% 10V step 10 10 10 usec
Overload Recovery,

50% Overdrive® Gain =—1 5 5 5 usec
RATED OUTPUT
Voltage Output RL=2kQ 1 +12 +11 +12 +11 +12 A
Current Output Vo = +£10VDC 155 +10 55 +10 55 +10 mA
Output Resistance DC, open loop 100 100 100 Q
Load Capacitance Stability Gain = +1 1000 1000 1000 pF
Short Circuit Current 10 40 10 40 10 40 mA
POWER SUPPLY
Rated Voltage +15 +15 +15 vDC
Voltage R_ange,

Derated Performance +5 +18 +5 +18 +5 +18 vDC
Current, Quiescent lo =0mADC 25 35 25 35 25 35 mA
TEMPERATURE RANGE
Specification Ambient temp —25 +85 —25 +85 —55 +125 °C
Operating Ambient temp —55 +125 —55 +125 —55 +125 °C
Storage Ambient temp —65 +150 —65 +150 —65 +150 °C
6 Junction-Ambient 200 200 200 °C/W

NOTES. (1) Sample tested—this parameter is guaranteed. (2) Offset voltage, offset current, and bias current are measured with the units fully warmed
up (3) Overload recovery is defined as the time required for the output to return from saturation to linear ion following the removal of a 50% input overdrive.

P
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ELECTRICAL [FULL TEMPERATURE RANGE SPECIFICATIONS]

At Vec = £15VDC and Ta= Twmin to Tmax unless otherwise noted.

OPA1I11AM OPA111BM OPA11ISM

PARAMETER 'CONDITIONS MmN [ Tve [ max | min | rve [ max | min | Tve | omax | uwits
TEMPERATURE RANGE
Specification Range Ambient temp —25 +85 —25 +85 —55 +125 °C
INPUT
OFFSET VOLTAGE"'
Input Offset Voltage Vem = OVDC +220 +1000 +110 +500 1300 +1500 uv
Average Dnift +2 15 +05 +1 +2 +5 uv/°C
Supply Rejection Vee — +10V to £18V 86 100 920 100 86 100 dB

+10 +50 +10 +32 +10 +50 MV
BIAS CURRENT"
Input Bias Current Vem = OVDC +50 +250 +30 +130 +820 +4100 pA
OFFSET CURRENT"
Input Offset Current Vem = OVDC +30 +200 +15 +100 +510 +3100 pA
VOLTAGE RANGE
Common-Mode Input Range +10 1 +10 1 *+10 11 \
Common-Mode Rejection Vin = £10VDC 86 100 90 100 86 100 dB
OPEN-LOOP GAIN, DC
Open-Loop Voltage Gain R. > 2kQ [ 110 | 120 | [ 1na | 120 | [ 110 [ 120 ] dB
RATED OUTPUT
Voltage Output R. = 2kQ +10.5 +1 +1 +11.5 +1 +11.5 \"
Current Output Vo, = +10VDC +5.25 +10 +5.25 +10 +5.25 +10 mA
Short Circuit Current Vo = 0VDC 10 40 10 40 10 40 mA
POWER SUPPLY
Current, Quiescent T =omaoc ] [ 25 | 85 | | 25 | 85 | | 25 J as ] ma

SUBSTRATE AND CASE

NOTES (1) Offset voltage, offset current, and bias current are measured with the units fully warmed up.
MECHANICAL “M” PACKAGE TO-99 (Hermetic CONNECTION DIAGRAM
NOTE
Leads in true position within 010" P|r|1 n\;‘mbet:rs shown kzr refere:c: TOP VIEW
(25mmR)at MMC at seating plane only. Numbers may not be ma,r ©
N on package OFFSET
Pin material and plating composi- TRIM
[*— 8 —& tion conform to Method 2003 (sol-
o derability) of MIL-STD-883 (except
c paragraph 3.2)
r = ﬁ INCHES MILLIMETERS
3 F om | MIN | MAX | MIN | MAX |
Seating 4 A 335 | 370 | 851 | 940 - o
Plane B 305 | 335 [ 775 | 851
’ I | I ‘ c 165 | 185 | 419 | 470
o D 016 | 021 | 041 | 053
N E 010 o040 [ 025 7 102
[ F | 010] o040 | 025 | 102
L ) G | 200BASIC | 508BASIC
% X5 N H | 0] 03| 071 | 08
+}e G J 020 | 045 | 074 | 114
T oo Y K | 500 — [ 127 —
L 10] 160 | 279 | 406
) \( " M 45° BASIC 45° BASIC
N 095 105 | 241 | 267
ORDERING INFORMATION
Temperature Offset Voltage,
Model Package Range max (uV)
OPA111AM TO-99 -25°C to +85°C +500
OPA111BM TO-99 -25°C to +85°C +250
OPA111SM TO-99 -55°C to +125°C +500
BURN-IN SCREENING OPTION
Temperature Bumn-in
Model Package Range Temp. (160h)"
OPA111AM-BI TO-99 -25°C to +85°C +125°C
OPA111BM-BI TO-99 -25°C to +85°C +125°C
OPA111SM-BI TO-99 -25°C to +85°C +125°C
NOTE: (1) Or equivalent combination of time and temperature.
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ABSOLUTE MAXIMUM RATINGS

Supply . +18VDC
Internal Power Dissipation'” ... 500mwW
Differential Input Voltage® . £36VDC
Input Voltage Range'® .. +18VDC
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® ...... ....... Continuous
Junction Temperature .. ...... ..... ..oooo.es . +175°C

NOTES

(1) Packages must be derated based on sc = 150° C/W or 6,4 = 300° C/W

(2) For supply voltages less than £18VDC the absolute maximum input
voltage is equal to +18V > Vin > —Vcc —6V. See Figure 2

(3) Short circuit may be to power supply common only Rating apples to
+25°C ambient Observe dissipation limitand T,

TYPICAL PERFORMANCE CURVES

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

INPUT CURRENT NOISE SPECTRAL DENSITY

INPUT VOLTAGE NOISE SPECTRAL DENSITY

100 ppmer 1 s e e s e —TTT T T T TTTT
H 1 B 1 ) O 1 B N - T
I ] | IR BN R ; I 1 | } ]
! ! HIBEIEE ! i | 1 T
5 i [ : ; L 3 i ; ‘ | L
=3 ! I i I “ T 1 ! i T T T
It | R . | } :
i 10 t 1 T T + T % 100 NS t AN SM 5 *
T T = h 71|
3 f T Q T
s ‘ ; E 5 N K |
z I I ! z ]
g 1 t -y % 10 1
3 | s
o - ! S ‘
1 T i
| 1Y S W L
01 | | .Bb.l ] L[ | | I 1 0l I
1 10 100 1k 10k 100k ™ 1 10 100 1k 10k 100k ™
Frequency (Hz) Frequency (Hz)
TOTAL* INPUT VOLTAGE NOISE SPECTRAL TOTAL* INPUT VOLTAGE NOISE (PEAK-TO-PEAK)
DENSITY vs SOURCE RESISTANCE vs SOURCE RESISTANCE
"B T T TR o] b R ) i
- Rs = 10MQ AL AL AL
! BN ‘ T *Includes contribution from
N 1 i —_—
E i Re = 1MQ -}—?—— g source
< 100 | ; SE——— 3 100
€ ! R, = 100k T 3 —
2 [ N ; [ H A
2 I - ‘ t F4 BM “
N ‘ e fa=01to0 10Hz
© N | o 0
gmn BT SR, = 1000 g 1
S L ‘ E >
*Includes contribution ! |
[~ from source resistance T
1L purcs el 11 | 1 et
o1 1 10 100 1k 10k 100k 10* 10° 10° 10’ 10° 10° 10"
Frequency (Hz) Source Resistance (Q)
VOLTAGE AND CURRENT NOISE SPECTRAL TOTAL INPUT VOLTAGE NOISE SPECTRAL DENSITY
DENSITY vs TEMPERATURE AT 1kHz vs SOURCE RESISTANCE
12 - 100 1k T T s
(0] - ]
—_ -
N
= fo = 1kHz ‘A o E | E ‘ o
T 10 10 ¢ Re
2 ,_, 3 21
2 / 2 £
g g u? —— R BM
8 1 & 3 e
= 123 v
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% > s 10 N
5 6 o.1§‘ £
> N g 2 \
W !
4 001 N Resjstor nojse only
~75 —50 -25 0 +25 +50 +75 +100 +125 100 1k 10k 100k M 10M 00M
Temperature (°C) Source Resistance (Q)
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TYPICAL PERFORMANCE CURVES [CONT]

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

BIAS AND OFFSET CURRENT BIAS AND OFFSET CURRENT
vs TEMPERATURE vs INPUT COMMON MODE VOLTAGE
1k - 1k 10 [T T T . I 10
Ij mEREEREE | I RS
” - ‘ I — bl
100 — 100 o ; ; -
< BM > - = — T H T i | o ™~
L 8 3 e T 2
€ 10 - 10 o o Bias Current. [ I T -3 n-
[ A 4 < 5 | - P am T o
3 [ ] ~ g 5 T | L 5 O
- =1 ' g ! a3
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ot o1 b aEng w
o o . N
N IR e
oot 001 001 L L Loy it bitiilidon
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Ambient Temperature (°C) Common-Mode Voltage (V)
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vs FREQUENCY ' vs FREQUENCY o0
140 T T LAY B TT T T T 140 T LI I B o Y ™
N e ok I e s s R e 9.4
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=+ i * * 1N N
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I I R T TTING R | R Ty (o)
I L N I TN il 1 N D1 IR
o b= il L TR D S L . 0 ! il —
1 10 100 1k 10k 100k ™ oM 1 10 100 1k 10k 100k ™ 10M '-
Frequency (Hz) Frequency (Hz) L- 4
COMMON-MODE REJECTION m
vs INPUT COMMON MODE VOLTAGE OPEN-LOOP FREQUENCY RESPONSE o
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TYPICAL PERFORMANCE CURVES [CONT]

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

OPEN-LOOP GAIN MAXIMUM UNDISTORTED OUTPUT
vs TEMPERATURE VOLTAGE vs FREQUENCY
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INPUT OFFSET VOLTAGE CHANGE
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APPLICATIONS
INFORMATION

OFFSET VOLTAGE ADJUSTMENT

The OPALlIl offset voltage is laser-trimmed and will
require no further trim for most applications. As with
most amplifiers, externally trimming the remaining offset
can change drift performance by about 0.3uV/°C for
each 100uV of adjusted offset. Note that the trim (Figure
1) is similar to operational amplifiers such as 741 and
AD547. The OPAL11 can replace most other amplifiers
by leaving the external null circuit unconnected.

+10mV TYPICAL
TRIM RANGE

*10kQ 70 IMQ
TRIM POTENTIOMETER
(100kQ> RECOMMENDED)

"VCC

FIGURE 1. Offset Voltage Trim.

INPUT PROTECTION

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

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

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

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

GUARDING AND SHIELDING

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

Leakage currents across printed circuit boards can easily
exceed the bias curent of the OPALIIL To avoid leakage
problems, it is recommended that the signal input lead of
the OPALIII be wired to a Teflon standoff. If the OPA111
is to be soldered directly into a printed circuit board,
utmost care must be used in planning the board layout.
A “guard” pattern should completely surround the high
impedance input leads and should be connected to a low
impedance point which is at the signal input potential.
The amplifier case should be connected to any input
shield or guard via pin 8. This insures that the amplifier
itself is fully surrounded by guard potential, minimizing
both leakage and noise pickup (see Figure 3).

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

+2 T

A

Input Current (mA)
o

|
-

Maximum Safe Current 1——

-2

—15 —10 -5 0 +5 +10 +15

Input Voltage (V)

FIGURE 2. Input Current vs Input Voltage with £Vcc
Pins Grounded.
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NON-INVERTING

BUFFER

.,

T

B NP

-
o
[}

]
g

INVERTING

g

e ——

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

Teflon® E |. Du Pont de Nemours & Co

FIGURE 3. Connection of Input Guard.

NOISE: FET VERSUS BIPOLAR

Low noise circuit design requires careful analysis of all
noise sources. External noise sources can dominate in
many cases, so consider the effect of source resistance on
overall operational amplifier noise performance. At low
source impedances, the lower voltage noise of a bipolar
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operational amplifier is superior, but at higher impedan-
ces the high current noise of a bipolar amplifier becomes
a serious liability. Above about 15k} the OPAIlll will
have lower total noise than an OP-27 (see Figure 4).

-2 1000
)
2N
22
S 5100
Eg 2 5
g'a esistorNoise-}
ae Only ]
.8@ 10
g >
S 2 Only
£ 4 4 BM
s ToP-27 + Resistor |
100 1K 10k 100k ™ 10M
Source Resistance (Rs), Q

FIGURE 4. Voltage Noise Spectral Density Versus
Source Resistance.

BIAS CURRENT CHANGE VERSUS
COMMON-MODE VOLTAGE

The input bias currents of most popular BIFET opera-
tional amplifiers are affected by common-mode voltage
(Figure 5). Higher input FET gate-to-drain voltage
causes leakage and ionization (bias) currents to increase.
Due to its cascode input stage, the extremely-low bias
current of the OPALII1 is not compromised by common-
mode voltage.

N

3
'

»'
~

OUTPUT
_o

PYROELECTAIC
DETECTOR

L oPAIN
4.

-———
1 ~.

1000MQ

”//
'l'——l'—

3 NOTE: PYROELECTRIC DETECTORS RESPOND
° TO RATE-OF-CHANGE (AC SIGNAL) ONLY

FIGURE 6. Pyroelectric Infrared Detector.

100Q

—46dBm T0 —20dBm
RF INPUT 1000pF

= H-p
> prc  HSCH-3486
- - - 8, ~ 1200mVDC/uW

VIDEO BANDWIDTH: DC to 50kHz

80T T T TTTITTTT
70 _JTr=|_£5° ; curves onfrom‘_'l.l‘gelnls,
mfg. published typical data | g
~ 60
< Py
S 50 3 ADS7\ -
§ 40 F #mw-
3 P autilt
3 aoft 156/15—7,_
(%] ’
s 20 ¢
[ | - »
5 10, '-"A-F‘-J'G = =
o !
£ o}-opanii - oPaT)
10} bb-18/16/17"Perfect Bias G peslation””
ol LLLI LI
© 10 -5 0 +5 +10
Common-Mode Voltage (VDC)

FIGURE 5. Input Bias Current Versus Common-Mode
Voltage.

BURN-IN SCREENING

Burn-in screening is an option available for the models
indicated in the Ordering Information table. Burn-in
duration is 160 hours at the maximum specified grade
operating temperature (or equivalent combination of
time and temperature).

All units are tested after burn-in to ensure that grade
specifications are met. To order burn-in, add “-BI” to the
base model number.

APPLICATIONS CIRCUITS

Figures 6 through 18 are circuit diagrams of various
applications for the OPAIIlL.

Burr-Brown IC Data Book

FIGURE 7. Zero-Bias Schottky Diode Square-Law
RF Detector.
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8 = —hnRe

PIN PHOTODIODE
__ SCINTILLATION CRYSTAL

2-62

FIGURE 8. Computerized Axial Tomography (CAT)
Scanner Channel Amplifier.
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+5V

o0

1vDC
OUTPUT

OFFSET
TRIM

FIGURE 9. High Impedance (10“Q) Amplifier.

“ <IpF T0 PREVENT GAIN PEAKING
PIN PHOTODIODE WAA 4

w "’_?“,f—"‘“\,“sum mo:n {_!11

A

! i - oUTPUT
[ omu>°————o

\ 1 +

R Vi 5 X 10°V/WATT

1000MQ 5y <

CIRCUIT MUST BE
<~ WELL SHIELDED.

N _
o..‘,,;fmilﬁ |1 fllfF__L

M
L Y
o K 1 2
- OUTPUT
oPAIlt —Q
AQ e
v 13 + °
\‘ g
100p

LOW FREQUENCY CUTOFF =
1/(2mReC¢) = 0.16Hz |

8 = —AQ/Cr
FIGURE 12. Piezoelectric Transducer Charge Amplifier.

10.5kQ ‘"—_23‘&

0.014F
1320

3650

AA
\ A4 -

Illl’lJT"1 ; L I

FIGURE 13. RIAA Equalized Phono Preamplifier.

~

!

FIGURE 10. Sensitive Photodiode Amplifier.

OFFSET VOLTAGE =
255,VDC MAXIMUM
WITH NO OFFSET ADJUST

—O
2%Q L QUTPUT
= 1000pF

<
ot
2 267TMQ*
< >

500pF '_L_“W *FOR 50Hz USE 3.18MQ .A.IIIJ 6.37MQ

INPUT 5.34MQ*  534MQ°
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PIN DIODE < IpF TO PREVENT PEAKING

(SILICON

DETECTOR CORP. +5viC
$0-041-11-21-01)

200MQ

3
NS 2

o _|_
0.1uF
<

=" " OVERLOAD ~ 0.1W INPUT

T
OUTPUT

DIGITAL
COMMON

FIGURE '11. 60Hz Reject Filter.

FIGURE 14. High Sensitivity (under InW) Fiber Optic
Receiver for 9600 Baud Manchester Data.

1uf

| L
3 375.1k0
187.5k0

N A S

.|}

OPAIN

Q1

F. = 0.6Hz
—80db at 60Hz

FIGURE 15. 0.6Hz Second Order Low-Pass Filter.
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3 AVos/AT = 2016:4/°C TYP*
+ Is = 10pA max
1000 10ko =~ 1020 || 30pF
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| M *THEORETICAL PERFORMANCE
—— 2 ACHIEVEABLE FROM OPA1118M
.

10kQ WITH UNCORRELATED RANDOM
DISTRIBUTION OF PARAMETERS.

/

oPAIT

3

1000 0kQ -
J_ WA A
- 2|
6 10k 10kQ
5| opam SRy VS A
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2| OUTPUT
1 ! 5| oena L W
| ! +
| 20 | |
] ~, )
I ~‘\~ ! r— -
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I Pnd |
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| R |
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FIGURE 16. ‘N’ Stage Parallel-Input Amplifier For Reduced Relative Amplifier Noise At The Output.

ls = 1pA
3 GAIN = 100
-
N O———+ - CMRR ~ 106dB
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d ! i
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DIFFERENTIAL VOLTAGE GAIN = 1 + 2R¢/Rq

FIGURE 17. FET Input Instrumentation Amplifier.
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FIGURE 18. Low-Droop Positive Peak Detector.

OPERATIONAL AMPLIFIERS

Burr-Brown IC Data Book 2-65 Vol. 33



BURR-BROWN® s
=11 & o OPA

Low Cost Precision Ds7er®
OPERATIONAL AMPLIFIER

FEATURES APPLICATIONS

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

o LOW BIAS CURRENT: 5pA max © DATA ACQUISITION

o LOW OFFSET: 2mV max o TEST EQUIPMENT

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

© HIGH OPEN-LOOP GAIN: 110dB min © RADIATION HARD EQUIPMENT

o HIGH COMMON-MODE REJECTION: 86dB min

DESCRIPTION

The OPAI21 is a precision monolithic dielectrically- CASE (T0-99) AND SUBSTRATE

isolated FET (L/fef®) operational amplifier.

Outstanding performance characteristics are now ) ?

available for low-cost applications.

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

—IN
Very low bias current is obtained by dielectric isola- v nmss-ﬁj

tion with on-chip guarding. CASCODE*

Laser-trimming of thin-film resistors gives very low >‘—®

offset and drift. Extremely low noise is achieved 4 b ouTPUT

with new circuit design techniques (patented). A new TAM g 20 S

cascode design allows high precision input specifica- @""”"—‘

tions and reduced susceptibility to flicker noise. S—ww—t

Standard 741 pin configuration allows upgrading of Thim "% 20 s

existing designs to higher performance levels. {‘)
*PATENTED N

OPA121 SIMPLIFIED CIRCUIT

BIFET® National Semiconductor Corp., £%7e#® Burr-Brown Corp.

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

PDS-539C
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SPECIFICATIONS

ELECTRICAL
At Vee = £15VDC and Ta = +26°C unless otherwise noted. Pin 8 connected to ground.
OPA121KM OPA121KP/KU
PARAMETER CONDITIONS MIN T TYP T MAX MIN J TYP MAX UNITS
INPUT
NOISE
Voltage, fo = 10Hz w 40 50 nV/vHz
fo = 100Hz m 15 18 nV/vHz
fo = 1kHz o 8 10 nv/vVHz
fo = 10kHz o 6 7 nV/VHz
fa = 10Hz to 10kHz w 07 08 pVrms
fs = 0 1Hz to 10Hz m 1.6 2 uVp-p
Current, fs = 0 1Hz to 10Hz m 15 21 fA, p-p
fo = 0 1Hz thru 20kHz " 08 fA/VHzZ
OFFSET VOLTAGE®
Input Offset Voltage Vew = 0VDC +0.5 +2 +0.5 +3 mv
Average Drift Ta = Trin to Trax +3 +10 +3 +10 uv/reC
Supply Rejection 86 104 86 104 dB
+6 +50 +6 +50 unN
BIAS CURRENT?
Input Bias Current Vem = OVDC 1 +5 +1 +10 pA
Device Operating
OFFSET CURRENT?
Input Offset Current Vem = 0VDC +07 +4 07 +8 pA
Device Operating
IMPEDANCE
Differential 1011 101 Q| pF
Common-Mode 103 1013 Q|| pF
VOLTAGE RANGE
Common-Mode Input Range +10 +11 +10 1 v
Common-Mode Rejection Vin = £10VDC 86 104 82 100 dB
OPEN-LOOP GAIN, DC
Open-Loop Voltage Gain Ru=2kQ 110 120 106 114 dB
FREQUENCY RESPONSE
Unity Gain, Small Signal 2 2 MHz
Full Power Response 20V p-p, R. = 2kQ 32 32 kHz
Slew Rate Vo = 10V, RL = 2kQ 2 2 Vius
Settling Time, 0 1% Gain = —1, R. = 2kQ 6 6 us
001% 10V step 10 10 us
Overload Recovery,

50% Overdrive' Gain = —1 5 5 us
RATED OUTPUT
Voltage Output R.=2kQ +1 +12 M +12 v
Current Output Vo = £10VDC 55 +10 55 +10 mA
Output Resistance DC, open loop 100 100 Q
Load Capacitance Stabihity Gain=+1 1000 1000 pF
Short Circuit Current 10 40 10 40 mA
POWER SUPPLY
Rated Voltage *15 *15 vDC
Voltage Range,

Derated Performance +5 +18 +5 +18 vDC
Current, Quiescent lo =0mADC 25 4.0 25 45 mA
TEMPERATURE RANGE
Specification Ambient temp 0 +70 [¢] +70 °C
Operating Ambient temp. —40 +85 —25 +85 °C
Storage Ambient temp. —65 +150 —55 +125 °C
8 Junction-Ambient 200 150 °C/W

NOTES (1) Sample tested (2) Offset voltage, offset current, and bias current are specified with the units fully warmed up  (3) Overload recovery is

defined as the time required for the output to return from saturation to linear operation following the removal of a 50% input overdrive

KU grade

Burr-Brown IC Data Book
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ELECTRICAL (FULL TEMPERATURE RANGE SPECIFICATIONS)

At Vec = £15VDC and Ta = Tmin to Tmax unless otherwise noted

OPA121KM OPA121KP/KU
PARAMETER CONDITIONS MIN I TYP l MAX MIN TYP ] MAX UNITS
TEMPERATURE RANGE
Specification Range J Ambient temp l 0 J , +70 0 I +70 T °C
INPUT
OFFSET VOLTAGE™
Input Offset Voltage Vem = 0VDC +1 +3 +1 +5 mvV
Average Dnift +3 +10 +3 +10 uv/°C
Supply Rejection 82 94 82 94 dB
+20 +80 +20 +80 unN
BIAS CURRENT"
Input Bias Current Vem =0VDC +23 +115 +23 +250 PA
Device operating
OFFSET CURRENT""
Input Offset Current Vem = 0VDC +16 +100 +16 +200 pA
Device operating
VOLTAGE RANGE
Common-Mode Input Range +10 *11 +10 +11 \'
Common-Mode Rejection Viy = £10VDC 82 98 80 96 dB
OPEN-LOOP GAIN, DC
Open-Loop Voltage Gain RN | 10s 116 100 110 |
RATED OUTPUT
Voltage Output R. =2kQ +105 +11 +105 +11 \Y
Current Output Vo = +10VDC +525 *+10 +525 +10 mA
Short Circuit Current Vo =0VDC 10 40 10 40 mA
POWER SUPPLY
Current, Quiescent J lo=0mADC 25 45 25 50 T mA
NOTES (1) Offset voltage, offset current, and bias current are measured with the units fully warmed up
MECHANICAL
“M” PACKAGE TO-99 (Hermetic) “p” PACKAGE 8-Pin Plastic L —
INCHES MILLIMETERS [e—A —y I
DIM| MIN | MAX | MIN | MmAX le— Ay —
g A | 335 [ 370 | 85 940 Yy Yy
B | 305 ] 33 | 77 851
C | 165 [ 185 1 470 _ ;.I T <l M Ay
F D | o6 | o021 | 041 | 053 "B
K E | ot 040 25 | 102 i l INCHES MILLIMETERS
Seatin F | o1 040 | 025 | 102 P LT DM [ MIN T MAX | MIN T mAX |
Plane 9 lI I Il-———-l G 200 BASIC 508 BASIC Pin 1 A 355 | 400 | 903 | 101
—b—0 H | o028 [ oa4 | 071 | oee —Fre A | 340 | 384 | 864 | o
J 029 045 074 114 ¥ B 230 290 5.85 7
K | 500 — 127 — F B B, 200 | 250 | 509 | 636
LT 10] 160 | 279 | 406 [¢] [ 120 ] 200 | 305 | 509
M | 4 BAsic | a5 BASIC —t D | o5 | 03 | 038 | 0%
N | 095] 105 | 241 | 267 [ K Iy F 030 [ o070 | o76 | 178
NOTE Leads In true position —t S ;gg E ASI;)SO g: EAS:CN
within 0 010" (0 25mm) RatMmc | H JLD G Seatin ¥ B T S BT
1
at seating plane Pfane 9 K 070 150 78 | 382
Pin material and plating composi- L 300 BASIC 7 63 BASIC
tion conform to method 2003 Pin numbers shown for reference NOTE Leads in true position M 0° 15° 0° 15°
(solderability) of MIL-STD-883 only Numbers may not be marked within 010" ( 25mm) R at MMC N 010 030 | 025 [ 076
(except paragraph 3.2) on package at seating plane P 025 050 | 064 127
“U” PACKAGE Plastic SOIC
INCHES MILLIMETERS
A NOTE: Leads in true position | DIM | MIN | MAX | MIN | MAX
A= within 0 010" (0 25mm) R at MMC A_| 185 | 201 | 470 | 511
N1 1 at seating plane Ar | 178 | 201 | 452 | 511
B | 146 | 162 | 371 | 411
B, | 130 | 149 | 330 | 378
Cc | o054 | 145 | 137 | 369
D | o15 | o019 | 038 | 048
Pint - _-l M G | 0s0BASIC | 127BASIC
Identifier H 018 026 | 046 | 066
J 008 | 012 | 020 | 030
L J L | 220 | 250 | 559 | 640
Pin1 e H M 0° 10° 0° 10°
N 000 012 000 030

Burr-Brown IC Data Book
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CONNECTION DIAGRAMS

“M” PACKAGE TO-99 (Hermetic)

Substrate and Case

—Veo

TOP VIEW

“p” PACKAGE Plastic Mini-DIP
“U” PACKAGE Plastic SOIC

3 Offset Trim
=In E 3 +Vee

+in E 3 Output
—Vee E 5 | NC

A\

Offset Trnm § 1

TOP VIEW

ORDERING INFORMATION

OPERATIONAL AMPLIFIERS ! OPA121

Temperature
Model Package Range
OPA121KM TO-99 0°C to +70°C
OPA121KP Plastic 0°C to +70°C
OPA121KU soic 0°C to +70°C
BURN-IN SCREENING OPTION
Temperature Burn-in
Model Package Range Temp. (160h) "'
OPA121KM-BI TO-99 0°C to +70°C +85°C
OPA121KP-BI Plastic 0°C to +70°C +85°C
OPA121KU-BI SOIC 0°C to +70°C +85°C
NOTE (1) Or equivalent combination of time and temperature.
ABSOLUTE MAXIMUM RATINGS
Supply +18VDC Lead Temperature

Internal Power Dissipation™ .. 500mW M, P packages (soldering 10 seconds) ... .. .. «......... +300°C

Differential Input Voltage ..... .... £36VDC U package (soldering 3 seconds). .

Input Voltage Range .... 18VDC Output Short-Circuit Duration® ... ..

Storage Temperature Range Junction Temperature +175°C
M package -+ ~85°C10 +150°C NOTES (1) Packages must be derated based on 6 = 150°C/W (P
P. U packages - 58°C to +125°C package), 6 = 200°C/W (M package), 8 = 100°C/W (U package)

Operating Temperature Range (2) Short circuit may be to power supply common only Rating applies
Mpackage .......coovveiriiiieiieeinieiiiiiiiis —40°C to +85°C to +25°C amb Observe dissipation imitand T,

P,UPackages .........coevevnevneraeensriennnns —25°C to +85°C

TYPICAL PERFORMANCE CURVES

Ta = +25°C, Vco = £15VDC unless otherwise noted
INPUT VOLTAGE NOISE SPECTRAL DENSITY

= .. : T
T
T t t T
¥ T | L
L | KP, KU ! | [
%100 : '
= 4 X i
i + + e
2 [ A
<] Iy
z ‘; N 11
g 10:tKM | |
S 1 - 1 i
. Tt i IR
| . —H-
1 N B R R
1 10 100 1k 10k 100k ™

Frequency (Hz)
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Ambient Temperature (°C)
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TYPICAL PERFORMANCE CURVES (CONT)

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

BIAS AND OFFSET CURRENT
vs INPUT COMMON MODE VOLTAGE

10
< Bias Current o
s 1
€
3 Offset Current
3 1
a KM
@ 01
001
-15 -10 =5 0 +5 +10 +15
Common-Mode Voltage (V)
COMMON-MODE REJECTION
vs FREQUENCY
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INPUT CURRENT VS INPUT VOLTAGE
WITH +Vcc PINS GROUNDED
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Input Voltage (V)
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POWER SUPPLY REJECTION

vs FREQUENCY
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APPLICATIONS
INFORMATION

OFFSET VOLTAGE ADJUSTMENT

The OPAI2] offset voltage is laser-trimmed and will
require no further trim for most applications. As with
most amplifiers, externally trimming the remaining offset
can change drift performance by about 0.3uV/°C for
each 100uV of adjusted offset. Note that the trim (Figure
1) is similar to operational amplifiers such as 741 and
AD547. The OPA121 can replace most BIFET amplifiers

by leaving the external null circuit unconnected.

Vol. 33



+10mV TYPICAL
TRIM RANGE

*10KQ T0 1MQ
TRIM POTENTIOMETER
(100k2 RECOMMENDED)

FIGURE 1. Offset Voltage Trim.

INPUT PROTECTION

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

Unlike BIFET amplifiers, the Z/Zef OPAI2l requires
input current limiting resistors only if its input voltage is
greater than 6 volts more negative than —Vcc. A 10kQ)
series resistor will limit input current to a safe level with
up to =15V input levels even if both supply voltages are
lost.

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

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

GUARDING AND SHIELDING

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

Leakage curients across printed circuit boards can easily
exceed the bias current of the OPAI21. To avoid leakage
problems, it is reccommended that the signal input lead of
the OPAI121 be wired to a Teflon™ standoff. If the OPA121
is to be soldered directly into a printed circuit board,
utmost care must be used in planning the board layout.
A “guard” pattern should completely surround the high-
impedance input leads and should be connected to a low-
impedance point which is at the signal input potential.

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

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

Burr-Brown IC Data Book
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NON-INVERTING BUFFER

AAA~ AAA-
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INO——
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%
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o
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i o0PAI2I ouT

[l 3

i + 8

Y
= MINI-DIP BOTTOM VIEW

BOARD LAYOUT [ Yo (=]}
FOR INPUT GUARDING

Guard top and bottom of board a =} b3
Alternate: use Teflon standoff 6 (=] | K]

for sensitive input pins. ) =71

FIGURE 2. Connection of Input Guard.

BIAS CURRENT CHANGE VERSUS
COMMON-MODE VOLTAGE:

The input bias currents of most popular BIFET opera-
tional amplifiers are affected by common-mode voltage
(Figure 3). Higher input FET gate-to-drain voltage
causes leakage and ionization (bias) currents to increase.
Due to its cascode input stage, the extremely-low bias
current of the OPAI21 is not compromised by common-
mode voltage.

BURN-IN SCREENING

Burn-in screening is an option available for the models
indicated in the Ordering Information table. Burn-in
duration is 160 hours at the maximum specified grade
operating temperature (or equivalent combination of
time and temperature).

All units are tested after burn-in to ensure that grade
specifications are met. To order burn-in, add “-BI” to the
base model number.

80 IERUARREBRRRAAR
70 __‘T.=25° . curves taken from {-|I.F1 I/:Ll
mfg pubhished typical data
_. 60
<
2 s ADS4|7+.__
g 40 LF1554]
E Lot
3 so|LF1sensT ]
[}
& MM »
5 10}4LF155 e
=3 AD547 1
£ oforai f--#F qrat
—10r P15/1S/1" erfoct Bias Curenlr lation
_2°l IIIIII [HNENENRA

—10 -5 +5 +10
Common-Mode Voltage (VDC)

FIGURE 3. Input Bias Current Versus Common-Mode
Voltage.
Teflon™ E.I du Pont de Nemours & Co
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BURR;BROWN@J L OPA128

MILITARY & DIE
VERSIONS
AVAILABLE

Drfer® Electrometer-Grade
OPERATIONAL AMPLIFIER

FEATURES ‘ APPLICATIONS
° ULTHA-LUW BIAS CURRENT: 75fA max o ELECTROMETER
o LOW OFFSET: 5004V max o MASS SPECTROMETER
o LOW DRIFT: 54V/°C max ) ’ ® CHROMATOGRAPH
o HIGH OPEN-LOOP GAIN: 110dB min o |ON GAUGE
o HIGH COMMON-MODE REJECTION: 90dB min o PHOTODETECTOR
o |MPROVED REPLAGEMENT FOR ADS515 AND AD549 o RADIATION-HARD EQUIPMENT
DESCRIPTION Case (Guard)
The OPAI28 is an ultra-low bias current monolithic @
operational amplifier. Using advanced geometry D +Vee
dielectrically-isolated FET (£%Ze# ®) inputs, this
monolithic amplifier achieves a performance level ~in
exceeding even the best hybrid electrometer amplifiers. 2
Laser-trimmed thin-film resistors give outstanding @
voltage offset and drift performance. +in | Noise-Free I
: Cascode

A noise-free cascode and low-noise processing give
the OPAI28 excellent low-level signal handling ] Output
capabilities. Flicker noise is very low. Tm o 5:28,(0 :Ezsm
The OPAI128 is an improved pin-for-pin replacement | ‘
for the ADSIS. O
. N kQ b3

. Trim $ 2kQ 2 2kQ
Difer ® Burr-Brown Corp. - @

) ) -

OPA128 Simplified Circuit

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

PDS-653A
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SPECIFICATIONS

ELECTRICAL

At Vee = £15VDC and Ta = +25°C unless otherwise noted Pin 8 connected to ground.

OPERATIONAL AMPLIFIERS H OPA128

OPA128JM OPA128KM OPA128LM OPA128SM

PARAMETER conomions | min | tve [max [ min | rve [ max | min [ Tve [ max [ min [ rve [ max | units

INPUT

BIAS CURRENT"

Input Bias Current Vem = 0VDC,

R =10kQ +150 | £300 +75 | £150 +40 +75 +75 | £150 fA

OFFSET CURRENT"

Input Offset Current Vem = 0VDC,

R. = 10kQ 65 30 30 30 fA

OFFSET VOLTAGE"™

Input Offset Voltage Vem =0VDC +260 |+1000 +140 | £500 +140 | 500 +140 | +500 u

Average Drift Ta = Twn t0 Tmax +20 +10 15 +10 uv/°C

Supply Rejection 80 120 90 120 90 120 90 120 d8

+1 +100 +1 +32 +1 +32 *1 +32 Y

NOISE".

Voltage, fo = 10Hz 92 92 92 92 nV/\/Hz
fo = 100Hz 78 78 78 78 nV/\/Hz
fo = 1kHz 27 27 27 27 nV/v/Hz
fo = 10kHz 15 15 15 15 nV/V/Hz
fs = 10Hz to 10kHz 24 24 24 24 MV, rms
fs = 0 1Hz to 10Hz 4 4 4 4 uv, p-p

Current, fg = 0 1Hz to 10Hz 42 3 23 3 fA, p-p
fo = 0 1Hz thru 20kHz 022 016 012 016 fA/\/Hz

IMPEDANCE

Differential 10%11 10" 1011 1011 Q| pF

Common-Mode 10%)12 1012 10% 12 1012 Q| pF

VOLTAGE RANGE e

Common-Mode Input Range +10 +12 +10 +12 +10 *12 +10 +12 v

Common-Mode Rejection Vin =£10VDC 80 118 90 118 90 118 90 118 dB

OPEN-LOOP GAIN, DC

Open-Loop Voltage Gain [ mrzaxa [ o4 [ 128 | [ 110 ] 128 ] [ 110 ] 128 | [0 ] 128 | [ s

FREQUENCY RESPONSE

Unity Gain, Small Signal @ 05 1 05 1 05 1 05 1 MHz

Full Power Response 20V p-p, R. = 2kQ 47 47 47 47 kHz

Slew Rate Vo=%10V,R.=2kQ| 05 3 1 3 1 3 1 3 Vips

Settling Time, 0 1% Gain =—1, Ru=2kQ 5 5 5 5 us

001% 10V step 10 10 10 10 us

Overload Recovery,

50% Overdrive Gain = —1 5 5 5 5 us
RATED OUTPUT
Voltage Output RL=2kQ +10 +13 +10 +13 +10 +13 +10 +13 )
Current Output Vo =+10VDC +5 +10 +5 +10 15 +10 +5 +10 mA
Output Resistance DC, open loop 100 100 100 100 Q
Load Capacitance Stability Gain = +1 1000 1000 1000 1000 pF
Short Circuit Current 10 29 40 10 29 40 10 29 40 10 29 40 mA
POWER SUPPLY
Rated Voltage +15 +15 +15 +15 'vbC
Voltage Range,

Derated Performance +5 +18 +5 +18 +5 +18 5 +18 vDC
Current, Quiescent lo =0mADC 09 15 09 15 09 156 09 15 mA
TEMPERATURE RANGE
Specification Ambient temp. 0 +70 0 +70 0 +70 —55 +125 °C
Operating Ambient temp —55 +125 | —55 +125 | —55 +125 | —55 +125 °C
Storage Ambient temp —65 +150 | —65 +150 | —65 +150 | —65 +150 °C
6 Junction-Ambient 200 200 200 200 ‘| °C/W

NOTES' (1) Offset voltage, offset current, and bias current are measured with the units fully warmed up Bias current doubles approximately every 11°C.  (2) Sample
tested (3) Overload recovery is defined as the time required for the output to return from saturation to linear operation following the removal of a 50% input overdrive.
(4) Noise test available—inquire
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ELECTRICAL (FULL TEMPERATURE RANGE SPECIFICATIONS)

At Vcec = £15VDC and Ta = Tmin to Tuax uniess otherwise noted.

Top View Substrate and Case

Offset Tnm +Vee

ABSOLUTE MAXIMUM RATINGS

SUPPIY e e +18VDC
Internal Power Dissipation™...................... 500mW
Differential Input Voltage........................ +36VDC
Input Voltage Range ............ccoovviuinnnnen. +18VDC
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® Continuous
Junction Temperature...........ocoevvvnnnenann.. +175°C
NOTES: (1) Packages must be derated based on fca= 150°C/W or ;4 =

200°C/W. (2) Short circuit may be to power supply common only
Rating applies to +25°C ambient Observe dissipation hmit and T,.

Burr-Brown IC Data Book

2-74

OPA128JM OPA128KM OPA128LM OPA128SM

PARAMETER conirions | MmN | Tve [ max [ min | ve [ max [ mn [ v [ max | min | tvp [ max | units
TEMPERATURE RANGE

Specification Range Ambienttemp | 0 | [+70 [ o ] [+0] o T [ +70 | -5 | [ +izs] =c
INPUT

BIAS CURRENT""

Input Bias Current Vem = OVDC +25 | +8 +13 | +4 07| =+2 +43 | +170 pA
OFFSET CURRENT"

Input Offset Current Vem = 0VDC 11 06 06 18 PA
OFFSET VOLTAGE"

Input Offset Voltage Vew = 0VDC t22mv +1mVv +750 +15mv uv
Average Dnift +20 +10 15 +10 uv/°C
Supply Rejection 74 114 80 114 80 114 80 106 dB

+2 | +200 +2 | +100 +2 | +100 +5 | £100 | wwv

VOLTAGE RANGE

Common-Mode Input Range +10 | M1 +10 +11 +10 +11 +10 1 v
Common-Mode Rejection Vin =%10VDC 74 112 80 112 80 112 74 104 dB
OPEN-LOOP GAIN, DC

Open-Loop Voltage Gan | Rz2ka | 90 | 125 | [ 104 ] 125 | [ 104 [ 125 | 90 | 122 | a8
RATED OUTPUT

Voltage Output RL = 2kQ +10 +10 +10 +10 v
Current Output Vo =+10VDC +5 +5 +5 +5 mA
Short Circuit Current Vo =0VDC 10 22 10 22 10 22 10 18 mA
POWER SUPPLY

Current, Quiescent | 1=0mADC | [ oo [ 18 [ oo ] 18 ] [ o9 ] 18] [ oo 2 ] ma
NOTES (1) Offset voltage, offset current, and bias current are measured with the units fully warmed up

CONNECTION DIAGRAM MECHANICAL

“M” PACKAGE TO-99 (Hermetic)
NOTE Leads in true position within 010” ( 25mm) R at MMC at
seating plane
Pin numbers shown for reference only Numbers may not
be marked on package
Pin matenial and plating composition conform to Method
2003 (solderability) of MIL-STD-883 (except paragraph 3 2)

A
le— 5 —of

¥ INCHES MILLIMETERS
c oM [ MIN | MAX MIN MAX
= — A 335 370 851 940
€ :f 8 308 335 775 | 851
Seating M c 165 185 | 419 [ av0
Plane o 016 021 041 053
“ | “ i 3 010 040 025 102
l o F 010 040 | 025 102

G 200 8ASIC 5 08 BASIC
N H 028 034 071 086
* 3 029 045 074 114

ML) « | soo | - 127

G L 110 160 279 406

M 45° BASIC 45° BASIC
N 095 | 105 | 241 | 267
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ORDERING INFORMATION

Temperature
Model Package Range
OPA128JM TO-99 0°C to +70°C
OPA128KM TO-99 0°C to +70°C
OPA128LM TO-99 0°C to +70°C
OPA1285M TO-99 -55°C to +125°C
BURN-IN SCREENING OPTION
Temperature Burn-in
Model Package Range Temp. (160h)"
OPA128JM-BI TO-99 0°C to +70°C +125°C
OPA128KM-BI TO-99 0°C to +70°C +125°C
OPA128LM-BI TO-99 0°C to +70°C +125°C
OPA128SM-BI TO-99 -55°C to +125°C +125°C
NOTE (1) Or equivalent cc ) of time and p ire

TYPICAL PERFORMANCE CURVES

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

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

GAIN-BANDWIDTH AND SLEW RATE GAIN-BANDWIDTH AND SLEW RATE
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TYPICAL PERFORMANCE CURVES (CONT)

- Ta = +256°C, £15VDC unless otherwise noted.

INPUT VOLTAGE NOISE SPECTRAL DENSITY
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APPLICATIONS INFORMATION
OFFSET VOLTAGE ADJUSTMENT

The OPAI28 offset voltage is laser-trimmed and will
require no further trim for most applications. As with
most amplifiers, externally trimming the remaining offset
can change drift performance by about 0.3uV/°C for
each 100nV of adjusted effort. Note that the trim (Figure
1) is similar to operational amplifiers such as HA-5180
and ADS515. The OPAI128 can replace many other ampli-
fiers by leaving the external null circuit unconnected.

+Vec

+10mV TYPICAL
TRIM RANGE

*10KQ T0 1MQ
TRIM POTENTIOMETER
(100k> RECOMMENDED)

—Vee

FIGURE 1. Offset Voltage Trim.
INPUT PROTECTION

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

Because of its dielectric isolation, no special protection is
needed on the OPA128. Of course, the differential and
common-mode voltage limits should be observed.

’

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

BIFET® National Semiconductor Corp

Burr-Brown IC Data Book

Output Voltage (V p-p)
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FULL-POWER OUTPUT vs FREQUENCY
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Static protection is recommended when handling any
precision 1C operational amplifier.

GUARDING AND SHIELDING

As in any situation where high impedances are involved,
careful shielding is required to reduce “hum” pickup in
input leads. If large feedback resistors are used, they should
also be shielded along with the external input circuitry.
Leakage currents across printed circuit boards can easily
exceed the bias current of the OPA128. To avoid leakage
problems, it is recommended that the signal input lead of
the OPA128 be wired to a Teflon standoff. If the input is to
be soldered directly info a printed circuit board, utmost care
must be used in planning the board layout. A “guard”
pattern should completely surround the high impedance
input leads and should be connected to a low impedance
point which is at the signal input potential.

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

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

TESTING

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

Inaccurate bias current measurements can be due to:

1. Test socket leakage

2. Unclean package

3. Humidity or dew point condensation

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

. Test ambient temperature

. Load power dissipation.

W
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BURN-IN SCREENING B 9.5kQ
Burn-in screening is an option available for the models
indicated in the Ordering Information table. Burn-in
duratjon is 160 hours at the maximum specified grade
operating temperature (or equivalent combination of
time and temperature). lovnf:
All units are tested after burn-in to ensure that grade OUTPUT
specifications are met. To order burn-in, add “-BI” to the '
base model number. -9 OFFSET
TRIM
pH PROBE
NON-INVERTING BUFFER R, ~ 500MQ —I5v
M| S50mv OUT
L) "
- T4 aNe &
H glour f our FIGURE 3. High Impedance (10'°Q) Amplifier.
H 3 i
NO— + \
NS W/ Cr pq 100F
INVERTING Re
6 .I_——\ g
IN ." - 7
: out .' oUTPUT
! PAI
) aQ \ ornzs 6 “?
[ 1 °
= BOARD LAYOUT \LlY
FOR INPUT GUARDING 100p
Guard top and bottom of board. 11
Alternate: use Teflon® standoff I 1072 LOW FREQUENCY CUTOFF =
for sensitive input pins. 1/12mReCr) = 0.16Hz
Teflon® E | Du Pont de Nemours & Co R & = —AQ/Ce
FIGURE 2. Connection of Input Guard. FIGURE 4. Piezoelectric Transducer Charge Amplifier.
ls ~ 100fA
3 GAIN = 100
-N O——+ 6 CMRR ~ 118dB
OPA128 R =~ 10%Q
il
! :
10kQ 2 ! 25k 25k0 15
AAA - WA ’ WA ¥
Re H H
! 1
<
220 3 n, i }
]
1
1 —Q 0UTPUT
1oa LI v 1°
R H i ‘ |
: BURR-BROWN |
INA105
2 H ka OFFERENTIAL |
1 AMPLIFIER
0PAI28 L
3 —— e ————— — — — —
+N O—mM8— + 1
DIFFERENTIAL VOLTAGE GAIN = 1+ 2R</Ro

FIGURE 5. FET Input Instrumentation Amplifier for Biomedical Applications.
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FIGURE 9. Biased Current-to-Voltage Converter.
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BURR-BROWNe

OPA156A

OPA356A

MILITARY & DIE
VERSIONS
AVAILABLE

Wide-Bandwidth O/7er°®
OPERATIONAL AMPLIFIER

FEATURES . APPLICATIONS

o WIDE BANDWIDTH, 4MHz min © OPTOELECTRONICS

o HIGH SLEW RATE, 10V/.sec min © DATA ACQUISITION

© LOW BIAS CURRENT, 50pA max at T, = +25°C o IMPROVED REPLACEMENT FOR INDUSTRY-

© LOW OFFSET VOLTAGE, 2mV max STANDARD LF156A BIFET® OPERATIONAL
AMPLIFIER

© LOW DRIFT, 5.V/°C max

DESCRIPTION

The OPAI156A/356A is a wide-bandwidth monoli-  JUNCTION temperature of +25°C.
thic dielectrically-isolated FET (£%/7ef) opera- [ aser-trimmed thin-film resistors offer improved
tional amplifier. Improved circuit design and di-  offset voltage and noise performance.

electric isolation allow lower bias current than .. .
BIFET LFI56A amplifiers. Bias current is specified ;:; (s)t::nlifSA is internally compensated for unity-

under warmed-up and operating conditions, not at a

BIFET® National Semiconductor Corp., £#7e# ® Burr-Brown Corp.

_r00m. o
® @ i

SINPLIFIED CIRCUIT ®"°° o

International Airport Industrial Park - P.0. Box 11400 - Tucson, Arlinm 85734 - Tel. [602] 746-1111 - Twx: 910-952-1111 - Cable: BBRCORP - Telox: 66-6491
PDS-548A
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[~
ELECTRICAL b3
At £Vcc = 15VDC and Ta = +25°C unless otherwise specified o
~
OPA156A OPA356A g
PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX UNITS Ve
FREQUENCY RESPONSE -
Slew Rate Vo = £10V, R, = 2kQ <L
G=+1 10 14 10 14 V/usec a.
Settling Time, 0 01%'" 10V Step, R = 2kQ 4 4 psec o
Gain Bandwidth 4 6 4 6 MHz
INPUT
NOISE
Voltage f, =100Hz Rs = 10002 25 25 nV/\/Hz
fo = 1kHz R, = 10002 15 15 nV/\/Hz 2
Current f, = 100Hz 0005 0.005 pA/\/Hz
fo = 1kHz 0005 0005 pA/\/Hz
OFFSET VOLTAGE?
Input Offset Voltage Rs =500 +1 +2 +1 +2 mvV cn
Average Drift Ta = Twin 10 Tiax +3 +5 +3 +5 uv/°C
Supply Rejection A+Vee = A—Vee 85 100 85 | 100 dB m
£10 +57 +10 +57 N w
—
BIAS CURRENT? [T
Input Bias Current Vem = 0VDC 30 50 30 50 pA :
OFFSET CURRENT? &
Input Offset Current Vem = 0VDC 3 10 3 10 pA E
INPUT IMPEDANCE <
Resistance || Capacitance 103 10”13 Q|| pF
VOLTAGE RANGE "<‘|
Common-Mode Input Range 1 +12 11 +12 Vv
Common-Mode Rejection Vin = £10VDC 85 100 85 100 8 <
OPEN-LOOP GAIN, DC 9
Open-Loop Voltage Gain RL> 20 94 106 94 106 d8 b=
50 200 50 200 V/mv <L
RATED OUTPUT E
Voltage Output RL = 10kQ +12 +13 +12 +13 \ n.
RL=2kQ +10 *12 +10 +12 " O
POWER SUPPLY
Rated Voltage +15 +15 vDC
Voltage Range, Derated
Performance x5 +20 +5 +18 vDC
Current, Quiescent lo =0mADC 5 7 5 10 mA
TEMPERATURE RANGE
Specification Ambient temp. —55 +125 0 +70 °C
Storage Ambient temp —65 +150 —65 +150 °C
8 Junction-Ambient 150 150 °C/W

NOTES'

are measured with the units fully warmed up

Burr-Brown IC Data Book
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(1) Sample tested—this parameter is not guaranteed See settling time test circuit (Figure 2)

(2) Oftset voitage, offset current, and bias current
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ELECTRICAL (FULL TEMPERATURE RANGE SPECIFICATIONS) '

At +Vec = 15VDC and Ta = Tuiv to Tuax unless otherwise noted

OPA156A OPA356A
PARAMETER CONDITIONS mn | Te | max mn | Tve | mAx UNITS
TEMPERATURE RANGE
Specification Range Ambient temp I —55 l | +125 0 T ] +70 I °C
INPUT
OFFSET VOLTAGE"
Input Offset Voltage Rs = 50Q +1 +25 +1 +23 mvV
Average Drift Rs = 500 +3 +5 +3 +5 uv/°C
Supply Rejection A+Vee = A—Vee 85 100 85 100 dB
+10 +57 +10 +57 uVN
BIAS CURRENT"
Input Bias Current Vem = OVDC 15 25 3 5 nA
OFFSET CURRENT""
Input Offset Current Vem = OVDC 6 10 0.6 1 nA
VOLTAGE RANGE
Common-Mode Input Range 11 +12 *11 +12 \
Common-Mode Rejection Vin = £10VDC 85 100 85 100 dB
OPEN-LOOP GAIN, DC
Open-Loop Voltage Gain RL = 2kQ 88 92 88 92 dB
25 40 25 40 V/mv
RATED OUTPUT
Voltage Output RL = 10kQ +12 +13 +12 +13 v
R. = 2kQ +10 +12 +10 +12 v
NOTE (1) Offset voltage, offset current, and bias current are measured with the units fully warmed up.
ABSOLUTE MAXIMUM RATINGS
Supply. OPA156A. ... +22vDC
OPASS56A. . cees . £18VvDC
Internal Power Dissipation™ .. ... 670mW
Differential Input Voltage® ... . +40VDC
Input Voltage Range™............c.covvevivnnnnnnens +20VDC

ORDERING INFORMATION

Basic model number
Temperature range
1 = —55°C to +125°C
3 = 0°C to +70°C

OPA X 56A X
o

Package code
M = TO-99

CONNECTION DIAGRAMS

TOP VIEW

OFFSET,

. —65°C to +150°C
—55°C to +125°C

Storage Temperature Range .. ..
Operating Temperature Range ...............

Lead Temp: e ( g, 10 ds) .iiiiiiinins +300°C
Output Short Circuit Duration® .. Continuous
Junction Temperature ............eeevienninanennannes +150°C

NOTES. (1) Packages must be derated based on 6sc = 45°C/W or 8, =
150°C/W  (2) For supply voltages less than +18VDC the absolute maxi-
mum input voltage is equal to the supply voitage. (3) Short circuit may
be to power supply common only. Rating applies to +25°C ambient

Observe dissipation limit and T,.

MECHANICAL
“M” PACKAGE: TO-99
:: 2 NOTE: Leads in true posi-
'] tion within 001" (0 25mm)
L | R at MMC at seating plane.
[* ll “ =) Pin numbers shown for ref-
erence only. Numbers may

ll not be marked on package.

TRIM o Hec The TO-99 can and leads
are bright acid tin plated.
-#() oureur
PV RETTIN BT YT YT
O T T T T
FFSET N T T s Tz
TRIM o Toi o
[ 010 040 102
Pin material and plating [ [Ts00masic 8aSIC
—Vee composition conform to P O T WLV AT
Method 2003 (solderabilit, x| 500 127
* NO INTERNAL CONNECTION of MIL-STD-B(BS & P PR Y Tl T T
CASE IS INTERNALLY CONNECTED T0 Ve paragraph 8.2) o o A o
Burr-Brown IC Data Book 2-82 Vol. 33



Ta = +25°C, Vec = $15VDC unless otherwise noted 8
L
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TYPICAL PERFORMANCE CURVES (CONT)

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

SETTLING TIME vs CLOSED-LOOP GAIN
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APPLICATIONS INFORMATION

OFFSET VOLTAGE ADJUSTMENT

The OPAIS6A offset voltage is laser-trimmed and will
require no further trim for most applications. As with
most amplifiers, externally trimming the remaining offset
can change drift performance by about 0.5uV/°C for
each millivolt of adjusted offset. Note that the trim (Fig-
ure 1) is similar to operational amplifiers such as LF156
and OP-16. The OPA156A can replace most other ampli-
fiers by leaving the external null circuit unconnected.

OPA156A

o—3Y.
+50mV TYPICAL
TRIM RANGE

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

—Vec O

FIGURE 1. Offset Voltage Trim.

INPUT PROTECTION

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

Burr-Brown IC Data Book

2-84

LARGE SIGNAL TRANSIENT RESPONSE

Output Voltage (V)

0 25 5
Time (usec)

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

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

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

CIRCUIT LAYOUT

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

2%Q 0.1%
+15V WY
o .
+5V 2k 0.1%
o AN
~5V
< 5kQ
Q0%
o— !
—15V SUMMING
NODE 640y 019
ANN—

%0

T

SCOPE
f , 2N4416 +5V

D -
- - ——
- -

FIGURE 2. Settling Time Test Circuit.
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APPLICATIONS CIRCUITS

1kQ
INPUT O——vwv -

b
-
-

—15v0C

b—O OQUTPUT
6=-10

INPUT 0—--——-———1

—15vDc

OPA156A/356A

FIGURE 3. Inverting Amplifier.

FIGURE 4. Noninverting Buffer.

OPERATIONAL AMPLIFIERS

CMR = 100dB typ
ls = 50pA max
BAIN = 100
—iN BANDWIOTH = 100KHz typ
o— R = 100
—————————————
1y o Mo s
! i
010 38 ! !
2he = i uUTPUT
5k9 3. . 1
VWA 1 M ]
. R | Bk BURRSROWN |
| INAIOS
I Bka DIFFERENTIAL :
N 3 | AMPLIFIER
o— Y [ G -d
DIFFERENTIAL VOLTAGE GAIN = 1 + 2R./Rg —
FIGURE 5. Wideband FET Input Instrumentation Amplifier.
e
CURRENT 6V
INPUT 2 7 OUTPUT
A - . VOLTASE
| orwsea Ok ]
i |
i ma gy Fo= IR =1V
0

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

PA2
OPA201

Switchable-Input Operational Amplifier
SWOP AMP®

FEATURES

e TWO PRECISION INPUT STAGES
SELECTABLE BY DIGITAL SIGNAL

o EXCELLENT INPUT SPECIFICATIONS
Vos 100V max
DRIFT: 0.5uV/°C typ
Iz 25nA max

o LOW POWER
+Vec 2.5V to 18V
lo 500A max

APPLICATIONS

© AUTO-ZERO SYSTEMS

o TWO-CHANNEL MULTIPLEXER WITH GAIN

o SWITCHABLE-GAIN CIRCUITS

o SWITCHABLE-BANDWIDTH CIRCUITS

o SYNCHRONOUS MODULATOR/DEMODULATOR
o BATTERY OPERATED SYSTEMS

DESCRIPTION

The OPA201 is a switchable-input operational amp-
lifier (Swop Amp®). It contains two independent
differential input stages and one output stage. Either
of the input stages may be connected to the output

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

stage under the control of the Channel Select digital
input signal which is TTL-compatible or user-

programmable. The OPA20! is easy to use and
functions as an operational amplifier that can switch \ OFFSET
: < N 1(2 - —-

between two sets of inputs. TRIM

Each input stage provides excellent input character- ! OFFSET
. istics: low offset voltage (100uV, max), low offset +N1(3 V TRIM

voltage drift versus temperature (1IuV/°C, max),

and low bias current (25nA, max). \ | llUTPUT

Additionally, the Swop Amp is a low power device. w2 - : "Vcc

It draws less than S00uA (max) over .the supply 2 |

range 2.5V to £18V. It is well suited for portable, N2 (2 + : -Vcc

remote, and other battery powered applications. /

Also, its low power consumption and excellent g.T‘ﬂl’l‘gL CHANNEL 77) CHANNEL

specifications make it well suited for isolation circuit SELECT SELECT

e X STATUS (5 10) THRESHOLD
applications. Burr-Brown’s state-of-the-art mono- gommon CONTROL
lithic design and processing, compatible thin-film

Swop Amp® Burr-Brown Corp.
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-491E
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SPECIFICATIONS

OPERATIONAL AMPLIFIERS n OPA201

ELECTRICAL
At Ta = +25°C and +Vcc = 15VDC uniess otherwise noted Specifications are for both channels unless otherwise noted
OPA201AG/RG OPA201BG/SG OPA201CG

PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS
OPEN-LOOP GAIN, DC Vour = £10V
Rated Load R =10kQ 114 130 * * 120 * dB
RATED OUTPUT
Voltage RL = 10kQ +1356 +14 * * * . A
Current Vour = 10V 5 * * mA
Output Impedance 05 . * kQ
Short Circuit Current 10 * * mA
INPUT OFFSET VOLTAGE
Either Channel

Voltage Offset™ 120 500 70 200 35 100 w

Average Drift Ta= Twmin t0 Tmax 14 09 05 uv/eCc

PSRR +Vee = +2 5V to +18V 8 32 5 18 4 10 unN

Ta=Twn to Tmax 10 6 5 uvnN
Match Between
Channels 1 and 2

Offset Voltage 150 500 65 100 25 50 uw

Over Temperature 150 90 30 u
INPUT BIAS CURRENT
Bias Current 15 50 13 40 12 25 nA
INPUT OFFSET CURRENT
Offset Current 14 4 075 2 07 1 nA
FREQUENCY RESPONSE
Gain Bandwidth 500 * * kHz
Full Power Response 4 * * kHz
Slew Rate Vour = £10V, RL = 10kQ 01 018 * * * * V/us
Settling Time 0 1% 10V Step 49 * " us

001% 10V Step 52 * * Hs

INPUT IMPEDANCE

Differential 6 * MQ

Common-Mode 10 * Q| pF

INPUT NOISE

Voltage fs=01to 10Hz 1 . . uv, p-|

Voltage Density fo = 10Hz 27 * * nV/\/Hz
fo = 100Hz 27 * * nv/\/Hz
fo = 1kHz 27 * * nv/\/Hz

Current fs=01to 10Hz 15 . * PA, p-

Current Density fo = 10Hz 300 * * fA/\/Hz
fo = 100Hz 100 * * tA//Hz
fo = 1kHz 100 * * 1A/\/Hz

INPUT VOLTAGE RANGE

Common-Mode Range -125 +125 * * * * v
Ta = Twmin t0 Tmax +12 * * v

Common-Mode Rejection Vin = +10V 85 94 90 98 95 98 dB
Ta= T 10 Tuax 92 95 o7 dB

POWER SUPPLY

Rated Voltage Specification +15 * . vDC

Voltage Range,

Derated Performance +26 +18 * * * * vDC
Current, Quiescent lo = 0mA 425 500 * * * M MA
DIGITAL SIGNALS
Threshold Control

(TC) Voltage Range —Vee +Vec— 5 * * * * v
Channel Select (CSEL)

Voltage Range ~Vee +Vee * * * . v

Viu (selects ch 1) Vic+2 +Vee * * * . v

Vi (selects ch 2) —Vee Vic+08 * * b . v

[ VeseL = +Vec <1 50 * * * * MA

e Veser = Vre =0V 25 60 * * * * HA
Status Common (SC)

Voltage Range —Vee L . @ * @ v
Channel Status

(CSTA = CSEL)*?

Voo oo = 1mA, Vsc = 0V 04 * * v

Von Veuiup = 16V, Vsc = OV 20 15 * * * * v
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ELECTRICAL (CONT)

OPA201AG/RG OPA201BG/SG OPA201CG

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

lon (OFF) <1 20 * * * HA
Switching Time

Between Channels Trn < Ta < Tuax 5 * Hs
CROSSTALK
DC Vin to OFF —100 —130 -120 * —120 dB
60Hz Channel = £12V —108 * dB
TEMPERATURE RANGE Ambient
Specification

A, B, C Grades —25 +85 * * * * °C

S Grade —55 +125 °C
Operating —55 +125 * * * * °c

*Specification same as OPA201AG/RG
NOTES
1 Voltage offset 1s also guaranteed fully warmed-up

2 Vrc = Voltage on threshold control, pin 10 Viu, Vie, Vou, Vou, I, hi, low, low, refer to voltage and current, input and output, high and low logic states.
3 Maximum voltage at Status Common must not be more positive than the Channel Select voltage (pin 11) or Threshold Control voltage (pin 10).

MECHANICAL

ABSOLUTE MAXIMUM RATINGS

“G” Package
A
l—l“l e I e Y e N e e B s

e —|

| SSED [ WUy NN ) NN [y SNy |
Pin #1

SFians T

L
-
INCHES MILLIMETERS
OIM ["MIN_ | MAX MIN
A |.753] .787]10.13
246] .261] 6.
~140] 170 3.
18] .021] 0.:
48] .060] 1.
100 BASIc[ 2.6
i’ H - .08s8] -
J I ) -012] 0.20
J K 50| - 3.80
M L_ L_.] 90| .320] 7.37
M < I ise | o°
N_| .008| .060] 0.23]
R | -128] .175] 3.18]

NOTES 1 Leads in true position within 0.01"
(0 25mm) R at seating plane.

Supply «ooinnnn
Internal Power Dissipation'”’
Differential Input Voitage™ .

........ +18VDC

.. 500mw

........ +36VDC

Input Voltage Range™ . .........cocvvviieiniennennes +18vVDC

Storage Temperature Range . . . —65°C to +150°C

Operating Temperature Range .......... .. —55°Cto +125°C

Lead Temperature (soldering, 10 seconds) .............. +300°C

Output Short Circuit Duration® ......... . Continuous

Junction Temperature . .........coviviirinniiiiniaenns +175°C
NOTES:

1. 6sa =100°C/W

2. For supply voitages less than +18VDC the absolute maximum input
voltage is equal to the supply voitage.

3 Short circuit may be to power supply common or +Vcc.

ORDERING INFORMATION

OPA201 X G
Basic Model Number
Performance Grade Code
A,B,C —26°Cto +85°C
S —55°C to +125°C
Package Code

G 14-pin Ceramic DIP

PIN CONFIGURATION
O B (TOP VIEW) P NC
—INs { 2 - - 13) —IN:
1 2
+iny (3 + ¥ 12) +IN2
CHANNEL \ CHANNEL
STATUS _l l‘—‘ SELECT
CHANNEL
STATUS SELECT 7o) THRESHOLD
common ° : CONTROL
Q) o
OFFSET
petyis @ OUTPUT
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TYPICAL PERFORMANCE CURVES

Ta = +25°C, +Vcc = 15VDC, specifications are for both channels uniess otherwise noted

SUPPLY CURRENT VS ON CHANNEL Vos VS
Ao VS FREQUENCY SUPPLY VOLTAGE OFF CHANNEL Viy
180 I 800 800
160 1 700 s
—55°C
140 ﬁ(—- +25°C g 600 +1288— 3 2
120 = ot s
@ 100 +|1 \J § 500 Lt 85 *zso—cr £ 0.
3 %°C N 3 400 —— 5 Bi (o]
< 80 > B g I ey z Vos and Drift in this region
N 2 — 300
S 300 5 5} |~ may be positive or negative
60 3 — Lt -5 s
7] _— >° 200 | ! (-l L L
40 200 /+125°C +85°C +25°C \
20 100 100
0 0 v
0.001 01 10 1k 100k o +5 +10 +15 +20 —15 -14-13 —-12 +12 +13 +14 415
Frequency (Hz) Supply Voltage (V) Vin to OFF Channel (V)
INPUT BIAS AND OFFSET OFF CHANNEL INPUT CURRENT ]
CURRENT VS TEMPERATURE VS INPUT VOLTAGE CROSSTALK VS FREQUENCY 0@
+32  10mA T L Tl w
—
28 128 1mA 4 ﬂ IIII lEIIl] ™S
_ z N il il 1 —
< 2 e +24€ T125 C il Il —d
bt £ 100uA - 8 !‘ﬂmulnmn o
§ 20 — +208 +f5 c s [ ™ Ilﬂllﬁ il
g ] 3 1o ~ % il Sl 1 =
O 16 165 = b I 2 <
2 1 +25°C
2., . le 125 A ] i 5 -l
5 3 100nA For this region <
2 g los 083 n I = <15pA at +25°C
- ~ 104" 1onA I = <100pA at +125°C b4
4 x0. n, \ o
0 o n A —
=75 —50 —25 0 +25 +50 +75+100+125 SV 14V 13V 12V F1 2V 13V 14V 15V 01 1 10 100 1k 10k 100k -
Temperature (°C) Vin Frequency (Hz) <
INPUT VOLTAGE NOISE DENSITY INPUT CURRENT NOISE DENSITY wl
Fi Y
1000 VS FREQUENC 10,000 VS FREQUENGY LARGE SIGNAL RESPONSE o
- - (o]
: 3
> I —~
g 2 = 1000 g+
g 100 = 2 :é
2 2 30
[} —— P - >
o I3 5
s 2 N g
S 1w 3 10 g
H 3
£ £
100 200 300
1 Time (us)
10 100 1k 10k 10 100 1K 10k
Frequency (Hz) Frequency (Hz)
SMALL SIGNAL RESPONSE © SLEW RATE VS TEMPERATURE % SETTLING TIME VS TEMPERATURE
0 T T
035+ R 80
s _ 030 ~+ 4 +—— § 7
£ g i o
° S 025 E 60 To 0 01%
g ry s To0.1%
£ § 020 2 sof—'P%
2 c; 1 | =
H & 015 T $ 40
3 010 30
005 20
) : 10
Time (us) ~75—-50 —25 0 +25 +50 +75+100+125 ~75-50 —25 0 +25 +50 +75+100+125
Temperature (°C) Temperature (°C)
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THEORY OF OPERATION

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

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

The complete circuit functions as a high precision
operational amplifier which can switch between two sets
of inputs under control of a 1-bit logic signal.

USING THE SWOP AMP

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

+V

Vos ADJUST

FIGURE 1. OPA 201 Simplified Schematic.

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

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

Burr-Brown IC Data Book
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the load resistance. Error analysis involving Eos, Is, Los,
and V.m is the same as for any operational amplifier.

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

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

Pin 10 - Threshold Control

Pin 10 sets the threshold voltage for channel switching,
such that the switching point is two diode drops (=1.3V)
more positive than the Threshold Control voltage. This
results in TTL compatibility when pin 10 is grounded.
Pin 10 must be at least 5V more negative than +Vcc, and
should be tied to —Vcc when the minimum supply
voltages are used (+2.5V or +5V). This results in TTL
compatibility for logic referenced to —Vcc.

Pin 11 - Channel Select

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

Pin 4 - Channel Status

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

Pin 5 - Status Common

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

OFFSET ADJUSTMENT

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

An inexpensive CMOS IC, CD4007 (dual-Complemen-
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Vouawne seLect
20<Ves<+V
0<Ves<08 2

STATUS  THRESHOLD
COMMON CONTROL

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

(optional)
Rone

¥ SELECT e

oy ©

SELECTED !
Vorume seLct * CHANNEL C“UAIIMII ; THRESHOLD Voo
‘ [~Vec + 20) <Ves < + Ve 1 CoNTROL
Voo SVes S [-Vee H

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

-Vez § 100KQ OFFSET ADJUST

FIGURE 4. Basic Offset Adjustment.

tary Pair Plus Inverter), may be used to alternately
connect dual-offset adjust potentiometers (see Figure 5)
allowing independent Vs adjustment. In this circuit, the
channel status output from the Swop Amp is used to
drive the CMOS logic, which connects one wiper or the
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other to —Vcc. Thus R, adjusts the offset of channel 1
while R, affects the offset only when channel 2 is
selected.

Note: Digital Channel Select

circuit not shown.
;l 1!01
R,
R. ]
—e <100k R, $
100k [

FIGURE 5. Independent Dual-Offset Adjustment.

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

APPLICATIONS

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

Software auto-zeroing using the Swop Amp is easy to
perform (Figure 6). One channel processes signals and
the other channel has the input grounded (both channels
have the same gain). The system generating the error
signal may be a VFC, Iso Amp, ADC, Modulator, etc.
When the zero-input channel is selected,

Verror = system error voltage

Vos2 = Channel 2 Vo,

Av = Swop Amp voltage gain
=14+ (Rz/Ry)

Voul = verror + Av VosZ

Burr-Brown IC Data Book
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When the signal channel is selected,
Vout = Verror T AvVost + AvVin

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

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

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

g}ﬁ_

\

TTL INPUT

FIGURE 6. Input Amplifier for Auto-Zeroing Systems.

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

Amplifiers with switchable transfer functions are de-
signed much like dual-channel amplifiers, except both
inputs are connected in parallel, with each channel
configured for a different transfer function. Figure 9
shows a circuit that has a gain of 10 for Channel Select
HIGH (channel 1 selected) and a gain of 1000 for
Channel Select LOW (channel 2 selected). In this case,
the channel select may be thought of as a gain select.

Vol. 33



Burr-Brown IC Data Book

ﬁA'A'L
R
2
Vm 1 n
WA 4+
8
Vin2 R 12 oPin O
WA + Vour
5 SR
13 10
J’ n
ng;
TTL CONTROL
Avi = Av2=1+R/R,
Ri=Ri=(Ri | Ry)
for balance of bias current effects

[Rc Rz = Ri)] > 10k for output current raling

FIGURE 7. Selectable Input Amplifier, Noninverting.

Vs

(o A —AA
R R
"Ry
VWA
R.
Vinz
VWV
As = —RoRy I TTL CONTROL I
R:=R: Ry
Av2 = -Re/Rs
Ri=Rs Re

R (R2=Ri) - (Rs ~ Rs) > 10k

FIGURE 8. Selectable Input Amplifier, Inverting.

N —v\A\A—
10k0
9.1kQ
Viv '-—O
Vour
100Q

W VWAA—
100Q 100kQ
TTL CONTROL Ay =10 and 1000

FIGURESY. Switchable Gain Amplifier.

This concept also applies to switchable bandwidth cir-
cuits, where AC coupling (high-pass) or smoothing
(low-pass) characteristics need to be switched in under

digital control. A wide variety of operational amplifier
function circuits may be made selectable or switchable
using these techniques.

Figure 10 shows a two-channel differential amplifier.
This concept can be expanded to a full high input
impedance instrumentation amplifier by adding four
input buffer amplifiers or by using two front end Swop
Amps followed by an operational amp (Figure 11).

’ R R;
+ O WAA
Vor
Ry
—O
Vour
Rs
Re
Voo
Ry Re
I TTL CONTROL l
Rs=R; Ri=R.
Rs=Ry Ri=Ry
SELECT CHANNEL 2 Vo = Vo, Ry/Rs  SELECT CHANNEL 1: Vo = Vo, Ro/R,

FIGURE1(Q., Low Power Dual-Channel Differential

Amplifier.
N1
~O
-IN2
Vo, |Rer
vl .
v
Voe :Eﬂaz A o
2 2060
3, 8
+N2 12| OPAZ01
l-o- + 5
+INt Bl__~To
n
m
CoNTROL O "
2080 Av=1+ [40)/R)

FIGURE 11. Low Power Dual-Channel Instrumen-
tation Amplifier.
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BURR-BROWN®

OPA404

MILITARY & . DIE
VERSIONS
AVAILABLE

Quad High-Speed Precision
Difer® OPERATIONAL AMPLIFIER

FEATURES APPLICATIONS

o WIDE BANDWIDTH: 6.4MHz o PRECISION INSTRUMENTATION

o HIGH SLEW RATE: 35V/us o OPTOELECTRONICS

o LOW OFFSET: +750uV max o SONAR, ULTRASOUND

o LOW BIAS CURRENT: +4pA max o PROFESSIONAL AUDIO EQUIPMENT

o FAST SETTLING: 1.5u4s to 0.01% o MEDICAL EQUIPMENT

o STANDARD QUAD PINOUT ‘ o DETECTOR ARRAYS

DESCRIPTION v

The OPA404 is a high performance monolithic O
Difer® (dielectrically-isolated FET) quad opera- +Veo
tional amplifier. It offers an unusual combination of

very-low bias current together with wide bandwidth —In

and fast slew rate.

Noise, bias current, voltage offset, drift, and speed

are superior to BIFET® amplifiers. +in | Cascode I

Laser trimming of thin-film resistors gives very-low >_O
offset and drift—the best available in a quad FET . Output
op amp.

The OPA404’s input cascode design allows high

precision input specifications and uncompromised | ()

high-speed performance.

Standard quad op amp pin configuration allows @

upgrading of existing designs to higher performance
levels. The OPA404 is unity-gain stable.

~Vee

OPA404 Simplified Circuit
(Each Amplifier)
Difer® Burr-Brown Corp., BIFET® National Semiconductor Corp.

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-677B
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SPECIFICATIONS

ELECTRICAL
At Vee = +15VDC and Ta = +26°C unless otherwise noted.
OPA404AG, KP, KU OPA404BG OPA404SG

PARAMETER CONDITIONS MmN [ T [ max | wmin | tve | max | min [ Tve | max | units

INPUT

NOISE"

Voltage: fo = 10Hz 32 * * nV/v/Hz
fo = 100Hz 19 * * nV/v/Hz
fo = 1kHz 15 * * nV/\/Hz
fo = 10kHz 12 * * nV/v/Hz
fs = 10Hz to 10kHz 14 * * uv, rms
fs = 01Hz to 10Hz 095 * * MV, p-p

Current fg = 01Hz to 10Hz 12 * * fA, p-p
fo = 0 1Hz to 20kHz 0.6 * * fA/\/Hz

OFFSET VOLTAGE

Input Offset Voltage Vem =0VDC +260 +1mV * +750 * » u

KP, KU +750 +2.5mV uv
Average Drnift Ta = Tmin to Tmax +3 * * u/°C

KP +5 uv/°C
Supply Rejection +Vec =12V to 18V 80 100 86 * * * dB

KP, KU 76 100 dB
Channel Separation 100Hz, R. = 2kQ 125 * * dB
BIAS CURRENT
Input Bias Current Vem =0VDC +1 +8 * +4 * * pPA

KP, KU +1 +12 pA
OFFSET CURRENT
Input Offset Current Vem = 0VDC 0.5 8 * 4 * * pA

KP, KU 05 12 pA
IMPEDANCE
Differential 10" |1 * * Q| pF
Common-Mode 1013 * * Q|| pF
VOLTAGE RANGE
Common-Mode Input Range +105 | +13,-11 * * * * v
Common-Mode Rejection Vin =£10VDC 88 100 92 * * * dB

KP, KU 84 100 dB
OPEN-LOOP GAIN, DC
Open-Loop Voltage Gain Rz2@ | 88 | 100 | 2 [« ] R dB
FREQUENCY RESPONSE
Gain Bandwidth Gain =100 4 64 5 * * * MHz
Full,Power Response 20V p-p, R =2kQ 570 * * kHz
Slew Rate Vo =10V, R.=2kQ 24 35 28 * . . Vips
Settling Time 01% Gain=—1,R.=2kQ 06 * * us

001% C. = 100pF, 10V stép 15 * * us

RATED OUTPUT

Voltage Output RL = 2kQ +115 |+13.2,—13.8} * * * * \

Current Output Vo =+10VDC +5 +10 * * * * mA

Output Resistance 1MHz, open loop 80 * * Q

Load Capacitance Stability Gain =+1 1000 * * pF

Short Circuit Current +10 +18 +20 * * * * * * mA

POWER SUPPLY

Rated Voltage +15 * * vDC

Voltage Range,

Derated Performance +5 +18 * * * * vDC
Current, Quiescent lo=0mADC 9 10 * * * * mA
TEMPERATURE RANGE
Specification Ambient temp ~25 +85 * * —55 +125 °c

KP, KU 0 +70 °C
Operating Ambient temp —55 +125 b * * * °C

KP, KU —25 +85 °C
Storage Ambient temp —65 +150 * * * * °C
8 Junction-Ambient 100 * * °C/W

KP, KU 120/100 °C/W

*Specification same as OPA404AG
NOTES" (1) Noise testing available—inquire
Burr-Brown IC Data Book 2-95 Vol. 33

<
=)
<
<
o
(o]

OPERATIONAL AMPLIFIERS



ELECTRICAL (FULL TEMPERATURE RANGE SPECIFICATIONS)
At Ve = £15VDC and Ta = Tmn to Tuax unless otherwise noted.

OPA404AG, KP, KU OPA404BG OPA404SG
PARAMETER CONDITIONS MmN | tve [max | min | Tve | max | min | Tve | max | units
TEMPERATURE RANGE
Specification Range Ambient temp. —25 +85 * * —55 +125 °C
KP, KU 0 +70 °C
INPUT
OFFSET VOLTAGE
Input Offset Voltage Vem =0VDC +450 2mv * +1.5mV +650 |+2.5mV uv
" KP, KU +1 +3.5 mV
Average Drift +3 * * uv/°Cc
KP, KU +5 mw/°C
Supply Rejection 75 96 80 * 70 93 dB
BIAS CURRENT
Input Bias Current Vem = 0VDC +32 +200 * +100 +500 +5nA pA
OFFSET CURRENT
Input Offset Current Vem =0VDC 17 100 * 50 260 25nA PA
VOLTAGE RANGE
Common-Mode Input Range +102 |+127,-106 * * +10 |}+126,-105 \
Common-Mode Rejection Vin=£10VDC 82 99 86 * 80 88 dB
KP, KU 80 99 dB
OPEN-LOOP GAIN, DC
Open-Loop Voltage Gain | rz2a ] 82 | e ] Je | «~ ] ] s | & | | e
RATED OUTPUT
Voltage Output RL=2kQ +11.5 |+129,-13.8 * * +11 +127,-138 \
Current Output Vo = +10VDC +5 +9 * * * 18 mA
Short Circuit Current Vo =0VDC 15 +12 +30 * * * 18 +10 * mA
POWER SUPPLY
Current, Quiescent r lo=0mADC I l 93 l 105 I I * I * I l 94 l 1 l mA
*Specification same as OPA404AG.
ORDERING INFORMATION
ABSOLUTE MAXIMUM RATINGS
. OPA404 ( ) ( )
Basic model number. ] Supply el +18VDC
Internal Power Dissipation™ . 1000mW
Performance grade Differential Input Votage™ ......................cceueun. +36VDC
K =0°C :o +70 C, Input Voltage Range'? . .... ... +18VDC
AB= _25°C to +85 ? Storage Temperature Range ... P, U -40/+85°C, G 65/+150°C
S =-55°Cto+125°C Operating Temperature Range P, U =—25/+85°C, G = —55/+125°C
Package code Lead Temperature (soldering, 10 seconds) ... +300°C
G = 14-pin ceramic DIP Output Short Circuit Duration® .. Continuous
P = 14-pin plastic DIP Junction Temperature +175°C
U = 16-Pin plastic SOIC
npas NOTES:
(1) Packages must be derated based on 8,c =30° C/W or 6:a =120°C/W
(2) For supply voltages less than +18VDC the absolute maximum input
voltage is equal to. 18V > Viy > —Vcc — 8V. See Figure 2.
(3) Short circuit may be to power supply common only Rating applies
to +25°C ambient Observe dissipation limit and T,
MECHANICAL PIN CONFIGURATION
“U” (SOIC) Package NOTE. Leads in true position Top Vie:
A— within 0.01" (0.25mm) R at MMC st op View -
A, seating plane. U” (SOIC) Package )
HHHHHHH J M °utAE 16 |Out D
L i -
[ 7 —-lnA|2 P 4 15 ]-InD
INCHES MILLIMETERS |
Bi B |oM[ MIN [ MAX | MIN | MaAX | +nA[3] 14 J+nD
A 400 | 416 | 1016 | 1
Pin 1 Identifier A | 388 | at 8 | 104 +Vee 4] 73] -Veo
i B | 286 | 302 | 726 6
UUUUUU By 268 286 81 26 +lnB| 5 12 |+inC
L [o] 083 109 236 .77
- |..H D 015 | 020 | 038 51 —In B| 6 11 ]-InC
G 050 BASIC 127 BASIC
H 02 | 038 56 | 097
J 008 | 012 | 020 | 030 Out Bl 7 10 JOutC
L 391 | 421 93 | 1069
[ 5° TYP 55 TYP NC| 8 9 I NC
N 000 [ o012 ] 000 [ 030
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MECHANICAL

“G” Package “P” Package NOTE: Leads in true position within .010"
NOTE: Leads in true position within .010" A (:25mm) R at MMC at seating plane
" (.25mm) R at MMC at seating plane. ﬁﬁﬁﬁ;ﬁﬁ N INCHES MILLIMETERS
Pin numbers shown for reference only. =1 | (om] MIN [ MAX [ MIN | MAX |
el Z Numbers may not be marked on package. po— 8. B A .700 | 800 | 17.78 | 20.32
R Ar | 685 | 785 | 1740 | 1994
AF | INCHES 4 MILLIMETERS B | 230 | 200 | 585 38
oM [ MIN [ MAX | MIN | MAX Pin 1 L By | 200 | 250 | 509 | 6.36 ]
NS A | 670 | 710 1702 | 1803 F c | 120 ] 200 305 0
J_ [} .065 17 1,65 4.32 l D 015 023 | .38 .5
D | o155 020] 03] 053 - c F | 030 | 010 76 7!
T« =t F | 045 [ o080 4] 152 — G | .100BASIC 54 BASIC
I ‘1. G 100 BASIC 54 BASIC K N V[CA ] 050 T 100 27 | 254
L_,—.-LD Seatin MV [H] osT oro] oes] 176 G L M Jde[J| o008 | 015 020 038
Gl—Plane® ML J | 008} 012} 020} 030 H D Seating Plane K] orof 150 | 178 ] 382
: : K 120 | 240 .05 | 610 L 300 BASIC 63 BASIC
Pin material and plating composition L 300 BASIC 62 BASIC Pin material and plating composition M 0° 15° 0° 15°
conform to Method 2003 (solderability) [~ — 10° — 10° conform to Method 2003 (solderability) [N 010 | 030 | 025| 076
of MIL-STD-883 (except paragraph 3.2). ["N"| 009 | 060 | 023 | 152 of MIL-STD-883 (except paragraph 3.2) [ p | 025 | o050 | 064 | 127
TYPICAL PERFORMANCE CURVES ~ fONNECTION DIAGRAN
Ta = +25°C, Veec = $£15VDC unless otherwise noted Top View' “G” or “P” (DIP) Package
A\
INPUT CURRENT NOISE SPECTRAL DENSITY OutA E E outD
—InA E 3 -inD
N
T
L +InAE;B i—i 7] +in D
3 +Vec [4] 1] —Ves
o
z
T, +in B3] B [ +in
3 —In BE E' -inC
ous|7] o] outc
01
1 10 100 1k 10k 100k ™
Frequency (Hz)
POWER SUPPLY REJECTION AND COMMON-MODE TOTAL INPUT VOLTAGE NOISE SPECTRAL DENSITY
REJECTION vs TEMPERATURE AT 1kHz vs SOURCE RESISTANCE
10 Tk T —F 73 T
— Eo
N
105 PSR T V.
= _—— L
) S
T c 100 Rs
g o F
a g PA404 + Resist q
° 00 CMR g OPA404 +
© / z L
-4 2 10
3 s o s
/ °
A = /' Resistor noise only
N L]
-75 -50 -25 0 +25 +50 +75 +100 +125 100 1k 10k 100k ™ 10M 100M
Temperature (°C) Source Resistance (Q)
BIAS AND OFFSET CURRENT BIAS AND OFFSET CURRENT
vs TEMPERATURE vs INPUT COMMON MODE VOLTAGE
10nA 10nA 10 T 10
inA 1A 1)
< 7 z Bias Current e Q
s g8 & v g
= 1 4 = P - -3
g 00 71100 o = _-? o
5 1] 3 £ g Offset Current 3
3 3 H 3
S 1w 0> © E
a 3 £ oy 01 3
_ = @ ! >
1 1 |
i | ‘
o4 T T o1 001 ||H]001
—50 —25 0 +25 +50 +75  +100  +125 -15 -10 -5 0 +5 +10 +15
Ambient Temperature (°C) Common-Mode Voltage (V)
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TYPICAL PERFORMANCE CURVES [CONT]

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

POWER SUPPLY REJECTION
vs FREQUENCY

140
g 120
& 100
3 ™
-3
)
g 80 D e
>
2 60 d
=3 Y,
®» .
5 4
g 0 b/ ~
& RUIRD
20 | 3
b |
o [~
1 10 100 1k 10k 100k ™ 10M
Frequency (Hz)
COMMON-MODE REJECTION
vs INPUT COMMON MODE VOLTAGE
120
o
1o
(=
o
8
2 100
[+
@
3 %
=2
<
o
E
£ 80
o
[¢]
70
-15 -10 -5 0o +5 +10 +15
Common-Mode Voltage (V)
GAIN-BANDWIDTH AND SLEW RATE
vs TEMPERATURE
10 40
N~ 8 GBW 36
I
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£
°
I — 35
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H 4 34
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2 33
75 -50 -25 0 +25 +50 +75 +100 +125
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& 100
@
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°
> g0 N
N
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-75 -50 —25 0 .+25 +50 +75 +100 +125
Ambient Temperature (°C)
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COMMON-MODE REJECTION
vs FREQUENCY

140+
)
S 120
c
e
S 100
13
3
c 80 y
2 N
S 60 5
& NS
E 40 X
§
O S
0
1 10 100 1k 10k 100k ™M 10M
Frequency (Hz)
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140
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0 U 180
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8 .38
LT
A=+
N RL = 10kQ
I
: =T §
£ GWB =
E = < 2
° | 5
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TYPICAL PERFORMANCE CURVES [CONT]

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

LARGE SIGNAL TRANSIENT RESPONSE

SMALL SIGNAL TRANSIENT RESPONSE

+150
s E +100
§, g, +50
3 3
2 2 -s0
3 3
[¢] O ~-100|
—150
0 1 2
(Time (us) Time (us)
SETTLING TIME
vs CLOSED-LOOP GAIN SUPPLY CURRENT vs TEMPERATURE
5 I ’ ]’ 1
. 11
-~ 10
—_ <
g E
g 3 H
- / / ¢,
2 3 =
£ 2 > T
3 001% a
Q
1 | / @ 8
01% R = 2kQ
| C.=100pF ||
0 L1l 7
-1 -10 —100 —1k -75 -50 —25 0 +25 +50 +75 +100 +125
Closed-Loop Gain (V/V) Ambient Temperature (°C)
CHANNEL SEPARATION TOTAL HARMONIC DISTORTION
VS FREQUENCY VS FREQUENCY
150 10 T 11T T T 1T T —1—T 11T
A T
iy 402KQ A, = 10V / 4
@ 140 — 4020
l R, = ] = —r > 65Vrms p
s y £ 01 |—+ " o
£ 130 < T = 2k
s g ., <4
g z ] ~ /
2120 e a A /
% . =+101V/V
€ —R. = 2kQ Z oot =t 7
2 T
© 110 e A | L11 [ )
=4 rr
‘|l HAS == Test
100 0001 LLM Limit
10 100 1k 10k 100k 01 1 10 100 1k 10k 100k
Frequency (Hz) Frequency (Hz)
OPEN-LOOP GAIN vs SUPPLY VOLTAGE INPUT VOLTAGE NOISE SPECTRAL DENSITY'
104
I?i
3;
100 3 100
55
! ®
) 3 ~
Pt z —r
S o e
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3
>
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5 10 15 20 1 10 100 1k 10k 100k 1M
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APPLICATIONS INFORMATION

OFFSET VOLTAGE ADJUSTMENT

The OPA404 offset voltage is laser-trimmed and will
require no further trim for most applications. If desired,
offset voltage can be trimmed by summing (see Figure 1).
With this trim method there will be no degradation of
input offset drift.’

In O—AAV—8—

FIGURE 1. Offset Voltage Trim.

INPUT PROTECTION

Conventional monolithic FET operational amplifiers

require external current-limiting resistors to protect their

inputs against destructive currents that can flow when

input FET gate-to-substrate isolation diodes are forward-

biased. Most BIFET® amplifiers can be destroyed by the
loss of =Vcc

Unlike BIFET® amplifiers, the Z/fesf® OPA404
requires input current limiting resistors only if its input
voltage can exceed —8V. A 10k(} series resistor will limit
the input current to a safe value with up to =15V input
levels even if both supply voltages are lost. (See Figure 2
and Absolute Maximum Ratings).

+2 T T T TIT
A Safe Current -+
+1f
z H
£EH
g [
£ oH
3 H
5
Q
£
-1
M Safe Current +——
-2
—15 -10 -5 0 +5 +10 +15
Input Voitage (V)

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

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

Burr-Brown IC Data Book

2-100

of offset voltage and drift.

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

GUARDING AND SHIELDING

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

Leakage currents across printed circuit boards can easily
exceed the bias current of the OPA404. To avoid leakage,
utmost care must be used in planning the board layout.
A “guard” pattern should completely surround the high
impedance input leads and should be connected to a low
impedance point which is at the signal input ptotential
(see Figure 3).

Non-Inverting Buffer

For input guarding,
guard top and bottom of board

FIGURE 3. Connection of Input Guard.

HANDLING AND TESTING

Measuring the unusually low bias current of the OPA404
is difficult without specialized test equipment; most
commercial benchtop testers cannot accurately measure
the OPA404 bias current. Low-leakage test sockets and
special test fixtures are recommended if incoming inspec-
tion of bias current is to be performed.

To prevent surface leakage between pins, the DIP package
should not be handled by bare fingers. Oils and salts
from fingerprints or careless handling can create leakage
currents that exceed the specified OPA404 bias currents.

If necessary, DIP packages and PC board assemblies can
be cleaned with Freon TF®, baked for 30 minutes at
85°C, rinsed with de-ionized water, and baked again for
30 minutes at 85°C. Surface contamination can be
prevented by the application of a high-quality conformal
coating to the cleaned PC board assembly.

Vol. 33



BIAS CURRENT CHANGE VERSUS
COMMON-MODE VOLTAGE

The input bias currents of most popular BIFET® opera-
tional amplifiers are affected by common-mode voltage
(Figure 4). Higher input FET gate-to-drain voltage
causes leakage and ionization (bias) currents to increase.
Due to its cascode input stage, the extremely-low bias

current of the OPA404 is not compromised by common-

mode voltage.

APPLICATIONS CIRCUITS

Figures 5 through 11 are circuit diagrams of various

applications for the OPA404.

OPA404

H

OPERATIONAL AMPLIFIERS

MQ
[T D5 G, curas aken from L ro ‘
A= , curves taken from
. + LF156/157 —gf—+ + ~ - Operate 1
70 mfg published typical data LF136/ ] tr o0 3‘52 2 14 1
< in
<
g o I D547 | Zoro] . 1000 g praoa O Out
g 4 > LF155 = N 100kQ
8 30 FE’TIHV — "*‘7 / A ~ O Gain=-100
g 2 4 1000 3 Vos <104V
5 10} LF155 ] Drift =~ 0 05uV/°C
g 0 03/?4534' OPA404 Zero Droop =~ 1uV/s
i Referred to input
—~10} OP-15/16/17 “Perfect Bias Current CancallanTn“ T
_20 1l 1 | |
-10 5 0 -5 +10
Common-Mode Voltage (VDC)
FIGURE 4. Input Bias Current Versus Common-Mode oo
v c?ltage FIGURE 5. Auto-Zero Amplifier.
~10pF I 10kQ
[ - »
< 4 \
IN914 :: MQ l' \‘ 6
[
2 ! 5 b————O Output
- a !
1/4 1 * Y
____N Y [}
Input - 3 OPA404 ‘\ / Droop = 0.1mV/s
o— °
npu + NG s o
== 0.014F Polyst
e .01u ystyrene
3
° * Reverse polarity for negative pcak detection
FIGURE 6. Low-Droop Positive Peak Detector.
I_._.____________.' _ 2
| I 1
| AN ' 1/4 OPA404
3
Differential | | + Output = 1uA/V
Input | |
3! |
Ei O~ T M + lo
I 6 1MQ
A A
' AAA4
2 l
E:O i* Wy - |
| Load
I 5 _
| Wy lo=(E1 — E2)/R
INA105 | =
S |
FIGURE 7. Voltage-Controlled Microamp Currrent Source,
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I | <1pF to prevent gain peaking

1000MQ
Pin Photodiode v
UDT Pin-040A Guard +15v
= N\
/ \
/ \
; —2
! 1
N ! |
aL \ H
' /
\ /
0.01uF 1.7
—
=T
) 1000MQ

Circuit must be well shielded

Output

———O

5 x 10°8v/Watt

FIGURE 8. Sensitive Photodiode Amplifier.

Av=101uVN
ls=1pA
R~ 10"Q
BW =~ 100kHz

Differential Voltage Gain = 1 + (2R¢/Ra)

20kQ
) _l.
1/4
12 OPA404
+
p—
81- 14

20kQ

Burr-Brown IC Data Book

FIGURE 9. FET Instrumentation Amplifier with Shield Driver.
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WFS
Out

v L
187k 1 o
I_oAzzuF <
Gain = +1V/V
I° 4Tuf 48dB/Octave, 10Hz LPF E
- Butterworth Response o
FIGURE 10. 8-Pole 10Hz Low-Pass Filter.
402kQ 402kQ 402kQ 402k
AN~ ANA- A A
B C D —e Out
In &= + + +
| | Ay = +635
b3 > S 1k0 < 1kQ BW ~ 650kHz
< 1kQ b3 < <
< $ @ ? b+ Gain-Bandwidth ~ 410MHz
4 1 1 1

FIGURE 11. Wide-Band Amplifier
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BURR-BROWN®

OPA445

MILITARY
VERSION
AVAILABLE

High Voltage FET-Input
OPERATIONAL AMPLIFIER

FEATURES

o WIDE POWER SUPPLY RANGE: +10V to +45V
© HIGH SLEW RATE: 10V/us

© LOW INPUT BIAS CURRENT: 50pA max

o STANDARD-PINOUT T0-99 AND DIP PACKAGES

bESCRIPTION

The OPA445 is a monolithic operationai amplifier
capable of operation from power supplies up to
145V and output currents of 15mA. It is useful in a
wide variety of applications requiring high output
voltage or large common-mode voltage swings.

The OPA445’s high slew rate provides wide power-
bandwidth response, which is often required for
high voltage applications. FET input circuitry allows

APPLICATIONS

® TEST EQUIPMENT

© HIGH VOLTAGE REGULATORS
o POWER AMPLIFIERS

© DATA ACQUISITION

o SIGNAL CONDITIONING

the use of high impedance feedback networks, thus
minimizing their output loading effects. Laser trim-
ming of the input circuitry yields low input offset
voltage and drift.

The OPAA445 is unity-gain stable and requires no
external compensation components. It is available
in both industrial (—25°C to +85°C) and military
(—55°C to +125°C) temperature ranges.

@

+Vs

Out

—Vs

O)

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

At Vs = £40V and Ta = +25°C unless otherwise specified

OPA445SM OPA445BM OPA445AP
PARAMETER conoimions [ min [ tve [ max | min | tve | max | min | 1ve | max | units
INPUT
OFFSET VOLTAGE
Input Offset Voltage Vem = 0V 05 10 10 30 20 50 mV
Average Drift Ta = Tvin 10 Tiax * 10 15 uv/°C
Supply Rejection Vs = £10V to +50V * * 80 110 * * dB
BIAS CURRENT
Input Bias Current Vem = 0V * * 20 50 50 100 pPA
Over Temperature 100 10 20 nA
OFFSET CURRENT
Input Offset Current Vem = 0V * * 4 10 20 40 pA
Over Temperature 50 5 10 nA
IMPEDANCE
Differential * 10" |1 * Q| pF
Common-Mode * 10" 3 * Q| pF
VOLTAGE RANGE
Common-Mode Input Range * +35 * \
Common-Mode Rejection Vin = £30V,
Over temp * * 80 95 * * dB
OPEN-LOOP GAIN, DC
Open-Loop Voltage Gain RL = 5kQ * * 100 105 * * dB
Over Temperature * 97 * dB
FREQUENCY RESPONSE
Gain Bandwidth Small signal * 2 * MHz
Full Power Response 35Vp-p, R. = 5kQ * * 45 55 * * kHz
DYNAMIC RESPONSE
Slew Rate Vo = 35V,
RL = 5kQ * * 5 10 * * Vius
Rise Time Vo = £200mV * 100 * ns
Overshoot Av=+1
Z, = 5kQ || 50pF * 30 * %
RATED OUTPUT
Voltage Output, over temp R. = 5kQ * +35 * \
Current Output Vo = +28V * +15 * mA
Output Resistance DC, open loop * 220 * Q
Short Circuit Current * 126 * mA
POWER SUPPLY
Rated Voltage, +Vs * +40 * \
Voltage Range, +Vs
Derated Performance Over temp * * +10 +45 * * v
Current, Quiescent lo = 0mA * * 38 45 * * mA
TEMPERATURE RANGE
Specification —55 +125 —25 +85 * * °C
Operating Ambient temp * * —55 +125 —25 +85 °C
6 Junction-Ambient * 200 100 °C/W

*Specification same as OPA445BM

ORDERING INFORMATION

Basic model number

Performance grade (blank indicates A grade)

OPA445 ( ) ()
—

A —25°C to +85°C
B —25°C to +85°C
S —55°C to +125°C

Package code
M 8-pin TO-99
P 8-pin plastic DIP

Burr-Brown IC Data Book

ABSOLUTE MAXIMUM RATINGS

Power Supply. .

Internal Power Dissip: .

Differential Input Voltage . .

Input Voltage Range ..........

Storage Temperature Range M..
P

Operating Temperature Range M ..

P..
Lead Temperature (soldering, 10s) ...........
Output Short-Circuit to Ground (Ta = +25°C) .

- =esoC

Junction Temperature ...........c.ovuniininiinennennnn.s

.. 150V
680mW

... X80V
. |£Vs| — 3V
to +150°C
... —40°C to +85°C
.. —55°C to +125°C
—40°C to +85°C

+300°C

. Continuous

+175°C

OPA445
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CONNECTION DIAGRAMS MECHANICALS
Top View TO-99 -— A —b INCHES MILLIMETERS
r‘ [DIM | MIN_ | MAX } MIN | MAX |
js— B —* A | 335 | a0 | 851 | 940
1] N B | 305 | 33 | 775 | 851
Offset Tnm C o [J 165 185 | 419 | 470
° i—— -ﬁ DA 1 D | ol 021 | 041 | 053
{ e b ) E 01 040 | © 25j 102
F J F | _o 040 | 025 | 102
-in (2) (6) output Setun A <Hv G | 2o0mAsiC | so08BASIC
Plang W oee [ osa | o7 [ ose
“ | II J J 029 | 045 | 074 | 114
NOTE Leads in true K 500 — | 127 —
Offset Tim —_ position within 0 010" L 110 | 160 [ 279 | 406
-—-—l-—D (0 25mm) R at MMC M 45° BASIC 45° BASIC
at seating plane N o095 [ 105 [ 241 ] 267
Case Is connected to —Vs A L
INCHES MILLIMETERS
Top View \J pip . oM [ MIN | MAX | MIN | MAX
th i A | 355 | 400 | 903] 1016
8 A | 340 | 385 85| 980
Otfset Tnm[ 1 :I NC _ B, B 3 230 290 3 73
B, | 200 | 250 | 509 | 636
P T l - M e C | 120 | 200 | 305] 50
—|n[ ]+Vs D 015 023 | 038] 05
Pin1 F | 030 | 070 | 076] 178
| Fe— NOTE Leads in true G 100 BASIC 254 BASIC
+|n[ ] Output F | pocition within 0 010" H 025 050 | 064 127
o} '+ 25mm) R at MMC J 008 015 020 038
-t at seating plane K 070 150 | 178 | 382
_VSE 4 5 ]Offset Trim U _—l{ N '1;1 38?“5!1050 733 AS|1C50
N | o010] 030 | 025] 076
H ,IL b @ g:*::'e"g P | 025 | 050 | 064 ] 127
Ta = +25°C, Vs = £15VDC unless otherwise noted
GAIN BANDWIDTH AND SLEW RATE GAIN BANDWIDTH AND SLEW RATE
VS TEMPERATURE VS SUPPIY VOLTAGE
26 -1 22 14
24 R -10 =
~N I N — GBW
I \ —— » 3 e »
s 22 ™\ -9 8 = 20 29
~ E3 £ 2
£ \ n B o
2 20 -8 8 E -8
3 =N N : 2 g
s GBW N N\ 2 8 2
o 18 ~ -7 %5 c 18 0%
§ N 3 S/R———
[CHEET —6
14 -5 16 8
-75 —-50 —25 0 +25 +50 +75 +100 +125 10 20 30 40 50
Ambient Temperature (°C) Supply Voltage (+Vcc)
INPUT BIAS CURRENT POWER SUPPLY REJECTION
Vs TEMPERATURE VS FREQUENCY
120
-~
@ 100
s N\
- +V,
5 § &0 N Ve
s 8 AN
S g 60 N
& > N\
3 g 40 Voo N
3
g @ N\ N\,
2 20 N N
& N\
0 N N
—-75 -50 —25 0 25 50 75 100 125 10 100 1k 10k 100k ™ 10M  100M
Temperature /°C) Frequency (Hz)
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OPEN-LOOP
FREQUENCY RESPONSE
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Voltage Gain (dB)

Output Voltage (Vp-b) Supply Current (mA)

Dissipation (W)

OPEN-LOOP GAIN AND SUPPLY CURRENT
VS SUPPLY VOLTAGE

120 40
o
// lo
110 35
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100 30
1
90 25
0 20 30 40 ' 50
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SUPPLY CURRENT VS TEMPERATURE
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INPUT VOLTAGE NOISE SPECTRAL DENSITY
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10 100 1 10k 130k

Frequency (Hz)

INSTALLATION AND
OPERATING INSTRUCTIONS

The OPA445 may be operated from power supplies up
to £45V or a total of 90V. Power supplies should be
bypassed with 0.022uF capacitors, or greater, near the
power supply pins. Be sure that the capacitors are
appropriately rated for the supply voltage used.

The OPA445 can supply output currents of 15SmA and
larger. This would present no problem for a standard op
amp operating from +15V supplies. With high supply
voltages, however, internal power dissipation of the op
amp can be quite large. Operation from a single power
supply (or unbalanced power supplies) can produce even
larger power dissipation since a larger voltage is
impressed across the conducting output transistor.

Dissipation should be limited to 680mW at 25°C. At
temperatures above 25°C, the maximum dissipation
should be derated according to the thermal resistance of
the package type used.

Package thermal resistance, ic, is affected by mounting
techniques and environments. The figures provided are
typical for common mounting configurations with
convection air flow. Poor air circulation and use of
sockets can signficantly increase thermal resistance. Best
thermal performance is achieved by soldering the op
amp into a circuit board with wide printed circuit traces
to allow greater conduction through the op amp leads.
Simple clip-on heat sinks can reduce the thermal resis-
tance of the TO-99 metal package by as much as 50°C/W.

A short-circuit to ground will produce a typical output
current of 25mA. With £40V power supplies, this
creates an internal power dissipation of 1.0W. This
exceeds the maximum rating for the device, and is not
recommended. Permanent damage is unlikely, however,
since the short-circuit output current will diminish as the
junction temperature rises.

Burr-Brown IC Data Book
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TYPICAL APPLICATIONS

+10mV Typical
Trim Range

*10kQ) to IMQ
Trim Potentiometer
(100kQ recommended)

L= [(V2 = V1)/Rs] (R2/R4) ) Load
= (V2 — V1)/1kQ

Compliance Voltage Range = +35V

FIGURE 2. Voltage-to-Current Converter.

+60V 1

25kQ

DAC80-CBI-I

Protects DAC
During Slewing

FIGURE 3. Programmable Voltage Source.
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OPA501

BURR-BROWN® OPA501
MILITARY
VERSION
AVAILABLE
High Current - High Power
OPERATIONAL AMPLIFIER
FEATURES APPLICATIONS
« WIDE SUPPLY RANGE o SERVO AMPLIFIER
=10 to 40 Vohs « MOTOR DRIVER
« HIGH OUTPUT CURRENT « ACTUATOR CONTROL
+10 Amps Peak
o AUDIO AMPLIFIER
e e  SYNCRO DRIVER

o SMALL SIZE: T0-3 PACKAGE

DESCRIPTION

The OPASO0! is a high power operational amplifier.
Its high current output stage delivers £10A yet the
amplifier is unity-gain stable and it can be used inany
operational amplifier configuration. The 260W peak
output capability allows the OPAS0I to drive loads
(such as motors) with a greater safety margin.

Safe operating area is fully specified and output
current limiting is provided to protect both the
amplifier and the load from excessive current.

This hybrid IC is housed in an 8-pin hermetic TO-3
package. The electrically-isolated package allows
direct mounting to chassis or heat sink without an
insulating washer or spacer which would increase
thermal resistance.

* POWER SUPPLY REGULATOR

N -
() +

CURRENT

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
At Tc =+25°C and #Vcc = 28VDC  (OPA501RM/AM), +Vcc = 34VDC (OPA501SM/BM) unless otherwise noted. ' )
OPA501RM/AM * OPAS01SM/BM
PARAMETER CONDITIONS MIN TYP MAX MIN ‘TYP MAX UNITS
RATED OUTPUT()2)
Output Current, RL =20 (RM/AM) 10 * A
Continuous(d RL =260 (SM/BM) *10 * A
Output Voltage(d) lo = 10A peak *20 23 26 +29 \
DYNAMIC RESPONSE
Bandwidth, Unity Gain Small Signal 1 * MHz
Full Power Bandwidth Vo =40Vp-p, R = 80 10 16 M N KkHz .
Slew Rate RL =50 (RM/AM) 1.35 . Vius
RL =650 (SM/BM) 135 i Vius
INPUT OFFSET VOLTAGE
Initial Offset +5 +10 +2 +5 mv
vs Temperature —26°C < T< +85°C (AM/BM) +10 65 uv/eCc
—55°C < T< +125°C (RM/SM) +10 +40 uv/eC
vs Supply Voitage +35 * VN
INPUT BIAS CURRENT
Inttial Tease = +25°C 15 40 N 20 nA
vs Temperature +0.05 * nA/°C
vs Supply Voitage +002 * nAN
INPUT DIFFERENCE
CURRENT .
Initial Tcase =+25°C +5 +10 +2 3 nA
vs Temperature —26°C < T < +85°C (AM/BM) 10.01 nA/°C
—55°C < T <+125°C (RM/SM) +0.01 nA/°C
OPEN-LOOP GAIN, DC RL =50 (RM/AM) 94 115 dB
RL =650 (SM/BM) 98 115 dB
INPUT IMPEDANCE
Differential 10 * MO
Common-mode 250 * MO
INPUT NOISE
Voltage Noise fn = 0.3Hz to 10Hz 3 * uV, p-p
fn = 10Hz to 10kHz 5 * uV, rms
Current Noise o =0.3Hz to 10Hz 20 * pA, p-p
fn = 10Hz to 10kHz 45 * PA, rms
INPUT VOLTAGE RANGE
Common-mode Voltage(4) Linear Operation | (IVeel-8) | £(IVec|-8) * * v
Common-mode Rejection F = DC, Vcm =%(|Vcc|-6) 70 110 80 * dB
POWER SUPPLY
Rated Voltage +28 +34 v
Operating Voltage Range +10 +36 * +40 \
Current, quiescent +26 *10 * * mA
TEMPERATURE RANGE case
Specification, RM/SM -55 +125 * * °C
AM/BM -25 +85 * * °C
Operating, derated
performance, AM/BM -55 +125 * * °C
Storage -65 +150 M * °C
THERMAL RESISTANCE Steady State fic 20 22 . * °CW

*Specification same as for OPA501RM/AM

NOTES:

1. Package must be derated based on a junction to case thermal resistance of 2.2° C/W or a junction to ambient thermal resistance of 30°C/W.
2. Safe Operating Area and Power Derating Curves must be observed.
3. With+Rsc = 0. Peak output currentis typically greater than 10A if duty cycle and pulse width limitations are observed Output currentgreater

than 10A is not guaranteed.

4. The absolute maximum voltage is 3V less than supply voltage.

Burr-Brown IC Data Book
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ABSOLUTE MAXIMUM RATINGS

PoWEr SUPPLY VOIAGE (VEC) « -t vvettii ettt ettt ettt ettt et ettt ettt e et enaaes +40VDC
Power Dissipation at +250C ) | e 79W
Differential INPUt VOIRAGE .......couniiii i et e e e +Veec — 3V
Common-Mode INput VOIAGE. . .. ...ttt e et +Vee
Operating Temperature Range —55°C to +125°C
Storage Temperature Range ............ —65°C to +150°C
Lead Temperature (soldering, 10 seconds) +300°C
Junction Temperature .............coviiieeiiieeennnn +200°C
Output Short-Circuit DUFAtION™ ... ...ttt e e e e Continuous
NOTES

1 At case temperature of +25°C. Derate at 2 2°C/W above case temperature of +25°C
2 Average dissipation
3 Within safe operating area and with appropriate derating.

CONNECTION DIAGRAM

(TOP VIEW)

(+Rsc)
+CURRENT
LIMIT

ORDERING INFORMATION
OPA501 X M
Basic Model Number ————J l
Performance Grade Code OPAS501AM
A, B=-25°C to +85°C OPA501BM
R,S=-55°Cto+125°C OPA501RM
Package Code OPA501SM NN R
TO-3 (See Military Data Sheet) OPA501SM/883
MECHANICAL
A

NOTE. Leads in true position
within 0.010” (0.25mm) R at MMC
at seating plane.

jo—

/' EJ Pin numbers shown for reference
K only Numbers may not be marked
Seating Plane ‘ on package.
INCHES MILLIMETERS
D DiM [ MIN_[ MAX | MIN | MAX |

1510 | 1550 | 3835 | 3937
745 | 770 | 1892 | 1956
260 | 300 | 660 | 762 |

038 | o042 | oer | 107

080 | 105 | 203 | 267
40° BASIC 40° BASIC
500 BASIC 127 BASIC

1186 BASIC | 30 12BASIC

503BASIC_| 1506BASIC

400 | 500 | 1016 | 1270
151 | 161 | 384 | 409
980 | 1020 | 2489 | 2591

D|O|X|-|T|®|m|m|O|O|®|>
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TYPICAL PERFORMANCE CURVES

(Typical at +25° case and +Vcc = 28VDC unless otherwise noted. )

OPEN-LOOP
FREQUENCY RESPONSE
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£ 40 120 g
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PULSE RESPONSE, AV = +1

Input Bias Current

INPUT BIAS CURRENT
VS TEMPERATURE

e==-- -~

o

Case Temperature (°

HARMONIC DISTORTION
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INSTALLATION AND
OPERATING INSTRUCTIONS

PROPER GROUNDING AND POWER

SUPPLY BYPASSING

Particular attention should be given to proper grounding
practices because the large output currents can cause
significant ground-loop errors. Figure 1 illustrates proper
connections.

16
=) SIGNAL
GROUND . 1
|:4 ' LOAD
L —
~ COM
POWER SUPPLY

FIGURE 1. Proper Power Supply Connections.

Note that the connections are such that the load curent does
not flow through the wire connecting the signal ground
point to the power supply common. Also, power supply and
load leads should be run physically separated from the
amplifier input and signal leads.

The amplifier should be power-supply-bypassed with
10uF tantalum capacitors connected as close to pins 3
and 6 as possible. The capacitors should be connected to
the load ground rather than the signal ground.

CURRENT LIMITS

The OPAS501 amoplifier is designed so that both the positive
and negative load current limits can be set independently
with external resistors R.sc and R-sc respectively. The
approximate value of these resistors is given by the
equation:

0.65

et

ILivrr is the desired maximum current in amperes. The
power dissipation of the current limit resistor is:

Paax = Rsc (Iumm)’ watts
Rsc is in ohms and ILimr is in amperes.
Current limit resistors carry the full amplifier output current
so lead lengths should be minimized. Highly inductive
resistors can cause loop instability. Variation in I_imrr with
case temperature is shown in the Typical Performance
Curves.
The amplifier should be used with as low a current limit as
possible for its particular application. This will minimize the
chance of damaging the amplifier under abnormal load

- 0.0437> ohms

LIMIT
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conditions and will increase reliability by limiting internal
power dissipation.

The current limits may be used to generate other functions
such as constant current supplies and torque or stall current
limits for servomotor applications.

HEAT SINKING

The OPAS501 requires a heat sink to limit output transistor
junction temperature (T;) to an absolute maximum of
+200°C. The steady-state thermal circuit is illustrated in
Figure 2.

HEAT K
M JUNCTION
s
T,
£~20 case
bcs
g
HEAT SINK
L)
Ta
AMBIENT

FIGURE 2. Simplified Steady-State Heat Flow Model.

Junction temperature (T;) is found from the equation:
Ts=Pp (Bic + Ocs + 0sa) + Ta
Where Pp = average amplifier power dissipation (W)
6:c = junction to case thermal resistance (°C/ W)
Ocs = device mounting thermal resistance
CC/W)
6sa = heat sink thermal resistance °C/ W)
Ta = ambient temperature ("C)
For most heat sink calculations the quiescent power
dissipation is very low (<1 watt) and can be disregarded
with only a small error.

The minimum size heat sink can be found from the
equation:
Ty -Ta
D

Example: Find the maximum thermal resistance (smallest
heat sink) that can be used for an OPAS501 with +V¢c =
28VDC. Output voltage is +10VDC across a 10(} resistor
and ambient temperature is +50°C:

- 0Ocs - Oic

Osa =

+
Po = [(+28VDC) - (HI0VDO)] X VL€ _ 1gw
OSA = M_ oloC/W = 2~2°C/w

18W
652= 6.03°C/W maximum

As large a heat sink as possible should be used. Ocs depends
on the flatness of the heat sink, the thermal compound used,
and the roughness of the mating surfaces.
Typical values are between 0.1°C/W and 0.3°C/W fora
TO-3 package properly mounted on a heat sink.
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The OPAS01 mounting flange is electrically-isolated.and
can be mounted directly to a heat sink without insulating
washers or spacers. Screws with Bellville spring washers are
recommended to maintain positive clamping pressure on
heat sink mounting surfaces. Long periods of thermal
cycling can loosen mounting screws and increase Ocs.

The output transistor thermal resistance (6;c) is a function
of output current pulse width, pulse shape, and duty cycle.
Long duration pulses allow the junction temperature
to approach its steady state value while shorter pulses cause
a lower peak junction temperature due to the junction’s
thermal time constant. Heat is conducted rapidly away
from the junction so that as duty cycle decreases, junction
temperature decreases.

Steady state )¢ is rated at2.2°C/W maximum. In appli-
cations where the amplifier’s output current alternates
between output transistors—for example, an AC amplifier—
the-transistor 6y will depend on frequency as shown in
Figure 3.

DUTY CYCLE = 0.5 FOR EACH TRANSISTOR

NORMALIZED ¢
s
J

S
Y

o
~

01 ‘ 10 100 & 10k
FREQUENCY (Hz)

FIGURE 3. Effective 8 for Applications Where Output
Current Alternates Between Output Trans-
istors.

Example: OPAS0ISM with £Vcc = 28VDC; heat sink
054 = 0.4°C/W; output = 11.2VAC, rms 400Hz
(sine) at SA, rms; Power Factor = 1.0; assume
a mounting resistance of 0.1°C/W and an
ambient temperature of +25°C.

The power dissipated by the OPAS501, Py, is equal to the
power delivered by the power supplies, Ps, minus the
power delivered to the load, Py.

Peak output current is (SA)(\/§) = 7.07A peak.
Ps= (Vc)(lave) = (28V)(2/m)(7.07A) = 126W.

Note that the power delivered by the power supply is
equal to its voltage times the average current (not rms).
Average is equal to 2/ times peak for a sine wave.

P1 = (1.2VAC)(5A) = 56W.

Average power dissipation of the amplifier is 126W .—
56W = 70W. From Figure 3, the effective value of 0)c at
400Hz is 0.6 X the rated 6jc, threrfore, fic = 1.32°C/W.

Burr-Brown IC Data Book
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This accounts for the fact that each output transistor is
“resting” during alternate half cycles. '

The junction temperatﬁre ‘will be:
Ty = (TOW) (1.32 + 0.1 + 0.4°C/ W) + 25°C = 152°C.

This is well below the maximum junction temperature
limit of 200°C. Best circuit reliability can be achieved,
however, by keeping junction temperature to a min-
imum. In this case, a lower £Vcc could be used to
further reduce amplifier power dissipation.

At frequencies of 50Hz or less the junction temperature
will change in response to the instantaneous dissipa-
tion—the product of the instantaneous voltage and cur-
rent across the power transistors. Under approximately
50Hz the junction will heat in response to the peak dissi-
pation condition which occurs at an output of one-half
the power supply voltage. In the previous example, the
peak dissipation can be found as follows:

Peak dissipation occurs at half of 28V = 14V output.
The load impedance Zioap = 11.2V/5A = 2.24().
The load current at peak dissipation =

14V/2.24Q = 6.25A.

The peak dissipation = (14V)(6.25A) = 87.5W.
Furthermore, the 6c at this low frequency is equal to its
specified value of 2.2°C/W (see Figure 3). In this case,
the junction temperature would be:

Ty = (87.5W)(2.2 + 0.1 + 0.4°C/ W) + 25°C = 261°C.
This exceeds the maximum specified junction tempera-
ture and is clearly unacceptable. More examples of this

type of calculation can be found in Burr-Brown Applica-
tion Note AN-123.

' SAFE OPERATING AREA (SOA)

In addition to the limits imposed by power dissipation,
the amplifier’s output transistors are also limited by a

8 [ wamom seecires  $ AN 2
6 CURRENT | ] N %q, %
POWER
4 DISSIPATICN
umT| 2 °
| AN

g 2 t N %
= SECOND BREAKDOWN
& umiT 1
= 1.0 F—Teage = +25°C
2 08 |—Tsuncrion = +200°C \
= 0§ b—"c=22°cW
5
© 04

02 - MAXIMUM Y “am/AM =

sm:men} i
VOLTAGE ) SM/BM
(]
1 2 4 6810 2 40 6080100
VOLTAGE ACROSS OUTPUT TRANSISTOR (v}

FIGURE 4. Transistor Safe Operating Area at +25°C
Case Temperature.
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second breakdown region. This occurs because of in-
creased emitter current density due to current crowding
at higher operating voltages. Both the dissipation and
second breakdown limits depend on time and temper-
ature. Figure 4 shows each output transistor’s SOA at a
case temperature of +25°C.

Limits for short pulse widths are substantially greater
than for steady state (DC). At a case temperature of
+125°C the SOA limits are reduced (see Figure 5). The
SOA shown in these curves is based on a conservative
linear derating of both the power dissipation and the
second breakdown region.

b LA
o | MAximum . N,
= SPECIFIED ] A %
o+ |__CuRRenT ‘ "'i
2 \ N,
‘® . \
E TMSE:QIE‘C \
£ 10 Fyyncrion = +200°C N
S 08— = 22¢W ‘
o C \
s 08
§ 04
02 , =
MAXIMUM [
, SPECIFIED }""’ aw
o VOLTAGE |} SM/BM
1 2 4 6810 20 40 6060100
VOLTAGE ACROSS OUTPUT TRANSISTOR (V)

LoAD
3010
=
*BOTH LEADS OF HORIZONTAL [oH v3] J
AND VERTICAL INPUTS MUST °
FLOAT WITH RESPECT TO EACH OTHER 0SCILLOSCOPE

FIGURE 6. Loadline Display.

FIGURE 5. Transistor Safe Operating Area at +125°C
Case Temperature.

Resistive loads are easy to analyze by simply plotting
load lines on the SOA curve. If the curve representing the
load line stays within the OPAS01 output transistor SOA
curve and all other parameters are observed, such as case
temperature, etc., the amplifier will be safe: The load line
can swing through the larger SOA limits if their time
duration constraints are strictly observed.

Reactive loads present a mqi'q complex problem since the
output voltage and current are not in phase. This results
inthe reactive load line becoming elliptical (when plotted
on linear axes) which requires'a larger SOA for safe
operation. ‘

Although detailed analysis is beyond the scope of this
data sheet, the load line can be viewed on an oscilloscope
as shown in Figure 6. The X-Y display is driven by the
voltage across the load and by the current into the load.

This set up can also display voltage and current stress
across the OPAS501 output transistors as shown in Figure
7. This data can then be compared to the SOA limits.

The amplifier is designed to operate with electromotive-
force-generating loads such as servomotors, relays, and
actuators. Careful attention must be paid to both the load
characteristics and the amplifier’s SOA to ensure safe
operation.
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TEST ko
SIGNAL O—V*
IN
L0AD
O e vy O
*BOTH LEADS OF HORIZONTAL (oM Vo
AND VERTICAL INPUTS MUST
FLOAT WITH RESPECT TO EACH OTHER 0SCILLOSCOPE

FIGURE 7. Output Transistor Safe Operating Area
Stress Display.

=) PMIUIZMAT
SERVOMOTOR

B = pAusH
NOISE ==
2O gyppResSION

FIGURE 8. Servomotor Amplifier.
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Figure 8 shows the OPAS501 configured as a DC perma-
nent magnet motor driver. The armature current (1) and
motor voltage (Vm) are monitored within an oscilloscope
in the X-Y mode displaying 1» and V. respectively.
Slewing the motor with a 4Hz sine wave results in the
motor power ellipse of Figure 9. The input level has been
adjusted to give 20V, pk, across the motor. An exam-
ination of the power ellipse indicates that the instan-

INSTAN-  INSTAN-
TANEOUS TANEOUS

I POWER AMPLIFIER
TO  POWER L
+8 4 0 4

-8 AMOTOR DISSIPATION
g V-A

PMIU12M4T MOTOR, NO LOAD
f = 4Hz, SINE WAVE
tVpp = 28V, Tp = 25°
' Ay=+10

FIGURE 9. D.C. Servomotor Load Line.

taneous power delivered to the motor exceeds the
amplifier output transistor’s safe operating area at a case
temperature of +25°C. The point at which the motor
shows OV at -6.9A is a problem. The voltage across the
output transistor is 28V - 0V = 28V. Checking the SOA
curve shows that the amplifier can safely withstand this
condition for slightly under Smsec. At 4Hz this transient
swing outside the DC SOA region is exceeded for much
longer than Smsec. Continued operation under these
conditions will result in failure. Peak junction tempera-
tures should not exceed +200° C. Perhaps a motor witha
higher impedance winding should be considered for this
application. Current limiting and lower supply voltage
can also reduce dissipation.

Motors used in servo applications often required a
surprisingly large current to accelerate quickly. Worst
case conditions occur when the motor is operating at full
speed and is suddenly slammed into reverse (“plugging”).
This condition is illustrated in Figure 10 when a DC
servomotor is driven by a bipolar square wave. As the
motor reverses direction a large surge current flows,
causing very high peak power dissipation in the amplifier.
After several time constants (determined by the inertia
moment) the current drops to a lower steady-state value.
Loading the motor increases the motor average power
and amplifier dissipation. SOA curves should be checked
for safe operation under these surge conditions.

The OPASOQ1 current limits may be set to clip the high
surge currents to a safe level. This is shown in Figure 11.
Note that the current limit does limit the servo motor
peak acceleration.

Burr-Brown IC Data Book

Inductive loads should be investigated for high peak
transients generated by a collapsing magnetic field.
Resistive damping can reduce this problem and although
the amplifier has substrate diodes as part of the Darlington
output transistor structure, external diodes are recom-
mended for heavy clamping.

Fast diodes such as those normally used as rectifiers in
switching power supplies are suitable.

OUTPUT
TRANSISTOR

N
b DISSIPATION

PMI U12M4T MOTOR, NO LOAD
f = 4Hz, SQUARE WAVE
+Vpp = 28V, Tp = 26°
Av =+10

FIGURE 10. Servomotor Drive — “Plugging”

PMI U12M4T MOTOR, NO LOAD
f = 4Hz, SQUARE WAVE
+Vgg = 28VDC, +Rgp = 0.150

Tg=25% Ay = +10
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FIGURE 11. Servomotor Drive With Current Limit.
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BURR-BROWN® OPA511
==l

OPA511

High Current—High Power
OPERATIONAL AMPLIFIER

]

i

FEATURES DESCRIPTION i
o WIDE SUPPLY RANGE: +10V to +30V The OPASII is a high voltage, high current opera- e~
o HIGH OUTPUT CURRENT: 5A peak tional amplifier designed to drive a wide variety of %
o CLASS A/B OUTPUT STAGE: Low distortion resistive and reactive loads. Its complementary class <

i A/B output stage provides superior performance in

® SMALL T0-3 PACKAGE applications requiring freedom from cross-over dis- -1
tortion. User-set current limit circuitry provides pro- <

APPLICATIONS tection to the amplifier and load in fault conditions. %
o SERVO AMPLIFIER The OPAS5I1 employs a laser-trimmed monolithic —
integrated circuit to bias the output transistors, pro- =

© MOTOR DRIVER viding excellent low-level signal fidelity and high é
o SYNCRO EXCITATION output voltage swing. The reduced internal parts w
o AUDIO AMPLIFIER count made possible with this bias IC improves per- o
 TEST PIN DRIVER formance and reliability. O

This hybrid integrated circuit is housed in a hermeti-
cally sealed TO-3 package and all circuitry is electri-
cally isolated from the case. This allows direct
mounting to a chassis or heat sink without cumber-
some insulating hardware and provides optimum
heat transfer.

3I +Vs

I
N | 1
4 —+ I BIAS CURRENT 13 m;ur
N >__' ' : CIRCUIT LIMIT IS
|

L

I

———

sd v

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

PDS-599A
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SPECIFICATIONS

ELECTRICAL
At Tc = +25°C and Vs = £28VDC unless otherwise noted

OPA511AM
PARAMETER CONDITIONS MIN TYP MAX UNITS
INPUT
OFFSET VOLTAGE
Initial Offset 15 +10 mV
vs Temperature Full temperature range +10 165 uv/°C
vs Supply Voltage +35 1200 uviN
vs Power +20 uV/IW
BIAS CURRENT
Initial : +15 +40 nA
vs Temperature Full temperature range +0 05 +04 nA/°C
vs Supply Voltage : +0 02 nA/NV
OFFSET CURRENT
Initial +5 +10 nA
vs Temperature Full temperature range +0 01 nA/°C
INPUT IMPEDANCE
Common-Mode 200 MQ
Differential 10 MQ
VOLTAGE RANGE"
Common-Mode Voltage Full temperature range +(|Vs| — 6) +(|Vs| —3) \'
Common-Mode Rejection Vem = Vs — 6V 70 110 dB
GAIN
Open-Loop Gain at 10Hz Full temperature range, full load 91 13 dB
Gain-Bandwidth Product at IMHz Te = +25°C, full load 1 MHz
Power Bandwidth Te = +25°C, lo = 4A, Vo = 40V p-p 15 23 kHz
Phase Margin Full temperature range 45 Degrees
OUTPUT
Voltage Swing lo = 5A +(|Vs| — 8) +(|Vs| — 5) v
Full temperature range, lo = 2A +(|Vs| — 6) +(|Vs| — 5) v
Full temperature range, lo = 56mA +(|Vs| —5) \
Current, Peak ' +5 A
Settling Time to 0 1% 2V step 2 Hs
Slew Rate R.=25Q +10 18 Vius
Capacitive Load Unity Gain Full temperature range 33 nF
Gain>4 Full temperature range SOA?
POWER SUPPLY
Voltage Full temperature range +10 +28 +30 v
Current, Quiescent 20 30 mA
THERMAL
RESISTANCE
AC Junction to Case™ > 60Hz 19 21 °C/W
DC Junction to Case f > 60Hz 24 26 °C/W
Junction to Air 30 °C/W
TEMPERATURE RANGE, case —25 +85 °C

NOTES (1) +Vs and —Vs denote the positive and negative supply voltage respectively Total Vs s measured from +Vsto —Vs  (2) SOA = Safe Operating
Area (3) Rating applies If the output current alternates between both output transistors at a rate faster than 60Hz.
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ABSOLUTE MAXIMUM RATINGS

ORDERING INFORMATION

Supply Voltage, +Vs to —Vs
Output Current source
sink

Power Dissipation, internal™ ............ccceeiiiiiiiaan. 67TW
Input Voltage' differential..... +(|Vs| — 3V)
common-mode .. e.. EVs

Temperature junction' ........ . +200°C
pinsolder,10seC............ccovvvnvnen. +300°C

Temperature Range storage...... —65°C to +150°C
operating (case) . .. —25°C to +85°C

OPASIl A M

Grade Code

Basic Model Number _____..._:l— -l_ “7

Package Code (TO-3)

CONNECTION DIAGRAM

NOTE. (1) Long term operation at the maximum junction temper- (TOP VIEW) +CURRENT
ature will result in reduced product life Derate internal power LIMIT (+Rcy)
dissipation to achieve high MTTF
OUTPUT
—CURRENT
LIMIT (—Rcl)
NO INTERNAL
CONNECTION
MECHANICAL
A NOTE Leads in true position within 010" (25mm) R at MMC at seating plane
s —™* c— Pin numbers shown for reference only Numbers may not be marked on package
_T INCHES MILLIMETERS
/ 3 « DIM | MIN MAX MIN MAX
Sesting Plane A 1610 ] 1550 } 3835 | 3937
B 745 770 | 1892 | 1956
o] 260 300 660 762
D 038 042 097 107
E 080 105 203 267
F 40° BASIC 40° BASIC
G 500 BASIC 127 BASIC
H 1186 BASIC 30 12 BASIC
J 593 BASIC 15 06 BASIC
K 400 500 | 1016 | 1270
Q 151 161 384 409
R 980 | 1020 | 2489 | 2591
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TYPICAL PERFORMANCE CURVES

Ta=25°C Vs = £28VDC unless otherwise noted
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APPLICATIONS INFORMATION

POWER SUPPLIES

Specifications for the OPASII are based on a nominal
operating voltage of +28V. A single power supply or
unbalanced supplies may be used so long as the maxi-
mum total operating voltage (total of +Vs and —Vs) is
not greater than 68V.

CURRENT LIMITS

Current limit resistors must be provided for proper
operation. Independent positive and negative current
limit values may be selected by choice of Rci+ and Rer-
respectively. Resistor values are calculated by:
Rcr = 0.65/1uim (amps) — 0.01

This is the nominal current limit value at room tempera-
ture. The maximum output current decreases at high
temperature as shown in the typical performance curve.
Most wire-wound resistors are satisfactory, but some
highly inductive types may cause loop stability prob-
lems. Be sure to evaluate performance with the actual
resistors to be used in production.

HEAT SINKING

Power amplifiers are rated by case temperature (not
ambient temperature). The maximum allowable power
dissipation is a function of the case temperature as
shown in the power derating curve. Load characteristics,
signal conditions, and power supply voltage determine
the power dissipated by the amplifier. The case tempera-
ture will be determined by the heat sinking conditions.
Sufficient heat sinking must be provided to keep the case
temperature within safe bounds given the power dissi-
pated and ambient temperature. See Applications Note
AN-83 for further details.

SAFE OPERATING AREA (SOA)

The safe area plot provides a comprehensive summary of
the power handling limitations of a power amplifier,
including maximum current, voltage and power as well
as the secondary breakdown region (see Figure 1). It
shows the allowable output current as a function of the
power supply to output voltage differential (voltage
across the conducting power device). See Applications
Note AN-123 for details on SOA.

Current hmited

N

6\9\

08

Output Current (A)

06

0.5

04

03

0.2

5 6 7 8 9 10 15

Voltage Across Output Transistor (V)

20 30 40 50 60 70

FIGURE 1. Safe Operating Area.
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BURR-BROWNe®

OPA512

MILITARY
VERSION
AVAILABLE

Very-High Current—High Power
OPERATIONAL AMPLIFIER

FEATURES

o WIDE SUPPLY RANGE: +10V to +50V

o HIGH OUTPUT CURRENT: 15A peak

o CLASS A/B OUTPUT STAGE: Low distortion

© VOLTAGE-CURRENT LIMIT PROTECTION CIRCUIT
o SMALL T0-3 PACKAGE

DESCRIPTION

The OPASI2 is a high voltage, very-high current

operational amplifier designed to drive a wide var- -

iety of resistive and reactive loads. Its complemen-
tary class A/B output stage provides superior per-
formance in applications requiring freedom from
cross-over distortion. User-set current limit circuitry
provides protection to the amplifier and load in fault
conditions. A resistor-programmable voltage-current
limiter circuit may be used to further protect the
amplifier from damaging conditions.

APPLICATIONS

o SERVO AMPLIFIER
o MOTOR DRIVER

o SYNCRO EXCITATION
© AUDIO AMPLIFIER

© TEST PIN DRIVER

The OPASI2 employs a laser-trimmed monolithic
integrated circuit to bias the output transistors, pro-
viding excellent low-level signal fidelity and high
output voltage swing. The reduced internal parts
count made possible with this monolithic IC
improves performance and reliability.

This hybrid integrated circuit is housed in a hermet-
ically-sealed TO-3 package and all circuitry is elec-
trically-isolated from the case. This allows direct
mounting to a chassis or heat sink without cumber-
some insulating hardware and provides optimum
heat transfer.

3 I +Vs
"4l
r=——=—- I-_"; """"" '} %
1 1 2
N : ]—mll—- $ Rewe
A" | BIAS i S
5o | CIRCUIT \I r‘&;.I———|_,_ I
/ : ‘ /1 VA~ 'E 5 fcL-
L L

) ! % Au
______ —J % _IOPTII)NAll

51 —Vs

International Airport industrial Park - P.0. Box 11400 - Tucson, Arizona 85734 - Tel. (602) 746-1111 - Twx: 910-852-1111 - Cable: BBRCORP - Telex: 66-6401
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SPECIFICATIONS

OPERATIONAL AMPLIFIERS H OPA512

ELECTRICAL
At Tc = +25°C and Vs = +40VDC unless otherwise noted.
OPA512BM OPAS12SM
PARAMETER CONDITIONS MIN TYP MAX MIN TYP I MAX UNITS

INPUT
OFFSET VOLTAGE
Initial Offset +2 16 +1 +3 mv
vs Temp pecified temp range +10 165 . +40 uv/°C
vs Supply Voitage +30 1200 . N VN
vs Power 120 . uV/W
BIAS CURRENT
Initial 12 30 10 20 nA
vs Temp ire pecified temp range +50 400 * * pA/°C
vs Supply Voltage +10 . PANV
OFFSET CURRENT
Initial +12 +30 5 *10 nA
vs Temp ire pecified temp range 150 * pA/°C
INPUT IMPEDANCE,

DCc 200 * MQ
INPUT CAPACITANCE 3 . pF
VOLTAGE RANGE
Common-Mode Voltage | Specified temp range *(IVs| —5) ‘| £(IVs| —3) . * v
Common-Mode

Rejection Specified temp range 74 100 * * dB
GAIN
Open-Loop Gain

at 10Hz 1kQ load 110 * dB

Specified temp. range,
80 load 96 108 * * dB
Gain-Bandwidth

Product, IMHz 8Q load 4 M MHz
Power Bandwidth 8Q load 13 20 * * kHz
Phase Margin Specified temp range,

80 load 20 * Degrees
OUTPUT
Voltage Swing"”’ BM at 10A, SM at 15A +(|Vs| — 6) +(IVs| — 7) v
Specified temp range,
lo = 80mA +(|Vs| — 5) * v
lo=5A +(IVs| — 5) * v
Current, Peak 10 15 A
Settling Time to 0 1% 2V step 2 * us
Slew Rate 25 4 * * V/us
Capacitive Load Specified temp range,
G=1 15 * nF
Specified temp range,
G>10 SOA® .
POWER SUPPLY
Voltage Specified temp range +10 +40 +45 * * +50 v
Current, Quiescent 25 50 * 35 mA
THERMAL
RESISTANCE
AC Junction to Case® | Tc =—55°C to +125°C,
> 60Hz 08 09 * * °C/W
DC Junction to Case Te = —55°C to +125°C 125 14 * * °C/W
Junction to Air Te = —55°C to +125°C 30 * °C/W
TEMPERATURE
RANGE, specified Te —25 +85 —55 +125 °C
*Specification same as OPA512BM.
NOTES: (1) +Vs and —Vs denote the positive and neg supply g p y Total Vs 1s measured from +Vs to —Vs (2) SOA = Safe Operating
Area (3) Rating applies if the output current alternates between both output transmors at a rate faster than 60Hz
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ABSOLUTE MAXIMUM RATINGS

ORDERING INFORMATION

Supply Voltage, +Vs to —Vs OPASI2 X M
Output Current SOUMCe........cooviviiiinniiiiieeeiannnns .
Tsink ...l Basic Model Number
Power Dissipation, internal™ 125W
Input Voltage differential ......................... +(IVs| — 3V) Performance Grade Code
COMMON-MOGE . ..« vtvevnenrenrenanannns Vs B = —25°C to +85°C
Temperature. pin solder, 10s . +300°C S = —55°C to +125°C
unction™ L +200°C
Temperature Range storage .... . —65°C to +150°C Package Code (TO-3)
operating (case) ........ —56°C to +125°C M =TO0-3
NOTE (1) Long term operation at the maximum junction temper-
ature will result in reduced product life Derate internal power
dissipation to achieve high MTTF (2) OPA512BM, —55°C to CONNECTION DIAGRAM
e (TOP VIEW
)
+R,
+CURRENT vy
LimiT
— -
—CURRENT
Vs LIMIT
Rvi
MECHANICAL
NOTE Leads in true position within 010" ( 25mm) R at MMC at seating plane
e c Pin numbers shown for reference only Numbers may not be marked on package
& INCHES MILLIMETERS
f ] d oM [ MIN | MAX | MIN | MAX
Sesting Plane K A 1510 | 1550 | 3835 | 3937
8 .745 770 | 1892 | 1956
C 240 290 610 737
3] .038 042 97 1.07
E .080 105 203 267
F 40° BASIC 40° BASIC
G .500 BASIC 127 BASIC
H 1.186 BASIC 30 12 BASIC
J .593 BASIC 15 06 BASIC
K .400 500 | 1016 | 1270
Q 151 161 384 409
R 980 | 1.020 | 2489 | 25091
Burr-Brown IC Data Book 2-124 Vol. 33



TYPICAL PERFORMANCE CURVES

Ta = 25°C, Vs = £40VDC unless otherwise noted.

Common-Mode Rejection, CMR (dB) Open Loop Gain, A (dB) Internal Power Dissipation, P (W)
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APPLICATIONS INFORMATION

POWER SUPPLIES

Specifications for the OPAS512 are based on a nominal
operating voltage of +40V. A single power supply or
unbalanced supplies may be used as long as the maxi-
mum total operating voltage (total of +Vs and —Vs) is
not greater than 90V (100V for “S” grade version).

CURRENT LIMITS

Current limit resistors must be provided for proper
operation. Independent positive and negative current
limit values may be selected by choice of Rcr+ and Rcy-
respectively. Resistor values are calculated by:
Rcr = 0.65/Iuim (amps) — 0.007

This is the nominal current limit value at room tempera-
ture. The maximum output current decreases at high
temperature as shown in the typical performance curve.
Most wire-wound resistors are satisfactory, but some
highly inductive types may cause loop stability prob-
lems. Be sure to evaluate performance with the actual
resistors to be used in production.

HEAT SINKING

Power amplifiers are rated by case temperature (not
ambient temperature). The maximum allowable power
dissipation is a function of the case temperature as
shown in the power derating curve. Load characteristics,
signal conditions, and power supply voltage determine
the power dissipated by the amplifier. The case tempera-
ture will be determined by the heat sinking conditions.
Sufficient heat sinking must be provided to keep the case
temperature within safe bounds given the power dissi-
pated and ambient temperature. See Applications Note
AN-83 for further details.

SAFE OPERATING AREA (SOA)

The safe area plot provides a comprehensive summary of
the power handling limitations of a power amplifier,
including maximum current, voltage and power as well
as the secondary breakdown region (see Figure 1). It
shows the allowable output current as a function of the
power supply to output voltage differential (voltage
across the conducting power device). See Applications
Note AN-123 for details on SOA.

VOLTAGE-CURRENT LIMITER CIRCUITRY

The voltage-current (V-I) limiter circuit provides a means
to protect the amplifier from SOA damage such as a

Burr-Brown IC Data Book
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FIGURE 1. Safe Operating Area.

short circuit to ground, yet allows high output currents
to flow under normal load conditions. Sensing both the
output current and the output voltage, this limiter circuit
increases the current limit value as the output voltage
approaches the power supply voltage (where power dis-
sipation is low). This type of limiting is achieved by con-
necting pin 7 through a programming resistor to ground.
The V-I limiter circuit is governed by the equation:

0.28 Vo
20 + Rwi
Rci + 0.007

0.65 +

Iuimir =

where:

Iuimvir is the maximum current available at a given
output voltage.

Rvi is the value (kQ) of the resistor from pin 7 to
ground.

Rcy is the current limit resistor in ohms.
Vo is the instantaneous output voltage in volts.

Reactive or EMF generating loads may produce unusual
(perhaps undesirable) waveforms with the V-I limit cir-
cuit driven into limit. Since current peaks in a reactive
load do not align with the output voltage peaks, the
output waveform will not appear as a simple voltage-
limited waveform. Response of the load to the limiter, in
fact, may produce a “backfire” reaction producing unus-
ual output waveforms.
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BURR-BROWN®

OPA541

MILITARY & DIE
VERSIONS
AVAILABLE

OPA541

High Power Monolithic
OPERATIONAL AMPLIFIER

N

FEATURES

o POWER SUPPLIES TO +40V

© QUTPUT CURRENT TO 10A PEAK
o PROGRAMMABLE CURRENT LIMIT
o INDUSTRY-STANDARD PINOUT

o FET INPUT

DESCRIPTION

The OPAS541 is a power operational amplifier capable
of operation from power supplies up to 40V and
continuous output currents up to SA. Internal current
limit circuitry can be user-programmed with a single
external resistor, protecting the amplifier and load
from fault conditions. The OPA541 is fabricated
using a proprietary bipolar/ FET process.

Pinout is compatible with popular hybrid power
amplifiers such as the OPASIl, OPAS5I2 and the
3573. The OPAS541 uses a single current-limit resistor

APPLICATIONS

o MOTOR DRIVER

o SERVO AMPLIFIER

o SYNCHRO EXCITATION

o AUDIO AMPLIFIER

o PROGRAMMABLE POWER SUPPLY

to set both the positive and negative current limits.
Applications currently using hybrid power amplifiers
requiring two current-limit resistors need not be
modified.

The OPAS541 is available in an industry-standard 8-
pin TO-3 hermetic package. The case is isolated
from all circuitry, thus allowing it to be mounted
directly to a heat sink without special insulators
which degrade thermal performance.

+Vs
< 5
+In
Y <—K
N " $
——t Current
f Sense
) }__ Rcu
Output
'———K L! Output  (ext)
Drive
™
¢ o ® L_ﬁ
—Vs
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SPECIFICATIONS
ELECTRICAL
At Tc = +25°C and Vs = £35VDC unless otherwise noted

OPA541AM OPA541BM/SM
PARAMETER CONDITIONS MIN TYP MAX MIN | TYP I MAX UNITS
INPUT OFFSET VOLTAGE
Vos +2 +10 +01 +1 mVv
vs Temperature Specified temperature range +20 +40 +15 +30 uv/°C
vs Supply Voltage Vs = 210V to £Vmax 125 +10 * * uVV
vs Power +20 +60 * * UV/W
INPUT BIAS CURRENT
ls 4 50 * * pA
INPUT OFFSET CURRENT
los +1 +30 * * pPA
Specified temperature range 5 * nA
INPUT CHARACTERISTICS
Common Mode Voltage Range Specified temperature range +(|Vs|—6) +(|Vs|—3) * * A
Common Mode Rejection Vem = (]£Vs|—6V) 95 113 * * dB
Input Capacitance 5 * pF
Input Impedance, DC 1 * TQ
GAIN CHARACTERISTICS
Open Loop Gain at 10Hz R.=6Q 90 97 * * dB
Gain Bandwidth Product 16 * MHz
OUTPUT
Voltage Swing lo = 5A, Continuous +(|Vs|=55) | £(|Vs|—45) * * v
lo=2A £(IVs|-4) | £(]Vs|-36) * * v
lo=05A +(|Vs|—4) | £(|Vs|—32) * * \
Current, Peak 9 10 * * A
AC PERFORMANCE
Slew Rate 6 10 * * V/us
Power Bandwidth RL=8Q, Vo = 20Vrms 45 55 * * kHz
Settling Time to 0 1% 2V Step 2 * us
Capacitive Load Specified temperature range, G = 1 33 * nF
Specified temperature range, G > 10 SOA *
Phase Margin Specified temperature range, R. = 8Q 40 * . | Degrees
POWER SUPPLY
Power Supply Voltage, Vs Specified temperature range +10 +30 +35 * +35 +40 v
Current, Quiescent ) 20 25 * * mA
THERMAL RESISTANCE
8uc, (Junction to case) AC output f > 60Hz 125 15 * * °C/W
bic DC output 14 19 * * °C/W
8ua, (Junction to ambient) No heat sink 30 * °C/W
TEMPERATURE RANGE
Tease AM, BM —25 +85 * * °C
SM —55 +125 °C

*Specification same as OPA541AM
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MECHANICAL

A
i INCHES MILLIMETERS
[ oM [TMIN_| MAX | MIN_| MAX_| -
7 B A | 1510 | 1550 | 3835 | 3937 <
Seating Plane | | E K NOTE Leads In true position [ 745 770 | 1892 | 1956 n
N | within 0 010" (0 25mm) R at MMC C | 2601 30 80 | 762 <
at seating plane D | 038] o 97 { 107
E | o080 | 10 03 | 267 o
Pin numbers shown for reference F 40° BASIC 40° BASIC
only Numbers may not be marked G 500 BASIC 127 BASIC O
on package H | 1186BASIC | 3012BASIC
J 593 BASIC 15 06 BASIC
K 400 | 500 | 1016 | 1270
Q 151 161 | 384 | 409
R R 980 | 1020 | 2489 | 2591
w
ABSOLUTE MAXIMUM RATINGS CONNECTION DIAGRAM ™
=
Supply Voltage, +Vs to —Vs 80V
Output Current . see SOA Top View ﬂ_
Power Dissipation, Internal®™ . 125W NC E
Input Voltage Differential ............. ......... ... .. EVs +Vs
Common-mode . .. Vs <
Temperature Pin solder, 10s .. +300°C Current i
dunction™ L. e +150°C <
Temperature Range +in
StOrage ....vviiiiiiiiiii i i . —65°C to +150°C z
Operating (Case) ........covvveuiinenenennenns —55°C to +125°C O
—
NOTE (1) Long term operation at the maximum junction temperature I-'
will result in reduced product life Derate internal power dissipation to —in <
achieve high MTTF o o
Output [11]
ve o
NG (@)

ORDERING INFORMATION

Temperature
Model Package Range
OPA541AM TO-3 -25°C to +85°C
OPA541BM TO-3 -25°C to +85°C
OPA541SM TO-3 -55°C to +125°C
BURN-IN SCREENING OPTION
Temperature Burn-In
Model Package Range Temp. (160h)"”
OPA541AM-BI TO-3 -25°C to +85°C +85°C
OPA541BM-BI TO-3 —25°C to +85°C +85°C
OPA541SM-BI TO-3 -55°C to +125°C +125°C

NOTE. (1) Or equivalent combination of time and temperature  (2) Minimum order is 25 pieces
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TYPICAL PERFORMANCE CURVES

Ta =+25°C, Vs = £35VDC unless otherwise noted
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COMMON-MODE REJECTION
VS FREQUENCY
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INSTALLATION
INSTRUCTIONS

POWER SUPPLIES

The OPAS541 is specified for operation from power
supplies up to +40V. It can also be operated from
unbalanced or single power supply as long as the total
power supply voltage does not exceed 80V. The power
supplies should be bypassed with low series impedance
capacitors such as ceramic or tantalum. These should be
located as near as practical to the amplifier’s power
supply pins. Good power amplifier circuit layout is, in
general, like good high frequency layout. Consider the
path of large power supply and output currents. Avoid
routing these connections near low-level input circuitry
to avoid waveform distortion and oscillations.

CURRENT LIMIT

Internal current limit circuitry is controlled by a single
external resistor, Rcr. Output load current flows through
this external resistor. The current limit is activated when
the voltage across this resistor is approximately a base-
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emitter turn-on voltage. The value of the current limit
resistor is approximately:

RCL = M —0.057

[Tim|

The current limit value decreases with increasing temp-
erature due to the temperature coefficient of a base-
emitter junction voltage. Similarly, the current limit
value increases at low temperatures. Current limit versus
resistor value and temperature effects are shown in the
Typical Performance Curves.

The adjustable current limit can be set to provide
protection from short circuits. The safe short-circuit
current depends on power supply voltage. See the discus-
sion on Safe Operating Area to determine the proper
current limit value.

Since the full load current flows through Rci,, it must be
selected for sufficient power dissipation. For a SA
current limit, the dissipation of Rc. will be 3.25W for SA
continuous currents. Sinusoidal output will create dis-
sipation according to the rms load current. Thus for the
same 5A current limit, AC peaks would be limited to SA,
but the rms current would be 3.5A and a resistor with a
lower power rating could be used. Some applications
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(such as voice amplification) are assured of signals with
much lower duty cycles, allowing a current resistor with
a lower power rating. Wire-wound resistors may be used
for RcL. Some wire-wound resistors, however, have
excessive inductance and may cause loop-stability prob-
lems. Be sure to evaluate circuit performance with
resistor type planned for production to assure proper
circuit operation.

HEAT SINKING

Power amplifiers are rated by case temperature, not
ambient temperature as with signal op amps. The max-
imum allowable power dissipation is a function of the
case temperature as shown on the power derating curve.
All points on the power derating slope produce a
maximum internal junction temperature of +150°C. Suf-
ficient heat sinking must be provided to keep the case
temperature within safe bounds for the maximum am-
bient temperature and power dissipation. The thermal
resistance of the heat sink required may be calculated by:

Ous — Lcase — Tamient
Pp (max)

Commercially available heat sinks often specify their
thermal resistance. These ratings are often suspect, how-
ever, since they depend. greatly on the mounting environ-
ment and air flow conditions. Actual thermal performance
should be verified by measurement of case temperature
under the required load and environmental conditions.

No insulating hardware is required when using the TO-3
package. Since mica and other similar insulators typically
add approximately 0.7°C/W thermal resistance, their

elimination significantly improves thermal performance.
See Burr-Brown Application Note AN-83 for further
details on heat sinking.

SAFE OPERATING AREA

The safe operating area (SOA) plot provides compre-
hensive information on the power handling abilities of
the OPAS541. It shows the allowable output current as a
function of the voltage across the conducting output
transistor (see Figure 1). This voltage is equal to the
power supply voltage minus the output voltage. For
example, as the amplifier output swings near the positive
power supply voltage, the voltage across the output
transistor decreases and the device can safely provide
large output currents demanded by the load.

Short circuit protection requires evaluation of SOA.
When the amplifier output is shorted to ground, the full
power supply voltage is impressed across the conducting
output transistor. The current limit must be set to a
value which is safe for the power supply voltage used.
For instance, with Vs 35V, a short to ground would
force 35V across the conducting power transistor. A
current limit of 1.8 A would be safe.

Reactive, or EMF-generating, loads such as DC motors
can present difficult SOA requirements. With a purely
reactive load, output voltage and load current are 90°
out of phase. Thus, peak output current occurs when the
output voltage is zero and the voltage across the con-
ducting transistor is equal to the full power supply
voltage. See Burr-Brown Application Note AN-123 for
further information on evaluating SOA.

10—

SAFE OPERATING AREA

— %
<
-_: 10
0.1 I
1 10 100
Vs = Vourl (V) ‘

FIGURE 1. Safe Operating Area.
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REPLACING HYBRID POWER AMPLIFIERS

The OPAS541 can be used in applications currently using
various hybrid power amplifiers, including the OPA501,
OPAS511, OPAS12, and 3573. Of course, the application
must be evaluated to assure that the output capability
and other performance attributes of the OPA541 meet
the necessary requirements. These hybrid power ampli-
fiers use two current limit resistors to independently set
the positive and negative current limit value. Since the
OPAS41 uses only one current limit resistor to set both
the positive and negative current limit, only one resistor
(see Figure 4) need be installed. If installed, the resistor
connected to pin 2 is superfluous — it does no harm.

Because one resistor carries the current previously carried
by two, the resistor may require a higher power rating.
Minor adjustments may be required in the resistor value

APPLICATIONS CIRCUITS

to achieve the same current limit value. Often, however,
the change in current limit value when changing models
is small compared to its variation over temperature.
Many applications can use the same current limit resistor.

BURN-IN SCREENING

Burn-in screening is an option available for the models
indicated in the Ordering Information table. Burn-in
duration is 160 hours at the maximum specified grade
operating temperature (or equivalent combination of
time and temperature).

All units are tested after burn-in to ensure that grade

specifications are met. To order burn-in, add “-BI” to the
base model number.

l_
_\ .D|
|

Inductive-
L jor EMF-
D2 Generating
f Load

- 0 1uF
10uF

—iF

—Vs =

Dy — D2 IN4003

35V
Q
0 1ufF
'—E_| R
< 10kQ
A
30pF —L
Vo
Vin O~ + 050
Ry <
2sm§ 01k Av=1+Re/Ri =5
k- 0 *
-35V

FIGURE 2. Clamping Output for EMF-Generating Loads.

(Not Required)

Ra +
A rvVIr =4
. ] !
1
OPAS501 “ OPA541
Re. ™ Reu
Pin 2 is “open”
on OPA541.

FIGURE 4. Replacing OPAS01 with OPAS41.
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FIGURE 6. Programmable Voltage Source.
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+
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FIGURE 7. 16-Bit Programmable Voltage Source.
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ADVANCE INFORMATION SUBJECT TO CHANGE

BURR-BROWN®

OPA550

ADVANCE INFORMATION
SUBJECT TO CHANGE

ﬁ

High-Power

FEATURES

® HIGH OUTPUT CURRENT: 2A

® SOA PROTECTION CIRCUITRY

® HIGH POWER SUPPLY VOLTAGE:
Vg =35V

@ HIGH SLEW RATE: 15V/us

@ FET INPUT

©® PACKAGING OPTIONS:

Low-Cost Plastic Package
TO-3 Metal Package

DESCRIPTION

The OPAS550 is a low-cost power operational amplifier
capable of outputs to +30V at 2A. It combines the ease-
of-use of a simple op amp with high-output capability
for demanding loads. Its 15V/is slew rate provides the
wide power bandwidth often required in high-power
applications.

Unique protection circuitry senses output and load
characteristics to limit output to safe levels. The
OPAS550 is safe for highly reactive, as well as resistive,

OPERATIONAL AMPLIFIER

APPLICATIONS

® SERVO-MOTOR DRIVER

® PROGRAMMABLE POWER SUPPLIES
@ AUDIO AMPLIFIER

@ LINE DRIVER

® ATE PIN DRIVER

Laser-trimmed FET input circuitry eliminates external
trimming and provides low input bias current. The
OPAS550 idles at low quiescent current, yet is free from
troublesome cross-over distortion common with low
quiescent current power amplifiers.

The OPA550 is available in a low-cost, 5-pin TO-220

package and in a TO-3 metal package. Industrial and
military temperature ranges are available.

loads. +Vg .
® J
=In +n ‘E
:
|._
Eq " Circuit 2 Output
y b3
o
@ ® ® % -
_V!
international Alrport industrial Park +  Mailing Address: PO Box 11400 + Tucson, AZ85734 . Street Address: 6730 S. Tucson Bivd. - Tucson, AZ 85706
Tel: (602) 746-1111  «  Twx:910-952-1111 .+ Cable: BBRCORP . Telex:66-6491 .+ FAX:(602) 889-1510
PDS-853
Burr-Brown IC Data Book 2-135 Vol. 33
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ADVANCE INFORMATION SUBJECT TO CHANGE
SPECIFICATIONS

T, = +25°C, V = 35V unless otherwise noted.

OPAS50SM.

PARAMETER

CONDITION

OFFSET VOLTAGE
Input Offset Voltage
Over Specified Temperature
Average Drift
Power Supply Rejection

V, = 10 t0 £35V

Noa

INPUT BIAS CURRENT
Input Bias Current

Veu=0V
Veu=0V
Veu =0V
Veu =0V

NOISE
Input Voltage Noise f= 1kHz

INPUT IMPEDANCE
Differential
Common-Mode

INPUT VOLTAGE RANGE
Common-mode Input Range
Common-mode Rejection

V,,, = 10V

OPEN-LOOP GAIN
Open-loop Voltage Gain
Over Specified Temperature

V, =130V, R_=20Q
V, =130V, R =200

FREQUENCY RESPONSE
Slew Rate

Unity-Gain Bandwidth Product
Total Harmonic Distortion

G=+1

G =+10, f = 1kHz

3
B

OUTPUT
Voltage Output

Over Specified Temperature
Current Output
Short Circuit Current
Output Resistance, Open-loop
Load Capacitance

lo=2A
lo=0.5A

1MHz

V5
V-85

25

E‘D>><<

POWER SUPPLY
Specified
Operating
Current, quiescent

lo=0

+10

+40

§<<

TEMPERATURE RANGE

&L 4%

+125

+125
+150

88 848

Burr-Brown IC Data Book

2-136

Vol. 33



BURR-BROWN®

RS,

‘§W3§ 0PA600
W MILITARY
VERSION
AVAILABLE

Fast-Settling Wideband
OPERATIONAL AMPLIFIER

FEATURES

© GAIN BANDWIDTH PRODUCT: 5GHz

o FAST SETTLING: 80ns to +0.1%
100ns to +0.01%

® —25°C to +85°C AND
—55°C to +125°C TEMPERATURE RANGES

e +10V OUTPUT: 200mA

DESCRIPTION

The OPAG600 is a wideband operational amplifier
specifically designed for fast settling to +0.01%
accuracy. It is stable, easy to use, has good phase
margin with minimum overshoot, and it has excellent
DC performance. It utilizes an FET input stage to
give low input bias current. Its DC stability over
temperature is outstanding. The slew rate exceeds
400V/us. All of this combines to form an outstanding
amplifier for large and small signals.

High accuracy with fast settling time is achieved by
using a high open-loop gain which provides the
accuracy at high frequencies. The thermally balanced
design maintains this accuracy without droop or
thermal tail. External frequency compensation allows

Frequency

Offset Offset Compensation

Frequency
Compensation +Vcc

APPLICATIONS

o FAST VCO

© HIGH-SPEED D/A CONVERTER OUTPUT AMPLIFIER
o VIDEO AMPLIFIER

o HIGH-SPEED ADC DRIVER

© LOW-DISTORTION AMPLIFIER

o TRANSMISSION LINE BUFFER

the user to optimize the settling time for various
gains and load conditions.

The OPAG600 is useful in a broad range of video,
high speed test circuits and ECM applications. It is
particularly well suited to operate as a voltage
controlled oscillator (VCO) driver. It makes an
excellent digital-to-analog converter output amplifier.
It is a workhorse in test equipment where fast pulses,
large signals, and 50Q) drive are important. It is a
good choice for sample/holds, integrators, fast
waveform generators, and multiplexers.

The OPAG600 is specified over the industrial temp-
erature range (OPA600BM, CM) and military temp-
erature range (OPA600SM, TM). The OPAG600 is
housed in a welded, hermetic metal package.

Frequency
Common  Compensation

L § 1 Current
1 I —— 500 Boost
— :....\
+Input T(r r Output
16 )k e 1
L 1

© 5N
{

Boost

50Q T Current

&S

‘ 1 ’Common

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

At Vee = £15VDC and Ta = +25°C'unless otherwise specified

OPAG0OCM, TM". OPA600BM, SM
PARAMETER CONDITIONS min [ tve [ max | min | Tve | max | units
OUTPUT
Voltage RL = 2kQ +10 * v
R. =500 +9 * v
Current R. = 5007 +180 | +200 * * mA
Current Pulse R. =500 +180 | +200 * * mA
Resistance Open loop DC . 75 * Q
Short-Circuit Current To COMMON only, tuax = 15 250 300 * * mA
DYNAMIC RESPONSE
Settling Time' to 20 01% (£1mV) AVour =10V 100 125 * * ns
to £0 1% (£10mV) AVour =10V 80 105 * * ns
to £1% (£100mV) AVour = 10V 70 95 * * ns
Gain-Bandwidth Product (open-loop) Cc =0pF, G =1V/V 150 * MHz
Cc = 0pF, G =10V/V 500 * MHz
Cc = 0pF, G = 100V/V 15 * GHz
Cc = OpF, G = 1000V/V 5 * GHz
Cc = OpF, G = 10,000V/V 10 * GHz
Bandwidth (—3dB small signal)® G =+1VV 125 * MHz
G= 90 * MHz
G= 95 * MHz
G= 20 * MHz
G = —1000V/V 6 * MHz
Full Power Bandwidth Vour = 5V, G = —1V/V, Cc = 3 3pF, RL = 100Q 16 * MHz
Slew Rate Vour = 5V, G = —1000V/V, Cc = OpF, R = 100Q 500 * V/us
Vour = 5V, G = —1V/V*¥ 400 440 * * V/us
Phase Margin G =-1V/V, Cc =3 3pF 40 * Degrees
GAIN
Open-Loop Voltage Gain f=DC, R, = 2k, Ta = +25°C [ 86 | o4 ] I dB
INPUT
Offset Voltage™ Ta = +25°C +1 | x4 +2 +5 mv
Ta=—25°C to +85°C +5 +10 mvV
Ta=—55°C to +125°C +6 +15 mV
Offset Voltage Drift Ta =—25°C to +85°C +20 +80 uv/°C
Ta = —55°C to +125°C +20 +100 uv/°C
Bias Current Ta = +25°C —20 —100 * * pA
Ta = —25°C to +125°C —20 | —100 * * nA
Offset Current Ta=+25°C 20 * pPA
Ta = —55°C to +125°C 20 * nA
Power Supply Rejection Ratio Vee = 15V, £1V 200 500 * * UV
Common-Mode Voltage Range —-10 +7 * * A
Common-Mode Rejection Ratio Vem = —5V to +5V 60. 80 * * dB
Impedance Differential and Common-Mode 10")12 * Q||pF
Voltage Noise 10kHz Bandwidth 20 * nV/\/Hz
POWER SUPPLY
Rated (Vcc) +15 * vDC
Operating Range +9 +16 . * vDC
Quiescent Current +30 +38 * * mA
TEMPERATURE RANGE (Ambient)®
Operating BM, CM —25 +85 * * °C
SM, TM —55 +125 * * °C
Storage —65 +150 i * °C
8ic, (Junction to case) 30 * °C/W
Bca, (case to ambient 35 * °C/W

*Specification same as OPA600CM, TM

NOTES (1) BM, CM grades —25°C to +85°C SM, TM grades —55°C to +125°C  (2) Pin 9 connected to +Vcc, pin 7 connected to —Vcc Observe power dissipation
ratings  (3) Pin 9 and pin 7 open Single pulse t = 100ns Observe power dissipation ratings. (4) Pin 9 and pin 7 open See section on Current Boost (5) G =
—1V/V Optimum settling time and slew rate achieved by individually compensating each device Refer to section on Compensation  (6) Frequency compensation as
discussed in section on Compensation  (7) Adjustable to zero. (8) Heat Sink (optional): IERC LBOCI-72CB with 2 each DCV-1B Clamps
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Open-Loop Gain (dB)

o0 BODE PLOT COMPENSATION AND SLEW RATE VS GAIN
T 10 700
% H— [ll (l: L] M-
N c = OpF
80 [——N Rjcc= 1 T
70 NG a8 600
N 3
Cc = 3 3pF - i 2
¢ = 3 3pF17] 286 500
g e SLEW RATE
N ) 53 \ A
o5 d
1] Hoog 2, X w00
10 Ce ={|I;>F—— Cc = 1pF w50 8 2
ob—cc=33pF o & & \
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MECHANICAL

l.ﬁ_A__T Jnj,,_
I

—

DenotesPin1

i [ Seating Plane
(A

~-e ° INCHES MILLIMETERS
DIM | MIN | MAX | MIN | MAX
A 963 | 980 | 2446 | 2489
r—“_—"‘vl B 760 | 805 | 1930 | 2045
[ 175 | 190 | 445 | 483
T T D 014 | 022 | 036 | 056

H 1 G 100 BASIC 254 BASIC
I H 135 155 | 343 | 394
L K 230 | 270 | 584 | 686

L 600 BASIC 15 24 BASIC
R 095 | 115 | 241 | 292

NOTES
1 Leads in true position within 0 010"

(0 25mm) R at MMC at seating plane
2 Pin numbers shown for reference only

ORDERING INFORMATION

OPA600

Performance Grade
B, C = —25°C to +85°C

S, T=-55°C to +125°C

Package

M = Metal DIP
Hi-Reliability Q- ing
(optional)

o
—=z
_._..__10

Offset Null
(optional)

—Input 3

+Input
16

NOTES (1) Refer to Figure 4 for recommended frequency compensation

(2) Connect pin 9 to pin 12 and connect pin 7 to pin 6 for maximum output
current See Application Information for further information  (3) Bypass
each power supply lead as close as possible to the amphfier pins A 1uF
CS13 tantalum capacitor 1s recommended (4) There is no internal
connection An external connection may be made  (5) Itis recommended
that the amplifier be mounted with the case in contact with a ground plane
for good thermal transfer and optimum AC performance

ABSOLUTE MAXIMUM RATINGS"’

Supply Voltage, +Vcc to —Vec
Power Dissipation, At Tcase +125°C?.
Input Voltage Differential .........
Common-Mode.......

Output Short Circuit Duration to Common. ...
Temperature: Pin (soldering, 20sec). ...
Junction'”,

Temperature Range Storage
Operating (Case)............ —55°C to +125°C

NOTES (1) Stresses above those hsted under “Absolute Maximum
Ratings” may cause permanent damage to the device Exposure to
absolute maximum conditions for extended periods may affect device
reliability  (2) Long term operation at the maximum junction temperature
will result in reduced product life Derate internal power dissipation to
achieve high MTTF

TYPICAL PERFORMANCE CURVES

Typical at Ta = +25°C and *Vcc = 15VDC, unless otherwise specified:

Slew Rate (V/usec)

OPA600

N
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SETTLING TIME SETTLING TIME AND
200 SETTLING TIME VS GAIN 200 VS OUTPUT VOLTAGE CHANGE 12 SLEW RATE VS TEMPERATURE
AV =20V 001V G=1V/\V |
25
ts (0 01%)
5 8150 1 $
@ 001%
g 200 2 / 2 ts
g g —] s
£ 150 £100 / 0.1% 210 pr”
2 2 /7 &
=, ] = K
Z 100} 3 / | ] 2 SR
2] (] 1%
50 09
50
0 .L 0 8l=
1 10 100 1000 O 10 15 20 -75 -50 -25 0 +25 +50 +75 +100+125
Closed-loop Gain 1V/Vi =1+ RF/RIN Output Voltage Change V! Temperature (°C:
OPEN-LOOP GAIN AND QUIESCENT
230 QUTPUT VOLTAGE VS OUTPUT CURRENT 12 CURRENT VS TEMPERATURE 14 GAIN-BANDWIDTH
1 1
G =-10VV
25
?’ 11 1.2
o 20 ® o
g 2 3 e
- L
3 > la o | 3
> 45 210 g - 210
3 k] s
g 5 3 AOL\ & \
. R e e — AN
| 09 h
N 08
. Vee =+12
08 06
0 50 100 150 200 250 300 -75 -50 -25 O +25 +50 +75 +100 +125 " 75 50 -25 O +25 +50 +75 +100 +125
Output Current - mA Temperature 1°C: Temperature (°C:

INSTALLATION AND
OPERATION

WIRING PRECAUTIONS

The OPAG600 is a wideband, high frequency operational
amplifier with a gain-bandwidth product exceeding SGHz.
This capability can be realized by observing a few wiring
precautions and using high frequency layout techniques.
In general, all printed circuit board conductors should
be wide to provide low resistance, low impedance signal
paths and should be as short as possible. The entire phys-
ical circuit should be as small as is practical. Stray capaci-
tances should be minimized, especially at high impe-
dance nodes, such as the input terminals of the amplifier
and compensation pins. Stray signal coupling from the
output to the input should be minimized. All circuit ele-
ment leads should be as short as possible and low values
of resistance should be used. This will give the best cir-
cuit performance as it will minimize the time constants
formed with the circuit capacitances and will eliminate
stray, unwanted tuned circuits.

Grounding is the most important application considera-
tion for the OPA600, as it is with all high frequency
circuits. Ultra-high frequency transistors are used in the
design of the OPA600 and oscillations at frequencies of
500MHz and above can be stimulated if good grounding

techniques are not used. A ground plane is highly
recommended. It should connect all areas of the pattern
side of the printed circuit that are not otherwise used.
The ground plane provides a low resistance, low induc-
tance common return path for all signal and power
returns. The ground plane also reduces stray signal
pickup.

Point-to-point wiring is not recommended. However, if
point-to-point wiring is used, a single-point ground
should be used. The input signal return, the load signal
return and the power supply common should all be con-
nected at the same physical point. This eliminates com-
mon current paths or ground loops which can cause
unwanted feedback.

Each power supply lead should be bypassed to ground as
near as possible to the amplifier pins. A IuF CSI3 tanta-
lum capacitor is recommended. A parallel 0.01uF ceramic
may be added if desired. This is especially important
when driving high current loads. Properly bypassed and
modulation-free power supply lines allow full amplifier
output and optimum settling time performance.

OPA600 circuit common is connected to pins 1 and 13;
these pins should be connected to the ground plane. The
input signal return, load return, and power supply com-
mmon should also be connected to the ground plane.
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The case of the OPA600 is internally connected to circuit
common, and as indicated above, pins 1 and 13 should be
connected to the ground plane. Ideally, the case should
be mechanically connected to the ground plane for good
thermal transfer, but because this is difficult in practice,
the OPA600 should be fully inserted into the printed
circuit board with the case very close to the ground plane
to make the best possible thermal connection. If the case
and ground plane are physically connected or are in
close thermal proximity, the ground plane will provide
heat sinking which will reduce the case temperature rise.
The minimum OPA600 pin length will minimize lead
inductance, thereby maximizing performance.

COMPENSATION

The OPA600 uses external frequency compensation so
that the user may optimize the bandwidth or settling
time for his particular application. Several performance
curves aid in the selection of the correct compensations
capacitance value. The Bode plot shows amplitude and
phase versus frequency for several values of compensa-
tion. A related curve shows the recommended compen-
sation capacitance versus closed-loop gain.

Figure 1 shows a recommended circuit schematic. Com-
ponent values and compensation for amplifiers with sev-
eral different closed-loop gains are shown. This circuit
will yield the specified settling time. Because each device
is unique and slightly different, as is each user’s circuit,
optimum settling time will be achieved by individually
compensating each device in its own circuit, if desired. A
10% to 20% improvement in settling time has been experi-
enced from the values indicated in the Electrical Specifi-
cations table.

k]

[SE-
E
L

Closed
Loop
Gain Ry | Ry | Ry | R [C4,Cy1C3 | C4 | Rg
+1 open | 100 | short | open| 6.8 0 [}
-1 620 | 620 | short | open| 3.3 4.7 0 56
-10 100 1k short | open 1 2.2 o 100
—100 100 | 3.3k | 3.3k | 32k 0 1 0 100

—1000 100 | 3.3k | 3.3k | 116 0 [ 4.7 | 100

FIGURE 1. Recommended Amplifier Circuits and
Frequency Compensation.
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The primary compensation capacitors are C; and C; (see
Figure 1). They are connected between pins 4 and S and
between pins 11 and 14. Both C, and C; should be the
same value. As Figure 1 and the performance curves
show, larger closed-loop configurations require less capa-
citance and improved gain-bandwidth product can be
realized. Note that no compensation capacitor is required
for closed-loop gains equal to or above 100V/ V. If upon
initial application the user’s circuit is unstable, and
remains so after checking for proper bypassing, ground-
ing, etc., it may be necessary to increase the compensa-
tion slightly to eliminate oscillations. Do not over com-
pensate. It should not be necesary to increase C, and C,
beyond 10pF to 15pF. It may also be necessary to indi-
vidually optimize C, and C; for improved performance.

The flat high frequency response of the OPA600 is pre-
served and high frequency peaking is minimized by con-
necting a small capacitor in parallel with the feedback
resistor (see Figure 1). This capacitor compensates for
the closed-loop, high frequency, transfer function zero
that results from the time constant formed by the input
capacitance of the amplifier, typically 2pF, and the input
and feedback resistors. The selected compensation capa-
citor may be a trimmer, a fixed capacitor or a planned
PC board capacitance. The capacitance value is strongly
dependent on circuit layout and closed-loop gain. It will
typically be 2pF for a clean layout using low resistances
(1k€) and up to 10pF for circuits using larger resitances.
Using small resistor values will preserve the phase mar-
gin and avoid peaking by keeping the break frequency of
this zero sufficiently high. When high closed-loop gains
are required, a three-resistor attenuator is recommended

to avoid using a large value resistor with its long time
constant.

CAPACITIVE LOADS

The OPA600 will drive large capacitive loads (up to
100pF) when properly compensated and settling times of
under 150ns are achievable. The effect of a capacitive
load is to decrease the phase margin of the amplifier,
which may cause high frequency peaking or oscillations.
A solution is to increase the compensation capacitance,
somewhat slowing the amplifier’s ability to respond. The
recommended compensation capacitance value as a func-
tion of load capacitance is shown in Figure 2. (Use two
capcitors, each with the value indicated.) Alternately,
without increasing the OPA600’s compensation capaci-
tance, the capacitive load may be buffered by connecting
a small resistance, usually 50 to 50(), in series with the
Output, pin 8.

For very-large capacitive loads, greater than 100pF, it
will be necessary to use doublet compensation. Refer to
Figure 3 and discussion on slew rate. This places the
dominant pole at the input stage. Settling time will be
approximately 50% slower; slew rate should increase.
Load capacitance should be minimized for optimum
high frequency performance.

Because of its large output capability, the OPA600 is
particularly well suited for driving loads via coaxial
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FIGURE 2. Capacitive Load Compensation and Response.

cables. Note that the capacitance of coaxial cable
(29pF/foot of length for RG-58) will not load the ampli-
fier when the coaxial cable or transmission line is termi-
nated in its characteristic impedance.

SETTLING TIME

Settling time is defined as the total time required, from
the input signal step, for the output to settle to within the
specified error band around the final value. This error
band is expressed as a percentage of the magnitude of
the output transition, a 10V step.

Settling time is a complete dynamic measure of the
OPA600’s total performance. It includes the slew rate
time, a large signal dynamic parameter, and the time to
accurately reach the final value, a small signal parameter
that is a function of bandwidth and open-loop gain. Per-
formance curves show the OPA600 settling time to +19%,
+0.1%, and 10.01%. The best settling time is achieved in
low closed-loop gain circuits.

Settling time is dependent upon compensation. Under-
compensation will result in small phase margin, over-
shoot or instability. Over-compensation will result in
poor settling time.

Figure 1 shows the recommended compensation to yield
the specified settling time. Improved or optimum settling
time may be achieved by individually compensating each
device in the user’s circuit since individual devices vary
slightly from one to another, as do user’s circuits.

SLEW RATE

Slew rate is primarly an output, large signal parameter.
It has virtually no dependence upon the closed-loop gain
or small signal bandwidth. Slew rate is dependent upon
compensation and decreasing the compensation capaci-
tor value will increase the available slew rate as shown in
the performance curve.

The OPA600 slew rate may be increased by using an
alternate compensation as shown in Figure 3. The slew
rate will increase between 700 and 800V/ us typical, with
0.01% settling time increasing to between 175 and 190ns
typical, and 0.1% settling time increasing.to between 110
and 120ns typical.
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*3pF typ should match stray capacitance between pin 3 and common

FIGURE 3. Amplifier Circuit for Increased Slew Rate.

For alternate doublet compensation refer to Figure 3.
For a closed-loop gain equal to —1, delete C; and C; and
add a series RC circuit (R = 22, C = 0.01uF) between
pins 14 and 4. Make no connections to pins 11 and 5.
Absolutely minimze the capacitance to these pins. If a
connector is used for the OPA600, it is recommended
that sockets for pins 1l and 5 be removed. For a PC
board mount, it is recommended that the PC board
holes be overdrilled for pins 11 and 5 and adjacent
ground plane copper be removed. Effectively this com-
pensation places the dominant pole at the input stage,
allowing the output stage to have no compensation and
to slew as fast as possible. Bandwidth and settling time
are impaired only slightly. For closed-loop gains other
than —1, different values of R and C may be required.

OFFSET ADJUSTMENT

The offset voltage of the OPA600 may be adjusted to
zero by connecting a 5k() resistor in series with a 10k(}
linear potentiometer in series with another 5k(} resistor
between pins 2 and 15, as shown in Figure 4. It is impor-
tant that one end of each of the two resistors be located
very close to pins 2 and 15 to isolate and avoid loading
these sensitive terminals. The potentiometer should be a
small noninductive type with the wiper connected to the
positive supply. The leads connecting these components
should be short, no longer than 0.5-inch, to avoid stray
capacitance and stray signal pick-up. If the potenti-
ometer must be located away from the immediate vicin-
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FIGURE 4. Offset Null Circuit.

ity of the OPA600, extreme care must be observed with
the sensitive leads. Locate the two 5k resistors very
close to pins 2 and 15.

Never connect +Vcc directly to pin 2 or 15. Do not
attempt to eliminate the 5k} resistors because at extreme
rotation, the potentiometer will directly connect +Vcc to
pin 2 or 15 and permanent damage will result.

Offset voltage adjustment is optional. The potentiometer
and two resistors are omitted when the offset voltage is
considered sufficiently low for the particular application.
For each microvolt of offset voltage adjusted, the off-
set voltage temperature sensitivity will change by
+0.004.V/°C.

CURRENT BOOST

External ability to bypass the internal current limiting
resistors has been provided in the OPA600. This is
referred to as current boost. Current boost enables the
OPAG600 to deliver large currents into heavy loads
(+£200mA at +10V). To bypass the resistors and activate
the current boost, connect pin 7 to —Vcc at pin 6 with a
short lead to minimize lead inductance and connect pin 9
to +Vcc at pin 12 with a short lead.

CAUTION—Activating current boost by bypassing the
internal current limiting resistors can permanently dam-
age the OPA600 under fault conditions. See section on
short circuit protection.

Not activating current boost is especially useful for
initial breadboarding. The 50 (£5%) current limiting
resistor in the collector circuit of each of the output
transistors causes the output transistors to saturate; this
limits the power dissipation in the output stage in case of
a fault. Operating with the current boost not activated
may also be desirable with small-signal outputs (i.e.,
+1V) or when the load current is small.

Each resistor is internally capacitively-bypassed (0.01xF,
+20%) to allow the amplifier to deliver large pulses of
current, such as to charge diode junctions or circuit capa-
citance and still respond quickly. The length of time that

Burr-Brown IC Data Book

the OPA600 can deliver these current pulses is limited by
the RC time constant.

The internal voltage drops, output voltage available,
power dissipation, and maximum output current can be
determined for the user’s application by knowing the
load resistance and computing;

Vour = 14 [Rroap + (50 + Rroap)]

This applies for RLoap less than 100Q) and the current
boost not activated. When Rpoab is large, the peak out-
put voltage is typically £11V, which is determined by
other factors within the OPA600.

SHORT-CIRCUIT PROTECTION

The OPA600 is short-circuit-protected for momentary
short to common (<Ss), typical of those enountered
when probing a circuit during experimental breadboard-
ing or troubleshooting. This is true only if pins 7 and 9
are open (current boost not activated). An internal 50Q
resistor is in series with the collector of each of the out-
put transistors, which under fault conditions will cause
the output transistors to saturate and limit the power
dissipation in the output stage. Extended application of
an output short can damage the amplifier due to exces-
sive power dissipation.

The OPA600 is not short-circuit-protected when the cur-
rent boost is activated. The large output current capabil-
ity of the OPA600 will cause excessive power dissipation
and permanent damage will result even for momentary
shorts to ground.

Output shorts to either supply will destroy the OPA600
whether the current boost is activated or not.

OPERATIONAL AMPLIFIERS ! OPA600

HEAT SINKING AND POWER DISSIPATION

The OPAG600 is intended as a printed circuit board
mounted device, and as such does not require a heat
sink. It is specified for ambient temperature operation
from —55°C to +125°C. However, the power dissipation
must be kept within safe limits. At extreme temperature
and under full load conditions, some form of heat sink-
ing will be necessary. The use of a heat sink, or other
heat dissipating means such as proximity to the ground
plane, will result in cooler operating temperatures, better
temperature performance, and improved reliability.

It may be necessary to physically connect the OPA600 to
the printed circuit board ground plane, attach fins, tabs,
etc., to dissipate the generated heat. Because of the wide
variety of possibilities, this task is left to the user. For all
applications it is recommended that the OPA600 be fully
inserted into the printed circuit board and that the pin
length be short. Heat will be dissipated through the
ground plane and the AC performance will be its best.

With a maximum case temperature of +125°C and not
exceeding the maximum junction of +175°C, a maxi-
mum power dissipation of 600mW is allowed in either
output transistor.
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TESTING

For static and low frequency dynamic measurements,
the OPA600 may be tested in conventional operational
amplifier test circuits, provided proper ground tech-
niques are observed, excessive lead lengths are avoided,
and care is maintained to avoid parasitic oscillations.
The circuit in Figure 3 is recommended for low fre-
quency functional testing, incoming inspection, etc. This
circuit is less susceptible to stray capacitance, excessive
lead length, parasitic tuned circuits, changing capacitive
loads, etc. It does not yield optimum settling time. We
recommend placing a resistor (approximately 300Q)) in
series with each piece of test equipment, such as a DVM,
to isolate loading effects on the OPA600.

To realize the full performance capabilities of the OPA600,
high frequency techniques must be employed and the test
fixture must not limit the amplifier. Settling time is the
most critical dynamic test and Figure 5 shows a recom-.
mended OPA600 settling time test circuit schematic.
Good grounding, truly square drive signals, minimum
stray coupling, and small physical size are important.

The input pulse generator must have a flat topped, fast
settling pulse to measure the true settling time of the
amplifier. A circuit that generates a =5V flat topped
pulse is shown in Figure 6.

(3) Use 5100 with generator of Figure 6.

Pulse in (O 3

6190

= ¢510°
16

Input = £5V =
Output = £5V
Error Output £0.5mV (+0 01%)
(1) 0.02Q Matched = -15vDC

(2) HP2835 ~15VDC
A o ‘W__. WuF
6190 "&1 6190 "-—J_ l-]
+15VDC ;;‘5‘0“’ 6190 ¢

+15VDC

) TuF
- tH l !
1/2 2N5564
[ Error Out
1/2 2N5564

@Oulpuf i -
A

61902 -

A

1uF

p—tg ~ .
-15VDC

(2) With Cz = Cs = 3 3pF typical, C, optimized for circuit layout, and R. = 50Q. t; < 100ns.

FIGURE 5. Settling Time and Slew Rate Test Circuit.

+15VDC

IN4148,

$ 6400
*Q $ 9w
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A
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Input = TTL
Output = +5V

1 100uF

——e—1

Pulse Out

FIGURE 6. Flat Top Pulse Generator.
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OPA602

MILITARY & DIE
VERSIONS
AVAILABLE

BURR-BROWN©®
‘

High-Speed Precision
Dfer° OPERATIONAL AMPLIFIER

FEATURES APPLICATIONS

o WIDE BANDWIDTH: 6.5MHz o PRECISION INSTRUMENTATION

o HIGH SLEW RATE: 35V/us o OPTOELECTRONICS

o LOW OFFSET: +250uV max o SONAR, ULTRASOUND

o LOW BIAS CURRENT: +1pA max o PROFESSIONAL AUDIO EQUIPMENT

® FAST SETTLING: 1us to 0.01% o MEDICAL EQUIPMENT

o UNITY-GAIN STABLE o DATA CONVERSION

DESCRIPTION

The OPA602 is a precision, wide bandwidth FET @

operational amplifier. Monolithic L#Zef (dielec-
trically isolated FET) construction provides an unu-
sual combination of high speed and accuracy.

Its wide-bandwidth design minimizes dynamic errors.
High slew rate and fast settling time allow accurate
signal processing in pulse and data conversion appli- 3 I._J.__

cations. Wide bandwidth and low distortion minimize +in Cascode I :
Oufput

+Vs

AC errors. All specifications are rated with a 1k}
resistor in parallel with 500pF load. The OPA602 is [
unity-gain stable and easily drives capacitive loads

up to 1500pF. _{>

Laser-trimmed input circuitry provides offset voltage
and drift performance normally associated with b
precision bipolar op amps. Z¥Zef construction @
achieves extremely low input bias currents (IpA

max) without compromising input voltage noise. (\’b
The OPA602’s unique input cascode circuitry main-

tains low input bias current and precise input char-

acteristics over its full input common-mode voltage

range.

A
W

—Vs

Difer ® Burr-Brown Corp

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

PDS-753B
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SPECIFICATIONS

ELECTRICAL

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

OPAG02AM/AP/AU OPA602BM/SM/BP OPA602CM
PARAMETER CONDITIONS MIN TYP | MAX MIN TYP | MAX | MIN TYP | MAX | UNITS
INPUT NOISE
Voltage: fo = 10Hz . 23 * nV/VHz
fo = 100Hz * 19 * nV/vHz
fo=1kHz . 13 * nV/vHz
fo = 10kHz * 12 * nV/VHz
fs = 10Hz to 10kHz * 14 * uVrms
fa = 0.1Hz to 10Hz 4 0.95 . uVp-p
Current: fg = 0.1Hz to 10Hz * 12 * fAp-p
" fo=0.1Hz to 20kHz . 0.6 * tA/VHzZ
OFFSET VOLTAGE
Input Offset Voltage*
“M" Package Vem =0VDC +300 | +£1000 +150 | +500 +100 | +250 u
“P” Package 1 2 . 0.5 1 mVv
“U” Package 1 3 : mvV
Over Specified Temp:

“M” Package +550 +250 | +1000 +200 | +500 u
“P", “U” Packages +1.5 +0.76 1.5 mV
Average Drift Ta = Trn to Tmax b +15 13 15 . +2 uv/°C
Supply Rejection +Vs =12V to 18V 70 b 80 100 86 . dB

BIAS CURRENT
Input Bias Current Vem =0VDC +2 +10 +1 +2 405 +1 pA
Over Specified Temp. +20 +500 +20 +200 +10 +100 PA
SM Grade +200 | +2000 pPA
OFFSET CURRENT ’ .
Input Offset Current Vem =0VDC 1 10 05 2 0.5 1 pPA
Over Specified Temp. . 20 500 20 200 10 100 PA
SM Grade 200 1000 . PA
INPUT IMPEDANCE .
Differential . 1071 * Q|lpF
Common-Mode * 1013 * QllpF
INPUT VOLTAGE RANGE i
Common-Mode Input Range * * +10.2 +13, * * A
-1
Common-Mode Rejection Vin = 110VDC 75 * 88 100 92 * dB
OPEN LOOP GAIN, DC
Open-Loop Voltage Gain RL=1kQ 75 * 88 100 92 * dB
FREQUENCY RESPONSE
Gain Bandwidth Gain =100 35 * 4 6.5 5 * MHz
Full Power Response 20Vp-p, RL =1kQ * 570 * kHz
Slew Rate Vo = %10V, R = 1kQ 20 * 24 35 28 . Vius
Settling Time. 0.1% Gain =—1, R.=1kQ * 06 | * us
0.01% C. = 500pF, 10V step . 1.0 * us
RATED OUTPUT
Voltage Output RuL=1kQ M * 1.5 | +12.9, * * v
—13.8
Current Output Vo = +10VDC * * +15 +20 * * mA
Output Resistance 1MHz, open loop * 80 . Q
Load Capacitance Stability Gain = +1 * 1500 . * pF
Short Circuit Current +25 * +30 +50 * . mA
POWER SUPPLY
Rated Voltage * +15 * vbC
Voltage Range,
Derated Performance . . 15 +18 * * vDC
Current, Quiescent lo=0mADC * * 3 4 b4 * mA
Over Specified Temp. hd * 35 45 * * mA
TEMPERATURE RANGE
Specification Ambient temp. * o —25 +85 b * °C
SM Grade —55 +125 °C
Operating: “M” Package Ambient temp. * b —55 +125 * * °C
“P", “U” Packages —25 +85 —25 +85 °C
Storage. “M” Package Ambient temp. . * —65 +150 * * °C
“P", “U” Packages —40 +125 —40 +125 °C
8 Junction-Ambient . 200 * °C/W

*Specification same as OPA602BM
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CONNECTION DIAGRAMS MECHANICALS

Top View NC T0-99 To89 INCHES | MILLIMETERS
OIM [ MIN_ [ MAX_| MIN_| MAX
f*— B —*| A | 335 | a0 | 85 | 940
% B8 305 | 335 | 775 | 851
Offset Tnm “Vs [} C 165 185 | 419 470
0 (- i D | 016 | o021 | 041 ] 053
T - — ¥ = € 010 | 040 | 025 [ *02
£ F J F | 00 | 040 | 025 102
n () Output Seatin K <H\/_ G | 200BASIC | 508BASIC
Plane 9 : H | 028 | 034 | 071 | 086
| I | J 029 | 045 | 074 | 114
© NOTE Leads in true K 500 127
f T
Al ‘_‘J' position within 0 010" L 110 160 | 279 | 406
(0 25mm) R at MMC M 45_BASIC 45 BASIC
Vs at seating plane N 095 [ 05 | 241 [ 267
DIP
— A —i p—L—= .
" ' INCHES MILLIMETERS
Top View \UJ oip A I | OIM [ MIN | MAX | MIN | MAX
o ¥ | ] A 355 | 400 | 903| ‘016
offset Tnm| | 1 8| [ nc I A, | 340 | 385 | 865] 980
A B8 | . B | 20| 290 | s585] 738
| o B. | 200 | 250 | 509 636
P R -~ e - C | 20| 200 305] 509
In Vs D | 015 023 ] 03] 059
Pin 1 F 030 | o070 | o76] 178
—o{ Fpe— y NOTE Leads In true G 100 BASIC 254 BASIC
Output F position within 0010 | H 025 | 050 | 064 127
C  (025mm)RatMMC | J 008 | 015 | 020 038
—t at seating plane K 070 150 178 382
4 5] | Offset Tnm I Itk L 300 BASIC 763 BASIC
i i N ™ 0 15 0 5
N 010 | 030 | 025] 076
G
) —H' D ﬁfaar:::ng [ 025 | 050 | o064 127
[+ INCHES MILLIMETERS
soic $O A Pin 1 Identifier o [N T MAX T MIN | MAX
Top View A 185 201 470 | 511
Ay—y 1 Ay 178 201 452 | 511
[ m C B | 146 | 62 | 371 | an
Offset Tnm | 1 . 8 |NC & 1 130 [ a0 | 330 | 378
-“-D N C | osa | 145 | 137 | 369
In | 2 7 I Vs B, B G 5] 015 o1 038 | 048
! G | 050BASIC 127 BASIC
l W | o1 | 02 | 046 | 066
“in E 3 Output —— M L J | o008 | o012 | 020 | 030
T L | 200 | 252 | 559 | 640
Vs | 4 5 I Offset Tnm T e 1 o ¢ | 1o
. Pin 1 - H L J [N ow [ 02 ] o0 [ 030
NOTE (1) This box is for performance grade NOTE Leads in true position Pin numbers shown for reference
identifier’ Blank indicates K grade within 0 010" (0 25mm) R at only Numbers are not marked
MMC at seating plane on package

ABSOLUTE MAXIMUM RATINGS

Supply . . ... +18VDC Operating Temperature Range “M” —55°C to +125°C
Internal Power Dissipation (TJ < +175°C) .+1000mW , “P” —25°C to +85°C
Differential Input Voltage . . ... . Total Vs Lead Temperature (soldering, 10s) . eee oo .. .+300°C
Input Voltage Range . . .... . . . . .. EVs Output Short Circuit to ground (+25°C) ....... ..Continuous
Storage Temperature Hange “M" —65°C to +150°C Junction to Temperature R ... ..H175°C

“U”, “P” —40°C to +125°C

ORDERING INFORMATION

Temperature Offset Voitage
Model Package Range max (uV)
OPA602AM TO-99 -25°C to +85°C +1000
OPA602BM TO-99 —25°C to +85°C +500
OPA602CM TO-99 —-25°C to +85°C +250
OPA602SM TO-99 -55°C to +125°C +500
OPA602AP Plastic DIP —25°C to +85°C +1000
OPA602BP Plastic DIP -25°C to +85°C +500
OPA602AU Plastic SOIC -25°C to +85°C +1000
BURN-IN SCREENING OPTION
Temperature Burn-in
Model Package Range Temp. (160h)”
OPA602AM-BI TO-99 ’ -25°C to +85°C +125°C
OPA602CM-BI TO-99 -25°C to +85°C +125°C
OPA602SM-BI TO-99 —55°C to +125°C +125°C
OPA602AP-BI Plastic -25°C to +85°C +85°C
OPA602BP-BI Plastic —-25°C to +85°C +85°C
OPA602AU-BI Plastic SOIC —25°C to +85°C +85°C

NOTE (1) Or equivalent combination of time and temperature
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TYPICAL PERFORMANCE CURVES

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

100 __INPUT CURRENT NOISE SPECTRAL DENSITY " INPUT VOLTAGE NOISE SPECTRAL DENSITY
=T F - T T 1 T i
ST }
S RRIIE i i }
_ | -
£ — 1 = 1
- H >
3 10 b=t 3 100 f— T
= E
2 E e -
T o
§ . & 10 [ .
3 3 ! !
[§] : S B e
o1 [ L |
1 10 100 1k 10k 100k ™ ! 10 100 |3 10k 100k ™
Frequency (Hz) Frequency (Hz)
POWER SUPPLY REJECTION AND COMMON-MODE TOTAL INPUT VOLTAGE NOISE SPECTRAL DENSITY
REJECTION vs TEMPERATURE AT 1kHz vs SOURCE RESISTANCE
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Temperature (°C) Source Resistance (Q)
COMMON-MODE REJECTION
vs INPUT COMMON MODE VOLTAGE OPEN-LOOP FREQUENCY RESPONSE
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TYPICAL PERFORMANCE CURVES (CONT).

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

OPEN-LOOP GAIN
vs TEMPERATURE
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MAXIMUM OUTPUT VOLTAGE SWING
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TYPICAL PERFORMANCE CURVES (CONT)

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

BIAS AND OFFSET CURRENT
vs TEMPERATURE
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APPLICATIONS INFORMATION

Unity-gain stability with good phase margin and excellent
output drive characteristics bring freedom from the subtle
problems associated with other high speed amplifiers. But
with any high speed, wide bandwidth circuitry, careful
circuit layout will ensure best performance. Make short,
direct interconnections and aveid stray wiring capacitance
—especially at.the inverting input pin.

Power supplies should be bypassed with good high
frequency capacitors positioned close to the op amp pins.
In most cases 0.1uF ceramic capacitors are adequate.
Applications with heavier loads and fast transient wave-
forms may benefit from use of 1.OuF tantalum bypass
capacitors.

INPUT BIAS CURRENT GUARDING

Leakage currents across printed circuit boards can easily
exceed the input bias current of the OPA602. A circuit
board “guard” pattern (Figure 1) is an effective solution to
difficult leakage problems. By surrounding critical high
impedance input circuitry with a low impedance circuit
connection at the same potential, leakage currents will
flow harmlessly to the low impedance node.

Input bias current may also be degraded by improper
handling or cleaning. Contamination from handling parts
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BIAS AND OFFSET CURRENT
vs INPUT COMMON MODE VOLTAGE

10 10
3 Bias Current pott™? Q
g g
z - e 3
g y e
5 | g Offset Current 3
o t 3
3 ]
< [ -
& o1 3
001 001
15 -10 -5 0 +5 +10 +15
Common-Mode Voltage (V)
COMMON-MODE REJECTION
"vs FREQUENCY
140 | ]
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e 80 \ )
;8 60 D
: | N ]
s ‘ N T
E 40 t - 1+
£ ’ ]
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s
0 [
1 10 100 1k 10k 100k 1M 10M
Frequency (Hz)
Noninverting Buffer

P
v

o7

-

To Guard Drive

Board Layout For Input Guarding
Guard top and bottom of board
Alternate—use Teflon® standoff for sensitive input pins

Teflon® E | Du Pont de Nemours & Co

FIGURE 1. Connection of Input Guard.
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and circuit boards may be cleaned with appropriate
solvents and de-ionized water. Each rinsing operation
should be followed by a 30-minute bake at +85°C.
BURN-IN SCREENING

Burn-in screening is an option available for the models
indicated in the Ordering Information table. Burn-in

APPLICATION CIRCUITS

+10mV Typical
Trim Range

duration is 160 hours at the maximum specified grade
operating temperature (or equivalent combination of
time and temperature).

All units are tested after burn-in to ensure that grade

specifications are met. To order burn-in, add “-BI” to the
base model number.

MSB

o o o o 0B

J944: i‘fe%fu?e?a

O +15v

17 DAC7541A Out1

O] Vrererence

Single-Point Ground

Vour = —Vrer (& + B B B1e
2 4

+eee +
4096
—10V < Veer < +10V

*10kQ to 1Ms. Trim 4095
Potentiometer (100kQ 0= Vour = - 4096 Veer
Recommended) Where By = 11f the By digital input is high
. Bn = 0 1f the By digital input is low
FIGURE 2. Offset Voltage Trim.
FIGURE 3. Voltage Output D/A Converter.
(2)
HP 5082-2835
» » +15V
2kQ l :
N AP
4ToF 500
a 'j.
At
AA- 5100
2kQ
+15V 1uF
High Quality
Pulse Generator 1uF Tantalum = =r 1 + —dt |
Pulse in + -
+5V e = 12 2N5564  £reor out
_ +05mV
(0 01%)
OPA602 : o t
L 510 Output )
l 1uF Tantalum -
L = + 1/2 2N5564
= C. -L 500pF uF
—15v =
= q L
510Q -
1uF
—15V "_'17'
FIGURE 4. Settling Time and Slew Rate Test Circuit.
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" BURR-BROWNG®

OPAG605

Wideband Fast-Settling
OPERATIONAL AMPLIFIER

FEATURES

o FAST SETTLING: 230nsec typ to 0.01%

o WIDE BANDWIDTH: 200MHz Gain-Bandwidth Product
o FAST SLEWING: 300V/usec slew rate, Ac. = 50

® LARGE OUTPUT CURRENT: +20mA min at 10V

o LOW VOLTAGE OFFSET AND DRIFT: 500V 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 £30mA guaranteed minimum output current
(at £10V) allows the user to realize the 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

o WAVEFORM GENERATORS

o HIGH SPEED TEST EQUIPMENT
o PHOTODIODE AMPLIFIERS

er circuitry is not needed for most applications.

The 500nsec max to 0.1% settling time specification is
guaranteed with a load of 5000 and 100pF. Also the
open-loop gain is guaranteed at the full £30mA
output. )

In addition to the excellent wideband and fast settling
characteristics, the OPAG60S also offers outstanding
DC performance. Offset voltages are as low as 500u V
max and offset voltage drift versus temperature of
only SuV/°C max is available.

— — @ +gg
TRIM @iﬂﬁi . @ comp 1
mm(u}m o ] . @ comp2
.m@—-%———[ o Se, PN
+HIN®— —E}@omm
M,

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 and +V¢c = 15VDC unless otherwise noted.
MODEL OPAG605HG/OPAB0SAM | OPAGO5SKG/OPABOSCM
PARAMETER CONDITION MIN T TYP [ mAX | MIN T TvP | mAX UNITS
OPEN-LOOP GAIN, DC
Full Load Vo =10V, RL = 33002 80 96 * * dB
No Load Vo = +10V, Ry = 10k} 102 ' dB
RATED OUTPUT
Voitage lo = +30mA 10 *12 . * Vv
Current Vo = +10V +30 +50 * * mA
Output Resistance Open Loop 200 . 1)
Short Circuit Current Internal Limits(1) *30 +50 +80 * ‘ . mA
Capacitive Load(? Act =-1, C¢ = 20pF 500 . pF
DYNAMIC RESPONSE :
Gain-Bandwidth Product
AcL =1000,Cc =0 200 . MHz
Act =-1, C¢ = 20pF 20 . MHz
Slew Rate RL =330}, Vo =0 to +10V,
AcL=>50,Cc=0 0to-10V 300 * V/usec
Act = -1, Cc = 20pF 80 94 * . V/usec
Full Power Bandwidth RL = 33011, Vo = 10V, 13 15 * : MHz
AcL =-1, Cc = 20pF
Setthing Time, Ay = -1(3) Cc = 20pF, RL = 50011,
CtL = 100pF, Vo =0 to +10V,
0to-10V
e=1% 200 ‘ nsec
e=01% 230 500 . . nsec
«=001% 350 * nsec
Small-Signal Overshoot Av =-1,Cc =20pF, RL =5001) 0 20 . . %
CL = 100pF
INPUT OFFSET VOLTAGE
Initial Offset, Ta = +25°C +0.25 10 * 05 mv
vs Temperature TLto Tu, Vem =0 +25 *5 uv/eC
vs Supply Voltage +30 +200 . uv
Adjustment Range(4) Circuit in +9 . mV
“Connection Diagram”
INPUT BIAS CURRENT
Inttial Bias Ta =+25°C,Vem =0 -5 -35 . * PA
vs Temperature TLtoTH Note 5 .
vs Supply Voltage o 02 * pPA/N
vs Vem Note 6 :
INPUT DIFFERRENCE CURRENT
imitial Difference - Ta=+25°C,Vecm =0 +2 N pPA
vs Temperature Note 5 *
vs Supply Voltage 005 * pAN
VOLTAGE NOISE DENSITY Rs < 1000
fo = 10Hz 22 * nV/\/Hz
fo = 100Hz 11 . nv/\ Hz
fo = 1kHz 8 . nv/yHz
fo = 10kHz 6 . nv/A/Hz
. fo = 100kHz 6 . nV\/Hz
INPUT IMPEDANCE B
Differential
Resistance 1011 . 0
Capacitance 3 * pF
Common-Mode
Resistance 1om . 0
Capacitance 3 * pF
INPUT VOLTAGE RANGE
Common-Mode Voltage Lmea[ Operation
Range *10 +12 * . \
Common-Mode Rejection 70 90 80 . d8
POWER SUPPLY
Rated Voltage +15 | . vDC
Voltage Range Derated Performance +5 *18 | ‘ vDC
Current, Quiescent 72 9| . mA
TEMPERATURE RANGE
Specification
HG, KG Grades TLtoTH 0 +70 ‘ . °C
AM, CM Grades TLtoTh -25 +85 . : °C
Operating Derated Performance -55 +125 : . °C
Storage -65 +150 . . °C
NOTES:  *Specifications same as for OPA605HG/AM (1) Current limit may be i d with T (2) AI-

lowable capacitive load depends on several factors. See Compensation section.

Figure 4. (4) Adj

affects voltag

drift vs P

by app

(5) Doubles approximately every 8.5°C. (6) See Typical Performance Curves.
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(3) Settling Time measured in circuit of
10.3uV/°C for each 100uV of offset adjusted.
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PIN CONFIGURATION

1 No Internal Connection
2 'Optional Frequency Compensation 014 10
3 Offset Adjust ~ ‘ 013* 20
4 Inverting Input
5 Noninverting Input ! Q,12 30
6 -Vcc on 40
7 Optional Short Circuit Adjust 010 50
8 Optional Short Circuit Adjust 09 80
9 Offset Adjust
ABSOLUTE MAXIMUM RATINGS 10 Output os 70
11 +Vce
12 Frequency Compensation Bottom View
ISUPPWI P Dissipati t ﬂo‘y, ' 13 No Internal Connection * Pin numbers shown for reference only
nternal Power Dissi paho(r;). .- veen 14 No Internal Connection Numbers are not marked on package
Differential Input Voltage @ . £20VDC * Case on metal package Pin 13 1s case on metal unit
Input Voltage, Either Input™ ...y +20VDC -
Storage Temperature Range ... —65°C to +150°C
Operating. Temperature Range ..... . —55°C to +125°C
Lead Temperature (soldering 10 seconds)..........c.c.evenns +300°C CONNECTION DIAGRAM
Output Short-Circuit Duration . . .... Continuous
Junction Temperature +175°C *vee °§g’jﬁ§,‘{;’;,]ﬁ?,5
NOTES: (1) Package must be derated according to details in the Appli- +Rsci

cation Information section. (2) For supply voltages less than +20VDC, A
the absolute maximum input is equal to the supply voltage. (3) Short “ViN
circuit to ground only See Short Circuit Protection discussion in the

Application Information section.

NOTES. (1) Offset voltage adjustment affects voltage drift versus temp-
erature by approximately +0 3uV/°C for each 100uV of offset adjusted
(2) Optional resistors to increase current limits See Application Informa-
tion (3) Optional frequency compensation See Application Information

MECHANICAL
METAL PACKAGE—"M" CERAMIC PACKAGE—"G"
le—— A —f A
f !
8 B
+ |

Denotes Pin 1

rc Denotes - N
S S— Pin 1 i
TTITTT nJt ¢
T f )
K K
G—= D L _ J
e je—H H-s{ le— =i G} Seating Plane
1 —aip— D L
't_——‘ 1935283 Pin numbers shown for reference NOTES.
R 14131211109 8 only. Numbers are not marked . (1) Leads in true position within 0.010"
°0o0900e on package. (0.25mm) R at MMC at seating plane
(2) Pin material and plating composition
NOTE" Leads in true position conform to method 2003 (solderability)
within 0.010” (0 25mm) R at MMC of MIL-STD-883 (except
at seating plane. paragraph 3.2)
INCHES | MILLIMETERS INCHES MILLIMETERS
OM[ MIN T MAX | MIN | MAX DIM | MIN | MAX | MIN |
A 860 88! 2184 | 2235 A 770 810 | 1956
B 490 | 510 | 1245 | 1295 B 480 | 500 | 1219
C 170 250 432 635 C 155 215 94
D 016 021 041 053 2] 016 020 41
G 100BASIC. | 254 BASIC G 100 BASIC 54 BASIC
H 115 | 155 | 202 | 364 H 080 1 3] 279
K 150 | 300 [ 381 | 762 J 009 1 23 | 030
L 300 BASIC 762 BASIC K 150 1 81 | 533
R 20| 203 ] 305 L 300BASIC | 762BASIC
N | 015 [ 035 38 | 089
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TYPICAL PERFORMANCE CURVES

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

COMPENSATION CAPACITANCE AND AC PARAMETERS
SLEW RATE VS NONINVERTING GAIN POWER DERATING VS TEMPERATURE
60 20
BRI | | | ) LI
@ Noninverting gain = 1/8 s Ty=Ta+Pox (61 +62+6ca) 16 AcL =-1V/\V 8
g 50 +——+— z | |+Poo(ﬂz+0cu Cc = 20pF ©
Q [ T R+ %15 ; 14
° VB=—4 a (Curves shown for Ppa = 270mW) ' <
5 40 g 1000 5‘ | g 12| o
= 1s00 ] 20 N
§ o \ mg g n\\\Metal Package 120°C/W g ‘o NN ts o
g10 g SR
2 P Iz & \< 5 06 o+ N
s 20 1002 &
3 ES 0;’ 5 \ « ™~ BW
2 1% &° 06
210 30 © Ceramic Package
g 145°C/W 0.4
() N 0 |
123510 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-LOOP PHASE SHIFT COMMON-MODE REJECTION ]
VS FREQUENCY VS FREQUENCY VS FREQUENCY E
a ‘—
120 _ S 120 L
8 R § =
2100 8 \ Cc =0pF 2 100
: SN N i \ 2
s 80 a Cc =20pF «c 80
S D\ E NN T/ s A
§ 60 5 90 o 60
3 Cc = 20pF \\\ s Cc = 20pF € \\ 1
£ 40 N 2135 § 40 N <
Q N, a | E 20 3
o 20 AN Cc =0pF 4
b S o
0 N =
10 100 1k 10k 100k 1M 10M 100M 10 100 1k 10k100k 1M 10M 100M 10 100 1k 10k 100k 1M 10M 100M :
Frequency (Hz) Frequency (Hz) Frequency (Hz) m
LARGE SIGNAL TRANSIENT POWER SUPPLY REJECTION COMMON-MODE REJECTION VS Iﬁl_'l
RESPONSE VS FREQUENCY COMMON-MODE VOLTAGE o
D 120 2 110 l lr |
— < *Vcc =15V
S +10 § 100 — $ 100 «©
- Q
$ s £ &0 N g o
£ < > N o r N
g o0 > 60 LN\ 2 80
5 \ g +srf [N N\ o
g5 3 40 N £
s \ \ \ & 70
o = ]
-10 2 N DN €
2 2 g 60
AcL = +1V/V, Cc = 40pF k4 N s
+——t 0 50
RL =5000, CL = 100pF
1 - il 1 L
0 200 400 600 8001000 1200 10 100 1k 10k 100k 1M 10M 100M -15 110 -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
| T I
§ z _ t=0is power turn on
g 01 E7s 3100
o o Ta=-25°C g
8 10 H ; — 5 80
a €170 + S Ceramic Case
2 10 2 : Ta=+25°C 3 /]
210 5 Ta =+85°C 5 60
3 / g 65 S \
N
£ 8 ' o 40 -
E 2 6o g Metal Case
81 3 2 2 / i
[$]
P ——
-0 5 0 +5 +10 5 10 15 20 0 1 2 3 4 5
Common-mode Voltage (V) Supply Voltage, +Vcc (V) Time (min)
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APPLICATION INFORMATION

SLEW RATE

Slewrate is a 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 Cc) and the
particular closed-loop circuit configuration. The best
settling time is generally obtained at low gains.

COMPENSATION

The OPAG60S5 uses external frequency compensation
which allows the user to optimize slew rate, bandwidth
and settling time for a particular application. As men-
tioned previously, compensation is normally a com-
promise between the desired speed and the necessary
frequency stability - the higher the speed the lower the
value of Cc¢ and the less stable the circuit. Several of the
Typical Performance Curves provide information to aid
in the selection of the correct value of compensation
capacitor. In addition, several typical circuits show
recommended compensation in different applications.

The value of compensation capacitor required for stability
is a function of the amount of negative feedback used in
the particular application. :
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This is characterized as 1/8, where B8 is the “feedback
factor™. 1/ is also equal to the gain in noninverting
configurations (see figures 2 and 3).

FIGURE 1. Unity Gain Follower.

() By = 1Kn

AA
W

—> Vour

FIGURE 2. Unity Gain Inverting.

R = 1000 Ay = 90001
LI AT
R

FIGURE 3. Gain of +10V.

The OPA605 may be compensated in either one of two
ways. In the primary compensation method, C¢ 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 C¢ is recom-
mended. The use of C¢” will give lower output impedance
at higher frequencies. This can be an advantage in some
applications, but the effects are subtle and must be
determined empirically.

Improved stability with larger capacitive loads may be
obtained by connecting a small resistor (a value of 16(} is
recommended) in series with the output (see figures 2
through 4).
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Flat high frequency closed-loop frequency response may
be preserved and any high frequency peaking reduced by
connecting a small capacitor (Cr in the examples) in
paralle] 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 frora 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 indvuctance 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
willeliminate any common current paths or ground loops
which could cause signal modulation or unwanted
feedback.

Each power supply lead should be bypassed to ground as
near as possible to the amplifier pins.

All printed circuit board conductors should be wide to
provide low resistance, low inductance connections, and
should be as short as possible. In general, the entire
physical circuit should be as small as practical. Stray
capacitance should be minimized especially at high
impedance nodes. Pin 4, the inverting input is especially
sensitive to capacitance and all connections to that point
must be short.

Input and feedback resistors should be kept as small in
value as practical: values less than 5.6k() are recom-
mended. This will minimize performance limitations
caused by the time constants formed by these resistors
and circuit capacitances.

g, T I G o

View from component side of board. Shaded area Is pattern side connector.

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, Rex1 connected between pins 7 and 10 and pins
8 and 10. The short-circuit current is then Iyc = 0.05 +
0.6/ Rexi (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:

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

Tc = Case temperature

Ta = Ambient temperature

6ca = Thermal resistance, case-to-ambient

Error Signal, “S” Poq = Quiescent power dissipation
+5mV for Vg |+Veel Lquiescent + |—Vee| I-quiescent
"3A 1k Ry 1K within +0.1% of 10V. Pox = Power dissipation in the output transistor
- L 1 172 H (In a complementary output stage‘ only one output
Y Ry 1k transistor is conducting current at a time.)
“%amlnc Ry Tko Cg
N T
= o - WA ,
—=Your 6= 5 0=
= icl- 30°C/W S 40°C/W
= le Puo () [ ] Tc an
3 fca
Cy. C3 Gy T
Taame T 1 4T A
e Voo
NOTES: [ Metal Case | Ceramic Case |
1. Fast recovery diodes, HP5082-2811. oca| seCcW | T5C/W |
2. Rg optional. Improves frequency stability when driving large
capacitive loads. Ty =Ta+ Poq 62+ ga) + Ppx 167 + 62 + 6)
3. Resistive load at Vv Is 50002 dus to 1K feedback resistors.
4. Not included on printed circult layout. FIGURE 6. Thermal Model.
This model yields a Power Derating curve which is a
FIGURE 4. Dynamic Test Circuit. function of Ppq. See Typical Performance Curves.
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BURR-BROWN®

vl

OPAG606

AVAILABLE
DIE FORM

Wide-Bandwidth 2/7er®
OPERATIONAL AMPLIFIER

FEATURES

DESCRIPTION

o WIDE BANDWIDTH, 13MHz typ
o HIGH SLEW RATE, 35V/usec typ
o LOW BIAS CURRENT, 10pA max: at T, = +25°C
o LOW OFFSET VOLTAGE, 500V max

o LOW DISTORTION, 0.0035% typ at 10kHz

The OPA606 is a wide-bandwidth monolithic dielec-
trically-isolated FET (L2/7ef®) operational ampli-
fier featuring a wider bandwidth and lower bias cur-
rent than BIFET® LF156A amplifiers. Bias current
is specified under warmed-up and operating condi-

Difes® Burr-Brown Corp , Bifet® National Semiconductor Corp.

APPLICATIONS

o OPTOELECTRONICS
o DATA ACQUISITION
o TEST EQUIPMENT

o AUDIO AMPLIFIERS

tions, not at a JUNCTION temperature of +25°C.
Laser-trimmed thin-film resistors offer improved
offset voltage and noise performance.

The OPAG606 is internally compensated for unity-
gain stability.

mO O

Q-

4

Mo

®

fon
o)

)
i

q

SIMPLIFIED CIRCUIT

©

OUTPUT
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SPECIFICATIONS

ELECTRICAL
At Vec = £15VDC and Ta = + 25°C unless otherwise specified
OPAG06KM/SM OPAG06LM OPAG06KP ©
PARAMETER CONDITIONS MmN | Tve [ max | min | Tve [ max | min [ tve [ max | uns | ©
FREQUENCY RESPONSE S
Gain Bandwidth Small signal 10 125 1 13 9 12 MHz n_
Full Power Response 20V p-p, R = 2kQ 515 550 470 kHz o
Slew Rate Vo = £10V, 22 33 25 35 20 30 V/usec
RL = 2kQ
Settling Time™. 0 1% Gain = —1, 10 10 10 usec
R. = 2kQ
0.01% 10V step 21 21 21 usec
Total Harmonic Distortion G = +1, 20V p-p 00035 00035 00035 %
R = 2kQ,
f = 10kHz
INPUT
OFFSET VOLTAGE® (7))
Input Offset Voltage Vem = OVDC +180 +1.5mV +100 +500 +300 +3mVv uv m
Average Drift Ta = Tmin t0 Tmax +5 +3 +5 +10 uv/°C
Supply Rejection Vee = +10V to £18V 82 100 90 104 80 90 dB E
+10 +79 +6 +32 +32 +100 N [TH
BIAS CURRENT®? =
Input Bias Current Vem = OVDC +7 +15 +5 +10 +8 +25 pA n-
OFFSET CURRENT? E
Input Offset Current Vem = OVDC +06 +10 104 +5 +1 +15 PA <
NOISE
Voltage, fo = 10Hz 100% tested (L) 37 30 40 37 nV/\/Hz -]
100Hz 100% tested (L) 21 20 28 21 nwHz | &
1kHz 100% tested (L) 14 13 16 14 vz | 2
10kHz @ 12 1 13 12 nV/\/Hz o
20kHz @ 1 105 13 1 ARz | =2
fe =10Hz to 10kHz @ 13 12 15 13 uV rms |—
Current, fo = 0 1Hz thru 20kHz @ 15 13 2 17 fA/\/Hz <
IMPEDANCE 0@
Differential 101 10" 1 10" |11 QlpfF | LI
Common-Mode 10 3 10" 3 10" 3 QllpF | A
VOLTAGE RANGE (@]
Common-Mode Input Range +105 +115 *11 +11.6 +102 11 v
Common-Mode Rejection Vin = +10VDC 80 95 85 96 78 90 dB
OPEN-LOOP GAIN, DC
Open-Loop Voltage Gain R = 2kQ o5 | 115 | [ 100 | 118 | 0 | 10 |
RATED OUTPUT
Voltage Output RL = 2kQ *11 +122 ) £12 +126 *11 +12 \
Current Output Vo = +10VDC +5 +10 +5 +10 +5 +10 mA
Output Resistance DC, open loop 40 40 40 Q
Load Capacitance Stability Gain = +1 1000 1000 1000 pF
Short Circuit Current 10 20 10 20 10 20 mA
POWER SUPPLY
Rated Voltage +15 +15 +15 vDC
Voltage Range,

Derated Performance +5 +18 +5 +18 +5 +18 vDC
Current, Quiescent lo = OMADC 65 95 62 9 65 10 mA
TEMPERATURE RANGE
Specification Ambient temp

KM, KP, LM 0 +70 0 +70 0 +70 °C
SM —55 +125 °C
Operating Ambient Temp —55 +125 —55 +125 —25 +85 °C
8 Junction-Ambient 200 200 155 °C/W
NOTES (1) See settling time test circuit in Figure 2 (2) Offset voltage, offset current, and bias current are measured with the units fully warmed up  (3) Sample

tested—this parameter 1s guaranteed on L grade only
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ELECTRICAL (FULL TEMPERATURE RANGE SPECIFICATIONS)

At Ve = £15VDC and Ta = Tw to Tuax unless otherwise noted.

OPAG06KM/SM OPAG06LM OPAG06KP
PARAMETER CONDITIONS mn [ tve [ max [ min | tve | max | min | tve | max | units
TEMPERATURE RANGE
Specification Range Ambient temp KM 0 +70 0 +70 0 +70 °C
SM —55 +125 °C
INPUT
OFFSET VOLTAGE"
Input Offset Voltage Vem = OVDC KM +400 +2mV +335 +750 +750 +3 5mVv uv
SM +680 | +3mV v
Average Dnift +5 +3 +5 +10 uv/°C
Supply Rejection Vee = £10V to +18V 80 98 85 100 78 95 dB
+13 +100 +10 +56 +18 +126 MV/IV
BIAS CURRENT™
Input Bias Current Vem = OVDC KM +158 +339 +113 1226 +181 1566 PA
SM +72 +154 nA
OFFSET CURRENT"
Input Offset Current Vem = OVDC KM +14 +226 +9 +113 +23 +339 pPA
SM 1614 +10.2nA pA
VOLTAGE RANGE
Common-Mode Input Range 104 +114 +109 *11.5 +10 +109 A
Common-Mode Rejection Vin = £10VDC 78 92 82 95 75 88 dB
OPEN-LOOP GAIN, DC
Open-Loop Voltage Gain R, = 2kQ [ oo | 108 ] [ s | 112 | | 88 [ 104 ] [ a8
RATED OUTPUT
Voltage Output R. = 2kQ +105 +12 +1156 +12.4 +104 +118 \
Current Output Vo = £10VDC +5 +10 +5 +10 +5 +10 mA
POWER SUPPLY
Current, Quiescent j lo =0mADC I I 66 I 10 I | 64 | 95 | ) l 6.6 r 105 I mA
NOTES (1) Offset voitage, offset current, and bias current are measured with the units fully warmed up
ORDERING INFORMATION CONNECTION DIAGRAMS
PA606 X X
s TOP VIEW TO-99

Basic model number
Performance grade

K, L = 0°C to +70°C
S = —55°C to +125°C

Package code
M = TO-99 metal can
P = 8-pin plastic DIP (K grade only)

ABSOLUTE MAXIMUM RATINGS

Internal Power Dissipation™. .
Differential Input Voltage ..
Input Voltage Range'®
Storage Temperature Range. .
Operating Temperature Range. . .

M=

Output Short Circuit Duration®
Junction Temperature

SUPPIY ettt e e

Lead Temperature (soldering, 10 seconds).....................

+18VDC
... 500mwW
.. +36VDC
+18VDC
65°C to +150°C, P = —40°C to +85°C
M = —55°C to +125°C, P = —40°C to +85°C
+300°C
. Continuous
+175°C

NOTES"

(1) Packages must be derated based on 8i,c = 15°C/W or 8a.

(2) For

supply voltages less than £18VDC, the absolute maximum input voltage is equal to

the negative supply voltage.

only. Rating applies to +25°C ambient. Observe dissipation limit and T,.

Burr-Brown IC Data Book

(3) Short circuit may be to power supply common
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—IN
+IN

—Vec
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OFFSET
i TRIM

—Vee
CASE IS CONNECTED T0 Voo
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TOP VIEW DIP
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OFFSET
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MECHANICAL

MECHANICAL

“M” PACKAGE

NOTE Leads in true position
within 0 01" (0 25mm) R at
MMC at seating plane

f— A —o
jo—o

TO-99 (Hermetic)

Pin numbers shown for refer-
ence only. Numbers may not be
marked on package
Pin material and plating com-
position conform to Method
2003 (solderability) of MIL-
STD-883 (except paragraph 3 2)
VN | MAX
51
T s

INCHES
MIN_]| MAX
33 | 370
308 | a3s

om

165 | 185
o1e | oz
010_| oso
010 | oa0
200 8ASIC

03e
oas

a9 70
FY) 53
025 02
025 02
5 08 BASH
o7
o7
127
279
4s°easic
241

028
029
500
10| 160
4s%gasic

o5 ] ios

z |z ] x| |z [a[~|m]ofo o |»

- A
A

ol

“P” PACKAGE

NOTE Leads in true position
within 0 01” (0.25mm) R at
MMC at seating plane

v

P 1

,
|
=
o
ks
{j
[
v
¥
T

Plastic DIP

Pin numbers shown for refer-
ence only. Numbers may not be
marked on package

Pin matenal and plating com-
position conform to Method
2003 (solderabihity) of MIL-
STD-883 (except paragraph 3 2)

TTTT
:nnnn';"ul. g
f
+

t
M1

TYPICAL PERFORMANCE CURVES

Ta=-+25°C, Vec = £15VDC unless otherwise noted.
OPEN-LOOP FREQUENCY RESPONSE
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=T ; g
120 - —45
g ol ni
@ +— t + o
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> 40 T i 135 §
20— : | ™ ’
i | N || :
0 | [ [ I | —180
10 100 1k 10k 100k ™ 10M  100M
Frequency (Hz)
BIAS AND OFFSET CURRENT vs TEMPERATURE
101 ’u10nA
v A
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1nA 1nA
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g 1 8
< 100 y ya 100 o
8 -~ va O
5 Z v 3
S 10 e 37 4 10 2
8 l” 7 =
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-50 —25 0 +25 +50 +75 +100 +125
Ambient Temperature (°C)
POWER SUPPLY REJECTION
vs FREQUENCY
140
Hi| | ! I !
- H ;
g 120 < !
z
13 100 Ny
g ™~ N +Vee
fw '
—Vee 3
2 60 b N < .
a 1
A i
N 40 n
5 j ~ |
3
o 20 ~
10 |
10 100 1k 10k 100k ™ 10M  100M
Frequency (Hz*
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Hz)

Voltage Noise (nV/:

Bias Current (pA)

Common-Mode Rejection (dB)

INPUT VOLTAGE NOISE SPECTRAL DENSITY

T
LM
100
[~
‘h
10
1
10 100 1k 10k 100k
Frequency (Hz)
BIAS AND OFFSET CURRENT vs
INPUT COMMON-MODE VOLTAGE
1nA 1nA
Q
100 100 &
o
<
]
3
fs 1 =
10 10 ‘é
1 o I 1
-15  -10 -5 0 +5  +10 +15
Common-Mode Voltage (V)
COMMON-MODE REJECTION
vs FREQUENCY
140 | |
H T T
120
- t
100 -
60 ?\ 1| -
“ NS, N A
{ .
20 L
N
0 N
10 100 1k 10k 100k ™M 10M  100M

Frequency (Hz)
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TYPICAL PERFORMANCE CURVES (CONT)

Ta =+425°C, Vcc = £15VDC unless otherwise noted.

MAXIMUM UNDISTORTED OUTPUT
VOLTAGE vs FREQUENCY

%0 T |
] |
- |
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a 10
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10k 100k ™ 10M
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SUPPLY CURRENT vs TEMPERATURE
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56
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Ambient Temperature (°C)
GAIN-BANDWIDTH AND SLEW RATE
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GAIN-BANDWIDTH AND SLEW RATE
vs SUPPLY VOLTAGE
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TYPICAL PERFORMANCE CURVES (CONT)

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

SMALL SIGNAL TRANSIENT RESPONSE

+80

S +40
E
o
=
s
3
>
3
=
3
O —40

0 0.5 1
Time (usec)

APPLICATIONS INFORMATION

OFFSET VOLTAGE ADJUSTMENT

The OPAG606 offset voltage is laser-trimmed and will
require no further trim for most applications. As with
most amplifiers, externally trimming the remaining offset
can change drift performance by about 0.5uV/°C for
each millivolt of adjusted offset. Note that the trim (Fig-
ure 1) is similar to operational amplifiers such as LF156
and OP-16. The OPA606 can replace most other amplifi-
ers by leaving the external null circuit unconnected.

+50mV TYPICAL
TRIM RANGE

*10kQ T0 1MQ
TRIM POTENTIOMETER

—Vec O (100kQ RECOMMENDED)

FIGURE 1. Offset Voltage Trim.

INPUT PROTECTION

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

Burr-Brown IC Data Book
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LARGE SIGNAL TRANSIENT RESPONSE

Output Voltage (V)

0 25 5
Time (usec)

of offset voltage and drift. Static protection is recom-
mended when handling any precision IC operational
amplifier.

If the input voltage exceeds the amplifier’s negative
supply voltage, input current limiting must be used to
prevent damage.

CIRCUIT LAYOUT

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

20 0.1%
+15V ——Wv
o .

+5V
O
-5

2001% | 2 .
[ WA .
$sia | —I—-Eims
9 01% g == 100pF

SUMMING
NODE 55 0%

_AAA

A4
T Tenans HS
-0

O
=15V

SCOPE

+

FIGURE 2. Settling Time Test Circuit.
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GUARDING AND SHIELDING .

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

Leakage currents across printed circuit boards can easily
exceed the bias current of the OPA606. To avoid leakage
problems, it is reccommended that the signal input lead of
the OPA606 be wired to a Teflon® standoff. If the
OPAG606 is to be soldered directly into a printed circuit
board, utmost care must be used in planning the board
layout.

A “guard” pattern should completely surround the high
impedance input leads and should be connected to a low
impedance point which is at the signal input potential
(see Figure 3).

APPLICATIONS CIRCUITS

NON-INVERTING " BUFFER
L 4 .
- F Y2 »
i soor our
i1 Joense>4-0 i -0
INO——

L 3
"_.' “/
INVERTING T0-89 BOTTOM VIEW

¥

e mm——

BOARD LAYOUT
FOR INPUT GUARDING

Guard top and bottom of board. [Joa}
Alternate: use Teflon® standoff =)
for sensitive input pins.
[}
®
Teflon® E | Du Pont 50

de Nemours & Co

FIGURE 3. Connection of Input Guard.

ko
AN
TR
1kQ 2 7 -
INPUT O—AA - -
OPAGDS DO 40 ouTPUT
+
BANDWIDTH > IMHz .. 00
Ts =~ 1.8usec (0.01%)
GAIN = —10V/V
= =
~15v0C

LO OUTPUT

BANDWIDTH > 12MHz
GAIN = +1W/V
Rn =~ 10°Q

—15v0C

FIGURE 4. Inverting Amplifier.

FIGURE 5. Noninverting Buffer.

CURRENT
INPUT 2
i

1

OUTPUT

VOLTAGE
————0Eo 0
Eo = [i| R=1/uA

FIGURE 6. Absolute Value Current-to-Voltage Converter.
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PREVENT GAIN PEAKING

1
]
aMEMLALM § PO 15K 15ka
RESISTORS
+I5V
001
N
P phoTODODE | oPABs >
MOTOROLA
N whorz t A
4 0.01uF =
014
= 15V

10kQ

1. CIRCUIT MUST BE WELL SHIELDED.
2. STRAY CAPACITANCE IS CRITICAL.
3. BANDWIDTH ~ 1MHz.

4. QUTPUT ~ 2.2V/mW/cm*

+15V

~0.2pF IF NECESSARY TO

OUTPUT

]
OPTIMIZE RESPONSE LOAD ==
FOR PARTICULAR LOAD -
CONDITION WITH C, AND .. =

FIGURE 8. Isolating Load Capacitance from Buffer.

10k
FFERENTIAL  SPo DIFFERENTIAL
NPUT AR a0 ouTPUT

DIFFERENTIAL GAIN = 1 + (2 X 10kQ)/Ra

1. BANDWIDTH ~ 1.2MHz

2. DIFFERENTIAL GAIN = 11

3. DIFFERENTIAL OUTPUT ~ 50V p-p

4. DIFFERENTIAL SLEW RATE ~ 65V/usec

FIGURE 7. High-Speed Photodetector.

FIGURE 9. Differential Input/ Differential Output

Amplifier.

2.48kQ

AN AN
\A4

Ill——-

MOVING MAGNET
CARTRIDGE

OPA37EJ

<

6~ 51V 3132%0

TOTAL MID-BAND GAIN = 40dB

SEE: “TOPOLOGY CONSIDERATIONS FOR RIAA
PHONO PREAMPLIFIERS", AES REPRINT #1719,
OCTOBER 1980, BY WALTER G. JUNG

150pF T
(NOTE 1)
0luF == OUTPUT
1.05kQ
— — —_
0.34F 32000 10k

1. LOAD R AND C PER CARTRIDGE MANUFACTURER'S RECOMMENDATIONS.

2. USE METAL FILM RESISTORS AND PLASTIC FILM CAPACITORS. 1

3. BYPASS Vo ADEQUATELY. = = =

FIGURE 10. Low Noise/ Low Distortion RIAA Preamplifier.
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BURR - BROWN®

w
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-

OPA620

ABRIDGED DATA SHEET
REQUEST COMPLETE DATA SHEET
FROM BURR-BROWN SALES OFFICE

Wideband Precision
OPERATIONAL AMPLIFIER

FEATURES

@ FAST SETTLING: 13ns (0.1%)
25ns (0.01%)
@ GAIN-BANDWIDTH: 200MHz
@ UNITY-GAIN STABLE
@ LOW OFFSET VOLTAGE: +100uV
@ SLEW RATE: 250V/us
@ LOW DIFFERENTIAL GAIN/PHASE ERROR
@ 8-PIN DIP AND SOIC PACKAGES

DESCRIPTION

The OPA620 is a precision wideband monolithic op-
erational amplifier featuring very fast settling time, low
differential gain and phase error, and high output cur-
rent drive capability.

The OPA620 is internally compensated for unity-gain
stability. This amplifier has a very low offset, fully
symmetrical differential input due to its “classical”
operational amplifier circuit architecture. Unlike “cur-
rent-feedback” amplifier designs, the OPA620 may be

APPLICATIONS

~ @ HIGH-SPEED SIGNAL PROCESSING

@ ADC/DAC BUFFER

@ ULTRASOUND "

©® PULSE/RF AMPLIFIERS

@ HIGH-RESOLUTION VIDEO
@ ACTIVE FILTERS

used in all op amp applications requiring high speed
and precision.

Low noise and distortion, wide bandwidth, and high
linearity make this amplifier suitable for RF and video
applications. Short circuit protection is provided by an
internal current-limiting circuit.

The OPA620 is available in plastic, ceramic, and SOIC
packages. Two temperature ranges are offered: 0°C to
+70°C and -55°C to +125°C.

7 T +Vee

Non-Inverting 3
Input

Inverting 2 C
Input [

3
<

3

Output

i

6
———————O Output

s by,

International Alrport Industrial Park + Malling Address: PO Box 11400 - Tucson,AZ85734 . Street Address: 6730 S. Tucson Bivd.  Tucson, AZ 85706
Tel: (602) 746-1111 -  Twx:910-952-1111 . Cable:BBRCORP - Telex:66-6491 . FAX:(602)889-1510
PDS-872
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SPECIFICATIONS

ELECTRICAL
AtV =15VDC, R = 1000, and T, = +25°C unless otherwise noted.

OPERATIONAL AMPLIFIERS H OPA620

OPAG620KP/KU OPA620KG/SG OPA620LG
PARAMETER * CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX | UNITS
INPUT NOISE
Voltage: f,= 100Hz Ry =0Q 10 . . nV/Hz
f,= 1kHz 55 . . nv/vHz
f,= 10kHz 33 . . nv/VHz
f,= 100kHz 25 . . nV/Hz
f,= 1MHz to 100MHz 23 . . nv/iHz
;= 100Hz to 10MHz 8.0 - . RV, rms
Current: = 10kHz to 100MHz 23 . . pA/Hz
OFFSET VOLTAGE™
Input Offset Voltage Vew =0VDC +200 | t1mV * * +100 | %500 %
Average Drift To= Ty 10 Tyax 8 . . wvre
Supply Rejection £V, =4.5V 1055V 50. 60 M * 55 * dB8
BIAS CURRENT
Input Bias Current Vew=0VDC 15 30 * v M 25 HA
OFFSET CURRENT
Input Offset Current Ve =0VDC 0.2 2 . . . " HA
INPUT IMPEDANCE
Ditferential Open-Loop 1511 . . kellpF
Common-Mode 111 . . mallpF
INPUT VOLTAGE RANGE
Common-Mode Input Range 3.0 | +35 . . . * v
Common-Mode Rejection V, = 12.5VDC, V,= 0VDC 65 75 * v 70 * dB
OPEN-LOOP GAIN, DC .
Open-Loop Voltage Gain R_= 100Q 50 60 . . 55 . dB
R, =50Q 48 58 . . 53 . dB
FREQUENCY RESPONSE
Closed-Loop Bandwidth Gain = +1V/\V 300 * * MHz
(-3dB) Gain = +2V/V 100 * * MHz
Gain = +5V/V 40 * * MHz
Gain = +10VV 20 * * MHz
Gain-Bandwidth Gain = +10VNV 200 * * MHz
Differential Gain 3.58MHz, G = +1VV 0.05 * * %
Differential Phase 3.58MHz, G = +1VV 0.05 * * Degrees
Harmonic Distortion G =+2V/V, R =50Q,V =0.5Vp-p
f=10MHz, Second Harmonic -62 * * dBc@
Third Harmonic -67 * * dBe
Full Power Response V, = 5Vp-p, Gain = +1V/V 16 . * MHz
Vo =2Vp-p, Gain = +1VV 40 * * MHz
Slew Rate 2V Step, Gain = -1V/V 250 * * Vius
Overshoot 2V Step, Gain = -1V/V 15 * * %
Settling Time: 0.1% 2V Step, Gain = ~1V/V 13 . . ns
0.01% 25 * * ns
Phase Margin Gain = +1VV 60 . * Degrees
Rise Time Gain = +1V/V, 10% to 90% *
V, = 100mVp-p; Small Signal 2 * M ns
V, = 6Vp-p; Large Signal 22 . * ns
RATED OUTPUT
Voitage Output R_=100Q +3.0 +3.5 * * * * v
R =50Q 125 3.0 * * o * v
Output Resistance 1MHz, Gain = +1VV 0.015 * * Q
Load Capacitance Stability Gain = +1V/V 20 * * pF
Short Circuit Current Continuous +150 * * mA
POWER SUPPLY
Rated Voltage Vo 5 M . vbC
Derated Performance Ve, 4.0 6.0 * * . . vbe
Current, Quiescent |, = 0OMADC 21 23 . * * * mA
TEMPERATURE RANGE
Specification: KP, KU, KG, LG| Ambient Temperature [} +70 * v " * °C
SG -55 +125 °C
Operating: KG, LG, SG Ambient Temperature -55 +126 -55 +126 °C
KP, KU -25 +85 °C
[’]

“Ka, LG, 5G 125 125 M
KP 90 °CW
KU 100 °CW

\
* Same Specifications as for KP/KU.
Burr-Brown IC Data Book 2-167 Vol. 33



SPECIFICATIONS (cont)

ELECTRICAL (FULL TEMPERATURE RANGE SPECIFICATIONS)

AtV =5VDC,R =100Q,and T, =T, toTwunlessothe:wlsenoted

Burr-Brown IC Data Book

OPA620KP/KU' OPA620KG/SG OPA620LG
PARAMETER CONDITIONS MIN | TYP MAX MIN TYP MAX MIN TYP MAX | UNITS
TEMPERATURE RANGE :
Specification: KP, KU, KG, LG|  Ambient Temperature 0 +70 * > . M °C
SG 55 +125 °C
OFFSET VOLTAGE™
. Average Drift To= Ty 10 Tou 8 ! * 1 uvrc
Supply Rejection 4V, = 4.5V 1055V 45 60 . . 50 . d8
BIAS CURRENT
Input Bias Current Ve, = 0VDC 15 | 40 . . . 3% | pA
OFFSET CURRENT ' .
Input Ofiset Current Ve, = 0VDC 0.2 5 . : . . pA
INPUT VOLTAGE RANGE .
Common-Mode Input Range 25 3.0 * * * * '
Common-Mode Rejection V= 12.5VDC, V, = 0VDC 60" 75 * * 65 . dB
OPEN LOOP GAIN, DC
Open-Loop Voltage Gain RL = 100Q 46 60 . * 52 * dB
AL = 500 4 | 58 . - 50 . dB
RATED OUTPUT -
Voltage Output R_= 100Q 130 | 135 . . . . v
: R_=50Q 125 | 3.0 . * . M v
POWER SUPPLY .
Current, Quiescent |, = OMADC 21" 25 ° * M . * mA
" Same specifications as for KP/KU.
NOTES: (1) Offset Voltage specifications are also guaranteed with units fully warmed up. (2) dBc = dB refered to carrier-input signal.
PIN CONFIGURATION (8-PIN DIP) ABSOLUTE MAXIMUM RATINGS
Top View Supply +7VDC
Internal Power Dissipation® ..........cccueevsuesnees See Applications Information
Differential Input Voltage Total V.
No Internal Connection n No Internal Connection Input Voltage Range See App i
Storage Temperature Range KG, LG, SG:.. .—65°C to +150°C
Inverting Input | 2 7 |Positive Supply (+V,) KP, KU:. -—40°C 10 +125°C
. Lead Temp ( g, 10s) +300°C
. Non-inverting Input [ 3 gOutput dering, SOIC 3s) +260°C
Output Short Circuit to d (+25°C) C to Ground
Negative Supply (-Veo) [ 4] gNo Internal Connection Junction Temperature (T,) +176°C
Notes: (3) Packages must be derated based on speciﬁed @ ,,- Maximum T,
must be observed.
ORDERING INFORMATION
OoPA620 ( )( ) Q
Basic Model Number
P Grade Code
K, L=0°C to +70°C
8 =-55°C to +125°C
Package Code
G = 8-pin Ceramic DIP
P = 8-pin Plastic DIP
U = 8-pin Plastic SOIC
N Reliability S i
Q= Q—Scfeened

2-168
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MECHANICAL

G Package— 8-Pin Ceramic DIP

NOTE: Leads in true
A o [T o et position within 0.01" o
(0.25mm) R at MMC
Xy A_| a5 | 405 53 | 1028 at seating plane. 8
B B | 245 | 25 22 | 638
e C | 140 | 7 56 | 432 <L
D _| .05 | 02 38 | 053 o.
X_Pin 1 F_| 045 | .060 14| 152 )
G 100 BASIC 2.54 BASIC
H | — | 098 [ — [ 249
HIF I‘_ L—’l J | 008 | o1z | 020 030
[ | é K_| 150 | — 80 [ —
HOD ¢ § s L | 290 | 320 | 737 | 813 |
’I I W | T I T I 5
‘ 3 N | 000 | 080 | 023 | 152
H L.!.G oD \‘_M R | .15 | 175 | 318 | 445
Seating Plane

(%)
2 el
L
P Package— 8-Pin Plastic DIP [TH
’ INCHES NOTE: Leads in true —
DIM| MIN MAX position within 0.01" n_
A | 355 | 400 (0.25mm) R at MMC s
I at seating plane.
, I 4 i ‘ <
1 ; B1 J
KX
v\s_? Yy =4 ¢ =
Pin 1 : z
b+ F L G O
H —
E 2 == : :
%ﬂﬂ 4 ‘ <
.l | ’ M w
HG kD M N w
Seating Plane P o
U Package— 8-Pin SOIC

A
¥ INCHES MILLIMETERS NOTE: Leads in true
ﬂ ” ” H MIN | MAX | MIN [ MAX position within 0.01"
(0.25mm) R at MMC
Tr

DIM
A | 18 | 201 | 470 | 5.1
A 178 | 201 452 | 511 at seating plane.
& B B [ .46 | 162 | 871 41
B | 130 | 149 30 | 378
C | 054 | 145 37 | 369
U I_I U H D | 015 | 019 | 038 | 048
" Pin 1 G | 050BASIC 127 BASIC
H_| 018 | 026 46 | 0.66
008 | 012 20 | 030
L | 220 | 250 59 | 640
= M| 0 | 10° | 0 0°
4§ Jﬁ N | 000 | 01z | 000 .030

H.| kle J;Tr: \/L—L——-IIJ
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ADVANCE INFORMATION SUBJECT TO CHANGE

BURR - BROWN®

FEATURES

@ FAST SETTLING: 10ns (0.1%)
20ns (0.01%)
® GAIN-BANDWIDTH: 600MHz
® EXTERNAL COMPENSATION
@ LOW OFFSET VOLTAGE: +100uV
® SLEW RATE: 1000V/us
© LOW DIFFERENTIAL GAIN/PHASE ERROR
@ 8-PIN DIP AND SOIC PACKAGES

DESCRIPTION

The OPA621 is a precision wideband monolithic op-
erational amplifier featuring very fast settling time, low
differential gain and phase error, and high output cur-
rent drive capability.

The OPAG621 is externally compensated. This ampli-
fier has a very low offset, fully symmetrical differ-
ential input due to its “classical” operational amplifier
circuit architecture. Unlike “current-feedback” am-

OPA621

ADVANCE INFORMATION
SUBJECT TO CHANGE

Wideband Precision
OPERATIONAL AMPLIFIER

APPLICATIONS

©® HIGH-SPEED SIGNAL PROCESSING
® ADC/DAC BUFFER

@ ULTRASOUND

® PULSE/RF AMPLIFIERS

® HIGH-RESOLUTION VIDEO

@ ACTIVE FILTERS

plifier designs, the OPA621 may be used in all op-amp
applications requiring high speed and precision.
Low distortion, wide bandwidth, and high linearity
make this amplifier suitable for RF and video appli-
cations. Short circuit protection is provided by an internal
output current-limiting circuit.

The OPA621 is available in plastic, ceramic and SOIC
packages. Two temperature ranges are offered: 0°C to
+70°C and -55°C to +125°C.
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International Airport Industrial Park « Mailing Address: PO Box 11400
Tel: (602) 746-1111 Twx: 910-952-1111
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« Tucson, AZ 85734 « Street Address: 6730 S. Tucson Bivd. « Tucson, AZ 85706
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ADVANCE INFORMATION SUBJECT TO CHANGE
SPECIFICATIONS

ELECTRICAL
AtV =15VDC, R_=100Q, C, = OpF, and T, = +25°C unless otherwise noted.
OPA621KP/KU OPAG621KG/SG OPA621LG
PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX | UNITS
INPUT NOISE
Voltage:f = 100 Hz R, =00 10 . . nv/VHz
f = 1kHz 55 . . nv/VHz
f,= 10kHz 33 . . nv/VHz
f,= 100kHz 25 . . nv/VHz
f,= 1MHzZ to 100MHz 23 . . nviiHz
fz= 100Hz to 10MHz 8.0 . v nV, rms
Current: f_= 10kHz to 100MHz 23 . . pA/Hz
OFFSET VOLTAGE™
Input Offset Voltage Veu=0VDC 4200 | +imV . * +100 | 500 nv
Average Drift Ty = Tyn 10 Ty 8 . . wVrC
Supply Rejection 1V, =4.5V10 5.5V 50 60 * * 55 * dB
BIAS CURRENT
Input Bias Current Veu=0VDC 15 30 * * * 25 KA
OFFSET CURRENT
Input Offset Current Veu =0VDC 0.2 2 * * * * A
INPUT IMPEDANCE
Differential Open-Loop 1511 . * kQllpF
Common-Mode 11 . . ma|lpF
INPUT VOLTAGE RANGE
Common-Mode Input Range +3.0 +3.5 v M * * v
Common-Mode Rejection V, =+2.5VDC, V, = 0VDC 65 75 . * 70 * dB
OPEN-LOOP GAIN, DC
Open-Loop Voltage Gain R _=100Q 50 60 . . 55 * dB
R_=50Q 48 58 * * 53 * dB
FREQUENCY RESPONSE
Closed-Loop Bandwidth®@
(-3dB) Gain = +2VV 300 * * MHz
Gain = +5V/V 120 * * MHz
Gain = +10V\V 60 * * MHz
Gain-Bandwidth Gain = +10V/V 600 * * MHz
Differential Gain 3.58MHz, G = +2VV 0.08 * * %
Differential Phase 3.58MHz, G = +2V\V 0.08 * M Degrees
Harmonic Distortion G= +2V/V, R =50Q,V=0.5Vp-p
f = 10MHz, Second Harmonic -65 * * dBc®
Third Harmonic =70 * * dBc
Full Power Response V, = 5Vp-p, Gain = +2V/V 150 * * MHz
V, = 2Vp-p, Gain = +2V/V 60 . . MHz
Slew Rate 2V Step, Gain =-1V/V 1000 * * Vius
Overshoot 2V Step, Gain =-1VV 20 * * %
Settling Time: 0.1% 2V Step, Gain = -1VV 10 * . ns
0.01% 20 * v ns
Phase Margin Gain = +2V/V 50 v * Degrees
Rise Time Gain = +2V/V, 10% to 90% *
V, = 100mVp-p; Small Signal 1 v v ns
V, = 6Vp-p; Large Signal 6 . * ns
RATED OUTPUT
Voltage Output R _=100Q 13.0 135 * . * * v
R _=50Q 125 +3.0 v * * * A
Output Resistance 1MHz, Open-Loop 0.2 * * Q
Load Capacitance Stability Gain = +2V/V 10 * . pF
Short Circuit Current Continuous +150 * * mA
POWER SUPPLY
Rated Voltage 1V, 5 * . vDC
Derated Performance Ve, 4.0 6.0 * v * * vDC
Current, Quiescent l, = OMADC 25 27 . * * . mA
TEMPERATURE RANGE
Specification: KP, KU, KG, LG| Ambient Temperature 0 +70 * * * * °C
SG -55 +125 °C
Operating: KG, LG, SG Ambient Temperature -55 +125 -55 +125 °C
KP, KU =25 +85 °C
oJA
KG, LG, SG 125 125 °CW
KP 90 °CW
KU 100 °CW
Burr-Brown IC Data Book 2-171 Vol. 33
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ADVANCE INFORMATION SUBJECT TO CHANGE

SPECIFICATIONS (cont)

ELECTRICAL (FULL TEMPERATURE RANGE SPECIFICATIONS)
AtV . =15VDC, R =100Q, C, = OpF, and T, = T, to T,,,, unless otherwise noted.

OPA621KP/KU OPA621KG/SG OPA621LG
PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX | UNITS
TEMPERATURE RANGE
Specification:KP, KU, KG, LG Ambient Temperature 0 +70 M * * * °C
SG -55 +125 °C
OFFSET VOLTAGE®™
+ werage Drift To= Ty 10 Ty 18 * . uvre
Supply Rejection 1V, =4.5V 1055V 45 60 * * 50 * dB
BIAS CURRENT
Input Bias Current Veu=0VDC 15 40 * * . 35 HA
OFFSE¥ CURRENT
Input Offset Current V., =0VDC 0.2 5 * * * * HA
INPUT VOLTAGE RANGE
Common-Mode Input Range 2.5 3.0 * * * * v
Common-Mode Rejection V,, = 12.5VDC, V,= 0VDC 60 75 * * 65 * dB
OPEN LOOP GAIN, DC
Open-Loop Voltage Gain RL = 100Q 46 60 * " 52 * dB
RL = 50Q 44 58 * * 50 * dB
RATED OUTPUT
Voltage Output R =100Q 3.0 3.5 . * . * v
R =50Q +25 +3.0 * * * * \
POWER SUPPLY
Current, Quiescent |, = 0OMADC 25 30 * * * * mA

* Same specifications as for KP/KU

NOTES: (1) Offset Voltage specifications are also guaranteed with units fully warmed up. (2) G = +2V/V, (or G = -1V/V), is minimum stable closed-loop gain without

external compensation. (3) dBc = dB refered to carrier-input signal.

PIN CONFIGURATION (8-PIN DIP)

ABSOLUTE MAXIMUM RATINGS

Top View

No intemal connection No internal connection

Inverting input E

Non-inverting Inmut

Positive supply (+V)

Output

Negative supply (-V,.) n Compensation (C;)

Burr-Brown IC Data Book

2-172

Supply
Internal Power Dissipation!"

Differential Input Voltage

Input Voltage Range
Storage Temperature Range  KG, LG, SG:
KP, KU:
Lead Temperature ing, 10 ds)
(soldering, SOIC 3 SECONMS) ...ccevureesererserarensnns +260°C
Output Short Circuit to Ground (+25°C) Continuous to Ground
ion T ire (T) +175°C

NOTES: (1) Packages must be derated based on specified 9,,. Maximum T,
must be observed.

ORDERING INFORMATION

OoPAB21 ()() Q@
Basic Model Number =T
Performance Grade Code
K, L=0°Cto +70°C
S =-55°C to +125°C
Package Code
G = 8-Pin Ceramic DIP
P = 8-Pin Plastic DIP
U = 8-Pin Plastic SOIC
Reliability Screening
Q = Q-Screened

Vol. 33
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OPERATIONAL AMPLIFIERS ! OPA621

MECHANICAL
G Package— 8-Pin Ceramic DIP
NOTE: Leads in true
gl = INGHES MILUMETERS position within 0.01"
DM [ MIN | MAX | MIN {0.25mm) R at MMC
- A_| 375 | 405 53 1023 at seati plane
B B | 245 | 251 22 | 6.8 g piane.
Y C [ 140 | 170 56 | 432
D | 015 | 021 | 038 | 053
X-Pin 1 F [ 085 | 060 | e | 152 ]
G | 100BASIC | 254BASIC |
bl ey o e e
[ 2 [ K 50 | = % —
¢ . )
O § ] T | 290 | 320 | 787 | 833
U1 a3 ey ! M| 0o [ 1| o | 15
. N_| 003 | 060 23 | 152
H G *i+D _% \V’ R | 125 | 175 18 | 445
Seating Plane
P Package— 8-Pin Plastic DIP
A INCH| NOTE: Leads in true
M N position within 0.01"
L: /\A';\ s ’——[;' ':55 'f:ox (0.25mm) R at MMC
: y at seating plane.
T At .::w ‘:ss
A B B BL | 200 | 250
P WV V'V _L C 120 200
X-Pin 1 D | 015 | 023
F | 030 | 070
; L G | .100BASIC
~ H | 025 | .050
| c‘ r— _.l J | 008 | 015
OO0 § K | o0 | 150 | 178 | s
" ” L) K; L 2300 BASIC 7.63 BASIC
N J M| o | 1w e | 15
H HG =~D \‘,M N | ot | 030 | 025 076
Seating Plane P | 025 | 050 | 064 [ 127
U Package— 8-Pin SOIC
—
e
A
! [ INCHES | MILLIMETERS NOTE: Leads in true
ﬂ ﬂ ﬂ DIM [ MIN_| MAX | MIN | MAX position within 0.01"
T A | 185 | 201 | 470 | 541 (0.25mm) R at MMC
T A_| A78 | 201 | 452 | 5.1 at seating plane.
j: B B | 146 | 162 | 371 | 411
B | 130 | 149 | 330 | 3.78
C | 054 | 145 | 1.37 | 369
D | 0156 | 019 | 038 | 048
N Pin 1 G | 050BASIC | 1.27BASIC
H | 018 | 026 | 046 | 066
J_| 008 | 01z | 020 | 030
L | 220 | 252 | 559 | 640
M | o | 10° | o | i0°
E\_ N | 000 | 012 | 000 | 030
}/ ety
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BURR-BROWN?®

OPA627

ADVANCE INFORMATION
SUBJECT TO CHANGE

Precision High-Speed
Difet ® OPE‘RATK)NAL AMPLIFIER

FEATURES

® VERY LOW NOISE: 5.4nV/NHz at 10kHz
® FAST SETTLING TIME: 600ns to 0.01%
® LOW V,,: 1001V max

® LOW DRIFT: 0.8u1V/°C max

® LOW I;: 20pA max

® UNITY-GAIN STABLE

DESCRIPTION

The OPA627 Difet operational amplifier provides a
new level of performance in a precision FET op amp.
When compared to the popular OPA111 op amp, the
OPAG627 has lower noise voltage, offset voltage and
drift, and much higher speed. It is useful in a wide range
of precision and low noise analog circuitry.

The OPA627 is fabricated on a proprietary high-speed,
dielectrically-isolated complementary npn/pnp proc-
ess. Laser-trimmed input circuitry yields excellent DC
performance. High-frequency complementary transis-
tors increase circuit bandwidth, attaining speeds previ-

APPLICATIONS

® FAST DATA ACQUISITION

® DAC OUTPUT AMPLIFIER

@® OPTOELECTRONICS

® SONAR, ULTRASOUND

@ HIGH-IMPEDANCE SENSOR AMPS

@ HIGH-PERFORMANCE AUDIO CIRCUITRY

ously not possible with precision FET op amps. The
OPAG627 is unity-gain stable.

Difet construction achieves extremely low input bias
currents without compromising input voltage noise
performance. Low input bias current is maintained over
a wide input common-mode voltage range with unique
cascode circuitry.

The OPA627 is available in Plastic DIP and Metal TO-

99 packages. Industrial and Military temperature range
gradeouts are available.

AA

Trim 1

+n

Difet® Burr-Brown Corp.

International Airport Industrial Park

Tel: (602) 746-1111  «  Twx: 9109521111

Cable: BBRCORP

; +Vg
< ® Trim
“ ®
ol
[ -0 Out
I
_\/s
Malling Address: POBox 11400 - Tucson,AZ85734 . Street Address: 6730 S. Tucson Bivd. + Tucson, AZ 85706

«  Telex: 66-6491 FAX: (602) 889-1510

Burr-Brown IC Data Book

PDS-860
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ADVANCE INFORMATION SUBJECT TCO CHANGE
SPECIFICATIONS

T, = +25°C, Vg = 15V unless otherwise noted.

OPA627BM OPA627AM/AP/SM
PARAMETER CONDITION MIN TYP MAX MIN TYP MAX UNITS
OFFSET VOLTAGE
Input Offset Voltage 40 100 130 250 Yy
Over Specified Temperature 70 180 230 450 rv
Average Drift 05 0.8 1.2 2.0 RrVIPC
Power Supply Rejection Vg =+4.5t0+18V 106 100 dB
INPUT BIAS CURRENT
Input Bias Current Ve =0V 8 20 20 50 pA
Over Specified Temperature Veu=0V 16 3.2 nA
SM Grade 50 nA
Input Offset Current Veu=0V 8 20 20 50 pA
NOISE
Input Voltage Noise
Noise Density, f = 10Hz 30 60 40 80 nVANHz
f=100Hz 1 30 15 40 nVAHz
f=1kHz 52 58 5.6 6.8 nVAHz
f=10kHz 4.8 54 5.2 6.2 nvAHz
Voltage Noise, BW = 0.1 to 10Hz 1.2 25 1.6 33 wpp
Input Current Noise
Noise Density, f = 1kHz 1.6 25 25 4.0 fANHz
Current Noise, BW = 0.1 to 10Hz 30 60 48 90 fAp-p
INPUT IMPEDANCE
Differential 102 2 * GQ || pF
Common-Mode 10| 6 * GQ || pF
INPUT VOLTAGE RANGE
Common-mode Input Range 11 +11.5 . * \
Over Specified Temperature +10.5 +11 * * \
Common-mode Rejection Ve =110V 106 100 dB
OPEN-LOOP GAIN
Open-loop Voltage Gain Vo =110V, R = 1kQ 110 115 104 115 dB
Over Specified Temperature Vo =110V, R = 1kQ 104 106 98 106 dB
FREQUENCY RESPONSE
Slew Rate G=-1 45 55 40 50 Vius
Settling Time, 0.01% G=-1 500 600 600 750 ns
0.1% G=-~1 400 * ns
Gain-Bandwidth Product G=100 16 . MHz
Total Harmonic Distortion G =+10,f= 1kHz %
POWER SUPPLY
Specified Operating Voltage +15 v
Operating Voltage Range +4.5 +18 v
Current 16.5 +8 mA
OUTPUT
Voltage Output R =1kQ 12 313 * * \
Over Specified Temperature £11 +12.5 * * \
Current Output +30 . mA
Short Circuit Current +35 +55 +85 * * * mA
Output Resistance, Open-loop 1MHz Q
Load Capacitance 300 500 * . pF
TEMPERATURE RANGE
Specification
AP, AM, BM -25 +85 °C
SM 55 +125 °C
Storage
AP -40 +125 °C
AM, BM, SM -60 +150 °C
Burr-Brown IC Data Book 2-175 Vol. 33
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BURR-BROWN®

OPA633

AVAILABLE IN

'DIE FORM
High Speed
BUFFER AMPLIFIER
FEATURES APPLICATIONS
= WIDE BANDWIDTH: 275MHz o OP AMP CURRENT BOOSTER
o HIGH SLEW RATE: 2500V/us o VIDEO BUFFER
o HIGH OUTPUT CURRENT: 100mA o LINE DRIVER
o LOW OFFSET VOLTAGE: 1.5mV » A/D CONVERTER INPUT BUFFER

o REPLACES HA-5033

o IMPROVED PERFORMANCE/PRICE: LH0033,
LTC1010, H0S200

+Vs

YV

DESCRIPTION

The OPA633 is a monolithic unity-gain buffer ampli-
fier featuring very wide bandwidth and high slew
rate. A dielectric isolation process incorporating g K
both NPN and PNP high frequency transistors ‘

achieves performance unattainable with conventional
integrated circuit technology. Laser trimming pro-

vides low input offset voltage. Ve

High output current capability allows the OPA633 O—w K '\
to drive 50€) and 75Q lines, making it ideal for RF,
IF and video applications. Low phase shift allows 3
the OPA633 to be used inside amplifier feedback
loops thus bringing high current output and ability
to drive capacitive loads to many circuit applications.

The OPA633 is available in the 12-pin TO-8 hermetic
metal package with —25°C to +85°C and —55°C to q)
+125°C temperature ranges and a low cost plastic
DIP package specified for operation from 0°C to
+75°C. : Vs

Vour

SRR

at

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

PDS-699A
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SPECIFICATIONS

OPERATIONAL AMPLIFIERS H OPAG633

ELECTRICAL
At +25°C, Vs = £12V, Rs = 500, R. = 100Q, C. = 10pF unless otherwise noted
OPA633AH OPAG633SH OPAG633KP
PARAMETER CONDITIONS MmN [ 1ve [ max [ min [ vve [ max | min | 1ve [ max | units
FREQUENCY RESPONSE
Small Signal Bandwidth 275 . 260 MHz
Full Power Bandwidth Vo = 1Vrms, RL = 1kQ 65 * 40 MHz
Slew Rate Vo =10V, Vs = £15V, R = 1kQ 1000 | 2500 * * * * Vius
Rise Time, 10% to 90% Vo = 500mV 25 * * ns
Propagation Delay 1 * * ns
Overshoot 10 * * %
Settling Time, 0 1% 50 > * ns
Differential Phase Error'" 01 * * Degrees
Differential Gain Error'”’ 01 * * %
Total Harmonic Distortion | Vo = 1Vrms, R. = 1kQ, f = 100kHz 0005 * * %
Vo = 1Vrms, R. = 100Q, f = 100kHz 002 %
OUTPUT CHARACTERISTICS
Voltage Ta = Tmin t0 Tmax +80 +10 * * * * v
RL=1kQ, Vs = £15V +11 +13 * * * * \
Current +80 +100 * * * * mA
Resistance 5 * * Q
TRANSFER CHARACTERISTICS
Gain 093 095 * * * * wv
R.=1kQ 099 . * \74%
Ta = Twn t0 Tmax 092 095 * » * * v
INPUT
Offset Voltage Ta = +25°C +15 +15 . * 15 * mV
Ta = Twin to Tmax +5 +25 * * +6 * mvV
vs Temperature +33 * * uv/°Cc
vs Supply Ta = Tain to Tmax 54 72 * * * * dB
Bias Current Ta = +25°C +15 +35 * d * . HA
Ta = Tmin t0 Tmax +20 +50 i * b . uA
Noise Voltage 10Hz to 1MHz 20 * * uNp-p
Resistance 15 * * MQ
Capacitance 16 * * pF
POWER SUPPLY
Rated Supply Voltage Specified performance +12 * * v
Operating Supply Voltage Derated performance +5 +16 . * * * v
Current, Quiescent lo=0 21 25 * * * * mA
lo =0, Ta = Ta to Tmax 21 30 * * * * mA
TEMPERATURE RANGE
Specification, Ambient —25 +85 —55 +125 0 +75 °C
Operating, Ambient —55 +125 * * —25 +85 °C
8 Junction, Ambient® 99 * 90 °C/W
8 Junction, Case” 31 * 27 °C/W

* Specification same as OPA633AH

NOTES

(1) Differential phase error in video transmission systems is the change in phase of a color subcarrier resulting from a change in picture signal from blanked

to white Differential gain error I1s the change in amplitude at the color subcarrier frequency resulting from a change in picture signal from blanked to

white

CONNECTION DIAGRAMS

(2) Recommended heat sinks for the TO-8 package are Thermalloy 2204A with sa = 27°C/W and IERC Up TO-8-48CB, 6sa = 10°C/W

ABSOLUTE MAXIMUM RATINGS

+Vg E
Ne 2]

3 Qut
7] NG

o

Substrate
(Ground)

Burr-Brown IC Data Book

Power Supply, £Vs ....ooviiiiiiiiiiiiiiiee +20V
Input Voltage Viy ......... . +Vs+2to—Vs—2
Output Current (peak) ............ .. £200mA
Internal Power Dissipation (25°C) T 1.75W
DIP(P).. 195W

Junction Temperature ...........cocevvnnns .. 200°C
Storage Temperature Range: TO-8 65°C to +150°C
° DIP . —40°C to +85°C

Lead Temperature (soldering, 60s) ............. 300°C

Vol. 33



ORDERING INFORMATION

Temperature Full Power
Model Package Range Bandwidth (MHz)
OPAG33AH Ceramic -25°C to +85°C 65
OPA633SH Ceramic -55°C to +125°C 65
OPAG633KP Plastic 0°C to +75°C 40
BURN-IN SCREENING OPTION
Temperature Burn-in
Model Package Range Temp. (160h)"
OPA633AH-BI Ceramic -25°C to +85°C +125°C
OPA633SH-BI Ceramic -55°C to +125°C +125°C
OPAG633KP-BI Plastic 0°C to +75°C +85°C

NOTE. (1) Or equivalent combination of time and temperature.

MECHANICAL
TO-8 A

INCHES | MILLIMETERS

B oM [ MIN | MAX | MIN | mAx

A | 503 | 603 | 1506 | 1532

. B | 547 | 553 | 1380 | 1405

I l I_f E C NOTE Leads in true C | 1301 1501 330 | 381

¥ 1 position within 0 010" bl o 019 | 0411 048

II ﬂ [l l ! (025mm) RatMMCat (E1 001 001 0% ] 102

. K seating plane J 026 | 036 [ o0es [ 091

K | 500 | 562 | 1270 | 1427

ti10101 l M | 4 BASIC | 45° BASIC
A”.— N | 100BASIC | 254BASIC
D
“P" Package, 8-Pin Plastic NOTE Leads in true position INCHES MILLIMETERS
within 0 01” (0 25mm) R at MMC oM [N T MAX T MIN | MAX
at seating plane L A | 355 | 400 | 903 | 1016
f—— A —— o Ar | 340 | 385 | 865 | 980
i F e B | 230 | 290 | 585 | 738 |

je— Aj——» By 200 | 250 | 509 | 636
= T C | 120 | 200 | 305 | 509
ik Nk Wk [ ] ¢ D | 015 | 02| 038 | 050
f T ) F | 030 | 070 | 076 | 178

2 G | 100BASIC | 254BASIC

V4 B T’ I I N \ H | 025 | 050 | o064 | 127"

b | l 1 J_ | 008 | o015 | 020 | 038
H G K | o070 | 150 | 178 | s82

Ll ’l L Seating \J sl d L_|_300BASIC_| 763BASIC

D Plane .- M M 0° 15° 0 | 15° |

Pin 1 N | 010 | 030 | 025 | 076

P | 025 | 050 | o064 | 127

TYPICAL PERFORMANCE CURVES

GAIN/PHASE VS FREQUENCY

+6
+4 N\
+2 \
_ 0
g = @ X \
c \\ \
§ PN
~-= Rs = 3000
-6 +—
=== Rs = 50!
-8
-10
12 \EAVEE
10 100 1000
Frequency (MHz)
Burr-Brown IC Data Book
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SMALL SIGNAL BANDWIDTH VS TEMPERATURE

300

290

280

270

260

Vs

15V

250

Vo =025Vrms
R = 100Q

240

-50 -25 0

+25 +50
Temperature (°C)

+75

+100  +125
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TYPICAL PERFORMANCE CURVES (CONT)

SAFE INPUT VOLTAGE VS FREQUENCY,

¢ 6 ()
\ MAXIMUM POWER DISSIPATION VS AMBIENT TEMPERATURE o
5 5 25 (I}
_ \ R.= 1000 R. = 1kQ <
Q .
& 4 \l I - <’ l 4 o 20 o
by N "‘S e Wave 14 § g o
] n Ve 1 -
g s | +—Square Wave ) \ . P 5 's Vlashc DIP
S ° [ R.=1000 N H g Y
2 ™ @ 2
5 ~\ \ 3 2 TO-8
g2 2 2 810 2
3 N 3 5
(See Text) = 1)
1 1 %05
° MU o 0 [72)
1 10 100 -50 —25 0 +256 +50 +75 +100 +125 o
Frequency (MHz) Ambient Temperature (°C) w
—
E
o
SLEW RATE VS LOAD CAPACITANCE SLEW RATE VS LOAD CAPACITANCE =
3500. |R| TTIT 3000 <
- Rising Edge —
3000 Lo 2500
RN =
% 2500 |-Falling Edge _
S N g 2000 o)
g 2000 N = -
©
H Vo =10V g 1500 <
H A= o« Vo= +10V N
2 L= 1kQ
& 1500 2 000 Ru=1000 1
N\ 5 w
1000 \ o
N 00
N 5 3 (@)
500 \
N
0
o 1 10 100 1000 10,000
1 10 100 1000 Load Caacit .
Load Capacitance (pF) ' oad Capacitance (pF)
POWER SUPPLY REJECTION VS FREQUENCY
SLEW RATE VS TEMPERATURE 80
2500 T 70
Falling Edgg d,__q NN
2000 Ru= kO ——— 60
ising Edge
— = 50
g 2 N
S 1500 =
Y Falling Edge E 40
2 } &
2 1000 Bz 1000 1 S 30,
& Rising Ed
a 1sing Edge 2
506
. 10
0 0 i
~-50 -25 0 425 450 +75 +100 +125 1k 10k 100k ™
Temperature (°C) Frequency (Hz)
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TYPICAL PERFORMANCE CURVES (CONT)

QUIESCENT CURRENT VS TEMPERATURE INPUT BIAS CURRENT VS TEMPERATURE
30 25
25 Vs = 15V 2
- — 0 \
<
E —— // Vs = +5V
T 20 — 15 %:
o = z +12V.
e <
3 — 1 3 N\ Vs = 15V,
€ 15 2 10 \ l
8 N
3 Vs = +15V,
¢ s P —
3 10 5
5 0
—50 —25 0 25 50 75 100 125 -50 —25 0 +25 +50 +75 +100 +125
Temperature (°C) Temperature (°C)
OUTPUT VOLTAGE SWING VS LOAD RESISTANCE
30 r T Vin — Vour VS OUTPUT CURRENT
Vs = 15V 1.0
2 Ve [ | 09
/ Vs = +12V
T [ 0.8
20 = = —
a Vs = £10V s :; Vo=-10g
o 5
2 15 Ve = s
3 |
> Z 04
10 Vs = 45V 03 Current Sinking }
5 |7 02 Vo=0 l 4
04 Current Sourcing
. 1 [ T 1
0 100 200 300 400 500 600 700 800 900 1k 10 20 30 40 50 60 70 80 90 100
Load Resistance (Q) Output Current (mA)
VOLTAGE GAIN VS LOAD RESISTANCE GAIN ERROR VS TEMPERATURE
100 100
Vo = 10V p-|
° PP — Vo =1V p-p 80
095
A s et—T"
s Z 60 _-4_ Vo = 10V
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TYPICAL PERFORMANCE CURVES (CONT)

TOTAL HARMONIC DISTORTION VS OUTPUT VOLTAGE
10

_—

o
-

/ f= 1kHz
R. = 1000

o
o
=

Total Harmonic Distortion (%)

0001

0.5 10 15 ° 20 25
Output Voltage (Vrms)

INSTALLATION AND
OPERATION

CIRCUIT LAYOUT

As with any high frequenc; :ucuitry, good circuit layout
technique must be used to achieve optimum performance.
A circuit-board layout is provided which demonstrates
the principles of good layout. Most of the applications
circuits shown can be evaluated using this circuit board.
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Pinout of the TO-8 package version has been designed
for maximum compatibility with other buffer amplifiers.
Pins 1 and 12 are internally connected to +Vs. Pins 9 and
10 are internally connected to —Vs. This allows the
OPA633 to be used in applications presently using the
LHO0033 buffer amplifier. Only one of the power supply
connections for +Vs and —Vs must be connected for
proper operation.

Power supply connections must be bypassed with high
frequency capacitors. Many applications benefit from
the use of two capacitors on each power supply—a
ceramic capacitor for good high frequency decoupling
and a tantalum type for lower frequencies. They should
be located as close as possible to the buffer’s power
supply pins. A large ground plane is used to minimize
high frequency ground drops and stray coupling.

The case of the TO-8 package is connected to pin 2,
which should be grounded. Pin 6 of the DIP package
connects to the substrate of the integrated circuit and
should be connected to ground. In principle it could also
be connected to +Vs or —Vs, but ground is preferable.
The additional lead length and capacitance associated
with sockets may present problems in applications requir-
ing the highest fidelity of high speed pulses.

Depending on the nature of the input source impedance,
a series input resistor may be required for best stability.
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