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If you know the MODEL 
NUMBER, 

If you know the PRODUCT 
TYPE, 

If you want NEW MODELS, 

If you want a PRICE, 

If you want MILITARY 
components, 

If you want DIE, 

Use the Model Index on the INSIDE 
FRONT COVER. 

Use the TABBED TABLE OF 
CONTENTS on page v. Or, use the 
SELECTION GUIDE TABLES at 
the front of each tabbed section. 

Use the Model Index on the INSIDE 
FRONT COVER or the SELEC· 
TION GUIDE TABLES at the front 
of each tabbed section. New models 
contained in this supplement are 
shown in boldface; for other models 
see Burr-Brown Integrated Circuits 
Data Book Volume 33. Contact your 
local Burr-Brown salesperson or 
representative for information on 
new models. 

If you are in the USA, see the USA 
PRICE LIST, Section 16. If you are 
outside the USA, contact your local 
Burr-Brown salesperson or represen­
tative. 

Contact your local Burr-Brown 
salesperson or representative. See 
INSIDE BACK COVER. 

Contact your local Burr-Brown 
salesperson or representative. See 
INSIDE BACK COVER. 
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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 in the same 
way we do - through worldwide competition based on high performance, 
high quality, and high value. Our customers include OEMs, sophisticated 
end-users, systems integrators, and V ARs who demand an extra measure of 
performance for their products and operations. 

COMPANY FACTS 

~ Founded in 1956. 

~ Corporate headquarters: Tucson, Arizona, USA. 

~ 1450 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 
international sales representative organizations worldwide. 

~ Superior customer service from more than 300 sales and service staff 
worldwide. 

~ 800+ high-performance products. 
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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 
I 
Quality Designator 
(optional) 

Additional Performance 
Information (optional) 

Package Designator 

Performance Gmdeffemp Range Designator 

Additional Performance Infornlation (Second Genemtion, 
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 -J 

I 
I 
Performance Gmdeffemp Range Designator 

Package Designator 

Model Sequence Designator, 2 to 4 digits 

Product Type Prefix 

Burr-Brown Ie Data Book Supplement, Vol. 33b vii 
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Product Type Prefixes 

Product Type 

Amplifiers 

Analog Circuit 
Functions 

Frequency Products 

Conversion Products 

Miscellaneous 

Prefix 

OPA 
INA 
PGA 
ISO 

MFC 
MPY 
DIV 
LOG 

VFC 
UAF 

ADC 
ADS 
DAC 
DSP 

MPC 
PCM 

SDM 
SHC 

PWS 
PWR 
REF 
XTR 
RCV 

Description 

Operational Amplifier 
Instrumentation Amplifier 
Programmable Gain Amplifier 
Isolation Amplifier 

Multifunction Converter 
Multiplier 
Divider 
logarithmic Amplifier 

Voltage-to-Frequency Converter 
Universal Active Filter 

AID Converter 
AID Converter with SampleJHold 
DIA Converter 
Products Tailored Especially for Digital 
Signal Processing 
Multiplexer 
AID and DIA Converters for Audio 
and Digital Signal Processing 
System Data Modules 
SampleJHold 

Power Supply 
Power Supply 
Reference 
Transmitter· 
Receiver 

Performance Gracie and Temperatura Range Deslgnatora 

Increasing Parametric 
Performance 

o·Cto 7O·C 
(Commercial) 

H 
J 
K 
L(best) 

Temperatura Range 
~5"C to +8500 'II 

(Industrial) 

A 
B 
C (best) 

-o5°C to +125·C 
(Military) 

R 
S 
T(best) 

NOTE: (1) For some industrial products this may be -40·C to 8S·C. 

Package Deslgnatora 

M 
P 
G 

U 
N 
L 
o 
H 

Metal (hermetiC) 
Plastic DIP (nonhermetic) 
Ceramic (hermetic or 
nonhermetic) 
SOIC 
PLCC 
Ceramic Leadless Chip Carrier 
Die 
Ceramic hermetic 

Quality Deslgnatora 

a Burr-Brawn's a program 
aM or 10M Burr-Brawn's a program 

with Military Visual Criteria 
BI or B Bum-In 

Burr-Brown Ie Data Book Supplement, Vol. 33b 
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Where To Go From Here: 
Burr-Brown Sales & Service 

The Burr-Brown Integrated Circuits Data Book Supplement Vol. 33b con­
tains an extensive variety of new precision microcircuits. These have been 
introduced since the January 1989 publication of the 13oo-page Burr-Brown 
Integrated Circuits Data Book Vol. 33. which is available free upon request 
from your local salesperson or by calling 1-800-548-6132 (USA only). With 
both books, you will have an up-to-date collection of product data sheets on 
all commercial Burr-Brown IC parts. 

ABOUT THIS BOOK 
All Burr-Brown models are listed in Selection Guide tables at the beginning 
of each tabbed section. With these tables you can quickly compare specs 
among different models and choose the best part for your design. Complete 
product data sheets for items in bold are in this book, starting on the refer­
enced page. Items not in bold are in the larger IC Data Book. 

Data sheets are arranged alphanumerically, so if you know the name of the 
part you can find it quickly. Or, use the Model Index on the insidefrontcover. 
There you'll find models in this book in bold and arranged alphanumerically, 
along with models indexed from the larger IC Data Book. Throughout this 
book the prefix'S' designates page numbers for the Data Book Supplement. 

SUPERIOR CUSTOMER SERVICE 
Burr-Brown gives you the best customer service in the industry - whether 
you need additional technical literature. technical assistance from factory­
trained applications engineers, to place an order, or to return products. For 
immediate assistance with any of the following, contact your local Burr­
Brown salesperson or representative. See the inside back cover. Or, in the 
USA call our Customer Service Center at 1-800-548-6132. 

Technical Literature - In addition to individual data sheets, Burr-Brown 
has an extensive library of other useful publications. A brief summary: IC 
Data Book. Vol. 33 (1/89); Power Sources Handbook. Vol. 2 (8/90); reliability 
reports, application notes and handbook, UPDATE. Design Update, our ap­
plications engineering newsletter. We also offer a comprehensive product 
selection guide on a PC diskette. The same information is available via our 
Electronic Bulletin Board Service (see below). 

Burr-Brown IC Data Book Supplement. Vol. 33b ix 
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For Immediate Assistance, Contact Your Local Salesperson 

Other Technical Information -Application engineers are available during 
working hours to help you with product selection, design advice, trou­
bleshooting, documentation, etc. Call customer service at 1·800·548·6132 
(USA only). 

Electronic Bulletin Board Service - Computer-based information system 
offers up~to-date product announcements, application notes/suggestions, 
software/utilities (for example, pSPICE models), tech support message 
center, and E-mail. Available 24 hours per day at no charge, except for toll 
call. Use these settings: 300/1200/2400 8-N-l; XMODEM file transfer. BBS 
number is (602) 741-3978. 

Placing Orders - You can place orders via telephone, FAX, mail, TWX, or 
Telex with any authorized Burr-Brown field sales office, sales representative, 
or our Tucson headquarters. A complete list of sales offices is on the inside 
back cover of this book. For more information about placing an order, contact 
your local Burr-Brown salesperson or representative. See the inside back 
cover. Or, call customer service at 1·800·548·6132 (USA only). 

If the products you want are readily available off the shelf, you can pay for 
them with your VISA or MasterCard. For more information, call customer 
service at 1-800·548·6132. 

Prices and Quotations - Prices in this book (USA only) are USA OEM 
prices and are subject to change. Price quotations made by Burr-Brown or its 
authorized field sales representatives are valid for 30 days. Delivery quota­
tions are subject to reconfirmation at the time of order placement. For more 
information about pricing, contact your local Burr-Brown salesperson or 
representative. Or, call customer service at 1·800·548·6132 (USA only). 

Returns and Warranty Service -When returning products for any reason, 
contact Burr-Brow~ prior to shipping for authorization and shipping in­
structions. For complete instructions, contact your local Burr-Brown sales 
office or representative. In the USA, call our Customer Service Center at 
1·800·548·6132. 

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 and your RMA number, Burr-Brown will verify the 
malfunction and inform you of the warranty status, cost to repair or replace, 
credits, and status of replacement units where applicable. 

Burr-Brown Ie Data Book Supplement. Vol. 33b 



OPERATIONAL AMPLIFIERS 

APPLICATION GROUPS 
Burr-Brown operational amplifiers are listed in eight applications groups 
described 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 0.1 ~ V rc to 
5~VrC 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 O.OlpA to 5OpA. 
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. 

Burr-Brown Ie Data Book Supplement. Vol. 33b 
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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 ±14SV (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 PET 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 ±lA to ±lOA. They are used 
with small load resistances, coax cable driving, and with power booster 
applications. Many units have self-contained thermal sensing and shutdown 
to automatically protect the amplifiers from overheating and damage. All of 
these units have electrically isolated packages. 

UNITY -GAIN BUFFER (POWER BOOSTER) 

Unity-gain buffer amplifiers have a wide variety of applications. They are 
used to boost the output current capability of another amplifier, buffer an 
impedance that might load a critical circuit or to be an input impedance 
converter from an input thai 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. 

Burr-Brown IC Data Book Supplement. Vol. 33b 
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LOWDRIFf 

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 OPERATIONAL AMPLIFIERS (SSI1V/oC) Boldface = NEW 

Offset Voltage, Bias Open Frequency 
max Currant Loop Res~onsa 

At Temp (25°C), Gain, Unity Slew Rated 
25°C, Drift, max min Gain Rate Qutput, min Temp Page 

Description Model (±mV) (±!lVrC) (nA) (dB) (MHz) (V/J.ls) (±V) (±mA) Rangel' l Pkg No. 

FET OPA627M 0.1 1 20 110 16 45 11.5 30 Ind T().99 52-74 12 OPA627P 0.25 2 50 104 16 40 11.5 30 Ind DIP 52-74 au OPA637M 0.1 1 20 110 50 100 11.5 30 Ind T()'99 S2-74 -OPA637P 0.25 2 50 104 50 100 11.5 30 Ind DIP 52-74 II. 
OPAlllM 0.25 1 ±D.OOl 120 2 2 11 5 Ind TO-99 2-55 -... 

Wideband OPAl56M 2 5 0.05 94 6 14 10 5 Mil TO-99 2-80 Do 
OPA356M 2 5 0.05 94 6 14 10 5 Com T0-99 2-80 I! 
OPA602M 0.25 2 ±.001 92 6.5 28 10 15 Ind TO-99 2-145 C 
OPA602P, U 0.5 5 ±.002 88 6.5 24 10 15 Ind DIP,SOIC 2-145 ... 
OPA606M 0.5 5 ±0.01 100 13 35 12 5 Com T0-99 2-158 C 

Dual FET OPA2111M 0.5 2.8 ±D.004 114 2 2 11 5 Ind T0-99 2-195 
Z 
0 OPA2107P 0.5 5 0.006 80 5 15 11 10 Ind DIP, SOIC S2-114 -

Low Power OPA1013 0.15 2 20 123 0.8 OA 13 5 Com DIP, T()'99 . S2-104 5 (Dual) Single 
Supply Operation au 
Bipolar OPA177Z,P DIP S2-13 

Do 
0_01 0.1 1.5 134 0.6 0.3 12 10 Ind 0 

OPA177S 0.06 1.2 2.B 126 0.6 0.3 12 10 Ind SOIC S2-13 
OPA77Z,P 0.025 0.3 2.0 134 0.6 0.3 12 10 Ind DIP S2-13 
OPA27J,Z 0.025 0.6 ±40 120 8 1.9131 12 16.6 Mil T0-99, 2-27 

DIP 2-27 
OPA37J,Z 0.025 0.6 ±40 120 63(21 11.9131 12 16.6 Mil T0-99, 2-27 

DIP 2-27 
OPA27P, U 0.100 1.8 ±80 117 8 1.9131 12 16.6 Com DIP,SOIC 2-27 
OPA37P, U 0.100 1.8 ±80 117 63121 11.91'1 12 16.6 Com DIP,SOIC 2-27 

NOTES: (1) Com = DoC to +70°C, Ind a -25°C to +U5°C, Mil = -55°C to + 125°C. 
Ay - 5 min. (3) Typical. . 

(2) Gain-bandwidth product for OPA37~ 

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 to-IS A) and 
voltage drift as low as IJ,lVrC. With offset voltage laser-trimmed to as low 
as 250J,lV, the need for expensive trim pot adjustments is eliminated. 
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LOW BIAS CURRENT OPERAnONAL AMPLIFIERS (~pA) 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 OU!2Ut,mln , Temp Page 

Description Model (±mV) (±pV"C) (PA) (dB) (MHz) (VIps) (±V) (±mA) Rangel'l Pkg No. 

FET OPA111M 0.25 1 ±1 120 2 2 11 ,5 Ind TO·99 2·55 
OPA627M 0.1" 1 20 110 16 45 12 30 Ind TOo99 S2-74 
OPA627P 0.25 2 50 104 16 40 12 30 Ind DIP 52-74 
OPA637M 0.1 1 20 110 50 100 11.5 30 Ind T0-99 52074 
OPA637P 0.25 2 50 104 50 100 11.5 30 Ind DIP 52-74 

Low Noise OPA101M 0.25 5 -10 94 10 6.5 12 12 Ind T0-99 2-43 
OPA102M 0.25 5 -10 94 40 14 12 12 Ind T0-99 2-43 

UllracLow OPA128M 0.5 5 ±O.075 110 1 3 10 5 Com TO-99 2·72 
Bias Currenl AD515H 1 25 0.075 88 0.35 1 ,10 5 Com TO-99 2-13 

DuaiFET OPA2111M 0.5 2.8 ±4 114 2 2 11 5 Ind 'T0-99 2·195 
OPA2111P 2 15 ±15 106 . 2 2 11 5 Com DIP 2·195 
OPA2107P 0.5 5 6 80 5 15 11 10 Ind DIP, S2-114 

SOIC S2-114 

QuadFET OPA404G 0.75 3(21 ' ±4 92 6.4 35 12 5 Ind DIP 2·94 
OPA404P. U 2.5 5(2) ±12 88 6.4 35 11.5 5 Com DIP,SOIC 2-94 

Low Cost OPA121M 2 10 ±5 110 2 2 11 5 Com T0-99 2-66 
OPA121P. U 3 10 ±10 106 2 2 11 5 Com DIP. SOIC 2-66 
OPA602M 0.25 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 DIP. SOIC 2·145 

Wideband OPA606M 0.5 5 ±10 100 13 35 12 5 Com TC>-99 2·158 
OPA606P 3 10(21 ±25 90 12 30 11 5 Com DIP 2·158 

NOTES: (1) Com .. O·C 10 +70·C. Ind = -25·C 10 +85·C. Mil ~ -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 allowa truly 
complete error budget calculation. 

LOW NOISEOPERAnONAL AMPLIFIERS (Very LoweJ 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 Drift min BW min , Ou!eut, min Temp Page 
Description Model (nVl~) (PA) (±mV) (±11 V,.C) (dB) (MHz) (V/1lS) (±V) (±mA) Range''' Pkg No. 

Bipolar OPA27J.Z 3.8 ±40nA 0.025 0.6 120 8 1.9121 12 16.6 Mil TO-99. 2·27 
DIP 

OPA37J. Z 3.8 ±40nA 0.025 0.6 120 63 11.9121 12 16.6 ' Mil TO-99. 2·27 
DIP 

OPAl77Z,P 10 1.5 0.01 0.1 134 0.6 0.3 12 10 Ind DIP 52-13 
OPAl77S 10 2.8 0.06 1.2 126 0.6 0.3 12 10 Ind SOIC S2-13 
OPA77Z,P 11 2.0 0.025 0.3 134 0.6 0.3 12 ,10 Ind DIP 52-13 

(Continued on next page) 
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LOW NOISE OPERAllONAL AMPUFIERS (Very Lowe,.) (Continued) 

Description Model 

Noise 
Voltage 

at 10kHz. 
max 

(nVNHz) 

Wide OPA101M 8 
Bandwidth OPA102M 8 

Bias 
Current 
(25°C). 

max 
(pA) 

-10 
-10 

Offset 
Voltage. max 
at Temp 

25°C Drift 
(±mV) (±JI VlOC) 

0.25 5 
0.25 5 

Open 
Loop 
Gain. 
min 
(dB) 

94 
94 

Frequency 
Response 

Slew 
Gain Rate. 
BW min 

(MHz) (V/Jls) 

20 5 
40 10 

Boldface = NEW 

Rated 
Output. min Temp 
(±V) (±mA) Range('1 Pkg 

12 12 Ind T0-99 
12 12 Ind T0-99 

Page 
No. 

2-43 
2-43 

FET OPAlllM 8 ±1 0.25 1 120 2 1 11 5 Ind T0-99 2-55_ 
OPA602M 12(21 1 0.25 2 92 6.5 28 10 15 Ind T0-9 2-145 
OPA627M 5.4 20 1 0.8 110 16 45 11.5 30 Ind T0-99 S2-74 
OPA627P 6.2 50 0.25 2 104 16 40 11.5 30 Ind DIP S2-74 
OPA637M 5.4 20 1 0.8 110 50 100 11.5 30 Ind T0-99 S2-74 
OPA637P 6.2 50 0.25 2 104 50 100 11.5 30 Ind DIP S2-74 

I Low Cost OPA27P.U 4.5 ±80nA 0.100 1.8 117 8 1.9121 10 16.6 Com DIP, SOIC 2-27 
OPA37P, U 4.5 ±80nA 0.100 1.8 117 63 11.9121 10 16.6 Com DIP, SOIC 2-27 III -I&. 

DuaiFET OPA2111M 8 ±4 0.5 2.8 114 2 11 5 Ind T0-99 2-195 -.... OPA2111P 6(21 ±15 2 15 106 2 11 5 Com DIP 2-195 A. 
Dual Audio OPA2604 10 100 2 5 100 10 15 12 20 Ind DIP. S2-122 I! 
OpAmp SOIC 52-122 cC 
NOTES: (1) Ind = -25°C to +85°C. Mil = -55°C to +125°C. Com = O°C to +70·C. (2) Typical. 

.... 
cC 
Z 

UNITY·GAIN BUFFER (POWER BOOSTER) 0 -
These versatile amplifiers boost the ouput current capability of another 5 amplifier; buffer an impedance that might load a critical circuit; and may be III 
used inside the feedback loop of another op amp to fonn a current-boosted. A. 
composite amplifier. Currents as high as ±200mA are available with speeds 0 
of 2000V /J.lS. 

UNITY-GAIN BUFFER OPERAllONAL AMPUFIERS Boldface = NEW 

Rated Frequency Responses Input 
Output. min -3dB Full Power Slew Rate Gain Impedance Temp Page 

Description Model (±V) (±mA) (MHz) (MHz) (V/J.lS) (VIV) (0) RangeUI Pkg No. 

High 3553AM 10 200 300 32 2000 =1 10" Ind T0-3 2-225 
Performance 

Low Cost OPA633H, P 11 80 275 65 2500 =1 1.5 xlO" Ind T0-8,DIP 2-176 

Transcon- OPA660 4 8 700 550 2000 =1 10' Ind DIP.SOIC S2-88 
ductance Amp 
and Buffer 

NOTE: (1) Ind = -25°C to +85°C. 
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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 OPERATIONAL AMPLIFIERS ~MHz) Boldface = NEW 

Frequency Response Offset Voltage, Open 
Slew max Loop 

Gain Rate t,. Rated At Temp Gain, 
BW min ±O.1% Output, min 25°C Drift min Temp Page 

Description Model (MHz) (V/J!s) (ns) Comp (±Y) (±mA) (±mY) (±J!vrC) (dB) RangeC1l Pkg No. 

FET OPA156M 6 10 1.5118 int 10 5 2 5 94 Mil T0-99 2-80 
OPA356M 6 10 1.5118 int 10 5 2 5 94 Com T0-99 2-80 
OPA602M 6.5 28 SOO int 10 15 0.25 2 92 Ind T0-99 2-145 
OPA602P, U 6.5 24 600 Int 10 15 0.5 5 88 Ind DIP, SOIC 2-145 

Dual OPA2107 5 15 1118 Int 11 10 0.5 5 82 Ind,MII DIP, S2-114 
T0-99, S2-114 
SOIC 82-114 

Dual Audio OPA2604 10 25 2 Int 10 20 1 5typ 82 Ind DIP, 82-122 
TO-99 S2·122 

OpAmp OPA605M 200, 300(3) 300 ext 10 30 0.5 5 9S(3) Ind DIP 2-152 
A=1000 

OPA606M 13 25 1118 int 12 5 0.5 5(2) 100 Com T0-99 2-158 
OPA606P 12 20 1118 int 11 5 3 10(2) 90 Com TO-99 2-158 
OPA627M 16 45 400 Int 11.5 30 0.1 1 110 Ind T0-99 S2-74 
OPA627P 16 40 400 Int 11.5 30 0.25 2 104 Ind DIP S2-74 
OPA637M 50 100 300 G>5 11.5 30 0.1 1 110 Ind T0-99 S2-74 
OPA637P 50 100 300 G>5 11.5 30 0.25 2 104 Ind DIP S2-74 
3554M 1700, 1000 120 ext 10 100 1 15 100 Ind T0-3 2-229 

A=10oo 
3551 50, 250 400 ext 10 10 50(2) 88 Com T0-99 2-221 

A=10 
3550 20, 100 400 int 10 10 50(2) 88 Com T0-99 2-217 

A=1 

Bipolar 3507 20, 80 200 ext 10 10 10 30(2) 83 Com TO-99 2-213 
A=10 

Current- OPA603P 50 1000 50 NA 10 75 5 8typ NA Ind DIP ,S2-30 
Feedback (G=1 to 50) 

Transcon- OPA660 700 2000 25 NA 4.0 20 20 50 NA Ind DIP, SOIC S2-88 
ductance Amp 
and Buffer. 

QuadFET OPM04G S.4 28 SOO int 11.5 5 0.75 3(2) 92 Ind DIP 2-94 
OPA404P, U S.4 24 SOO int 11.5 5 2.5 5(2) 88 Com DIP, SOIC 2-94 

Low NOise OPA27 8,A=1 1.912) inti» 12 16.S 0.025 O.S 120 Mil TO-99. DIP 2-27 
Bipolar OPA37 63,A=5 11.9(2) Injl3) 12 16.S 0.025 O.S 120 Mil T0-99, DIP 2-27 

Low Noise OPA101M 20, 5 2.5J!s Int 12 12 0.25 5 94 Ind TO-99 2-43 
FEr A=100 

OPA102M 40, 10 1.5J!s Int 12 12 0.25 5 94 Ind T0-99 2-43 
A=100 

Fast OPASOOM 5000, 500 80 ext 9 180 4 40 86 Ind DIP 2-137 
Settling A=1000 

(Continued on next page) 
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WIDE BANDWIDTH OPERATIONAL AMPLIFIERS (~5MHz) (Continued) Boldface = NEW 

Frequency Response Offset Voltage, Open 
Slew max Loop 

Gain Rate t,. Rated At Temp Gain, 
BW min ±O.l% Output, min 25°C Drift min Temp Page 

Description Model (MHz) (V/Jls) (ns) Comp (±V) (±mA) (±mV) (±JlVlOC) (dB) Range") Pkg No. 

Very Fast OPA620 200 175121 10 Int 3 15Q121 0.5 8121 55 Com,MII DIP, S2-42 
SOIC S2-42 

Settling OPA621 500, 350121 15 Int 3 15Q121 0.5 12121 55 Com,MII DIP, S2-48 
Precision A=10 SOIC S2-48 

Very Fast OPA675G 3000, 240 15 ext 2.1 30121 5 65 Com,MII DIP S2-90 
Settling A=16 
Switched OPA676G 3000, 240 15 ext 2.1 30121 1 5 65 Com,MII DIP S2-90 
Input A=16 

Low Cost OPA27P.U 8.A-l 1.9(') int 12 16.6 0.100 1.8 117 Com DIP, SOIC 2-27 I OPA37P. U 63, 11.9(') Int(3) 12 16.6 0.100 1.8 117 Com DIP, SOIC 2-27 
A=5 III -II. 

NOTES: (1) Com _ O°C to +70°C, Ind = -25°C to +85°C, Mil = -55°C to + 125°C. (2) Typical. (3) G _ 5 min for OPA37. -... 
a. 

HIGH VOLTAGE, HIGH CURRENT OPERATIONAL AMPLIFIERS Boldface = NEW IE 
C 

Offset Voltage, Bias Frequency ... 
max Current Res~onse Open C 

Rated Output, At Temp (25°C), Unity Slew Loop Z 
min . 25°C Drift max Gain Rate Gain Temp Page 0 -Description Model (±V) (±mA) (±mV) (±JlV/OC) (PA) (MHz) (V/Jls) (dB) Rangel') Pkg No. 5 High Power OPA501M 26 lOA 5 40 20nA 1 1.35 98 Ind T0-3 2-109 

OPA511M 22 SA 10 65 40 1 1 91 Ind T0-3 2-117 W 
OPA512BM 35 lOA 6 65 30 4 2.5 110 Ind T0-3 2-122 a. 
OPA512SM 35 15A 3 40 20 4 2.5 110 Mil T0-3 2-122 0 OPA541M 35 SA 1 30 50 1.6 6 90 Ind T0-3 S2-22 
OPA541AP 30 SA 10 40 50 1.6 6 90 Ind Power S2-22 

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

3573M 20 2A(4) 10 65 40nA 1 2.6 94 Ind T0-3 2-243 

Wideband 3554M 10 100 15 50 1700c') 1200 100 Ind TO-3 2-229 

High Voltage 3584M 145 15 3 25 20 20") 150 126 Com TO-3 2-255 
3583M 140 75 3 25 20 5 30 118 Ind TO-3 2-251 
3582 145 15 3 25 20 5 20 118 Com T0-3 2-247 
3581 70 30 3 25 20 5 20 112 Com T0-3 2-247 
3580 30 60 10 30 50 5 15 106 Com T0-3 2-247 
OPA445BM 35 15 3 10 50 2 10 100 Ind T0-99 2-104 

Buffer 3553M 10 200 50 30()l5) 200 300 2000 NA Ind T0-3 2-225 
OPA633 11 80 15 33'S) 35JlA 275(5) 2500 NA Ind DIP 2-176 

NOTES: (1) Com - O°C to +70°C, Ind = -25°C to +85°C, Mil = -55°C to + 125°C. (2) Gain-bandwidth product. (3) 2A peak. (4) SA 
peak. (5) Typical. 
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SPECIAL PURPOSE 

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

SPECIAL PURPOSE OPERATIONAL AMPURERS Bolclface = NEW 

Offset Voltage, Bias Open Frequency 
max Current Loop Res~nse 

At Temp (25·C), Gain, Unity Slew Rated 
25·C, Drift, max min Gain Rate OU!l!!!!J min 

Description Model (±mV) (±!lVrC) (nA) (dB) (MHz) (V/jlS) (±V) (±mA) 

Very Fast OPA675G 5 35"" 65 1iP 350 2.1 30 
Settling OPA676G 5 35"" 65 1iP 350 2.1 30 

NOTES: (1) Com - O·C to +70·C, MiI- -65·C to +125·C. (2) -3dB BW at Gain of +10VN. 

Models STILL available but not featured In this book 

Model 

3329/03 
3500 
3501 
3510 
3521 
3522 
3523 
3527 
3528 
3542 
OPA37HT 
OPA103 
OPA104 
DEM102 
DEM106 

Description 

Hybrid Power Booster 
Low Bias Current Op Amp 
Low Bias Current Op Amp 
Low Drift Op Amp 
Low Drift Op Amp 
Low Drift Op Amp 
Low Bias Current OpAmp 
.Low Drift FET Op Amp 
Low Bias Current Op Amp 
FET Input Op Amp 
Wide Temp Op Amp 
Low Bias Current Op Amp 
Low Bias Current Op Amp 
Demo Kit for IS01 02 
Demo Kit for 150106 

Recommanded 
Newer Model 

OPA633 
OPA27 
OPA111 
OPA27 
OPA111 
OPA111 
OPA128 
OPA111 
OPA128 

OPA12112) 
OPA11HT 
OPA128 
OPA128 

Equivalency") 

FIE 
FIE 
PIP 
FIE 
PIP 
PIP 
PIP 
PIP 
PIP 
PIP 
PIP 
PIP 
PIP 

Temp Page 
Range''' Pkg No. 

Com, Mil DIP S2-90 
Com, Mil DIP' 92-90 

NOTES: (1) PIP - Pin for Pin. A true second source. FIE. Funclional 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 
OPA 121 is ±5V to ±18V (instead of ±5V to ±2OV). 
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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 10g)O CMV /Error Voltage 

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

COMMON-MODE VOLTAGE (CMV) 

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: 

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 

Apparent impedance, 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-BANDWIDTH PRODUCT 

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

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

INPUT BIAS CURRENT vs SUPPLY VOLTAGE 

Sensitivity of input bias current to power supply voltages. 

INPUT BIAS CtiRR~NT 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 

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

INPUT OFFSET VOLTAGE vs SUPPLY VOLTAGE (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 
operating voltage range. 

INPUT OFFSET VOLTAGE vs TEMPERATURE (DRIFf) 

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

INPUT OFFSET VOLTAGE vs TIME 

The sensitivity of input offset voltage to time. 
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INPUT VOLTAGE NOISE 

Differential input voltage that would produce, at the output of a noiseless 
amplifier, the same output as that produced by the inherent noise genemted 
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. 

POWER SUPPLY VOLTAGE RANGE 

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. 
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SLEW RATE 
Maximum rate of change of the output voltage when supplying rated output 
current. 

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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OPA177 
OPA77 

Precision 
OPERATIONAL AMPLIFIER 

FEATURES 
• LOW OFFSET VOLTAGE: 10llV max 

• LOW DRIFT: O.1IlV/oC 

• HIGH OPEN·LOOP GAIN: 130dB min 

• LOW QUIESCENT CURRENT: 1.SmA typ 
• REPLACES INDUSTRY·STANDARD OP 

AMPS: OP·07, op·n, Op·1n, AD707, 
ETC. 

DESCRIPTION 
The OPA177 and OPA77 precision bipolar op amps 
feature very low offset voltage and drift. Laser-trimmed 
offset, drift and input bias current virtually eliminate 
the need for costly external trimming. Their high 
performance and low cost make them ideally suited to 
a wide range of precision instrumentation. 

The low quiescent current of the OPA 177 and OPA 77 
dramatically reduce warm-up drift and errors due to 

soan +In 
3O-JV\I\,--+-_-'-l 

500n 
~no-JV\I\'--~~_-_r-___ ~ 

APPLICATIONS 
• PRECISION INSTRUMENTATION 

• DATA ACQUISITION 

• TEST EQUIPMENT 
• BRIDGE AMPLIFIER 

• THERMOCOUPLE AMPLIFIER 

thermoelectric effects in input interconnections. They 
provide an effective alternative to chopper-stabilized 
amplifiers. The low noise of the OPAI77 and OPA77 
maintains accuracy. 

OPAI77 and OPA77 performance gradeouts are avail; 
able. Packaging options include 8-pin plastic DIP, 8-
pin ceramic DIP, and SO-8 surface-mount packages. 

Vo 
6 
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OPA 177 SPECIFICATIONS 
ELECTRICAL 
AI Va~ ±15V, T._ +25OC unless otherwise noted. 

OPAI77E OPAI77F OPAI77G 

PARAMETER CONOmON IIIN TYP MAX MIN TYP MAX MIN 1YP MAX UNRS 

OFFSET VOLTAGE 
Inpul 0IIse1 Voltage 4 10 10 25 20 60 IlV 
Long·Term Inpul OIfse~" 0.2 0.3 0.4 IlViMo 
Voltage Stability 

OIfset Adjustment Range Rp= 20kn :1;3 · · mV 
Power Supply Rejection Ratio Va=:I;3V to ±18V 120 125 lIS · 110 120 dB 

INPUT BIAS CURRENT 
Input OIfset Current 0.3 I · 1.5 · 2.8 nA 
Input Bias CUrrent 0.5 ±1.5 · ±2 · ±2.8 nA 

NOISE 
Input Noise Voltage IHz,to 100Hz.' 85 150 · · · · nVnns 
Input Noise Current 1Hz to 100Hz 4.5 · · pAnns 

INPUT IMPEDANCE 
Input Resistance Differential ModeP' 26 45 · · 18.5 · MO 

Common Mode 200 · · GO 

INPUT VOLTAGE RANGE 
Common·Mode Input Rangel" ±13 ±14 · · · · V 
Common-Mods Rejection Vcu~ ±13V 130 140 · · lIS · dB 

OPEN-LOOP GAIN f\:< 2kQ 
laJge-Slgnai Voltage Gain Vo='±IO\llSl 5000 12000 · · 2000 6000 VlmV 

OUTPUT 
Oulput Voltage SWing RL :< 10kn ±13.5 ±14 · · · · V 

f\:<2kQ ±12.5 ±13 · · · · V 
f\:< Ikn ±12 ±12.5 · · · · V 

Open-Loop Output Reslstanos 60 · · 0 

FREQUENCY RESPONSE 
Slew Rate f\:< 2kQ 0.1 0.3 · · · · Vips 
Closed-Loop Bandwidth G=+I 0.4 0.6 · · · · MHz 

POWER SUPPLY 
Power ConsumptIon Va_ ±15V, No Load 40 60 · · · · mW 

Va- :l;3V, No Load 3.5 4.5 · · · · mW 
Supply Current V. = :t15V, No Load 1.3 2 · · · · mA 

ELECTRICAL 
At Va_ ±15V, -40'C S T. S +85OC, unless otherwise noted 

OFFSET VOLTAGE 
Input OIfset Voltage 10 20 IS 40 20 100 IlV 
Average Input OIfset 0.03 0.1 0.1 0.3 0.7 1.2 IlVI'C 

Voltage DriftC" 
Power Supply Rejection Ratio V.-:I;3V to±18V 120 125 110 120 106 lIS dB 

INPUT BIAS CURRENT 
Input 0Ifset CUrrent 0.5 1.5 · 2.2 · 4.5 nA 
Average Input OIfset Current 1.5 25 · 40 · 85 pAJOC 

DrifII" 
Input Bias CUrrent 0.5 ±4 · · · ±6 nA 
Average Input Bias Current 8 25 · 40 IS 60 pAJOC 

DriftC" 

INPUT VOLTAGE RANGE 
Common-Mode Input Range ±13 ±13.5 · · · · V 
Common·Mode Rejection Vou. ±13V 120 140 · · 110 · dB 

OPEN-LOOP GAIN 
laJge-5lgnai Voltage Gain f\:<2kQ, Vo-±IOV 2000 6000 · · 1000 4000 VImV 

OUTPUT 
Oulput Voltage Swing RL :<2kQ ±12 ±13 · · · · V 

POWER SUPPLY 
Power ConsumptIon Va_ ±15V, No Load 60 75 · · · · mW 
Supply Current V.- ±15V, No Load 2 2.5 · · · · mA 

• Same as specIfcatIon for product to lelt. 
NOTES: (I) Long-Tenn Input OIfseIVoItage StablUty relers to the averaged trend nne of V 08 YO time overextendedperiodsaflertheflrst30 deys of operation. excluding 
the Initial hour of operation, changes In Vos during the first 30 operating deys are typically less than 2)LV. (2) Sample tested. (3) Gueranteed by design. (4) Gueranteed 
by CMRR test condition. (5) To Insure high open·loopgain throughout the±IOV outputrange, A"", Is tested at-IOV S Vo S OV, OV S Vo S +IOV, and-IOV SVoS +IOV. 
(6) OPI77EZ and OPI77FZ: TCVosls 100% testad. (7) Gueranteed by end-POint limits. 
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OPA77 SPECIFICATIONS 
ELECTRICAL 
At Vs = :l:t5V. T. = +25'C untess otherwise noted. 

OPA77E OPA77F OPA77G 

PARAMETER CONOmON MIN TYP MAX MtN TYP MAX MIN TYP MAX UNITS 

OFFSET VOLTAGE 
Input OIIset Voltage 10 25 20 60 50 100 IlV 
Long-Term Input Offset 0.3 0.4 · IlViMo 
Voltage Stability'" 
Offset Adjustment Range R"",,=20kn ±3 · mV 
Power Supply Rejection Ratio V. = ±3V to :l:18V 0.7 3 · · · · IlVN 

INPUT BIAS CURRENT 
Input Offset Current 0.3 1.5 · 2.8 · · nA 
tnput Bias Current 1.2 ±2 · ±2.8 · · nA 

NOISE 
Input Noise Voltage O.IHzto 10Hz.' 0.35 0.6 0.38 0.65 · · IlVp-p 
Input Noise Voltage Denslty ,= 10Hz·' 8.5 18 · 20 · · nVriHz 

,= 100Hz·' 7.5 13 · 13.5 · · nVriHz 
,= 1000Hz"' 7.5 11 · 11.5 · · nVriHz 

Input Noise Current O.lHz to 10Hz 35 · pAp-p 
Input Noise Current Density '.10Hz 0.73 · · pAI.JHz 

,= 100Hz 0.26 · 
,= 1000Hz · · PAl#. 0.22 

INPUT RESISTANCE 
Differential Input Resistance'" 26 45 18.5 · · · Mil 
Common-mode Input Resistance 200 · · GO 

INPUT VOLTAGE RANGE 
Common Mode Input Range :1:13 :1:14 · · · · V 
Common-Mode R8j.ectlon - V ... =:l:13V 0.1 1 · 1.6 · · IlVN 

OPEN-LOOP GAIN 
large-Signal Voltage Gain R, <!: 21<0. Vo = :l:l0V 5000 12000 2000 6000 · VlmV 

OUTPUT 
Output Voltage Swing f\;.I0k0 :1:13.5 :1:14 · · · V 

R,<!:2kn :1:12.5 :1:13 · · · · V 
R,<!:lkn :1:12 :1:12.5 · · · · V 

Open-Loop Output Resistance 60 · n 
FREQUENCY RESPONSE 
Slaw Rate R,,<!:2kn 0.1 0.3 · · · V/1lS 
Closed-Loop Bandwidth AVCL=+1 0.4 0.6 · · · MHz 

POWER SUPPLY 
Power Consumption ~.=:l:15V. No Load 50 60 · · · · mW 

= ±3V. No Load 3.5 4.5 · · · · mW 

ELECTRICAL 
At V. = :l:15V. -25'C S T. S +85'0 'or OPA77EZ and OPA77FZ. O'C S T. S +70'C 'or OPA77FP and OPA77GP. unlass otherwise noted. 

OFFSET VOLTAGE 
Input Offset Voltege ZPackage 10 45 20 100 · · IlV 

P Package 10 55 20 100 80 150 IlV 
Average Input Offset'" ZPackage 0.1 0.3 0.2 0.6 · IlVI'C 
Voltage Drift P Package 0.3 0.6 0.4 1 0.7 1.2 IlVi'C 

Power Supply Rejection RatIo V. = ±3V to :l:18V 1 3 · 5 · · IlVN 

INPUT BIAS CURRENT 
Input Offset Current 0.5 2.2 · 4.5 · · nA 
Avg Input Offset Current Drifl"l 1.5 40 · 85 · · pArC 
Input BIas Current 2.4 ±4 · ±6 · · nA 
Avg Input Bias Current Drift<" 8 40 15 60 · · pArC 

INPUT VOLTAGE RANGE 
Common Mode Input Range :1:13 :1:13.5 · · · · V 
Common-Mode Rejection V ... =:l:13V 0.1 1 · 3 · IlVN 

OPEN-LOOP GAIN 
Large-5lgnal VOltage Gain R" <!: 2kn. Vo = :l:l0V 2000 6000 1000 4000 · VImV 

OUTPUT 
Output Voltage Swing R,,<!:2kn :1:12 :1:13 · · · · V 

POWER SUPPLY 
Power Consumption V. = :l:15V. No Load 60 75 · · · mW 

• Sarne as specification 'or product to left. NOTES: (1) Long-Tann Input OIIset Voftega Stability re'ers to the averaged trend line 01 Vas vs time over extended period 
after the first 30 days 0' operation. Excluding the Initial hour 0' operation. changes In Vas during the Hrst 30 operating days are typically 2.5IlV. (2) Sample tested. (3) 
Guaranteed by design. (4) OPA77E: TCVes Is 100% tested on Z package. (5) Guaranteed by end-polnt limits. 
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MECHANICAL 

P Package - &-Pin PlasUc DIP 

o.l INCHES MIlUMETERS INCHES MIWMETERS 
DIM lIN MAX MIN MAX DIM MIN MAX lIN MAX 
A .155 .200 3.94 '5.08 ..... 0 .030 0.00 0.76 
AI .020 .050 0.51 1.27 ex 0" 15° 0" 15° 

,- ~, J B .014 .020 0.36 0.51 P .015 .050 0.36 1.270 
111 .045 .085 1.14 1.65 01 .040 .075 1.02 1.91 
C .006 .012 0.20 0.30 So, .015 .050 0.36 1.27 

D"' :J70 .400 9.40 10.18 (1) No1 JEDEC Sill. 
E :JOG .325 7.82 8.28 (2) e. and e. apply In zone L, when 
EI .240 .280 8.10 8.80 unh Installed. 

"I r B• ~ LF.~~ 81 .100 BASIC 2.54 BASIC NOTE: Leads In tiue position within 
SA :JOG BASIC 7.82 BASIC 0.01" (O.25mm) R ,at MMC al saa1Ing 

_" j B L .125 .150 3.18 3.81 plane • 

~IJ--l J-t,I.H A r .Jl !'~'-L. c 
:J _ B Sealing Plane 

z Package - &-pIn SSI Ceramic DIP ,-0-, INCHES MlWMETERS NOTE: Leads In true 
DIM MIN MAX MIN MAX posItIcn within 0.01" 

Ot A .180 .214 4.07 5.44 (O.25mm) R at MMC 
A. .009 .080 0.23 1.52 at seating plane. 

B .015 .021 .36 .54 
8, .045 .080 1.14 1.52 
C .006 .0'2 0.20 0.30 
D .365 :J95 9.27 '0.03 
E .290 :J2O 7:J7 8.'3 

}-Ir=e~,~ 
EI .245 .255 8.22 8,48 
81 .100 BASIC 2.54 BASIC - -B, 8. .268 .268 8.8, 7:Jl 

I I A, t L .125 .175 3.18 4,45 a 0" 15° 0" '5° 

QJ= qpill ~A QI .'80 .220 4.57 5.59 
I S - .098 2A9 

" ijnT t' . " 8 .290 :J2O 7:J7 8.'3 

" " " I I Seating I~' -- --c 
Plane 

--Ial~e-I' - -S II 
'--,=" e. - - B 

S Package - &-pIn SOle 

~:.~ INCHES MIWMETERS NOTE: Leads in true 
DIM MiN MAX MIN MAX position within 0.01", 

A .'85 .20, 4,70 5.11 (O.25mm) Rat MMC 

fl AI .'78 .20, 4.52 5.11 at sealing plane. 
8 .'46 .'82 3.71 4.11 

B B 81 .130 .149 3.30 3.78 

JJ C .054 .145 1.27 3.89 
Pin 1 Identifier D .0'5 .0'9 0.36 OAB 

l(~lnlU JLH 

G .050 BASIC 1.27 BASIC 
H .018 .026 0.48 0.68 
J .006 .0'2 0.20 0.30 

~ L .220 .252 5.59 GAO 

~lif . lu 
M 0" '0" 0" '0" 

~lC N .000 .0'2 0.00 0.30 

G " o...Jcrt I.--L---l' 

2-16 Burr-Brown Ie Data Book Supplement, Vol. 33b 



Or, Call Customer Service at 1·800·548·6132 (USA Only) 

PIN CONFIGURATION 

Top View 

OfIsetTrim 1 a OfIsetTrim 

DIP 
SOIC 

S No Internal Connection 

ORDERING INFORMATION 

MODEL PACKAGE TEMP. RANGE 

OPAlnFP a·Pln Plastic DIP -40'C 10 +8S'C 
OPA177GP a·Pln Plastic DIP -40'C 10 +8S'C 
OPA177GS S().a Surface-Mount -40'C 10 +8S'C 
OPA177EZ a·Pln Ceramic DIP -4O'C 10 +8S'C 
OPAI77FZ a·Pln Ceramic DIP -4O'C 10 +8S'C 
OPA177GZ a·Pln Ceramic DIP -40'C 10 +8S'C 

OPAnFP 8-Pln Plastic DIP O'C to +70'C 
OPA77GP 8-Pln Plastic DIP O'C 10 +7O'C 
OPAnEZ 8-Pln Ceramic DIP -2S'C 10 +8S'C 
OPAnFZ 8-Pln Ceramic DIP -2S'C to +85'C 

ABSOLUTE MAXIMUM RATINGS 

Power Supply Voltage ....................................................................... ±22V 
Differential Input Voltage ................................................................... :I:3OV 
Input Voltage ................................................................................. ±V.±IV 
Oulput Short Circuit ................................................................. Continuous 
Operating TemperalUre: 

Ceramfc DIP (Z) ........................................................... -55'C to + 125'C 
Plastic DIP (P). S().a (5) .............................................. -40'C 10 +85'C 

Slorage TemperalUre: 
Ceranic DIP (Z) ........................................................... -55·C to +150'C 
Plastic DIP (P). so-a (5) ............................................. -5S'C to + 125'C 

Junction TemperelUre .................................................................... + 150'C 
Lead TemperelUre (soldering. lOS) ............................................... +300'C 

@ ELECTROSTATIC DISCHARGE SENSITIVITY 
Any integrated circuit can be damaged by ESD. Burr-Brown 
recommends that all integrated circuits be handled with 
appropriate precautions. ESD can cause damage ranging 
from subtle perfonnance degradation to complete device 
failure. Precision integrated circuits may be more suscep­
tible to damage because very small parametric changes 
could cause the device not to meet published specifications. 

Burr-Brown's standard ESD test method consists of five 
lOOOV positive and negative discharges (lOOpf in series 
with l.SW) applied to each pin. 

Failure to observe proper handling procedures could result 
in small changes to the OPA177's input bias current. 

TYPICAL PERFORMANCE CURVES 
T. ~ +25'C. V. = ±15V unless otheMise noted. 

GAIN LINEARITY . 
(NORMALIZED INPUT VOLTAGE va OUTPUT VOLTAGE) OPEN·LooP GAIN va TEMPERATURE 

2 25 

s;-
a RL ~ 10kQ .. 
f 0 

i 
-1 

-- -- -r---OfIset nulled 
atVo·OV 

1'0... 

-2 o 
-10 -5 0 5 10 -55 -35 -15 5 25 45 65 a5 105 125 

Oulput Voltage (VI Tempera1Ure I'C) 
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TYPICAL PERFORMANCE CURVES (CONT) 
T. = +25'C. v. = ±15V unless O1herwlse noted. 

20 
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OPEN-LOOP GAIN vs POWER SUPPLY VOLTAGE 
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/' 

±5 ±10 ±15 

Power Supply Voltage (V) 

OFFSET VOLTAGE CHANGE 
DUE TO THERMAL SHOCK 

/ Device Immers11n 70~C Inert liquid 

V- r-... cJramlcdlP 

/ \ 
I I\, 
Ir "Pms:IcDIP N 

--
±20 

V 

10 20 30 40 50 60 70 60 

Time(s) 

OPEN-LOOP GAINJPHASE vs FREQUENCY 
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TYPICAL PERFORMANCE CURVES (CONT) 
T. ~ +25'C, V. ~ ±15V unless otherwise noted. 

150 

50 
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10 

>1 .a .. 
off 
Z 

~ 
0: 0.1 

0.01 
100 
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28 
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~ 20 
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o 
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POWER SUPPLY REJECTION 
VB FREQUENCY 
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I""-
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lk 10k 
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-

....... 
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~=~111 
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TYPICAL PERFORMANCE CURVES (CONT) 
T. = +25'<:. V. = ±15V unless otherwise noted. 

MAXIMUM OUTPUT VOLTAGE YS LOAD RESISTANCE 
20 

~ 15 

g 
E 10 

i 
:::e 5 

o 
100 

.1 

IIII 
Positive 
Output 

- - ..... 
il 

Negative 
0u1Dut 

I) 

lk 10k 
Load Resistance to Ground (11) 

APPLICATIONS INFORMATION 
The OPAI77 is unity-gain stable. making it easy to use and 
free from osciliations in the widest range of circuitry. Ap­
plications with noisy or high impedance power supply lines 
may require decoupling capacitors close to the device pins. 
In most cases 0.1 JJ.F ceramic capacitors are adequate. 

The OPAI77 has very low offset voltage and drift. To 
achieve highest performance. circuit layout and mechanical 
conditions must be optimized. Offset voltage and drift can 
be degraded by small thermoelectric potentials at the op amp 
inputs. Connections of dissimilar metals will generate ther­
mal potential which can mask the ultimate performance of 
the OPA 177. These thermal potentials can be made to cancel 
by assuring that they are equal in both input terminals. 

I. Keep connections made to the two input terminals close 
together. 

2. Locate heat sources as far as possible from the critical 
input circuitry. 

3. Shield the op amp and input circuitry from air currents 
such as cooling fans. 

OFFSET VOLTAGE ADJUSTMENT 

The OPAl77 and OPA77 have been laser-trimmed for low 
offset voltage and drift so most circuits will not require 
extemal adjustment. Figure I shows the optional connection 
of an external potentiometer to adjust offset voltage. This 
adjustment should not be used to compensate for offsets 
created elsewhere in a system since this can introduce 
excessive temperature drift. 

2-20 

OUTPUT SHORT-CIRCUIT CURRENT YS TIME 

t/sc 
I Isc-

15 
o 2 3 4 

Time from Output Being Shorted (min) 

~ 
1 ?-20kO 

0-_.....£12 -".8 
Y'N VOPA177">---ovOOT 
0-__ --'3'4+ 
+ 

Trim Range Is approximately ±3.0mV 

FIGURE 1. Optional Offset Nulling Circuit. 

INPUT PROTECTION 

The inputs of the OPAl77 and OPA77 are protected with 
soon series input resistors and diode clamps as shown in the 
simplified circuit diagram. The inputs can withstand ±JOV 
differential inputs without damage. The protection diodes 
will. of course. conduct current when the uiputs are over­
driven. This may disturb the slewing behavior of unity-gain 
follower applications, but will not damage the op amp. 

NOISE PERFORMANCE 

The noise performance of the OPAI77 and OPA77 is opti­
mized for circuit impedances in the range of 2k{l to SOW. 
Total noise in an application is a combination of the op 
amp's input voltage noise and input bias current noise 
reacting with circuit impedances. For applications with higher 
source impedance. the OPA627 PET-input op amp will 
generally provide lower noise. For very low impedance 
applications, the OPA27 will provide lower noise. 
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R, 

(a) 

Conventional op amp wilh 
eXlemal bias currenl 
cancellation reslslDr. 

FIGURE 2. Input Bias Current Cancellation. 

INPUT BIAS CURRENT CANCELLATION 

The input stage base current of the OPAI77 is internally 
compensated with an equal and opposite cancellation current. 
The resulting input bias current is the difference between the 
input stage base current and the cancellation current. This 
residual input bias current can be positive or negative. 
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" No bias currenl 
cancellation resislDr needed 

(b) 

OPA177wilh no external 
bias curren! cancellation 
resiSlDr. 

When the bias current is cancelled in this manner, the input 
bias current and input offset current are approximately the 
same magnitude. As a result, it is not necessary to balance 
the DC resistance seen at the two input tenninals (Figure 2). 
A resistor added to balance the input resistances may actually 
increase offset and noise. 
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BURR-BROWN@ 

IE:lE:lI OPA541 

High Power Monolithic 
OPERATIONAL AMPLIFIER 

FEATURES 
• POWER SUPPLIES TO ±40V 

• OUTPUT CURRENT TO 10A PEAK 

• PROGRAMMABLE CURRENT LIMIT 

• INDUSTRY·STANDARD PINOUT 

• FET INPUT 
• TO·3 AND LOW·COST POWER PLASTIC 

PACKAGES 

DESCRIPTION 
The OP A54I is a power operational amplifier capable 
of operation from power supplies up to ±40V and 
continuous output currents up to 5A. Internal current 
limit circuity can be user-programmed with a single 
extemal 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 am­
plifiers such as the OPA511, OPA512 and the 3573. 

-Vo 

APPLICATIONS 
• MOTOR DRIVER .. 

• SERVO AMPLIFIER 

• SYNCHRO EXCITATION 

• .AUDIO AMPLIFIER 
• PROGRAMMABLE POWER SUPPLY 

The OPA541 uses a single current-limit resistor to set 
both the positive and negative current limits. Applica­
tions currently using hybrid power amplifiers requir­
ing two current-limit resistors need not be modified. 

The OPA54I is available in an II-pin power plastic 
package and an industry-standard 8-pin T0-3 her­
metic package. The power plastic package has a cop­
per-lead frame to maximize heat transfer. On the TO-
3 package, the case is isolated from all circuitry, 
allowing it to be mounted directly to a heat sink 
without special insulators. 

Current 
Sense 

Output 
Drlve 

Output 

External 

~lanIIt AllpGrllnduatrlll Park • IlaDIng Addre.: PO Box 11400 • TucIon, AZ 85734 • SIraet Add...., 6730 S. TUctan Blvd. • TUctan, AZ 85708 
Tel: (&02)74&-1111 • 1Wx:91I1-95Z·1111 • ClbIl:B8RCORP • TellX:~ • FAX:(&02)889-1510 • ImmIdIalllProdUCIInlO:(8OO)54H13Z 

PDS·737D 
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SPECIFICATIONS 
ELECTRICAL 
At Te= +25'C and V.= ±35VDC unless otherwise noted. .. 

nDA'" .AU/AD lilt 
PARAMETER CONDmONS MIN TYP MAX MIN TYP MAX UNITS If) 
INPUT OFFSET VOLTAGE 2 Vos :t2 ±10 ±C.1 ±1 mV 

vs Temperature Specified Temperature Range :t20 ±40 ±15 :tOO IIVI'C 0 vs Supply Vollage V •• ±10V to ±V .... :t2.5 ±10 · · IIVN 
YS Power :t20 i60 · · IIV1W 

BIAS CURRENT 
I. 4 50 · · pA 

INPUT OFFSET CURRENT 
les ±1 :1:30 · · pA 

Specified Temperatura Range 5 nA 

INPUT CHARACTERISTICS 
Common·Mode Voltage Range Specified Temperature Range ±(IV,J-6) ±(IV.I- 3) · · V 
Common-Mode Rejection Vou= (I±V,J- 6V) 95 113 · · dB Z! Input Capacitance 5 · pF 
Input Impedance, DC 1 Tn III 
GAIN CHARACTERISTICS -II. 
Open Loop Gain at 10Hz R,=6ll 90 97 · · dB -Gain-Bandwidth Product 1.6 · MHz ..I 
OUTPUT a. 
Voltage Swing '0 = 5A, Continuous ±(IV.I- 5.5) ±(IV.I- 4.5) · · V IE 

lo::l2A ±(IV.I- 4.5) ±(JV.I - 3.6) · · V CC 10= 0.5A ±(IV.I-4) ±(JV.I - 3.2) · · V 
Current, Peak 9 10 · · A ..I 
AC PERFORMANCE CC 
Slew Rate 6 10 · · VIi'S Z 
Power Bandwfdth R, = ell, Vo = 20Vrrns 45 55 · · kHz 0 Settling Time to 0.1% 2V Step 2 · i'S -CapacItive Load Specified Temperature Range, G • 1 3.3 nF 5 Specified Temperature Range, G >10 SOAI" 
Phase Margin Specified Temperature Range, f\ = ell 40 · Degrees 

POWER SUPPLY 1&1 
Power Supply Voltage, ±V. SpecIfied Temperatura Range ±10 :1:30 :1:35 · ±35 ±40 V a. Current, Quiescent 20 25 · · mA 0 
THERMAL RESISTANCE 
OPA541AP: 

9., (Juctlon-to-Case) AC Output f > 60Hz 2.5 'CIW 
9., DC Output 3 'CIW 
9 ... (Junctlon-to-Amblent) No Heat Sink 40 'CIW 

OPA541AMlBMiSM: 
9., (Junction-to-Case) AC Output f > 60Hz 1.25 1.5 · · 'CIW 
9., DC Output 1.4 1.9 · · 'CIW 
9~ (Junction-to-AmbIent) No Heat Sink 30 · 'CIW 

TEMPERATURE RANGE 
TCASE AM,BM,AP -45 +85 · · 'C 

SM -55 +125 'C 

• Speclficalion same as OPA541AMlAP. 
NOTE: (1) SOA Is the Safe Operating Araa shown In F<gure 1. 
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MECHANICAL 

M Package - TC).3 

-H--_ 

a 

P Package -11-Pln Plastic 

CONNECTION DIAGRAM 

M Package Top VIew 

-In 

+In 

2-24 

DIM 
A 
Bl 

P Package 

IES 

.500 12.70 
.186 lAS 30.12 C 

.:: ASI 1~i~ ~ 
.151 .161 3.84 4.09 
.980 1.020 24.89' 25.91 

INC IES 
MIN MAX MIN MAX 
.778 .798 119.78 20.27 
.84' .886 121.49 2250 
.8' .880 12~~ ASIC 

~ 0.971YP 
.063 1.50 1.60 

.690 '10 17.53 1.03 
.061 1.70' 
1891 17.50 

.6701 17.028A 
.014 0.36 
.190 4.83 
.159 179 4.04 4, 

.79 
45°x.12O 45° x 3.05 

.1481 .15211 13.7tiIl13.8ti1l 

Tabal-Vs 

NOTE: Leads In true 
position within 0.01" 
(O.25mm) R at MMC 
al seating plane. Pin 
nuntJera shown lot 
",'eranca only. 
Numbera may nol 
bemarkadon 
package • 

NOTE: Leads In true 
position within 0.01" 
(O.25mm) R al MMC 
at seating plane • 

Top View 
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ABSOLUTE MAXIMUM RATINGS 

Supply Vollage. +v. 10 -v ................................................................. 80V 
Oulput Current ............................................................................. see SOA 
Power Dissipation. Intemal'" ........................................................... 125W 
Input Voltage: Differential ..................................................................... ±V. 

Common·mode ............................................................. ±V. 
Temperature: Pin solder. lOs ........................................................ +3OO'C 

Junctlon!11 ................................................................ +150°C 
Temperature Range: 

AM. BMSM 
Storage ..................................................................... -65'C 10 + 15O'C 
Operating (case) ....................................................... -55'C to +125'C 

AP 
Storage ....................................................................... -40'C to +85'C 
Operating (case) ......................................................... -25'C 10 +85'C 

NOTE: (1) Long term operation at the maximum junction temperature will 
result In reduced product lile. Derate intemal power dissipation 10 achieve 
high MTTF. 

ORDERING INFORMATION 

TEMPERAlURE CONTINUOUS 
MODEL PACKAGE RANGE CURRENT 

OPA541AP Power Plastic ~5'C to +85'C 5A at 25'C 
OPA541AM T0-3 -25'C 10 +85'C SA at25'C 
OPA541BM T()'3 -25'C 10 +85'C 5A at25'C 
OPA541SM T()'3 -55'C to + 125'C 5A at 25'C 

TYPICAL PERFORMANCE CURVES 
T. = +25'C. V s = ±35VDC unless otherwise noted. 

100 

<" 
10 

.s. 
E 
!l 
:> 
0 

~ 0.1 
15 a. 
.5 

0.01 

0.001 
-25 

1.3 

1.2 

..9 1.1 

~ 
j 0.9 

0.8 

0.7 

0.6 

-----
~ 

INPUT BIAS CURRENT 
vs TEMPERATURE 

./ 

./ 

./ 

o 25 50 75 100 125 

Temperature ('C) 

NORMALIZED QUIESCENT CURRENT 
YO TOTAL POWER SUPPLY VOLTAGE 

.... 
Tc =-25'C ~ 

...... -~ ~ ~+25'C 
L..-- -----.-" ---I-"" 

Tc =+125°C 

V 
V 
./ 

20 30 40 50 60 70 80 90 

+V. + I-V.I (V) 
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1111 I 
III I 1111 L 
III I 1111 I 
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Q, 
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OUTPUT VOLTAGE SWING 
vs OUTPUT CURRENT 
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V 
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TYPICAL PERFORMANCE CURVES (CONT) 
T. ~ +25"C. v. _ ±35VDC unless oth8lWlse noled. 

VOLTAGE NOISE DENSITY 
vs FREQUENCY 

lk.ma .. _ 

10 ~~~~~WW~~~~~WL~~~ 

iii' 

1 

10 

-

-
-
-

0.1 
0.01 

120 

110 
100 

:!!. 90 

I 80 o 
70 

60 

50 10 
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10 100 lk 

Frequency (Hz) 

CURRENT LIMIT 
vs RESISTANCE LIMIT 

Power Plastic 
-T0-3 

" I':~ 

NOTE: These are averaged values. 
-lour Is typically 10% higher. II II 

+Iilliliiii liiT,'11111 
0.1 

RCL (n) 

COMMON-MODE REJECTION 
vs FREQUENCY 

" 
" 

10k 

I\. 
100 lk 10k 

Frequency (Hz) 
lOOk 

lOOk 

10 

1M 

TOTAL HARMONIC DISTORTION + NOISE 
vs FREQUENCY 

10 __ _ 

O.OI~ •• ~.M. 
0.001 L-.I...I.~.I.W..~..J..L.l.WII.L......l...u.l.oWII,"-I-..L.J...IJJWI 

10 

10 100 lk 10k 

Frequency (Hz) 

CURRENT LIMIT vs RESISTANCE LIMIT 
vs TEMPERATURE 

Power Plastic at-25"C 
Power Plastic al ..as"C 

_ T0-3 al-25"C ~ Io>lo 
T().3 at ..as"C ~ ~~ . 

- NOTE: These are averaged values. 
~l~. 

- -lour Is typically 10% higher. f't'l 
- +Iittilil~ 1O"iiillll 

0.1 
0.01 0.1 

RCL (n) 

DYNAMIC RESPONSE 

11\ 

I 

I \ 
I \ 

V G. 1. c" • 4.711F \ 
f'w 

Time (IJ1S1d1v1s1on) 

lOOk 

10 

r-
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INSTALLATION 
INSTRUCTIONS 
POWER SUPPLIES 
The OPAS41 is specified for operation from power supplies 
up to ±40V. It can also be operated from. unbalanced or 
single power supplies as long as the total power supply 
voltage does not exceed SOY. 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 fre­
quency 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 oscil­
lations. 

CURRENT LIMIT 

Internal current limit circuitry is controlled by a single 
external resistor, RCL' Output load current flows through this 
external resistor. The current limit is activated when the 
voltage across this resistor is approximately a base-emitter 
turn-on voltage. The value of the current limit resistor is 
approximately: 

AM,BMSM R = 0.S09 _ 0.057 
CL I IUMI 

AP R = 0.S13 _ 0.02 
CL lIuMI 

Because of the intemal structure of the OPAS41, the 
actual current limit depends on whether current is positive or 
negative. The above RcLgives an average value. For a given 
Rw +Ioor will actually be limited at about 10% below the 
expected level, while -lOUT will be limited about 10% above 
the expected level. 

The current limit value decreases with increasing tempera­
ture 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. Approximate values for RCL at other temperatures 
may be calculated by adjusting RCL as follows: 

AR = -2mV X (T - 25) 
CL IIUM1 

The adjustable current limit can be set to provide protec­
tion from short cirCuits. The safe short-circuit current de­
pends on power supply voltage. See the discussion on Safe 
Operating Area to determine the proper current limit value. 

Since the full load current flows through RCL' it must be 
selected for sufficient power dissipation. For a SA current 
limit on the TO-3 package, the formula yields an ~L of 
o.lOsn (0.143n on the power plastic package due to differ­
ent internal resistances). A continuous SA through o.losn 
would require an RCL that can dissipate 2.62SW. 

Sinusoidal outputs create dissipation according to rms load 
current. For the same RCL' AC peaks would still be limited 
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to SA, but rrns current would be 3.5A, and a current limiting 
resistor with a lower power rating could be used. Some 
applications (such as voice amplification) are assured of 
signals with much lower duty cycles, allowing a current 
resistor with a low power rating. Wire-wound resistors may 'Ii"" 
be used for ~L Some wire-wound resistors, however, have ~ 
excessive inductance and may cause loop-stability prob- 1ft 
lerns. Be sure to evaluate circuit performance with resistor f. 
type planned for production to assure proper circuit opera- 0-
tion. 

HEAT SINKING 

Power amplifiers are rated by case temperature, not ambient .. 
temperature as with signal op amps. The maximum allow-
able 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. Sufficient heat sinking must be 
provided to keep the case temperature within safe bounds for 
the maximum ambient temperature power dissipation. The 
thermal resistance of the heat sink required may be calcu­
lated by: 

T CASE - T AMBIENT 
8 = 

lIS PD (max) 

Commercially available heat sinks often specify their ther­
mal resistance. These ratings are often suspect, however, 
since they depend greatly on the mounting environment 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 elimi­
nation significantly improves thermal performance. See Burr­
Brown Application Note AN-S3 for further details on heat 
sinking. On the power plastic. package, the metal tab is 
connected to -Vs' and appropriate actions should be taken 
when mounting on a heat sink or chassis. 

SAFE OPERATING AREA 
The safe operating area (SOA) plot provides comprehensive 
information on the power handling abilities of the OP A541. 
It shows the allowable output current as a function of the 
voltage across the conducting output transistor (see Figure 
I). 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 V s 
±3SV, a short to ground would force 35V across the conduc­
ting power transistor. A current limit of I.SA would be safe. 

Reactive, or EMF-generating, loads such as DC motors can 
present difficult SOA requirements. With a purely reactive 
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SAFE OPERATING AREA 
10 

I 
I--

0.1 

To. +25°C 
To. +85"'C 
To =+125"0 

10 

IVs-Vourl (V) 

FIGURE 1. Safe Operating Area. 

r-.. 
'" 

AP,AM 

Bi'~M 
100 

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 conducting transistor is equal 
to the full power supply voltage. See Burr-Brown Applica­
tion Note AN-I23 for further infonnation on evaluating 
SOA. 

REPLACING HYBRID POWER AMPUFIERS 
The·OPA541 can be used in applications currently using 
various hybrid power amplifiers, including the OPA50l, 
OPASII, OPA512, and 3573. Of course, the application 
must be evaluated to assure that the output capability and 
other perfonnance attributes of the OPA541 meet the neces­
sary requirement. These hybrid power amplifiers 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 (1"0-3 
package) is superfluous, but it does no hann. 

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 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 applica­
tions can use the same current limit resistor. 
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APPLICATIONS CIRCUITS 

Induc:llve or 
L EMF-Generadng 

Load 

~ O;lpF 
10pF 

1+ * 
FIGURE 2. Clamping Output for EMF-Generating Loads. 

ot35V 

O.lpF 

~ 

v.., 0--+-1 
R, 

2.5I<n 

Rz 
101<0 

FIGURE 3. Isolating Capacitive Loads. 

Pin 21& "Open" on OPA541. 

FIGURE 4. Replacing OPASOI with OPAS41. 
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20pF 

V .. D--"'VV1.-.--t 

FIGURE 5. Paralleled Operation, Extended SOA. 

+15V 

+ '*" 1~F 
Digital Word 

Input 18 23 

MSB 
2 
3 
4 
5 
6 
7 
8 

DAC702 9 
10 
11 
12 
13 
14 
15 
16 LSB 

19 20 

~ 

-15V 

FIGURE 7. I6-Bit Programmable Voltage Source. 
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• Protect DAC 
During Slewing 

+60V 

FIGURE 6. Programmable Voltage Source. 

+ 
I'~F 

+35V 

+15V 

VOIIf = 
-30Vto 
+30V 

10kQ" 

·TCR 
Tracking 
Resistors 

5kQ· 

O-OOV 
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BURR-BROWN@ 

IE:lE:lI OPA603 

High Speed, Current-Feedback 
OPERATIONAL AMPLIFIER 

FEATURES 
• BANDWIDTH: 100MHz, G = 1 to 10 

• SLEW RATE: 1000V/jlS 
• FAST SETTLING TIME: 50ns to 0.1% 

• WIDE SUPPLY RANGE: ±4.5 to ±18V 

• HIGH OUTPUT CURRENT: ±150mA peak 

• 8·PIN PLASTIC MINI·DIP PACKAGE 

DESCRIPTION 
The OPA603 is a high-speed current-feedback op amp 
with guaranteed specifications at both ±5V and ±15V 
power supplies. It can deliver full ±IOV signals into 
1500 loads with up to 1000V/J.1S slew rate. This allows 
it to drive terminated 750 cables. With l50mA peak 
output current capability it is suitable for driving load 
capacitance or long lines at high speed. 

In contrast with conventional op amps, the current­
feedback approach provides nearly constant band­
width and settling time over a wide range of c1osed­
loop voltage gains. 

The OPA603 is available in a plastic 8-pin dual-in-line 
package and is specified for the industrial temperature 
range. 

APPLICATIONS 
• ATE PIN DRIVERS 

• LINE DRIVERS 
• VIDEO AMPLIFIERS 
• FAST DATA ACQUISITION 

• SONAR, ULTRASOUND CIRCUITRY 

• WAVEFORM GENERATORS 

4 

Vo 

6 

Internallonal Airport Industrial Park • Mailing Address: PO Box 11400 • Tucson, AZ 85734 • Street Address: 6730 S. TUcson Blvd. • Tucson, AZ 85706 
Tel: (602)748-1111 • 1\Yx:91D-952·1111 • C8bla:BBRCORP • Telax:066-6491 • FAX: (602) 889-1510 • immediate Producl lnIo: (800) 54H132 

PDS·1026A 
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SPECIFICATIONS, V s = ±15V 
ELECTRICAL 
T,,= +25°C, AL = 1500 unless otherwise noted. 

PARAMETER CONDITIONS 

INPUT OFFSET VOLTAGE 
Initial 

vs Temperature 
vs Common· Mode Voltage V'M = ±10V 

v~ ~~::~ ~~~:~~.?l,. Voltage vs (J 

~(±12V to ±18V 
i,1 = 12V to 18V 

+INPUT BIAS CURRENT 
Initial 

vs Temperature 
vs Common·Mode V'M = ±10V 
vs Supply (tracking) ~v:i ±12V to ±18V 
vs Supply , = 12V to 18V 

-INPUT BIAS CURRENT 
Initial 

vs Temperature 
vs Common~Mode V,. = ±10V 
vs Supply (tracking) v, = ±12V to ±18V 
vs Supply (non·tracking)'" IV,I = 12V to 18V 

INPUT IMPEDANCE 
+Input 
-Input 

OPEN LOOP CHARACTERISTICS 
Transresistance Vo= ±10V' 
Transcapacitance 

OUTPUT CHARACTERISTICS 
Voltage RL = 1500 
Peak Current 
Short-Circuit Current(~1 Vo= OV 
Output Resistance, Open·Loop 

FREQUENCY RESPONSE G = +2 
Small·Signal Bandwidth'" 

Gain Flatness, ±0.5dB 
Full·Power Bandwidth Vo = 20Vp-p 
Differential Gain f = 4.43MHZ: ~: = 1V 
Differential Phase f = 4.43MHz, = lV 

TIME DOMAIN RESPONSE G= +2 
Propagation Delay 
Rise and Fall Time 
Settling Time to 0.10% 10V Step 
Slew Rate 

DISTORTION G = +2, ~:' 1000, f = 10MHz 
2nd HarmoniC Distortion 0.2Vp·p 
3rd Harmonic Distortion ,= 0.2Vp.p 

POWER SUPPLY 
Specified Operating Voltage 
Operating Voltage Range 
Current 

TEMPERATURE RANGE 
Specification 
Storage 

THERMAL n='.,' ....... ", 8 .. , Soldered to Printed Circuit 

OPA603AP 

MIN TYP 

8 
50 60 
80 85 
55 60 

30 
200 
50 
150 

300 
200 
300 
1500 

5112 
30112 

300 440 
1.8 

±10 ±12 
150 
170 
70 

70 160 
35 75 

10 
0.03 

0.025 

10 
10 
50 

1000 

-li0 -liS 
-70 -90 

±15 
±4.5 

±21 

-25 
-40 

90 

MAX UNITS 

5 mV 
Ilvrc 

dB 
dB 
dB 

5 IlA 
nAf'C 

500 nAN 
100 nAN 
300 nAN 

25 IlA 
nAf'C 

600 nAN 
500 nAN 
2000 nAN 

MOil pF 
011 pF 

kn 
pF 

V 
rnA 

200 rnA 
0 

MHz 
MHz 
MHz 

% 
Degrees 

ns 
ns 
ns 

VII'S 

dBc 
dBc 

V 
±18 V 
±25 rnA 

+85 ·C 
+150 ·C 

·C/W 

NOTES: (1) One power supply fixed at 15V; the other supply varied from 12V to l8V. (2) Observe power derating curve. (3) See bandwidth versus gain curves, 
Figure 5. 
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SPECIFICATIONS, V s = ±5V 
ELECTRICAL 
TA = +25°C. RL = 750 unless otherwise noted. 

PARAMETER CONDITIONS 

INPUT OFFSET VOLTAGE 
Initial 

vs Temperature 
vs Common-Mode Ve• = ±3V 
vs Supply (tracking) V. = ±4V to ±6V 
vs Supply (non-tracking)'" IV.I = 4V to 6V 

+INPUT BIAS CURRENT 
Initial 

vs Temperature 
vs Common-Mode VelA = ±3V 
vs Supply (tracking) V. = ±4V to ±BV 
vs Supply (non-tracking)'" IV.I = 4V to 6V 

-INPUT BIAS CURRENT 
Initial 

vs Temperature 
vs Common-Mode VOM = ±3V 
vs Supply (tracking) V. = ±4V to ±BV' 
vs Supply (non-tracking)'" IV.I = 4V 10 6V 

INPUT IMPEDANCE 
+Input 
-Input 

OPEN LOOP CHARACTERISTICS 
Transresistance Vo= ±2V 
Transcapacltance 

OUTPUT CHARACTERISTICS 
Vollage 
Peak Current 
Short-Circuit Current"' Vo= OV 
Output Resistance. Open-Loop 

FREQUENCY RESPONSE G= +2 
Small-Signal Bandwidth'" 

Gain Flatness. ±O.5dB 
Full·Power Bandwidth 
Differential Gain 1= 4.43MHz, Vo = 1V, R, = 1500 
Differential Phase ,= 4.43MHz, Vo= 1V. R, = 1500 

TIME DOMAIN RESPONSE G = +2. R, = 1000 
Propagation Delay 
Rise and Fall Time 
Settling Time to 0.10% 
Slew Rate 

DISTORTION G = +2. R, = 10011. I = 10MHz 
2nd Harmonic Distortion Vo = O.2Vp-p 
3rd Harmonic Distortion Vo= O.2Vp-p 

POWER SUPPLY 
Specilied Operating Voltage 
Operating VoII_ge Range 
Current 

TEMPERATURE RANGE 
Specification 
Storage 

THERMAL RESISTANCE, 8JUNCTON-A"""'" Soldered to Printed Circuit 

OPA603AP 

MIN TYP MAX 

6 
8 

50 55 
75 80 
55 60 

5 
30 
350 600 
100 200 
200 300 

25 
300 
300 600 
500 700 
2500 3000 

3.3112 
30 112 

225 330 
2.4 

±2 ±2.75 
150 
170 200 
80 

140 
65 
20 

0.03 
0.025 

15 
20 
60 
750 

-4;7 
-78 

±5 
±4.5 ±18 

±21 ±25 

-25 +85 
-40 +150 

90 

UNITS 

mV 

"VfOC 
dB 
dB 
dB 

I1A 
nAl'C 
nAN 
nAN 
nAN 

I1A 
nAl'C 
nAN 
nAN 
nAN 

MO II pF 
011 pF 

kG 
pF 

V 
rnA 
rnA 
0 

MHz 
MHz 
MHz 
% 

Degrees 

ns 
ns 
ns 

VI,," 

dBc 
dBc 

V 
V 

rnA 

'C 
'C 

'CIW 

NOTES: (1) One power supply fixed at 5V; the other supply varied Irom 4V to 6V. (2) Observe power derating curve. (3) See bandwidth versus gain curves, Agure 
5. 
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MECHANICAL 

P Package - &-pIn Plastic DIP 

PIN CONFIGURATION 

Top View 

NC: No tnlernal Connection. 
Sotder to ground plane lor 
Improved heat dissipallon. 

ORDERING INFORMATION 

DIP 

MODEL PACKAGE SPECIFIED TEMP. RANGE 

OPA603AP Plastic DIP -2S'C to +8S'C 

A 00 
A. .021 
o .01. 2Il 
O. .045 .065 
C .008 .012 
D '" .370 ADO lI6 
E .301 125 r.62 8.26 

E. .241 !60 6.10l 
•• lAS 2.541 
•• .3( IASIC 7.621 

.12 t50 3.18 

INCHES MIWMETERS 
DIM MIN MAX MIN MAX 
1.2.' 0 .030 0.00 0.76 
a 0' 15' 0' 15' 
P .015 .050 0.38 1.270 
Q. .040 .075 1.02 1.91 
SI'I .015 .050 0.38 1.27 

(1) Not JEDEC Std. 
(2) e. and e. apply In zone L, when 
un" Installed. 
NOTE: Laads In lrue position within 
0.01" (O.25mm) Rat MMC at seating 
plane. 

ABSOLUTE MAXIMUM RATINGS 

Supply Voltage ................................................................................... ±18V 
Input Voltage Range ............................................................................. ±v. 
Olfferentlal Input Voltage ...................................................................... ±6V 
Power Dissipation ........................................................ See derating curve 
Operating Temperature .................................................................. +100·C 
Storage Temperalure ..................................................................... +150'C 
Junction Temperature .................................................................... +15O'C 
Lead Temperature (soldering. 10s) ................................................ +300·C 

TYPICAL PERFORMANCE CURVES 
T. a +25'C unless otherwise noted. 

OUTPUT SWING vs TEMPERATURE 
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p~IUve Swing 

----- -----
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----... NegaUve SwIng ---.... I ---.:1_ -----.. 
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+75 +100 

Burr-Brown Ie Data Book Supplement, Vol. 33b 

OUTPUT SWING vs TEMPERATURE 
3.1 

RL·~ -----
He =750 

HVs =±5V 

2.3 

2.1 
-25 o 

-

Positive ISwing 

- ... -..... -!:.. ............. r---.... -----. ::::--: ~ -- .... 

+25 +50 

Temperature (OC) 

--V .... .. .. 
NegaUve Swing 

I 
+75 +100 

2-33 

s 
CD 

2 o 



For Immediate Assistance, Contact Your Local Salesperson 

TYPICAL PERFORMANCE CURVES (CONT) 
T. = +25'C unless otherwise notedo 
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NON INVERTING INPUT BIAS CURRENT 
vs TEMPERATURE 
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TY~CALPERFORMANCECURVES~ONn 
Til = +25°C unless otherwise nOled. 
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TYPICAL PERFORMANCE CURVES (CONT) 
T, = +25'C unless otherwise noted. 
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TYPICAL PERFORMANCE CURVES (CONT) 
T A = +25°C unless otherwise noled. 
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• ..... --------------200 IRE Full SCal.--------------.... 

M.asured wlih Rohd. & Schwarz Differential Gain/Phase Meter. 

Rohde & Schwarz SPF2 
Video Signal Generator 

FIGURE 1. Video Differential GainJPhase Performance. 

LARGE·SIGNAL PULSE RESPONSE 

Input 

Output 

FIGURE 2. Dynamic Response- Inverting Unity-Gain. 
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LARGE·SIGNAL PULSE RESPONSE 

Input 

Oulput 

FIGURE 3. Dynamic Response, Gain = + 10. 

APPLICATIONS INFORMATION 
For most circuit configurations, the OPA603 current-feed­
back op amp can be treated like a conventional op amp. As 
with a conventional op amp, the feedback network con­
nected to the invening input controls the closed-loop gain. 
But with a current-feedback op amp, the impedance of the 
feedback network also controls the open-loop gain and 
frequency response. 

Feedback resistor values can be selected to provide a nearly 
constant closed-loop bandwidth over a very wide range of 
gain. This is in contrast to a cdnventional op amp where 
circuit bandwidth is inversely proponional to the closed­
loop gain, sharply limiting bandwidth at high gain. 

Figures 4a and 4b show appropriate feedback resistor values 
versus closed-loop gain for maximum bandwidth with mini­
mal peaking. The dual venical axes of these curves also 
show the resulting bandwidth. Note that the bandwidth re­
mains nearly constant as gain is increased. 

With control of the open-loop characteristics of the op amp, 
dynamic behavior can be tailored to an application's require­
ments. Lower feedback resistance gives wider bandwidth, 
more frequency-response peaking and more pulse response 
overshoot. The higher open-loop gain resulting from lower 
feedback network resistors also yields lower distonion. 
Higher feedback network resistance gives an over-damped 
response with little or no peaking and overshoot. This may 
be beneficial when driving capacitive loads. Feedback net­
work impedance can also be varied to optimize dynamic 
performance. To achieve wider bandwidth, use a feedback 
resistor value somewhat lower than indicated in Figure 4. 

EXTENDING BANDWIDTH 
For gains less than approximately 20, bandwidth can be 
extended by adding a capacitor, CF, in parallel with a lower 
value for RF. The optimum gain-setting resistor value in this 
case is far lower than those shown in Figure 1. For ±ISV 
operation, select RF with the following equation: 

Burr-Brown Ie Data Book Supplement, Vol. 33b 

SMALL·SIGNAL FREOUENCY RESPONSE 

+26 

+23 

+17 1--+++++tI-tF9Fi==\-J-H+II--+--H~+l-H 

+14 

lOOk 

60 

¥ 
::Il 
~ 52.5 

I 45 
III 

! 
" 37.5 
51 
is 30 

1M 10M 

Frequency (Hz) 

BANDWIDTH AND FEEDBACK RESISTOR 
vs INVERTING GAIN 

......... 
....... 

'I"-
_ RF I--..... 

'~I~I 
-I'--

G=~ 
I 'I 

100M 

3k 

225k§: . I 
1.5k ~ 

750 J 
-1 -10 

Voltage Gain (VN) 

(4a) 

o 
-100 

60 

¥ 
::Il 
;; 52.5 

! 
:ii 45 
III 

137•5 

fl 
o 30 

BANDWIDTH AND FEEDBACK RESISTOR 
vs NONINVERTING GAIN 

~III 
II~ 

~ 

P 
...... 

1'--..... 
R, G=l+~ , 

1 10 
Voltage Gain (VN) 

(4b) 

4k 

3k 

2k 

lk 

0 
100 

FIGURE 4. Feedback Resistor Selection Curves. 
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For example, for a gain of 10, use RF = 6000. Optimum 
values differ slightly for ±SV operation: 

RF (0) = 30· (23 - G) for Vs = ±SV 
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CF will range from I pF to IOpF depending on the selected 
gain, load, and circuit layout. Adjust CF to optimize band­
width and minimize peaking. Figure 5 shows bandwidth 
which can be acheived using this technique. 

Typical values for this capacitor range from IpF to IOpF 
depending on closed-loop gain and load characteristics. Too 
large a value of CF can cause instability. 

UNITY·GAIN OPERATION 
As Figure 4b indicates, the OP~603 can be operated in unity 
gain. A feedback resistor (approximately 2.8kO) sets the ap­
propriate open-loop characteristics mid resistor ~ is omit­
ted. Just as with gains greater than one, the value of the 
feedback resistor (and capacitor if used) can be optimized 
for the desired dynamic response and load characteristics. 

Care should be exercised not to exceed the maximum differ­
ential input voltage rating of ±6V. Large input voltage steps 
which exceed the device's slew rate of lOOOV/J1s can apply 
excessive differential input voltage. 

CIRCUIT LA VOUT 
With any high-speed, wide-bandwidth circuitry, careful cir­
cuit layout will ensure best performance. Make short, direct 
circuit interconnections and avoid stray wiring capacitance-­
especially at the inverting input pin. A component-side 
ground plane will help ensure low ground impedance. Do 
not place the ground plane under or near the inputs and 
feedback network. 

Power supplies should be bypassed with good high-fre­
quency capacitors positioned close to the op amp pins. In 
most cases, a O.OIIlF ceramic capacitor in parallel with a 
2.21lF solid tantalum capacitor at each power supply pin is 
adequate. The OPA603 can deliver high load current-up to 
150mA peak. Applications with low impedance or capaci­
tive loads demand large current transients from the power 
supplies. It is the . power supply ·bypass capacitors which 
must supply these current transients. Larger bypass capaci­
tors such asl~F solid tanuilum capacitors may improve 
performance in these applications. 

POWER DISSIPATION 
High output current causes increased internal power dissipa­
tion in the OPA603. Copper leadframe construction maxi­
mizes heat dissipation compared to conventional plastic 
packages. To achieve best heat dissipation, solder the device 
directly to the circuit board and use wide circuit board 
traces. Solder the unused pins, (l~ 5 and 8) to a top-side 
ground plane for improved power dissipation. Limit the load 
and signal conditions depending on maximum ambient tem­
perature to assure operation within the power derating curve. 

The OPA603 may be operated at reduced power supply 
voltage to minimize power dissipation. Detailed specifica­
tions are provided for both ±15V and ±5V operation. 
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FIGURE 5. Bandwidth Results with Added Capacitor c;.. 

APPLICATIONS CIRCUITS 
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FIGURE 6. Offset Voltage Adjustment. 
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FIGURE 7. Controlling Dynamic Performance. 
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V,N 

2·pole Butterworth LP 
I->dB = 10MHz 

I =_1_ 
->dB 2lt RC 
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FIGURE 8. Low-Pass Filter - IOMHz. 

2-pole Butterworth HP 
I->dB = 1 MHz 

1 
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FIGURE 9. High-Pass Filter - IMHz. 
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FIGURE 10. Bandpass Filter - IOMHz. 
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This composite amplifier uses the OPA603 current·leedback op amp 
to provide extended bandwidth and slew rate al high closed·loop gain. 
The feedback locp Is closed around the composite amp. preserving Ihe 
precision Input characteristics 01 the OPA627J637. Use separate 
power supply bypass capacllOtS lor each op amp • 

• Minimize capacitance at this node. 

SLEW 
GAIN A, R, II, R, R. -3dB RATE 
(VIY) OPAMP (n) (kO) (0) (kn) (MHz) (VI",,) 

100 OPA627 SO.5111 4.99 20 1 15 700 
1000 OPA637 49.9 4.99 12 1 11 500 

NOTE: (1) Closeslll2% value. 

FIGURE II. Precision-Input Composite Amplifier. 
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BURR-BROWN® 

IE:lE:lI OPA620 

Wideband Precision 
OPERATIONAL AMPLIFIER 

FEATURES 
• LOW DISTORTION 

• FAST SETTLING: 25ns (0.01%) 

• GAIN-BANDWIDTH: 200MHz 

• UNITY-GAIN STABLE 

• LOW OFFSET VOLTAGE: ±100flV 

• SLEW RATE: 250V/flS 
• LOW DIFFERENTIAL GAIN/PHASE ERROR 

• a-PIN DIP AND SOIC PACKAGES AND DIE 

DESCRIPTION 
The OPA620 is a precision wide band monolithic opera­
tional 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 

Non-Inverting 3 
Input 

Inverting 
Input 

2 

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, sOle 
packages, and die form. Two temperature ranges are 
offered: ooe to +70oe and -55°C to +125°e. 

4 
-Vee 

Output 
Stage 

6 Output 

International Alrportlndustrlal Park • Mailing Address: PO Box 11400 • Tucson, AZ 85734 • Street Address: 6730 S. Tucson Blvd. • Tucson, AZ 85706 
Tel: (602)746·1111 • Twx: 910·952·1111 • Cable: BBRCORP • Telex: 066-6491 • FAX: (602) 889-1510 

PDs·snc 
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SPECIFICATIONS 
ELECTRICAL 
At V co = ±SVDC, R, = 1000, and T. = +25'C unless othelWise noted. 

,,0, OPA620LG 0 
PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS " CD 
INPUT NOISE 2 Voltage:lo = 100Hz R,=OO 10 · · nVlfHZ 

10= 1kHz 5.5 · · nVlfHZ 
fo= 10kHz 3.3 · nVlfHZ 0 
10= 100kHz 2.5 · · nVlfHZ 
10 = 1 MHz to 100MHz 2.3 · · nVI{Hz 
I. = 100Hz to 10MHz 8.0 · · !'V, rms 

Current: 10= 10kHz to 100MHz 2.3 · · pAlfHZ 

OFFSET VOLTAGE'" 
Input Offset Voltage vc• = OVDC ±200 ±lmV · ±tOO ±SOO !'V 
Average Drift T" = TMIN to T MAX ±8 · !,VI"C 
Supply Rejection ±V" = 4.5V to 5.5V 50 60 55 · dB 

BIAS CURRENT 

I Input Bias Current Vc• = OVDC 15 30 · 25 JlA 
OFFSET CURRENT 
Input Offset Current Vc• = OVDC 0.2 2 · · JlA III -INPUT IMPEDANCE ... 
Differential Open-Loop · kO II pF -15111 ... 
Common-Mode 1111 · MOllpF A. 
INPUT VOLTAGE RANGE :IE Common-Mode Input Range ±3.0 ±a.5 · · · V 
Common-Mode Rejection V'N = ±2.5VDC, Vo= OVDC 65 75 · 70 · dB C 
OPEN-LOOP GAIN, DC ... 
Open-Loop Voltage Gain ~,= 1000 50 60 · 55 dB C 

=500 48 58 · 53 · dB Z 
FREQUENCY RESPONSE 0 
Closed-Loop Bandwidth Gain = +1VN 300 MHz -(...,'JdB) Gain = +2VN 100 · · MHz 5 Gain = +5VN 40 · · MHz 

Gain = +10VN 20 · · MHz 
Gain-Bandwidth Gain = +10VN 200 · · MHz III DiNerential Gain 3.58MHz, G = +1VN 0.05 · · % 
DiNerential Phase 3.58MHz, G = +1VN 0.05 · Degrees A. 
Harmonic Dlstortion(2) G = +2VN, I = 10MHz, Vo= 2Vp-p 0 

Second Harmonic -61 -60 · · dBc<" 
Third Harmonic -65 -55 · · · dBc 

Full Power Response(2) Vo = 5Vp-p, Gain = +1VN 11 16 · · MHz 
Vo = 2Vp-p, Gain = +IVN 27 40 · MHz 

Slew Aate(2) 2V Step, Gain = -IVN 175 250 · · · · VII'S 
Overshoot 2V Step, Gain = -IVN 10 % 
Settling Time: 0.1 % 2V Step, Gain = -IVN 13 · · ns 

0.01% 25 · ns 
Phase Margin Gain = +1VN 60 · · Degrees 
Rise Time Gain = +1VN. 10% to 90% · 

V 0 = 100mVp-p; Small Signal 2 · · ns 
-Vo = 6Vp-p; Large Signal 22 · · ns 

RATED OUTPUT 
Voltage Output R, = 1000 ±2.8 ±3.0 · · · · V 

R, = 500 ±2.5 ±a.o · · · · V 
Output Resistance 1 MHz, Gain = +1VN 0.Q15 · · 0 
Load Capacitance Stability Gain = +1VN 20 · · pF 
Short Circuit Current Continuous ±150 · · rnA 

POWER SUPPLY 
Rated Voltage ±Vcc 5 · · VDC 
Derated Performance ±Vcc 4.0 6.0 · · VDC 
Current, Quiescent 10 = OmADC 21 23 · · · · mA 

TEMPERATURE RANGE 
Specification: KP, KU, KG, LG Ambient Temperature a +70 · · · 'C 

SG -65 +125 '0 
Operating: KG, LG, SG Ambient Temperature -65 +125 -65 +125 '0 

KP,KU --25 +85 '0 
8JA 

KG, LG,SG 125 125 'CIW 
KP 90 'CIW 
KU 100 'CIW 

• Same specifications as for KP/KU, 
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SPECIFICATIONS (cont) 
ELECTRICAL (FULL TEMPERATURE RANGE SPECIFICATIONS) 
At Vee = ±5VDC, RL = loon, and T. = T"~ to T ... unless otherwise noted. 

OPA620KPIKU OPA620KGISG OPA620LG 

PARAMETER CONDmONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 

TEMPERATURE RANGE 
Specification: KP, KU, KG, LG Ambient Temperature 0 +70 · · · 'C 

SG -5S '\'125 'C 

OFFSET VOLTAGE'" 
Average Drift TA=TMlNtoTMo\IC ±B · · p.Vf'C 
Supply Rejection ±Vee = 4.5V to S.SV 45 60 · · 50 · dB 

BIAS CURRENT 
Input Bias Current Ve• = OVDC is 40 · · 3S p.A 

OFFSET CURRENT 
Input Offset Current Ve• = OVDC 0.2 S · · · · p.A 

INPUT VOLTAGE RANGE 
Common-Mode Input Range ±2.S ±3.0 · · · V 
Common-Mode Rejection V" = ±2.SVDC, Vo = OVDC 60 75 · 65 · dB 

OPEN LOOP GAIN, DC 
Open-Loop Voltage Gain RL = lOOn 46 60 · · 52 · dB 

RL = 50n 44 58 · · 50 · dB 

RATED OUTPUT 
Voltage OUlput RL = loon ±2.6 ±3.0 · · · · V 

RL = 50n ±2.5 ±3.0 · · · · V 

POWER SUPPLY 
Current, Quiescent 10= OmADC 21 25 · · · · rnA 

.. • Same specifications as for KPIKU. 
NOTES: (1) Offset Voltage specifications are also guaranteed with units fully warmed up. (2) Parameter Is sample tested. (3) dBc = dB refered to carrier-Input signal. 

ORDERING INFORMATION 

Basic Model Number ________ ~....J J Lel 
Performance Grade Code -

K, L = O'C to +70'C 
S = -55'C to +125'C 

P~eCode--------------------__ ------~ 
G = a·pln Ceramic DIP 
P = 8-pln Plastic DIP 
U = a·pin Plastic SOIC 

PIN CONFIGURATION (S·PIN DIP) 

Top View 

2-44 

No Internal Connection 

Inverting Input 

Non-Inverting Input 

Negative Supply (-Vee) 4 

ABSOLUTE MAXIMUM RATiNGS 

Supply .............................................................................................. ±7VDC 
Internal Power DissipatiOn'" ....................... See Applications Information 
Differential Input Vollage ............................................................. Total V co 
Input Voltage Range ................................... See Applications Information 
Storage Temperature Range: KG, LG, SG ................... -65OC to +150'C 

KP .KU ........................... -4000 to + 125'C 
Lead Temperature (solderfng, lOs) .............................................. +3000c 
(soldering. SOIC 3s) ...................................................................... +2600c 
Oulput Short Clrcutt to Ground (+25'C) ............... Continuous to Ground 
Junction Temperature (TJ ) ............................................................ +17500 

NOTE: (4) Packages must be derated based on specilied 9 JA' Maximum 
TJ must be observed. 

8 No Internal Connection 

Positive Supply (+Vccl 

Output 

5 No Internal Connection 
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MECHANICAL 

G Package - 8-Pln Ceramic 

r::-: A :-::1 

OJ 
Seating 

Plane 

'-Pin 1 

P Package - a-Pin Plasllc DtP 

P - E, 01 nO~ll 

~ Pin 1 J 

U Package - 8-Pln SOIC 

~:.~ 

Pin 1 Identifier 

11 
J1 

l(~n1UJLH 
~ 

~j' 
G 0-1 crt 

lelA I\bJ 
f'I--L---I-' 
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DIM 
A 
A. 
B 
B. 
C 
0111 
E 
E. 

•• 
eA 
L 

INCHES 
DIM MIN MAX 
A .375 .405 
B .245 .251 
C .140 .170 
D .015 .021 
F .045 .060 
G .100 BASIC 
H - .098 
J .008 .012 
K .150 -
L .290 .320 
M 0' 15' 
N .009 .060 
R .125 .175 

INCHES MIWMETERS 
MIN MAX MIN MAX 
.155 .200 3.94 5.08 
.020 .050 0.51 1.27 
.014 .020 0.36 0.51 
.045 .065 1.14 1.65 
.008 .012 0.20 0.30 
.370 .400 9.40 10.16 
.300 .325 7.62 8.26 
.240 .260 6.10 6.60 
.100 BASIC 2.54 BASIC 
.300 BASIC 7.62 BASIC 

.125 .150 3.18 3.81 

INCHES 
DIM MIN MAX 
A .185 .201 
A. .178 .201 
B .146 • 162 
B. .130 .149 
C .054 .145 
D .015 .019 
G .050 BASIC 
H .018 .026 
J .008 .012 
L .220 .252 
M 0" 10' 
N .000 .012 

MILUMETERS 
MIN MAX 
9.53 10.28 
622 6.38 
3.56 4.32 
0.38 0.53 
1.14 1.52 
2.54 BASIC 
- 2.49 

0.20 0.30 
3.80 -
7.37 8.13 
0' 15' 

0.23 1.52 
3.18 4.45 

NOTE: Leads In true 
poslUon wl1hln 0.01-
(0.25mm) Rat MMC 
at seating plane. 

INCHES MILUMETERS 
DIM MIN MAX MIN MAX 
l2'" 0 .030 0.00 0.76 
IX 0' IS' 0' IS' 
P .015 .050 0.38 1.270 
Q. .040 .075 1.02 t.91 
S11) .015 .050 0.38 1.27 

(1) Not JEOEC Std. 
(2) e, and e. applies In zone L" when 
unit installed. 
NOTE: Leads In true position wi1hin 
0.01- (0.25mm) R at MMC at seating 
plane. 

MILUMETERS NOTE: Leads In true 

MIN MAX position within 0.01" 

4.70 5.11 (O.25mm) R at MMC 

4.52 5.11 at seating plane. 

3.71 . 4.11 
3.30 3.78 
1.37 3.69 
0.38 0.48 
1.27 BASIC 
0.46 0.66 
0.20 0.30 
5.59 6.40 
0' 10' 

0.00 0.30 

2-45 

o 
&'f 
CD 

2 o 

12 
III -II. -.... a. 
2 
C .... 
C 
Z 
0 -i 
III a. 
0 



For Immediate Assistance, Contact Your Local Salesperson 

TYPICAL PERFORMANCE CURVES 
At V" = ±5VDC, R, = 10011, and T, = +25'C unless otherwise noted. 
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TYPICAL PERFORMANCE CURVES (CO NT) 
At Vee =±5VDC, R, = lOOn, and T,'= +25'C unless otherwise noted, 
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TYPICAL PERFORMANCE CURVES (CONT) 
AI v'" = ±5VDC. f\ = loon. and T. = +25°C unless otherwise noted. 
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TYPICAL PERFORMANCE CURVES (CONT) 
At Vee = ±5VDC, R, = 1000, and T. = +25'C .unless otherwise noted. 
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TYPICAL PERFORMANCE CURVES (CONT) 
At Vee = ±5VDC. R, = lOOn. and T, = +25'C unless otherwise noted. 
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APPLICATIONS INFORMATION 
DISCUSSION OF PERFORMANCE 

The OPA620 provides a level of speed and precision not 
previously attainable in monolithic form. Unlike current 
feedback amplifiers, the OPA620's design uses a "Classi­
cal" operational amplifier architecture and can therefore be 
used in all traditional operational amplifier applications. 
While it is true that current feedback amplifiers can provide 
wider bandwidth at higher gains, they offer many disadvan­
tages. The asymmetrical input characteristics of current 
feedback amplifiers (i.e. one input is a low impedance) 
prevents them from being used in a variety of applications. 
In addition, unbalanced inputs make input bias current errors 
difficult to correct. Bias current cancellation through match­
ing of inverting and non-inverting input resistors is impos­
sible because the input bias currents are uncorrelated. Cur­
rent noise is also asymmetrical and is usually significantly 
higher on the inverting input. Perhaps most important, set­
tling time to 0.01 % is often extremely poor due to intemal 
design tradeoffs. Many current feedback designs exhibit set­
tling times to 0.01% in excess of 10 microseconds even 
though 0.1 % settling times are reasonable. Such amplifiers 
are completely inadequate for fast settling 12-bit applica­
tions. 

The OPA620's "Classical" operational amplifier architec­
ture employs true differential and fully symmetrical inputs 
to eliminate these troublesome problems. All traditional 
circuit configurations and op amp theory apply to the 
OPA620. The use of low-drift thin-film resistors allows 
intemal operating currents to be laser-trimmed at wafer­
level to optimize AC performance such as bandwidth and 
settling time. as well as DC parameters such as input offset 
voltage and drift. The result is a wide band, high-frequency 
monolithic operational amplifier with a gain-bandwitdth 
product of 200MHz, a 0.0 I % settling time of 25ns, and an 
input offset voltage of 10011 V. 

WIRING PRECAUTIONS 

Maximizing the OPA620's capability requires some wiring 
precautions and high-frequency layout techniques. Oscilla­
tion, ringing. poor bandwidth and settling, gain peaking, and 
instability are typical problems plaguing all high-speed 
amplifiers when they are improperly used. In general, all 
printed circuit board conductors should be wide to provide 
low resistance, low impedance signal paths. They should 
also be as short as possible. The entire physical circuit 
should be as small as practical. Stray capacitances should be 
minimized, especially at high impedance nodes, such as the 
amplifier's input terminals. Stray signal coupling from the 
output or power supplies to the inputs should be minimized. 
All circuit element leads should be no longer than 1/4 inch 
(6mm) to minimize lead inductance, and low values of 
resistance should be used. This will minimize time constants 
formed with the circuit capacitances and will eliminate 
stray, parasitic circuits. 

Tcnon~ E. t. Du POOl de Nemours & Co. 
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Grounding is the most important application consideration 
for the OPA620, as it is with all high-frequency circuits. Os­
cillations at frequencies of 200MHz and above can easily 
occur if good grounding techniques are not used. A heavy 
ground plane (20z copper recommended) should connect all 
unused areas on the component side. Good ground planes 
can reduce stray signal pickup, provide a low resistance, low 
inductance common return path for signal and power, and 
can conduct heat from active circuit package pins into 
ambient air by convection. 

Supply bypassing is extremely critical and must always be 

o w 
CD 

2 o 

used, especially when driving high current loads. BOth .. 
power supply leads should be bypassed to ground as close as 
possible to the amplifier pins. Tantalum capacitors (lJlF to 
10JlF) with very short leads are recommended. Although not 
required, a parallel O.01JlF ceramic may be added if desired. 
Surface mount bypass capacitors will produce excellent re­
sults due to their low lead inductance. Additionally, suppres­
sion filters can be used to isolate noisy supply lines. Prop­
erly bypassed and modulation-free power supply lines allow 
full amplifier output and optimum settling time perform-
ance. 

Points to Remember 

I) Don't use point-to-point wiring as the increase in wiring 
inductance will be detrimental to AC performance. How­
ever, if it must be used, very short, direct signal paths are 
required. The input signal ground return, the load ground 
return, and the power supply common should all be con­
nected to the same physical point to eliminate ground loops, 
which can cause unwanted feedback. 

2) Good component selection is essential. Capacitors used in 
critical locations should be a low inductance type with a high 
quality dielectric material. Likewise, diodes used in critical 
locations should be Schottky barrier types, such as HP5082-
2835 for fast recovery and minimum charge storage. Ordi­
nary diodes will not be suitable in RF circuits. 

3) Whenever possible, solder the OPA620 directly into the 
PC board without using a socket. Sockets add parasitic ca­
pacitance and inductance, which can seriously degrade AC 
performance or produce oscillations. If sockets must be 
used, consider using zero-profile solderless sockets such as 
Augat part number 8134-HC-5P2. Alternately, Teflon<!> stand­
offs located close to the amplifier's pins can be used to 
mount feedback components. 

4) Resistors used in feedback networks should have values 
of a few hundred ohms for best performance. Shunt capaci­
tance problems limit the acceptable resistance range to about 
I ill on the high end and to a value that is within the 
amplifier's output drive limits on the low end. Metal film 
and carbon resistors will be satisfactory, but wirewound 
resistors (even "non-inductive" types) are absolutely unac­
ceptable in high-frequency circuits. 

5) Surface mount components (chip resistors, capacitors, 
etc) have low lead inductance and are therefore strongly rec­
ommended. Circuits using all surface mount components 

2-51 

I! 
III -II. -... a. 
S 

= o 

5 
III a. o 



For Immediate Assistance, Contact Your Local Salesperson 

with the OPA620KU (SOIC package) will offer the best AC 
performance. The parasitic package inductance and capaci­
tance for the SOIC is lower than the both the Cerdip and 8-
lead Plastic DIP. 

6) Avoid overloading the output. Remember that output 
current must be provided by the amplifier to drive its own 
feedback network as well as to drive its load. Lowest distor­
tion is achieved with high impedance loads. 

7) Don't forget that these amplifiers use ±5V supplies. Al­
though they will operate perfectly well with +SV and-S.2V, 
use of ±lSV supplies will destroy the part. 

8) Standard commercial test equipment has not been de­
signed to test devices in the OPA620's speed range. Bench­
top op amp testers and ATE systems will require a special 
test head to successfully test these amplifiers. 

9) Terminate transmission line loads. Unterminated lines, 
such as coaxial cable, can appear to the amplifier to be a 
capacitive or inductive load. By terminating a transmission 
line with its characteristic impedance, the amplifier's load 
then appears purely resistive. 

10) Plug-in prototype boards and wire-wrap boards will not 
be satisfactory. A clean layout using RF techniques is essen­
tial; there are no shortcuts. 

OFFSET VOLTAGE ADJUSTMENT 

The OPA620's input offset voltage is laser-trimmed and 
will require no further adjustment for most applications. 
However, if additional adjustment is needed, the circuit in 
Figure I can be used without degrading offset drift with 
temperature. Avoid external adjustment whenever possible 
since extraneous noise, such as power supply noise, can be 
inadvertently coupled into the amplifier's inverting input 
terminal. Remember that additional offset errors can be 
created by the amplifier's input bias currents. Whenever 
possible. match the impedance seen by both inputs as is 
shown with R3. This will reduce input bias current errors to 
the amplifier's offset current, which is typically only 0.2J,1A. 

+Vcc 

201ill >-.Jw'--..... -<I--I 

. 
v lN or Ground 

Qulput Trim Range" +V co( R2 ) to -Vee ( R2 ) 

RTrim RTrlm 

'R,IS optional and can be used to cancel offset errors· due to Input bias 
currents. 

FIGURE I. Offset Voltage Trim. 
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INPUT PROTECTION 

Static damage has been well recognized for MOSFET de­
vices, but any semiconductor device deserves protection 
from this .potentially damaging source. The OPA620 incor­
porates on-chip ESD protection diodes as shown in Figure 2. 
This eliminates the. need for the user to add external protec­
tion diodes, which. can add capacitance and degrade AC 
performance. 

FIGURE 2. Internal ESD Protection. 

All pins on the OPA620 are internally protected from ESD 
by means of a pair of back -to-back reverse-biased diodes to 
either power supply as shown. These diodes will begin to 
conduct when the input voltage exceeds either power supply 
by about O. 7V. This situation can occur with loss of the 
amplifier's power supplies while a signal source is still pres­
ent. The diodes can typically withstand a continuous current 
of 30mA without destruction. To insure long term reliabil­
ity, however, diode current should be externally limited to 
lOrnA or so whenever possible. 

The internal protection diodes are designed to withstand 
2.SkV (using Human Body Model) and will provide ade­
quate ESD protection for most normal handling procedures. 
However, static damage can cause subtle changes in ampli­
fier input characteristics without necessarily destroying the 
device. In precision operational amplifiers, this may cause a 
noticeable degradation of offset voltage and drift. Therefore, 
static protection is strongly recommended when handling 
the OPA620. 

OUTPUT DRIVE CAPABILITY 

The OPA620's design uses large output devices and has 
been optimized to diive son and 7Sn resistive loads. The 
device can easily drive 6Vp-p into a son load. This high­
output drive capability makes the OPA620 an ideal choice 
for a wide range of RF, IF, and video applications. In many 
cases, additional buffer amplifiers are unneeded. 

Internal current-limiting circuitry limits output current to 
about ISOmA at 2SoC. This prevents destruction from acci­
dental shorts to common and eliminates the need for exter­
nal current-limiting circuitry. Although the device can with­
stand momentary shorts to either power supply, it is not rec­
ommended. 

Many demanding high-speed applications such as ADCI 
DAC buffers require op amps with low wide band output 
impedance. For example, low output impedance is essential 
when driving the signal-dependent capacitances at the in­
puts of flash AID converters. As shown in Figure 3, the 
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OPA620 maintains very low closed-loop output impedance 
over frequency. Closed-loop output impedance increases 
with frequency since loop gain is decreasing with frequency. 

10 

9-
g 
'" al 
a. 
§ 
:; G=+10VN 
.e-o 
a; 

0.1 '" .2' 
tIJ 
'iii 
E 

CJl 

0.01 

t--
G j +TY'I1 

G = +1V1V 
i-

II I 
100 lk 10k lOOk 1M 10M 100M 

Frequency (Hz) 

FIGURE 3. Small-Signal Output Impedance vs Frequency. 

THERMAL CONSIDERATIONS 

The OPA620 does not require a heat sink for operation in 
most environments. The use of a heat sink, however, will 
reduce the internal thermal rise and will result in cooler, 
more relaible operation. At extreme temperatures and under 
full load conditions a heat sink is necessary. See "Maximum 
Power Dissipation"curve, Figure 4. 

1.2 

~ 1.0 

'" ~ O.S 
a. 
:~ 
0 0.6 
Ii; 

~ 
0.4 0.. 

1 J 
Plastic, sOle 

I~ N Packages -

eerdlp / I" 
~ Package 

~ 
a; 
E 

~ 0.2 

0 
+25 +50 +75 +100 +125 +150 

Ambient Temperature (Oe) 

FIGURE 4. Maximum Power Dissipation. 

The internal power dissipation is given by the equation Po = 
PDQ + POL' where PDQ is the quiescent power dissipation and 
POL is the power dissipation in the output stage due to the 
load. (For ±Vcc = ±5V, PDQ = lOY X 23mA = 230mW, 
max). For the case where the amplifier is driving a grounded 
load (RL) with a DC voltage (±V OUT) the maximum value of 
POL occurs at ±V OUT = ±V cd2, and is equal to POL' max = 
(±V cc)2/4RL. Note that it is the voltage across the output 
transistor. and not the load. that determines the power dissi­
pated in the output stage. 
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When the output is shorted to common POL = SV X ISOmA 
= 7S0mW. Thus, Po= 230mW + 7S0mW '" IW. Note that 
the short-circuit condition represents the maximum amount 
of internal power dissipation that can be generated. Thus. the 
"Maximum Power Dissipation" curve starts at IW and is 
derated based on a 175°C maximum junction temperature 
and the junction-to-ambient thermal resistance, alA' of each 
package. The variation of short-circuit current with tempera­
ture is shown in Figure S. 

250 

« 
200 .s 

" ~ 
(3 

150 ·s 
.g 
~ 

.1 -- +Isc 
.......... <. ----

------- "- ------Isc --0 100 .<= 
CJl 

50 
-75 -50 ~5 +25 +50 +75 +100 +125 

Ambient Temperature (Oe) 

FIGURE 5. Short-Circuit Current vs Temperature. 

CAPACITIVE LOADS 

The OPA620's output stage has been optimized to drive 
resistive loads as low as SOO. Capacitive loads, however. 
will decrease the amplifier's phase margin which may cause 
high frequency peaking or oscillations. Capacitive loads 
greater than 20pF should be buffered by connecting a small 
resistance, usually SO to 2S0, in series with the output as 
shown in Figure 6. This is. particularly important when 
driving high capacitance loads such as flash AID converters. 

(Rs typically 50 to 250) 

FIGURE 6. Driving Capacitive Loads. 

In general, capacitive loads should be minimized for opti­
mum high frequency performance. Coax lines can be driven 
if the cable is properly terminated. The capacitance of coax 
cable (29pF/foot for RG-S8) will not load the amplifier 
when the coaxial cable or transmission line is terminated in 
its characteristic impedance. 
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COMPENSATION 

The OPA620 is internally compensated and is stable in unity 
gain with a phase margin of approximately 60°. However, 
the unity gain buffer is the most demanding circuit configu­
ration for loop stability and oscillations are most likely to 
occur in this gain. If possible, use the device in a noise gain 
of two or greater to improve phase margin and reduce the 
susceptibility to oscillation. (Note that, from a stability 
standpoint, an invening gain of -IVN is equivalent to a 
noise gain of 2.) Gain and phase response for other gains are 
shown in the Typical Performance Curves. 

The high-frequency response of the OPA620 in a good 
layout is very flat with frequency. However, some circuit 
configurations such as those where large feedback resis­
tances are used, can produce high-frequency gain peaking. 
This peaking can be minimized by connecting a small ca­
pacitor in parallel with the feedback resistor. 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 after PC 
board mountillg), and the input and feedback resistors. The 
selected compensation capacitor may be a trimmer, a fixed 
capacitor, or a planned PC board capacitance. The capaci­
tance value is strongly dependent on circuit layout and 
closed-loop gain. Using small resistor values will preserve 
the phase margin and avoid peaking by keeping the break 
frequency of this zero sufficiently high. When high closed­
loop gains are required, a three-resistor attenuator (tee net­
work) is recommended to avoid using large value resistors 
with large time constants. 

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 value of the output 
transition, a 2V step. Thus, settling time to 0.01 % requires 
an error band of ±200).1 V centered around the final value of 
2V. 

Settling time, specified in an invening gain of one, occurs in 
only 25ns to 0.01% for a 2V step, making the OPA620 one 
of the fastest settling monolithic amplifiers commercially 
available. Settling time increases with closed-loop gain and 
output voltage change as described in the Typical Perform­
ance Curves: Preserving settling time requires critical atten­
tion to the details as mentioned under "Wiring Precautions." 
The amplifier also recovers quickly from input overloads. 
Overload recovery time to linear operation from a 50% 
overload is typically only 3Oos. 

In practice, settling time measurements on the OPA620 
prove to be very difficult to perform. Accurate measurement 
is next to impossible in all but the very best equipped labs. 
Among other things, a fast flat-top generator and high speed 
oscilloscope are needed. Unfonunately, fast flat-top genera­
tors, which settle to 0.01 % in sufficient time, are scarce and 
expensive. Fast oscilloscopes, however, are more commonly 
available. For best results a sampling oscilloscope is recom­
mended. Sampling scopes typically have bandwidths that 
are greater than IGHz and very low capacitance inputs. 
They also exhibit faster settling times in response to signals 
that would tend to overload a real-time oscilloscope. 

Figure 7 shows the test circuit used to measure settling time 
for the OPA620. This approach uses a 16-bit sampling oscil­
loscope to monitor the input and output pulses. These wave­
forms are captured by the sampling scope, averaged, and 
then subtracted from each other in software to produce the 
error signal. This technique eliminates the need for the 
traditional "false-summing junction," which adds extra para­
sitic capacitance. Note that instead of an additional flat-top 
generator, this technique uses the scope's built-in calibration 
source as the input signal. 

2pF to SpF (Adjust for Optimum Settling) 

o to +2V, f = 1.2SMHz 

NOTE: Test fixture built using all surface·mount components. Ground 
plane used on component side and entIre fixture enclosed In metal case. 
Both power supplies bypassed with lOIlF Tantalum II O.OlIlF ceramic 
capaCitors. It is directly connected (without cable) to TIME CAL t~gger 
source on Sampling Scope (Data Precision's Data 61 00 with Model 640· 
1 plug·in). Input monitored with Active Probe (Channell). 

FIGURE 7. Settling Time Test Circuit. 
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DIFFERENTIAL GAIN AND PHASE 

Differential Gain (DG) and Differential Phase (DP) are 
among the more important specifications for video applica­
tions. DG is defined as the percent change in closed-loop 
gain over a specified change in output voltage level. DP is 
defined as the change in degrees of the closed-loop phase 
over the same output voltage change. Both DG and DP are 
specified at the NTSC sub-carrier frequency of 3.S8MHz. 
DG and DP increase with closed-loop gain and output 
voltage transition as shown in the Typical Performance 
Curves. All measurements were performed using a Tektronix 
model VM700 Video Measurement Sel. 

DISTORTION 

The OPA620's Harmonic Distortion characteristics into a 
son load are shown vs frequency and power output in the 
Typical Performance Curves. Distortion can be further im­
proved by increasing the load resistance as illustrated in 
Figure 8. Remember to include the contribution of the feed­
back resistance when calculating the effective load resis­
tance seen by the amplifier. 

-40 

0' -50 
III 
E. 

" 0 -50 'e 

.~ c 
0 -70 '" 0 

E 
'" ::c -50 

-.90 
o 

~ 

~ 

10MHz HARMONIC DISTORTION 
ys LOAD RESISTANCE 

Vo= 2Vp·p 

G=\lVN 
G=+2VN 

~ \ 
'-l-
'--l. 

100 100 200 400 

Load Resislance (0) 

21 

~ 

I 
// 

31 

500 

FIGURE 8. I OMHz Harmonic Distortion vs Load Resistance. 

Two-tone, third-order intermodulation distortion (1M) is an 
important parameter for many RF amplifier applications. 
Figure 9 shows the OPA620's two-tone, third-order 1M inter­
cept vs frequency. For these measurements, tones were 
spaced I MHz apart. This curve is particularly useful for 
determining the magnitude o(the third-order 1M products as 
a function of frequency, load resistance, and gain. For ex­
ample, assume that the application requires the OPA620 to 
operate in a gain of +2VN and drive 2Vp-p into son at a 
frequency of 10MHz. Referring to Figure 9 we find that the 
intercept point is +4OdBm. The magnitude of the third-order 
1M products can now be easily calculated from the expres­
sion: 

Third IMD = 2(OPPP - Po) 

where OPPP = third-order output intercept, dBm 
Po = output level/tone, dBrn/tone 

Third IMD = ttrird-order intermodulation ratio 
below each output tone, dB 
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For this case OPPP = 4OdBm, Po = IOdBm, and the third­
order IMD = 2(40 - 10) = 60dB below either 10dBm tone. 
The OPA620's low IMD makes the device an excellent 
choice for a variety of RF signal processing applications. 

60 

55 

50 
E 45 III 

! 40 

~ 35 
D.. 
li 30 

I 25 

20 

15 

2-TONE. 3RC ORDER INTERMODULATION 
INTERCEPT vs FREQUENCY 

Frequency (MHz) 

FIGURE 9. 2-Tone, 3rd Order Intermodulation Intercept vs 
Frequency. 

NOISE FIGURE 

The OPA620's voltage and current noise spectral densities 
are specified in the Typical Performance Curves. For RF 
applications, however, Noise Figure (NF) is often the pre­
ferred noise specification since it allows system noise per­
formance to be more easily calculated. The OPA620's Noise 
Figure vs Source Resistance is shown in Figure 10. 

NOISE FIGURE ys SOURCE RESISTANCE 
25 

N~ ~ ~ ~:~t 1 +1 ~) ~ 1 ~i~~,)2 j_ 
"" 4kTR, 

20 

\ ~ 15 

11. 

z 10 

VV 
5 ...... 

10 100 lk 10k lOOk 

Source Resistance (n) 

FIGURE 10. Noise Figure vs Source Resistance. 

SPICE MODELS 

Computer simulation using SPICE is often useful when ana­
lyzing the performance of analog circuits and systems. This 
is particularly true for Video and RF amplifier circuits where 
parasitic capacitance and inductance can have a major effect 
on circuit performance. SPICE models using ,MicroSim 
Corporation's PSpice are available forthe OPA620. Request 
Burr-Brown Application Note AN-167. 
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RELIABILITY DATA 

Extensive reliability testing has been performed on the 
OPA620. Accelerated life testing (2000 hours) at maximum 
operating temperature was used to calculate MTIF at an 
ambient temperature of 25°C. These test results yield MTTF 
of: Cerdip package = 1.31E+9 Hours. Plastic DIP =5.02E+7 
Hours. and SOIC = 2.94E+7 Hours. Additional tests such as 
PCT have also been performed. Reliability repons are avail­
able upon request for each of the package options offered. 

APPLICATIONS 

3900 3900 

-,rt-
Video .~ 
Input ~ 

750 

High outPut current drive capability (6Vp·p Into 500) 
allows three back·termlnated 750 transmission lines 
to be simultaneously driven. 

FIGURE II. Video Distribution Amplifier. 

R, 
R" 
1580 

1000pF 

V,No-,JVV'--..... -~----I 
15.8kn C, 

~ lOOOpF 

Ie = IMHz 
BW = 20kHz at -{ldB 
Q =50 

FIGURE 12. High-Q IMHz Bandpass Filter. 
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DEMONSTRATION BOARDS 

Demonstration boards to speed prototyping are available. 
Request DEMI135 for 8-Pin DIP. and DEMI136 for SOIC 
package. 

750 Transmission Une 
750 

750 

750 

750 

r---.------.-----D+5V 
(-) 0---1-----1---, 

(+) 

L---+-~~--_+-----o ~v 

• Select J,. J,and R,. R, to set 
Input stage cu"entloroptimum 
performance. 

I.: lpA 
eN: 6nVl{Hz at I MHz 

Gain·Bandwidth : 200MHz 
Slew Rate : 250 VII'!' 

Settling lime: 15ns to 0.1% 

FIGURE 13. Low Noise. Wide band FET Input Op Amp. 
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sea 
or 
750 

500 or 750 

sea or 750 
Transmission Line 

Differential Ro 

'"L ~~-I2::0 
sea 
or 

Optional back-termination re­
sistors. Output swing and gain 
doubled if removed. 

500 or 750 

sea or 750 
Transmission Line 

750 
Differential Voltage Gain ~ 2VN = 1 + 2R,JR. 

Bandwidth. -3dB = 12SMHz 
Slew Rate = SOOW,," 

FIGURE 14. Differential Line Driver for son or 75n Systems. 

2490 2490 

2490 
Ro 4990 

2490 

2490 

2490 

sea 
or 
750 

sea 
or 
750 

~l 
Differential 

Output 

~J 

Differential Voltage Gain = 2VN = 1 + 2R,JR. 

FIGURE IS. Wideband, Fast-Settling Instrumentation Amplifier. 

2490 

FIGURE 16. Unity Gain Difference Amplifier. 

Single­
E$) Ended 
~ Output 

750 K~~-v~~~~ 
Triax 
Input 

1500 
ADC603 
12-Blt 

10MHzAlD 
Converter 

Signal 
Input 

Analog 
Common 

FIGURE 17. Differential Input Buffer Amplifier (G =-2V N). 
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BURR-BROWN® 

1E3E31 OPA621 

Wideband Precision 
OPERATIONAL AMPLIFIER 

FEATURES 
• VERY LOW DISTORTION 

• FAST SETTLING: 25ns (0.01%) 

• GAIN-BANDWIDTH: 500MHz 

• STABLE IN GAINS: ~ ±2V/v 

• LOW OFFSET VOLTAGE: ±1001!V 

• SLEW RATE: 500V/I!S 

• LOW DIFFERENTIAL GAIN/PHASE ERROR 

• a-PIN DIP, SOIC PACKAGES AND DIE 

DESCRIPTION 
The OPA621 is a precision wideband monolithic opera­
tional amplifier featuring very fast settling time, low 
differential gain and phase error, and high output cur­
rent drive capability. 

The OPA621 is stable in gains of ±2V IV or higher. This 
amplifier has a very low offset. fully symmetrical dif­
ferential input due to its "classical" operational ampli­
fier circuit architecture. Unlike "current-feedback" 

Non.lnverting 3 
Input 

Inverting 
Input 

APPLICATIONS 
• HIGH-SPEED SIGNAL PROCESSING 

• ADC/DAC BUFFER 

• ULTRASOUND 

• PULSE/RF AMPLIFIERS 

• HIGH-RESOLUTION VIDEO 

• ACTIVE FILTERS 

amplifier designs. the OPA621 may be 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 OPA621 is available in plastic, ceramic, SOle 
packages, and die form. Two temperature ranges are 
offered: ooe to +70oe and -55°C to +125°e. 

4 

-Vee 

Output 
Stage 

6 Output 

Inlernatlonal Airport Industrial Park • Mailing AddreSS: PO Box 11400 Tucson, AZ 85734 • Street Address: 6730 S. Tucson Blvd. • Tucson, AZ 85706 
Tel: (602)746·1111 • Twx:910·952·1111 • Cable: BBRCORP • Telex: 066-6491 • FAX:(602)889-1510 • Immediate Praductlnfa:(SOO)548-6132 
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SPECIFICATIONS 
ELECTRICAL 
At V cc " ±5VDC, R, = 100Q, and T. = +25°C unless otherwise noted. 

VrMg"~r ~u vrM~'~~~U OPA621LG ... 
PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS C't 
INPUT NOISE 

CD 
Voltage: fo" 100Hz R.=on 10 · nVi {Hz 2 fo= 1kHz 5.5 · nVi {Hz 

fo= 10kHz 3.3 · · nV/{Hz 0 
fo= 100kHz 2.5 · nVi {Hz 
fo= lMHz to 100MHz 2.3 · nVl{Hz 
f,= 100Hz to 10MHz 8.0 · IlV, ROS 

Current: 1:= 10kHz to 100MHz 2.3 · pN{Hz 

OFFSET VOLTAGE''' 
Input Offset Voltage Ve• = OVDC ±200 l±lmv . ±100 ±SOD IlV 
Average Drift TA = T"'IN to Tf.WC ±12 · IlVioC 
Supply Rejection ±V:e = 4.5V to 5,5V 50 60 · 55 · dB 

BIAS CURRENT 
Input Bias Current Vc• = OVDC 18 30 · 25 !LA I OFFSET CURRENT 
Input OIIset Current Vou = OVDC 0.2 2 · · !LA IU 
INPUT IMPEDANCE -U. Differential Open-Loop 15111 · · kn II pF -Common-Mode lJi~ · · MQllpF ... 
tNPUTVOLTAGE RANGE a. 
Common-Mode Input Range ±3.0 ±3.5 · · V I! Common-Mode Rejection _ V. - ±2.5VDC, V 0 = OVDC 65 75 · · 70 · dB C 
OPEN-LOOP GAIN, DC 
Open-Loop Voltage Gain ~,= lOOn 50 60 · 55 · dB ... 

= 50Q 48 58 · 53 · dB C 
FREQUENCY RESPONSE Z 
Closed-Loop Bandwidth 0 
(-3dB) Gain = +2VN 500 · · MHz -Gain = +5VN 100 · · MHz 5 Gain = +10VN 50 · MHz 
Gain-Bandwidth Gain = +10VN 500 · · MHz 
Differential Gain 3.58MHz, G = +2VN O.OS · 0/0 IU Differential Phase 3,58MHz, G = +2VN 0.05 · · Degrees 
Hannonic Distortlon(2) G = +2VN, I = 10MHz,Vo = 2Vp-p a. 

I = 10MHz. Second Harmonic ~2 -50 · · · dBc<" 0 
Third Harmonic -80 -70 · . · · dBc 

Full Power Response(2) Vo = 5Vp-p, Gain = +2VN 22 32 · · · · MHz 
Vo = 2Vp·p, Gain = +2VN 55 80 · · · · MHz 

Slew Aate'" 2V Step, Gain = -2VN 350 500 · · · · VII'S 
Overshoot 2V Step, Gain = -2V N 15 -. · 0/0 
Settling Time: 0.1% 2V Step, Gain = -2VN 15 · · os 
0.01% 25 · · ns 
Phase Margin Gain = +2VN 50 · · Degrees 
Aise Time Gain = +2VN, 10"10 to 900/0 · 

V V: 100mVp-p; Small Signal 1.8 · · ns 
= 6Vp-p; Large Signal 8 · ns 

RA TiED OUTPUT 
Voltage Output A, = lOOn ±2.8 ±3.0 · · · · V 

f\ = son ±2_5 ±3.0 · · · · V 
output Aesistance lMHz, Gain = +2VN 0.015 · · n 
Load Capacitance Stability Gain = +2VN 15 · · pF 
Short Circuit Current Continuous ±150 · · mA 

POWER SUPPLY 
Aated Voltage ±Vcc 5 · · VDC 
Derated Performance ±Vcc 4.0 6.0 · · · VDe 
Current, Quiescent 10 = OmADe 26 28 · · · rnA 

TEMPEAATURE RANGE 
Specification: KP. KU, KG, LG Ambient TemperallJre 0 +70 · · °e 

SG -55 +125 °e 
Operating: KG, LG, SG Ambient Temperature -55 +125 -55 +125 °e 

KP,KU -25 +85 OC 
8,. 

KG, LG, SG 125 125 0c/w 
KP 90 0c/w 
KU 100 0CfW 

• Same Specifications as lor KP/KU. 
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SPECIFICATIONS (cont) 
ELECTRICAL (FULL TEMPERATURE RANGE SPECIFICATIONS) 
At Vee = ±5VDC, R, = loon, and T. = T"~ to T...,. unless otherwise noted. 

OPA621 KPIKU OPA621 KGtSG OPA621LG 

PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 

TEMPERATURE RANGE 
Specification: KP, KU, KG, LG Ambient Temperature 0 +70 · · 'C 
SG -55 +125 'C 

OFFSET VOLTAGE'" 
Average Drift TA ... TMIN to TMA)C ±12 · · INFC 
Supply Rejection ±Vee = 4.5V to 5.5V 45 60 · · 50 · dB 

BIAS CURRENT 
Input Bias Current V .... = OVDC 18 40 · · · 35 pA 

OFFSET CURRENT 
Input Offset Current VOM = OVDC 0.2 5 · · · . pA 

INPUT VOLTAGE RANGE 
Common·Mode Input Range ±2.5 ±a.o · · · · V 
Common-Mode Rejection V;. a ±2.5VDC, Vo = OVDC 60 75 · · 65 · dB 

OPEN LOOP GAIN, DC 
Open·Loop Voltage Gain R, = loon 46 60 · · 52 · dB 

R" = 50n 44 58 · · 50 · dB 

RATED OUTPUT 
Vollage Output R, = loon ±2.6 ±a.o · · · · V 

RL = 50n ±2.5 ±a.o · · · · V 

POWER SUPPLY 
Current. Quiescent 10 = OmADC 26 30 · · · . mA 

• Same specifications as for KPIKU. 
NOTES: (1) Offset Vollage specifications are also guaranteed with units fully wanned up. (2) Parameter is sample tested. (3) dBc = dB refered to carrier­
input Signal. 

ORDERING INFORMATION 

Basic Model Number ---------aqm--' J U 
Pertonnance Grade Code -

K, L = O'C to +70'C 
S = -55'C to + 125'C 

Package Code ----------------' 
G = B·pin Ceramic DIP 
P = 8-pln Plastic DIP 
U = B-pin Plastic SOIC 

PIN CONFIGURATION (S·PIN DIP) 

Top View 

2-60 

No Internal Connection 

Inverting Input 

Non-Inverting Input 

NegaUve Supply (-Vee) 4 

ABSOLUTE MAXIMUM RATINGS 

Supply ............................................................................................. ±7VDC 
Intemal Power Dissipation'" .......................... See Applications Inlonnation 
Differential Input Vollage .............................................................. Total Vee 
Input Vollage Range ..................................... See Applications Infonnation 
Storage Temperature Range KG, LG, SG: ..................... -55'C to + 150'C 

KP. KU: ............................. -40'Cto +125'C 
Lead Temperature (soldering. lOS) ............................................... +300'C 

(soldering. SOIC 3s) ........................................ +260'C 
Oulput Short Circuit to Ground (+25'0) .................. Continuous to Ground 
Junction Temperature (T,) ............................................................. +175'C 

NOTE: (4) Packages must be derated based on specified 8 oJA' Maximum T, must 
be observed. 

8 No Internal Connection 

Positive Supply (+Vcc) 

Output 

5 No Internal Connection 
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Or, Call Customer Service at 1·800·548·6132 (USA Only) 

MECHANICAL 

G Package - B-Pln Ceramic 

Seating 
Plane 

P Package - B-Pln Plastic DIP 

u J P j 

~Pinl -

N 

"I i B• t LFr~=J 
/"11 1 B ~ H ~A t 

,J!~~L. ' 
- L: B L Seating Plane 

U Package - B-Pln SOIC 
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DIM 
A 
A. 
B 
B. 
C 
Oil! 

E 
E. 

•• e. 
L 

DIM 
A 
B 
C 
D 
F 
G 
H 
J 
K 
L 
M 
N 
R 

INCHES 
MIN MAX 
.155 .200 
.020 .050 
.014 .020 
.045 .065 
.008 .012 
.370 .400 
.300 .325 
.240 .260 
.100 BASIC 
.300 BASIC 

.125 .150 

DIM 
A 
A. 
B 
B. 
C 
D 
G 
H 
J 
L 
M 
N 

INCHES 
MIN MAX 
.375 .405 
.245 .251 
.140 .170 
.015 .021 
.045 .060 
.100 BASIC 
- .098 

.008 .012 

.150 -

.290 .320 
0' 15' 

.009 .060 

.125 .175 

MIWMETERS 
MIN MAX 
3.94 5.08 
0.51 1.27 
0.36 0.51 
1.14 1.65 
0.20 0.30 
9.40 10.16 
7.62 8.26 
6.10 6.60 
2.54 BASIC 
7.62 BASIC 
3.t8 3.81 

INCHES 
MIN MAX 
.185 .201 
.178 .201 
.146 .162 
.130 .149 
.054 .145 
.015 .019 
.050 BASIC 
.018 .026 
.008 .012 
.220 .252 
0' 10' 

.000 .012 

MIWMETERS 
MIN MAX 
9.53 10.28 
622 6.38 
3.56 4.32 
0.38 0.53 
1.14 1.52 
2.54 BASIC 

2.49 
0.20 0.30 
3.80 -
7.37 8.13 
0' 15' 

0.23 1.52 
3.18 4.45 

NOTE: Leads In true 
posltlon within 0.01" 
(0.25mm) Rat MMC 
at seating plane. 

INCHES MIWMETERS 
DIM MIN MAX MIN MAX 
Lt" 0 .030 0.00 0.76 
a 0' IS' 0' IS' 
P .015 .050 0.38 1.270 
Q. .040 .075 1.02 1.91 
sm .015 .050 0.38 1.27 

(I) Not JEDEC Std. 
(2) e. and e. applies in zone L, when 
unit installed. 
NOTE: Leads In true position within 
O.ot" (0.25mm) R at MMC at seating 
plane. 

MILUMETERS 
MIN MAX 
4.70 5.11 
4.52 5.11 
3.71 4.11 
3.30 '3.78 
1:37 3.69 
0.38 0.48 
1.27 BASIC 
0.46 0.66 
0.20 0.30 
5.59 6.40 
0' 10' 

0.00 0.30 

NOTE: Leads in true 
position within 0.01-
(O.25mm) Rat MMC 
at seating plane. 
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For Immediate Assistance, Contact Your Local Salesperson 

TYPICAL PERFORMANCE CURVES 
At Vee = ±5VDC, R, = 1000, and T. = +25'C unless otherwise noted. 
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