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€XCLUSIVELY COMMITTED TO LINEAR

The founding theme of Linear Technology Corporation was to create a company capable of leading
and directing linear circuit technology and design concepts of the future, and thus become the
market'’s linear specialist. The company believes that the total IC business has become so diverse
and so complex that a single company will have great difficulty assembling the engineering talent
necessary to lead in all areas of device technology.

Today, the customer base benefits by accessing the best product available in each functional area
of the IC market from those vendors who are at the leading edge of performance and technology as a
result of their “focused” strategy approach. The customer now has the choice of acquiring the best
linear, the best microprocessor, the best memory products, etc., by choosing the best vendor in each
area. In order to achieve the goal of becoming the market’s first choice in the linear area, LTC has
assembled the leading design, test, product, assembly, quality and process engineering talent in the
industry, operating in what we feel is the most modern linear integrated circuit facility in production
today.

Linear Technology possesses a wide variety of bipolar processes including Super Beta, Bifet, low
noise, high speed, thin film resistors, sinkers, sub-surface zeners, and more. The company also has
in production a very modern silicon-gate CMOS process, LTCMOS™, which is specifically tailored
to satisfy the special needs of linear IC functions.

Linear Technology is committed to servicing the demanding requirements of the Military/Aerospace
marketplace. Our 883 program is designed to consistently provide off-the-shelf high performance
linear integrated circuits tested to the requirements of MIL-STD-883 Class B, and fully compliant to
Revision C. Our documentation, designs, procedures, and facilities have been carefully established
to meet the rigid requirements of MIL-STD-38510 level devices. The company’s facility is JAN
approved and numerous JAN QPL part types are currently being supplied by Linear Technology. All
military-grade products are 100% tested at temperature extremes. Both commercial and military
outgoing quality levels are sampled over temperature with full lot traceability back to the original
wafer from which the device was derived. Presently Linear Technology can boast that its products
are used by all of the top 25 largest military contractors in the U.S.

On the commercial side of the business, the company’s proprietary products are currently being
used by leading manufacturers of automobiles, computers, instruments, cameras, telecommunica-
tion systems and in many other areas. The company prides itself in doing business with the major
manufacturers and leaders in each of these market segments.

This catalog contains products that already enjoy very wide acceptance status in new and existing
end products.

In addition to the commitment to provide better technical solutions, we also commit to our
customers that we will strive to make quality and reliability a reason to buy from Linear Technology.
Our products address the instrumentation, industrial, data acquisition, peripheral, interface, and
military markets with solutions to linear systems application problems.
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LIFE SUPPORT POLICY

LINEAR'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT DEVICES OR SYSTEMS WITHOUT THE
EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF LINEAR TECHNOLOGY CORPORATION. As used herein:

a. Life support devices or systems are devices or systems which (1) are intended for surgical implant into the body, or (2) support or sustain life and
whose failure to perform when properly used in accordance with instructions for use provided in the labeling can be reasonably expected to result
in a significant injury to the user.

b. A critical component is any component in a life support device or system whose failure to perform can be reasonably expected to cause the failure
of the life support device or system or to affect its safety or effectiveness.

Information furnished herein by Linear Technology Corporation is believed to be accurate and reliable. However, no responsibility is assumed for its
use. Linear Technology Corporation makes no representaiton that the interconnection of its circuits, as described herein, will not infringe on existing
patent rights.

Linear Technology Corporation ¢ 1630 McCarthy Blvd. ® Milpitas, CA95035 e (408)942-0810  © Linear Technology Corporation 1985  Printed in USA
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LT3524, Regulating Pulse Width Modulator ... ........ .. .. . . e 7-3
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V.

¥ LNEAR 2570

TECHNOLOGY

ORDERING INFORMATION

Linear Technology employs numerous sales representatives, stocking distributors and stocking representatives, throughout the world.
For alist of the distributors nearest your location, please contact Linear Technology in Milpitas, California. Local inventories and pricing
of Linear Technology products are generally available through these distributors.

Orders placed directly with the factory require a minimum order value of $2000.00, and a minimum line item value of $500.00. Terms are
net 30, FOB Milpitas, California.

RELIABILITY PROGRAMS

Linear Technology Corporation currently offers the following Reliability Programs:

A.  JAN QPL devices.

B. DESC drawings.

C.  Mil-Std 883, Level B, Revision C for all military temperature range devices.

D. “R-Flow’ Burn-In Program for commercial temperature range devices. Consult Factory regarding burn-in program.

PART NUMBER EXPLANATION
XXX XXXX X X J/883B

' I— Screening to Mil-Std. 883, Level B, Revision C
Package Style (see Cross Ref on Page 1-11)
Temperature Range

M for Military
C for Commercial

Letter indicates electrical grade of part

Generic or Product Part Number

Designator
AD, LF, LM, OP and SG are second source devices
LT are improved or proprietary devices
LTC indicates CMOS devices

PACKAGE SUFFIX EXPLANATION
Letter Designator Description

D 14, 16, 18 and 20 Pin Side Brazed Hermetic DIP
D8 8 Pin Side Brazed Hermetic DIP

H Multi Lead Metal Can

J 14, 16, 18 and 20 Pin Ceramic DIP
J8 8 Pin Ceramic DIP

K TO-3 Metal Can (Steel)

N 14, 16, 18 and 20 Pin Molded DIP
N8 8 Pin Molded DIP

T TO-220 Molded (3 lead, 5 lead)

Z TO-92 Molded (3 lead)

S8 8 Lead Small Outline (SO) Package
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AMD ADP/N LTC DIRECT REPL
ADOPO7A OPO7A
AMD P/N LTC DIRECT REPL LT1001AM*
LF155A LF155A ADOPO7C OPQO7C
LT1055AM* LT1001C*
LF155 LF155 ADOPO7D OP0O7D
LT1055M* LT1001C*
LF156A LF156A ADOPO7E OPO7E
LT1056AM* LT1001C*
LF156 LF156 AD580 LT1019-2.5%*
LT1056M* AD581 ADS581
LF198 LF198 LT1031**
LF355A LF355A AD589 LT10041
LT1055AC*
LF356A LF356A
LT1056AC*
LF398 LF398
LM108 LM108 FAIRCHILD
LT1008M*
LM108A LM108A FSCP/N LTC DIRECT REPL
*
LM111 ',:UﬂofM UA101A LM101A
LT111A* UA107A LM107
LT1011M* UA108 LM108
*
LM118 LM118 LT1008M
LT118A* UA108A LM108A .
LM119 LM119 LT1008M
LT119A* UA111 LM111 .
LM148 LT1014* Hmﬁm*
LM308A LM308A UA117 LM117
Lma11 t¥331111A* SH123 LM123
R
LM318 LM318 .
LT318A* UA124 LT1014M
LM319 LM319 UA148 LT1014M*
LT319A* UA1558M LT1013M*
UA78H05C LT1003C**
UA308A LM308A
LT1003M**
UA311 LM311
ANALOG DEVICES LT311A*
LT1011C*
ADP/N LTC DIRECT REPL UA317 LM317 ,
LT317A
AD101A LM101A UA318 LM318
AD518 LM118%*
LT118A** SAS::::;M
AD517 OPQ7** SH323 LT323A%
LT1001** LT1003M**
AD510J E;%li*c* UAT714 0oPO7
LT1001M*
AD510K LT1001AC* UA714C OPO7C
AD510L LT1001AC* LT1001C*
AD5108 OPO7A* UAT714L OP0O7D
LT1001AM LT1001C*
ADOPO7 OPO07 UAT14E OPO7E
LT1001M* LT1001C*

* LTC Improved Replacement: 100% Pin-for-Pin compatible with better electrical specifications.
** Similar Device: Please consult the data sheet to ine the suitability of the for
1 Consult factory for guaranteed TC devices.
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ALTERNATE SOURCE CROSS REFERENCE GUIDE

HARRIS
HARRIS P/N LTC DIRECT REPL
HAOPO7 OP07
LT1001M*
HAOPO7A OPO7A
LT1001AM*
HAOPO7C OPO7C
LT1001C*
HAOPO7E OPO7E
LT1001C*
HA5135-2 oP07
LT1001M*
HA5130-2 OPO7A
LT1001AM*
HA5135-5 OP07C
LT1001C*
HA5130-5 OPO7E
LT1001C*
HA2510 LT118A**
LM118**
HA2512 LT118A**
LM118**
HA2515 LT318A**
LM318**
INTERSIL
INTERSIL P/N LTC DIRECT REPL
ICL7650 8-Pin LTC1052*
ICL7652 8-Pin LTC7652
ICL7660 LTC1044*
ICL8069C LM385-1.2
LT1004C-1.2*
ICL8069M LM185-1.2
LT1004M-1.2*
LF155A LF155A
LF155 LF155
LF156A LF156A
LF156 LF156
LF355A LF355A
LF356A LF356A
LH2108A LH2108A
LH2108 LH2108
LM101A LM101A
LM107 LM107
LM108 LM108
LT1008M*
LM108A LM108A
LT1008M*
LM111 LM111
LT111A*
LT1011M*
LM124 LT1014M*

* LTC Improved Replacement: 100% Pin-for-Pin compatible with better electrical specifications.

MOTOROLA
MOTO P/N LTC DIRECT REPL
LM101A LM101A
LM107 LM107
LM108 LM108
LT1008M*
LM108A LM108A
LT1008M*
LM111 LM111
LT111A*
LT1011M*
LM117 LM117
LT117A%
LM123 LM123
LT123A*
LT1003M**
LM137 LM137
LT137A%
LT1033M**
LM150 LM150
LT150A*
LM158 LT1013M*
LM308A LM308A
LT1008C*
LM311 LM311
LT311A*
LT1011C*
LM317 LM317
LT317A*
LM323 LM323
LT323A*
LT1003C**
LM337 LM337
LT337A*
LT1033C**
LM350 LM350
LT350A*
MC1558 LT1013M*
MC78T05 LM323T
LT323AT*
SG1524 SG1524
LT1524*
SG1525A SG1525A
LT1525A*
SG1527A SG1527A
LT1527A%
SG3524 SG3524
LT3524*
SG3525A SG3525A
LT3525A*
SG3527A SG3527A
LT3527A*
LF355A LF355A
LF356A LF356A
LM148 LT1014M*
LM124 LT1014M*

** Similar Device: Please consult the data sheet to determine the
+ Consult factory for guaranteed TC devices.
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ALTERNATE SOURCE CROSS REFERENCE GUIDE

MOTO P/N LTC DIRECT REPL NSCP/N LTC DIRECT REPL
MC1400U2 LT1019CN8-2.5* LM119 LM119
MC1400AU2 LT1019ACN8-2.5* LT119A*
MC1400U5 LT1019CN8-5* LM123 LM123
MC1400AUS LT1019ACNS8-5* LT123A*
MC1400U10 LT1019CN8-10* LT1003M**
MC1400AU10 LT1019ACN8-10* LM124 LT1014M*
LF155A LF155A LM129A LM129A
LF155 LF155 LM129B LM129B
LF156A LF156A LM129C LM129C
LF156 LF156 LM133 LT1033M*

LM134 LM134
LM134-3 LM134-3
NATIONAL SEMICONDUCTOR [M134.6 LM134-6
LM136A LM136A
NSCP/N LTC DIRECT REPL LT1009M*
LF155A LF155A LM136-2.5 LM136-2.5
LT1055AM* LT1009M*
LF155 LF155 LM136-5 LT1029M**
LT1055M* LM137 LM137
LF156A LF156A LT137A
LT1056AM* LT1033M**
LF156 LF156 LM137HV LM137HV
LT1056M* LT137AHV*
LF198A LF198A LM138 LM138
LF198 LF198 LT138A*
LF355A LF355A LM148 LT1038M**
LT1055AC* LM150 LM150
LF356A LF356A LT150A%
LT1056AC™ LM158 LT1013M*
LF398A LF398A LM168BY-5.0 LT1019AM-5*
LF398 LF398 LM168BY-10.0 LT1019AM-5*
LH0002 LT1010M** LM185-1.2 LM185-1.2
LHO044 LT1001M** LT1004M-1.2*
LHO0070 LH0070 LM185-2.5 LM185-2.5
LT1021M* LT1004M-2.5*
LH2108 LH2108 LM196 LT1038M**
LH2108A LH2108A LM199 LM199
LM10 LM10 LM199A LM199A
LM10B LM10B LM199A-20 LM199A-20
LM10C LM10C LM234-3 LM234-3
LM101A LM101A LM234-6 LM234-6
Lm107 LM107 LM308A LM308A
LM108 LM108 LT1008C*
LT1008M* LM311 LM311
LM108A LM108A LT311A*
LT1008M* LT1011C*
LM111 LM111 LM317 LM317
LT111A* LT317A*
LT1011M* LM317HV LM317HV
LM112 LT1012M* LT317AHV*
LM113 LT1004M-1.2* LM318 LM318
LM117 LM117 LT318A*
LT117A* LM319 LM319
LM117HV LM117HV LT319A*
LT117AHV* LM323 LM323
LM118 LM118 LT323A*
LT118A* LT1003C**

* LTC Improved Replacement: 100% Pin-for-Pin compatible with better electrical specifications.
** Similar Device: Please consult the data sheet to determine the suitability of the repl for
1 Consult factory for guaranteed TC devices.
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ALTERNATE SOURCE CROSS REFERENCE GUIDE

E GENERAL INFORMATION

NSC P/N LTC DIRECT REPL NECP/N LTC DIRECT REPL
LM329A LM329A «PC311 LM311
LM329B LM329B LT311A*
LM329C LM329C LT1011C*
LM328D LM329D uPC319 LM319
LM333 LT1033C* LT319A"
LM333A LT1033C uPC354 OP07
LM334 LM334 LT1001*
LM336-2.5 LM336 uPC454 LT1002

LT1009C* ©PC649 LF398
LM336B-2.5 LM336B
LT1009C*
LM336-5 LT1029C** PMI
LM337 LM337
LT337A* PMIP/N LTC DIRECT REPL
LT1033C** CMPO1 LT1011**
LM337HV LM337HV CMPO2 LT1011**
*
LMass EaaTany oPo1 LT1023"
N OP04 LT1013*
LT338A OP05 OP05
LM350 LM350 LT1001M*
LT350A*
OP05A OPO5A
LM368Y-5.0 LT1019AC-5* 5 LT1001M*
LM368-5.0 LT1019AC-5* OP05C OPOSC
LM368Y-10.0 LT1019AC-10* LT1001C*
LM368-10.0 LT1019AC-10* OPOSE OPOSE
LM385-1.2 LM385-1.2 LT1001C*
LT1004C-1.2*
LM385-2.5 LM385-2.5 opo7 8'-31%701 M*
LT1004C-2.5* OPO7A OPO7A
LM396 LT1038C** LT1001AM*
LM399 LM399 OP07C OP07C
LM399A LM399A LT1001C*
LM399A-50 LM399A-50 OPO7E OPO7E
LM1524 SG1524 LT1001C*
LT1524* OP10 LT1002M*
LM3524 $G3524 OP10A LT1002AM*
LT3524* OP10C LT1002C*
LM2935 LT1005** OP10E LT1002C
MF5 LTC1059*
« OP11 LT1014*
MF10 LTC1060 OP12A LT1012M*
OP12B LT1012M*
NEC OP12C LT1012M*
OP12E LT1012C*
NECP/N LTC DIRECT REPL OP12F LT1012C*
OP12G LT1012C*
#PC156 LM308A OP15A OP15A
LT1008C~ LT1055AM*
#PC159 LM318 OP15B OP15B
LT318A* LT1055M
nPC254 oP07 OP15C OP15C
LT1001* LT1055M*
wPC271 LM311 OP15E OP15E
LT311A" LT1055AC*
LT1011C OP15F OP15F
uPC272 LM319 LT1055C*
LT319A" OP15G OP15G
LT1055C*
* LTC improved Replacement: 100% Pin-for-Pin compatible with better electrical specifications.
** Similar Device: Please consult the data sheet to determine the suitability of the rep for specific ications.

1 Consult factory for guaranteed TC devices.
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ALTERNATE SOURCE CROSS REFERENCE GUIDE

PMIP/N LTC DIRECT REPL PMIP/N LTC DIRECT REPL
OP16A OP16A PM156 LF156
LT1056AM* LT1056M*
OP168 OP16B PM2108A LH2108A
LT1056M* PM2108 LH2108
oP16C OP16C PM308A LM308A
LT1056M* LT1008C*
OP16E OP16E PM355A LF355A
LT1056AC* LT1055C*
OP16F OP16F PM356A LF356A
LT1056C* LT1056C*
OP16G OP1es REFO1 REFO1
LT1019M-10*
OP207A LT1002M* LT1021-10**
OP207B LT1002M* REFO1A REFO1A
OP207E LT1002C* LT1019AM-10*
OP207F LT1002C* LT1021-10**
OP27A OP27A REF01C REFO1C
LT1007AM* LT1019C-10*
OP27B LT1007M* LT1021-10%*
OP27C OP27C REFO1E REFO1E
LT1007M* LT1019AC-10*
OP27E OP27E LT1021-10%*
LT1007AC* REFO1H REFO1H
OP27F LT1007C* LT1019C-10*
OP27G OP27G LT1021-10**
LT1007C* REF02 REF02
OP37A OP37A LT1019M-5*
LT1037AM* LT1021-5%*
OP378B OP37A REF02A REF02A
LT1037M* LT1019AM-5*
OP37C OP37C LT1021-5%*
LT1037M* REF02C REF02C
OP37E OP3TE LT1019C-5*
LT1037AC* LT1021-5%*
OP37F OP37E REF02D LT1019C-5*
LT1037C* LT1021-5%*
OP37G OP37G REFO2E REFO2E
LT1037C* LT1019AC-5*
* LT1021-5%*
Opz27A oP227A REFo2H REFO2H
0P227B OP227A LT1019C-5*
0P227C 0P227C LT1021-5%*
OP227E OP227E
OP227F OP227E
0oP227G OP227G RAYTHEON
OP421 LT1014*
PMI108 V108 RAYTH P/N LTC DIRECT REPL
LT1008M* LM101A LM101A
PM108A LM108A LM107 LM107
LT1008M* LM111 LM111
PM155A LF155A LT111A*
LT1055M* LT1011M*
PM155 LF155 LM124 LT1014M*
LT1055M* LM148 LT1014M*
PM1558 LT1013M* LM311 LM311
PM156A LF156A LT311A*
LT1056M* LT1011C*

* LTC Improved Replacement: 100% Pin-for-Pin compatible with better electrical specifications.
** Similar Device: Please consult the data sheet to determine the suitability of the repl it for
1 Consult factory for guaranteed TC devices.
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ALTERNATE SOURCE CROSS REFERENCE GUIDE

RAYTHP/N LTC DIRECT REPL
OPO05 0P05
LT1001M*
OPO5A OPO05A
LT1001AM*
0PO5C 0PO05C
LT1001C*
OPOSE OPOSE
LT1001C*
oPO7 oPo7
LT1001M*
OPO7A OPO7A
LT1001AM*
OPO7C OPO7C
LT1001C*
OPOTE OPO7E
LT1001C*
OP27A OP27A
LT1007AM*
oP278 OP27A
LT1007M
oP27¢ oP27C
LT1007M*
OP27E OP27E
LT1007AC*
OP27F OP27E
LT1007C*
0P27G 0P27G
LT1007C*
OP37A OP37A
LT1037AM*
oP378 OP37A
LT1037M
0P37C 0P37C
LT1037M*
OP37E OP37E
LT1037AC*
OP37F OP37E
LT1037C*
OP37G OP37G
LT1037C*
RC714CH 0PO7C
LT1001C*
RC714EH OPO7E
LT1001C*
RM1558 LT1013M*
RM714H 0P07
LT1001M*
SIGNETICS
SIGNETICS P/N LTC DIRECT REPL
LF398 LF398
LF398A LF398A
LM101A LM101A

* LTC Improved Replacement: 100% Pin-for-Pin compatible with better electrical specifications.

SIGNETICSP/N  LTC DIRECT REPL
LM111 LM111
LT111A*
LT1011M*
LM119 LM119
LT119A*
LM124 LT1014M*
LM158 LT1013M*
LM311 LM311
LT311A*
LT1011C*
MC1558 LT1013M*
NE5534 OP37*
LT1037*
NE5534A OP37*
LT1037*
SE5534 OPa7*
LT1037*
SE5534A OP37*
LT1037*
$G3524 SG3524
LT3524*

SILICON GENERAL

SILICONGENP/N  LTC DIRECT REPL
SG101A LM101A
SG108 LM108
LT1008M*
SG108A LM108A
LT1008M*
SG111 LM111
LT111A*
LT1011M*
G117 LM117
LT117A*
SG123 LM123
LT123A*
LT1003M**
SG124 LT1014M*
8G137 LM137
LT137A*
LT1033M**
$G138 LM138
LT138A*
$G150 LM150
LT150A*
$G1558 LT1013M*
$G311 LM311
LT311A*
LT1011C*
$G317 LM317
LT317A*
$G323 LM323
LT323A*
LT1003C**

** Similar Device: Please consult the data sheet to determine the ity of the r

for

+ Consult factory for guaranteed TC devices.
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ALTERNATE SOURCE CROSS REFERENCE GUIDE

SILICONGENP/N  LTC DIRECT REPL TIP/N LTC DIRECT REPL
SG337 LM337 MC1558 LT1013M*
LT337A* OP07/714C OP07C
LT1033C** LT1001C*
SG338 LM338 OP07/714D OPO7D
LT338A* LT1001C*
SG350 LM350 OPO07/714E OPO7E
LT350A* LT1001C*
SG1524 SG1524 SG1524 SG1524
LT1524* LT1524*
SG1525A SG1525A SG1525A SG1525A
LT1525A* LT1525A%
SG1526 LT1526 SG3524 SG3524
SG1527A SG1527A LT3524*
LT1527A* SG3525A SG3525A
SG3524 SG3524 LT3525A%
LT3524*
SG3525A SG3525A
LT3525A* UNITRODE
SG3526 LT3526
SG3527A SG3527A UNITRODE P/N LTC DIRECT REPL
*
LT3527A uc117 LM117
LT117A*
uc137 LM137
*
TEXAS INSTRUMENTS EEEA
UC150 LM150
TIP/N LTC DIRECT REPL LT150A*
LM101A LM101A ucsi7 LM317
LM107 LM107 LT317A*
LM111 LM111 ucssr LM337
LT111A* LT337A*
LT1011M* LT1033C**
LM124 LT1014M* ucsso LM350
LM148 LT1014M* LT350A
LM158 LT1013M* uUC1524 SG1524
LM311 LM311 LT1524*
LT311A* UC1525A SG1525A
LT1011C* LT1525A*
LM317KC LM317T UC1527A SG1527A
LT317AT* LT1527A*
LM318 LM318 uC3524 SG3524
: LT318A* LT3524*
LM323 LM323 UC3525A SG3525A
LT323A* LT3525A*
LM350 LM350 UC3527A SG3527A
LT350A* LT3527A*
* LTC Improved Replacement: 100% Pin-for-Pin ible with better el

** Similar Device: Please consult the data sheet to determine the suitability of the replacement for specific applications.
1 Consult factory for guaranteed TC devices.
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I EAD PACKAGE CROSS REFERENCE
TECHNOLOGY

trc | wsc | sie | FsC | moT [ m S6 | AMD | RAYTH | PMI
é::j Plastic Dip N
T 8-Lead LI A N T P1 P M P-8 | PNB P
B N N P-14
14, 16, 18 and 20 Lead N
G Nta | N P P2 NE N | pg | PN J
NG
1 T0-220
M 3 Lead T T - v T KC P - - -
5]
T0-220
E}L b 5 Lead Tt -] |- Pl - | - | -
I{I,l
@:ﬂ Side Brazed Hermetic DIP
W 8-Lead D-8 D I D L — - D-8 — —
m Side Brazed Hermetic DIP D-14 YB
14, 16, 18 and 20 Lead D D I D L - — | b6 | — QB
W D-18 XB
lg‘g:a] T0-92 z z - w P LP - - - -
bt T0-5, T0-39, T0-96, 6 T H
T0-99, T0-100 and T0-101| H H - H o - T H A ﬂ
Ceramic DIP J
8-Lead Bl e | F R u J6 Yy | b8 | DE z
Ceramic DIP
J D-14 | DB Y
14, 16, 18 and 20 Lead J 114 F D L J J o | oo q
J X
T0-3 (Steel) K |oroe | — K K - K - - -
(Aluminum) - K - K K - - - - -
T0-3
4 Lead K K - K - - K - - -
Q :: [©
T0-46
T 2,3.4Lead H H - | - - | = T - | - 4
Q T0-52 K
3 Lead
oo | e | NE A | Mc | TL | s | am | BM | OF
PROPRIETARY DEVICE Ggo | ™ SE K RC | REF
PREFIXES Lp BUF
MF

Vaglis" .
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SECTION 2—OPERATIONAL AMPLIFIERS

INDEX ..ttt 2-2
SELECTION GUIDE . ...\ttt e e e e e e e e 2-3
PROPRIETARY PRODUCTS
LT1001, Precision ODAMP . . . . . .ttt e e e e e e e e e 2-7
LT1002, Precision DUal ODAMD . . . . ..ot e e e e e e 2-19
LT1007, Lowest Noise Precision ODAMD . ... ..o oo e 2-35
LT1008, Low Bias Current, LoWw NOISEODAMD . ...« oo vt 2-47
LT1010, BUffer ODAMD . . . oo oo e e e e e e e e e e 2-59
LT1012, Low Bias Current, Low Offset, LoW NOISEODAMD ... ..o 2-75
LT1013, Precision, Low Offset DUalODAMP . . . ... et 2-87
LT1014, Precision, Low Offset Quad ODAMID . . . . . . . oot 2-87
LT1022, High Speed Precision FET Input ODAMP . . . . ..o oot 2-107
LT1023, DACOUIDUtAMPIIFIEr . . . . . . e e e e e e e 10-7
LT1024, Dual LTI0T20DAMP . . . .ottt e e 2-115
LT1028, Ultra-Low Noise, High Speed OpAMp . ... .. DIV 10-9
LT1037, Low Noise, High SpEedODAMP . . . . . ..o e 2-35
LTC1052, Precision, Chopper Stabilized CMOSOpAMP. . . ... ... i 2-123
LT1055, Low Offsetand Drift FET Input ODAMP . . . . . . e 2-143
LT1056, Low Offset and Drift High Speed FET Input Op Amp . . . .. oo oo 2-143
LT1057, Dual, JFET Input Precision, High Speed Op Amp . . . ... oo oo 10-13
LT1058, Quad, JFET Input Precision, High Speed OpAmp . . .. .. ... ... 10-13
ENHANCED AND SECOND SOURCE PRODUCTS
LF155/355, JFET INPUE DD AMID . ..o e e 2-155
LF155A/355A, JFET INPULOD AMD ..ttt 2-155
LF156/356 JFET InputOp Amp, HighSpeed . . . ... e 2-155
LF156A/356A JFET InputOp Amp, HighSpeed . ..... ... .. ... 2-155
LM10/B(L)/C(L), Op Ampand Reference . . .. ..ot 2-159
LH2108A, Dual LMT08 0P AMD . . oo e e 2-175
LM101A/301A, Uncompensated General Purpose OpAMp ... ...t e 2-177
LM107/307, Compensated General PUrpoSe Op AMD . . .. ..ottt 2-177
LM108/308, SuperGain Op AMD . . .. oot ettt e e e e e 2-183
LM108A/308A, Super Gain Op AMP . . . .t et e e 2-183
LM118/318, High Slew Rate Op Amp . . .. .. 2-191
LT118A/318A, Improved LMT180DAMD . . . ..o e 2-191
LTC7652, Precision, Chopper Stabilized CMOSOpAMP . . . . . ... oo 2-123
OP-05, OP-05A, OP-05C, OP-05E, Internally Compensated OpAmp ..........coviiiveeeinnnn.. 2-199
0P-07, OP-07A, OP-07C, OP-07E, Precision OpAMD . . ..o vttt e e 2-207
OP-15A, OP-15B, OP-15C, OP-15E, OP-15F, OP-15G, Precision, High Speed JFET InputOpAmp . . . . .. 2-215
OP-16A, OP-16B, OP-16C, OP-16E, OP-16F, OP-16G, Precision, High Speed JFET InputOpAmp .. .. .. 2-215
0P-27A, OP-27C, OP-27E, OP-27G, Low Noise, PrecisionOpAmp . .........coovivieien ... 2-219
0P-37A, OP-37C, OP-37E, OP-37G, Low Noise, High Speed OpAmp. . .. ... 2-219
0P-227A, OP-227C, OP-227E, OP-227G, Dual Matched, Low NoiseOpAmp ..................... 2-231
0P-237A, 0P-237C, OP-237E, OP-237G, Dual High Speed, Low Noise OpAmp . .................. 2-231
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OP AMP SELECTION GUIDE

TECHNOLOGY
MILITARY w
Electrical Characteristics o«
Vos TC Iy Avor Slew Rate Nolse Packages !
Max Vos Max Min Min Max 10Hz Mallable Important Features [T
Part Number (V) (uV/°C) (NA) (V/mV) (V/uS) v/ \/“1) :
LT100 1AM 15 06 2.0 450 0.15 18 H, )8 Extremely Low Offset Voltage Q.
LT1001M 60 1.0 38 400 0.15 18 H, J8 Low Noise, Low Drift E
LT1002AM 60 09 3.0 400 0.15 20 J Dual, Matched LT1001 High c
LT1002M 100 13 45 350 0.15 20 J CMRR, PSRR Matching
LT1007AM 25 06 35 7000 1.7 4.5 H, J8 Extremely Low Noise, Low &'
LT1007M 60 1.0 55 5000 17 45 H, J8 Drif c
LT1008M 120 1.5 0.1 200 0.1 30 H Low Bias Current, Low Power o
LT1010M 90mV | 0.6mV/°C1t | 150uA 0.995 75 90t H, K High Speed Buffer. Drives 4
+ 10V into 75Q. [ o
LT1012M 35 15 0.1 200 0.1 30 H Low Vgs, Low Power (-~
LT1013AM 150 2.0 20 1500 0.2 24t H, J8 Precision Dual Op Amp G
LT1013M 300 2.5 30 1200 0.2 241 H, J8 in 8-Pin Package w
LT1014AM 180 2.0 20 1500 0.2 24t J Precision Quad Op Amp Q
LT1014M 300 2.5 30 1200 02 241 J in 14-Pin Package O
LT1022AM 250 5.0 0.05( 150 23 50 H Very High Speed JFET Input|
LT1022M 600 9.0 0.05] 120 18 60 H Op Amp With Very Good DC
Specs.
LT1037AM 25 0.6 35 7000 11 4.5 H, J8 Extremely Low Noise, High
LT1037M 60 1.0 55 5000 11 4.5 H, J8 Speed
LT1055AM 150 4 0.05 150 10 50 H Lowest Offset, JFET Input
LT1055M 400 8 0.05 120 75 60 H 32’gﬁﬂgﬁe°e%";‘:§e:recision
LT1056AM 180 4 0.05 150 12 50 H
LT1056M 450 8 0.05 120 9 60 H
LTC1052M 5 0.05 30 1000 3t 0.5uVp-p** H Chopper, Stabilized Low Noise|
LF155A 2000 5 0.05 75 5 25¢° H JFET Inputs, Low | Bias, No
LF155 3500 15 0.10 50 5 251+ H Phase Reversal, Guaranteed
TC Vys on all Grades
LF156A 2000 5 0.05 75 10 15¢° H
LF156 3500 15 0.10 50 9 15¢° H
LH2108A 500 5.0 2 40 0.1 30t D Dual, Low Bias Current, Side
LH2108 2000 15.0 2 25 0.1 30t D Brazed Package
LM10 2000 2t 20 120 — 50t H, J8 0On-Chip Reference Operates
with + 1.2V Single Battery
LM101A 2000 15 75 25 0.3 28t H, J8 Uncompensated Gen. Purp.
LM107 2000 15 75 25 03 28t H, J8 [o d Gen. Purp.
LM108A 500 5 2 40 0.1 30t H Low Bias Current, Low Supply|
LM108 2000 15 3 25 01 30t H Current
LM118 4000 250 25 50 42t H High Speed, 15MHz
LT118A 1000 250 200 50 42t H, J8 High Speed, 15MHZ
OP-05A 150 0.9 2 300 0.1 18 H, J8 Low Noise, Low Offset Drift
0P-05 500 2.0 3 200 0.1 18 H, J8 With Time
OP-07A 25 0.6 2 300 0.1 18 H, J8 Low Initial Offset, Low Noise,
0oP-07 75 13 3 200 0.1 18 H, J8 Low Drift
OP-15A 500 5 0.05 100 10 20t° H Precision JFET Input, Low |
0OP-158 1000 10 0.1 75 75 20t H Bias, No Phase Reversal
OP-15C 3000 15 0.2 50 5 20t* H
OP-16A 500 5 0.5 100 18 20t* H Precision JFET Input, High
OP-168 1000 10 0.1 75 12 20t* H Speed, No Phase Reversal
OP-16C 3000 15 0.2 50 9 20t* H
0P-27A 25 0.6 40 1000 1.7 5.5 H, J8 Very Low Noise, Unity Gain
0P-27C 100 18 80 700 17 8.0 H, J8 Stable
OP-37A 25 0.6 40 1000 11 5.5 H, J8 Very Low Noise, Stable For
0P-37C 100 18 80 700 11 8.0 H, J8 Gains =5
OP-227A 80 1.0 40 3000 17 6 J Dual Matched OP-27
0P-227C 180 18 80 2000 17 9 J
OP-237A 80 1.0 40 3000 10 6 J Dual Matched OP-37
0P-237C 180 18 80 2000 10 9 J
1 Typical Spec 100 Hz Noise **DC to 1 Hz Noise
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OP AMP SELECTION GUIDE

COMMERCIAL
Elsctrical Characteristics

Vos TC Iy Avor Slew Rate Noise Packages

Max Vos Max Min Min Max 10Hz vailable Important Fealures
Part Number (V) (uV/°C) (NA) (v/mv) (V/u8) W/ Vi)
LT1001AC 25 0.6 2.0 450 0.15 18 H, J8, N8 Extremely Low Offset Vollage
LT1001C 60 1.0 38 400 0.15 18 H, J8, N8 Low Noise, Low Drift
LT1002AC 60 09 3.0 400 0.15 20 LN Dual, Matched LT1001 High
171002C 100 13 45 350 0.15 20 JN CMRR, PSRR Matching
LT1007AC 25 0.6 35 7000 1.7 4.5 H, J8, N8 Extremely Low Noise, Low
LT1007C 60 1.0 55 5000 17 45 H, J8, N8 Drift
LT1008C 120 1.5 0.1 200 0.1 30 H, N8 Low Bias Current, Low Power
LT1010C 100mV | 0.6mV/°Ct | 2504A 0.995 75 90+t HK T High Speed Buffer. Drives

+ 10V into 759
LT1012C 50 1.5 0.15 200 0.1 30 H, N8 Low Vs, Low Power
LT1013AC 150 2.0 20 1500 02 24t H, J8 Precision Dual Op Amp
LT1013C 300 2.5 30 1200 02 24t H, J8, N8 in 8-Pin Package
LT10130 800 5.0 30 1200 02 24t N8
LT1014AC 180 2.0 20 1500 0.2 24t J Precision Quad Op Amp
LT1014C 300 25 30 1200 02 24t IN in 14-Pin Package
LT1014D 800 5.0 30 1200 0.2 241 N
LT1022AC 250 5.0 0.05 150 23 50 H Very High Speed JFET Input
LT1022CH 600 9.0 0.05 120 18 60 H Op Amp With Very Good DC
LT1022CN8 1000 15.0 0.05 100 18 60 N8 Specs.
LT1037AC 25 0.6 35 7000 11 4.5 H, J8, N8 Extremely Low Noise, High
L71037C 60 1.0 55 5000 11 4.5 H, J8, N8 Speed
LT1055AC 150 4 0.05 150 10 50 H Lowest Offset, JFET Input
LT1055C 400 8 0.05 120 7.5 60 H ﬂ?gﬁ";%eg%“;bnige;mwn
LT1055CN8 700 12 0.05 120 75 60 N8
LT1056AC 180 4 0.05 150 12 50 H
LT1056C 450 8 0.05 120 9 60 H
LT1056CN8 800 12 0.05 120 9 60 N8
LTC1052C 5 0.05 30 1000 3t 0.5uVp-p** H, N8 Chopper Stabilized, Low
LTC7652C 5 0.05 30 1000 3t 0.5uVp-p** H, N8 Noise
LF355 8000 25 0.20 40 25 25¢° H, N8 JFET Inputs, Low
LF3554 2000 5 0.05 75 5 25t* H, N8 'Rg",a;s;fg::; e TG
LF356 8000 25 0.20 40 4 15¢° H, N8 Vos on All Grades
LF356A 2000 5 0.05 75 10 15¢° H, N8
LM10B 2000 2t 20 120 — 501 H, J8 On-Chip Reference. Operales
LM10BL 2000 2t 20 60 — 50t H, J8 with + 1.2V Single Battery
LM10C 4000 5t 30 80 - 50t H, J8, N8
LM10CL 4000 5t 30 40 — 501 H, J8, N8
LM301A 7500 30 250 15 0.3 28t H, J8 Uncompensated Gen. Purp.
LM307 7500 30 250 15 03 28t H, J8 Comp i Gen. Purp.
LM308A 500 5 7 60 0.1 30t H, N8 Low Bias, Supply Current
LT318A 1000 250 200 50 421 H, J8, N8 High Speed, 15MHZ
LM318 10000 500 25 50 42t H, J8, N8 High Speed. 15MHz
OP-05C 1300 45 7 120 0.1 20 H, J8, N8 Low Noise, Low Offset Drift
0P-05E 500 20 4 200 0.1 18 H. J8. N8 With Time
0P-07C 150 18 7 120 0.1 20 H, J8. N8 Low Initial Offset, Low Noise.
0P-07E 75 13 4 200 0.1 18 H, J8, N8 Low Drif
OP-15E 500 5 0.05 100 10 20t* H, N8 Precision JFET Input, Low |
OP- 15F 1000 10 0.1 75 75 20t" H, N8 Bias, No Phase Reversal
OP-15G 3000 15 0.2 50 5 20t° H, N8
OP-16E 500 5 0.05 100 18 20t* H, N8 Precision JFET Input, High
OP- 16F 1000 10 0.1 75 12 201° H, N8 Speed, No Phase Reversal
OP-16G 3000 15 0.2 50 9 201" H, N8
OP-27E 25 0.6 40 1000 1.7 55 H, J8, N8 Very Low Noise, Unity Gain
0P-27G 100 18 80 700 17 8.0 H, N8 Stable
1 Typical Spec *100 Hz Noise **DC to 1 Hz Noise
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OP AMP SELECTION GUIDE

COMMERCIAL
Electrical Characteristics
Vos TC lg Avor Slew Rate Noise
Max Vos Max Min Min Max 10Hz :::h:gf: Important Features
Part Number (p.v) (uV/°c' (NA) (V/mV) (V/#S} (I'IV/ \/HZ)
OP-37E 25 0.6 40 1000 11 5.5 H, J8, N8 Very Low Noise, Stable For
0P-37G 100 18 80 700 11 8.0 H, N8 Gains =5
OP-227E 80 1.0 40 3000 1.7 6 4N Dual Matched OP-27
0P-227G 180 1.8 80 2000 1.7 9 J, N
OP-237E 80 1.0 40 3000 10 6 J N Dual Matched OP-37
0P-237G 180 1.8 80 2000 10 9 J,N
1 Typical Spec 100 Hz Noise “*DC to 1 Hz Noise
SELECTION BY DESIGN PARAMETER
Max Input Offset Voltage (Ty = 25°C)
<154V <25V <75.V <150pV <1mV <bmv <10mv
LT1001AM LT1001AC LT1001 LT1002 LT1013 LT118A LM301A
LTC7652 LT1007A LT1002A LT1008 LT1014 LT318A LM307
LTC1052 LT1037A LT1007 LT1013A LT1014A LF155A LM308
0P-07A LT1012 LT1055AM LT1022 ALL LF155 LM318
0P-27A LT1037 LT1055AC LT1055C LF156A
OP-27E OP-07E 0P-05A LT1055M LF156
0P-37A 0P-07 0P-07C,D LT1056AM LF355A
0P-37E 0P-27C LT1056AC LF355
0P-37C LT1056M LH2108
0P-227A, E LT1056C LM10
0P-237A, E LH2108A LM108B, BL
LM108A LM10C, CL
LM308A LM101A
0P-05 LM107
0P-05E LM108
0P-15A, E LM118
0P-158B, F 0P-05C
OP-16A, E 0pP-15C, G
0P-16B, F 0P-16C, G
Max Input Bias Current (T, = 25°C)
<0.2nA <3nA <5nA <10nA <50nA <100nA >200nA
LT1008 LT1001A LT1001 0P-05C LT1007A LT1007 LT118A
LT1012 LT1002A LT1002 0P-07 LT1013A LT1037 LT318A
LT1022 ALL LM108 0P-05E LM308A LT1013 LM101A LM301A
LT1055 ALL LM108A 0P-07E LT1014A LM107 LM307
LT1056 ALL OP-05A LT1014 0P-27C, G LM118
LF155 ALL 0P-05 LT1037 0P-37C, G LM318
LF156 ALL 0P-07A LM10(ALL) 0P-227C, G
LTC7652 0P-07 0P-27A, E 0P-237C, G
LTC1052 OP-37A, E
OP-15 ALL 0P-227A, E
OP-16 ALL OP-237A, E
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SELECTION BY DESIGN PARAMETER

Typ Equivalent Input Noise Voltage

per VHz, f = 10 Hz Rg = 1000 Typ Slew Rate
<5n¥/ VHz <25nV/ \/Ilz <1V/uS =>2¥/u8 =11V/u8 =>50V/u8
LT1007 ALL LT1001 ALL LT1001 ALL LT1007 ALL LT1022 ALL LT118A/318A
LT1037 ALL LT1002 ALL LT1002 ALL LT1055 ALL LT1037 ALL LM118/318
LT1008 LT1008 LT1056M LT1056A LT1010
LT1012 LT1012 LT1056C 0P-37 ALL
LT1013 ALL LT1013 ALL 0P-27 ALL 0P-16A, B
LT1014 ALL LT1014 ALL 0P-15 ALL OP-16E, F
LT1022 ALL LH2108 ALL OP-16C, G 0P-237 ALL
LTC1052 0P-05 0P-227 ALL
*LT1055 ALL 0p-07 LF155 ALL
*LT1056 ALL LM101A/301A LF355 ALL
LTC7652 LM107/307 LF156 ALL
“LF 155 ALL LM108/308 LF356 ALL
*LF 355 ALL LM108A/308A
*LF 156 ALL
*LF 356 ALL
0P-05 ALL
0P-07 ALL
*0P-15 ALL
*0P-16 ALL
0P-27 ALL
0P-37 ALL
0P-227 ALL
0P-237 ALL
*100 Hz Noise
Gain Packages
S150 =501 >200-L >1000- V& é::::]
mV mV mV mv 2
LM301A LT1022 ALL LT1001 LT1007 S W R}Wﬁm—' LWN—' LWW}W—'
LM307 LT1055 ALL LT1002 LT1013 oo
LM308 LT1056 ALL LT1008 LT1014 H 8 ] Ng N
LM318 tm g;A H} % i 521337 T0-5 | HERMETIC | HERMETIC | PLASTIC | PLASTIC
(M108 LT318A 0p-37 8LEAD DIP DIP DIP DIP
LM118 ) 0P-05 0P-227 10 LEAD 8 LEAD 14 LEAD 8 LEAD 14 LEAD
LM10 0pP-07 0P-237 16 LEAD 16 LEAD
LTC1052 18 LEAD 18 LEAD
LTC7652

40 el
i

D8 D
HERMETIC | HERMETIC
pip pip
8 LEAD 14 LEAD
16 LEAD
18 LEAD
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TECHNOLOGY

FEATURES

m Guaranteed Low Offset Voltage
LT1001AM 151V max
LT1001C 60uV max

Guaranteed Low Drift
LT1001AM  0.6V/°C max
LT1001C 1.0uV/°C max

m Guaranteed Low Bias Current
LT1001AM 2nA max
LT1001C 4nA max

m Guaranteed CMRR
LT1001AM 114dB min
LT1001C 110dB min

m Guaranteed PSRR
LT1001AM 110dB min
LT1001C 106dB min

Low Power Dissipation
LT1001AM 75mW max
LT1001C 80mW max

Low Noise 0.3uVp.p

APPLICATIONS

= Thermocouple amplifiers

= Strain gauge amplifiers

= Low level signal processing

= High accuracy data acquisition

Precision Operational
Amplifier

DESCRIPTION

The LT1001 significantly advances the state-of-the-
art of precision operational amplifiers. In the design,
processing, and testing of the device, particular atten-
tion has been paid to the optimization of the entire dis-
tribution of several key parameters. Consequently, the
specifications of the lowest cost, commercial tempera-
ture device, the LT1001C, have been dramatically im-
proved when compared to equivalent grades of
competing precision amplifiers.

Essentially, the input offset voltage of all units is less
than 50uV (see distribution plot below). This allows
the LT1001AM/883 to be specified at 15uV. Input bias
and offset currents, common-mode and power supply
rejection of the LT1001C offer guaranteed perfor-
mance which were previously attainable only with ex-
pensive, selected grades of other devices. Power
dissipation is nearly halved compared to the most
popular precision op amps, without adversely affect-
ing noise or speed performance. A beneficial by-prod-
uct of lower dissipation is decreased warm-up drift.
Output drive capability of the LT1001 is also-enhanced
with voltage gain guaranteed at 10 mA of load current.
For similar performance in a dual precision op amp,
with guaranteed matching specifications, see the
LT1002. Shown below is a platinum resistance ther-
mometer application.

Linearized Platinum Resistance Thermometer
with +0.025°C Accuracy Over 0 to 100°C

1MEG.* *
+15 AAA
R plat.t
1KkQ = 0°C

Typical Distribution
of Offset Voltage
Vs = =15V, Ty = 25°C

T T T T
954 UNITS
{ FROM THREE RUNS

ml L

n
(=1
o

o
o

OuTPUT

NUMBER OF UNITS

100
UNEARITY  Oto 10V =
J TRIM 010 100°C
—— AMA— A
/f 90k* 20k 50
OFFSET TRIM
LM129 :
= 2 o Lot T
2, UTRONX 105AWREWOUND % Trim sequence: trm offset (0°C=1000.0¢), -60 -40 -20 0 20 40 60
o trim linearity (35°C=1138.7Q), trim gain
+  PLATINUM RTD (100°C=1392.60). Repeal. il al thee INPUT OFFSET VOLTAGE (MICROVOLTS)

118MF (ROSEMOUNT, INC.) points are fixed with +.025°C.

LT IR
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LT1001

ABSOLUTE MAXIMUM RATINGS

Supply Voltage. ....................... +22V
Differential Input Voltage . . . ............. +30V
InputVoltage . .............. [P +22V
Output Short Circuit Duration........... Indefinite
Operating Temperature Range

LT1001AM/LT1001M. ... ..... —55°C to 150°C

LT1001AC/LT1001C ............ 0°C to 125°C

Storage: All Devices. ......... —65°C to 150°C
Lead Temperature (Soldering, 10 sec.). . .... 300°C

PACKAGE/ORDER INFORMATION

oFrssTTOP VEW ORDER PART NUMBER
ADJUST
LT1001AMH/883
LT1001MH
LT1001ACH
LT1001CH
V— (CASE)
H PACKAGE
METAL CAN
TOP VIEW
Vos Vos
TRM 4 g TRM LT1001AMJ8/883
-N 2 7V LT1001MJ8
+IN 3 6 ou LT1001ACJ8
v— 4 5 N LT1001CJ8
J8 PACKAGE
8 PIN HERMETIC DIP
N8 PACKAGE LT1001ACN8
8 PIN PLASTIC DIP LT1001CN8

GLGCTI“CHL CHHRHCTEBISTICS Vs = =15V, Ty = 25°C, unless otherwise noted

LT1001AM/883
LT1001AC LT1001M/LT1001C
SYMBOL PARAMETER CONDITIONS MIN  TYP  MAX MIN TYP  MAX UNITS
Vos Input Offset Voltage Note 1 LT1001AM/883 7 15 18 60 v
LT1001AC 10 25
AVgs Long Term Input Offset Voltage
ATime Stability Notes 2 and 3 0.2 1.0 0.3 1.5 uV/month
los Input Offset Current 0.3 2.0 0.4 3.8 nA
Iy Input Bias Current +05 +20 +0.7 +4.0 nA
[ Input Noise Voltage 0.1Hz to 10Hz (Note 2) 0.3 0.6 0.3 0.6 uVpp
€n Input Noise Voltage Density f, = 10Hz (Note 5) 10.3 18.0 105 180 V\/H—
f, = 1000Hz (Note 2) 9.6 11.0 9.8 11.0 n z
AvoL Large Signal Voltage Gain R = 2k, V, = 12V 450 800 400 800 VimV
R = 1kQ, Vo = £ 10V 300 500 250 500
CMRR Common Mode Rejection Ratio Vew = =13V 114 126 110 126 dB
PSRR Power Supply Rejection Ratio Vs = +3Vto +18V 110 123 106 123 dB
Rin Input Resistance Differential Mode | (Note 4) 30 100 15 80 MQ
Input Voltage Range +13 +14 +13  +14 \
Vour Maximum Output Voltage Swing [R_ = 2kQ +13  *14 +13 =14 \
R, = 1kQ +12  +135 +12  +135
Sk Slew Rate RL = 2k (Note 4) 0.1 0.25 0.1 0.25 Vius
GBW Gain-Bandwidth Product (Note 4) 0.4 0.8 0.4 0.8 MHz
Py Power Dissipation No load 46 75 48 80 mw
No load, Vs = +3V 4 6 4 8

See Notes on page 3.

2-8
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LT1001

ELECTRICAL CHARACTERISTICS v, -

+15V, —55°C < Ty < 125°C, unless otherwise noted

LT1001AM/883 LT1001M
SYMBOL PARAMETER CONDITIONS MIN  TYP MAX MIN  TYP  MAX UNITS
Vos Input Offset Voltage [J 30 60 45 160 uV
AVgs Average Offset Voltage Drift ) 0.2 0.6 0.3 1.0 uV/°C
A Temp
los Input Offset Current ) 0.8 4.0 1.2 7.6 nA
Is Input Bias Current [ +10 +40 +15 +8.0 nA
AvoL Large Signal Voltage Gain R. = 2kQ, Vo = =10V o| 300 700 200 700 V/imV
CMRR Common Mode Rejection Ratio Vom = =13V e 110 122 106 120 dB
PSRR Power Supply Rejection Ratio Vs = =310 +18V ®o| 104 117 100 117 dB
Input Voltage Range o|+13 +14 +13 =14 \
Vour Output Voltage Swing R, = 2kQ @®|+125 *135 +120 =135 \)
Py Power Dissipation No load [ 55 90 60 100 mwW
Vs = =15V, 0°C < Ty < 70°C, unless otherwise noted
LT1001AC LT1001C
SYMBOL PARAMETER CONDITIONS MIN  TYP MAX MIN  TYP  MAX UNITS
Vos Input Offset Voltage o 20 60 30 110 uV
AVes Average Offset Voltage Drift ) 0.2 0.6 0.3 1.0 wv/°C
A Temp '
los Input Offset Current ® 0.5 3.5 0.6 5.3 nA
Iy Input Bias Current ] +07 35 +10 +55 nA
AvoL Large Signal Voltage Gain R = 2kQ, Vo = =10V ®| 350 750 250 750 V/imV
CMRR Common Mode Rejection Ratio Vew = =13V ®| 110 124 106 123 dB
PSRR Power Supply Rejection Ratio Vs = =3Vto £18V ®| 106 120 103 120 dB
Input Voltage Range ®(+13 +14 +13  +14 v
Vour Output Voltage Swing R = 2kQ ®|+125 +13.8 +125 +13.8 v
Py Power Dissipation No load [ 50 85 55 90 mwW

The @ denotes the specifications which apply over the full operating
temperature range.
Note 1: Offset voltage for the LT1001AM/883 and LT1001AC are
measured after power is applied and the device is fully warmed up.
All other grades are measured with high speed test equipment,
approximately 1 second after power is applied. The LT1001AM/883
receives 168 hr. burn-in at 125°C. or equivalent.

Note 2: This parameter is tested on a sample basis only.

Note 3: Long Term Input Offset Voltage Stability refers to the

averaged trend line of Vs versus Time over extended periods after
the first 30 days of operation. Excluding the initial hour of operation,

changes in Vs during the first 30 days are typically 2.5.V.

Note 4: Parameter is guaranteed by design.

Note 5: 10Hz noise voltage density is sample tested on every lot.
Devices 100% tested at 10Hz are available on request.
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LT1001

TYPICAL PERFORMANCE CHARACTERISTICS

Typical Distribution of Offset
Voltage Drift with Temperature

100 T T T
B 265 UNITS
80 = TESTED
2
Z 60
s
&
2 40
=2
=z
20
g
-10 -06 -02 0+0.2 +06 +1.0
OFFSET VOLTAGE DRIFT (uV/°C)
0.1Hz to 10Hz Noise
=
g
2
8
g
5
=3 LI T
&
o
=z
0 2 4 6 8 10
TIME (SECONDS)
Input Bias and Offset Current
vs Temperature
1.4
=
% 1.2
£ \ Vs = =15V
& 1.0
= N
o N
& 0.8 \
g 0.6
S 0.
2 \ BIAS CURRENT
2 04 N
32 \\
= \
§ 0.2

OFFSIET CURRENT

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

Offset Voltage Drift with Temperature

of Representative Units Warm-Up Drift

50
40 j; r LT1001 =
30 V8= A P g, Vs = =15V
& Ta=25°C
S 20 N \ S
30 N LT1001A | = l
510 fp— ™ <} 3 !
e
= P et B £ 5 METAL CAN (H) PACKAGE
S T1001A s )
510 5 2
& ( %
£ _20 & —
° 71001 = DUAL-IN-LINE PACKAGE
-30 ] ~ | PLASTIC (N) OR CERDIP () —
-40 § V
-50
50 -25 0 25 50 75 100 125 0 J 2 3 4 5

TEMPERATURE (°C) TIME AFTER POWER ON (MINUTES)

Long Term Stability of Four

Noise Spectrum Representative Units

100 ———rrrrr 10 10
FTa - 25°C
(VS 2310 =18
E a0l mzconnsn 3 % g s -
2 3 J——
s N 2§ —r
] M LTAGE 8 o
3 10 10 & & 0
= 4 =
w —_ = g
(o} = =4
g E 5
2 N 1/f CORNER &
= 3 7CHL0RN 03 3 £ -s —— _—
N RN CURRENT
1 T 0.1 —10
1 10 100 1000 0 ] 2 3 4 5
FREQUENCY (Hz) TIME (MONTHS)
Input Bias Current Input Bias Current vs.
Over the Common Mode Range Differential Input Voltage
15 ; : : 30 T
Vg = 15V
Ta - 25°C
1.0 H ©
- Vem Zz
z — T EE
= 05 S 20
z DEVICE WITH POSITIVE INPUT CURRENT 2z
Z &2
@ Vs = = 15V o
2 Th - 25°C o=
| | =
= -5 £5 10
g — g2 /
= 0 DEVICE WITH NEGATIVE INPUT CURRENT == /
v COMMON-MODE 121 1A to VOIFF = 0.7V | /
INPUT RESISTANCE = 28V _280GQ2 /L ,}/
15 0.1nA 0

-15 -1 -5 0 5 10 15 01 03 10 30 10 30
COMMON-MODE INPUT VOLTAGE +DIFFERENTIAL INPUT (VOLTS)
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LT1001

TYPICAL PERFORMANCE CHARACTERISTICS

1

1

COMMON MODE LIMIT (VOLTS)
REFERRED TO POWER SUPPLY OPEN LOOP VOLTAGE GAIN (V/V)

SUPPLY CURRENT (mA)

Open Loop Voltage Gain
vs Temperature
200k
000k
Vs = =15V, Vg = = 12V
800k . !
— R
600k Vs ~ =3V, Vg = = 1V —|
200k | ~_
/ ~
200k
. il
-50 -25 0 25 50 75 100 125
TEMPERATURE (°C)
Commen Mode Limit
vs Temperature
V+
“02 il JJ
-0.4 -
_8'6 V12104V —
-0.8 — -
-1.0 4L
| \ 1210 18V ‘\
<= | s
+10 V™ = -1210 - 18V |
-8 ; T
f:i ‘ V- 120 B —
+.2 , | I :
- I A
-50 -25 0 25 50 75 100 125

2.0

TEMPERATURE °C

Supply Current vs Supply Voltage

‘55°C 50‘0
P

S
|
i

+9 =12 £15 =18 =21
SUPPLY VOLTAGE (V)

Open Loop Voltage Gain
Frequency Response
140 ‘ |
120 1
= Ta = 25°C |
2100
=
<<
S 80
Q Vg = =15V
E o
>
S 40
3 Vs = +3V
& 20
o
0 \
-20
01 1 10 100 1k 10k 100k 1M 10M
FREQUENCY (Hz)

140

]
o

=]
[=]

COMMON MODE REJECTION (dB)
(2] [o-]
=} S

N
=}

n
(=]

16

OUTPUT SWING (VOLTS)
® N

IS

Common Mode Rejection Ratio
vs Frequency

Vs - = 15V \
Ty - 25° <
| ~
110 100 Tk 10k 100k 1M
FREQUENCY (H2)

Output Swing vs. Load Resistance

T

|
NEGATIVE‘ S i

<

POSITIVE SWING

|
Vg ==15V
| Ta =25°C
! [i] Ll
300 1000 3k
LOAD RESISTANCE ()

100 10k

VOLTAGE GAIN (dB)

POWER SUPPLY REJECTION (dB)

SHORT CIRCUIT CURRENT (mA)
SOURCING

SINKING

Gain, Phase Shift vs. Frequency

20 80
Ne— ]
16 rmselzsf’c 100
12 Y 120 &
N I TN g
8 NN 25°¢ 10 2
NUNL | PHAse =
MARGIN £
- 60°
4 SN 2 ONN | e
0 GAINZ? C & —55°C 180 2
Vg == 15V \ N *X
_4 ! 200
PHASE MARGIN —55°C = 63
| 125°C-57° X
_8 i 220
0.1 02 05 1 2
FREQUENCY (MHz)
Power Supply Rejection Ratio
vs Frequency
140
120 . Vg ==+15V = Vp-p
\ Ta = 25°C
100 ™\ \\ I !
a0 W\ \NEGATIVE SUPPLY
POSITIVE SUPIN
60 NN
40 A
20
0
01 10 10 100 1k 10k 100K
FREQUENCY (Hz)
Output Short Circuit Current
vs Time
50 T
40 \ 55°C ]
I -
30 S~ 2500
20 125°C ]
|
10 Vs= |: 15V 4L
-1 125°C
-20 | 250C
, |
01 | —55°C
-40 — !
-50
0 1 2 3 4

TIME FROM OUTPUT SHORT (MINUTES)
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LT1001

TYPICAL PERFORMANCE CHARACTERISTICS

Voltage Follower Overshoot

Small Signal Transient Response

vs Capacitive Load

Small Signal Transient Response

100 ‘

Vg = =15V
T - 25°C
80— yjy = 100mv
RL > 50k

/

60

/

PERCENT OVERSHOOT

40 /
20

/,

1000
Ay = +1,CL = 50pF

CAPACITIVE LOAD (PICOFARADS)

10,000 100,000

Av = +1, CL = 1000pF

Maximum Undistorted

Large Signal Transient Response

Output vs. Frequency

Closed Loop Output Impedance

28 ‘ ‘

100

D —
Vg = =15V

24

20

/]

Ta = +25°C|| 10

/|

QUTPUT IMPEDANCE(2)

Iop=+1mA

/ 7
/ Av-/
0.1
Vs = =15V —|

OUTPUT VOLTAGE, PEAK-TO-PEAK (VOLTS)

| /"
N 0.01
\ s /’ Ta - 25°C
NN !
+"' ‘ 0.001 |

1 10

FREQUENCY (kHz)

100 1000 1 10 100 1k 10k
FREQUENCY (Hz)

100k

APPLICATIONS INFORMATION

Application Notes and Test Gircults

The LT1001 series units may be inserted directly into
OP-07, OP-05, 725, 108A or 101A sockets with or
without removal of external frequency compensation
or nulling components. The LT1001 can also be used
in 741, LF156 or OP-15 applications provided that the
nulling circuitry is removed.

The LT1001 is specified over a wide range of power
supply voltages from +3V to =+ 18V. Operation with
lower supplies is possible down to + 1.2V (two Ni-Cad
batteries). However, with =+ 1.2V supplies, the device
is stable only in closed loop gains of +2 or higher (or
inverting gain of one or higher).

Unless proper care is exercised, thermocouple effects
caused by temperature gradients across dissimilar

metals at the contacts to the input terminals, can ex-
ceed the inherent drift of the amplifier. Air currents
over device leads should be minimized, package leads
should be short, and the two input leads should be as
close together as possible and maintained at the same
temperature.

Test Circuit for 01R11sel Voltage and its Drift with Temperature

AA
+15v
R2 < L v
1000 $ 0
* RESISTORS MUST HAVE LOW
3 4 THERMOELECTRIC POTENTIAL.

R3

50k ** THIS CIRCUIT IS ALSO USED AS THE BURN-IN

CONFIGURATION FOR THE LT1001, WITH SUPPLY
VOLTAGES INCREASED TO 20V, R1=R3=10k,
R2=2000Q, Ay=100.

—15v

HE—AAA
U]

Vo = 1000 Vos
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Offset Voltage Adjustment

The input offset voltage of the LT1001, and its drift with tem-
Elerature, are permanently trimmed at wafer test to a low level.

owever, if further adjustment of Vos is necessary, nulling with
a 10k or 20k potentiometer will not degrade drift with tempera-
ture. Trimming to a value other than zero creates a drift of (Vos/
300) uV/°C, e.g. if Vos is adjusted to 300 .V, the change in drift
will be 1 .V/°C. The adjustment ran%e with a 10k or 20k pot is
approximately +2.5mV. If less adjustment range is needed, the
sensitivity and resolution of the nulling can be improved by us-
ing a smaller pot in conjunction with fixed resistors. The exam-
ple below has an approximate null range of = 100 uV.

Improved Sensitivity Adjustment

+15V

0.1Hz to 10Hz Noise Test Circuit

0.1 4F
"
il

VOLTAGE GAIN = 50,000
100k

100

LT1001
2% 224F

SCOPE
X1
Ry = IMQ
2.2uF
I

(Peak to Peak noise measured in 10 Sec interval)

INPUT
ouTPUT The device under test should be warmed up for three minutes
3 and shielded from air currents.
—15V
DC Stabilized
1000v/usec Op Amp
2.2uF + 15V
TANTALUHML'
I 3% 300
= 4 A uf
nore ¥ 2000" 2009t L
1 2N5160 i =
A V2N3866 22uF TANTALUM
33 [N +
2N5486
— 0.01 4F 2NA440 =
— | ifLsk
RN
3
WUt _&N_ kg sons 2nago4>|—<L
[ 3
| o0t 2N3904 W $ 50
o
QouTPUT
Sar0
;' 359
3
kS 2N3906 L/‘i-'
$
22
WA b anst60
0.01F
— K 2N3866
3%
3 200pF
< L 2N4440
SR '—_K
I '—':l_: L 224 TANTALUM
3002 Stk =)
15.60pF no1a YW 1 3 H
TUSONIX # 519-3188 0.14F
724 -
N =15V
K
Ry FULL POWER *ADJUST FOR
BANDWIDTH 8MHz BEST SQUARE WAVE
AT OUTPUT

LY
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LT1001

TYPICAL APPLICATIONS

Microvolt Comparator with TTL Output

+5v
Ps °

3920 1%

N

m\éﬁa{]‘me 4.99% 1% OUTPUT
20k

INVERTING 2N3904

INPUT

Positive feedback to one of the nulling terminals cre-
ates 5 u to 20 pV of hysteresis. Input offset voltage is
typically changed by less than 5 uV due to the
feedback. -

Precision Current Source

C

RC = 10"‘I

Y 5K 2N2219

0to(V= + 1V)

V-=—2t0 —35V

ViN
lour = N
out = o

Photodiode Amplifier
100pF
i

500K 1%

OUTPUT
1V/uA
100pF
Precision Current Sink
V+ = 21035V
lout = v,_g
VN 3 7
Oto(V+ — 1V)

w 2N2219

10K

Strain Gauge Signal Conditioner with Bridge Excitation

+15V +15v

1000

Ne219 REFERENCE OUT
TOMONTORNG
Y T VD CONVERTER
P
ssoBRDGE —| 5 |
I 1 3
* 070 10V
T " our
301k
I
| 3 p: 3 340k*
P I
o N4148 Y ¥ Stke
2N2907
% = o
1000 TRM
W
*RNGOC FILM RESISTORS
L —15v

2-14

LT R



LT1001

Large Signal Voltage Follower

With 0.001% Worst-Case Accuracy rejections. Worst-case summation of guaranteed

specifications is tabulated below.

n OPERATIONAL AMPLIFIERS

+12to +18V
OUTPUT ACCURACY
7 LTIO0IAM  LT1001C  LTICOIAM  LT1001C
, ] - /883 /883
L1001, 101 25°¢ 25°C  —5510125°C 010 70°C
X o + 10V
INPUT : Error Max. Max. Max. Max.
=100 +10V 10 10k 4
o 10Ka Offset Voltage 15uV 604V 60uV 10uV
—1210 —18Y Bias Current 20uV 40V 40uV 550V
° Common-Mode Rejection 20uV 30uV 30pV 50uV
. . . . Power Supply Rejection 18V 30pV 36uV 42,V
The voltage follower is an ideal example illustrating Voltage Gain 22V 25,V 33V 40uV
the overall excellence of the LT1001. The contributing
error terms are due to offset voltage, input bias cur- bt o e
rent, voltage gain, common-mode and power-supply (=20v) 00005%  00009%  0.0010%  0.0015%
Thermally Controlled Nicad Charger
//’ \\\\ 0V, 1.2 AMP HR
10V, 1.2
e s SN NCAD STACK
, l N 0.14F
. 7 ’ > fijo]ofr 1
- + IN40O1 |
BATTERY  AMBIENT [ =
~
4 AN
620K 2
—15V AWV 2N6387 \
— _//
CIRCUIT USES TEMPERATURE DIFFERENCE vy
BETWEEN BATTERY PACK MOUNTED
THERMOCOUPLE AND AMBIENT THERMO- L_q |_.
COUPLE TO SET BATTERY CHARGE < 0.6Q
CURRENT. PEAK CHARGING S0 1uF 5W
CURRENT IS 1 AMP.
L * * SINGLE POINT GROUND *L
THERMOCOUPLES ARE =
40,,V/°C CHROMEL-ALUMEL
(TYPEK)
Precision Absolute Value Circuit
10k 10k 10k
INPUT 10k IN4148
—1010 10V
o 0.1% 6 QUTPUT
" 010 10V

IN4148

AA
VVv

0.1%

LY LIEAR 2.15



LT1001

Precision Power Supply with Two Outputs

(1) 0to 10V in 100,V STEPS

4 *
(select)

pu—
KVD
00000—
99999+ 1

KELVIN-VARLEY
DIVIDER
ESI#DP311

680pF

33k

+15

100k

>
3%

(2) 0 to 100V in 1mV STEPS
+15
1000 5W
2% QUTRUT1
2N2219 0-10v
M 25mA
ota L
- TRIAD TY-90
- el =
21E ssmscuw
I 2l{E
< 3¢
= 3 OUTPUT 2
N-46 m 3 E $ o0t 0-100, 25mA
- ol ‘P
— - 4
- 3
J- 3; 10k™ (select)
SATRM—100V
2 £ 1000
L + 1
7 [l =
0
+15V
1.8K
2N2907
cawpser—~ | %

Dead Zone Generator
BIPOLAR SYMMETRY IS EXCELLENT BECAUSE ONE DEVICE, Q2, SETS BOTH LIMITS

Vser

Oto5v

—15V

2
%
2 8%
10K *
10k
+18V = g 10k
15pF
—e—|— 2n4393
a7k ':Jj
¢
47k Vs 3.3 914 Veer Vour
1 |

*1% FILM
* * RATIO MATCH 0.05%
02,3,4,5 CA 3096 TRANSISTOR ARRAY
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LT1001

+15V

Instrumentation Amplifier with 300V
Common Mode Range and CMRR > 150dB

820Q

8200

AAA
10k
OUTPUT
- S 330k”
%
INPUT 02,F
9090 *
2000
GAN
TRIM
(ACQUIRE) (READ)
o1 02 =
out out @
740906
IN IN
%™
‘VAVAV
74004 74086
%*
3
c 12 * —
4022 ClK 6 LM301A
EN R
< -
10K i: 1k
] ¢
LM329 I“K—H—

1) ALL DIODE IN4148

2) 51-84 OPTOMOS SWITCH OFM-1A,THETA-J CORP

3)* FILM RESISTOR

4)* * POLYPROPYLENE CAPACITORS
5) ADJUST R1 for 93 Hz AT TESTPOINT A

A FLYING CAPACITOR CHARGED BY CLOCKED
PHOTO DRIVEN FET SWITCHES CONVERTS A
DIFFERENTIAL SIGNAL AT A HIGH COMMON
MODE VOLTAGE TO A SINGLE ENDED SIGNAL AT
THE LT1001 QUTPUT.

LT IR
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LT1001

SCHEMATIC DIAGRAM

LT1001 Schematic Diagram

v+ D7 { { Lq J
< $ |j 029 |.J
<3 6k 6k < Q24
3 Q27
1 K N N Vv
D——t 8 Ht " T K 025
< 40k a0k 15 3 i
9 25k g
¢ <
v on 012
Q13 014
[\ [T ] ’_—{»—\j——
Q8 ‘I: AgtAv N 031
55pF
o P 033
20pF 20
° 11
p —r 1t 026
Q28 Q2A 30pF out
3K 5
20
021
034
>|_. ! 016 032
015 Q22
1 023
%3 2
!_4 T
b3 020 Q17 Q18
21800 030 120 240
9 N < N v
8k
el e [ |
40
H Package J8 Package N8 Package
Metal Can 8 Lead Hermetic Dip 8 Lead Plastic
0.3 [T p—— o I s B s B | B o B e B o |
0.38 8 5 4 1
— 35 u—f 0310 lj
220
o1 l 5 8
SN g wu o |
[ 0.055 MAX
fo—— 0.405 MAX ———=f
%gm—-I — ~{ [ ooosm
0‘_‘{? | |
e S
28 01

J
o.10085C: __I l—%%m

NOTE: DIMENSIONS IN INCHES UNLESS OTHERWISE NOTED.
“LEADS WITHIN 0.007 OF TRUE POSITION (TP) AT GAUGE PLANE

9

100°C/W

ijax
150°C

150°C/W

NOTE: DIMENSIONS IN INCHES UNLESS OTHERWISE NOTED.
*LEADS WITHIN 0.007 OF TRUE POSITION (TP) AT GAUGE PLANE.

%

130°C/W

Timax
100°C
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LT1002

TECHNOLOGY Dual, Matched Precision
Operational Amplifier

FERTURES DESCRIPTION

m Guaranteed low offset voltage The LT1002 dual, matched precision operational amplifiers
LT1002A 60uV max combine excellent individual amplifier performance with tight
LT1002 1004V max matching and temperature tracking between amplifiers.

» Guaranteed offset voltage match ) i . . .
LT1002A 401V max In the design, processing, and testing of the device, particular
LT1002 80.V max attention has been paid to the optimization of the entire distri-

® Guaranteed low drift bution of several key parameters and their matching. Conse-
LT1002A 0.9.V/°C max quently, the specifications of even the low cost commercial
LT1002 1.3uV/°C max grade (the LT1002C) have been spectacularly improved com-

m Guaranteed CMRR pared to presently available devices.

LT1002A i

LT1002 Hggg mg Essentially, the input offset voltage of all units is less than
® Guaranteed channel separation 80V, and matching between amplifiers is consistently better

LT1002A 132dB min than 60,V (see distribution plot below). Input bias and offset

LT1002 130dB min currents, channel separation, common mode and power supply

® Guaranteed matching characteristics

® Low noise 0.35uV p-p
APPLICATIONS

Thermocouple Amplifiers
Strain Gauge Amplifiers
Low level signal processing
Medical instrumentation

Instrumentation amplifiers

Precision dual limit threshold detection

rejections of the LT1002C are all specified at levels which were
previously attainable only on very expensive, selected grades of
other dual devices. Power dissipation is nearly halved com-
pared to the most popular precision duals, without adversely
affecting noise or speed performance. A by-product of lower
dissipation is decreased warm-up drift. For even better perfor-
mance in a single precision op amp, refer to the LT1001 data
sheet. A bridge signal conditioning application is shown below.
This circuit illustrates the requirement for both excellent
matching and individual amplifier specifications.

Strain Gauge Signal Conditioner With Bridge Excitation

+15V +15V

1002 5W

2N2219

—

1
|
|

: |
L1

Distribution of Offset Voltage Match

70 T

(Vs = -15v
| | | m-25%C
RSFE%EN%ROUGT 60 T U N
T0O MONITORIN
A/D CONVERTER '_'387 UNITS TESTED
» 50 . | L
2 1 |
= 40
IS {
°© n |
o |
m 30 ! ‘
070 10V E| | [ |
- 2 . | I
our 20 i
i 1
340k * i | !
10 — ‘ ‘
|
| L

K

2N2907
1009
5W

—15V

OAN _p, S 1.1k* -100-80-60-40-20 0 20 40 60 80 100

TRM
‘-L INPUT OFFSET VOLTAGE MATCH (.V)

* RNBOC FILM RESISTORS

Ly R
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LT1002

ABSOLUTE MAXIMUM RATINGS

PACKAGE/ORDER INFORMATION

Supply Voltage (Note 6) ................. +22V TOP VEEW OFFSET
Differential Input Voltage . .. ............. +30V wiw1d -~ hiuv+w| ORDER |VOLTAGE
Input Voltage Equal to Supply Voltage nw 2 o | PARTNO. | MAX
Output Short Circuit Duration. . ......... Indefinite weg TR at25°C
: +
Operating Temperature Range e s s o e | LT1002AMJ | 60pV
LT1002AM/LT1002M. ........ —55°C to 125°C o) 6 0] ~ Bowmug | LT1002MJ | 100uV
LT1002AC/LT1002C ............. 0°C to 70°C v+ @ 70 snue | LTT002ACS [ 60uV
Storage Temperature Range LT1002GJ | 100uV
All Grad —65°C to 150°C J PACKAGE N PACKAGE LT1002ACN | 60uV
rades ......... T 0 14 PIN HERMETIC 14 PIN PLASTIC LT1002CN 100V
Lead Temperature (Soldering, 10 sec.)...... 300°C
. NOTE: Device may be operated even if insertion
is reversed; this is due to inherent symmetry of
pin locations of amplifiers A and B. (Note 6)
ELECTRICAL CHARACTERISTICS, INDIVIDUAL AMPLIFIERS
Vs = =15V, T = 25°C, unless otherwise noted
LT1002AM/LT1002AC LT1002M/LT1002C
SYMBOL PARAMETER CONDITIONS MIN  TYP MAX MIN - TYP  MAX UNITS
Vos Input Offset Voltage Note 1 20 60 25 100 uV
AVps Long Term Input Offset Voltage
A Time Stability Notes 2 and 3 0.3 1.5 0.4 2.0 wV/month
log Input Offset Current 0.3 2.8 0.4 4.2 nA
lg Input Bias Current +06 +3.0 +0.7 =+45 nA
e Input Noise Voltage 0.1Hz to 10Hz (Note 2) 035 07 038 075 uVpp
en Input Noise Voltage Density fo = 10Hz (Note 5) 103 200 105  20.0 —
f, = 1000Hz (Note 2) 96 115 98 120 nVVHz
Avor Large Signal Voltage Gain R. = 2kQ, Vo = =12V 400 800 350 800 V/mv
RL = 1kQ, V, = =10V 250 500 220 500
CMRR Common Mode Rejection Ratio Vem = =13V 110 126 110 126 dB
PSRR Power Supply Rejection Ratio Vs = +3Vto +18V 108 123 105 123 dB
Rin Input Resistance Differential Mode | Note 4 20 100 13 80 MQ
Input Voltage Range +13  +14 +13 *14 \)
Vour Maximum Output Voltage Swing | R, = 2k +13 +14 +13 =14 v
R, = 1kQ +12  +135 +12 =135
SR Slew Rate R = 2kQ (Note 4) 0.1 0.25 0.1 0.25 V/us
GBW Gain Bandwidth Product Note 4 0.4 0.8 0.4 0.8 MHz
Py Power Dissipation No load 46 75 48 85 mw
per amplifi No load, Vs = +3V 4 7 4 8

2-20
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LT1002

ELECTRICAL CHARACTERISTICS, INDIVIDUAL AMPLIFIERS

Vs = =18V, —55°C < T, < 125°C, unless otherwise noted

LT1002AM LT1002M
SYMBOL PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX UNITS
Vos Input Offset Voltage Note 1 [ 30 150 45 230 ny
AVos Average Input Offset Voltage Drift ° 0.2 0.9 0.3 1.3 wVI°C
A Temp
los Input Offset Current [J 0.8 5.6 1.2 8.5 nA
lg Input Bias Current [ +10 =+6.0 +15 +9.0 nA
AvoL Large Signal Voltage Gain R = 2k, V, = +10V e®| 300 700 200 700 V/imV
CMRR Common Mode Rejection Ratio Vew = =13V ®| 106 122 104 120 dB
PSRR Power Supply Rejection Ratio Vs = +3Vto =18V e 102 117 96 117 dB
Input Voltage Range @ +13 +14 +13 +14 \
Vour Output Voltage Swing RL = 2k ®| 125 +135 +12.0 +135 \
P Power Dissipation No load [} 55 90 60 100 mW
per amplifier
Vg = =15V, 0°C < Ty < 70°C, unless otherwise noted
LT1002AC LT1002C
SYMBOL PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX UNITS
Vos Input Offset Voltage Note 1 ® 20 100 30 160 uV
AVogs Average Input Offset Voltage Drift ) 0.2 0.9 0.3 1.3 uVI°C
A Temp
los Input Offset Current ® 0.5 4.2 0.6 5.7 nA
Ig Input Bias Current [ =07 =45 +10 =*6.0 nA
AvoL Large Signal Voltage Gain RL = 2kQ, Vo = =10V ®| 350 750 250 750 V/imV
CMRR Common Mode Rejection Ratio Vem = =13V o 108 124 106 123 dB
PSRR Power Supply Rejection Ratio Vg = +3Vto +18V e 105 120 100 120 dB
Input Voltage Range ®|+13 +14 +13 =14 \
Vour Output Voltage Swing R. = 2kQ ®|+125 +13.8 +125 +13.8 \
Py Power Dissipation No load ® 50 85 55 90 mwW
per amplifier

The @ denotes the specifications which apply over the full operating
temperature range.

For MIL-STD components, please refer to LTC 883C data sheet for test
listing and parameters.

Note 1: Offset voltage measured with high speed test equipment,
approximately 1 second after power is applied.

Note 2: This parameter is tested on a sample basis only.

Note 3: Long Term Input Offset Voltage Stability refers to the averaged
trend line of Vys versus Time over extended periods after the first 30
days of operation. Excluding the initial hour of operation, changes in
Vs during the first 30 operating days are typically 2.54V.

Note 4: Parameter is guaranteed by design.

Note 5: 10Hz noise voltage density is sample tested on every lot.
Devices 100% tested at 10Hz are available on request.

Note 6: The V+ supply terminals are completely independent and may
be powered by separate supplies if desired (this approach, however,
would sacrifice the advantages of the power supply rejection ratio
matching). The V— supply terminals are both connected to the
common substrate and must be tied to the same voltage. Both V— pins
should be used.

LTI
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LT1002
mMCHlnG CHHRGCTEB|ST|CS at Vg = =15V, Ty = 25°C, unless otherwise noted

LT1002AM/AC LT1002M/C

SYMBOL PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX UNITS

Input Offset Voltage Match - 15 40 - 25 80 uV
gt Average Non-Inverting Bias

Current —  +06 +35 —  +07 +48 nA
los* Non-Inverting Offset Current — 0.6 35 - 0.7 6.0 nA
los™ Inverting Offset Current - 0.6 35 — 0.7 6.0 nA
ACMRR Common Mode Rejection Ratio

Match Vo = =13V 110 132 — 108 132 — dB
APSRR Power Supply Rejection Ratio

Match Vg = +3Vto 18V 108 130 - 102 128 - dB

Channel Separation f < 10Hz (Note 4) 132 148 — 130 146 — dB

MATCHING CHARACTERISTICS at v, — - 15v, —55°C < T, < 125°C, unless otherwiss notad

LT1002AM LT1002M

SYMBOL PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX UNITS

Input Offset Voltage Match o — 50 140 — 60 230 uV

Input Offset Voltage Tracking e - 0.3 1.0 - 04 1.5 uV/°C
Ig* Average Non-Inverting Bias

Current ® — 15 =60 — 18 +10.0 nA
los™ Non-Inverting Offset Current o — 15 6.5 — 1.8 12.0 nA
los™ Inverting Offset Current o — 15 6.5 — 18 12.0 nA
ACMRR Common Mode Rejection Ratio

Match Vem = £ 13V @®| 106 126 - 102 124 — dB
APSRR Power Supply Rejection Ratio

Match Vs = +3Vto +18V ®| 102 122 — 94 120 — dB

MATCHING CHARACTERISTICS a1 v; = = 15v. 0°c

< Ty < 70°C, unless otherwise noted
LT1002AC LT1002C
SYMBOL PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX UNITS
Input Offset Voltage Match o — 30 85 — 45 150 uV
Input Offset Voltage Tracking o — 0.3 1.0 — 04 1.5 uV/°C
gt Average Non-Inverting Bias
Current ®| — +10 45 —  +12 =70 nA
los* Non-Inverting Offset Current e -— 1.0 5.0 - 1.2 8.5 nA
los™ Inverting Offset Current o — 1.0 5.0 - 12 8.5 nA
ACMRR Common Mode Rejection Ratio
Match Vom = =13V o 108 130 — 105 128 — dB
APSRR Power Supply Rejection Ratio
Match Vs = +3Vto +18V ®| 105 126 — 98 124 — dB

.02 LY LNEAR



LT1002

TYPICAL PERFORMANCE CHARACTERISTICS

Distribution of Offset Voltage Drift

Distribution of Offset Voltage of with Temperature Distribution of Offset Voltage
Individual Amplifiers (Individual Amplifiers) Match Drift with Temperature
100 . 70 35 T
Vg = =15V ‘ Vs - =15V Vg = =15V
Ta = 25°C 60 20
80 574 UNITS TESTED 260 UNITS TESTED [ 130 UNITS TESTED
50 = 25 i
3 60 ] z =
E T Z 0 S 20
5 i 5 5
g & B
2 g4 8 30 B 15
El E E
“ 20 < 10
20
10 J A 5
-100-80-60-40-20 0 20 40 60 80 100 -12 -08 -04 0 +04 +08 +12 -12 -08 -04 0 +04 +0.8 +1.2
INPUT OFFSET VOLTAGE DRIFT OFFSET VOLTAGE MATCH DRIFT
INPUT OFFSET VOLTAGE () WITH TEMPERATURE (,V/°C) WITH TEMPERATURE (:V/°C)
Oftset Voltage Drift with Temperature Offset Voltage Tracking with Temperature
of Six Representative Units of Six Representative Units Warm-Up Drift
100 100 - 5 —
. Vg = =15V = .
% w0 I 80 ! g \1/'2 - 2_51"50\’
o] LT1002M. g 4 |
2 60 = 60 i
£ [T1002M, - 2 o \/ 8 g N14 PLASTIC PACKAGE
z T1002AM //ﬂgw E 1 § 4 - \ |
Bl I | |
&
S 0 v g 0 ww/ g e J14 HERMETIC DIP PACKAGE
&
T -20 S -20 LT1002AM & 2
g 4 A B -0 e e S e S 5
t T1002 ~ N LT100™ z
z -60 -60 NG g1 /
§ -80 -80 %
= _100 -100 0
50 -25 0 25 50 75 100 125 ~50 -25 0 25 50 75 100 125 0 1 2 3 4 5
TEMPERATURE (°C) TEMPERATURE (°C) TIME AFTER POWER ON -
BOTH AMPLIFIERS (MINUTES)
Long Term Stability of Four
Representative Units 0.1Hz to 10Hz Noise Noise Spectrum
10 100 ———rm 10
FTa - 25°C
s - =3t oy
s — 2 | "1/f CORNER N
R g @ 0 4Hz 3 §
8 = < 3
: — E : N 2
8 o] A e, G 0 8
g - — = ! 2 TS i = 2
§ =3 T + T & T il
g 4 : 1 CORNER :
5 -5 \_'Q 2 E 3 7CHL' l 03 3
SN TH_CuRRENT
N |
—-10 1 1 0.1
0 1 2 3 4 5 0o 2 4 6 8 10 1 10 100 1000
TIME (MONTHS) TIME (SECONDS) FREQUENCY (Hz)
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LT1002

TYPICAL PERFORMANCE CHARACTERISTICS

INPUT BIAS AND OFFSET CURRENTS (nA)

2.0
1.8
16
14
.2
1.0
08
0.6
0.4
0.2

1200k

OPEN LOOP VOLTAGE GAIN (V/V)

OPEN LOOP GAIN MISMATCH (PERCENT)

1000k

800k

600k

400k

200k

0

1.0

0.8

0.6

0.4

0.2

Matching and Individual Amplifier

Bias and Offset Currents vs Temperature

| : ‘vs=f=15v
| ]

| |
P | 1

MATCHING: NON INVERTING |
! BIAFCURFlENT} 1
N ‘ L |
Mz,

N

>y
— (-‘)FFSET CURRENT
N N I
2% 50 75
TEMPERATURE (°C)

100 125

Open Loop Voltage Gain
vs Temperature

I

|
' |
| | |

\
T ‘
1 i \Vs=:15v,Vo=‘:12V
,! 1 |
— | T
4‘ Vg = =3V,Vo = =1V —
—
| ~_
~

\

|
25 50 75
TEMPERATURE (°C)

50 -25 0 100 125

Open Loop Gain Mismatch
vs Frequency

| vs-‘gsv
‘ \ TA=‘25°C

]

/T__L__—/

PERCENT GAIN MISMATCH =
OUTPUTA — QUTPUT B n
—_—— X 9/
Y2 (QUTPUT A + OUTPUT B) 100%
| | | |
1 10 100 1k 10k

FREQUENCY (Hz)

100k

15

1.0

0.5

INPUT BIAS CURRENT (nA)
o

140

120

OPEN LOOP VOLTAGE GAIN (dB)
n S D @ 6
o o o o o o

|
n
o

0.

100

0.1

QUTPUT IMPEDANCE(€2)

0.01

0.001

Input Bias Current
Over the Common Mode Range

T

|

DEYICE WITH POSITVE INPL{T CUHR‘ENT
i
‘ \ T Vg =15V
| Ta-25°C
\ | L
——
DEVICE WITH NEGATIVE INPUT CURRENT

COMMON-MODE
INPUT RESISTANCE =

28V

0.1nA
15 -10 -5 0 5 10
COMMON-MODE INPUT VOLTAGE

=280GQ

15

Open Loop Voltage Gain
Frequency Response

i

LI
Ta = 25°C |

|

5
N
]

[

Vs =15V |

|

11

10 100 1k 10k 100k 1M

FREQUENCY (Hz)

10M

Closed Loop Output Impedance

‘/’\

100 1k
FREQUENCY (Hz)

10k

100k

VOLTAGE GAIN (dB)

INVERTING OR NON-INVERTING

0.1

POWER SUPPLY REJECTION (dB)

Input Bias Current vs.
Differential Input Voltage
30 T
Vg ==+15V| |
Ta=25°C
=
£
= 20
z [
3
2
o
5 10
ES /
/
Ig=1n H/
L]
0.1 0.3 1.0 3.0 10 30
=DIFFERENTIAL INPUT (VOLTS)
Gain, Phase Shift vs. Frequency
l T ’ i l} 8
\{sASLE‘ZS"C
| 120 @
N [ TTTN B
NN 20 N
AN MARGIN %
GAN 12570 -\604 \-{ 160 2
GAIN 2‘.‘3°C& -55°C 180 g
Vg = =15V N “\
! 200
PHASE MARGIN -55°C = 63°
| tesec-s70 || \
Rk 220
0.2 0.5 1 2
FREQUENCY (MHz)
Power Supply Rejection and
PSRR Match vs Frequency
” ‘ [ Ve ‘ 15V ‘2V
S== = P
140 __|\ —‘FTA=25°C P
120 [—— MATCH (NEGATIVE SUPPLY)
NN
100 \«k\
80 \ K\\\\
NEGATIVE SUPPLY
60 G \k \\
POSITIVE SUPPLY — h
40 >
MATCH (POSITIVE SUPPLY) 'Q
20 | | !
. L 1]
0.1 1 10 100 1k 10k 100k
FREQUENCY (Hz)
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TYPICAL PERFORMANCE CHARACTERISTICS

Channel Separation vs Frequency
160 | | !m Vs = =15V 160
150 ' i hoEL 140
RN Rs = 101 5
g 140 fis - 10 S 120
= 2
g 130 | l g 100
E I &
g 120 N Rs - 1000 w 80
it \ | 2
= 110 z 60
4 | 3
£ 100 SR NN z 4
o
0 L ® 2
9 S,
i M
80 0
100 1k 10k 100k ™
FREQUENCY (Hz)
Supply Current vs. Supply Voltage
For Each Amplifier
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g
2.0
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% / 125°C
o
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Small Signal Transient Response
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[
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Ay = +1, CL = 50pF

Common Mode Rejection and
CMRR Match vs Frequency
I

Vg - =15V
TA - 25°C 7]

MATCH (3oMRR)

CMRR

1 10 100 1k 10k 100k 1M
FREQUENCY (Hz)

Large Signal Transient Response

Voltage Follower Overshoot
vs Capacitive Load

T
|

Vg = =15V
Ta =25°C
VIN = 100mV

RL > 50K /

L/,
100 1000 10,000 100,000
CAPACITIVE LOAD (PICOFARADS)

COMMON MODE LIMIT (VOLTS)
REFERRED TO POWER SUPPLY

OUTPUT VOLTAGE, PEAK-TO-PEAK (VOLTS)

Common Mode Limit
vs Temperature

V+
-
-0.4
06 V¥ 12104V —
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-10 V* = 1210 18V
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+1.0 v~ = -121t0 - 18V
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TYPICAL PERFORMANCE CHARACTERISTICS

Output Swing vs. Load Resistance
16
Jij/

NEGATIVE SWING /4/"—
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~

=
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=
=
&

QUTPUT SWING (VOLTS)
(==}

»

Vs == 15V

Th = 25°C

0 Ll
100 300 1000 10k

LOAD RESISTANCE ()

Output Short Circuit Current

vs Time
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2 © \\‘ -55°C
25 30 ™. —
ES ~——— 25°C
23 20 125°C
< !
S V§= 215V —|
5 10 | 3
2 25T
o R—
2, X 25°C
22 a0 !
= / _55°
w pm—
40 ’
50
0 1 2 3 4

TIME FROM OUTPUT SHORT (MINUTES)

APPLICATIONS INFORMATION

The LT1002 dual amplifier may be inserted directly
into OP-10, OP207, OP227 sockets with or without re-
moval of external nulling potentiometers.

Offset Voltage Adjustment The input offset voltage of the
LT1002, and its drift with temperature, are permanent-
ly trimmed at wafer testing to a low level. However, if
further adjustment of Vg is necessary, nulling with a
10k or 20k potentiometer will not degrade drift with
temperature. Trimming to a value other than zero cre-
ates a drift of (Vos/300) uV/°C, e.g. if Vg is adjusted
to 300V, the change in drift will be 1.V/°C. The ad-
justment range with a 10k or 20k pot is approximately
+2.5mV. If less adjustment range is needed, the sen-
sitivity and resolution of the nulling can be improved
by using a smaller pot in conjunction with fixed resis-
tors. The example has an approximate null range of
+100uV.

In matching applications, both amplifiers can be
trimmed to zero, or the offset of one amplifier can be
trimmed to match the offset of the other. Offset adjust-
ment, however, slightly.degrades the gain, common-
mode and power-supply rejection match between the

two op amps. Fortunately, the guaranteed offset volt-
age match of the LT1002 is very low, in most applica-
tions offset adjustment will be unnecessary.

Standard Adjustment

— 18V

Improved Sensitivity Adjustment

—15v
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APPLICATIONS INFORMATION

Test Circuit for Offset Voltage and its Drift with Temperature

———— V0

* RESISTORS MUST HAVE LOW
THERMOELECTRIC POTENTIAL.

= Vo = 1000 Vos

This circuit is also used as the burn-in configuration for
the LT1002, with supply voltages increased to +20V,
R1=R3 =20k, R2=2002, Ay =100.

Unless proper care is exercised, thermocouple effects,
caused by temperature gradients across dissimilar
metals at the contacts to the input terminals, can ex-
ceed the inherent drift of the amplifier. Air currents
should be minimized, package leads should be short,
the two input leads should be as close together as pos-
sible and maintained at the same temperature.

Channel Separation

This parameter is defined as the ratio of the change in
input offset voltage of one amplifier to the change in
output voltage of the other amplifier causing the offset
change.

At low frequencies the LT1002’s channel separation is
an almost unmeasurable 148dB. As frequency in-
creases, pin to pin capacitance of the package, be-
tween the output of one amplifier and the inputs of the
other, becomes dominant. Since these pins are non-
adjacent, the capacitance is only 0.02pF. To maintain
the LT1002’s excellent channel separation at higher
frequencies, the socket and PC board capacitances
should be minimized.

0.1Hz to 10Hz Noise Test Circuit

The device under test should be warmed up for three
minutes and shielded from air currents. Turn the de-
vice 180° to measure the noise of side B.
0.1,4F
)"
1r

VOLTAGE GAN = 50,000

100K2

108

(Peak to Peak noise measured in 10 Sec interval)

Power supplies

The LT1002 is specified over a wide range of power
supply voltages from =3V to = 18V. Operation with
lower supplies is possible, down to + 1.2V (two Ni-
Cad batteries). However, with + 1.2V supplies, the de-
vice is stable only in closed loop gains of +2 or higher
(or inverting gain of one or higher).

The V+ supply terminals are completely independent
and may be powered by separate supplies if desired
(this approach, however, would sacrifice the advan-
tages of the power supply rejection ratio matching).
The V— supply terminals are both connected to the
common substrate and must be tied to the same volt-
age. Both V— pins should be used.

LYW
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APPLICATIONS INFORMATION

Advantages of Matched Dual Op Amps In many applica-
tions the performance of a system depends on the
matching between two operational amplifiers rather
than the individual characteristics of the two op amps.
Two or three op amp instrumentation amplifiers,
tracking voltage references and low drift active filters
are some of the circuits requiring matching between
two op amps.

The well-known triple op amp configuration illustrates
these concepts. Output offset is a function of the dif-
ference between the offsets of the two halves of the
LT1002. This error cancellation principle holds for a
considerable number of input referred parameters in
addition to offset voltage and its drift with tempera-
ture..Input bias current will be the average of the two
non-inverting input currents Sﬁ ). The difference be-
tween these two currents (lps™) is the offset current of
the instrumentation amplifier. The difference between
the inverting input currents (lps™) will cause errors
flowing through R1, R2, and R3. Common-mode and
power supply rejections will be dependent only on the
match between the two amplifiers (assuming perfect
resistor matching).

The concepts of common mode and power supply re-
jection ratio match (ACMRR and APSRR) are best
demonstrated with a numerical example:

Assume CMRR, = +1.0uV/V or 120dB,

and CMRRg = +0.75.V/V or 122.5dB,

then ACMRR = 0.25.V/V or 132dB;

if CMRRg = —0.75uV/V which is still 122.5dB,
then ACMRR = 1.75uV/V or 115dB.

Clearly, the LT1002, by specifying and guaranteeing
all of these matching parameters, can significantly
improve the performance of matching dependent
circuits.

Three Op Amp Instrumentation Amplifier

INPUT

Rd R6
1000 10k
S 10k 1% 1%

> 1%

.[ 2.1k
R3S 19

S R10
L [—> 3 e | Lo
Rﬂ/z. 2009 c1

+
100pF

— OUTPUT

—

<$ 10k
> 1% Gain = 1000

RS
A

1000 976k

5 <
INPUT 1% RT3 1%

R9 £ 2002

Trim R8 for gain
Trim R9 for DC common mode rejection
Trim R10 for AC common mode rejection

Typical performance of the instrumentation amplifer:

Input offset voltage = 25uV

Input bias current = 0.7nA

Input resistance = 200 GQ

Input offset current = 0.6nA

Input noise = 0.5uV p-p

Power bandwidth (Vo = + 10V) = 80kHz
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Precision =+ 10V Reference

130k %
5%

<

3.3k

+15V

ouT 1

5%

3.3k

10.000V

10k

0.1%

ouT 2
’ —10.000V

A AM—
8.2k 1k 1%
1%

The LT1002 contributes less than 5% of the total drift
with temperature, noise and long term drift of the ref-

—15v

erence. The accuracy of the — 10V output is limited by
the matching of the two 10k resistors.

Dual Limit Microvolt Comparator

+ 15V

UPPER
LIMIT

1k S 5%
FLV117
4CA3118
20k
[ ﬁ

INPUT

LOWER
LIMIT

When the upper or lower limit is exceeded the LED
lights up. Positive feedback to one of the nulling termi-
nals creates 5 to 20.V of hysteresis on both amplifi-
ers. This feedback changes the offset voltage of the

‘/ACA31 18

CA3118

LT1002 by less than 5uV. Therefore, the basic accura-
cy of the comparator is limited only by the low offset
voltage of the LT1002.

LY W%
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APPLICATIONS INFORMATION

Two Op Amp Instrumentation Amplifier

INPUTS

+

* TRIM FOR COMMON-MODE REJECTION
-+ TRIM FOR GAIN

R t R R3, R2+R3
Dl )+ =% )

n— 4l (R RS
Gain = 73 L1+ Ri + Ra 75

Precision Amplifier Drives 5009 Load to + 10V

1.1R; +0.1Rs

racy can be realized.

H—w

INPUT

This application utilizes the guaranteed 10mA load
driving capability of the LT1002. The offset voltage of
amplifier A is the offset of the configuration. Amplifier
B provides the additional 10mA load current. When
load resistor Ry is removed, amplifier A sinks this cur-
rent without affecting accuracy. In the gain of 1000
configuration shown, approximately 0.3% gain accu-

2-30

Ly e



LT1002

APPLICATIONS INFORMATION

Dead Zone Generator

E OPERATIONAL AMPLIFIERS

INPUT
Vser BIPOLAR SYMMETRY IS EXCELLENT
DEAD ZONE BECAUSE ONE DEVICE, Q2, SETS BOTH LIMITS
CONTROL INPUT
Oto 5V
L
100k Q3
AN 10k* 47pF
100k _M_Mc_a — :
L
3f 10k**
2N4393 | e— ¢ 13
o1 %1002 -
= + ‘ b— Vour
IN914
—AAA q
100k =
+15V - 150F
L——{ — p
15pF 47k 2N4393
06
2 p— AAA,
4.7k J/T 3.3k IN914 =
LM301A 5 VWA 5 Vser Vour
3 + k< | /
*1% FILM | iy
1 * * RATIO MATCH 0.05% /
= —15v Q2,3,4,5 CA 3096 TRANSISTOR ARRAY |
VsgT
Precision Absolute Value Circuit
10k 10k 10k
AR +— N N—- M-
0.1%
INPUT 10k 3 IN4148
—VVV
—10t0o 10V 0.1%
OUTPUT
b
: Oto 10V
41
IN4148

0.1%

Ya i)y 2.3
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APPLICATIONS INFORMATION

53.5.‘ 15 Dual Precision Power Supply
PR (1) 0 to 10V in 100,V Steps
1009 (select 1000 51 (2) 0 to 100V in 1mV Steps
= 2N2219 gf’fgy”
+15v 25mA

VN-46 TRIAD TY-90

DIODES =

—-I SEMTECH #

P FF-15
KVD 1

00000~
99999+ 1 VN-46 1+ OUTPUT 2
4 $ ot 0-100V, 25mA

—15v

KVD = ESI#DP311
# = JULIE RSCH. LABS

"
||H

Z: 10k* (select)
#R-44 25k ] s
VWA~ 0.1 == |
<ATRIM— 100V
1009
680pF
I R
= LM301A CLK
Q
2 33k
74C74
= 22uf
33k 33k
+ 15V
+15 = 1.8k

2N2907

campser— |5 g1a
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SCHEMATIC DIAGRAM

v+ OO » . » - - - -
6k 6k ‘E Lq J J 029 J
p:
< Q27 < 024
0— - 028 'ﬁ ™ 025
NULL NULL '\7
0k 40k 2 1.5k |
ZSK%
v ot Q12
™ 013 014
4
" 3K
—} AAA
55pF
20pF
11 ° JL
L L
30pF
3k
b a21
N
< Q16
015 Q22
2 2
m
180 0 020 Q17 018
2 171002 og\l 4 4 ![ Q30 120
T S 0 " S 0 N W
[

E OPERATIONAL AMPLIFIERS

PﬂCKﬂGG DESC“'PTIO" Dimensions in inches (millimeters) unless otherwise noted.

14-Lead Molded DIP (N)

14-Lead Cavity DIP (J)

0.785

— (19939 0.310
0.770 MAX (7.874)
0.030 (16.558) [ [ ] [ Ge] 51 [7] i MAX
2286 MAX 0025 A GLASS
NOM [0 (5] Gal [ 6] [5] [F] 0635) 0201
RAD A (7.391)
—- t] 0.250 = 0005 MAX
T (6350 = 0.127) T OO T
0.280 OO Iol — 0.290—0.320 0.160 0.200
(7.112) (7.365—8.128)  (4.064) GLASS 0.060 = 0.005 (5.080)

MN MAX SEALANT "\ 626 =0.127) ‘f MAX' 0 020 -0.070
0.300-0.320 I X k(05081778
(7620-8.128)

0,065 0040 . |—  0.130 0005 N A
11651 now >] ‘ (3.302 =0.127) _ 0008-0012 Ty
(0.203-0.305) —f
0.385 +0.025 0.100 1 —
R - e . 0,018 =0.002 B
[ ez (2.540) F" .57 :oosw_’lF 0.125
0.009-0.015 MAX BOTH ENDS (3.175)
~ 02290381 ,.l 0,100 £0.010 N
—_ (2.540 = 0.254)
J 0.075+0.015 %% 10;38)
190520381 I
d (1.805+0.381) -
0325 to 025 0.100 =0.010 0.018 +0.003 MmN ToMAX Oun
0,015 50 25 0 =007
+0.635 U T1002AC
(8255 g1 ) t 1 1esec | 100°0m
s LT1002CJ
Tomax 9uA
LT1002AMJ
LT1002ACN 125°C 100°C/W 150°C 100°C/W
LT1002CN LT1002MJ
LY HIEAR 2-33
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LT1007/LT1037

LY IR

FERTURES

Guaranteed 4.5 nV/ VHz 10 Hz noise
Guaranteed 3.8 nV/VHz 1kHz noise
0.1 Hz to 10 Hz noise, 60 nV p-p, typical
Guaranteed 7 million min. voltage gain,

R. = 2kQ
Guaranteed 3 million min. voltage gain,

R, = 600Q
Guaranteed 25uV max. offset voltage
Guaranteed 0.6xV/°C max. drift with temperature
Guaranteed 11V/usec min. slew rate (LT1037)
Guaranteed 117 dB min. CMRR

APPLICATIONS

= Low Noise Signal Processing

= Microvolt Accuracy Threshold Detection
m Strain Gauge Amplifiers

= Direct Coupled Audio Gain Stages

= Sine Wave Generators

= Tape Head Preamplifiers

= Microphone Preamplifiers

Low Noise, High Speed

Precision Operational Amplifiers

DESCRIPTION

The LT1007/LT1037 series features the lowest noise
performance available to date for monolithic oper-
ational amplifiers: 2.5nV/VHz wideband noise (less
than the noise of a 400 resistor), 1/f corner frequen-
cy of 2Hz and 60nV peak to peak 0.1Hz to 10Hz noise.
Low noise is combined with outstanding precision and
speed specifications: 10uV offset voltage, 0.2.V/°C
drift, 130 dB common-mode and power supply rejec-
tion, and 60MHz gain-bandwith-product on the de-
compensated LT1037, which is stable for closed loop
gains of 5 or greater.

The voltage gain of the LT1007/1037 is an extremely
high 20 million driving a 2k load and 12 million driv-
ing a 600< load to + 10V.

In the design, processing, and testing of the device,
particular attention has been paid to the optimization
of the entire distribution of several key parameters.
Consequently, the specifications of even the lowest
cost grades (the LT1007C and the LT1037C) have
been spectacularly improved compared to equivalent
grades of competing amplifiers.

The sine wave generator application shown below uti-
lizes the low noise and low distortion characteristics
of the LT1037.

Ultra-Pure 1kHz Sine Wave Generator

0.1Hz to 10Hz Noise
4309
AW

=)
e
>
[~
S
w
2 TI'A“W
= AT
u(."-' T T T 1
<<

#327 Lamp. 0 3
>

CJ: 1& R f=3 1RC Total Harmonic Distortion = < .0025%
—[ 5 R 1’5‘9 5 ” Noise = < .0001% 0 2 4 6 8 10
=1591.5Q +.1%  Amplitude = = 8 volts
C=01uf 1% Output Frequency = 1.000kHz for values TIME {SECONDS)
£ given = .4%
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LT1007 /LT1037

ABSOLUTE MAXIMUM RATINGS

Supply Voltage. . ...................... +22V
Input Voltage . ......... .. Equal to Supply Voltage
Output Short Circuit Duration. .......... Indefinite
Differential Input Current (Note 8)......... +25mA
Lead Temperature (Soldering, 10 sec.)...... 300°C
Operating Temperature Range

LT1007/1037AM, M. ......... —55°C to 125°C

LT1007/1037AC,C .............. 0°Cto 70°C
Storage Temperature Range

All Devices................. —65°C to 150°C

PACKAGE/ORDER INFORMATION

Neerhim ORDER PART NUMBER
Vos ®) 4
ml) R | LT1007AMH LT1037AMH
N ®oT 1| T1007MH  LT1037MH
N LT1007ACH LT1037ACH
v-Tehse) LT1007CH  LT1037CH
METAL CAN H PACKAGE
ToP view LT1007AMJ8 LT1037AMJ8
o a5 | LT1007MJ8  LT1037MJ8
-z } Mv+ | LT1007ACJ8 LT1037ACJ8
;‘f% :g‘ LT1007CJ8 LT1037CJ8
LT1007ACNS LT1037ACNS

HERMETIC DIP J8 PACKAGE

LT1007CN8 LT1037CN8

PLASTIC DIP N8 PACKAGE

GLGCTBICHL CHﬂﬁﬂCTGBISTICS Vs = =15V, Ty = 25°C, unless otherwise noted.

LT1007AM/AC LT1007M/C
LT1037AM/AC LT1037M/C

SYMBOL PARAMETER CONDITIONS MIN TYP MAX MIN  TYP MAX UNITS

Vos Input Offset Voltage (Note 1) 10 25 20 60 ni
AVos Long Term Input Offset Voltage

ATime Stability (Notes 2 and 3) 0.2 1.0 0.2 1.0 uV/Mo

log Input Offset Current 7 30 12 50 nA

Ig Input Bias Current +10 +35 +15 x55 nA

€n Input Noise Voltage 0.1Hz to 10Hz (Notes 3 and 5) 006 0.13 006 0.13 wVp-p

Input Noise Voltage Density fo = 10Hz (Notes 3 and 4) 2.8 4.5 2.8 4.5 nv/ \fE

f, = 1000Hz (Note 3) 25 3.8 2.5 3.8 nV/VHz

in Input Noise Current Density f, = 10Hz (Notes 3 and 6) 1.5 4.0 15 40 pA/ \/E

f, = 1000Hz (Notes 3 and 6) 0.4 0.6 0.4 0.6 pA/ VHz

Input Resistance — Common Mode 7 5 GQ

Input Voltage Range +11.0 +125 +11.0 +125 v

CMRR Common Mode Rejection Ratio Vew = £ 11V 117 130 110 126 dB

PSRR Power Supply Rejection Ratio Vg = +4Vto +18V 110 130 106 126 dB

AvoL Large Signal Voltage Gain R. = 2kQ, Vo = £ 12V 70 20.0 5.0 20.0 ViuV

RL = 1kQ, Vo = =10V 5.0 16.0 35 16.0 ViuV

R, = 600Q, Vo = +10V 3.0 12.0 2.0 12.0 ViuV

Vour Maximum Output Voltage Swing R, = 2kQ +13.0 +13.8 +125 +135 v

R, = 600Q +11.0 =125 +105 =+125 v

SR Slew Rate LT1007 R. = 2kQ 1.7 25 1.7 25 ViuS

LT1037 AyeL = 5 11 15 1 15 V/iuS

GBW Gain-Bandwidth LT1007 fo = 100kHz (Note 7) 5.0 8.0 5.0 8.0 MHz

Product: LT1037 fo = 10kHz (Note 7) (AveL = 5) 45 60 45 60 MHz

Zy Open Loop Output Resistance Vo=0,lp=0 70 70 Q

Py Power Dissipation ~ LT1007 80 120 80 140 mwW

LT1037 80 130 85 140 mW

2'36 L’ IT'EL[JNOL Y



LT1007/LT1037

ELECTRICAL CHARACTERISTICS v, -

+15V, —55°C < T, < 125°C, unless otherwise noted.

LT1007AM/LT1037AM LT1007M/LT1037M
SYMBOL PARAMETER CONDITIONS MIN  TYP MAX MIN  TYP  MAX UNITS
Vos Input Offset Voltage (Note 1) ) 25 60 50 160 uV
AVgg Average Input Offset Drift (Note 9) ® 0.2 0.6 0.3 1.0 uV/°C
ATemp
los Input Offset Current [ 15 50 20 85 nA
lg Input Bias Current [ ] +20 +60 +35 +95 nA
Input Voltage Range ®|+103 =115 +103 +115 v
CMRR Common Mode Rejection Ratio Vemw = =103V @ 112 126 104 120 dB
PSRR Power Supply Rejection Ratio Vs = +45Vto =18V o| 104 126 100 120 dB
Avo Large Signal Voltage Gain RL = 2kQ, Vo, = £ 10V e 30 14.0 2.0 14.0 ViuV
RL = 1kQ, V, = =10V | 20 10.0 15 10.0 ViV
Vour Maximum Output Voltage Swing | R = 2kQ o125 +135 +120 +135 v
Py Power Dissipation e 100 150 100 170 mwW
GLGCFBICHL cHHBHCTGRISTECS Vs = +15V, 0°C << T, < 70°C, unless otherwise noted.
LT1007AC/LT1037AC LT1007C/LT1037C
SYMBOL PARAMETER CONDITIONS MIN  TYP MAX MIN  TYP MAX UNITS
Vos Input Offset Voltage (Note 1) Q 20 50 35 110 uV
AVgs Average Input Offset Drift (Note 9) <] 0.2 0.6 03 1.0 uV/°C
ATemp
los Input Offset Current @ 10 40 15 70 nA
Ig Input Bias Current @ +14 +45 +20 +75 nA
Input Voltage Range ®|+105 +118 +105 =118 v
CMRR Common Mode Rejection Ratio Vew = =105V @ 114 126 106 120 dB
PSRR Power Supply Rejection Ratio Vs = +4.5Vto +18V o| 106 126 102 120 dB
AvoL Large Signal Voltage Gain RL = 2kQ, V, = =10V ®| 40 18.0 25 18.0 ViuV
R = 1kQ, V, = 10V ®| 25 14.0 2.0 14.0 V/igV
Vour Maximum Output Voltage Swing | R, > 2kQ ®|+125 =136 +120 +13.6 \
Py Power Dissipation ® 90 144 90 160 mW
NOTES: Note 4: 10Hz noise voltage density is sample tested on every lot.

The @ denotes the specifications which apply over full operating
temperature range.

For MIL-STD components, piease refer to LTC 883C data sheet for test
listing and parameters.

Nots 1: Input Offset Voltage measurements are performed by
automatic test equipment approximately 0.5 seconds after
application of power. AM and AC grades are guaranteed fully
warmed up.

Note 2: Long Term Input Offset Voltage Stability refers to the average
trend line of Offset Voltage vs. Time over extended periods after the
first 30 days of operation. Excluding the initial hour of operation,
changes in Vg during the first 30 days are typically 2.5V — refer
to typical performance curve.

Note 3: This parameter is tested on a sample basis only.

Devices 100% tested at 10Hz are available on request.

Note 5: See the test circuit and frequency response curve for 0.1Hz to
10Hz tester in the Applications Information section.

Note 6: See the test circuit for current noise measurement in the
Applications Information section.

Note 7: This parameter is guaranteed by design and is not tested.
Note 8: The inputs are protected by back-to-back diodes. Current
limiting resistors are not used in order to achieve low noise. If
differential input voltage exceeds =+ 0.7V, the input current should be
limited to 25mA.

Note 9: The Average Input Offset Drift performance is within the
specifications unnulled or when nulled with a pot having a range of
8k to 20kQ.
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LT1007/LT1037

TYPICAL PERFORMANCE CHARACTERISTICS

NUMBER OF UNITS

z
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10Hz Voltage Noise Distribution
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LT1007/LT1037

TYPICAL PERFORMANCE CHARARCTERISTICS

Voltage Gain vs Frequency
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LT1007/LT1037
TYPICAL PERFORMANCE CHARACTERISTICS

Common Mode Rejection vs Input Bias Current Over
Frequency Common Mode Limit vs Temperature the Common Mode Range
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LT1007/LT1037

TYPICAL PERFORMANCE CHARACTERISTICS
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LT1007/LT1037

APPLICATIONS INFORMATION

General :

The LT1007/1037 series devices may be inserted di-
rectly into OP-07, OP-27, OP-37, and 5534 sockets
with or without removal of external compensation or
nulling components. In addition, the LT1007/1037
may be fitted to 741 sockets with the removal or modi-
fication of external nulling components.

Offset Voltage Adjustment
The input offset voltage of the LT1007/1037 and its
drift with temperature, are permanently trimmed at
wafer testing to a low level. However, if further adjust-
ment of Vg is necessary, the use of a 10k nulling po-
tentiometer will not degrade drift with temperature.
Trimming to a value other than zero creates a drift of
(Vos/300) uV/°C, e.g., if Vog is adjusted to 300V, the
change in drift will be 1.V/°C.

Standard Adjustment
INPUT

The adjustment range with a 10k pot is approximately
+2.5mV. If less adjustment range is needed, the sen-
sitivity and resolution of the nulling can be improved
by using a smaller pot in conjunction with fixed resis-
tors. The example has an approximate null range of
+200uV.

+15V

Improved Sensitivity Adjustment

-15V
Offset Voltage and Drift
Thermocouple effects, caused by temperature gradi-
ents across dissimilar metals at the contacts to the in-
put terminals, can exceed the inherent drift of the

amplifier unless proper care is exercised. Air currents
should be minimized, package leads should be short,
the two input leads should be close together and main-
tained at the same temperature.

The circuit shown to measure offset voltage is also
used as the burn-in configuration for the LT1007/
1037, with the supply voltages increased to =20V.

— Vg Test Circuit for Offset Voltage
and Offset Voltage Drift with
Temperature

S et

> Vo =1000 Vs

L *RESISTORS MUST HAVE LOW
3 THERMOELECTRIC POTENTIAL

Unity Gain Buffer Applications (LT1007 Only)

When R; < 1009 and the input is driven with a fast,
large signal pulse (>1V), the output waveform will
look as shown in the pulsed operation diagram.

\— .8V/ uSEC
QUuTPUT 28718

During the fast feedthrough-like portion of the output,
the input protection diodes effectively short the output
to the input and a current, limited only by the output
short circuit protection, will be drawn by the signal
generator. With R = 5009, the output is capable of
handling the current requirements (I, < 20mA at 10V)
and the amplifier stays in its active mode and a
smooth transition will occur.

As with all operational amplifiers when Ry > 2kQ, a
pole will be created with R; and the amplifier’s input
capacitance, creating additional phase shift and re-
ducing the phase margin. A small capacitor (20pF to
50pF) in parallel with R; will eliminate this problem.
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LT1007/LT1037

APPLICATIONS INFORMATION — NOISE

Noise Testing

The 0.1Hz to 10Hz peak-to-peak noise of the LT1007/
1037 is measured in the test circuit shown. The fre-
quency response of this noise tester indicates that the
0.1Hz corner is defined by only one zero. The test time
to measure 0.1Hz to 10Hz noise should not exceed 10
seconds, as this time limit acts as an additional zero to
eliminate noise contributions from the frequency band
below 0.1Hz.

Measuring the typical 60nV peak-to-peak noise per-
formance of the LT1007/1037 requires special test
precautions:

(@) The device should be warmed up for at least five
minutes. As the op amp warms up, its offset voit-
age changes typically 3uV due to its chip tem-
perature increasing 10°C to 20°C from the
moment the power supplies are turned on. In the
10 second measurement interval these tempera-
ture-induced effects can easily exceed tens of
nanovolts.

(b) For similar reasons, the device must be well
shielded from air currents to eliminate the pos-
sibility of thermoelectric effects in excess of a
few nanovolts, which would invalidate the
measurements.

(c) Sudden motion in the vicinity of the device can
also ‘“feedthrough” to increase the observed
noise.

0.1Hz to 10Hz Noise Test Circuit

VOLTAGE GAIN
= =50,000

* DEVICE UNDER TEST

NOTE: ALL CAPACITOR VALUES ARE FOR
NON-POLARIZED CAPACITORS ONLY. =

2.2uF

A noise-voltage density test is recommended when
measuring noise on a large number of units. A 10Hz
noise-voltage density measurement will correlate well
with a 0.1Hz to 10Hz peak-to-peak noise reading since
both results are determined by the white noise and the
location of the 1/ corner frequency.

Current noise is measured in the circuit shown and
calculated by the following formula:

- _[e?no— (130012 "
= iMax 100

1
W
1000 | 500k

500k

The LT1007/1037 achieves its low noise, in part, by
operating the input stage at 120uA versus the typical
101A of most other op amps. Voltage noise is inverse-
ly proportional while current noise is directly propor-
tional to the square root of the stage current. Therefore
the LT1007/1037’s current noise will be relatively
high. At low frequencies, the low 1/f current noise
corner frequency (~ 120Hz) minimizes current noise
to some extent. '

In most practical applications, however, current noise
will not limit system performance. This is illustrated in

0.1Hz to 10Hz p-p Noise
Tester Fraguency Response

100 T

90 " ™
/ \i
80 i 4
g 70 1l
224F = !
4.3k SCOPE 2 w0 | il I
phinaly gt E N
Rin=1MQ i ! lih
T 110k 0 ;" ‘ i NI
1y H [ 1]
- : ! Ll ! ,
[ - = 4 fr SRR ‘]
30 ‘ 11“” R L
0.01 0.1 10 10 100

FREQUENCY (Hz)

LY LR
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LT1007/LT1037

the total noise versus source resistance plot, where
total noise = [(voltage noise)? + (current noise X R’
+ (resistor noise)]
Three regions can be identified as a function of source
resistance:

(i) Rs = 4009. Voltage noise dominates

(II) 400Q < Rs < 50kQ at 1kHz Resistor noise

dominates

(i) Rs > 50k at 1kHz
Rs > 8kQ at 10Hz

Clearly the LT1007/1037 should not be used in region
(iii), where total system noise is at least six times high-
er than the voltage noise of the op amp, i.e., the low
voltage noise specification is completely wasted.

Current noise
dominates

400Q < Ry < 8kQ at 10Hz
TYPICAL APPLICATIONS
Gain 1000 Amplifier with 0.01%
Accuracy, DC to 5Hz

20k

340k TRIM

1%

15k
5%

365Q
1%
= OUTPUT
—15v
INPUT RNB0C FILM RESISTORS

The high gain and wide bandwidth of the LT1037 and (LT1007) is useful in

low frequency high closed loop gain amplifier applications. A typical precision

0Op Amp may have an open loop gain of one million with 500kHz bandwidth. As the
gain error plot shows, this device is capable of 0.1% amplifying accuracy up to 0.3Hz
only. Even instrumentation range signals can vary at a faster rate. The LT1037's
“'gain precision — bandwidth product” is 200 times higher, as shown.

Microvolt Comparator with Hysteresis

FI5V
$ 3650

S 156
15k
$ 1%

p——————— QUTPUT

3650 1%

—15v

Positive feedback to one of the nulling terminals creates approximately 5.V of
hysteresis. Output can sink 16mA.

Input offset voltage is typically changed less than 5.V due to the feedback.

Gain Error vs Frequency
Closed Loop Gain = 1000

10 =
F—=TYPICAL ==/
— PRECISION 7] 7
e [oraw AT 7
=
w 1
g A LT1OE7/ i
a- [
= i
(=}
& ’ 7 i
=z i i LT1037
5 001 :
T i T
:t CLOSED LOOP GAIN'|
GAIN ERROR = —————
J OPEN LOOP GAIN |
0.001 e, OPENLOOP GAIN,
0.1 1 10 100
FREQUENGY (Hz)

Precision Amplifier Drives 3000 Load to + 10V

340k 1% 20k 5% ‘35,

\s

OUTPUT =10V

The addition of the LT1007 doubles the amplifier's output drive to = 33mA.
Gain accuracy is 0.02%, slightly degraded compared to above because of
self heating of the LT1037 under load.
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LT1007/LT1037

TYPICAL APPLICATIONS

Phono Preamplifier Tape Head Amplifier
4.9% 01
15V $787k == 014F
100¢ 2 100k 316k
033 4F
= o 71037 +—— OUTPUT 1000
f I
47k -
—15v TAPEHEAD 3|
INPUT
MAG. PHONO ALL RESISTORS METAL FILM
INPUT
ALL RESISTORS METAL FILM
+15V—9
" Infra-Red Detector Preamplifier
.
100:F 7 CHOPPED DETECTOR
QUTPUT
K g
— | 100uF oUTRUT
RRADIATION | 3020 TO DEMODULATOR
— |
i PHOTO-CONDUCTIVE Vo
INFRA-RED == 3 392K
OPTICAL DETECTOR
CHOPPER HoCdTe TYPE SYNCHRONOUS
INFRA-RED ASSOCIATES, INC. [
=  1BQATTIK < 3920°
* = 1% METAL FILM l—‘

Strain Gauge Signal Conditioner
with Bridge Excitation

REFERENCE
ouT

3500
BRIDGE 3 |
. 070 10v
S %o oUTPUT
TRIM .
S 301k
—15V
50k | L.
* RNGOC FILM RESISTORS GAIN L_’ﬁ S 4990
TRIM

The LT1007 is capable of providing excitation current directly to bias the
35042 bridge at 5V. With only 5V across the bridge (as opposed to the

usual 10V) total power dissipation and bridge warm-up drift is reduced. The
bridge output signal is halved, but the LT1007 can amplify the reduced signal
accurately.

LT
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LT1007/LT1037
SCHEMATIC DIRGRAM

] 7
‘» V-
o 7 T3 334k Q@ 4500A 750uA () @ 2404
o 130pF 28
- 31k 12k 12%$
v $ 1w 3 1 v 7
[ 09 1\018
¢t
06 {or it é 20
a1 )
ats 020:1 S 750 025 ouTPUT
NON-INVERTING v
INPUT (+) mA"—j CJ-Q%A ! 26 { 6 |
I 3 l It {Lome o

hary B L
E v ] 80pF | 2[);}!!:——1 {
o

Q30 l—<
INVEI}I_'I’(IN(S) 022 v
INPUT (— ) T
m;/ I~ Q29
T 2 Q15 16 23 N
4 1 Q024
C1 = 110pF FOR LT1007 500.A
C1 = 12pF FOR LT1037 q 240,4A ( 1204A 200 S6k S 200 S 6 50 € v-
<]
H Package J8 Package N8 Package
Metal Can 8 Lead Hermetic Dip 8 Lead Plastic
o3 — e I
B ot
.l 4 l
O T
f*— 0.055 MAX
0.405 MAX ——=

2079 rve — —] [+ 0005 M

, Mix’“’ A T |

o.Loo* o060 0.150

0.125 0015 MN

-

INOTE: DIMENSIONS IN INCHES UNLESS OTHERWISE NOTED. NOTE: DIMENSIONS IN INCHES UNLESS OTHERWISE NOTED.
*LEADS WITHIN 0.007 OF TRUE POSITION (TP) AT GAUGE PLANE “LEADS WITHIN 0.007 OF TRUE POSITION (TP) AT GAUGE PLANE.
ijax @ja ijax eia
150°C | 150°C/W | 45°C/W 150°C | 100°C/W 100°C | 130°C/W
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nl ’\D LT1008

TECHNOLOGY
FEATURES
m Guaranteed Bias Current
25°C . ... 100pA max.

—55°Ct0125°C .......... ... 600pA max.
w Guaranteed Offset Voltage . . . ... ... 120V max.
m Guaranteed Drift ... ........ .. 1.5uV/°C max.
= Low Noise, 0.1Hzto 10Hz . . . ... ... .. 0.5uVp-p
m Quaranteed Low Supply Current . ...600xA max.
m GuaranteedCMRR . .......... ... 114 dB min.
m QuaranteedPSRR ............. .. 114 db min.
m Guaranteed Voltage Gain with 5mA

load current

APPLICATIONS

m Precision instrumentation

m Charge integrators

= Wide dynamic range logarithmic amplifiers
= Light meters

a Low frequency active filters

= Standard cell buffers

= Thermocouple amplifiers

Picoamp Input Current,
Microvolt Offset,
Low Noise Op Amp

DESCRIPTION

The LT1008 is a universal precision operational ampli-
fier which can be used in practically all precision ap-
plications. The LT1008 combines for the first time
picoampere bias currents (which are maintained over
the full —55°C to 125°C temperature range) microvolt
offset voltage (and low drift with time and tempera-
ture), low voltage and current noise, and low power
dissipation. Extremely high common-mode and power
supply rejection ratios, and the ability to deliver 5mA
load current with high voltage gain round out the
LT1008’s superb precision specifications.

The all around excellence of the LT1008 eliminates the
necessity of the time consuming error analysis proce-
dure of precision system design in many applications;
the LT1008 can be stocked as the universal precision
op amp.

The LT1008 is externally compensated with a single
capacitor for additional flexibility in shaping the fre-
quency response of the amplifier. It plugs into and up-
grades all standard LM108A/308A applications. For
an internally compensated version with even lower
offset voltage but otherwise similar performance see
the LT1012.

Input Amplifier for 4'2 Digit Voltmeter

TO 1V FULL SCALE
ANALOG TO DIGITAL
900k CONVERTER

100v * RATIO MATCH =.01%

1000V N This application requires low bias current and offset
10k e BRantey voltage, low noise, and low drift with time and
DECADE VOLTAGE DIVIDER temperature.

Input Bias Current vs Temperature

o
i3

o
o

UNDERCANCELLED UNIT

=}

i U I

OVERCANCELLED UNIT N
f]

e \\ \

|
o
o

INPUT BIAS CURRENT (pA)

—100
N

—-150
-5 -25 0 25 50 75 100 125

TEMPERATURE (°C)
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LT1008

ABSOLUTE MAXIMUM RATING

PACKAGE/ORDER INFORMATION

Supply Voltage. . ...................... +20V
Differential Input Current(Note 1)......... +10mA
InputVoltage ... ...t +20V
Output Short Circuit Duration. .......... Indefinite
Operating Temperature Range

LT1008M ................. —55°Cto 125°C

LT1008C ..o 0°C to 70°C
Storage Temperature Range

All Devices................ —65°C to 150°C
Lead Temperature (Soldering, 10 sec.). ... .. 300°C

e ORDER PART NO.
LT1008MH
LT1008CH
V—(CASE)
METAL CAN H PACKAGE
TOPVER LT1008CN8
COMP1 1 8 COMP2
—IN 2 7
+IN 3 6
V- 4 5
PLASTIC DIP N8 PACKAGE

GLECTRICHL CHHBHCTGBIS."CS Vs = =15V, Vgy = OV, T, = 25°C, unless otherwise noted.

LT1008M LT1008C
SYMBOL PARAMETER CONDITIONS MIN  TYP MAX MIN TYP MAX UNITS
Vos Input Offset Voltage 30 120 30 120 mi
Note 2 40 180 40 180 uV
Long Term Input Offset Voltage
Stability 0.3 0.3 wV/month
los Input Offset Current 30 100 30 100 pA
Note 2 40 150 40 150 pA
ls Input Bias Current +30 =100 +30  +100 pA
Note 2 +40 +150 +40 +150 pA
€n Input Noise Voltage 0.1Hz to 10Hz 0.5 0.5 uVp-p
n Input Noise Voltage Density fo = 10Hz (Note 3) 17 30 17 30 nVVvHz
fo = 1000Hz (Note 4) 14 22 14 22 nVVHz
in Input Noise Current Density fo = 10Hz 20 20 A/ VHz
AvoL Large Signal Voltage Gain Vour = =12V, R, = 10kQ 200 2000 200 2000 V/imV
Vour = =10V, R, = 2kQ 120 600 120 600 VimV
CMRR Common Mode Rejection Ratio Vom = +£13.5V 114 132 114 132 dB
PSRR Power Supply Rejection Ratio Vs = +2Vto +20V 114 132 114 132 dB
Input Voltage Range +13.5 +14.0 +13.5 +14.0 v
Vour Output Voltage Swing R, = 10kQ +13  +14 +13 +14 )
Slew Rate Cs = 30pF 0.1 0.2 0.1 0.2 V/usec
Is Supply Current Note 2 380 600 380 600 wA
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LT1008

€ELECTRICAL CHARACTERISTICS v, — - 15V, vy = 0V, 0°C < T, < 70°C for the LT1008C and

—55°C << Ty < 125°C for the LT1008M, unless otherwise noted.

LT1008M LT1008C
SYMBOL PARAMETER CONDITIONS MIN  TYP MAX MIN  TYP MAX UNITS
Vos Input Offset Voltage ® 50 250 40 180 uV
Note 2 [ 60 320 50 250 uV
Average Temperature Coefficient of
Input Offset Voltage ] 0.2 15 0.2 15 uV/°C
los Input Offset Current [ ] 60 250 40 180 pA
Note 2 [ 80 350 50 250 pA
Average Temperature Coefficient of
Input Offset Current [ 0.4 2.5 04 2.5 pA/°C
ls Input Bias Current ° +80 +600 +40 +180 pA
Note 2 [ +150 800 +50  +250 pA
Average Temperature Coefficient of
Input Bias Current [ 0.6 6.0 0.4 25 pA/°C
AvoL Large Signal Voltage Gain Vour = = 12V, R, = 10kQ ®| 100 1000 150 1500 V/mV
CMRR Common Mode Rejection Ratio Vem = +13.5V e 108 128 110 130 dB
PSRR Power Supply Rejection Ratio Vs = +2.5Vto +20V ®| 108 126 110 128 dB
Input Voltage Range @[ +135 +13.5 v
Vour Qutput Voltage Swing R = 10kQ ®[+13 +14 +13 =14 \
Is Supply Current [) 400 800 400 800 pA

The @ denotes the specifications which apply over the full operating temperature range.

Note 1: Differential input voltages greater than 1V will cause excessive current to flow through the input protection diodes uniess current fimiting

resistors are used.

Note 2: These specifications apply for +2V < Vg < +20V (+2.5V < Vg < 20V over the temperature range) and —13.5V << Vgy <13.5V (for

Vs = +15V).

Note 3: 10Hz noise voltage density is sample tested on every lot. Devices 100% tested at 10Hz are available on request.

Note 4: This parameter is tested on a sample basis only.

FREQUENCY COMPENSATION CIRCUITS

Standard Compensation Circuit

R1 R2

=Vin =Vin

+Viy +Vin
Cst*
I 100 pF
c** Co=30pF =
** BANDWIDTH AND SLEW RATE.ARE * IMPROVES REJECTION OF POWER
PROPORTIONAL TO 1/Cy SUPPLY NOISE BY A FACTOR OF 5.
** BANDWIDTH AND SLEW RATE ARE
PROPORTIONAL TO 1/Cs
FOR % > 200 NO EXTERNAL FREQUENCY COMPENSATION IS NECESSARY

Alternate* Frequency Compensation
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TYPICAL PERFORMANCE CHARACTERISTICS

Offset Voltage Drift vs Source Resistance Offset Voltage vs Source Resistance Input Bias Current Over.
& (Balanced or Unbalanced) (Balanced or Unbalanced) Common Mode Range
s 100 100 = 60
3 ;a Fa Vs = +15V
E [71 ITI 40 TA - ?500
2 7 s Vs = = 15V 7 z DEVICE WITH POSITIVE INPUT CURRENT
= // s T\ = 25°C 4 g P ‘
£ 10 —— &g 10 E 2 1
s — E T E Rivew =2 XI 1070
o 7 = |
g 7 7 5 S—— Z O [ DEVICE WITH NEGATIVE INPUT GURRENT
£ / £ 01 / 2 _x e e
& 1.0 [-MAXIMOM - e : = 5~ =
§ - % i 7 % Ig
5 7 v - 40 Ve
£ [TvcA 001 6
o 0.1 1k 10k 100k ™ 10M  100M -
E "1k 10k 100k 1M 10M  100M SOURCE RESISTANCE (OHMS -1 -10 -5 0 5 10 15
S SOURCE RESISTANCE (OHMS) (0HMS) COMMON-MODE INPUT VOLTAGE
Long Term Stability of Four Offset Voltage Drift with Temperature
; Warm-Up Drift © Representative Units . of Four Representative Units
é Vg = =15V 5 °
s= % 2 40
g’ Ty =25°C P j — = ™ —
S = — 2 P L
=) 3 § 2 % //
= el e =
2 B oo ~—1 £ o
w - |
K METAL CAN (H) PACKAGE ] = i — % o I
J— W — T~
S T DUALIN-UINE PACKAGE g S N~
z, PLASTIC (N) OR CERDIP (J)—| £-6 —a0 B
NaB ““
S -10 n 5 —60
o 1 2 3 4 5 0 e (MONT::{S) —50 25 0 25 50 75 100 125
TIME AFTER POWER ON (MINUTES) TEMPERATURE (°C)
0 Supply Current vs Supply Voltage . Output Short Circuit Current vs Time
v !
= g . —55°C
£5 1250
Kl 8 ¢
= ] s 125°C
-3
] 3
3 G e 0
25° 3
S -3
§ 125°C § N 25°c
? ~5C 22 BT
2 = —55°C
@ 12 T 1
300 ~15
0 £5V £V =15V £20V 1 2 3
SUPPLY VOLTAGE TIME FROM OUTPUT SHORT (MINUTES)
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TYPICAL PERFORMANCE CHARACTERISTICS

0.1Hz to 10Hz Noise

Ta=25°C
Vs+2V to +20V

s

NOISE VOLTAGE (400nV/DIVISION)

0 2 4 6 8 10
TIME (SECONDS)
Voltage Gain vs Fraquency
140
120 :§§
100 w‘
g \\cs = 10pF
=
= Cs = 100pF \c, = 3pF
g © C 3opt\\ J
=
= i \\‘
= N
] 3
0 |
HEEE
-20 . {—
00101 1 10 100 1k 10k 100k 1M 10M
FREQUENCY (Hz)
y Voltage Gain vs Load Resistance
M —55°C_|
’/ 25°C
= 1 °|
2wl
§ :,' = 125°CH
= 7 7
3 177
S yAivi
300k / //
Vs = =15V
Vo= =10V
100k LL
1 2 5 10 20
LOAD RESISTANCE (k)

" i

<

T

VOLTAGE NOISE DENSITY (nv/vV Hz
CURRENT NOISE DENISTY (fA/V Hz R

-

Gain, Phase Shift vs Frequency
o with Alternate Compensation

e

GAIN (dB)

]
S

3
3

@
oS

@
=3

N
oS

n
S

COMMON MODE REJECTION RATIO (dB)

=)

120

140

160

180

200

© Common Mode Rejection vs Frequency

100 Total Noise vs Source Resistance

 —

Ta-2°C AR

o

Vs = +2Vto =20V AT 1kHz é

e

e
_A

7
4

===

> 4

AT 10H‘

TOTAL NOISE DENSITY (uV/ VHz)

_s AT 1kHz RESISTOR NOISE
l'/4 ONLY

10 10 10° 10° 107 10°
SOURCE RESISTANCE (OHMS)

E OPERATIONAL AMPLIFIERS

Gain, Phase Shift vs Frequency
o with Standard (Feedback) Bumponsallon

GAIN (dB)

PHASE SHIFT (DEGREES)

TTT
e\
\c. 3t
120
GAIN '\ ® @
N G = 3pM\\ C=30pf|||
GAIN N <
- G, = 30p \ 1 g
NN :
160 &
<
\ :
PHASE MARGIN 0
T2 B Wik ¢ = 30pt N
x o
-5 lIs 60 200
01 1 10
FREQUENCY (MHz)

© Power Supply Rejection vs Frequency

NN

-
)
=3

3
3

@
S

NEGATIVE

N
NN
N\ suppLY

N
ZANN

=3
o

N
POSITIVE (Cs = 100pF N\ N
SUPPLY {01= 0p|?—~\ N

r
S

POWER SUPPLY REJECTION RATIO (dB)

N

T
Vs = =15V N
Ti‘= 25°C \ A\

1 10 100 1k 10k 100k 1M
FREQUENCY (Hz)

LY
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Slew Rate vs Compensation Capacitance

10 T — -
Large Signal Transient Response : = Large Signal Transient Response
SE=
| 1 I
g L] |
s I T
z ; 10 \\ Ty = 25°C §
= = Y\ Cs———+- =
S = \ — =
s 3 T~ ]
“ [ ] ;
0.1 | \l\! |
0 20 40 80 100

Ay = +1, Cs = 100pF, 20usec/DIV

Small Signal Transient Response

20mV/DIVISION
20mV/DIVISION

Ay = +1,Cs

100pF, Croap =

100pF, 5usec/DIV Ay = +1,Cs =

APPLICATIONS INFORMATION

Achieving Picoampere/Microvolt Performance

In order to realize the picoampere — microvolt level
accuracy of the LT1008, proper care must be exer-
cised. For example, leakage currents in circuitry exter-
nal to the op amp can significantly degrade
performance. High quality insulation should be used
(e.g. Teflon, Kel-F); cleaning of all insulating surfaces
to remove fluxes and other residues will probably be
required. Surface coating may be necessary to pro-
vide a moisture barrier in high humidity environments.

Board leakage can be minimized by encircling the in-
put circuitry with a guard ring operated at a potential
close to that of the inputs: in inverting configurations
the guard ring should be tied to ground, in non-invert-

COMPENSATION CAPACITOR (pF)

Small Signal Transient Response

100pF, Coap = 600pF, 5usec/DIV

Ay = +1,C

30pF, 20usec/DIV

Small Signal Transient Responss

20mV/DIVISION

Ay = +1, Cf = 30pF, Croap = 100pF, 5usec/DIV

ing connections to the inverting input at pin 2. Guard-
ing both sides of the printed circuit board is required.
Bulk leakage reduction depends on the guard ring
width. Nanoampere level leakage into the compensa-
tion terminals can affect offset voltage and drift with
temperature.

COMPENSATION

/\
1/

oUTPUT \ 7
6
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APPLICATIONS INFORMATION

Microvolt level error voltages can also be generated in
the external circuitry. Thermocouple effects caused by
temperature gradients across dissimilar metals at the
contacts to the input terminals can exceed the inher-
ent drift of the amplifier. Air currents over device leads
should be minimized, package leads should be short,
and the two.input leads should be as close together as
possible and maintained at the same temperature.

The LT1008 is specified over a wide range of power-
supply voltages from =2V to +18V. Operation with
lower supplies is possible down to + 1.0V (two Ni-Cad-
batteries).

Test Circuit for O!fset Voltage and its Drift with Temperature

R1
* 50k

AN
+15V

R2Z
10005 ™

R3

50k S * —18

= Vo = 1000 Vps

Noise Testing

The 0.1Hz to 10Hz peak-to-peak noise of the LT 1008 is
measured in the test circuit shown. The frequency re-
sponse of this noise tester indicates that the 0.1Hz
corner is defined by only one zero. The test time to
measure 0.1Hz to 10Hz noise should not exceed 10
seconds, as this time limit acts as an additional zero to
eliminate noise contributions from the frequency band
below 0.1Hz.

0.1Hz to 10Hz Noise Test Circuit

10Q

VOLTAGE GAIN

= =50,000

* LT1008 DEVICE UNDER TEST

NOTE: ALL CAPACITOR VALUES ARE FOR
NON—POLARIZED CAPACITORS ONLY. =

———\p

* RESISTORS MUST HAVE LOW

THERMOELECTRIC POTENTIAL

** THIS CIRCUIT IS ALSO USED AS THE BURN-IN

CONFIGURATION FOR THE LT1008, WITH SUPPLY
VOLTAGES INCREASED TO 20V, R1=R3=20k

R2=

2002, Ay=100.

A noise-voltage density test is recommended when
measuring noise on a large number of units. A 10Hz
noise-voltage density measurement will correlate well
with a 0.1Hz to 10Hz peak-to-peak noise reading since
both results are determined by the white noise and the
location of the 1/f corner frequency.

Current noise is measured in the circuit shown and
calculated by the following formula where the noise of
the source resistors is subtracted.

n 40MQ X 100

C_ [€%h0 — (820nV)]"

10k
AAA—

L €no

Rn=1M0

“oLT1008
110k Sl Ty

- * METAL
FILM

LY IR
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APPLICATIONS INFORMATION

Frequency Compensation

The LT1008 is externally frequency compensated with
a single capacitor. The two standard compensation
circuits shown on page 3 are identical to the LM108A/
308A frequency compensation schemes. Therefore,
the LT1008 operational amplifiers can be inserted di-
rectly into LM108A/308A sockets, with similar AC
and upgraded DC performance.

External frequency compensation provides the user
with additional flexibility in shaping the frequency re-
sponse of the amplifier. For example, for a voltage gain
of ten, and C; = 3pF, a gain bandwidth product of
5MHz and slew rate of 1.2V/usec can be realized. For
closed loop gains in excess of 200, no external com-
pensation is necessary, and slew rate increases to
4V/usec. The LT1008 can also be overcompensated
(i.e. Cs > 30pF or Cs > 100pF) to improve capacitive
load handling capability or to narrow noise band-

Inverter Feedforward Compensation

INPUT ‘——lvB/»—
10k

1000pF

* SOURCE RESISTANCE = 15k FOR STABILITY

width. In many applications, the feedback loop around
the amplifier has gain (e.g. logarithmic amplifiers);
overcompensation can stabilize these circuits with a
single capacitor.

The availability of the compensation terminals permits
the use of feedforward frequency compensation to en-
hance slew rate in low closed loop gain configurations.
The inverter slew rate is increased to 1.4V/usec. The
voltage follower feedforward scheme bypasses the
amplifier’s gain stages and slews at nearly 10V/ usec.

The inputs of the LT1008 are protected with back-to-
back diodes. Current limiting resistors are not used,
because the leakage of these resistors would prevent
the realization of picoampere level bias currents at ele-
vated temperatures. In the voltage follower configura-
tion, when the input is driven by a fast, large signal
pulse (> 1V), the input protection diodes effectively
short the output to the input during slewing, and a cur-
rent, limited only by the output short circuit protection
will flow through the diodes.

The use of a feedback resistor, as shown in the voltage
follower, feedforward diagram, is recommended be-
cause this resistor keeps the current below the short
circuit limit, resulting in faster recovery and settling of
the output.

2V/DIVISION

Susec/DIVISION

5V/DIVISION

5usec/DIVISION
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APPLICATIONS

INPUT ——AAA—

Logarithmic Amplifier

10k*

30pF

Q1A a1 124k% 5.1k
A AAAN—— + 15V
oLy 1
LT1004C
= * 12V

+ = TEL. LABS, TYPE Q81
* = 1%FILM RESISTOR
Q1 = 2N2979

Amplifier for Bridge Transducers

R5
56M
vt A
3((;31F
s1 (7 P
| 100k
R1
100k 3 R3_
510k
R4
510K
S2 2 < R2
100k (7 $ 100k
VOLTAGE GAIN
| 1 < 100
4
Amplifier For Photodiode Sensor
Ri
5M
1%
AAA—
2 P2
s1
by ——— OUTPUT
3
Vour = 10V/pA
R2
liv c1
1%

= Low bias current and offset voltage of the LT 1008 allow 4'. decades
of voltage input logging.

Saturated Standard Cell Amplifier
+15V

2N3609

+
—— 1018235V
1 SATURATED 1000pF

STANDARD
CELL M
#101 <
EPPLEY LABS SR1
NEWPORT, R.l.

The typical 30pA bias current of the LT1008 will degrade the standard
cell by only 1 ppm/year. Noise is a fraction of a ppm. Unprotected
gate MOSFET isolates standard cell on power down.

Five Decade Kelvin-Varley Divider Buffered by the LT1008

10V

100k
KELVIN-VARLEY —— OUTPUT

DIVIDER
ESI #DP311
00000 —
99999 + 1

1000pF

Approximate error due to noise, bias current, common-mode rejection,
voltage gain of the amplifier is 1/5 of a least significant bit.
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Extended Range Charge Pump Voltage to Frequency Convarter

+15V
—15V 22M

OPTIONAL
.01Hz TRIM

+15V

1.8 1000pF (POLYSTYRENE)

|
L

VOLTAGE
INPUT N

0-10V-

A
1A%

10k* 63.4k*

10k

LT1004C
1.2V

ALL DIODES
N4148 1}
* 1% METAL FILM RESISTOR

0.01Hz to 10kHz
FREQUENCY

OUTPUT

The LT1008 integrator extends low frequency range. Total
dynamic range is 0.01Hz to 10kHz (or 120dB) with 0.01% linearity.

Precision, Fast Settling, Low Pass Filter

INPUT ————

S
N
bemenccaced«d

= 1000pF
OPTO-M0S™

+15v

10k

OUTPUT

This circuit is useful where fast signal acquisition and
high precision are required, as in electronic scales.

FLTER GUT The filter's time constant is set by the 2KQ resistor

A afp N ADJUST and the 1uF capacitor until comparator #1 switches.
4 The time constant is then set by the 1.5MQ resistor
and the 1uF capacitor. Comparator #2 provides a

quick reset.
" QPTO-HOS SWITCH The circuit settles to a final value three times as fast as
THETA-J CORP. a simple 1.5MQ — 1uF filter, with almost no DC error.
256 LT HIEAR
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Fast Precision Inverters

10k *
INPUT

—15V

10k

1N4148 (4)

AAA
VWA

Ammeter With Six Decade Range

.

CURRENT INPUT

Q1, 02, 03, Q4, RCA CA3146 TRANSISTOR ARRAY.
CALIBRATION: ADJUST R1 FOR FULL SCALE
DEFLECTION WITH 1A INPUT CURRENT.

SLEW RATE @ 100V/xS

QFFSET VOLTAGE =
BIAS CURRENT = 30pA
*1% METAL FILM

SETTLING = 5,STO 01%/10 VOLT STEP

—15V

*1% METAL FILM

11v 270 8pF
el
10k* INPUT 10k™
VWA —AM —AAA
10k™*

10k 11

< r
10pF

1N4148
2N4393
@ 1l
|0r . +15V
B o 300p!
OUTPUT 15V 100?pF 2
I

n OPERATIONAL AMPLIFIERS

OUTPUT

FULL POWER BANDWIDTH = 2MHz

SLEW RATE = 50V/usec

SETTLING (10V STEP) =

10k
AM—— +15V

0.014F

METER

Ammeter measures currents from 100pA to 100uA
without the use of expensive high value resistors. Ac-
curacy at 100A is limited by the offset voltage be-
tween Q1 and Q2 and, at 100pA, by the inverting bias

current of the LT1008.

5490

5490

549

5490

’K’ LT 1004C—1.2

1245 70 0.01%
BIAS CURRENT DC = 30pA

OFFSET DRIFT = 0.3uV/°C

OFFSET VOLTAGE = 30uV

LY SR
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SCHEMATIC DIRGRAM

1 lcompensmow 8 | coMPENSATION e
. ’ 7 l
l
1.3 %3
268 2 s
an 030
A ) 20 N
D 29
o 8 022
N 1563
F—l 043
}A‘
e N W .l
[ kﬂ Q37
016 04 )
04 600
. ouTPUT
[ 6
13 }-y
7003
a1 023 3
W *3
—— 1.2 038
iy S -t
15 i‘J
50k 26 w
~INPUT " 22
] o N N
T {012
) o 033
210
EH ‘
+INPUT 16k
oY 018 N 019 035 ¥ o0
K o j
20 [
33 33k o ) |
4.3k 3.3k 3200 400
V- ™ 3300
‘ 4 [L ’ .
H Package J8 Package N8 Package
Metal Can 8 Lead Hermetic Dip 8 Lead Plastic
0379 0,0 s e s W e T e B e Ml s
0355 y 0 5 ] 7 T
030,
0308 0310 ozuo
0220 [:1
o 4 l 5 L] l
T HTY j" 006050
= 0.055 MAX ta— 0.040 MAX
po— 0.405 MAX ———={ 0;70
88;3"94-] — | [ ocoswn %60 v #» f— —f fe— 0.008 My 1osse
oo |1 [ o
W) | 0155 f )
0.150 / II\ 0.145 : j
0.200 0.060 i ‘ .‘__
o7 008 | . H o—g?. | oS :" d
I8 o

o0085¢: _“_clza
oo™

NOTE: DIMENSIONS IN INCHES UNLESS OTHERWISE NOTED.

00150 oo
500 TYP
0320 0008

0°-15° 0015,
X nooasc ooza 2 1ve 3_2L£ 0.008

NOTE: DIMENSIONS IN INCHES UNLESS OTHERWISE NOTED.
“LEADS WITHIN 0.007 OF TRUE POSITION (TP) AT GAUGE PLANE.

NOTE: DIMENSIONS IN INCHES *LEADS WITHIN 0.007 OF TRUE POSITION (TP) AT GAUGE PLANE
Timax CA Oic Timax N Timax 0
150°C | 150°C/wW | 45°C/wW 150°C | 100°C/W 100°C | 130°C/W
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FEATURES

= 20MHz Bandwidth

® 75V/us Slew Rate

® Drives = 10V into 75Q

® 5mA Quiescent Current

® Drives Capacitive Loads > 1uF

® Current and Thermal Limit

= Operates from Single Supply = 4.5V

APPLICATIONS

= Boost Op Amp Output

® |solate Capacitive Loads

= Drive Long Cables

2 Video Amplifiers

= Power Small Motors

® (Operate Proportional Actuators
= (Operational Power Supply

LT1010

Fast +150mA Power Buffer
DESCRIPTION

The LT1010 is a fast, unity-gain buffer that can increase
the output capability of existing IC op amps by more than
an order of magnitude. This easy-to-use part makes fast
amplifiers less sensitive to capacitive loading, reduces
thermal feedback in precision dc amplifiers and is recom-
mended for a wide range of fast and slow applications.

Designed to be incorporated within the feedback loop, the
buffer can isolate almost any reactive load. Internal
operating currents are essentially unaffected by supply or
output voltage, accounting for the 4.5V to 40V supply
voltage range with unchanged specifications. Single-
supply operation is also practical.

This monolithic IC is supplied in three standard power
packages: the solid kovar base TO-5 (T0-39), the steel
TO0-3 and the plastic T0-220. These low thermal resist-
ance packages are an aid in reducing operating junction
temperatures. With the T0O-3 and T0-220 packages, an
option is available to raise quiescent current and improve
speed.

In the TO-39 package, the LT1010 can sometimes
replace the hybrid LH0002. With the exception of speed it
exceeds key specifications and fault protection is vastly
better. Further, the lower thermal resistance package and
higher maximum operating temperature of the new
monolithic circuit allow more usable output.

Isolating Capacitive Loads

4
LT118A

Pulse Response

I | T
€y =0.068uF

. \
; /\ 0.33,F
_5 \ |

\Y%

0 50 100 150 200
TIME (i)

OUTPUT VOLTAGE (V)

2-59

n OPERATIONAL AMPLIFIERS



LT1010

ABSOLUTE MAXIMUM RATINGS

PACKAGE/ORDER INFORMATION

Total SupplyVoltage ..................... +22V ORDER PART
Continuous QutputCurrent.. . ............ + 150mA somw viEw NUMBER
Continuous Power Dissipation (Note 1) INPUT
LTI0TOMK .+« oo 5.0W < >v . LT1010MK
LT1010CK . ..o 4.0W o LT1010CK
LT1010CT 4.0W o L2 e
T Oy 3. o L e
LTI010CH ... ... 2.5W
Input Current(Note2) .................. +40mA ooy VIEw
Operating Junction Temperature
LT1I010M .. ...l —55°C10150°C NPT ouTUT LT1010MH
LT1010C . ........... ... . ..... 0°Cto125°C LT1010CH
Storage Temperature. .......... —65°Cto150°C =
Lead Temperature (Soldering, 10sec.). .. ... .. 300°C KOVAR BASE T0-30 PACKAGE
V- FRONT VIEW
PRECONDITIONING i .
100% Thermal Limit Burn In O —— RFJ:AB)
_of
PLASTIC T0-220 PACKAGE
ELGC'"“CHL CHﬂnnCTGRISTICS (See Note 3. Typical values in curves)
LT1010M LT1010C
SYMBOL PARAMETER CONDITIONS (NOTE 3) MN  MAX MIN MAX UNITS
Vos Output Offset Voltage Note 3 20 110 0 150 mv
° -10 220 —-20 220 mv
Vg=£15V, Vjy=0 40 20 100 mv
Ig Input Bias Current loyr=0 0 150 0 250 uA
loyr < 150mA 0 250 0 500 pA
° 0 300 0 800 A
Ay Large Signal Voltage Gain ) 0.995 1.00 0.995 1.00 V/V
Rout Output Resistance lour= = 1mMA 6 9 5 10 Q
loyr= = 150mA 6 9 5 10 Q
° 12 12 Q
Slew Rate Vg= =15V, Vjy= =10V
Vour= =8V, R, =1009 75 75 V/ s
Vaos Positive Saturation Offset Note 4, loyr=0 1.0 1.0 v
° 1.1 1.1 v
Vsos Negative Saturation Offset Note 4, lgyr=0 0.2 0.2 v
° 0.3 0.3 v
Rsar Saturation Resistance Note 4, lgyr= = 150mA 18 22 Q
° 24 28 Q
VBias Bias Terminal Voltage Note 5, Rgjas =209 750 810 700 840 mv
° 560 925 560 880 mv
Is Supply Current lour=0, Igas=0 8 9 mA
° 9 10 mA
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Note 1: For case temperatures above 25°C, dissipation must be derated
based on a thermal resistance of 25°C/W with the K and T packages or
40°C/W with the H package. See applications information.

Note 2: In current limit or thermal limit, input current increases sharply
with input-output differentials greater than 8V; so input current must be
limited. Input current also rises rapidly for input voltages 8V above V *
or 0.5V below V™.

Note 3: Specifications apply for 4.5V <Vg <40V, V™ +0.5V<Vy =<
V*—1.5V and lgyr=0, unless otherwise stated. Temperature range is
—55°C <T;=150°C, Tg=125°C, for the LT1010M and 0°C <T;=<125°C,
Te=100°C, for the LT1010C. The @ denotes the specifications that
apply over the full temperature range.

Note 4: The output saturation characteristics are measured with 100mV
output clipping. See applications information for determining available
output swing and input drive requirements for a given load.

Note 5: With the TO-3 and T0-220 packages, output stage quiescent
current can be increased by connecting a resistor between the bias pin
and V*. The increase is equal to the bias terminal voltage divided by this
resistance.

TYPICAL PERFORMANCE CHARACTERISTICS

ﬂ OPERATIONAL AMPLIFIERS

Bandwidth Phase Lag Phase Lag
50 50 7 50 77
R =2000 / / /
40 — y
P & / / z /
g ~ g /| g
= 30 ,/ & 2 & 2
g 500 // o RL=50X/ =
5 S s / @ AL=502 A1 | /o0
z g / 2000 s /] 2000
2 1 w
2 20 Y ‘0'1" 172} / /
g e ES / z
& 10 ~ & 10 711/
Viy=100mVpp 7 V- Cy=100pF 4 4 Cy=100pF
10 Cy=100pF 7 Rg=500 /1 1/ Rg =500
Mo S AL R =200
0 L 5 / U 5 / Tj=25°C
0 10 20 30 4 2 5 10 20 2 5 10 20
QUIESCENT CURRENT (mA) FREQUENCY (MHz) FREQUENCY (MHz)
Small-Step Response Output Impedance Capacitive Loading
150 r 100 10
Ri=1000 laias=0 Rg =500
Tj=25°C Tj=25°C lgias =0
100 [ 7 Tj=25°C
— N\
— =] M
£ 50 / o / g o ~ P A
w =
g 8 { S N 100 F\
E of—meur ouTPUT £ / 3 N A
e = 2 \
2 2 = \
5-50 E S-10 3nF
=1 ; iy
—100 m
—150 1.0 -2
0 10 20 30 0.1 1. 10 100 0.1 1.0 10 100
TIME (ns) FREQUENCY (MHz) FREQUENCY (MHz)
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TYPICAL PERFORMANCE CHRRACTERISTICS

Slew Response

2 Vg= %15V

15
f<1MHz POSITIVE

/]

BIAS =0

o

v

1
y

OUTPUT VOLTAGE (V)
o
™\

NEGATIVE

|
=)

o

Rpias =200
|

~15

-20
—-50 0 50

100
TIME (ns)

150 200 250

Output Offset Voltage
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TYPICAL PERFORMANCE CHARACTERISTICS

H OPERATIONAL AMPLIFIEAS
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General

These notes briefly describe the LT1010 and how it is used;
a detailed explanation is given elsewhere.* Emphasis here
will be on practical suggestions that have resulted from
working extensively with the part over a wide range of con-
ditions. A number of applications are also outlined that
demonstrate the usefulness of the buffer beyond that of
driving a heavy load.

Design Concept

The schematic below describes the basic elements of the
buftfer design. The op amp drives the output sink tran-
sistor, Q3, such that the collector current of the output
follower, Q2, never drops below the quiescent value
(determined by 11 and the area ratio of D1 and D2). As a
result, the high frequency response is essentially that of a
simple follower even when Q3 is supplying the load cur-
rent. The internal feedback loop is isolated from the ef-
fects of capacitive loading by a small resistor in the output
lead.

v+

INPUT

—— OUTPUT

V-

The scheme is not perfect in that the rate of rise of sink
current is noticeably less than for source current. This
can be mitigated by connecting a resistor between the
bias terminal and V*, raising quiescent current. A
feature of the final design is that the output resistance is
largely independent of the follower quiescent current or
the output load current. The output will also swing to the
negative rail, which is particularly useful with single-
supply operation.

*R. J. Widlar, “‘Unique IC Buffer Enhances Op Amp Designs; Tames Fast
Amplifiers’’, Linear Technology Corp. TP-1, April, 1984.

Equivalent Circuit

Below 1MHz, the LT1010 is quite accurately represented
by the equivalent circuit shown here for both small and
large signal operation. The internal element, A1, is an
idealized buffer with the unloaded gain specified for the
LT1010. Otherwise, it has zero offset voltage, bias cur-
rentand output resistance. Its output also saturates to the
internal supply terminals.t

v+

OUTPUT

R’

Vsos
T

=

R’ =Rgar —Rout

Loaded voltage gain can be determined from the un-
loaded gain, Ay, the output resistance, Rout, and the
load resistance, R, using

AvRL
"= Rout+RL’
Maximum positive output swing is given by
Vour (V7 Veos) e i3
Rsat +RL
The input swing required for this output is

R
Vit =Vour <1 + ——;—ELJI> —Vos + AVos,

where AVps is the 100mV clipping specified for the
saturation measurements. Negative output swing and in-
put drive requirements are similarly determined.

1 See electrical characteristics section for guaranteed limits.
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Supply Bypass

The buffer is no more sensitive to supply bypassing than
slower op amps, as far as stability is concerned. The
0.1uF disc ceramic capacitors usually recommended for
op amps are certainly adequate for low frequency work.
As always, keeping the capacitor leads short and using a
ground plane is prudent, especially when operating at
high frequencies.

The buffer slew rate can be reduced by inadequate sup-
ply bypass. With output current changes much above
100mA/ps, using 10uF solid tantalum capacitors on
both supplies is good practice, although bypassing from
the positive to the negative supply may suffice.

When used in conjunction with an op amp and heavily
loaded (resistive or capacitive), the buffer can couple into
supply leads common to the op amp causing stability
problems with the overall loop and extended settling time.
Adequate bypassing can usually be provided by 10uF
solid tantalum capacitors. Alternately, smaller capacitors
could be used with decoupling resistors. Sometimes the
op amp has much better high frequency rejection on one
supply, so bypass requirements are less on this supply.

Power Dissipation

In many applications, the LT1010 will require heat sink-
ing. Thermal resistance, junction to still air is 150°C/W
for the T0-39 package, 100°C/W for the T0-220 pack-
age and 60°C/W for the TO-3 package. Circulating air, a
heat sink or mounting the package to a printed circuit
board will reduce thermal resistance.

In dc circuits, buffer dissipation is easily computed. In ac
circuits, signal waveshape and the nature of the load
determine dissipation. Peak dissipation can be several

times average with reactive loads. It is particularly impor-
tant to determine dissipation when driving large load
capacitance.

With ac loading, power is divided between the two output
transistors. This reduces the effective thermal resist-
ance, junction to case, to 30°C/W for the T0-39 package
and 15°C/W for the TO-3 and T0-220 packages, as long
as the peak rating of neither output transistor is ex-
ceeded. The typical curves indicate the peak dissipation
capabilities of one output transistor.

Overload Protection

The LT1010 has both instantaneous current limit and
thermal overload protection. Foldback current limiting
has not been used, enabling the buffer to drive complex
loads without limiting. Because of this, it is capable of
power dissipation in excess of its continuous ratings.

Normally, thermal overload protection will limit dissipation
and prevent damage. However, with more than 30V
across the conducting output transistor, thermal limiting
is not quick enough to insure protection in current limit.
The thermal protection is effective with 40V across the
conducting output transistor as long as the load current is
otherwise limited to 150maA.

Drive Impedance

When driving capacitive loads, the LT1010 likes to be
driven from a low source impedance at high frequencies.
Certain low power op amps (e.g., the LM10) are marginal
in this respect. Some care may be required to avoid
oscillations, especially at low temperatures.

Bypassing the buffer input with more than 200pF will
solve the problem. Raising the operating current also
works, but this cannot be done with the T0-39 package.
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Parallel Operation

v+

/i '1.3

LT1010 Vour

l\ l Algyr
A2

LT1010
l'sﬂ\'our

Vin =4

Is—Aloyr

V-

Parallel operation provides reduced output impedance,
more drive capability and increased frequency response
under load. Any number of buffers can be directly
paralleled as long as the increased dissipation in in-
dividual units caused by mismatches of output resistance
and offset voltage is taken into account.

When the inputs and outputs of two buffers are con-
nected together, a current, Algut, flows between the
outputs:

Alout = Vos1 —Vos2
Rout1 +Rout2’

where Vs and Rour are the offset voltage and output
resistance of the respective buffers.

Normally, the negative supply current of one unit will
increase and the other decrease, with the positive supply
current staying the same. The worst-case (Vin—V* ) in-
crease in standby dissipation can be assumed to be
Alout V7, where V7 is the total supply voltage.

Offset voltage is specified worst-case over a range of supply
voltages, input voltage and temperature. It would be
unrealistic to use these worst-case numbers above because
paralleled units are operating under identical conditions.
The offset voltage specified for Vs = =15V, ViN =0 and
Ta =25°C will suffice for a worst-case condition.

Output load current will be divided based on the output
resistance of the individual buffers. Therefore, the available
output current will not quite be doubled unless output
resistances are matched. As for offset voltage above, the
25°C limits should be used for worst-case calculations.

Parallel operation is not thermally unstable. Should one unit
get hotter than its mates, its share of the output and its
standby dissipation will decrease.

As a practical matter, parallel connection needs only some
increased attention to heat sinking. In some applications, a
few ohms equalization resistance in each output may be
wise. Only the most demanding applications should require
matching, and then just of output resistance at 25°C.

Isolating Capacitive Loads

R

Rg 20k
Vi —AAA— AAA—
—LCI
100pF
A2
LT1010 — Vour
—
I

The inverting amplifier above shows the recommended
method of isolating capacitive loads. Non-inverting
amplifiers are handled similarly.

At lower frequencies, the buffer is within the feedback loop
s0 that its offset voltage and gain errors are negligible. At
higher frequencies, feedback is through Cs, so that phase
shift from the load capacitance acting against the buffer out-
put resistance does not cause loop instability.

Stability depends upon the R¢C: time constant, or the
closed loop bandwidth. With an 80kHz bandwidth, ring-
ing is negligible for CL =0.05xF and damps rapidly for
CL=0.3uF.

2-66

Ly



LT1010

APPLICATIONS INFORMATION

Small signal bandwidth is reduced by Ct, but con-
siderable isolation can be obtained without reducing it
below the power bandwidth. Often, a bandwidth reduc-
tion is desirable to filter high frequency noise or unwanted
signals.

The follower configuration is unique in that capacitive
load isolation is obtained without a reduction in small
signal bandwidth, although the output impedance of the
buffer comes into play at high frequencies. The precision
unity-gain buffer above has a 10MHz bandwidth without
capacitive loading, yet it is stable for all load capacitance
to over 0.3uF, again determined by R¢Cs.

“This is a good example of how fast op amps can be made
quite easy to use by employing an output buffer.

Integrator

A low pass amplifier can be formed just by using large Ct -

in the inverter described earlier, as long as the increasing
closed loop output impedance above the cutoff frequency
is not a problem and the op amp is capable of supplying
the required current at the summing junction.

Cy
11
1

S Rt
> 20k

O AAA

— Vour

|
o
t=}
t=3
b=
-

If the integrating capacitor must be driven from the buffer
output, the circuit above can be used to provide capaci-
tive load isolation. As before, the stability with large
capacitive loads is determined by RiCs.

Wideband Amplifiers

This simple circuit provides an adjustable gain video
amplifier which will drive 1V p-p into 75%. The differential
pair provides gain, with the LT1010 serving as an output
stage. Feedback is arranged in the conventional manner,
although the 68uf —0.01 combination limits DC gain to
unity for all gain settings. For applications sensitive to
NTSC requirements, dropping the 25Q output stage bias
value will aid performance.

w
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H—AAA
I—w
o
o

This shows the buffer being used with a wideband amplifier
that is not unity-gain stable. In this case, C1 cannot be used
to isolate large capacitive loads. Instead, it has an optimum
value for a limited range of load capacitances.

The buffer can cause stability problems in circuits like
this. With the TO-3 and T0-220 packages, behavior can
be improved by raising the quiescent current with a 20Q
resistor from the bias terminal toV* . Alternately, devices
in the T0-39 package can be operated in parallel.

It is possible to improve capacitive load stability by
operating the buffer class-A at high frequencies. This is
done by using quiescent current boost and bypassing the
bias terminal to V= with more than 0.02uF.

R2
1.6k

AAA
Wy

OUTPUT

Putting the buffer outside the feedback loop as shown
here will give capacitive load isolation, with large output

capacitors only reducing bandwidth. Buffer offset, re-
ferred to the op amp input, is divided by the gain. If the
load resistance is known, gain error is determined by the
output resistance tolerance. Distortion is low.

R3
800

‘v‘v‘v
ol
- R4
At A2 39
INPUT HA2625 LT1010
C

7 = lr_-
v

OTHER
SLAVES

n
=1
°
=
|
1

OUTPUT 1

OUTPUT 2

The 509 video line splitter shown here puts feedback on
one buffer, with the others slaved. Offset and gain ac-
curacy of slaves depend on their matching with master.

When driving long cables, including a resistor in series
with the output should be considered. Although it
reduces gain, it does isolate the feedback amplifier from
the effects of unterminated lines which present a reso-
nant load.

When working with wideband amplifiers, special atten-
tion should always be paid to supply bypassing, stray
capacitance and keeping leads short. Direct grounding of
test probes, rather than the usual ground lead, is ab-
solutely necessary for reasonable results.

The LT1010 has slew limitations that are not obvious from
standard specifications. Negative slew is subject to
glitching, but this can be minimized with quiescent cur-
rent boost. The appearance is always worse with fast rise
signal generators than in practical applications.

2-68

LY



LT1070

APPLICATIONS INFORMATION

Track and Hold

The 5MHz track and hold shown here has a 400kHz
power bandwidth driving ==10V. A buffered input
follower drives the hold capacitor, C4, through Q1, a low
resistance FET switch. The positive hold command is
supplied by TTL logic, with Q3 level shifting to the switch
driver, Q2. The output is buffered by A3.

When the gate is driven to V™~ for HOLD, it pulls charge
out of the hold capacitor. A compensating charge is put
into the hold capacitor through C3. The step into hold is
made independent of the input level with R7 and adjusted
to zero with R10.

K
*
r
* Q3
_ 2N2907 Q2
HoLD 2N2222
4& R6
L S«

Since internal dissipation can be quite high when driving
fast signals into a capacitive load, using a buffer in a
power package is recommended. Raising buffer quies-
cent current to 40mA with R3 improves frequency
response.

This circuit is equally useful as a fast acquisition sample
and hold. An LF156 might be used for A3 to reduce drift
in hold because its lower slew rate is not usually a prob-
lem in this application.

OUTPUT

*2N2369 EMITTER BASE JUNCTION

LY LN
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Current Sources
R1 R2 R2(V,—V
100k 100k tour="2= )
0.01% 0.01%
V1A~ A
R4
10
A2 P
LT1010 Wy lour
R3
100k
0.01%
4V‘VA' AV‘V‘v

A standard op amp voltage to current converter with a
buffer to increase output current is shown here. As usual,
excellent matching of the feedback resistors is required to
get high output resistance. Output is bi-directional.

| Vin
OUT= oRT

VWA~ lout

This circuit uses an instrumentation amplifier to eliminate
. the matched resistors. The input is not high impedance
and must be driven from a low impedance source like an
op amp. Reversal of output sense can be obtained by
grounding pin 7 of the LM163 and driving pin 5.

Output resistances of several megohms can be obtained
with both circuits. This is impressive considering the
+150mA output capability. High frequency output
characteristics will depend on the bandwidth and slew
rate of the amplifiers. Both these circuits have an
equivalent output capacitance of about 30nF.

Voltage Regulator

v+

LT1010

Although it operates from a single supply, this circuit will
regulate voltage down to 200mV. It will also source or
sink current.

The ability of the circuit to handle capacitive loads is
determined by R3and C1. The values given are optimized
for up to 1xF output capacitance, as might be required for
an IC test supply.

The purpose of C1 is to lower the drive impedance to the
buffer as discussed earlier. It is, incidentally, important to
connect pin 4 of the LM10 and the bottom of R2 to a com-
mon ground point to avoid ground loop problems.

Voltage/ Current Regulator

OUTPUT

AAA
Vv
on
o=
X

P4
$ 90.8
{o1%

i—AAA
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This circuit regulates the output voltage at Vy until the
load current reaches a value programmed by V). For
heavier loads, it is a precision current regulator.

With output currents below the current limit, the current
regulator is disconnected from the loop by D1, with D2
keeping its output out of saturation. This output clamp
enables the current regulator to get control of the output
current from the buffer current limit within a microsecond
for an instantaneous short.

In the voltage regulation mode, A1 and A2 act as a fast
voltage follower using the capacitive load isolation tech-
nique described earlier. Load transient recovery as well
as capacitive load stability are determined by C1.
Recovery from short circuit is clean.

Bi-directional current limit can be obtained by adding
another op amp connected as a complement to A3.

Supply Splitter

v+
R Y
I—O,lpF

C2

T 0.014F
=

Dual supply op amps and comparators can be operated
froma single supply by creating an artificial ground at half
the supply voltage. The supply splitter shown here can
source or sink 150mA.

The output capacitor, C2, can be made as large as neces-
sary to absorb current transients. An input capacitor is
also used on the buffer to avoid high frequency instability
that can be caused by high source impedance.

Overload Clamping

The input of a summing amplifier is at virtual ground as
long as it s in the active region. With overloads, this is no
longer true, unless the feedback is kept active.

This schematic shows a chopper stabilized current to
voltage converter. It is capable of 10pA resolution, yet is
able to keep the summing node under control with over-
load currents to +150mA.

Vour

IlN
-L c1 D1
T 2.24F Y~ 1N457

During normal operation, D3 and D4 are not conducting;
and R1 absorbs any leakage current from the zener
clamps, D6and D7. In overioad, current is supplied to the
summing node through the zener clamps, rather than the
scaling resistor, R2.
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DEFINITION OF TERMS

Output Offset Voltage: The output voltage measured with
reference to the input.

Input Bias Current: The current out of the input terminal.

Large Signal Voltage Gain: The ratio of the output voltage
change to the input voltage change over the specified in-
put voltage range.*

Output Resistance: The ratio of the change in output
voltage to the change in load current producing it.*

Output Saturation Voltage: The voltage between the out-
put and the supply rail at the limit of the output swing
toward that rail.

Saturation Offset Voltage: The output saturation voltage
with no load.

Saturation Resistance: The ratio of the change in output
saturation voltage to the change in current producing it,
going from no load to full load. *

Slew Rate: The average time rate of change of output
voltage over the specified output range with an input step
between the specified limits.

Bias Terminal Voltage: The voltage between the bias ter-
minal and V*.

Supply Current: The current at either supply terminal
with no output loading.

*Pulse measurements ( ~ 1ms) as required to minimize thermal effects.

SCHGmﬂTlc DlﬂGﬂﬂm (excluding protection

circuits)

M b
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T0-39 Type Metal Can T0-3 Type Metal Can (Steel)
H Package K Package

0350-0.370 (38.69-39.39)
68203 |
DA

0.305-0.335 0 760-0.775

0.165-0.195 —™ FTT—pee 0273-0.293 " f930-19.69)
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|
i T SEATING
oo (1 I F e
12.70
i I: D n\oma —0019 0067
y 10406045 0.420 1 0.038-0.043 (1.701)
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(5.080) DIA
P | 0100 1.177-1.197)
= z50) (29.69-30.40)
0.655-0.675

(16.64—17.14)
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011 o
{@.495)
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(11.94)
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DEVICE | TymAx)| ©uc 0525
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LT1010C | 125°C | 25°C/W
T0-220 Type Plastic
T Package
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0.100-0.120 {@318=4572) ~
0.570-0.610 0.147-0.151 (2.540-3.048) 0.045-0.05
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Ot ; j
0.460-0.500
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0.170-0 180
{@318-4572)
0.327-0.335
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FERTURES

Internally Compensated

35uV max.

100pA max.
600pA max.

1.5uV/°C max.

m Guaranteed Offset Voltage
m Guaranteed Bias Current
25°C

—55°C to 125°C
m Guaranteed Drift
= 0.1Hz to 10Hz
m Guaranteed Low Supply Current
m (Guaranteed CMRR
m Guaranteed PSRR
m Guaranteed Voltage Gain with 5mA

load current

APPLICATIONS

= Precision instrumentation
m Charge integrators

= Wide dynamic range logarithmic amplifiers
m Light meters

m | ow frequency active filters

= Standard cell buffers
m Thermocouple amplifiers

0.5.Vp-p
600.A max.
114 dB min.
114 db min.

nl ’\D LT1012

Picoamp Input Current,
Microvolt Offset,
Low Noise Op Amp

DESCRIPTION

The LT1012 is an internally compensated universal
precision operational amplifier which can be used in
practically all precision applications. The LT1012
combines picoampere bias currents (which are main-
tained over the full —55°C to 125°C temperature
range), microvolt offset voltage (and low drift with time
and temperature), low voltage and current noise, and
low power dissipation. Extremely high common-mode
and power supply rejection ratios, practically unmea-
surable warm-up drift, and the ability to deliver 5mA
load current with a voltage gain of a million round out
the LT1012’s superb precision specifications.

The all around excellence of the LT1012 eliminates the
necessity of the time consuming error analysis proce-
dure of precision system design in many applications;
the LT1012 can be stocked as the universal internally
compensated precision op amp.

For an externally compensated version with additional
flexibility in shaping the frequency response of the
amplifier, but otherwise similar performance, see the
LT1008.

+10V

Kelvin-Sensed Platinum Temperature Sensor Amplifier

Ry
182K

Offset Voltage vs Source Resistance

Re g

100K

Positive feedback (R) linearizes the in-
herent parabolic nonlinearity of the
platinum sensor and reduces errors
from 1.2°C to 0.004°C over the

—50°C to 150°C range.

_L Trim R at 0°C for Vo = OV
Ry at 100°C for Vo = 10V

Ry at 50°C for Vo = 5V
in the order indicated

REFERENCE & R Sk (Balanced or Unbalanced)
o S 5K
ORI - BEM 3 654K 1000 = — i
A A SRy = «» i T —
1K 24.3K [} . T 7 —
+20V S T ; ] I /
. 2
8- L E 100 | | L
< : =l
* S5k o LTi012 & = T -
r=F——1 4 3l Vour = 100mV/°C = ——5510 125°C—=~= V4
RDSEMUUNT' “00e T T 4 —50°C to +150°C g ‘\[ ! i ,/
785 | Rgg100% | 5 25°C_A1
R | st —15V & 10 —
39K EQUNALENT Tocc | o0k i
— 15V —AMN———————0——¢ : !
. L_p 1 *WIRE WOUND RESISTORS 5 . — Vs — =15V
ALL OTHER RESISTORS: g | | !
1% METAL FILM ; ! 1

1k 3k 10k 30k 100k 300k 1M 3M 10M
SOURCE RESISTANCE (OHMS)

LY R
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LT1012

ABSOLUTE MAXIMUM RATING

SupplyVoltage. ....................... +20V
Differential Input Current (Note 1)......... + 10mA
InputVoltage . ........................ +20V
Output Short Circuit Duration. .......... Indefinite
Operating Temperature Range

LT1I012M . ..o —55°C t0 125°C

LT1012C ...l 0°Cto 70°C
Storage Temperature Range

All Devices................. —65°C to 150°C
Lead Temperature (Soldering, 10 sec.). .. ... 300°C

PACKAGE/ORDER INFORMATION

ToP VEW ORDER PART
NO.

LT1012MH
LT1012CH

o o Y LT1012CN8

=-IN 2 7 V+

+IN 3 6 ouT

cl Pem

GLGCTBICHL CHﬂﬂﬂCTGBISTICS Vs = =15V, Vgy = OV, T, = 25°C, unless otherwise noted.

LT1012M LT1012¢

SYMBOL PARAMETER CONDITIONS MIN TYP MAX MIN  TYP MAX UNITS
Vos Input Offset Voltage 8 35 10 50 my
Note 2 20 90 25 120 uV

Long Term Input Offset Voltage
Stability 0.3 0.3 «V/month
los Input Offset Current 15 100 20 150 pA
Note 2 25 150 30 200 pA
Ip Input Bias Current +25 =100 +30 =150 pA
Note 2 +35 +150 +40  +200 pA
€y Input Noise Voltage 0.1Hz to 10Hz 0.5 0.5 ©Vp-p
en Input Noise Voltage Density fo = 10Hz (Note 3) 17 30 17 30 nVVHz
fp = 1000Hz (Note 4) 14 22 14 22 nV VHz
in Input Noise Current Density fo = 10Hz 20 20 A/ VHz
AvoL Large Signal Voltage Gain Vour = +12V, R, = 10kQ 300 2000 200 2000 V/imV
Vour = +10V, R, = 2kQ 200 1000 120 1000 V/mV
CMRR Common Mode Rejection Ratio Vem = =13.5V 114 132 110 132 dB
PSRR Power Supply Rejection Ratio Vs = =2V to +20V 114 132 110 132 dB
Input Voltage Range +135 +14.0 +13.5 +140 Vv
Vour Output Voltage Swing R, = 10kQ +13  +14 +13 =14 v
Slew Rate 0.1 0.2 0.1 0.2 V/usec
Ig Supply Current Note 2 380 600 380 600 wA
2'76 L’ IﬁEIC[]NOLOGJ Yt



LT1012

€ELECTRICAL CHARACTERISTICS Vo =, 15U Vo ~ O 0°C < Ty < TO°C o e 710128 and

< Tp < 125°C for the LT1012M, unless otherwise noted.

n OPERATIONAL AMPLIFIERS

LT1012M L1012
SYMBOL PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX UNITS
Vos Input Offset Voltage [ ] 30 180 20 120 uV
Note 2 [ 40 250 30 200 n
Average Temperature Coefficient of
Input Offset Voltage [ 0.2 1.5 0.2 1.5 uV/°C
los Input Offset Current [ ] 30 250 20 230 pA
Note 2 [ 70 350 40 300 pA
Average Temperature Coefficient of
Input Offset Current o 0.3 2.5 0.3 2.5 pA/°C
lg Input Bias Current [} +80 +600 +35  +230 pA
Note 2 (] +150 800 +50  +300 pA
Average Temperature Coefficient of
Input Bias Current [J 0.6 6.0 0.3 2.5 pA/°C
AvoL Large Signal Voltage Gain Vour = = 12V, R = 10kQ ®| 150 1000 150 1500 V/mV
Vour = += 10V, R = 2kQ ®| 100 600 100 800 V/mV
CMRR Common Mode Rejection Ratio Vom = *£13.5V ®| 108 128 108 130 dB
PSRR Power Supply Rejection Ratio Vg = +2.5Vto +20V @ 108 126 108 128 dB
Input Voltage Range ®| +135 +13.5 \
Vour Output Voltage Swing R, = 10kQ @13 +14 +13 +14 \i
Is Supply Current ° 400 800 400 800 7.

The @ denotes the specifications which apply over the full operating temperature range.

Note 1: Differential input voltages greater than 1V will cause excessive current to flow through the input protection diodes unless limiting resistance is
used.

Note 2: These specifications apply for 2V < Vg
Vg = +15V).

Note 3: 10Hz noise voltage density is sample tested on every lot. Devices 100% tested at 10Hz are available on request.
Note 4: This parameter is tested on a sample basis only.

< +20V (£2.5V < Vg < 20V over the temperature range) and —13.5V < Vgy <13.5V (for

Optional Offset Nulling and

lulling an Input offset voltage can be adjusted
Over-Compensation Circuits

over a +800uV range with a 5k to
v 100k potentiometer.

The LT1012 is internally compensated
for unity gain stability. The over-com-
pensation capacitor, Cs, can be used to
improve capacitive load handling ca-
pability, to narrow noise bandwidth, or

I to stabilize circuits with gain in the
T feedback loop.

5to 100k

L] TECHNOLOGV
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LT1012

TYPICAL PERFORMANCE CHARACTERISTICS

Typical Distribution of
. Input Offset Voltage

e ——r
1140 UNITS . Vs= =1V
FROM THREE Tp=25°C
160 RUNS Veu = OV
1
= 120
'8
5 i
[
8
e 8
=2
=z
40

—-40 —20 0 20 40
INPUT OFFSET VOLTAGE (MICROVOLTS)

Input Bias Current vs Temperature

100
—

50
\ UNDERCANCELLED UNI

|
OVERCANCELLED UNIT- ‘\

—-50 N

INPUT BIAS CURRENT (pA)

—100

—150

-50 -25 0 25 50 75 100 125

TEMPERATURE (°C)

Warm-Up Drift

pd DUAL-IN-LINE PACKAGE
1 PLASTIC (N) OR CERDIP (J)—

I

5
=

S Vs = =15V

g4 Ty = 25°

E

&8 3

g

=

8 2 METAL CAN (H) PACKAGE ™|
&

=

¢

S

o

0 1 2 3 4 5
TIME AFTER POWER ON (MINUTES)

INPUT BIAS CURRENT (pA)

NUMBER OF UNITS

160 -

120

80

40

60

)

20

0

-20

- 40

-60

|

|

|
0‘

Typical Distribution of
Input Bias Current

T T T T T

| Vg= +15V _| | 1020 UNITS j
Ty =25°C \py | FROM THREE
Var =0V | |H T RUNS

]
1 (

S SR S

—60 0 60 120
INPUT BIAS CURRENT (PICOAMPS)

—120

Input Bias Current Over
Common Mode Range
= +15V |
TA =25°C
DEVICE WITH POSITIVE INPUT CURRENT

"]

Rinew = 2 X 102

| |
DEVICE WITH NEGATIVE INPUT CURRENT
g

Vew -

-1 -10 -5 0 5 10 15

CHANGE IN OFFSET VOLTAGE (V)

COMMON-MODE INPUT VOLTAGE

Long Term Stability of Four
Repraesentative Units

1
1

/’- T —
1 4 5

2 3
TIME (MONTHS)

NUMBER OF UNITS

OFFSET VOLTAGE (V)

OFFSET VOLTAGE DRIFT WITH TEMPERATURE (1V/°C)
N

Typical Distribution of
Input Offset Current
0 1 1
vs==+1v |
Tp = 25°C !
Vew =0V

1020 UNITS |
FROM THREE
I~ RUNS

160

120

80

—-120 —60 0 60 120
INPUT OFFSET CURRENT (PICOAMPS)

Offset Voltage Drift vs Source
Resistance (Balanced or Unhalancsd)

-
=3
=3

t

—
=)

y i
‘l

7 7

7 4
7
V4

>
>
=
=
=
=l
E
|

7
T v
7

! pd

TYPICAL i

1k 10k 100k ™ 10M
SOURCE RESISTANCE (OHMS)

o
-

100M

Offset Voltage Drift with Temperature
of Four Representative Units
60

40 Y SR S

20 7<7 O

—20

\\‘\

—40 —- —

60
-5 —-25 0 25 50 75 100 125
TEMPERATURE (°C)
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LT1012

TYPICAL PERFORMANCE CHARACTERISTICS

0.1Hz to 104z Noise

Ta=25°C

Vg+2Vto £20V

NOISE VOLTAGE 400nV/DIVISION

0 2 4 6 8 10
TIME (SECONDS)
Supply Current vs Supply Voltage
500
=3
32
=
=
&
§ 400
25°C
S
= Cl
% 125°C
w
—55°C
300
0 +5V + 10V +15V *20V
SUPPLY VOLTAGE
Voltage Gain vs Frequency
140
120 T
100 AN
@
S \\
H \
wm 60 N
g N
S 4 N
Z ol _Vs= 1V \
Ty = 25°C )
0 | | |
RN
00101 1 10 100 1k 10k 100k 1M 10M

FREQUENCY (Hz)

1000

VOLTAGE NOISE DENSITY (nv/v/Hz)
CURRENT NOISE DENISTY (fA/V Hz)

100

Noise Spectrum

mmasai

o

Ta=25°C

Vs+2to +20V[]

HE

Al

NOIS

]

<—m-H

—HA3DH

D
=
m

10 100
FREQUENCY (Hz)

1000

CGommon Mode Rejection vs Frequency

140
2 120
2
& 100
=
=]
5 80
w
=3
= 60
= N
[=1
o
T \V
o
2
g8 O Vo=
Tp = 25°C
110 100 1k 10k 100k 1M
FREQUENCY (Hz)

Gain, Phase Shift vs Frequency
T T
30 T2 2238 I prasE HHH 120

N
GAIN N
g X 140
= N
S 10 N 160
N
\N
0 D 180
PHASE MARGIN
=70°C \\i
_ | [l 200
0.01 0.1 1 10
FREQUENCY (MHz)

PHASE SHIFT (DEGREES)

Total Noise vs Source Resistance

10.0 —_——
: -
T [Ta=25C =
- ] AT 10Hz
2 Vs = +2Vto =20V TAT 1kHz
|
310 S Z
= =
(72}
el S
@ R “Rs=2R
g o =
=2 7
g (AT
| AT 1kHz RESISTOR Noise
0.01 £ -
102 100 10* 10° 10 107 108

SOURCE RESISTANCE (OHMS)

n OPERATIONAL AMPLIFIERS

Pawer Supply Rejection vs Frequency

140
2 0\
=) N
2 AN \
100 \
g \\ \ NEGATIVE
2 go|__POSITIVE SUFPLY
o] supPLY N \
=
Z 60 \
3 \\
)
5 Vo= =15V | N
ol =B | AN
01 1 10 100 1k 10k 100K
FREQUENCY (Hz)

™

Voltage Gain vs Load Resistance

10M
M i —55°C_|
S ’: 25°C
= g
é m / /
=3 7~ 25°C)
§ II ,I Z
7 7
VA A
300k / j
Vs = =15V
Vo = =10V
100k o
1 2 5 10 20
LOAD RESISTANCE (k)

L

AR
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SHORT CIRCUIT CURRENT (mA)

LT1012

20mV/DIVISION
20mV/DIVISION

Small Signal Transient Response Small Signal Transient Response Large Signal Transient Response

2V/DIVISION

| st .
Ay = +1, Coap = 100pF, 5usec/DIV Ay = +1,Croap = 1000pF, Susec/DIV
Output Short Circuit Current Slew Rate, Gain Bandwidth Product vs
vs Time Over-Compensation Capacitor Closed Loop Output Impedance
20 T 1 ==t e 1000 1000
g 5 I —55°C e T 5 »
g . 25°C TN £ _ 1
= = 5 mRy BW 1) =
@ 50 8 01|l SEY W02 = o /] A
5 \1 T (=] =
S i i - E Ay = 1000
0 Vs = +15V e | = R S /
= il =) =
_5 ; il N = = A= +1
125°C T go1}Vs= =15V A 10 2 2 01f A |
g -1 ? T -2 = g 3 / o= 1mA
g i = S o = 1m
s _ 25°C T s 0.01 |- Vs = + 15V
& 15 — Tﬂﬂ I / I = 25°
-20 ' 0.001 | I 1 0.001 ‘
0 1 2 3 1 10 100 1000 10,000 1 10 100 1k 10k 100k
TIME FROM OUTPUT SHORT (MINUTES) OVER-COMPENSATION CAPACITOR (pF) FREQUENCY (Hz)

APPLICATIONS INFORMATION

The LT1012 may be inserted directly into OP-07,
LM11, 108A or 101A sockets with or without removal
of external frequency compensation or nulling compo-
nents. The LT1012 can also be used in 741, LF411,
LF156 or OP-15 applications provided that the nulling
circuitry is removed.

The LT1012 is specified over a wide range of power
supply voltages from +2V to =+18V. Operation with
lower supplies is possible down to +1.0V (two Ni-Cad
batteries).

Achieving Picoampere/Microvolt Performance

In order to realize the picoampere — microvolt level
accuracy of the LT1012, proper care must be exer-
cised. For example, leakage currents in circuitry exter-

nal to the op amp can significantly degrade
performance. High quality insulation should be used
(e.g. Teflon, Kel-F); cleaning of all insulating surfaces
to remove fluxes and other residues will probably be
required. Surface coating may be necessary to pro-
vide a moisture barrier in high humidity environments.

OFFSET TRIM

v+\ l?
OUTPUT gy, . ]

OVER COMP © ®
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APPLICATIONS INFORMATION

Board leakage can be minimized by encircling the in-
put circuitry with a guard ring operated at a potential
close to that of the inputs: in inverting configurations
the guard ring should be tied to ground, in non-invert-
ing connections to the inverting input at pin 2. Guard-
ing both sides of the printed circuit board is required.
Bulk leakage reduction depends on the guard ring
width. Nanoampere level leakage into the offset trim
terminals can affect offset voltage and drift with
temperature.

Microvolt level error voltages can also be generated in
the external circuitry. Thermocouple effects caused by
temperature gradients across dissimilar metals at the
contacts to the input terminals can exceed the inher-
ent drift of the amplifier. Air currents over device leads
should be minimized, package leads should be short,
and the two input leads should be as close together as
possible and maintained at the same temperature.

Noise Testing
For application information on noise testing and cal-
culations, please see the LT1008 data sheet.

Frequency Compensation

The LT1012 can be overcompensated to improve ca-
pacitive load handling capability or to narrow noise
bandwidth. In many applications, the feedback loop
around the amplifier has gain (e.g. logarithmic amplifi-
ers); overcompensation can stabilize these circuits
with a single capacitor.

The availability of the compensation terminal permits
the use of feedforward frequency compensation to en-
hance slew rate. The voltage follower feedforward
scheme bypasses the amplifier’s gain stages and
slews at nearly 10V/ usec.

The inputs of the LT1012 are protected with back-to-
back diodes. Current limiting resistors are not used,
because the leakage of these resistors would prevent
the realization of picoampere level bias currents at ele-
vated temperatures. In the voltage follower configura-

tion, when the input is driven by a fast, large signal
pulse (> 1V), the input protection diodes effectively
short the output to the input during slewing, and a cur-
rent, limited only by the output short circuit protection
will flow through the diodes.

The use of a feedback resistor, as shown in the voltage
follower feedforward diagram, is recommended be-
cause this resistor keeps the current below the short
circuit limit, resulting in faster recovery and settling of
the output.

Test Circuit for Offset Voltage and its Drift with Temperature

Rt

*50k
WA-

+15V

n OPERATIONAL AMPLIFIERS

R2 &

——— V0

1002 $*
*  RESISTORS MUST HAVE LOW
3. THERMOELECTRIC POTENTIAL
5§ﬁ * 1 %% THIS CIRCUIT IS ALSO USED AS THE BURN-IN
CONFIGURATION FOR THE LT1012, WITH SUPPLY
L VOLTAGES INCREASED TO 20V, R1 =R3 =20k,
= Vo = 1000 Vos R2=200Q, Ay=100.
Follower Feedforward Compensation
50pF
JL
LI
INPUT ——AAA
5k

0.014F

Pulse Response of Feedforward Compensation

Susec/DIV

LY IR
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LT1012
TYPICAL APPLICATIONS

Resistor Multiplier “No Trims” 12 bit Multiplying DAC Output Amplifier
REFERENCE 12 bit CMOS
IN——— MULTIPLYING b— QUTPUT
0.1V1o 10V DAC
When the reference input drops to
0.1V, the least significant bit decreases
to the microvolt/ picoampere range.
Low Power Comparator with <10xV Hysteresis
+5V
Instrumentation Amplifier
with + 100 Volt Common Mode Range NON-INV OUTPUT
10M 1000 NPT
1 INVERTING
+iSv L= INPUT
100k 3 4
— ——AAA— 1 _sy
INPUT OUTPUT
A — 100 Input Amplifier for 42 Digit Voltmeter
10M All Resistors 1% or better e ———— — —_———_———
/ /
= / /
/
/
/
//
. INPUT
Air Flow Detector o

+15V —0t—rd—

10V

=
100V

p—o

1000V TO 1V FULL SCALE
— > ANALOG TO DIGITAL
CONVERTER

OUTPUT

* RATIO MATCH +.
90K 0 MATCH +.01%

JUNCTION ooV
AT AMBIENT 10k This application requires low bias current and offset
ALLEN BRADLEY voltage, low noise, and low drift with time and
Mount Ry in airflow. DECADE VOLTAGE DIVIDER temperature.

Adjust R, 50 output goes high when airflow stops.
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TYPICAL APPLICATIONS

Logarithmic Amplifier
Q1A 1B 104k ™ 5.1k
o
0= 330pF 1
15.7k*
L ouTPUT

n OPERATIONAL AMPLIFIERS

r : Ii'ﬂ[_ﬁfgtgsﬁ%gm Low bias current and offset voltage of the LT1012 allow 4", decades
Qi = 2N2979 of voltage input logging.
Saturated Standard Cell Amplifier Amplifier for Bridge Transducers
+15V RS
2N3609 56M
T v+ AA~
S1
p—— OUTPUT 100k
R1 <
1006 3 R3
+ 510k
———1.018235V

[ Rd
SATURATED AAA
STANDARD AMA 510k
CELL R
#101 $2 (< R2
EPPLEY LABS R1 100k \T 100k
NEWPORT, R.I. VOLTAGE GAIN

~ 100

The typical 30pA bias current of the LT1012 will degrade the standard
cell by only 1 ppm/year. Noise is a fraction of a ppm. Unprotected
gate MOSFET isolates standard cell on power down.

Buffered Reference
Amplifier For Photodiode Sensor for Ato D Converters

R1 +15
M 2

|

200

AA-

2N3904

s1
ouTRUT 1 AA- OUTPUT
= < 6.5k . 10V
Vour = 10V/ A *
ot g * THE 1K PRELOAD

R2 1k MINIMIZES GLITCHES =

v INDUCED BY TRANSIENT

" = LOADS

LY LINEAR .83



LT1012
TYPICAL APPLICATIONS

1Hz to 1MHz Voltage to Frequency Converter

1.8k 100pF
+15v (polysty.)
1
2N2222 f
10pF
Il
LA
2N2222
1000pF 1.8k
= 1} AN
+15v 7 18k
Sk ¥
A AAA
INPUT 2 99 1k L+
0to 10V (metal film)
LT1009
—15V
L —15V S0k 1.8k 1.8k
10k S
1 iV —18V = 415V
<L <
kg 2100k
p
L +15V,
1000pF = 01uF 3 200k All diodes: 1N4148
The LT1012 provides DC stabilization
+15V = for the 356 integrator, allowing 120dB
v = dynamic range. No offset trim is
—15 required.
Charge Amplitier for
Thermocouple Thermometer Piezoelectric Transducers
C
oy 3.8k ™ G
17
100M 100M
10k
299k I 01
1684 -
LT1004
—1.2
186
Q
—Vour = T
+ YSI #44007
COLD JUNCTION
COMPENSATION =+ 1°C
OVER 00 60°C
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LT1012

Fast Precision Inverters

e 2TOBPF
AT

INPUT 10k *
. A A
10k 10k*
WA 10k 1}
|
} 10pF
N4 148
2N(423)93 +15V
10k * 1000pF
— L
INPUT 5 outpuT —i

OUTPUT

émk —15v

<
<
Jl—

—15v
1N4148 (4)

= *1% METAL FILM  FULL POWER BANDWIDTH = 2MHz
SLEW RATE = 50V/ usec
SETTLING (10V STEP) = 12,8 T0 0.01%
300pF BIAS CURRENT DC = 30pA
| OFFSET DRIFT = 0.3uV/°C
OFFSET VOLTAGE = 304V

+15V

SLEW RATE @ 100V/uS
SETTLING = 548 T0.01%/10 VOLT STEP

10 OFFSET VOLTAGE = 30,V
1 sy BIAS CURRENT — 30pA
* 10 METAL FILM
M + 15
. ANA—
Ammeter With Six Decade Range
d 100uA R1
2
o METER

1L

' 1.2k

549Q

10k
VA

’k LT1004C

—
CURRENT INPUT 33k

VW

‘_?—
PIN 13
CA3146° L

Q1, 02, Q3, 04, RCA CA3146 TRANSISTOR ARRAY.
CALIBRATION: ADJUST R1 FOR FULL SCALE =
DEFLECTION WITH 14A INPUT CURRENT. —15V

Ammeter measures currents from 100pA to 100xA
without the use of expensive high value resistors. Ac-
curacy at 1004 A is limited by the offset voltage be-
tween Q1 and Q2 and, at 100pA, by the inverting bias
current of the LT1012. =

LY R 2-85
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LT1012
SCHEMATIC DIRGRAM

OVER
TRIM TRIM [__“‘_:I I5 COMPENSATION v+
(]
< S
8000 3 8000 13K 423
1711:‘| "030
22 22k 1.3k ; 1 020 }\
‘1 J 029
a7 08 022
30F
;L K 1.5k
15k 25 043
[ o1 025
G S G Ly
05 S 37
16
1 N 400
o4
OUTPUT
@
* 10012
13}y
400
11 023 .
"J 1.5k
[—' —L.028 38
T SIS G T
z 026 ¢ e
INPUT ,{: n 02
09 ot N
T {0
oab_ o2 033
10
D 39
° S 16k
+
018 N 019 35 v
017\1 A qw:l_
el Wk Ma
3.3k 3.3k 041
34 !
J’—" 3.3 23200 400
48k 302
H Package N8 Package
Metal Can 8 Lead Plastic
0370 o B B B o |
Hn— , 9T
0335
[ ow™ E"—Lozao
.02
5 8 [ ,_L
=TS T gee0s0

NOTE DIMENSIONS IN INCHES UNLESS OTHERWISE NOTED
“LEADS WITHIN 0 007 OF TRUE POSITION (TP) AT GAUGE PLANE

150°C/W

45°C/W

[

130°C/W
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”l ’ \D LT1013/LT1014

TECHNOLOGY

FEATURES
s Single Supply Operation
Input Voltage Range Extends to Ground
Output Swings to Ground while Sinking Current
m Pin Compatible to 1458 and 324 with Precision Specs

m Guaranteed Offset Voltage 150uV Max.
m Guaranteed Low Drift 2uV/°C Max.
m Guaranteed Offset Current 0.8nA Max.
m Guaranteed High Gain

5mA Load Current 1.5 Million Min.

17mA Load Current 0.8 Million Min.,
mGuaranteed Low Supply Current 500uA Max.
= Low Voltage Noise, 0.1Hz to 10Hz 0.55uVp-p

m Low Current Noise—Better than OP-07, 0.07 pA/+vHz

APPLICATIONS

m Battery-Powered Precision Instrumentation
Strain Gauge Signal Conditioners
Thermocouple Amplifiers
Instrumentation Amplifiers

= 4mA-20mA Current Loop Transmitters

= Multiple Limit Threshold Detection

m Active Filters

= Multiple Gain Blocks

Quad Precision Op Amp (LT1014)

Dual Precision Op Amp (LT1013)
DESCRIPTION

The LT1014 is the first precision quad operational
amplifier which directly upgrades designs in the industry
standard 14-pin DIP LM324/LM348/0P-11/4156 pin
configuration. It is no longer necessary to compromise
specifications, while saving board space and cost, as
compared to single operational amplifiers.

The LT1014's low offset voltage of 50uV, drift of 0.3uV/ °C,
offset current of 0.15nA, gain of 8 million, common-mode
rejection of 117dB, and power supply rejection of 120dB
qualify it as four truly precision operational amplifiers. Par-
ticularly important is the low offset voltage, since no offset
null terminals are provided in the quad configuration.
Although supply current is only 350uA per amplifier, a new
output stage design sources and sinks in excess of 20mA of
load current, while retaining high voltage gain.

Similarly, the LT1013 is the first precision dual op amp in
the 8-pin industry standard configuration, upgrading the
performance of such popular devices as the MC1458/
1558, LM158 and OP-221. The LT1013’s specifications
are similar to (even somewhat better than) the LT1014’s.

Both the LT1013 and LT1014 can be operated off a single
5V power supply: input common-mode range includes
ground; the output can also swing to within a few
millivolts of ground. Crossover distortion, so apparent on
previous single-supply designs, is eliminated. A full set
of specifications is provided with +15V and single 5V
supplies.

3 Channel Thermocouple Thermometer

4k

M

4‘3\( 299k
+ 5V =AAA=—=AAA

L (D vsi 44007 |
3 |5k
3/ nscc

>
0603 1.8k

16842
b3

M

AAA

USE TYPE K THERMOCOUPLES. ALL RESISTORS =1% FILM.
COLD JUNCTION COMPENSATION ACCURATE

TO +1°C FROM 0°C—60°C.

USE 4TH AMPLIFIER FOR OUTPUT C.

OUTPUT A
10mv/°C

| ouTPUT B
10mv/°C

LT1014 Distribution of Offset Voltage

Vg= =15V
Ta=25°C

600 425 LT10145
(1700 OP AMPS)
500 TESTED FROM
THREE RUNS
J PACKAGE

NUMBER OF UNITS

—300 -200 —100 0 100 200 300
INPUT OFFSET VOLTAGE (4V)

AT IR
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LT1013/LT1014

ABSOLUTE MAXIMUM RATINGS

PACKAGE/ORDER INFORMATION

SupplyVoltage . . ....................... +22V
Differential InputVoltage . . . ............... +30V OT\I%EG ;ég T
InputVoltage ........ Equal to Positive Supply Voltage
...... 5V Below Negative Supply Voltage LT1013AMH
Output Short Circuit Duration ............. Indefinite LT1013MH
Operating Temperature Range LT1013ACH
LT1013AM/LT1013M/ V™ (CASE) LT1013CH
LT1014AM/LT1014M ... ...... —55°Ct0125°C METAL CAN H pAckaGe
LT1013AC/1013C/1013D TOP VIEW
LT1014AC/1014C/1014D ......... 0°Ct070°C wnn— v B
Storage Temperature Range - AE [TlouPuTs |11 013ACU8
AllGrades................... —65°Cto150°C +INA[E] E—'NB LT1013CJ8
Lead Temperature (Soldering, 10sec.). . ... ... 300°C v-[3] [5]+n 8 LT1013CN8
HERMETIC DIP J8 PACKAGE LT1013DN8
PLASTIC DIP N8 PACKAGE
TOP VIEW
ourput A [] T [12] 0UTPUT D
-nA[2] i3] -InD LT1014AMJ
+'NAEE+'ND LT1014MJ
v+[2] 1] v- LT1014ACJ
+IN8 5] B} 1]+ © LT1014CJ
—INBE>| Iﬁﬂ—mc LT1014CN
outpuT B[] gloureurc | LT1014DN
HERMETIC DIP J14 PACKAGE
PLASTIC DIP N14 PACKAGE
€LECTRICAL CHARACTERISTICS
Vs= +15V, Vem =0V, Ta=25°C unless otherwise noted
LT1013AM LT1013M/LT1013C
LT1013AC LT1013DN8
SYMBOL | PARAMETER CONDITIONS LT1014AM LT1014M/LT1014C UNITS
LT1014AC LT1014DN
MIN  TYP MAX | MIN  TYP MAX
Vos Input Offset Voltage LT1013 - 40 150 - 60 300 w
LT1014 - 50 180 - 60 300 w
LT1013DN8/LT1014DN - — - — 200 800 v
Long Term Input Offset Voltage - 0.4 - - 0.5 = V/Mo.
Stability
los Input Offset Current — 0.15 0.8 - 0.2 1.5 nA
Ig Input Bias Current — 12 20 - 15 30 nA
€y Input Noise Voltage 0.1Hz to 10Hz — 0.55 - - 0.55 — wp-p
€, Input Noise Voltage Density fo=10Hz - 24 - - 24 - nV/vHz
fo=1000Hz - 22 - - 22 - nV/~Hz
in Input Noise Current Density fo=10Hz - 0.07 - — 0.07 - pA/VHz
Input Resistance—Differential (Note 1) 100 400 - 70 300 - MQ
Common-Mode - 5 - — 4 — GQ
2-88 LY UNER



LT1013/LT1014

ELECTRICAL CHARACTERISTICS

Vs= +£15V, Vgm =0V, Tp=25°C unless otherwise noted

LT1013AM LT1013M/LT1013C
LT1013AC LT1013DN8
SYMBOL | PARAMETER CONDITIONS LT1014AM LT1014M/LT1014C UNITS
LT1014AC LT1014DN
MIN TYP MAX MIN TYP MAX
AvoL Large Signal Voltage Gain Vo= =10V, R =2k 1.5 8.0 - 1.2 7.0 - v/
Vo= +10V, R =600Q 0.8 2.5 — 0.5 2.0 — /W
Input Voltage Range +13.5 +13.8 - +135 +13.8 - \
—15.0 —15.3 — —15.0 —15.3 — v
CMRR Common-Mode Rejection Ratio Vem=+13.5V, —15.0V 100 17 — 97 114 — dB
PSRR Power Supply Rejection Ratio Vg=+2Vto =18V 103 120 — 100 117 - dB
Channe! Separation Vo= +10V, R =2k 123 140 — 120 137 - dB
Vour Output Voltage Swing RL=2k +13 +14 - +125 =14 — v
Slew Rate 0.2 0.4 - 0.2 0.4 - V/us
Ig Supply Current Per Amplifier - 0.35 0.50 - 0.35 0.55 mA
Note 1: This parameter is guaranteed by design and is not tested.
Typical parameters are defined as the 60% yield of parameter distribu-
tions of individual amplifiers; i.e., out of 100 LT1014s (or 100
LT1013s) typically 240 op amps (or 120) will be better than the in-
dicated specification.
Vg= +5V, V§=0V, Voyr=1.4V, Vgm =0V, TA=25°C unless otherwise noted
LT1013AM LT1013M/LT1013C
LT1013AC LT1013DN8
SYMBOL | PARAMETER CONDITIONS LT1014AM LT1014M/LT1014C UNITS
LT1014AC LT1014DN
MIN TYP MAX MIN TYP MAX
Vos Input Offset Voltage LT1013 - 60 250 — 90 450 w
LT1014 - 70 280 — 90 450 w
LT1013DN8/LT1014DN — - - - 250 950 w
los Input Offset Current - 0.2 1.3 - 0.3 2.0 nA
lg Input Bias Current - 15 35 - 18 50 nA
AvoL Large Signal Voltage Gain Vo=5mV to 4V, R; =500Q - 1.0 — - 1.0 — v/
Input Voltage Range +35 +38 - +3.5 +3.8 - \
0 —0.3 — 0 -0.3 — v
Vour Output Voltage Swing Output Low, No Load - 15 25 - 15 25 mv
Output Low, 600€ to Ground - 5 10 - 5 10 mv
Output Low, Igjnk=1mA - 220 350 - 220 350 mv
Output High, No Load 4.0 4.4 — 4.0 4.4 - v
Output High, 600Q to Ground 3.4 4.0 - 3.4 4.0 - v
Is Supply Current Per Amplifier - 0.31 0.45 - 0.32 0.50 mA
L) E!)I]M)L&Y 2’89
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LT1013/LT1014

A ]
ELECTRICAL CHARACTERISTICS vs= = 15v, vgy =0V, —55°C <Tp<125°C unless otherwise noted
LT1013AM LT1014AM LT1013M/LT1014M
UNITS
SYMBOL | PARAMETER CONDITIONS MIN TYP MAX| MIN TYP MAX{ MIN TYP MAX
Vos Input Offset Voltage o -— 80 300 | — 90 350 [ — 110 550 w
Vg=+5V, 0V, Vo= +1.4V
—55°C=T,=<100°C o - 80 450 | — 90 480 | — 100 750 w
Vem=0.1V, Ty=125°C - 120 450 | — 150 480 | — 200 750 w
Vem=0V, Ty=125°C - 250 900 [ — 300 960 | — 400 1500 w
Input Offset Voltage Drift | (Note 2) ° - 04 20| — 04 20| — 05 25 | wreC
los Input Offset Current o — 03 25| — 03 28| — 04 5.0 nA
Vg=+5V,0V; Vo= +1.4V |@| — 06 60| — 07 70| — 09 100 nA
Ig Input Bias Current o - 15 30 - 15 30 - 18 45 nA
Vg=+5V,0V; Vo=+1.4V |@| ~— 20 80 - 25 90 - 28 120 nA
Avor Large Signal Voltage Vo= £10V, R =2k e 05 20 -— 04 20 -— 025 20 - v/
Gain
CMRR | Common-Mode Rejection | Vo= +13.0V, —14.9V e 97 14— 96 114 - 94 13 - dB
PSRR Power Supply Rejection | Vg= +2V to 18V e 100 117 — 100 117 — 97 116 — dB
Ratio
Vour Output Voltage Swing Ri=2k o +12 +138 — (=12 138 — |+11.5x13.8 — Y
Vg=+5V, 0V,
R =600 to Ground
Output Low o - 6 15 - 6 15 - 6 18 mv
Output High e 32 38 — 32 38 — 31 38 — v
Is Supply Current o - 0.38 060 — 0.38 060 — 0.38 0.7 mA
Per Amplifier Vg=+5V,0V; Vop=+1.4V |@| — 0.34 055 — 0.34 055 — 0.34 0.65 mA
€ELECTRICAL CHARACTERISTICS v, = 15V, vgy =0V, 0°C <T4 <70°C unless otherwise noted
LT1013C/LT1013DN8
LT1013AC LT1014AC
SYMBOL | PARAMETER CONDITIONS LT1014C/LT1014DN | yNITS
MIN TYP MAX| MIN TYP MAX| MIN TYP MAX
Vos Input Offset Voltage ° - 55 240 | — 65 2710 | — 80 400 w
LT1013DN8, LT1014DN o — — - - - — - 230 1000 w
Vg=+5V,0V; Vp=1.4V |@| — 75 35 | — 85 380 | — 110 570 v
) LT1013DN8, LT1014DN o — — — — — - - 280 1200 uV
Average Input Offset (Note 2) ° - 03 20 | — 03 20 | — 04 25 |uv/°C
Voltage Drift LT1013DN, LT1014DN o — — — - - — - 0.7 50 [uv/°C
los Input Offset Current o — 02 15| — 02 17| — 03 28 nA
Vg=+5V, 0V; V=14V ) — 0.4 3.5 - 0.4 4.0 - 0.5 6.0 nA
Ig Input Bias Current ° — 13 25 - 13 25 — 16 38 nA
Vs=+5V,0V; Vo=14V |@| — 18 55 — 20 60 — 24 90 nA
AvoL Large Signal Voltage Gain | Vo= =10V, R =2k e/ 10 50 — 10 50 — 0.7 40 — 7
CMRR [ Common-Mode Rejection | Vo= +13.0V, —15.0V e 98 16— 98 16 — 94 13 - dB
Ratio
PSRR Power Supply Rejection | Vg=+2V to +18V ° 101 19 - 101 19 - 97 16 - dB
Ratio
Vour Output Voltage Swing R =2k o| £125 139 — |£125 £139 — |+12.0 £139 — v
Vg= +5V, OV; R =600Q
Output Low o — 6 13 - 6 13 - 6 13 mV
Output High e 33 39 — 33 39 — 32 39 — v
Is Supply Current per o — 0.36 055 — 0.36 0.55( — 0.37 0.60 mA
Amplifier Vg=+5V, 0V; Vop=1.4V ) - 032 050 — 032 050 — 0.34 0.55 mA

Note 2: This parameter is not 100% tested.
The @ denotes the specifications which apply over the full operating
temperature range.
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LT1013/LT1014

TYPICAL PERFORMANCE CHARARCTERISTICS

Offset Voltage Drift with
Temperature of Representative

Offset Voltage vs Balanced

Units Source Resistance Warm-Up Drift
- 10 : e 5
Vg= =15V : = ¥3=¢15v
20 V=5V, 0V, —55°C T0 125°C Z _ A=25°C
- = [ Z 4
z E Vg= =15V, —55°C T0 125°C Y/
= 100 ; z
8 — g 1o ==
g — g II l;l - S 3
coo n c 7 7/ & LT1013 METAL CAN (H) PACKAGE
— @
2 — £ [TVs=5v.0v, N // S Pa
S I R e e . z LT1014
5 —100 - = =]
E T E - s =
N [Vs= =15V, 25%__1: 3 1 LT1013 CERDIP (J) PACKAGE |
~200 i | -
0.01 0
-5 —25 0 25 50 75 100 125 1k 3k 10k 30k 100k 300k 1M 3M 10M 0 4 5
TEMPERATURE (°C) BALANCED SOURCE RESISTANCE (©) TIME AFTER POWER ON (MINUTES)
Common-Mode Rejection Ratio Power Supply Rejection Ratio
vs Frequency vs Frequency 0.1Hz to 10Hz Noise
120 120
! T Ta=25
_ Ta=25°C = \ N\ Vg=£2VT0 18V
g 100 A3 S 100 \
g \ E Nsmrbl N POSITIVE z
I~ _ _ | [ i <
: 80 V=5V, 0V Vg= =15V z SUPPLY SUPPLY z .
] 5 g
o w \ o
2 60 N o 60 e
: N N 3
[=] = o
<] & . \ >
R N £ w &
= g Vg = =15V + 1Vp-p SINE WAVE 2
57 A\
g g 0 —ryoasec \‘
) L]
10100 1k 10k 100K M 04 1 10 100 1k 10k 100k 1M 0 2 4 6 8 10
FREQUENCY (Hz) FREQUENCY (Hz) TIME (SECONDS)
10Hz Voltage Noise
Noise Spectrum Distribution Supply Current vs Temperature
W00 75t 20 Vg= =15V 460
Vg=+2VT0 =18V 180 TA=25°C —-
@’g‘ 328 UNITS TESTED 2
Re 160 FROM THREERUNS| & 420
<3300 i
ES @ 140 =
> =
EE AN 2 120 Z 380
Z5 N w 5 Vg=x15V L
&3 100 2 100 o
g CURRENT NOISE g ] =
=] HI< = 80 &2 340 —— —
ic T =2 £ _ Vs=5V,0V__|_—
22 5 ouTAGE Noise TN ]] > Vv //
3 e 40 , T 300
=e 1/1 CORNER 2Hz 5 Nl @ P
| L0 m @ 4 7
10 0 = 260
1 10 100 1K 10 20 30 40 50 60 50 -25 0 25 50 75 100 125
FREQUENCY (Hz) VOLTAGE NOISE DENSITY (nV/~/H2) TEMPERATURE (°C)

LTI
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LT1013/LT1014

TYPICAL PERFORMANCE CHARACTERISTICS

Input Bias Current vs Input Offset Current vs Input Bias Current vs
Common-Mode Voltage Temperature Temperature
S 5 15 = 1.0 T -30
g Ta=25°C ‘ s Vem=0v Vem=0v
> B
@ 4 10 ni ~08 _ -25
o \ L = g
> 3 5 w2 £ —20
& = Z06 e =
g g 3 AN £ Vsﬂfv/\,s/: 2.8V
S 2 [—Vs==x15Vi{ Vs=5v, 0V oz £ v 3 -15 —— —
5 2 2 A d 2 —
2 Z £ o4 SR
EA -5 w 2 Vamsv,ov_k o5 5 =10 '
g gz A g
g i = 0.2 — /,j -
= 0 -103S -5
e \ — = Vg= 15V
: \ g 1
8 -1 —15 2 0
0 -5 -1 -—-15 -20 -25 -30 -50 -25 0 25 50 75 100 125 -50 -25 0 25 50 75 100 125
INPUT BIAS CURRENT (nA) TEMPERATURE (°C) TEMPERATURE (°C)
Output Saturation vs Sink Small Signal Transient Large Signal Transient
Current vs Temperature Response, Vg = +15V Response, Vg= +15V
10 s =5vTo v
V-=0V
s Igink=10mA -
w 1.0 : g =
< - ¥ >~
= Isink=5mA § &
bt | |
3
= Isink=1mA
S ot L
& Isink = 100uA = L
IsiNk=10pA Ay=+1 50us/DIV
e
0.01
-50 -25 0 25 5 75 100 125
TEMPERATURE (°C)
Small Signal Transient Large Signal Transient Large Signal Transient
Response, Vs =5V, OV Response, Vg =5V, 0V Response, Vg=5V, OV

4V - V-
100mV 3
2\/ - + 4 bbbt ZV—
50mV — _
o ()
0— . ! : y |
Ay=+1 20us/DIV v=+1 10us/DIV Ay=+1 10us/DIV
R =600Q TO GROUND Ry =4.7k to 5V NO LOAD
INPUT =0V TO 100mV PULSE INPUT =0V TO 4V PULSE INPUT =0V TO 4V PULSE
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LT1013/LT1014

TYPICAL PERFORMANCE CHARACTERISTICS

Output Short Circuit Current Voltage Gain vs Load
vs Time Resistance Voltage Gain vs Frequency
“ — T S TE e BN B Th=25C
- 30 ~\‘ 2590 rA=:}55°?‘rv}5=[Tx}| 4 120 Al C=100pF
= % | Ta=125°C, Vg= +15V.
E= 20 125:C / ,l | 100
=5 I< / = —55°C, Vs =5V, 0V @
g “ o0 = P' [’ T S 80
g = 4 Ta=25°C, Vg =5V, OV <E(
< A =11
E 0 3 M Il’ 1 i S é 60 Vg=5V, 0V \V5= +15V——
(&) =125°C, Vs=5V, 0V}
g —10 128°C g 71 T Ta=125°C, Vs=5V. OV’ E 0
: § I'L LA 5
% é - d?°C /7/ }'/ Vo= %10V WITH Vs = = 15V 2 \
& -0 Z55°C 1 ,
Vo=20mV T0 3.5V \
] l [ Ay A
—40 100k -20
0 1 2 3 100 1* 10k 00104 1 10 100 1k 10k 100k 1M 10M
TIME FROM OUTPUT SHORT TO GROUND (MINUTES) LOAD RESISTANCE TO GROUND (©) FREQUENCY (Hz)
Channel Separation vs
Gain, Phase vs Frequency Frequency
80 160
$A=250‘;/C V= £ 15V
om= Tp=25°C
0 \\:\ ¢, =100pF| 100 - N Viy=20Vp-p TO SkHz |
N ~TTRUHASE 120 2 g N \ \“F?k
— N TN b= =2
g \§ NN Lisy & = LIMITED BY l
10 140 3 THERMAL — N\
= Q +15vI [N ] =120 ¢
z GAIN \ = = INTERACTION Rg=1002
g ‘& 160 3 g Rg=1ka N
E 5V ovb 5V, OV 180 3 o 100 ! ™
2 TN A o LIMITED BY
N 2 = PIN TO PIN
\\ \ 200 3 & CAPACITANCE N
-10
NS \
NN 6
01 03 1 3 10 10 100 1k 10k 100k 1M
FREQUENCY (MHz) FREQUENCY (Hz)

APPLICATIONS INFORMATION
Single Supply Operation

The LT1013/1014 are fully specified for single supply  afew hundred millivolts below ground, two distinct prob-
operation, i.e., when the negative supply is OV. Input  lems can occur on previous single supply designs, such
common-mode range includes ground; the output swings  as the LM124, LM158, OP-20, OP-21, OP-220, OP-221,
within a few millivolts of ground. Single supply operation, ~ OP-420:

however, can create special difficulties, both at the input

and at the output. The LT1013/LT1014 have specificcir- ~ 2) WWhen the input is more than a diode drop below
cuitry which addresses these problems. ground, unlimited current will flow from the substrate

(V~ terminal) to the input. This can destroy the unit. On
the LT1013/1014, the 4009 resistors, in series with the
At the input, the driving signal can fall below 0V—inad-  input (see schematic diagram), protect the devices even
vertently or on a transient basis. If the inputis more than ~ when the input is 5V below ground.

Ya gl 2.93
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LT1013/LT1014

APPLICATIONS INFORMATION

(b) When the input is more than 400mV below ground
(at 25°C), the input stage saturates (transistors Q3 and
Q4) and phase reversal occurs at the output. This can
cause lock-up in servo systems. Due to a unique phase
reversal protection circuitry (Q21, Q22, Q27, Q28), the
LT1013/1014’s outputs do not reverse, as illustrated
below, even when the inputs are at —1.5V.

There is one circumstance, however, under which the
phase reversal protection circuitry does not function:
when the other op amp on the LT1013, or one specific
amplifier of the other three on the LT1014, is driven hard
into negative saturation at the output.

Phase reversal protection does not work on amplifier:

A when D’s output is in negative saturation. B'sand C's
outputs have no effect.

B when C’s output is in negative saturation. A's and D's
outputs have no effect.

C when B’s output is in negative saturation. A’s and D’s
outputs have no effect.

D when A’s output is in negative saturation. B’s and C’s
outputs have no effect.

At the output, the aforementioned single supply designs
either cannot swing to within 600mV of ground (OP-20)
or cannot sink more than a few microamperes while
swinging to ground (LM124, LM158). The LT1013/
1014’s all-NPN output stage maintains its low output
resistance and high gain characteristics until the output
is saturated.

In dual supply operations, the output stage is crossover
distortion-free.

Comparator Applications

The single supply operation of the LT1013/1014 lends
itself to its use as a precision comparator with TTL com-
patible output:

In systems using both op amps and comparators, the
LT1013/1014 can perform multiple duties; for example,
on the LT1014, two of devices can be used as op amps
and the other two as comparators.

Voltage Follower with Input Exceeding the Negative Common-Mode Range

|

Comparator Rise Response Time
10mV, 5mV, 2mV Overdrives

; =

OUTPUT (V)

INPUT (mV)

LM324, LM358, OP-20
EXHIBIT QUTPUT PHASE
REVERSAL

e
B

LT1013/LT1014
NO PHASE REVERSAL

Comparator Fall Response Time
to 10mV, 5mV, 2mV Overdrives

OUTPUT (V)

INPUT (mV)

Vg=5V, OV

50us/DIV

LY AR



LT1013/LT1014

APPLICATIONS INFORMATION
Low Supply Operation

The minimum supply voltage for proper operation of the
LT1013/1014 is 3.4V (three Ni-Cad batteries). Typical
supply current at this voltage is 290uA, therefore power
dissipation is only one milliwatt per amplifier.

Noise Testing

For application information on noise testing and calcula-
tions, please see the LT1007 or LT1008 data sheet.

Test Circuit for Offset Voltage and
Offset Drift with Temperature

50k*
AV‘v‘v

+15V

1002° —,
b LT1013
0R LT1014
‘P
50k 3 —15V
=

“RESISTORS MUST HAVE LOW
THERMOELECTRIC POTENTIAL.

“*THIS CIRCUIT IS ALSO USED AS THE BURN-IN
CONFIGURATION, WITH SUPPLY VOLTAGES
INCREASED TO 20V,

Vo=1000Vgs

ﬂ OPERATIONAL AMPLIFIERS

TYPICAL APPLICATIONS

50MHz Thermal rms to DC Converter

100k*
AAA—
+5V
30k ¢
10Kk
0.01
INPUT
300mV —
10vrms
BRN _[RED RED__ [BRN vy
C:: ::) s 3 0UTPUT
S b3 s s
TIA__]118 T8 |T2A
GRN 1 GRN

2% ACCURACY, DC—50MHz.
100:1 CREST FACTOR CAPABILITY.
*0.1% RESISTOR. =

T1-T2=YELLOW SPRINGS INST. CO. THERMISTOR COMPOSITE #44018.
ENCLOSE T1 AND T2 IN STYROFOAM.

7.5mW DISSIPATION.

5V Single Supply Dual Instrumentation Amplifier

+INPUT

L OFFSET=150.V
GAIN=FZ +1.

CMRR=120 dB.
COMMON-MODE RANGE IS 0V T0 5V.

LY WIER
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LT1013/LT1014
TYPICAL APPLICATIONS

Hot Wire Anemometer

500pF +15V
02-05
CA3046
PIN3TO — 15V
3 usﬂ
04 b T
14F
ok I”u
8 1o~ I :/wM 01OOgVF_E1g1"l/TIIINUTE
</ RESP -
S Y’ RESPONSE
ADJUST
3
PR

REMOVE LAMP'S GLASS ENVELOPE FROM 328 LAMP.
A1 SERVOS #328 LAMP TO CONSTANT TEMPERATURE.
A2-A3 FURNISH LINEAR QUTPUT vs FLOW RATE.
*1% RESISTOR.

Liquid Flowmeter

3.2k
vl w
> MV
3k " oM
+150 A RESPONSE L
TIME
150 | e
DALE & [625kg A 6.98k
HL-25 3 o 25
WA 5k
L FLOW
CALIB
S < < S N TuF
S ¢ S < M
1 1 1 .
1«
M ) oy
= = 4 ‘E =
1N4148 STk
Pt
_I_ 300pF
= 11 OUTPUT
i1 OHz—300Hz=
LT1004 0— 300ML/MIN
—1.2
ld
L
— 1’
= $ 2.7k
—15v

*1% FILM RESISTOR.
**SUPPLIED WITH YSI THERMISTOR NETWORK.
T1, T2 YSI THERMISTOR NETWORK = #44201.
FLOW IN PIPE IS INVERSELY PROPORTIONAL TO
RESISTANCE OF T1-T2 TEMPERATURE DIFFERENCE.
A1-A2 PROVIDE GAIN. A3-A4 PROVIDE LINEARIZED
FREQUENCY OUTPUT.

L7 ITTELUNOLOGY
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LT1013/LT1014

TYPICAL APPLICATIONS

w
. . - <
5V Powered Precision Instrumentation Amplifier w
U
L}
-
9 Q.
o |, €
INPUT —4¢ c
CABLE SHIELDS 10 -
200k* E
+5V ) Q
s [ ]
" 1 10k* 10k* «c
20k LT1014 VWV VWA P
~ INPUT=—AAA- + | v w
S0k 9 Q.
o < 13 4 o
>
t b3 RG (TYP 2k) 14
—q —OUTPUT
—t 12
1#F ] 3 " E
3 10k L
7 oI AN
20 WS- WA
+ INPUT —AAA—4 -

*1% FILM RESISTOR. MATCH 10K’ 0.05%
GAIN EQUATION; A= 403,000 . 4.

tFOR HIGH SOURCE IMPEDANCES,
USE 2N2222 AS DIODES.

+5V

9V Battery Powered Strain Gage Signal Conditioner

15k
A~ - oV
+9v }mma 3am
ATuF =
] 1 I I PR
0.068 ‘.‘.‘I‘.vv—k‘
I—.— < 001 Ll _ToA/DRATIO
$100k I REFERENCE
= 100k
<b
® 100K
$ 3500
1 STRAIN GAGE
+oV = BRIDGE 499 fiq
1 e Lrios >~ 10470

15k 15 13 12

+9V AN 499 *
0.068
14
100k
3k 7 74C221 9 =
V"" =
0.068 LT1014
6 9 10
R 2
A J
T0A/D
CONVERT COMMAND L. SAMPLED OPERATION GIVES LOW AVERAGE OPERATING CURRENT =650pA.

4.7k-0.01uF RC PROTECTS STRAIN BRIDGE FROM LONG TERM DRIFTS DUE TO
HIGH AV/AT STEPS.

L7 TE!DHNOLOGY 2'97




LT1013/LT1014

TYPICAL APPLICATIONS

5V Powered Motor Speed Controller
No Tachometer Required

+5V

47
y +
>
Sk
820 @

MW= 2N5023
2% ot
2N3904

1N4001

330ke 0.47Z

1/4 CD4016

:lf--E@'_'l—

MOTOR =CANON —FN30 —R13N1B.

A2 SAMPLES MOTORS BACK EMF.

Eiy
ov-3v

5V Powered EEPROM Pulse Generator

A1 DUTY CYCLE MODULATES MOTOR.

+5V
oo, IN4148 1N4148 Y 1N4148
Pt
20k
= L 0.33
1N4148 I
22222 oN2222 = <
4.7k [ S 10002
b3
L = 2700 100k
8202 VW
>
l ‘=E 820
¢ 2
> 1N4148
1N4148 TTL INPUT o1a -
3
22222
x 0.005 oy

MEETS ALL Vpp PROGRAMMING SPECS WITH NO TRIMS AND OUTPUT _/_
RUNS OFF 5V SUPPLY—NO EXTERNAL HIGH VOLTAGE SUPPLY REQUIRED. T kS

SUITABLE FOR BATTERY POWERED USE (600A QUIESCENT CURRENT). S 100K* 60045 RC
*1% METAL FILM.

LT1004
1V 6.19K
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LT1013/LT1014

TYPICAL APPLICATIONS

Methane Concentration Detector with Linearized Output

+5V

*1% METAL FILM RESISTOR.
SENSOR =CALECTRO-GC ELECTRONICS #J4-807 OR FIGARO #813.

-—o/o——,- - 1
0——0/0—- -
o—o/c% -<ll

LT1004E- —I I——-
1.2v

- 1N4148 (4)
0.033
. CD4016 b
Fvall 1
B 8 100k
7LT¢§14 AAA 74004
0
> +7 >
27k -I >0—¢
1 74004
= LTC1044 +5V <]
4] 104F 2J_3 [ +5V
T 10uF +H = =
I
CA3046 0
| SENSOR 1N4148
= A Ld 02 oag—-- - OUTPUT
500ppm-10,000ppm
v b 50Hz — tkHz
.4 2] 4 !,____
AN .
5K AN 1] 100k 6 L
1000ppm LT1014 VW g . -
TRIN 3, A2 A2 L o0
LT1014 W v
5
— +
- 12
Low Power 9V to 5V Converter
+9V INPUT 2N2905 L
10k v/ +
AA- 1N4148 47
= = A A4
» Vp=200mV | HP5082-2811
310k
lmw

L=DALE TE-3/Q3/TA.

SHORT CIRCUIT CURRENT =30mA.
=75% EFFICIENCY.

SWITCHING PREREGULATOR CONTROLS DROP ACROSS FET TO 200mV.

IH—AAA

LY IR
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LT1013/LT1014

TYPICAL APPLICATIONS

5V Powered 4mA-20mA Current Loop Transmitter t

+5V
03
2N2905
8200
1N4002 (4)
Seen
%;mk*
4 ‘L 10k 3
2N2222 & 20mA  1000*
AL TRIM
W
1k 3. .
10k j 4mA < 80K
= B > 4mA-20mA OUT
= 70 LOAD
'flig\(/m 2 2.2k MAXIMUM
112-BIT ACCURACY. =<
*1% FILM. NouT
T1=PIC0-31080. 070 4V

Fully Floating Modification to 4mA-20mA Current LoopT

1N4002 (4)

4mA-20mA OUT
_ FULLY FLOATING

4,3
+ 5V A ——tg

LT1004 -
1.2V

- 2k
4mA
TRIM

INPUT
ov-4v

2-100 | LY LR

18-BIT ACCURACY.




LT1013/LT1014

TYPICAL APPLICATIONS

5V Powered, Linearized Platinum RTD Signal Conditioner

M
1672 b -
0UTPUT
200k A4 V-4V =
Vv 174171014, 0°C-400°C
Q2 £0.05°C
200k
2N4250 b
()
1.5k & SENSOR = l
6 <
- <
P } L
1 rosemount oot b sk -
= 118MF + > ZERO Y
M TRIM
< 2.4k
Y 3 274k 5%
/4[/_ 13
14 Al <
1014 10k LT1009
Lt o S ps0k Sy
R AAA
1
ALL RESISTORS ARE TRW-MAR-6 METAL FILM.
RATIO MATCH 2M-200K %0.01%.
TRIM SEQUENCE:
SET SENSOR TO 0° VALUE.
ADJUST ZERO FOR OV OUT.
SET SENSOR TO 100°C VALUE.
ADJUST GAIN FOR 1,000V OUT.
SET SENSOR TO 400°C.
ADJUST LINEARITY FOR 4,000V OUT, REPEAT AS REQUIRED.
Strain Gage Bridge Signal Conditioner
+5V
220
% 1,2VouT REFERENCE
TO A/D CONVERTER
LT1004 10K FOR RATIOMETRIC OPERATION
1.2v 2 Vree S 76R0 1mA MAXIMUM LOAD
VWA 73w
3%k L 30tk
- - <
®‘..‘ A
D
@ ® p— OUTPUT  QV-3.5V
Opsi-350psi
+ L # PRESSURE &
1004F LTC1044 % ransoucen /::/'
4 9 3500 1
V= —Vper
>
15 ‘ © ‘/ﬂ GAIN TRIM
I 3
1004F ]»
I Ja6k*
= 1
*1% FILM RESISTOR.
PRESSURE TRANSDUCER—BLH/ DHF—350. .
CIRCLED LETTER IS PIN NUMBER. g 1000

LY LNEAR 2-101
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LT1013/LT1014

TYPICAL APPLICATIONS

LVDT Signal Conditioner

0.005

FREQUENCY =

30k 1.5kHz

YEL-BLK

10k [
1Ng14

LT1004

N33 oy Y

1

100K ¢
PHASE %
TRIM Y

LVDT =SCHAEVITZ E-100.

L_

.
@
@
=
m

—» TO PIN 16, LT1043

11k \A A
I~

R2

AAA

A A A e

p— OUTPUT

—INPUT
‘LZR :: R
S1om e
+INPUT
<= R
oM

VVv

2R1

R3
"R?)

2

GAIN= (1 +

INPUT BIAS CURRENT TYPICALLY < 1nA

INPUT RESISTANCE =3R =15M FOR VALUES SHOWN

NEGATIVE COMMON-MODE LIMIT =V — +1gx 2R +30mV
=150mV for V- =0V

Ig=120A

2-102
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LT1013/LT1014

TYPICAL APPLICATIONS

Voltage Controlled Current Source with

Low Dropout Regulator for 6V Battery Ground Referred Input and Output
} +12 OUTPUT
1N914
10
WA= Lot 8 *JI

o

"
|

Lyl

m OPERATIONAL AMPLIFIERS

22219 5V OUTPUT LA
= Vaarr
—_— BV
T
0.003F |
. &
—_ :: 120k
s
LT1004 1000
12V
S
< =
i: 30k L l loyr=0mA TO 15mA
0.009V DROPOUT AT 5mA OUTPUT. L/ = _
& 50k lour=10;
0.108V DROPOUT AT 100mA OUTPUT. & OUTPUT ADJUST on BIPOG& T OPERATION
outescent =850 RUN BOTH ICs FROM

- A BIPOLAR SUPPLY.

6V to + 15V Regulating Converter

+6!

T

1 W
V0l ClK2 N4391 .
100kHZ INPUT = CLK 1 74074 2 our
DG D @ Sam
$
22K [/ 200
VWA o
/, ouT
+6V ‘L ADJ
I 100k
S LT1004
82k g 1.2V
14 1
5
L1=24-104 AIE VERNITRON e
— 14148
+5mA OUTPUT =
75% EFFICIENCY b
>
0.005 > 1M
5114 | v

LT LNEAR 2-103



LT1013/LT1014

TYPICAL APPLICATIONS

Low Power, 5V Driven, Temperature Compensated Crystal Oscillator (TXCO)Jr

OSCILLATOR SUPPLY
> STABILIZATION
. 3.4k* t
+5V AN ANV~ % j: 5M*
R 2.16k* |
LT1009 /4 S Sim* =
2.5V %» 3.2 ;. =
= 4.22M"
= TEMPERATURE A +5V [
- COMPENSATION <
GENERATOR 200 3.5MHz ::100k 1002
XTAL
R 100k )

2 |] + 2N2222
6.25k ™* ! | ha
AA—$—AA- OSCILLATOR 510pF

)
< 560k 3.5MHz OUTPUT
3 Mv-209 < oC. 0°C-70°
a0l $ m 3 ‘[_onappm/ C, 0°C-70°C
S 4 510pF 6800
- <
*1% FILM L———‘
= = 3.5MHz XTAL=AT CUT—35°20" =
MOUNT Ry NEAR XTAL
3mA POWER DRAIN
T THERMISTOR-AMPLIFIER-VARACTOR NETWORK GENERATES
A TEMPERATURE COEFFICIENT OPPOSITE THE CRYSTAL TO
MINIMIZE OVERALL OSCILLATOR DRIFT
Step-Up Switching Regulator for 6V Battery
OUTPUT
+15V
50mA
2N2222
LT1004
1.2v
™
m | 220k vy
+
1 T 100
I - b4 5.6k
<
%; 5.6k
1

L1=AIE—VERNITRON 24-104
78% EFFICIENCY

2104 LY N



LT1013/LT1014

SCHEMATIC DIRGRAM

2 LT1013, ¥s LT1014

w
o«
O - o . -~ o W
-
v+ U
% Sk 16k 16K 1.6k 1000 1K 8000 -
g
06 Q13 016 Q14
05 036
-~ r‘ N mls\ 032 N «
030 035 { E'
a3 o [ —
N W 1. o)
> — =
025 1/033 037 (-
21pF J 5
a1 07 & 111 a6 ¥
e i e A o
m | h 3 4038 a1
021 !
OUTPUT ‘L
4:14k
<
@
039
£ 4000 I | 'T
D VvV 4pF
N 040
022 | g l L/‘ 031
010 %Zk v |
034
31 = 100pF 4k 6002
10pF 1 <
17 \J Yoos 0o
020
v- 2% 1.3k 2% 300
J Package 14 Lead Cavity DIP N Package 14 Lead Molded DIP
5 0770
GLass o [1q] (3] [l [r1] [e] [s] [e]
! [ [o] [ [ o] [o] [*] i
0250 £0 005
0291 (6.350 £0.127)
o ow /00 & BT & BT ]
LTI BT LT BT LT T '“ﬁg‘
¢
0.300-0 320
% 0200 (7.620-2 128) 70 TYP (2 PLS) =
(4064) (5.080) 0040
02900320 MAX MAX 1.016)
(739573123;" Sa-o0m s % E r_qy%er %
oass__ ] 50817/ 0125 @5 mw 01%0s0005 f ] |
SEALANT T @ 175) [ (330250127

e

MIN

0008-0012 0.100 006040005

0205030 | 2 5«11_’J 152420120
MAX BOTH ENDS

0380025 010040010

@779063) 5020250

.

001850002
045720 050)

T]max
150°C

OjA
100°C/W

1

0.003-0 015
(0226-0.381)

+0.025
~0015

2063
2050

0325

4

_f_‘?____

007540015
{1°505.+0.381)

] k-

86° 94° ::o (2PLs)
TYP

00180003
(0.457.+0.076)

01000010

(2,540 +.0.254)

Tjmax
100°C

A
100°C/W

LINEAR

TECHNOLOGY

L
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LT1013/LT1014

PACKAGE DESCRIPTION

H Package J8 Package
Metal Can 8 Lead Hermetic DIP
0.355-0.370
{9.017-9.398) e
DIA 3 5
< 0:305-0.335
{71.7147-8.509) 0.220-0.310
0.040 DIA (5.568—7.874)
1.016) 116) oy )
 {1.270) 0.165-0.185 ol 4
‘ M:X (4.m;4.sss) L gy e e
055
PuaNE —=H— E‘L‘;’,?E osool o150 _” e
000048 m] [' [”] {12.70-19.05) MAX
{0.254-1.183) ——Y- 0.405
||« 0160021 {1029
10.406-0.533) 0200 MAX
e (5 {5.080) .0.015—0.060 0.005
MAX  (0.381-1.524) —> m
MIN
45°TYP 0.027-0.045
0.027-0.034 X (0.686-1.143)
{0.685—0.864) 1 \

0.150
o oazs-020 | @80 i i
{3.175-5.080) [ I 0
} . 0.030-0.070 -~ |egoatsr —allee
o100 0162 1.7
0.100 (2.540) 0.014-0.023 0.290 -0.320
0.120-0.160 {,’s‘ﬁf"’ Bsc T~ 0.356-0.58) "~ 7.366-8.128) "
(3.048—4.064) =~ RaDTYP L
':F;RNLS:I'F“FG NOTE: DIMENSIONS IN INCHES (MILLIMETERS) UNLESS OTHERWISE NOTED

*LEADS WITHIN 0.007 OF TRUE POSITION (TP) AT GAUGE PLANE

NOTE: DIMENSIONS IN INCHES (MILLIMETERS)

Tjma: bj
Timax 0a Oic i : a
150° 100°C/wW
150°C 150°C/W | 45°C/W oo°c
N8 Package
8 Lead Plastic
e e B s B
7 1
[ ae-om
{6.096-7.112)
5 8
T T
0.080 0.060
=i A {1.524)
s
0.370-0.400
0.020 {9.400-10.16)
{0.508) 0.005 7o a5
MIN oien —
MIN
[}
0.155-0.175
{3.9374.445) |
1 i
0.125-0.130 . \
{3.175-3.302) " W
r— u u
0.060 o ogeo 0.008-0.015
0100 ‘ 1.520) TH ey om0 )
) P
(2540 0.014-0.023 0.290-0.310
- T =" 0.3s6—0.584) {7.366-7.874)
v

NOTE: DIMENSIONS IN INCHES UNLESS OTHERWISE NOTED

*LEADS WITHIN 0.007 OF TRUE POSITION (TP) AT GAUGE PLANE

Timax
100°C

130°C/W

ba

0.008-0.015
(0.203—-0.381)
TYP
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LT1022

TECHNOLOGY

FEATURES

® Guaranteed Slew Rate 23V/ us Min.

a Guaranteed Offset Voltage 250pV Max.
—55°Ct0125°C 7501V Max.
m Guaranteed Drift 5uV/°C Max.
m (Guaranteed Bias Current
70°C 180pA Max.
125°C 4nA Max.
® (Gain-Bandwidth Product 8.5MHz Typ.
® Settling Time t0 0.05% (10V Step) 0.9us Typ.

APPLICATIONS

= Fast D/A Output Amplifiers (12, 14, 16 Bits)
® High Speed Instrumentation

® Fast, Precision Sample and Hold

® \/oltage-to-Frequency Converters

® | ogarithmic Amplifiers

High Speed, Precision

JFET Input Operational Amplifier

PDESCRIPTION

The LT1022 JFET input operational amplifier combines
high speed and precision performance.

A 26V/ us slew rate and 8.5MHz gain-bandwidth product
are simultaneously achieved with offset voltage of typical-
ly 80uV, 1.5xV/ °C drift, bias currents of 50pA at 70°C,
500pA at 125°C. The output delivers 20mA of load cur-
rent without gain degradation.

The 2501V maximum offset voltage specification repre-
sents less than V2 least significant bit error in a 14-bit,
10V system.

The LT1022A meets or exceeds all OP-16A and OP-16E
specifications. It is faster and more accurate without
stability problems at cold temperatures.

The LT1022 can be used as the output amplifier for 12-bit
current output D/A converters, as shown below.

For a more accurate, lower power dissipation, but slower
JFET input op amp, please refer to the LT1055 data
sheet.

12-Bit Voltage Output D/A Converter

S y +15V
‘P
| 2
OmA T0 2mA
OR 4mA
3

12-BIT CURRENT OUTPUT D/A
CONVERTER (e.g., 6012, 565 OR DAC-80)

L_ouwur

0V T0 10V

Cg=15pF TO 33pF
SETTLING TIME TO 2mV (0.8 LSB)=1.545 TO 2us

Large Signal Response

|

SV/DIV

Ay=1, Cy =100pF, 0.54s/DIV
Ta=25°C, Vg= =15V

LY IR
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LT1022

ABSOLUTE MAXIMUM RATINGS

PACKAGE/ORDER INFORMATION

SupplyVoltage. . ....................... +20V TOP VIEW ORDER PART
Differential Input Voltage ................. +40V NUMBER
InputVoltage . . ...................... .. +20V
Output Short Circuit Duration ............ Indefinite H] 83%&“4*"
Operating Temperature Range LT1022ACH
) o
LT1022AM/1022M ... ........ ~55°Ct0125°C LT1022CH
LT1022AC/1022C................ 0°Cto70°C
Storage Temperature Range METAL CAN H PACKAGE
llDevices.................. —65°Cto150°
All Device . 65°C 150°C 107 yEw LT1022CN8
Lead Temperature (Soldering, 10sec.) ....... 300°C eaL [ [F]n/c
-n[Z] [7] v+
+In[3] (6] our
v-[3] 5] BAL
PLASTIC DIP N8 PACKAGE
Vg= 15V, Ty =25°C, Vi =0V unless otherwise noted
LT1022AM Lhnzz,
LT1022AC
LT1022CN8
SYMBOL | PARAMETER CONDITIONS MIN TYP  MAX | MIN. TYP  MAX | UNITS
Vos Input Offset Voltage (Note 1) H Package - 80 250 - 100 600 g
N8 Package - - - - 160 1000 w
los Input Offset Current Fully Warmed Up - 2 10 - 2 20 pA
Ig Input Bias Current Fully Warmed Up - =10 +50 - =10 %50 pA
Vo= +10V — 430 4100 | — 430  +150 pA
Input Resistance—Differential — 10" — — 10" - Q
—Common-Mode | Vey=—11Vto +8V - 0% - - 0% - Q
Voy=+8Vto +11V - 10" — — 10" - Q
Input Capacitance - 4 - - 4 - pF
€, Input Noise Voltage 0.1Hz to 10Hz — 2.5 - - 2.8 - wVp-p
e Input Noise Voltage Density fo=10Hz (Note 2) - 28 50 - 30 60 nV/~Hz
fo=1kHz (Note 3) - 14 20 - 15 22 |nV/vHz
in Input Noise Current Density fo="10Hz, 1kHz (Note 4) - 1.8 4 - 1.8 4 fA/VHz
AvoL Large Signal Voltage Gain Vo==10V R =2k 150 400 - 120 400 - V./mvV
R =1k 130 300 - 100 300 - V/mV
) Input Voltage Range +10.5 +12 — +10.5 12 - v
CMRR Common-Mode Rejection Ratio Vem= =10.5V 86 94 - 82 92 — dB
PSRR Power Supply Rejection Ratio Vg=+10Vto +18V 88 104 - 86 102 - dB
Vour Output Voltage Swing R =2k +12  +13.2 - +12  x13.2 - v
SR Slew Rate 23 26 - 18 24 - V/us
GBW Gain-Bandwidth Product f=1MHz — 8.5 - - 8.0 - MHz
Is Supply Current - 5.2 7.0 - 5.2 7.0 mA
Settling Time A=+10rA=-1
10V Step to 0.05% - 0.9 — - 0.9 - us
10V Step to 0.02% - 1.3 — — 1.3 = us
Offset Voltage Adjustment Range Rpor =100k - +7 - = +7 - mv



LT1022

ELECTRICAL CHARACTERISTICS v = - 15v, vgy =0V, 0°C<T,<70°C unless otherwise noted

LT1022CH

LT1022AC LT1022CN8
SYMBOL PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX | UNITS
Vos Input Offset Voltage H Package e — 140 480 — 180 1000 wv
(Note 1) N8 Package o — - — - 300 1700 wv
Average Temperature H Package o — 1.3 5.0 - 1.8 9.0 uV/°C
Coefficient of Input Offset N8 Package (Note 5) | — - - - 3.0 15.0 | uV/°C

Voltage

los Input Offset Current Warmed Up,Tp=70°C | — 15 80 - 18 100 pA
Ig Input Bias Current Warmed Up, T,=70°C o | — +50 +200 - +60 + 250 pA
AvoL Large Signal Voltage Gain Vo= =10V, Ry =2k ® | 380 250 — 60 250 — V/mv
CMRR Common-Mode Rejection Ratio Vem= =10.4V ® | 85 93 — 80 91 — dB
PSRR Power Supply Rejection Ratio Vg= 10V to =18V ® | 386 103 — 84 101 — dB
Vour Output Voltage Swing RL=2k ® | +12 +13.1 - +12 +13.1 - v

ELECTRICAL CHARACTERISTICS Vg= x15V, Vg =0V, —55°C <Tp<125°C unless otherwise noted

LT1022AM LT1022M

SYMBOL PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX | UNITS
Vos Input Offset Voltage (Note 1) o — 230 750 — 300 1500 uV

Average Temperature (Note 5) o — 1.5 5.0 - 2.0 9.0 uV/°C

Coefficient of Input Offset

Voltage
los Input Offset Current Warmed Up, Ty=125°C (@ | — 0.3 2.0 — 0.30 3.0 nA
lg Input Bias Current Warmed Up, Tp=125°C | ® - +05 4.0 - +0.7 x6.0 nA
AyoL Large Signal Voltage Gain Vo= =10V, R =2k e | 40 120 - 35 120 - V/mv
CMRR Common-Mode Rejection Ratio Vem= =10.4V e | 8 92 - 80 90 - aB
PSRR Power Supply Rejection Ratio Vg=x10Vto £17V ® | 86 102 — 84 100 - dB
Vour Output Voltage Swing R =2k ® (+12 +12.9 - +12 +12.9 - \

The @ denotes the specifications which apply over the full operating
temperature range.
Note 1: Offset voltage is measured under two different conditions:

(a) approximately 0.5 seconds after application of power;

(b) at To=25°C, with the chip self-heated to approximately 45°C to

account for chip temperature rise when the device is fully warmed up.
Note 2: 10Hz noise voltage density is sample tested on every lot of A
grades. Devices 100% tested at 10Hz are available on request.

Note 3: This parameter is tested on a sample basis only.
Note 4: Current noise is calculated from the formula: i, = (2qlg)", where
q=1.6x 109 coulomb. The noise of source resistors up to 1GQ
swamps the contribution of current noise.
Note 5: Offset voltage drift with temperature is practically unchanged
when the offset voltage is trimmed to zero with a 100k potentiometer be-
tween the balance terminals and the wiper tied to V+. Devices tested to
tighter drift specifications are available on request.

LTI

INOLOGY
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LT1022
TYPICAL PERFORMANCE CHARACTERISTICS

Phase Margin, Gain Bandwidth
Product, Slew Rate vs

GAIN-BANDWIDTH PRODUCT (MHz)

Gain vs Frequency Gain, Phase Shift vs Frequency Temperature
140 — 30 80 __ 40 T
Vg= 15V [ TT]1] z -
. * Cuwax=500pF 11 00 S o ]
(Ay=+1] o L
—, § | = 30 ~] 12
100 ; A 20 \\ ‘h 120 ‘E ; \\SLE »
A=2
g ¥ N A= 1068 wE o [ S
g = N NN g N
) g N . = b
= S 210 \— 160 &£ ~ 9
E Ta=—55°C = GAINN \ | pHase z & GBW (f=1MHz)
40 Ta=125°C | 3 N i 1802 60 8
N \CL=300pF 28 ~ 1,
% 0 v 15 w2 50 —
=+ = 6
Tom 800 N\ E ] o
0 N —'A 4 \ 220 E 1
C( =300 F\\ C=10pF
-20 -10 SE AN NCEL; u B4 I
1 10 100 1k 10k 100k 1M 10M 100M 1 3 10 30 100 T -5 -25 0 25 50 75 100 125
FREQUENCY (Hz) FREQUENCY (MHz) TEMPERATURE (°C)

Undistorted Output Swing vs
Frequency Small Signal Response Settling Time

30 10 T
17 _ L]/ ]
\ Vga w150 z
s u S= . 3 /AmV/ZmV /1mV /O.SmV
Tp=25°C
2 g °
: g e [/ /
v 18 2 <L 7i 7 7
= \ 5 EN Vg= £ 15V |
5 \ @ Py Tp=25°C
x 12 = A\ \
£ o g \RYAN
2 N L 5 -5 5
Z 6 AN y=+1,CL=1000F, 0245/DN £ Sm /\ \ \ \
= ’ v Ve p=1
a N Ta=25°C, Vg= = 15V ° i
T~ IOmV\\\ \1mv \O.va
0 -10 L i
100k ™ 10M 0 1 2 3
FREQUENCY (Hz) SETTLING TIME (us)

The typical behavior of many LT1022 parameters is identical to the LT1056. Please refer to the LT1055/ 1056 data shest
for the following typical performance characteristics:

Input Bias and Offset Currents vs Temperature Output Impedance vs Frequency

Input Bias Current Over the Common-Mode Range Common-Mode Range vs Temperature
Distribution of Input Offset Voltage (H and N8 Package) Common-Mode and Power Supply Rejections vs
Distribution of Offset Voltage Drift with Temperature Temperature

Warm-Up Drift Common-Mode Rejection Ratio vs Frequency

Long Term Drift of Representative Units Power Supply Rejection Ratio vs Frequency
0.1Hz to 10Hz Noise Voltage Gain vs Temperature

Supply Current vs Supply Voltage

Output Swing vs Load Resistance

Short Circuit Current vs Time

Voltage Noise vs Frequency
Noise vs Chip Temperature
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LT1022

APPLICATIONS INFORMATION

The LT1056 applications information is directly applicable
to the LT1022. Please consult the LT1055/1056 data
sheet for details on:

(1) plug-in compatibility to industry standard devices
(2) offset nulling

(3) achieving picoampere/microvolt performance

(4) phase-reversal protection

(5) high speed operation (including settling time test
circuit)

(6) noise performance

(7) simplified circuit schematic.

TYPICAL APPLICATIONS

Fast Piezoelectric Accelerometer

ENDEVCO #2215
ACCELEROMETER

1pF-5pF

1,

b— OUTPUT

10Hz to 1MHz Voltage-to-Frequency Converter

100pF
(POLYSTYRENE)
1.8k 1
+15V I +15V
2N2222 1.8
10pF 3 S
| L <
1
‘b
15V 2k TTL OUTPUT
. >
2N2222 $an
weut e 2]
AN VWA
oV 7O 10V P
(METAL FILM)S =
—-15v
LT1009
1K
ws 1.8k 1.8k
$ L
4 15V +15V

—P}— =1Na14s

Yo Qi
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LT1022
TYPICAL APPLICATIONS

PIN Photodiode-to-Frequency Converter

SpF
FULL-SCALE TRIM

+
15V
2N2222 S8k
2F 3 Sk
1L <
11
S0k TTL OUTPUT
+15V ﬁ» 20Hz — 2MHz
2 8 >
+ ok t w2 g, g
LT1011 A 1
—15v
1.8 1.8
—15v +15V

SCALE FACTOR=
1nW/Hz AT 900 NANOMETERS FROM 20nW TO 2mW

S* =HEWLETT PACKARD PHOTODIODE HP5082-4204

—p =1N4148
POLYSTYRENE
*SELECT VALUE FOR 2mW IN =2MHz OUT.

Wide Bandwidth Absolute Value Circuit Fast, Differential Input Current Source

10K* 10k* 10k*
10pF 10pF R*
[ VNt =—AAA—
lour= ViN2—VINt
1N4148 v R R
N N2 ==AAA—
INPUT A O !
=10 QUTPUT —15v lour  RL
0V TO +10V -
*MATCH T0 0.01% =
4148 Tsv FULL-SCALE POWER BANDWIDTH
- =1MHz FOR | gytR=8Vp-p
*0.1% =400kHz FOR IgytR =20Vp-p
; MAXIMUM | gyr=10mAp-p
1% ACCURACY TO 300kHz out
. = lourppxR
5% ACCURACY TO 700kHz COMMON-MODE VOLTAGE AT LT1022 INPUT = lgurp-pX R

2
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LT1022

TYPICAL APPLICATIONS

High Output Current Op Amp

+15V

—15v

:;mk

LOUTPUT

SLEW RATE=26V/us
loyr=150mA
Cy CAN BE 1u4F

Ay=+1, Cg=1000pF

Ay=—1, Cp=10pF

#327 LAMP

Low Distortion Sine Wave Oscillator

0.033uF
L

|

9530* S

10k &

MAT
TMAT!

[}
|
-

e\
';ﬁ"'

Fast, Precision Sample-Hold
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LT1022

PHCKHGG DGSCRIPTIOII Dimensions in inches (millimeters) unless otherwise noted.

H Package
Metal Can
0.355-0370
[~ {@.017-9.398)
A
< 0.305-0.335
~ 0. - asnea)’
0.040
(1.015) 5 +
mx {1.270) 0.165-0.185
MAX {4.191-4,699)
SEATING =3 ¥ X
PLANE _f—? U[HHH] G“U“ 0.500-0.750
0.010-0.045 m] ﬂ [“] __—(2119 .05)
{0.254—1.183)
0.016-0.021
{0.4060.533)
v
a5oTYP < } 0.027-0.045
0.027-0.034. {0.685—1.143)
{0.6850.864) 3
° GLASS
CL
0.100
{2.540)
0.120-0.160 BSC*
{3.048-4,064) RAD TYP
INSULATING
STANDOFF
Tjmax 6ja bjc
150°C 150°C/W | 45°C/W
N8 Package
8 Lead Plastic
o e S e O T
4 1
J 0.240-0.260
d {6.09-7.112)
] 8
| WD [y NSy SN fy Sunt ) I
0.040 0.060
- [ b 1.520)
sa
0.370-0.400
0.020 (9.400-10.16)
{0.505) L os _
) Toxse
MIN
\ ‘ i ]
0.125-0.130 0.115-0.145 “ ‘|
{3.175-3.302) (z 921-3.683) " !
u u
om 0.060 0.008-0.015 _ |
f 0.100 ("752 ‘52‘1 (om 0381 i
(Gse 0.014-0.023 nm nzw 0310 |
w (oass 0584 .366-7.87)
0°-15°

*LEADS WITHIN 0.007 OF TRUE POSITION (TP) AT GAUGE PLANE

Timax 0
100°C | 130°C/W
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LT1024

TECHNOLOGY

FEATURES
® Guaranteed Offset Voltage 50uV Max.
® Guaranteed Bias Current
25°C 120pA Max.
—55°Ct0125°C 700pA Max.
m Guaranteed Drift 1.5uV/°C Max.
= [ ow Noise, 0.1Hzto 10Hz 0.5uVp-p
= Guaranteed Supply Current 600xA Max.
® Guaranteed CMRR 112dB Min.
m Guaranteed PSRR 112dB Min.

m Guaranteed Voltage Gain with 5mA Load Current
w Guaranteed Matching Characteristics

APPLICATIONS

® Strain Gauge Signal Conditioner

® Dual Limit Precision Threshold Detection

® Charge Integrators

= Wide Dynamic Range Logarithmic Amplifiers
= | ijght Meters

® | ow Frequency Active Filters

m Standard Cell Buffers

& Thermocouple Amplifiers

Dual, Matched
Picoampere, Microvolt Input,
Low Noise Op Amp

DESCRIPTION

The LT1024 dual, matched internally compensated uni-
versal precision operational amplifier can be used in prac-
tically all precision applications requiring multiple op
amps. The LT1024 combines picoampere bias currents
(which are maintained over the full —55°C to 125°C
temperature range), microvolt offset voltage (and low
drift with time and temperature), low voltage and current
noise, and low power dissipation. Extremely high com-
mon-mode and power supply rejection ratios, practically
immeasurable warm-up drift, and the ability to deliver
5mA load current with a voltage gain of a million round out
the LT1024’s superb precision specifications.

Tight matching is guaranteed on offset voltage, non-
inverting bias currents and common-mode and power
supply rejections.

The all-around excellence of the LT1024 eliminates the
necessity of the time-consuming error analysis procedure
of precision system design in many dual applications; the
LT1024 can be stocked as the universal dual op amp in
the 14-pin DIP configuration.

For a single op amp with similar specifications, see the
LT1012 data sheet; for a single supply dual precision op
amp in the 8-pin configuration, see the LT1013 data
sheet.

Two Op Amp Instrumentation Amplifier

100k* 10k

x
[

-
=
> =<

>
>

b—QUTPUT

INPUTS{

\S

TYPICAL PERFORMANCE:
OFFSET VOLTAGE = 20pV
BIAS CURRENT = = 30pA
OFFSET CURRENT =30pA

_R4 1 (B2 R3)  R2+R3] _
aan=F1 [1+2 (82,58, Re ] =100
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Input Bias Current vs
Temperature
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£
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LT1024

ABSOLUTE MAXIMUM RATINGS

SupplyVoltage . ... ..................... + 20V
Differential Input Current (Note 1) . ......... +10mA
InputVoltage . ......................... + 20V
Output Short Circuit Duration . .. .......... Indefinite
Operating Temperature Range

LT1024AM/LT1024M . ........ —55°Cto125°C

LT1024AC/LT1024C .............. 0°Cto70°C
Storage Temperature Range

AliDevices .................. —65°Cto150°C
Lead Temperature (Soldering, 10sec.)........ 300°C

PACKAGE/ORDER INFORMATION

TOP VIEW
—\
e ] v w ORDER PART
nuLL & 2] [13] out () NUMBER
-in e = [72] v- (8)
+in A LIT7] +IN (B)
v-® 5] S={E-ne
ouUT (8) E—l (9] nuLL (8)
v+ @] 5] @ LT1024AMD
LT1024MD
D PACKAGE N PACKAGE
14 PIN HERMETIC 14 PIN PLASTIC LT1024ACN
(SIDEBRAZED) LT1024CN
NOTE: DEVICE MAY BE OPERATED EVEN IF INSERTION
IS REVERSED; THIS IS DUE TO INHERENT SYMMETRY OF
PIN LOCATIONS OF AMPLIFIERS A AND B (NOTE 2).

ELECTRKGL CHHBHCTGRISTICS Vs= =15V, Vgm =0V, Ta =25°C unless otherwise noted

Individual Amplifiers

LT1024AM/LT1024AC LT1024M/LT1024C
SYMBOL PARAMETER CONDITIONS MIN TYP MAX | MIN TYP MAX UNITS
Vos Input Offset Voltage 15 50 20 100 wV
Long Term Input Offset Voltage Stability 0.3 0.3 wV/month
los Input Offset Current 20 100 25 180 pA
Ig Input Bias Current +25 120 +30 +200 pA
e, Input Noise Voitage 0.1Hz to 10Hz 0.5 0.5 wVp-p
ey Input Noise Voltage Density fo=10Hz (Note 3) 17 33 17 33 nV/~Hz
fo=1000Hz (Note 3) 14 24 14 24 nV/VHz
in Input Noise Current Density fo=10Hz 20 20 fA/VHz
AvoL Large Signal Voltage Gain Vour= +12V, Ry =10kQ | 250 2000 180 2000 V/mv
Vour= £ 10V, R = 2kQ 150 1000 100 1000 v/mv
CMRR Common-Mode Rejection Ratio Vem= +13.5V 112 132 108 132 dB
PSRR Power Supply Rejection Ratio Vg= =2V to £20V 112 132 108 132 dB
Input Voltage Range +13.5 +£14.0 +13.5 +£14.0 v
Vour Output Voltage Swing Ry =10kQ +13  +14 +13 14 v
Slew Rate 0.1 0.2 0.1 0.2 V/us
Is Supply Current per Amplifier 380 600 380 700 HA
Matching Specifications
LT1024AM/LT1024AC LT1024M/LT1024C
SYMBOL PARAMETER CONDITIONS MIN  TYP MAX | MIN TYP  MAX UNITS
Input Offset Voltage Match - 20 75 . 25 150 w
gt Average Non-Inverting Bias — 30 150 —  +40 £250 pA
Current
los™* Non-Inverting Offset Current - 30 150 - 30 300 pA
ACMRR &onhon Mode Rejection Ratio Vew= =13.5V 110 132 - 106 132 — dB
atc
APSRR Power Supply Rejection Ratio Vg=+2V to 20V 110 132 - 106 132 - dB
Match
Channel Separation f<10Hz (Note 3) 134 150 - 134 150 - dB
2-116 LY TR
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ELECTRICAL CHARACTERISTICS

Vs= 415V, Vgm =0V, 0°C <Tp<70°C for the LT1024AC and LT1024C;
—55°C =Tp=<125°C for the LT1024AM and LT1024M unless otherwise noted

Individual Amplifiers
LT1024AM/LT1024AC LT1024M/LT1024C
SYMBOL | PARAMETER CONDITIONS MIN  TYP MAX MIN  TYP MAX UNITS
Vos Input Offset Voltage 0°C to 70°C ° 30 120 35 200 w
—55°C to 125°C ° 40 200 50 300 w
Average Temperature Coefficient of ° 025 15 0.3 2.0 uV/°C
Input Offset Voltage
los Input Offset Current 0°C to 70°C ° 40 250 50 300 pA
—55°C t0 125°C ° 80 350 100 500 pA
Average Temperature Coefficient of ° 0.5 2.5 0.7 3 pA/°C
Input Offset Current
Ig Input Bias Current 0°C to 70°C ° +40  +250 +50 +£400 pA
—55°C t0 125°C ° +100 +700 +200 +1300 pA
Average Temperature Coefficient of 0°C to 70°C ° 0.4 3 0.5 4 pA/°C
Input Bias Current —55°C t0 125°C ° 1 6 2 12 pA/°C
AvoL Large Signal Voltage Gain Vour= =12V, R = 10kQ |[e| 150 1000 150 1000 V/mv
Vour= +10V, Ry =2kQ |e| 100 600 100 600 v/mv
CMRR Common-Mode Rejection Ratio Vem= +13.5V e 108 128 106 128 aB
PSRR Power Supply Rejection Ratio Vg=+2.5Vto +18V eo| 108 128 106 128 dB
Input Voltage Range ®|+£13.5 +13.5 v
Vour Output Voltage Swing R =10kQ o|+13 14 +13 =14 v
Is Supply Current ° 400 800 400 900 pA
Matching Specifications
LT1024AM /LT1024AC LT1024M/LT1024C
SYMBOL | PARAMETER CONDITIONS MIN  TYP MAX MIN  TYP MAX UNITS
Input Offset Voltage Match 0°C to 70°C ° 35 170 45 300 w
—55°C to 125°C o — 50 280 - 70 500 wV
Input Offset Voltage Tracking | — 0.3 2.0 - 0.4 3.5 uV/°C
lg* Average Non-Inverting Bias Current 0°C to 70°C ° +40 +300 +50  +500 pA
—55°C to 125°C e| — 100 =800 — +200 1400 pA
los™ Non-Inverting Offset Current 0°C to 70°C o — 40 300 - 50 500 pA
—55°C to 125°C | — 80 800 - 150 1500 pA
ACMRR Common-Mode Rejection Ratio Match | Vgy= +13.5V o| 106 128 - 104 128 - dB
APSRR Power Supply Rejection Ratio Match Vg= +2.5V1t0 +18V e | 106 128 - 104 128 - dB
The @ denotes the specifications which apply over the full operating Optional Offset Nulling Circuit
temperature range. v+
Note 1: Differential input voltages greater than 1V will cause excessive
current to flow through the input protection diodes unless limiting
resistance is used. 5k TO 100k
Note 2: The V* supply terminals are completely independent and may
be powered by separate supplies if desired (this approach, however,
would sacrifice the advantages of the power supply rejection ratio OUTPUT
matching). The V™ supply terminals are both connected to the common
substrate and must be tied to the same voltage. Both V™~ pins should be ~12|(5) INPUT OFFSET VOLTAGE CAN BE ADJUSTED
used. V- OVER A 2800,V RANGE WITH A 5k TO
Note 3: This parameter is tested on a sample basis only. 100k POTENTIOMETER.
L7 eR 2117
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TYPICAL PERFORMANCE CHARACTERISTICS
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TYPICAL PERFORMANCE CHARACTERISTICS

Common-Mode Rejection and
CMRR Match vs Frequency
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LT1024

APPLICATIONS INFORMATION

The LT1024 may be inserted directly into OP-10, OP-207
or 0P227 sockets with or without removal of external null-
ing components.

The LT1024 is specified over a wide range of power supply
voltages from +2V to = 18V. Operation with lower sup-
plies is possible down to 1.2V (two NiCad batteries).

Advantages of Matched Dual Op Amps

In many applications, the performance of a system de-
pends on the matching between two operational amplifi-
ers rather than the individual characteristics of the two op
amps. Two or three op amp instrumentation amplifiers,
tracking voltage references, and low drift active filters are
some of the circuits requiring matching between two op
amps.

The well-known triple op amp configuration illustrates
these concepts. Qutput offset is a function of the dif-
ference between the offsets of the two halves of the
LT1024. This error cancellation principle holds for a con-
siderable number of input-referred parameters in addition
to offset voltage and its drift with temperature. Input bias
current will be the average of the two non-inverting input
currents (Ig* ). The difference between these two cur-

rents (los ™ ) is the offset current of the instrumentation
amplifier. Common-mode and power supply rejections
will be dependent only on the match between the two
amplifiers (assuming perfect resistor matching).

The concepts of common-mode and power supply rejec-
tion ratio match (ACMRR and APSRR) are best
demonstrated with a numerical example:

Assume CMRRA = +1.0uV/V or 120dB

and CMRRg = +0.54V/V or 126dB,

then ACMRR=0.54V/V or 126dB

if CMRRg = —0.5xV/V, which is still 126dB,
then ACMRR=1.54V/V or 116.5dB.

Typical performance of the instrumentation amplifier:
Input offset voltage =25uV.

Input bias current=30pA.

Input resistance = 10120,

Input offset current=30pA.

Input noise =0.7xVp-p.

Power bandwidth (Vo = % 10V)=80kHz.

Clearly, the LT1024, by specifying and guaranteeing all of
these matching parameters, can significantly improve the
performance of matching dependent circuits.

Three Op Amp Instrumentation Amplifier
+15V

INPUT ~

R6
10k
1%

AAA

SR10
$ 100k 4

VWV~

+15V
2 7

o

LT1037 —OUTPUT

4
-15v

GAIN=1000

—15v

TRIM R8 FOR GAIN.
TRIM R9 FOR DC COMMON-MODE REJECTION.
TRIM R10 FOR AC COMMON-MODE REJECTION.

{ R7

> 9.76k
1%

R9
5002

Vv
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APPLICATIONS INFORMATION

Achieving Picoampere/Microvolt Performance

In order to realize the picoampere/microvolt level ac-  Microvolt level error voltages can also be generated in the
curacy of the LT1024, proper care must be exercised. For  external circuitry. Thermocouple effects caused by tem-
example, leakage currents in circuitry external tothe op  perature gradients across dissimilar metals at the con-
amp can significantly degrade performance. High quality  tacts to the input terminals can exceed the inherent drift
insulation should be used (e.g., Teflon, Kel-F); cleaning  of the amplifier. Air currents over device leads should be
of all insulating surfaces to remove fluxes and other resi-  minimized, package leads should be short, and the two
dues will probably be required. Surface coating may be  input leads should be as close together as possible and
necessary to provide a moisture barrier in high humidity ~ maintained at the same temperature.

environments. Test Circuit for Offset Voltage and its Drift with Temperature

Board leakage can be minimized by encircling the input 5211'

circuitry with a guard ring operated at a potential close to
that of the inputs: in inverting configurations, the guard
ring should be tied to ground, in non-inverting connec-

n OPERATIONAL AMPLIFIERS

tions, to the inverting input. Guarding both sides of the o0 3 . —Vo

printed circuit board is required. Bulk leakage reduction RE) oS ST Ve LD

depends on the guard ring width. Nanoampere level leak- e 3 145y **THIS CIRCUIT IS ALSO USED AS THE BURN-IN
age into the offset trim terminals can affect offset voltage i SOLTAGE WOREAGED T0 2200 A1 <Aook,
and drift with temperature. R2=2000, Ay=100

Vo =1000Vgg
Direct Pressure Transducer to Digital Output Signal Conditioner
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SCHEMATIC DIAGRAM
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LTC1052/LTC7652

FEATURES
® Guaranteed Max. Offset oV
m Guaranteed Max. Offset Drift 0.05uV/°C
m Typ. Offset Drift 0.01uV/°C
m Excellent Long Term Stability 100nV/~/Month
m Guaranteed Max. Input Bias Current 30pA
m Qver Operating Temperature Range
Guaranteed Min. Gain 120dB
Guaranteed Min. CMRR 120dB
Guaranteed Min. PSRR 120dB
m Single Supply Operation 4.75Vt0 16V

(Input Voltage Range Extends to Ground)
m External Capacitors can be Returned to V™~ with No
Noise Degradation

APPLICATIONS

® Thermocouple Amplifiers

® Strain Gauge Amplifiers

& | ow Level Signal Processing
® Medical Instrumentation

TECHNOLOGY  Chopper-Stabilized Operational

Amplifier (CSOA™)

DESCRIPTION

The LTC1052 and LTC7652 are low noise Chopper-
stabilized op amps (CSOA™) manufactured using Linear
Technology’s enhanced LTCMOS™ silicon gate process.
Chopper-stabilization constantly corrects offset voitage er-
rors. Both initial offset and changes in the offset due to time,
temperature and common-mode voltage are corrected.
This, coupled with picoampere input currents, gives these
amplifiers unmatched performance.

Low frequency (1/f) noise is also improved by the chop-
ping technique. Instead of increasing continuously at a
3dB/octave rate, the internal chopping causes noise to
decrease at low frequencies.

The chopper circuitry is entirely internal and completely
transparent to the user. Only two external capacitors are
required to alternately sample and hold the offset correc-
tion voltage and the amplified input signal. Control cir-
cuitry is brought out on the 14-pin version to allow the
sampling of the LTC1052 to be synchronized with an ex-
ternal frequency source.

Ultra Low Noise, Low Drift Amplifier
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¢50A™ and LTCMOS™M are trademarks of Linear Technology Corporation.

Teflon™ is a trademark of DuPont.
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ABSOLUTE MAXIMUM RATINGS

PACKAGE/ORDER INFORMATION

(Notes 1 and 2) TOPVIEW OF;RJEGQE REPLACES
Total Supply Voltage (V* toV=) .............. 18V LTC7852CH | ICL7652CTV
+40.3V) 1o (V= —0.3V) ICL7652ITV
Input Voltage . ERREREE : (V™ +0.3V) 9! ICL7650CTV-1
Output Short Circuit Duration. ............ Indefinite ICL7650ITV-1
Operating Temperature Range LTC1052CH | ICL7650CTV
LTC1052C/LTC7652C .......... —40°Ct085°C Creruny ICL76501TV
LTC1052M .. ... e —55°Ct0125°C METAL CAN H PACKAGE LTC1052MH | ICL7650MTV
Storage Temperature Range ... .... —55°Ct0150°C il 5 LTC10526N8 | 16L7650CPA
Y o Cexral1 8]Cexts
Lead Temperature (Soldering, 10sec.)........ 300°C B e LT01052048 | ICL76500IA
+IN[3] 5] outeur LTC1052MJ8
B 2
HERMETIC DIP J8 PACKAGE
PLASTIC DIP N8 PACKAGE
N~ —
[+
s %':LTK’,T LTC1052CJ | 1CL76521D
NC (GUARD)% [72] cLk out ICL76501JD
-n[Z v+
+INE:‘[>—,J@!WUT LTC10520N | ICL76520PD
NC (GUARD) [E] [5] outpur cLamp 1CL7650
O | 761052M) | ICL7650MJD
HERMETIC DIP J14 PACKAGE
PLASTIC DIP N14 PACKAGE
Vs = +5V, Ty =operating temperature range, test circuit TC1, unless otherwise specified.
LTC1052M LTC1052C/LTC7652C
SYMBOL PARAMETER CONDITIONS MIN  TYP  MAX MIN TYP MAX UNITS
Vos Input Offset Voltage Ta=25°C (Note 3) +05 x5 +£05 x5 w
AVqs/ ATemp | Average Input Offset Drift (Note 3) ° +0.01 +0.05 +0.01 +0.05 uV/°C
AVps/ ATime | Long Term Offset Voltage Stability 100 100 nvV/~/Month
los Input Offset Current Ta=25°C +5 +30 +5 +30 pA
[ + 2000 + 350 pA
Ig Input Bias Current Ta=25°C +1 +30 +1 +30 pA
° +1000 +175 pA
np-p Input Noise Voltage Rs= 1009, DC to 10Hz, TC3 1.5 1.5 wp-p
Rs=100%, DC to 1Hz, TC3 0.5 0.5 uVp-p
in Input Noise Current f=10Hz (Note 5) 06 0.6 tA/VHz
CMRR Common-Mode Rejection Ratio Vem=V~ 1o +2.7V o| 120 140 120 140 dB
PSRR Power Supply Rejection Ratio Vsuppy= +£2.375Vto +8V | @] 120 150 120 150 dB
AvoL Large Signal Voltage Gain RL=10k, Vour= +4V [ 120 150 120 150 dB
Vour Maximum Output Voltage Swing | R =10k o|+47 +4.85 +4.7 +4.85 v
(Note 4) Ry =100k +4.95 +4.95 v
SR Slew Rate Ry =10k, C,_=50pF 4 4 V/us
GBW Gain Bandwidth Product 1.2 1.2 MHz
Is Supply Current No Load, Tp=25°C 1.7 2.0 1.7 2.0 mA
[ 3.0 3.0 mA
fs Internal Sampling Frequency 330 330 Hz
Clamp On Current RL=100k | 25 100 25 100 #A
Clamp Off Current -4V <Vgyr< +4V 10 100 10 100 pA
[ 2 1 nA



LTC1062/LTC7652

The @ denotes the specifications which apply over the full operating

Note 3: These parameters are guaranteed by design. Thermocouple ef-

temperature range. fects preclude measurement of these voltage levels in high speed

Note 1: Absolute Maximum Ratings are those values beyond which the automatic testing. Vg is measured to a limit determined by test equip-
life of the device may be impaired. ment capability. Voltages on Cgyra and Cexyg, AyoL. CMRR and PSRR
Note 2: Connecting any terminal to voltages greater than V/* or less than are measured to insure proper operation of the nulling loop to insure
V-~ may cause destructive latch-up. It is recommended that no sources meeting the Vos and Vos drift specifications. See Package-induced Vog
operating from external supplies be applied prior to power-up of the in applications section.

LTC1052/LTC7652. Note 4: Output clamp not connected.

Note 5: Current noise is calculated from the formula: i,=(2q 15)*,
where q=1.6x 10~ ° coulomb.

TYPICAL PERFORMANCE CHARACTERISTICS
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LTC1052/LTC7652

TYPICAL PERFORMANCE CHARACTERISTICS
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TYPICAL PERFORMANCE CHARACTERISTICS
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LTC1052/LTC7652

TEST CIRCUITS

Electrical Characteristics Test Circuit (TC1)

DC to 10Hz and DC to 1Hz Noise Test Circuit (TC3)

| OUTPUT
(NOISE x 20,000)

IH—AAA—o

BANDWIDTH R1

R2
162k
162k

R3
16.2k
162k

R4
16.2k
162k

c2
0.1uF
1.0uF

C3
1.0pF
1.0uF

C4
1.0uF
1.0uF

10Hz
1Hz

16.20
16.20

THEORY OF OPERATION
DC OPERATION

The shaded portion of the LTC1052 block diagram (Figure 1)
entirely determines the amplifier’s DC characteristics. Dur-
ing the auto-zero portion of the cycle, the inputs are shorted
together and a feedback path is closed around the input
stage to nullits offset. Switch S2 and capacitor Cexta act as
a sample and hold to store the nulling voltage during the
next step—the sampling cycle.

In the sampling cycle, the zeroed amplifier is used to
amplify the differential input voltage. Switch S2 connects
the amplified input voltage to Cexts and the output gain
stage. CexTs and S2 act as a sample and hold to store the
amplified input signal during the auto-zero cycle. By
switching between these two states at a frequency much
higher than the signal frequency, a continuous output
results.

Notice that during the auto-zero cycle the inputs are not
only shorted together, but are also shorted to the negative
input. This forces nulling with the common-mode voltage
present and accounts for the extremely high CMRR of the
LTC1052. In the same fashion, variations in power sup-
ply are also nulled. For nulling to take place, the offset
voltage, common-mode voltage and power supply must
not change at a frequency which is high compared to the
frequency response of the nulling loop.

AC OPERATION AND ALIASING ERRORS

Sofar, the DC performance of the LTC1052 has been ex-
plained. As the input signal frequency increases, the
problem of aliasing must be addressed. Aliasing is the
spurious formation of low and high frequency signals
caused by the mixing of the input signal with the sam-
pling frequency, fs. The frequency of the error signals,
i, is:

fe=fs £f1|
where f| =input signal frequency.

Normally itis the difference frequency (fs —f;) which is of
concern because the high frequency (fs+f|) can be
easily filtered. As the input frequency approaches the
sampling frequency, the difference frequency ap-
proaches zero and will cause DC errors—the exact prob-
lem that the chopping amplifier is meant to eliminate.

The solution is simple. Filter the input so the sampling loop
never sees any frequency near the sampling frequency.

At a frequency well below the sampling frequency, the
LTC1052 forces |1 to equal I2 (see Figure 1B). This
makes 4| zero, thus the gain of the sampling loop zero at
this and higher frequencies—i.e., a low pass filter. The
corner frequency of this low pass filter is set by the output
stage pole (1/RL4 gms Ris C2).
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THEORY OF OPERATION

For frequencies above this pole, 12 is:

l2=Vin gmé X 53 X SC1
and o1
I1 —l2=VIN gm1 —VIN gm6 X (32

The LTC1052 is very carefully designed so that

gm1 =gme and C1=C2. Substituting these values in the
above equation shows 11 —12 =0.

The gme input stage, with C1 and C2, not only filters the
input to the sampling loop, but also acts as a high fre-
quency path to give the LTC1052 good high frequency
response. The unity-gain cross frequencies for both the
DC path and high frequency path are identical

[3dB = (gm1 /C1) =7 (gm6/C2)].

This makes the frequency response smooth and con-
tinuous and eliminates sampling noise in the output as
the loop transitions from the high gain DC loop to the high
frequency loop.

The typical curves show just how well the amplifier
works. The output spectrum shows the difference
frequency (fi —fs = 100Hz) is down by 80dB and the fre-
quency response curve shows no abnormalities or per-
turbations. Also note the well-behaved small and large
signal step responses and the absence of the sampling
frequency in the output spectrum. If the dynamics of the
amplifier, i.e., slew rate and overshoot, depend on the
sampling clock, the sampling frequency will appear in the
output spectrum.

. Sampling Cycle

Figure 1. LTC1052 Block Diagram
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LTC1052/LTC7652

APPLICATIONS INFORMATION
EXTERNAL CAPACITORS

Cexta and Cexts are the holding elements of a sample and
hold circuit. The important capacitor characteristics are
leakage current and dielectric absorption. A high quality
film-type capacitor such as mylar or polypropylene pro-
vides excellent performance. However, low grade capaci-
tors such as ceramic are suitable in many applications.

Capacitors with very high dielectric absorption (ceramic)
can take several seconds to settle after power is first
turned on. This settling appears as clock ripple on the
output and, as the capacitor settles, the ripple gradually
disappears. If fast settling after power turn-on is impor-
tant, mylar or polypropylene is recommended.

Above 85°C, leakage, both from the holding capacitors
and the printed circuit board, becomes important. To
maintain the capabilities of the LTC1052 it may be
necessary to use Teflon™ capacitors and Teflon standoffs
when operating at 125°C (see Achieving Picoampere/
Microvolt Performance).

CexTA and Cexts are normally in the range of 0.1xF to
1.0uF. All specifications are guaranteed with 0.1uF and
the broadband noise (see typical photos) is only very
slightly degraded with 0.1xF. Output clock ripple is not
present for capacitors of 0.1xF or greater at any
temperature.

On competitive devices, connecting Cexta and Cexts to
V~ causes an increase in amplifier noise. Design changes
have eliminated this problem on the LTC1052. On the
14-pin LTC1052 and 8-pin LTC7652, the capacitors can
be returned to V— or CrerurN with no change in noise
performance.

ACHIEVING PICOAMPERE/ MICROVOLT PERFORMANCE
Picoamperes

In order to realize the picoampere level of accuracy of the
LTC1052, proper care must be exercised. Leakage cur-
rents in circuitry external to the amplifier can significantly
degrade performance. High quality insulation should be
used (e.qg., Teflon, Kel-F); cleaning of all insulating sur-
faces to remove fluxes and other residues will probably be

necessary—particularly for high temperature perform-
ance. Surface coating may be necessary to provide a
moisture barrier in high humidity environments.

Board leakage can be minimized by encircling the input
connections with a guard ring operated at a potential
close to that of the inputs: in inverting configurations the
guard ring should be tied to ground; in non-inverting con-
nections to the inverting input. Guarding both sides of the
printed circuit board is required. Bulk leakage reduction
depends on the guard ring width.

Microvolts

Thermocouple effects must be considered if the
LTC1052’s ultra low drift is to be fully utilized. Any con-
nection of dissimilar metals forms a thermoelectric junc-
tion producing an electric potential which varies with
temperature (Seebeck effect). As temperature sensors,
thermocouples exploit this phenomenon to produce use-
ful information. In low drift amplifier circuits the effectis a
primary source of error.

Connectors, switches, relay contacts, sockets, resistors,
solder, and even copper wire are all candidates for ther-
mal EMF generation. Junctions of copper wire from dif-
ferent manufacturers can generate thermal EMFs of
200nV/°C—4 times the maximum drift specification of

2-130

Ly HNTR



LTC1052/LTC7652

APPLICATIONS INFORMATION

the LTC1052. The copper/kovar junction, formed when
wire or printed circuit traces contact a package lead, has
a thermal EMF of approximately 35uV/°C—700 times
the maximum drift specification of the LTC1052.

Minimizing thermal EMF-induced errors is possible if
judicious attention is given to circuit board layout and
component selection. It is good practice to minimize the
number of junctions in the amplifier’s input signal path.
Avoid connectors, sockets, switches and relays where
possible. In instances where this is not possible, attempt
to balance the number and type of junctions so that differ-
ential cancellation occurs. Doing this may involve
deliberately introducing junctions to offset unavoidable
junctions.

Figure 2 is an example of the introduction of an un-
necessary resistor to promote differential thermal
balance. Maintaining compensating junctions in close
physical proximity will keep them at the same tempera-
ture and reduce thermal EMF errors.

When connectors, switches, relays and/or sockets are
necessary they should be selected for low thermal EMF
activity. The same techniques of thermally balancing and
coupling the matching junctions are effective in reducing
the thermal EMF errors of these components.

Resistors are another source of thermal EMF errors. Table |
shows the thermal EMF generated for different resistors.
The temperature gradient across the resistor is important,

Table I. Resistor Thermal EMF

Resistor Type Thermal EMF/°C Gradient
Tin Oxide ~mV/°C
Carbon Composition ~450uV/°C
Metal Film ~20uV/°C
Wire Wound
Evenohm ~2uV/°C
Manganin ~2uV/°C

not the ambient temperature. There are two junctions
formed at each end of the resistor and if these junctions are
at the same temperature, their thermal EMFs will cancel
each other. The thermal EMF numbers are approximate
and vary with resistor value. High values give higher ther-
mal EMF.

When all of these errors are considered, it may seem im-
possible to take advantage of the extremely low drift
specifications of the LTC1052. To show that this is not the
case, examine the temperature test circuit of Figure 3.
The lead lengths of the resistors connected to the
amplifier’s inputs are identical. The thermal capacity and

thermal resistance each input sees is balanced because

of the symmetrical connection of resistors and their iden-
tical size. Thermal EMF-induced shifts are equal in phase
and amplitude, thus cancellation occurs.

Figure 4 shows the response of this circuit under tempera-
ture transient conditions. Metal film resistors and an 8-pin
DIP socket were used. Care was taken in the construction to
thermally balance the inputs to the amplifier. The units were
placed in an oven and allowed to stabilize at 25°C. The
recording was started, and after 100 seconds the oven, pre-
setto 125°C, was switched on. The test was first performed
on an 8-pin plastic package and then was repeated for a
TO-5 package plugged into the same test board. It is signifi-
cant that the change in Vos, even under these severe ther-
mal transient conditions, is quite good. As temperature
stabilizes, note that the steady-state change of Vos is well
within the maximum = 0.05xV/°C drift specification.

NOMINALLY UNNECESSARY

RESISTOR USED TO LEAD WIRE/SOLDER/COPPER
THERMALLY BALANCE OTHER

TRACE JUNCTION
INPUT RESISTOR
1

VI 4
/ LTC1052

RESISTOR LEAD, SOLDER,

COPPER TRACE JUNCTION

p— OUTPUT

Figure 2
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APPLICATIONS INFORMATION

Very slight air currents can still affect even this arrange-
ment. Figure 5 shows strip charts of output noise with the
circuit covered and with no cover in “‘still’” air. This data
illustrates why it is often prudent to enclose the LTC1052
and its attendant components inside some form of ther-
mal baffle.

0 MIN

PACKAGE-INDUCED OFFSET VOLTAGE

Since the LTC1052 is constantly fixing its own offset, it
may be asked why there is any error at all, even under
transient temperature conditions. The answer is simple.
The LTC1052 can only fix offsets inside its own nulling
loop. There are many thermal junctions outside this loop
that cannot be distinguished from legitimate signals.

5MIN 20 MIN 25 MIN

+0.054V/°C

g

0.14F

]
kg

OFFSET VOLTAGE, Vgg (10uV/DIV)

£0.054V/°C

' OVEN SWITCHED
ON (25°C)

Figure 3. Offset Drift Test Circuit

OVEN STABILIZED
AT 12 MIN

100 SECONDS/IN

Figure 4. Transient Response of Offset Drift Test Circuit with 100°C Temperature Step

e
T

Lzo SEC

Figure 5. DC to 1Hz (Test Circuit TC3)
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APPLICATIONS INFORMATION

Some have been discussed previously, but the package
thermal EMF effects are an important source of errors.

Notice the difference in the thermal response curves of
Figure 4. This can only be attributed to the package since
everything else is identical. In fact, the Vos specification
is set by the package-induced warm-up drift, not by the
LTC1052. T0-99 metal cans exhibit the worst warm-up
drift and Linear Technology sample tests T0-99 lots to
minimize this problem.

Two things make 100% screening costly: (1) the extreme
precision required on the LTC1052 and (2) the thermal
time constant of the package is 0.5 to 3 minutes, depend-
ing on package type. The first precludes the use of auto-
matic handling equipment and the second takes a long
time. Bench test equipment is available to 100% test for
warmed-up drift if offsets of less than =5uV are
required.

CLOCK

The LTC1052 has an internal clock, setting the nominal
sampling frequency at 330Hz. On 8-pin devices there is
no way to control the clock externally. In some applica-
tions it may be desirable to control the sampling clock and
this is the function of the 14-pin device.

CLK IN, CLK OUT and INT/EXT are provided to ac-
complish this. With no external connection, an internal
pull-up holds INT/EXT at the V* supply and the 14-pin
device self-oscillates at 330Hz. In this mode there is a
signal on the CLK IN pin of 660Hz (2 times sampling fre-
quency) with a 30% duty cycle. A divide-by-two drives
the CLK OUT pin and sets the sampling frequency.

To use an external clock, connect INT/EXT toV— and the
external clock to CLK IN. The logic threshold of CLK IN is
2.5V below the positive supply. This allows CMOS logic to
drive it directly with logic supplies of V* and ground.
CLKIN can be driven from V* to V— if desired. The duty
cycle of the external clock is not particularly critical but
should be kept between 30% and 60%.

Capacitance between CLK IN and CLK OUT (pins 13 and
12) can cause the divide-by-two circuit to malfunction. To
avoid this, keep this capacitance below 5pF.

OUTPUT CLAMP

If the LTC1052 is driven into saturation, the nulling loop,
attempting to force the differential input voltage to zero,
will drive Gexta and CextB to a supply rail. After the
saturating drive is removed, the capacitors take a finite
time to recover—this is the overload recovery time. The
overload recovery is longest when the capacitors are
driven to the negative rail (see Overload Recovery in
typical performance section). The overload recovery time
in this case is typically 225ms. In the opposite direction,
i.e., Cexta and Cexts at positive rail, it is about ten times
faster (25ms). The overload recovery time for the
LTC1052 is much faster than competitive devices, butifa
faster overload recovery time is necessary, the output
clamp function can be used.

When the output clamp is connected to the negative input
it prevents the amplifier from saturating and thus keeps
Cexta and Cextg at their nominal voltages. The output
clamp is a switch that turns on when the output gets to
within approximately 1V of either supply rail. This switch
is in parallel with the amplifier’s feedback resistor and as
the output moves closer to the rail, the switch on re-
sistance decreases, reducing the closed loop gain. The
output swing is reduced when the clamp function is
used.

How much current the output clamp leaks when off is im-
portant because, when used, it is connected to the
amplifier’s negative input. Any current acts like input
bias current and will degrade accuracy. At the other ex-
treme, the maximum current the clamp conducts when
on determines how much overdrive the clamp will take
and still keep the amplifier from saturating. Both of these
numbers are guaranteed in the table of electrical
characteristics.

LOW SUPPLY OPERATION

The minimum supply voltage for proper operation of the
LTC1052 is typically 4.0V (£ 2.0V). In single supply ap-
plications, PSRR is guaranteed down to 4.7V ( £ 2.35V).
This assures proper operation down to the minimum TTL
specified voltage of 4.75V.
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TYPICAL APPLICATIONS

5V Powered Ultra Precision Instrumentation Amplifier
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TYPICAL APPLICATIONS
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*TRW MTR-5/ +120ppm/°C
**POLYSTYRENE-WESCO #32-P/ — 120ppm/°C
£0.05% LINEARITY
>12008 DYNAMIC RANGE
0.01Hz/°C ZERO POINT DRIFT =
20ppm/°C GAIN DRIFT
L ek . .
No Vgs Adjust* CMOS DAC Buffer—Single Supply Air Flow Detector
10k +5V
15V
lour 100k
6 SLi%
12-BIT CMOS DAC —Vour 1k
lout2 FOR HIGHER SPEED, SEE B W
“'FAST PRECISION INVERTER " y
oup | UNDERTYPICAL APPLICATIONS LT1004-1.2 "4
At $43.20
i: =1%
$ = AMBIENT < T_—j‘.
10k TEMPERATURE 22400
1 STILLAR  + TYPEK A "L
_IL 1uf
[ NON-POLARIZED *OFFSET VOLTAGE CAUSES
NONLINEARITY ERRORS. AR FLOW
SEE: ""APPLICATION GUIDE
70 CMOS MULTIPLYING D/A
Iy CONVERTERS, "
: ANALOG DEVICES, INC.
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LTC1052/LTC7652

TYPICAL APPLICATIONS

1Hz — 30MHz Voltage-to-Frequency Converter

+5V

CURRENT &
SOURCE $ 12

STABILIZING
AMP

FET BUFFER
2N5486

2k
30MHz & 10k

« TRIM 1
N 16.2K
ovV-3v

< >

S 500

2N5486

500 TRIGGER

+5V

10k
1Hz TRIM LT1004

1.2v

5V

T4

M

Vour

+100mA

-5V

Vos=5uV

Vos/ AT =50nV/°C

GAIN=10

FULL POWER BANDWIDTH = 1kHz

Y 74574

HP5082-2810

NC
I) RESET DIODE 1Hz-30MHz
k‘ 2N3904 OUTPUT

-. -' out

*TRW MTR-5/ + 120ppm/°C
TWESCO #32-P/ —120ppm/°C
0.3Hz/°C ZERO DRIFT
+0.08% LINEARITY
20ppm/°C GAIN DRIFT
} 15008 DYNAMIC RANGE

Increasing Output Current

+5V
S

™ s 1

| |

10k | l

INPUT =—AAA—t | |
— QUTPUT

|

[

|

-

~AAA

1L
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LTC1052/LTC7652

TYPICAL APPLICATIONS

Single + 5V Thermocouple Amplifier with Gold Junction Compensation

+5V
¥
Vr L
>

< -
o0k $

e
LT1004-1.2 SRt

n OPERATIONAL AMPLIFIERS

T t+5v
< 3 )5k AT 25°C |
0o\ § 5V
3 7
6
LTC1082 > Vour=V1 (1+%£)
2 8 !
4
1
1 0.14F 0.14F >
g * SR oo
3
—1 g
= 1
L 1,F
— NON POLARIZED

=-0.5v 10K
- [15] 15 A
0.00474 | THERMOCOUPLE
TYPE

LTC1043
—l | TYELLOW SPRINGS INST. CO. PART # 44007

J
*CHOOSE C TO FILTER NOISE K

L T —d K

s

Increasing Output Current and Voltage (VgyppLy = £ 15V) DC Stabilized FET Probe
INPUT CAPACITANCE BOOTSTRAP
l Y FAST SOURCE
to oNs0d WRUT == FOLLOWER
230k —y— 33pF _——
.
] p— OUTPUT
| _outeur 3 3
£12V@20mA | LIMIT 31 1M
3
3 3K
T
v o 2N3904 T |
< -
"__[_o.mF :»L Tk
-5V 2000pF
STABLE FOR ALL GAINS, INVERTING
AND NON-INVERTING. OBSERVE DC STABILIZATION =
LTC1052 COMMON-MODE INPUT LIMITS 1k
=0 BANDWIOTH: 20MHz
l trise: 100ns
= DELAY: 5ns
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LTC1052/LTC7652

TYPICAL APPLICATIONS

Precision Multiplexed Differential Thermocouple Amplifier

+5V

______ 1 .
r_COLD JUNCTION
| compensATOR |
| 100k |
| I
| LT1004 <RI I
| 1.2V | 1
| | r °
|| s <t>sm| | |
6900 $ )%sect
| 1 1 | | |
L
l . ' 1uF | W
> >
} J1ere | Jrs200 } : :
(s s | |
= 13 o—14)
+5V ] [
r— - T W
| I I I
: |\o—- | [ 2] |
\‘\: {_T'_[—‘ : 1uF : o WF
: ' | |
114] | l '
]
: 18 o) 0
| LTC1043 =
> No—t : | B |
o
0.00474F L |

o

CD40528
-5V

('(é

|
3]
<

} ADDRESS

Vour= 1001 X VTHERMOCOUPLE

>
b3 0.1F

TYELLOW SPRINGS INST. CO. PART # 44007

THERMOCOUPLE
TYPE
J 232k
K 301k
T 301k
S 2.1M
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LTC1052/LTC7652

TYPICAL APPLICATIONS

Direct Thermocouple-to-Frequency Converter

Rr COLD JUNCTION TEMPERATURE TRACKING
TYPE K . N4148 4700
STABILIZING AMP 1.8k ats 4
THERMOCOUPLE 41.44V/°C s »i WA
7
10k B C D E
R ets | LTot052 Do—vwﬂ—Do-Do-Do-o-Do-
0K p 74004
_l_uF YA d 820pF
0.14F 0.14F |
OPTIONAL INFUT 1., ¥ v 1§
FILTER-AND-OVERLOAD =
CLA as
3300pF
A g
ANA—AN |} +5V 5V
74004
. F ouTRUT
60°C TRIM T e
+5v 0°C-60°C
—5y 3 =
3 740903
p—at 475" 1
:&W A 1004 *0.01% FILM-TRW MAR-6
3 12v *TRW/MTR/5/ +120
Ry=YELLOW SPRINGS INST. #44007
100pF =POLYSTYRENE
1FOR GENERAL PURPOSE (1mV
I FULL-SCALE) 10-BIT A TO D, REMOVE
COLD JUNCTION BIAS = THERMOCOUPLE—COLD JUNCTION
eI 301k NETWORK, GROUND POINT A, AND
A AN DRIVE LTC1052 POSITIVE INPUT.
< .
Siera
Direct 10-Bit Strain Gauge Digitizer
+5V
+5V 74000
STRAIN GAUGE
TRANSDUCER 209
1000pF Zy=3500
Zour=3500 = — =+ —
wn | 7
AAA - l
T
awosos | ¥ P3 | s000F FREQUENCY
1 | a70k* = 0uT B
!—I—i ' wW
! b4
I 2 A FREQUENCY
| | 0UT A
. “
L_1-4 332 o1, >
ouTPUT =
GATING
BRIDGE DRIVE L
0ATA 0UTPUT = SUT4 = 1000 COUNTS FuLL:SCALE
A AT *0.1% METAL FILM TRW MAR-5
\ A SW1=MAIN CURRENT SWITCH
7 SW2:= CURRENT LOADING COMPENSATION SWITCH
—5v
3.am e e e
7 : r T
= | CONNECT
w2 | DIRECTLY ACROSS 100k CONNECT TO BRIDGE END OF
BRIDGE DRIVE 470K RESISTOR
13 o—i4] ] pomts \ 1 1% CPTONAY |
— TRANSDUCER
L e - ZERD NETWORK |
2.3
Sk 33

< ]T

LT R
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LTC1052/LTC7652

TYPICAL APPLICATIONS

95k*

N AT AAA

16-Bit A— D Converter

- "V
ov-5v /170‘}(

FULL-SCALE
TRIM

= Aot
DATA OUTPUT = 5T

100,000 COUNTS FULL-SCALE

NO ZERO TRIM

20ppm/°C GAIN DRIFT
*VISHAY S-102 RESISTOR

74000
28k 14k TBZOpF +j’_"
0.014F CLOCK : : Bout
|1 S
10k I I
) | |
_I____. | s 740903 l
prF +5v | |
715 [6 = Aout
b L— T- -
A +5V
Sk T
+5V > 16— -
13 0
2N4338
0.014F
0.14F j—
’k LT1009 2 —14F 7]
—5V
S5kt S« 7
b2 > 20k ] 1
LINEARITY o =
15
CURRENT SINK _a TRIM B
|
LTC1043 I
L_._.@___I
—5v
CURRENT
SWITCH
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LTC1052/LTC7652

TYPICAL APPLICATIONS

Precision Isolation Amplifier

OPERATIONAL AMPLIFIERS

o INPUT SIDE | OUTPUT SIDE
WA 10K | 100 0
4_ 20k
| ZERD TRIM
4 L . : — 15V —AAA—— + 15V
- 2 100k"
S 2N5434 2N5434 30pF
- Jam
LTC1052 10 5 2 100K 3
4-PIN L2 i
1 STANCOR PCT-39 1000pF :_L: LM301A out
WPUT 5], 2N5434 2N5434 = Y 1k GAIN TRIM
100K 0.14F L °
gl b 1336
Is ]5 L | 74004
10k
1| 7aco0 J1411) 74090 14 | b
10 [ =0 | 1000F 10k
2% 2% T
o[ ]2 [ MR .‘.‘f;—‘.‘.‘ﬁ | =
| +1sv 68oF 5; 3300 = =
A AITIETRNERTITTS, 4 | 1
NG —(fmgoa 1K
—15V ¢ b—AA—b
25mA | 7 1
FLOATING —2.F { 22222
SUPPLY 2N3904 I Sk L1
OUTPUTS S DALE TC-10-11 POWER
4.3 8 DRIVER 74004 1
+15V 1N4148 AAA 15V =
25mA A /7]'7 o !
’ -1V S0k
J; FLOATING COMMON N2222 1000pF >
9 A~
| 20K
250V ISOLATION |
0.03% ACCURACY
*1% FILM RESISTOR
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LTC1062/LTC7652

PRCKAGE DESCRIPTION

Dimensions in inches (millimeters) unless otherwise noted.

H Package

J8 Package
Metal Can

N8 Package
8 Lead Hermetic Dip

8 Lead Plastic

e 035520470

-t s — i B s B e O
(1.747-8.509) O 7 7
0.040 DA _{
.06} 555 7 G 0.200-0.280
WAX e 0.165-0.185 80T nss B
MAX [4.191-4.699) " ] 8 _?
0.010-0.045 |] l] I][[ (|2 m!u %) = n:uw > L_ - :::) MAx o
(0.254-1.143) MAX ( (1.524)
I__ o 016-0.021 sa
0.533)
o
0.405
s oo e 03700400,
020, =g 400-10.16)
i s -t e
MAX ) 0127 MIN ]
4507 < 0.027—0.045 MIN MIN
0.027-0.034 {0.686-1.143)
((l 686 - 0.864)
GLASS l p \ i —7
5 3 0150, \ 15=
EL\M t 0.125-0.200 s nm pi o s tn
ry {3.175-5.080) n W

(2.921-3.683)
S )

0.125-0.130
0.030-0.070 } 0.008-0.015 f 0.030-0.060 0.008-0.015
__:11.1 :1“ . 2100 o782 1.1 ozm-0301} ™ e 152 wz-0a81]
0.120-0.160 |« B¢ =] 0.014-0023 nm 0.290-0.3 e 290 -0
(3.048-4.064) RAD TYP 7.366-7.874)
INSULATING

0.014-0.023
10.356-0.504) 560580 {7.366-8.128) ™ 0355058l
0150 ™
STANDOFF

*LEADS WITHIN 0.007 OF TRUE POSITION (TP) AT GAUGE PLANE *LEADS WITHIN 0.007 OF TRUE POSITION (TP) AT GAUGE PLANE.

Timax OjA Ojc Timax Sja Timax 9jA
150°C 150°C/W 45°C/W 150°C 100°C/W 110°C 150°C/W

J Package N Package
14-Lead Hermetic DIP 14-Lead Plastic

0310

0.785 0.770
) (1954 00% 19.556)
GM:;S Max (2:286) ! MAX
U NOM
14] 13| 12, 11 10] 9 8
} [ [l [ [ [ [ G L6 [ [ [0 [5] 5]
0.250 +0.005
0201 e
0.025 6.350+0.127)
7.391) ==X
(Miey 7 ?:s_. !
& oops /LT 121 T T T[] T
TOUEEEE
TYP
0300-0320
0160 0200 (7620~ 8 128) 70 WP(ZPI.S)—"
(4.064) (5.080) 0 280 S 0.040
0290-0320 MAX  MAX ["mm"l . ot 0065
7366128 { ) 0.020-0.070 0125 {5508 i A sy
GLASS b+ ] 0sos=1.778) L0.125
SEALANT

T Tj @75)

}_—- Mr
.r_

(3175) MIN 013040005
M

IN (3:302£0.127)
1_{_ a T
TvE

BGP‘N' 3 (2PLS)
0.009-0015 f 007540015 _ | 0.018:£0,003
0.006-0012 PULIE 206020005 | t 10228-0.381) {Ts05 20381 "““msuoom
©.203-0304) [ Ts2aa0.2n ppes
MAX BOTH ENDS 035"
038540025 0.100£0.010 0.018:40.002 __%’% {g ‘5‘13*32‘5‘:)
77920635 125400.254) 0457 +00%0) (pss +05%) *
Timax 6jA Timax OjA
150°C 80°C/W

110°C 130°C/W
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LT10565/LT1056

Precision, High Speed,
JFET Input Operational Amplifiers

TECHNOLOGY

FEATURES
» Guaranteed Offset Voltage 150V Max.
—55°Cto +125°C 500V Max.
® Guaranteed Drift 4pV/°C Max.
m Guaranteed Bias Current
70°C 150pA Max.
125°C 2.5nA Max.
w (Guaranteed Slew Rate 12V/ps Min.

APPLICATIONS

m Precision, High Speed Instrumentation
® | ogarithmic Amplifiers

® D/A Qutput Amplifiers

® Photodiode Amplifiers

® \oltage to Frequency Converters

® Frequency to Voltage Converters

® Fast, Precision Sample and Hold

DESCRIPTION

The LT1055/1056 JFET input operational amplifiers com-
bine precision specifications with high speed performance.

For the first time, 16V/us slew rate and 6.5MHz gain-
bandwidth product are simultaneously achieved with
offset voltage of typically 50uV, 1.2uV/°C drift, bias cur-
rents of 40pA at 70°C and 500pA at 125°C.

The 150pV maximum offset voltage specification is the
best available on any JFET input operational amplifier.

The LT1055 and LT1056 are differentiated by their
operating currents. The lower power dissipation LT1055
achieves lower bias and offset currents and offset volt-
age. The additional power dissipation of the LT1056 per-
mits higher slew rate, bandwidth and faster settling time
with a slight sacrifice in DC performance.

The voltage to frequency converter shown below is one of
the many applications which utilize both the precision
and high speed of the LT1055/1056.

For a JFET input op amp with 23V/us guaranteed slew
rate, refer to the LT1022 data sheet.

0 to 10kHz Voltage-to-Frequency Converter

3M

4.7k
+15V M-
= 0.001 (POLYSTYRENE)
I

(H Package)

Vg= 15V
Ta=25°C

634 UNITS TESTED "
FROM THREE RUNS _ ||

N
S

50% TO = 60aV

N
S

0V TO 10V INPUT

o
S

®
=]

QuTPUT
1.5k 1Hz TO 10kHz
AAA 0.005%

@
S

2N3906

—P}— =1N4148.

*1% FILM.

10kHz OPERATION.

THE LOW OFFSET VOLTAGE OF LT1056
CONTRIBUTES ONLY 0.1Hz OF ERROR,
= WHILE ITS HIGH SLEW RATE PERMITS

NUMBER OF UNITS

LINEARITY

'S
S

L

=R

—400 —-200 0 200 400
INPUT OFFSET VOLTAGE (uV)

o

Distribution of Input Offset Voltage

LY IR
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LT1055/LT1056

ABSOLUTE MAXIMUM RATINGS

Supply Voltage
Differential Input Voltage
Input Voltage

Operating Temperature Range
LT1055AM/ 1055M/1056AM/

1056M

Output Short Circuit Duration

—55°Ct0125°C

LT1055AC/1055C/1056AC/1056C . .. 0°Cto70°C
Storage Temperature Range

All Devices

—65°Ct0150°C

Lead Temperature (Soldering, 10sec.)........ 300°C

PACKAGE/ORDER INFORMATION

TOP VIEW ORDER
PART NUMBER
LT1055AMH  LT1056AMH
LT1055MH  LT1056MH
LT1055ACH LT1056ACH
LT1055CH  LT1056CH
METAL CAN H PACKAGE
TOP VIEW
saL [1] ~ B
-n[Z] %w LT1055CN8
+Iv[3] 6] our LT1056CN8
v-[1] 5] BAL
PLASTIC DIP N8 PACKAGE

ELECTRICAL CHARACTERISTICS ;= .. 15v, 7a=25°C, Vom =0V unless otherwise noted.

LT1055M/1056M
LT1055AM /1056AM LT1055CH/1056CH
LT1055AC/1056AC LT1055CN8/1056CN8
SYMBOL PARAMETER CONDITIONS MIN TYP  MAX MIN TYP MAX UNITS
Vos Input Offset Voltage (Note 1) LT1055 H Package - 50 150 — 70 400 wv
LT1056 H Package - 50 180 - 70 450 w
LT1055 N8 Package - - - - 120 700 v
LT1056 N8 Package - — - - 140 800 uv
los Input Offset Current Fully Warmed Up - 2 10 - 2 20 pA
Ig Input Bias Current Fully Warmed Up — =10 50 —  x10 x50 pA
Voy=+10V +30 +100 +30  +150 pA
Input Resistance—Differential - 1012 — - 1012 — Q
—Common-Mode | Vey=—11Vto +8V - 1012 — - 1012 — Q
Vem= +8Vto +11V - 10" - - 10" — Q
Input Capacitance - 4 — — 4 — pF
€, Input Noise Voltage 0.1 Hzto 10 Hz LT1055 - 1.8 - - 2.0 - wp-p
LT1056 = 2.5 — — 2.8 — wp-p
en Input Noise Voltage Density fg=10Hz (Note 2) 28 50 30 60 nV/~Hz
fo=1kHz (Note 3) — 14 20 — 15 22 nV/vHz
I Input Noise Current Density fo="10Hz, 1kHz (Note 4) - 1.8 4 — 1.8 4 tA/Hz
AvoL Large Signal Voltage Gain Vo= + 10V RL=2k 150 400 - 120 400 - V/mv
Ry =1k 130 300 — 100 300 — V/mv
Input Voltage Range =11 £12 - =11 12 - \
CMRR Common-Mode Rejection Ratio Vem= =11V 86 100 - 83 98 - dB
PSRR Power Supply Rejection Ratio Vg= =10V to =18V 90 106 - 88 104 - dB
Vour Output Voltage Swing R =2k +12 +13.2 — +12 +132 — v
SR Slew Rate LT1055 10 13 - 7.5 12 - V/us
LT1056 12 16 - 9.0 14 — V/us
GBW Gain Bandwidth Product f=1MHz LT1055 - 5.0 - - 4.5 - MHz
) LT1056 - 6.5 — — 5.5 - MHz
Is Supply Current LT1055 - 2.8 4.0 - 2.8 4.0 mA
LT1056 — 5.0 6.5 - 5.0 7.0 mA
Offset Voltage Adjustment Range Rpor=100k — 5 - — %5 - mv
2-144 LT HIEAR




LT1055/L11056

ELECTRICAL CHARACTERISTICS vs— - 15V, vom =0V, 0°C <Ta=<70°C unless otherwise noted.

LT1055AC LT1055CH/1056CH
LT1056AC LT1055CN8/1056CN8
SYMBOL PARAMETER CONDITIONS MIN  TYP MAX| MIN TYP  MAX | UNITS
Vos Input Offset Voitage (Note 1) LT1055 H Package | — 100 330 - 140 750 w
LT1056 H Package o | — 100 360 - 140 800 w
LT1055 N8 Package o | — - —_ - 250 1250 v
LT1056 N8 Package o | — - - - 280 1350 uV
Average Temperature H Package (Note 5) o — 1.2 4.0 - 1.6 8.0 | uV/°C
Coefficient of Input Offset N8 Package (Note 5) ° - - - - 3.0 12.0 | pv/°C
Voltage
los Input Offset Current Warmed Up  LT1055 | — 10 50 - 16 80 pA
Tp=70°C  LT1056 °| — 14 70 - 18 100 pA
Ig Input Bias Current Warmed Up  LT1055 e | — +30 =150 — x40 £200 pA
Ta=70°C  LT1056 e | — x40 =180 — x50 +240 pA
AvoL Large Signal Voltage Gain Vo= =10V, R =2k e | 80 250 - 60 250 — V/mv
CMRR Common-Mode Rejection Ratio Vow= +10.5V e | 8 100 — 82 98 — dB
PSRR Power Supply Rejection Ratio Vg=x10Vto =18V e | 89 105 - 87 103 - dB
Vour Output Voltage Swing RL=2k e |12 x131 — |x12 =131 -— v

ELECTRICAL CHARACTERISTICS vs— - 15v, vom =0V, —55°C <Ta<125°C unless otherwise noted.

LT1055AM LT1055M
LT1056AM LT1056M
SYMBOL PARAMETER CONDITIONS MIN TYP  MAX| MIN TYP  MAX | UNITS
Vos Input Offset Voltage (Note 1) LT1055 o | — 180 500 - 250 1200 w
LT1056 o | — 180 550 - 250 1250 wv
Average Temperature (Note 5) ° - 1.3 4.0 - 1.8 8.0 uV/°C
Coefficient of Input Offset
Voltage
los Input Offset Current Warmed Up  LT1055 o | — 020 1.2 - 025 1.8 nA
Tp=125°C  LT1056 o | — 025 1.5 - 030 24 nA
lg Input Bias Current Warmed Up  LT1055 e | — 04 25 — =05 =40 nA
Ta=125°C LT1056 e | — x05 =x3.0 — x06 =50 nA
Avor Large Signal Voltage Gain Vo= £10V, R =2k e | 40 120 - 35 120 - V/mV
CMRR Common-Mode Rejection Ratio Vom= = 10.5V ® | 8 100 — 82 98 — aB
PSRR Power Supply Rejection Ratio Vg=+10Vto =17V e | 88 104 - 86 102 - dB
Vour Output Voltage Swing RL=2k e |+12 x129 — ([£12 £129 — v

The @ denotes the specifications which apply over the full operating
temperature range.

For MIL-STD components, please refer to LTC883 data sheet for test
listing and parameters.

Note 1: Offset voltage is measured under two different conditions:
(a) approximately 0.5 seconds after application of power; (b) at
Ta=25°C only, with the chip heated to approximately 38°C for the
LT1055 and to 45°C for the LT1056, to account for chip temperature rise
when the device is fully warmed up.

Note 2: 10Hz noise voltage density is sample tested on every lot of A
grades. Devices 100% tested at 10Hz are available on request.

Note 3: This parameter is tested on a sample basis only.

Note 4: Current noise is calculated from the formula: i, = (2qlg)",
where q=1.6x 10~ % coulomb. The noise of source resistors up to 1G22
swamps the contribution of current noise.

Note 5: Offset voltage drift with temperature is practically unchanged
when the offset voltage is trimmed to zero with a 100k potentiometer be-
tween the balance terminals and the wiper tied to V. Devices tested to
tighter drift specifications are available on request.

Ly IR
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LT1055/LT1056

TYPICAL PERFORMANCE CHARACTERISTICS

Input Bias and Offset Currents
vs Temperature

Input Bias Current Over the
Common-Mode Range

- . 1200
)
Z | whkmeDup /1 & A/ ]
= 300 : 2 & Ta=125°C 7 800 =
] BIAS OR OFFSET CURRENTS / L =
g MAY BE POSITIVE ORNEGATIVE / = w00 &
E_j 100 & TA=7ooc/; g
7] Il Ta=25°C 2
£ BIAS CURRENT / // = [ Ta=25°C_ 0 z
a = —
S 30 7 Z >
- g -4 Ta=70°C 7}A=125 ¢—1 —400 L
= OFFSET CURRENT | © / ‘ | <
5 10 v 2 g 5/3 — 800G
5 _ _
] = (D POSITIVE INPUT CURRENT =
. P g @ | onepave weut cymrent|
0 25 50 75 100 125 -5 -10 -5 0 5 10 15
AMBIENT TEMPERATURE (°C) COMMON-MODE INPUT VOLTAGE (V)
Distribution of Offset Voltage
Drift with Temperature
(H Package)* Warm-Up Drift
Rl ey 50% T0 = 1.54V/°C 100 s
634 UNITS TESTED Ta=25°C
120 | FROM THREE RUNS =
)
w
100 4
s g w
5 80 s LT1056CN8
S &
g g I
£ = / LT1055CN8
) &
R / LT1056 H PACKAGE
20 ©
™ LT1055H PACKAGE
0 - o 2 DheEm 0 L L
~10-8-6-4-20 2 4 6 8 10 0 1 2 3 4 5
OFFSET VOLTAGE DRIFT WITH TEMPERATURE (uV/°C) TIME AFTER POWER ON (MINUTES)
*DISTRIBUTION IN THE PLASTIC (N8) PACKAGE
IS SIGNIFICANTLY WIDER.
0.1Hz to 10Hz Noise Noise vs Chip Temperature
10 —T— 100
= ] ]
(=9 T T ==
= 37 PEAK-TO-PEAK 05
g " o] |1 m NOISE z
s WA N WA S 5 50 g
g Nz /1A s
: 7 2
32 I & / ]
u g 3 a0 R
2 E fo=10Hz 7 2
g T\, | LT1055 = g
7] N ]\/ ¥ o 3 2= 0 =2
=) "\ ) fo=1kHz 2
o
1 10
0 2 4 6 8 10 10 20 30 40 5 60 70 80
TIME (SECONDS) CHIP TEMPERATURE (°C)

Distribution of Input Offset

Voltage (N8 Package)
160 Vg= =15V 50% YIELD TO
140 | Ta=25°C | +1404V
550 UNITS
TESTED FROM
120 [TWO RUNS ]
2 (LT1056)
2 100
=
S 8
g
S 60
=1
=
40
20
0
—800 —600 —400 —200 0 200 400 600 800
INPUT OFFSET VOLTAGE (V)
Long Term Drift of
Representative Units
s Vg= = 15V
40 }Tp=25°C
S 3
3
SN
=
£ 10 —
o
8 0
5 —
S -10
A\
5 -20
S -30
—40 T —t—
-50
0 1 2 3 4 5
TIME (MONTHS)
Voltage Noise vs Frequency
1000 Vg= 15V
= Ta=25°C
=
2
Z 300
E
w
@
w 100
@
% \\\ LT1056
£ 4 \N /1 CORNER =264z
o
> LT1055
2 [1/1CORNER ~
« =20Hz —{—
10 I
1 3 10 30 100 300 1000
FREQUENCY (Hz)
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LT1065/LT1056

TYPICAL PERFORMANCE CHARACTERISTICS

LT1056 Large Signal Response

5V/DIV

Ay=+1, C_ =100pF, 0.5x5/DIV

Undistorted Output Swing vs

Small Signal Response LT1055 Large Signal Response

T

5
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LT1055/LT1056

TYPICAL PERFORMANCE CHARACTERISTICS

Common-Mode Range vs
LT1055 Settling Time LT1056 Settling Time Temperature
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LT1055/LT1056

APPLICATIONS INFORMATION

The LT1055/ 1056 may be inserted directly into LF155A/
355A, LF156A/356A, OP-15 and OP-16 sockets. Offset
nulling will be compatible with these devices with the
wiper of the potentiometer tied to the positive supply.

Offset Nulling

No appreciable change in offset voltage drift with temper-
ature will occur when the device is nulled with a poten-
tiometer, Rp, ranging from 10k to 200k.

The LT1055/1056 can also be used in LF351, LF411,
AD547, AD611, OPA-111, and TLO81 sackets, provided
that the nulling circuitry is removed. Because of the
LT1055/1056's low offset voltage, nulling will not be
necessary in most applications.

Achieving Picoampere/Microvolt Performance

In order to realize the picoampere-microvolt level ac-
curacy of the LT1055/1056 proper care must be exer-
cised. For example, leakage currents in circuitry external
to the op amp can significantly degrade performance.
High quality insulation should be used (e.g. Teflon™,
Kel-F); cleaning of all insulating surfaces to remove
fluxes and other residues will probably be required. Sur-
face coating may be necessary to provide a moisture bar-
rier in high humidity environments.

Board leakage can be minimized by encircling the input
circuitry with a guard ring operated at a potential close to
that of the inputs: in inverting configurations the guard
ring should be tied to ground, in non-inverting connec-
tions to the inverting input at pin 2. Guarding both sides
of the printed circuit board is required. Bulk leakage
reduction depends on the guard ring width.

Teflon™ is a trademark of DuPont.

N/C
. OFFSET
v l TRIM
\ : /

7 1
L]

ouTPUT \
6

- The LT1055/1056 has the lowest offset voltage of any

JFET input op amp available today. However, the offset
voltage and its drift with time and temperature are still not
as good as on the best bipolar amplifiers because the
transconductance of FETs is considerably lower than that
of bipolar transistors. Conversely, this lower transcon-
ductance is the main cause of the significantly faster
speed performance of FET input op amps.

Offset voltage also changes somewhat with temperature
cycling. The AM grades show a typical 20xV hysteresis
(30pV on the M grades) when cycled over the —55°C to
125°C temperature range. Temperature cycling from0°C
to 70°C has a negligible (less than 10uV) hysteresis
effect.

The offset voltage and drift performance are also affected
by packaging. In the plastic N8 package the molding
compound is in direct contact with the chip, exerting
pressure on the surface. While NPN input transistors are
largely unaffected by this pressure, JFET device match-
ing and drift are degraded. Consequently, for best DC
performance, as shown in the typical performance distri-
bution plots, the TO-5 H package is recommended.

Noise Performance

The current noise of the LT1055/1056 is practically im-
measurable at 1.8fA/~/Hz. At 25°C it is negligible up to
1GQ of source resistance, Rs (compared to the noise of
Rs). Even at 125°C it is negligible to 100M$2 of Rs.

LY HNER
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LT1065/LT1056

APPLICATIONS INFORMATION

The voltage noise spectrum is characterized by a low 1/f
corner in the 20Hz to 30Hz range, significantly lower than
on other competitive JFET input op amps. Of particular
interest is the fact that, with any JFET IC amplifier, the
frequency location of the 1/f corner is proportional to the
square root of internal gate leakage currents and, there-
fore, noise doubles every 20°C. Furthermore, as il-
lustrated in the noise versus chip temperature curves,
the 0.1Hz to 10Hz peak-to-peak noise is a strong function
of temperature, while wideband noise (fo =1kHz) is
practically unaffected by temperature.

Consequently, for optimum low frequency noise, chip
temperature should be minimized. For example, operating
an LT1056 at =+ 5V supplies or with a 20°C/W case-to-
ambient heat sink reduces 0.1Hz to 10Hz noise from typi-
cally 2.5uVp-p (= 15V, free-air) to 1.54Vp-p. Similarly, the
noise of an LT1055 will be 1.8xVp-p typically because of its
lower power dissipation and chip temperature.

High Speed Operation

Settling time is measured in the test circuit shown. This
test configuration has two features which eliminate prob-
lems common to settling time measurements: (1) probe
capacitance is isolated from the ‘‘false summing’’ node,
and (2) it does not require a “‘flat top”’ input pulse since

the input pulse is merely used to steer current through
the diode bridges. For more details, please see Applica-
tion Note 10.

As with most high speed amplifiers, care should be taken
with supply decoupling, lead dress and component
placement.

When the feedback around the op amp is resistive (Rr ), a
pole will be created with Rr, the source resistance and
capacitance (Rs, Cs), and the amplifier input capaci-
tance (Cin = 4pF). In low closed loop gain configurations
and with Rs and Rr in the kilohm range, this pole can
create excess phase shift and even oscillation. A small
capacitor (Cr ) in parallel with Rr eliminates this problem.
With Rs(Cs +Cin)=RrCr, the effect of the feedback
pole is completely removed.

Seitling Time Test Circuit

+15V 10pF (TYPICAL)
|-

0.01 DISC SOLID

L
I ' I TANTALUM

—~15V
< T
= 0.01 DISC SOLID =

>
2%

500

W
3 2k

T —_|_— TANTALUM

+ 15V
PULSE GEN
INPUT —4

(5V MIN STEF) SOLID 0.01 DISC

__L_ TANTALUM -_T__

0.01 DISC

T Tt

AMPLIFIER ¢

Cr
11
1
R
AA
% Rs I G b— OUTPUT
p—— AUT OUTPUT
+15V
4.7k
3 0k
unoeR S
TEST 9 15V 2N3866
;"J'/z U440
HP5082-2810
HEWLETT UTPUT
PACKARD 0
SCOPE

2 U440 IN3866

100Q

0C ZERO 2N5160

—P}— = 14148

—~15V —~15V
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LT1055/LT1056

APPLICATIONS INFORMATION

Phase Reversal Protection

Most industry standard JFET input op amps (e.g.,
LF155/156, LF351, LF411, OP15/16) exhibit phase
reversal at the output when the negative common-mode
limit at the input is exceeded (i.e., from —12V to — 15V
with = 15V supplies). This can cause lock-up in servo

Voltage Follower with Input Exceeding the Negative
Common-Mode Range

systems. As shown below, the LT1055/1056 does not g ouTRT
have this problem due to unique phase reversal protec- SINE WAVE 1:\, .
tion circuitry (Q1 on simplified schematic). - =

OUTPUT OUTPUT

INPUT (LF155/56, LF411, OP-15/16) LT1055/56

= = =
=] a (=]
0.5ms/DIV 0.5ms/DIV 0.5ms/DIV
Exponential Voltage-to-Frequency Converter for Music Synthesizers
INPUT
o0v-10v
ExpoNENT S 113K so0pF L
TRIM POLYSTYRENE ~——
- 5 +15V
= 200 o7 2N3904
5000*
I AAA
357k § 500k
ZER0 WA——— SAWTOOTH
TRIM | OUTPUT
2 1.1k >
S 5; 1
+15V —AAA~ | =
| i’ LM329
| —
> -
S | Soe
1 1
| 2
[ |
s |
L
= 2 | 3
SCALE FACTOR = | R
1V IN/OCTAVE OUT |
*1% METAL FILM RESISTOR =
PIN NUMBERED TRANSISTORS = CA3096 ARRAY L . TEMPERATURECONTROLLOOP -~ - __ _

tFor ten additional applications utilizing the LT1055 and
LT1056, please see the LTC1043 data sheet and Applica-
tion Note 3.
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LT1055/LT1056

TYPICAL APPLICATIONS

12-Bit Charge Balance Analog-to-Digital Converter

CLK OUTPUT (B)

|0 74C74
P CL g

OUTPUT
(A)

Fast ‘‘No Trims’’ 12-Bit Multiplying CMOS DAC Amplifier

RFEEDBACK

REFERENCE IN TYPICAL 12-BIT

CMOS DAC

Fast, 16-Bit Current Comparator

! 2N3904
oager | Na148 = +15
1
_MN_L.tl Ji—l
OvTOVINPLT ) 3 1N4148 HP5082-2810 DELAY =250ns
< 33k*
I 9 LM329 10k
I +15V
COUPLE | 4.7
- 15V—AN
THERMALLY ) ciRouT ouTRUT e
ouT
l RATIO Tk (B) INPUT
s LT1009
l 9 2.5V
-E.= 1N4148
Temperature-to-Frequency Converter
560 1k* 1K*
+15V —AAA MA AM
+15V
2N2222
anaso? TTL OUTPUT
>
LM329 Z 6.2k 0.01 OKHz-TkHz =
9 POLYSTYRENE 510pF 0°C-100°C
| |- | 4.7k
5000 Ll 1

Z1370°

*1% FILM RESISTOR

OUTPUT
—
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LT1065/LT1056

TYPICAL APPLICATIONS v
. (-
100kHz Voltage Controlled Oscillator w
]
-t
*1% FILM RESISTOR C.
—Pf— = 1n4148 Xt +V =+ 15V E
FREQ LINEARITY =0.1% x2 cCl— siNEoUT «c
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LT1055/LT1056

SIMPLIFIED SCHEMATIC

L [T
- eut 2}~

—4—th 3

+INPUT| 3

‘b
Sk

as 14

6 | outputr

—-L/‘ 14

o @) @ 1 gb

400uA
(1100)

*CURRENTS AS SHOWN FOR LT1055. (X)--CURRENTé FOR LT1056

PACKAGE DESCRIPTION

H Package Metal Can
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Timax 6ja bic
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N8 Package
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i
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| 1
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524

0.040 0.060
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0.370-0.400
(:‘—:% {9.400-10.16)
- 0.005
W 0
MIN
T
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LF155A/355A/155/355
LF1S6A/356A/156/356

TECHNOLOGY JrET-Input Operational Amplifiers

FEATURES

® Guaranteed Offset Voltage Drift on All Grades

® Guaranteed Slew Rate on All Grades

® Guaranteed Low Input Offset Current 10pA Max.
= Guaranteed Low Input Bias Current 50pA Max.
® Guaranteed High Slew Rate (156A/356A) 10V/us Min.
® Fast Settling to 0.01% 1.5ps

RAPPLICATIONS

B Qutput Amplifiers for D/ A Converters
® Fast Sample and Hold Circuits

® High Speed Integrators

® Photocell Amplifiers

® High Input Impedance Buffers

Low Supply Current (LF155)
High Speed (LF156)

PDESCRIPTION

Linear Technology’s LF155/ 156 series features several
improvements compared to similar types from other man-
ufacturers: offset voltage drift with temperature and slew
rate are guaranteed on all grades, not just on the more
expensive “‘A’’ grades. Other specifications such as volt-
age gain and high temperature bias and offset currents
are also improved.

The industry standard LF155/156 devices exhibit phase
reversal at the output when the negative common-mode
limit at the input is exceeded (i.e., from —12V to —15V
with +15V supplies). This can cause lock-up in servo
systems. As shown below, Linear Technology’s LF155/ 156
does not have this problem due to unique phase reversal
protection circuitry. For applications requiring higher per-
formance, see the LT1055 and LT1056 data sheets.

Voltage Follower with Input Exceeding the Negative

Common-Mode Range

L,
i

INPUT 1

OUTPUT |
10V/DIV |

STANDARD

OUTPUT
LINEAR TECH

0.5ms/DIV ¥ 155/156 :

155/156 1},

10V/DIV
i

10v/DIV

Ly R
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LF155A/355A/155/355

LF156A/356A/156/356
ABRSOLUTE MAXIMUM RATINGS PACKAGE/ORDER INFORMATION
Supply Voltage
LF155A/ 155/355A, . ORDER PART NUMBER
LF156A/156/356A ................... +22V
LF355/356 ............. ... ... +18V
Differential Input Voltage
LF155A/155/156A/156 . .. ... .. .. ... +40V e hioon
LF355A/355/356A/356 ............... +30V LF355H  LF356H
Input Voltage (Note 1) LF355AH LF356AH
LF155A/155/156A/156 . .............. +20V 4 ke
LF355A/355/356A/356 ............... + 16V ETHL Ca
Qutput Short Circuit Duration ... .......... Indefinite
Operating Temperature Range
LF155A/155/156A/156 .. .. ... —55°Ct0125°C TOPVIEW
LF355A/355/356A/35%6 ........... 0°Cto70°C LF355N8 LF356N8
Maximum Junction Temperature LF355AN8 LF356AN8
LF155A/155/156A/156 .. ............. 150°C
LF355A/355/356A/356 ... ............ 100°C
Storage Temperature Range Vs is adjusted with a 20k or 50k
AlIDBVICES . ... eeeeeen —65°C10150°C SPIPLASTIC potentiometer between the balance
Lead Temperature (Soldering, 10sec.). . ... ... 300°C ferminals. The wiper is led fo V™
ELECTRICAL CHARACTERISTICS (Note 2)
LF155A/156A
SYMBOL | PARAMETER CONDITIONS LF355A/356A LF135/136 LF355/356 UNITS
MIN TYP MAX | MIN TYP MAX | MIN TYP MAX
Vos Input Offset Tp=25°C 1 2 3 mvV
Voltage Over Temperature ° 2.5 mv
355A/356A ° 23 mv
AVgg Average TC of Rg =509 ° 3 5 5 uV/°C
AT Input Offset
Voltage
Change in Rs=50Q (Note 4) ° 0.5 0.5 wv/eC
Average TC with per mV
Vs Adjust
los Input Offset Tj=25°C (Note 3) pA
Current Tj=125°C nA
Tj<70°C nA
I Input Bias Tj=25°C (Note 3) PA
Current Tj=125°C nA
Tj<70°C nA
RIN Input T]=25°C Q
Resistance
AvoL Large Signal Vg= =15V, Ty =25°C, V/mv
Voltage Vo= =10V, R =2k
Gain Over Temperature V/mv
2-156 LT NEAR



LF1I55A/355A/155/355
LF1I56A/356A/156/356

ELECTRICAL CHARACTERISTICS (Note 2)

LF155A/156A
LF155/15 LF355/356
SYMBOL | PARAMETER CONDITIONS LF355A/356A 6 UNITS
MIN TYP MAX| MIN TYP MAX| MIN TYP MAX
Vo Output Vg==+15V,R =10k |e@| =12 =£13 +12  x13 +12  +13 Vv
Voltage Vg= =15V, R =2k o £10 =12 +10 +12 +10 +12 v
Swing
Vem Input
Common-Mode | Vg= =15V e =11 +15.1 +11  +15.1 +£10 151 \
Voltage Range —-12 —-12 —-12
CMRR Common-Mode e| 8 100 85 100 80 100 dB
Rejection Ratio
PSRR Supply Voltage Vg==+10Vto =18V |e]| 85 100 85 100 - -_ dB
Rejection Ratio | Vg==10Vto £15V | e — — 80 100 dB
Is Supply Current Ta=25°C, Vg= =15V
LF155/355 Series 2 4 2 4 2 4 mA
LF156/356 Series 5 7 5 7 5 10 mA
LF356A 5 7 - — - — mA
SR Slew Rate Ay=+1
Ta=25°C, Vg=x15V | | . .
LF155/355 Series - 5 7 V/us
LF156/356 Series 10 9 12 1 Vips
GBW Gain Bandwidth Tp=25°C, Vg= x15V
Product LF155/355 Series — 2.5 2.5 2.5 MHz
LF156/356 Series 4 5 5 5 MHz
tg Settling Time Tp=25°C, Vg= =15V
10 0.01% LF155 Series (Note 5) 4 4 4 us
LF156 Series 1.5 1.5 1.5 us
en Input Noise Ta=25°C, Vg= =15V
Voltage f=100Hz
Density LF155 Series 25 25 25 nV/vHz
LF156 Series 15 15 15 nV/~Hz
f=1000Hz
LF155 Series 20 20 20 nv/~Hz
LF156 Series 12 12 12 nv/vHz
in Input Noise Tp=25°C, Vg= = 15V
Current t=100Hz 0.01 0.01 0.01 pA/VHz
Density f=1000Hz 0.01 0.01 0.01 pA/VHz
Ciny Input ° 3 3 pF
Capacitance

The @ denotes the specifications which apply over the full operating
temperature range. The shaded electrical specifications indicate those
parameters which have been improved or guaranteed test limits provided
for the first time.

For MIL-STD components, please refer to LTC 883C data sheet for test
listing and parameters.

Note 1: Unless otherwise specified, the absolute maximum negative
input voltage is equal to the negative power supply voltage.

Note 2: Unless otherwise stated, these test conditions apply:

LF155A/156A

LF155/156 LF355A/356A LF355/356
Supply Voltage, Vg | =15V <Vg= =20V +15V=Vg= £18V | Vg= £15V
TA —55°C<Tp=<+125°C | 0°C<Tp=+70°C 0°C=Tp=+70°C

and Vgg, I and lgg are measured at Vgy =0.

Note 3: The input bias currents are junction leakage currents which
approximately double for every 10°C increase in the junction
temperature, T;. Due to limited production test time, the input bias cur-
rents measured are correlated to junction temperature. In normal opera-
tion the junction temperature rises above the ambient temperature as a
result of internal power dissipation, Py. Tj=Ts+© s Pp where © j is
the thermal resistance from junction to ambient. Use of a heat sink is
recommended if input bias current is to be kept to a minimum.

Note 4: The temperature coefficient of the adjusted input offset voltage
changes only a small amount (0.5xV/°C typically) for each mV of adjust-
ment from its original unadjusted value. Common-mode rejection and
open loop voltage gain are also unaffected by offset adjustment.

Note 5: Settling time is defined here for a unity gain inverter connection
using 2k resistors. It is the time required for the error voltage (the
voltage at the inverting input pin on the amplifier) to settle to within
0.01% of its final value from the time a 10V step input is applied to the
inverter.

LT AR
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LF155A/355A/155/3565
LF1I56A/356A/156/356

TYPICAL PERFORMANCE CHARACTERISTICS

Normalized Slew Rate vs

Gain, Phase vs Frequency Inverter Settling Time Temperature
20 T TT 100 10 14
\ =25°C Vg= %15V
\ Yt = Ln- 250 IFI, /[[ }['-”5 ! J
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LM10

TECHNOLOGY

FEATURES

® Guaranteed Operation at +1.2V
Op Amp and Reference on Single Chip
= | ow Supply Current 400,A
® Capable of Floating Mode Operation
= | ow Reference Drift 20ppm/°C
= | ow Offset Voltage
® Qutput Swings to Within 15mV of Rails

APPLICATIONS

® Remote Signal Conditioner/ Transmitter
= Battery Operated Instruments

® Precision Current Regulators

® Precision Voltage Regulators

® Thermocouple Transmitter

Low Power Op Amp
and Reference
DESCRIPTION

The LM10 combines a precision reference, a reference
buffer amplifier and an independent, high quality op amp
on a single chip. The device is capable of operation froma
single supply as low as 1.1V, from dual supplies up to
=+ 20V and typically draws 270uA supply current. Input
voltage range for the op amp includes ground, while the
unloaded output can swing to within 15mV of each rail.
Further, the LM10 will deliver 20mA output current and
still swing within +400mV of the supply rails.

With its low operating current and floating operation
capability, the LM10 is ideal for two wire analog trans-
mitter circuits where the processed signal is carried on
the same line used for power. The LM10 is suggested for
portable battery powered equipment and is fully specified
for operation from a single 1.2V battery. Other applica-
tions include precision current and voltage regulators,
operating from very low voltages to several hundred
volts.

+1.5V to +5V Converter

5V OUT
p—T0 CMOS
SYSTEM

Ss5.1m
S 5.

<VR

REF /2 250k
200mv 3

0.1 uF

T1=STANCOR PCT-39

D1, D2 =1N933 (GERMANIUM)

Q1, 02 =2N2222A

R=0UTPUT ADJUST

THIS 1.5V BATTERY, TO 5V OUTPUT DESIGN

CAN DRIVE LOW POWER CIRCUITRY FOR MONTHS.

Line Regulation

0.1

0.05

lm
1<

REFERENCE CHANGE (%)

—-0.05

-0.1
10
TOTAL SUPPLY VOLTAGE (V)

Ly UNER
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LM10

ABSOLUTE MAXIMUM RATINGS

PACKAGE/ORDER INFORMATION

Total Supply Voltage TOP VIEW ORDER
LM10/LM10B/LM10C .................. 45V e PART NUMBER
LM10BL/LMIOCL .. ...... ... . ........ v REFERENCE

Differential Input Voltage (Note 1) oureuT v nggH
LM10/LM10B/LM10C ................ +40V i LM10CH
LM10BL/LMAOCL ... ................ =7V itaNes gl

N . . LM10BLH

Output Short Circuit Duration . . ... ........ Indefinite BALANCE LM10CLH

Operating Temperature Range (Note 2) v C
MO . ... —55°C <Tp<125°C METAL CAN 1 PACKAGE
LM10B/LM10BL .......... —25°C<TA<85°C — LM10CN8
LM10C/LM10CL ............. 0°C=<Ta=<70°C REFERENCE L < LA LM10CLN8

E;c;ggg;e?rp?raturg Fllgnge . 10 —65°C=Ta 5:13 (5)8:?; mp%??hfi _2] L7_ys LM10CJ8

perature (Soldering, 10sec.)........ op AP _3] } s op A LM10CLJ8
INPUT (+) £ OUTPUT
v T s LM10J8
LM10BJ8
E PLASTIC O PACKAGE LM10BLJ8

OP AMP ELECTRICAL CHARACTERISTICS (note 3)

SYMBOL | PARAMETER CONDITIONS el B ax | UNITS

Vos Input Offset Voltage 03 20 0.5 4.0 mv

) 3.0 5.0 mv
AVgg Average Offset ° 2.0 5.0 uV/°C
ATemp Voltage Drift
los Input Offset Current (Note 4) 0.25 0.7 0.4 20 nA
° 15 3.0 nA
Algs Offset Current ° 2.0 5.0 pA/°C
ATemp Drift
Ig Input Bias Current 10 20 1230 nA
° 30 40 nA
Alg Bias Current Drift ° 60 90 pA/°C
ATemp
AvoL Large Signal V= £ 20V, Igyr=0, Vouy = + 19.95V 120 400 80 400 v/mv
Voltage Gain e | 80 50 V/mv
Vg= %20V, Voyr=  19.4V
lour= % 20mA 5 130 25 130 \\//;mx
'0UT= + 15mA [ ] 20 15 m
Vg =+ 0.6V, loyr = + 2mA
Vour= £0.4V, Vgy = — 0.4V 15 3.0 10 30 v/mv
Vg = +0.65V, g7 = = 2mA
Vour=£0.3V, Vgy=—0.4V [ ] 0.5 0.75 V/mv
Shunt Gain (Note 5) 0.1mA=<lgyr=<5mA, R =1.1kQ
1.2V = Voyr = 40V 1433 10 33 v/mv
1.3V=Vgoyr=40V ° V/mv
0.1mA=lgyr = 20mA, R = 2500
1.5V=V* <40V 8 25 6 25 v/my
o| 4 4 v/my
2-160 LT NEAR



LM10

OP AMP ELECTRICAL CHARACTERISTICS (Note 3)

LM10/LM10B LMm10C
SYMBOL PARAMETER CONDITIONS MIN TYP MAX MIN TYP  MAX UNITS
CMRR Common-Mode Vg = %20V
Rejection Ratio —20V=Veu=19.15V 93 102 90 102 dB
—20V=Vey=<19V 87 87 dB
PSRR Power Supply —0.2V=V~ = -39V
Rejection Ratio +=1.0V 90 96 87 96 dB
vVt =11V 84 84 dB
VT =-0.2V
1.0V=V+<39.8V 96 106 93 106 dB
1.1V=V*<39.8V 90 90 dB
Rin Input Resistance (Note 6) 250 500 150 400 kQ
150 115 kQ
Is Supply Current 270 400 300 500 uA
500 570 wA
Alg Supply Current 1.2V=Vg=40V 15 75 15 75 uA
Change 1.3V=Vs=40V 75 75 uA
REFERENCE AMPLIFIER ELECTRICAL CHARACTERISTICS (note 3)
LM10/LM10B LM10C
SYMBOL PARAMETER CONDITIONS MIN TYP MAX MIN TYP  MAX UNITS
VRee Feedback Sense Voltage at Pin 1 with Pin 1 195 200 205 190 200 210 mvV
Voltage Connected to Pin 8 194 200 206 189 200 211 mv
AVpgr Reference Drift 0.002 0.003 %/°C
ATemp
Feedback Current Current into Pin 8 20 50 22 75 nA
65 90 nA
Line Regulation 0<lggr=1mA, Vger = 200mV
1.2V=<Vg=40V 0.001 0.003 0.001 0.008 %/V
1.3V=Vg=40V 0.001 0.006 0.001 0.01 %/
Load Regulation O<lggp=1mA
V+ —Vgge=1.0V 0.01 0.1 0.01 0.15 %
V+ —Vgge=1.1V 0.01 0.15 0.01 0.20 %
Reference Amplifier 0.2V <Vpgr=35V 5 75 25 70 V/mV
Gain 23 15 V/mV

Ly

LINEAR
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LM10

OP AMP ELECTRICAL CHARACTERISTICS (Note 3)

LM10BL LM10CL
SYMBOL PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX UNITS
Vos Input Offset Voltage 03 20 0.5 4.0 mv
3.0 5.0 mV
AVgs Average Offset 2.0 5.0 uv/°C
ATemp Voltage Drift
los Input Offset Current (Note 4) 01 0.7 02 20 nA
1.5 3.0 nA
Algs Offset Current 2.0 5.0 pA/°C
ATemp Drift
Ig Input Bias Current 10 20 1230 nA
30 40 nA
Alg Bias Current Drift 60 90 pA/°C
ATemp
AvoL Large Signal Vs=£3.25V, lgyr=0, Voyr= £ 3.2V 60 300 40 300 V/mV
Voltage Gain 40 25 V/mV
Vg=+3.25V, Voyr= £ 2.75V
lour= + 10mA 10 25 5 25 v/mv
4 3 V/mV
IOUT= + 2mA, VCM =-0.4V
Vs=x0.6V, Voyr= £ 0.4V 1.5 3.0 1.0 3.0 V/mv
Vs=+0.65V, Voyr= = 0.3V 0.5 0.75 V/mv
Shunt Gain (Note 5) 0.1mA<lgyr<10mA, R, =500Q
1.5V=V* <6.5V 8 30 6 30 V/mVv
4 4 v/mV
CMRR Common-Mode Vg=+3.25V
Rejection Ratio -3.25V=<Vyy=2.4V 89 102 80 102 dB
-3.25V=Vgy=2.25V 83 74 dB
PSRR Power Supply —-0.2V=V~ = -5.4V
Rejection Ratio vt=1.0v 86 96 80 96 dB
Vt=1.2v 80 74 dB
PSRR VT =-0.2V
1.0V=V*=<6.3V 94 106 80 106 dB
1.1V=V* <6.3V 88 74 dB
Ry Input Resistance (Note 6) 250 500 150 400 kQ
150 115 kQ
Ig Supply Current 260 400 280 500 uA
500 570 pA
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LM10

REFERENCE AMPLIFIER ELECTRICAL CHARACTERISTICS (Note 3)

LM10BL LM10CL
SYMBOL PARAMETER CONDITIONS MIN TYP MAX MIN TYP  MAX UNITS
VRer Feedback Sense Voltage Voltage at Pin 1 with Pin 1 195 200 205 190 200 210 mvV
Connected to Pin 8 e| 194 200 206 189 200 211 mv
AVger Reference Drift [ 0.002 0.003 %/°C
ATemp
Feedback Current Current into Pin 8 20 50 22 75 nA
o 65 90 nA
Line Regulation 0=<Ipge=0.5mA, Vgegr=200mV
1.2V=Vg=<6.5V 0.001 0.01 0.001 0.02 % /N
1.3V=Vg=<6.5V ° 0.001 0.02 0.001 0.03 % /N
Load Regulation 0=<Ipge=<0.5mA
V* —Vgee=1.0V 0.01 0.1 0.01 0.15 %
V*+ —Vgge= 1.1V ° 0.01 0.15 0.01 0.20 %
Reference Amplifier Gain 0.2V<Vpgg=5.5V 30 70 20 70 V/mV
e| 20 15 V/mV

The @ denotes the specifications which apply over full operating temper-
ature range.
Note 1: The input voltage can exceed the supply voltages as long as the
voltage from the input to any other terminal does not exceed the max-
imum differential voltage, and the maximum junction temperature is not
exceeded due to the excess power dissipation that occurs when the input
voltage is less than the negative supply voltage.
Note 2: The maximum operating junction temperatures are: 150°C for
the LM10; 100°C for the LM10B and LM10BL; and 85°C for the LM10C
and LM10CL. Package derating factors will be found on the back page of
this data sheet.
Note 3: These specifications apply for the following conditions unless
otherwise noted:
at 25°C over temperature

(@) V™ =Vgu=V+-0.85V V™ =VeysVt—1.0V

(b) 1.2VSVSSVMAX 1.3VSV35VMAX
Vrer=0.2V and 0 <!pgr < 1.0mA where Viyax =40V for the LM10,
LM10B and LM10C and Vyax =6.5V for the LM10BL and LM10CL. The
specifications do not include errors due to thermal gradients (74 = 20ms),
die heating (7,=0.2 sec) or package heating.

Note 4: For T;>90°C, |ps may exceed 1.5nA when Vgy=V ™. When
the common-mode input voltage is within 100mV of the negative supply
and T;=125°C, the offset current will be less than 5nA.

Note 5: Shunt gain defines the operation in floating applications when
the output is connected to the V* terminal and input common-mode is
referred to V ~ (see typical applications). The effects of larger output
voltage swing with higher load resistance can be accounted for by adding
the positive supply rejection error.

Note 6: Guaranteed by design.

Ly UNeR
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LM10

TYPICAL PERFORMANCE CHARACTERISTICS (0p Amp)
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LM10

TYPICAL PERFORMANCE CHARACTERISTICS (0p Amp)

Minimum Supply Voltage Minimum Supply Voltage Minimum Supply Voltage
1.8 1.8 1.8
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LM10

TYPICAL PERFORMANCE CHARACTERISTICS

Follower Pulse Response

Noise Rejection
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TYPICAL PERFORMANCE CHARACTERISTICS (reterence)

Supply Current Load Regulation Reference Noise Voltage
0.4 0.1 T 1k T—TTTTT
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LM10

APPLICATION HINTS

With heavy amplifier loading to V—, resistance drops in  Lead resistance can approach 1. Therefore, the com-
the V— lead can adversely affect reference regulation.  mon to the reference circuitry should be connected as
close as possible to the package.

TYPICAL APPLICATIONS
Standard Limited Range Limited Range Offset Adjustment
Offset Adjustment ~ Dffset Adjustment with Boosted Reference

Low Voltage Regulator Best Regulation 0V to 5V Regulator
ot V> 11V 01811#,:
A mlm

R1 Viy>3.2V
28k l

R1 Viy>5.2v
v 100k
8 trat—]

2

) Vour
0V TO 5V

R2Q
39S

t USE ELECTROLYTIC OUTPUT CAPACITORS -
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TYPICAL APPLICATIONS

Two-Terminal Current Regulator

=(R2+R3)Vggp
R1R3
Negative Regulator
GROUND
Ao
-

\ > 254F

0 S Voyr=—10V
4

8

VV\v—&

Viy= —10.5V

*ELECTROLYTIC

Shunt Regulator

+Vour= <1 +:—$> VRer

*REQUIRED FOR CAPACITIVE LOADING

Floating Regulator

. . Vi
R5 <
3% S
Q3
2N2222
[0}
2N3055
Voyr =50V
=S
L R2 50uF
Cl—— 350
U.OU‘I;LFT > 1%
GROUND
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LM10

TYPICAL APPLICATIONS

High Voltage Regulator

ViN>204V
@
2N6513
Vour=200V
< 4o
1% [/ K3
o 1n 104F
S 0001F SM
| ’ 1%
+ COMMON
Light Level Sensor
P -
S R2*
;:1M
)
> R3"
202!1 $ 30

*PROVIDES HYSTERESIS

6V Battery-Level Indicator

R1 <

< R4
ggokS A3 $ 1.5

R2 <
12K

LED DIMS BELOW 7V

Transducer Amplifier

VIBRATION ==y

SENSOR -l-
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LM10

TYPICAL APPLICATIONS

Thermocouple Transmitter

Flame Detector

| ~=loyt
a1 LM134
715
1%
+
. PLATINUM®
C:ﬁgmgt RHODIUM
PROBE J PROBE 70 MOS OR
= d - TTL LOGIC
Ri
200
200°C <Tp=700°C =
TmA< loyr = 5mA *800°C THRESHOLD IS ESTABLISHED BY CONNECTING BALANCE TO Vggr.
R TGAIN TRIM
S
1003 P u
1% $cop 209
JUNCTION -
Ry § COMP s
50 { | > 1%
Meter Amplifier Thermometer
R1 R2 V+>1v
100k 8.5M
1% 1%
- A AA
INPUT .
10mV, 100nA ) . 0—100°C
FULL-SCALE 2 : v - 010044
' - 6 o N8
LM10 b 3
D1 02 SR 3 2 J LM134 = 1
N457 X 1N457 S - T sk L 8
(RIS £ [ 343
+ 0 YVW¥
! . L 0 I
SRE RS S - ™
ne T Sts % e
%< o 1% *TRIM FOR SPAN
s1 TRIM FOR ZERO
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2-171

n OPERATIONAL AMPLIFIERS



LM10

TYPICAL APPLICATIONS

Microphone Amplifier
Ay=1k

Vs
R9 1.5V

R~500

Isolated Voltage Sensor
for Switching Regulators

R6
47 5k
__A'A'A' AAA pr——
R2 |
7.8k S
1% 9 Y | FEEDBACK TO
X ™\ | SWITCH CONTROLLER
FROM 3 o AN28
REGULATED o003
ouTRUT 9
R4 l
191k &

1% §

+ CONTROLS *“LOOP GAIN"'
FOR ENTIRE LOOP
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LM10
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LM10

REFERENCE AND INTERNAL REGULATOR SCHEMATIC DIRGRAM

v+
7 ~—o
S™RS5 S RS6 S o7 .
b 73 < risg At R74
2 sk $ sk Shs7 $ st 9 156k kS us gk 088
< 20k < % 74 ) |
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15k 2k
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> 150k
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PACKAGE DESCRIPTION

H Package
Metal Can

J8 Package
8 Lead Hermetic Dip
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TECHNOLOGY

FERTURES

m Guaranteed 2nA Max. Input Bias Current

w Guaranteed 600uA Max. Supply Current

w Guaranteed 0.5mV Max. Offset Voltage

m Guaranteed 5uV/°C Max. Drift

= Wide Supply Voltage Range: +2V to =20V

= |nterchangeable with Other Manufacturers’ LH2108

APPLICATIONS

® |ntegrators

® Transducer Amplifiers
® Analog Memories

® | ight Meters

LH2T08A

Operational Amplifiers

DESCRIPTION

The LH2108A series of precision operational amplifiers is

particularly well suited for high source impedance appli-
cations requiring low offset and bias currents, as well as
low power dissipation. Unlike FET input amplifiers, the
offset and bias currents of the LH2108A do not change
significantly with temperature variations. Advanced de-
sign, processing and testing techniques make Linear’s
LH2108A a superior choice over previous devices.

For higher performance dual amplifiers, see the LT1024,
LT1002, and LT1013 data sheets.

Fast Precision Inverter

INPUT 10k*

1o

21k It

}
1N4148
!

I

11
300pF
+15V

1/2LH2108A

<
— 15V j
|
30pF :

= *1% METAL FILM
FULL POWER BANDWIDTH =2MHz
SLEW RATE =50V/ s

OUTPUT

0.1Hz to 10Hz Noise

T
Ty=25°C
Vs+2V to +20V

g RV RO

2 4 6 8 10
TIME (SECONDS)

NOISE VOLTAGE (400nV/DIVISION)

=)

Ly AR
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LH2108A

ABSOLUTE MAXIMUM RATINGS

SupplyVoltage . . ..................... .. +20V
Differential Input Current(Note1) .......... +10mA
Input Voltage (Note2) ... ................. +15V
Output Short Circuit Duration. . ........... Indefinite
Operating Temperature Range . . . . .. —55°Cto125°C
Storage Temperature Range ....... —65°Ct0150°C
Lead Temperature (Soldering, 10sec.). ....... 300°C

PACKAGE/ORDER INFORMATION

ORDER PART
NUMBER

LH2108AD/883B
LH2108D/883B
LH2108AD
LH2108D

TOP VIEW
HERMETIC DIP

€ELECTRICAL CHARACTERISTICS - 5v<vs<-20vand —55°C <T,=<125°C unless otherwise noted.

LH2108A LH2108

SYMBOL | PARAMETER CONDITIONS MIN  TYP MAX MIN TYP MAX UNITS

Vos Input Offset Voltage Ta=25°C 0.3 0.5 0.7 2.0 mv

1.0 3.0 mV

AVgs Average Temperature Coefficient 1.0 5.0 3.0 15 uV/°C
ATemp | of Input Offset Voltage

los Input Offset Current Ta=25°C 005 0.2 0.05 0.2 nA

0.4 0.4 nA

Alps Average Temperature Coeffcient 0.5 2.5 0.5 pA/°C
ATemp | of Input Offset Current

Ig Input Bias Current Ta=25°C 0.5 2.0 0.5 2.0 nA

3.0 3.0 nA

AvoL Large Signal Voltage Gain Ta=25°C, Vg= =15V, 80 300 50 300 V/mv

Vour= £10V, RL=10kQ 40 25 V/mv

CMRR Common Mode Rejection Ratio 96 110 85 100 dB

PSRR Power Supply Rejection Ratio 96 110 80 96 dB

Input Voltage Range Vg= 15V +13.5 +13.5 v

Vour Output Voltage Swing Vg= =15V, R =10k +13 =14 +13 =14 v

Rin Input Resistance Tp=25°C 30 70 30 70 MQ

Is Supply Current Ta=25°C 0.3 0.6 0.3 0.6 mA

Tp=125°C 0.15 04 015 04 mA

Note 1: Differential input voltages greater than 1V will cause excessive
current to flow through the input protection diodes unless current limiting
resistance is used.

Note 2: For supply voltages less than = 15V, the maximum input
voltage is equal to the supply voltage. For typical performance, see
LM108A data sheet.

COMPENSATION CIRCUITS

Standard Compensation Circuit

AAA AAA—

=Viy

Alternate Frequency Compensation
R1 ) R2 R1

AAA

Feedforward Compensation

R2

AAA

VWA

+Viy

R1 Co
RT+R2

Co=30pF

VWA
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LM101A/LM301A
LM107/LM307

TECHNOLOGY

FERTURES

= 30 Volt Differential Input Range
= 75 nA Input Bias Current
a Wide Common Mode Voltage Range

APPLICATIONS

= Signal Conditioning Amplifiers
= Voltage Followers
= Comparators

Operational Amplifiers

DESCRIPTION

The LM101A and LM107 are general purpose oper-
ational amplifiers, featuring lo