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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 DESC Drawing and MIL Drawing programs are 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. In addition, LTC is committed to supporting the rigorous
demands of 'S’ level source control drawings to service hi-rel and space applications. 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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NOTE

The 1988 Linear Databook Supplement includes descriptions
and specifications for all new products introduced by LTC since
the 1986 Linear Databook was published. The index of this sup-
plement lists all LTC products, with new products listed in
boldface type; data for those not boldfaced can be found in the
1986 publication. Informational sections in this supplement on
electrostatic discharge, surface mount devices, military prod-
ucts, packaging, etc., have been updated from the information
originally presented in the 1986 volume.

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 representation that the interconnection of its circuits, as described herein, will not infringe on existing
patent rights.

Linear Technology Corporation © 1630 McCarthy Bivd. ¢ Milpitas, CA95035 e (408)432-1900  © Linear Technology Corporation 1987  Printed in USA
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LT1524, Regulating Pulse Width Modulator .. ... ... ... .. ... . . . . 7-3
LT1525A, Regulating Pulse Width Modulator NORQUE . . ... ... ..o e 7-11
LT1526, Regulating Pulse Width Modulator .. ... ... ... .. .. . 7-19
LT1527A, Regulating Pulse Width Modulator ORQut . ... .. ... e 7-11
LT3524, Regulating Pulse Width Modulator ... ... .. ... .. . e 7-3
LT3525A, Regulating Pulse Width ModulatorNORQut . .. ... ... . 7-11
LT3526, Regulating Pulse Width Modulator . ... ......... . ... e 7-19
LT3527A, Regulating Pulse WidthModulatorORQut .. . ... ... e 7-11
LTC1040C, Dual Micropower Comparator . . . ....................c.... {‘?{, .............................. 5-45
LTC1040M, Dual Micropower Comparator . .......................... S 5-45
LTC1041C, Bang-Bang Controller . . .. .. ...ttt 5-57
LTC1041M, Bang-Bang Controller . . ... ... 5-57
LTC1042C, Window Comparator .. ... ... ... ... ... $5-5
LTC1042M, Window Comparator . . . ... ... ... . $5-5
LTC1043C, Dual Instrumentation Switched-Capacitor BuildingBlock . . ............ ... .. i, 8-3
LTC1043M, Dual Instrumentation Switched-Capacitor BuildingBlock .......... ... ... ... .. o iiiiiinn... 8-3
LTC1044C, Switched Capacitor Voltage Converter . ... ... ... ... .ot iiieeas 8-19
LTC1044M, Switched Capacitor Voltage Converter . .. ... ... ... ... ... . 8-19
LTC1045C, » Power Hex Translator/Receiver/Driver . . .. ... ... . ... ... ... ... . . . §5-13
LTC1045M, . Power Hex Translator/Receiver/Driver .. ..................oiiiiiir iy $5-13
LTC1052C, Chopper Stabilized Op Amp (CSOA) . .. ... e 2-123
LTC1052M, Chopper Stabilized Op Amp (CSOA) . . . .. .. e 2-123
LTC1059AC, Switched Capacitor Filter BuildingBlock . . . . ... ... ... . .. . . 6-3
LTC1059AM, Switched Capacitor Filter BuildingBlock . .......... ... 6-3
LTC1059C, Switched Capacitor Filter BuildingBlock . . .. ... .. ... .. . . 6-3
LTC1059M, Switched Capacitor Filter Building Block ... ........ ... ... . .. . . . . 6-3
LTC1060AC, Dual Switched Capacitor Filter Building Block . ........... ... ... ... ... . . .. . . i 6-11
LTC1060AM, Dual Switched Capacitor Filter BuildingBlock . . . ....... ... ... ... 6-11
LTC1060C, Dual Switched Capacitor Filter BuildingBlock . .. ........ ... ... .. .. 6-11
LTC1060M, Dual Switched Capacitor Filter Building Block . . . . ............... ... . ... . ... .. ... ... 6-11
LTC1061C, Triple Switched Capacitor Filter BuildingBlock . ............ ... ... . ... ... ... ... ... ... ... S6-3
LTC1061M, Triple Switched Capacitor Filter BuildingBlock . . . ........... ... ... . ... . ... ... .. ... ... ... $6-3
LTC1062C, Precision Fifth Order Low Pass Filter . .. ... ... ... . . . . e .. 631
LTC1062M, Precision FifthOrder Low Pass Filter ... ... . s 6-31
LTC1090C, 10-BitA/D with Serial /0 and 8-Channel MUX . . . .......... ... ... ... .. .. .. i, $8-47
LTC1090M, 10-BitA/D with Serial /0 and 8-Channel MUX . ......... ... ... .. ... .. ... ... ... .ccooinn.. $8-47
LTC1091C, 10-BitA/D with Serial I/0and 2-Channel MUX . . . ... ... ... ... ... ... ... ... ... ... ..... $8-71
LTC1091M, 10-BitA/D with Serial /0 and 2-Channel MUX . .......... .. ... .. ... ... .. .. ... ..., $8-71
LTC1092, 10-Bit, 8-PinA/Dwith Serial Qutput . . . . ... ... .. ... ... . $10-26
LTC1099, High Speed 8-Bit A/D Converter with Built-In Sample-and-Hold . .. ............................... $10-30
LTC7652C, Chopper Stabilized Op Amp (CSOA) . .. ... e e 2-123
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LTZ1000C, Ultra Precision Reference . . . . ... ... . . i e $4-9
LTZ1000AC, Ultra Precision Reference . . .. ... . ot $4-9
0PO05, Operational Amplifier . . .. ... e 2-199
OPO5A, Operational AmpPIIfier . . . .. .. 2-199
OPOSC, Operational AMpPIIIEr . . . ... 2-199
OPOSE, Operational AmMplifier . . ... ... 2-199
OP07, PreCiSiON O AMID ..ottt e et e e e 2-207
OPO7A, PreCiSion DD AMID . . oo ettt e e e e 2-207
OPO7C, PreCision O AMID . . oot e e 2-207
OPO7D, PreCiSiOn QD AMID . ..ttt e e e 2-207
OPOT7E, PreCision QD AMID . . ottt e 2-207
OP15A, Precision High Speed JFET-INPUtOp AMID . . . oot e e e 2-215
OP15B, Precision High Speed JFET-Input Op Amp . . . . ... 2-215
OP15C, Precision High Speed JFET-Input Op AmD . . . ... 2-215
OP15E, Precision High Speed JFET-INpUt Op AMD . . . . ..o 2-215
OP15F, Precision High Speed JFET-INpUt Op AMD . . . ..ot e e 2-215
OP15G, Precision High Speed JFET-INPUtOpAMID . . . ...ttt e e 2-215
OP16A, Precision High Speed JFET-Input Op AmMp . . . ... e 2-215
0P16B, Precision High Speed JFET-Input Op Amp . . . ... 2-215
OP16C, Precision High Speed JFET-INPUtOp AMD . . .. ..ottt e e e 2-215
OP16E, Precision High Speed JFET-INpUut Op AMD . . . .. ..o e 2-215
OP16F, Precision High Speed JFET-INpUut Op Amp . . . . e e e e 2-215
OP16G, Precision High Speed JFET-Input Op AMID . . . ... o e e 2-215
0P27A, Low Noise, High Speed Precision Op AMID . . . ... e 2-219
0P27C, Low Noise, High Speed Precision Op AMD . . . . ... e 2-219
OP27E, Low Noise, High Speed Precision Op AMD . . . ...ttt e e e e e 2-219
0P27G, Low Noise, High Speed PreCision Op AMID . . . ...ttt e e e e e 2-219
OP37A, Low Noise, High Speed Precision Op AMD . . . ... i e e 2-219
0P37C, Low Noise, High Speed Precision Op AMp . . . .. ..o e e 2-219
OP37E, Low Noise, High Speed Precision Op AmD . . . ... ..o e 2-219
0P37G, Low Noise, High Speed Precision Op AMD . . . ...ttt e e 2-219
OP215A, Dual Precision JFETINputOp AMp . ... ... . e $2-49
0P215C, Dual Precision JFETInputOp AMp . .. ... $2-49
OP215E, Dual Precision JFETINpUt Op AMIP . . . ... ... L $2-49
0P215G, Dual Precision JFET Input Op A . .. ... ... e §2-49
0P227A, Dual Matched Low Noise Precision Op Amp . . . ... oottt e e 2-231
0P227C, Dual Matched Low NoiSe Precision Op AMD . . . . ..ottt 2-231
0P227E, Dual Matched Low NOise Precision Op AMp . . . .. ..ot 2-231
0P227G, Dual Matched Low NoiSe Precision Op Amp . . .. ...t e 2-231
0P237A, Dual High Speed Low Noise Precision Op Amp . . . .. oottt e e 2-231
0P237C, Dual High Speed Low Noise PreCision Op AMpD . . . .. vttt e e e 2-231
0P237E, Dual High Speed Low Noise PreCision Op AmMp . . . .. ...t e e e e e 2-231
0P237G, Dual High Speed Low Noise Precision Op AmMp . . . .. ..ot 2-231
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REFO01, Precision Voltage Reference 10V .................
REFO1A, Precision Voltage Reference 10V ................
REF01C, Precision Voltage Reference 10V ................
REFO1E, Precision Voltage Reference 10V ................
REFO1H, Precision Voltage Reference 10V ................
REFO02, Precision Voltage Reference 5V . .................
REF02A, Precision Voltage Reference5V .................
REF02C, Precision Voltage Reference5V .................
REF02D, Precision Voltage Reference5V .................
REFQ2E, Precision Voltage Reference5V .................
REFO2H, Precision Voltage Reference5V .................
SG1524, Regulating Pulse Width Modulator ...............
SG1525A, Regulating Pulse Width Modulator NOR Out
SG1527A, Regulating Pulse Width Modulator OR Qut
SG3524, Regulating Pulse Width Modulator ...............
SG3525A, Regulating Pulse Width Modulator NOR Qut
SG3527A, Regulating Pulse Width Modulator OR Qut

Surface Mount (Small Outline—S0) Products

UC1846, Current Mode PWM Controller . .................
UC1847, Current Mode PWM Controller ..................
UC3846, Current Mode PWM Controller . .................
UC3847, CurrentMode PWM Controller .. ................
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SURFACE MOUNT PRODUCTS

LF398S8, Precision Sampleand Hold Amplifier . . . .. ....... ... .. .. ... . . . .. $11-7
LM318S8, High Speed Operational Amplifier .. ...... ... .. ... .. ... ... . . .. . .. . $11-9
LM33488, Constant Current Source and Temperature Sensor . . . .. .. ........ ... ... ... ...... ... . ... ...... S11-11
LM38588-1.2, Micropower Voltage Reference . . ............ ... ... . . i it $11-13
LM38588-2.5, Micropower Voltage Reference . . . ......... ... ... .. .. . .. $11-13
LT1001CS8, Precision Operational Amplifier. . . .. ........... ... .. . . . S$11-15
LT1004CS8-1.2, Micropower Voltage Reference ............. ... ... ... . . i S11-17
LT1004CS8-2.5, Micropower Voltage Reference . ......... ... ... ... ... .. . . i S$11-17
LT1007CS, Low Noise, High Speed Precision Operational Amplifiers ...................................... S11-19
LT1009S8, 2.5 VoIt Reference . . . ... ... ... . $11-22
LT1012S8, Picoamp Input Current, Microvolt Offset, Low NoiseOpAmp .. ............... ... ... ... ... $11-24
LT1013DS8, Dual Precision Op Amp . . .. ... .. ... . S$11-27
LT1021DCS8, Precision Reference . .. ... ... ... ... $11-30
LT1028CS, Ultra-Low Noise Precision HighSpeed OpAmp .. ... ... ... .. i, $11-33
LT1030CS, Quad Low PowerLine Driver. . .. ... ... .. e e S$11-36
LT1034CS8-1.2, Micropower DualReference . . . . .......... ... .. .. . . i $11-38
LT1034CS8-2.5, Micropower Dual Reference . . . . ... ... . . i i $11-38
LT1037CS, Low Noise, High Speed Precision Operational Amplifiers ......................... ... ... ... .... S$11-19
LT1055S8, Precision, High Speed, JFET Input Operational Amplifiers . ................... ... ... ........... $11-40
LT105688, Precision, High Speed, JFET Input Operational Amplifiers .. ....... .. ... ... .. ................. $11-40
LT1080CS, 5V Powered RS232 Driver/Receiverwith Shutdown . ............ ... ... .. ... .. ... ... ... ...... $11-43
LT1081CS, 5V Powered RS232 Driver/Receiver withShutdown .. ....... ... ... ... ... .. ... ... ... ... .... $11-43
LTC1043CS, Dual Precision Instrumentation Switched-Capacitor BuildingBlock . . . . . ......................... S$11-46
LTC1044CS8, Switched Capacitor Voltage Converter ......... ... ... ... ... .. . .o i, $11-48
LTC1052CS, Chopper-Stabilized Operational Amplifier (CSOA) .. ........ ... ... o i, $11-50
LTC10598, High Performance Switched Capacitor Universal Filter . . . .. ......... .. ........................ $11-52
LTC1060S, Universal Dual Filter BuildingBlock ............. ... ... ... . . . . e, §11-55
LTC1061CS, High Performance Triple Universal Filter BuildingBlock . .. ................................... $11-58
LTC1062CS, 5thOrder Low Pass Filter . . . ... .. ... ... .. S$11-61
OP-07CS8, Precision Operational Amplifier . .. ............ .. ... .. .. .. . . . . . $11-63
SG3524S, Regulating Pulse WidthModulator . . ... ... ... .. . .. .. . .. . . .. .. ... S11-66
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GENERAL ORDERING

7L|”EAD INFORMATION

TECHNOLOGY

I ORDER ENTRY
Orders for products contained herein should be directed to: LINEAR TECHNOLOGY CORPORATION,
1630 McCarthy Boulevard, Milpitas, California 95035. Phone: 408-432-1900.

1. ORDERING INFORMATION
Minimum order value is $2000.00 per order; minimum value per line item is $500.00.
Each item must be ordered using the complete part number exactly as listed on the datasheet.
F.O.B.: Milpitas, California.

1Il.  RELIABILITY PROGRAMS
Linear Technology Corporation currently offers the following Reliability Programs:

A. JAN QPL devices.

B. DESCdrawings.

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.

IV. PART NUMBER EXPLANATION
XXX XXXX X X J/883B

l L Screening to MIL-STD-883, Level B, RevisionC
Package Style (see Cross Reference on Page 12-3)
Temperature Range

M for Military

C for Commercial
X for 200°C Extended Range*

Letter indicates electrical grade of part

Generic or Product Part Number

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

*Contact Factory for further information.

V. 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

P TO-247 Molded (3 lead)

S8 8 Lead Small Outline (SO) package (Note 1)

S 16, 18, 20 Pin Small Outline (SO) package (Note 1, 2)
T TO-220 Molded (3 lead, 5 lead)

z TO-92 Molded (3 lead)

Note 1: Pin-out and electrical specifications may differ from standard commercial grade N8 package.
See SO datasheet for specific information.

Note 2: These devices are delivered in either 150 MIL (SO) or 300 MIL (SO-L) wide packages depending
on device die size. See specific SO datasheet for pin counts and package dimensions.
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L7 LI” ALTERNATE SOURCE
TECHNOLOGY CROSS REFERENCE GUIDE

AMD ADPIN LTC DIRECT REPL
AMD PIN LTC DIRECT REPL ADOPO7D 851007001&
et e ADOPO7E OPO7E
LT1055AM* AD580 ADSED
LF155 LF155
LT1055M* AD581 AD581
LT1031**
LF156A tﬁgggm* AD589 LT1004+
LF156 LF156
LT1056M*
LF198 LF198 FAIRCHILD
LF355A LF355A FSCPIN LTC DIRECT REPL
LF356A Lrason UATOIA LM101A
L T1086AC" UA107A LM107
LF398 LF398 UA108 LM108
LM108 LM108 UA10BA LT1008M
LT1008M* 08 LM108A
LM108A LM108A LT1008M
LT1008M* UAT11 LM111
LM111 LM111 LTHIA®
LT111A® LT1011M
LT1011M* UAT17 LM117
LM118 LM118 LT117A
LT118A SH123 LM123
LM119 LM119 LT123A"
LT110A" LT1003M
LM148 LT1014* UA124 LT1014M*
LM308A LM308A UA148 LT1014M*
LT1008C* UA1558M LT1013M*
LM311 LM311 UA78HO5C LT1003C**
LT311A" UA308A LM308A
LTI011C" LT1008C**
LM318 LM318 UA311 LM311
LT318A* LT311A"
LM319 LM319 LT1011C*
LT319A* UA317 LM317
LT317A*
UA318 LM318
ANALOG DEVICES L o
ADPIN LTC DIRECT REPL SH323 LM323
AD101A LM101A LT323A*
AD518 LM118%* LT1003M* *
. LT118A** UAT14 OP07
AD517 oPO7** LT1001M*
LT1001** UA714C oPO7C
AD510J OPO7E* LT1001C*
LT1001G* UAT14L OPO7D
AD510K LT1001AC* LT1001C*
AD510L LT1001AC* UAT14E OPOTE
AD510S OPO7A* LT1001C*
LT1001AM*
ADOPO7 OP07 HARRIS
LT1001M*
ADOPO7A OPO7A HARRIS P/N LTC DIRECT REPL
LT1001AM* HAOPO7 OP07
ADOPO7C Sﬁgg o LT1001M*

*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 replacement for specific applications.
1Consult factory for guaranteed TC devices.
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ALTERNATE SOURCE CROSS REFERENCE GUIDE

HARRIS P/N LTC DIRECT REPL
HAOPOQ7 OPO07
LT1001AM*
HAOPO07C OP07C
LT1001C*
HAOPO7E OPO7E
LT1001C*
HA5135-2 OPQ7
LT1001M*
HA5130-2 OPO7A
LT1001AM*
HA5135-5 OPQ7C
LT1001C*
HA5130-5 OPO7E
LT1001C*
HA2510 LT118A**
LM118**
HA2512 LT118A**
LM118A**
HA2515 LT318A**
LM318**
INTERSIL
INTERSIL P/IN 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*
MOTOROLA
MOTO PIN LTC DIRECT REPL
LM101A LM101A
LM107 LM107
LM108 LM108
LT1008M*
LM108A LM108A
LT1008M*

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

MOTO P/N LTC DIRECT REPL
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*
MC145406 LT1039**
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*
MC1400U2 LT1019CN8-2.5*
MC1400AU2 LT1019ACN8-2.5*
MC1400U5 LT1019CN8-5*
MC1400AU5 LT1019ACN8-5*
MC1400U10 LT1019CN8-10*
MC1400AU10 LT1019ACN8-10*
LF155A LF155A
LT1055AM

**Similar Device: Please consult the data sheet to determine the suitability of the replacement for specific applications.

tConsult factory for guaranteed TC devices.
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ALTERNATE SOURCE CROSS REFERENCE GUIDE

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

MOTO P/N LTC DIRECT REPL
LF155 LF155
LT1055M
LF156A LF156A
LT1056AM
LF156 LF156
LT1056M
OP27A OP27A
LT1007AM*
OoP27B LT1007M*
OP27C oP27C
LT1007M
OP27E OP27E
LT1007AC*
OP27F LT1007C*
OP27G 0oP27G
LT1007C*
OP37A OP37A
LT1037AM*
OP37B LT1037M*
OP37C OP37C
LT1037M*
OP37E OP37E
LT1037AC*
OP37F LT1037C*
OP37G OP37G
LT1037C*

NATIONAL SEMICONDUCTOR

NSC P/N LTC DIRECT REPL
ADCO032 LTC1091
LF155A LF155A
LT1055AM*
LF155 LF155
LT1055M*
LF156A LF156A
LT1056AM*
LT1022AM*
LF156 LF156
LT1056M*
LT1022M*
LF198A LF198A
LF198 LF198
LF355A LF355A
LT1055AC*
LF356A LF356A
LT1056AC*
LT1022AC*
LF398A LF398A
LF398 LF398
LF412A LF412A
LH0002 LT1010M**
LH0044 LT1001M*
LH0070 LH0070
LT1031M*
LH2108 LH2108
LH2108A LH2108A
LM10 LM10

NSC P/N LTC DIRECT REPL
LM10B LM10B
LM10C LM10C
LM101A LM101A
LM107 LM107
LM108 LM108
LT1008M*
LM108A LM108A
LT1008M*
LM111 LM111
LT111A*
LT1011M*
LM112 LT1012M*
LM113 LT1004M-1.2*
LM117 LM117
LT117A*
LM117HV LM117HV
LT117AHV*
LM118 LM118
LT118A*
LM119 LM119
LT119A*
LM123 LM123
LT123A*
LT1003M*
LM124 LT1014M*
LM129A LM129A
LM129B LM129B
LM129C LM129C
LM133 LT1033M*
LM134 LM134
LM134-3 LM134-3
LM134-6 LM134-6
LM136A LM136A
LT1009M*
LM136-2.5 LM136-2.5
LT1009M*
LM136-5 LT1029M**
LM137 LM137
LT137A
LT1033M**
LM137HV LM137HV
LT137AHV*
LM138 LM138
LT138A*
LM148 LT1038M**
LM150 LM150
LT150A*
LM158 LT1013M*
LM168BY-5.0 LT1019AM-5*
LM168BY-10.0 LT1019AM-10*
LM185-1.2 LM185-1.2
LT1004M-1.2*
LM185-2.5 LM185-2.5
LT1004M-2.5*
LM185BX-1.2 LT1034BM-1.2*
LM185BY-1.2 LT1034M-1.2*
LM185BX-2.5 LT1034BM-2.5*
LM185BY-2.5 LT1034M-2.5*

**Similar Device: Please consult the data sheet to determine the suitability of the replacement for specific applications.
tConsult factory for guaranteed TC devices.
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ALTERNATE SOURCE CROSS REFERENCE GUIDE

NSC PIN LTC DIRECT REPL
LM196 LT1038M**
LM199 LM199
LM199A LM199A
LM199A-20 LM199A-20
LM234-3 LM234-3
LM234-6 LM234-6
LM308A LM308A
LT1008C*
LM311 LM311
LT311A*
LT1011C*
LM317 LM317
LT317A*
LM317HV LM317HV
LT317AHV*
LM318 LM318
LT318A*
LM319 LM319
LT319A*
LM323 LM323
LT323A"
LT1003C**
LM329A LM329A
LM329B LM329B
LM329C LM329C
LM329D LM329D
LM333 LT1033C*
LM333A LT1033C
LM334 LM334
LM336-2.5 LM336
LT1009C*
LM336B-2.5 LM336B
LT1009C*
LM336-5 LT1029C*
LM337 LM337
LT337A*
LT1033C*
LM337HV LM337HV
LT337AHV*
LM338 LM338
LT338A*
LM350 LM350
LT350A*
LM368Y-5.0 LT1019AC-5*
LM368-5.0 LT1019AC-5*
LM368Y-10.0 LT1019AC-10*
LM368-10.0 LT1019AC-10*
LM385-1.2 LM385-1.2
LT1004C-1.2*
LM385-2.5 LM385-2.5
LT1004C-2.5*
LM385BX-1.2 LT1034BC-1.2*
LM385BY-1.2 LT1034C-1.2*
LM385BX-2.5 LT1034BC-2.5*
LM385BY-2.5 LT1034C-2.5*
LM396 LT1038C**
LM399 LM399

NSC PIN LTC DIRECT REPL
LM399A LM399A
LM399A-20 LM399A-20
LM399A-50 LM399A-50
LM1524 SG1524
LT1524*
LM3524 SG3524
LT3524*
LM2935 LT1005**
MF5 LTC1059*
MF10 LTC1060*
PMI
PMI PIN LTC DIRECT REPL
CMPO1 LT1011**
CMP02 LT1011**
OP04 LT1013*
OP05 OP05
LT1001M*
OP05A OPO5A
LT1001M*
OP05C OP05C
LT1001C*
OPOSE OPOSE
LT1001C*
OP07 OP07
LT1001M*
OP0O7A OPO7A
LT1001AM*
OP07C OP07C
LT1001C*
OPOQ7E OPO7E
LT1001C*
OP10 LT1002M*
OP10A LT1002AM*
OP10C LT1002C*
OP10E LT1002C
OP11 LT1014*
OP12A LT1012M*
OP12B LT1012M*
OP12C LT1012M*
OP12E LT1012C*
OP12F LT1012C*
OP12G LT1012C*
OP15A OP15A
LT1055AM*
OP15B OP15B
LT1055M
OP15C OP15C
LT1055M*
OP15E OP15E
LT1055AC*
OP15F OP15F
LT1055C*
OP15G OP15G
LT1055GC*
OP16A OP16A
LT1056AM*

*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 replacement for specific applications.
tConsult factory for guaranteed TC devices.
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ALTERNATE SOURCE CROSS REFERENCE GUIDE

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

PMIP/N LTC DIRECT REPL
OoP16B OP16B
LT1056M*
OP16C OP16C
LT1056M*
OP16E OP16E
LT1056AC*
OP16F OP16F
LT1056C*
OP16G OP16G
LT1056C*
OP27A OP27A
LT1007AM*
oP27B LT1007M*
OP27C OP27C
LT1007M*
OP27E OP27E
LT1007AC*
OP27F LT1007C*
OP27G OP27G
LT1007C*
OP37A OP37A
LT1037AM*
OP37B OP37A
LT1037M*
OP37C OP37C
LT1037M*
OP37E OP37E
LT1037AC*
OP37F OP37E
LT1037C*
OP37G OP37G
LT1037C*
OP77A LT1001AM™**
OP77B LT1001M**
OP77E LT1001AC**
OP77F LT1001C**
OP77G LT1001C**
OP207A LT1002M*
0P207B LT1002M*
OP207E LT1002C*
OP207F LT1002C*
OP215A OP215A
LT1057AM*
OP215B OP215A*
LT1057AM*
0P215C OP215C
LT1057M*
OP215E OP215E
LT1057C*
OP215F OP215E*
LT1057C*
0OP215G OP215G
LT1057C*
oP221 LT1013*
OP227A OP227A
0P227B OP227A
0P227C 0P227C
OP227E OP227E

PMIPIN LTC DIRECT REPL
OP227F OP227E
0P227G 0P227G
OP400A LT1014AM**
OP400E LT1014AC**
OP400F LT1014AC**
OP421 LT1014*
PM108 LM108
LT1008M*
PM108A LM108A
LT1008M*
PM155A LF155A
LT1055M*
PM155 LF155
LT1055M*
PM1008 LT1008
PM1558 LT1013M*
PM156A LF156A
LT1056M*
PM156 LF156
LT1056M*
PM2108A LH2108A
PM2108 LH2108
PM308A LM308A
LT1008C*
PM355A LF355A
LT1055C*
PM356A LF356A
LT1056C*
REFO01 REF01
LT1019M-10*
LT1021-10**
REFO1A REFO1A
LT1021-10**
REF01C REF01C
LT1019C-10*
LT1021-10**
REFO1E REFO1E
LT1021-10**
REFO1H REFO1H
LT1019C-10*
LT1021-10**
REF02 REF02
LT1019M-5*
LT1021-5**
REF02A REF02A
LT1021-5**
REF02C REF02C
LT1019C-5*
LT1021-5**
REF02D LT1019C-5*
LT1021-5**
REFO02E REFO02E
LT1021-5**
REF02H REF02H
LT1019C-5*
LT1021-5**

**Similar Device: Please consult the data sheet to determine the suitability of the replacement for specific applications.
tConsult factory for guaranteed TC devices.
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ALTERNATE SOURCE CROSS REFERENCE GUIDE

RAYTHEON
RAYTH PIN LTC DIRECT REPL
LM101A LM101A
LM107 LM107
LM111 LM111
LT111A*
LT1011M*
LM124 LT1014M*
LM148 LM1014M*
LM311 LM311
LT311A*
LT1011C*
OP05 OPO05
LT1001M*
OP05A OPO5A
LT1001AM*
OP05C OP05C
LT1001C*
OPO5E OPOSE
LT1001C*
OP07 OP07
LT1001M*
OPO7A OPO7A
LT1001AM*
OP07C OP0o7C
LT1001C*
OPO7E OPQ7E
LT1001C*
OP27A OP27A
LT1007AM*
OP27B OP27A
LT1007M
OP27C OP27C
LT1007M*
OP27E OP27E
LT1007AC*
OP27F OP27F
LT1007C*
OP27G OoP27G
LT1007C*
OP37A OP37A
LT1037AM*
OoP37B OP37A
LT1037M
OP37C OP37C
LT1037M*
OP37E OP37E
LT1037AC*
OP37F OP37E
LT1037C*
OP37G OP37G
LT1037C*
RC714CH OP07C
LT1001C*
RC714EH OPO7E
LT1001C*
RM1558 LT1013M*
RM714H OPO7
LT1001M*

SIGNETICS
SIGNETICS P/N LTC DIRECT REPL
LF398 LF398
LF398A LF398A
LM101A LM101A
LM111 LM111
LT111A*
LT1011M*
LM119 LM119
LT119A*
LM124 LT1014M*
LM158 LT1013M*
LM311 LM311
LT311A*
LT1011C*
MC1558 LT1013M*
NE1037 LT1037
NE5534 OP37*
LT1037*
NE5534A OP37*
LT1037*
SE5534 OP37*
LT1037*
SE5534A OP37*
LT1037*
SG3524 SG3524
LT3524*
SILICON GENERAL
SIL GEN P/N LTC DIRECT REPL
SG101A LM101A
SG108 LM108
LT1008M*
SG108A LM108A
LT1008M*
SG111 LM111
LT111A
LT1011M*
SG117 LM117
SG117A LT117A
SG123 LM123
SG123A LT123A
LT1003M**
SG124 LT1014M*
SG137 LM137
SG137A LT137A
LT1033M**
SG138 LM138
SG138A LT138A
SG150 LM150
SG150A LT150A
SG1558 LT1013M*
SG311 LM311
LT311A*
LT1011C*
SG317 LM317
SG317A LT317A
SG323 LM323

*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 replacement for specific applications.
tConsult factory for guaranteed TC devices.
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~ ALTERNATE SOURCE CROSS REFERENCE GUIDE

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

SIL GEN P/N LTC DIRECT REPL
SG323A LT323A
LT1003C**
SG337 LM337
SG337A LT337A
LT1033C**
SG338 LM338
SG338A LT338A
SG350 LM350
SG350A LT350A
SG1524 SG1524
LT1524*
SG1525A SG1525A
LT1525A*
SG1526 LT1526
SG1527A SG1527A
LT1527A*
SG3524 SG3524
LT3524*
SG3525A SG3525A
LT3525A*
SG3526 LT3526
SG3527A SG3527A*
LT3527A*

TEXAS INSTRUMENTS

TIPIN LTC DIRECT REPL
LM101A LM101A
LM107 LM107
LM111 LM111
LT111A*
LT1011M*
LM124 LT1014M*
LM148 LT1014M*
LM158 LT1013M*
LM311 LM311
LT311A*
LT1011C*
LM317KC LM317T
LM317AT*
LM318 LM318
LT318A*
LM323 LM323
LT323A*

TIPIN LTC DIRECT REPL
LM350 LM350
LT350A*
LT1009 LT1009
LT1011 LT1011
LT1007 LT1007
LT1037 LT1037
LT1070 LT1070
LTC1044 LTC1044
MC1558 LT1013M*
OP07/714C OP07C
LT1001C*
OP07/714D OP0O7D
LT1001C*
OPO07/714E OPO7E
LT1001C*
OP27A OP27A
LT1007AM*
OoP27B LT1007M*
OP27C OP27C
LT1007M
OP27E OP27E
LT1007AC*
OP27F LT1007C*
OP27G OP27G
LT1007C*
OP37A OP37A
LT1037AM*
OP37B LT1037M*
OP37C OP37C
LT1037M*
OP37E OP37E
LT1037AC*
OP37F LT1037C*
OP37G OP37G
LT1037C*
SG1524 SG1524
LT1524*
SG1525A SG1525A
LT1525A*
SG3524 SG3524
LT3524*
SG3525A SG3525A
LT3525A*

**Similar Device: Please consult the data sheet to determine the suitability of the replacement for specific applications.
tConsult factory for guaranteed TC devices.
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ALTERNATE SOURCE CROSS REFERENCE GUIDE

UNITRODE UNITRODE P/IN LTC DIRECT REPL
UNITRODE P/N LTC DIRECT REPL UC1524 SG1524
LT1524*
U
e LM117 . UC1525A SG1525A
LT117A L1500
uc137 LM137 1525A
. UC1527A SG1527A
LT137A .
LT1033M** LT1527A
uc150 LM150 uC1846 UC1846
LT150A* uC1847 uc1847
uc3a17 LM317 UC3524 863524.
LT317A* LT3524
uc33az LM337 UC3525A SG3525A
LT337A* LT3525A*
LT1033C** UC3527A SG3527A
uC350 LM350 LT3527A*
LT350A* UC3846 UC3846
uC3847 uc3s47

*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 replacement for specific applications.
tConsult factory for guaranteed TC devices.
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SECTION 2—OPERATIONAL AMPLIFIERS

INDEX . .
SELECTION GUIDE . . . ... e e e e e e
PROPRIETARY PRODUCTS
LT1001, Precision ODAMD . . . . . o oo e e e e
LT1002, Precision DualOpAMP . .. ..ot e e e et e e
LT1006, Precision, Single SupplyOpAmp . . . .. ... ..
LT1007, Lowest Noise Precision ODAMD . . .. . ... oo e e et et
LT1008, Low Bias Current, Low NOISEOPAMD . . .. ..o
LT1010, BUTferODAMD . . . . et ettt e e e e e e
LT1012, Low Bias Current, Low Offset, Low NoiSe OPAMPD. . . . ... ..o
LT1013, Precision, Low Offset Dual OpAMp ... ...t
LT1014, Precision, Low Offset Quad ODAMD . . ... ..o
LT1022, High Speed Precision FET Input OpAmMD . . .. . vttt
LT1023, DACOUtpUt AMPLIfIEr . . ... ... ...
LT1024, Dual LTI0T20DAMD . ..ot e e e e e e
LT1028, Ultra-Low Noise, HighSpeed OpAmp . .. ....... ... ...,
LT1037, Low Noise, High Speed ODAMD . . . .. ..o e
LTC1052, Precision, Chopper Stabilized CMOS OpAMp . . . .. ..o
LT1055, Low Offsetand Drift FET INpUtODAMD . . . ..o v e e e
LT1056, Low Offset and Drift High Speed FET InputOpAmp . . .. ... ...
LT1057, Dual JFET Input Precision, High Speed OpAmp . . .. ....... ... ... ... ..........
LT1058, Quad, JFET Input Precision, High Speed OpAmp . . . ... ... ........ ... ..........
LT1078, Micropower, Dual, Single Supply, Precision OpAmp . ... .. ......................
LT1079, Micropower, Quad, Single Supply, PrecisionOpAmp . .. ... ... ... ...............
ENHANCED AND SECOND SOURCE PRODUCTS
LF155/355, JFETINPUEOP AMD .« . oo oo e e e
LF155A7/355A, JFET INpUt 0P AMID . . o oo
LF156/356 JFET InputOp Amp, HighSpeed . .. ... i
LF156A/356A JFET InputOp Amp, HighSpeed . . . .. ...
LF412A, Dual Precision JFET InputOpAmp . . ... ... ... .
LM10/B(L)/C(L), OpAmpandReference .................ooiieiiiiiiiiiiianna...
LH2108A, DUal LM108 0P AMP . . .. oo et et e e e
LM101A/301A, Uncompensated General Purpose OpAmp .. ........... ... ... i,
LM107/307, Compensated General Purpose OpAMP . . . ...ttt
LM108/308, Super Gain 0P AMP . ..ottt e e e
LM108A/308A, SUPer Gain Op AMD . .. oottt
LM118/318, High Slew Rate Op AMD . .. ..ot e
LT118A/318A, Improved LMT180DAMD . ... ..o e
LTC7652, Precision, Chopper Stabilized CMOSOpAmMP . . .. .. ..o
0P-05, OP-05A, OP-05C, OP-05E, Internally Compensated OpAmMp . ............ccoounnn...
0P-07, OP-07A, OP-07C, OP-07E, PrecisionOp AmP ... ..ottt
0P-15A, OP-15B, OP-15C, OP-15E, OP-15F, OP-15G, Precision, High Speed JFET InputOp Amp . . .
0P-16A, OP-16B, OP-16C, OP-16E, OP-16F, OP-16G, Precision, High Speed JFET InputOp Amp . ..
0P-27A, OP-27C, OP-27E, OP-27G, Low Noise, PrecisionOpAmp . .............cooviionnn.
0P-37A, OP-37C, OP-37E, OP-37G, Low Noise, High Speed OpAmp. ... ...t ..
0P-215, Dual Precision JFET InputOpAmp .. ... ... ... .. e
0P-227A, OP-227C, OP-227E, OP-227G, Dual Matched, Low NoiseOpAmp . ..................
0P-237A, 0P-237C, OP-237E, OP-237G, Dual High Speed, Low NoiseOpAmp .. ...............
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OP AMP SELECTION GUIDE

TECHNOLOGY
MIUITARY
ELECTRICAL CHARACTERISTICS
Vos TC Ig AvoL SLEW RATE NOISE
MAX Vos MAX MIN MIN MAX 10Hz PACKAGES

PART NUMBER W) (WIee) (NA) Vim¥) Viis) (Vi) AVAILABLE IMPORTANT FEATURES

SINGLE

LT1001AM 15 0.6 20 450 0.15 18 H,J8 Extremely Low Offset Voltage

LT1001M 60 10 38 40 015 18 H,J8 Low Noise, Low Drift

LT1006AM 50 1.3 15 1000 0.25 ut H,J8 Single Supply Operation, Fully

LT1006M 80 18 % 700 0.25 ut H,J8 Specified for +5V Supply

LT1007AM 2% 0.6 3 7000 17 45 H,J8 Extremely Low Noise, Low

LT100TM 60 10 55 5000 17 45 H,J8 Drift

LT1008M 120 15 0.1 200 01 30 H Low Bias Current, Low Power

LT1010M 90mv osmviect 150:A 0995 5 9ot HK High Speed Buffer, Drives
+10Vinto 750,

LT1012M 3% 15 01 200 01 30 H Low Vos, Low Power

LT1022AM 250 50 005 150 23 50 H Very High Speed JFET Input

LT1022M 600 9.0 005 120 18 60 H Op Amp with Very Good DC
Specs.

LT1028AM 40 0.8 90 7000 1 17 H,J8 Lowest Noise, High Speed,

LT1028M 80 1.0 180 5000 1 19 H,J8 Low Drift

LT1037AM 2 0.6 3 7000 1 45 H,J8 Extremely Low Noise, High

LT103TM 60 10 55 5000 1" 45 H,J8 Speed

LT1055AM 150 4 0.05 150 10 50 H Lowest Offset, JFET Input

LT1055M 400 8 005 120 15 60 H Op Amp Combines High

LT1056AM 180 4 005 150 12 50 H Speed and Precision

LT1056M 450 8 005 120 9 60 H

LTC1052M 5 0.05 0.03 1000 3t 05uVpp** H Chopper, Stabilized Low Noise

LF155A 2000 5 0.05 75 5 25t H JFET Inputs, Low | Bias, No

LF155 3500 15 0.10 50 5 25t H Phase Reversal, Guaranteed

LF156A 2000 5 005 75 10 151+ H TCVosonal Grades

LF156 3500 15 0.10 50 9 15t H

LM10 2000 2t 2 120 50t H,J8 On-Chip Reference Operates
with +1.2V Single Battery

LM101A 2000 15 75 % 03 28t H,J8 L Gen. Purp.

LM107 2000 15 5 % 03 2t H,J8 o Gen. Purp.

LM108A 500 5 2 40 0.1 30t H Low Bias Current, Low

LM108 2000 15 3 % 01 3ot H Supply Current

LM118 4000 250 %5 50 4t H High Speed, 15MHz

LT118A 1000 50 200 50 at H,J8 High Speed, 15MHz

OP-05A 150 09 2 300 0.1 18 H,J8 Low Noise, Low Offset Drift

0P05 500 20 3 200 01 18 H,J8 with Time

OP-07A 25 0.6 2 300 0.1 18 H,J8 Low Initial Offset, Low Noise,

oP47 I 13 3 20 01 18 H,J8 Low Drift

OP-15A 500 5 0.05 100 10 201+ H Precision JFET Input, Low|

0P-158 1000 10 01 7% 75 20t H Bias, No Phase Reversal

OP-15 3000 15 02 50 5 20t H

OP-16A 500 5 05 100 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 02 50 9 20t H

OP-27A 2 0.6 40 1000 17 55 H, 48 Very Low Noise, Unity Gain

0P27C 100 18 80 70 17 80 H,J8 Stable

OP-37A 25 0.6 40 1000 1 55 H,J8 Very Low Noise, Stable for

0P31C 100 18 80 700 11 80 H,J8 Gains 25

DUAL

LT1002AM 60 09 30 40 0.15 20 J Dual, Matched LT1001 High

LT1002M 100 13 45 350 0.15 2 J CMRR, PSRR Matching

LT1013AM 150 20 20 1500 0.2 ut H,J8 Precision Dual Op Ampin

LT1013M 300 25 0 1200 02 ut H,J8 8Pin Package

LT1057AM 450 7 005 150 10 5 H,J8 Low Offset, JFET Input

LT1057M 800 12 0075 100 8 8 H,J8 Multiple Op Amps Combine
High Speed and Excellent DC
Specs

LF412AM 1000 10 0.1 100 10 20t H,J8 High Performance Dual JFET
Input Op Amp

LH2108A 500 5.0 2 40 01 3ot D Dual, Low Bias Current, Side

LH2108 2000 15.0 2 % [ 3ot D Brazed Package

LY R

S2-3



OP AMP SELECTION GUIDE

MILITARY
ELECTRICAL CHARACTERISTICS
Vos c Ig AvoL SLEW RATE NOISE
MAX Vos MAX MIN MIN MAX 10Hz PACKAGES
PART NUMBER W) (W) (NA) (VimV) (Vs) (nVIVH) AVAILABLE IMPORTANT FEATURES
DUAL
OP215A 1000 10 04 150 10 20t H,J8 HighF Dual JFET
OP215C 3000 2 02 50 8 20t H,J8 Input Op Amp
OP-227A 80 10 4 3000 17 6 ) Dual Matched OP-27
0P-227C 180 18 8 2000 17 9 J
OP-237A 80 10 40 3000 10 6 J Dual Matched OP-37
0P-237C 180 18 80 2000 10 9 J
QUAD
LT1014AM 180 20 20 1500 0.2 ut J Precision Quad Op Amp
LT1014M 300 25 3 1200 02 2t J in 14-Pin Package
LT1058AM 600 10 005 150 10 75 J Low Offset JFET Input
LT1058M 1000 15 0075 100 8 80 J Multiple Op Amps Combine
High Speed and Excellent DC
Specs
TiypicalSpec  *100HzNoise  **DCto 1 HzNoise
COMMeERCIAL
ELECTRICAL CHARACTERISTICS
Vos c Is Avol SLEW RATE NOISE
MAX Vos MAX MIN MIN MAX 10Hz PACKAGES
PART NUMBER W) (WVI°C) (N (VimV) (Viis) (VIHz) AVAILABLE IMPORTANT FEATURES
SINGLE
LT1001AC 25 06 20 450 0.15 18 H, J8, N8 Extremely Low Offset Voltage
LT1001C 60 10 38 400 0.15 18 H, J8,N8, S8 Low Noise, Low Drift
LT1006AC 50 13 15 1000 0.25 ut H,J8,N§ Single Supply Operation, Fully
LT1006C 80 18 % 700 0.5 2t H,J8,N8 Specified for +5V Supply
LT1007AC ) 0.6 3 7000 1.7 45 H,J8,N§ Extremely Low Noise, Low
LT1007C 60 10 55 5000 17 45 H, J8, N8 Drift
LT1008C 120 15 0.1 200 0.1 30 H,N8 Low Bias Current, Low Power
LT1010C 100mv omyiect 250,A 0995 % of HKT High Speed Buffer, Drives
+10Vinto 750.
LT1012C 50 15 0.15 200 0.1 30 H,N8 Low Vos, Low Power
LT101258 120 18 0.28 200 0.1 30 S8
LT1022AC 250 5.0 0.05 150 23 50 H Very High Speed JFET Input
LT1022CH 600 90 005 120 18 60 H Op Amp with Very Good DC
LT1022CN8 1000 160 005 100 18 60 N8 Specs
LT1028AC 40 08 90 7000 1 17 H,J8, N8 Lowest Noise, High Speed.
LT1028C 80 10 180 5000 11 19 H,J8,N8 Low Drift
LT1037AC 25 06 3 7000 1 45 H,J8,N8 Extremely Low Noise, High
LT1037C 60 10 55 5000 11 45 H,J8, N8 Speed
LT1055AC 150 4 0.05 150 10 50 H Lowest Offset, JFET Input
LT1055C 400 8 005 120 75 60 H Op Amp Combines High
LT1055CNG 700 12 005 12 75 60 Ng Speed and Precision
LT105558 1500 15 01 120 75 70 S8
LT1056AC 180 4 005 150 12 50 H
LT1056C 450 8 005 120 9 60 H
LT1056CN8 800 12 005 120 9 60 N8
LT105658 1500 15 0.1 120 90 0 S8
LTC1052C 5 0.05 0.03 1000 3t 0.5:Vp-p** H,N8 Chopper Stabilized, Low Noise
LTC7652C 5 005 003 1000 3t 05:Vpp** H,N8
LF355A 2000 5 005 75 5 251+ H, N8 JFET Inputs, Low | Bias, No
LF356A 2000 5 005 5 10 15t H,N§ Phase Reversal
LM108 2000 of 20 120 - sot H,J8 On-Chip Reference, Operates
LM10BL 2000 of 2 60 - sot H,J8 with + 1.2V Single Battery
LM10C 4000 st 30 80 - 50t H,J8,N8
LM10CL 4000 st 30 40 - sot H,J8,N8
LM308A 500 5 7 60 0.1 3ot H,N8 Low Bias, Supply Current
LT318A 1000 250 20 50 a2t H,J8,N8 High Speed, 15MHz
LM318 10000 500 % 50 4t H, J8, N8, S8 High Speed, 15MHz
OP-05C 1300 45 7 120 0.1 20 H, J8, N8 Low Noise, Low Offset Drift
OP-05E 500 20 4 200 01 18 H,J8, N8 with Time
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OP AMP SELECTION GUIDE

COMMERCIAL
ELECTRICAL CHARACTERISTICS
Vos C s AvoL SLEW RATE NOISE
MAX Vos MAX MIN MIN MAX 10Hz PACKAGES
PART NUMBER ) (uVI°C) (NA) (VimV) (Viis) (nVIHz) AVAILABLE IMPORTANT FEATURES
| SINGLE
0P-07C 150 1.8 7 120 0.1 20 H,J8, N8, S8 Low Initial Offset, Low Noise,
OP7E 75 13 4 200 0.1 18 H, J8,N8 Low Drift
OP-15E 500 5 0.05 100 10 20t H,N8 Precision JFET Input, Low |
OP-15F 1000 10 0.1 75 5 20t H,N8 Bias, No Phase Reversal
OP-15G 3000 15 02 50 5 20t H,N8
OP-16E 500 5 005 100 18 20t H,Ng Precision JFET Input, High
OP-16F 1000 10 04 75 12 20t H,N8 Speed, No Phase Reversal
OP-16G 3000 15 02 50 9 20t 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 80 H,N8 Stable
OP-37E 25 0.6 40 1000 1 55 H,J8, N8 Very Low Noise, Stable for
OP37G 100 18 80 700 11 80 H, N8 Gains 25
DUAL
LT1002AC 60 09 30 400 0.15 20 IN Dual, Matched LT1001 High
LT1002C 100 13 45 350 0.15 20 IN CMRR, PSRR Matching
LT1013AC 150 20 2 1500 0.2 ut H,J8 Precision Dual Op Amp
LT1013C 300 25 30 1200 0.2 ut H,J8, N8 in8Pin Package
LT1013D 800 50 30 1200 0.2 ut N8, S8
LT1057AC 450 7 005 150 10 75 H,J8 Low Offset JFET Input
LT1057ACN8 450 10 005 150 10 75 N8 Multiple Op Amps Combine
LT1057C 80 12 0075 100 8 80 H,J8 ;ge’;ss"eed and Excellent DC
LT1057CN8 800 16 0075 100 8 80 N8
LF412AC 1000 10 0.1 100 10 20t H,J8, N8 High Performance Dual JFET
OP-215E 1000 10 0.1 150 10 20t H,J8,N8 Input Op Amp
OP-215G 3000 2 02 50 8 20t H,J8, N8
OP-227E 80 10 40 3000 17 6 JN Dual Matched OP-27
OP-227G 180 18 80 2000 17 9 4N
OP-237E 80 10 40 3000 10 6 IN Dual Matched OP-37
0P-237G 180 18 80 2000 10 9 N
QUAD
LT1014AC 180 20 2 1500 0.2 ut J Precision Quad Op Amp
LT1014C 300 25 30 1200 0.2 ut N in 14-Pin Package
LT1014D 800 50 K| 1200 0.2 ut N
LT1058AC 600 10 005 150 10 5 J Low Offset JFET Input
LT1058ACN 600 15 005 150 10 5 N Multiple Op Amps Combine
LT1056C 1000 1 0075 100 8 80 J :if‘e’; :"eed and Excellent DG
LT1058CN 1000 2 0075 100 8 80 N

TTypicalSpec *100HzNoise ~ **DCto 1 Hz Noise
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OP AMP SELECTION GUIDE

SELECTION BY DESIGN PARAMETER
Max Input Offset Voltage (T, = 25°C)

<15V <25,V <75V <150,V <imV <5mV <10mV
LT1001AM LT1001AC LT1001 LT1002 LT1013 LT105588 LM301A
LTC7652 LT1007A LT1002A LT1006 LT1014 LT105658 LM307
LTC1052 LT1037A LT1006A LT1008 LT1014A LT118A LM308
OP-07A LT1007 LT101288 LT1022 ALL LT318A LM318
OP-27A LT1012 LT1013A LT1055C LF155A
OP-27E LT1012S8 LT1028 LT1055M LF155
OP-37A LT1037 LT1055AM LT1056AM LF156A
OP-37E OP-07E LT1055AC LT1056AC LF156
OP-07 OP-05A LT1056M LF355A
0P-07C,D LT1056C LF355
0P-27C LT1057 ALL LH2108
OP-37C LT1058 ALL LM10
OP-227A,E LF412A LM10B, BL
OP-237A,E LH2108A LM10C, CL
LM108A LM101A
LM308A LM107
OP-05 LM108
OP-05E LM118
OP-15A,E 0P-05C
OP-15B, F OP-15C, G
OP-16A,E 0P-16C, G
OP-16B, F 0P-215C, G
OP-215A, E
Max Input Bias Current (T;=25°C)
<0.2nA <3nA <5nA <10nA <50nA <100nA >200nA
LT1008 LT1001A LT1001 OP-05C LT1007A LT1007 LT118A
LT1012 LT1002A LT1002 oP-07 LT1013A LT1028 LT318A
LT1022 ALL LT1006 ALL OP-05E LM308A LT1013 LT1037 LM301A
LT1055 ALL LM108 OP-07E LT1014A LM101A LM307
LT1056 ALL LM108A LT1014 LM107 LM118
LT1057 ALL OP-05A LT1028A 0P-27C,G LM318
LT1058 ALL 0P-05 LT1037 OP-37C,G
LF155 ALL OP-07A LM10(ALL) 0P-227C,G
LF156 ALL OoP-07 OP-27A,E OP-237C,G
LF412A ALL OP-37A,E
LTC7652 OP-227A,E
LTC1052 OP-237A,E
OP-15ALL
OP-16 ALL
OP-215ALL
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OP AMP SELECTION GUIDE

SELECTION BY DESIGN PARAMETER
Typ Equivalent Input Noise Voltage

pervHz, f=10Hz, Rg=1000 Typ Slew Rate
<InVWHz <25nVIWHz <1Vius >2Vips >10Vius >50Vius
LT1028ALL LT1001 ALL LT1001ALL LTI007ALL LT1022ALL LT118AI316A
LT1002ALL LT1002 ALL LT1056M LT1028 ALL LM118/318
LTI006 ALL LT1006 ALL LT1056C LT1037 ALL LT1010
LT1008 LT1008 LT1057 LT1055 ALL
LT1012 LT1012 LT1058 LT1056A
LTI013ALL LTI013ALL OP-27ALL OPATALL
LTI014ALL LTI014 ALL OP-5ALL OP-16A,8
LT1022ALL LH2108 ALL OP-16C, G OP-16E, F
LTC1052 0oP05 OP-215B, G, F, G OP-237 ALL
~LT1055 ALL oP7 0P-227ALL LF412A
*LT1056 ALL LM101A/301A LF155 ALL OP215A,E
LTC7652 LM1071307 LF355ALL LT1057A
*LF185 ALL LM108/308 LF156 ALL LT1058A
*LF355 ALL LM10BA/308A LF356 ALL
sEViz *LF156 ALL
LT1007 ALL 0PG5 ALL
LT1037 ALL OPOTALL
*OP5ALL
*OP-16 ALL
OP-27 ALL
OP37ALL
OP-227 ALL
0P-237 ALL
*100Hz Noise
Gain Packages
v LA Ll v
SE O ES
LM301A LT1022ALL LT1001 LT1006A
LM307 LT1055 ALL LT1002 LT1007 Wﬁ? W 'WWJ [Wﬁ}ww'
LM308 LT1056 ALL LT1006 LT1013 oo
LM318 LM101A LT1008 LTI014 H U8 J N8 N
LM107 LT1012 LTi028 705 | HERMETIC | HERMETIC | PLASTIC | PLASTIC
LM108 LT118A LT1037 8LEAD DIP DIP DIP DIP
LM118 LT318A op27 10LEAD | BLEAD | 14LEAD | BLEAD | 14LEAD
LM10 P05 oP37 16LEAD 16 LEAD
oP47 0P:227 18LEAD 18 LEAD
oP-237
LTC1052
LTC7652
hERRRE
W || = | e |
D8 D 8 s s
HERMETIC | HERMETIC PLASTIC PLASTIC PLASTIC
DIP DIP 0 S0 soL
8LEAD 14LEAD 8LEAD 14LEAD 16 LEAD
16 LEAD 16 LEAD 18 LEAD
18LEAD 20LEAD

LTI
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LT1006

TECHNOLOGY

FEATURES

= Single Supply Operation
Input Voltage Range Extends to Ground
Output Swings to Ground while Sinking Current

m Guaranteed Offset Voltage 504V Max.
m Guaranteed Low Drift 1.3pV/°C Max.
= Guaranteed Offset Current 0.5nA Max.
m Guaranteed High Gain
5mA Load Current 1.5 Million Min.
17mA Load Current 0.8 Million Min.
m Guaranteed Low Supply Current 520uA Max.

= Supply Current can be Reduced by a Factor of 4

= | ow Voltage Noise, 0.1Hz to 10Hz 0.55:Vp-p
Low Current Noise—
Better than OP-07 0.07pAHz at 10Hz
= High Input Impedance 250MQ Min.
m Guaranteed Minimum Supply Voltage 2.7V Min.

APPLICATIONS

= | ow Power Sample and Hold Circuits

= Battery Powered Precision Instrumentation
Strain Gauge Signal Conditioners
Thermocouple Amplifiers

= 4mA-20mA Current Loop Transmitters

m Active Filters

Precision, Single Supply
Op Amp
DESCRIPTION

The LT1006 is the first precision single supply operational
amplifier. Its design has been optimized for single supply
operation with a full set of specifications at 5V. Specifica-
tions at + 15V are also provided.

The LT1006 has low offset voltage of 20uV, drift of
0.2uVI°C, offset current of 120pA, gain of 2.5 million, com-
mon-mode rejection of 114dB, and power supply rejection
of 126dB.

Although supply current is only 3404A, a novel output stage
can source or sink in excess of 20mA while retaining high
voltage gain. Common-mode input range includes ground to
accommodate low ground-referenced inputs from strain
gauges or thermocouples, and output can swing to within a
few millivolts of ground. If higher slew rate (in excess of
1VIus) or micropower operation (supply current down to
90A) is required, the operating currents can be modified by
connecting an external optional resistor to Pin 8.

For similar single supply precision dual and quad op amps,
please see the LT1013/LT1014 data sheet.

LT1006 Single Supply, Micropower Sample and Hold

+9V

>
30k UCDAOBE 1CD4066 :

I
3900 S3

o] \] 3900 |
SN

360k

Distribution of Input Offset Voltage

; ; 2C04066

N g

S-H OFFSET

% CD4066
SAMPLE-HOLD COMMAND
HIGH = SAMPLE ~——%¢

LOW=HOLD

\\

8
] 6
/51 3%
A4

-L 0.01 =
l ACQUISITION TIME
— HOLD SETTLING TIME
HOLD SUPPLY CURRENT
SAMPLE SUPPLY CURRENT
1kHz SAMPLE RATE CURRENT

" Tohd T
1 §=2V
8 Tp=25°C
16 350 LT1006s TESTED
FROM TWO RUNS
14 J AND N PACKAGES
= 1
£ [,
[
Z il
i (g
6 ——
4
Y 2 fom ni |
ouTPUT . C ] ; |
-80  —40 0 40 80

INPUT OFFSET VOLTAGE (V)

2045
10
my
2504A
5.0mA
800pA
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LT1006

ABSOLUTE MAXIMUM RATINGS

SupplyVoltage .....ovvvvvveviiiiiii i 22V
Input Voltage ........... Equal to Positive Supply Voltage
......... 5V Below Negative Supply Voltage
Differential Input Voltage..............ccoovvvninn. 30v
Output Short Circuit Duration.................. Indefinite
Operating Temperature Range
LT1006AMM ..o -55°Cto 125°C
LT1006AC, C ..o 0°Cto 70°C
Storage Temperature Range
AlIDeviCes ...oovvvvvniiieiinenns -65°Cto 150°C
Lead Temperature (Soldering, 10s€C) .............. 300°C

PACKAGE/ORDER INFORMATION

TOP VIEW
Iy SET
(NOTE 2)

ORDER PART
NUMBER

LT1006AMH
LT1006MH
LT1006ACH
LT1006CH

(CASE)
H8 PACKAGE T0-5 METAL CAN

TOP VIEW
v I

SEH 8] sir

-n[Z] [7]v+

+INn[E] 6] our
_ v

v-[a] 5] 1R vote 4

J8 PACKAGE N8 PACKAGE
HERMETIC DIP PLASTIC DIP

LT1006AMJ8
LT1006MJ8
LT1006ACJ8
LT1006CJ8
LT1006CN8

ELECTRICAL CHARACTERISTICS Vs =5V, Vom =0V, Vout = 1.4V, Ty =25°C, unless otherwise noted.

LT1006AM/AC LT1006M/C
SYMBOL PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX UNITS
Vos Input Offset Voltage 20 50 30 80 w
AVos Long Term Input Offset 0.4 0.5 uVIMo
ATime Voltage Stability
los Input Offset Current 012 05 0.15 0.9 nA
lg Input Bias Current 9 15 10 25 nA
[:N Input Noise Voltage 0.1Hz to 10Hz 0.55 0.55 uwVp-p
Input Noise Voltage Density fo=10Hz (Note 3) 2 32 23 32 nViVHz
fo=1000Hz (Note 3) 22 25 22 25 nVivHz
in Input Noise Current Density fo=10Hz 0.07 0.08 pAHz
Input Resistance (Note 1)
Differential Mode 180 400 100 300 Me
Common-Mode 5 4 GO
Input Voltage Range 35 38 3.5 38 v
0 -03 0 -03 Vv
CMRR Common-Mode Rejection Vom=0Vt03.5V 100 114 97 112 dB
Ratio
PSRR Power Supply Rejection Vg= +2Vto +18V,Vo=0V 106 126 103 124 dB
Ratio
AvoL Large Signal Voltage Gain Vp=0.03Vto 4V, R = 10k 1.0 2.5 0.7 20 ViV
Vp=0.03Vt0 3.5V, R =2k 0.5 2.0 0.3 18 ViV
Maximum Output Voltage Output Low, No Load 15 25 15 25 mv
Swing Output Low, 6002 to GND 5 10 5 10 mvV
Output Low, Igjyg = TmA 220 350 220 350 mV
Output High, No Load 4.0 44 4.0 44 v
Output High, 6002 to GND 34 4.0 34 40 v
SR Slew Rate 0.25 0.4 0.25 04 Vs
I Supply Current Rggr= 340 520 350 570 sA
Rser=180k Pin8to Pin7 90 90 pA
(Note 2)
Minimum Supply Voltage 2.7 2.7 v
52-10 L7



LT1006

ELECTRICAL CHARACTERISTICS

Vg=5V,0V, Vem=0.1V, Vo = 1.4V, - 55°C <Tp <125°C, unless otherwise noted.

LT1006AM LT1006M
SYMBOL PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX UNITS
Vos Input Offset Voltage ° 40 180 60 250 uV
AVog Input Offset Voltage Drift ° 02 13 03 18 pvI°C
ATemp
los Input Offset Current [ 04 20 05 40 nA
Ig Input Bias Current o 13 25 16 40 nA
AvoL Large Signal Voltage Gain Vp=0.05V103.5V, R =2k ®| 025 08 015 07 ViV
CMRR Common-Mode Rejection Vem=0.1Vto 3.2V o 9 103 87 102 dB
Ratio
PSRR Power Supply Rejection Vg=x2Vto £18V,Vp=0V e | 100 117 97 116 dB
Ratio
Maximum Output Voltage Output Low, 6002 to GND L] 6 15 6 18 mv
Swing Output High, 6002 to GND e 32 38 3.1 3.8 Vv
I Supply Current [ 380 630 400 680 sA
Vg =5V, 0V, Vom =0V, Vo =1.4V, 0°C <Tp <70°C, unless otherwise noted.
LT1006AC LT1006C
SYMBOL PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX UNITS
Vos Input Offset Voltage 30 110 45 160 na
LT1006N8 [ 50 190 wV
AVog Input Offset Voltage Drift 02 13 03 18 pvI°C
ATemp LT1006N8 ° 05 25 wI°c
log Input Offset Current [ 025 1.2 03 25 nA
Ig Input Bias Current o 11 20 12 30 nA
Avor Large Signal Voltage Gain Vo=0.04Vt03.5V, R =2k ®| 03 13 025 1.2 Vil
CMRR Common-Mode Rejection Vem=0Vto 3.4V ®| 9% 109 92 108 dB
Ratio
PSRR Power Supply Rejection Vg= +2Vto £18V,Vp=0V ° 101 120 97 118 dB
Ratio
Maximum Output Voltage Output Low, 6002 to GND [ 6 13 6 13 mv
Swing Output High, 6002 to GND ®| 33 39 32 39 \
I Supply Current ° 350 570 360 620 wA

The ® denotes the specifications which apply over the full operating tem-

perature range.

Note 1: This parameter is guaranteed by design and is not tested.

Note 2: Regular operation does not require an external resistor. In order to
program the supply current for low power or high speed operation, connect
an external resistor from Pin 8 to Pin 7 or from Pin 8 to Pin 4, respectively.
Supply current specifications (for Rsgr = 180k) do not include current in

Rser

Note 3: This parameter Is tested on a sample basis only. All noise parame-
ters are tested with Vg = £ 2.5V, Vo =0V.
Note 4: Optional offset nulling Is accomplished with a potentiometer con-
nected between the trim terminals and the wiper to V=. A 10k pot (providing
anuli range of +6mV)is recommended for minimum drift of nulled offset
voltage with temperature. For increased trim resolution and accuracy, two
fixed resistors can be used in conjunction with a smaller potentiometer.
For example: two 4.7k resistors tied to pins 1 and 5, with a 5000 pot in the
middle, will have a null range of +150,V.

LY WIER
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LT1006

GLGC'"“CH'. CHHRHCTG BISTICS Vs = 15V, Tp = 25°C, unless otherwise noted.

LT1006AM/AC LT1006M/C
SYMBOL | PARAMETER CONDITIONS MIN TYP MAX MIN TYP  MAX UNITS
Vos Input Offset Voltage 30 100 50 180 WV
los Input Offset Current 0.1 0.5 015 09 nA
Ig Input Bias Current 7.5 12.0 8.0 20.0 nA
Input Voltage Range 135 138 135 138 v
-150 -153 -150 -153 v
CMRR Common-Mode Rejection Ratio Vew= +13.5V, - 15V 100 117 97 116 dB
PSRR Power Supply Rejection Ratio Vs=+2Vto £18V,Vp=0V 106 126 103 124 dB
AvoL Large Signal Voltage Gain Vo= +10V,R =2k 15 5.0 1.2 40 ViV
Vo= %10V, R =6000 0.8 15 0.5 1.0 VgV
Vour Maximum Output Voltage Swing R =2k +13 14 +125 +14 \
SR Slew Rate Rger= 025 04 025 04 Vius
Rser=390Q Pin 8 to Pin 4 1.0 1.2 1.0 1.2 Vips
I Supply Current 360 540 360 600 rA
ELGCT"“CHL CHHHHCTG IIISTICS Vg = +15V, -55°C <Tp<125°C, unless otherwise noted.
LT1006AM LT1006M
SYMBOL | PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX | UNITS
Vos Input Offset Voltage (J 80 320 10 460 ni
AVog Input Offset Voltage Drift ° 0.5 2.2 0.6 28 uVI°C
ATemp
los Input Offset Current ] 0.2 2.0 0.3 3.0 nA
Ig Input Bias Current ° 9 18 1 21 nA
AvoL Large Signal Voltage Gain Vo= +10V,R =2k [ 0.5 1.5 026 1.0 VigV
CMRR Common-Mode Rejection Ratio Voy = +13V, - 14.9V [ ] 97 114 94 113 dB
PSRR Power Supply Rejection Ratio Vg= +2Vto £18V,Vp=0V [ 100 17 97 116 dB
Maximum Output Voltage Swing | R =2k ® | +12 +138 +115 +13.8 \
I Supply Current ° 400 650 400 750 2A
ELECTRICAL CHARACTERISTICS Vs = £15V,0°C <Tp<70°C, unless otherwise noted.
LT1006AC LT1006C
SYMBOL | PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX | UNITS
Vos Input Offset Voltage ° 50 200 75 300 w
LT1006N8 80 330 wV
AVos Input Offset Voltage Drift (] 0.5 22 0.6 28 uvI°c
ATemp LT1006N8 0.7 35 wvI°C
los Input Offset Current o 015 1.0 025 20 nA
Iy Input Bias Current [ 8.0 15 10 23 nA
AvoL Large Signal Voltage Gain Vo= 10V, R =2k (] 1.0 3.0 0.7 25 VigV
CMRR Common-Mode Rejection Ratio Von =13V, - 15V [ 98 116 94 114 dB
PSRR Power Supply Rejection Ratio Vg=+2Vto £18V,Vo=0V (] 101 120 97 118 dB
Maximum Output Voltage Swing | R =2k ® | +125 =*13.9 +115 +13.8 v
Ig Supply Current ° 370 600 380 660 uA

$2-12 LT LNEAR



LT1006

TYPICAL PERFORMANCE CHARACTERISTICS

Offset Voltage Drift with
Temperature of Representative

Offset Voltage vs Balanced

Vos vs Common-Mode Voltage vs

Units Source Resistor Temperature
150 T T 10 — i ; ; ] 500 T VI
Vg=5V, OV ——{ oy ov —s5°c 10 125° ! Vg=5V, 0V
120 s V=5V, OV, —55°C TO 125
Ven=0.1V i 0 400
% 1 s bk 300
5 6 — P A /1 =
& 30 — 2 E ns ZAA 0
= 77 =)
=) § - y 7 3 100 (D1=125°C
N — 8 —'ve=i1sv, /// E ‘
2 N 5[5 125C~ LA g oo @DT=25°CF—L@T=25°
5-60 - 5" t = Z S —
z — —100 —125°
-9 ~ = = — @T=125°C
—120 \/ ™= V5= 15V, 25°C | —200 (DPOSITIVE Vs
50 001 ~Vg=5V, 0V, 25°C | a0 (2 NEGATIVE Vg
50 -25 0 25 50 75 100 125  fk 3k 10k 30k 100k 300k 1M 3M 1OM —0.4 0 04 08 0014
TEMPERATURE (°C) BALANCED SOURCE RESISTANCE, Rs (©) COMMON-MODE INPUT VOLTAGE (V)
Voltage Gain vs Load Resistance, Voltage Gain vs Load Resistance
Warm-Up Drift Vg=5V,0V with Vg= 15V
2.0 — 10M 10M
Vg=5V, OV
_ Ta=25°C
= -
5 15 55°C = o Ty=—55°C |
— A== et —_
= g J muniti /1
= = A TA:ZI3 i ] / f/ ™ Ta=125°C |
B 10 Rl / —- ERLY > i,
™ =] 19500 Pkt <
; é /l e Ta=125 C__f1 g
w
2 05 . -
S
LT1006 METAL CAN (H) PACKAGE
LT1006 CERDIP (J) PACKAGE 7
0 L L 100k 100k
0 1 2 3 4 1 1k 10k 100 1k 10k
TIME AFTER POWER ON (MIN) LOAD RESISTANCE TO GROUND (€) LOAD RESISTANCE TO GROUND (©)
Input Offset Current vs Input Bias Current vs Common-
Input Bias Current vs Temperature Temperature Mode Voltage
18 T 0.5 — = 5 15
Ven=0v M= s \ %
15 204 = 4 10 "
z g 5 L
= 12 = o 3 5
2 & 03 & ]
g V=5V, 0V 1 g g 3
o 9 — s 2 0 >
2 — ] %0 =10 5 5
— V=15V — o = =
5 6 §== N 2 | =1 -5 5o
E 2 N~ Vs= =15V g 8
s = 01 % 0 Vg=5V, OV.‘T=1|5°C_ -0z
H Vg= £15V, \ - =
. . g, [T=25°C\ Vs=V.ov,T=25C | &
—50 -25 0 25 50 75 100 125 —50 -25 0 25 50 75 100 125 0 -6 -12 —18 -2
TEMPERATURE (°C) TEMPERATURE (°C) INPUT BIAS CURRENT (nA)



LT1006

TYPICAL PERFORMANCE CHARACTERISTICS

10Hz Voltage Noise Distribution Noise Spectrum 0.1Hz to 10Hz Noise
100 T 1 1000 p—ors R —
=25°C
Vg= 2.5V A= Vg= 2V T0 £15V
Ta=25°C —5 Vs==+2VT0 18V s [Ta=25°C
80 L 200 UNITS TesTED | (Z1E g L
FROM THREE RUNS | < < 300 S
%) 3 S | |
E ZZ N &
> % 22 &
S EE g A = ! '
= o URRENT NOISE E T FIriyt
£ 4 25 i w
= == S |
= w E ~ =2
22 5 VOLTAGE NOISE —
20 35 N
o 1/f CORNER 2Hz 0 2 4 6 8 10
. TIME (SEC)
ok - 10
16 20 2% 83 1 10 100 1
VOLTAGE NOISE DENSITY (nV/~/Az) FREQUENCY (Hz)
Supply Current vs Temperature Reducing Power Dissipation Increasing Slew Rate (Rserto V™)
500 1000 e 1 10 — —rTT 10
V=50, 0v Vs= 15V T
u| AN OR Vg=5V, OV
N
_ 450 _ SR :)_ o N _
s : At 23 ISR g
= 400 £ I 53 N 3 =
o Vg= 215V _A4~ s / v N o
TETA el SR SNy
o o o
2 350 U= o —] 3 7 & s
% L. ( % ww ] %
300 ,/ pd
(/ PIN 8 1S APPROXIMATELY PIN 8 1S APPROXIMATELY
P 60mV ABOVE THE NEGATIVE SUPPLY
10 60mV ABOVE THE NEGATIVE SUPPLY 001 01 JmV ABOVE, THE NEGATIVE SUPPLY 04
-5 -25 0 25 50 75 100 125 50 10 5 105 100 1K 10k
TEMPERATURE (°C) CURRENT INJECTED INTO PIN 8 (uA) Rser, PIN 8 TO PIN 4 (2)
*I sy DOES NOT INCLUDE CURRENT THROUGH Rt
Output Saturation vs Sink Current Maximum Output Swing vs Load Common-Mode Rejection Ratio
vs Temperature Resistor vs Frequency
"0 EsEvTo v ’ VsTEV O % "
V-=0V IIA'=“1'£5°L L _ Ta=25°C
S g 100 \\
— = o =]
s IsnlqK 10mA § ) Ta=zsec L 5
2] 1.0 5 /’/ MM < 8 Vg=5V, OV Vg= 15V —
= o =]
E e s 3 g di g
z | I 2 =60 N
5 5 / e«
=3 IsiNk=1mA ° 2 w
5 o E / =
= — — = y = AN
& IsiNk = 100pA z Y g
Is,,:m:louA = // R
Tsnk=0- S
0.01 == L 0 0
-5 -25 0 25 50 75 100 125 0.01 0.1 1 10 10 100 1k 1ok 100k 1M
TEMPERATURE (°C) LOAD RESISTOR (k@) FREQUENCY (Hz)
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LT1006

TYPICAL PERFORMANCE CHARACTERISTICS

Power Supply Rejection Ratio vs

Voltage Gain vs Frequency Gain, Phase vs Frequency Frequency
140 =g Ta=25°C Ere e 120 F_"\
120 N Cu=100F | 20 \_\ ‘éﬁ“i?&;vp wog . \ N\
100 \ IS prinse 1w 2 \ N
= \ = \ \\ N g8 g 80 NEGATIVE '\, POSITIVE |
28 g s g0 A\ + 15V weE 3 SUPPLY SUPPLY
= \ e oA N‘\iﬂsv \\\T\ g 5
S 60 V=5V, 0V N Vg= = 15V —1 & N 60 3 60 N
g N 2 N o\ 2 5 N Y
E 40 a 0 5V, 0V N 5V, 0V 180 w o
= = \\\ \ - “0
w \\ \ WE g Vg= £ 15V +1Vp- SINEWAVE\ \
= 9 }—Ys== p-p \
0 \\ —-10 \\\ < Ta=25°C \‘
N
. AN ] NN i I I I
0.01 0.1 1 10 100 tk 10k 100k 1M 10M 0.1 . 1 3 10 0.1 1 10 100 1k 10k 100k 1M
FREQUENCY (Hz) FREQUENCY (MHz) FREQUENCY (Hz)
Large Transient Response, Large Signal Transient Response, Large Signal Transient Response,
Vg=5V,0V Vg=5V,0V V=15V

Ay=1

10ps/DIV

R_=4.7k TO 5V
INPUT =0V T0 3.8V

5V/DIV

50us/DIV
Ay=1 Ay=1

R =4.7k T0 GROUND

INPUT=0V TO 3.8V

Small Signal Transient Response, Small Signal Transient Response,
Vg =5V, 0V Vo= +25Vto £15V

20mV/DIV

20us/DIV 2us/DIV
Ay=1 Ay=1
C_=10pF Cp=10pF
R =600Q TO GND
INPUT =0V TO 100mV. PULSE

LY N8
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LT1006

APPLICATIONS INFORMATION

The LT1006 is fully specified for single supply operation,
i.e., when the negative supply is OV. Input common-mode
range includes ground; the output swings within a few
millivolts of ground. Single supply operation, however, can
create special difficulties, both at the input and at the out-
put. The LT1006 has specific circuitry which addresses
these problems.

At the input, the driving signal can fall below 0V—inadver-
tently or on a transient basis. If the input is more than a
few hundred millivolts below ground, two distinct prob-
lems can occur on previous single supply designs, such as
the LM124, LM158, OP-20, OP-21, OP-220, OP-221, OP-420:

a) When the input is more than a diode drop below
ground, unlimited current will flow from the substrate (V-
terminal) to the input. This can destroy the unit. On the
LT1006, the 400Q resistors, in series with the input (see
schematic diagram), protect the devices even when the in-
putis 5V below ground.

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 LT1006's out-
put does not reverse, as illustrated below, even when the
inputs are at - 1.5V.

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 swing-
ing to ground (LM124, LM158). The LT1006’s all-NPN out-
put 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.

Since the output cannot go exactly to ground, but can only
approach ground to within a few millivolts, care should be
exercised to ensure that the output is not saturated. For
example, a ImV input signal will cause the amplifier to set
up in its linear region in the gain 100 configuration shown
below, but is not enough to make the amplifier function
properly in the voltage follower mode.

Voltage Follower with Input Exceeding the Negative Common-Mode Range (Vs = 5V, 0V)

v

6Vp-p INPUT, —1.5V T0 4.5V

LM324, LM358, OP-20, OP-21
EXHIBIT OUTPUT PHASE

2v

ov

LT1006
NO PHASE REVERSAL

REVERSAL

Gain 100 Amplifier

5V

N SR
- p—100mV
>
my S 6000

Voltage Follower

OUTPUT

imV

S2-16
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LT1006

APPLICATIONS INFORMATION

In automated production testing the output is forced to
1.4V by the test loop; offset voltage is measured with a
common-mode voltage of zero and the negative supply at
zero (Pin 4). Without the test loop, these exact conditions
cannot be achieved. The test circuit shown ensures that
the output will never saturate even with worst-case offset
voltages (- 2504V over the —55°C to 125°C range). The
effective common-mode input is 0.3V with respect to the
negative supply. As indicated by the common-mode rejec-
tion specifications the difference is only a few microvolts
between the two methods of offset voltage measurement.

Test Circuit for Offset Voltage and
Offset Drift with Temperature

50k*

————AAA————
47V
>
1000* LT1006 — Vg
+
50k* —0.3V

*RESISTORS MUST HAVE LOW
THERMOELECTRIC POTENTIAL.

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

Vo=1000Vpg

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

| INPUT (mV)  OUTPUT (V)

50us/DIV

Vg=5V, 0V

Low Supply Operation

The minimum guaranteed supply voltage for proper oper-
ation of the LT1006 is 2.7V. Typical supply current at
this voltage is 320A, therefore power dissipation is only
860uW.

Noise Testing

For application information on noise testing and calcula-
tions, please see the LT1007 or LT1028 data sheet.

Supply Current Programming

Connecting an optional external resistor to Pin 8 changes
the biasing of the LT1006 in order to increase its speed or
to decrease its power consumption. If higher slew rate is
required, connect the external resistor from Pin 8 to Pin 4
[see performance curves for Increasing Slew Rate (Rser to
V-)]. For lower power consumption, inject a current into
Pin 8 (which is approximately 60mV above V) as shown
on the Reducing Power Dissipation plot. This can be ac-
complished by connecting Rsgt to the positive supply, or
to save additional power, by obtaining the injected current
from alow voltage battery.

Comparator Applications

The single supply operation of the LT1006 and its ability to
swing close to ground while sinking current lends itself to
use as a precision comparator with TTL compatible
output.

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

INPUT (mV)  OUTPUT (V)

50ps/DIV

Vg=5V, OV

S2-17
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TYPICAL APPLICATIONS

Platinum RTD Signal Conditioner with Curvature Correction

+V  V=56V—-10V

39
LM334
1.21k*
s
Ik =100,A l!mm e
1
10k*
sok b
5°c/-':/ S Sk
TRIM 1
0.02 T0 4V OUT =
p—2°C 70 400°C
£0.25°C
L R s
S k@
< Uac <
[ H—w
= W 1.21M*

Rp=ROSEMOUNT 118MF
** =TRW MAR-6 0.1%
*=1% METAL FILM

Voltage Controlled Current Source with Ground
Referred Input and OQutput

Micropower 1MHz V—F Converter

VOLTAGE

CONTROLLED

& CURRENT
 SOURCE

TRIGGER

2 LTC1043

0.0014F

4 v
:rllomrﬁ%

OPERATES FROM A SINGLE 5V SUPPLY

9V

LM334

100Hz
TRIM
220k**TYP

INPUT
ov-5v

1000pF (POLYSTYRENE)
11

o STRAY
CAPACITANCE
£

H
=2N3904

*  =1% METAL FiLM CHARGE PUMP

++ =1% METAL FILM, SELECTED

To-=mcn4

03  REFERENCE

T1004-2.5

LT1004-1.2

 outpur

OMHz —1MHz

REFERENCE

SWITCH

0.12% LINEARITY
280yA QUIESCENT CURRENT
680pA AT 1MHz
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TYPICAL APPLICATIONS

Micropower Thermocouple Signal Conditioner with Cold Junction Compensation

4.5V
(3AA CELLS)

R4
100k 233K
|
<SRl <
CATALYST Urroas S 168 3 SoK l
RESEARCH CORP. A s =
MODEL 2736 Al 0V T0 3V OUT=
m‘;?:; 3 1.8k —0°C—60°C
L so75%C
5.76M"
.S TOTAL POWER CONSUMPTION <500,
TYPE J THERMOCOUPLE se6c 3 OTAL POWER CONSUM
1 Ry=YELLOW SPRINGS INST. CO
= MODEL 44007 5k @25°C
5v
10k 5% —
0V=1.000V=
s 0°C-100.0°C £0.25°C

51.1k

o 5000
> 100°C

100k
13 14] B
(:: [i6] .}
$
0.001 T1=YELLOW SPRINGS #44201.
I? = ALL RESISTORS =TRW MAR-6 0.1% UNLESS NOTED.

+ 5V Precision Instrumentation Amplifier

sV
— --1
.
q © L"lajf
1 [
| |
| o !
DIFFERENTIAL} | |
INPUT) | (EXTERNAL) |
| |
] |
| |
o L"r!‘}
|
3 T | CMAR> 12008 AT DC
| CMRR> 120dB AT 60Hz
0.014F | DUAL SUPPLY OR SINGLE 5V
______.J GAIN =1+R2/R1
_sy Vos = 150uV

AVos o6
aT
COMMON-MODE INPUT VOLTAGE INCLUDES THE SUPPLIES
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LT1006 SCHEMATIC DIRGRAM
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as B
3
750F % 00 ek | sk 2.5
v l E:
PHCKHGG DGSCRIPTIOﬂ Dimensions in inches (millimeters) unless otherwise noted.
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016) 0050
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| Q016002 O 0065 —-I t‘—— @30220.127)
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0027003 AN e 11 oo0-0073 | | 210020010 010040010 v B
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TECHNOLOGY
FEATURES
= Voltage Noise 1.1nV/Hz Max. at 1kHz

0.85nVIVHz Typ. at 1kHz
1.0nV/VHz Typ. at 10Hz
35nVp-p Typ., 0.1Hz to 10Hz
= Voltage and Current Noise 100% Tested

= Gain-Bandwidth Product 50MHz Min.
= Slew Rate 11V/us Min.
= Offset Voltage 404V Max.
= Voltage Gain 7 Million Min.
= Drift with Temperature 0.8,V/°C Max.
APPLICATIONS

= Low Noise Frequency Synthesizers
= High Quality Audio

= |nfrared Detectors

= Accelerometer and Gyro Amplifiers
® 3500 Bridge Signal Conditioning

m Magnetic Search Coil Amplifiers

= Hydrophone Amplifiers

Ultra-Low Noise Precision
High Speed Op Amp

DESCRIPTION

The LT1028 achieves a new standard of excellence
in noise performance with 0.85nV/VHz 1kHz noise,
1.0nVWHz 10Hz noise. This ultra low noise is combined
with excellent high speed specifications (gain-bandwidth
product is 75MHz), distortion free output, and true preci-
sion parameters (0.1xV/°C drift, 104V offset voltage, 30
million voltage gain). Although the LT1028 input stage
operates at nearly 1mA of collector currents to achieve
low voltage noise, input bias current is only 25nA.

The LT1028's voltage noise is less than the noise of a 500
resistor. Therefore, even in very low source impedance
transducer or audio amplifier applications, the LT1028’s
contribution to total system noise will be negligible.

Flux Gate Amplifier

L DEMODULATOR
o SYNC
.
OUTPUT TO
L1028 DEMODULATOR
P < 1k
SQUARE FLUX GATE
WAVE TYPICAL
DRIVE SCHONSTEDT
1kHz 4203132
!
S: 500
o 17 =

Voltage Noise vs Frequency

10 =

S Vg= £ 15V]
D m——
MAXIMU
N\ T

N Y [171 corner=1atz
TNy N
3
f
d

—

/1 CORNER =3.5Hz

VOLTAGE NOISE DENSITY (nV/vHz)
o

0.1
0.1 1 10 100 1000
FREQUENCY (Hz)
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ABSOLUTE MAXIMUM RATINGS

Supply Voltage
=55°C10105°C .\ vvii i 22V
105°C10125°C .. i =16V
Differential Input Current (Note 8)................ +25mA
Input Voltage .............cevtns Equal to Supply Voltage
Output Short Circuit Duration .................. Indefinite
Operating Temperature Range
LT1028AM, M., -55°Ct0125°C
LT1028AC,C..eveveiiiieeieaee 0°Cto70°C
Storage Temperature Range
Al DeVICeS. . vv v i -65°Cto 150°C
Lead Temperature (Soldering, 10sec.).............. 300°C

PACKAGE/ORDER INFORMATION

1o v ORDER PART NUMBER
LT1028AMH
LT1028MH
LT1028ACH
LT1028CH
H8 PACKAGE T0-5 METAL CAN
TOP VIEW
LT1028AMJS
i B LT1028MJ8
~'NEE[>.LEI“ LT1028ACJ8
e o LT1028CJ8
v-[3] 58 LT1028ACNS
J8 PACKAGE HERMETIC DIP LT1028CN8
N8 PACKAGE PLASTIC DIP

GLGCTI“CGL CHﬂﬂﬂCTe RISTICS Vs = £ 15V, Tp =25°C, unless otherwise noted.

LT1028AM/AC LT1028M/C
SYMBOL PARAMETER CONDITIONS MIN TYP  MAX MIN TYP MAX UNITS
Vos Input Offset Voltage (Note 1) 10 40 20 80 W
AVog Long Term Input Offset (Note 2) 0.3 0.3 uViMo
ATime Voltage Stability
log Input Offset Current Veu=0V 12 50 18 100 nA
lg Input Bias Current Veu=0V +25 =90 +30 +180 nA
€ Input Noise Voltage 0.1Hz to 10Hz (Note 3) 35 75 35 90 nVp-p
Input Noise Voltage Density f, = 10Hz (Note 4) 1.0 17 1.0 19 nViVHz
fo = 1000Hz, 100% tested 085 1.1 0.9 1.2 nVIWHz
in Input Noise Current Density f,=10Hz (Notes 3 and 5) 4.7 10.0 4.7 120 pAWHz
f,= 1000Hz, 100% tested 10 16 10 18 pAIVHz
Input Resistance
Common-Mode 300 300 MQ
Differential Mode 20 20 kQ
Input Capacitance 5 5 pF
Input Voltage Range +11.0  *122 +11.0 £122 \
CMRR Common-Mode Rejection Vo= =11V 114 126 110 126 dB
Ratio
PSRR Power Supply Rejection Vg=+4Vto +18V 117 133 110 132 dB
Ratio
AvoL Large Signal Voltage Gain R 22kQ, Vo= £12V 70 30.0 5.0 30.0 ViV
R =1k, Vo= £ 10V 5.0 20.0 35 20.0 ViV
R, 26000, Vo= + 10V 3.0 15.0 20 15.0 Vigv
Vour Maximum Output Voltage R 22kQ +123  +130 +120 £130 v
Swing R_ 26000 110 +122 +10.5 +122 v
SR Slew Rate AyoL= -1 1 15 1 15 Vius
GBW Gain-Bandwidth Product fo=20kHz (Note 6) 50 75 50 75 MHz
Zy Open Loop Output Impedance Vo=0,1,=0 80 80 Q
Iy Supply Current 74 95 76 10.5 mA
$2-22 LT N



LT1028

€ELECTRICAL CHARACTERISTICS Vg = %15V, - 55°C <Tp <125°C, unless otherwise noted.

LT1028AM LT1028M
SYMBOL PARAMETER CONDITIONS MIN TYP MAX MIN TYP  MAX UNITS
Vos Input Offset Voitage (Note 1) [J 30 120 45 180 n;
AVog Average Input (Note 7) L] 0.2 0.8 025 1.0 pVI°C
ATemp Offset Drift
los Input Offset Current Veu=0V [ 25 90 30 180 nA
Ig Input Bias Current Ven=0V [ +40 =150 +50  +300 nA
Input Voltage Range ® | =103 =117 +103 *117 \
CMRR Common-Mode Rejection Vem= =103V ° 106 122 100 120 dB
Ratio
PSRR Power Supply Rejection Vg= +4.5Vto 16V ° 110 130 104 130 dB
Ratio
AvoL Large Signal Voltage Gain R =2kQ, Vo= +10V ° 30 14.0 20 14.0 VIV
R =21kQ, Vo= 10V 2.0 10.0 15 10.0 ViV
Vour Maximum Output Voltage R =2kQ e =103 =116 +103 116 \
Swing
Is Supply Current ° 8.7 11.5 9.0 13.0 mA
GLGCTRICHL CHHRHCTG ﬂlST'CS Vg = +15V,0°C <Tp <70°C, unless otherwise noted.
LT1028AC LT1028C
SYMBOL PARAMETER CONDITIONS MIN  TYP  MAX MIN  TYP  MAX UNITS
Vos Input Offset Voltage (Note 1) [ 15 80 30 125 w
AVos Average Input (Note7) L] 0.1 0.8 0.2 1.0 wviec
ATemp Offset Drift
los Input Offset Current Veu=0V [ 15 65 22 130 nA
Ig Input Bias Current Vey=0V [ +30  +120 +40  +240 nA
Input Voltage Range ®| 105 =x120 +105 =+120 \
CMRR Common-Mode Rejection Vem= +£10.5V ® 110 124 106 124 dB
Ratio
PSRR Power Supply Rejection Vs=+45Vto +18V [ 114 132 107 132 dB
Ratio
AvoL Large Signal Voltage Gain R =>2kQ, Vo= 10V ° 5.0 25.0 30 25.0 ViV
R = 1kQ, Vo= 10V 4.0 18.0 25 18.0 ViV
Vour Maximum Output Voitage R =2k0 ® | +115 =127 =115 =127 v
Swing Ry >6000 (Note 9) +95 +11.0 +90 105 v
Is Supply Current ® 8.0 10.5 8.2 11.5 mA

The @ denotes the specifications which apply over the full operating tem-
perature range.
Note 1: Input Offset Voltage measurements are performed by automatic

test equipment approximately 0.5 sec. after application of power. In addi-
tion, at Ty = 25°C, offset voltage is measured with the chip heated to ap-
proximately 55°C to account for the chip temperature rise when the device
is 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 2.54V.

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

Note 4: 10Hz noise voltage density is sample tested on every lot. Devices
100% tested at 10Hz are available on request.

Note 5: Current noise is defined and measured with balanced source resis-
tors. The resultant voltage noise (after subtracting the resistor noise on an
RMS basis) is divided by the sum of the two source resistors to obtain cur-
rent noise. Maximum 10Hz current noise can be inferred from 100% testing
at 1kHz.

Note 6: Gain-bandwidth product is not tested. It is guaranteed by design
and by inference from the slew rate measurement.

Note 7: This parameter is not 100% 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 volt-
age exceeds * 1.8V, the input current should be limited to 25mA.

Note 9: This parameter guaranteed by design, fully warmed up at
Tp=70°C. Itincludes chip temperature increase due to supply and load
currents.

LY IR
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TYPICAL PERFORMANCE CHRRACTERISTICS

10Hz Voltage Noise Distribution

Wideband Noise, DC to 20kHz

Wideband Voltage Noise
(0.1Hz to Frequency Indicated)

10

180 —
] Vg £ 15V Vg= = 15V
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] 500 UNITS V4
140 MEASURED - -
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2 120 w1
= 2]
T 100 2 y
S qu 4
g 8 = V4
o
ER) 2 01 /
=
Z 7
40 ni N ,
7
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TYPICAL PERFORMANCE CHARACTERISTICS

Offset Voltage Drift with Temperature Long Term Stability of Five
Distribution of Input Offset Voltage of Representative Units Representative Units
20 T 50 T 10
Vg= £ 15V Vg= =+ 15V Vg= +15V
18 | Ta=25°C 40 8 [Ta=25°C
800 UNITS TESTED L~ = t=0 AFTER 1 DAY PRE-WARM UP
18 FROM FOUR RUNS 30 e < 6
14 £ 2 ] w4 — e
s 12 5 8 10 — —] 2 2 e
3 i g — AN P an s e
2 10 g o0 = &0 ]
£ 1 = g e
8 § -10 - = S -2 \ \\’
6 J- & -20 E —4 \\\
o
4 _30 \_O._ _6 N —— i
o~
2 —40 -8
0 P U 50 10
—50 —40-30-20-10 0 10 20 30 40 50 -50 -25 O 25 5 75 100 125 0 1 2 3 4 5
OFFSET VOLTAGE (uV) TEMPERATURE (°C) TIME (MONTHS)
Input Bias and Offset Currents Bias Current Over the Common-Mode
Warm-Up Drift Over Temperature Range
24 T 60 T 100 T r r T
Vg= £15V Vg= =15V Rep= —20V_ < 300Mg V== 18V
Ta=25°C 3 Ven=0v 80 65nA Ta=25°C
Bt o 50 I pd
g H z 80 [~ FOSITIVE NPUT CURRENT /
E 16 £ 40 = 40 (UNDERCANCELLED) DEVICE
5 3 g
METAL CAN (H) PACKAGE v} \ £ 2 g 7
E 12 P 30 é // /
£ 5 [NL_BIAS CURRENT 2 0= -
= / S \\ @
w 8 < 20 = =20 -
2 / 2 L — =2
S / @o = 4 NEGATIVE INPUT CURRENT 4
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. || . 0 [ [ ]
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TYPICAL PERFORMANCE CHARACTERISTICS

Gain Error vs Frequency

Voltage Gain vs Frequency Gain, Phase vs Frequency Closed Loop Gain = 1000
160 — 70— 70 10
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7 =16mA AT 125°C Ay=—100_¥ T1
// 10 ’I‘SIT‘ZOQ A4 Vg 15V
. 1 0 LTI vt
0 £5 +10 15 x20 0.1 1 10 10 100 1000 10,000
SUPPLY VOLTAGE (V) LOAD RESISTANCE (k@) CAPACITIVE LOAD, Cy., (PF)
Common-Mode Limit Over Common-Mode Rejection Ratio Power Supply Rejection Ratio
Temperature vs Frequency vs Frequency
14
v 0 Vem 215V 160 Ve iV
~ _ Ta=25°C = Ta=25°C
1 S A g ~ A
-t '\\tmtvﬁiﬁ = 2120
g = 100 g N
sz, Vo= =1 —1 8 Z 100 \\ SOy
SE- = s
ws g o 2 POSTVEN
5] s & 80
s & ¥ SUPPLY N
Sqo+4 g 60 T 6 \
a.
ZE ., = 5 \\
w
8 Tl vVs=svT0 1V g% N )
+2 —] = = \\
+1 —— 8% & 2
V- 0 0 \
-5 -25 0 25 5 75 100 125 10 100 1k 10k 100k 1M 10M 04 1 10 100 1k 10k 100k 1M 1OM
TEMPERATURE (°C) FREQUENCY (Hz) FREQUENCY (Hz)

$2-26 LY R



LT1028

TYPICAL PERFORMANCE CHARACTERISTICS

Total Harmonic Distortion vs Closed

Large Signal Transient Response Small Signal Transient Response Loop Gain
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APPLICATIONS INFORMATION
—NOIS€

Voltage Noise vs Current Noise

The LT1028's less than 1nV/VHz voltage noise is three
times better than the lowest voltage noise heretofore
available (on the LT1007/1037). A necessary condition for
such low voltage noise is operating the input transistors
at nearly 1mA of collector currents, because voltage noise
is inversely proportional to the square root of the collector
current. Current noise, however, is directly proportional to
the square root of the collector current. Consequently, the
LT1028's current noise is significantly higher than on most
monolithic op amps. '

Therefore, to realize truly low noise performance it is im-
portant to understand the interaction between voltage
noise (en), current noise (iy) and resistor noise (ry).

Total Noise vs Source Resistance
The total input referred noise of an op amp is given by
et=[en2 + m2 + (inReq)?]12

where Req is the total equivalent source resistance at the
twoinputs

and y=V4kTReq=0.13VReq innVivHzat25°C

As a numerical example, consider the total noise at 1kHz
of the gain 1000 amplifier shown below.

1002 100k

Req = 1000+ 10001100k ~ 2000
rn=0.13v200 = 1.84nV/iVHz
en=0.85nVIVHz
in=1.0pAWHz
er=[0.852+ 1.842+ (1.0x 0.22]/2= 2.04nVIVHz

output noise = 1000 ey = 2.04uVIVHz

At very low source resistance (Req<400) voltage noise
dominates. As Req is increased resistor noise becomes
the largest term—as in the example above—and the
LT1028's voltage noise becomes negligible. As Req is fur-
therincreased, current noise becomes important. At 1kHz,
when Regq is in excess of 20kQ, the current noise compo-
nent is larger than the resistor noise. The total noise ver-
sus matched source resistance plot illustrates the above
calculations.

The plot also shows that current noise is more dominant
at low frequencies, such as 10Hz. This is because resistor
noise is flat with frequency, while the 1/f corner of current
noise is typically at 260Hz. At 10Hz when Req>1k0, the
current noise term will exceed the resistor noise.

When the source resistance is unmatched, the total noise
versus unmatched source resistance plot should be con-
sulted. Note that total noise is lower at source resistances
below 1kQ because the resistor noise contribution is less.
When Rg>1kQ total noise is not improved, however. This
is because bias current cancellation is used to reduce in-
put bias current. The cancellation circuitry injects two
correlated current noise components into the two inputs.
With matched source resistors the injected current noise
creates a common-mode voltage noise and gets rejected
by the amplifier. With source resistance in one input only,
the cancellation noise is added to the amplifier's inherent
noise.

In summary, the LT1028 is the optimum amplifier for noise
performance—provided that the source resistance is kept
low. The following table depicts which op amp manufac-
tured by Linear Technology should be used to minimize
noise—as the source resistance is increased beyond the
LT1028's level of usefulness.

Best Op Amp for Lowest Total Noise

vs Source Resistance
SOURCE RESISTANCE BEST OP AMP
(Note 1) ATLOW FREQ(10Hz)  WIDEBAND (1kHz)
010 4000 LT1028 LT1028
4000 to 4k LT1007/1037 LT1028
4kQto 40k LT1001 LT1007/1037
40k to 500k LT1012 LT1001
500kQ to 5MQ LT1012 or LT1055 LT1012
>5M LT1085 LT1055

Note 1: Source resistance is defined as matched or unmatched, e.g.,
Rs = 1k means: 1kQ at each input, or 1kQ at one input and zero at the other.
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APPLICATIONS INFORMATION
—NOIS€E

Noise Testing—Voltage Noise

The LT1028's RMS voltage noise density can be accurately
measured using the Quan Tech Noise Analyzer, Model
5173 or an equivalent noise tester. Care should be taken,
however, to subtract the noise of the source resistor used.
Prefabricated test cards for the Model 5173 set the device
under test in a closed loop gain of 31 with a 602 source
resistor and a 1.8kQ feedback resistor. The noise of
this resistor combination is 0.13v58=1.0nViVHz. An
LT1028 with 0.85nV/vHz noise will read (0.852+ 1.02)12=
1.31nVIVHz. For better resolution, the resistors should be
replaced with a 100 source and 3002 feedback resistor.
Even a 10Q resistor will show an apparent noise which is
8-10% too high.

The 0.1Hz to 10Hz peak-to-peak noise of the LT1028 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 con-
tributions from the frequency band below 0.1Hz.

0.1Hz to 10Hz Noise Test Circuit

0.1u4F

100kQ
A'A'A'

VOLTAGE GAIN

=50,000 0.14F

*DEVICE UNDER TEST

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

110k
I o

\
22 SCOPE 60
x1
Riy=1MQ 50 w

Measuring the typical 35nV peak-to-peak noise perform-
ance of the LT1028 requires special test precautions:

(a) The device should be warmed up for at least five min-
utes. As the op amp warms up, its offset voltage
changes typically 10V due to its chip temperature in-
creasing 30°C to 40°C from the moment the power
supplies are turned on. In the 10 second measurement
interval these temperature-induced effects can easily
exceed tens of nanovolts.

(b) For similar reasons, the device must be well shielded
from air currents to eliminate the possibility of thermo-
electric 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.

A noise-voltage density test is recommended when meas-
uring noise on a large number of units. A 10Hz noise-volt-
age 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.

0.1Hzto 10Hz p-p Noise
Tester Frequency Response

AR
AT

100

N

70

GAIN (dB)

=====—

: i

0.01 0.1 1.0 10 100
FREQUENCY (Hz)
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APPLICATIONS INFORMATION
—NOIS€E

Noise Testing—Current Noise
Current noise density (in) is defined by the following
formula, and can be measured in the circuit shown:

I = [eno?~(31x 18.4nV/\/Fz)2]1/2
"~ 20kx 31

If the Quan Tech Model 5173 is used, the noise reading is
input-referred, therefore the result should not be divided
by 31; the resistor noise should not be multiplied by 31.

100% Noise Testing

The 1kHz voltage and current noise is 100% tested on the
LT1028 as part of automated testing; the approximate fre-
quency response of the filters is shown. The limits on the
automated testing are established by extensive correla-
tion tests on units measured with the Quan Tech Model
5173.

10Hz voltage noise density is sample tested on every lot.
Devices 100% tested at 10Hz are available on request for
an additional charge.

10Hz current noise is not tested on every lot but it can be
inferred from 100% testing at 1kHz. A look at the current
noise spectrum plot will substantiate this statement. The
only way 10Hz current noise can exceed the guaranteed
limits is if its 1/f corner is higher than 800Hz and/or its
white noise is high. If that is the case then the 1kHz test
will fail.

Automated Tester Noise Filter

Z 7
=
=

~

-20
CURRENT N [\| VOLTAGE
/ noise | N[N noise

7l \
\\

100 1k 10k 100k
FREQUENCY (Hz)

NOISE FILTER LOSS (dB)

APPLICATIONS INFORMATION

General

The LT1028 series devices may be inserted directly into
OP-07, OP-27, OP-37, LT1007 and LT1037 sockets with or
without removal of external nulling components. In addi-
tion, the LT1028 may be fitted to 5534 sockets with the re-
moval of external compensation components.

Offset Voltage Adjustment

The input offset voltage of the LT1028 and its drift with
temperature, are permanently trimmed at wafer testing to
alow level. However, if further adjustment of Vog is neces-
sary, the use of a 1k nulling potentiometer will not degrade
drift with temperature. Trimming to a value other than zero
creates a drift of (Vog/300) uVI°C, e.g., if Vog is adjusted to
3004V, the change in drift will be 1,V/°C.

15V

INPUT

—15v

The adjustment range with a 1k pot is approximately
+1.1mV.

Offset Voltage and Drift

Thermocouple effects, caused by temperature gradients
across dissimilar metals at the contacts to the input
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 maintained at the
same temperature.
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APPLICATIONS INFORMATION

The circuit shown to measure offset voltage is also used
as the burn-in configuration for the LT1028.

Test Circuit for Offset Voltage
and Offset Voltage Drift with Temperature

10k*

AAA
VWV

15V

:: —15v

> Vo=100Vqg

JL *RESISTORS MUST HAVE LOW
= THERMOELECTRIC POTENTIAL

Frequency Response

The LT1028s Gain, Phase vs Frequency plot indicates that
the device is stable in closed loop gains greater than +2
or — 1 because phase margin is about 50° at an open loop
gain of 6dB. In the voltage follower configuration phase
margin seems inadequate. This is indeed true when the
output is shorted to the inverting input and the non-invert-
ing input is driven from a 502 source impedance. However,
when feedback is through a parallel R-C network (provided
Ci<68pF), the LT1028 will be stable because of interaction
between the input resistance and capacitance and the
feedback network. Larger source resistance at the non-in-
verting input has a similar effect. The following voltage
follower configurations are stable:

Another configuration which requires unity gain stability
is shown below. When Cs is large enough to effectively
short the output to the input at 15MHz, oscillations can oc-
cur. The insertion of Rgy>500Q will prevent the LT1028
from oscillating. When Rg1>5009, the additional noise
contribution due to the presence of Rsy will be minimal.
When Rg1<1002, Rsy is not necessary, because Rgy repre-
sents a heavy load on the output through the Cs short.
When 1000 < Rg1 <5000, Rgo should match Rgy. For exam-
ple, Rsq = Rgy = 3000 will be stable. The noise increase due

to Rgp is 40%. ¢
als

Ri

AAA

VW

“{T1028

If G is only used to cut noise bandwidth, a similar effect
can be achieved using the over-compensation terminal.

The Gain, Phase plot also shows that phase margin is
about 45° at a gain of 10 (20dB). The following configura-
tion has a high (=70%) overshoot without the 10pF
capacitor because of additional phaseshift caused by the
feedback resistor—input capacitance pole. The presence
of the 10pF capacitor cancels this pole and reduces over-
shoot to 5%.

Over-Compensation

The LT1028 is equipped with a frequency over-compensa-
tion terminal (pin 5). A capacitor connected between pin 5
and the output will reduce noise bandwidth. Details are
shown on the Slew Rate, Gain-Bandwidth Product vs
Over-Compensation Capacitor plot. An additional benefit
is increased capacitive load handling capability.

LTI
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TYPICAL APPLICATIONS

Paralleling Amplifiers to Reduce Voltage Noise Low Noise Voltage Regulator

1.5
1210
LTSWE—[—“NVj-

Sk T

10 < PROVIDES PRE-REG

4.7 _L_l + AND CURRENT
A 28V ! LIMITING
LT1021-10

b— OUTPUT

2N6387

— 1000pF 20 OUTPUT

1. ASSUME VOLTAGE NOISE OF LT1028 AND 7.5@ SOURCE RESISTOR=0.9nV/vHz.
2. GAIN WITH n LT1028's IN PARALLEL =n x 200.
3. OUTPUT NOISE=+v/n x 200 x 0.9nV/ VHz.

_OUTPUT NOISE_ 0.9 /i
4.INPUT REFERRED NOISE = OUTPUNOISE = 09 v/ iz,

5. NOISE CURRENT AT INPUT INCREASES vn TIMES.
6. IF n=5, GAIN =1000, BANDWIDTH = 1MHz, RMS NOISE, DC TO 1MHZ,=27'%/=0.9;AV.

Strain Gauge Signal Conditioner with Bridge Excitation

15V

$ 3300
LT1021-5 b

i REFERENCE
out
35 1
amngg S s
l b3 b3 I
L 1
] ) 10
3 S { __OVTO 10V
| 3 3 | Zaome ouTPUT
1 1 1 S0k S 0.1k
L _ —p 3 ZERD T
T — - 9 TRIM

> 5k

>
SGAN S 49.90°
< <
| TRIM
*RNGOC FILM RESISTORS

>
S 3300

~15v
THE LT1028's NOISE CONTRIBUTION IS NEGLIGIBLE COMPARED TO THE BRIDGE NOISE.
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TYPICAL APPLICATIONS

Phono Preamplifier Tape Head Amplifier
. 0.1
r"' 499Q | |
31.6k
100 2
6
100pF = — QUTPUT
I_ TAPE HEAD 3
INPUT
47k ALL RESISTORS METAL FILM
- MAG PHONO ALL RESISTORS METAL FILM
INPUT
Low Noise, Wide Bandwidth Instrumentation Amplifier
— INPUT =+
300Q 10k
171028 I —AAN - A A
- 82003 T 68pF
<
i; 500
L
;:/109
©LT1028° b—OUTPUT
-
+INPUT: 10k
GAIN=1000, BANDWIDTH=1MHz __
INPUT REFERRED NOISE =1.5nV/vHz AT 1kHz
WIDEBAND NOISE—DC TO 1MHz =3xVRMS
IF BW LIMITED TO DC TO 100kHz =0.554VRMS
Gyro Pick-Off Amplifier
GYRO TYPICAL—
NORTHRUP CORP.
GR-G5AH7-.58
SINE DRIVE —E
.
- o OUTPUT TO SYNC
= LTI028 > DEMODULATOR

©

1k

E

>
g 1000

I 1
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TYPICAL APPLICATIONS

Super Low Distortion Variable Sine Wave Oscillator Chopper Stabilized Amplifier
Ct
0.047
] 20092 1VRMS OUTPUT
AAN AN/ 1.5kHz — 15kHz
2k -1
T (= z2rc)
R2 WHERE R1C1=R2C2
. 4.7k
= 2.4k 1w
LT1004-1.2V
_ MOUNT 1N4148's
IN CLOSE
PROXIMITY
2N4338 NPuT
< 100k
4: 5609 < AN LT1055
1 ‘r TRIM FOR
g 20k LOWEST
DISTORTION.
10k
<1 " <0.0018% DISTORTION AND NOISE. 10Q
- MEASUREMENT LIMITED BY RESOLUTION OF —
HP339A DISTORTION ANALYZER = =
Low Noise Infrared Detector
5V
{ 10Q
P4 100pF
b3
-\1. SYNCHRONOUS
—— 100uF DEMODULATOR
= OPTICAL
= CHOPPER
/ WHEEL 2670
R—> 1000:F
RADIATION __p.
PHOTO-
ELECTRIC
PICK-OFF

INFRA RED ASSQCIATES, INC.
HgCdTe IR DETECTOR p:
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PHCKHGG DGSC“IPT'O“S Dimensions in inches (millimeters) unless otherwise noted.
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