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EXCLUSIVELY 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 totallC 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, LTCMOSTM, 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. 

LinearTechnology Corporation • 1630 McCarthy Blvd. • Milpitas, CA 95035 • (408) 942·0810 © Linear Technology Corporation 1985 Printed in USA 
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1.7UO~~~ ...... _____ G_EN_E_~_~_~O_O_~M_D_~_:~_G_N 
I. ORDERING INFORMATION 

Unear Technology employs numerous sales representatives, stocking distributors and stocking representatives, throughout the world. 
For a list of ihe distributors nearest your location, please contact Unear Technology in Milpitas, California. Local inventories and pricing 
of Unear 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. 

II. RELIABILITY PROGRAMS 

III. 

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 

~ 
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 

Leiter 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 

IV. PACKAGE SUFFIX EXPLANATION 

Letter Designator 
o 
08 
H 
J 

J8 
K 
N 

N8 
T 
Z 

S8 

Description 
14,16,18 and 20 Pin Side Brazed Hermetic DIP 
8 Pin Side Brazed Hermetic DIP 
Multi Lead Metal Can 
14, 16, 18 and 20 Pin Ceramic DIP 
8 Pin Ceramic DIP 
TO-3 Metal Can (Steel) 
14, 16, 18 and 20 Pin Molded DIP 
8 Pin Molded DIP 
TO-220 Molded (3 lead, 5 lead) 
TO-92 Molded (3 lead) 
8 Lead Small Outline (SO) Package 
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AMD 

AMD PIN LTC DIRECT REPL 
LF155A LF155A 

LT1055AM* 
LF155 LF155 

LT1055M* 
LF156A LF156A 

LT1056AM* 
LF156 LF156 

LT1056M* 
LF198 LF198 
LF355A LF355A 

LT1055AC* 
LF356A LF356A 

LT1056AC* 
LF398 LF398 
LM108 LM108 

LT1008M* 
LM108A LM108A 

LT1008M* 
LM111 LM111 

LT111A* 
LT1011M* 

LMl18 LMl18 
LT118A* 

LMl19 LMl19 
LT119A* 

LM148 LT1014* 

LM308A LM308A 
LT1008C* 

LM311 LM311 
LT311A* 
LT1011C* 

LM318 LM318 
LT318A* 

LM319 LM319 
LT319A* 

ANALOG DEVICES 

AD PIN LTC DIRECT REPL 
AD101A LM101A 
AD518 LMl18** 

LTl18A** 

AD517 OP07** 
LT1001** 

AD510J OP07E* 
LT1001C* 

AD510K LT1001AC* 
AD510L LT1001AC* 
AD510S OP07A* 

LT1001AM* 

ADOP07 OP07 
LT1001M* 

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

ALTERNATE SOURCE 
CROSS REFERENCE GUIDE 

AD PIN LTC DIRECT REPL 

ADOP07A OP07A 
LT1001AM* 

ADOP07C OP07C 
LT1001C* 

ADOP07D OP07D 
LT1001C* 

ADOP07E OP07E 
LT1001C* 

AD580 L T1 019-2.5** 
AD581 AD581 

LT1031** 
AD589 LT1004t 

FAIRCHILD 

FSC PIN LTC DIRECT REPL 
UA101A LM101A 
UA107A LM107 
UA108 LM108 

LT1008M* 
UA108A LM108A 

LT1008M* 
UA111 LM111 

LT111A* 
LT1011M* 

UAl17 LMl17 
LTl17A* 

SH123 LM123 
LT123A* 
LT1003M** 

UA124 LT1014M* 
UA148 LT1014M* 
UA1558M LT1013M* 
UA78H05C LT1003C** 

UA308A LM308A 
LT1003M** 

UA311 LM311 
LT311A* 
LT1011C* 

UA317 LM317 
LT317A* 

UA318 LM318 
LT318A* 

SH323 LM323 
LT323A* 
LT1003M** 

UA714 OP07 
LT1001M* 

UA714C OP07C 
LT1001C* 

UA714L OP07D 
LT1001C* 

UA714E OP07E 
LT1001C* 

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

HARRIS MOTOROLA 

HARRIS PIN LTC DIRECT REPL MOTO PIN 
HAOP07 OP07 LM101A 

LT1001M* LM107 
HAOP07A OP07A LM108 

LT1001AM* 
HAOP07C OP07C LM108A 

LT1001C* 
HAOP07E OP07E LM111 

LT1001C* 

HA5135-2 OP07 
LT1001M* LM117 

HA5130-2 OP07A 
LT1001AM* LM123 

HA5135-5 OP07C 
LT1001 C* 

HA5130-5 OP07E LM137 
LT1001 C* 

HA2510 LT118A** 
LM118** LM150 

HA2512 LT118A** 
LM118** LM158 

HA2515 LT318A** LM308A 
LM318** 

LM311 

LM317 

INTERSIL LM323 

INTERSIL PIN LTC DIRECT REPL 
lCL7650 8-Pin LTC1052* LM337 

ICL76528-Pin LTC7652 
ICL7660 LTC1044* 
ICL8069C LM385-1.2 LM350 

LT1004C-1.2* 
ICL8069M LM185-1.2 MC1558 

L T1 004M-1.2* MC78T05 

LF155A LF155A 
LF155 LF155 SG1524 

LF156A LF156A 
LF156 LF156 SG1525A 

LF355A LF355A 
LF356A LF356A SG1527A 

LH2108A LH2108A 
LH2108 LH2108 SG3524 

LM101A LM101A 
LM107 LM107 SG3525A 

LM108 LM108 
LT1008M* SG3527A 

LM108A LM108A 
LT1008M* LF355A 

LM111 LM111 LF356A 

LT111A* LM148 

LT1011M* LM124 

LM124 LT1014M* 

* LTC Improved Repla'cement: 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. 

t Consult factory for guaranteed TC devices. 

LTC DIRECT REPL 
LM101A 
LM107 
LM108 
LT1008M* 
LM108A 
LT1008M* 
LM111 
LT111A* 
LT1011M* 
LM117 
LT117A* 
LM123 
LT123A* 
LT1003M** 
LM137 
LT137A* 
LT1033M** 
LM150 
LT150A* 
LT1013M* 

LM308A 
LT1008C* 
LM311 
LT311A* 
LT1011C* 
LM317 
LT317A* 
LM323 
LT323A* 
LT1003C** 
LM337 
LT337A* 
LT1033C** 
LM350 
LT350A* 

LT1013M* 
LM323T 
LT323AT* 

SG1524 
LT1524* 
SG1525A 
LT1525A* 
SG1527A 
LT1527A* 
SG3524 
LT3524* 
SG3525A 
LT3525A* 
SG3527A 
LT3527A* 

LF355A 
LF356A 
LT1014M* 
LT1014M* 
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ALTERNATE SOURCE CROSS REFERENCE GUIDE 

MOTOP/N LTC DIRECT REPL NSC PIN 
MC1400U2 L T1019CN8-2.5* LM119 
MC1400AU2 L T1 019ACN8-2.5* 
MC1400U5 L T1 019CN8-5* LM123 
MC1400AU5 LT1019ACN8-5* 
MC1400U10 L T1 019CN8-1 0* 
MC1400AU10 L T1 019ACN8-1 0* LM124 
LF155A LF155A LM129A 
LF155 LF155 LM1298 
LF156A LF156A LM129C 
LF156 LF156 LM133 

LM134 

NATIONAL SEMICONDUCTOR LM134-3 
LM134-6 

NSC PIN LTC DIRECT REPL LM136A 

LF155A LF155A LM136-2.5 
LT1055AM* 

LF155 LF155 LM136-5 
LT1055M* LM137 

LF156A LF156A 
LT1056AM* 

LF156 LF156 LM137HV 
LT1056M* 

LF198A LF198A LM138 
LF198 LF198 
LF355A LF355A LM148 

LT1055AC* LM150 
LF356A LF356A 

LT1056AC* LM158 
LF398A LF398A LM1688Y-5.0 
LF398 LF398 LM1688Y-10.0 
LHOO02 LT1010M** LM185-1.2 
LH0044 LT1001 M** 
LH0070 LH0070 LM185-2.5 

LT1021 M* 
LH2108 LH2108 LM196 
LH2108A LH2108A LM199 
LM10 LM10 LM199A 
LM108 LM108 LM199A-20 
LM10C LM10C LM234-3 
LM101A LM101A LM234-6 
LM107 LM107 LM308A 
LM108 LM108 

LT1008M* LM311 
LM108A LM108A 

LT1008M* 

LM111 LM111 LM317 
LT111A* 
LT1011 M* LM317HV 

LM112 LT1012M* 
LM113 L T1 004M-1.2* LM318 
LM117 LM117 

LT117A* LM319 
LM117HV LM117HV 

LT117AHV* LM323 
LM118 LM118 

LT118A* 

* LTC Improved Replacement: 1 00% 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. 
t Consult factory for guaranteed TC devices. 
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LTC DIRECT REPL 
LM119 
LT119A* 

LM123 
LT123A* 
LT1003M** 
LT1014M* 
LM129A 
LM1298 
LM129C 

LT1033M* 
LM134 
LM134-3 
LM134-6 
LM136A 
LT1009M* 
LM136-2.5 
LT1009M* 
LT1029M** 
LM137 
LT137A 
LT1033M** 
LM137HV 
LT137AHV* 
LM138 
LT138A* 
LT1038M** 

LM150 
LT150A* 
LT1013M* 
LT1019AM-5* 
LT1019AM-5* 

LM185-1.2 
L T1 004M-1.2* 
LM185-2.5 
LT1004M-2.5* 
LT1038M** 
LM199 
LM199A 
LM199A-20 
LM234-3 
LM234-6 

LM308A 
LT1008C* 
LM311 
LT311A* 
LT1011C* 
LM317 
LT317A* 
LM317HV 
LT317AHV* 
LM318 
LT318A* 
LM319 
LT319A* 
LM323 
LT323A* 
LT1003C** 



ALTERNATE SOURCE CROSS REFERENCE GUIDE 

NSC PIN LTC DIRECT REPL NECPIN 
LM329A LM329A 
LM329B LM329B 

~PC311 

LM329C LM329C 
LM329D LM329D ~PC319 
LM333 LT1033C* 
LM333A LT1033C ~PC354 
LM334 LM334 
LM336-2.5 LM336 I'PC454 

LT1009C* I'PC649 
LM336B-2.5 LM336B 

LT1009C* 
LM336-5 LT1029C** 
LM337 LM337 

LT337A* PMI PIN 
LT1033C** CMP01 

LM337HV LM337HV CMP02 
LT337AHV* 

LM33B LM33B 
LT33BA* 

LM350 LM350 

OP01 
OP04 
OP05 

LT350A* 
LM36BY-5.0 L T1 019AC-5 * 

OP05A 

LM36B-5.0 LT1019AC-5* 
LM368Y-10.0 LT1019AC-10* 

OP05C 

LM368-10.0 L T1 019AC-1 0* OP05E 
LM385-1.2 LM385-1.2 

L T1004C-1.2* 
LM385-2.5 LM385-2.5 

OP07 

L T1004C-2.5* 
LM396 LT103BC** 

OP07A 

LM399 LM399 
LM399A LM399A 

OP07C 

LM399A-50 LM399A-50 OP07E 
LM1524 SG1524 

LT1524* OP10 
LM3524 SG3524 OP10A 

LT3524* OP10C 
LM2935 LT1005** OP10E 
MF5 LTC1059* 
MF10 LTC1060* 

OP11 
OP12A 
OP12B 

NEe OP12C 
OP12E 

NECP/N LTC DIRECT REPL OP12F 
OP12G 

~PC156 LM308A OP15A 
LT100BC* 

~PC159 LM31B OP15B 
LT31BA * 

~PC254 OP07 OP15C 
LT1001* 

~PC271 LM311 OP15E 
LT311A* 
LT1011C* OP15F 

~PC272 LM319 
LT319A* OP15G 

'* 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. 
t Consult factory lor guaranteed TC devices. 

LTC DIRECT REPL 
LM311 
LT311A* 
LT1011C* 
LM319 
LT319A* 
OP07 
LT1001* 
LT1002 
LF398 

PMI 

LTC DIRECT REPL 
LT1011** 
LT1011** 

LT1023* 
LT1013* 
OP05 
LT1001M* 
OP05A 
LT1001M* 
OP05C 
LT1001C* 
OP05E 
LT1001C* 

OP07 
LT1001M* 
OP07A 
LT1001AM* 
OP07C 
LT1001C* 
OP07E 
LT1001C* 
LT1002M* 
LT1002AM* 
LT1002C* 
LT1002C 

LT1014* 
LT1012M* 
LT1012M* 
LT1012M* 
LT1012C* 
LT1012C* 
LT1012C* 
OP15A 
LT1055AM* 
OP15B 
LT1055M 
OP15C 
LT1055M* 
OP15E 
LT1055AC* 
OP15F 
LT1055C* 
OP15G 
LT1055C· 
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ALTERNATE SOURCE CROSS REFERENCE GUIDE 

PMI PIN LTC DIRECT REPL PMI PIN LTC DIRECT REPL 
OP16A OP16A PM156 LF156 

LT1056AM* LT1056M* 
OP16B 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 OP16G 

LT1056C* 

OP207A LT1002M* 

REF01 REF01 
LT1019M-10* 
LT1021-10** 

OP207B LT1002M* REF01A REF01A 
OP207E LT1002C* LT1019AM-10* 
OP207F LT1002C* LT1021-10** 
OP27A OP27A REF01C REF01C 

LT1007AM* L T1 019C-1 0* 
OP27B LT1007M* LT1021-10** 
OP27C OP27C REF01 E REF01E 

LT1007M* LT1019AC-10* 
OP27E OP27E LT1021-10** 

LT1007AC* REF01H REF01H 
OP27F LT1007C* LT1019C-10* 
OP27G OP27G LT1021-10** 

LT1007C* REF02 REF02 
OP37A OP37A LT1019M-5* 

LT1037AM* LT1021-5** 
OP37B OP37A REF02A REF02A 

LT1037M* L T1019AM-5* 
OP37C OP37C LT1021-5** 

LT1037M* REF02C REF02C 
OP37E OP37E L T1 019C-5* 

LT1037AC* LT1021-5** 
OP37F OP37E REF02D LT1019C-5* 

LT1037C* L T1 021-5** 
OP37G OP37G REF02E REF02E 

LT1037C* L T1 019AC-5* 

OP221 L T1 013* L T1 021-5** 

OP227A OP227A REF02H REF02H 

OP227B OP227A LT1019C-5* 

OP227C OP227C LT1021-5** 

OP227E OP227E 
OP227F OP227E 
OP227G OP227G RAYTHEON 
OP421 LT1014* 

PM108 LM108 RAYTH PIN 
LT1008M* LM101A 

PM108A LM108A LM107 
LT1008M* LM111 

PM155A LF155A 
LT1055M* 

PM155 LF155 LM124 
LT1055M* LM148 

PM1558 LT1013M* LM311 
PM156A LF156A 

LT1056M* 

* 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. 
t Consult factory for guaranteed TC devices. 
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LTC DIRECT REPL 
LM101A 
LM107 
LM111 
LT111A* 
LT1011M* 
LT1014M* 
LT1014M* 
LM311 
LT311A* 
LT1011C* 



ALTERNATE SOURCE CROSS REFERENCE GUIDE 

RAYTH PIN LTC DIRECT REPL SIGNETICS PIN LTC DIRECT REPL 
OP05 OP05 LM111 LM111 

LT1001 M* LT111A* 
OP05A OP05A LT1011M* 

LT1001AM* LM119 LM119 
OP05C OP05C LT119A* 

LT1001C* LM124 LT1014M* 
OP05E OP05E LM158 LT1013M* 

LT1001C* LM311 LM311 
OP07 OP07 LT311A* 

LT1001 M* LT1 011 C* 
OP07A OP07A MC1558 LT1013M* 

LT1001AM* 
OP07C OP07C 

LT1001 C* 
OP07E OP07E 

LT1001C* 

NE5534 OP37* 
LT1037* 

NE5534A OP37* 
LT1037* 

OP27A OP27A SE5534 OP37* 
LT1007AM* LT1037* 

OP27B OP27A SE5534A OP37* 
LT1007M LT1037* 

OP27C OP27C SG3524 SG3524 
LT1007M* LT3524* 

OP27E OP27E 
LT1007AC* 

OP27F OP27E SILICON GENERAL 
LT1007C* 

OP27G OP27G SILICON GEN PIN 
LT1007C* 

OP37A OP37A 
LT1037AM* 

SG101A 
SG108 

OP37B OP37A 
LT1037M 

SG108A 

OP37C OP37C 
LT1037M* 

SG111 

OP37E OP37E 
LT1037AC* 

OP37F OP37E SG117 
LT1037C* 

OP37G OP37G SG123 
LT1037C* 

RC714CH OP07C 
LT1001C* SG124 

RC714EH OP07E SG137 
LT1001C* 

RM1558 LT1013M* 
RM714H OP07 SG138 

LT1001 M* 
SG150 

SG1558 

SG311 
SIGNETICS 

SIGNETICS PIN LTC DIRECT REPL SG317 

LF398 LF398 
LF398A LF398A 

SG323 

LM101A LM101A 

* 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. 

t Consult factory for guaranteed Te devices. 

LTC DIRECT REPL 
LM101A 
LM108 
LT1008M* 
LM108A 
LT1008M* 
LM111 
LT111A* 
LT1011M* 

LM117 
LT117A* 
LM123 
LT123A* 
LT1003M** 
LT1014M* 
LM137 
LT137A* 
LT1033M** 
LM138 
LT138A* 
LM150 
LT150A* 
LT1013M* 

LM311 
LT311A* 
LT1011C* 
LM317 
LT317A* 
LM323 
LT323A* 
LT1003C** 
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ALTERNATE SOURCE CROSS REFERENCE GUIDE 

SILICON GEN PIN LTC DIRECT REPL TI PIN LTC DIRECT REPL 
SG337 LM337 MC1558 LT1013M* 

LT337A* OP071714C OP07C 
LT1033C** LT1001C* 

SG338 LM338 OP071714D OP07D 
LT338A* LT1001C* 

SG350 LM350 OP071714E OP07E 
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 PIN 

LT3527A* 
UC117 

UC137 

TEXAS INSTRUMENTS 

TIPIN LTC DIRECT REPL 
UC150 

LM101A LM101A UC317 

LM107 LM107 
LM111 LM111 UC337 

LT111A* 
LT1011 M* 

LM124 LT1014M* UC350 

LM148 LT1014M* 
LM158 LT1013M* UC1524 
LM311 LM311 

LT311A* UC1525A 
LT1011C* 

LM317KC LM317T UC1527A 
LT317AT* 

LM318 LM318 UC3524 
LT318A* 

LM323 LM323 UC3525A 
LT323A* 

LM350 LM350 UC3527A 
LT350A* 

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

** Slmller Device: Please consult the data sheet to determine the suitability of the replacement for specific applications. 
t Consult factory for guaranteed TC devices. 
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LTC DIRECT REPL 
LM117 
LT117A* 
LM137 
LT137A* 
LT1033M** 
LM150 
LT150A* 
LM317 
LT317A* 
LM337 
LT337A* 
LT1033C** 
LM350 
LT350A* 

SG1524 
LT1524* 
SG1525A 
LT1525A* 
SG1527A 
L T1527A* 
SG3524 
LT3524* 
SG3525A 
LT3525A* 
SG3527A 
LT3527A* 



~-y"'"LlneJ\R PACKAGE CROSS REFERENCE 
~, TECHNOLOG~fY ----

LTC IISC SIB FSC lOT TI sa AID IlAYTH 'II 

0 Plastic Dip N P-8 P,NB P WW 8-Lead N8 N-8 N T Pl P M 

0 14, 16, 18 and 20 Lead N N N P-14 

~ N-14 N P P2 NE N P-16 P,N P 
NG 

~ ; TO-220 
3 Lead T T - U T KC P - - -

~~ 
TO-220 
5 Lead T T - U - P - - -

(0 Side Brazed Hermetic DIP 

WN 8-Lead 0-8 D I 0 L - - 0-8 - -

D Side Brazed Hermetic DIP 0-14 YB 

WJiiiiW 14, 16, 18 and 20 Lead 0 0 I 0 L - - 0-16 - QB 
0-18 XB 

Q TO-92 Z Z - W P LP - - - -DOD 

8 
Q 

TO-5, TO-39, TO-96, H mom G T TO-99, TO-l00 and TO-l0 1 H H - H H - T H H J 

~ K '110 0 : 
\~~.i:!' 

0 Ceramic DIP J 

WN 
8-Lead J8 F R U JG Y 0-8 DE Z J-8 

0 Ceramic DIP J 0-14 DB Y 14, 16, 18 and 20 Lead J J-14 F 0 L J J 0-16 DC Q WffliJr J X 

=¥= TO-3 (Steel) K K - K K - K - - -STEEL 
0 

0 (Aluminum) - K - K K - - - - -

~ TO-3 DO 
4 Lead K K - K - - K - - -

0 .' 
J;;l TO-46 

2,3,4 Lead H DOD H H - - - - T - - J 
(0 TO-52 K 3 Lead 

LF NE RM OP LT LH ,.A MC TL SG AM PROPRIETARY DEVICE LTC LM SE RC REF 
PREFIXES LP BUF 

MF 
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NOTES 
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LTI 00 1 , Precision Op Amp. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-7 
L Tt 002, Precision Dual Op Amp ................................................... " 2-19 
LTI00?, Lowest Noise Precision OpAmp .............................................. 2-35 
LTtOOB, Low Bias Current, LowNoiseOpAmp ........................................ " 2-47 
LTtOI0, BufferOpAmp. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 2-59 
LT1012, Low Bias Current, Low Offset, Low Noise Op Amp ................................. 2-75 
LT1013, Precision, Low Offset Dual Op Amp . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 2-87 
LT1014, Precision, Low Offset Quad OpAmp .......................................... " 2-87 
LT1022, High Speed Precision FET InputOp Amp . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-107 
LT1023, DAC Output Amplifier. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 10-7 
LT1024, DualLT10120pAmp ...................................................... 2-115 
LT102B, Ultra-Low Noise, HighSpeedOpAmp .......................................... 10-9 
LT103?, Low Noise, HighSpeedOpAmp .............................................. 2-35 
LTC 1 052, Precision, Chopper Stabilized CMOS Op Amp. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-123 
LT1055, Low Offset and Drift FET InputOpAmp . ......................................... 2-143 
LT1056, Low Offset and Drift High Speed FET Input Op Amp. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-143 
LTI05?, Dual, JFET Input Precision, High Speed OpAmp . .................................. 10-13 
LT105B, Quad, JFET Input Precision, High SpeedOpAmp .................................. 10-13 

ENHANCED AND SECOND SOURCE PRODUCTS 
LF155/355, JFET Input Op Amp .................................................... 2-155 
LF155A1355A, JFET InputOpAmp .................................................. 2-155 
LF156/356JFETlnputOpAmp, High Speed ............................................ 2-155 
LF156A1356AJFET InputOpAmp, High Speed ......................................... 2-155 
LM 1 O/B(L)/C(L), Op Amp and Reference .............................................. 2-159 
LH2108A, Dual LM1080pAmp ..................................................... 2-175 
LM1 01A1301A, Uncompensated General Purpose Op Amp ................................. 2-177 
LM 1 07/307, Compensated General Purpose Op Amp. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-177 
LM108/308, Super Gain OpAmp .................................................... 2-183 
LM108A1308A, SuperGainOpAmp .................................................. 2-183 
LM118/318, High Slew RateOpAmp ................................................. 2-191 
LT11BA131BA, ImprovedLMI1BOpAmp .............................................. 2-191 
LTC?652, Precision, Chopper Stabilized CMOS Op Amp. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-123 
OP-05, OP-05A, OP-05C, OP-05E, Internally Compensated Op Amp ........................... 2-199 
OP-07, OP-07A, OP-07C, OP-07E, Precision Op Amp ...................................... 2-207 
OP-15A, OP-15B, OP-15C, OP-15E, OP-15F, OP-15G, Precision, High Speed JFET Input Op Amp ...... 2-215 
OP-16A, OP-16B, OP-16C, OP-16E, OP-16F, OP-16G, PreciSion, High Speed JFET Input Op Amp ...... 2-215 
OP-27A, OP-27C, OP-27E, OP-27G, Low Noise, Precision OpAmp ............................ 2-219 
OP-37A, OP-37C, OP-37E, OP-37G, Low Noise, High Speed Op Amp ........................... 2-219 
OP-227A, OP-227C, OP-227E, OP-227G, Dual Matched, Low Noise OpAmp ..................... 2-231 
OP-237A, OP-237C, OP-237E, OP-237G, Dual High Speed, Low Noise OpAmp ................... 2-231 
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~"""-LlneJ\Q OP AMP SELECTION GUIDE ..£., TECHNOLOGY--------------

mlLllRRY 
EI.clrlc,1 CharaClerlsllcs 

VO! TC I, AvoL SI.w Ral. Nol" Pack.g.s Max Vos Max Min Min Max 10Hz AIIaliabl, Imporlant Faature. 
Pari Number (~V) (~VI'C) (NA) (V/mV) (V/~S) (nVtVHz) 

LTiOOIAM 15 0.6 2.0 450 0.15 18 H, JB Extremely Low Offset Voltage 

LT1001M 60 1.0 3.B 400 0.15 18 H, JB low Noise, Low Drift 

LTlO02AM 60 0.9 3.0 400 0.15 20 J Oual, Malched LT100l High 

LTlO02M 100 1.3 4.5 350 0.15 20 J CMAA, PSAA Matching 

LTlO07AM 25 0.6 35 7000 1.7 4.5 H, JB Extremely Low Noise. Low 

LTlO07M 60 1.0 55 5000 1.7 4.5 H, JB Drift 

LT100BM 120 1.5 0.1 200 0.1 30 H Low Bias Current, Low Power 

LTlOlOM 90mV 0.6mV/'C t 150"A 0.995 75 90t H, K High Speed Buffer. Drives 
± 10V into 751"t 

LT1012M 35 1.5 0.1 200 0.1 30 H low Vos. Low Power 
LT1013AM 150 2.0 20 1500 0.2 24t H, JB Precision Dual Op Amp 

LT1013M 300 2.5 30 1200 0.2 24t H, JB in a·Pin Package 

LT1014AM lBO 2.0 20 1500 0.2 24t J Precision Quad Op Amp 

LT1014M 300 2.5 30 1200 0.2 24t J in 14-Pin Package 

LTI022AM 250 5.0 0.051 150 23 50 H Very High Speed JFET Inpul 

LTI022M 600 9.0 0.051 120 lB 60 H Op Amp Wilh Very Good DC 
Specs. 

LT1037AM 25 0.6 35 7000 11 4.5 H, JB Extremely Low Noise. High 

LTI037M 60 1.0 55 5000 11 4.5 H, JB Speed 

LT1055AM ISO 4 0.05 150 10 50 H Lowest Offs.l. JFET Input 

LTI055M 400 8 0.05 120 7.5 60 H Op Amp Combin.s 

LTl056AM 180 4 0.05 ISO 12 50 H 
High Speed and Precision 

LTl056M 450 8 0.05 120 9 60 H 

LTC1052M 5 0.05 30 1000 3t 0.5"Vp-p" " H Chopper, Stabilized Low Noise 

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

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

LFI56A 2000 5 0.05 75 10 15t" H 
Te Vos on all Grades 

LF156 3500 15 0.10 50 9 15t" H 

LH210BA 500 5.0 2 40 0.1 30t D Dual, Low Bias Current. Side 

LH210B 2000 15.0 2 25 0.1 30t D Brazed Package 

LMlO 2000 2t 20 120 - 50t H, J8 On-Chip Reference Operates 
with + l2V Single Ba1lery 

LM101A 2000 15 75 25 0.3 2Bt H. J8 Uncompensated Gen. Purp. 

LM107 2000 15 75 25 0.3 2Bt H, J8 Compensated Gen. Purp. 

LMI08A 500 5 2 40 0.1 30t H Low Bias Current. Low Supply 

LM108 2000 15 3 25 0.1 30t H Current 

LMllB 4000 250 25 50 42t H High Speed. 15MHz 

LTI18A 1000 250 200 50 42t H, JB High Speed. 15MHZ 

OP-05A 150 0.9 2 300 0.1 18 H, JB Low Noise, Low Offset Drift 

OP-05 SOU 2.0 3 200 0.1 18 H. J8 With Time 

OP-07A 25 0.6 2 300 0.1 lB H. JB Low Initial Offset. Low Noise, 

Op·O? 75 1.3 3 200 0.1 IB H, JB Low Drift 

OP·15A 500 5 0.05 100 10 20t" H Precision JFET Input, Low I 

OP-15B 1000 to 0.1 75 7.5 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-16B 1000 10 0.1 75 12 20t" H Speed, No Phase Reversal 

OP-16C 3000 15 0.2 50 9 20t" H 

OP-27A 25 0.6 40 1000 1.7 5.5 H, JB Very Low Noise, Unity Gain 

OP-27C 100 1.B 80 700 1.7 B.O H, JB Stable 

OP-37A 25 0.6 40 1000 11 5.5 H, JB Very Low Noise, Stable For 

OP-37C 100 1.8 BO 700 11 B.O H, JB Gains ~5 

OP-227A 80 1.0 40 3000 1.7 6 J Dual Matched OP-27 

OP-227C 180 1.8 BO 2000 1.7 9 J 

OP-237A 80 t.O 40 3000 10 6 J Dual Matched OP-37 

OP-237C lBO t.B BO 2000 to 9 J 

t TYPical Spec "100 Hz Noise ""OC to I Hz Noise 
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OP AMP SELECTION GUIDE 

commERCIRL 
EI.clrlc.1 Ch.ncl.rlsllcs 

Val TC I, Awl SIIW R.II Naisl PlcklllS M,x Vas M,x Min Min MlxlOHz Arlltlbll Imparllal Fe,lures 
PlrlNlmb.r I!<V) (pVrC) (NA) (V/mV) (VIpS) (nVI v'ii;) 
lT1001AC 25 0.6 2.0 450 0.15 lB H, JB, NB Ex~erreIy low Offset Voltage 

lTl001C 60 1.0 3.8 400 0.15 18 H, J8, N8 low Noise, low Drift 

lTl002AC 60 0.9 3.0 400 0.15 20 J, N Dual, Matched lT1001 High 

lTl002C 100 1.3 4.5 350 0.15 20 J, N CMRR, PSRR Matching 

lT1007AC 25 0.6 35 7000 1.7 4.5 H, J8, N8 Extremely low Noise. low 
lTl007C 60 1.0 55 5000 1.7 4.5 H, J8, N8 Drift 

LTl008C 120 1.5 0.1 200 0.1 30 H, N8 Low Bias Current, Low Power 

lT1010C 100mV 0.6mV/'Ct 250pA 0.995 75 90t H, K, T High Speed Buffer. Drives 
+ 10V into 751l. 

lT1012C 50 1.5 0.15 200 0.1 30 H, N8 low Vas, low Power 

lTl013AC 150 2.0 20 1500 0.2 24t H, J8 Precision Dual Op Amp 

lTl013C 300 2.5 30 1200 0.2 24t H, J8, N8 in 8-Pin Package 

lTl0130 BOO 5.0 30 1200 0.2 24t NB 

lTl014AC lBO 2.0 20 1500 0.2 24t J Precision Quad Op Amp 

lTl014C 300 2.5 30 1200 0.2 24t J, N in 14-Pin Package 

lT10140 BOO 5.0 30 1200 0.2 24t N 

lT1022AC 250 5.0 0.05 150 23 SO H Very High Speed JFET fnput 

lT1022CH 600 9.0 0.05 120 lB 60 H Op Amp With Very Good DC 

lT1022CNB 1000 15.0 0.05 100 lB 60 NB Specs. 

lTl037AC 25 0.6 35 7000 11 4.5 H, JB, NB Exlremely low Noise, High 

lT1037C 60 1.0 55 5000 11 4.5 H, J8, NB Speed 

l Tl055AC lS0 4 0.05 150 10 50 H lowest Offset, JFET Input 

lT10SSC 400 8 0.05 120 7.5 60 H Op Amp Combines 

l T105SCNB 700 12 0.05 120 7.5 60 N8 
High Speed and PreciSion 

l T1056AC lBO 4 0.05 lS0 12 50 H 

l T10S6C 4S0 B 0.05 120 9 60 H 

lT1056CNB BOO 12 0.05 120 9 60 NB 

lTC1052C 5 0.05 30 1000 3t 0.5pVp-p' , H, NB Chopper Stabilized, Low 

lTC7652C 5 0.05 30 1000 3t 0.5pVp-p" H, NB Noise 

LF355 8000 25 0.20 40 2.5 25t' H, N8 JFET Inputs, low 

lF3S5A 2000 5 0.05 75 5 25t' H, NB I Bias, No Phase 

lF356 BOOO 25 0.20 40 4 15t' H, NB 
Reversal, Guaranteed TC 
Vos on All Grades 

LF356A 2000 5 0.05 75 10 15t' H, N8 

lMl0B 2000 2t 20 120 - 50t H, JB On-Chip Reference. Operates 

LM10BL 2000 2t 20 60 - 50t H, J8 with + 1.2V Single Battery 

lMl0C 4000 5t 30 80 - 50t H, J8, N8 

lMl0CL 4000 5t 30 40 - 50t H, J8, N8 

LM301A 7500 30 250 15 0.3 28t H, J8 Uncompensated Gen. Purp. 

LM307 7500 30 250 15 0.3 28t H, J8 Compensated Gen. Purp. 

lM308A 500 5 7 60 0.1 30t H, N8 low Bias, Supply Current 

LT31BA 1000 250 200 50 42t H, J8, NB High Speed, 15MHZ 

lM31B 10000 500 25 50 42t H, JB, NB High Speed. 15MHz 

OP-05C 1300 4.5 7 120 0.1 20 H, JB, NB Low Noise, Low Offset O"ft 

OP-05E 500 2.0 4 200 0.1 lB H. JB. NB With Time 

OP-07C 150 1.B 7 120 0.1 20 H, JB, NB Low Initial OHsel. Low Noise. 

OP-07E 75 1.3 4 200 0.1 lB H, J8, NB Low Drift 

OP-15E 500 5 0.05 100 10 20t- H, NB PrecISion JFET Input. Low I 

OP-1SF 1000 10 0.1 75 7.5 20t' H. NB Bias, No Phase Reversal 

OP-15G 3000 15 0.2 50 5 20t' H, NB 

OP-16E 500 5 O.OS 100 18 20t' H. N8 Precision JFET Input. High 

OP-16F 1000 10 0.1 75 12 20t' H, N8 Speed. No Phase Reversal 

OP-16G 3000 15 0.2 50 9 20t' H. N8 

OP-27E 25 0.6 40 1000 1.7 5.5 H, J8. N8 Very Low Noise. Unity Gain 

OP-27G 100 1.8 80 700 1.7 8.0 H, N8 Stable 

t Typical Spec '100 Hz Noise , '~C to 1 Hz Noise 
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commERCIAL 

Electrical Characteristics 

Vos TC Is AWOL Slew Rate 
Max Vos Max Min Min 

Part Number ("V) ("Vre) (NA) (V/mV) (V/"S) 

OP-37E 25 0.6 40 1000 11 

OP-37G 100 I.B BO 700 11 

OP-227E BO 1.0 40 3000 1.7 

OP-227G lBO I.B BO 2000 1.7 

OP-237E SO 1.0 40 3000 10 

OP-237G lBO I.S SO 2000 10 

t Typical Spec • 100 Hz Noise .. DC 101Hz Noise 

SELECTion BY DESIGn PARAmETER 

Max Input Ollset Voltage (T, ~ 25°C) 

";15,,V ";25,,V ";75,,V ";150,,V 

LT1001AM LT1001AC LT1001 LT1002 
LTC7652 LT1007A LT1002A LT100B 
LTC1052 LT1037A LT1007 LT1013A 

OP-07A LT1012 LT1055AM 
OP-27A LT1037 LT1055AC 
OP-27E OP-07E OP-05A 
OP-37A OP-07 OP-07C,a 
OP-37E OP-27C 

OP-37C 
OP-227A, E 
OP-237A, E 

Max Input Bias Currant (TI ~ 25°C) 

,,;D.2nA ,,;3nA ,,;5nA ,,;10nA 

LT100B LT1001A LT1001 OP-05C 
LT1012 LT1002A LT1002 OP-07 
LT1022 ALL LM10S OP-05E LM30BA 
LT1055 ALL LM10BA OP-07E 
LT1056 ALL OP-OSA 
LF155 ALL OP-05 
LF156 ALL OP-07A 
LTC7652 OP-07 
LTC1052 
OP-15 ALL 
OP-16 ALL 

OP AMP SELECTION GUIDE 

Noise Packages Max 10Hz Important Features 
(nVtYHz) 

Available 

5.5 H, JB, NB Very Low Noise, Siable For 

B.O H, NB Gains ;;.5 

6 J, N Dual Malched OP-27 

9 J, N 

6 J, N Dual Malched OP-37 

9 J, N 

,,;lmV ,,;5mV ,,;10mV 

LT1013 LT11BA LM301A 
LT1014 LT31BA LM3D7 
LT1014A LF155A LM30B 
LT1022 ALL LF155 LM31B 
LT1055C LF156A 
LT1055M LF156 
LT1056AM LF355A 
LT1056AC LF355 
LT1056M LH210B 
LT1056C LM10 
LH2108A LM10B, BL 
LM108A LM10C, CL 
LM308A LM101A 
OP-05 LM107 
OP-05E LM10B 
OP-15A, E LM118 
OP-15B, F OP-05C 
OP-16A, E OP-15C, G 
OP-16B, F OP-16C, G 

,,;50nA ,,;100nA >200nA 

LT1007A LT1007 LT11BA 
LT1013A LT1037 LT31BA 
LT1013 LM101A LM301A 
LT1014A LM107 LM307 
LT1014 OP-27C, G LMllB 
LT1037 OP-37C, G LM31B 
LM10(ALL) OP-227C, G 
OP-27A, E OP-237C, G 
OP-37A, E 
OP-227A, E 
OP-237A, E 
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utJ AMtJ ~I::LI::C nON GUIDE 

SELECTion BY DESIGn PARAmETER 

Typ Equivalentlnp.t NDise VDllage 

per yHz: f = 10 Hz Rs = lOOn 

.;;5nV/YHz .;;25nV/YHz 

LT1007 ALL LT1001 ALL 
LT1037 ALL LT1002 ALL 

LT1008 
LT1012 
LT1013 ALL 
LT1014 ALL 
LT1022 ALL 
LTC1052 

*LT1055 ALL 
*LT1056 ALL 
LTC7652 

*LF 155 ALL 
*LF 355 ALL 
*LF 156 ALL 
*LF 356 ALL 
OP-05 ALL 
OP-07 ALL 

*OP-15 ALL 
*OP-16 ALL 
OP-27 ALL 
OP-37 ALL 
OP-227 ALL 
OP-237 ALL 

*100 Hz Noise 

Gain 

;;'15~ 
mV 

;;'50~ 
mV 

LM301A LT1022 ALL 
LM307 LT1055 ALL 
LM308 LT1056 ALL 
LM318 LM101A 

LM107 
LM108 
LMl18 
LM10 

2-6 

V 
;;.200mv 
LT1001 
LT1002 
LT1OO8 
LTlO12 
LT118A 
LT318A 
OP-05 
OP-07 

Typ Slaw Rate 

.;;lV/IlS 

LT1001 ALL 
LT1002 ALL 
LT1008 
LT1012 
LT1013 ALL 
LT1014 ALL 
LH2108 ALL 
OP-05 
OP-07 
LM101A1301A 
LM107/307 
LM108/308 
LM108A130BA 

V 
;;'100~ 

LT1007 
LTlO13 
LT1014 
LT1037 
OP-27 
OP-37 
OP-227 
OP-237 
LTC1052 
LTC7652 

;;.2V/IlS ;;.l1V/IlS ;;.50V/IlS 

LT1007 ALL LT1022 ALL LTi18A1318A 
LT1055 ALL LT1037 ALL LMl18/318 
LT1056M LT1056A LT1010 
LT1056C OP-37 ALL 
OP-27 ALL OP-16A, B 
OP-15 ALL OP-16E, F 
OP-16C, G OP-237 ALL 
OP-227 ALL 
LF155 ALL 
LF355 ALL 
LF156 ALL 
LF356 ALL 

Packages 

~ 0 a 0 0 \c.~c 

.Q WW wmw WW wmw morn 

H J8 J N8 N 
TO-5 HERMETiC HERMETIC PLASTIC PLASTiC 

8 LEAD DIP DiP DIP DIP 
10 LEAD 8 LEAD 14 LEAD 8 LEAD 14 LEAD 

16 LEAD 16 LEAD 
18 LEAD 18 LEAD 

0 €tD 
WW ~ 

08 0 
HERMETIC HERMETIC 

DIP DIP 
8 LEAD 14 LEAD 

16 LEAD 
18 LEAD 



L7~!O~~---"'pr-e-C~iS~io-n-o~pe-r-~~;~i~-~o~a~ 
FEATURES 
• Guaranteed Low Offset Voltage 

LT1001AM 15t-tV max 
LT1001C 60t-tVmax 

• Guaranteed Low Drift 
LT1001AM 0.6t-tV/oC max 
LT1001C 1.0t-tV/oCmax 

• Guaranteed Low Bias Current 
LT1001AM 2nA max 
LT1001C 4nAmax 

• Guaranteed CMRR 
LT1001AM 
LT1001C 

• Guaranteed PSRR 

114dB min 
110dB min 

LT1001AM 110dB min 
LT1001C 106dB min 

• Low Power Dissipation 
LT1001AM 75mW max 
LT1001C 80mW max 

• Low Noise 0.3t-tVp_p 

APPLICATions 
• Thermocouple amplifiers 
• Strain gauge amplifiers 
• Low level Signal processing 
• High accuracy data acquisition 

+15 

1.2k* '" 

10k' 

Linearized Platinum Resistance Thermometer 
with ± O.025°C Accuracy Over 0 to 100°C 

R plat.t 
lkn - DoC 

1 MEG·' 

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 50t-tV (see distribution plot below). This allows 
the LT1001AM/883 to be specified at 15t-tV. 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 rnA 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. 

Typical Distribution 
of Offset Voltage 

Vs = ± 15V, TA = 25°C 

200 1-+---+--+-+ 

150 1-+-+--t-t-;;W~rFF'H--t-+---j 

,'J>+--f--- OUTPUT 100 I-+---I-~i"'; 

90k' 20k 

LM129 OFFSET TRIM 

, ULTRONIX 105AWIREWOUND 
" 1% FILM 
t PLATINUM RTD 

118MF (ROSEMOUNT, INC.) 

LINEARITY 0 10 10V -
200n TRIM 0 to 100°C 

10k' 

* Trim sequence: trim offset (O°C-l000.0n), 
Irim linearily (35°C-1138.7n), trim gain 
(100°C-1392.6{J). Repeal until all three 
pOints are fixed with ± .025°C. 

50 I-+-+-!-'t' 

o L=!:::!..J:::,;;;""" 

-60 -40 -20 20 40 60 

INPUT OFFSET VOLTAGE (MICROVOLTS) 
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LT100l 

ABSOLUTE mAXimum RATinGS 
Supply Voltage ...................... " ± 22V 
Differential Input Voltage .............. " ± 30V 
Input Voltage ....................... " ± 22V 
Output Short Circuit Duration. . . . . . . . . .. Indefinite 
Operating Temperature Range 

LT1001AM/LT1001M ....... " -55°C to 150°C 
LT1001AC/LT1001C ............ O°C to 125°C 
Storage: All Devices .......... -65°C to 150°C 

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

PACKAGE/ORDER InFORmATion 

H PACKAGE 

METAL CAN 

TOP VIEW 

~~~M 1 8-8 ~~~M 
-IN 2 7 V+ 

+IN 3 + 6 OUT 

V- 4 5 NC 

J8 PACKAGE 
8 PIN HERMETIC DIP 

NB PACKAGE 
B PIN PLASTIC DIP 

ORDER PART NUMBER 

LT1001AMH/883 
LT1001MH 
LT1001ACH 
LT1001CH 

LT 1001 AMJ8/883 
LT1001MJ8 
LT1001ACJ8 
LT1001CJ8 

LT1001ACN8 
LT1001CN8 

ELECTRICAL CHARACTERISTICS VS = ± 15V. TA = 25°C. unless otherwise noted 

LTlOOIAM/883 
LTlOOIAC LTl DOl M/LTl DOl C 

SYMBOL PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

Vas Input Offset Voltage Note 1 moo lAM/883 7 15 18 60 p.V 
LT1001AC 10 25 

~ Long Term Input Offset Voltage 
Ll. Time Stability Notes 2 and 3 0.2 1.0 0.3 1.5 p.V/month 

los Input Offset Current 0.3 2.0 0.4 3.8 nA 

Ib Input Bias Current ±0.5 ±2.0 ±0.7 ±4.0 nA 

en Input Noise Voltage O.IHz to 10Hz (Note 2) 0.3 0.6 0.3 0.6 p.VD-O 
en Input Noise Voltage Density fo = 10Hz (Note 5) 10.3 18.0 10.5 18.0 

nVYHz fo = 1000Hz (Note 2) 9.6 11.0 9.8 11.0 

AVOL Large Signal Voltage Gain RL;;' 2kll. Vo = ±12V 450 800 400 800 VlmV RL;;. lkll, Vo = ±10V 300 500 250 500 
CMRR Common Mode Rejection Ratio VOM = ± 13V 114 126 110 126 dB 
PSRR Power Supply Rejection Ratio Vs = ±3V to ± 18V 110 123 106 123 dB 
Rln Input Resistance Differential Mode (Note 4) 30 100 15 80 Mil 

Input Voltage Range +13 +14 +13 +14 V 
VOUT Maximum Output Voltage Swing RL;;. 2kll ±13 ±14 ±13 ±14 V 

RL;;. lkll +12 +13.5 +12 +13.5 

SR Slew Rate RL ;;. 2kll (Note 4) 0.1 0.25 0.1 0.25 V/p.s 
GBW Gain-Bandwidth Product (Note 4) 0.4 0.8 0.4 0.8 MHz 
Pd Power Dissipation No load 46 75 48 80 mW No load, V, = +3V 4 6 4 6 

See Notes on page 3. 
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LTl DOl 

ELECTRICAL CHARACTERISTICS VS = ± 15V, -55°C.;; TA .;; 125°C, unless otherwise noted 

SYMBOL PARAMETER CONDITIONS 
Vos Input Offset Voltage 

tJ.Vos Average Offset Voltage Drift 
tJ. Temp 

los Input Offset Current 
Ie Input Bias Current 

AYOl Large Signal Voltage Gain Rl ;;. 2kn, Vo = ± 10V 
CMRR Common Mode Rejection Ratio VCM = + 13V 
PSRR Power Supply Rejection Ratio Vs = +3 to +18V 

Input Voltage Range 

VOUT Output Voltage Swing Rl ;;. 2kn 
Pd Power Dissipation No load 

Vs = ± 15V, O°C .;; TA .;; 70°C, unless otherwise noted 

SYMBOL PARAMETER CONDITIONS 
Vos Input Offset Voltage 

tJ.Vcs Average Offset Voltage Drift 
tJ. Temp 

los Input Offset Current 
Ie Input Bias Current 

AYOl Large Signal Voltage Gain Rl ;;. 2kn, Vo = + 10V 
CMRR Common Mode Rejection Ratio VCM = ±13V 
PSRR Power Supply Rejection Ratio Vs = ± 3V to ± 18V 

Input Voltage Range 
VOUT Output Voltage Swing Rl ;;. 2kn 
Pd Power Dissipation No load 

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

LTlOO1AM/883 LTlOO1M 
MIN TYP MAX MIN TYP MAX UNITS 

• 30 60 45 160 ",V 

• 0.2 0.6 0.3 1.0 ",VlaC 

• 0.8 4.0 1.2 7.6 nA 

• +1.0 ±4.0 ±1.5 ±8.0 nA 

• 300 700 200 700 VlmV 

• 110 122 106 120 dB 

• 104 117 100 117 dB 

• ±13 ±14 ±13 ±14 V 

• ±12.5 ±13.5 ±12.0 ±13.5 V 

• 55 90 60 100 mW 

LTlOO1AC LT1001C 
MIN TYP MAX MIN TYP MAX UNITS 

• 20 60 30 110 ",V 

• 0.2 0.6 0.3 1.0 ",VlaC 

• 0.5 3.5 0.6 5.3 nA 

• +0.7 +3.5 +1.0 +5.5 nA 

• 350 750 250 750 VlmV 

• 110 124 106 123 dB 

• 106 120 103 120 dB 

• ±13 ±14 ±13 ±14 V 

• ±12.5 ±13.8 ±12.5 ±13.8 V 

• 50 85 55 90 mW 

Nola 2: This parameter is tested on a sample basis only. 
Nola 3: Long Term Input Offset Voltage Stability refers to the 
averaged trend line of Vo• versus Time over extended periods after 
the first 30 days of operation. Excluding the Initial hour of operation, 
changes in Vo• during the first 30 days are typically 2.5I£V. 
Nola 4: Parameter is guaranteed by design. 
Nola 5: 10Hz noise voltage density is sample tested on every lot. 
Devices 100% tested at 10Hz are available on request. 
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TYPICAL PERFORmAnCE CHARACTERISTICS 
Typical Distribution of Offset 
Voltage Drift with Temperature 
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Offset Voltage Drift with Temperature 
of Representative Uilits 
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TYPICAL PERFORmAnCE CHARACTERISTICS 
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TYPICAL PERFORmAnCE CHARACTERISTICS 

Small Signal Transient Response 

20 mV 2!lS 

iiiii =:iiiii ii :iii 

AV - + 1, CL - 50pF 

Large Signal Transient Response 

>-o 
o 

Voltage Follower Overshoot 
vs Capacitive Load 

100 ,----,----,----, 

80 

Vs - ±15V 
TA ~ 25"C 
Y,N - lOomV 
RL > 50k 

~ 6o~-~--_+~~-1 

~ 
>--
~ 4o~-~--~---1 

~ 

o~-~--~--~ 

28 

100 1000 10,000 100,000 

CAPACITIVE LOAD (PICOFARADS) 

Maximum Undistorted 
Output vs. Frequency 

4- Vsl- ~\WI 
I I TA - +25"C I 

I 

I 

, I 1\ i 
J 

10 100 1000 

FREQUENCY (kHz) 

Small Signal Transient Response 

20mV 111 2!l S2 
lilI 

= = =. Ir~Ii:!!!=:II 

AV- +1,CL-1ooopF 

Closed Loop Output Impedance 
100 If-T--C::;:;;:;;:;;:;~ 

10 100 1k 10k 100k 

FREQUENCY (Hz) 

APPLICATions InFORmATion 
Application Notes and Test Circuits 
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. 

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. 

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 

2-12 

Test Circuit for Offset Voltage and its Drift with Temperature 
R1 

R2 
1000 

R3 
50k 

.i'iii!>-=------<....-- Vo 

-15V 

Vo ~ 1000 Vas 

• RESISTORS MUST HAVE LOW 
THERMOELECTRIC POTENTIAL. 

•• THIS CIRCUIT IS ALSO USED AS THE BURN-IN 
CONFIGURATION FOR THE LT1001, WITH SUPPLY 
VOLTAGES INCREASED TO ±20V, R1 =R3=10k, 
R2=200n. Av=100. 
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Offset Voltage Adjustment 
The input offset voltage of the LT1001, and its drift with tem
perature, are permanently trimmed at wafer test to a low level. 
However, if further adjustment of Vas 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 (Vosl 
300) !lV/oC, e.g. if Vas is adjusted to 300 !lV, the change in drift 
will be 1 !lV/oC. The adjustment range with a 10k or 20k pot is 
approximately ± 2.5mV. If less adjustment ranQe 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 !lV. 

lon 

O.lHz to 10Hz Noise Test Circuit 

Q.lI'F 

VOLTAGE GAlN = 50,000 
IOQka 

2kn 
LT1001 

43K 22j.!F 

Improved Sensitivity Adjustment 

7.5k "'1 
LT1001 

T~ 
DEVICE Xl 

UNDER 

'~I ,--TEST lOOk 

O.l"F 110k 24.3K 

INPUT 

RIN 

1k 
INPUT 

(Peak to Peak noise measured in 10 Sec interval) 

The device under test should be warmed up for three minutes 
and shielded from air currents. 

-15V 

10k 

15pF 

DC Stabilized 
1000v/J'sec Op Amp 

2.M r----_----__1O----....... -----...... ----....... ------+15V 
TANTALUM + 

3.9k 

IN914 

2N5486 

0.01 ~F 

30k 

30k 

O.OlJ.1.F 

15·60pF 
TUSONIX # 519·3108 

1k 
R1 

IN914 

300 

200rr 200~ 

22/lF TANTALUM 

+~ 
2N4440 

1.Bk 

2N3904 

.50 
+-__ -+_+-_____ -OUTPUT 

470 
.50 

2N3906 

22 
t--M--+--C 2N5160 

2N4440 

300 
!2~TAlUM 

O.l~ 
'----....... ------------+--15V 

1.2k 

FUll POWER 

BANDWIDTH 8MHz 
*ADJU8T FOR 

BEST SQUARE WAVE 
AT OUTPUT 
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TYPICAL APPLICATions 

NON 
INVERTING 
INPUT 

INVERTING 
INPUT 

Microvolt Comparator with TTL Output 
+sv 

1.21M 
39.2 n 1% 

-SV 

Positive feedback to one of the nulling terminals cre
ates 51' to 20 I'Vof hysteresis. Input offset voltage is 
typically changed by less than 51'V due to the 
feedback. 

Precision Current Source 

SK 

5V 

VIN 5K 

010 (V- + 1V) 

V- ~ -2 to -35V 

Photodiode Amplifier 

SkS% 
SOOK 1% 

OUTPUT 

:;i~.:-+ __ OUTPUT 
2N3904 1V/IlA 

100pF 

Precision Current Sink 

lOUT ~ \fir! 
R c 

~ 10-1 

2N2219 

lOUT ~ \fir! 
R 

Strain Gauge Signal Conditioner with Bridge Excitation 
+15V 

3500 BRIDGE ----..1 
I 

IN4148 

2k 

2-14 

+15V 

1000 

2N2219 

2N2907 

lOon 
5W 

-15V 

REFERENCE OUT 
TO MONITORING 
NO CONVERTER 

• RN60e FILM RESISTORS 

GAIN 
TRIM 
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Large Signal Voltage Follower 
With 0.001% Worst-Case Accuracy rejections. Worst-case summation of guaranteed 

specifications is tabulated below. 

OUTPUT ACCURACY 

LTlOOIAM LTlOO1C 

OUTPUT 
1883 

RS INPUT 
-1010 + 10V--0--IO"'I"'OK-!!-"f 

25'C 25'C -IOta +10V 
MIx. MIX. Error 

Offset Voltage 15"V SO"V 
Bias Current 20"V 40"V 
Common· Mode Rejeclion 20"V 30"V 

The voltage follower is an ideal example illustrating 
the overall excellence of the LT1001. The contributing 
error terms are due to offset voltage, input bias cur
rent, voltage gain, common-mode and power-supply 

Power Supply Rejection 18"V 30"V 

" " 

". 
". 

CIRCUIT USES TEMPERATURE DIFFERENCE 
BETWEEN BATTERY PACK MOUNTED 
THERMOCOUPLE AND AMBIENT THERMO· 
COUPLE TO SET BATTERY CHARGE 

Voltage Gain 22"V 25"V 

Worst-case Sum 95"V 185"V 
Percent of Full Scale 
(~20V) 0.0005% 0.0009% 

Thermally Controlled Nicad Charger 

------
.... 

+15V 

IN4001 

-15V 

........ 10V. 1.2 AMP HR 
" NICAD STACK 

~11111--___ ---'_°-1'I~ 

I' 2K 

43K 

...... ...... 
"'

\ 
-...... 2NB387 I 

IN4148 ...... / 
"'"-- --

CURRENT. PEAK CHARGING 10!! I"F 
O.B!! 
5W 

CURRENT IS 1 AMP. 

INPUT 10k 

-1010 10V 0.1% 

• SINGLE POINT GROUND 
THERMOCOUPLES ARE 
40"V/'C CHROMEL·ALUMEL 
(TYPE K) 

Precision Absolute Value Circuit 

10k 10k 

0.1% 0.1% 

0.1% 

10k 

OUTPUT .;,;'>---
010 10V 

LT100lAM 
1883 

-55 to 125'C 
MIX. 

SO"V 
40"V 
30"V 
3S"V 
33"V 

199"V 

0.0010% 

LTlOO1C 

o to 70'C 
MIX. 

110"V 
55"V 
50"V 
42"V 
40"V 

297"V 

0.0015% 

2-15 

VI 
a:: 
'II -u. -..J 
Q. e 
a:: 
..J a:: 
C o 
i= a:: 
a:: 
'II 
Q. 
o 



LT100l 

8.2k 

r-----, 
I , 

LM399: : 
I I 
L •••• .J 

-15V 

• JULE RSCH. LABS 
#R·44 25k 

33k 

+15 
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KVD 
DOODD-
99999+1 

KElVIN-VARlEY 
DMDER 
ESI#DP311 

33k 

74C74 

Precision Power Supply with Two Outputs 
(1) 0 to 10V In 100~V STEPS 
(2) 0 to 100V in 1mV STEPS 

+1SV ---"1""""----, 

Dead Zone Generator 

10k·I'.~ClI 

10011 

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

V,.T 
DEAD ZONE 
CONTAOLN'UT 
Olo5V 

02,3,4,5 CA 3096 TRANSISTOR ARRAY 

2 
0'100V, 25mA 

OUTPUT1 
0·10V 



1 
INPUT 

j 
(ACQUIRE) 

01 

74C04 

8200 

OUT OUT 

74C9D6 

IN IN 

+15V 

(READ) 

02 

I 
I 

Instrumentation Amplifier with ± 3DDV 
Common Mode Range and CMRR > 15DdB 

8200 

10k 

"" 

L ___ _ 

A 

4022 CLK 1--_---JoI .... --..... --+-----~ 
EN 

1) ALL DIODE IN4148 

2) Sl-S4 OPTO MOS SWITCH OFM-1A,THETA-J CORP 

3)" FILM RESISTOR 
4) •• POLYPROPYLENE CAPACITORS 
5) ADJUST R1 for 93 Hz AT TEST POINT A 

10k 1k 

LT100l 

OUTPUT 

330k" 

9090" 

2000 
GAIN 
TRIM 

-= 

5.6k· 

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 LT1D01 OUTPUT. 
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SCHEmATIC DIAGRAm 
lT1UUl Schematic Diagram 

v+ 

6k 6k 029 

40k 40k 1.5k 

25k 

3k 

20pF 

30pF 
3k 

016 

500 015 

2k 2k 

030 120 240 
09 

8k v-
4o-~----~----~--~~--~~--~----~------~~----~------~--'-~ 

PACKAGE DESCRIPTiOn 
H Package 
Metal Can 

f&!!!llIAb 8:l!l1llA 

0.0<0 
MAX !!..Ill. L 0.0500.105 

MAX 

NOTE: DNENSKNIIN NHS 

2-18 

J8 Package 
8 Lead Hermetic Dip 

, 
" J 0"·15" 

NDTE:DNENSK>NSINr«:HEStH.ESSOMIIMSEt«lTED. 
'LEADSWITItNO.ClO70FTRl.lPOSITIONf1'PIATOALIEPLNE 

N8 Package 
8 Lead Plastic 

B'··'· 
~ __ l 

: \ 
, I 
h II , . 
..Je-~ ~~TYP 

0.290 

NOTE: DMNSIOHS IN NCHS UU8S OllEAWISE NOTED. 
'LEADSWlTtfiD.OO70FTRlEPOSITKIN(TPjATOAUBEPlAhE. 
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FEATURES 
• Guaranteed low offset voltage 

LT1002A 60/lV max 
LT1002 100/lVmax 

• Guaranteed offset voltage match 
LT1002A 40/lVmax 
LT1002 SO/lV max 

• Guaranteed low drift 
LT1002A O.9/lV 1°C max 
LT1002 1.3/lV/oCmax 

• Guaranteed CMRR 
LT1002A 110dB min 
LT1002 110dB min 

• Guaranteed channel separation 
LT1002A 132dB min 
LT1002 130dB min 

• Guaranteed matching characteristics 
• Low noise O.35/lV p-p 

APPLICATiOnS 
• Thermocouple Amplifiers 
• Strain Gauge Amplifiers 
• Low level signal processing 
• Medical instrumentation 

Operational Amplifier ~ 

DESCRIPTion 
The LT1002 dual, matched precision operational amplifiers 
combine excellent individual amplifier performance with tight 
matching and temperature tracking between amplifiers. 

\1# u:: 
:; 
Q. e a:: 
..J a:: 

In the design, processing, and testing of the device, particular C 
attention has been paid to the optimization of the entire distri- 0 
butionof several key parameters and their matching. Conse- ~ 
quently, the specifications of even the low cost commercial a: 
grade (the LT1002C) have been spectacularly improved com- ~ 
pared to presently available devices. 0 
Essentially, the input offset voltage of all units is less than EI 
SO/l V, and matching between amplifiers is consistently better 
than 60/lV (see distribution plot below). Input bias and offset 
currents, channel separation, common mode and power supply 
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. 

• Precision dual limit threshold detection This circuit illustrates the requirement for both excellent 
matching and individual amplifier specifications. • Instrumentation amplifiers 

Strain Gauge Signal Conditioner With Bridge Excitation 
+15V 

8.2k 
100U 5W 

2k 
>---"~>--t:: 2N2219 

350n BRIDGE ~l 

REFERENCE OUT 
TO MONITORING 
AiD CONVERTER 

.... RN60C FILM RESISTORS 

Distribution of Offset Voltage Match 

0'-----'-=.cL=~--'-'-'--'-"-'--"--1.L___J 

-100-80-60-40-20 0 20 40 60 80100 

INPUT OFFSET VOLTAGE MATCH (,VI 
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ABSOLUTE mAXimum RATinGS 
Supply Voltage (Note 6) ............... " ± 22V 
Differential Input Voltage. . . . . . . . . . . . . . .. ± 30V 
Input Voltage Equal to Supply Voltage 
Output Short Circuit Duration. . . . . . . . . .. Indefinite 
Operating Temperature Range 

LT1002AM/LT1002M ......... -55°C to 125°C 
LT1002AC/LT1DD2C ............. DOC to 7DoC 

Storage Temperature Range 
All Grades ................. -65°C to 15DoC 

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

PACKAGE/ORDER InFORmATion 
TOP VIEW OFFSET 

NULL (A) 1 14 v+ (A) ORDER VOLTAGE 
NULL (A) 2 13 OUT (A) PART NO. MAX 
-IN (A) 3 12 V- (A) at 25°C 
+IN (A) 4 11 +IN(8) 

LT1002AMJ 60/.lV v- (8) 5 10 -IN (8) 

OUT (8) 6 9 NULL (8) LT1002MJ 100/.lV 
V+ (8) 7 8 NULL (8) LT1002ACJ 60/.lV 

LT1002CJ 100/.lV 
J PACKAGE N PACKAGE LT1002ACN 60/.lV 

14 PIN HERMETIC 14 PIN PLASTIC LT1002CN 100/.lV 

NDTE: 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. TA = 25°C. unless otherwise noted 

LTl 002AM/LTl 002AC LT1 002M/LTl 002C 
SYMBOL PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

Vos Input Offset Voltage Note 1 20 60 25 100 I'V 

!;.Vos Long Term Input Offset Voltage 
!;. Time Stability Notes 2 and 3 0.3 1.5 0.4 2.0 "V/month 
los Input Offset Current 0.3 2.8 0.4 4.2 nA 
Ie Input Bias Current +0.6 +3.0 +0.7 +4.5 nA 
en Input Noise Voltage 0.1Hz to 10Hz (Note 2) 0.35 0.7 0.38 0.75 I'V,.p 
en Input Noise Voltage Density fo ~ 10Hz (Note 5) 10.3 20,0 10.5 20.0 

nvV;';; fo ~ 1000Hz (Note 2) 9.6 11.5 9.8 12.0 

AVOL Large Signal Voltage Gain RL ;;> 2k!l, Vo ~ ± 12V 400 800 350 800 Vim V RL ;;> 1k!l, Vo ~ ± 10V 250 500 220 500 
CMRR Common Mode Rejection Ratio VCM ~ + 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 M!l 

Input Voltage Range ±13 ±14 ±13 ±14 V 

Your Maximum Output Voltage Swing RL ;;> 2k!l ±13 ±14 ±13 ± 14 V 
RL ;;> 1k!l ± 12 ± 13.5 ±12 ± 13.5 

SR Slew Rate RL ;;> 2k!l (Note 4) 0.1 0.25 0.1 0.25 VII'S 
GBW Gain Bandwidth Product Note 4 0.4 0.8 0.4 0.8 MHz 
Pd Power Dissipation No load 46 75 48 85 mW per amplifier No load, V, ~ ± 3V 4 7 4 8 
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ELECTRICAL CHARACTERISTICS, InDIVIDUAL AmPLIFIERS 
Vs = ± 15V, -55°C ~ TA ~ 125°C, unless otherwise noted 

SYMBOL PARAMETER CONOITIONS 

Vos Input Offset Voltage Note 1 

::'Vos Average Input Offset Voltage Drift 
::, Temp 

los Input Offset Current 
IB Input Bias Current 

AVOL Large Signal Voltage Gain RL ;" 2kll, Va ~ ± 10V 
CMRR Common Mode Rejection Ratio VCM ~ ± 13V 
PSRR Power Supply Rejection Ratio Vs ~ ± 3V to ± 18V 

Input Voltage Range 

Your Output Voltage Swing RL ;" 2kll 
Pd Power Dissipation No load 

per amplifier 

Vs = ± 15V, DoC ~ TA ~ 70°C, unless otherwise noted 

SYMBOL PARAMETER CONOITIONS 

Vos Input Offset Voltage Note 1 

::'Vos Average Input Offset Voltage Drift 
::, Temp 

los Input Offset Current 
IB Input Bias Current 

AVOL large Sfgnal Voltage Gain RL ;" 2kll, Va ~ ± 10V 
CMRR Common Mode Rejection Ratio VCM ~ ± 13V 
PSRR Power Supply Rejection Ratio Vs ~ ± 3V to ± 18V 

Input Voltage Range 

Your Output Voltage Swing RL ;" 2kll 
Pd Power Dissipation No load 

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. 

Nole 1: Offset voltage measured with high speed test equipment, 
approximately 1 second after power is applied. 
No Ie 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 Vos versus Time over extended periods after the first 30 
days of operation. Excluding the initial hour of operation, changes in 
Vos during the first 30 operating days are typically 2.5/l V. 

LTlOO2AM LTlOO2M 
MIN TYP MAX MIN TYP MAX 

• 30 150 45 230 

• 0.2 0.9 0.3 1.3 

• 0.8 5.6 1.2 8.5 

• ±1.0 ±6.0 ± 1.5 ±9.0 

• 300 700 200 700 

• 106 122 104 120 

• 102 117 96 117 

• ± 13 ± 14 ± 13 ± 14 

• ± 12.5 ± 13.5 ± 12.0 ± 13.5 

• 55 90 60 100 

LTl 002AC LTlOO2C 
MIN TYP MAX MIN TYP MAX 

• 20 100 30 160 

• 0.2 0.9 0.3 1.3 

• 0.5 4.2 0.6 5.7 

• ±0.7 ±4.5 ±1.0 ±6.0 

• 350 750 250 750 

• 108 124 106 123 

• 105 120 100 120 

• + 13 + 14 +13 + 14 

• ± 12.5 ± 13.8 ± 12.5 ± 13.8 

• 50 85 55 90 

Nole 4: Parameter is guaranteed by design. 
Nole 5: 10Hz noise voltage density is sample tested on every lot. 
Devices 100% tested at 10Hz are available on request. 

UNITS 

MV 
MV/oC 

nA 
nA 

V/mV 
dB 
dB 
V 
V 

mW 

UNITS 

MV 

MVrC 

nA 
nA 

V/mV 
dB 
dB 
V 
V 

mW 

Nole 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. 
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LT1002 

mATCHinG CHARACTERISTICS at Vs = ± 15V. TA = 25°C. untess otherwise noted 

LTI 002AMI AC LTlO02M/C 
SYMBOL PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

Input Offset Voltage Match - 15 40 - 25 80 /iV 
Ie + Average Non-Inverting Bias 

Current - +0.6 +3.5 - +0.7 +4.8 nA 

los + Non-Inverting Offset Current - 0.6 3.5 - 0.7 6.0 nA 

los Inverting Offset Current - 0.6 3.5 - 0.7 6.0 nA 
.:.CMRR Common Mode Rejection Ratio 

Match VCM = ± 13V 110 132 - 108 132 - dB 
.:.PSRR Power Supply Rejection Ratio 

Match Vs = +3Vto +18V 108 130 - 102 128 - dB 
Channel Separation f .. 10Hz (Note 4) 132 148 - 130 146 - dB 

mATCHinG CHARACTERISTICS at Vs = ± 15V. -55°C.;;; TA .;;; 125°C. unless otherwise noted 

LTlO02AM LTlO02M 
SYMBOL PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

Input Offset Voltage Match • - 50 140 - 60 230 !'V 
Input Offset Voltage Tracking • - 0.3 1.0 - 0.4 1.5 !'V/'C 

Ie + Average Non-Inverting Bias 
Current • - + 1.5 +6.0 - +1.8 + 10.0 nA 

los + Non-Inverting Offset Current • - 1.5 6.5 - 1.8 12.0 nA 
los Inverting Offset Current • - 1.5 6.5 - 1.8 12.0 nA 
.:.CMRR Common Mode Rejection Ratio 

Match VCM = ± 13V • 106 126 - 102 124 - dB 
.:.PSRR Power Supply Rejection RatiO 

Match Vs = ±3Vto ±18V • 102 122 - 94 120 - dB 

mATCHinG CHARACTERISTICS at Vs = ± 15V. DOC.;;; TA .;;; 7DoC. unless otherwise noted 

LT1002AC LT1002C 
SYMBOL PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

Input Offset Voltage Match • - 30 85 - 45 150 /iV 
Input Offset Voltage Tracking • - 0.3 1.0 - 0.4 1.5 !'vrc 

Ie + Average Non-Inverting Bias 
Current • - ±1.0 ±4.5 - ±1.2 ±7.0 nA 

los + Non-Inverting Offset Current • - 1.0 5.0 - 1.2 8.5 nA 

los Inverting Offset Current • - 1.0 5.0 - 1.2 8.5 nA 
.:.CMRR Common Mode Rejection Ratio 

Match VCM = ± 13V • 108 130 - 105 128 - dB 
.:.PSRR Power Supply Rejection RatiO 

Match Vs = ± 3V to ± 18V • 105 126 - 98 124 - dB 
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TYPICAL PERFORmAnCE CHARACTERISTICS 
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TYPICAL PERFORmAnCE CHARACTERISTICS 
Matching and Individual Amplifier Input Bias Current 
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TYPICAL PERFORmAnCE CHARACTERISTICS 
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TYPICAL PERFORmAnCE CHARACTERISTICS 

Output Swing vs. Load Resistance 

100 300 1000 3k 10k 

LOAD RESISTANCE (!I) 

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 Vos 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) J.N / °e, e.g. if Vos is adjusted 
to 300~N, the change in drift will be 1.uV / °e. The ad
justment range with a 10k or 20k pot is approximately 
± 2.SmV. If less adjustment range is needed, the sen
sitivityand 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 
± 100.uV. 

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 
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Standard Adjustment 

10k 

-15V 

Improved Sensitivity Adjustment 

7.5k 

-15V 



APPLICATions InFoRmATion 
Test Circuit for Offset Voltage and its Drift with Temperature 

R2 
100n 

R3 
50k 

R1 
"50k 

+15V 

-15V 

Va ~ 1000 Vas 

13(6) 
>--_--Va 

• RESISTORS MUST HAVE LOW 
THERMOELECTRIC POTENTIAL. 

This circuit is also used as the burn-in configuration for 
the LT1002, with supply voltages increased to ± 20V, 
R1 =R3=20k, R2=200n, Av=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. 

LT1002 

0.1Hz to 10Hz Noise Test Circuit 

Q.l .. F 

lOOkll 
VOlTAGE GAIN = 50,000 

1011 

'.,.LT1002 
2k\1 , 

DEVICE ." I UNDER 
TE5T 

24.3k 

(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. 

2-27 



LT1002 

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.lnput bias current will be the average of the two 
non-inverting input currents ~B +). The difference be
tween these two currents (los ) is the offset current of 
the instrumentation amplifier. The difference between 
the inverting input currents (1 05-) 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 (~CMRR and ~PSRR) are best 
demonstrated with a numerical example: 

Assume CMRRA = + 1.0J.LV IV or 120dB, 
and CMRRB = +0.75J.LV/Vor 122.5dB, 
then ~CMRR = 0.25J.LV IV or 132dB; 
if CMRRB = -0.75J.LV IV which is still 122.5dB, 
then ~CMRR = 1. 75J.LV IV or 115dB. 

Clearly, the LT1002, by specifying and guaranteeing 
all of these matching parameters, can Significantly 
improve the performance of matching dependent 
circuits. 
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Three Op Amp Instrumentation Amplifier 

INPUT 
R4 R6 

10011 10k 
10k 1% 1% 

Rl 1% 

2.1k 
R3 

R8 

R2 10k 
1% Gain = 1000 

R5 

lOOn 9.76k 1% R7 
1% 

R9 200n 

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

OUTPUT 

Typical performance of the instrumentation amplifer: 

Input offset voltage = 25/-N 
Input bias current = 0.7nA 
Input resistance = 200 Go 
Input offset current = 0.6nA 
Input noise = 0.5J.LV pop 
Power bandwidth (Vo = ± 10V) = 80kHz 



APPLICATions InFoRmATion 

130k 
5% 

Precision ± 10V Reference 

,--_-------__ ----+15V 

t-_--i_""3.3/'.-k _-----+---- ~~b~ov 
5% 10k 

13 10k 

0.1% 

'---------+-- -15V 

LT1002 

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

erence. The accuracy of the -10Voutput is limited by 
the matching of the two 10k resistors. 

Dual Limit Microvolt Comparator 

+15V 

UPPER 
LIMIT 

INPUT 

LOWER 
LIMIT 

-15V 

430k 

430k 

1% 

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

39.211 
1% 

15k 
1% 

39.2!1 
1% 

15k 
1% 

20k 

5% 

1k 5% 
FLVl17 

4f 
V.CA3118 

18 

LT1002 by less than 5JLV. Therefore, the basic accura
cy of the comparator is limited only by the low offset 
voltage of the LT1002. 
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APPLICATions InFoRmATion 
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Two Op Amp Instrumentation Amplifier 

Rl 

100k* 

INPUTS 

RS 

2.2k+ 
R2 

10k 

+------------------~ 

• TRIM FOR COMMON·MODE REJECTION 
+ TRIM FOR GAIN 

R4 [ 1 (R2 R3) R2 + R3] Gain - - 1 + - -- + -- + -- ~ 100 
R3 2 Rl R4 RS 

R4 

100k 

~ ......... - OUTPUT 

Precision Amplifier Drives 500n Load to ± 10V 

URI +O.lRS 

100n 0.2Al 

100k 

!iii!>--+-- OUTPUT 

soon Al 

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 RL is removed, amplifier A sinks this cur
rent without affecting accuracy. In the gain of 1000 
configuration shown, approximately 0.3% gain accu
racy can be realized. 
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INPUT 

"" 100k 

"" 100k 

4.7k 

1k 

INPUT 10k 3 

-10t010V 1% 

4 

4.7k 

05 

-15V 

Dead Zone Generator 

VSET 
DEAD ZONE 
CONTROL INPUT 
0105V 

·1% FILM 

" " RATIO MATCH 0.05% 

10k" 

3.3k 

02,3,4,5 CA 3096 TRANSISTOR ARRAY 

Precision Absolute Value Circuit 

10k 10k 

0.1% 0.1% 

10k 

0.1% 

LT1002 

BIPOLAR SYMMETRY IS EXCELLENT 
BECAUSE ONE DEVICE, 02, SETS BOTH LIMITS 

47pF 

"'--- VOUT 

IN914 VSET VOUT 

I 

I 

/ I 

7 
VSET 

10k 

0.1% 

6 OUTPUT 
;.\:>-...... -

o to 10V 

VIN 
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APPLICATions InFoRmATion 

B.2k 

r-----, 
I 

LM399 : 

I 
L_ 

-15V 

KVO ~ ESI#OP311 
• ~ JULIE RSCH. LABS 

#R-44 25k 

LM30lA 

+ 

33k 

+15 
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KVO 
00000-
99999+ 1 

33k 

74C74 

Dual Precision Power Supply 
(1) 0 to 10V in 100,.tV Steps 
(2) 0 to 100V in 1mV Steps 

OUTPUT 1 
O-IOV 
25mA 
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SCHEmATIC DIAGRAm 
v+ 

6k 6k 029 

025 

NULL NULL 
40k 40k 15k 

25k 

011 012 

013 014 

3k 

20pF 

30pF 
3k 

IN 

021 

016 

500 015 

IN 2k 2k 

030 120 240 
09 

v- 8k 

PACKAGE DESCRIPTion Dimensions in inches (millimeters) unless otherwise noted. 
14-Lead Cavity DIP (J) 

14-Lead Molded DIP (N) 

, 0280 

1:::M~;:)3JI-
(7620-8128) 

0130:':0005 

(3302::,:0127) 
( ~ (~~ 

~ .-0009-0015 tjl r w ±5~ (0229-0381( 

i : 0 075~0 015 
.. TQ025 "1 (1905±O.381) 

R=t 
T~0020 

I II 0 125 (ii5Os) 
1.....-1 ~~ (3.17S) MIN 

i 0018 =-0.003 MIN 
0325 -0015 ~ ~ (: ~~: ~ ::~~iO 457 c 0076) 

0785 

1....---\199391 .'1 0310 

:C' " ,,".~X " • , --t:--;?8i4I 
0025 

IOR~~5) ~ I~~:~I 
MAX 

.-l 
1 I 1 , \ ! 1 

O.290~0320 0160 0.200 

(7.365-8.128) I4iJ'64) GLASS 0060.::0005 (5080) 

f "\1 ~rn~v":~~"~ F~~: 0008-0012 I ~---

- -'0203--03~5) T 
1-'- O_38500_0~ ~ I _ I 1001800002 II _ 

(9.779±0635) (2.540) II 1;0457 :':0051)-----' r-"- ~ 
M~XBOTHENOS j ~ 13175\ 

0100 ::to 010 MIN 
(2540::!:O.254) 

TJMAX HJA 

LT1002ACJ 
125'C 100'C/W 

LT1002CJ 

LT1002AMJ 
150°C 100°C/W 

LT1002MJ 
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~-""llnlAR LTl 007 /LTl 037 
~~ TECHNOLOGY~------L-o-w-N-o-i-se-,-H-i-g-h-S-p-e-e-d 

FEATURES 
• Guaranteed 4.5 nV I v'Hz 10 Hz noise 
• Guaranteed 3.8 nV I v'Hz 1kHz noise 
• 0.1 Hz to 10 Hz noise, 60 nV p-p, typical 
• Guaranteed 7 million min. voltage gain, 

RL = 2kQ 
• Guaranteed 3 million min. voltage gain, 

RL = 600Q 
• Guaranteed 25}lV max. offset voltage 

Precision Operational Amplifiers '" a: 
\II u:: 
::; 
Q. DESCRIPTion 

The LT1007/LT1037 series features the lowest noise ~ 
performance available to date for monolithic oper- ..l 

ational amplifiers: 2.5nV / v'Hz wideband noise (less a 
than the noise of a 400Q resistor), 1 If corner frequen- 0 
cyof 2Hz and 60nV peak to peak 0.1 Hz to 10Hz noise. i= 

• GuaranteedO.6}lV/oC max. drift with temperature 

Low noise is combined with outstanding precision and a:: 
speed specifications: 10}l V offset voltage, 0.2}l V 1°C 5j 
drift, 130 dB common-mode and power supply rejec- Q. 
tion, and 60MHz gain-bandwith-product on the de- 0 
compensated LT1037, which is stable for closed loop .. 
gains of 5 or greater. ... • Guaranteed 11V I }lsec min. slew rate (LT1037) 

• Guaranteed 117 dB min. CMRR 

APPLICATions 
• Low Noise Signal Processing 
• Microvolt Accuracy Threshold Detection 
• Strain Gauge Amplifiers 
• Direct Coupled Audio Gain Stages 
• Sine Wave Generators 
• Tape Head Preamplifiers 
• Microphone Preamplifiers 

The voltage gain of the LT1007 11037 is an extremely 
high 20 million driving a 2kQ load and 12 million driv-
ing a 600Q 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 

4301! 

#327 Lamp. 

R 

>,,-+--OUTPUT 

C 

1 
f ~ 2~RC 
R ~ 1591.50 ±.1% 
C ~ 0.1 Mf ±.1% 

Total Harmonic Distortion ~ < .0025% 
Noise ~ < .0001% 
Amplitude ~ ± 8 volts 
Output Frequency ~ 1.000kHz for values 

given ±.4'1o 

O.1Hz to 10Hz NOise 

Il!, Jl.1 \ft\J. ,~l,l, 
~~ ~~\ ~r' J\!I 1rW~ ~ ~I'rl ;p 1'1 \I 

, ~! 

10 

TIME (SECONDS) 
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ABSOLUTE mAXimum RATinGS PACKAGE/ORDER InFORmATiOn 
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 11037AC, C .............. O°C to 70°C 

Storage Temperature Range 
All Devices ................. -65°C to 150°C 

TOP VIEW 

4 
V-(CASE) 

METAL CAN H PACKAGE 

TOP VIEW 

HERMETIC DIP JB PACKAGE 
PLASTIC DIP NB PACKAGE 

ORDER PART NUMBER 

LT1007AMH 
LT1007MH 
LT1007ACH 
LT1007CH 

LT1037AMH 
LT1037MH 
LT1037ACH 
LT1037CH 

LT1007AMJ8 LT1037AMJ8 
LT1007MJ8 LT1037MJ8 
LT1007ACJ8 LT1037ACJ8 
LT1007CJ8 LT1037CJ8 
LT1007ACN8 LT1037ACN8 
LT1007CN8 LT1037CN8 

ELECTRICAL CHARACTERISTICS VS = ±15V. TA = 25°C. unless otherwise noted. 

LTlOO7AM/AC LTlOO7M/C 
LTlO37AM/AC LTlO37M/C 

SYMBOL PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

Vos Input Offset Voltage (Note 1) 10 25 20 60 /lV 

!:.Vos Long Term Input Offset Voltage 
!:.Time Stability (Notes 2 and 3) 0.2 1.0 0.2 1.0 /lv/Mo 
los Input Offset Current 7 30 12 50 nA 
IB Input Bias Current ±10 ±35 ±15 ±55 nA 
en Input Noise Voltage 0.1Hz to 10Hz (Notes 3 and 5) 0.06 0.13 0.06 0.13 /lVp-p 

Input Noise Voltage Density fo = 10Hz (Notes 3 and 4) 2.S 4.5 2.S 4.5 nV/~):g 
fo = 1000Hz (Note 3) 2.5 3.S 2.5 3.S nVI Hz 

In Input Noise Current DBnslty fo = 10Hz (Notes 3 and 6) 1.5 4.0 1.5 4.0 PAl~):g 
fo = 1000Hz (Notes 3 and 6) 0.4 0.6 0.4 0.6 pAl Hz 

Input Resistance - Common Mode 7 5 GO 
Input Voltage Range ±11.0 ± 12.5 ±11.0 ± 12.5 V 

CMRR Common Mode Rejection Ratio VCM=±I1V 117 130 110 126 dB 
PSRR Power Supply Rejection Ratio Vs = ±4V to ± ISV 110 130 106 126 dB 
AvoL Large Signal Voltage Gain RL .. 2kO, Vo = ± 12V 7.0 20.0 5.0 20.0 V//lV 

RL .. 1kO, Vo = ± 10V 5.0 16.0 3.5 16.0 V//lV 
RL .. 6000, Vo = ± 10V 3.0 12.0 2.0 12.0 V//lV 

VOUT Maximum Output Voltage Swing RL .. 2ko ± 13.0 ± 13.S ± 12.5 ± 13.5 V 
RL .. 6000 +11.0 + 12.5 + 10.5 + 12.5 V 

SR Slew Rate LTf007 RL .. 2ko 1.7 2.5 1.1 2.5 Vi/lS 
LT1037 AVCL .. 5 11 15 11 15 Vi/lS 

GBW Gain-Bandwidth LTf007 fo = 100kHz (Note 7) 5.0 S.O 5.0 S.O MHz 
Product: LT1037 fo = 10kHz (Note 7) (AvcL .. 5) 45 60 45 60 MHz 

Zo Open Loop Output Resistance Vo = 0,10 = 0 70 70 0 
Pd Power Dissipation LT1007 SO 120 SO 140 mW 

LTf037 SO 130 S5 140 mW 
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ELECTRICAL CHARACTERISTICS VS = ± 15V, -55°C.;;; TA .;;; 125°C, unlass otharwlsa nolad, 

LTI 007AM/LTl 037AM LTI007M/LTlO37M 
SYMBOL PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

Vos Input Offset Voltage (Note 1) • 25 60 50 160 p.V 

~Vos Average Input Offset Drift (Note 9) • 0.2 0.6 0.3 1.0 p'vrc 
~Temp 

los Input Offset Current • 15 50 20 85 nA 

18 Input Bias Current • ±20 ±60 +35 ±95 nA 
Input Voltage Range • ± 10.3 ±11.5 ±10.3 +11.5 V 

CMRR Common Mode Rejection Ratio VCM ~ ± 10.3V • 112 126 104 120 dB 
PSRR Power Supply Rejection Ratio Vs ~ +4.5V 10 + 18V • 104 126 100 120 dB 

Avol Large Signal Voltage Gain Rl ;;. 2k!l, Vo ~ ± 10V • 3.0 14.0 2.0 14.0 Vlp.V 
Rl ;;. 1k!l, Vo ~ ± 10V • 2.0 10.0 1.5 10.0 Vlp.V 

Your Maximum Output Voltage Swing Rl ;;. 2k!l • +12.5 +13.5 +12.0 + 13.5 V 
Pd Power Dissipation • 100 150 100 170 mW 

ELECTRICAL CHARACTERISTICS VS = ± 15V, DoC.;;; TA .;;; 70°C, un lass otharwisa notad. 

SYMBOL PARAMETER CONDITIONS 

Vos Input Offset Voltage (Note 1) 

~Vos Average Input Offset Drift (Note 9) 
~Temp 

los Input Offset Current 

18 Input Bias Current 
Input Voltage Range 

CMRR Common Mode Rejection Ratio VCM ~ ± 10.5V 
PSRR Power Supply Rejection Ratio Vs ~ +4.5V to + 18V 

Avol Large Signal Voltage Gain Rl ;;. 2k!l, Vo ~ ± 10V 
Rl ;;. 1k!l, Vo ~ ± 10V 

Your Maximum Output Voltage Swing Rl;;' 2k!l 
Pd Power Dissipation 

NOTES: 
The. denotes the specifications which apply over full operating 
temperature range. 
For M IL-STD components, please refer to LTC 883C data sheet for test 
listing and parameters. 
Nola 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. 
Nola 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 Vos during the first 30 days are typically 2.5/LV - refer 
10 typical performance curve. 
Nola 3: This parameter is tested on a sample basis only. 

LTI 007AC/LTI 037AC LT1 007C/LTl 037C 
MIN TYP MAX MIN TYP MAX UNITS 

II 20 50 35 110 p.V 

" 0.2 0.6 0.3 1.0 p.V/oC 

• 10 40 15 70 

• ±14 +45 +20 +75 

• +10.5 +11.8 +10.5 +11.8 

• 114 126 106 120 

• 106 126 102 120 

• 4.0 18.0 2.5 18.0 

• 2.5 14.0 2.0 14.0 

• +12.5 +13.6 + 12.0 +13.6 

• 90 144 90 160 

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

nA 
nA 
V 

dB 
dB 

V/p.V 
Vlp.V 

V 
mW 

Nola 5: See the test circuit and frequency response curve for 0.1Hz to 
10Hz tester in the Applications Information section. 
Nola 6: See the test circuit for current noise measurement in the 
Applications Information section. 
Nola 7: This parameter Is guaranteed by design and is not tested. 
Nola 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. 
Nola 9: The Average Input Offset Drift performance is within the 
specifications unnulled or when nulled with a pot having a range of 
8kl'! to 20kl'!. 
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TYPICAL PERFORmAnCE CHARACTERISTICS 
10Hz Voltage Noise Distribution 
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TYPICAL PERFORmAnCE CHARACTERISTICS 
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TYPICAL PERFORmAnCE CHARACTERISTICS 
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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 L T1 007/1 037 and its 
drift with temperature, are permanently trimmed at 
wafer testing to a low level. However, if further adjust
ment of Vos 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),.N JOC, e.g., if Vos is adjusted to 300~V, the 
change in drift will be 1~V 1°C. 

Standard Adjustment 

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 
±200,.N. 

lk 

Improved Senslllvity 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 
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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 LT10071 
1037, with the supply voltages increased to ± 20V. 

Vo 

50k· -
Vo=1000 Vos 

·RESISTORS MUST HAVE LOW 
THERMOELECTRIC POTENTIAL 

Test Circuit lor Offset Voltage 
and Offset Voltage Drift with 
Temperature 

Unity Gain Buffer Applications (LTl007 Only) 
When RI .;,;; 1000 and the input is driven with a fast, 
large signal pulse (> 1V), the output waveform will 
look as shown in the pulsed operation diagram. 

OUTPUT 

I 

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 ~ 5000, the output is capable of 
handling the current requirements (IL .;,;; 20mA at 10V) 
and the amplifier stays in its active mode and a 
smooth transition will occur. 

As with all operational amplifiers when RI > 2kO, a 
pole will be created with RI 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 RI will eliminate this problem. 
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APPLICATions InFoRmATion - nOISE 
Noise Testing 
The 0.1Hz to 10Hz peak-to-peak noise of the LT1007 I 
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: 

(a) The device should be warmed up for at least five 
minutes. As the op amp warms up, its offset volt
age changes typically 3}LV 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. 

0.1"" 

100kll 

• DEVICE UNDER TEST 

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

O.lHz 1010Hz Noise Tesl Circuli 

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 If corner frequency. 

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

[e2no - (130nV)2] Y2 
in 1MOx 100 

10k 

Bno 

The LT1007/1037 achieves its low noise, in part, by 
operating the input stage at 120}LA versus the typical 
10}LA 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 If 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 
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the total noise versus source resistance plot, where 
total noise = [(voltage noisef + (current noise X Ri 
+ (resistor noise)2]'12 
Three regions can be identified as a function of source 
resistance: 

(i) Rs .;;;; 400ft Voltage noise dominates 

(ii) 4000.;;;; Rs .;;;; 50ko at 1kHZ} Resistor noise 
4000.;;;; Rs .;;;; akO at 10Hz dominates 

TYPICAL APPLICATiOnS 
Gain 1000 Amplifier with 0.010/0 
Accuracy, DC to 5Hz 

340k 15k 
1% 5% 

20k 
TRIM 

aJl>"~-OUTPUT 

RN60C FILM RESISTORS 

The high gain and wide bandwidth of the LT1037 and (lTt007) Is useful in 
low frequency high closed loop gain amplifier applications. A typical precision 
Op Amp may have an open loop gain of one million with 500~Hz bandwidth. As the 
gain error plot shows, this device Is capable of 0.1% amplifying accuracy up to O.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 

....------_-+15V 

.... --~--- OUTPUT 

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

Input offset voltage Is typically changed less than 5pV due to the feedback. 
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(iii) Rs > 50kO at 1kHZ} Current noise 
Rs > akO at 10Hz dominates 

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. 

INPUT 

;=
iIi 
'-' 

1.0 

ffi 0.1 
~ 

~ 
~ 
w 
z 
~ 0.01 

Gain Error vs Frequency 
Closed Loop Gain = 1000 

F TYPICAL 
~ PRECISION 
I-- OPAMP 

LT1027/ 

/ 
/ LT1037 

I--r-' , 

l-e- GAIN ERROR ~ CLOSED LOOP GAIN 
OPEN LOOP GAIN 

0.001 
0.1 10 

FREQUENCY (Hz) 
100 

Precision Amplifier Drives 300n Load to ± 10V 

340k 1% 20k 5% 10k 

TRIM 

":~~-'\NI.------~"""- OUTPUT ± 10V 

Rl 
3001l 

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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TYPICAL APPLICATions 

Phono Preamplifier Tape Head Amplifier 

MAG. PHONO 
INPUT 

LT1009 

.01 ~F 
lOOk 

.033J.lF 

>-..... --4-0UTPUT 

ALL RESISTORS METAL fiLM 

lk 
100 
+ 100J.lf 

33n r-, 
t--M--t2N2219A J. 

l50mA 

+ 

4.99k .01 

316k 

ALL RESISTORS METAL fiLM 

Infra-Red Detector Preamplifier 

+15V 

CHOPPED OETECTOR 
OUTPUT 

.Jl....fU1..fUL 

OUTPUT 

-+ 
IR RADIATIDN 

-+ 

100J.lF OUTPUT 
TO DEMODULATOR 

5k 

OPTICAL 
CHOPPER 

PHOTO-CONDUCTIVE 
INfRA·RED 
DETECTOR 
HgCdTe TYPE 

392k* 

INfRA·RED ASSOCIATES. INC. 

'" = 1% METAL FILM 

Strain Gauge Signal Conditioner 
with Bridge Excitation 

'-____ -,._+ _____ -,. ___ ~~~ERENCE 
r-- --, +15V 

BR;~~~-I I 

10k 
c_ _ ZERO 

+7.SV 

'---1-------' TRIM 

.6 

• RN60C fiLM RESISTORS 

The LT1007 is capable of providing excitation current directly to bias the 
350!! bridge at Sv. With only 5V across the bridge (as opposed to the 
usuall0V) 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. 

SYNCHRONOUS 
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SCHEmATIC DIAGRAm 

C1 - 110pF FOR LT1007 
C1 - 12pF FOR LT1037 200 6k 200 

PACKAGE DESCRIPTion 

0.040 

H Package 
Metal Can 

MAl( 0.'85 
..L. 0.050 ii:'i65 MAX 

GAUGE 0.750 

00 """ 0'1" 

GLASS 

NOTE: DNENSIONS IN HHS 
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J8 Package 
8 Lead Hermetic Dip 

0.310 om DB " 

~., 1:4 ~O.055MAX 
O.405t.IAX 

~ O.005MN 

Of + ---r 
02(1)0060 0.150 

~ ~ 
O.,00BSC·LJ jL~TYP 

TYP 0.014 

fj. , , 
" " II " /. ,I 
~ 0°-15" -L0.Q15 TYP 

Q..g9 ----I ~ 
0.290 

NJTE:~NINCHESlN.ESSOTIffMISEt«lTED. 

"LEADS WIT~ 0.007 OF TRUE POSTDI (TPI AT GAUGE Pl.At€ 

C1 

750 

200 

20pF 

Q25 

N8 Package 
8 Lead Plastic 

20 

20 

OUTPUT 

v-

Fi'· ... 
t..J 

: ~ , , 
t t 

"Loo.,so -L.!!.QJA yyp I-- !Llli! -J' - 0.008 
0.290 

NOTE: 0t.ENSr:NS NINCHS IN.ESS OTt£RWISE t«lTED. 
·LEADS~O.OO7CfTRlEPOSITION{TP)ATGAOOEPL.AHE. 
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FEATURES 
• Guaranteed Bias Current 

25°C ..................... 100pA max. 
-55°C to 125°C ............. 600pA max. 

• Guaranteed Offset Voltage ......... 120,uV max. 
• Guaranteed Drift . . . . . . . . . . . . . 1.5,u V / ° C max. 
• Low Noise, 0.1Hz to 10Hz ........... 0.5,uVp-p 
• Guaranteed Low Supply Current .... 600.uA max. 
• Guaranteed CMRR ............... 114 dB min. 
• Guaranteed PSRR ., ............. 114 db min. 
• Guaranteed Voltage Gain with 5mA 

load current 

APPLICATions 
• Precision instrumentation 
• Charge integrators 
• Wide dynamic range logarithmic amplifiers 
• Light meters 
• low frequency active filters 
• Standard cell buffers 
• Thermocouple amplifiers 

INPUT 

.W 

,v 
9M 

90k 

10DOV 
10k 

Input Amplifier for 4112 Digit Voltmeter 

I 
I 

I 
I 

I 

r-----------------, 
I I 

I I 
I I 

I I 
I I 

I I 

lOOk 

5% 

'" fl.ATIOMATCH :<:.01% 

FN5Q7 
ALLENBRAOLEY 

ThiS application requires low bias current and offset 
voltage, low noise, and low drift with time and 
temperature. DECADE VOLTAGE DIVIDER 

Microvolt Offset I ~ 
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 LT1 008 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 LM108A1308A applications. For 
an internally compensated version with even lower 
offset voltage but otherwise similar performance see 
the LT1012. 
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ABSOLUTE mAXimum RATinG 
Supply Voltage. . . . . . . . . . . . . . . . . . . . . . .. ± 20V 
Differential Input Current (Note 1) ......... ± 10mA 
Input Voltage. . . . . . . . . . . . . . . . . . . . . . . .. ± 20V 
Output Short Circuit Duration. . . . . . . . . .. Indefinite 
Operating Temperature Range 

LT1008M .................. -55°C to 125°C 
LT1008C ...................... O°C to 70°C 

Storage Temperature Range 
All Devices ................. -65°C to 150°C 

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

PACKAGE/ORDER InFORmATiOn 

COMP1 

TOP VIEW 

COMP 
2 

METAL CAN H PACKAGE 

TOP VIEW 

-IN 2 _ 7 V+ 
188 COMP2 

+IN 3 + 6 OUT 

V- 4 5 NC 

PLASTIC DIP N8 PACKAGE 

ORDER PART NO. 

LT1008MH 
LT1008CH 

LT1008CN8 

ELECTRICAL CHARACTERISTICS VS = ± 15V. VCM = DV. TA = 25°C. unless otherwise noted. 

LT100aM mooae 
SYMBOL PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

Vas Input Offset Voltage 30 120 30 120 p.V 
Note 2 40 180 40 180 p.V 

Long Term Input Offset Voltage 
Stability 0.3 0.3 p.V/month 

los Input Offset Current 30 100 30 100 pA 
Note 2 40 150 40 150 pA 

16 Input Bias Current ±30 ± 100 ±30 ± 100 pA 
Note 2 +40 +150 +40 + 150 pA 

en Input Noise Voltage 0.1Hz to 10Hz 0.5 0.5 p.Vp-p 

en Input NOise Voltage Density fa = 10Hz (Note 3) 17 30 17 30 nVVHz 
fa = 1000Hz (Note 4) 14 22 14 22 nVVHz 

in Input NOise Current Density fa = 10Hz 20 20 fA/VHz 

AVOL Large Signal Voltage Gain VOUT = ± 12V. RL ~ 10k!l 200 2000 200 2000 V/mV 
VOUT = ± 10V, RL ~ 2k!l 120 600 120 600 V/mV 

CMRR Common Mode Rejection Ratio VCM = + 13.5V 114 132 114 132 dB 
PSRR Power Supply Rejection Ratio Vs = +2V to +20V 114 132 114 132 dB 

Input Voltage Range +13.5 + 14.0 + 13.5 + 14.0 V 

VOUT Output Voltage Swing RL = 10k!l ±13 ±14 ±13 ±14 V 
Slew Rate Cf = 30pF 0.1 0.2 0.1 0.2 V/p.sec 

Is Supply Current Note 2 380 600 380 600 p.A 
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ELECTRICAL CHARACTERISTICS VS = ± 15V. VCM = OV. DoC ~ TA .;;; 70°C for the LT100BC and 
- 55°C.;;; TA .;;; 125°C for the LT1 ooBM. unless otherwise noted. 

LTlOO8M LTlOO8e 
SYMBOL PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX 
Vas Input Offset Voltage • 50 250 40 180 

Note 2 • 60 320 50 250 
Average Temperature Coefficient of 
Input Offset Voltage • 0.2 1.5 0.2 1.5 

los Input Offset Current • 60 250 40 180 
Note 2 • 80 350 50 250 

Average Temperature Coefficient of 
Input Offset Current • 0.4 2.5 0.4 2.5 

IB Input Bias Current • =80 =600 ±40 ±180 
Note 2 • =150 =800 +50 +250 

Average Temperature Coefficient of 
Input Bias Current • 0.6 6.0 0.4 2.5 

AroL Large Signal Voltage Gain VOUT = + 12V. At. ;;. 10kn • '100 1000 150 1500 
CMRR Common Mode Rejection Ratio VCM = +13.5V • 108 128 110 130 
PSRR Power Supply Rejection Ratio Vs = ±2.5Vto ±20V • 108 126 110 128 

Input Voltage Range • ±13.5 ±13.5 
VOUT Output Voltage Swing At. = 10kn • +13 +14 ±13 ±14 
Is Supply Current • 400 800 400 800 

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

UNITS 
p,V 
p,V 

p,V/'C 
pA 
pA 

pA/'C 
pA 
pA 

pA/'C 
V/mV 

dB 
dB 
V 
V 

p,A 

Nota 1: Differential input voltages greater than 1V will cause excessive current to flow through the input protection diodes unless current limiting 
resistors are used. 
Nota 2: These specifications apply for ± 2V ,,;;; Vs ,,;;; ± 20V (± 2.5V ,,;;; Vs ,,;;; ± 20V over the temperature range) and -13.5V ,,;;; VCM ,,;;; 13.5V (for 
Vs = ±15V). 
Nota 3: 10Hz noise voltage density is sample tested on every lot. Devices 100% tested at 10Hz are available on request. 
Nota 4: This parameter is tested on a sample basis only. 

FREQUEnCY comPEnSATion CIRCUITS 
Standard Compensation Circuit 

RI 

R3 
+V'N __ 'W---:' 

R2 

RI Co 
C'<:RI + R2 

• Co =30pF 

•• BANDWIDTH AND SLEW RATE.ARE 
PROPORTIONAL TO 1Ie, 

Alternate· Frequency Compensation 

RI R2 
-VIN --''''''' ....... p---~ ....... --.., 

• IMPROVES REJECTION OF POWER 
SUPPLY NOISE BY A FACTOR OF 5 . 

•• BANDWIDTH AND SLEW RATE ARE 
PROPORTIONAL TO II Cs 

FOR :~ > 200 NO EXTERNAL FREQUENCY COMPENSATION IS NECESSARY 
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TYPICAL PERFORmAnCE CHARACTERISTICS 
Offset Vollage Drift vs Source Resistance 
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TYPICAL PERFORmAnCE CHARACTERISTICS 
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Total Noise vs Sou rca Reslstanca 
10.0 

TA 25°C AT 10Hz 
Vs - F2V 10 1±20V AT1kHz~ 

~R _ 

r-~ 
R R,-2R 

AT 10Hz 
AT 1kHz Al'YRESISTOR NOISE f--

ONLY r-r 
0.0\02 10' 10' 10' 10' 10' 10' 

SOURCE RESISTANCE (OHMS) 

Gain. Phasa Shill vs Frequancy 
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with Standard (Faadback) Compansatlon 
40 I'\. 1iIL '\~ 1111, II 100 

I " 11111'\.c,- 3p! 
30 120 

1\ GAIN \ I\~ III -

GAIN C, - 3p! I \c, - 30p! ~ 
S' 20 C, - 30p! 140 \[ 

i 10 "I' 160 ~ 
1\' i 1-t-++tttttl---+-t+Ittt1 .... H++tttt1180 

TA _ 25°C PHASE MARGIN~~ 
Vs - ± 15V ~11!ci~' - 30p! 

-10 '--.LJ...J..W.W.!>'-""_~~J....J....ll.L.1.W200 
0.01 0.1 1 10 
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Power Supply RaJeCtion vs Fraquency 
140 r--r-;-:--;:...,--=--,,---,-----,-'--, 

20'--~-'---L~~-L~~~ 
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Large Signal Transient Response 
Slew Rate vs Compensation Capacitance 

10 Large Signal Transient Response 

l\ Vs ~ ±15V 
T, ~ 25'C 

Cs 

'\. -... 
1'-. 
I 1"'-~ 1 I I 

1 o. 
20 40 60 80 100 

Av ~ +1, Cs ~ 100pF, 20~sec/DIV COMPENSATION CAPACITOR (pF) Av ~ + 1, C, ~ 30pF, 20~sec/DIV 

Small Signal Transient Response Small Signal Transient Response Small Signal Transient Responsa 

Av ~ + 1, Cs ~ 100pF, CLOAD ~ 100pF, 5~sec/DIV Av ~ +1, Cs ~ 100pF, CLDAD ~ 600pF, 5~sec/DlV Av ~ + 1, C, ~ 30pF, CLOAD ~ 100pF, 5~sec/DIV 

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-
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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 

V+ I~ 
'./ OUTPUT '6 7 1 

0' 

v-
/' 



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 ampl ifier. 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. 

LT1008 

The LT1 DOS is specified over a wide range of power
supply voltages from ± 2V to ± 1SV. Operation with 
lower supplies is possible down to ± 1.0V (two Ni-Cad
batteries) . 

Test Circuit for Offset Voltage and its Drift with Temperature 
R1 

• 50k 

+15V 

R2 
100n >--_--Vo 

• RESISTORS MUST HAVE LOW 
THERMOELECTRIC POTENTIAL 

R3 
50k -15V 

Vo ~ 1000 Vas 

•• THIS CIRCUIT IS ALSO USED AS THE BURN-IN 
CONFIGURATION FOR THE LT100B, WITH SUPPLY 
VOLTAGES INCREASED TO ± 20V, R1 =R3= 20k 
R2=200n, Av=100. 

Noise Testing 

The O.1Hz to 10Hz peak-to-peak noise of the LT100S is 
measured in the test circuit shown. The frequency re
sponse of this noise tester indicates that the O.1Hz 
corner is defined by only one zero. The test time to 
measure O.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 0.1 Hz. 

O.1Hz to 10Hz Noise Test Circuit 

O.1eF 

100kn 

• LT100B DEVICE UNDER TEST 

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

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 O.1Hz to 10Hz peak-to-peak noise reading since 
both results are determined by the white noise and the 
location of the 1 If 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. 

. [e2 no - (S20nV)2]'h 
In = 40MQ X 100 

10k 

10M 10M 
100n 

10M 10M 

• METAL 
FILM 
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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 LM 108A1 
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 I ,usec can be realized. For 
closed loop gains in excess of 200, no external com
pensation is necessary, and slew rate increases to 
4V I ,usec. The LT1008 can also be overcompensated 
(Le. C, > 30pF or Cs > 100pF) to improve capacitive 
load handling capability or to narrow noise band-

Inverler Feedforward Compensation 
C2 

5 

R2 
R1 10k 
10k 

INPUT -JV1lv-t---

C1 
500 pF 

C3 J 10 PF 

Follower Feedforward Compensation 

10k 

frffr?>"_- OUTPUT 

1000pF 

• SOURCE RESISTANCE", 15k FOR STABILITY 
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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 l,usec. The 
voltage follower feedforward scheme bypasses the 
amplifier's gain stages and slews at nearly 10V I ,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. 

5"sec/DlVISION 

5"secIDIVISION 
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APPLICATions 
Logarithmic Amplifier 

01A 

+15V 

10k' 
INPUT -"W'v-......... 

R1 
100k 

1~6k T 

30pF 

+ - TEL. LABS, TYPE 081 
• - 1% FILM RESISTOR 
01 - 2N2979 

15.7k

OUTPUT 

Amplifier for Bridge Transducers 
R5 

V+ 
56M 

C1 

1~Jk T 

30pF 

R3 

510k 
>,-_-OUTPUT 

R4 

510k 

R2 R6 
100k 56M 

VOLTAGE GAIN 
~ 100 

"::" 

"::" 

Amplifier For Photodiode Sensor 

R1 
5M 
1% 

Vour - 10V/p.A 

OUTPUT 

L7lJD~ 

01B 124k' 5.1k 
~--1~-----_-""""...--..-"W'v--+15V 

1k+ 

LT1004C 
1.2V 

"::" Low bias current and offset voltage of the LT100a allow 4112 decades 
of voltage input logging. 

Saturated Standard Cell Amplifier 
.------_-+15V 

.4-0UTPUT 

The typical30pA bias current of the LT100a 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 LT100B 

100k 
KELVIN·VARLEY 

DIVIDER 

ESI #DP311 
00000-
99999 + 1 

~'--4_ OUTPUT 

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 Conv~rter 
+15V 

-15V 

ALL DIODES 

OPTIONAL 
22M .01Hz TRIM 

+15V 

1.8k 1000pF (POLYSTYRENE) 

10k 

1N4148 '---------"'-'------11----------+---- O.01Hz to 10kHz 
01% METAL FILM RESISTOR 5pF 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 

2k 
INPUT--....... NV-....... ..., 

o OPTO-MOS SWITCH 
TYPE OFM1A 
THETA-J CORP. 
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1k 

10k 

Ii&>--....... --OUTPUT 

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

The filter's time constant is set by the 2Kn resistor 
and the 1",F capacitor until comparator #1 switches. 
The time constant is then set by the 1.5Mn resistor 
and the 1",F capacitor. Comparator #2 provides a 
quick reset. 

The circuit settles to a final value three times as fast as 
a simple 1.5Mn - 1",F filter, with almost no DC error. 



Fast Precision Inverters 

INPUT 

10k 

1N4148 

10k' 

INPUT 

-15V 

1N4148 (4) 

10k 

10k 

6 OUTPUT 

SLEW RATE @ 100V I"S 

300pF 
+15V 

30pF 

30pF 

SETTLING ~ 5"S TO .01%/10 VOLT STEP 
OFFSET VOLTAGE ~ 30"V 

Ammeter With Six Decade Range 

CURRENT INPUT 

01,02,03, 04, RCA CA3146 TRANSISTOR ARRAY. 
CALIBRATION: ADJUST R1 FOR FULL SCALE 
DEFLECTION WITH 1"A INPUT CURRENT. 

BIAS CURRENT ~ 30pA 
'1% METAL FILM 

10k 

Ammeter measures currents from 100pA to 100}LA 
without the use of expensive high value resistors. Ac
curacy at 100}LA is limited by the offset voltage be
tween 01 and 02 and, at 100pA, by the inverting bias 
current of the LT1008. 

10pA 

100"A 

*1 % METAL FILM 

R1 
2k 

1.2k 

549!l 

549!l 

54911 

54911 

54911 

54911 

LT1008 

10pF 

+15V 

10k -15V 

FULL POWER BANDWIDTH ~ 2MHz 
SLEW RATE ~ 50V I "sec 
SETTLING (10V STEP) ~ 12"S TO 0.01% 
BIAS CURRENT DC ~ 30pA 
OFFSET DRIFT ~ 0.3"V lOG 
OFFSET VOLTAGE ~ 30"V 

10k 
+15V 

LT 1004C-1.2 
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SCHEmATIC DIAGRAm 

PACKAGE DESCRIPTion 
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H Package 
Melal Can 

HOTE: Dlt.ENSIONS N tOES 

J8 Package 
8 Lead Hermetic Dip 

Q.l!9 
0.220 D'I 

Q,40SMAX ~,' t' ~0055"AX 
0.'070 TVP -O,OOSMIN 01ml 

-r--
0.200 

T+· -, 
02000060 Q.l5<l 

~ ~ 
0100BSC·lJ JL~TYP 

TYP 0,014 

'f)' , , 
'I I' 

1/ I' 

~' ~ 
-I 0'-15' --L. Q.Q1§TYP 

0320--I o,ooe 
0290 

HOH. OII.ENSiONS N INGlES LNlSS OTt£RWlSE NOTED 
'LEADSWITHfjO,OQ1OF TRLEPOSiTK)N (TP) AT GAUGE PLANE 

N8 Package 
8 Lead Plastic 

q.'~ =ri ' , 

0060 ~o:~~~o'o~O"" F\"-'" 6Q3ljTYP +O.OQSt.IN 

~ , ... 
OI5'L 
~ ~ i \ 
O.~250~O ~ il ~ 

lJ JL -...I LOO_15.' ..LO.015 TvP 
0.100 esc' Mf1 TYP l.-- Q119 ----J" 0,008 

TYP 0,014 0.290 

NOTE: Dt.IENSIONS" N:HES lH.ESS OTIERWISE NOTED 
'LEAD$WlTttNO.OO1 OF TRLE POSiTION (TP) AT GAi.XlE PLAN:. 



~YUJ~~--F-as-t-±-1-5-0-m-A-po-w-e-~-:-~-~-~~ 
FEATURES 
• 20MHz Bandwidth 
• 7SV I fJ-s Slew Rate 
• Drives ± 10V into 7S0 
• SmA Quiescent Current 
• Drives Capacitive Loads > 1 fJ-F 
• Current and Thermal Limit 
• Operates from Single Supply ~ 4. SV 

APPLICATions 
• Boost Op Amp Output 
• Isolate Capacitive Loads 
• Drive Long Cables 
I!I Video Amplifiers 
• Power Small Motors 
• Operate Proportional Actuators 
• Operational Power Supply 

Isolating Capacitive Loads 

VOUT 

DESCRIPTion 
va a: 
'II 
u: -The LT1 01 0 is a fast, unity-gain buffer that can increase c! 

the output capability of existing IC op amps by more than e 
an order of magnitude. This easy-to-use part makes fast a: 
amplifiers less sensitive to capacitive loading, reduces ..." 
thermal feedback in precision dc amplifiers and is recom- I 
mended for a wide range of fast and slow applications. 0 

;:: 
Designed to be incorporated within the feedback loop, the a: 
buffer can isolate almost any reactive load. I nternal ~ 
operating currents are essentially unaffected by supply or a. 
output voltage, accounting for the 4.SV to 40V supply 0 
voltage range with unchanged specifications. Single- r.. 
supply operation is also practical. ~ 

This monolithic IC is supplied in three standard power 
packages: the solid kovar base TOe5 (TO-39), the steel 
TO-3 and the plastic TO-220. These low thermal resist-
ance packages are an aid in reducing operating junction 
temperatures. With the TO-3 and TO-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. Fu rther, the lower thermal resistance package and 
higher maximum operating temperature of the new 
monolithic circuit allow more usable output. 

Pulse Response 

tL =0'068.~ 

1\ 

r 0.33.F 

If 1\ 
1/ \ 

w -5 

50 100 150 200 
TIME ("s) 
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ABSOLUTE mAXimum RATinGS 
Total Supply Voltage . . . . . . . . . . . . . . . . . . . .. ± 22V 
Continuous Output Current. . . . . . . . . . . . .. ± 150mA 
Continuous Power Dissipation (Note 1) 

LT1010MK ........................... 5.0W 
LT1010CK ........................... 4.0W 
LT1010CT ........................... 4.0W 
LT1010MH .......................... 3.1W 
LT1010CH ........................... 2.5W 

Input Current (Note 2) . . . . . . . . . . . . . . . . .. ± 40mA 
Operating Junction Temperature 

LT1010M ................... -55aCto150aC 
LT1010C ...................... oaCto 125°C 

Storage Temperatu re. . . . . . . . . . . .. - 65 a C to 150 ° C 
Lead Temperature (Soldering, 10 sec.) . ....... 300°C 

PREconDITiOninG 
100% Thermal Limit Burn In 

PACKAGE/ORDER InFORmATion 
ORDER PART 

BOTTOM VIEW NUMBER 

('Q) LT1010MK o ::: 0 V-(CASE} 
_ \e, LT1010CK 

OUTPUT~~BIAS 
STEEL TO-3 PACKAGE 

BOTTOM VIEW 
V+ 

(!) 
LT1010MH INPUT (!) (!) OUTPUT . LT1010CH 

V-(CASE} 

KOVAR BASE TO-39 PACKAGE 

V- FRONT VIEW 

1~IDBj:tF' LT1010CT 

PLASTIC TO-220 PACKAGE 

ELECTRICAL CHARACTERISTICS (See Note 3. Typical values in curves) 

SYMBOL PARAMETER CONDITIONS (NOTE 3) 
LT1010M LT1010C 

UNITS 
MIN MAX MIN MAX 

Vos Output Offset Voltage Note 3 20 110 0 150 mV 

• -10 220 -20 220 mV 
Vs= ±15V. VIN=O 40 90 20 100 mV 

IB Input Bias Current IOUT=O 0 150 0 250 p.A 
lOUT';:; 150mA 0 250 0 500 p.A 

• 0 300 0 800 i'A 
Av Large Signal Voltage Gain • 0.995 1.00 0.995 1.00 V/V 

ROUT Output Resistance IOUT= ± 1mA 6 9 5 10 r! 
IOUT= ±150mA 6 9 5 10 r! 

• 12 12 r! 
Slew Rate Vs= ±15V. VIN = ±10V 

VOUT= ± 8V. RL = 1 00r! 75 75 VIi's 

V;os Positive Saturation Offset Note 4. IOUT=O 1.0 1.0 V 

• 1.1 1.1 V 

Vsos Negative Saturation Offset Note 4. IOUT=O 0.2 0.2 V 

• 0.3 0.3 V 

RSAT Saturation Resistance Note 4. lOUT = ± 150mA 18 22 r! 

• 24 28 r! 

VBIAS Bias Terminal Voltage Note 5, R BIAS = 20r! 750 810 700 840 mV 

• 560 925 560 880 mV 

Is Supply Current IOUT=O,IBIAS=O 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 O. 5V below V - . 

Note 3: Specifications apply for 4. 5V ,; Vs'; 40V, V - + 0.5V,; V,N ,; 

V+ -1.5V and lOUT =0, unless otherwise stated. Temperature range is 
-55°C,;Tj ,;150°C, Tc,;125°C, for the LT1010M and 0°C,;Tj ,;125°C, 
Tc'; 100°C, for the LT1 01 ~C. The. denotes the specifications that 
apply over the full temperature range. 

LT1010 

'" Note 4: The output saturation characteristics are measured with 1 OOmV a: 
output clipping. See applications information for determining available \II 
output swing and input drive requirements for a given load. u:: 
Note 5: With the TO-3 and TO-220 packages, output stage quiescent :::; 
current can be increased by connecting a resistor between the bias pin Q. 
and V +. The increase is equal to the bias terminal voltage divided by this e 
resistance. a:: 

.J 
a:: 
C o 
i= 
a:: 
a: 
\II 
Q. o 

TYPICAL PERFORmAnCE CHARACTERISTICS HI 
50 

40 

N 

'" ?§. 30 
>-
'-' 
15 
=> 

20 fil 
flO 

10 

o 

150 

100 

~ 50 
w 
'" z 
~ 0 
'-' 
w 

~-50 
§; 

-100 

-150 

Bandwidth 

o 

RL =200n 

V 
./ 

5~ -~ ",V 
./ 

V,N=100mVpp 
CL = 100pF 
Av= -3dB 

Tj=25'C 

10 20 30 
QUIESCENT CURRENT (rnA) 

Small-Step Response 

RL=100n 
T,=25'C 

V V 

-,,'"I ~ .. 
Ij~ 

o 10 20 
TIME (ns) 

~ 
ffl s 
5 
w 
en « a: 

40 

§: 
w 
'-' z « 
~ 
;;; 
>-
ii: 
>-=> 
0 

30 

Phase Lag 
50 

I / 
/ 

1/ / 
20 

RL=50n"" / 
/200{J 

10 

V 
/ V 

/ 
/' 

IL 
5 

2 5 10 
FREQUENCY (MHz) 

Output Impedance 
100 

IBIAS 0 
TJ 25'C 

10 

1.0 
0.1 

/ 

1.0 10 
FREQUENCY (MHz) 

CL 100pF 
Rs=50n 
I BIAS=O 

Tj=25'C 

20 

100 

i 
ffl 
S 

5 
w 
en « a: 

Phase Lag 
50 

/ / 
II 

20 
VI 

V 
it;00{J RL=50{J I 

/ V 
10 

CL-100pF 
Rs=501l 

RBIAS=20{J 

5 I / Tj=25'C 

2 5 10 20 
FREQUENCY (MHz) 

Capacitive Loading 
10 Rs-50{J 

IBIAS=O 
Tj = 25 'C ml++--+-+++++I++-.k+++tttH 

V' 

~1111\ 
_ 20 '---'-1...J..J.1 IIJJJ.........J 1\L...W..llJJ.ll.-L...L.U.J..WJ 

0.1 1.0 10 
FREQUENCY (MHz) 

100 
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TYPICAL PERFORmAnCE CHARACTERISTICS 

20 

lS 

10 

~ S 
;5 
~ a 
5 
f= -5 
:::> 

'" -10 

-lS 

-20 

Slew Response 
Vs- ± lSV 
RL=100!l 
Tj=2S'C 
r"lMHz 

~ /' 
\/ 
~ "" ~ I'" 

RBIAS=20!l 

pbSITIVE 

" NEGATIVE 
I ..... 

-so so 100 lS0 200 2S0 
TIME (ns) 

Output Offset Voltage 
200 

VIN=O 

lS0 :;-
s 
w 
co 

~ 100 
~ 
~ 

1£ 
'" so 

V 
V 

o 
-so 

V 
V 

./ 
V+ =38V ./" V-=-2V". 

V ./" 

V" 
.,/V+ =2V 

Vi = -r8V 

o so 100 
TEMPERATURE ('C) 

Voltage Gain 
1.00 

10UT=0 

0.999 
:;-
~ 
z 
~ 

0.998 

-
0.997 

-so 

2-62 

-
r-
~ r-- -

VS='4.SV 

r- -........ r-i'.. 

o so 100 
TEMPERATURE ('C) 

~ 

V 

lS0 

-... 

-
lS0 

400 

300 

100 

o 

200 

so 

Negative Slew Rate 

VS=±lSV 
O",VIN'" -10V 

Rl =20~!l 

/1' ~ 
V /' SOO -:lj /' ./" 

~ 
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APPLICATions InFoRmATion 

General 

These notes briefly describe the L T1 010 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 
buffer design. The op amp drives the output sink tran
sistor, 03, such that the collector current of the output 
follower, Q2, never drops below the quiescent value 
(determined by 11 and the area ratio of 01 and 02). As a 
result, the high frequency response is essentially that of a 
simple follower even when 03 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. 

r-------~--~--V+ 

r----+----/- BIAS 

INPUT 

.-Nv--f-- 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 Ie Buffer Enhances Op Amp Designs; Tames Fast 
Amplifiers", Linear Technology Corp. TP-I, April, 1984. 
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Equivalent Circuit 

Below 1 MHz, the LT1 010 is quite accurately represented 
by the equivalent circuit shown here for both small and 
large signal operation. The internal element, A 1, is an 
idealized buffer with the unloaded gain specified for the 
LT1010. Otherwise, it has zero offset voltage, bias cur
rent and output resistance. Its output also saturates to the 
internal supply terminals. t 

V+ 

MIS R~sts 
Vos ROUT 

INPUT + A1 '>-""Nv- OUTPUT 

R' R' =RSAT-RoUT 

T Vsos 

v-

Loaded voltage gain can be determined from the un
loaded gain, Av, the output resistance, ROUT, and the 
load resistance, RL, using 

AVL = AvRL . 
ROUT+RL 

Maximum positive output swing is given by 

V+ _(V+ -Vsos) RL 
OUT - RSAT + RL 

The input swing required for this output is 

V+ + ~ ROUT\ 
IN=VOUT ~+~J -Vos+.:lVos, 

where .:lVOS is the 100mV clipping specified for the 
saturation measurements. Negative output swing and in
put drive requirements are similarly determined. 
t 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 
O.1J-tF 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 
1 OOmAi J-ts, using 10J-tF 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 10J-tF 
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 TO-39 package, 100°C/W for the TO-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 

LT1010 

'" a: 
\II -u. 
;:j 

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 C 
transistors. This reduces the effective thermal resist- 0 

t= ance, junction to case, to 30°C/W for the TO-39 package ~ 
and 15°C/W for the TO-3 and TO-220 packages, as long a: 
as the peak rating of neither output transistor is ex- ~ 
ceeded. The typical curves indicate the peak dissipation 0 
capabilities of one output transistor. 

Overload Protection 

The LT1 01 0 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 150mA. 

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 TO-39 package. 
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Parallel Operation 

V+ 

~ Is 

>--+--..- Your 

~ alour 

V-

Parallel operation provides reduced output impedance, 
more drive capability and increased frequency response 

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. 

under load. Any number of buffers can be directly Isolating Capacitive Loads 
paralleled as long as the increased dissipation in in-
dividual units caused by mismatches of output resistance 
and offset voltage is taken into account. Rs 

R, 
20k 

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

VOS1-VOS2 
ROUT1 + ROUT2 ' 

.:lIOUT 

where Vos and ROUT 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 
.:lloUT VT, where VT 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. 
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VIN ---'Io1V'v--t----.....-----'IoIV'v----, 

Your 

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

Stability depends upon the RICI time constant, or the 
closed loop bandwidth. With an 80kHz bandwidth, ring
ing is negligible for CL =0.05p.F and damps rapidly for 
CL =0.3p.F. 
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Small signal bandwidth is reduced by Cf, 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. 

Rs 
2k 

.........---.,.----- VOUT 

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 0.3p.F, again determined by RfCf. 

. 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 Cf . 
in the inverter described earlier, as long as the increasing 
closed loop output impedance above the cutoff frequency 

LT1010 

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 RfCf . 

Wideband Amplifiers 

III a:: 
w -u. 
~ 
a. 
e 
a:: 
..J 
a:: 
C o 
i= This simple circuit provides an adjustable gain video a:: 

amplifier which will drive 1V pop into 750. The differential a:: 
pair provides gain, with the LT1 01 0 serving as an output ~ 
stage. Feedback is arranged in the conventional manner, 0 
although the 68p.f - 0.01 combination limits DC gain to 
unity for all gain settings. For applications sensitive to r.. 
NTSC requirements, dropping the 250 output stage bias ... 
value wJII aid performance. 

+15V 

B.2k 250 

TYPICAL SPECIFICATIONS 
1Vp-p INTO 750 
ATA=2 
'''dB TO 10MHz 
3dB DOWN AT 16MHz 
AT A=10 
'''dB TO 4MHz 
-3dB=BMHz 

22~F 

"'>--1---<1"'" OUTPUT (750) 

9000 

is not a problem and the op amp is capable of supplying INPUT 01 02 
2N3B66 

(2) the required current at the summing junction. 1k 
GAIN SET 

5.1k 

-15V 

VOUT 
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Rl 
100 

R2 
800 

Vour 

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 TO-220 packages, behavior can 
be improved by raising the quiescent current with a 200 
resistor from the bias terminal to V+ . Alternately, devices 
in the TO-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 0.02p.F. 

INPUT 

Rl 
400 

R2 
1.6k 

OUTPUT 

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

INPUT 

Rl 
50 

OTHER 
SLAVES 

R3 
800 

R4 
39 .r ........ Wv-~ OUTPUT 1 

R5 
39 

.>---".,....-tOJOUTPUT 2 

The 500 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 L T1 01 0 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. 
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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 Q31evel 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 R1 O. 

INPUT 

v-

LT1010 

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. 

>-+------4""" OUTPUT 

R9 
10k 

R10 

D2' 
6V 

50k R11 
6.2k 

'2N2369 EMITTER BASE JUNCTION 
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Current Sources 

R1 
100k 

0.01% 

R3 
100k 

0.01% 

R2 
100k 

0.01% 

R4 
10 

0.1% 
>-....... Wv-....... -IOUT 

v2__'�M-........ ----JoNIr--------' 
R4 

100k 
0.01% 

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-+--"" 

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. 
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Voltage Regulator 

r-----~----V+ 

R2 
200 

VOUT 

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 R3 and C1. The values given are optimized 
for up to 1J.tF 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 LM 1 0 and the bottom of R2 to a com
mon ground point to avoid ground loop problems. 

Voltage/Current Regulator 

D1 
1N457 

R1 
2k 

Vv 
lV/V 

R3 
20 

>-...-'IWv--+-OUTPUT 
R4 
2k 
0.1% 

R7 

R5 
2k 
0.1% 

R6 
99.8k 
0.1% 

99.8k VI 
0.1% 10mAlV 
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This circuit regulates the output voltage at Vv until the 
load current reaches a value programmed by VI. 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 01, with 02 
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, A 1 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 

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

LT1010 

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 is 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. 

v-

During normal operation, 03 and 04 are not conducting; 
and R1 absorbs any leakage current from the zener 
clamps, 06 and 07. In overload, 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. 

SCHEmATIC DIAGRAm (excluding protection circuits) 

r-~~~--------------~------~~~--V+ 

.-..---~--------+-------f--t---BIAS 

r--+-+----.-.----.-'VI~ OUTPUT 

1--------+---- INPUT 

~~_---+~~~----~--------~--_+~--------~----V-

2-72 



PACKAGE DESCRIPTion 

TO-39 Type Metal Can 
H Package 

n n n..... 0.016-0.019 
~ ______ U, U U -(O.40~:.483) 

DEVICE TJ(MAX) 9JC 
LT1010M 150'C 40'C/W 
LT1010C 125'C 40'C/W 

TO-3 lYpe Metal Can (Steel) 
K Package 

0.525 
i'i3.33) 

MAX 

SEATING 

f PLANE 

0.067 
(Uoij 

0,151-0.161 
(3.835-4.089) 

(~:~~~l R 
2 PLACES 

TO-220 Type Plastic 
T Package 

l 0390-0410 r (9906-1041) 

0100-012.0 
0570-0610 ~ (2540-3048) 

114 48-15491 137'~ ~ 

l[ 
0.355-0.370 

(9.017-9.398 ) 

,.--

+ 

r 1 D 0.880-0,910 
(22.35-2311) IIJ .~. 
~~] 

0062-0.720 j 1---1 L 
(1.574-18.29) ~ 0.030-0040 

(0762-1016) 

0.'70_0.'~8 (4.318-4.572) 

IIP~::' 
0.460-0.500 n 

(11.68-12.70) 0620 U -=--- 0.710 
(15.75) (18.03) 

LT1010 
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~~LTElcnHNeAOI'0G-~~~----------U_10_12 ~, 1..-' IT Picoamp Input Current, 

FEATURES 
• Internally Compensated 
• Guaranteed Offset Voltage 
• Guaranteed Bias Current 

25°C 
-55°C to 125°C 

• Guaranteed Drift 
• O.1Hz to 10Hz 
• Guaranteed Low Supply Current 
• Guaranteed CMRR 
• Guaranteed PSRR 
• Guaranteed Voltage Gain with 5mA 

load current 

APPLICATions 
• Precision instrumentation 
• Charge integrators 

35/lV max. 

100pA max. 
600pA max. 

1.5/lV 1°C max. 
O.5/lVp-p 

600/lA max. 
114 dB min. 
114 db min. 

• Wide dynamic range logarithmic amplifiers 
• Light meters 
• Low frequency active filters 
• Standard cell buffers 
• Thermocouple amplifiers 

Kelvin-Sensed Platinum Temperature Sensor Amplifier 

+10V 

REFERENCE 5K 
R, 

182K 

10M ,., 253K 6.65M R, * 
10~: ~+-----"'I'v--+ ___ -+ ____ t-_"",654'v-K --+~ 

+20V 

200K 

5K 
.-- - -, 4.7SK 
I 

ROS~~~UNT I Rs 100!! I 
OR I 31 I -15V 

Microvolt Offset, 
Low Noise Op Amp 

DESCRIPTiOn 
The LT1012 isan 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. 

Your = lOOmV re 
-50°C to + 150'JG 

Offset Voltage vs Source Resistance 
(Balanced or Unbalanced) 

1000 

I Y 
I I 

I I I /V 
= ,55to,125'C 

./ 

I '25'Y i 

_15V-----'V'392,;y.K ___ EOU_'VA_LENo-:T l:----i O'C I 619K 

L __ J ·WIRE WOUND RESISTORS 

ALL OTHER RESISTORS: I I I I Vs I 
+ 15V=!== 

Positive ieedback {R,) linearizes the in
herent parabolic nonlinearity of the 
platinum sensor and reduces errors 
from 1.2 c C to O.004°C over the 
-50°C to 150"C range. 

H'o METAL FiLM 

RJ al 10QoC for Vo = 10V 

R4 at 50'C for Vo = 5V 

In the order indicated 

1 i ! 
I I 

1k 3k 10k 30k 100k 300k 1M 3M 10M 
SOURCE RESISTANCE (OHMS) 
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LT1012 

ABSOLUTE mAXimum RATinG 
Supply Voltage. . . . . . . . . . . . . . . . . . . . . . .. ± 20V 
Differential Input Current (Note 1). . . . . . . .. ± 10mA 
Input Voltage. . . . . . . . . . . . . . . . . . . . . . . .. ± 20V 
Output Short Circuit Duration. . . . . . . . . .. Indefinite 
Operating Temperature Range 

LT1012M .................. -55°C to 125°C 
LT1012C ...................... O°C to 70°C 

Storage Temperature Range 
All Devices ................. -65°Cto 150°C 

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

PACKAGE/ORDER InFORmATion 

TOP VIEW 

Vas 
TRIM 

V-ICASE) 

METAL CAN H PACKAGE 

TOP VIEW Vos avos TRIM 1. 8 TRIM 

-IN 2 7 V+ 

+IN 3 :;: 6 OUT 

V- 4 5 OVER 
COMP 

PLASTIC DIP N8 PACKAGE 

ORDER PART 
NO. 

LT1012MH 
LT1012CH 

LT1012CN8 

ELECTRICAL CHARACTERISTICS VS = ± 15V. VCM = OV. TA = 25°C. unless otherwise noted. 

LTlO12M LTlO12C 
SYMBOL PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

Vos Input Offset Voltage 8 35 10 50 /iV 
Note 2 20 90 25 120 /iV 

Long Term Input Offset Voltage 
Stability 0.3 0.3 /iV Imonth 

los Input Offset Current 15 100 20 150 pA 
Note 2 25 150 30 200 pA 

18 Input Bias Current ±25 ± 100 ±30 ± 150 pA 
Note 2 +35 +150 ±40 +200 pA 

en Input Noise Voltage O.lHz to 10Hz 0.5 0.5 /iVp-p 
en Input Noise Voltage Density fo ~ 10Hz (Note 3) 17 30 17 30 nVvHz 

fo ~ 1000Hz (Note 4) 14 22 14 22 nVvHz 

in Input Noise Current Density fo ~ 10Hz 20 20 fAlvHz 

AVOL Large Signal Voltage Gain VOUT ~ ± 12V. RL ;;> lOkn 300 2000 200 2000 V/mV 
VOUT ~ + 10V. RL ;;> 2kn 200 1000 120 1000 V/mV 

CMRR Common Mode Rejection Ratio VCM ~ + 13.5V 114 132 110 132 dB 
PSRR Power Supply Rejection Ratio Vs ~ ±2Vto ±20V 114 132 110 132 dB 

Input Voltage Range ± 13.5 ±14.0 ± 13.5 ± 14.0 V 
VOUT Output Voltage Swing RL ~ 10kn ±13 ±14 ±13 ±14 V 

Slew Rate 0.1 0.2 0.1 0.2 VI/isec 
Is Supply Current Note 2 380 600 380 600 /iA 
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ELECTRICAL CHARACTERISTICS VS = ± 15V, VCM = OV, DoC < TA < 70°C for the lT1012C and 
-55°C < TA < 125°C for the LT1012M, unless otherwise noted. 

lTlO12M lTlO12C 
SYMBOL PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

Vos Input Offset Voltage • 30 180 20 120 ILV 
Note 2 • 40 250 30 200 ILV 

Average Temperature Coefficient of 
Input Offset Voltage • 0.2 1.5 0.2 1.5 ILV/oC 

los Input Offset Current • 30 250 20 230 pA 
Note 2 • 70 350 40 300 pA 

Average Temperature Coefficient of 
Input Offset Current • 0.3 2.5 0.3 2.5 pA/oC 

IB Input Bias Current • ±80 ±600 ±35 ±230 pA 
Note 2 • ±150 ±BOO ±50 ±300 pA 

Average Temperature Coefficient of 
Input Bias Current • 0.6 6.0 0.3 2.5 pA/oC 

AvoL Large Signal Voltage Gain Your ~ ± 12V, RL ~ 10kll • 150 1000 150 1500 V/mV 
Your ~ + 10V, RL ~ 2kll • 100 600 100 800 V/mV 

CMRR Common Mode Rejection Ratio VCM ~ ± 13.5V • 108 128 108 130 dB 

PSRR Power Supply Rejection Ratio Vs ~ ±2.5V to ±20V • 108 126 108 128 dB 

Input Voltage Range • ±13.5 ±13.5 V 

Your Output Voltage Swing RL ~ 10kll • ±13 ±14 ±13 ±14 V 

Is Supply Current • 400 800 400 800 ILA 

The. denotes the specifications which apply over the full operating temperature range. 
Note 1: Differential input voltages greater than IV will cause excessive current to flow through the input protection diodes unless limiting resistance is 
used. 
Note 2: These specifications apply for ± 2V .:;; Vs .:;; ± 20V (± 2.5V .:;; Vs .:;; ± 20V over the temperature range) and -13.5V .:;; VCM .:;; 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. 

Optional Offset Nulling and 
Over-Compensation Circuits 

OUTPUT 

v-

Input offset voltage can be adjusted 
over a ± 800,uV range with a 5k to 
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 
to stabilize circuits with gain in the 
feedback loop. 
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TYPICAL PERFORmAnCE CHARACTERISTICS 
Typical Distribution of 
Input Offset Voltage 

200 ,-..-.,---r--,-,---,-,-,-.,--, 

160 

~ 
~ 120 f-+-+--+---1-flI:" 
"o 
a: 
~ ::;; 80 f-+-+--+--11i!-'44;s"j-f-+-1 
=> z 

; 
~ 
2 
W 
oc 
oc 
~ 

" '" 

40 

100 

50 

~ -50 
~ 
~ 

2 

-100 

-150 

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

Input BIas Current vs Temperature 

j'--... UNDERCANCELLED UNIT 

-k 
OVERCANCELLED UNIT' " 

-....- r-..... '" " "\ 

-50 -25 0 25 5D 75 100 125 
TEMPERATURE 1°C) 

Warm-Up Drift 

I 
Vs ~ ±15V 

i---TA ~ 25'C -

METAL CAN (H) PACKAGE-

/ DUAL-IN-LiNE PACKAGE 

V 
PLASTIC (N) OR CERDIP (J)-

1 2 3 4 
TIME AFTER POWER ON (MINUTES) 
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Typical Distribution of 
Input Bias Current 

200 ,--;-,--r--,-,-------,-,-.,--, 
-+--+--,-_1020 UNITS 

160 -l---+iH-
FROM THREE 
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~ 120 f-+--L--"-+-
"o 
ffi 
~ 80 I---t----:-~_+_ 
=> z 

40 f-l--l--t--.;; 

60 

40 

-40 

-60 

-120 -60 0 60 120 
INPUT BIAS CURRENT (PICOAMPS) 

Input Bias Current Over 
Common Mode Range 

Vs - ± 15V 

I I TA ~ 25'C 

DE~'CE WITH POSITIVE INPUT CURRENT 

--r- I I 
RIN eM, ~ 2 x, 10"0 

DEVICE WITH NEGATIVE INPUT CURRENT 
, - ~ VCM B + 
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COMMON-MODE INPUT VOLTAGE 

Long Term Stability of Four 
Representative Units 
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40 

Typical Distribution of 
Input Offset Current 
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INPUT OFFSET CURRENT (PICOAMPS) 

Offset Voltage Drift vs Source 
G Resistance (Balanced or Unbalanced) 
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SOURCE RESISTANCE (OHMS) 

Offset Voltage Drift with Temperature 
of Four Representative Units 
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TYPICAL PERFORmAnCE CHARACTERISTICS 
0.1 Hz to 10Hz Noise 

TA= 25°C 
z Vs±2V to ±20V 
Bll----+--+---+--t---j 
'> c 
~f--+----'-+---+--'---+---rl g ... 
u.J 

'" ~f---'W'--'ffl--'-'--'---+--j 
§; 
u.J 
en 
~f--+--+---+---+--j 

4 6 10 
TIME (SECONDS) 

Supply Current vs Supply Voltage 
500 

I 

I 
:;: I ...:. I >-
ijj 
a: a: 
::0 
'-' 

~ 
::0 
en 

400 

300 
a 

I 

25'C I 
125'C 

-55'C I I 

I 
I I 

I 
±5V ±10V ±15V ±20V 

SUPPLY VOLTAGE 

Voltaga Gain vs Frequency 
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120 l-t-.... 

100 1'. 
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Vs ~ ±15V f\. 
-T, ~ 25'C r'\. 
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::!. 80 z 

'" '" 60 u.J 

'" « 
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0.01 0.1 1 10 100 lk 10k lOOk 1M 10M 
FREQUENCY (Hz) 

Noise Spectrum 
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Vs - ± 15V 
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T, ~ 25'C 

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

Gain. Phase Shill vs Frequency 
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LT 1012 

Total Noise vs Source Resistance 
10.0 

T, 25'C I 
IAT10H~ Vs~ ±2Vto ±20V, 
I AT lkH,z J I 

~R _ 

r~ L 
R Rs~2RI ~ 

AT 10Hz 
AT 1kHz A?'RESISTOR NOISE-j----

V ONLY , 

0.010' la' 10' 105 10' 107 la' 
SOURCE RESISTANCE (OHMS) 

Power Supply ReJeclion vs Frequency 
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;:: 
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a: 

~ 60r--,-i--+~~~ __ +---1 
::0 
en 
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~ 
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0.1 

Voltage Gain vs Load Resistance 
10M 

3M -55'C 

z !-"'" 
'" '" u.J 

'" 1M « 
'3 

V- ........ 25'C 

/ 
125'C 

§; 

300k 
/ I 

1 Vs ± 15V 

lOOk 
1 

Vo ~ ± 10V 

10 
LOAD RESISTANCE (k!!) 

20 
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Small Signal Transient Response Small Signal Transient Response Large Signal Transient Response 

z 
o 
en 
:> c 

i 
'" 

"" ~ + 1, ClOAO ~ 100pF,5psec/DIV "" ~ + 1, ClOAO ~ 1000pF, 5"sec/DIV "" ~ + 1, 20"sec/DIV 

Output Short Circuit Current 
vs Time 

Slew Rate, Gain Bandwidth Product vs 
Over-Compensation Capacitor Closed Loop Output Impedance 
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ril 15 
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-55'C 
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Vs ~ ± 15V 
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55'C 

" ~ 0.1 
SLEW 
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!;c 
a: 
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~ 0.01 Vs - + 15V 
en TA - 25'C 

11111 

GBW 

I .... 

w 
'-' 

~ 
w 
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;;!! 
.... 

100 I--+-+---:;;;;¥==i==i 

~ 0.1 ~----t---+-----oI'9--jr----j 
=> o 

0.01 

-20 
V II111111 0.001 1 
o 1 1 10 100 1000 10,000 10 100 lk 10k lOOk 

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 L T1012 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/Microvoll 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-
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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+ I~ 
OUTPUT, ~7 8 I' 

OVERCOMP 0 5 ~~ 
~4 3 ... ", 

~ ~i' v-
GUARD 



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 / J,Lsec. 

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-

LT 10 12 

'" CIC 
tion, when the input is driven by a fast, large signal ~ 
pulse (> 1V), the input protection diodes effectively !!: 

.J 
short the output to the input during slewing, and a cur- Q. 
rent, limited only by the output short circuit protection e 
will flow through the diodes. a:: 

.J 

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 Drill with Temperature 

R2 
1000 

R3 
50k 

R1 
·50k 

+ 15V 

-15V 

Va ~ 1000 Vas 

>,---4--- Va 

• RESISTORS MUST HAVE LOW 
THERMOELECTRIC POTENTIAL 

• • THIS CIRCUIT IS ALSO USED AS THE BURN·IN 
CONFIGURATION FOR THE LT1012. WITH SUPPLY 
VOLTAGES INCREASED TO :20V. R1 =R3=20k. 
R2 = 2000. Av= 100. 

Follower Feedforward Compensation 

50pF 

;;:J!l~,.::....j~OUTPUT 

INPUT --"N"-___ ""i 
5k 

Pulse Response of Feedforward Compensation 
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TYPICAL APPLICATions 

Resistor Multiplier 

R,"=:..-_-.-...::. 
lG!! 

R, 
10M 

R2 
lk 

R3 
lOOk 

Instrumentation Amplifier 
with ± 100 Vall Common Mode Range 

10M 10011 

100M 

INPUT 
100M 

+---"M-...... ....:. 

REFERENCE 
IN 

0.1V to tOV 

10M -15V All Resistors 1% or better 

+ 

R, 
lk 

Air Flow Detector 

I 
I 

COLO 
JUNCTION 
AT AMBIENT 

Mount R, in airflow. 

+15V 

-15V 

OUTPUT 

Adjust R2 so output goes high when airflow stops. 
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INPUT 

1000V 
10k 

"No Trims" 12 bit Multiplying DAC Output Amplifier 

r-____ ......L...;R',EEDBACK 

/ 
/ 

/ 

12 bit CMOS 
MULTIPLYING 

DAC 

When the reference input drops to 
O.lV. the least significant bit decreases 
to the microvoltlpicoampere range. 

Low Power Comparator with < lOIN Hysteresis 

I 
I 

/ 

-5V 

Input Amplifier for 4% Digit Voltmeter 

,-----------------7 
/ I 

I I 
/ I 

I I 
/ +15V I 

lOOk 

5% 

• RATIO MATCH ± .01% 

/ 

TO lV FULL SCALE 
ANALOG TO DIGITAL 
CONVERTER 

FN507 This application requires low bias current and offset 
voltage. low noise. and low drift with time and 
temperature. 

ALLEN BRADLEY 
DECADE VOLTAGE DIVIDER 



TYPICAL APPLICATions 

alA 

+15V 

10k' 
INPUT -""",'-"-""i 

+ 

15.7k* 

OUTPUT 

-= 
+ TEL. LABS, TYPE 081 
* 1% FILM RESISTOR 
01 2N2979 

Saturated Standard Cell Amplifier 

>= __ - OUTPUT 

1.018235V -15V 
SATURATED 
STANDARD 
CELL 

R2 
#101 
EPPLEY LABS Rl 
NEWPORT, R.I. 

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. 

Amplifier For Photodiode Sensor 

Rl 
5M 
1% 

OUTPUT 

LT10l2 

Logarithmic Amplifier 

lk+ 

alB 124k * 5.1k 
~--<p-------t---'lN.--....... -"NI.--+15V 

-= 

Rl 
lOOk 

LT·l004 
1.2V 

Low bias current and offset voltage of the LT1012 allow 4'12 decades 
of voltage input logging. 

Amplifier for Bridge Transducers 

~--_v+ 

R3 

510k 

R4 

510k 

R2 
lOOk 

R6 
56M 

R5 
56M 

VOLTAGE GAIN 
~ 100 

Buffered Reference 
for A to D Converters 

+15--~~P-----------~-------------, 

7k 
200 

3k 
.... --------"'V\i"r----------+- OUTPUT 

10V 
Ik 

* THE I K PRELOAD 
lk MINIMIZES GLITCHES -=-

INDUCED BY TRANSIENT 
LOADS 
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TYPICAL APPLICATions 
1Hz to 1MHz Voltage to Frequency Converter 

1.8k 
+15V--~~-,-------, 

5k 

INPUT 22.1k 
o to 10V (metal film) 

10k 

+15V 

10k 
299k 

1684 
LTt004 

-1.2 

186 

+ YSI #44007 
COLD JUNCTION 
COMPENSATION ± 1 'C 
OVER 0 to 60'C 
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lk 

1000pF 

Thermocouple Thermometer 

3.8k 1M 

1.8k 

1.8k 

-15V lOOk 

200k 

-15V 

!1Il!>'--..... - OUTPUT 
10mV/'C 

r--.--+ 15V 

10pF 

All diodes: lN4148 

The LT1012 provides DC stabilization 
for the 356 integrator, allowing 120dB 
dynamic range. No offset trim is 
required. 

1.8k 

Charge Amplifier for 
Piezoelectric Transducers 

10k 

10k 



Fast Precision Inverters 

10k' 

INPUT 

-15V 

1N4148 (4) 

300pF 

10k 

INPUT 

10k' 

SLEW RATE @ 100V I"S 

10k 

300pF 
+15V 

10k SETILING ~ 5~S TO .01%/10 VOLT STEP 
OFFSET VOLTAGE ~ 30~V 

-15V BIAS CURRENT ~ 30pA 
*1% METAL FILM 

Ammeter With Six Decade Range 

10k 
--~"""'~~'"I 

CURRENT INPUT 

01,02,03,04, RCA CA3146 TRANSISTOR ARRAY. 
CALIBRATION: ADJUST R1 FOR FULL SCALE 
DEFLECTION WITH 1~A INPUT CURRENT. 

Ammeter measures currents from 100pA to 100~A 
without the use of expensive high value resistors. Ac
curacy at 100~A is limited by the offset voltage be
tween 01 and 02 and. at 100pA. by the inverting bias 
current of the LT1012. 

LT 1012 

10k' 

10pF 

1N4148 

+15V 

10k -15V 

'1% METAL FILM FULL POWER BANDWIDTH ~ 2MHz 
SLEW RATE ~ 50V 1 "sec 
SETTLING (10V STEP) ~ 12"S TO 0,01% 
BIAS CURRENT DC ~ 30pA 
OFFSET DRIFT ~ 0.3"V 1°C 
OFFSET VOLTAGE ~ 30" V 

10k ,...--_-_--_9_-"""""- +15V 

R1 
2k 

1.2k 

LT1004C 
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SCHEmATIC DIAGRAm 

PACKAGE DESCRIPTion 
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H Package 
Metal Can 

NOTE OIUENSI(lNSININCHES 

N8 Package 
8 Lead Plastic 
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.---L 0280 
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a 175 

T +- -. 
0130 0145 
0i25 0,020 0Ti5 
~ --L 

OIOOBSC.lj JL002J TP 
TYP 0014 Y 

:A·j~7'5 
, , 
I, I' 

e " -I Lao_IS" --.J~Q..Q.!iTYP 
~0310----..:) OOOB 

5296 

NOTt DIMENSIONS IN INCHES UNLESS OTHERWISE NOTm 

'LEAOSWITHlN0007QFTRtlPOSITION(TPIATGAIJG£PLA"'" 

v+ 

OUTPUT 



L.7L1nLJ\D LT10l3/LT10l4 
TECHNO• 'OG-~v~----

'-' I T Quad Precision Op Amp (LT1014) 

FEATURES 
• Single Supply Operation 

Input Voltage Range Extends to Ground 
Output Swings to Ground while Sinking Current 

• Pin Compatible to 1458 and 324 with Precision Specs 
• Guaranteed Offset Voltage 150p.V Max. 
• Guaranteed Low Drift 2p.V 1°C Max. 
• Guaranteed Offset Current 0.8nA Max. 
• Guaranteed High Gain 

5mA Load Current 1.5 Million Min. 
1?mA Load Current 0.8 Million Min. 

• Guaranteed Low Supply Current 500p.A Max. 
• Low Voltage NOise, 0.1 Hz to 10Hz 0.55p.Vp-p 
• Low Current Noise-Better than OP-O?, O.O? pA/..JHZ 

APPLICATions 
• Battery-Powered Precision Instrumentation 

Strain Gauge Signal Conditioners 
Thermocouple Amplifiers 
I nstrumentation Amplifiers 

• 4mA-20mA Current Loop Transmitters 
• Multiple Limit Threshold Detection 
• Active Filters 
• Multiple Gain Blocks 

3 Channel Thermocouple Thermometer 
4k 1M 

3k 

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 14156 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 50p.V, drift of 0.3p.V 1°C, 
offset current of 0.15nA, gain of 8 million, common-mode 
rejection of 11?dB, 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 350p.A per amplifier, a new 
output stage design sources and sinks in excess of 20mA of 
load current, while retaining high voltage gain. 
Similarly, the LT1 013 is the first preciSion dual op amp in 
the 8-pin industry standard configuration, upgrading the 
performance of such popular devices as the MC14581 
1558, LM158 and OP-221. The LT1013's specifications 
are similar to (even somewhat better than) the LT1 014's. 

Both the LT1 013 and LT1 014 can be operated off asingle 
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. 

L T1 014 Distribution of Offset Voltage 

600 

500 
1 OUTPUT A 

10mV/oC 400 

2060 Uk 

4k 

USE TYPE K THERMOCOUPLES. ALL RESISTORS ~ 1 % FILM. 
COLO JUNCTION COMPENSATION ACCURATE 
TO ± FC FROM O°C-WC. 
USE 4TH AMPLIFIER FOR OUTPUT C. 

1M 

7 OUTPUT B 
10mV/oC 

300 f---t----1 

200 f-----t--

100 

o 
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LT1013/LT1014 

ABSOLUTE mAXimum RATinGS 
Supply Voltage. . . . . . . . . . . . . . . . . . . . . . . .. ± 22V 
Differential I nput Voltage. . . . . . . . . . . . . . . . .. ± 30V 
Input Voltage ........ Equal to Positive Supply Voltage 

...... 5V Below Negative Supply Voltage 
Output Short Circuit Duration ............. Indefinite 
Operating Temperature Range 

LT1013AM/LT1013MI 
LT1014AMILT1014M ......... -55°Cto 125°C 
LT1013AC/1013C/1013D 
LT1014AC/1014C/1014D ......... O°Ct070°C 

Storage Temperature Range 
All Grades. . . . . . . . . . . . . . . . . .. - 65°C to 150°C 

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

ELECTRICAL CHARACTERISTICS 
Vs= ±15V, VCM=OV, TA=25°C unless otherwise noted 

SYMBOL PARAMETER CONDITIONS 

Vos Input Offset Voltage LT1013 
LT1014 
LT1013DNB/LT1014DN 

Long Term Input Offset Voltage 
Stability 

los Input Offset Current 

la Input Bias Current 

en I nput Noise Voltage 0.1Hz to 10Hz 

en I nput Noise Voltage Density fo=10Hz 
fo=1000Hz 

in Input Noise Current Density fo,=10Hz 

Input Resistance-Differential (Note 1) 
Common-Mode 
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PACKAGE/ORDER InFORmATiOn 

MIN 

-
-
-

-

-

-

-
-
-

-
100 
-

V+ 

4 
v- (CASE) 

METAL CAN H PACKAGE 

TOP VIEW 

HERMETIC DIP J8 PACKAGE 
PLASTIC DIP N8 PACKAGE 

TOP VIEW 

HERMETIC DIP J14 PACKAGE 
PLASTIC DIP N14 PACKAGE 

ORDER PART 
NUMBER 

LT1013AMH 
LT1013MH 
LT1013ACH 
LT1013CH 

LT1013AMJ8 
LT1013MJ8 
LT1013ACJ8 
LT1013CJ8 
LT1013CN8 
LT1013DN8 

LT1014AMJ 
LT1014MJ 
LT1014ACJ 
LT1014CJ 
LT1014CN 
LT1014DN 

LT1013AM LT1013M/LT1013C 
LT1013AC LT10130NB 
LT1014AM LT1014M/LT1014C UNITS 
LT1014AC LT10140N 

TYP MAX MIN TYP MAX 

40 150 - 60 300 ,.V 
50 1BO - 60 300 ,.V 
- - - 200 BOO ,.V 
0.4 - - 0.5 - ,.VIMo. 

0.15 O.B - 0.2 1.5 nA 

12 20 - 15 30 nA 

0.55 - - 0.55 - ,.Vp-p 
24 - - 24 - nVlv'Hz 
22 - - 22 - nVlv'Hz 

0.07 - - 0.07 - pA/v'Hz 

400 - 70 300 - MO 
5 - - 4 - GO 



ELECTRICAL CHARACTERISTICS 
VS= ±15V, VCM=OV, TA=25°C unless otherwise noted 

SYMBOL PARAMETER CONDITIONS 

AVOL Large Signal Voltage Gain Vo=±10V, RL=2k 
Vo= ± 10V, RL =60011 

Input Voltage Range 

CMRR Common-Mode Rejection Ratio VCM = +13.5V, -15.0V 
PSRR Power Supply Rejection Ratio Vs=±2Vto ±18V 

Channel Separation Vo=±10V, RL=2k 
VOUT Output Voltage Swing RL =2k 

Slew Rate 

Is Supply Current Per Amplifier 

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 LTl014s (or 100 
LT1013s) typically 240 op amps (or 120) will be better than the in
dicated specification. 

ELECTRICAL CHARACTERISTICS 

LT1013AM 
LT1013AC 
LT1014AM 
LT1014AC 

MIN TYP 

1.5 8.0 
0.8 2.5 

+13.5 +13.8 
-15.0 -15.3 

100 117 

103 120 
123 140 

±13 ±14 
0.2 0.4 

- 0.35 

vt= +5V, VS=OV, VOUT=1.4V, VCM=OV, TA=25°C unless otherwise noted 

LT1013AM 
LT1013AC 

SYMBOL PARAMETER CONDITIONS LT1014AM 
LT1014AC 

MIN TYP 

Vos Input Offset Voltage LT1013 - 60 
LT1014 - 70 
LT1013DN8/LT1014DN - -

los Input Offset Current - 0.2 

IB Input Bias Current - 15 

AVOL Large Signal Voltage Gain Va = 5mV to 4V, RL = 50011 - 1.0 
Input Voltage Range +3.5 +3.8 

0 -0.3 
VOUT Output Voltage Swing Output Low. No Load - 15 

Output Low, 60011 to Ground - 5 
Output Low, I SINK = 1 mA - 220 
Output High, No Load 4.0 4.4 
Output High, 60011 to Ground 3.4 4.0 

Is Supply Current Per Amplifier - 0.31 

MAX 

-
-
-
-
-
-
-
-
-
0.50 

MAX 

250 
280 
-
1.3 

35 
-
-
-
25 
10 
350 
-
-

0.45 

LT1013/LT1014 

LT1013M/LT1013C 
LT1013DNB 

L T1 014M I L T1 014C UNITS 
LT1014DN 

MIN TYP MAX 

1.2 7.0 - V/p.V 
0.5 2.0 - V/p.V 

+13.5 +13.8 - V 
-15.0 -15.3 - V 

97 114 - dB 
100 117 - dB 
120 137 - dB 

± 12.5 ±14 - V 
0.2 0.4 - V/p.S 

- 0.35 0.55 mA 

LT1013M/LT1013C 
LT1013DN8 

LT1014M/LT1014C UNITS 
LT1014DN 

MIN TYP MAX 

- 90 450 p.V 
- 90 450 p.V 
- 250 950 p.V 
- 0.3 2.0 nA 
- 18 50 nA 
- 1.0 - V/p.V 

+3.5 +3.8 - V 
0 -0.3 - V 
- 15 25 mV 
- 5 10 mV 
- 220 350 mV 
4.0 4.4 - V 
3.4 4.0 - V 

- 0.32 0.50 mA 
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LT1013/LT1014 

ELECTRICAL CHARACTERISTICS Vs= ±15V, VCM=OV, -55°CsTAS125°C unless otherwise noted 

LT1013AM LT1014AM LT1013M/LT1014M 
SYMBOL PARAMETER CONDITIDNS 

MAX MIN TYP MAX MIN TYP MAX MIN TYP 

Vas Input Offset Voltage • - 80 300 - 90 350 - 110 550 
Vs= +5V, OV; Vo= +1.4V 
-55°CsTAs100°C • - 80 450 - 90 480 - 100 750 
VcM =O.1V, TA=125°C - 120 450 - 150 480 - 200 750 
VCM=OV, TA=125°C - 250 900 - 300 960 - 400 1500 

I nput Offset Voltage Drift (Note 2) • - 0.4 2.0 - 0.4 2.0 - 0.5 2.5 

los I nput Offset Current • - 0.3 2.5 - 0.3 2.8 - 0.4 5.0 
Vs= +5V, OV; Vo= +1.4V • - 0.6 6.0 - 0.7 7.0 - 0.9 10.0 

Is Input Bias Current • - 15 30 - 15 30 - 18 45 
Vs= +5V, OV; Vo= +1.4V • - 20 80 - 25 90 - 28 120 

AYOL Large Signal Voltage Va= ±10V, RL=2k • 0.5 2.0 - 0.4 2.0 - 0.25 2.0 -
Gain 

CMRR Common-Mode Rejection VCM = +13.0V, -14.9V • 97 114 - 96 114 - 94 113 -
PSRR Power Supply Rejection Vs= ±2V to ± 18V • 100 117 - 100 117 - 97 116 -

Ratio 

VOUT Output Voltage Swing RL =2k • ±12 ±13.8 - ±12 ±13.8 - ±11.5 ±13.8 -
Vs= +5V, OV; 
RL = 6000 to Ground 
Output Low • - 6 15 - 6 15 - 6 18 
Output High • 3.2 3.8 - 3.2 3.8 - 3.1 3.8 -

Is Supply Current • - 0.38 0.60 - 0.38 0.60 - 0.38 0.7 
Per Amplifier Vs= +5V, OV; Vo= +1.4V • - 0.34 0.55 - 0.34 0.55 - 0.34 0.65 

ELECTRICAL CHARACTERISTICS Vs= ±15V, VCM=OV, O°CsTAS70°C unless otherwise noted 

SYMBOL PARAMETER CONDITIONS 

Vas Input Offset Voltage • L T1 013DN8, L T1 014DN • Vs= +5V, OV; Vo=1.4V • LT10130N8, LT1014DN • 
Average I nput Offset (Note 2) • Voltage Drift LT1013DN. LT1014DN • 

los Input Offset Current • Vs= +5V, OV; Vo=1.4V • 
18 Input Bias Current • Vs= +5V, OV; Vo= 1.4V • 
AYOL Large Signal Voltage Gain Vo= ± 10V, RL =2k • 
CMRR Common-Mode Rejection VCM = +13.0V, -15.0V • Ratio 
PSRR Power Supply Rejection Vs=±2Vto ±18V • Ratio 

VOUT Output Voltage Swing RL =2k • 
Vs= +5V. OV; RL =6000 

Output Low • Output High • 
Is Supply Current per • Amplifier Vs= +5V, OV; Vo=1.4V • 
Note 2: This parameter is not 100% tested. 
The. denotes the specifications which apply over the full operating 
temperature range. 
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LT1013AC 

MIN TYP MAX 

- 55 240 
- - -
- 75 350 
- - -
- 0.3 2.0 
- - -
- 0.2 1.5 
- 0.4 3.5 
- 13 25 
- 18 55 
1.0 5.0 -
98 116 -

101 119 -

±12.5 ±13.9 -

- 6 13 
3.3 3.9 -
- 0.36 0.55 
- 0.32 0.50 

LT1014AC L T1 013C I L T1 013DN8 
LT1014C/LT1014DN 

MIN TYP MAX MIN TYP MAX 

- 65 270 - 80 400 
- - - - 230 1000 
- 85 380 - 110 570 
- - - - 280 1200 
- 0.3 2.0 - 0.4 2.5 
- - - - 0.7 5.0 
- 0.2 1.7 - 0.3 2.8 
- 0.4 4.0 - 0.5 6.0 
- 13 25 - 16 38 
- 20 60 - 24 90 
1.0 5.0 - 0.7 4.0 -

98 116 - 94 113 -

101 119 - 97 116 -

± 12.5 ± 13.9 - ±12.0 ±13.9 -

- 6 13 - 6 13 
3.3 3.9 - 3.2 3.9 -

- 0.36 0.55 - 0.37 0.60 
- 0.32 0.50 - 0.34 0.55 

UNITS 

p.V 

p.V 
p.V 
p.V 

p.V/oC 

nA 
nA 
nA 
nA 

V/p.V 

dB 
dB 

V 

mV 
V 

mA 
rnA 

UNITS 

p.V 
p.V 
p.V 
p.V 

p.V/oC 
p.V;oC 

nA 
nA 
nA 
nA 

V/p.V 

dB 

dB 

V 

mV 
V 

rnA 
rnA 



TYPICAL PERFORmAnCE CHARACTERISTICS 
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LT1013/LT1014 

Warm-Up Drift 

Vs= ± 15V 
TA=25'C 
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LT1013/LT1014 

TYPICAL PERFORmAnCE CHARACTERISTICS 
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TYPICAL PERFORmAnCE CHARACTERISTICS 
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APPLICATions InFORmATion 
Single Supply Operation 

80 
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180 ~ 
en 

200 -

The LT1 0131 1 014 are 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 output. The LT1 0131 LT1 014 have specific cir
cuitry which addresses these problems, 

At the input, the driving signal can fall below OV-inad
vertently or on a transient basis, If the input is more than 

z 

Channel Separation vs 
Frequency 

160 r------r---,---,--,-----, 

~ !120 

! 
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z 
=i§ 
'-' 80f----+-~~~-~__j 

60~~ _ _L_~_L_~ 
10 100 1k 10k 100k 1M 

FREQUENCY (Hz) 

a few hundred millivolts below ground, two distinct prob
lems can occur on previous single supply designs, such 
as the LM 124, LM 158, 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 LT1 0131 1014, the 4000 resistors, in series with the 
input (see schematic diagram), protect the devices even 
when the input is 5V below ground, 
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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 circu itry does not fu nction: 
when the other op amp on the LT1013, or one specific 
amplifier of the other three on the LT1 014, 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. 8's and C's 
outputs have no effect. 
8 when C's output is in negative saturation. A's and D's 
outputs have no effect. 
C when 8's output is in negative saturation. A's and D's 
outputs have no effect. 
D when A's output is in negative saturation. 8'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 
swingir,g to ground (LM124, LM158). The LT10131 
1014's all-NPN output stage maintains its low output 
resistance and high gain characteristics until the output 
is satu rated. 

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 
LT1 0131 1 014 can perform multiple duties; for example, 
on the L T1 014, 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 

2-94 

4V 

2V 

OV 

6Vp·p INPUT. -1.5V TO 4.5V 

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

LM324. LM358. OP'20 
EXHIBIT OUTPUT PHASE 

REVERSAL 

i 100 

~ 
'" 

4V 

2V 

OV 

LT1013/LT1014 
NO PHASE REVERSAL 

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

VS=5V.OV 50J'S/DIV 



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 290~, 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. 

TYPICAL APPLICATiOnS 

INPUT 
300mV -
10Vrms 

GRN 

+5V 

30k" 
10k 

50MHz Thermal rms to DC Converter 

100k" 

30k" 

GRN 

2% ACCURACY, OC-50MHz. 
100:1 CREST FACTOR CAPABILITY. 

*0.1 % RESISTOR. ':" 

10k" 

T1-T2=YELLOW SPRINGS INST CD. THERMISTOR COMPOSITE #44018. 
ENCLOSE 11 AND T2 IN STYROFOAM. 
7.5mW DISSIPATION. 

DV-4V 
OUTPUT 

LT1013/LT1014 

Test Circuit for Offset Voltage and 
Offset Drift with Temperature 

50k" 

+15V 

50k" -15V 

"::" "RESISTORS MUST HAVE LOW 
THERMOELECTRIC POTENTIAL. 

""THIS CIRCUIT IS ALSO USED AS THE BURN·IN 
CONFIGURATION, WITH SUPPLY VOLTAGES 
INCREASED TO ± 20V. 
Vo=1000Vos 

5V Single Supply Dual Instrumentation Amplifier 

OUTPUT A 

R2 

R1 

112IJ1(\13'>~DUTPUT B 

OFFSET = 15D,V 

GAIN=~+l. 
CMRR=120dB. 

R2 

R1 

COMMON·MODE RANGE IS OV TO 5V. 

2-95 
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LT1013/LT1014 

TYPICAL APPLICATions 

170 
1W 

2-96 

#318 

Hot Wire Anemometer 

REMOVE LAMP'S GLASS ENVELOPE FROM 328 LAMP. 
A1 SERVOS #318 LAMP TO CONSTANT TEMPERATURE. 
A1-A3 FURNISH LINEAR OUTPUT vs FLOW RATE. 

*1 % RESISTOR. 

Liquid Flowmeter 

3.2k" 

3.2k" 

15:!15V 

DALE 

HL-15 "::" 

1M' 

1DDk 1N4148 

+ r 
4.7k 

OUTPUT 
1--~>--OHz-300Hz~ 

0-300ML/MIN 

T1 15nHEATER RESISTOR T1 

FLOW-~'/"####"j/~- FLOW 

~~ 0 0 

'1% FILM RESISTOR. 
"SUPPLIED WITH YSI THERMISTOR NETWORK. 

T1, T1 YSI THERMISTOR NETWORK~ #44101. 
FLOW IN PIPE IS INVERSELY PROPORTIONAL TO 
RESISTANCE OF T1-T1 TEMPERATURE DIFFERENCE. 
A1-A1 PROVIDE GAIN. A3-A4 PROVIDE LINEARIZED 
FREQUENCY OUTPUT. 



LT1013/LT1014 

TYPICAL APPLICATions 

0.0681" 

100k 

+9V 

5V Powered Precision Instrumentation Amplifier 

20k 

TO 
INPUT 

CABLE SHIELDS 

- INPUT--'WrlP--+--+'-j 

20k 
+ INPUT--'lM~-""-----"-I 

+5V 

200k" 

10k" 10k" 

10k 
+5V 

OUTPUT 

10k 

10k" 10k" 

"1% FILM RESISTOR. MATCH 10k's 0.05% 

GAIN EQUATION: A= 4°~800 +1. 

tFOR HIGH SOURCE IMPEDANCES, 
USE 2N2222 AS DIODES. 

9V Battery Powered Strain Gage Signal Conditioner 

15k 

1N4148 22M 

4.7k 

100k 

100k 

74C221 

TO AID 
CONVERT COMMAND 

+9V 

TO AID 

SAMPLED OPERATION GIVES LOW AVERAGE OPERATING CURRENT =650~. 
4.7k-0.01"F RC PROTECTS STRAIN BRIDGE FROM LONG TERM DRIFTS DUE TO 
HIGH I!.V/I!.T STEPS. 
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LT1013/LT1014 

TYPICAL APPLICATions 

820 

330k 

5V Powered Motor Speed Controller 
No Tachometer Required 

5V Powered EEPROM Pulse Generator 

MEETS ALL Vpp PROGRAMMING SPECS WITH NO TRIMS AND 
RUNS OFF 5V SUPPLY-NO EXTERNAL HIGH VOLTAGE SUPPLY REQUIRED. 
SUITABLE FOR BATTERY POWERED USE (600"" QUIESCENT CURRENT). 

'1% METAL FILM. 

2-98 

1N4001 

MOTOR=CANON -FN30-R13N1B. 
A1 DUTY CYCLE MODULATES MOTOR. 
A2 SAMPLES MOTORS BACK EMF. 

1N4148 

100n 

21V 

LI 
600". RC 



LT1013/LT1014 

TYPICAL APPLICATions 

Methane Concentration Detector with Linearized Output 

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

LT1004 
1.2V 

2.7k 

-5V 

5k 
1000ppm 

TRIM 

L= DALE TE·3/Q3/TA. 
SHORT CIRCUIT CURRENT=30mA. 
= 75% EFFICIENCY. 

CD4016 

+5V 

1N4148 (4) 

100k" 

2k 150k" 

12k" 

Low Power 9V to 5V Converter 

HP5082·2811 

t100~ 

47k 

SWITCHING PREREGULATOR CONTROLS DROP ACROSS FET TO 200mV. 

1N4148 

2k 

OUTPUT 
500ppm-10,OOOppm 
50Hz-1kHz 

.... -.4_----..... -- ~~mA 

330k 
+9V-_""'-" 

LT1004 
1.2V 

390k 
1% 

120k 
1% 
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LT1013/LT1014 

TYPICAL APPLICATions 

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

2-100 

t12-BIT ACCURACY. 
'1% FILM. 

T1 =PICO-310S0. 

10k' 

1000' 

.... --.... -. 4mA-20mA OUT 
TO LOAD 

'-________ 2.2kO MAXIMUM 

I 
o TO 4V 

Fully Floating Modification to 4mA-20mA Current Loop t 

4.3k 
+5V-_M.-.... 

OV-4V 

tS-BIT ACCURACY. 

4mA-20mA OUT 
FULLY FLOATING 



TYPICAL APPLICATions 
5V Powered, Linearized Platinum RTD Signal Conditioner 

+5V 

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. 

2.4k 
5% 

LT1009 
2.5V 

ADJUST LINEARITY FOR 4.000V OUT, REPEAT AS REQUIRED. 

Strain Gage Bridge Signal Conditioner 

+5V 

220 

LT1013/LT1014 

OUTPUT 
OV-4V= 
O'C-400'C 
± O.05'C 

1. 2VOUT REFERENCE 

t--.,...----1------------;~RA~~Tfg~~i~~E~PERATION 
1mA MAXIMUM LOAD 

OUTPUT OV-3.5V 
Opsi-350psi 

© 

46k' 

'1% FILM RESISTOR. 
PRESSURE TRANSDUCER-BLH/DHF-350. 

CIRCLED LETTER IS PIN NUMBER. lOon' 
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LT1013/LT1014 

TYPICAL APPLICATions 
LVDT Signal Conditioner 

LVDT= SCHAEVITZ E-100. 

Triple Dp Amp Instrumentation Amplifier with Bias Current Cancellation 

2-102 

-INPUT--...... -...;. 

2R 
10M 

RI 

R2 

R3 

OUTPUT 

GAIN= ~+~)~ 

INPUT BIAS CURRENT TYPICALLY < 1 nA 
INPUT RESISTANCE=3R=15M FOR VALUES SHOWN 
NEGATIVE COMMON-MODE LIMIT =V - + Is x 2R +30mV 

1--_ .... __ -+ __ ... = 150mV for V- =OV 
IB= 12nA 

V-

OUT 
OV-3V 



TYPICAL APPLICATions 
low Dropout Regulator for 6V Battery 

.-----1*"----_+12 OUTPUT 
1N914 

100n 3 

LT1013/LT1014 

Voltage Controlled Current Source with 
Ground Referred Input and Output 

OV-2V---"t+ 

t-____ ~ ...... ---r--\2N22:.;.19;..-.-..... --..... -5V OUTPUT 

-=- VBm 
-=-6V 

O.01n 

+6V 

100kHz 

100k 

100n 120k 

1k 

I 
I 
I H!1"FI 1"F 

I 12 
I 
I 

13 14 

L _____ ...l ",! 10UT=OmA TO 15mA 

100n 

30k 

O.009V DROPOUT AT 5mA OUTPUT. 
O.10BV DROPOUT AT 100mA OUTPUT. 
I QUIESCENT = 850;tA. 

50k 
OUTPUT ADJUST 

6V to ± 15V Regulating Converter 

+6V 

L 1 = 24-104 AlE VERNITRON 
~=1N414B 
± 5mA OUTPUT 
75% EFFICIENCY 

"::' VIN 
10UFlUOlf 

FOR BIPOLAR OPERATION, 
RUN BOTH les FROM 
A BIPOLAR SUPPLY. 

~----""'---""'-+15VOUT 

1M 

2-103 
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LT1013/LT1014 

TYPICAL APPLICATions 

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

OSCILLATOR SUPPLY 
STABILIZATION 

4.3k 3.4k· 

LT1009 
2.5V 

YSI44201 

2-104 

RT1 
3.2k 

TEMPERATURE 
COMPENSATION 

GENERATOR 

1M" 

5M' 

4.22M· 

'1% FILM 
3.5MHz XTAL=AT CUT -35°20' 
MOUNT RT NEAR XTAL 
3mA POWER ORAl N 

MV-209 

100k 

OSCILLATOR 

560k 

frHERMISTOR-AMPLIFIER-VARACTOR NETWORK GENERATES 
A TEMPERATURE COEFFICIENT OPPOSITE THE CRYSTAL TO 
MINIMIZE OVERALL OSCILLATOR DRIFT 

Step-Up Switching Regulator for 6V Battery 

INPUT 

1M 220k 

OUTPUT 
+15V 
50mA 

J O
.
001 

~--------------------------~ 

L1 =AIE-VERNITRON 24-104 
7B% EFFICIENCY 

5.6k 

5.6k 



LT1013/LT1014 

SCHEmATIC DIAGRAm 112 LT1D13, 114 LT1D14 

v+ 
9k 9k 1.6k 1.6k Uk 1000 1k 8000 

o ~ ~06 013~ ~016 014~ ~~~ ~a36 
5 ,..-I ...., 

tJ 
...., 

O~ O~ 

r2= 03~ 
...., 

,-A 

J1 r1 04 

0251"" 033 037 

Op- 3.9k r~ ~'~ ~ 
01 -- 026 

- 400n I! 
~5~ 

2.4k 18n 

038 't 
0';;-

>-- "'lI 041 IN ~ OUTPUT 

02~ 
14k 

-
02Y 

l~ ...,,039 
+ 400n f O~ ::k4PF 
IN 022 

~ .-t:018 

031 040 

.--.J "'lI :t t;t ~ 010 ~ 
2k 

--t::034 011 019 
=-:=100PF 

>--
42k 600n 

_,10pF 

09 Q7 't 08 
017~ 

'I ~23 02)--L. ~ ~ "'lI.i ~20 
v- T 75pF I 5k ~ 5k 2k~ Uk $ 2k 30n 

PACKAGE DESCRIPTion 
J Package 14 Lead Cavity DIP N Package 14 Lead Molded DIP 

2-105 

'" CIC 
\II -u. -.J 
Q. e 
a: 
.J a: c o 
i= a: 
CIC 
\II 
Q. o 



LT1013/LT1014 

PACKAGE DESCRIPTion 

H Package 
Metal Can 

~ 
(~:~:jD~l~!~1 

I 
... 0.305-0.335 +-1 

(7,747-8.509) 
0.040 DIA 

(1.016) ~t-.0'-;;;05"'0----" 
MAX (1.270) 0.165-0.185 

I L MAX (4.191-4.699) 

'------= •• 
5EATlNG ___ t__ -''--GA-U-G'--+' 
PLANE t - - --t-PLANE 0.500-0.750 

~ 00 0 OU (12.70;19.05) 

(0.25'-1.143) __ 11 __ 0.016_0."02""1------1. 

G 10.'0~y~533) 

'5°TVP ./ '> ~0.027-0.045 
/ 

0.027-0.034 /~/L. (0.686-1.143) 

(0.686-0.864) a10 2 

L.. _____ ++b ~ Cl 

J8 Package 
8 Lead Hermetic DIP 

D 5-t 
0.220-0.310 

(5.588-7.874) 

.1 ._~ 

I LO.055 
--.. (1.397) 

MAX 

I-~-I 
(10.29) 

0.200 MAX 

~ (3.810) 
(3.175-5.080) MIN 

, , 
1/ \I 
1/ II 
/I \I 

ruo ~GLASS 

6 I 
o 50 4° 

-of- ~i~::o) 

'Er::~-:.:;' I 
1 -t II -0.150 

t J 1--11-- 0.030-0.070 t 0100 (0.762-1.778) 
-'- ......... TYP 
(2.540) 0014-0023 
ase· - -of- (0:356-0:584) 

'R' --1 too_w __ III~~ (0.203-0.381) 
TVP 

... ~-(7.366-8.128) ase· 
....... RADTYP TVP 

NOTE: DIMENSIONS (N INCHES (MILLIMETERS) UNLESS OTHERWISE NOTED 
"LEADS WITHIN 0.007 OF TRUE POSITION (TP) AT GAUGE PLANE 

NOTE: DIMENSIONS IN )NCHES (M)LLlMETERS) 

2-106 

N8 Package 
8 Lead Plastic 

~+0.2'0!..280 
~_r~7112) 

II 0.040 0.060 
--..... ""-(1.016)MAX (1.524) 

SO 

~ (9.400-10.16'----.. 
1

_0.370-0 .• 00 1 

-.---0.155-0.175 1 
MIN 

(3.937- .... 5) 
• - -:---:T 

0.125-0.130 ~ 

'RI--'O±5

0 

, , , , 
" , 
" " " u 

(OM~~8)~ __ (::::) 

~t 1~3'683) 
t JJ II---~ llQ! (0.76~y:.52') 

(~.:~~) ---. ...-~ 
TVP (0.356-0.58') 

-I [00 -15> __ jl ___ ~ (0.203-0.381) 
TVP 

0.290-0.310 
(7.366-7.874) 

TVP 

NOTE: DIMENSIONS IN INCHES UNLESS OTHERWISE NOTED 
"LEADS WITHIN 0.007 OF TRUE POSITION (TP) AT GAUGE PLANE 
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FEATURES 
• Guaranteed Slew Rate 
II Guaranteed Offset Voltage 

- 55°C to 125°C 
• Guaranteed Drift 
• Guaranteed Bias Current 

looe 
125°e 

• Gain-Bandwidth Product 
• SettlingTimetoO.05% (10V Step) 

APPLICATions 

23V I /1S Min. 
250/1V Max. 
l50/1V Max. 

5/1V I °e Max. 

1S0pA Max. 
4nA Max. 

S.5MHzTyp. 
0.9/1s Typ. 

• Fast 01 A Output Amplifiers (12, 14, 16 Bits) 
• High Speed Instrumentation 
• Fast, Precision Sample and Hold 
• VOltage-to-Frequency Converters 
• Logarithmic Amplifiers 

12-Bit Voltage Output 0/ A Converter 

CF= 15pF TO 33pF 
SETILING TIME TO 2mV (0.8 LSB) = 1.5", TO 2", 

.L'UL1~ 

OUTPUT 
OV TO 10V 

JFET Input Operational Amplifier 

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

A 26V I /1S slew rate and S.5MHz gain-bandwidth product 
are simultaneously achieved with offset voltage of typical
ly SO/1V, 1.5/1V 1°C drift, bias currents of 50pA at lOoe, 
500pA at 125°C. The output delivers 20mA of load cur
rent without gain degradation. 

The 250/1V maximum offset voltage specification repre
sents less than 1/2 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 LT1 022 can be used as the output amplifier for 12-bit 
current output 01 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. 

. 
i." 

Large Signal Response 

. 

i, 

.~ 

l_;~_ 

I 

i : 

,,< F. :., i, 
AV=1. CL=100pF. 0.5",/OIV 

TA=25°C. Vs= ± 15V 

r~ 

d 
~;;l 
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LT1022 

ABSOLUTE mAXimum RATinGS 
Supply Voltage. . . . . . . . . . . . . . . . . . . . . . . .. ± 20V 
Differential I nput Voltage ................. ± 40V 
Input Voltage .......................... ± 20V 
Output Short Circuit Duration ............ Indefinite 
Operating Temperature Range 

LT1 022AM I 1022M . . . . . . . . . .. - 55°C to 125°C 
LT1022AC/1022C ................ O°Ct070°C 

Storage Temperature Range 
All Devices. . . . . . . . . . . . . . . . .. - 65°C to 150°C 

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

ELECTRICAL CHARACTERISTICS 
Vs = ± 15V, TA = 25°C, VCM = OV unless otherwise noted 

SYMBOL PARAMETER CONDITIONS 

vas Input Offset Voltage (Note 1) H Package 
N8 Package 

los Input Offset Current Fully Warmed Up 

IB Input Bias Current Fully Warmed Up 
VCM = +10V 

Input Resistance-Differential 
-Common-Mode VcM =-11Vto +8V 

VCM = +8V to +11V 
Input Capacitance 

en Input Noise Voltage 0.1Hz to 10Hz 
en Input Noise Voltage Density fo= 10Hz (Note 2) 

fa = 1 kHz (Note 3) 

in Input NOise Current Density fo= 10Hz, 1kHz (Note 4) 

AVOL Large Signal Voltage Gain Vo=±10V RL =2k 
RL = 1k 

Input Voltage Range 
CMRR Common-Mode Rejection Ratio VCM = ±10.5V 
PSRR Power Supply Rejection Ratio Vs= ± 10V to ± 18V 
VOUT Output Voltage Swing RL =2k 
SR Slew Rate 
GBW Gain-Bandwidth Product f=1MHz 

Is Supply Current 
Settling Time A= +1 or A=-1 

10V Step to 0.05% 
10V Step to 0.02% 

Offset Voltage Adjustment Range RpOT = 100k 

2-108 

PACKAGE/ORDER InFORmATiOn 
TOP VIEW 

METAL CAN H PACKAGE 

TOP VIEW 

~:~O: :~:: 
v- 4 5 BAL 

PLASTIC DIP N8 PACKAGE 

LTlO22AM 
LTlO22AC 

MIN TYP MAX MIN 
- 80 250 -
- - - -
- 2 10 -

- ±10 ±50 -
- +30 +100 -
- 1012 - -
- 1012 - -
- 1011 - -
- 4 - -
- 2.5 - -
- 28 50 -
- 14 20 -
- 1.8 4 -
150 400 - 120 
130 300 - 100 

±10.5 ± 12 - ±10.5 
86 94 - 82 
88 104 - 86 

±12 ± 13.2 - ±12 
23 26 - 18 
- 8.5 - -
- 5.2 7.0 -

- 0.9 - -
- 1.3 - -
- ±7 - -

ORDER PART 
NUMBER 

LT1022AMH 
LT1022MH 
LT1022ACH 
LT1022CH 

LT1022CN8 

LTlO22M 
LTlO22CH 
LTlO22CN8 

TYP MAX 
100 600 
160 1000 
2 20 

±10 ±50 
+30 +150 

1012 -
1012 -
1011 -
4 -

2.8 -
30 60 
15 22 
1.8 4 
400 -
300 -

± 12 -
92 -
102 -

± 13.2 -
24 -
8.0 -
5.2 7.0 

0.9 -
1.3 -

±7 -

UNITS 
p.V 
p.V 
pA 
pA 
pA 
{) 

{) 

{) 

pF 
p.Vp-p 

nV/'-"Hz 
nV I '-"Hz 
fAI '-"Hz 

V/mV 
V/mV 

V 
dB 
dB 
V 

V I P.s 
MHz 

mA 

P.s 
P.s 

mV 



LT1022 

ELECTRICAL CHARACTERISTICS Vs= ±15V, VCM=OV, O°C~TA~70°C unless otherwise noted 

LT1022AC LT1022CH 
LT1022CN8 

SYMBOL PARAMETER CONDITIONS MIN TVP MAX MIN TYP MAX UNITS 

Vos Input Olfset Voltage H Package • - 140 480 - 180 1000 !'V 
(Note 1) N8 Package • - - - - 300 1700 !'V 
Average Temperature H Package • - 1.3 5.0 - 1.8 90 !,V/'C 
Coelficient of Input Olfset N8 Package (Note 5) • - - - - 3.0 15.0 !'V I 'C 
Voltage 

los Input Olfset Current Warmed Up,TA=70'C • - 15 80 - 18 100 pA 

Is Input Bias Current Warmed Up, TA = 70°C • - ± 50 ±200 - ±60 ±250 pA 

AVOL Large Signal Voltage Gain Vo= ± 10V, RL =2k • 80 250 - 60 250 - V/mV 

CMRR Common-Mode Rejection Ratio VCM = ± 10.4V • 85 93 - 80 91 - dB 
PSRR Power Supply Rejection Ratio Vs= ± 10V to ± 18V • 86 103 - 84 101 - dB 
VOUT Output Voltage Swing RL =2k • ±12 ±13.1 - ±12 ±13.1 - V 

ELECTRICAL CHARACTERISTICS Vs= ±15V, VCM=ov, -55°C~TA~125°C unless otherwise noted 

SYMBOL PARAMETER CONDITIONS 

Vos Input Olfset Voltage (Note 1) 
Average Temperature (Note 5) 
Coefficient of Input Offset 
Voltage 

los Input Offset Current Warmed Up, TA = 125°C 

Is Input Bias Currenl Warmed Up, TA = 125'C 

AVOL Large Signal Voltage Gain Vo= ± 10V, RL =2k 
CMRR Common-Mode Rejection Ratio VCM=±10.4V 
PSRR Power Supply Rejection Ratio Vs= ± 10V to ± 17V 
VOUT Output Voltage Swing RL = 2k 

The. denotes the specifications which apply over the full operating 
temperatu re range. 

Note 1: Offset voltage is measured under two different conditions: 
(a) approximately 0.5 seconds after application of power; 
(b) at TA=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. 

LT1022AM LT1022M 
MIN TYP MAX MIN TYP MAX UNITS 

• - 230 750 - 300 1500 !'V 

• - 1.5 5.0 - 2.0 9.0 !,V/'C 

• - 0.3 2.0 - 0.30 3.0 nA 

• - ±0.5 ±4.0 - ±0.7 ±6.0 nA 

• 40 120 - 35 120 - V/mV 

• 85 92 - 80 90 - dB 

• 86 102 - 84 100 - dB 

• ± 12 ± 12.9 - ± 12 ± 12.9 - V 

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

Note 4: Current noise is calculated from the formula: in = (2qls)'h, where 
q = 1.6 X 10- 19 coulomb. The noise of source resistors up to lGfl 
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 lOOk potentiometer be
tween the balance terminals and the wiper tied to V+ . Devices tested to 
tighter drift specifications are available on request. 
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TYPICAL PERFORmAnCE CHARACTERISTICS 
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The typical behavior of many LT1 022 parameters is identical to the LT1 056. Please refer to the LT1 055/ 1 056 data sheet 
for the following typical performance characteristics: 

Input Bias and Offset Currents vs Temperature 

Input Bias Current Over the Common-Mode Range 
Distribution of Input Offset Voltage (H and N8 Package) 
Distribution of Offset Voltage Drift with Temperature 
Warm-Up Drift 
Long Term Drift of Representative Units 

O.1Hz to 10Hz Noise 
Voltage Noise vs Frequency 
Noise vs Chip Temperature 

2-110 

Output Impedance vs Frequency 
Common-Mode Range vs Temperature 
Common-Mode and Power Supply Rejections vs 

Temperature 
Common-Mode Rejection Ratio vs Frequency 
Power Supply Rejection Ratio vs Frequency 

Voltage Gain vs Temperature 
Supply Current vs Supply Voltage 
Output Swing vs Load Resistance 
Short Circuit Current vs Time 



APPLICATions InFoRmATion 
The LT1 056 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 

TYPICAL APPLICATiOnS 

LT1022 

(4) phase-reversal protection 
(5) high speed operation (including settling time test 

circuit) 
(6) noise performance 
(7) simplified circuit schematic. 

Fast Piezoelectric Accelerometer 
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LT1022 

TYPICAL APPLICATions 

2-112 

PIN Photodiode-to-Frequency Converter 

5pF 
FULL-SCALE TRIM 

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

~* =HEWLEIT PACKARD PHOTODIODE HP5082-4204 

...r=lN4148 

tpOL YSTYRENE 
"SELECT VALUE FOR 2mW IN = 2MHz OUT. 

r--.---+15V 

1.8k 

Wide Bandwidth Absolute Value Circuit Fast, Differential Input Current Source 

10k" 

10k" 
*0.1% 

OUTPUT 
OVTO +10V 

1 % ACCURACY TO 300kHz 
5% ACCURACY TO 700kHz 

R" 10pF R" 

R" 

IOUT= VIN2- VIN1 

R 

lOUT RL 

'------.......... ---~-
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FULL-SCALE POWER BANDWIDTH 
=lMHz FOR IOUTR=8Vp-p 
= 400kHz FOR I OUTR = 20Vp-p 

MAXIMUM I DUT= 10mAp-p 
COMMON-MODE VOLTAGE AT LT1022 INPUT = I DUTp-p x RL 
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TYPICAL APPLICATions 

High Output Current Op Amp 

RS 

-15V -15V 

IN~i""'..J\,jl .. k"""+-__ -I 

20k 

-15V 

16ns APERTURE TIME 

10k 

OUTPUT 

SLEW RATE~26V/", 
IOUT~150mA 

CL CAN BE l~f 
Av~ +1, Cf~1000pf 
Av~ -1, Cf~10pf 

Fast, Precision Sample-Hold 

lk 

5k 

LT1022 

Low Oistortion Sine Wave Oscillator 
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LT1022 

PACKAGE DESCRIPTion Dimensions in inches (millimeters) unless otherwise noted. 

2-114 

H Package 
Metal Can 

N8 Package 
8 Lead Plastic 

~.-l 0.24010.280 

~i 16.09T1121 

J L 0.040 0.060 
11.0161 MAX 11.5241 

so 
0.370-0.400 

~ rI9.400_10.161:t 
...---t MIN 

10~~81 m I::~;I 
0.155-0.175 

13.937-4.4451 

t ~ 
0.125-0.130 ~ ~ t 12.921.3.6831 

~ (O.76;y~.524) t JJjt~ 
(~:~~I 0.014-0.023 

TYP (0.356-0.584) 
TYP 

0.165-0.185 
(4.191-4.699) 

t 
0.500-0.750 

112.70-19.051 
t 

R'±5' .0-

I , 
I , 

" , 
" " J" b·008_0.0lS J~ 10.203-0.3811 

TYP 
0.290-0.310 

17.366-7.8741 

00 _15° 

'LEADS WITHIN 0.007 OF TRUE POSITION (TP) AT GAUGE PLANE 
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FEATURES 
• Guaranteed Offset Voltage 50/LV Max. 
• Guaranteed Bias Current 

25°C 120pA Max. 
- 55°C to 125°C 700pA Max. 

• Guaranteed Drift 1.5/LV JOC Max. 
• LowNoise,0.1Hzt010Hz 0.5/LVp-p 
• Guaranteed Supply Current 600/LA Max. 
• GuaranteedCMRR 112dBMin. 
• Guaranteed PSRR 112dB Min. 
• Guaranteed Voltage Gain with 5mA Load Current 
• Guaranteed Matching Characteristics 

APPLICATions 
• Strain Gauge Signal Conditioner 
• Dual Limit Precision Threshold Detection 
• Charge Integrators 
• Wide Dynamic Range Logarithmic Amplifiers 
• Light Meters 
• Low Frequency Active Filters 
• Standard Cell Buffers 
• Thermocouple Amplifiers 

Two Op Amp Instrumentation Amplifier 

Rl 
lOOk" 

R2 
10k 

R5 
2.2kt 

INPUT{ ______ ---I 

GAIN-M [1+.1 (B£+ill.) + R2+R3j -100 - R3 2 Rl R4 R5 -

"TRIM FOR COMMON-MODE REJECTION 
tTRIM FOR GAIN 

R4 
lOOk 

TYPICAL PERFORMANCE: 
OFFSET VOLTAGE= 20"V 
BIAS CURRENT = ± 30pA 
OFFSET CURRENT = 30pA 

lit 
Picoampere, Microvolt Input m 

Low Noise Op Amp u:: 
:; 

DESCRIPTiOn ~ 
The LT1024 dual, matched internally compensated uni- a:: 
versal precision operational amplifier can be used in prac- ~ a:: tically all precision applications requiring multiple op C 
amps. The LT1024 combines picoampere bias currents 0 
(which are maintained over the full - 55°C to 125°C ~ 
temperature range), microvolt offset voltage (and low 15 
drift with time and temperature), low voltage and current \III 
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 L T1 024'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 L T1 024 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 
L T1 012 data sheet; for a single supply dual precision op 
amp in the 8-pin configuration, see the L T1 013 data 
sheet. 
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LT1024 

ABSOLUTE mAXimum RATinGS PACKAGE/ORDER InFORmATiOn 
Supply Voltage ........................ , ± 20V 
Differential Input Current (Note 1) . . . . . . . . .. ± 10mA 
Input Voltage .......................... ± 20V 
Output Short Circuit Duration ............. Indefinite 
Operating Temperature Range 

LT1024AM/LT1024M ......... - 55°C to 125°C 
LT1024AC/LT1024C .............. 0°Cto70°C 

Storage Temperature Range 
All Devices .................. -65°Cto 150°C 

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

TOP VIEW 

D PACKAGE N PACKAGE 
14 PIN HERMETIC 14 PIN PLASTIC 

(SIDEBRAZED) 

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). 

ORDER PART 
NUMBER 

LT1024AMD 
LT1024MD 
LT1024ACN 
LT1024CN 

ELECTRICAL CHARACTERISTICS Vs= ±15V, VCM=OV, TA=25°C unless otherwise noted 
Individual Amplifiers 

L 11 024AM I L 11 024AC L 11 024M I L 11 024C 
SYMBOL PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

Vos Input Offset Voltage 15 50 20 100 p.V 
Long Term Input Offset Voltage Stability 0.3 0.3 p.V/month 

los Input Offset Current 20 100 25 180 pA 

IB Input Bias Current ±25 ±120 ±30 ±200 pA 

en Input Noise Voltage O.lHz to 10Hz 0.5 0.5 p.Vp-p 

en Input Noise Voltage Density fo= 10Hz (Note 3) 17 33 17 33 nVNHz 
fo= 1000Hz (Note 3) 14 24 14 24 nV/yfu 

in Input Noise Current Density fo= 10Hz 20 20 fA/yfu 

AVOL Large Signal Voltage Gain VOUT- ± 12V. RL;:; 10kO 250 2000 180 2000 V/mV 
VOUT= ±10V. RL;:;2kO 150 1000 100 1000 V/mV 

CMRR Common-Mode Rejection Ratio VCM=±13.5V 112 132 108 132 dB 
PSRR Power Supply Rejection Ratio Vs=±2Vto ±20V 112 132 108 132 dB 

Input Voltage Range ±13.5 ±14.0 ±13.5 ±14.0 V 

VOUT Output Voltage Swing RL = 10k!} ±13 ±14 ±13 ±14 V 
Slew Rate 0.1 0.2 0.1 0.2 VII's 

Is Supply Current per Amplifier 380 600 380 700 p.A 

Matching Specifications 

L 11 024AM I L 11 024AC L11024M ILTlO24C 
SYMBOL PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

Input Offset Voltage Match - 20 75 - 25 150 p.V 

IB+ Average Non-Inverting Bias - ±30 ±150 - ±40 ±250 pA 
Current 

los + Non-Inverting Offset Current - 30 150 - 30 300 pA 

.:lCMRR Common Mode Rejection Ratio VCM=±13.5V 110 132 - 106 132 - dB 
Match 

.:lPSRR Power Supply Rejection Ratio Vs=±2Vt020V 110 132 - 106 132 - dB 
Match 

Channel Separation f s 10Hz (Note 3) 134 150 - 134 150 - dB 
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ELECTRICAL CHARACTERISTICS 
VS= ±15V, VCM=OV, O°C:::;TA:::;70°C for the LT1024AC and LT1024C; 
- 55 a C :::; T A:::; 125 a C for the L T1 024AM and L T1 024M unless otherwise noted 

Individual Amplifiers 

SYMBOL PARAMETER CONDITIONS 
Vos Input Offset Voltage ocC to 70°C 

- 55 cC to 125cC 

Average Temperature Coefficient 01 
Input Offset Voltage 

los Input Offset Current OCC to 70 cC 
- 55'C to 125°C 

Average Temperature Coefficient 01 
Input Offset Current 

I B Input Bias Current O°C to 70cC 
- 55 cC to 125cC 

Average Temperature Coefficient 01 OCC to 70cC 
Input Bias Current - 55 cC to 125°C 

AVOL Large Signal Voltage Gain VOUT= ± 12V, RL2: 10kll 
VOUT= ± 10V, RL2: 2kll 

CMRR Common-Mode Rejection Ratio VCM=±13.5V 
PSRR Power Supply Rejection Ratio Vs= ± 2.5V to ± 18V 

Input Voltage Range 

VOUT Output Voltage Swing RL = 10kll 
Is Supply Current 

Matching Specifications 

SYMBOL PARAMETER CONDITIONS 
Input 011set Voltage Match ooG to 70°C 

- 55°C to 125°G 
Input 011set Voltage Tracking 

Is + Average Non-Inverting Bias Current O°C to 70°C 
-55°Cto125 cC 

los + Non-Inverting Offset Current OOG to 700G 
-55°Gto125°G 

,;CMRR Common-Mode Rejection Ratio Match VCM=±13.5V 
,;PSRR Power Supply Rejection Ratio Match Vs= ± 2.5V to ± 18V 

The. denotes the specilications which apply over the lull operating 
temperature range. 
Note 1: Differential input voltages greater than 1 V will cause excessive 
current to 110w through the input protection diodes unless limiting 
resistance is used. 

Note 2: The V + supply terminals are completely independent and may 
be powered by separate supplies il desired (this approach, however, 
would sacrilice the advantages 01 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. 

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

LT1024AM /LT1024AC LT1 024M / L T1 024C 
MIN TYP MAX MIN TYP MAX 

• 30 120 35 200 

• 40 200 50 300 

• 0.25 1.5 0.3 2.0 

• 40 250 50 300 

• 80 350 100 500 

• 0.5 2.5 0.7 3 

• ±40 ± 250 ± 50 ±400 

• ± 100 ± 700 ± 200 ± 1300 

• 0.4 3 0.5 4 

• 1 6 2 12 

• 150 1000 150 1000 
iii 100 600 100 600 

• 108 128 106 128 

• 108 128 106 128 

• ± 13.5 ± 13.5 

• ±13 ±14 ±13 ±14 

• 400 800 400 900 

L T1 024AM / LT1 024AC LT1024M/LT1024C 
MIN 

• • -

• -

• • -

• -

• -

• 106 

• 106 

TYP MAX MIN TYP MAX 
35 170 45 300 
50 280 - 70 500 

0.3 2.0 - 0.4 3.5 

±40 ±300 ±50 ± 500 
±100 ±800 - ±200 ± 1400 

40 300 - 50 500 
80 800 - 150 1500 

128 - 104 128 -

128 - 104 128 -

Optional Offset Nulling Circuit 
v+ 

v~ 

INPUT OFFSET VOLTAGE CAN SE AOJUSTED 
OVER A ± 800~V RANGE WITH A 5k TO 
100k POTENTIOMETER. 

UNITS 
".V 
".V 

".V/oC 

pA 
pA 

pA/oC 

pA 
pA 

pA/oC 
pA/oC 

V/mV 
V/mV 

dB 

dB 

V 

V 

".A 

UNITS 
".V 
".V 

".V/oC 

pA 
pA 

pA 
pA 

dB 

dB 
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LT1024 

TYPICAL PERFORmAnCE CHARACTERISTICS 
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TYPICAL PERFORmAnCE CHARACTERISTICS 
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LT1024 

APPLICATions InFoRmATion 

The LT1024 may be inserted directly into OP-10, OP-207 
or OP227 sockets with or without removal of external null
ing components. 

The L T1 024 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. Output offset is a function of the dif
ference between the offsets of the two halves of the 
LT1 024. 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 (Is +). 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 (~CMRR and ~PSRR) are best 
demonstrated with a numerical example: 

Assume CMRRA = + 1.0f.1,V IV or 120dB 
and CMRRs = +0.5f.1,V/Vor 126dB, 
then ~CMRR=O.5J-tV/Vor 126dB 
if CMRRs = -0.5J-tV/V, which is still 126dB, 
then ~CMRR = 1.5J-tV/V or 116.5dB. 

Typical performance of the instrumentation amplifier: 
Input offset voltage = 25J-tV. 
Input bias current = 30pA. 
Input resistance=1012~1 
Input offset current=30pA. 
Input noise = 0.7 J-tVp-p. 
Power bandwidth (Vo = ± 1 OV) = 80kHz. 

Clearly, the LT1 024, by specifying and guaranteeing all of 
these matching parameters, can significantly improve the 
performance of matching dependent circuits. 

Three Op Amp Instrumentation Amplifier 
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APPLICATions InFoRmATion 
Achieving Picoa mpere I Microvolt Performa nce 
In order to realize the picoampere/microvolt level ac
curacy of the LT1 024, proper care must be exercised. 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 resi
dues will probably be required. Surface coating may be 
necessary to provide a moisture barrier 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. Guarding both sides of the 
printed circuit board is required. Bulk leakage reduction 
depends on the guard ring width. Nanoampere level leak
age into the offset trim terminals can affect offset voltage 
and drift with temperature. 

LT1024 

Microvolt level error voltages can also be generated in the 
external circuitry. Thermocouple effects caused by tem
perature gradients across dissimilar metals at the con
tacts to the input terminals can exceed 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 Offset Voltage and its Drift with Temperature 

R1 

R2 
100W 

R3 
50k" 

50k" 

13 
(5) Va 

"RESISTORS MUST HAVE lOW 
THERMOELECTRIC POTENTIAL 

-15V ""THIS CIRCUIT IS ALSO USED AS THE BURN·IN 
CONFIGURATION FOR THE LT1024. WITH SUPPLY 
VOLTAGES INCREASED TO ±20V. R1 ~R3~20k. 
R2~200n. Av~100 

Va~ 1000Vas 

Direct Pressure Transducer to Digital Output Signal Conditioner 

330n 

2k 

-15V VIN LT137A 

"1 % METAL FILM RESISTOR 
GATES~74COO 

TRANSDUCER~BLH # DHF-l00 PSI 
PRESSURE TRANSDUCER 
0-100 PSI~0-1000 

620 

OUT 

COUNTS FULL·SCALE AT CIRCUIT OUTPUT 

+15V 

TRANSDUCER 
ZERO 

10k 
-5V 

226k" 

10~F 

10k" 

-5V 

OUT B 
lN4148 

O.Ol"F 10k 

OUT A 

+15V 

ClK 
10k 

74C74 

PRE CLR 

-15V 
+15V 

!10k 

t-____ --i;.2N390r4....._------+ 

lOOk 10k 

-15V 
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SCHEmATIC DIAGRAm 112 LT1024 

v+ 
r---~----~----------~---------'------~~--------'---~~----~------------'---~14 

3200 40n 

(5) 4.8k 

(7) 

40n 

OUTPUT 

.-+--+-W-.....{13 
lOon [6) 

40n 

3300 

V-f11~'~------------4-------------~~4---------4-~------__ ~----~~~----~--~ 

PACKAGE DESCRIPTiOn 
014 Package 14-Lead Hermetic DIP (Sidebrazed) 

Fl 
1 "008-"J" --(0203-0381) 

-(~~~6) 
REF 
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N14 Package 14-Lead Plastic 

1·1~~~J;8~;;~I"1 70 TYP (2 PLSJ-I 1_ 
1--i7'i"i2i--1 0065 

MIN .2....!& I~~ci~) -I-H-+I---"'------" i16s"iI 
~ (317S) MI~ OI30±00051-·-ri-+---.-r-,-,;-,-.,.-,-,.---.-c-.-t-_~1 

~3!s ~ '~~ 
L-:ooHO"_jl_l ""'''""':L:I~ 

,0 228 -0 3811 (1 905 ±-O 3~11 

o 325 ~~ ~~~ 

(8255~~~m 



~"'Y"·llneJ\Q LTC1052/LTC7652 
~, TECHNOLOGY!""-C-h-o-p-p-e-r--S-ta-b-i-liz-e-d-O-p-e-r-a-ti-o-n-al 

'" 
FEATURES 
• Guaranteed Max. Offset 
• Guaranteed Max. Offset Drift 
• Typ. Offset Drift 
• Excellent Long Term Stability 
• GuaranteedMax. Input Bias Current 
• Over Operating Temperature Range 

5p.V 
0.05p.V/oC 
0.01p.V/oC 

1 OOnV I ..JMonth 
30pA 

Guaranteed Min. Gain 120dB 
Guaranteed Min. CMRR 120dB 
Guaranteed Min. PSRR 120dB 

• Single Supply Operation 4. 75V to 16V 
(Input Voltage Range Extends to Ground) 

• External Capacitors can be Returned to V- with No 
Noise Degradation 

APPLICATions 
• Thermocouple Amplifiers 
• Strain Gauge Amplifiers 
• Low Level Signal Processing 
• Medical Instrumentation 

Ultra Low Noise, Low Drift Amplifier 

INPUT '-""-I---......::..j 

VOS=3~V 
VOsl>T=50nV/'C 
NOISE=0.06~Vp·p 0.1Hz-10Hz 

-5V 

...... """-+ 5V 

OUTPUT 

100k 

1 DOll 

Amplifier (CSOATM) m 
DESCRIPTion 

-u. 
::; 
Q. e 
a::: 

The LTC1052 and LTC7652 are low noise Chopper
stabilized op amps (CSOATM) manufactured using Linear 
Technology's enhanced LTCMOS™ silicon gate process. ~ 
Chopper-stabilization constantly corrects offset voltage er- C 
rors. Both initial offset and changes in the offset due to time, 0 

t= temperature and common-mode voltage are corrected. a::: 
This, coupled with picoampere input currents, gives these a: 
amplifiers unmatched performance. ~ 

Low frequency (1 If) 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 LTC1 052 to be synchronized with an ex
ternal frequency source. 

160 

140 

~ 120 
'i; 
~ 100 
en z 
~ 80 
w 

~ 60 z 
w 

~ 40 
o 
>. 20 

o 

LTC1052 Noise Spectrum 

/' 

. ~ \ 
1\ 

" 'rJ 

o 100 200 300 400 500 
FREQUENCY (Hz) 

CSOA™ and LTCMOS™ 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) TOP VIEW 

Total Supply Voltage (V+ to v- ) . . . . . . . . . . . . .. 18V 
InputVoltage .......... (V+ +O.3V)to(V- -O.3V) 
Output Short Circuit Duration ............. Indefinite 
Operating Temperature Range 

LTC1052C/LTC7652C .......... -40°C to 85°C 
LTC1052M .................. -55°Ct0125°C 

Storage Temperature Range ....... - 55°C to 150°C 
Lead Temperature (Soldering, 10 sec.) ........ 300°C 

ELECTRICAL CHARACTERISTICS 
VS = :±: 5V, TA = operating temperature range, test circuit Tel, unless otherwise specified. 

LTC1052M 
SYMBOL PARAMETER CONDITIONS MIN TYp MAX 

Vas Input Offset Voltage T A = 25°C (Note 3) ±0.5 ±5 
tNos/,Hemp Average Input Offset Drift (Note 3) • ±0.01 ±0.05 
/!"Vos/ /!"Time Long Term Olfset Voltage Stability 100 

los Input Offset Current TA=25°C ±5 ±30 

• ±2000 

Is Input Bias Current TA=25°C ±1 ±30 

• ±1000 
enp_p Input NOise Voltage Rs=100n, DC to 10Hz, TC3 1.5 

Rs= lOOn, DC to 1Hz, TC3 0.5 
in Input Noise Current I = 10Hz (Note 5) 0.6 
CMRR Common-Mode Rejection Ratio VCM=V to +2.7V • 120 140 
PSRR Power Supply Rejection Ratio VSUPPLY= ± 2.375V to ±8V • 120 150 

AVOL Large Signal Voltage Gain RL = 10k, Vour= ± 4V • 120 150 

Your Maximum Output Voltage Swing RL = 10k • ±4.7 ±4.85 
(Note 4) RL = lOOk ±4.95 

SR Slew Rate RL=10k, CL=50pF 4 
GBW Gain Bandwidth Product 1.2 

Is Supply Current No Load, TA=25°C 1.7 2.0 

• 3.0 

fs Internal Sampling Frequency 330 
Clamp .On Current RL = lOOk • 25 100 
Clamp Off Current -4V<Vour< +4V 10 100 

• 2 
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ORDER PART 
NUMBER 

LTC7652CH 

LTC1052CH 

LTC1052MH 

REPLACES 

ICL7652CTV 
ICL76521TV 
ICL7650CTV-1 
ICL76501TV-1 

ICL7650CTV 
ICL7650lTV 

ICL7650MTV 

LTC1052CNB ICL7650CPA 
LTC1052CJB ICL7650lJA 
LTC1052MJB 

LTC1052CJ ICL76521JD 
ICL7650lJD 

LTC1052CN ICL7652CPD 
ICL7650CPD 

LTC1052MJ ICL7650MJD 

LTC1052C/LTC7652C 
MIN TYP MAX UNITS 

±0.5 ±5 p.V 
±0.01 ±0.05 p.V/oC 

100 nVNMonth 

±5 ±30 pA 
±350 pA 

±1 ±30 pA 
± 175 pA 

1.5 p.Vp-p 
0.5 p.Vp-p 

0.6 IA/VHz 

120 140 dB 
120 150 dB 
120 150 dB 

±4.7 ±4.85 V 
±4.95 V 

4 V/p.S 
1.2 MHz 

1.7 2.0 rnA 
3.0 rnA 

330 Hz 
25 100 p.A 

10 100 pA 
1 nA 



The. denotes the specifications which apply over the full operating 
temperature range. 
Note 1: Absolute Maximum Ratings are those values beyond which the 
life of the device may be impaired. 
Note 2: Connecting any terminal to voltages greater than V + or less than 
V- may cause destructive latch-up. It is recommended that no sources 
operating from external supplies be applied prior to power-up of the 
LTC1 0521 L TC7652. 

LTC1052/LTC7652 

Note 3: These parameters are guaranteed by design. Thermocouple ef
fects preclude measurement of these voltage levels in high speed 
automatic testing. Vos is measured to a limit determined by test equip
ment capability. Voltages on CEXTA and CEXTS , AVOL ' CMRR and PSRR 
are measured to insure proper operation of the nulling loop to insure 
meeting the Vas and Vas drift specifications. See Package-Induced Vas 
in applications section. 
Note 4: Output clamp not connected. 
Note 5: Current noise is calculated from the formula: in=(2q Is)V', 
where q = 1.6 x 10- 19 coulomb. 

TYPICAL PERFORmAnCE CHARACTERISTICS 
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LTC1052/LTC7652 

TYPICAL PERFORmAnCE CHARACTERISTICS 

1----11-10 SEC. 

Small Signal Transient 
Response* 

Av=+1 2"s/DIV 
R[ = 10k 
C[ = 100pF 
Vs= ± 5V 

·RESPONSE IS NOT DEPENDENT ON PHASE OF CLOCK 

Broadband Noise, 
CEXT=O.1IlF 

AV= -1000 
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1ms/DlV 

Input Noise Voltage 

Vs= ±5V, TEST CIRCUIT (TC3) 

DC TO 1 Hz 

DC TO 10Hz 

Large Signal Transient 
Response* 

AV=+1 
R[ = 10k 
C[ = 100pF 
Vs= ±5V 

Broadband Noise, 
CEXT= 1.01lF 

AV=-1000 

2f'S/DIV 

1ms/DlV 
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80 

in 
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<i 
~ 40 

~ 20 
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Gain Phase vs Frequency 

~±5V 
Illlt°OPF 

PH~ 
GAIN 

~ 
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80 

100 _ 
ffl 

120 § 
Q 

140 ~ 
<n 

160 ~ 
<n « 

180 ~ 

-20 200 

-40 220 
100 103 104 10 5 10 6 10 7 
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Broadband Noise Test Circuit 
(TC2) 
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TYPICAL PERFORmAnCE CHARACTERISTICS !III a: 
\II 
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TEST CIRCUITS 
Electrical Characteristics Test Circuit (TC1) 

R2 
1M 

DC to 10Hz and DC to 1 Hz Noise Test Circuit (TC3) 
C2 C3 

:~-+-OUTPUT R3 

v-

THEORY OF OPERATiOn 
DC OPERATION 

The shaded portion of the L TC1052 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 null its 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 CEXTB and the output gain 
stage. CEXTB 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. 
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34k 

BANDWIDTH R1 R2 R3 R4 C2 C3 C4 
10Hz 16.2n 162k 16.2k 16.2k O.1~F 1.0"F 1.0~F 

1Hz 16.20 162k 162k 162k 1.0"F 1.0"F 1.0"F 

AC OPERATION AND ALIASING ERRORS 

So far, the DC performance of the LTC1 052 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, 
fE, is: 

fE=fs±fl 

where fl = input signal frequency. 

Normally it is the difference frequency (fs - fl ) which is of 
concern because the high frequency (fs + fl) 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 11 to equal 12 (see Figure 18). This 
makes 0 I 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 gm5 RL5 C2). 



THEORY OF OPERATion 
For frequencies above this pole, 12 is: 

1 
12 = VIN gm6 x SC2 x SC1 

and C1 
h -12 =VIN gm1 -VIN gm6 x (2' 

The LTC1052 is very carefully designed so that 
gm1 = gm6 and C1 = C2. Substituting these values in the 
above equation shows 11 -12 = O. 

The gm6 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 

1 1 
[f3dB=27r (gm1 IC1)=27r (gm6/C2)]. 

LTC1052/LTC7652 

'" a: 
This makes the frequency response smooth and con- ~ 
tinuous and eliminates sampling noise in the output as :!i 
the loop transitions from the high gain DC loop to the high Q. 
frequency loop. e 
The typical curves show just how well the amplifier ~ 
works. The output spectrum shows the difference a::: 
frequency (fl - fs = 100Hz) is down by BOdB and the fre- 8 
quency response curve shows no abnormalities or per- ;: 
turbations. Also note the well-behaved small and large a::: 
signal step responses and the absence of the sampling :5 
frequency in the output spectrum. If the dynamics of the Q. 
amplifier, i.e., slew rate and overshoot, depend on the 0 
sampling clock, the sampling frequency will appear in the 
output spectrum. 

S31'--------~~--------~--------_, 
VREF--<llc cc c ccc C cc """c....,,- ..J.o""",: __ -,c 

+IN 

VOUT 

B. Sampling Cycle 

Figure 1. LTC1052 Block Diagram 
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APPLICATions InFoRmATion 
EXTERNAL CAPACITORS 

CEXTA and CEXTB 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 Picoamperel 
Microvolt Performance). 

CEXTA and CEXTB are normally in the range of 0.1p.F to 
1. Op.F. All specifications are guaranteed with 0.1 p.F and 
the broadband noise (see typical photos) is only very 
slightly degraded with 0.1p.F. Output clock ripple is not 
present for capacitors of 0.1 p.F or greater at any 
temperature. 

On competitive devices, connecting CEXTA and CEXTB to 
Y- causes an increase in amplifier noise. Design changes 
have eliminated this problem on the LTC1052. On the 
14-pin LTC1052 and B-pin LTC7652, the capacitors can 
be returned to Y- or CRETURN with no change in noise 
performance. 

ACHIEYING PICOAMPERE/MICROYOLT 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.g., Teflon, Kel-F); cleaning of all insulating sur
faces to remove fluxes and other residues will probably be 
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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. 

OUTPUT CLAMP 0 5 

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 effect is 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 EM Fs of 
200nV IOC-4 times the maximum drift specification of 



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 35/LV/oC-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 I 
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/oG Gradient 
Tin Oxide - mV/oC 
Carbon Composition - 45OI'V/oC 
Metal Film - 20l'V / °c 
Wire Wound 

Evenohm - 2I'V/oC 
Manganin -2I'V/oC 

LTC1052/LTC7652 

'" a: 
not the ambient temperature. There are two junctions ~ 
formed at each end of the resistor and if these junctions are u. 

::i at the same temperature, their thermal EMFs will cancel Q". 
each other. The thermal EMF numbers are approximate e 
and vary with resistor value. High values give higher ther- cc 
mal EMF. .J cc 
When all of these errors are considered, it may seem im- 8 
possible to take advantage of the extremely low drift i= 
specifications of the LTC1 052. To show that this is not the cc 
case, examine the temperature test circuit of Figure 3. a: 

'" The lead lengths of the resistors connected to the Q". 
amplifier's inputs are identical. The thermal capacity and 0 
thermal resistance each input sees is balanced because 

Ell 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 Vas, even under these severe ther
mal transient conditions, is quite good. As temperature 
stabilizes, note that the steady-state change of Vas is well 
within the maximum ±0.05/LV/oC drift specification. 

NOMINALLY UNNECESSARY 
RESISTOR USEO TO 

THERMALLY BALANCE OTHER 
INPUT RESISTOR 

Figure 2 

__ --.~ OUTPUT 
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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 LTC1 052 
and its attendant components inside some form of ther
mal baffle. 

o MIN 

, OVEN SWITCHED 
ON (25'C) 

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 L TC1 052 can only fix offsets inside its own nulling 
loop. There are many thermal junctions outside this loop 
that cannot be distinguished from legitimate signals. 

5 MIN 20 MIN 25 MIN 

'C 

100 SECONDS/IN 

Figure 3. Offset Drift Test Circuit Figure 4. Transient Response of Offset Drift Test Circuit with 100°C Temperature Step 

Figure 5. DC to 1 Hz (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 Vas specification 
is set by the package-induced warm-up drift, not by the 
lTC1052. TO-99 metal cans exhibit the worst warm-up 
drift and Linear Technology sample tests TO-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 ± 5JLV 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 IEXT are provided to ac
complish this. With no external connection, an internal 
pull-up holds INTI 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 I EXT to V- and the 
external clock to elK 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. 
ClK IN 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. 

LTC1052/LTC7652 

OUTPUT CLAMP 

If the lTC1052 is driven into saturation, the nulling loop, 
attempting to force the differential input voltage to zero, 
will drive CEXTA 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 CEXTB at positive rail, it is about ten times 
faster (25ms). The overload recovery time for the 
lTC1 052 is much faster than competitive devices, but if a 
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 CEXTB at their nominal voltages. The output 
clamp is a switch that turns on when the output gets to 
within approximately 1 V 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 
lTC1 052 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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LTC1052/LTC7652 

TYPICAL APPLICATions 

5V Powered Ultra Precision Instrumentation Amplifier Fast Precision Inverter 
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.. -O.SV 

Your 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

INPUT-'IM"'"1>_-----..... --'IIIIV--.., 

*1% METAL FILM 
FULL POWER BANDWIDTH =2MHz 
SLEW RATE = 40V/p.S 
SEnLiNG (10V STEP) = 12.us TO 0.01 % 
BIAS CURRENT DC=3DpA 
OFFSET DRIFT= 5DnV/oC 

+---+-----------~ 
OFFSET VOLTAGE =5/J.V 

O.004~'F 
17 16 

':" --
CIRCUITRY WITHIN DASHED LINES MAY BE DELETED 
IF OUTPUT DOES NOT HAVE TO SWING ALL THE WAY 
TO GROUND. 
DRIFT = 50nVrC 
VOS=3.uV 

GAIN=M+l 

CMRR = > 120dB DC -20kHz 
BANDWIDTH = 10Hz 

Offset Stabilized Comparator 

COMPARATOR 
INPUTS 

GROUND OR 

MODE VOLTAGE 

2k 

STATUS OUTPUT ...... ----------+ OV=ZERO 
+SV=COMPARE 

OUTPUT 



LTC1052/LTC7652 

TYPICAL APPLICATions 
1Hz-1.25MHz Voltage-to-Frequency Converter (+5V Supply) 

10k 
FULL·SCALE TRIM 2k 

3.3k 

OVTO ~~~3VOVlk .. • __ (1'12,.,SM",H_Z) ..... _+-...., 

4700 

10k 

+SV 3.3pF 

10k 

OUTPUT 
lHz-1.2SMHz 

LT1004 
1.2V O.I"F 

'TRW MTR-SI + 120ppm/oC 
"POLYSTYRENE·WESCO # 32-P 1-120ppm/oC 

±O.05% 
> 12QdB 
O.OIHz/oC 
20ppm/oC 

LINEARITY 
DYNAMIC RANGE 
ZERO POINT DRIFT 
GAIN ORIFT 

No Vos Adjust* CMOS DAC Buffer-Single Supply 

ir;::::~-4'" vaur 

~ -o.sv 

FOR HIGHER SPEEO, SEE 
"FAST PRECISION INVERTER" 
UNOER TYPICAL APPLICATIONS 

10k 

'OFFSET VOLTAGE CAUSES 
NONLINEARITY ERRORS. 
SEE: "APPLICATION GUIDE 
TO CMOS MULTIPLYING O/A 
CONVERTERS, " 
ANALOG OEVICES, INC 

LT1004-1.2 

Air Flow Detector 

lOOk 
±1% 

lk 

43.20 
±1% 

AMBIENT -

10k + SV 

6 +SV~NO AIR FLOW 

OV~AIR FLOW 

2400 TEMPERATURE TYPE K 
STILL AIR + '-____ .....;;."-___ ..J' 

11 
AIR FLOW 
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LTC1052/LTC7652 

TYPICAL APPLICATions 
1 Hz -- 30MHz Voltage-to-Frequency Converter 

STABILIZING 

7.5k 

1.212 ::-J\I\tv-->NI .............. I ..L CHARGE 
.". PUMP 

+5V 

F--+ 

lOOk 

1000M 
10k >4--WII-" 

1Hz TRIM 

100k 

-5V 

i 
I 

± 100mA Output Drive 

120n 

'J" 100pF 

+5V 

2k 

VIN -WII-.... ----_>--------... 
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-5V 

VOS=5~V 
Vos/"T=50nV/'C 
GAIN=10 
FULL POWER BANDWIDTH = 1kHz 

1M 

TRIGGER 
HP5082-2810 

1 Hz-30MHz 

'TRW MTR-51 + 120ppmfOC 
tWESCD #32-P/-120ppm/'C 

0.3Hz/'C ZERO DRIFT 
± 0.08% LINEARITY 
20ppm/'C GAIN DRIFT 
150dB DYNAMIC RANGE 

Increasing Output Current 

220pF 

10k 
INPU1-W ...... _......;.. 

OUTPUT 

Don 
10k 

5k ± 4.92V 
2.5k ±4.84V 
lk ±4.65V 
2201l ± 3.65V 

1" 2000pF 



LTC1052/LTC7652 

TYPICAL APPLICATions 
Single + 5V Thermocouple Amplifier with Cold Junction Compensation 

+5V 

100k 

LT1004-1.2 R1 

16900 

1870 

43k 
+5V--vv~t-----161--~ 

LTC1043 I 
17 _...1 

Increasing Output Current and Voltage (VSUPPLY= ± 15V) 

STABLE FOR ALL GAINS, INVERTING 
ANO NON-INVERTING. OBSERVE 
LTC1052 COMMON-MOOE INPUT LIMITS 

33pF 

OUTPUT 
±12V@20mAILIMIT 

1k 

1"F 
NON POLARIZEO 

• -0.5V 10k 

tYELLOW SPRINGS INST. CO. PART #44007 
·CHOOSE CF TO FILTER NOISE 

CF 

THERMOCOUPLE 
TYPE R1 

J 232k 
301k 
301k 
2.1M 

DC Stabilized FET Probe 

INPUT ==~='---+I 

10M 

1k 

INPUT CAPACITANCE BOOTSTRAP 

">-------------4- OUTPUT 

BANOWIDTH: 20MHz 
tRlsr 100ns 
DELAY: 5ns 

10M 
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LTC1052/LTC7652 

TYPICAL APPLICATions 

Precision Multiplexed Differential Thermocouple Amplifier 

r------I ~~LS;E~~~~g~ ....-_...l-______ -------~ 

I 
I 
I 
I ; TiS04 

I r-----... 
I 
I 
I 
I 
I 
L_ 

+5V 

I 
I 

--' 

r--4---, 
I 

~-+--""'VnllT = 1 001 x VTHEAMOCOUPlE 

tYELLOW SPRINGS INST. co. PART #44007 

THERMOCOUPLE 
TYPE R1 

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

TYPICAL APPLICATions 
Direct Thermocouple-to-Frequency Converter 

5Dk 
6DoCTRIM 

15Dk"" 

COLO JUNCTION BIAS 
4B70" 3Dlk" 

+5V 

BRIDGE DRIVE 

-5V 

-5V 

lN4148 

lN4148 

RT COLO JUNCTION TEMPERATURE TRACKING 

+5V 
74C04 

lN4148 4700 

LT1004 
1.2V 

+5V 

3k 

+5V 

74C9D3 

·0.01% FILM·TRW MAR·6 
uTRW/MTR/5/+120 

RT=YELLOW SPRINGS INST. #44007 
1 ODpF = POLYSTYREN E 

tFOR GENERAL PURPOSE (lmV 
FULL-SCALE) lD-BIT A TO 0_ REMOVE 
THERMOCOUPLE-COLO JUNCTION 
NETWORK, GROUNO POINT A, ANO 
ORIVE LTC1052 POSITIVE INPUT. 

OUTPUT 
OHz-600Hz 
O°C-60°C 

Direct 10-Bit Strain Gauge Digitizer 

16 

22.3k" 

+5V 

"'---'--' ~ ..... -,-_FREaUENCY 
--r-....... ..., OUT A 

OATA OUTPUT = g~i ~ = 1000 COUNTS fULL-SCALE 

·0.1 % METAL fiLM TRW MAR·S 

SW1 = MAIN CURRENT SWITCH 
SW2=CURRENT LOADING COMPENSATION SWITCH 

; - - -C~NE:(-~-- - - - - - - - - i 
I DIRECTLY ACROSS lOOk CONNECTTO BRIOGE ENO OF I 

BRIDGE DRIVE 10k 470k RESISTOR 

I POINTS i~:~~~~~IR I 
L _____________ ~R2.!!~OR!.I 

33 
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LTC1052/LTC7652 

TYPICAL APPLICATions 

DATA OUTPUT = AOUT 
BOUT 

100,000 COUNTS FULL-SCALE 
NO ZERO TRIM 
20ppm/oC GAIN DRIFT 

·VISHAY S-102 RESISTOR 
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75k· 

16-Bit A - 0 Converter 

LT1009 

CURRENT SINK 

SWITCH 



TYPICAL APPLICATions 

SUPPLY 
OUTPUTS 

INPUT 

NC 
fLOATING125~~ 

~51~~ +---.... ----« 

lk' 

lOOk' 

25QV ISOLATION 
0.03% ACCURACY 

"1% FILM RESISTOR 

Precision Isolation Amplifier 

10k 

10k 

2k 2k 

1.8k 

+15V 

LTC1052/LTC7652 

74C04 

iOk 

20k 
ZERO TRIM 

-15V--JVIIY-- + 15V 

30pf 

lOOk 

1000PFT 

74C04 

10M 
(SELECT) 

':" 

0-{> -

':" 

OUT 

VI 
a:: 
\II 
it 
::; 
Q. e a:: 
..J 
a:: 
C o 
~ a:: 
a:: 
\II 
Q. o 

lk GAIN TRIMr.. 

13.3k' ~ 

10k' 

74C04 TR 
-15V 20k 

1000pF 

20k 
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LTC1052/LTC7652 

PACKAGE DESCRIPTion Dimensions in inches (millimeters) unless otherwise noted. 

H Package 
Metal Can 

rr 
(::~~o~::!!~! 

1

-..0.305-0.335 
[7.747-8.50g'l 

0.04ll CIA 

"O"'~t-O",O",,,,---. 
MAX 11.2701 ~ 
~ Mf (4.191-4.&119) 

SEAm~B __ I_ !lAUGE 1 
PLAttE t - --I-PLANE ~ 
~ 00 0 00 (12.70.'9.05) 

(0.254-1.143) _II-(~':=::~!) 
TYP 

J8 Package 
81ead Hermetic Dip 

0.220-0.310 0 '1 
.1 4 ::17.8741 

J LO.055 
(l.m) ." 

I 
0.150 

(3.810J 

." JJjt 0.',"-'.070 I 
0100 (0.762-1.778) 
-'-- TYP 

(2Bi~O) (::~~=~:~:) 
TYP 

'R' , , 
II II 
II II 

J~ b··",_···15t" [O.20~y~.391J 

O.291l-0320 
(7.366-8.128) 

0'·15' 

"lEADS WITHIN 0 007 OF TAUE POSITION (TPj AT GAUGE PLANE 

J Package 
14-Lead Hermetic DIP 

0290-0320 

~[7365-aT28)~ 

r\ L (~~~~=ci~~)J. 1205~~ J 
MAX 80TH ENDS 

~ .Q..!QW.9.!Q. 
(9.779300635) (2.540±O.254) 
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0300-0320 
(/620-BI281 

o 2~O 
r11MII~211 

N8 Package 
8 Lead Plastic 

~~0.2~!.'" 
bd~_:r12' 

JLo.ll4o 0.060 
(1.016)MAX p.5U) 

sa 

0.370_0.400 

!:Q!! rr9.400-10.,61=t-
'OM~"~ ':.\::, R'W 1-.--t 0.155-0.175 

'3.9"~ U -:--:+ : , 
~1 ~ ,', \ 
(3.175-3.302) (U21.36aJI II ~ 

0030-0.060 0.008-0.015-J 

~JJjt'··762"~5'" J~'.'03r~~·""t usc· .!:lli=.!!:ill. ~ 
TYP (0.356-D.S84) (7.366-7.874) 

TYP C'-IS' 

"LEAOS WITHIN 0 007 QF TRUE POSITION (TPJ AT GAUGE PLANE 

N Package 
14-Lead Plastic 



~-'lIr·llntJ\R LT1055/LT1056 
~~ TECHNOLOGY~-------P-r-e-C-is-io-n-/H-i-g-h-S-p-e-e-d, 

'" JFET Input Operational Amplifiers 8i 

FEATURES 
• Guaranteed Offset Voltage 

- 55°C to + 125°C 
• Guaranteed Drift 
• Guaranteed Bias Current 

70°C 
125°C 

• Guaranteed Slew Rate 

APPLICATions 
• Precision, High Speed Instrumentation 
• Logarithmic Amplifiers 
• 01 A Output Amplifiers 
• Photodiode Amplifiers 
• Voltage to Frequency Converters 
• Frequency to Voltage Converters 
• Fast, Precision Sample and Hold 

150/-tV Max. 
500/-tV Max. 

4/-tV/oC Max. 

150pA Max. 
2.5nAMax. 

12V//-ts Min. 

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

For the first time, 16V//-ts slew rate and 6.5MHz gain
bandwidth product are simultaneously achieved with 
offset voltage of typically 50/-tV, 1. 2/-tV 1°C drift, bias cur" 
rents of 40pA at 70°C and 500pA at 125°C. 

The 150/-tV 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 LT1 055/1056. 

For a JFET input op amp with 23V 1 /-ts guaranteed slew 
rate, refer to the L T1 022 data sheet. 

o to 10kHz VOltage-to-Frequency Converter Distribution of Input Offset Voltage 
(H Package) 

OV TO 10V INPUT~Mi---'II'\iY-+-_---~I''i!.'~ .----_+_ OUTPUT 
1Hz TO 10kHz 

--..- =1N4148. 

·1% FILM. 

0.1 
THE LOW OFFSET VOLTAGE OF LT1056 
CONTRIBUTES ONLY 0.1Hz OF ERROR. 
WHILE ITS HIGH SLEW RATE PERMITS 
10kHz OPERATION. 

VS=±15V 

120 ~~: J~I~~ TESTEO--tf;rt--+--t-+--1 
FROM THREE RUNS 

100 f--t-j--+-H~H--t-+-t---i 

80f--t-j--+-H~H-+-+-t---i 

60~~-+-H~a-+-+-~ 

20 

- 400 - 200 0 200 400 
INPUT OFFSET VOLTAGE (~V) 
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LT1055/LT1056 

ABSOLUTE mAXimum RATinGS 
Supply Voltage ......................... ± 20V 
Differential I nput Voltage .................. ± 40V 
Input Voltage . . . . . . . . . . . . . . . . . . . . . . . . .. ± 20V 
Output Short Circuit Duration. . . . . . . . . . . . . Indefinite 
Operating Temperature Range 

LT1 055AM I 1 055M I 1 056AM I 
1056M . . . . . . . . . . . . . . . . . .. - 55°C to 125°C 

LT1055ACI 1055C/1056AC/1056C . .. O°C to 70°C 
Storage Temperature Range 

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

PACKAGE/ORDER InFORmATiOn 
TOP VIEW 

N/C 

v-
METAL CAN H PACKAGE 

TOP VIEW 

BAL08N/C 
-IN 2 7 V+ 

+IN 3 6 OUT 

v- 4 5 BAL 

PLASTIC DIP N8 PACKAGE 

ORDER 
PART NUMBER 

LT1055AMH 
LT1055MH 
LT1055ACH 
LT1055CH 

LT1056AMH 
LT1056MH 
LT1056ACH 
LT1056CH 

LT1055CN8 
LT1056CN8 

ELECTRICAL CHARACTERISTICS Vs= ±15V, TA=25°C, VCM=OV unless otherwise noted. 

LT1055M/1056M 
LT1055AM 11 056AM LT1055CH/1056CH 
L T1 055AC 1 1 056AC LT1055CN8/1056CN8 

SYMBOL PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

Vas Input Offset Voltage (Note 1) L T1 055 H Package - 50 150 - 70 400 p.V 
L T1 056 H Package - 50 180 - 70 450 p.V 
LT1055 N8 Package - - - - 120 700 p.V 
LT1056 N8 Package - - - - 140 800 p.V 

los Input Offset Current Fully Warmed Up - 2 10 - 2 20 pA 

la Input Bias Current Fully Warmed Up - ±10 ±50 - ±10 ±50 pA 
VCM = +10V - +30 +100 - +30 +150 pA 

Input Resistance-Differential. - 1012 - - 1012 - {J 

-Common· Mode VCM = -11V to +8V - 1012 - - 1012 - {J 

VcM =+8Vto +11V - 1011 - - 1011 - {J 

Input Capacitance - 4 - - 4 - pF 

en Input Noise Voltage 0.1 Hz to 10 Hz LT1055 - 1.8 - - 2.0 - p.Vp-p 
LT1056 - 2.5 - - 2.8 - p.Vp-p 

en Input Noise Voltage Density fo= 10Hz (Note 2) - 28 50 - 30 60 nV/,JHz 
fa = 1 kHz (Note 3) - 14 20 - 15 22 nV 1,JHz 

In Input Noise Current Density fa = 10Hz, 1 kHz (Note 4) - 1.8 4 - 1.8 4 fAI,JHz 

AVOL Large Signal Voltage Gain Vo= ± 10V RL =2k 150 400 - 120 400 - V/mV 
RL = 1k 130 300 - 100 300 - V/mV 

Input Voltage Range ± 11 ± 12 - ±11 ±12 - V 

CMRR Common-Mode Rejection Ratio VCM = ±11V 86 100 - 83 98 - dB 

PSRR Power Supply Rejection Ratio Vs= ± 10V to ± 18V 90 106 - 88 104 - dB 

VOUT Output Voltage Swing RL =2k ±12 ± 13.2 - ±12 ±13.2 - V 

SR Slew Rate LT1055 10 13 - 7.5 12 - V/p.s 
LT1056 12 16 - 9.0 14 - V/p.s 

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 RpOT =100k - ±5 - - ±5 - mV 
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LT1055/LT1056 

ELECTRICAL CHARACTERISTICS Vs= ±15V, VCM=OV, O°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 Ollset Voltage (Note 1) LTl055 H Package • - 100 330 - 140 750 /lV 
L Tl 056 H Package • - 100 360 - 140 SOD /lV 
LT1055 NS Package • - - - - 250 1250 /lV 
LT1056 NS Package • - - - - 2S0 1350 /lV 

Average Temperature H Package (Note 5) • - 1.2 4.0 - 1.6 8.0 /lV/oC 
Coeflicient of Input Ollset N8 Package (Note 5) • - - - - 3.0 12.0 /lV/oC 
Voltage 

los Input Ollset Current Warmed Up LT1055 • - 10 50 - 16 80 pA 
TA=70°C LT1056 • - 14 70 - 18 100 pA 

IB Input Bias Current Warmed Up LT1055 • - ±30 ± 150 - ±40 ±200 pA 
TA=70°C LT1056 • - ±40 ± 180 - ± 50 ±240 pA 

AVOL Large Signal Voltage Gain Vo= ± 10V, RL =2k • 80 250 - 60 250 - V/mV 

CMRR Common-Mode Rejection Ratio VCM=±10.5V • 85 100 - 82 9S - dB 

PSRR Power Supply Rejection Ratio Vs=±10Vto ±18V • 89 105 - 87 103 - dB 
VOUT Output Voltage Swing RL = 2k • ±12 ± 13.1 - ±12 ± 13.1 - V 

ELECTRICAL CHARACTERISTICS Vs= ±15V, VCM=OV, -55°C$TA$125°C unless otherwise noted. 

SYMBOL PARAMETER CONDITIONS 

Vos Input Ollset Voltage (Note 1) LTl055 
LT1056 

Average Temperature (Note 5) 
Coellicient of Input Ollset 
Voltage 

los Input Offset Current Warmed Up LT1055 
TA=125°C LTl056 

IB Input Bias Current Warmed Up LT1055 
TA=125"C LT1056 

AVOL Large Signal Voltage Gain Vo= ±1OV, RL=2k 
CMRR Common-Mode Rejection Ratio VCM=±10.5V 
PSRR Power Supply Rejection RatiO Vs= ± 10V to ± 17V 
VOUT Output Voltage Swing RL = 2k 

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 dillerent 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. 

LT1055AM LT1055M 
LT1056AM LT1056M 

MIN TYP MAX MIN TYP MAX UNITS 

• - 180 500 - 250 1200 /lV 

• - ISO 550 - 250 1250 /lV 

• - 1.3 4.0 - 1.8 8.0 /lV/oC 

• - 0.20 1.2 - 0.25 1.8 nA 

• - 0.25 1.5 - 0.30 2.4 nA 

• - ±0.4 ± 2.5 - ±0.5 ±4.0 nA 

• - ±0.5 ±3.0 - ±0.6 ±5.0 nA 

• 40 120 - 35 120 - V/mV 

• 85 100 - 82 98 - dB 

• 8S 104 - S6 102 - dB 

• ± 12 ± 12.9 - ± 12 ± 12.9 - V 

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

Note 4: Current noise is calculated from the formula: in=(2qIB)''', 
where q = 1.6 x 10 -19 coulomb. The noise of source resistors up to 1 G[J 
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. 
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LT1055/LT1056 

TYPICAL PERFORmAnCE CHARACTERISTICS 

Input Bias and Offset Currents 
vs Temperature 
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Input Bias Current Over the 
Common-Mode Range 
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TYPICAL PERFORmAnCE CHARACTERISTICS 
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LT1055/LT1056 

TYPICAL PERFORmAnCE CHARACTERISTICS 
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APPLICATions InFoRmATion 
The LT10551 1056 may be inserted directly into LF155A1 
355A, LF156A1356A, 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 

r---""-V+ 

OUT 

V-

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 L T1 055 11056 can also be used in LF351, LF411, 
AD547, AD611, OPA-111, and TLOB1 sockets, 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 I 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. Tefion™, 
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. 

LT1055/LT1056 

N/C OFFSET 

V+ I TRIM 

\s/ 
OUTPUT, 6 7 1 

OFFSET'~4 
TRIM " 

V-

. 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 20/l-V hysteresis 
(30/l-V on the M grades) when cycled over the - 55°C to 
125°C temperature range. Temperature cycling from O°C 
to 70°C has a negligible (less than 10/l-V) hysteresis 
effect. 

The offset voltage and drift performance are also affected 
by packaging. In the plastic NB 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 LT1 055 11056 is practically im
measurable at 1.BfAI v'Hz. At 25°C it is negligible up to 
1Gn of source resistance, Rs (compared to the noise of 
Rs). Even at 125°C it is negligible to 100Mn of Rs. 
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LT1055/LT1056 

APPLICATions InFoRmATion 
The voltage noise spectrum is characterized by a low 1 If 
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 If 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 0.1 Hz to 10Hz peak-to-peak noise is a strong function 
of temperature, while wideband noise (fo = 1 kHz) 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 0.1 Hz to 10Hz noise from typi
cally 2.5p,Vp-p (± 15V, free-air) to 1.5JtVp-p. Similarly, the 
noise of an L T1 055 will be 1. 8JtVp-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 (RF), a 
pole will be created with RF, 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 RF in the kilohm range, this pole can 
create excess phase shift and even oscillation. A small 
capacitor (CF) in parallel with RF eliminates this problem. 
With Rs(Cs + CIN) = RFCF, the effect of the feedback 
pole is completely removed. 

OUTPUT 

Settling Time Test Circuit 

+15V 

PULSE GEN 

(5V MIN STEP) 

2k 
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~-+-- AUT OUTPUT 

10k 
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PACKARD 

~=lN4148 

-15V -15V 
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TO 
SCOPE 



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 
systems. As shown below, the LT1055/1056 does not 
have this problem due to unique phase reversal protec
tion circuitry (Q1 on simplified schematic). 

Voltage Follower with Input Exceeding the Negative 
Common-Mode Range 

INPUT 
±15V 

SINE WAVE 
-15V 

OUTPUT 

INPUT 
OUTPUT 

(LF155/56, LF411, OP-15/16) 
OUTPUT 

LT1055/56 

> > 
C5 C5 

~ ~ 

O.5ms/DIV O.5ms/OIV O.5ms/DlV 

TYPICAL APPLICATIONS t 
Exponential VOltage-to-Frequency Converter for Music Synthesizers 

INPUT 
OV-10V 

EXPONENT 11.3k' 

TRIM 

250\J' 
'::" 

3.57k' 
ZERO 
TRIM 

4.7k 

562rJ' 
+15V 

10k' 

1k' 

2N3904 

5001l" 

'::" 

LM329 

'::" 
10k' 

SAWTOOTH 
OUTPUT 

1k' 

4.7k 

----, 
7 I 
33rJ I 

SCALE FACTOR -15V '::" I 
1V IN/OCTAVE OUT I I 

'1% METAL FILM RESISTOR '::" 
PIN NUMBERED TRANSISTORS = CA3096 ARRAY L _ ~~R~R~O~O::'O'!.. ______ .J 

t For ten additional applications utilizing the L T1055 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 Fast "No Trims" 12-Bit Multiplying CMOS DAC Amplifier 

249k' 

2-152 

74COO 

+--..... >I--..... -'VIIV-- + 15V 

CIRCUIT OUTPUT 
RATIO lOUT (A) 

ICLK (8) 

560 

TYPICAL 12-81T 
CMOS DAC 

Fast, 16-Bit Current Comparator 

4.7k 

INPUT---+.J\;IIV-.J 

LTl009 
2.5V 

Temperature-to-Frequency Converter 

HP50B2-2Bl0 DELAY=250ns 
• = 1% FILM RESISTOR 

+15V 

3k 

OUTPUT 

lk' lk' 
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LM329 

5100 

5000 
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B200' 
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TYPICAL APPLICATions 

·1 % FILM RESISTOR 

-M-~IN414B 
FRED LINEARITY ~ 0.1 % 
FRED STABILlTV~150ppml'C 
SmLlNG TIME~ 1.7", 
0ISTORTION~0.25% AT 100kHz. 

0.07% AT 10kHz 

100kHz 
DISTORTION' 

TRIM 
2< 

+15V 

50kt 10Hz 
DISTORTION 

TRIM 

-15V 

12·Bit Voltage Output Of A Converter 

'::" -15V 
SETILING TIME TO 2mV (O.B LSB)~ 1.5" TO 2", 

100kHz Voltage Controlled Oscillator 

22.1k 

FINE 
DISTORTION 

TRIMS 

6Bk 

LT1055/LT1056 

+15V 
SINE OUT 

2Vnn, 
1l-100kHz 

10k 

4.7k 

± 120V Output Precision Op Amp 

+125V 

± 25mA OUTPUT 
HEAT SINK OUTPUT TRANSISTORS 

510 33011 

50k 

270 

OUTPUT 

INPUT 2m 

50k 

lN965 
51011 33011 
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LT1055/LT1056 

SimPLIFIED SCHEmATIC 
NULL 

~----~--~~-+--~--~~--------~~------------~----------~~7 y+ 

7k 

-INPUT 

+ INPUT 

14k 
14k 

·CURRENTS AS SHOWN FOR LT1055. (X)~CURRENTS FOR LT1056 

PACKAGE DESCRIPTiOn 
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~
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MAX iiT7Di.!!!!::.!!.!!!. 
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.. e:xiiJ" 
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GLASS 

N07E: OIMEHSIONS IN INCHES (MIWMmRS) 
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NB Package 
B Lead Plastic 

~J 0.24010.280 

~i (6·
096r12

) 
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sa 
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y-

~ r(~::=~O~)""1 . 
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±5
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, I 
, I j" ~ 
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£7L1nF t\ I) LF155A/355A/155/355 
U \K LF156A/356A/156/356 

TECHNOLOGY~J-F-ET---In-p-u-t-O-p-e-ra-t-io-n-al-A-m--pl-ifi-e-rs 

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 (156A1356A) 10Vf pS Min. 
• Fast Settling to 0.01 % 1.5pS 

APPliCATions 
• Output Amplifiers for Of A Converters 
• Fast Sample and Hold Circuits 
• High Speed Integrators 
• Photocell Amplifiers 
• High Input Impedance Buffers 

Low Supply Current (LF155) = 
High Speed (LF156) !: 

..J 
Q. 
e 
~ DESCRIPTion ..J 

Linear Technology's LF155f 156 series features several Ii! 
improvements compared to similar types from other man- 0 
ufacturers: offset voltage drift with temperature and slew i= 
rate are guaranteed on all grades, not just on the more 15 
expensive' 'A" grades. Other specifications such as volt- 'II 
age gain and high temperature bias and offset currents a 
are also improved. 

The industry standard LF155f156 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 LF155f156 
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 

INPUT 
10V/DiV 

O.5ms/DiV 

OUTPUT 
STANDARD 

155/156 
10V/DiV 

OUTPUT 
LINEAR TECH 

155/156 
10V/DiV 
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LF155A/355A/155/355 
LF156A/356A/156/356 

ABSOLUTE mAXimum RATinGS PACKAGE/ORDER InFORmATiOn 
Supply Voltage 

LF155A/155/355A, 
LF156A/ 156/ 356A . . . . . . . . . . . . . . . . . .. ± 22V 
LF355/356 ......................... ±18V 

Differential Input Voltage 
LF155A/155/156A1156 ............... ±40V 
LF355A/ 355/ 356A/ 356 . . . . . . . . . . . . . .. ± 30V 

Input Voltage (Note 1) 
LF155A/155/156A/156 ............... ±20V 
LF355A/355/356A/356 ............... ±16V 

Output Short Circuit Duration ............. Indefinite 
Operating Temperature Range 

LF155A/ 155/ 156A/ 156 . . . . . .. - 55°C to 125°C 
LF355A/355/356A/356 ........... O°Cto70°C 

Maximum Junction Temperature 
LF155A/155/156A/156 ............... 150°C 
LF355A/355/356A/356 ............... 100°C 

Storage Temperature Range 
All Devices .................. -65°C to 150°C 

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

ELECTRICAL CHARACTERISTICS (Note 2) 

LF155A1156A 
SYMBOL PARAMETER CONDITIONS LF355A1356A 

MIN TYP MAX 

vas Input Offset TA=25°C 2 
Voltage Over Temperature 2.5 

355A/356A 2.3 

I!.Vos Average TC of Rs=50{) 3 5 
~ Input Offset 

Change in Rs=50{) (Note 4) 0.5 
Average TC with 
Vas Adjust 

los Input Offset 
Current 

18 

RIN Input 
Resistance 

AVOL Large Signal Vs= ±15V, TA=25°C, 200 
Voltage Vo= ± 10V, RL =2k 
Gain Over Temperature 

2-156 

TOP VIEW 

N/C 

H PACKAGE 
METAL CAN 

TOP VIEW 

NB PACKAGE 
B PIN PLASTIC 

LF155/156 

MIN TYP 

5 

50 200 

25 

MAX 

ORDER PART NUMBER 

LF155H 
LF155AH 
LF355H 
LF355AH 

LF156H 
LF156AH 
LF356H 
LF356AH 

LF355N8 LF356N8 
LF355AN8 LF356AN8 

vas is adjusted with a 20k or 50k 
potentiometer between the balance 
terminals. The wiper is tied to V+ 

LF355/356 
UNITS 

MIN MAX 

200 V/mV 

V/mV 
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ELECTRICAL CHARACTERISTICS (Note 2) 

LF155A/355A/155/355 
LF156A/356A/156/356 

LF155AJ156A LF155J156 LF355J356 
SYMBOL PARAMETER CONOITIONS LF355AJ356A UNITS 

MIN 

Va Output Vs= ±15V, RL=10k : ±12 
Voltage Vs= ±15V, RL =2k ±10 
_S~inj 

VCM Input 
Common-Mode Vs= ±15V 
Voltage Range 

I- ± 11 

CMRR 
CI Rejecti~~o~:tio - 85 

PSRR Supply Voltage V ~ = ± 1 OV to ± 18V : 85 
Rejection Ratio Vs=±10Vto ±15V 

Is Supply Current TA=25°C, Vs= ±15V 
LF155/355 Series 
LF156/356 Series 
LF356A 

SR Slew Rate Av= +1 
TA=25°C, Vs= ±15V 
LF155/355 Series 

I- 10 LF156/356 Series 

GBW Gain Bandwidth TA=25°C, Vs= ±15V 
Product LF155/355 Series -

LF156/356 Series 4 

ts Settling Time TA=25°C, Vs= ±15V 
to 0.01% LF155 Series (Note 5) 

LF156 Series 

en Input Noise TA=25°C, Vs= ±15V 
Voltage f= 100Hz 
Density LF155 Series 

LF156 Series 

f = 1000Hz 
LF155 Series 
LF156 Series 

in Input Noise TA=25°C, Vs= ±15V 
Current f=100Hz 
~~t[ f=1000Hz 

CIN Input -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 
LF355A/356A LF355/356 

LF155/156 

Supply Voltage. Vs ±15V"VS" ±20V ±15V"VS" ±18V VS~±15V 

TA -55'C"TA" +125'C O'C"TA" +70'C O'C"TA,,+70'C 

and Vas, Is and los are measured at VCM=O. 

. 

TYP MAX MIN TYP MAX MIN TYP MAX 

±13 ±12 ±13 ±12 ±13 V 
±12 ±10 ±12 ±10 ±12 V 

+15.1 ±11 +15.1 ±10 ± 15.1 V 
-12 -12 -12 

100 85 100 80 100 dB 

100 85 100 - - dB 
- - 80 100 dB 

2 4 2 4 2 4 mA 
5 7 5 7 5 10 mA 
5 7 - - - - mA 

~ .................. V/!'-s 
12 9 12 V/!'-s 

2.5 2.5 2.5 MHz 
5 5 5 MHz 

4 4 4 !'-s 
1.5 1.5 1.5 !'-s 

25 25 25 nV/-JHz 
15 15 15 nV/-JHz 

20 20 20 nV /-JHZ 
12 12 12 nV/-JHz 

0.01 0.01 0.01 pA/-JHz 
0.01 0.01 0.01 pA/-JHz 

3 3 3 pF 

Note 3: The input bias currents are junction leakage currents which 
approximately double for every 10°C increase in the junction 
temperature, Ti. 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, Po. TI = TA + 8 JA Po where 8 JA 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 (0.5!,-V/oC 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\J 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. 
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LF155A/355A/155/355 
LF156A/356A/156/356 

TYPICAL PERFORmAnCE CHARACTERISTICS 
Gain, Phase vs Frequency I nverter Settling Time 

20 100 
TA=25°G 
Vs=±15V 

l~' 
15 80 

~ 10 

> 
;; 

'" fE ., LF155 

1.4 

1.2 

Normalized Slew Rate vs 
Temperature 

VS=±15V 

" 
iii GAIN LF1~f\~ I 

PHASE 

~ z 

1ii 0 f--t~--#rl-tttti--j;-H-ti-tt-H 
1.0 

r-.:: ~ LF155_ r--
i'IF15S\ ~L1156 

~ 
-5 

-10 \ -20 
0.1 0.3 1 3 10 30 100 

FREQUENCY (MHz) 

Supply Current vs 
Temperature 

-t- LF156 

I 
LFj55 

Vs= ±15V 

"' '" §; 

~ -
5 

f--t-j-+-iTTltM--'IIf-'<Pi''+t-tt-H 

1.0 
SETTLING TIME ("') 

LF156 Large Signal 
Response 

a ~d~~b~-I.~~;:~ 
u; 
~ l~fb~~'~~'~; 

LF155 

10 

~ ~~r~r;~c~t-~~+-~~ 

L~ 
0.8 

0.6 

-75 -25 25 75 
TEMPERATURE (OC) 

LF156 Small Signal 
Response 

I--

125 

o 
-75 -25 25 75 125 AV= + 1, CL::::: 100pF, lj.1s/DIV AV= + 1, GL =100pF, O,2j.1SEC/DIV 

TEMPERATURE (OCi 

PACKAGE DESCRIPTiOn Dimensions in inches (millimeters) unless otherwise noted. 

H Package Metal Can N8 Package 8 Lead Plastic 

-I~.:~~ =~'~~~I -
0" 

0305-0.335 

1

-17.747-8509'l 
0040 DIA 

MAX (1.270) 0165-01S5 

~ Mf ~ 
(1.016)~t-;,;D.D,"5D'-~~" 

SEATlNG~ __ I__ GAUGE" 
PLANE f ~ - --I-PLANE 0.500-0750 

~ 00 0 00 (12.70;'9.05) IDA _II_,:::~~;:~:, 

("'{,:D27~D.D"X~ (0686-0864) 

2-158 

~..lD"D1D28D 
bd=r~'''21 
II 0.040 0060 

--- -(iJi16j MAA (1.524) 

so 
0370-0400 

~ 1--19'400-'01511 
IDM~:"~_'::::' t .ON -,---

0155-0.175 
/3.937-4445) 

L-....::=- -:-:l 
o. 125=..!!..ll!f ~ 

(3.175-3,302) r I I /2.92'.3683) 

r---JJ~'I D.DJD~D.D6D 
.!lQ!!.. 1-lo.762Ty;·524) 

(~:~~) --~ 
TYP (0.356Ty~·5841 

:R1-'·"· 

, , 
:: \\ -irD •• ". J~~ (0.203-0381) 

7YP 
0,290-0.310 

(7.366-7.874) 

*lEADS WITHIN 0.007 OF TRUE POSITION (TP) AT GAUGE PLANE 
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FEATURES 
• Guaranteed Operation at + 1 .2V 

Op Amp and Reference on Single Chip 
• Low Supply Current 400pA 
• Capable of Floating Mode Operation 
• Low Reference Drift 20ppm/oC 
• Low Offset Voltage 
• Output Swings to Within 15mV of Rails 

APPLICATions 
• Remote Signal Conditioner ITransmitter 
• Battery Operated Instruments 
• Precision Current Regulators 
• Precision Voltage Regulators 
• Thermocouple Transmitter 

15k 
+ 1. 5V to + 5V Converter 

15k 

5V OUT 
TO CMOS 
SYSTEM 

5.1M 

T1 = STAN COR PCT-39 
01, D2=1N933 (GERMANIUM) 
01,02=2N2222A 
R=OUTPUT ADJUST 
THIS 1.5V BATTERY, TO 5V OUTPUT DESIGN 
CAN DRIVE LOW POWER CIRCUITRY FOR MONTHS. 

and Reference ~ 
DESCRIPTion 
The LM 1 0 combi nes a precision reference, a reference 
buffer amplifier and an independent, high quality op amp 
on a single chip. The device is capable of operation from a 
single supply as low as 1.1V, from dual supplies up to 
± 20V and typically draws 270pA 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 LM 1 0 will deliver 20mA output current and 
still swing within ±400mV of the supply rails. 

With its low operating current and floating operation 
capability, the LM 1 0 is ideal for two wire analog trans
mitter circuits where the processed signal is carried on 
the same line used for power. The LM 1 0 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. 

Line Regulation 

0.1 

25°C 
1-

-0.1 
1 10 100 

TOTAL SUPPLY VOLTAGE (V) 
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LM10 

ABSOLUTE mAXimum RATinGS PACKAGE/ORDER InFORmATiOn 
Total Supply Voltage 

LM10/LM10B/LM10C .................. 45V 
LM10BL/LM10CL ....................... 7V 

Differential Input Voltage (Note 1) 
LM10/LM10B/LM10C ................ ±40V 
LM10BL/LM10CL ..................... ± 7V 

Output Short Circuit Duration ............. Indefinite 
Operating Temperature Range (Note 2) 

LM10 .................. -55°C:sTA:s125°C 
LM10B/LM10BL .......... - 25°C :sTA :s85°C 
LM10C/LM10CL ............. O°C :sTA :s70°C REFERENCE 

OUTPUT 
Storage Temperature Range. . .. - 65°C :sTA:S 150°C 
Lead Temperature (Soldering, 10 sec.) ........ 300°C 

OPAMP 
INPUT(-) 

OPAMP 
INPUT(+) 

V-

TOP VIEW 
REFERENCE 
FEEOBACK 

METAL CAN H PACKAGE 

TOP VIEW 

1 8 

2 

3 6 

J8 HERMETIC PACKAGE 
NB PLASTIC DIP PACKAGE 

OP Amp ELECTRICAL CHARACTERISTICS (Note 3) 

SYMBOL PARAMETER CONDITIONS LM10/LM10B 
MIN TYP MAX 

Vas Input Offset Voltage 0.3 2.0 

• 3.0 

ilVos Average Offset • 2.0 
ilTemp Voltage Drift 

los Input Offset Current (Note 4) 0.25 0.7 

• 1.5 

illos Offset Current • 2.0 
ilTemp Drift 

IB Input Bias Current 10 20 

• 30 
illB Bias Current Drift • 60 

ilTemp 

AVOL Large Signal Vs= ± 20V, 10UT=0, VOUT= ± 19.95V 120 400 
Voltage Gain • 80 

Vs= ± 20V, VOUT= ± 19.4V 
IOUT= ±20mA 50 130 
10UT= ± 15mA • 20 

Vs = ± 0.6V, lOUT = ± 2mA 
VOUT= ±O.4V, VCM= -O.4V 1.5 3.0 

Vs= ±0.65V, IOUT= ±2mA 
VOUT = ± 0.3V, VCM = - O.4V • 0.5 

Shunt Gain (Note 5) 0.1mA" lOUT" 5mA, RL = 1.1kO 
1.2V" VOUT" 40V 14 33 
1.3V" VOUT" 40V • 6 

0.1mA" lOUT" 20mA, RL =2500 
1.5V"V+ ,,40V 8 25 

• 4 
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REFERENCE 
FEEDBACK 

V+ 

OPAMP 
OUTPUT 

BALANCE 

MIN 

80 
50 

25 
15 

1.0 

0.75 

10 
6 

6 
4 

ORDER 
PART NUMBER 

LM10H 
LM10BH 
LM10CH 
LM10BLH 
LM10CLH 

LM10CN8 
LM10CLN8 
LM10CJ8 
LM10CLJ8 

LM10J8 
LM10BJ8 
LM10BLJ8 

LM10C UNITS TYP MAX 

0.5 4.0 mV 
5.0 mV 

5.0 /lV/DC 

0.4 2.0 nA 
3.0 nA 

5.0 pA/oC 

12 30 nA 
40 nA 

90 pA/oC 

400 V/mV 
V/mV 

130 V/mV 
V/mV 

3.0 V/mV 

V/mV 

33 V/mV 
V/mV 

25 V/mV 
V/mV 



OP Amp ELECTRICAL CHARACTERISTICS (Note 3) 

SYMBOL PARAMETER CONDITIONS LM10/LM10B 
MIN TYP MAX MIN 

CMRR Common-Mode Vs= ±20V 
Rejection Ratio - 20V sVCM s19.15V 93 102 90 

- 20V s V CM S 19V • 87 87 
PSRR Power Supply -0.2V? V ? -39V 

Rejection Ratio V+ =1.0V 90 96 87 
V+ =1.1V • 84 84 

V = -0.2V 
1.0V s V+ s 39.8V 96 106 93 
1.1V s V+ s 39.8V • 90 90 

RIN Input Resistance (Note 6) 250 500 150 

• 150 115 

Is Supply Current 270 400 

• 500 

2.ls Supply Current 1.2VsVss40V 15 75 
Change 1 .3V s V s s 40V • 75 

REFEREnCE AmPLIFIER ELECTRICAL CHARACTERISTICS (Note 3) 

SYMBOL PARAMETER CONDITIONS LM10/LM10B 
MIN TYP MAX MIN 

VREF Feedback Sense Voltage at Pin 1 with Pin 1 195 200 205 190 
Voltage Connected to Pin 8 • 194 200 206 189 

2.V REF Reference Drift • 0.002 
2.Temp 

Feedback Current Current into Pin 8 20 50 

• 65 
Line Regulation OsIREFs1mA, VREF =200mV 

12V s Vss 40V 0.001 0.003 
13V s Vss 40V • 0.001 0.006 

Load Regulation OsiREFs1mA 
V+ -VREF?1.0V 0.01 0.1 
V+ -VREF?1.1V • 0.01 0.15 

Reference Amplifier 0.2VsVREF s35V 50 75 25 
Gain • 23 15 

LM10C 
TYP MAX 

102 

96 

106 

400 

300 500 
570 

15 75 
75 

LM10C 
TYP MAX 

200 210 
200 211 

0.003 

22 75 
90 

0.001 0.008 
0.001 0.01 

0.01 0.15 
0.01 0.20 

70 

LM10 

UNITS 

dB 
dB 

dB 
dB 

dB 
dB 

kU 
kU 

/J.A 
/J.A 

/J.A 
/J.A 

UNITS 

mV 
mV 

%/oC 

nA 
nA 

%/V 
%/V 

% 
% 

V/mV 
V/mV 
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LM10 

OP Amp ELECTRICAL CHARACTERISTICS (Note 3) 

SYMBOL PARAMETER CONDITIONS LM10BL LM10CL UNITS MIN TYP MAX MIN TYP MAX 

Vas I nput Offset Voltage 0.3 2.0 0.5 4.0 mV 

• 3.0 5.0 mV 

!!.Vos Average Offset • 2.0 5.0 ,"V/oC 
!!.Temp Voltage Drift 

los Input Offset Current (Note 4) 0.1 0.7 0.2 2.0 nA 

• 1.5 3.0 nA 

!!.Ios Offset Current • 2.0 5.0 pA/oC 
!!.Temp Drift 

IB Input Bias Current 10 20 12 30 nA 

• 30 40 nA 
LlIB Bias Current Drift • 60 90 pA/oC 

!!.Temp 

AVOl Large Signal Vs= ±3.25V, IOUT=O, VOUT= ±3.2V 60 300 40 300 V/mV 
Voltage Gain • 40 25 V/mV 

Vs= ±3.25V, VOUT= ±2.75V 
IOUT= ± 10mA 10 25 5 25 V/mV 

• 4 3 V/mV 

IOUT= ±2mA, VCM= -O.4V 
Vs = ± 0.6V, VOUT = ± 0.4V 1.5 3.0 1.0 3.0 V/mV 
Vs = ± 0.65V, VOUT = ± 0.3V • 0.5 0.75 V/mV 

Shunt Gain (Note 5) 0.1mAsl oUT sl0mA, Rl =500{J 
1.5VsV+ s6.5V 8 30 6 30 V/mV 

• 4 4 V/mV 
CMRR Common-Mode Vs=±3.25V 

Rejection Ratio - 3.25V s VCM s 2.4V 89 102 80 102 dB 
- 3.25V s VCM s 2.25V • 83 74 dB 

PSRR Power Supply -0.2V?V ? - 5.4V 
Rejection Ratio V+=1.0V 86 96 80 96 dB 

V+ =1.2V • 80 74 dB 
PSRR V = -0.2V 

1.0VsV+s6.3V 94 106 80 106 dB 
1.1VsV+ s 6.3V • 88 74 dB 

RIN Input Resistance (Note 6) 250 500 150 400 k{J 

• 150 115 k{J 

Is Supply Current 260 400 280 500 ~ 
• 500 570 ~ 
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LM10 

REFEREnCE AmPLIFIER ELECTRICAL CHARACTERISTICS (Note 3) 

SYMBOL PARAMETER CONDITIONS LM10BL LM10CL 
UNITS MIN TYP MAX MIN TYP MAX 

V REF Feedback Sense Voltage Voltage at Pin 1 with Pin 1 195 200 205 190 200 210 mV 
Connected to Pin 8 • 194 200 206 189 200 211 mV 

~VREF Reference Drift • 0.002 0.003 %/oC 

~Temp 

Feedback Current Current into Pin 8 20 50 22 75 nA 

• 65 90 nA 

Line Regulation 0,,;;I REF ";;0.5mA, VREF=200mV 
1.2V,,;;Vs,,;;6.5V 
1.3V,,;;Vs,,;;6.5V 

Load Regulation 0,,;;I REF ,,;;0.5mA 
V + - V REF ~ 1 .OV 
V+ - VREF~ 1.1V 

Reference Amplifier Gain 0.2V ,,;;V REF ,,;; 5.5V 

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 LM 1 OCL. 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 
(a) V- ,,;;VCM,,;;V+ -0.85V V- ,,;;VCM ,,;;V+ -1.0V 
(b) 1.2V ,,;;Vs ,,;;VMAX 1.3V ,,;;Vs ,,;;VMAX 

VREF =0.2V and 0,,;; I REF ,,;; 1.DmA where VMAX =40V for the LM10, 
LM10B and LM10C and VMAX=6.5V for the LM10BL and LM10CL. The 
specifications do not include errors due to thermal gradients (71 = 20ms), 
die heating (72=0.2 sec) or package heating. 

0.001 0.01 0.001 0.02 %/V 

• 0.001 0.02 0.001 0.03 %/V 

0.01 0.1 0.01 0.15 % 

• 0.01 0.15 0.01 0.20 % 

30 70 20 70 V/mV 

• 20 15 V/mV 

Note 4: For T J > 90°C, los may exceed 1.5nA when V CM = V -. When 
the common-mode input voltage is within 100mV of the negative supply 
and TJ = 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. 
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LM10 

TYPICAL PERFORmAnCE CHARACTERISTICS (Op Amp) 

Input Current 
15 --- vc~-v-

[ 

j 
=> 
;: -15 
is: 
;;0 0.6 

o 

--
Vs± 20V 

--

~ - BIAS_ r---
VCM :'19v-i"'-.,. 

"-

I--- OFFSET T----:::; 

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

Input Noise Voltage 
1k 

Av> 100 

I- Rs=1M 

: IJ~II JOk 

Rs 0 

IIIII J 
11111 I 10 

10 100 1k 10k 100k 

1.0 

0.5 

~ 0.2 

~ 0.1 
>:: 
~ 0.05 
z 
~ 0.02 
g;j 
~ 0.01 
<.n 0.005 

0.002 

0.001 

FREQUENCY (Hz) 

Output Saturation 
Characteristics 

I , 20~A 
20mA ./ -

I 

- -

k .. I~:'0.2mA __ 

Il=0.1mA ,-- 0 

--NPN 
--PNP 

- -0 Vs= ±2V 
TA 55'C 

-0.3 -0.2 -0.1 0 0.1 0.2 0.3 
OFFSET VOLTAGE CHANGE (mV) 
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Common-Mode Limits 

J+ 
-0.5 

~ r---
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~-1.0 --- -
" ::J 
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~ 
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--l---
----; ~s<0.5mv 

..... dIOS< 2nA 
-0.5 

dlS< 10nA 
-1.0 

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

DC Voltage Gain 
130 

VS=±12V 
Vo=±lOV 

..... r--,. 11111 I 
.............. T~~ ~J5,lc 

120 
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.... "" I~jc--

........ JIIIII 
100 

90 
100k 10k 1k 

IrN I 
100 

1.0 

0.5 

0.2 

0.1 

0.05 

0.02 

0.01 

0.005 

0.002 

0.001 

LOAD RESISTANCE (0) 

Output Saturation 
Characteristics 

J 
-20m~/ 

\ 

\ lOUT = 20mA 

-- 1""--

" 
I I o.1mA- --

J '- -- --
0 

-0.1mA / NPN ___ 
PNP--

0/ 

Vs= ± 2V 
TA=25'C 

-0.3 -0.2 -0.1 0 0.1 0.2 0.3 
OFFSET VOLTAGE CHANGE (mV) 

Offset Voltage Drift 
0.5 

" 
-0.5 

-50 -25 0 25 50 75 100 125 

100 

50 
;? 

~ 20 

~ 10 
z 

"" 13 5 

~ 
g;j 
'-' 1 
"'" => 
~O.5 

'" 0.2 

0.1 

TEMPERATURE (OC) 

Tra nscond ucta nce 

Vs"'- ± 2V 
VSAT> 1V 

- TA 55'C 

KI / 

25'C 

125'C 

/ 
0.01 0.02 0.05 0.1 0.2 0.5 1.0 

1.0 

0.5 

0.2 

~ 0,1 

~ 0.05 
~ 
~ 0.02 
~ 
§ 0.01 

5§ 0.005 

0.002 

0.001 

OFFSET VOLTAGE CHANGE (± mY) 

Output Saturation 
Characteristics 

} 

.... '/ 
15mA 

~ , / 
V 

Il=-0.1mA / 
Vo 

\ 15mA 
--

\ ''1I,l=0.1mA 
--1--

f-
__ NPN 

- PNP 

Vs= ± 2V 
TA=125'C 

1.0 -O.B -0.6 -0.4 -0.2 0 0.2 0.4 0.6 
OFFSET VOLTAGE CHANGE (mV) 



LM10 

TYPICAL PERFORmAnCE CHARACTERISTICS (Op Amp) 

Minimum Supply Voltage 
1.8 

-NPN 0 

--PNP 

TA=-55°C 
VSAT=lr 

-lmA iC20mA -J LJ\ -r----
IL= -20mA \ 

~ ! \ 
--'" ~- ---

i-== r=;; 10mA_ 

0.8 
0.3 0.2 0.1 0 -0.1 -0.2 

OFFSET VOLTAGE CHANGE (mV) 

Frequency Response 
140 

120 

100 

TA=25°C 

r--... ~AIN 
250 

~ 80 r-... J 
I 

200 ~ 
z 
~ 60 
w 

'" 40 ~ 
~ 20 

-20 

r-... 
I 

"\ I ... I 
I '\. = PHASE I --r- - .. 

'" 

m 
S; 
'" 

150 ~ 

~ 
100 

-~ ~ 
0.1 1.0 10 100 lk 10k lOOk 1M 

FREQUENCY (Hz) 

Large Signal Response 
16 

VS= ± 15V 
TA=25°C 

~ 12 \ 

1\ 
\ 

i\. 
r--.. 

Minimum Supply Voltage 
1.8 r-----,----,---y---,---, 

-NPN 
-- PNP 

_1.6 TA=25 0 C 
~ 
tll VSAT=1.0V 

~ 1.4 f--f---i--P.f--'<f---+--f 
5! 

~ 
~1.2 
--' 
;'! 

~ 1.0 ~~;:!:::~~.q=",*="""'=~ 

0.8 1...---'_.......1._--'-_-'-_-'-_-' 
0.3 0.2 0.1 0 -0.1 -0.2 -0.3 

OFFSET VOLTAGE CHANGE (mV) 

Output Impedance 
lk 

§: 100 
.... 

I~UT=.lmA " 
w 
'-' 

~ 
10 ~ 
/' ?UT=O IV I r= '1m:" 

f-

5: .... 
:::J 
0 

__ Av~:uU 

0.1 
lk 10k lOOk 

FREQUENCY (Hz) 

Comparator Response Time for 
Various Input Overdrives 

~ 
tll 100 

~ 50 
5! 
~ a 
;;; -50 

\ 

50mV 

VOO=5mV 

\ 

10mV \ 
\ \ 
\ 

V+=5V 
V-=O -

TAr5°f-

o 
100 lk 10k lOOk -0.2 0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 

FREQUENCY (Hz) TIME (ms) 

1.8 

1.6 
~ 
w 
'" ~1.4 
5! 
~ g; 1.2 
en 
--' 
;'! 
o 
.... 1.0 

0.8 

10-6 

E 10-7 

'" :z 

~ 
!!' 10-8 

E 

~ 
10-9 

10- 10 

Minimum Supply Voltage 

-NPN 
--PNP 

TA=125°C 
VSAT=1.0V 

-15mA I 

" 15mA 

J -lL~ 10"A I 
~ 

,....-V 
1.5 1.0 0.5 0 -0.5 -1.0 -1.5 

INPUT VOLTAGE CHANGE (mV) 

Typical Stability Range 

1.2V<Vss40V NPN 55'CsTA< +125°C 
Av>:l 

11].11' 

PNP 

I-lIII ,Iif 
UNSTABLE 

1M 100 10 1 0.1 0.01 -0.1 -1 -10 -100 

~ 5 

~ 
o 
> 3 

~ 
5 
o 

~ 0 

~ 100 

~ 50 

~ 0 
;;; -50 

LOAO CURRENT (rnA) 

Comparator Response Time for 
Various Input Overdrives 

VOO=50mV 

( (jomvi 

I / 
V 

I /5mv - -

J J / 

V+=5V 
V- =0 
TA=25°C 

-0.2 0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 
TIME (ms) 

2-165 

III 
CIC 
\II 
ii: 
::::; 
a. 
e a:: 
.,J 
a:: c o 
t= a:: 
a:: 
\II a. o 

II 



LM10 

TYPICAL PERFORmAnCE CHARACTERISTICS 
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LM10 

TYPICAL PERFORmAnCE CHARACTERISTICS (Reference) 
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LM10 

APPLICATion HinTS 
With heavy amplifier loading to v- , resistance drops in 
the V- lead can adversely affect reference regulation. 

Lead resistance can approach 10. Therefore, the com
mon to the reference circuitry should be connected as 
close as possible to the package. 

TYPICAL APPLICATiOnS 

Standard 
Offset Adjustment 

V-

Low Voltage Regulator 
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I 
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-= "* 
t USE ELECTROLYTIC OUTPUT CAPACITORS 
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Limited Range 
Offset Adjustment 

R2 
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Best Regulation 
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Limited Range Offset Adjustment 
with Boosted Reference 
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TYPICAL APPLICATions 
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LM10 
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LM10 

TYPICAL APPLICATions 

High Voltage Regulator 
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TYPICAL APPLICATions 
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LM10 

TYPICAL APPLICATions 
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Microphone Amplifier 
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OP Amp SCHEmATIC DIAGRAm 
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LM10 

REFEREnCE AnD InTERnAL REGULATOR SCHEmATIC DIAGRAm 
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PACKAGE DESCRIPTion 
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H Package 
Metal Can 
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~Y~ElcONfJ\O' 'O_G~~~ _____ LH_21_08_A ......A.. ~ Operational Amplifiers 

FEATURES 
• Guaranteed 2nA Max. Input Bias Current 
• Guaranteed 600pA Max. Supply Current 
• Guaranteed O.5mV Max. Offset Voltage 
• Guaranteed 5p,V/oC Max. Drift 
• Wide Supply Voltage Range: ± 2V to ± 20V 
• Interchangeable with Other Manufacturers' LH2108 

APPLICATions 
• Integrators 
• Transducer Amplifiers 
• Analog Memories 
• Light Meters 

DESCRIPTion 

'" CIC 
'II -U. -..J 
Q. 
e 

The LH21 08A series of precision operational amplifiers is a:: 
particularly well suited for high source impedance appli- ~ 
cations requiring low offset and bias currents, as well as C 
low power dissipation. Unlike FET input amplifiers, the 0 

i= offset and bias currents of the LH2108A do not change a:: 
significantly with temperature variations. Advanced de- CIC 
sign, processing and testing techniques make Linear's ~ 
LH2108A a superior choice over previous devices. 0 
For higher performance dual amplifiers, see the LT1024, 
LT1002, and LT1013 data sheets. EI 

Fast Precision Inverter 0.1 Hz to 10Hz Noise 

INPUT 10k" 

10k" 
10k 

300pF 
+15V 

30pF 

10pF 

lN4148 

+15V 

lOOOpF 

10k -15V 

"1% METAL FILM 
FULL POWER BANDWIDTH = 2MHz 
SLEW RATE = 50V'1" 

w 

TA=25°C 
Vs±2V 10 ±20V 

~~~~~~--~-
~ 
~~-+--+-~--~-
~ 

4 6 10 
TIME (SECONDS) 
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LH2108A 

ABSOLUTE mAXimum RATinGS 
Supply Voltage. . . . . . . . . . . . . . . . . . .. . . . .. ± 20V 
Differential I nput Current (Note 1) . . . . . . . . .. ± 10mA 
Input Voltage (Note 2) . . . . . . . . . . . . . . . . . . .. ± 15V 
Output Short Circuit Duration. . . . . . . . . . . .. Indefinite 
Operating Temperature Range. . . . .. - 55°C to 125°C 
Storage Temperature Range ....... -65°C to 150°C 
Lead Temperature (Soldering, 10 sec.) ........ 300°C 

PACKAGE/ORDER InFORmATion 

V+ (All 

DUT COMP (A) 2 

INCOMP(A) 3 

INVERTINGINPUT(A) 4 

NONINVERTING INPUT (A) 5 

v- 6 

TOP VIEW 
HERMETIC DIP 

13 NONINVERTING INPUT (B) 

ORDER PART 
NUMBER 

12 INVERTINGlN'UTI'1 LH2108AD/883B 
11 INCOM'I'I LH2108D/883B 

LH2108AD 
LH2108D 

ELECTRICAL CHARACTERISTICS ±5VsVss ±20Vand -55°CsTAS125°C unless otherwise noted. 

SYMBOL PARAMETER CONDITIONS 

Vos Input Ollset Voltage TA=25°C 

t.Vos Average Temperature Coefficient 
t.Temp of I nput Offset Voltage 

los Input Offset Current TA=25°C 

£1 os Average Temperature Coellclent 
t.Temp of Input Offset Current 

18 Input Bias Current TA=25°C 

AVOL Large Signal Voltage Gain TA=25°C, Vs= ± 15V, 
Vour= ±10V, RL~10kll 

CMRR Common M ode Rejection Ratio 
PSRR Power Supply Rejection Ratio 

Input Voltage Range Vs= ±15V 

Vour Output Voltage Swing Vs= ±15V, RL=10kll 

RIN Input Resistance TA=25°C 

Is Supply Current TA=25°C 
TA=125°C 

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

comPEnSATion CIRCUITS 

LH2108A LH21 08 UNITS MIN TYP MAX MIN TYP MAX 

0.3 0.5 0.7 2.0 mV 
1.0 3.0 mV 

1.0 5.0 3.0 15 /LV/oC 

0.05 0.2 0.05 0.2 nA 
0.4 0.4 nA 

0.5 2.5 0.5 2.5 pA/oC 

0.5 2.0 0.5 2.0 nA 
3.0 3.0 nA 

80 300 50 300 V/mV 
40 25 V/mV 
96 110 85 100 dB 
96 110 80 96 dB 

±13.5 ±13.5 V 
±13 ±14 ±13 ±14 V 

30 70 30 70 Mil 
0.3 0.6 0.3 0.6 rnA 
0.15 0.4 0.15 0.4 rnA 

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. 

Feedforward Compensation 

Standard Compensation Circuit Alternate Frequency Compensation 
Rl R2 R2 

Your 
R3 

c,,, R,\CN2 
c, Co=3OpF 
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LYLlnFA" LM101A/LM301A 
U \K LM 1 07 /LM307 

TECHNOLOG~~~------~O-p-e-ra-t~io-n-a-I-A-m-p~l~if~ie-rS 

FEATURES 
• 30 Volt Differential Input Range 
• 75 nA Input Bias Current 
• Wide Common Mode Voltage Range 

APPLICATions 
• Signal Conditioning Amplifiers 
• Voltage Followers 
• Comparators 

Wein Bridge Sine Wave Oscillator 

u· 

R2 
20k 
1% 

Rl 
750 

>--+-- OUTPUT 

-= -=- * L 1 - ELDEMA 1869 
Rl ~ R2 
Cl ~ C2 

f~_l_ 
2"R2Cl 

DESCRIPTion 

VI a::: 
'II -U. -.J 

The LM101A and LM107 are general purpose oper- a 
ational amplifiers, featuring low bias current and the a: 
ability to operate with high input differential voltages .J a:: 

c: o 
up to 30 Volts. Unlike many FET input amplifiers, the 
output of the LM101A1107 does not reverse if the 
common mode range is exceeded, making them par
ticularly useful in comparator and oscillator circuits. {; 

a::: 
The LM101A uses external compensation, allowing ~ 
the frequency response and slew rate to be optimized 0 
for the application. The LM107 is ider.tical to the n 
LM101Awith the exception that the compensation ca- ... 
pacitor is internal. Linear's LM101A and LM107 in-
clude improved design and processing techniques 
resulting in superior long term stability and reliability 
over previous devices. The curve of bias current ver-
sus differential input voltage indicates that a minimal 
change in input current occurs over a wide range of 
input signal, which is important in many applications. 

Bias Current vs Dilferentiallnput Voltage 

-1 -0.1 0 0.1 10 

DIFFERENTIAL INPUT VOLTAGE (V) 
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LM101A/LM301A 
LMl 07/LM307 

ABSOLUTE mAXimum RATinGS 
Supply Voltage 

LM101A1LM107 ................. ± 22 Volts 
LM301A1LM307 . . . . . . . . . . . . . . . .. ± 18 Volts 

Differential Input Voltage. . . . . . . . . . . .. ± 30 Volts 
Input Voltage, Note 2 . . . . . . . . . . . . . . .. ± 15 Volts 
Output Short Circuit Duration, Note 3. . . .. Indefinite 
Operating Temperature Range 

LM101A1LM107 ............ -55°C to 125°C 
LM301A1LM307 .............. O°C to 70°C 

Maximum Junction Temperature 
LM101A/LM107 .................... 150°C 
LM301A1LM307 .................... 100°C 

Storage Temperature Range 
All Devices ................. -65°C to 150°C 

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

PACKAGE/ORDER InFORmATiOn 

TOP VIEW· 

v-
METAl CAN H PACKAGE 

• PINS 1, 5, 8 NO CONNECTION ON LM107/307 

TOP VIEW 

BALlCOMp· 1 8 8 COMpo 
- IN 2 _ 7 v+ 
+IN3 + 6 OUT 

v- 4 5 BAL· 

J8 PACKAGE 
HERMETIC OIP 

·PINS 1,5,8 NO CONNECTION ON LM1071307 

ORDER PART NUMBER 

LM101AH 
LM301AH 
LM107H 
LM307H 

LM101AJ8 
LM301AJ8 
LM107J8 
LM307J8 

ELECTRICAL CHARACTERISTICS (note 1) 
SYMBOL PARAMETER CONDITIONS 
Vos Input Offset Voltage Rs ... 50KO, TA = 25°C 

Rs ... 50KO 

/lVos Average Temperature Coefficient 
/l Temp of Input Offset Voltage Rs ... 50KO 

los Input Offset Current TA = 25°C 

~ Average Temperature Coefficient 
/l Temp of Input Offset Current 25°C ... TA'" TMAX 

TMIN ... TA ... 25°C 
Ie Input Bias Current TA = 25°C 

AVOL Large Signal Voltage Gain TA = 25°C, Vs ± 15V, Your = 
± 10V, RL .. 2KO 
Vs = ± 15V, Your = ± lOY, 
RL .. 2KO 

CMRR Common Mode Rejection Ratio Rs ... 50Ko 
PSRR Power Supply Rejection Ratio Rs'" 50Ko 

Input Voltage Range Vs = ±20V 

Vs = ±15V 

Your Output Voltage Swing Vs = ± 15V RL = 10Ko 
RL = 2KO 

RIN Input Resistance TA = 25°C 
Is Supply Current TA = 25°C, Vs = ±20V 

TA = 125°C, Vs = ±20V 

The. denotes the specifications which apply over the full operating 
temperature range. 
Nota 1: Unless otherwise noted; all measurements are made with 
unity gain compensation (C1 = 30pf for the LM101A1301A); these 
specifications apply for ±5V .. Vs .. ±20V for the LM101AI 
LM107; and ±5V .. Vs .. ± 15V for the LM301A1LM307. 

2-178 

LM101A/LM107 LM301A/LM307 
MIN TYP MAX MIN TVP MAX UNITS 

0,7 2,0 2.0 7.5 mV 

• 3.0 10 mV 

• 3.0 15 6.0 30 /lvrc 
1.5 10 3.0 50 nA 

• 20 70 nA 

0.01 0.1 0.01 0.3 nAloC 
0.02 0.2 0.02 0.6 nAloC 

30 75 70 250 nA 

• 100 300 nA 

50 160 25 160 VlmV 

• 25 15 V/mV 

• 80 96 70 90 dB 

• 80 96 70 96 dB 

• ±15 V 

~ • +15 ±12 +15 V 
-13 -13 V 

• ±12 ±14 ±12 ±14 V 

• ±10 ±13 ±10 ±13 V 
1.5 4.0 0.5 2.0 Mo 

1.8 3.0 1.8 3.0 rnA 

• 1.2 2.5 rnA 

Nola 2: For supply voltages less than ± 15 Volts, the maximum input 
voltage is equal to the supply voltage. 
Nota 3: The output may be shorted to ground or either power supply 
indefinitely, provided the case temperature is below 125°C for the 
LM101A/107 and below 70°C for the LM301A/307. 
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TYPICAL PERFORmAnCE CHARACTERISTICS (LM101A) 

Single Pole Compensation Two Pole Compensation 
~ ~ 

Rl Rl 
-VIN -VIN --'11"'-_---1 

Feedforward Compensation 
C2 

R2 

Rl 
Vour VOUT VIN --'IN>,_--I 

+VIN +VIN ------I 

C1 ~ 30pF for unity gain stab~ity. At gains 
above 1 frequency response can be maximized 
by decreasing C1. 

Open Loop Frequency Response 
120 

100 

-20 

16 

a 

10 

~ 

~ 0 
~ 
~ -2 

" -4 
-6 

-8 

-10 

'"-- vs- ,15V 

f'.. ~1-3PF 
C1-30~ '\.. PHASE 

" " GAIN'¥: ~ 
~ ~ 

225 

180 ~ 

135 ~ 
il; 

90 ~ 
~ 45 

SINGLE POLE r\ 
1 10 100 1k 10k 100k 1M 10M 

FREQUENCY (Hz) 

Single Pole Large Signal 
Frequency Response 

V2~l[6 
V -,15V 

1\ Cl- 3 pF 

IIIII 
C1 - 30P~\ 1\':",,,10 

I III 'NIII 
I III J 1l'H-. 

1k 10k 100k 1M 

FREQUENCY (Hz) 

Single Pole Voltage 
Follower Pulse Response 

10M 

Vs -:!:15V 

ro- .. r-: ro- ro-
;\ : I 

INPUT H ~ 
III OUTPUT 

\ II 
- -

01020304050607080 

TIME (,.s) 

.L7lJO~ 

C1 ~ R1 ~ R2 (30Pt) 

C1 ~ 30pF C2 = 10C1 for unit gain. At 
gains above 1, frequency response can be 
maximized by decreasing C1 and C2. 

C2 

R4 
10k 

Open Loop Frequency Response 
120 

100 

_ BO 

~ 
~ 60 

'" ~ 
':0 

40 

" 20 

-20 

16 

TWO POLE 
I 225 

\ KL '\ 
80 "0 T1 

1 35 ~ 
~ 

90 ~ 

Vs' ,15V 
C1 - 30 pF 
C2 -1 300 Pi 

[\1'-
GAI~~ 

f'\.. 
I'\. 

" 45 .!! 

10 100 1k 10k 100k 1M 10M 

FREQUENCY (Hz) 

2 Pole Large Signal 
Frequency Response 

VS-,15V 
TA - 25'C 
C1-30pF 
C2 - 30 OpF 

1\ 

, 
a 

10k -100k 

FREQUENCY (Hz) 

1M 

10 

-2 

-4 

-6 

-8 

-10 

2 Pole Voltage Follower 
Pulse Response 

r-
I 

OUTPUT 

:\ 
INPUT" , 

-
VS-,15V 
C1-30pF 
C2 - 300 pF 

01020304050607080 

TIME (,.s) 

R3 

Cl 
150 pF 

VOUT 

1 
C2 ~ (2,,) (3) (10') (R,) 

C2 needed for stability. 

Open Loop Frequency Response 
120 

100 

~ 40 

" 20 

-20 

16 

10 

s- 4 

~ 2 
;;: 
'" a 
~ 
j5 -2 

~ -4 

-6 

-8 

-10 

~ 
Vs = ~15V 

225 

"' 1 .... 
.... PHAdy- 1 

80 ~ 

35 ~ 
il; 

90 g: 
GAIN\ 

FEEDFORWARD " 
'" 45 ; 

10 100 1k 10k lOOk 1M 10M 100M 

FREQUENCY (Hz) 

Feedforward Large Signal 
Frequency Response 

'\ 

100k 

v~ .I'\JJ 
TA - 25'C 

...... 1'--
1M 

FREQUENCY (Hz) 

10M 

Feedforward Inverter 
Pulse Response 

Vs - = 15V 

OUTPUT 

- - - IN;t\Tl-
...... ..... ,.... 

- --

- -- -- -

012345678 

TIME (,s) 
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TYPICAL PERFORmAnCE CHARACTERISTICS (LM101A/LM107) 

U) 

70 

60 

50 

15§ 40 

as 30 

~ 20 
u 
0- 10 

~ ffi 0 

is 4 

Input Current 

" ..... r--... 

-... 

I 

--... I 

I 

I 

-50 - 25 0 25 50 75 100 125 

TEMPERATURE (OC) 

Input Noise Voltage 
50 

I 

I 
I 
I 

II 
I 

40 

r". 
I Ii"-

I 

I 
I 

I 

10 

10 100 lk 10k 100k 

FREQUENCY (Hz) 

Common Mode Rejection 
120 ,----,-----,-----,----r--, 

RS ~ lkll 
TA ~ 25°C 

~ 100 )-'='k----j------+-----+-----j 
z 
o 
>= 
~ 80 )-'-+---*---+-----+-----j 
ti' 
w 

'" ~ 60 )-'-+--+----*---+-----j 
z 
o 

'" 8 40 f----+--+--~-~~----j 

20 '----'----'-----'----'----' 
10 100 lk 10k 100k 1M 

FREQUENCY (Hz) 
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2.5 

2.0 
;;;: 
.s 
0- 1.5 z 

~ 
=> u 

~ 
1.0 

=> 
U) 

0.5 

1.8 

1.5 
IN 
'5 1.2 ;" 
oS 
0-

~ 0.9 

=> u 
w 0.6 
~ 
0 z 

0.3 

100 

~ 80 

z 
g 60 
~ 

~ 40 

i 
U) 20 

Supply Current 

+A ~5°C -'- -
~ ---I-TA ~ 25°C 

t--- r--
r- TA ~ 125°C 

I 

10 15 20 

SUPPLY VOLTAGE (±V) 

Input Noise Current 

i I 

I II 
I I I 

I 
I 

1"- I 
I 

I 

I 

10 100 lk 10k lOOk 

FREQUENCY (Hz) 

Power Supply Rejection 

'" " I 

" " " ~OSITIVE SUPPLY 

" ~ 

" I\. 

" I\. 
NEGATIVE SUPPLY""," 

" I' I\. 
\.. 

10 100 lk 10k 100k 1M 10M 

FREQUENCY (Hz) 

in 
~ 
z 
<i' co 
w 
co 
'3 
§2 

.". 

t! z 
"" ED 
~ 
0-
=> ;:: 
=> 
0 

Voltage Gain 
130 

I 

120 TA ~ J55 0 C 

110 ~ "'-1 , TA ~ 25°C -;:/" 

100 ~ -- TA ~ 125°C 

I 

90 
I 

10 15 20 

SUPPLY VOLTAGE (± V) 

Current Limiting 
15 

~ Vs ~ ~ 15V 
I I 

I~ I . ~ 
I I 

, TA ~ 25°C 
I 

1 , 
TA ~ 125°C 

I 

I 
I I 

I I 

1 

10 15 20 25 3D 35 

OUTPUT CURRENT (omA) 

Closed Loop Output Impedance 
103 

102 AV 1 1000 

lOUT ~ ,,5 mA 

101 

100 

10-1 

10-2 

f V 
"'-" V 

~1 
/ 

'-'" 
10-3 

10 100 lk 10k 100k 1M 

FREQUENCY (Hz) 



LM107 
Open Loop Frequency Response 

120 

100 
I I 

ITA-25°C 
f-,.. Vs -" 15V 

I I 

, 
I I 

~ 80 
~ 
~ , I I I z 60 

'" '" w 

'" 40 
>3 
§< 

20 

~ I I 

I N 
I '" -20 I I 1\ 

10 100 1k 10k 100k 1M 10M 

FREQUENCY (Hz) 

TYPICAL APPLICATiOnS 
Standard Compensation 

and Offset Balancing Circuit 

LM101A 

R2 
5.1M 

~-~"""--V-

R3 
50k 

0;-

" 

Low Frequency Square Wave Generator 
R1 
1M 

16 

12 

LM107 
Large Signal Frequency Response 

1k 

: I vJ ~I" \cil ~ 
I / 

TA~25°C' 
I ~I 

/1 I 
Iii I 
!~I 
II' i I 
111\1 I 

II "I-.. II 
10k 

FREQUENCY (Hz) 

100k 

Fast Summing Amplifier 

C2 R2 
3 pF 30k 

C1 
150 pF 

VOUT 

Power Bandwid1h: 250 kHz 
Small Signal Bandwidth: 3.5 Mhz 
Slew Rate: 10V/~s 

LM 1 0 1 A/LM30 1 A 
LM 107 /LM307 

10 

~ 
§E 2 

~ 0 

'" ; -2 

~ -4 

-6 

-8 

-10 

LM107 
Voltage Follower Pulse Response 

I i --

i I 
!-I I I ,...hi--.j-

:\ I I -! I: ! INPUT , I 
: /-OUTPUT 

\. 1 V I I 

\ I I I 

- -- I i 
I 

TA ~ 25'C 

1 I Vs ~"15V 
I 

o 10 20 30 40 50 60 70 80 

TIME (,s) 

Fast Voltage Follower 

Power Bandwidth: 15 kHz 
Slew Rate: 1V/~s 

>--.- VOUT 

C2 

Ci3DDPF 30 pF 

R1 
10k 

,...-----1--.... 68rp~rDANCE 

>-=~-'\N\--+_-. CLAMPED OUTPUT 

Precision Rectifier 

R2 
10M 

Voltage Comparator with Clamp 

tNPUTS OUTPUT 

01 
6.2V 

02 
6.2V 

R6 
20k 
1% 

C2 
10 ~F 

r---...... -'W'v-_--+-'Vy.,...-+-----""""-----<~ OUTPUT 
R3 
10k 
1% 

R2 
22.2k 

1% 

C3 
30 pF 
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LM101A/LM301A 
LM107/LM307 

SCHEmATIC DIAGRAm 
COMP 

BAL COMPo 

r---------.--------.~r_--~------~--------------~~----V+ 

INVERTING INPUT - -+------I----r: 

NON-INVERTING INPUT + -+-----1: 

40k n 
40k n 

10k n 

25 !l 

,--_+ __ 6_ OUTPUT 

011 

SDk n 

1k !l 

~ __ *_--~--~--~-1------------~~----------------_+--~--~~--~4 V-

• C1 FOR LM107 ONLY 
FOR LM107, THERE ARE NO INTERNAL 
CONNECTIONS TO PINS " 5 AND 8 

OFFSET BALANCE 

PACKAGE DESCRIPTion 

2-182 

0.040 
MAX 

H Package 
Melal Can 

C 0.335 DIA---1 
0.305 I f
~:~~~D!A 

Lt;;;;::;:;::;;;=l~-l---

GLASS 

NOTE: DIMENSIONS IN INCHES 

J8 Package 
8 lead Hermetic Dip 

0 5-:t 
0.220 

.1 4 ~ t 0055MAX 
0.405 MAX 

~:~~~TYP 0.005 MIN 

rH----H 

--r 
0.150 

MIN 

-.-L 

J L O.023 TyP 
0.014 

'R' , , 
'/ II 

1/ II 
/1 II 

" u ---I 1..-0°-150 .-JL0015TYP I-- 0.320 -J' - 0.008 
0.290 

NOTE: DIMENSIONS IN INCHES UNLESS OTHERWISE NOTED. 

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

L7lJ1J~ 



LYLlnF A" LM108A/LM308A 
U \K LM108jLM308 

TECHNOLOGY~------o-p-e-r-a-t-io-n-a-lA--m-p-Ii-fi-e-rs 

FEATURES 
• Guaranteed 200pA max. input offset current 
• Guaranteed 2nA max. input bias current 
• Guaranteed 600,uA max. supply current 
• Guaranteed O.5mV max. offset voltage 
• Guaranteed 5,uV / °C max. drift 
• Wide supply voltage range: ± 2V to ± 18V 

APPLICATions 
• Integrators 
• Transducer amplifiers 
• Analog memories 
• Light meters 

Amplifier For Photodiode Sensor 

81 

R2 
5M 
1% 

Ri 
5M 
1% 

>----+-- OUTPUT 

C1 

1100 PF 

VaUT ~ 10V I ~A 

DESCRIPTion 

III a: 
'II 
~ 
:::; 
a. 

The LM108 series of precision operational amplifiers e 
are particularly well-suited for high source impedance a:: 
applications requiring low offset and bias currents as .J 

well as low power dissipation. Unlike FET input ampli- = 
fiers, the offset and bias currents of the LM108 do not 0 
change significantly with temperature variations. Ad- i= 
vanceddesign, processing and testing techniques 15 
make Linear's LM108 a superior choice over previous 'II 
devices. a. o 
A photodiode sensor application is shown below. For ... 
applications requiring higher performance, see the ~ 
LT1008, and LT1012. 

2.0 

1.5 

<" 1.0 
.s 
!z 0.5 
w 
i'2 0 
:::> 
u 
~ 0.15 

~ 0.10 

0.05 

o 

Input Currents 

BI~S - -r---
""' ....... - OFFSET 

-55 -35 -15 5 25 45 65 85 105 125 

TEMPERATURE ('C) 
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LM 1 08A/LM308A 
LM 1 08/LM308 

ABSOlUTE mAXimum RATinGS 
Supply Voltage 

LM108A1LM108 .................... ±20V 
LM308A1LM308 .................... ± 18V 

Differential Input Current (Note 1). . . . . . . .. ± 10mA 
Input Voltage (Note 2). . . . . . . . . . . . . . . . . .. ± 15V 
Output Short Circuit Duration. . . . . . . . . .. Indefinite 
Operating Temperature Range 

LM108A1LM108 ............ -55°C to 125°C 
LM308A1LM308 ................ O°C to 70°C 

Storage Temperature Range 
AIiDevices ................. -65°C to 150°C 

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

PACKAGE/ORDER InFORmATiOn 

COMP1 

TOP VIEW 
COMP 

2 

METAL CAN H PACKAGE 

TOP VIEW 

-IN 2 _ 7 V+ 
18B COMP2 

+IN 3 + 6 OUT 
V- 4 5 NC 

PLASTIC DIP N8 PACKAGE 

ORDER PART NO. 

LM108AH 
LM108H 
LM308AH 
LM308H 

LM308AN8 
LM308N8 

ElECTRICAl CHARACTERISTICS ±5V.;;; VI';;; ±2DVand -55°C.;;; TA .;;; 125°C. unless olherwise noled. 

LM108A LM108 
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 

!J.Vos Average Temperature Coefficient 
!J.Temp of Input Offset Voltage • 1.0 5.0 3.0 15 p.VI'C 

los Input Offset Current TA = 25'C 0.05 0.2 0.05 0.2 nA 

• 0.4 0.4 nA 

!J.los Average Temperature Coefficient 
!J.Temp of Input Offset Current • 0.5 2.5 0.5 2.5 pAf'C 

18 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. Vs ± 15V. 80 300 50 300 VlmV 
Your = ± 10V. Rl ;;. 10kn • 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 Vs = ± 15V • ±13.5 ±13.5 V 

Your Output Voltage Swing Vs = ± 15V. Rl = 10kn • ±13 ± 14 ±13 ± 14 V 

RIN Input Resistance TA = 25'C (Note 3) 30 70 30 70 Mn 
Is Supply Current TA = 25'C 0.3 0.6 0.3 0.6 rnA 

TA = 125'C 0.15 0.4 0.15 0.4 rnA 
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LM 1 08A/LM308A 
LM 1 08/LM308 

ELECTRICAL CHARACTERISTICS ±5V ~ Va ±15Vand DoC ~ TA ~ 70°C. unless otherwise noted. 

SYMBOL PARAMETER CONDITIONS 
Vas Input Offset Voltage TA = 25°C 

flVos Average Temperature Coefficient 
flTemp of Input Offset Voltage 

los Input Offset Current TA = 25°C 

fllos Average Temperature Coefficient 
flTemp of Input Offset Current 

Ie Input Bias Current TA = 25°C 

AVOL Large Signal Voltage Gain TA = 25°C, Vs ± 15V, 
Your = + 10V, RL ;;" 10kll 

CMRR Common Mode Rejection Ratio 
PSRR Power Supply Rejection Ratio 

Input Voltage Range Vs = ± 15V 
Your Output Voltage Swing Vs = ± 15V RL = 10kll 

R'N Input Resistance TA = 25°C (Note 3) 

Is Supply Current . TA = 25°C 

The. denotes the specifications which apply over the full operating 
temperature range. 
For MIL·STD components, please refer to LTC 883 data sheet for test 
listing and parameters. 
Nota 1: Differential input voltages greater than 1V will cause 
excessive current to flow through the input protection diodes unless 
current limiting resistance is used. 
Nola 2: For supply voltages less than ± 15V. the maximum input 
voltage is equal to the supply Voltage. 
Note 3: Guaranteed by design. 

MIN 

• 
• 
• 
• 
• 

80 

• 60 

• 96 

• 96 

• ±14 

• ± 13 
10 

TYPICAL APPLICATiOnS COMPENSATION CIRCUITS 

LM308A 
TYP 
0.3 

2.0 
0.2 

2.0 
1.5 

300 

110 
110 

±14 
40 
0.3 

Standard Compensation Circuit Alternate" Frequency Compensation 

R1 

•• BANDWIDTH AND SLEW RATE ARE 
PROPORTIONAL TO 1/C, 

R1 R2 

Cs ** 
1100 PF 

• IMPROVES REJECTION OF POWER 
SUPPLY NOISE BY A FACTOR OF TEN. 

•• BANDWIDTH AND SLEW RATE ARE 
PROPORTIONAL TO 1/Cs 

VOUT 

MAX 
0.5 
0.73 

5.0 
1.0 
1.5 

10 
7.0 
10 

0.8 

LM308 
MIN TYP MAX 

2.0 7.5 
10 

6.0 30 
0.2 1.0 

1.5 

2.0 10 
1.5 7.0 

10 
25 300 
15 
80 100 
80 96 

±14 
±13 ± 14 

10 40 
0.3 0.8 

Feedlorward Compensation 
C2 

5 pF 

R2 
10k 

INPUT --"N'<-'-l 

C1 
500 pF 

UNITS 
mV 
mV 

/LV/oC 
nA 
nA-

pAloC 

nA 
nA 

Vim V 
Vim V 

dB 
dB 
V 
V 

Mil 
mA 

VOUT 
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LM 1 08A/LM308A 
LM 1 08/LM308 

TYPICAL PERFORmAnCE CHARACTERISTICS 

S100 
.§. 
~ 
t5 
~ tu 10 

~ 
!:; 
c.. 
~ 1.0 
!z 
~ 
'!5 
::; 
o 
w 0.1 

120 

100 

iii 80 
~ 

~ 60 
'" 
~ 40 t5 
ci 
> 20 

-20 

120 

~110 
z 
~ 
w 
'" t5 c: 100 
> 

90 

Guaranteed Offset Error 

=TA 25°C 

II I~~~~/ 

- 108 
108A 

III 

0.1 1.0 10 100 

MATCHED SOURCE RESISTANCE (Mn) 

Open Loop 
Frequency Response 

~ F".C, ~ 3 pF + C'I ~ 3 P~/f:-
I' , Cs~l~PF, if-..... 

........ ....... J; ", 
....... ~ -c.~ 30pF 

r-GAIN - ....... ....... 
I-PHASE ---

~ I Cs~ 100~ 
C, ~ 30pF 

1 10 100 lk 10k lOOk 1M 10M 

FREQUENCY (Hz) 

Voltage Gain 

TA ~ 25 0 d 

....... ~C 

V ~5]C 

5 10 15 20 

SUPPLY VOLTAGE (± V) 

2-186 

180 

135 ~ 
» 
~ .--

90 » 
'" 
~ 
Ol 

45 ~ 

1000 

<3' 
e.... 100 :; 
!5 
a: 
ffi 
!!;; 10 
a: 
c 

Guaranteed Drift Error 

III 
-55°C :5TA :5125°C 

108 

108A 

1.0 
0.1 1.0 

I 
10 100 

16 

S 12 
+1 

'" z 
§: 8 en 
>-
:::> 
c.. 
>-
:::> 
0 

15 

S 
!!. 10 

'" z 

~ 
>
:::> 
c.. 
!:; 5 
o 

o 

MATCHED SOURCE RESISTANCE (Mil) 

Large Signal 
Frequency Response 

II III TA ~ 25°C 
~,m~,-l-l-l-l-11jtJ.jjllfS ~ ± 15V 

f-+1-HH-H1-H-t C, ~ 3 pF It--+++ttlffl 

,---~, ~ 30 pF 

\ 

FREQUENCY (Hz) 

Output Swing 
r- Vs ±15V 

1'\ -, 1\ \ 

V 
TA ~~5°C /' 

Vf..'-
~ 

TA ~ 25°C r---
TA ~-5rC I--

o 
OUTPUT CURRENT ( ± rnA) 

1000 

;; 
oS 

~ 100 
o z 
!:; 
c.. 
~ 

10 

Input Noise Voltage 

Rs 1M 

IIIIIII I 
Rs lOOk 

Rs - 0 

I 111illl J 
10 100 lk 10k lOOk 

10 

~ 4 
§g 2 

~ 0 
w 

'" ~ -2 
§! -4 

-6 

-8 

-10 

600 

500 

~ 
!z 400 
w 
l!§ 
5 300 
~ 
c.. 
g; 200 
en 

100 

o 

FREQUENCY (Hz) 

Voltage Follower 
Pulse Response 

...., - -17:'" ~ 
i\ INPUT I 
\ / OUTPUT 

J 
\ VI I 

-- .fA 1 250lC 
Vs ~ ±15V 
C, ~ 30pF 

o 20 40 60 80 100 120140 160 

TIME (~s) 

Supply Current 

TA~ -5h , 

V i"'" 
ITA J5°C 

I 

~ 
~ 

TA ~ 125°C ~ 

5 10 15 

SUPPLY VOLTAGE (± V) 

20 



LM 1 08A/LM308A 
LM 1 08/LM308 

TYPICAL PERFORmAnCE CHARACTERISTICS 

Closed Loop Output Impedance 

10' I----+l--f-T-+-----IF-_+_--I 

w 

g 10' I---+.-"-~I-----w-'---\j-_+_--I Cl 
~ Av=1,Cf =30pF 
;::: 1 - Av ~ 1000, C, ~ 0 pF 
~ Av ~ 1000, C, ~ 30 pF 
:::l I I 
°10- 1 TA ~ 25°C 

lOUT ~ ±1mA 
Vs ~ ± 15V 

10-2 L---"-_'-----'--------"_---'--------" 

10 100 1k 10k 100k 1M 10M 

FREQUENCY (Hz) 

Power Supply Rejection 
120 ,---,-------,-----;-----;----, 

100 l:--""d-----+-----'---

-20 L--__ ----'---_---'--_-'---~ 

100 1k 10k 100k 1M 10M 

FREQUENCY (Hz) 

III 
CC 
~ .... 
::::; 
Q. e 
cz: 
.J cz: 
C o 
i= cz: 
CC 
\II 
Q. 
o 

-----------------------------11 
TYPICAL APPLICATiOnS 

Low Drift Integrator With Reset 

R2 
100k 

L---~r- RESET 

INPUT -'lNV--+-----H----. 

R3 
10k 

R4 
20M 

.>"->-t-OUTPUT 

-=-
• Q1 AND Q3 SHOULD NOT HAVE 

INTERNAL GATE-PROTECTION DIDOES. 

Inverting Amplifier With High Input Resistance 

R2> R1 
R2 »R3 

R2(R3 + R4) 
Av ~ R1 R3 

R1 
2M 
1% 

R5 
1M 

-=-

R2 
2M 
1% 

R3 
505 
1% 

R4 
50k 
1% 

.;-__ - OUTPUT 
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TYPICAL APPLICATions 
Amplifier For Piezoelectric Transducers 

Rl 
11M 

R3 
22M 

R2 
11M 

c::J TRANSDUCER 

J 

OUTPUT 

Fast* Summing Amplifier 

Rs 

INPUT 

* In addition to increasing speed, 
the LM101A raises high and low 
frequency gain, increases output 
drive capability and eliminates 
thermal feedback. 

Sample and Hold 

Rl 
1M 

• Teflon, polyethylene or Cl· 

CSt 

• Power Bandwidth: 2S0 KHz 
Small Signal Bandwidth: 3.S MHz 
Slew Rate: 10V/~S 

tcs _ ax 10-' 
R, 

OUTPUT 

Rl 
lOOk 
0.1% 

Rl 
lOOk 

Amplifier For Bridge Transducers 

.---+-V+ 

Rl 
2M 
1% 

R2 
102k 

Cl 
30 pF 

R3 
SM 

Rl _ R2 R3 
R2 + R3 

Bilateral Current Source 
R3 
1M 
1% 

V,. --'II'I'.---1>----WI.-----, 

R2 
2M 
1% 

RS 
2k 
1% 

I - R3VIN 
CUT - Rl RS 

R3-R4+RS 
Rl- R2 

'------'II'V'v---_>-- lOUT 

R4 
1M 
1% 

Differential Input Instrumentation Amplifier 
R2 
lk 

0.1% 

R3 
lk 

0.1% 

R4 
lOOk 
0.1% 

polycarbonate dielectric 1_ 1 ~F 
capacitor. 
Worst case drift 
less than 2.S mV Isec. 

C2 
30 pF 

- _INPUTS_+ Av -l + I!.! 
R2 
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APPLICATions InFoRmATion 
Input guarding 
Input guarding is used to reduce surface leakage. 
Guarding both sides of the board is required. Bulk 
leakage reduction is less and depends on the guard 
ring width. COMPENSATION 

V+ I~ 
\,/ 

OUTPUT'6 71 

0 5 

V-
/' 

The guard ring is connected to a low impedance point 
at same potential as the sensitive input leads. Connec
tions for various op amp configurations are shown 
below. 

Rl R2 
INPUT ----'1/Vvo---<~--_.t\I'v---------, 

>-+-- OUTPUT 

R3 

INVERTING 

OUTPUT 

INPUT ---t-+~ 

Rl R2 

>-~- OUTPUT 

INPUT ---~~.::..j 

LM 1 08A/LM308A 
LM 1 08/LM308 

'" a: 
Input protection ~ 
Current is limited by R2 even when input is connected :l 
to a voltage source outside the common mode range. If Q. 
one supply reverses, current is controlled by R1. e 
These resistors do not affect normal operation. a:: 

R3 
INPUT ....... --"'N\~-----, 

Rl 
10k 

+ 

OUTPUT 

The input resistor controls the current when the input 
exceeds the supply voltages, when the power for the 
op amp is turned off, or when the output is shorted. 

Rl 
10k 

INPUT-"""'--'-l 

R2' 
1000' 

Offset Voltage Test Circuit t 
Rl 

50k' 

+15V 

Vo 

R3 
50k' -15V • RESISTORS MUST HAVE 

LOW THERMOELECTRIC 
POTENTIAL 

Av ~ 1000 

t THIS CIRCUIT IS ALSO USED AS THE BURN-IN 
CONFIGURATION WITH SUPPLY VOLTAGES EQUAL 
TO ±20V, Rl =R3=10k. R2=2000. Av=100. 
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LM 1 08A/LM308A 
LM 1 08/LM308 

SCHEmATIC DIAGRAm 
COMPENSATION COMPENSATION 

r-______ ~~~~~~----~~8----~----------------~----~7 v+ 

INPUTS 

+ -'---+------<1>-1 

PACKAGE DESCRIPTion 
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0.040 

"AX 

H Package 
Melal Can 

f
:~;1OA 

C~DIAI 

oNs~1-=~~=;:;~i~~~ 
0.010 SEATING LlLI--n-"",=;-

O_02~ANE ~D 
0.016 TYP-II--
0.034 
ow~ 

NOTE: DlM£NSIDNSIN NCHES 

GLASS 

1-...... -'<IIIv-+- OUTPUT 

820 

N8 Package 
8 Lead Plastic 

~~ 
~=r:l:: 
~O'0600~O~OMAX 

0.400 

-r-.~TYP~.370 .0005"" 

Q.lli 
Q.15SL 

o,~ ~ 
tJf25 0.020 0'i'i5 
~ ----L 

O.1008SC.lj JL0.Q23 
TYP ifQiiTYP 

Fi'·'" 
"._. 

: \ , , 
" l' 

-I L 0°_15." --..j1~O,015lYp 
~0310~ 0008 

D.2!Kl 

NOTE: OiMENSIONS IN INCHES UN..ESSOTHERWlSE NOTED 
°LEAOSWITHIN 0,007 OF T11U; POSITION (TP) ATGAlXlE PLANE 



£7LlnFAI) LTl18A/LT318A 
U \K LMl18/LM318 

TECHNOLOGY~--------------H-ig-h-S-p-e-e-d 

FEATURES 
• Guaranteed 1.0mV Max. Input Offset Voltage 
• Guaranteed 1 00,000 Min. Gai n 
• Guaranteed 50V IpS Slew Rate 
• Guaranteed 20nA Max. Input Offset Current 
• 15MHz Bandwidth 
• Unity Gain Stable 

APPLICATions 
• Wideband Amplifiers 
• High Frequency Absolute Value Circuits 
• 0 I A Converter Amplifiers 
• Fast Integrators 

Voltage Follower 

10pF 

Sk 

OUTPUT 
Sk 

INPUT --IIV'II--t 

Operational Amplifier 

DESCRIPTion 

VI 
C 
'II -u. 
:::l 
Q. e 
cz: 

The L T118A is an improved version of the industry stand- ~ 
ard LM118. The LT118A features lower input offset volt- cz: 
age, lower input offset currents, higher gain and higher 8 
common mode and power supply rejection. Because of i= 
these enhancements, the LT118A will improve the accu- cz: 
racy of most applications. Unlike many wideband amplifi- = 
ers, the LT118A is unity gain stable and has a slew rate of Q. 
50V/pS. When used in inverting amplifier applications, 0 
feedforward compensation can be used to achieve slew r.. 
rates in excess of 150V/pS. Linear Technology ~ 
Corporation's advanced processing techniques make the 
LT118A an ideal choice for high speed applications. 

Voltage Follower Pulse Response 

SV/DIV 

TIME -O.SJlS/OIV. 
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LT 1 1 8A/LT318A 
LMl18/LM318 

ABSOLUTE mAXimum RATinGS 
Supply Voltage ........................ , ::I:: 20V 
Differential Input Current (Note 1) .......... ::I:: 10mA 
Input Voltage (Note 2). . . . . . . . . . . . . . . . . . .. ::I:: 20V 
Output Short Circuit Duration ............. Indefinite 
Operating Temperature Range 

LT118A/LM118 ............... -55°Cto 125°C 
LT318A/LM318 .................. 0°Cto70°C 

Storage Temperature Range 
AIIDevices .................. -65°Cto150°C 

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

ELECTRICAL CHARACTERISTICS (Note 3) 

SYMBOL PARAMETER CONDITIONS 

Vas Input Offset Voltage 

los Input Offset Current 

Is Input Bias Current 

R'N I nput Resistance 

Av Large Signal Voltage Gain Vs= ± 15V, VOUT= ± 10V, RL~ 2kO 

SR Slew Rate Vs= ± 15V, Av= 1 

GBW Gain Bandwidth Product Vs= ±15V 

Output Voltage Swing Vs= ± 15V, RL =2kO 

I nput Voltage Range Vs= ±15V 

Is Supply Current 
TA= 125°C 

CMRR Common Mode Rejection 
Ratio 

PSRR Power Supply Rejection Ratio 

2-192 

PACKAGE/ORDER InFORmATiOn 

• 
• 
• 

• 

• 
• 

• 
• 

TOP VIEW 

CaMP 2 

8 

4 
V-(CASE) 

METAL CAN H PACKAGE 

TOP VIEW 

HERMETIC DIP J8 PACKAGE 

PLASTIC DIP N8 PACKAGE 

LT118A 
MIN TYP MAX 

50 70 

15 

±12 ±13 

± 11.5 

ORDER PART NUMBER 

MIN 

50 
25 

50 

±12 

± 11.5 

80 

70 

LT118AH 
LM118H 
LT318AH 
LM318H 

LT118AJ8 
LM118J8 
LT318AJ8 
LM318J8 
LT318AN8 
LM318N8 

LM118 
TYP MAX 

4 
6 

6 50 
100 

120 250 
500 

3 

200 

70 

15 

±13 

5 8 
4.5 7 

100 

80 

UNITS 

mV 
mV 

nA 
nA 

nA 
nA 

MO 

V/mV 
V/mV 

VIpS 

MHz 

V 

V 

mA 
mA 

dB 

dB 



ELECTRICAL CHARACTERISTICS (Nota 3) 

SYMBOL PARAMETER CONDITIONS LT318A 
MIN TYP 

Vos I nput Offset Voltage 0.5 
• 

los Input Offset Current 10 

• 
18 Input Bias Current ···.1~ 

• .:: 

RIN Input Resistance 0.5 3 

MAX 

1 
2 

20 
30 
250 
500 

LT 1 1 8A/LT318A 
LMl18/LM318 

LM318 UNITS MIN TYP MAX 

4 10 mV 
15 mV 

30 200 nA 
750 nA 

150 500 nA 
750 nA 

0.5 3 MO 

Av Large Signal Voltage Gain Vs= ± 15V, VOUT= ± 10V, RL2: 2kO l00·.'~\ 25 200 V/mV 

SR Slew Rate Vs= ± 15V, Av= 1 
GBW Gain Bandwidth Product Vs= ±15V 

Output Voltage Swing Vs= ± 15V, RL =2kO 
Input Voltage Range Vs= ±15V 

Is Supply Current 

CMRR Common Mode Rejection 
Ratio 

PSRR Power Supply Rejection Ratio 

The • denotes those 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. 
Note 1: The Inputs are shunted with back-to-back zeners for overvoltage 
protection. Excessive current will flow if a differential voltage greater than 
5V Is applied to the Inputs. 

• 100 20 V/mV 

50 70 50 70 VIpS 

15 15 MHz 

• ±12 ±13 ±12 ±13 V 

• ±11.5 ±11.5 V 

5 10 5 10 mA 

• 86.:P? .... 70 100 dB 
~.:c. :i·j~»L'·~.:c .. ~: •. 

• ..•.. ; 86} £'~l»;< .. 65 80 dB 

Note 2: For supply voltages less than ± 15V, the maximum Input voltage is 
equal to the supply voltage. 
Note3: These specifications apply for ±5VsVss ±20V. The power sup
plies must be bypassed with a O.lpF or greater disc capaCitor within 4 
Inches of the device. 

TYPICAL PERFORmAnCE CHARACTERISTICS 

200 

150 

100 

:[ 50 

ffi 0 
~ 10 
::0 .. 
.... 8 
~ 
3!i 

o 

Input Current 

I-t--t--

-

vs= ±15V 

BIAS 

OFFSET 

-55 -35 -15 5 25 45 65 85 105 125 
TEMPERATURE ('C) 

135 

130 

125 

!12D 
:z 
:;;: 
:;:115 
~ 
~ 110 

105 

100 

95 

Voltage Gain Powar Supply Rejection 
120 r----r---,---r--r---r-, 

lJC 

_100 
'" :!:!. 
z 
~ 80 

k ~ - -5~'C 

!il 
Ul 
a: 60 
~ 
8:: 
::0 .,. 

40 

i 
~ 

20 

0 
5 10 15 20 10 100 lk 10k lOOk 

SUPPLY VOLTAGE ( ± V) FREQUENCY (Hz) 
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LTl18A/LT318A 
LMl18/LM318 

TYPICAL PERFORmAnCE CHARACTERISTICS 

14 

12 

;;- 10 
-Ii 

!i! 8 

! 
~ 6 
co 4 

o 

Large Signal Frequency 
Response 

~ 

\ 
\ 
\ 

""" 

TA-25"C 
VS=±15V 

0.5M 1M 2M 5M 10M 20M 50M 

14 

12 

;;- 10 
-Ii 

!i! 8 

! 
~ 6 
= co 4 

FREQUENCY (Hz) 

Large Signal Frequency 
Response 

I--'"' 
TA=25"C 
VS= ±15V 

1\ 

FEfDF~R'Ar~ 

"- III 

120 

100 

i 80 

~ 60 

!II 
~ 40 
S! 

20 

-20 

Open Loop Frequency 
Response 

:--

"" "'-"'~AIN 
K' 
\ 

TA-25"C 
VS= ±15V 

225 

PHA~EJ 
..-" 

180 3! 
1: 

135 ~ .. 

'\ 

90 c;: 

45 :i 

" 
10 100 1k 10k 100k 1M 10M 100M 

120 

100 

! 80 

~ 60 

ill 40 
!:l 
S! 

20 

-20 

FREQUENCY (Hz) 

Open Loop Frequency 
Response 

-...... 

" " , 
"'-

VS- ±15V 
TA=25"C 

PHAV-

'--V '\ .. 
rEEDF~RWARO "', 

GAIN \ 

225 

180 3! 
>-
'" 135 m 

!ii 
90 "i 

~ 
45 e 

o 
1M 3M 10M 30M 100M 10 100 1k 10k 100k 1M 10M 100M 
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FREQUENCY (Hz) 

Feedforward Compensation for 
Slew Rates of 150V I pi 

2pF 

FREQUENCY (Hz) 

'BALANCE CIRCUIT NECESSARY FOR 
INCREASED SLEW RATE 

5V/DIV 

Unity Gain Bandwidth 
24 

22 
'N 
:z: 20 !. 
:z: 
I;; 18 
iii co 

16 z 
:lli 
z 

14 C 
'" 

r-.... 
I"--..::: ........ ~S=±15V 
~ 

Vs= ±10V 

'" ~ ~ """" ~ z 12 
= 

10 

o 
-55 -35 -15 5 25 45 65 85 105 125 

TEMPERATURE ("C) 

Voltage Follower Slew Rate 
130 

Vs= ±15V 

120 
RS=R,=10k(l 
CI=5pF 

110 POSITIVE SLEW 

~100 
r-I-. 

....... i!!. 

~ 90 
r-.... 

'" NEGATIVE SLEW 
80 

70 

r-r- :--.... 

60 
-55 -35 -15 5 25 45 65 85 105 125 

TEMPERATURE ("C) 

Pulse Response of 
Feedforward Inverter 

0.4 0.8 1.6 2.0 2.4 

TIME-0.2,.s/0IV 



TYPICAL PERFORmAnCE CHARACTERISTICS 

3000 

1000 

_ 300 

~ 
i 100 
w 

'" <5 
:z 30 

10 

Input Noise Voltage 

TA=25'C 
VS= ±15V 

I ..... 

Rs-100k 

RS 1'0~b 

Common Mode Rejection 
120 

Rs =2kll 
TA=25'C 

-....... 
~ 

'\ 

"-
\ 

"" o 4 

LTl18A/LT318A 
LMl18/LM318 

Supply Current 

2JC 

I-- 5~'C 
,..-

12J,C 

---
3 
10 100 1k 10k 100k 100 1k 10k 100k 1M 10M 5 10 15 20 

FREQUENCY (Hz) 

Closed Loop Output Impedance 
103 

Vs= ±15V 
TA=25'C 

102 

'" '" '" 1Q1 e 
w 

'" :z 
-'-r-. Av-~ V 

~ 10D 

;§ 

~10-1 
~ 
Q 

10-2 

/ 
/v 

Av~ 
10-3 

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

Offset Balancing 

FREQUENCY (Hz) 

Current Limiting 
16 

........,. 
2JC 14 

""'" 

125'C 

o 
o 10 15 20 25 3D 

OUTPUT CURRENT (mA) 

Isolating Large Capacitive Loads 

.----'INI,.-~~_ OUTPUT 

10pF 1001l T_ Cl 

300 

200 

:[ 100 
.... 
ili 
~ 
8 .... 
~ -100 

-200 

-300 

SUPPLY VOLTAGE (±V) 

LT118A Input Current 

r 
f1>--v" 

I ~ I 1-
-9 -6 -3 

DIFFERENTIAL INPUT VOLTAGE (V) 

Overcompensation for 
Increased Stability 

5.1k 
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LTl18A/LT318A 
LMl18/LM318 

SETTLInG TimE CIRCUITS 

Settling Time Test ClrcuH 

10k 

Alternate Compensation for 
Improved Settling Time 

"IMPROVES SETTLING TIME 

APPLICATions InFoRmATion 
Because of their wider bandwidth, the LT118A and LM118 
operational amplfiers require more application care than 
most general purpose low frequency amplifiers. One of 
the most critical requirements Is that power supplies 
should be bypassed with a 0.11'F (or larger) disc ceramic 
capacitor within an inch of the device. Also, stray capaci
tance at either the input or output can cause oscillation. 
While input capacitance can be compensated by placing a 
capacitor across the feedback resistor, load capacitance 
must be minimized or isolated as shown. Even the 50pF 
Input capacitance of a 1X scope probe can alter the 
response of the device. 
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l!I 
!!§ 5V/OIV 
5! 

~ 
is 5mV/OIW 

l!I 5V/OIV 
!!§ 
5! 

~ 
is 5mV/DIV 

Settling Time 

O.2,.s/OIV 

Settling Time 

O.2,.s/OIV 

Settling time, an important parameter In many high speed 
amplifier applications, is difficult to measure and opti
mize. Settling time Is very' 'application dependent" and 
is influenced by external components, layout and the 
amplifier. In general, the settling time to 0,01% can be 
minimized by using a circuit similar to that shown. In ad
dition to the compensation network shown, a capacitor is 
needed across the feedback resistor to minimize ringing. 

Power supply bypassing can also affect settling time. The 
amplifier has low power supply rejection ratio at high fre
quencies, so transients and ringing on the supply leads 
can appear at the output. Large (22I'F) solid tantalum 
capacitors are preferred to minimize supply aberrations. 



Precision Inverting Amplifier 
INPUT 

R'N 
10k· 

10k 

1N4148 

300pF 

·1% METAL FILM 

R, 
10k· 

10pF 

FULL POWER BANOWIOTH =2MHz 
":" SLEW RATE = 50V/",,, 

SmLlNG (10V STEP) =12., TO 0.01% 
BIAS CURRENT OC=30pA 
OFFSET ORIFT=O.3.V/oC 
OFFSET VOLTAGE = 30.V 

LTl18A/LT318A 
LMl18/LM318 
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LT 1 1 8A/LT318A 
LMl18/LM318 

PACKAGE DESCRIPTion 
H Package 
Metal Can 

ir
-f~:~~~D~}:~;~)-

0.305-0.335 

1
-+(7.747-a.509)+-1 

0.040 VIA 

(1.016) ~t-oO.",05,"0----T' 
MAX (1.270) 0.165-0.185 

I L MAX (4.191-4.699) 

~ t t 
SEATlNG ___ t__ ---''---G-'U-G-' --to 
PLANE t - - . --t-PLANE 0.500-0.750 

0.010-0.045 00 0 ~ ~ (12.70.'9.05) 

(0.254-1.143) --..!I....- O.016_0.-c02:--, ---------'-

G '...(040~:;~533) 

45°TYP ./ /:,--~ 

/ 

0.027-0.034 /~ / £ (0.686-1.143) 

(0.686-0.864) a10 2 

7 3 
L------Ho 0 -CL 

6 I 

J8 Package 
8 Lead Hermetic DIP 

D 5-t 
0.220-0.310 

.1 , (5.
58af 87') 

JI_~ 
(1.397) 

MAX 

I----~~I (10.29) 
0.200 MAX 

0.125-0.200 (3.810) 
(3.175 - S.OBO) MIN 

, , 
/I II 
1/ II 
II II 

rn0 ~GLASS 

a a 
50 , 

~(3.048-4.064) 

-~2~~~O) 
asc· 

- RADTYP 

T'~t~~ 
t I U 0.150 

t J I-II 0.030-0.070 t [] 100 (O.762-1.77B) 
_.- ....--. TYP 
(2B~~~ __ 0,014-0.023 

(0.356-0.584) 
TYP 

'R' -1 too-150 _III~ 0.008-0.015 
(0.203-0.381) 

TY' 
... 0.290-0.320 ... 

(7.366-8.128) 

INSULATING 
STANDOFF 
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NOTE: DIMENSIONS IN INCHES 

N8 Package 
8 Lead Plastic 

F9 t 0.24010.280 bdi (6 "'I'm) 
J L 0.040 MAX 0.060 

(1.016) (1.524) 
sa 

0.370-0.400 

~ 1-'-19.400-10.161--1 -.---0.155-0.175 t MIN 
(OM51~a)~_(:~:;) 

(3.937-4.445) 

t --=-----:T 
0.125-0.130 0.115-0.145 ~ t fll (2.921.-3.683) 

t JJ~II 0.030-0.060 ..QJ.!l.Q.. -(0.762Ty~·524) 

(~';ri~) ---+- ...-~ 
TYP (0.356-0.584) 

TY, 

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

__ ~1_70±50 

'R ' , , , 
" , 
II 11 

-I too.". JI~ 0.008-0.015 
(0.203-0.381) 

TY' 
0.290-0.310 

(7.366-7.874) 

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



~7~lO~!"'""-----o-p-e-ra-t-io-n-a-'-A-m-o-/-'i;-i~-~ 
FEATURES 
• Guaranteed max. O.5f.L V /0 C Drift 
• Guaranteed max. O.6f.LV pk-pk Noise 
• Guaranteed max. 2nA Bias Current 
• Guaranteed minimum 114dB CMRR 

APPLICATions 
• Strain Gauges 
• Thermocouple Amplifiers 
• Instrumentation Amplifiers 
• Medical Instruments 

Instrumentation Amplifier 

v+ 

~ 
R4 R6 
1k 10k 

R5 
1k SLEW RATE ~ 2.5V/~sec 

+ 
~.J\M"" R4 R5 

R7 -~-
10k R6 R7 

R6 (2R1 ) 
AY~R4 1i3+ 1 

Ay ~ 100 

DESCRIPTion 
The OP-05 is an internally compensated op-amp 
which provides excellent input offset voltage, low bias 
current, very high common mode rejection, and low 
offset voltage drift with temperature when the input 
offset voltage is externally trimmed to zero. Direct re
placement of similar devices in existing systems can 
result in significant system performance improvement 
without redesign. The OP-05 is particularly well suited 
for instrumentation and low signal level applications 
where precision and stability over time and tempera
ture are important. Internal frequency compensation 
enhances the OP-05's versatility for a wide variety of 
precision op-amp uses. Linear's advanced design, 
process and test techniques ensure device perfor
mance as well as reliability. An instrumentation ampli
fier application is shown below. For higher 
performance requirements see the LT1001 single pre
cision op amp and the LT1002 dual matched precision 
op amp series. 

Trimmed Offset Voltage with Temperature of Six 
Representative Units 

(Offset Trimmed to Zero at 25°C with 20kn Pot) 

50r---~---r--~--~ 

40r---+----r---T--~ 

30~--+----r---T~~ 

~ 
~ 20 

S 10~--~~~~~~~ 
~ 
~ -10 j----.o~--l-_F-+'~~ 
63 
~ -20 

... -30 1---F--l----+----'t----.3j 
-40 ~--+---_+_----+--~ 

- 50 '-----'-----'------'------' 
-75 -25 25 75 125 

TEMPERATURE ('C) 
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OP-05 

ABSOLUTE mAXimum RATinGS PACKAGE/ORDER InFORmATion 
Supply Voltage ........................ ±22V TOP VIEW OFFSET 
Differential Input Voltage ................ ±30V OFFSET ORDER PART NO. VOLTAGE ADJUST 
Input Voltage Equal to Supply Voltage 

~ 
MAX 

Output Short Circuit Duration. . . . . . . . . .. Indefinite 1 7 v+ 

Operating Temperature Range 
-IN 2: ~ OUT 

OP-OSAH O.1SmV 
OP-OS/OP-OSA .............. -SsoC to 12SoC OP-OSH O.SmV 
OP-OSE/OP-OSC ................. O°C to 70°C +IN 3~NC OP-OSEH O.SmV 

Storage Temperature Range v- OP-OSCH 1.3mV 

All Devices ................. -6SoC to 1S0°C 
METAL CAN H PACKAGE 

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

"'~ l8 ~., 
OP-OSAJ8 O.1SmV 

ADJUST 1 ~ 8 ADJUST OP-OSJ8 O.SmV 
-IN 2 7 v+ OP-OSEJ8 O.SmV 
+IN 3 + 6 OUT OP-OSCJ8 1.3mV 
v- 4 5 NC OP-OSEN8 O.SmV 

HERMETIC J8 PACKAGE OP-OSCN8 1.3mV 
PLASTIC DIP N8 PACKAGE 

ELECTRICAL CHARACTERISTICS VS = ± 15V. TA = 25°C. unless otherwise noted. 

OP·05A OP·05 
SYMBOL PARAMETER CONDITIONS MIN TVP MAX MIN TVP MAX UNITS 
Vas Input Offset Voltage 0.07 0.15 0.2 0.5 mV 

ilVos Long Term Input Offset Voltage 
ilTime Stability (Notes 1 and 2) 0.2 1.0 0.2 1.0 ltV/Month 
los Input Ollset Current 0.7 2.0 1.0 2.B nA 
18 Input Bias Current ±0.7 ±2.0 ±1.0 ±3.0 nA 
en Input Noise Voltage O.lHz to 10Hz (Note 2) 0.35 0.6 0.35 0.6 ltV,., 

Input Noise Voltage Density I, - 10Hz 10.3 lB.O 10.3 lB.O 
nV/YHz I, - 100Hz (Note 2) 10.0 13.0 10.0 13.0 

I, - 1000Hz 9.6 11.0 9.6 11.0 
in Input Noise Current O.lHz to 10Hz (Note 2) 14 30 14 30 pAp. 

Input NOise Current Density I, - 10Hz 0.32 O.BO 0.32 O.BO 
pAlYHz I, - 100Hz (Note 2) 0.14 0.23 0.14 0.23 

I, - 1000Hz 0.12 0.17 0.12 0.17 
Rln Input Resistance Differential Mode (Note 3) 30 BO 20 60 Mn 

Input Resistance Common Mode 200 200 Gn 
Input Voltage Range +13.5 ±14.0 ±13.5 ± 14.0 V 

CMRR Common Mode Rejection Ratio VCM - + 13.SV 114 126 114 126 dB 
PSRR Power Supply Rejection Ratio Vs - ±3Vto ±lBV 100 lOB 100 lOB dB 

AVOL Large Signal Voltage Gain RL ~ 2kn, Va - ± 10V 300 500 200 500 
RL ~ soon, Va - ± O.SV 150 500 150 500 VlmV 
Vs - ±3V (Note 3) 

VOUT Maximum Output Voltage Swing RL ~ 10kn ± 12.5 ±13.0 ±12.5 ±13.0 
RL ~ 2kn ±12.0 ±12.B ± 12.0 ±12.B V 
RL ~ lkn ±10.S ± 12.0 ± 10.5 ± 12.0 

SR Slew Rate RL > 2kn (Note 2) 0.1 0.3 0.1 0.3 VIItS 
GBW Closed Loop Bandwidth AvcL - + 1 (Note 2) 0.4 0.6 0.4 0.6 MHz 
Z, Open Loop Output Impedance Va - 0, 10 - 0, I - 10Hz 60 60 n 
Pd Power Dissipation No load 90 120 90 120 mW 

Vs - + 3V, No load 4 6 4 6 
Offset Adjustment Range Null Pot - 20kn +4 +4 mV 

See Notes on page 2-202. 
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ELECTRICAL CHARACTERISTICS VS = ± 15V. -55°C ~ TA ~ 125°C. unless otherwise noled. 

OP-05A OP-05 
SYMBOL PARAMETER CONDITIONS MIN TYP MAX MIN TVP MAX UNITS 

Vos Input Offset Voltage • 0.10 0.24 0.3 0.7 mV 

!J.Vos Average Input Offset Voltage Drift 
!J.Temp Without External Trim • 0.3 0.9 0.7 2.0 iJ,VrC With External Trim Null Pot ~ 20kn (Note 2) • 0.2 0.5 0.3 1.0 

los Input Offset Current • 1.0 4.0 1.8 5.6 nA 

!J.los Average Input Offset Current Drift (Note 2) • 5 25 8 50 pA/oC 
!J.Temp 

IB Input Bias Current • ± 1.0 ±4.0 ±2.0 ±6.0 nA 

!J.IB Average Input Bias Current Drift (Note 2) • 8 25 13 50 pA/oC 
!J.Temp 

Input Voltage Range • ± 13.0 ±13.5 ± 13.0 ±13.5 V 
CMRR Common Mode Rejection Ratio VcM =±13V • 110 123 110 123 dB 
PSRR Power Supply Rejection Ratio Vs = ± 3V to ± laV • 94 106 94 106 dB 

AVOL Large Signal Voltage Gain RL ~ 2kn, Vo ~ ± 10V • 200 400 150 400 V/mV 

Your Output Voltage Swing RL ~ 2kn • ±12.0 ±12.6 ± 12.0 ±12.6 V 

ELECTRICAL CHARACTERISTICS VS = ± 15V. TA = 25°C. unless otherwise noled. 

OP-05E OP-05C 
SYMBOL PARAMETER CONDITIONS MIN TVP MAX MIN TYP MAX UNITS 

Vos Input Offset Voltage 0.2 0.5 0.3 1.3 mV 

!J.Vos Long Term Input Offset Voltage 
!J.Time Stability (Notes 1 and 2) 0.3 1.5 0.4 2.0 iJ,VlMonth 

los Input Offset Current 1.2 3.8 1.8 6.0 nA 

IB Input Bias Current +1.2 +4.0 + 1.8 +7.0 nA 

en Input Noise Voltage 0.1Hz to 10Hz (Note 2) 0.35 0.6 0.38 0.65 iJ,Vp-

Input Noise Voltage Density fo ~ 10Hz 10.3 18.0 10.5 20.0 
nVlYHz fo = 100Hz (Note 2) 10.0 13.0 10.2 13.5 

fo = 1000Hz 9.6 11.0 9.8 11.5 

in Input Noise Current O.IHz to 10Hz (Note 2) 14 30 15 35 pA "D 

Input NOise Current Density fo ~ 10Hz 0.32 0.80 0.35 0.90 
PA/YHz fo ~ 100Hz (Note 2) 0.14 0.23 0.15 0.27 

fo = 1000Hz 0.12 0.17 0.13 0.18 
Rln Input Resistance Differential Mode (Note 3) 15 50 a 33 Mn 

Input ReSistance Common Mode 160 120 Gn 
Input Voltage Range ±13.5 ±14.0 ±13.5 ±14.0 V 

CMRR Common Mode Rejection Ratio VCM = ± 13.5V 110 123 100 120 dB 
PSRR Power Supply Rejection Ratio Vs = + 3V to + laV 94 106 90 104 dB 

AVOL Large Signal Voltage Gain RL 2: 2kn, Vo ~ ± 10V 200 500 120 400 
RL ~ soon, Vo ~ ± 0.5V 150 500 100 400 Vim V 
Vs ~ + 3V (Note 3) 

Your Maximum Output Voltage Swing RL ~ 10kn ±12.5 ±13.0 ±12.0 ± 13.0 
RL ~ 2kn ±12.0 ±12.8 ±11.5 ± 12.8 V 
RL 2: 1kn ± 10.5 ±12.0 ± 12.0 

SR Slew Rate RL ~ 2kn (Note 2) 0.1 0.3 0.1 0.3 VII'S 
GBW Closed Loop Bandwidth AVCL = + 1 (Note 2) 0.4 0.6 0.4 0.6 MHz 

Zo Open Loop Output Impedance Vo = 0, 10 ~ 0, f ~ 10Hz 60 60 n 
Pd Power Dissipation No load 90 120 95 150 mW 

Vs ~ ± 3V, No load 4 6 4 8 
Offset Adjustment Range Null Pot = 20kn ±4 ±4 mW 

See Notes on page 2-202. 
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ELECTRICAL CHARACTERISTICS VS = ± 15V. DoC .;;;TA .;;; 70°C. 

SYMBOL PARAMETER CONDITIONS 
Vos Input Offset Voltage 

~ Average Input Offset Voltage Drift 
<lTemp Without External Trim 

With External Trim Null Pot = 20kO (Note 2) 

los Input Offset Current 

<llos Average Input Offset Current Drift (Note 2) 
<lTemp 

18 Input Bias Current 

<lla Average Input Bias Current Drift (Note 2) 
<lTemp 

Input Voltage Range 
CMRR Common Mode Rejection Ratio VCM = + 13V 
PSRR Power Supply Rejection Ratio Vs = +3Vto +18V 

Avol Large Signal Voltage Gain Rl 2: 2kO. Vo = ± 10V 
Your Output Voltage Swing Rl 2: 2kO 

The. denotes the specifications which apply over the full operating 
temperature range. 
Nola 1: Long term offset voltage stability is the average value of 
offset voltage vs. time plotted over extended periods following 3D 
days of operation. Values for time under 3D days of operation are 
typically 2.S/lV following the first hour of operation. 
Nola 2: This parameter is sample tested. 
Nola 3: This parameter is guaranteed by design. 
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OP·05E 
MIN TYP 

• 0.25 

• 0.7 

• 0.2 

• 1.4 

• 8 

• + 1.5 

• 13 

• +13.0 + 13.5 

• 107 123 

• 90 103 

• 180 450 

• + 12.0 +12.6 

OP·05C 
MAX MIN TVP MAX UNITS 
0.6 0.35 1.6 mV 

2.0 1.3 4.5 /lVrC 0.6 0.4 1.5 
5.3 2.0 8.0 nA 

35 12 50 pArC 

+5.5 +2.2 +9.0 nA 

35 18 50 pArC 

+13.0 +13.5 V 
97 120 dB 
86 100 dB 
100 400 V/mV 

+11.0 + 12.6 V 



TYPICAL PERFORmAnCE CHARACTERISTICS 
Low Frequency Noise 
(Closed Loop Gain = 25,000) 
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OP-05 

TYPICAL PERFORmAnCE CHARACTERISTICS 
Input Bias Current vs 
Temperature 
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SCHEmATIC DIAGRAm 

7k 

40k 40k 

+ 

v 

TEST CIRCUIT DIAGRAmS 
Offset Voltage Test Circuit t 

R2 * 
100n 

+---'-1 + 

R3 * 
50k 

R1 

* 50k 

+15V 

-15V 

>'--...... -- va 

* RESISTORS MUST HAVE 
LOW THERMOELECTRIC 
POTENTIAL 

Av = 1000 

t This circuit is also used as the burn-in configuration 
with supply voltages changed to ±20V, R1 =R3=10k, 
R2 = 20011, Av = 100. 

100n 

20 

20 

021 

Offset Nulling and low 
Frequency Noise Test Circuit 

+15V 

op-os 

OUTPUT 

3.3k eo 

100n 

-1SV 

2.SM 

NOTES: 
1) RC APPROXIMATELY 10Hz FILTER 

2) OBSERVE OUTPUT FOR 10 SECONDS 

Av ~ 25000 

Application Tip 

C I 4.7~F 

When the OP-OS is used as a replacement in 72S, 10B/10BA, 30B/30BA applications, 

removal of external compensation is optional. For conventionally nulled 741 type appli
cations, external trimming should be removed. Care should be taken to avoid thermo
couple voltages caused by temperature variations between the input terminals or 
dissimilar metals. 
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TYPICAL APPLICATions 
Precision Absolute Value Circuil 

lOOk 

ein--~----~~r----1~----~~~------~------~~------+-------~~------. 
lOOk 

* ADJUST Rl FOR CMRR, THEN 
ADJUST RS FOR GAIN ACCURACY. 

RS DOES NOT AFFECT CMRR. 

lOOk 

IN914 

IN914 

Two Op-Amp Instrumentation Amplifier 

* lk R2 2k RS 

R3 R4 

+ 

PACKAGE DESCRIPTiOn 
H Package 
Metal Can 

NOTE: DIMENSIONS IN INCKES 

2-206 

JB Package 
B Lead Hermetic Dip 

D'-:l 
.1 4JO 
~0055"AX 

Q.405MAX 

~TYP -Q,Q05MIN 

1++----+1 

'R' , , 
I, I' 
II l\ 
II 1\ 

-t 1-0'_1,5 9 -.-J~ I1ill lYp 
~ 0320 ----l O,OOB 

0290 

NOTE: DIMHISK)NS IN INCKES UNLESS OTHERWISE NOTED 

'lEADS WITHlNO.QQ7 QF TRUE POSITION ITPI AT GAlJGEPLANE 

ALL RESISTORS MATCHED WITHIN 0.1% 

Vo 

FOR MAXIMUM CMRR, :~ ~ :~ 
FOR THIS CONDITION, 

[ R4][ R2 R2+R3] 
Vo ~ Vin R3 1 + RT + --R-S--

JE.. ~ 210 FOR VALUES SHOWN 
Vin 

NB Package 
B Lead Plastic 

-----L 0.280 

, 6 =r0'YO 
q,~ 

~
06OSQ 

' Q,Q40MAX 
0,400 

r-,.::::TYPAAm'" ,000'"" 
0175 
0_155 L 
o~ ~ 
ii12s 0,02D 0'i'TS 
~ --------L 

Q.l00BSC.lj JLO.023 TP 
TYP 0014 y 

NOTE: DIMENSIONS IN INCfl:S UNLESS OHlfRWISE NOTED 
"LEADS WITHINO,Q07 OF TRUE POSITION (TP) AT GAUGE PlAtE 



L7~lO~!"'""-----pr-e-C-iS-io-n-o-p-e-r-a-~-:-~o_~ 
FEATURES 
• Guaranteed25,uV max. Offset Voltage 
• GuaranteedO.6,uV/oC max. Offset Voltage 

Drift with Temperature 
• Excellent 1.0,uV IMonth max. Long Term Stability 
• GuaranteedO.6,uVp_p max. Noise 
• Guaranteed 2.0nA max. Input Bias Current 

APPLICATions 
• Thermocouple Amplifiers 
• Strain Gauge Amplifiers 
• Low Level Signal Processing 
• Medical Instrumentation 

Precision Buffered Single Supply Reference 

....L 

I '"--<~1-30K-----' 
-l- 12·18V 

f 

LM129A 

1K 

8.2K 

3.3K 

3.3K 

VOUT ~ 10.000V 

The OP-07 contributes less than 5% of the total drift with temperature, noise 
and long term drift of the reference application. 

Amplifier ~ 
\II 

DESCRIPTiOn § 
Q. 

The OP-07 offers excellent performance in applica- e 
tions requiring low offset voltage, low drift with time a:: 
and temperature and very low noise. Linear's OP-07 is ~ 
interchangeable with many of the precision op-amp 15 
device types. The OP-07 also offers a wide input volt- 0 
age range, high common mode rejection and low input t= 
bias current. These features result in optimum perfor- Ii 
mance for small signal level and low frequency appli- \II 
cations. Use of advanced design, processing and Q. 
testing techniques make Linear's OP-07 a superior 0 
choice over similar products. A buffered reference ap- ~ 
plication is shown below. For single op amp applica- III:. 
tions requiring higher performance, see the LT1001 
and for matched dual precision applications see the 
LT1002. 

Offset Voltage Drill With Temperature 

Of Representative Units 

50r--,--,--,--, 

40~--+-~+-~~--~ 

30 

~ 20 

w 10~~~~~--
~ ::; 
<;< 

~ -10 I---+----+-:=----~~""I 
~ -20 ~--""'-~+---_+_--~ 
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-40 ~--+---+----''+---~ 
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TEMPERATURE 1°C) 
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ABSOLUTE mAXimum RATinGS 
Supply Voltage. . . . .. . .. .. . . .. . . .. . .... ± 22V 
Differential Input Voltage. . . . . . . . . . . . . . .. ± 30V 
Input Voltage Equal to Supply Voltage 
Output Short Circuit Duration. . . . . . . . . .. Indefinite 
Operating Temperature Range 

OP-07/0P-07A .............. -55°C to 125°C 
OP-07E/OP-07C ................. O°C to 70°C 

Storage Temperature Range 
All Devices............... -65°Cto 150°C 

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

PACKAGE/ORDER InFORmATiOn 
TOP VIEW OFFSET 

ORDER PART NO. VOLTAGE 
(MAX) 

OP-07AH 25f.lV 
OP-07H 75f.lV 
OP-07EH 75f.lV 
OP-07CH 150f.lV 

METAL CAN H PACKAGE 

TOP VIEW 

Vas Vas OP-07AJ8 25f.lV -'El- OP-07J8 75f.lV 
-IN 2 7 V+ OP-07EJ8 75f.lV 
+IN 3 + 6 OUT 

OP-07CJ8 15Of.lV V- 4 5 NC 
OP-07EN8 75f.lV 

HERMETIC DIP JB PACKAGE OP-07CN8 150f.lV 
PLASTIC DIP NB PACKAGE 

ELECTRICAL CHARACTERISTICS VS = ± 15V, TA = 25°C, unless otherwise noted. 

OP-07A OP-07 
SYMBOL PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

Vas Input Offset Voltage (Note 1) 10 25 30 75 /LV 

AVos Long Term Input Offset Voltage 
Ali me Stability (Notes 2 and 3) 0.2 1.0 0.2 1.0 /LV/Month 

los Input Offset Current 0.3 2.0 0.4 2.B nA 
Ie Input Bias Current +0.7 +2.0 ±1.0 ±3.0 nA 

en Input Noise Voltage O.lHz to 10Hz (Note 2) 0.35 0.6 0.35 0.6 /LV~ 
Input Noise Voltage Density f, = 10Hz 10.3 18.0 10.3 lB.O 

nVtv'H; f, = 100Hz (Note 2) 10.0 13.0 10.0 13.0 
f, = 1000Hz 9.6 11.0 9.6 11.0 

in Input NOise Current O.lHz to 10Hz (Note 2) 14 30 14 30 pA. 
Input Noise Current Density f, = 10Hz 0.32 O.BO 0.32 0.80 

PAtv'H; f, = 100Hz (Note 2) 0.14 0.23 0.14 0.23 
f, = 1000Hz 0.12 0.17 0.12 0.17 

R'n Input Resistance Differential Mode (Note 4) 30 80 20 60 Mn 
Input Resistance Common Mode 200 200 Gn 
Input Voltage Range ± 13.5 ±14.0 ± 13.5 ± 14.0 V 

CMRR Common Mode Rejection Ratio VCM = ± 13V 110 126 110 126 dB 
PSRR Power Supply Rejection Ratio Vs = ± 3V to ± lBV 100 lOB 100 108 dB 

AVOL Large Signal Voltage Gain RL 2: 2kn, Va = ± 10V 300 500 200 500 
RL 2: soon, Va = ±0.5V 150 400 150 400 Vim V 
Vs = +3V (Note 4) 

VOUT Maximum Output Voltage Swing RL 2: 10kn ± 12.5 ± 13.0 ± 12.5 ±13.0 
RL 2: 2kn ± 12.0 ± 12.B ± 12.0 ± 12.B V 
RL 2: lkn ± 10.5 ± 12.0 ± 10.5 ± 12.0 

SR Slew Rate RL 2: 2kn (Note 4) 0.1 0.25 0.1 0.25 VI/LS 
GBW Closed Loop Bandwidth AVCl = + 1 (Note 4) 0.4 0.6 0.4 0.6 MHz 
Z, Open Loop Output Impedance Va = 0, 10 = 0, f = 10Hz 60 60 n 
Pd Power Dissipation Vs = ± 15V 75 120 75 120 mW 

Vs = ±3V 4 6 4 6 
Offset Adjustment Range Null Pot = 20kn ±4 ±4 mV 

See Notes on page 2-210. 
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ELECTRICAL CHARACTERISTICS VS = ± 15V, -55°C.;;; TA .;;; 125°C, unless olherwlse noted. 

OP-07A OP-07 
SYMBOL PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

Vos Input Offset Voltage (Note 1) • 25 60 60 200 !LV 

IlVos Average Input Ollset Voltage Drilt 
IlTemp Without External Trim • 0.2 0.6 0.3 1.3 !LV/oC 

With External Trim Null Pot = 20kll (Note 2) 0.2 0.6 0.3 1.3 

los Input Offset Current • 0.8 4.0 1.2 5.6 nA 

Illos Average Input Ollset Current Drilt (Note 2) • 5 25 8 50 pAloC 
IlTemp 

IB Input Bias Current • + 1.0 +4.0 +2.0 +6.0 nA 

IlIB Average Input Bias Current Drift (Note 2) • 8 25 13 50 pA/oC 
IlTemp 

Input Voltage Range • + 13.0 +13.5 +13.0 + 13.5 V 

CMRR Common Mode Rejection Ratio VCM = ± 13V • 106 123 106 123 dB 
PSRR Power Supply Rejection Ratio Vs = ±3Vto ±18V • 94 106 94 106 dB 

AYOL Large Signal Voltage Gain RL 2: 2kll, Vo = ± 10V • 200 400 150 400 VlmV 

Your Output Voltage Swing RL> 2kll • + 12.0 ± 12.6 ± 12.0 ± 12.6 V 

ELECTRICAL CHARACTERISTICS VS = ± 15V, TA = 25°C, unless otherwise noted. 

OP-07E OP-07C 
SYMBOL PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 
Vos Input Offset Voltage (Note 1) 30 75 60 150 !LV 

IlVos Long Term Input Oflset Voltage 
IlTime Stability (Notes 2 and 3) 0.3 1.5 0.4 2.0 !LV/Month 

los Input Offset Current 0.5 3.8 0.8 6.0 nA 

IB Input Bias Current ± 1.2 ±4.0 ±1.8 ±7.0 nA 

en Input Noise Voltage 0.1Hz to 10Hz (Note 2) 0.35 0.6 0.35 0.65 !LV,. 
Input NOise Voltage Density 10 = 10Hz 10.3 18.0 10.5 20.0 

nViv'Hz 10 = 100Hz (Note 2) 10.0 13.0 10.2 13.5 
10 = 1000Hz 9.6 11.0 9.8 11.5 

In Input Noise Current 0.1Hz to 10Hz (Note 2) 14 30 15 35 pA':Q 
Input NOise Current Density 10 = 10Hz 0.32 0.80 0.32 0.90 

PAlVHz 10= 100Hz (Note 2) 0.14 0.23 0.15 0.27 
10 = 1000Hz 0.12 0.17 0.13 0.18 

Rin Input Resistance Differential Mode (Note 4) 15 50 8 33 Mil 
Input Resistance Common Mode 160 120 Gil 
Input Voltage Range + 13.5 + 14.0 + 13.0 +14.0 V 

CMRR Common Mode Rejection Ratio VCM = ± 13V 106 123 100 120 dB 
PSRR Power Supply Rejection Ratio Vs = ± 3V to ± 18V 94 106 90 104 dB 
AYOL Large Signal Voltage Gain RL 2: 2kll, Vo = ± 10V 200 500 120 400 

RL 2: 5001l, Vo = ± 0.5V 150 400 100 400 V/mV 
Vs = ± 3V (Note 4) 

Vo Maximum Output Voltage Swing RL 2: 10kll ±12.5 ± 13.0 ± 12.5 ± 13.0 
RL 2: 2kll ±12.0 ± 12.8 ± 11.5 ± 12.8 V 
RL> 1kll +10.5 + 12.0 ± 12.0 

SR Slewing Rate RL 2: 2kll (Note 2) 0.1 0.25 0.1 0.25 V/!LS 
GBW Closed Loop Bandwidth AvcL = + 1 (Note 2) 0.4 0.6 0.4 0.6 MHz 

Zo Open Loop Output Impedance Vo = 0, 10 = 0, I = 10Hz 60 60 Il 

Pd Power Dissipation Vs = ± 15V. 75 120 80 150 mW 
Vs = ±3V. 4 6 4 8 mW 

Ollset Adjustment Range Null Pot = 20kll ±4 ±4 mV 

See Notes on page 2-210. 
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OP-07 

ELECTRICAL CHARACTERISTICS VS = ± 15V, DOC.;;; TA .;;; 7DoC, unless otherwise noted. 

SYMBOL PARAMETER CONDITIONS 
Vos Input Offset Voltage 

AVos Average Input Offset Voltage Drift 
ATemp Without External Trim 

With External Trim Null Pot = 20k!1 (Note 2) 
los Input Offset Current 

Alos Average Input Offset Current Drift (Note 2) 
ATemp 

IB Input Bias Current 

AlB Average Input Bias Current Drift (Note 2) 
ATemp 

Input Voltage Range 
CMRR Common Mode Rejection Ratio VCM = ± 13V 
PSRR Power Supply Rejection Ratio Vs = + 3V to + 18V 
AvoL Large Signal Voltage Gain RL > 2k!1, Vo = + 10V 
Your Output Voltage Swing RL > 2k!1 

The. denotes the specifications which apply over full operating 
temperature range. 
For MIL-STD components, please refer to LTC SS3C data sheet for test 
listing and parameters. 
Nola 1: Offset voltage for the OP-07 A is measured 60 seconds after 
power is applied. All other grades are measured with high speed test 
equipment, approximately 1 second after power is applied. 
Nola 2: This parameter is tested on a sample basis only. 

2-210 

oP·o7E OP·07C 
MIN TYP MAX MIN TYP MAX UNITS 

• 45 130 85 250 ",V 

• 0.3 1.3 0.5 1.8 ",vrc 0.3 1.3 0.4 1.6 

• 0.9 5.3 1.6 8.0 nA 

• 8 35 12 50 pArC 

• ±1.5 +5.5 +2.2 +9.0 nA 

• 13 35 18 50 pArC 

• + 13.0 + 13.5 + 13.0 + 13.5 V 

• 103 123 97 120 dB 

• 90 104 86 100 dB 

• 180 450 100 400 VlmV 

• + 12.0 + 12.6 + 11.0 + 12.6 V 

Nola 3: Long term Input Offset Voltage Stability refers to the 
averaged trend line of Vos versus Time over extended periods after 
the first 30 days of operation. Excluding the initial hour of operation, 
changes in Vas during the first 30 operating days are typically 2.5/lV. 
Nola 4: This parameter is guaranteed by design. 
Nola 5: The OP-07D is available by special request. 



TYPICAL PERFORmAnCE CHARACTERISTICS 
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OP-07 

TYPICAL PERFORmAnCE CHARACTERISTICS 
Input Bias Current vs 
Temperature 
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TYPICAL APPLICATiOnS 

v, 

V2 

V3 

V4 

V5 

R, 
2KIl 

R2 
2Kf! 

R3 
2Kn 

R4 
2KQ 

Rs 
2Kn 

Precision Summing Amplifier 

R6 
2Kf! 

+15V 

-15V 

TEST CIRCUIT DIAGRAmS 

R2 * 
100Q 

R3 * 
50k 

Offset Voltage Test Circuit t 

R1 

* 50k 

+15V 

-15V 

.>=---...... -- Va 

* RESISTORS MUST HAVE 
LOW THERMOELECTRIC 

POTENTIAL 

Av = 1000 

t This circuit is also used as the burn-in configuration 
with supply voltages changed to ± 20V, R1 = R3 = 10k, 
R2=200n, Av=100. 

VOUT 

Instrumentation Amplifier 

R4 R6 
1K 10K 

ZIN - 100Gn 

R3 
2K R, 
1% 9Kn 

liN = ± 1nA 

R5 
1K 

+ R7 10K 

"::" 

R6 
Av=--

R4 

Av = 100 

Offset Nulling and Low 
Frequency Noise Test Circuit 

+15V 

1001l 

100n 

-15V 

2.5M 

NOTES: 
1) RC APPROXIMATELY 10Hz FILTER 

2) OBSERVE OUTPUT FOR 10 SECONDS 

'" - 25000 

Application Tip: 

3.3k 

OP-O? 

(2R1 ) -+ 1 
R3 

When lhe OP-07 is used as a replacemenl in 725, 108!108A, 308!308A applicalions, 
removal of external compensation is optional. For conventionally nulled 741 type appli
cations, external trimming should be removed. Care should taken to avoid thermocou
ple voltages caused by temperature variations between the input terminals or dissimilar 

metals. 
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OP-O? 

SCHEmATIC DIAGRAm 

7k 

40k 40k 

+ 

v 

PACKAGE DESCRIPTion 

H Package 
Metal Can 

NOTE: DIMENSIONS IN INCHES 

2-214 

J8 Package 
8 Lead Hermetic Dip 

0 5-:\, 
0.220 

., 4~ 

~0055MA> 
0.405 MAX 

~TYP -0,005MIN 

f+-+----'--H 

'R' , , 
II .' 
II I' 

Jj \1 

--;U L-OO-l,50 --JLM1.!.i TyP l-- 0320 -------' 0,008 
62§0 

NOTE: DIMENSIONS IN INCHES UNLESS OTHERWISE NOTEO 

"LEADSWlrnlN 0.007 OF TRUE POSITIQN (TPJ AT GAUGE PLANE 

20 

OUTPUT 

20 

N8 Package 
8 Lead Plastic 

0 '-:1 --.-L a.2ao 

r o.2140 
5 , --t-L 

~O'0600S~OMAX 
0,400 

0.060 0.370 

• ;030TYP~O'OO5M" 0.175 
Q.15SL 

o~ ~ 
i5125 Q,020 ifi15 
~ ------.-L 

Q.,00BSC·lJ JLO.023 
TYP O.014 TVP 

R·,,;::]"±5. 

, , , , , , 
/, II , " 

-t Lao_Iso -.j1~~TYP l---- 0310 ~ 0.008 
D:29ii 

NOTE: DIMENSIONS IN INCHES UNLESS OTHERWISE NOTED 

"LEADS WITHIN 0,007 QF TRUE POSITION fTPj AT GAUGE PLANE 



'-Y"lI nt1\D OP-1S/OP-16 .....A.., TECHNOLOGr.f(~p-re-C-is-io-n-, -Hi-g-h-S-pe-e-d-J-F-ET---In-p-ut 

FEATURES 
• Improved Specifications Compared to 

LF155/ 156 Devices 
• Guaranteed Low Offset Voltage 
• Guaranteed Low Offset Drift 
• Guaranteed Bias Current Fully 

Warmed-Up over Temperature 

500p.V Max. 
5p.V/oC Max. 

• OP-15: LF156 Speed with LF155 Power Dissipation 
Guaranteed Supply Current 4mA Max. 
Guaranteed Slew Rate 10V/p.SMin. 

·OP-16: 
Guaranteed Faster Slew Rate 18V / p.S Min. 
No High Frequency Oscillation at Cold 
Temperatures 

101 No Phase Reversal when Negative 
Common-Mode Limit is Exceeded 

APPLICATions 
Long Term Precision Integration 
Current to Voltage Conversion 
Medical Instrumentation-CAT Scanner 
High Speed, Precision Sample and Hold 

Fast, 12-Bit Current Comparator 

4.7k 

INPUT---It-'VI~ 

LT1009 
2.5V 

DELAY = 250n • 
• = 1 % FILM RESISTOR -t:F = HP5082·2810 

OUTPUT 

Operational Amplifiers 

DESCRIPTion 
The OP-15 /16 series devices feature distinct advantages 
over other JFET -input operational amplifiers, in particular 
compared to LF155/ 156 types. 
The OP-15 has the speed of the LF156 design with the 
low power dissipation of the slower LF155. The OP-16 is 
considerably faster. Both devices offer offset voltages as 
low as O.5mV, with guaranteed drift of 5p.V/oC. Input 
bias current at 125°C is just a few nanoamperes. 
Other manufacturers' OP-15/16 (and LF155/156) ex
hibit phase reversal at the output when the negative 
common-mode limit at the input is exceeded; i.e., driving 
from -12V to -15V with :I:: 15V supplies. This can 
cause lock-up in servo systems. As shown in the applica
tion section, Linear Technology's OP-15/16 does not 
have this problem due to unique phase reversal protec-
tion circuitry. 
In addition, Linear's OP-16 is free from high frequency 
oscillation problems at cold temperatures, as is il
lustrated in the "Voltage Follower Small Signal Pulse 
Response" photo. For applications requiring higher 
performance, see the LT1022, LT1055 and LT1056 data 
sheets. 

Voltage Follower Small Signal Pulse Response 
TA= -55°C 

CL =100pF 
VERTICAL SCALE = 20mV I DIV 
HORIZONTAL SCALE=0.2,.s/DIV 
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OP-1S/OP-16 

ABSOLUTE mAXimum RATinGS 
Supply Voltage 

A, B, E, F Grades. . . . . . . . . . . . . . . . . . . . .. ± 22V 
C, G Grades ......................... ± 18V 

Internal Power Dissipation ................ 500mW 
Operating Temperature Range 

A,B,CGrades ............... -55°Cto125°C 
E, F, G Grades .................... O°C to 70°C 

Junction Temperature .................... 150°C 
Differential I nput Voltage 

A, B, E, F Grades. . . . . . . . . . . . . . . . . . . . .. ± 40V 
C, G Grades ......................... ± 30V 

Input Voltage (Note 4) 
A, B, E, F Grades. . . . . . . . . . . . . . . . . . . . .. ± 20V 
C, G Grades ......................... ± 16V 

Output Short Circuit Duration. . . . . . . . . . . .. Indefinite 
Storage Temperature Range ....... -65°C to 150°C 
Lead Temperature (Soldering, 10 sec.) ........ 300°C 

PACKAGE/ORDER InFORmATiOn 

H PACKAGE 
METAL CAN 

TOP VIEW 

N8 PACKAGE 
8 PIN PLASTIC alP 

ORDER PART NUMBER 

OP-15AH 
OP-15BH 
OP-15CH 
OP-15EH 
OP-15FH 
OP-15GH 

OP-15GN8 

OP-16AH 
OP-16BH 
OP-16CH 
OP-16EH 
OP-16FH 
OP-16GH 

OP-16GN8 

Vos is adjusted with a potentiometer 
ranging from 10k to 1M. The wiper 
is connected to V + 

ELECTRICAL CHARACTERISTICS Vs= ±15V, TA=25°C unless otherwise noted. 
OP-15A/E OP-15B/F OP-15C/G 

SYMBOL PARAMETER CONDITIONS OP-16A/E OP-16B/F OP-16C/G UNITS 
MIN TYP MAX MIN TYP MAX MIN TYP MAX 

Vas Input Offset Voltage Rs=501l - 0.2 0.5 - 0.4 1.0 - 0.5 3.0 mV 

los Input Offset Current Tj =25'C (Note 1) - 3 10 - 6 20 - 12 50 pA 
Warmed-Up OP-15 - 5 22 - 10 40 - 20 100 pA 

OP-16 - 5 25 - 10 50 - 20 125 pA 

Ie Input Bias Current Tj =25'C (Note 1) - ,,15 ,,50 - ,,30 ,,100 - ,,60 ,,200 pA 
Warmed-Up OP-15 - ,,18 ,,110 - ,,40 ,,200 - ,,80 ,,400 pA 

OP-16 - ,,20 ,,130 - ,,40 ,,250 - ,,80 ,,500 pA 

RIN Input Resistance - 1012 - - 1012 - - 1012 - Il 

AVOL Large Signal RL 2!:2kll 100 240 - 75 220 - 50 200 - V/mV 
Voltage Gain Vo= ,,10V 

Vo Output Voltage RL = 10kll ,,12 ,,13 - ,,12 ,,13 - ,,12 ,,13 - V 
Swing RL=2kll ,,11 ,,12.7 - ,,11 ,,12.7 - ,,It ,,12.7 - V 

Is Supply Current OP-15 - 2.7 4.0 - 2.7 4.0 - 2.8 5.0 rnA 
OP-16 - 4.6 7.0 - 4.6 7.0 - 4.8 8.0 rnA 

SR Slew Rate AVCL= +1 OP-15 10 13 - 7.5 lt - 5 9 - VIliS 
OP-16 18 20 - 12 18 - 9 16 - VIliS 

GBW Gain Bandwidth (Note 3) OP-15 4.0 6.0 - 3.5 5.7 - 3.0 5.4 - MHz 
Product OP-16 - 8.0 - - 7.6 - - 7.2 - MHz 

Settling Time to 0.01% OP-15 - 4.5 - - 4.5 - - 4.7 - liS 
(Note 2) to 0.10% - 1.2 - - 1.2 - - 1.3 - lis 

to 0.01% OP-16 - 3.8 - - 3.8 - - 4.0 - lis 
to 0.10% - 0.9 - - 0.9 - - 1.0 - liS 

Input Voltage Range ,,10.5 - - ,,10.5 - - ,,10.3 - - V 
CMRR Common-Mode VCM = ,,10.5V 86 100 - 86 100 - - - - dB 

Rejection Ratio VCM = ,,10.3V - - - - - - 82 96 - dB 
PSRR Power Supply Vs= ,,10V to ,,18V - 10 51 - 10 51 - - - IIV/V 

Rejection Ratio Vs= "tOV to ,,15V - - - - - - - 10 80 IIV/V 
en Input Noise 10 = 100Hz - 20 - - 20 - - 20 - nVI,j.Hz 

Voltage Density 10 = 1000Hz - 15 - - 15 - - 15 - nV/-iHz 

in Input Noise 10 = 100Hz - 0.01 - - 0.01 - - 0.01 - pAl-iHz 
Current Density 10=1000Hz - 0.01 - - 0.01 - - 0.01 - pAl-iHz 

CIN Input Capacitance - 3 - - 3 - - 3 - pF 
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OP-1S/OP-16 

ELECTRICAL CHARACTERISTICS Vs= ±15V, -55°CsTAS125°C unless otherwise noted. 
OP-15A OP·15B OP·15C 

SYMBOL PARAMETER CONDITIONS OP·16A OP·16B OP·16C UNITS 
MIN TVP MAX MIN TVP MAX MIN TYP MAX 

VOS Input Offset Voltage RS=5011 • - 0.4 0.9 - 0.7 2.0 - 0.9 4.5 mV 

Average Input OIlset 
Voltage Drift 

TCVOS Without External • - 2 5 - 3 10 - 4 15 p.V/'C 
Trim 

TCVOSn With External Rp=100kll • - 2 - - 3 - - 4 - p.V/'C 
Trim 

lOS Input Offset Tj=125'C (Note 1) • - 0.6 4.0 - 0.8 6.0 - 1.0 9.0 nA 
Current TA=125'C, Warmed-Up OP-15 • - 0.8 7.0 - 1.2 11 - 1.5 17 nA 

OP-16 • - 1.0 8.5 - 1.3 14.5 - 1.7 22 nA 

IB Input Bias Tj=125'C (Note 1) • - ±1.2 ±5.0 - ±1.5 ±7.5 - ±1.8 ±10 nA 
Current TA=125'C, Warmed-Up OP-15 • - ±1.7 ±9.0 - ±2.2 ±14 - ±2.7 ±19 nA 

OP-16 • - ±2.0 ±11 - ±2.5 ±18 - ±3.0 ±25 nA 

Input Voltage Range • ± 10.4 - - ±10.4 - - ±10.25 - - V 

CMRR Common-Mode Rejection VCM = ± 10.4V • 85 97 - 85 97 - - - - dB 
Ratio VCM = ± 10.25V • - - - - - - 80 93 - dB 

PSRR Power Supply Rejection VS= ±10Vto ±18V • - 15 57 - 15 57 - - - p.V/V 
Ratio Vs = ± 10V to ± 15V • - - - - - - - 23 100 p.V/V 

AVOL Large Signal Voltage Gain RL",2kll • 35 120 - 30 110 - 25 100 - V/mV 
VO= ±10V 

Vo Output Voltage Swing RL'" 10kll • ±12 ±13 - ±12 ±13 - ±12 ±13 - V 

ELECTRICAL CHARACTERISTICS Vs= ±15V, O°C STAS70°C unless otherwise noted. 

SYMBOL PARAMETER CONDITIONS 
MIN 

VOS Input Offset Voltage RS =5011 • -
Average Input 

Offse1 Voltage 
Drift 

TCVOS Without Ex1ernal • -
Trim 

TCVOSn Wi1h External Rp=100kll • -
Trim 

lOS Input Offset Tj = 70'C (Note 1) • -
Current TA = 70'C, Warmed-Up OP-15 • -

OP-16 • -
IB Input Bias Tj=70'C (Note 1) • -

Current TA = 70'C, Warmed-Up OP-15 • -
OP-16 • -

Input Voltage Range • ±10.4 

CMRR Common-Mode Rejection VCM= ±10.4V • 85 
Ratio VCM = ± 10.25V • -

PSRR Power Supply Rejection VS-±10Vto ±18V • -
Ratio VS=±10Vto ±15V • -

AVO Large Signal Voltage Gain RL",2kll • 65 
VO= ±10V 

Vo Output Voltage Swing RL",10kll • ±12 
.. 

The. denotes the speCifications which apply over full operating 
temperature range. 
For MIL-STD components, please refer to LTC BB3C data sheet for test 
listing and parameters. 

Note 1: Input bias current is specified for two different conditions. The Tj 
speCification is with the junction at ambient temperature; the warmed-up 
specification is with the device operating in a warmed-up condition at the 
ambient temperature specified. IB and los are measured at VCM=O. 

OP-15E OP-15F OP-15G 
OP-1SE OP-16F OP-16G UNITS 

TYP MAX MIN TYP MAX MIN TVP MAX 

0.3 0.75 - 0.55 1.5 - 0.7 3.8 mV 

2 5 - 3 10 - 4 15 p.V/'C 

2 - - 3 - - 4 - p.V/'C 

0.04 0.30 - 0.06 0.45 - 0.08 0.65 nA 
0.06 0.55 - 0.08 0.80 - 0.10 1.2 nA 

0.07 0.70 - 0.10 1.1 - 0.15 1.7 nA 

±0.10 ±0.40 - ±0.12 ±0.60 - ±0.14 ±0.80 nA 
±0.13 ±0.75 - ±0.16 ±1.1 - ±0.19 ±1.5 nA 

±0.15 ±0.90 - ±0.20 ±1.4 - ±0.25 ±2.0 nA 

- - ±10.4 - - ±10.25 - - V 

98 - 85 98 - - - - dB 
- - - - - 80 94 - dB 

13 57 - 13 57 - - - p.V/V 
- - - - - - 20 100 p.V/V 

200 - 50 180 - 35 160 - V/mV 

±13 - ±12 ±13 - ±12 ±13 - V 

Note 2: Settling time is defined here for a unity gam mverter connecllon 
using 2kO resistors. It is the time required for the error voltage (the 
voltage at the inverting input pin on the amplifier) to settle to within a 
specified percentage of its final value from the time a 10V step input is 
applied to the inverter. 
Note 3: Sample tested. 
Note 4: Unless otherwise specified, the absolute maximum negative 
input voltage is equal to the negative power supply voltage. 
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OP-1S/OP-16 

APPLICATions 

Voltage Follower with Input Exceeding the Negative 
Common-Mode Range 

OUTPUT 
INPUT 
",15V 

SINE WAVE 
-15V 

2k 

INPUT 
10V/OIV 

O.5ms/OlV 

OUTPUT 
OTHERS' 
OP~15/16 
LF155/56 

10V/OIV 

PACKAGE DESCRIPTiOn 
H Package 
Metal Can 
4-~ _____ 

{9.017 -9.3981 
OIA 

1
'4- 0.305-0.3351 

(7.747-8.509) 
0.04D OIA 

(1.016) ~l-:-0''''05''0-----r 
MLAli iiT70i ~ !==f= MAlI (4.191-4.691) 

. t t 
SEATING GAUGE i 
PlANE ~ -- - - --'-PlANE ~ 
~ 00 a au T ('2.70.'9.05) 
(0.2&4-1.143) __ II...-~ 

I~ (0,~V:.533) 

4S'llP ./ '> 0.027-0.045 ! ~A/L (0.&86-1.1431 

(0.&86-0.864) w' 2 o 0 GLASS 
7 3 

~-----;-+·o 0 
S I 
o 50 4° 

~V\" ~. OUTPUT 
LINEAR TECH 

OP~15/16 
10V/OIV 

~ . 
:t\>\ t ~ J cJ '~1,",; :~~y: ~j~ 

O.5ms/OIV 

N8 Package 
8 Lead Plastic 

W'~ 0.240-0.280 

5 8 1 (s.09Sf·1121 

J 1...- 0.040 O.OBO 
i1.D1&i MAli iIT24i 

SO 

~ ii:4oD-'iD.iii 1_ 0.370-0.400 -I 
.---t MIN 

(O~~I m"'-(:::I 

0.155-0.175 
~ 

t ~ 
0.125-0.130 t I ~ t J I It 0.~:·:2;.:B:·&831 

0100 (0.762-1.6241 
-'- ......... TYP 
(~:~~) -- ~ 

TYP (0.356-0.5&4) 
TYP 

O.5ms/OlV 

'AI--
7

'±5' 

, , , , 
" I 

-fto,_,s, j~~ (0.203-0.381) 
TYP 

0.290-0.310 
(7.3&8-7.B741 

NOTE: DIMENSIONS IN INCHES UNLESS OTHERWISE NOTED 
'LEADS WITHIN 0.1ID7 OF TRUE POSITION (TPI AT GAUGE PLANE 

NOTE: DIMENSIONS IN INCHES 
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~"lIr .. tlnlA12 OP-27/0P-37 
~~ TECHNOLOGY~------L-o-w-N-o-is-e-,-H-ig-h-S-p-e-e-d 

FEATURES 
• Guaranteed 3.BnV 1.JFfZ max 1 kHz Noise 
• Guaranteed 5.5nV 1.JFfZ max 10Hz Noise 
• Very Low Peak-to-Peak Noise, BOnV Typical 
• Guaranteed 25fJ-V max Offset Voltage 
• Guaranteed O.6fJ-V 1°C max Drift with Temperature 
• Guaranteed 11 V I fJ-sec min Slew Rate (OP-37) 
• Guaranteed 1 Million min Voltage Gain 

APPLICATions 
• Low Level Transducer Amplifiers 
• Precision Threshold Detectors 
• Tape Head Preamplifiers 
• Microphone Preamplifiers 
• Direct Coupled Audio Gain Stages 

Low NOise, Multiplexed Thermocouple Amplifier 
TYPE S THERMOCOUPLES 

5.4~V/'C AT D'C 

COLO JUNCTION 

lit Precision Operational ~ 
Amplifiers u:: :::; DESCRIPTion Q. 

e 
a: 

The OP-2710P-37 series of operational amplifiers combine 
outstanding noise performance with excellent precision and 

.J high speed specifications. The wideband noise is only a: 
3nV/.JFfZ, and with the 1/f noise corner at 2. 7Hz, low noise C 
is maintained for all low frequency instrumentation applica- 0 

i= tions. Precision DC specifications match or exceed the best a: 
available op amps: offset voltage is 10fJ-V, drift with a: 
temperature and time are O.2fJ-V 1°C and O.2fJ-V Imonth, ~ 
respectively; common mode rejection is 126dB, voltage gain 0 
is two million. The unity gain compensated OP-27 is an 
order of magnitude faster than other precision op amps. The 
decompensated OP-37 is even faster at a gain-bandwidth 
product of 63MHz and 17V I jlSec slew rate. These charac
teristics plus Linear Technology's advanced process and 
test techniques make the OP-27/37 an excellent choice for 
performance and reliability in all low noise, precision ampli-
fier applications. In addition, Linear's OP-37 is completely 
latch-up free in high gain, large capacitive feedback con
figurations. The accurate, microvolt, low noise signal han-
dling capabilities of the OP-27/37 are taken advantage of in 
the multiplexed thermocouple application shown. 
For applications requiring higher performance, see the 
LT1007 and LT1037 data sheets. 

O.1Hz to 10Hz Noise 

EI 

CIRCUITRY ~ 

~ 

+ ~ 
r-~~ r---~~~ ~ 

;:; >-__ -OUTPUT z 

~ 
100k ~ 

100 
HIGH QUALITY 

SINGLE POINT GROUNO 

If 24 channels are multiplexed per second, and the output is required to settle to 
0.1% accuracy, the amplifier's bandwidth cannot be limited to less than 30Hz. Yet 
the noise contribution of the OP-27 will still be only O.III'Vp-p, which is equivalent 
to an error of only 0.02°C. 

> 

4 6 10 
TIME (SECONDS) 
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OP-27/0P-37 

ABSOLUTE mAXimum RATinGS 

Supply Voltage . . . . . . . . . . . . . . . . . . . . . . . .. ±. 22V 
Internal Power Dissipation ................ 500mW 
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 

OP-2710P-37A,C ............ -55°Ct0125°C 
OP-27 IOP-37 E, G ............. - 25°C to 85°C 

Junction Temperature Range 
OP-27 IOP-37 A, C ........... , - 55°C to 150°C 
OP-2710P-37E,G ............ -25°Ct0125°C 

Storage Temperature Range 
OP-27 IOP-37 A, C, E, G - 65°C to 150°C 

PACKAGE/ORDER InFORmATiOn 

TOP VIEW 
VosTRIM 

8 

4 
V-ICASE) 

METAL CAN H PACKAGE 

TOP VIEW 

ORDER PART NUMBER 

OP-27AH 
OP-27CH 
OP-27EH 
OP-27GH 

OP-27AJ8 
OP-27CJ8 
OP-27EJ8 
OP-27GJ8 
OP-37AJ8 
OP-37CJ8 

OP-37AH 
OP-37CH 
OP-37EH 
OP-37GH 

OP-37EJ8 
OP-37GJ8 
OP-27EN8 
OP-27GN8 
OP-37EN8 
OP-37GN8 

ELECTRICAL CHARACTERISTICS Vs= ±.15V, TA=25°C, unless otherwise noted. 

OP-27A,E/OP-37A,E OP-27C,G/OP-37C,G 
SYMBOL PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

Vas Inpul Ollset Voltage (Note 1) 10 25 30 100 p.V 

tWos Long Term Ollset Voltage (Note 2) 0.2 1.0 0.4 2.0 p.VIMo 
JlTime Stability 

los Input Ollset Current 7 35 12 75 nA 

IB Input Bias Current ±10 ±40 ±15 ±80 nA 

en Input Noise Voltage 0.1Hz to 10Hz (Notes 3 and 5) 0.08 0.18 0.09 0.25 p.Vp-p 

Input Noise Voltage 10= 10Hz (Note 3) 3.5 5.5 3.8 8.0 nV 1..jHz 
Density 10=30Hz (Note 3) 3.1 4.5 3.3 5.6 nV 1..jHz 

10= 1000Hz (Note 3) 3.0 3.8 3.2 4.5 nVI..jHz 

in Input Noise Current 10 = 10Hz (Notes 3 and 6) 1.7 4.0 1.7 pA/..jHz 
Density 10=30Hz (Notes 3 and 6) 1.0 2.3 1.0 pA/..jHz 

10=1000Hz (Notes 3 and 6) 0.4 0.6 0.4 0.6 pA/..jHz 

Input Resistance-Common Mode 3 2 GO 
I nput Voltage Range ±11.0 ± 12.3 ±11.0 ± 12.3 V 

CMRR Common Mode Rejection Ratio VCM= ±11V 114 126 100 120 dB 
PSRR Power Supply Rejection Ratio Vs=±4Vto ±18V 100 120 94 118 dB 

AVOL Large Signal Voltage Gain RL2:2kO, Vo=±10V 1000 1800 700 1500 VlmV 
RL2: 1kO, Vo= ± 10V 800 1500 1500 VlmV 
RL =6000, Vo= ± 1V 250 700 200 500 VlmV 
Vs = ± 4V (Note 4) 

VOUT Maximum Output Voltage Swing RL2: 2kO ± 12.0 ±13.8 ±11.5 ±13.5 V 
RL2: 6000 ± 10.0 ±11.5 ± 10.0 ±11.5 V 

SR Slew Rate OP-27 RL2: 2kO (Note 4) 1.7 2.8 1.7 2.8 VI p.S 
OP-37 AVCL2: 5 (Note 4) 11 17 11 17 Vlp.s 

GBW Gain-Bandwidth OP-27 10= 100kHz (Note 4) 5.0 8.0 5.0 8.0 MHz 
Product OP-37 10= 10kHz (Note 4) 45 63 45 63 MHz 

10=1MHz (AVCL2:5) 40 40 MHz 

Zo Open Loop Output Resistance Vo=O, 10=0 70 70 0 
Pd Power Dissipation 90 140 100 170 mW 
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OP-27/0P-37 

ELECTRICAL CHARACTERISTICS Vs= ±15V, -55°CsTAS125°C, unless otherwise noted. 

OP-27A/OP-37A OP-27C I OP-37C 
SYMBOL PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

Vas I nput Offset Voltage (Note 1) • 30 60 70 300 p.V 
!J.Vos Average Input (Note 7) • 0.2 0.6 0.4 1.8 p.V/oC 

Memp Offset Drift 

los Input Offset Current • 15 50 30 135 nA 
Is Input Bias Current • ±20 ±60 ±35 ±150 nA 

Input Voltage Range • ±10.3 ± 11.5 ±10.2 ± 11.5 V 
CMRR Common Mode VCM = ± 10V • 108 122 94 116 dB 

Rejection Ratio 
PSRR Power Supply Vs=±4.5Vto ±18V • 96 116 86 110 dB 

Rejection Ratio 

AVOL Large Signal RL2:2kfl, Vo=±10V • 600 1200 300 800 V/mV 
Voltage Gain 

VOUT Maximum Output RL2:2kfl • ±11.5 ±13.5 ±10.5 ± 13.0 V 
Voltage Swing 

ELECTRICAL CHARACTERISTICS Vs= ±15V, -25°CsTAS85°C, unless otherwise noted. 

SYMBOL PARAMETER CONDITIONS 

Vas I nput Offset Voltage (Note 1) 
!J.Vos Average Input (Note 7) 

Memp Offset Drift 

los Input Offset Current 

Is Input Bias Current 
Input Voltage Range 

CMRR Common Mode VCM=±10V 
Rejection Ratio 

PSRR Power Supply Vs= ±4.5V to ± 18V 
Rejection Ratio 

AVOL Large Signal RL2: 2kfl, Vo= ± 10V 
Voltage Gain 

VOUT Maximum Output RL2:2kfl 
Voltage Swing 

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

• 
• 
• 
• 
• 
• 
• 
• 
• 

Notet: Input Offset Voltage measurements are performed by automatic 
test equipment approximately 0.5 seconds after application of power. A 
and E 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 
Vas during the first 30 days are typically 2.5p.V-refer to typical perform
ance curve. 
Note 3: Sample tested. Contact factory for 100% testing of 10Hz voltage 
noise. 

OP-27E/OP-37E OP-27G I OP-37G 
MIN TYP MAX MIN TYP MAX UNITS 

20 50 55 220 p.V 
0.2 0.6 0.4 1.8 I'V 1°C 

10 50 20 135 nA 
± 14 ±60 ± 25 ± 150 nA 

± 10.5 ±11.8 ± 10.5 ±11.8 V 
110 124 96 118 dB 

97 118 90 114 dB 

750 1500 450 1000 V/mV 

± 11.7 ± 13.6 ±11.0 ±13.3 V 

Note 4: Parameter is guaranteed by design and is not tested. 
Note 5: See test circuit and frequency response curve for O.IHz to 10Hz 
tester in Applications Information section. 
Note 6: See test circuit for current noise measurement in Applications 
I nformation section. 
Note 7: The Average Input Offset Drift performance is within the 
specifications unnulled or when nulled with a pot having a range of Bkfl 
to 20kfl. 
Note 8: The OP-27/37's 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 ± O. 7V, the input current should be 
limited to 25mA. 
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OP-27/0P-37 

TYPICAL PERFORmAnCE CHARACTERISTICS 
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TYPICAL PERFORmAnCE CHARACTERISTICS 
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OP-27/0P-37 

TYPICAL PERFORmAnCE CHARACTERISTICS 
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OP-27/0P-37 

TYPICAL PERFORmAnCE CHARACTERISTICS 
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OP-27/0P-37 

APPLICATions InFoRmATion 

General 

The OP-27/37 series devices may be inserted directly 
into OP-07, OP-05, 725, and 5534 sockets with or with
out removal of external compensation or nulling compo
nents. In addition, the OP-27/37 may be fitted to 741 
sockets with the removal or modification of external null
ing components. 

Noise Testing 

The 0.1 Hz to 10Hz peak-to-peak noise ofthe OP-2710P-37 
is measured in the test circuit shown. The frequency 
response of this noise tester indicates that the 0.1 Hz cor
ner 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 0.1 Hz. 

Measuring the typical 80nV peak-to-peak noise perform
ance of the OP-27/37 requires special test precautions: 

(a) The device should be warmed up for at least five 
minutes. As the op amp warms up, its offset voltage 
changes typically 4p.V due to its chip temperature 
increasing 10°C to 20°C from the moment the power 
supplies are turned on. In the 10 second measure
ment interval these temperature-induced effects can 
easily exceed tens of nanovolts. 

O.1Hz to 10Hz Noise Test Circuit 

·OP·2710P·37 OEVICE UNOER TEST 

NOTE: ALL CAPACITOR VALUES ARE FOR 
NON·POLARIZEO CAPACITORS ONLY. 
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(b) For similar reasons, the device must be well shielded 
from air currents to eliminate the possibility of ther
moelectric 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 
measuring noise on a large number of units. A 10Hz 
nOise-voltage density measurement will correlate well 
with a 0.1 Hz to 10Hz peak-to-peak noise reading since 
both results are determined by the white noise and the 
location of the 1 If corner frequency. 

Current noise is measured and calculated by the following 
formula: 

2 2 1f2 [e no - (130nV) ] 
in 1MOx100 

10k 

O.1Hz to 10Hz p-p Noise 
Tester Frequency Response 

100 

90 

80 

~ 70 
z 
~ 60 

50 

40 

30 
0.01 

-
[\\ 

N 

0.1 1.0 10 
FREQUENCY (Hz) 

100 



APPLICATions InFoRmATion 

Offset Voltage Adjustment 

The input offset voltage of the OP-271 37, and its drift 
with temperature, are permanently trimmed at wafer 
testing to a low level. However, if further adjustment of 
Vas is necessary, the use of a 10k nulling potentiometer 
will not degrade drift with temperature. Trimming to a 
value other than zero creates a drift of (Vasl 300) /lV 1°C, 
e.g., if Vas is adjusted to 300/lV, the change in drift will 
be 1",VloC. 

Standard Adjustment 

+15V 

INPUT OUTPUT 

-15V 

The adjustment range with a 10k pot is approximately 
± 2.5mV. If less adjustment range is needed, the sensi
tivity and resolution of the nulling can be improved by 
using a smaller pot in conjunction with fixed resistors. 
The example has an approximate null range of ± 200/lV. 

Improved Sensitivity Adjustment 

4.7k 

lk 
+15V 

OUTPUT 

-15V 

Offset Voltage and Drift 

Thermocouple effects, caused by temperature gradients 
across dissimilar metals at the contacts to the input ter
minals, 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. 

OP-27/0P-37 

'" a: 
\II u:: 

The circuit shown to measure offset voltage is also used ::; 
as the burn-in configuration for the OP-27/37, with the ~ 
supply voltages increased to ±20V, R1 =R3=10k, e 
R2=2000, Av =100. ~ 

Test Circuit for Offset Voltage 
and Offset Voltage Drift with 
Temperature 

R2 
lOOn" 

R3 
50k· 

Rl 
50k· 

+15V 

-15V 

Vo =1000 Vos 

Vo 

'RESISTORS MUST HAVE LOW 
THERMOELECTRIC POTENTIAL 

Unity Gain Buffer Applications (OP-27 Only) 

When Rj::; 1000 and the input is driven with a fast, large 
signal pulse (> 1V), the output waveform will look as 
shown in the pulsed operation diagram. 

OUTPUT 

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 cir
cuit protection, will be drawn by the signal generator. 
With Rj~ 500n, the output is capable of handling the 
current requirements (IL::; 20mA at 10V) and the 
amplifier stays in its active mode and a smooth transition 
will occur. 

As with all operational amplifiers when Rt> 2kO, a pole 
will be created with Rj and the amplifier's input 
capacitance, creating additional phase shift and reducing 
the phase margin. A small capacitor (20pF to 50pF) in 
parallel with Rt will eliminate this problem. 
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OP-27/0P-37 

SCHEmATIC DIAGRAm 

NON-INVERTING 
INPUT I +) 

INVERTING 
INPUTI-) 

C1 ~120pF FOR OP-27 
C1 ~15pF FOR OP-37 
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OP-27/0P-37 

PACKAGE DESCRIPTion 
J8 Package H Package 

Metal Can 8 Lead Hermetic DIP 

1r
(~:~~;D~A~:~~~) -
0.305-0.335 

1--(7.741-8.5091"'1 
0.040 DlA 

ii:Oi6i~t-;,0.",05"'0----T 
MAX (1.270) 0.165-0.185 

I L MAX (4.191-4.699) 
~ t t 

SEATlNG ___ t__ _-L-GA-U-GE--+' 
PLANE t - - --t-PLANE 0.500-0.750 

0.010-0.045 00 0 O~ (12.70,19.05) 

(0.254-1.143) _11 ___ O,016_0'.-:-02=-'------L 

I~ (040~y~.5331 

45'TY' / ~'-- 0.027-0.045 

/ 

0.027-0.034 /"',/~ (0.686-'.1431 

(0.686-0.864) 810 2 ffio ~GLASS 
7 3 

'-------Ho 0 GL 

6 I 
0 50 4° 

D'-t 
0.220-0.310 

(5.588-7.B74) .' 4_* 
II 0.055 

- -(1.397) 
MAX 

I--~~I 
(10.291 

0.200 MAX 
(5.080)~ 0.005 

't""'F~-"':' I 
1 -t I~ -0.150 0.125-0.200 (3.B1iii 

(3.175-5.080) MIN 

t J I-II 0.030-0.070 t o 00 (0.762-1.778) 
_._'- ..-----... TYP 
(2.540) 0014-0023 
asc· -.. "-(0:356-0:584) 

TY' 

'R' , , 
II II 
1/ II 

" II 

--t to'.15' _Iil~~ 
I 

(0.203-0.3811 
TY' 

..... ~-(7.366-B.128) 
0.120-0.160-. 

(3.048-4.064) 
INSULATING 
STANDOFF 

NOTE: OIMENSIONS IN INCHES (MILLIMETERS) UNLESS OTHERWISE NOTEO 
'LEADS WITHIN 0.007 OF TRUE POSITION (TP) AT GAUGE PLANE 

NOTE: DIMENSIONS IN INCHES (MILLIMETERS) 

N8 Package 
8 Lead Plastic 

~ t 0.240L.280 

~_i-=r'1121 
_II' I 0.040 MAX 0.060 

'--(1:'Oi"'6j (1.524) 
SO 

...-O.370-0.400----+-

~I (9.400-10.16) I 
(0~1~8Im""(:::;1 t MIN -.---0.155-0.175 

(3.937-4.445) 

t --:--:l" 
0.125-0.130 .. 0.115-0.145 ~( rll~3.6831 

t J I~II""~ 

,A' .... "±5' 

, , , , 
" \ 
" II -11 .... 0'.'" _111':- O.ODB-O.015 

0100 (0.762-1.524) 
_.- .-. TYP 
(~.;~~) ---. ..- 0.014-0.023 

TYP (0.356-0.584) 
TY' 

~ (~:~:~=~:~~~l· 

NOTE: OIMENSIONS IN INCHES UNLESS OTHERWISE NOTEO 
'LEAOS WITHIN 0,007 OF TRUE POSITION (TP) AT GAUGE PLANE 

(O.203-0.381) 
TYP 
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~~LlneJ\R OP-227/0P-237 
~~ TECHNOLOGY~-----D-u-a-IM--a-k-h-e-d-Lo-w--N-o-is-e 

FEATURES 
• Guaranteed BO/J-V Max. Vas 
• Guaranteed 6.0nV /-JFfZ 10Hz Voltage Noise Density 
• Guaranteed3.9nV/-JFfZ 1kHz Voltage Noise Density 
• Guaranteed 1/J-V/oC Max. Vas Drift 
• Guaranteed 1 Million Min. Voltage Gain 
• Guaranteed Matching Characteristics 
• Guaranteed 1 OV / /J-s Min. Slew Rate (OP-237) 

APPLICATions 
• Instrumentation Amplifiers 
• Low Level Signal Processing 
• Low Noise Audio Amplifiers 
• Strain Gauge Amplifiers 

Precision Amplifier Drives 3000 Load to ± 10V 
with 0.05% Accuracy 

340k 1 % 15k 5% 

20k 
TRIM 

15n 
5% 

Precision Op Amp 
and Dual High Speed Low Noise 

Precision Op Amp 

DESCRIPTion 
The OP-227 is a dual matched precision op amp which 
combines low offset, low noise, and high gain with ex
cellent matching characteristics. Typical individual 
amplifier specifications of 20/J-V Vas, O.2/J-V/oC drift, 
10nA IB and 2.BnV/-JFfZ 10Hz noise voltage density 
make the OP-227 an impressive performer in terms of 
single amplifiers. Matching characteristics are specified 
with guaranteed limits on all critical parameters including 
Vas, Vas drift, IBIAS and CMRR (see the Features sec
tion), which make the OP-227 an ideal choice for two and 
three op amp instrumentation amplifier applications. 

The OP-237 offers DC specifications identical to the 
OP-227 and is decompensated for higher speed operation 
at inverting gains greater than 5. 

100 

80 

:;; 60 

.;; 40 
:I: 

~ 20 

~ 0 

~ -20 
o 
~ -40 

Matching Characteristic; 
Drift of Offset Voltage Match 

of Representative Units 

"-
....... ....... ..... --OP~27A 

....... :::.c ~ I"- ~ 
OP227A 

...... 1' ............ ,/ ,..... OP227C -r-.... - -~ OP227A 
............ 

~t--~oIIt---4~~OUTPUT ± 10V 

RL 

~ -60 

~ -80 

r-... 

" "\ OP227C 300n -100 

INPUT 
-120 

-"75 -35 5 45 85 125 165 
TEMPERATURE 1°C) 
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OP-227/0P-237 

ABSOLUTE mAXimum RATinGS 
Supply Voltage (Note 9) . . . . . . . . . . . . . . . . . .. ::!:: 22V 
Internal Power Dissipation ................ 500mW 
Input Voltage .............. Equal to Supply Voltage 
Output Short-Circuit Duration ............ Indefinite 
Differential Input Current (Note 8) . . . . . . . . .. ::!:: 25mA 
Storage Temperature Range. . . . .. - 65°C to + 150°C 
Operating Temperature 

OP-227A1237A/227C/237C .. -55°Cto +125°C 
OP-227E/237E/227G/237G ... -25°Cto +85°e 

Lead Temperature Range(Soldering, 10 sec.) ., 300 0 e 

PACKAGE/ORDER InFORmATiOn 
TOP VIEW 

J PACKAGE N PACKAGE 
14 PIN HERMETIC 14 PIN PLASTIC 

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 9). 

ORDER 
PART NUMBER 

OP-227AJ OP-237AJ 
OP-227CJ OP-237CJ 
OP-227EJ OP-237EJ 
OP-227GJ OP-237GJ 
OP-227EN OP-237EN 
OP-227GN OP-237GN 

ELECTRICAL CHARACTERISTICS Individual Amplifiers 
Vs= ::I: 15V, TA=25°C, unless otherwise noted 

OP·227A, E OP·227C, G 
SYMBOL PARAMETER CONDITIONS OP·237A, E OP·237C, G UNITS 

MIN TYP MAX MIN TYP MAX 

Vas Input Offset Voltage (Note 1) - 20 80 - 60 180 p.V 

tlVos Long Term Vas Stability (Notes 2, 3) - 0.2 1.0 - 0.2 2.0 p.V/Mo 
tlTime 

los Input Offset Current - 7 35 - 12 75 nA 

18 Input Bias Current - ±10 ±40 - ±15 ±80 nA 

enp-p Input Noise Voltage 0.1Hz to 10Hz 
(Notes 3,5) 

- 0.06 0.20 - 0.06 0.28 p.Vp-p 

en Input Noise Voltage Density fo= 10Hz (Note 3) - 2.8 6.0 - 2.8 9.0 nVhiHz 
fo=30Hz (Note 3) - 2.6 4.7 - 2.6 5.9 nV/-JHZ 
fa = 1000Hz (Note 3) - 2.5 3.9 - 2.5 4.6 nV/-JHZ 

in Input Noise Current Density fo=10Hz (Notes 3,6) - 1.5 4.5 - 1.5 - pAl-J.1J1 
fa = 30Hz (Notes 3, 6) - 1.0 2.5 - 1.0 - pAl,jHz 
fo=1000Hz (Notes 3,6) - 0.4 0.7 - 0.4 0.7 pAl-JHZ 

Input Resistance- - 7 - - 5 - GO 
Common Mode 
Input Voltage Range ±11.0 ±12.5 - ±11.0 ±12.5 - V 

CMRR Common Mode Rejection VCM = ±11V 114 126 - 100 126 - dB 
Ratio 

PSRR Power Supply Rejection Ratio Vs=±4Vto ±18V - 1 10 - 2 20 p.V/V 

AVOL Large-Signal Voltage Gain RL;;,:2kO, Vo= ±12V 3 20 - 2 20 - V/p.V 
RL;;,:6000, Vo= ±10V 1 12 - 0.8 12 - V/p.V 

VOUT Output Voltage Swing RL;;,: 2kO ±12.0 ±13.8 - ±11.5 ±13.5 - V 
RL;;,: 6000 ±10.0 ±12.5 - ±10.0 ±12.5 - V 

SR Slew Rate OP-227 RL;;,: 2kO 1.7 2.8 - 1.7 2.8 - VI P.s 
OP-237 AVCL ;;': 5 10 15 - 10 15 - V/p.s 

GBW Gain Bandwidth Prod. OP-227 fo=100kHz (Note 4) 5 8 - 5 8 - MHz 
OP-237 fo=10kHz (Note 4) 35 63 - 35 63 - MHz 
OP-237 fo=1MHz (AVCL;;,:5) - 40 - - 40 - MHz 

Zo Open-Loop Output Resistance Vo=O, 10=0 - 70 - - 70 - 0 
Pd Power Consumption Each Amplifier - 80 140 - 90 170 mW 

Offset Adjustment Range Rp= 10kO - ±4 - - ±4 - mV 
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OP-227/0P-237 

ELECTRICAL CHARACTERISTICS Individual Amplifiers 
Vs= ±15V, -25°CsTAS85°C, unless otherwise noted 

OP·227E Op·227G 
SYMBOL PARAMETER CONDITIONS Op·237E Op·237G UNITS 

MIN TYP MAX MIN TYP MAX 

Vas Input Offset Voltage (Note 1) • - 40 140 - 85 280 p.V 

AVos Average Input Offset (Note 7) • - 0.2 1.0 - 0.3 1.8 p.v/cC 
ATemp Drift 

los Input Offset Current • - 15 50 - 20 135 nA 

16 Input Bias Current • - ±20 ±60 - ±35 ±150 nA 

Input Voltage Range • ±10.5 ± 11.5 - ±10.5 ±11.5 - V 

CMRR Common Mode VCM = ±10V • 110 124 - 96 118 - dB 
Rejection Ratio 

PSRR Power Supply Vs=±4.5Vto ±18V • - 2 15 - 2 32 p.V/V 
Rejection Ratio 

AVOL Large Signal Voltage RL;;,:2kO, Vo= ±10V • 1 14 - 0.8 14 - V/p.V 
Gain 

VOUT Output Voltage Swing RL;;,:2kO • ± 11.7 ±13.6 - ±11.0 ±13.3 - V 

ELECTRICAL CHARACTERISTICS Individual Amplifiers 
Vs= ±15V, -55°CsTAS125°C, unless otherwise noted 

SYMBOL PARAMETER CONDITIONS 
MIN 

Vas I nput Offset Voltage (Note 1) • -

AVos Average Input Offset (Note 7) • -
ATemp Drift 

los I nput Offset Current • -

16 Input Bias Current • -
Input Voltage Range • ±10.5 

CMRR Common Mode VCM = ±10V • 108 
Rejection Ratio 

PSRR Power Supply Vs=±4.5Vto ±18V • -
Rejection Ratio 

AVOL Large Signal Voltage RL 2: 2kll, Va = ± 10V • 1 
Gain 

VOUT Output Voltage Swing RL;;,:2kll • ±11.5 

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: Input offset voltage measurements are performed by automated 
test equipment approximately 0.5 seconds after application of power. 

Note 2: Long-Term Input Offset Voltage Stability refers to the average 
trend line of Vas vs Time over extended periods after the first 30 days of 
operation. 

Note 3: Sample tested. 

Note 4: Parameter is guaranteed by design. 

Note 5: See test circuit and frequency response curve for 0.1 Hz to 10Hz 
tester. 

OP·227A Op·227C 
Op·237A OP·237C UNITS 

TYP MAX MIN TYP MAX 

60 180 - 110 350 p.V 
0.2 1.0 - 0.3 1.8 p.V/cC 

15 50 - 30 135 nA 
±20 ±60 - ±35 ±150 nA 
± 11.8 - ±10.2 ± 11.8 - V 

122 - 94 116 - dB 

2 16 - 4 51 p.V/V 

14 - 0.8 14 - V 

±13.5 - ±10.5 ±13.0 - V 

Note 6: See test circuit for current noise measurement. 

Note 7: The input offset drift performance is within the specifications un
nulled or when nulled with Rp=8kO to 20kO. 

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 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. 
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OP-227/0P-237 

mATCHinG CHARACTERISTICS See notes on page 2-233. 
at Vs = ± 15V, TA = 25°C, unless otherwise noted 

SYMBOL PARAMETER CONDITIONS 
Op·227A, E, OP-237A, E OP-227C, G, OP-237C, G 

UNITS 
MIN TYP MAX MIN TYP MAX 

I!Nos Input Offset Voltage Match - 25 BO - 55 300 ",V 
Is + Average Non-Inverting Bias - ±10 ±40 - ±15 ±90 nA 

Current 

los + Non-Inverting Offset Current - ±12 ±60 - ±20 ±130 nA 

los Inverting Offset Current - ±12 ±60 - ±20 ± 130 nA 
.:lCMRR Common Mode Rejection VCM = ± llV 110 123 - 97 117 - dB 

Ratio Match 

.:lPSRR Power Supply Rejection Vs= ±4V to ± lBV - 2 10 - 2 20 ",V/V 
Ratio Match 

Channel Separation (Note 4) 126 154 - 126 154 - dB 

MVOl Gain Match fa = 100kHz (Note 4) - 1.5 6.0 - 2.0 9.0 % 
Rl 202kO, Vo= ±10V 

at Vs = ± 15V, -55°C :5TA :5125°C, unless otherwise noted 

SYMBOL PARAMETER CONDITIONS 
OP-227A, OP-237A OP-227C, OP-237C 

UNITS 
MIN TYP MAX MIN TYP MAX 

.:lVos Input Offset Voltage Match • - 55 lBO - 100 4BO ",V 

.:lVos Input Offset Voltage Tracking (Note 7) • - 0.3 1.0 - 0.5 I.B ",V/oC 
.:lTemp 
Is + Average Non-Inverting Bias • - ±20 ±60 - ±35 ±170 nA 

Current 
.:lIB + Average Drift of Non- • - 100 - - 200 - pArC 

.:lTemp Inverting Bias Current 

los + Non-Inverting Offset Current • - ±25 ±90 - ±45 ±250 nA 
los+ Average Drift of Non- • - 130 - - 250 - pArC 

.:lTemp Inverting Offset Current 

los Inverting Offset Current • - ±25 ±90 - ±45 ±250 nA 
.:lCMRR Common Mode Rejection VCM = ±10V • 105 lIB - 90 110 - dB 

Ratio Match 

.:lPSRR Power Supply Rejection Vs=±4.5Vto ±IBV • - 2 16 - 4 51 ",V/V 
Ratio Match 

at Vs = ± 15V, - 25°C :5TA :585°C, unless otherwise noted 

SYMBOL PARAMETER CONDITIONS 
OP-227E, OP-237E OP-227G, OP-237G 

UNITS 
MIN TYP MAX MIN TYP MAX 

.:lVos Input Offset Voltage Match • - 40 140 - 90 400 ",V 

TC.:lVos Input Offset Voltage Tracking (Note 7) • - 0.3 1.0 - 0.5 I.B ",V/oC 
IB + Average Non-Inverting Bias • - ±14 ±60 - ±25 ±170 nA 

Current 
.:lIB + Average Drift of Non- • - BO - - lBO - pA/oC 

.:lTemp Inverting Bias Current 

los + Non-Inverting Offset Current • - ±20 ±90 - ±35 ±250 nA 

.:lIas + Average Drift of Non- • - 130 - - 250 - pA/oC 
.:lTemp Inverting Offset Current 

los Inverting Offset Current • - ±20 ±90 - ±35 ±250 nA 

.:lCMRR Common Mode Rejection VCM=±10V • 106 120 - 90 112 - dB 
Ratio Match 

.:lPSRR Power Supply Rejection Vs=±4.5Vto ±IBV • - 2 15 - 3 32 ",VI V 
Ratio Match 
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TYPICAL PERFORmAnCE CHARACTERISTICS 

Voltage Noise vs Frequency 
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OP-227/0P-237 
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OP-227/0P-237 

TYPICAL PERFORmAnCE CHARACTERISTICS 

Voltage Gain vs Frequency 
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TYPICAL PERFORmAnCE CHARACTERISTICS 
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APPLICATions InFoRmATion 
Noise Testing 

The 0.1 Hz to 10Hz peak-to-peak noise of the OP-227 I 
OP-237 is measured in the test circuit shown. The fre
quency response of this noise tester indicates that the 
0.1 Hz corner is defined by only one zero. The test time to 
measure 0.1 Hz to 10Hz noise should not exceed 10 sec
onds, 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 OP-227/0P-237 requires special test 
precautions: 

(a) The device should be warmed up for at least five 
minutes. As the op amp warms up, its offset voltage 
changes typically 3p'v due to its chip temperature in
creasing 1Q°C to 20°C from the moment the power 
supplies are turned on. In the 10 second measure
ment 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 
thermoelectric effects in excess of a few nanovolts, 
which would invalidate the measurements. 

(c) Sudden motion in the vicinity of the device can also 
"feed through" to increase the observed noise. 

0.1 Hz to 10Hz Noise Test Circuit 

100\1 
100kll 

"DEVICE UNDER TEST 
NOTE: ALL CAPACITOR VALUES ARE FOR 
NON-POLARIZED CAPACITORS ONLY. 

OP-227/0P-237 

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 
0.1 Hz to 10Hz peak-to-peak noise reading since both re
sults are determined by the white noise and the location of 
the 1 If corner frequency. 

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

i _[e2no -(130nV)2fh 
n- 1MOx100 

10k 

eno 

The OP-227/0P-237 achieves its low noise, in part, by 
operating the input stage at 120pA versus the typical 
10pA of most other op amps. Voltage noise is inversely 
proportional, while current noise is directly proportional to 
the square root of the stage current. Therefore, the OP-227 I 
OP-237 current noise will be relatively high. At low frequen
cies, the. low 1 If current noise corner frequency ( "'" 120Hz) 
minimizes current noise to some extent. 

100 

90 

80 

~ 70 
z 

~ 60 

50 

40 

30 

0.1 Hz to 1 OHz pop Noise 
Tester Frequency Response 

-
\' 

0.01 0.1 1.0 10 100 
FREQUENCY (Hz) 

2-239 

III 
CIC 
'II 
;: 
::; 
Q. e 
a: 
.J 
a: 
C o 
i= 
a: 
CIC 
'II 
Q. o 



OP-227/0P-237 

APPLICATions InFoRmATion 
In most practical applications, however, current noise 
will not limit system performance. This is illustrated in the 
total noise versus source resistance plot, where total 
noise = [(voltage nOise)2 + (current noise x RS)2 + 
(resistor nOise)2 fh . 
Three regions can be identified as a function of source 
resistance: 

(i) Rs :54000-Voltage noise dominates 

APPLICATions InFoRmATion 
OP AMP MATCHING 

Advantages of Matched Dual Op Amps 

In many applications the performance of a system de
pends on the matching between two operational ampli
fiers 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 
OP-22710P-237. This error cancellation principle holds 
for a considerable 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 (Is +). The difference between 
these two currents (los +) is the offset current of the in
strumentation amplifier. The difference between the in
verting input currents (los -) will cause errors flowing 
through R1, R2, and R3. Common mode and power sup
ply rejections will be dependent only on the match be
tween the two amplifiers (assuming perfect resistor 
matching). 

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

Assume CMRRA= +1.0p.,V/Vor 120dB, 
and CMRRs = +0.75p.,V/Vor 122.5dB, 
then ACMRR=0.25p.,V/Vor 132dB; 
if CMRRs = -0.75p.,V/V which is still 122.5dB, 
then ACMRR=1.75p.,V/Vor 115dB. 

2-240 

(ii) 4000:5 Rs :5 50kO at 1 kHz Resistor noise 
4000:5 Rs :5 8kO at 10Hz dominates 

(iii) Rs > 50kO at 1 kHz Current noise 
Rs > 8kO at 10Hz dominates 

Clearly the OP-22710P-237 should not be used in region 
(iii), where total system noise is at least six times higher 
than the voltage noise of the op amp, i. e., the low voltage 
noise specification is completely wasted. 

Clearly, the OP-22710P-237, by specifying and guaran
teeing all of these matching parameters, can significantly 
improve the performance of matching dependent circuits. 

Three Op Amp Instrumentation Amplifier 

INPUTS 

Trim R8 for gain 

R4 R6 
1000 10k 
1% 1% 

R1 
1k 
1% 

R3 
210n 
1% 

R8 
20n 

C1 

T 100PF 
R2 _ 
1k -
1% 

R5 
lOon 
1% 

R7 
9.76k 
1% 

R9 
2000 

GAIN ~1000 

Trim R9 for DC common mode rejection 
Trim R 10 for AC common mode rejection 

OUTPUT 

Typical performance of the instrumentation amplifier: 

I nput offset voltage = 60p.,V 
Input bias current = ± 15nA 
Input offset current = ± 20nA 
Input noise=0.08p.,Vp-p 
Power bandwidth (Va = ± 1 OV) = 250kHz 



APPLICATions InFoRmATion 

Two Op Amp Instrumentation Amplifier 
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SCHEmATIC DIAGRAm 
1 (9) 
NULL 

1 (8) 
NULL 

r----..+----+.--.......... ----t---1r-----t--.,....--t--~_o14 (7) 

4 (11) U-t--..... -..-t--t-""'-[ 

3 (10)O ..... - ......... -t-----+------' 
INVERTING 
INPUT(-) 

C1 = 110pF FOR OP117 
C1 = 15pF FOR OP137 

140"A 

C1 

V+ 
t 750"A 160"A 

340"A 
V-

11 (5) 

PACKAGE DESCRIPTion Dimensions in inches (millimeters) unless otherwise noted. 

0.290-0,320 

0.150 0.200 
(4.064) (5.080) 

MAX MAX 

14-Lead Cavity DIP (J) 

~(7366-'12')~ 

~ 
tG~sj~E:~;;~~~;;~~~:3 
SEALANT-

L (~:~~~=~:~~!)j~ (2~5~~~ j 
MAX BOTH ENOS 

Q.385±O,025 Q.l00±O.Q1Q 
~ (2.540±0.254) 

OP-127EJ OP-237EJ TJMAX 8JA 
OP-117GJ OP-137GJ 125°C 100°C/W 

OP-227AJ OP-137AJ 150°C 100°C/W OP-227CJ OP-237CJ 

14-Lead Molded DIP (N) 

_...!LQiQ.. 70 TVP (2 PLS1-1 R 
(1.016) 

.QJ1?. (~:~~~) L"_-++_T_Yp ______ ....,, 
0065 

(T651j 
(3.175) MIN 

MIN 

t 

LO.009-0015 t 
(0.228-0,381) 

0.325 ~~:~~~ 
(8.255 ~~:~~) 
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~"""LlneJ\Q REGULATOR SELECTION GUIDe 
~, TECHNOLOGY~--------------

miLITARY 

I. POSITIVE PART NUMBER PACKAGE V,. V, FEATURES/COMMENTS 
OUTPUT OR TYPE MAX NOMINAL REGULATEO 
CURRENT NEGATIVE (V) OUTPUT VOLTAGE 
(AMPS) OUTPUT (V) 

10.0 POS. ADJ. lT1038MK STEEL TO-3 35 1.2 TO 33 0.8% Vrm TOl, PLUG IN COMPATIBLE WITH 117, 150, 138. 

5.0 POS. lT1003MK STEEL TO-3 20 5 2% VOUT TOL. 
FIXED 

PDS. ADJ. LT138AK lMI38K STEEL TD-3 35 1.2TD33 lT138A HAS 1% VR" TDl. 

3.0 POS. lTI23AK lMI23K STEEL TO-3 20 5 lTI23A HAS 1% VOUT TOl. 
FIXED 

POS. ADJ. lTI50AK lMI50K STEEL TO-3 35 1.2 TO 33 lTI50A HAS 1% VREf TOl. 

NEG. AOJ. lTI033MK STEEL TO-3 40 -1.2 TO -37 2% VREF TOl. 

DUAL POS. lTI035MK STEEL TO-3 20 TWO 5V lOGIC CONTROllED MAIN OUTPUT VOLTAGE, 75mA 
FIXED OUTPUTS AUXILIARY OUTPUT 

POSITIVE lTI036MK STEEL TO-3 30 12,5 LOGIC CONTROllED 12V, 3A OUTPUT, 5V, 75mA 
AUXILIARY OUTPUT 

POS. ADJ. lTI17AK lMI17K STEEL TO-3 40 1.2 TO 37 lT117A HAS 1% VREf TOL 
lT117AH lMI17H TO-39 40 

NEG. ADJ. lT137AK lMI37K STEEL TO-3 40 -1.2TO -37 lT137A HAS 1% VREf TOL 
lTI37AH lMI37H TO-39 40 

0.5 POS. ADJ. lT117AHVK lMI17HVK STEEL TO-3 60 1.2 TO 57 lT117AHV HAS 1% VeEf TOl. 
TO HIGH lT117AHVH lMI17HVH TO-39 60 
1.5 VOLTAGE 

NEG. ADJ. lT137AHVK lMI37HVK STEEL TO-3 50 -1.2 TO -47 lT137AHV HAS 1% VeEf TOL 
HIGH LT137AHVH lMI37HVH TO-39 50 
VOLTAGE 

1.0 DUAL lT1005MK STEEL TO-3 20 TWO 5V lOGIC CONTROLLED I AMP MAIN OUTPUT VOLTAGE, 
POS. OUTPUTS 35mA AUXILIARY OUTPUT. 
FIXED II 

125mA POSITIVE lTI020MJ 14 PIN CERDIP 36 4 TO 30 DROPOUT VOLTAGE =0.5V, 40pA la, 
REFERENCE AND COMPARATOR 

commERCIAL 

I, POSITIVE PART NUMBER PACKAGE Yin V. FEATURES/COMMENTS 
OUTPUT OR TYPE MAX NOMINAL REGULATED 

CURRENT NEGATIVE (V) OUTPUT VOLTAGE 
(AMPS) OUTPUT (V) 

10.0 POS. ADJ. lTI03BCK STEEL TO-3 35 1.2 TO 33 2% VOUT TOl, PLUG IN COMPATIBLE WITH 117, 150, 138. 

5.0 POS lTI003CK STEEL TO-3 20 5 2% VOUT TOl. 
FIXED 

POS. ADJ. lT338AK lM338K STEEL TO-3 35 1.2 TO 33 lT33BA HAS 1% VREf TOl. 

3.0 POS. l T323AK lM323K STEEL TO-3 20 5 lT323A HAS 1% VOUT TOl. 
FIXEO lT323AT TO-220 20 

POS. AOJ. lT350AK lM350K STEEL TO-3 35 1.2 TO 33 lT350A HAS 1% VREf TOl. 
lT350AT lM350T TO-220 35 

NEG. ADJ lTI033CK STEEL TO-3 40 -1.2 TO -37 2% VREF TOL. 
lT1033CT TO-220 40 

DUAL POS. lT1035CK STEEL TO-3 20 TWO 5V lOGIC CONTROllED MAIN OUTPUT VOLTAGE, 75mA 
FIXED lT1035CT TO-220 20 OUTPUTS AUXILIARY OUTPUT 

POSITIVE lTI036CK STEEL TO-3 30 12,5 lOGIC CONTROllED 12V, 3A OUTPUT, 5V, 75mA 
lT1036CT TO-220 30 12,5 AUXILIARY OUTPUT 

POS. ADJ. lT317AK lM317K STEEL TO-3 40 1.2 TO 37 lT317A HAS 1% VREf TOL 
lT317AH lM317H TO-39 40 
lT317AT lM317T TO-220 40 

0.5 NEG. ADJ. LT337 AK lM337K STEEL TO-3 40 -1.2TO -37 lT337A HAS 1% VREf TOl. 
TO lT337AH lM337H TO-39 40 
1.5 lT337AT lM337T TO-220 40 

POS. ADJ. LT317 AHVK lM317HVK STEEL TO-3 60 1.2 TO 57 LT317 HV HAS 1% VREf TOl. 
HIGH lT317 AHVH lM317HVH TO-39 60 
VOLTAGE 

NEG. ADJ. lT337AHVK lM337HVK STEEL TO-3 50 -1.2 TO -47 lT337 HV HAS 1% VREf TOl. 
HIGH lT337AHVH lM337HVH TO-39 50 
VOLTAGE 

1.0 DUAL lT1005CK STEEL TO-3 20 TWO 5V lOGIC CONTROllED MAIN OUTPUT VOLTAGE. 
POS. lT1005CT TO-220 20 OUTPUTS 
FIXED 

125mA POSITIVE LTl020CJ 14 PIN CERDIP 36 4 TO 30 DROPOUT VOlTAGE=0.5V, 40pA la, 
lTl020CN 14 PIN PLASTIC 4 TO 30 REFERENCE AND COMPARATOR 
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REGULATOR SELECTION GUIDE 
MILITARY COMMERCIAL FEATURES 

POSITIVE FIXED 1 ~ LT1003MK LT1003CK 5V±2%,5AMP 
LT123AK LT323AK 5V± 1%, 3 AMP 

0 LM123K LM323K 5V±3%, 3 AMP 

0 
LT1005MK LT1005CK DUAL OUTPUT REGULATOR WITH 5V lAMP LOGIC 

~ SWITCHABLE OUTPUT AND AUXILIARY 5V 35mA 
OUTPUT 

00 LT1035MK LT1035CK DUAL OUTPUT REGULATOR WITH 5V 3AMP LOGIC 
SWITCHABLE OUTPUT AND AUXILIARY 5V 75mA 

0 OUTPUT 
00 LT1036MK LTlO"5CK DUAL OUTPUT REGULATOR WITH 12V 3AMP LOGIC 

SWITCH ABLE OUTPUT AND AUXILIARY 5V, 75mA 
OUTPUT 

~ ~ 
LT1005CT DUAL OUTPUT REGULATOR WITH 5V lAMP LOGIC 

SWITCHABLE OUTPUT AND AUXILIARY 5V 35mA 
OUTPUT 

LT1035CT DUAL OUTPUT REGULATOR WITH 5V 3AMP LOGIC 
SWITCHABLE OUTPUT AND AUXILIARY 5V 75mA 
OUTPUT 

LT1036CT DUAL OUTPUT REGULATOR WITH 12V 3AMP LOGIC 
SWITCHABLE OUTPUT ANO AUXILIARY 5V, 75mA 
OUTPUT 

~ ~ 
LT323AT 5V ± 1%, 3 A 

POSITIVE ADJUSTABLES I LT1038MK LT1038CK 10 AMP 

~ LT138AK LT338AK 1% REFERENCE,S AMP 
LM138K LM338K 5 AMP 

0 LT150AK LT350AK 1% REFERENCE, 3 AMP 
LM150K LM350K 3 AMP 

0 LT117AK LT317AK 1% REFERENCE, 1.5 AMP 
LM117K LM317K 1.5 AMP 
LT117AHVK LT317AHVK 1% REFERENCE, 1.5 AMP, HI VOLTAGE 
LM117AHVK LM317AHVK 1.5 AMP, HI VOLTAGE 

J;;l LT117AH LT317AH 1% REFERENCE, 0.5 AMP 
LMII7H LM317H 0.5 AMP 
LT117AHVH LT317AHVH 1% REFERENCE, 0.5 AMP, HI VOLTAGE 

000 LMI17HVH LM317HVH 0.5 AMP, HI VOLTAGE 

(:) 

~ 
LT1020MJ LT1020CJ VERY LOW DROPOUT VOLTAGE, 40"A SUPPLY 

LT1020CN CURRENT, 2.5V INDEPENDENT REFERENCE, AND 
VOLTAGE COMPARATOR ON SAME CHIP. 

CJ 

~ ~ 
LT350AT 1% REFERENCE, 3 A 
LM350T 3 AMP 
LT317AT 1% REFERENCE, 1.5 AMP 
LM317T 1.5 AMP 

NEGATIVE ADJUSTABLES I LT137AK LT337AK 1% REFERENCE, 1.5 AMP 

~ 
LM137K LM337K 1.5 AMP 

I 
LT137AHVK LT337AHVK 1% REFERENCE, 1.5 AMP, HI VOLTAGE 

0 LM137HVK LT337HVK 1.5 AMP, HI VOLTAGE 
I LT1033MK LT1033CK 2% REFERENCE, 3 AMP 

0 
J;;l 

LT137AH LT337AH 1% REFERENCE, 0.5 AMP 
LM137H LM337H 0.5 AMP 
LT137AHVH LT337AHVH 1% REFERENCE, 0.5 AMP, HI VOLTAGE 

000 LM137 HVH LM337HVH 0.5 AMP, HI VOLTAGE 

(:) 

~ ~ 
LT337AT 1% REFERENCE, 1.5 AMP 
LM337T 1.5 AMP 
LT1033CT 2% REFERENCE, 3 AMP 
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L7~!O~!--------5-V-o-lt-, _~T_:_~_~ 
FEATURES 
• Guaranteed 2% Initial Tolerance of output voltage 
• 5 Amp Output Current 
• 40 Watt Capability 
• Full Internal Overload Protection 
• 100% Burn-in in Thermal Limit 

APPLICATions 
• Local 5V Regulators 
• On Card Regulation 
• Lab Supplies 
• Instrumentation Supplies 

Standard 5 Volt Regulator 

Voltage Regulator 
DESCRIPTiOn 
The LT1003 is a 5 amp version of the popular LM123 
5V regulator. In addition to higher output current, it of
fers improved line regulation and an initial output volt
age tolerance of ± 2%. These tightened specifications 
ease design and application problems several ways: 
safety margin is improved, error budgets on other 
parts of the system are expanded, and output voltage 
loss due to long supply runs can be better tolerated. 

The LT1003 incorporates Linear Technology's ad
vanced design, process and test techniques for im
proved quality and reliability over similar device 
types. Specifically, all devices are burned in by short
ing the outputs, thereby forCing the regulator into its 
current limit and eventually, thermal limit mode. This 
ensures that all device protection features are 
working. 

Load Regulation * 

50r-~--~--~-'--~ 

40 r--+---r--T-~--~ 
~ 30r--+---r--T-~--~ 

~ 20r--+---r--~~~ffl 

~ 10 1---+-
'-' 
~ 0 
;::; 
~ -10 1----+--= 
~ -20 f---+----j---_r_____' := 5 -30 r--+---r--T-~--~ 

-40 f---+----j---+------i----j 
-50 '---'-----'----~~--~ 

o 2 3 4 

OUTPUT CURRENT (AMPS) 

* The LT 1 003 has load compensation to cancel the effects of voltage 
loss in the output lead. This results in a nominal "zero" load regulation. 
The shaded band shows typical production spread. 
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LT1003 

ABSOLUTE mAXimum RATinGS PACKAGE/ORDER InFORmATion 
Input Voltage. . . . . . . . . . . . . . . . . . . . . . .. 20 Volts 
Power Dissipation ............. Internally Limited 
Operating Junction Temperature Range 

LT1003M .................. -55°C to 150°C 
LT1003C ..................... O°C to 125°C 

Storage Temperature Range 
LT1003M .................. -65°C to 150°C 
LT1003C .................. -65°C to 150°C 

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

PREconDITiOninG 
100% Burn-In in Thermal Limit 

BOTTOM VIEW 

INPUTOOUTPUT . . 
1 2 

CASE 

o ~ROUND 
K PACKAGE 

TO-3 METAL CAN 
(STEEL) 

ELECTRICAL CHARACTERISTICS (See note 1) 

SYMBOL PARAMETER CONDITIONS 
VOUT Output Voltage TJ ~ 25°C, VIN ~ 7.5V, lOUT ~ 0 

7.SV ... VIN ... 15V 
o ... lOUT'" SA, P ... 30W 

Ll.VoUT Line Regulation TS ~ 25°C, 7.5V ... VIN ... 15V 
Ll.VIN ( ee Note 1) 

Ll.VOUT Load Regulation TJ ~ 25°C, VIN ~ 7.5V 
Ll.IOUT o ... lOUT'" 5A (See Note 1) 

Thermal Regulation TI ~ 25°C, 20 msec pulse 

'0 Quiescent Current 7.SV ... VIN ... 15V, 0 ... 'OUT'" SA 
en Output Noise Voltage TJ ~ 2SoC, 10Hz ... 1 ... 100kHz 

Isc Short Circuit Tj ~ 2SoC, 
Current Limit VIN ~ ISV 

VIN ~ 7.SV 

Long Term Stability 01 Output 
Voltage 

oJC Thermal Resistance Junction to 
Case K Package 

The. denotes the specifications which apply over the full operating 
temperature range. 
Nola 1: Load and line regulation are tested with pulsed low duty 
cycle techniques where pulse width <:;; 1msec and duty cycle <:;; 5%. 
Nola 2: T min = -55°C for the LT1003MK and O°C for LT1003CK. 
T max = 150°C for Ln003MK and 125°C for LT1003CK. 
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LTlOO3M 
MIN TYP MAX 
4.9 5.0 5.1 

• 4.8 5.2 

5 15 

25 100 
0.005 0.02 

• 12 20 
40 

S 8 
7 9 

35 

1 1.5 

MIN 
4.9 

4.8 

ORDER PART NO. 

LT1003CK 

LT1003MK 

LTlOO3C 
TYP MAX 
5.0 5.1 

5.2 

5 15 

25 100 
O.OOS 0.02 
12 20 
40 

S 8 
7 9 

3S 

1 1.S 

UNITS 
V 

V 

mV 

mV 
%/W 

rnA 
p,Vrms 

A 
A 

mV 

°C/W 



TYPICAL PERFORmAnCE CHARACTERISTICS 
Minimum Inpul-Output 
Voltage Differential 

2.6 

2:: 2.4 
w 
~ 2.2 
':J 
5: 2.0 .... 
" "- 1.8 .... 
" 0 

1.6 >-'-

~ 1.4 

1.2 

OUTPUT CURRENT (AMPS) 

Output Impedance 

CL 1,F == 
:s 0.1 

SOLIDTANT ~ 
I ;;.... 

u 

CL ~ 10,F I / SOLID TANT 

~ 
~O.01 

0.001 ! 
10 100 1k 10k lOOk 1M 

FREQUENCY (Hz) 

Output Noise Voltage 
100 

=V,N 10V 

iii 
i5!' 

~IOUT - 0.5A 

~COUT ~ 1"f 

"" "" fLOW ~ 1 Hz ,/ 
w 10 '-" « 
':J 
§'Z 
t;j 

~ 
/' I 

100 1k 10k 100k 

BANDWIDTH (Hz) 1 POLE ROLLOFf 

Output Voltage Temperature Drift 

5.15 

5.10 
i 

~ I I 
~ 5.05 
« 
':J 
~ 5.00 

~ 4.95 
~ 1--

" 0 
4.90 

I 

4.85 

-50 -25 0 25 50 75 100 125 150 

10 
8 
6 

~ 4 

w 
u z 

~ 1 
~ 0.8 
"" 0.6 

~ 0.4 

0.2 

0.1 

TEMPERATURE ('C) 

Suggested Heat Sink 
Thermal Resistance (LT1003C) 

LT1003~± 
I I. 

\ "- 'I.. I TA I~ 25JC_ 

) IN ..... -<.1 
TA 75'C -\:TA 50'C 

\ \. 
\ 

o 10 15 20 25 30 35 40 

POWER DISSIPATION (WATTS) 

Ripple Rejection 
80 

20 "----'----'---'-----'-----'-----' 
10 100 1k 10k 100k 1M 

FREQUENCY (Hz) 

10 

10 
8 
6 

~ 4 

~ 2 
z 
>" 
<!2 1 
~ 0.8 
:;i 0.6 

~ 0.4 

r= 
0.2 

0.1 

7.5 

0;-
5.0 

~~ 2.5 

§g~ 
~> 
u~ 

~~ -2.5 

§?~ 5.0 

~~ ;; ...... 1.0 

is 
0.5 

LT1003 

Peak Available Output Current 

I I I 
I Tj ~ -55'C 

1 ~V--:;-I 2~'C 
1 ~JI./ 

I .x ~ 
Tj ~ 150'C "i ~ 

""'III 

2 4 6 8 10 12 14 16 18 20 

INPUT VOLTAGE (VOLTS) 

Suggested Heat Sink 
Thermal Resistance (LT1003M) 

LT1003M= t---
t---

1\ "- " \ " 
....... K+A~ 50'C 

TA 75'C 
\. 

TA 1100;C ~ \ 

\ 
5 10 15 20 25 30 35 40 

POWER DISSIPATION (WATTS) 

Line Transient Response 

IL ~ 150 lmA 

n CL ~ 0.1 "f-

\ 
Tj ~ 25'C -

.... 
I 
~ 
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LT1003 

TYPICAL PERFORmAnCE CHARACTERISTICS 

0.2 

~~ 
~~ a 
5~ 
5~ 
o 

-0.2 
~ 

Load Transient Response 

VIN ~ 10V 

Ti ~ 25'C ~ 

" ~,; 
CL ~ lO~F 

" 
SOLID TANTALUM 

"'CL ~ 0.1 ~F 

3 4 

TIME (~s) 

14 

12 

110 
!z 
ll:! 8 
B 
!z 6 

&l 
~ 4 
o 

o 

Quiescent Current 

Ti 1-55'f~ 
,.. 
r Ti ~ 25'C/ / 

L I 
Ti ~ 125'C 

II 
I 

I 
II 
o 12 16 20 

INPUT VOLTAGE (V) 

TYPICAL APPLICATiOnS 
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12V ~ VIN ~ 20V 

CIN + 
2~F 

SOLID -
TANTALUM 

*R6=~ 
12 mA 

Adjustable Regulator 0-10V @ SA 

V- (-10V 10 -20V) 
NEED NOT BE REGULATED 

Cl 
2~F 

R2 
2k 

Your 

R3 
10k 

+ CL 
lO~F 

R4 TANTALUM 
lk 

R5 
3.3k 

C1 = OPTIONAL -IMPROVES RIPPLE REJECTION, NOISE AND TRANSIENT RESPONSE 



LT1003 

TYPICAL APPLICATions 
Crowbar Prolectiontt 

!-"O,,-,-UT_...-__ VOUT 

Q1* • 

2Q 

OUTPUT CROWBAR 

* THE 6.4V ZENER IS INTERNAL TO THE LT1DD3. 

* * 01 MUST BE ABLE TO WITHSTAND CONTINUOUS CURRENTS 
OF SA IF ADDITIONAL SYSTEM SHUTDOWN IS NOT USED. 

Bypass Capacitors 

The LT1003 does not require an output capacitor for 
resistive loads. For almost all applications, however, a 
1t-tF or larger solid tantalum capacitor is used on the 
output within 2" of the regulator. This greatly improves 
the output impedance of the regulator at high frequen
cies. For critical applications where very low imped
ance is required at high frequencies, a 10t-tF solid 
tantalum output capacitor is recommended. Total out
put capacitance may be increased without limit, either 
local or distributed. 

A 2t-tF or larger input capacitor (solid tantalum) must 
be added if the regulator is more than 4" away from the 
large filter capacitor in the input supply. A 25t-tF alumi
num capacitor may be substituted for the tantalum 
unit. 

Avoiding Ground Loops 

For best regulation, the ground pin of the LT1003 
should be tied directly to the load point as shown be
low. This prevents excess drop in load voltage caused 
by load current flowing through the ground return 
lead. This is essentially a Kelvin connection for the 

01 

2Q 

INPUT CROWBAR 

t 02 MUST WITHSTAND LARGE SURGE CURRENTS UNTIL THE 
SA FUSE BLOWS. PEAK SURGE CURRENT IS LIMITED ONLY 
BY FUSE, WIRING, AND FILTER CAP RESISTANCE. 

tt TRIP POINT IS APPROXIMATELY 7.3V. 

low side of the regulator. A Kelvin connection cannot 
be made for the high output of the regulator because 
only three pins are available on the package. There
fore, every attempt should be made to minimize the re
sistance between the output pin of the regulator and 
the load. #18 gauge hookup wire has a resistance of 
0.006 ohms per foot. This translates to 0.6% change 
in load voltage at full load current. The LT1003 is 
specified at 2% maximum load regulation, so one foot 
of wire represents a significant loss of regulation. If 
connectors are used, careful consideration must be 
given to contact resistance, especially if the connector 
is subjected to nasty ambients, vibration, or multiple 
insertions. 

+ 

12mA -
THIS RESISTANCE DOES NOT 
CONTRIBUTE TO LOAD REGULATION 

KEEP THIS RESISTANCE LOW 
(",0.005Q) 

/ 

LOAD 

"-HI CURRENT PATH 
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LT1003 

TYPICAL APPLICATions 

Raw Supply 

Transformer, diode, and capacitor selection for the 
raw supply to the L T1 003 is very important because of 
the conflicting requirements for reliability, efficiency, 
and resistance to "brown-out" conditions. High sec
ondary voltage on the transformer will cause unneces
sarily high power dissipation in the regulator. Too low 
a secondary voltage will cause the regulator output to 
drop out of regulation with only a small reduction in 
AC mains voltage. The following formula gives a good 
starting pOint for transformer selection. This formula 
assumes a full-wave center tapped transformer, using 
two rectifier diodes. 

VRMS = (VOUT + VOO ~RECT + VRIP)) ( ~~~~) (1.1*) 

(secondary 
each side) 

IRMS = (loUT) (1.2) 

where: 

VOUT = 5V 
Voo = Minimum input-output differential of the 

regulator 

* 1.1 is a nominal load regulation factor for the 
transformer 

3-10 

VRECT = Rectifier forward drop at 310uT 
VRIP = '12 p-p capacitor ripple voltage 

V _ (5.3 X 10-3) (loUT) 
RIP - 2C 

VNOM = Rated line voltage for the transformer 
(RMS) 

VLOW = Lowest expected line voltage (RMS) 
louT = DC output current 

Example: louT = 4A. VOUT = 5V 
Assume: Voo = 2.5V, VRECT = 1.1V, C = 12,0001lF 

VNOM = 115V, VLow = 105V 

VRIP = (5.3 X 10-3) (4) = 0.88V 
2 (12 X 10 3) 

V = (5 + 2.5 + 1.1 + 0.88) (~) (11) 
RMS v2 105' 

= 8.08 VRMS 

The filter capacitor should be at least2000/lF per amp 
of load current to minimize capacitor heating and rip
ple voltage. The diodes should be rated at 8-10 amps 
even though their average current is only 2.SA at full 
rated load current. The reason for this is that although 
the average current is 2.SA, the RMS current is typi
cally twice this value. In addition, the diode must with
stand very high surge currents during power turn-on. 
This surge can be 10-20 times the DC rating of the 
supply, depending on capacitor size and wiring resis
tance and inductance. 



LT1003 

SCHEmATIC DIAGRAm 
IN 

LT1003 

Q21 

10k lk 

50 
0.03 

OUT 

20k 
30 

lk 6.4V 

20k 

6.4V 
4k 

250 4k 

GND 

PACKAGE DESCRIPTion Dimensions in inches (millimeters) unless otherwise noted. 

Tj max. Oja Ojc 

LT1003MK 150'C 35'C/W 1.5'C/W 

LT1003CK 125'C 35'CIW 1.5'CIW 

K Package TO·3 STEEL Metal Can 
0760-0.775 n (19.304 19.665) 

0.325-0.350 
(6.255 6.690) ~ 

.. ,-om EJu I",~~~ 
(10.666 12.192) ~ 0036-0043 

, r-- (0.965 1.092) 

1.177-1.197 
(29.896-30.404) 

0.425-0.435 
(10.795-11.049) 

0.168-0178 R TYP 
(4267-4521) 

2 MOUNTING HOLES 
0.151-0.161 
(3.635 - 4.089) 
OIA 

0.490-0.510 R 
(12.446 12.954) 
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,-',. .. ·tlnlAQ LTlO05M/LTl005C 
~, TECHNOLOGY~--Lo-g-i-c-C-o-n-t-ro-I-Ie-d-R-e-g-u-Ia-t-o-r 

FEATURES 
• Two Regulated Outputs 

+SVat 1 amp 
+SVat 3SmA 

• 2% Output Voltage Tolerance 
• 66 dB Ripple Rejection 
• O.S% Load Regulation 
• TTL and CMOS Compatible Logic Control 
• 100% Thermal Burn-in On All Devices 

APPLICATions 
• Power Supply Sequencing 
• Remote On/Off Power Control 
• Selective System Power During Emergency Power 

Operation 
• Memory Power Supply With Back-Up 

Functional Diagram 

+
5V l 

5 
VIN OV 

2 4 
ENABLE +5V 

LOGIC L 
-=-

DESCRIPTion 
The LT100S features two positive S volt regulators in 
the same package. The main regulator offers excellent 
performance while supplying load currents up to 1 
amp, and the auxiliary regulator provides similar per
formance while supplying lighter loads of 3SmA. The 
main regulator has the additional feature of being un
der the shutdown control of a logic signal. When the 
enable pin is taken to a low logic level, the main regu
lator shuts down and its output voltage goes to near 
zero volts. During this command, the auxiliary output 
is unaffected by the main regulator's condition and 
continues to provide a S volt output. 

The main output has current and power limiting com
bined with thermal shutdown to make it virtually blow
out proof. The auxiliary output is not affected by the 
thermal shutdown mechanism or the state of the main 
output, allowing it to be used as a back-up in case of 
overloads or shorts on the main supply. 

The logic input of the LT100S (enable pin) has a 1.6V 
threshold and can be driven from a high source imped
ance. This allows it to be driven by most logic families, 
including TTL & CMOS. 

Switching Characteristics 

6V 

w 
C!J 

~ 4V 
0 
> 
I-
:::> := 2V 
:::> 
0 

0 

) 
25~1L LOAD 

~!lLOAD 
} VOUT 

COUT ~ D h 

5V 

VENABLE 

0123456 

TIME (.sec) 
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LTl 005M/LTl 005e 

ABSOLUTE mAXimum RATinGS 
Power Dissipation ............. Internally Limited 
Input Voltage (VIN) ••••••••••••••••••••••• 20V 
Enable Voltage (VEN) ••••••••••••••••••••• 20V 
Operating Junction Temperature 

LT1005M .................. -55°C to 150°C 
LT1005C ..................... O°C to 125°C 
Storage ................... -65°C to 150°C 

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

PREconDITiOninG: 
100% Burn-in in thermal limit 

PACKAGE/ORDER InFORmATiOn 
BOTTOM VIEW 

GNO (CASE) 

4 LEAD TO·3 

FRONT VIEW 

o /GND(TAB) 

5 LEAD TO·220 

LT1005MK 
LT1005CK 

LT1005CT 

ELECTRICAL CHARACTERISTICS - mAin REGULATOR (See note 1) 
LTlOOSM LTlOOSC 

SYMBOL PARAMETER CONDITIONS MIN TVP MAX MIN TYP MAX UNITS 
Vo Output Voltage Tj = 25°C 4.9 5.0 5.1 4.9 5.0 5.1 V 

7.4V '" VIN '" 20V 
High Pd ", lOW • 4.8 5.0 5.2 4.8 5.0 5.2 V 

OmA '" 10 ", IA 

7.2V '" VIN '" 20V 
Low 10 = 0 • 0.1 0.3 0.1 0.3 V 

t;Vo Load Regulation 7.5V '" V1N '" 15V 
Ai;" OmA '" 10 '" IA (Note 2) • 5 25 5 25 mV 

~ Line Regulation 7.4V '" VIN '" 20V 0.3 2 0.3 2 mV/v 
t;VIN (Note 2) 

Ripple Rejection 50Hz", f '" 500Hz 66 66 dB 
Thermal Regulation IlPd = lOW (Note 4) 0.005 0.02 0.005 0.02 %/W 

10 Available Load Current 7.4V '" V1N '" 15V I 1.7 I 1.7 A 
V1N = 20V 0.7 1.3 0.7 1.0 A 

Isc Short Circuit Current 7.0V '" V1N '" 15V 1.5 2.5 1.5 2.5 A 
V1N = 20V 1.2 2.0 1.2 2.0 A 

V1N Minimum Input Voltage to Maintain (Note 5) 
Regulation 10 = 0.2A • 7.0 6.5 6.9 6.5 V 

10 = 1.0A • 7.5 7.0 7.5 7.0 V 
10 Quiescent Current 

Output High 2 4 2 4 rnA 
Output Low 1.5 3 1.5 4 rnA 

8 JC Thermal ReSistance TO-3 3 4 3 4 °C/W 
Junction to Case TO-220 3 5 °C/W 
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LT 1 005M/LT 1 005e 

ELECTRICAL CHARACTERISTICS - AUXILIARY REGULATOR 
(See note 1) 

LTlOO5M LTlOO5C 
SYMBOL PARAMETER CONDITIONS MIN TVP MAX MIN TVP MAX UNITS 
Vo Output Voltage TJ = 25'C 4.9 5.0 5.1 4.9 5.0 5.1 V 

7.OV .. VIN .. 20V 
OmA .. 10 .. 35mA • 4.8 5.0 5.2 4.8 5.0 5.2 V 

tNo Load Regulation 7.OV .. VIN .. 20V 
~ OmA .. 10 .. 35mA • 5 15 5 15 mV 

(Note 2) 

~ Line Regulation 7.OV .. VIN .. 20V 0.2 1 0.2 1 mVIV 
AVIN (Note 2) 

Ripple Rejection 50Hz .. f .. 500Hz 74 74 dB 
Isc Short Circuit Current 7.OV .. VIN .. 20V 90 150 90 150 rnA 
VIN Minimum Input Voltage to Maintain (Note 5) 

Regulation 10 = 1mA • 6.5 6.1 6.5 6.1 V 
10 = 35mA • 6.9 6.5 6.9 6.5 V 

ELECTRICAL CHARACTERISTICS - LOGIC COnTROL (See note 1) 

SYMBOL PARAMETER CONDITIONS 

VEN Enable Threshold Voltage 7.OV .. VIN .. 20V 
Tj = 25'C 

Enable Pin Current VEN" 1V 
(See Note 3) 

VEN ;;. 2.4V 

The. denotes the specifications which apply over the full operating 
temperature range. 
Nola 1: Unless otherwise indicated, these specifications apply for 
VIN = 10V, 10 = OmA, and TJ = 25'C. 
Nola 2: Line and load regulation are measured using a low duty cycle 
pulse, causing little change in the junction temperature. Effects due 
to thermal gradients and device heating must be taken into account 
separately. 

LTlOO5M LTlOO5C 
MIN TYP MAX MIN TVP MAX UNITS 

1.45 1.6 1.75 1.45 1.6 1.75 V 

• 1.3 1.6 1.85 1.3 1.6 1.85 V 
0 150 0 150 itA 

0 1 0 1 itA 

Noll 3: When the enable pin is at a low logic level, current flows out 
of the enable pin. 
Noll 4: Pulse length for this measurement is 20msec. 
Noll 5: Input Voltage is reduced until output drops by 100mV from its 
initial value. 
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TYPICAL PERFORmAnCE CHARAOERISTICS 
Minimum Input-Output Differential 
of Main Output 

2.B r--,.---r---.----,-----, 

~ 2.4 I----j---+---j--_t_--j 

~ 
~ 
~ 2.0 

11.6 II""--+::::_"F---:"""'~I 
i 

1.2 1---7''I''''--+---+---!----1 

.2 .4 .6 .B 1.0 

OUTPUT CURRENT (A) 

Short Circuit Output Current 
2.0 

~ 1.5 

! 
~ 1.0 

ti: 
~ 0.5 

o 
6 

5.05 
~ 
~ 
~ 
~ 5.00 

! 
4.95 

NJ-25'C 

['.. 
....... 

10 12 14 16 18 20 

INPUT VOLTAGE (V) 

Output Voltage as Function 
of Temperature 

v " -........ r-... 

-50 -25 0 25 50 75 100 125 150 

TEMPERATURE ('C) 
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Minimum Input-Output 
Differential of Auxiliary Output 

2.0 r--,----r--,-----,--,----, 
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!i 
~ 1.6 1---+--+---,rIF---:,oJ~--j 

~ 
':; 1.4 I---+..,c:.....-bo~-j--_t_--j 

~ 
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Load Transient Response 
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Ripple Rejection 

I~IN - 10Vl~~1 
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Load Current-Main Output 
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Y,N - 20V 
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0.5 
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V 1/ -.. 
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I~ 
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I 

0.001 
100 lk 10k lOOk 1M 

FREQUENCY (Hz) 



LTl OOSM/LTl oose 
TYPICAL PERFORmAnCE CHARACTERISTICS 

Enable Pin Characteristics Enable Threshold Switching Characteristics 

o 
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~ -0.25 
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~ -0.50 

~ -0.75 
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-1.0 
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~ 
V 
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" 
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" ........ ........ ......... 
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~OLOMJ 
J 

~ 
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Output Characteristics 
in Low State 

7V .;;; VIN .;;; 15V 
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Tj-150'0/ L 

TI-25'C/--I 
-f"" 

/" ./ ---/ Tj - -~O'C 
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1 50 
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Output Noise 

VIN - 10V / COUT - 1.F 
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V V 
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---~ 
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LT 1 OOSM/LT loose 

APPLICATions InFoRmATion 
General Information 
The LT100S is a dual output SV regulator. The main 
output is capable of delivering up to 1 amp of load cur
rent and can b~ shut down with a logic signal. The 
auxiliary output supplies a minimum of 3SmA and is 
unaffected by the logic signal. The outputs are 
trimmed to ± 2% initial tolerance and exhibit excellent 
line and load regulation. 

The logic control feature makes the LT100S ideal for 
many system applications where it is desirable to 
power up a portion of the system for a period of time 
and then power the system down during a standby op
eration. As an example, the LT100S could be used to 
activate various memory space locations only as 
needed, thus saving substantial power dissipation 
and other cooling costs. The LT100S could also be 
used to power micro-computers, such as the 8048 se
ries. The auxiliary supply can be used for RAM keep
alive during power down operation. Additional power 
savings can be accomplished by using the LT100S to 
power PROM, EPROM, and E2PROM devices. During 
program load, or look-up table operations the ROM 
type device can be activated and its' contents placed 
in RAM, and th~n the ROM power can be removed. Or 
for high speed but low power data acquisition sys
tems, the power could be applied to fast memory, then 
the data transferred to CMOS memory. The main regu
lator can then be shutdown and the CMOS memory 
can be powered by the auxiliary for lower power dissi
pation. Other applications, such as multiple power 
supply sequencing, elimination of expensive AC and 
DC power switches, delayed start applications, 
switching SV DC loads, and many others are now easi
Iyaccomplished. 

Timing functions can also be performed directly at the 
enable pin, such as delayed power-up or power-down. 

Because a logic low on the enable pin shuts down the 
main regulator, feedback from output to enable can be 
used to generate hysterisis or latching functions. 

The low quiescent current drain of the LT100S makes 
it useful in battery powered or battery back-up appli-
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cations. The enable pin can be used as a "low bat
tery" detector or to shut down major portions of 
system power, allowing memory portions to continue 
to operate from the auxiliary output. At low output cur
rents, the auxiliary output will regulate with input volt
age typically as low as 6.1V, giving maximum battery 
life. 

Good design practice with all regulators is to bypass 
the input and output terminals. A 1p.F solid tantalum at 
the input and at both outputs is suggested. For the ap
plications which follow, the bypass capacitors are still 
recommended, but are not shown on the diagram for 
simplicity. It is also recommended that for maximum 
noise immunity, the voltage enable pin be tied high if it 
is unused. It can be tied directly to V1N as shown in 
Figure 1, or to the auxiliary output. If the enable pin is 
left open, it will float to a high logic level of approxi
mately 1.6V and the main output regulator will be at 
SV. 

Figure 1. 

...;"..,.--.,- +sv 

The enable pin is fully protected against input volt
ages up to 20 volts, even if the power input voltage is 
zero. 

The basic shutdown control circuit uses a direct gate 
drive or an open collector driver and a pull-up resistor 
which is tied to V AUX as shown in Figure 2. 

Figure 2. 

7.S·20V ---___ -+SV 



Driving the Enable Pin 
The enable pin equivalent schematic is shown in Fig. 
3, with V II characteristics shown in Fig. 4. Basically, 
enable pin current is zero above the threshold, and be
tween 2 and 70f.LA below the threshold, flowing ou~ of 
the pin. Standard logic, such as TIL & CMOS will in
terface directly to the enable pin, even if the logic out
put swing is higher than the input voltage (VIN) to the 
regulator. 15V CMOS can be used to drive the enable 
pin even if the regulator is not powered up, without 
loading the CMOS output. 

Figure 3. 

t ~ 2-70~A 
+1V~ENABLE 

Timing functions, such as delayed power-up or power
down can be implemented by driving the enable pin 
with an RC network. The current flowing out of the en
able pin should not be used as the timing current in 
delayed power up applications, as it is temperature 
sensitive and varies somewhat from device to device. 
Instead, a resistor tied to the auxiliary output, the in
put, or to a logic signal should be used. The timing re
sistor chosen should provide at least 500f.LA of current 
to "swamp-out" the effects of the internal current. 

Main Output Current/Voltage Characteristics 
Following a high to low transition at the enable pin, the 
main regulator output will begin to drop after a delay of 
approximately 1f.Lsec. With no capacitive load, the 
output will fall to zero in approximately 0.5f.Lsec (RL = 

5-1000). With a capacitive load, fall time is limited by 
the RC product of the load and the output capacitance. 
For light loads (RL > 1000), the discharge time is 
controlled by an internal equivalent load of 2000 for 
output voltages down to 1 volt. Below 1 volt, the output 
decays linearly, with a slope equivalent to the load ca
pacitance and a pull down current of approximately 
0.5mA. The DC output voltage in the shutdown mode 
is approximately 0.1 volt for input voltages (VIN) up to 

LT 1 OOSM/LT loose 

15V. If V1N is 20V, the output during shutdown will be 
approximately 0.2V due to an internal current path in 
the regulator. 

4.0 

3.5 

3.0 
<" 
~ 2.5 
z 
~ 2.0 
B 
~ 1.5 
en 

1.0 

0.5 

Figure 4. 

Output Characteristics 
in Low State 

7V ,,;; VIN ,,;; 15V 

L 
Ti- 150'V L 

Ti-25'C~ ~ 
-r 

.,/ ./ --
~ TI- 10'c 

0.2 0.4 0.6 0.8 1.0 

OUTPUT VOLTAGE (V) 

The user should note that the output in the low state 
can only sink about 0.5mA. If current is forced into the 
output, the output voltage will rise to 0.8Vat 1mA and 
above 1V at 10mA. With no output capacitor, the rise 
time of the main output is about 1.5f.Ls. With an output 
capacitor, rise time is limited by the short circuit cur
rent of the LT1005 and the load capacitance; 
tr ~ (C) (5V)/(1.5A). A 1f.LF output capacitor slows the 
output rise time to approximately 3f.Ls and a 10f.LF out
put capacitor slows the output rise time to 30f.Ls. 

Output Current 
The main output current limits at about 1.7A for input 
voltages below 19V.lnternal foldback, or "power limit
ing" circuitry detects the input-output voltage differ
ential and reduces current limit for input to output 
voltages exceeding 14V. With 20V input, for instance, 
short circuit current is reduced to ~ 1.1A. 

An additional feature of the LT1005 is that the auxil
iary supply does not incorporate nor is it affected by 
thermal shutdown. Any fault condition of the main 
regulator will not affect the auxiliary output voltage. 

The following applications circuits will serve to indi
cate the versatility of the LT1005 .. 
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LT 1 005M/LT 1 005e 

TYPICAL APPLICATions 

ToJl {1) = 50ms 

Too (2) ~ 150ms 

First-On, Last-Oil Sequencing 

A2 
2.2k 

A3 
50~F 1k 

Power Supply Turn-On Sequencing 
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Thermal Cutoff at High Ambient Temperature 

TolI~5B'C 

Ton~42'C 

--_-+5V 

511k 

Rt * 

• YELLOW SPAINGS ,,4400B. 30k I! ct 25'C 

+5V 

A5 
6Sk 

OFF JON 
Too (11 - lOOms 

Too (21 - 200ms 

First-On, First-Oil Sequencing 

Al 
1k 

Fast Turn-Off, Delayed Turn-On 

A, 
15k 

Too ~ 0.3 A1Cl 

Latch-Off lor VOUT ,,;; 4.7V 

1-----_--_-+5V 

+5V 

A, 
1.5k 

A3 
4.7k 

25mA 
MINIMUM 
LOAD 

+5V 

HV 

A6 
6Sk 



TYPICAL APPLICATions 

IN 

EN 

Proportional Motor Speed Controller 

IN914 

Opto-Coupled Output Control 

IN +5V 

LTt()(l~ 

Eli. QND AU)( + 5V 

: ~ I COUPLER "ON" ~ OUTPUT "ON" 

-= IH' I I 
- -' 

SELECT R DEPENDING UPON THE 
ON-RESISTANCE OF THE OPTO COUPLER 

Latch-Off When Output Short 

4.7k 

'---+-+5V 

LT 1 005MjLT 1 005e 

High Input Voltage Detection 

TRANSFORMER AND 
RECTIFIER SET 
Y,N ~ 9V DC NOMINAL 
-_---~IN OUT 

Rl 
7.5k 

LT1005 
EN ClNI AU)( 

+5V 

+5V 

IN4148 R3 
Uk 

VShulOH (INPUT) 

( ) ( R2+ Rl) 
~ 3.8V --

R2 

1-

r-

R2 
3.6k 

OUTPUT SHUTS OFF WHEN 110V AC TRANSFORMER 
IS OVER VOLTAGED TO 220 V AC. 

Push-On, Push-Off 

If; ·.OUT 
. 'U1tlOfI 

I;fl • •• ··ati AU)( ~+5V 
100k 

~ 2k 

.I.e>--< 

3k 
+ 

~ l~F 

-= 

IF C21S LARGER THAN 10~F. C1 SHOULD BE 
INCREASED TO C211 0 

Delayed Power Up 

+5V 

+5V 

Rl 
3.9k lOElAY ~ 0.4 R1Cl 

+d,C2 

ro~ 

+5V 

10k 

10k 
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LTl 005M/LTl 005e 

TYPICAL APPLICATions 

Fast Electronic Circuit Breaker Battery Voltage Sensing Circuit 
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___ ....... _VOUT 

MAIN 

10k + 
VB 

Rl 
10k ...---

R2 
2k 

Memory Save-on-Power-Down 

VIN~7.5V _+---

+ 

5.1k 

2.2k 

----____ +sv 

4.7k MAIN OUT 

'-¥lv-+ ..... 2",.2,..,.k -+--f---- +5V 
AUX OUT 

Uk 

LM311 

The auxiliary output powers the memory, while the main 
output powers the system and is connected to the memory 
store pin. When power goes down, the main output goes 
low, commanding the memory to store. The auxiliary output 
then drops out. 

---.---+5V 

---r---+5V 



LTl OOSM/LTl oose 
TYPICAL APPLICATions 

TO SECONDARY 
Of AC 

POWER 

TRANSfORMER 

Line Dropout Detector 

TRIP SET 

+ 

3k 

10 Amp Regulator with Current and Thermal Protection 

MJ15004 
OR 

DC ---,~O",.05",!l ...... __ -.-----.2N439r6 ______ ...... __ ...... __ + 5V 

IN + 10A 

1.2k 20n 

10k 

1k 

10k 

100C C 
N.D. THERMOSWITCH 
ON HEATSINK 

I 1000"' 

3.3k 

+5V 

+ 5V AUXILIARY 

DROPOUT 
SIGNAL 

3-23 

II 



LTl 005M/LTl 005e 

SCHEmATIC DIAGRAm 

PACKAGE DESCRIPTion 
TO·220 PACKAGE (5 LEAD) 

.355- 310 
~ 

n~ 
.570-.610 

14478-15.494 

.062-0.72 j 
~ 
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\ \ TJMAX \ 9JC \ 

\ LT1005C \ 125"C \ 5"CIW \ 

4·Pin Metal Package Similar to JEDEC TO·3 

Jf~~ 
1.131(3899) 

! ,770': S6J1 
.H3(7.44J 
.2131693) 

"Ilf l'I:,J.J3~1" 
.421 (10.69) ~ ~ J::--
III iwll. ) 

-..J~ .D4tll.o,c) 1M 
1.:17(.940) 

.UI(13.34) ... 
All dimensms n inches .... and millrne\erS (parentheses) 

TJMAX 9JC 

lT1005M 150"C 4"CIW 

LT1005C 125"C 4"CIW 



L7~lO~~--3-A-.-N-e-g-a-t-iv-e-A-d-j-UL_~_~O_:-I: 
FEATURES 
• Guaranteed 1% Initial Voltage Tolerance 
• Guaranteed 0.015%IV Line Regulation 
• Guaranteed 0.02%/W Thermal Regulation 
• 100% Burn-in in Thermal Limit 

APPLICATions 
• Adjustable Power Supplies 
• System Power Supplies 
• Precision Voltage/Current Regulators 
II On-Card Regulators 

Precision Regulator t 

+ 

-VIN--*------l 

IMPROVED LINE & LOAD REGULATION * * 

* R - R, V ,- 3}5( OUT - 3.75) 

* * REGULATION IS IMPROVED BY VauT 
1.25 

t EXTERNAL LT1004 REFERENCE IMPROVES 
LINE, LOAD, AND THERMAL REGULATION 

R, 
374n 

f-------"*---VOUT 

Regulator 
DESCRIPTion 
The LT1033 negative adjustable regulator will deliver 
up to 3 Amps output current over an output voltage 
range of -1.2V to -32V. Linear Technology has 
made significant improvements in these regulators 
compared to previous devices, such as better line and 
load regulation, and a maximum output voltage error 
of 1%. 

The LT1033 is easy to use and difficult to damage. In
ternal current and power limiting as well as true ther
mal limiting prevents device damage due to overloads 
or shorts, even if the regulator is not fastened to a heat 
sink. 

Maximum reliability is attained with Linear Technol
ogy's advanced processing techniques combined with 
a 100% burn-in in the thermal limit mode. This as
sures that all device protection circuits are working 
and eliminates field failures experienced with other 
regulators that receive only standard electrical 
testing. 

Current Limit 

I I 
I 

I 
I 

..... 
~ 

, ~ 
I N I 

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

I 
I 
! 

o 5 10 15 20 25 30 35 

INPUT-OUTPUT DIFFERENTIAL (V) 
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LT1033 

ABSOLUTE mAXimum RATinGS PREconDITiOninG 
Power Dissipation ............. Internally limited 100% THERMAL LIMIT BURN-IN 
Input to Output Voltage Differential . . . . . . . . .. 35V 
Operating Junction Temperature Range PACKAGE/ORDER InFORmATion 

LT1033M .................. -55°C to 150°C 
LT1033C ..................... O°C to 125°C 

Storage Temperature Range 
LT1033M .................. -65°C to 150°C 
LT1033C .................. -65°C to 150°C 

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

BOTTOM VIEW 

KPACKAGE 
TO·3 METAL CAN 

LT1033MK 
LT1033CK 

T PACKAGE 

LT1033CT 

ELECTRICAL CHARACTERISTICS (See note 1) 
lTI033M lTI033C 

SYMBOL PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 
VREF Reference Voltage IVIN-Vourl = 5V, lour = SmA, 

TJ = 25°C -1.238 -1.250 -1.262 -1.238 -1.250 -1.262 V 

3V <;; !VIN - vourl d5V 
SmA <;; lour <;; IMAX, P <;; PMAX • -1.215 -1.250 -1.285 -1.200 -1.250 -1.300 V 

.c.Vour Load Regulation 10mA <;; lour <;; IMAX, (See Note 2) 

.c.lour Tj = 25°C, ! Your I <;; 5V 

TJ = 25°C,lvour l;;;, 5V 

!Vour !<;;5V 

IVour !;;;,5V 
.c.Vour Line Regulation 3V <;; I VIN - Your ! <;; 35V, (See 
.c.VIN Note 2) 

TJ = 25°C 

Ripple Rejection Your = -10V, 1 = 120Hz 
CAOJ = 0 
CAOJ = 1O!LF 

Thermal Regulation TI = 25°C, 10msec Pulse 
IAOJ Adjust Pin Current 
.c.IAOJ Adjust Pin Current Change 10mA <;; lour <;; IMAX 

3V <;; IVIN-Vourl <;; 35V 
Minimum Load Current !VIN-Vour! <;; 35V 

IVIN-Vour ! <;; 10V 
Isc Current Limit IVIN-Vourl <;; 10V, (See Note 2) 

VIN-Vour = 35V, 
T = 25°C 

.c.Vour Temperature Stability 01 Output 
.c.Temp Voltage TMIN <;; T <;; TMAX 
.c.Vour Long Term Stability TA = 125°C, 1000 Hours 
.c.Time 

en RMS Output Noise TA = 25°C, 10Hz <;; f <;; 10kHz 
(% 01 Your) 

0JC Thermal Resistance T Package 
Junction to Case K Package 

The. denotes the specificatiors which apply over the full operating 
temperature range. Otherwise Ti = 25°C. 
Nola 1: Unless otherwise indicated, these specifications apply: 
I VIN - Vour ! = 5V; and lour = 5mA. Power dissipation is internally 
limited. However, these specifications apply for power dissipation up 
to 30W. See guaranteed minimum output current curve. IMAX = 3A. 
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10 50 10 50 mV 

0.2 1.0 0.2 1.0 % 

• 20 75 20 75 mV 

• 0.4 1.5 0.4 1.5 % 

0.005 0.015 0.01 0.02 %IV 

• 0.01 0.04 0.02 0.05 %IV 

56 66 60 dB 
70 80 66 77 dB 

0.002 0.02 0.002 0.02 %/W 

• 65 100 65 100 !LA 

• 0.2 2 0.5 2 !LA 

• 1.0 5 2 5 !LA 
2.5 5.0 2.5 5.0 mA 

1.2 3.0 1.2 3.0 mA 
3 4.3 6 3 4.3 6 A 

0.5 1.3 2.5 .5 1.3 2.5 A 

• 0.6 1.5 0.6 1.5 % 

0.3 1.0 0.3 1.0 % 

0.003 0.003 % 

4 °C/W 
1.2 2.0 1.2 2.0 °C/W 

Nola 2: Testing is done using a pulsed low duty cycle technique. See 
thermal regulation specifications for output changes due to heating 
effects. Load regulation is measured on the output pin at a pOint 1/8" 
below the base of the package. 



TYPICAL PERFORmAnCE CHARACTERISTICS 
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TYPICAL PERFORmAnCE CHARACTERISTICS 
Load Regulation" 
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Output Current Adjustment Current 
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OUTPUT CURRENT (A) INPUT·OUTPUT DIFFERENTIAL (V) TEMPERATURE ('C) 
* The lT1033 has load regulation compensation 

which makes the typical unit read close to 
zero. This band represents the typical 
production spread. 

APPLICATion InFORmATion 
Output Voltage: The output voltage is determined by 
two external resistors, R1 & R2 (see Figure 1). The ex
act formula for the output voltage is: 

VOUT = VRet ( 1 + :~ ) + IADJ (R2) 

Where: VRel = Reference Voltage, IADJ = Adjustment 
Pin Current. In most applications, the second term is 
small enough to be ignored, typically about 0.5% of 
VOUT. In more critical applications, the exact formula 
should be used, with IADJ equal to 65tlA. Solving for R2 
yields: 

R - VOUT - VRet 
2-

VRet I 
- - ADJ 
Rl 

Smaller values of R1 and R2 will reduce the influence of 
IADJ on the output voltage, but the no-load current 
drain on the regulator will be increased. Typical values 
for R1 are between 100n and 300n, giving 12.5mA 
and 4.2mA no-load current respectively. There is an 
additional consideration in selecting R1, the minimum 
load current specification of the regulator. The operat
ing current of the LT1033 flows from input to output. If 
this current is not absorbed by the load, the output of 
the regulator will rise above the regulated value. The 
current drawn by R1 and R2 is normally high enough to 
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absorb the current, but care must be taken in no-load 
situations where R1 and R2 have high values. The 
maximum value for the operating current, which must 
be absorbed, is 5mA for the LT1033. If input-output 
voltage differential is less than 10V, the operating cur
rent that must be absorbed drops to 3mA. 

R2 

+ + 
C2 t C3 
5~F 2~F 

VREF R1 

-VIN 
~ 

. -VOUT 

Figure 1 

EXAMPLE: 

1. A precision 10V regulator to supply up to 3 Amp load current. 

a. Select Rl = lOOn to minimize effect of IADJ 

b. Calculate R2 = VOUT - VRet = 10V - 1.25V = 704n 
VRet _ I 1.25V - 65 A 
R1 ADJ lOOn J.L 



APPLICATion InFoRmATion 
Capacitors and Protection Diodes: An output capacitor, 
C3, is required to provide proper frequency compen
sation of the regulator feedback loop. A 2~F or larger 
solid tantalum capacitor is generally sufficient for this 
purpose if the 1MHz impedance of the capacitor is 1n 
or less. High a capacitors, such as Mylar, are not rec
ommended because they tend to reduce the phase 
margin at light load currents. Aluminum electrolytic 
capacitors may also be used, but the minimum value 
should be 25~F to ensure a low impedance at 1MHz. 
The output capacitor should be located within a few 
inches of the regulator to keep lead impedance to a 
minimum. The following caution should be noted: if 
the output voltage is greater than 6Vand an output ca
pacitor greater than 20~F has been used, it is possible 
to damage the regulator if the input voltage becomes 
shorted, due to the output capacitor discharging into 
the regulator. This can be prevented by using diode 01 
(see Figure 2) between the input and the output. 

The input capacitor, C2, is only required if the regula
tor is more than 4 inches from the raw supply filter 
capacitor. 

Bypassing the Adjustment Pin: The adjustment pin of the 
LT1033 may be bypassed with a capacitor to ground, 
C1, to reduce output ripple, noise, and impedance. 
These parameters scale directly with output voltage if 
the adjustment pin is not bypassed. A bypass capaci
tor reduces ripple, noise, and impedance to that of a 
1.25V regulator. In a 15V regulator for example, these 
parameters are improved by 15V/1.25V = 12 to 1. 
This improvement holds only for those frequencies 
where the impedance of the bypass capacitor is less 
than R1. Ten microfarads is generally sufficient for 
60Hz power line applications where the ripple fre
quency is 120Hz, since Xc = 130n. The capacitor 
should have a voltage rating at least as high as the 
output voltage of the regulator. Values larger than 
1O~F may be used, but if the output is larger than 25V, 
a diode, 02, should be added between the output and 
adjustment pins (see Figure 2). 

+ 
Ct -

--<>--- VIN 
ADJ /' 

LT1033 VOUT 

o~ IN4002 

.... 

R2 

Rt 
t-02* * ... ~ IN4002 

LT1033 

J-
+ 

:: C3 

VOUT 

.,. 
CIC e a: 
oJ ::» 

* 01 protects the regulator from input shorts 10 * * 02 protects Ihe adjust pin of the regulator .1\ 
ground. It is required only when C3 is larger from output shorts if C2 is larger than 10~F V 
than 20~F and VOUT is larger than 6V, and VOUT is larger Ihan - 25V. lUI 

Figure 2 
CIC 
lUI 

" a: 
Proper Connection of Divider Resistors: The LT1033 has !:i 
a load regulation specification of 0.8% and is mea- g 
sured at a point 1/8" from the bottom of the package. 
To prevent degradation of load regulation, the res is- II 
tors which set output voltage, R1 and R2, must be con-
nected as shown in Figure 3. Note that the positive 
side of the load has a true force and sense (Kelvin) 
connection, but the negative side of the load does not. 

lead resistance here does not 
/'" affect load regulation. 

R2 

Figure 3 

, 
lead resistance here degrades 
load regulation. Minimize 
the length of this lead. 

R1 should be connected direct/yto the output lead of 
the regulator, as close as possible to the specified 
point 1/8" from the case. R2 should be connected to 
the positive side of the load separately from the posi
tive (ground) connection to the raw supply. With this 
arrangement, load regulation is degraded only by the 
resistance between the regulator output pin and the 
load. If R1 is connected to the load, regulation will be 
degraded. 
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TYPICAL APPLICATions 
The output stability, load regulation, line regulation, 
thermal regulation, temperature drift, long term drift, 
and noise, can be improved by a factor of 6.6 over the 
standard regulator configuration. This assumes a 
zener whose drift and noise is considerably better 
than the regulator itself. The LM329B has 20PPM/oC 
maximum drift and about 10 times lower noise than 
the regulator. 

In the application shown below, regulators #2 to UN" 
will track regulator # 1 to within ± 24mV initially, and 
to ± 60mV over all load, line, and temperature condi
tions. If any regulator output is shorted to ground, all 
other outputs will drop to :::::: - 2V. Load regulation of 
regulators 2 to uN" will be improved by VouT/1.25V 
compared to a standard regulator, so regulator #1 
should be the one which has the lowest load current. 
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Multiple Tracking Reguhitors 
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The following table allows convenient selection of 
program resistors from standard 1% values. 

OUTPUT 
ERROR 

VOUT R, R2 (Ufo) 
5 100 301 0.6 
6 121 453 -0.7 
8 115 619 0.6 

10 115 806 0.6 
12 118 1020 1 
15 100 1100 0.5 
18 150 2000 0.2 
20 121 1820 0.8 
22 130 2150 0.2 
24 121 2210 0.9 
28 115 2430 -0.7 
30 121 2740 -0.9 

100 
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PACKAGE DESCRIPTion 
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1'-11.~,..tln'll'\l2 LT1035M/LT1035C 
~~ TECHNOLOGY~---L-o-g-ic-C--o-nt-ro-II-e-d-R-e-g-u-Ia-to-r 

FEATURES 
• Two Regulated Outputs 

+5V at 3A 
+5V at 75mA 

• 2% Output Voltage Tolerance 
• 66dB Ripple Rejection 
.0.7% Load Regulation 
• TTL and CMOS Compatible Logic Control 
.100% Thermal Burn-In on All Devices 

APPLICATions 
• Power Supply Sequencing 
• Remote On/Off Power Control 
• Selective System Power during Emergency Power 

Operation 
• Memory Power Supply with Back-Up 

Functional Diagram 

VIN IN OUT 

ENABLE 

LT1035 
2EN GND AUX 

LOGIC,-

+5V, 

ovL 

+5V 

DESCRIPTion 
The LT1035 features two positive 5V regulators in the 
same package. The main regulator offers excellent per- ~ 
formance while supplying load currents up to 3A, and the 0 ... 
auxiliary regulator provides similar performance while C!: 
supplying lighter loads of 75mA. The main regulator has .J 

the additional feature of being under the shutdown con- ~ 
trol of a logic signal. When the enable pin is taken to a low ~ 
logic level, the main regulator shuts down and its output a::: 
voltage goes to near OV. During this command, the aux- '" 
iliary output is unaffected by the main regulator's condi- ~ 
tion and continues to provide a 5V output. !:i 
The main output has current and power limiting com
bined with thermal shutdown to make it virtually blowout 
proof. The auxiliary output is not affected by the thermal 
shutdown mechanism or the state of the main output, 
allowing it to be used as a back-up in case of overloads or 
shorts on the main supply. 

The logic input of the LT1035 (enable pin) has a 1.6V 
threshold and can be driven from a high source im
pedance. This allows it to be driven by most logic 
families, including TTL and CMOS. 

For a 1 A version of the L T1 035, please see the L T1005 
data sheet. For a 12V output voltage version, consult the 
factory. 

4.0 
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LT1035M/LT1035C 

ABSOLUTE mAXimum RATinGS 
Power Dissipation-Continuous . .............. 24W 
Power Dissipation-Fault Conditions . .. Internally Limited 
InputVoltage(VIN) ........................ 20V 
Enable Voltage (V EN) ...................... 20V 
Operating Junction Temperature 

LT1035M ................... -55°Cto 150°C 
LT1035C ...................... O°Cto 125°C 
Storage . ................... -65°Cto 150°C 

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

PREconDITiOninG 
100% Burn-In in Thermal limit 

PACKAGE/ORDER InFORmATion 

BOTTOM VIEW 

4 LEAO TO·3 

FRONT VIEW 

o /GND(TAB) 

1 2 3 4 5 
o 

5 LEAD TO·220 

ORDER PART 
NUMBER 

LT1035MK 
LT1035CK 

LT1035CT 

ELECTRICAL CHARACTERISTICS Main Regulator (See Note 1) 

LT1035M LT1035C 
SYMBOL PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

Va Output Voltage Tj=25°C 4.9 5.0 5.1 4.9 5.0 5.1 V 
High 7.7V"" VIN"" 20V' 

Po"" 24W • 4.B 5.0 5.2 4.B 5.0 5.2 V 
OmA"" 10"" 3A 

Low 7V"" VIN"" 12.5V • 0.1 0.2 0.1 0.2 V 
VIN =20V • 0.1 0.3 0.1 0.3 V 

ilVa Load Regulation (Note 6) BV"" VIN"" 12.5V 
~ 0"" 10"" 3A (Note 2) • 10 35 10 35 mV 

ilVa Line Regulation 7.4V"" VIN"" 20V 0.3 2 0.3 2 mV/V 
ilVIN (Note 2) 

Ripple Rejection 50Hz"" f"" 500Hz 60 70 60 70 dB 
Thermal Regulation ilPD = 20W (Note 4) 0.003 0.012 0.003 0.012 %/W 

10 Available Load Current (Note 6) BV""V IN "" 12.5V • 3 4 3 4 A 
VIN =20V • 1.6 2.4 1.6 2.4 A 

Isc Short Circuit Current VIN=BV 4 6 4 6 A 
VIN =20V 2.5 4 2.5 4 A 

VIN Minimum Input Voltage to (Note 5) 
Maintain Regulation la=1A • 7.2 6.7 7.2 6.7 V 

la=3A • 7.7 7.2 7.7 7.2 V 
10 Quiescent Current Output High 3 5 3 5 mA 

Output Low 2 4 2 4 mA 

8jC Thermal Resistance, TO-3 1.5 2.5 1.5 2.5 °C/W 
Junction to Case TO-220 2 3 °C/W 
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LT1035M/LT1035C 

ELECTRICAL CHARACTERISTICS Auxiliary Regulator (See Note 1) 

LT1035M LT1035C 
SYMBOL PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

Vo Output Voltage Ti = 25'C 49 5.0 5.1 4.9 5.0 5.1 V 

7.2V"" V1N "" 20V 
OmA"" 10"" 75mA • 4.8 5.0 5.2 4.8 5.0 5.2 V 

t:.Vo Load Regulation 7.2V"" V1N"" 20V 
To OmA"" 10"" 75mA • 5 15 5 15 mV 

(Note 2) 

t:.Vo Line Regulation 7.2V"" VIN"" 20V 0.2 1 0.2 1 mV/V 

t:.VIN (Note 2) • 2 2 mV/V 

Ripple Rejection 50Hz"" f"" 500Hz 74 74 dB 

Isc Short Circuit Current 7.0V""VIN=20V 140 250 140 250 mA 

V1N Minimum Input Voltage to (Note 5) 
Maintain Regulation 10"" 10mA • 6.5 6.2 6.5 6.2 V 

10 = 75mA • 7.2 6.8 7.2 6.8 V 

ELECTRICAL CHARACTERISTICS Logic Control (See Note 1) 

SYMBOL PARAMETER CONDITIONS 

VEN Enable Threshold Voltage 7.0V"" VIN"" 20V 
Ti =25'C 

Enable Pin Current VEN "" 1V (Note 3) 
VEN ;;,; 2.4V 

The. denotes the specifications which apply over the full operating 
temperature range. 
Note 1: Unless otherwise indicated, these specifications apply for 
V1N =10V, 10=OmA, and Ti=25'C. 
Note 2: Line and load regulation is measured using a low duty cycle 
pulse, causing little change in the junction temperature. Effects due to 
thermal gradients and device heating must be taken into account 
separately. 

LT1035M LT1035C 
MIN TYP MAX MIN TYP MAX UNITS 

1.45 1.6 U 1.45 1.6 1.7 V 

• 1.3 1.6 1.8 1.3 1.6 1.8 V 

0 1.5 6 0 1.5 6 I'A 
0 1 0 1 I'A 

Note 3: When the enable pin is at a low logic level, current flows out of 
the enable pin. 
Note 4: Pulse length for this measurement is 20ms. 
Note 5: Input voltage is reduced until output drops by 100mV from its 
initial value. 
Note 6: See "Guaranteed Load Current" graph. 
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TYPICAL PERFORmAnCE CHARACTERISTICS 

Minimum Input-Output 
Differential of Main Output 
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TYPICAL PERFORmAnCE CHARACTERISTICS 
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LT1035M/LT1035C 

APPLICATions InFoRmATion 

General Information 

The LT1035 is a dual output 5V regulator. The main out
put is capable of delivering up to 3A of load current and 
can be shut down with a logic signal. The auxiliary output 
supplies a minimum of 75mA and is unaffected by the 
logic signal. The outputs are trimmed to ± 2% initial 
tolerance and exhibit excellent line and load regulation. 

The logic control feature makes the L T1 035 ideal for 
many system applications where it is desirable to power
up a portion of the system for a period of time, and then 
power the system down during a standby operation. As 
an example, the L T1 035 could be used to activate various 
memory space locations only as needed, thus saving 
substantial power dissipation and other cooling costs. 
The L T1 035 could also be used to power microcomputers 
such as the 8048 series. The auxiliary supply can be 
used for RAM keep-alive during power-down operation. 
Additional power savings can be accomplished by using 
the LT1035 to power PROM, EPROM, and E2PROM 
devices. During program load or look-up table opera
tions, the ROM type device can be activated and its con
tents placed in RAM, and then the ROM power can be 
removed. Or for high speed but low power data acquisi
tion systems, the power could be applied to fast memory, 
then the data transferred to CMOS memory. The main 
regulator can then be shut down and the CMOS memory 
can be powered by the auxiliary for lower power dissipa
tion. Other applications such as multiple power supply 
sequencing, elimination of expensive AC and DC power 
switches, delayed start applications, switching 5V DC 
loads, and many others are now easily accomplished. 

Timing functions, such as delayed power-up or power
down, can also be performed directly at the enable pin. 

Because a logic low on the enable pin shuts down the 
main regulator, feedback from output to enable can be 
used to generate hysteresis or latching functions. 

The low quiescent current drain of the LT1035 makes it 
useful in battery-powered or battery back-up applica
tions. The enable pin can be used as a "low battery" 
detector or to shut down major portions of system power, 
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allowing memory portions to continue to operate from the 
auxiliary output. At low output currents, the auxiliary out
put will regulate with input voltage typically as low as 
6.1V, giving maximum battery life. 

Good design practice with all regulators is to bypass the 
input and output terminals. A 2ttF solid tantalum at the in
put and at both outputs is suggested. For the applications 
which follow, the bypass capaCitors are still recom
mended, but for simplicity are not shown on the diagram. 
It is also recommended that for maximum noise immunity 
the voltage enable pin be tied high if it is unused. It can be 
tied directly to VIN, as shown in Figure 1, or to the aux
iliary output. If the enable pin is left open, it will float to a 
high logic level of approximately 1.6V and the main out
put regulator will be at 5V. 

Figure 1 

The enable pin is fully protected against input voltages up 
to 20V, even if the power input voltage is zero. 

The basic shutdown control circuit uses a direct gate 
drive or an open collector driver and a pull-up resistor 
which are tied to VAUX, as shown in Figure 2. 

7.5-20V -'-()UTl-----e__ +5V 

Figure 2 



APPLICATions InFoRmATion 

Driving the Enable Pin 

The enable pin equivalent schematic is shown in Figure 3. 
Basically, enable pin current is zero above the threshold 
and about 1.SpA below the threshold, flowing out of the 
pin. Standard logic, such as TIL and CMOS, will inter
face directly to the enable pin, even if the logic output 
swing is higher than the input voltage (V IN) to the 
regulator. 1SV CMOS can be used to drive the enable pin, 
even if the regulator is not powered up, without loading 
the CMOS output. 

. "--}:.",, 
Figure 3 

Timing functions, such as delayed power-up or power
down, can be implemented by driving the enable pin with 
an RC network. The current flowing out of the enable pin 
should not be used as the timing current in delayed 
power-up applications as it is temperature sensitive and 
varies somewhat from device to device. Instead, a re
sistor tied to the auxiliary output, the input, or to a logic 
signal should be used. The timing resistor chosen should 
provide at least 2Sp.A of current to "swamp out" the ef
fects of the internal current. 

Main Output Current/Voltage Characteristics 

Following a high to low transition at the enable pin, the 
main regulator output will begin to drop after a delay of 
approximately 0.4JLs. With no capacitive load, the output 
will fall to zero in approximately 0.8JLs (R L = 2fH 000). 
With a capacitive load, fall time is limited by the RC prod
uct of the load and the output capacitance. For light loads 
(R L> 4000), the discharge time is controlled by an inter
nal current pull-down of 1SmA for output voltages down 
to 1.SV. Below 1.SV, the pull-down current drops to 
::::4mA. The DC output voltage in the shutdown mode is 
approximately 0.07V for input voltages (VIN) up to 12V. If 
VIN is 20V, the output during shutdown will be approx
imately 0.15V due to an internal current path in the 
regulator. 

10 

o 

LT1035M/LT1035C 

Output Characteristics in Low 
State 

VIN=10V I 
v 

/ I 
./ 1/ 

,? .......... / 
Tj= 251= -- Tj= -55'C 

'1"1 
I I!Tj=150'C 

/1 

/ 

o 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 
OUTPUT VOLTAGE (V) 

Figure 4 

The user should note that the output in the low state can 
only sink about 3mA. If current is forced into the output, 
the output voltage will rise to 1 V at SmA and about 1. SV at 
10mA. With no output capacitor, the rise time of the main 
output is about 3JLs. With an output capacitor, rise time is 
limited by the short circuit current of the L T1035 and the 
load capacitance; tr"",(C) (5V)/4A. A 10JLF output 
capacitor slows the output rise time to approximately 12JLS. 

Output Current 

The main output current limits at about 4A for input 
voltages below 12.SV. Internal foldback, or "power 
limiting", circuitry detects the input-output voltage dif
ferential and reduces current limit for input to output 
voltages exceeding 7.SV.' With 20V input, for instance, 
short circuit current is reduced to "", 2.4A. 

An additional feature of the LT1035 is that the auxiliary 
supply does not incorporate, nor is it affected by, thermal 
shutdown. Any fault condition of the main regulator will 
not affect the auxiliary output voltage. 

The following applications circuits will serve to indicate 
the versatility of the LT1035. 
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LT1035M/LT1035C 

TYPICAL APPLICATions 

First-On, Last-Off Sequencing 

+5V V,N 

+5V 

R5 
68k 

To. (1) ~ 50ms 

To. (2) ~ 150ms 
50pF 

R3 
1k 

OFF ,ON 

C1 
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Power Supply Turn-On Sequencing 

rC2 

R1 

11 =0.4 R1 C1 12=0.4 R2 C2 

Thermal Cutoff at High Ambient Temperature 

Toff ~ 58'C 

Ton ~ 42'C 

--....... -+5V 

51.1k 
67p}. 

'YELLOW SPRINGS #44008, 30k!l @ 25'C 

First-On, First-Off Sequencing 

Fast Turn-Off, Delayed Turn-On 

+5V 

• CAN BE ANY GATE TYPE 

R1 
100k 

TON ~0.3 R1C1 

Latch-Off for Vours 4. 7V 

----;---r-+ 5V 

---<~....-_+5V 

R1 
1.5k 

R3 
4.7k 

25mA 
MINIMUM 
LOAD 

+5V 

+5V 

R6 
68k 



TYPICAL APPLICATions 

VIN 

EN 

Proportional Motor Speed Controller 

1N914 

VIN 

Opto-Coupled Output Control 

VIN IN +SV 

LT1035 

EN GNO AUX +SV 

i /IJ/IJ I COUPLER "ON" ~ OUTPUT "ON" 

-= IAI I I 
- --' 

SELECT R DEPENDING UPON THE 
ON-RESISTANCE OF THE OPTO COUPLER 

Latch-Oil when Output Short 

27k 

'---+-- +SV 

LT1035M/LT1035C 

High Input Voltage Detection 

TRANSFORMER AND 
RECTIFIER SET 
VIN ~ 9V DC NOMINAL 

R1 
7,Sk 

IN 

EN 

OUT +SV 

moss 
GND AUX 

-= 

+SV 

1N4148 R3 VshutoH (INPUT) 

R2 
3,6k 

4.7k ~ (38V) (~) 

OUTPUT SHUTS Off WHEN 110VAC TRANSfORMER 
IS OVER VOLTAGED TO 220VAC, 

Push-On, Push-Off 

[;1Nw:-____ "C9Ilfu)'fl, ~------.--_--_- +sv 
Ll1035 ' - + C2 

GND AUX + sv 1_ 10"f 100k 

2k 

EN 

.I. +----<l 
3k 

If C2 IS LARGER THAN 10"f, C1 SHOULD BE 
INCREASED TO C2I10 

Delayed Power-Up 

VIN +SV 

+SV 

R1 
27k tDELAY~O.4 R1C1 

10k 

10k 
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LT1035M/LT1035C 

TYPICAL APPLICATions 
Fast Electronic Circuit Breaker Battery Voltage Sensing Circuit 

'------..--- +5V 

:1-----1---- +5V 

R3 

Memory Save on Power-Down 

TO SECONDARY 
OFAC 
POWER 
TRANSFORMER 
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VIN"'7.5V---<~----

5.1k 

2.2k 

4.7k 

LT1011 

+5V 
MAIN OUT 

+5V 
AUX OUT 

THE AUXILIARY OUTPUT POWERS THE MEMORY. WHILE THE MAIN OUTPUT 
POWERS THE SYSTEM AND IS CONNECTED TO THE MEMORY STORE PIN. 
WHEN POWER GOES DOWN. THE MAIN OUTPUT GOES LOW. COMMANDING THE 
MEMORY TO STORE. THE AUXILIARY OUTPUT THEN DROPS OUT. 

Line Dropout Detector 

TRIP SET 

3k 

+5V 

+ 5V AUXILIARY 

DROPOUT 
SIGNAL 



TYPICAL APPLICATions 

VIN 
10VDC-

20VDC 

3.9k 
1k 

Low Dissipation Regulator 

1000pF 
3k 

5k 

SCHEmATIC DIAGRAm 

5k 

OUTPUT 
CONTROL 

LOGIC 

'DALE TD-5 

5V/3A 
OUTPUT 

LT1035M/LT1035C 

45 

40 

~ 
35 

'" 
~ 3D 

in 
g 25 

20 

15 

Regulator Losses at lOUT = 3A 

I L/ 
L~10315 DRIvEN IFROM VIN/ 

(+,1 1 " - LINE I 
VOLTAGE bV 

_ 140VAC 

-90VAy // i 

Y I 
I 
I 

V j11015 DR1IVEN FROM PRE-REGULATOR 

I 
10 11 12 13 14 15 16 17 18 19 20 

INPUT VOLTAGE (Voel 

THIS CIRCUIT IS DESIGNED TO REDUCE POWER DISSIPATION 
IN THE L11035 OVER A 90VAC-140VAC INPUT RANGE. 

GND 
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LT1035M/LT1035C 

PRCKRGE DESCRIPTion 
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TO-220 Package (5 Lead) 

l 0.390-0.410 r 
(9.906-10.41) 

0.570-0.610 0.147 -0.151 ,,,.-, .. , "~~ 

0.100-0,120 
(2.540-3.0481 

~ 

0.170-0.180 l (4.318-4.572) 
0.045-0.055 1 F..,43-U97) 

+ 

r i D 0.880-0.910 
(22.35-23.11) UJ o.m' 0.355-0.370 

(9.017 -9.398) 

rr-rr 
0.460-0.500 _ L_ ! 
(11.68-12.70) 0620 U -.- 0.710 

(15.751 (18.031 

.050 
--;GT7j 

ill ~J~L (1.574-18.29) ~ ~ 

(0.762-1.016) 
0.013-0.025 
(0.330-0.635) 

4-Pin Metal Package Similar to JEDEC TO-3 

0.470 
li!'",1 
OIA PIN 
CIRCLE 

(:85:: = :,5::I:---l 
i-_t-_-r __ (:_;:_~_=_:9 __ ::::j I~ 
~=:tIIt :::r==::;:;::::::;:;:::::::I! :Di 11 ~~~G 
0r=-'.4f-20-------~ ~~~ (:~:;) 

0.038-0.043 
(10.67) (0.965-1.092) 

DIA 

0.525 
(13.33) 

MAX 

2 HOLES 

+-- 0.151-0.161 
(3.835-4.089) 

(~:~~~) R 
2 PLACES 



'~Llnlt\12 LT1036M/LT1036C 
~~ TECHNOLOG~~~---L-o-g-iC--C-o-n-tr-o-lIe-d--Re-g--ul-a-to-r 

FEATURES 
• Two Regulated Outputs 

+ 12Vat 3A 
+5Vat 75mA 

• 2% Output Voltage Tolerance 
• 60dB Ripple Rejection 
• 0.7% Load Regulation 
• TIL and CMOS Compatible Logic Control 
• 100% Thermal Burn-In on All Devices 

APPLICATions 
• Power Supply Sequencing 
• Remote On/Off Power Control 
• Selective System Power during Emergency Power 

Operation 
• Power Supply with Back-Up 

Functional Diagram 

"""""=".."..,.....,1 +12V~ 
ovL--

ENABLE --Itl''';'''./l +5V 

LOGIC L 

DESCRIPTion 
The LT1036 features two positive regulators in the same 
package. The 12V main regulator offers excellent per
formance while supplying load currents up to 3A, and the 
5V auxiliary regulator provides similar performance while 
supplying lighter loads of 75mA. The main regulator has 
the additional feature of being under the shutdown control 
of a logic signal. When the enable pin is taken to a low 
logic level, the main regulator shuts down and its output 
voltage goes to near OV. During this command, the auxil
iary output is unaffected by the main regulator's condition 
and continues to provide a 5V output. 

The main output has current and power limiting combined 
with thermal shutdown to make it virtually blowout proof. 
The auxiliary output is not affected by the thermal shut
down mechanism or the state of the main output, allowing 
it to be used as a back-up in case of overloads or shorts on 
the main supply. 

The logic input of the LT1036 (enable pin) has a 1.6V 
threshold and can be driven from a high source impe
dance. This allows it to be driven by most logic families, 
including TTL and CMOS. 

For a dual5V version of the LT1036, please see the LT1035 
data sheet. 

4.5 

3.5 

~ 3 
>-
~ 2.5 

!5 2 
OJ 

1.5 

0.5 

o 

Guaranteed Load Current, 12V 
Output 

" ......... 

r--... , 
14 16 18 20 22 24 26 28 30 

INPUT VOLTAGE (V) 
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LT1036M/LT1036C 

ABSOLUTE mAXimum RATinGS PACKAGE/ORDER InFORmATiOn 
Power Dissipation-Continuous (Note 6) ........... 24W 
Power Dissipation-Fault Conditions .. Internally Limited 
Input Voltage (VIN) ..........................•.....•. 30V 
Enable Voltage (VEN) .............••.........•.•..... 30V 
Operating Junction Temperature 

LT1036M ............................ - 55°C to 150°C 
LT1036C ...............•................ OOC to 125°C 
Storage .............................. - 65°C to 150°C 

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

PREconDITiOninG 
100% Burn·ln in Thermal Limit 

BonoMVIEW 

4 LEAD TO·3 

FRONT VIEW 

o .¥' GND (TAB) 

5 LEAD TO·220 

ORDER PART 
NUMBER 

LT1036MK 
LT1036CK 

LT1036CT 

ELECTRICAL CH A RACTERISTICS Main Regulator (See Note 1) VIN = 15V unless otherwise specified 

SYMBOL PARAMETER CONDITIONS LT1036M/C UNITS MIN TYP MAX 

Va Output Voltage Tj=25°C 11.76 12 12.24 V 
High 15V::;VIN::;30V • 11.52 12.48 V 

10UT::;IMAl«Note 6) 
Low 7V::;VIN ::;30V • 0.1 0.3 V 

!:,vo Load Regulation (Note 6) VIN = 16V 

.110 0::;lo::;3A(Note2) • 10 80 mV 

.1Vo Line Regulation 15V::;VIN::;30V 1 4 mVIV 
aVIN 

(Note 2) 

Ripple Rejection 50Hz::;f::;500Hz 50 60 dB 
(Note 8) 

Thermal Regulation aPD = 20W (Note 4) 0.003 0.012 %IW 
10 Available Load Current (Note 6) 15V::;VIN::;20V • 3 4 A 

VIN =25V • 2 2.7 A 

Isc Short Circuit Current VIN = 15V 2.3 4 A 
VIN =25V 1 2 A 

VIN Input Voltage to Maintain (Note 5) 
Regulation (Dropout Voltage) 10=lA • 13.8 14.5 V 

10=3A • 14.4 15 V 

10 Quiescent Current Output High 4 5.5 mA 
Output Low 3 4.5 mA 

SjC Thermal ReSistance, TO-3 1.5 2.5 °CIW 
Junction to Case TO·220 2 3 °CIW 
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LT1036M/LT1036C 

ELECTRICAL CHARACTERISTICS Auxiliary Regulator (See Note 1) 

SYMBOL PARAMETER CONDITIONS LT1036M/C UNITS MIN TYP MAX 

Vo Output Voltage Tj=25°C 4.9 5.0 5.1 V 
7.2V :sVIN :s30V 
OmA:slo:s75mA • 4.8 5.0 5.2 V 

AVo Load Regulation 7.2V:sVIN:s30V 

~ OmA:Slo:s75mA • 5 15 mV 
(Note 2) 

AVo Line Regulation 7.2V:sVIN:s30V 0.2 1 mVIV 
AVIN (Note 2) • 2 mVIV 

Ripple Rejection 50Hz:sf:s500Hz 74 dB 

Isc Short Circuit Current (Note 7) 7.0V :sVIN = 30V 140 250 mA 

VIN Input Voltage to Maintain (Note 5) 
Regulation (Dropout Voltage) lo:s10mA • 6.2 6.5 V 

10=75mA • 6.8 7.2 V 

ELECTRICAL CHARACTERISTICS Logic Control (See Note 1) 

SYMBOL PARAMETER CONDITIONS LT1036M/C UNITS MIN TYP MAX 

VEN Enable Threshold Voltage 7.0V:sVIN:s30V 
Tj=25°C 1.45 1.6 1.7 V 

• 1.3 1.6 1.8 V 
Enable Pin Current VEN:s 1V (Note 3) • 0 1.5 12 ~A 

VEN ;;:2.4V • 0 6 ~A 

The. denotes the specifications which apply over the full operating tem· 
perature range. 

Nole 3: When the enable pin is at a low logic level, current flows out of the 
enable pin. 

Nole 1: Unless otherwise indicated, these specifjcations apply for 
VIN= 15V, 10=OmA, and TI = 25°C. 
Nole 2: Line and load regulation is measured using a low duty cycle pulse, 
causing little change in the junction temperature. Effects due to thermal 
gradients and device heating must be taken into account separately. 

Nole 4: Pulse length for this measurement is 20ms. 
Nole 5: Input voltage is reduced until output drops by 100mV from its initial 
value. 
Nole 6: See "Guaranteed Load Current" graph. 
Note 7: Continuous shorts on the auxiliary output are not allowed unless 
adequate heat sinking is used to maintain junction temperature below 
150°C. 
Nole 8: Guaranteed but not tested. 

TYPICAL PERFORmAnCE CHARACTERISTICS 
Minimum Input-Output 
Oifferential of Main Output 

2.6 ,.----r"--r--.----,.----,---, 

~ 2.2 1--+-+--l--:7""F----b~71 
w 
'" ~ 2.0 1---+---: ..... "--+--="F----7I''---I 
~ 
~ 1.8 

~ 1.6 1---7I""---+----:>i"'---I---t--I 

~ 1.4 ~-+-"'*'-+--I---t--I 
1.2 

1.0 L..L..~_--'--_-'---_'----'-_--' 

2.6 

2.4 

2.2 
'> 
:;:; 2.0 

~ 1.8 
~ 
~ 1.6 

~ 1.4 
o 

~ 1.2 
z 
- 1.0 

0.8 

0.6 

Minimum Input-Output 
Oifferential of Auxiliary Output 

Tj=-WV. 

X/~ 
Tj=150"C-~r 

./ /Tj=25"C 

/' ~ 
...&: 
~. 

7./ 
/' 

o 0.5 1.0 1.5 2.0 2.5 3.0 0 
OUTPUT CURRENT (A) 

20 40 60 80 100 
OUTPUT CURRENT (mA) 

! 20 

w 0 
'" o-z 

~:2 -20 
t;o 
o~ 20 

<C 

~ a 
> 

-20 

Line Transient Response, 12V 
Output 

-
r\ COUT1= 1"F1TANT1LUM I--r--

I I J. ..... V 
-

~ 
I J J. 

I--r--COUT= 1O"F TANTALUM 
I 

V 
t.VIN=1V 

VIIN=1fV-r--

4 6 8 10 12 14 
TIME (1'5) 
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LT1036M/LT1036C 

TYPICAL PERFORmAnCE CHARACTERISTICS 

o 

Maximum Available Load 
Current, 12V Output 

Ti=25,1C-
--f-- --f--

I I\, 
DEVICE OUT O~ REGULATION 

, 

o 

50 

BELOW 14V \. 

'\ 

8 12 16 20 24 28 32 
INPUT VOLTAGE (V) 

Load Transient Response, 12V 
Output 

I J'... 
V Cour= l"F TANTALUM 

1 

1 j..... 

"'" Cour=10"F TANTALUM 

1 

-50 

o 

LOAD TRANSIENT 

1 

f-- lour=lA 
rlll our =O.2A 

4 6 8 10 12 14 
TIME (,.s) 

Short Circuit Current, 12V 
Output 

I- TI=25'C 

\ 

\ 

"-
""-

........... 

o 8 12 16 20 24 28 32 
INPUT VOLTAGE (V) 
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Output Switching 
Characteristics 
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APPLICATIons InFORmATion 
General Information 

The LT1036 is a dual output regulator. The main 12V out
put is capable of delivering up to 3A of load current and 
can be shut down with a logic signal. The auxiliary 5V out
put supplies a minimum of 75mA and is unaffected by the 
logic signal. The outputs are trimmed to ± 2% initial toler
ance and exhibit excellent line and load regulation. 

The logic control feature makes the LT1036 ideal for many 
system applications where it is desirable to power-up a 
portion of the system for a period of time, and then power 
the system down during a standby operation. Applications 
such as multiple power supply sequencing, elimination of 
expensive AC and DC power switches, delayed start ap
plications, switching 12V DC loads, and many others are 
now easily accomplished. 

Timing functions, such as delayed power-up or power
down, can also be performed directly at the enable pin. 

Because a logic low on the enable pin shuts down the 
main regulator, feedback from output to enable can be 
used to generate hysteresis or latching functions. 

The low quiescent current drain of the LT1036 makes it 
useful in battery-powered or battery back-up applications. 
The enable pin can be used as a "low battery" detector or 
to shut down major portions of system power, allowing 
memory portions to continue to operate from the auxiliary 
output. At low output currents, the auxiliary output will 
regulate with input voltage typically as low as 6.2V, giving 
maximum battery life. 

Good design prBctice with all regulators is to bypass the 
input and output terminals. A 2JlF solid tantalum at the in
put and at both outputs is suggested. For the applications 
which follow, the bypass capacitors are still recom
mended, but for simplicity are not shown on the diagram. 
It is also recommended that for maximum noise immunity 
the voltage enable pin be tied high if it is unused. It can be 
tied directly to VIN, as shown in Figure 1, or to the auxiliary 
output. If the enable pin is left open, it will float to a high 
logic level of approximately 1.6V and the main output 
regulator will be at 12V. 

The enable pin is fully protected against input voltages up 
to 30V, even if the power input voltage is zero. 

LT1036M/LT1036C 

The basic shutdown control circuit uses a direct gate drive 
or an open collector driver and a pull-up resistor which are 
tied to VAUX, as shown in Figure 2. 

V,N _----<l~iNIN --v,voJ.2---.-- Vo +12V 

LT1036 

EN GND AUX ~~t-- SV 

Figure 1 

7.S-20V IN ',out f-----f"- +12V 

Figure 2 
Driving the Enable Pin 

The enable pin equivalent schematic is shown in Figure 3. 
Basically, enable pin current is zero above the threshold 
and about 1.5JlA below the threshold, flowing out of the 
pin. Standard logic, such as TTL and CMOS, will interface 
directly to the enable pin, even if the logic output swing is 
higher than the input voltage (VIN) to the regulator. 15V 
CMOS can be used to drive the enable pin, even if the 
regulator is not powered up, without loading the CMOS 
output. 

~70pA 
+lV 

_ ENABLE 

Figure 3 

Timing functions, such as delayed power-up or power
down, can be implemented by driving the enable pin with 
an RC network. The current flowing out of the enable pin 
should not be used as the timing current in delayed 
power-up applications as it is temperature sensitive and 
varies somewhat from device to device. Instead, a resistor 
tied to the auxiliary output, the input, or to a logic signal 

3-49 



LT1036M/LT1036C 

APPLICATions InFoRmATion 
should be used. The timing resistor chosen should provide 
at least 25flA of current to "swamp out" the effects of the 
internal current. 

Main Output CurrentNoltage Characteristics 

Following a high to low transition at the enable pin, the 
main regulator output will begin to drop after a delay of ap· 
proximately 0.4flS. With no capacitive load, the output will 
fall to zero in approximately 0.8flS (RL = 4Q to 100Q). With a 
capacitive load, fall time is limited by the RC product of 
the load and the output capacitance. For light loads 
(RL>400Q), the discharge time is controlled by an internal 
current pull·down of 15mA for output voltages down to 
1.5V. Below 1.5V, the pull·down current drops to ",4mA. 
The DC output voltage in the shutdown mode is approxi· 
mately 0.12V due to an internal current path in the 
regulator. (See Figure 4) 

The user should note that the output in the low state can 
only sink about 3mA. If current is forced into the output, 
the output voltage will rise to 1V at 5mA and about 1.5V at 
10mA. With no output capacitor, the rise time of the main 
output is about 12flS. With an output capacitor, rise time is 
limited by the short circuit current of the LT1036 and the 
load capacitance. A 10flF output capacitor slows the out· 
put rise time to approximately 80flS. 

TYPICAL APPLICATiOnS 

Output Current 
The main output current limits at about 4A for input volt· 
ages below 20V.lnternal foldback, or "power limiting", cir· 
cuitry detects the input·output voltage differential and 
reduces current limit for input to output voltages exceed· 
ing 8V. With 25V input, for instance, short circuit current is 
reduced to ",0.9A. 
An additional feature of the LT1036 is that the auxiliary 
supply does not incorporate, nor is it affected by, thermal 
shutdown. Any fault condition of the main regulator will 
not affect the auxiliary output voltage. 

The following applications circuits will serve to indicate 
the versatility of the LT1036. 

10 

V,F15V / / 
17 

/ / 
/" V 

--;7 :; 
T;=251: ,:::::; T;=-55'C 

"l 
I TJ=150'C 

o II 
o 0.2 0.4 0.6 O.B 1.0 1.2 1.4 1.6 

OUTPUT VOLTAGE (V) 

Figure 4 

Fast Turn-Off, Oelayed Turn-On Latch-Off with Outpu! Short Delayed Power-Up 

+12V VIN +12V 

+ Rl I Cl lOOk 

-=- 10.=0.3 Rl Cl 

Thermal Cutoff at High Ambient Temperature 

3-50 

IOFF=5B'C 
10N=46'C 

f------...- +5V 

154k 

'YELLOW SPRINGS #4400B, 30kO @ 25'C 

~. +1~ 

6Bk +5V 

L-+-+5V 

Rl 
27k IO'LAy=0.4 Rl Cl 

Power Supply Turn-On Sequencing 

Rl 

11 =0.4 Rl Cl 12=0.15 R2 C2 



TYPICAL APPLICATions 

First-On, Last-Off Sequencing 

ION (1)=50ms 
ION (2)=150ms 

VIN 
17.5VDC 

TO 3DVDC 

TO SECONDARY 
OF AC 
POWER 
TRANSFORMER 

3.9k 
1k 

R2 
2.2k 

+12V V,N 

+5V 

R5 
150k 

OFF ,ON 
tON (1)=100ms 
tON (2) = 200ms 

Line Dropout Detector 

TRIP SET 

LTl011 

+ 

3k 

Low Dissipation Regulator 

27k 

1000pF 
10.5k 

5k 5k 

'DALE TO-5 

,2 , , , , , , 
L--G= 

OUTPUT 
CONTROL 

LOGIC 

+12V 
OUTPUT 

THIS CIRCUIT IS DESIGNED TO REDUCE POWER DISSIPATION 
IN THE LTl036 OVER A 90VAC-140VAC INPUT RANGE. 

LT1036M/LT1036C 

First-On, First-Off Sequencing 

R3 
1k 

R1 
1k 

R5 
1k 

~S~lllli:~!rl- +5VAUXllIARY 

DROPOUT 
SIGNAL 

Opto-Coupled Output Control 

+12V 

+5V 

+12V 

+5V 

R6 
t50k 

I 
I 

I COUPLER "ON" ~ OUTPUT "ON" 

I I '.H' - ----' 

SELECT R DEPENDING UPON THE 
ON-RESISTANCE OF THE OPTO COUPLER 

3-51 

II 



LT1036M/LT1036C 

SCHEmATIC DIAGRAm 

PACKAGE DESCRIPTion Dimensions in inches (millimeters) unless otherwise noted. 

TO-220 Package (5 Lead) 

l 0390-0.410 r (9906-1041) 

0570-0.610 0.147-0.151 
0100-0.120 

(2540-3048) 

~ 114.48-1549) 1373~ 

+ 

D ,:~t;::, 
0970-1 050 

0.355-0370 J ~ (2464-

(9.017-9398) 

I 

1 

0.,70_0.,;=t ~ (4.318-4,572) 
0.045-0.055 

(1143-1.397) 

I -n 
0460-0500 

(11.68-1270) ~ 0710 U 115.lS) 118031 

0013-0025 
(0330-0635) 

I I liMAX I 8iC I 
I LT1036C I 12S'C I 3'CIW I 
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4-Pin Metal Package Similar to JEDEC TO-3 

LT1036M 

Ll1036C 

0.525 
("iI33j 

MAX 

liMAX 

1S0'C 

12S'C 

8iC 

2.S'CIW 

2.S'CIW 
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FEATURES 
• Guaranteed 0.8% Initial Tolerance 
• Guaranteed 0.4% Load Regulation 
• Guaranteed 10 Amp Output Current 
• 100% Thermal Limit Burn-in 
• 24 Amp Transient Output Current 
• Standard Adjustable Pinout 
• Operates to 35V 

APPLICATions 
• System Power Supplies 
• High Power Linear Regulator 
• Battery Chargers 
• Power Driver 
• Constant Current Regulator 

5V, 10 Amp Regulator 

----<P---..-:5V AT 10A 

3651l 
1% 

Voltage Regulator 

DESCRIPTion III a: 
The LT1 038 is a three terminal regulator which is capable ... 0 
of providing in excess of 10 amps output current over 
1.2V to 32V range. The device is packaged in a standard 5 
TO-3 power package, and is plug-in compatible with ~ 
industry standard adjustable regulators, such as the ~ 
LM 117 and LM 138. Also, the L T1038 is a functional re- a: 
placement for the LM396. 'II 

" a: In addition to excellent load and line regulations, the 
LT1038 is fully protected by current limiting, safe area 
protection and thermal shutdown. New current limiting 
circuitry allows transient load currents up to 24 amps 
to be supplied for 500fts without causing the regulator 
to current limit and drop out of regulation during the 
transient. 

On-chip trimming of initial reference voltage to ± 0.8% 
combined with 0.4% load regulation minimize errors in 
all high current applications. Further, the LT1038 is 
manufactured with standard bipolar processing and has 
Linear Technology's high reliability. 

D.2 

iii: 0.1 

z 
o 
ti 0 

~ 
~ -0.1 
« 
~ 
o i -0.2 

::> 
0_0.3 

-0.4 

r--

r--

Load Regulation 

Iv,N J15v I I 
VOUT=10V -
PRELOAD = 100mA 

-IOUT=6A 

_lOUT 10A I"--,; ...... 
......... 
~ 

-75 -50 -25 0 25 50 75 100 125 150 
TEMPERATURE (OC) 
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LT1038 

ABSOLUTE mAXimum RATinGS PACKAGE/ORDER InFORmATion 
Power Dissipation ............... Internally Limited 
Input to Output Voltage Differential ............. 35V 
Operating Junction Temperature Range 

LT1038M 
Control Circuitry ............ -55°Cto 150°C 
Power Transistor ............ -55°Cto200°C 

LT1038C 
Control Circuitry ............... O°C to 125°C 
Power Transistor ............... 0°Cto175°C 

Storage Temperature. . . . . . . . . . . .. - 65°C to 150°C 
Lead Temperature (Soldering, 10 sec.) ........ 300°C 

PREconDITiOninG 100% THERMAL LIMIT BURN-IN 

ELECTRICAL CHARACTERISTICS (See Note 1) 

SYMBOL PARAMETER CONDITIONS 
MIN 

VREF Reference Voltage IOUT=20mA. Tj=25°C 1.24 

3V :$(VIN - VOUT) :$35V • 1,22 
20mA:$loUT :$10A, P:$75W 

IlVOUT Line Regulation 3V :$(VIN - VOUT) :$35V, 
IlVIN lOUT = 20mA (See Note 2) 

TA = 25°C 

• 
IlVOUT Load Regulation 20mA:$1 OUT:$1 OA 

IlIOUT (See Note 2) 
TA=25°C 

3V:$ (VIN - VOUT) :$35V 
3V :$(VIN - VOUT) :$35V • 

Thermal Regulation TA=25°C, 20ms Pulse 
Ripple Rejection VouT =10V, f=120Hz 

CADJ=O • 
CADJ = 10!,F • 60 

IADJ Adjust Pin Current • 
IlIADJ Adjust Pin Current 20mA :$1 OUT:$1 OA 

Change 3V:$ (VIN - VOUT):$ 35V • 
Minimum Load (VIN-VOUT)=35V • Current (VIN-VOUT):$20V • 

Isc Current Limjt (VIN - VOUT) :$10V 
DC • 10 

Transient (0,5ms) 14 

(VIN-VOUT)=30V, Tj=25°C 1 

IlVOUT Temperature Stability • 
IlTemp 
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BonOM VIEW 

K PACKAGE 
TO·3 METAL CAN 

(STEEL) 

LT1038M 

TYP MAX 

1.25 1,26 

1,25 1,285 

0,005 0.01 
0,02 0,03 

0,1 0.4 
0,3 0,8 

0,002 0,005 

60 
75 

50 100 

0,2 3 

7 20 
10 

14 
22 

2 

1 2 

MIN 

1,23 

1.22 

60 

10 
14 

1 

ORDER PART NUMBER 

LT1038MK 
LT1038CK 

LT1038C 

TYP MAX 

1,25 1,275 

1.25 1,285 

0,005 0,02 
0,02 0,03 

0,1 0,6 
0,3 1 
0,002 0,01 

60 
75 

50 100 

0,2 3 
7 20 

10 

14 
22 

2 

1 

UNITS 

V 
V 

%/V 
%/V 

% 
% 

%/W 

dB 
dB 

!<A 

!<A 
mA 
mA 

A 
A 

A 

% 
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ELECTRICAL CHARACTERISTICS (See Note 1) 

LT1038M LT1038C 
SYMBOL PARAMETER CONOITIONS UNITS 

MIN TYP MAX MIN TYP MAX 

AVOUT Long Term Stability TA = 125°C, 1000 Hours 0.3 1 0.3 1 % 

Mime 

en RMS Output Noise TA=25°C, 0.001 0.001 % 
(% of VOUT) 10Hz:5f:510kHz 

e JC Thermal Resistance Power Transistor • 1 1 °C/W 
Junction to Case Control Circuitry 0.5 0.5 °C/W 

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

Note 1: Unless otherwise specified, these specifications apply: 

Note 2: See thermal regulation specifications for changes in output 
voltage due to heating effects. Load and line regulation are measured at a 
constant junction temperature by low duty cycle pulse testing. 

V,N - VOUT = 5V and lOUT = 5A. These specifications are applicable for 
power dissipations up to 75W. At input-output voltage differentials 
greater than 10V, achievable output current and power dissipation 
decrease due to protection circuitry. 

TYPICAL PERFORmAnCE CHARACTERISTICS 
Dropout Voltage Adjustment Current 
r-. 

,I 11. 
t.VOUT= 100mV-

':::::::, 'OUT=10A ....--
"- l'"F - 'OUT=6A 

I:::t--t---

65 

60 

1 55 

~ 50 
::> 
'-' 
~ 45 ::g 
~ 40 <3 « 

v ....-

/' ~ 

V 
/ 
I' 

/ 
I 

35 

1 

..-

-75 -50 -25 0 25 50 75 100 125 150 
30 
-75 -25 25 75 125 

TEMPERATURE ("C) 

Output Impedance 
10 r---,----,----,----,----, 

e: 
w 

~ 0.1 1-----+-----1------7'1------+-----1 
ill 

" ;::: 0.01 f-----+---ft--~<--

~ 
'" 0.001 t---.......... -"''--J----+-----+-----1 

0.0001 '------'------'-----'----'------' 
10 100 lk 10k lOOk 1M 

FREQUENCY (Hz) 

TEMPERATURE ("C) 

Minimum Operating Current 

~ 
>-
~ 6 I---!---I---!-
::> 
'-' 
>z 
w 

1il 
=:; 

'" 

O--~--~~--~~--~~---' 

o 5 10 15 20 25 30 35 40 
INPUT-OUTPUT DIFFERENTIAL (V) 

1.270 

~ 1.260 

w 
~ 
>:::; 

'" ~ 1.250 

I 
~ 1.240 

1.230 

Temperature Stability 

.,/' 
...- r----... 

/' 

-50 -25 0 25 50 75 100 125 150 
TEMPERATURE ("C) 

Ripple Rejection 
100 

.1 I 
CAOJ=10~F 

80 

<D 
E 
z 60 '" 

---..... ......... l ! ___ C~O 

@ 
~ 

40 w 
~ 

it 
co V'N- VOUT=5V 

20 
IOUT=lA 

f---f=120Hz 
l=25"C 

i' I I o 
o 10 15 20 25 30 35 

OUTPUT VOLTAGE (V) 
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LT1038 

TYPICAL PERFORmAnCE CHARACTERISTICS 

iXl 
~ 

15 
>= 
1il 
Ul 
a: 

~ 
'" 

~ 
>-

ill 
g; 
u 
>-=> 

~ 
0 

Ripple Rejection 
100 

f--J I. VIN=15V 
CADJ=10~F VOUT= 10V 

80 
V " 

10UT=IA 

60 

40 

1\ 
~ \ 

CADJ=O 
I"\. \ 

\. 
r\.\ 20 

~ 
o 

10 100 lk 10k lOOk 
FREQUENCY (Hz) 

1M 

Current Limit 
28 

24 

20 
r-

16 f--

12 

o 
0.1 

IIIIIII VIN=10V VOUT=5V JJ UlJII TCASE=25°C 

r--. ~RELOAD=O 
f-- PRELOAD = lOA 

10 100 
TIME Ims) 
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Ripple Rejection 
80 

CADJ~I~F" 

70 

60 
CADJ-O 

50 r-- VIN= 15V 
VOUT=10V 
f=120Hz 

r-TCASE=25°C 

40 
0.1 

'I' I II 
1 10 

OUTPUT CURRENT (A) 

Current Limit 
28 

24 

20 

16 

12 

1.0 10 100 
TIME Ims) 

Load Transient Response 

6L =6; CA~=O In 
1 1 I-

r-'" 4=I~F; C~DJ=10~Ft--t--
J I I 

I'" VIN=15V -

~~~[~A~~ 200mA --3 

TCASE=25°C -

II 1\ 
\ 

30 40 

Current Limit 
32 

-- PEAK CURRENT LIMIT 
- DC CURRENT LIMIT 

TCASE=25°C 

24 
~ 
>-

i 16 => u 
>-=> 
f'= 
=> 
0 

- PRELOAD':'O J 

Ik 
, 

&-PR1ELOAd=101--,I"-.. 
''"' 

\ 

1 f'\ \ 
1 ~ " 

PREtOAD12AE " 
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II """" 1--........ o 
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INPUT·OUTPUT DIFFERENTIAL IV) 

Line Transient Response 

I-- .l J ,J J 
~L=lF,cL=10"F 
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VOUT= fOV COUT=O 

f-- IOUT=100mA f-- f-- CAOJ=O I--Tj=25°C 

w co_ 
1.0 ~:::.. 

~~ 0.5 >-<C 
=>:to 
~u 
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APPLICATions InFoRmATion 

General 

The LT103B develops a 1.25V reference voltage between 
the output and the adjustment terminal (see Figure 1). By 
placing a resistor, R1, between these two terminals, a 
constant current is caused to flow through R1 and down 
through R2 to set the overall output voltage. Normally this 
current is the specified minimum load current of 10 or 
20mA. Because IADJ is very small and constant when 
compared with the current through R1, it represents a 
small error and can usually be ignored. 

Bypass Capacitors 

Input bypassing using a 1 {tF tantalum or 25{tF electrolytic 
is recommended when the input filter capacitors are more 
than 5 inches from the device. Improved ripple rejection 
(BOdB) can be accomplished by adding a 1 O{tF capacitor 
from the adjust pin to ground. Increasing the size of the 
capacitor to 20{tF will help ripple rejection at low output 
voltage since the reactance of this capacitor should be 
small compared to the voltage setting resistor, R2. For im
proved AC transient response and to prevent the possibil-

VIN IN 
t VOUT 

'* 
VREF R1 

I 
IAOJ~ 
50~ R2 

Figure 1. Basic Adjustable Regulator 

LT1038 

ity of oscillation due to unknown reactive load, a 1{tF 
capacitor is also recommended at the output. Because of 
their low impedance at high frequencies, the best type of 
capacitor to use is solid tantalum. 

Protection Diodes 

The LT103B does not require a protection diode from the 
adjustment terminal to the output (see Figure 2). Im
proved internal circuitry eliminates the need for this diode 
when the adjustment pin is bypassed with a capacitor to 
improve ripple rejection. 

If a very large output capacitor is used, such as a 100{tF 
shown in Figure 2, the regulator could be damaged or de
stroyed if the input is accidentally shorted to ground or 
crowbarred, due to the output capacitor discharging into 
the output terminal of the regulator. To prevent this, a 
diode, 01 as shown, is recommended to safely discharge 
the capacitor. 

01 
1N4002 

Figure 2 
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APPLICATions InFoRmATion 
Load Regulation 

Because the L T1 038 is a three-terminal device, it is not 
possible to provide true remote load sensing. Load 
regulation will be limited by the resistance of the wire 
connecting the regulator to the load. The data sheet 
specification for load regulation is measured at the bottom 
of the package. Negative side sensing can be a true 
Kelvin connection if the bottom of resistor R2 is returned 
to the negative side of the load. Although it may not be im
mediately obvious, best load regulation is obtained when 
the top of the resistor divider, R1, is connected directly to 
the case, not to the load. This is illustrated in Figure 3. If 

R1 were connected to the load, the effective resistance 
between the regulator and the load would be 

Rp x (R2 ~ R1) ,Rp = Parasitic Line Resistance. 

Connected as shown, Rp is not multiplied by the divider 
ratio. Rp is about 0.0040 per foot using 16 gauge wire. 
This translates to 4mV 1ft at 1A load current, so it is im
portant to keep the lead between the regulator and the 
load as short as possible, and use large wire or PC board 
traces. 

Rp 
PARASITIC 

LINE RESISTANCE 

R2 

CONNECT R2 
TO LOAD 

Figure 3. Connections for Best Load Regulation 

TYPICAL APPLICATiOnS 
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Paralleling Regulators 

VOUT=1.25 (1 +~) 
IOUT=OA TO 20A 

'THE # 18 WIRE ACTS 
AS BALLAST RESISTANCE 
INSURING CURRENT SHARING 
BETWEEN BOTH DEVICES. 
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TYPICAL APPLICATions 

T1 
TRIAD 

C30B F-269U 

"""I -= 

C30B 

1N4003 1 N4003 

82k 

10k 

-= 

'1 % FILM RESISTOR 
L -DALE TO-5 TYPE 
T2-STANCOR 11Z-2003 

10 Amp Variable Regulator* 

L 
1MH 

IN LTlO38 OUT 

+ C1 AOJ 
+ 20 

T2 
.3 

20 

1N4003 
15O,000"F LT1004-1.2 

-= 
LT1004-2.5 

1..-___ +_ ... 750
' -=1.5k r 100"F 

.1 

16k' 

560{J 

+15V 

16k' 

200k 11k' 

1N4148 

-= 

15k 

+15V -15V 
15V 

GENERAL PURPOSE REGULATOR WITH SCR PREREGULATOR TO LOWER POWER 
DISSIPATION. ABOUT 4V DIFFERENTIAL IS MAINTAINED ACROSS THE LT1038 
INDEPENDENT OF OUTPUT VOLTAGE AND LOAD CURRENT. 

20k 
OUTPUT 
ADJUST 

LT1004-1.2 -= 

2.7k 

-15V 

11k' 
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TYPICAL APPLICATions 

3-60 

Improving Ripple Rejection 

'C1 IMPROVES RIPPLE REJECTION. Xc SHOULO 
BE SMALL COMPARED TO R2. 

C1 
1O~F' 

1.2V-25V Adjustable Regulator 

'NEEOED IF DEVICE IS FAR FROM FILTER CAPACITORS 

tOPTIONAL -IMPROVES TRANSIENT RESPONSE 

ttVOUT=1.25V (1+~) 

5V Regulator with Shutdown 

5V 

121(1 
1% 

365{l 
1% 



TYPICAL APPLICATions 

Remote Sensing 

Rp 
(MAX DROP 300mV) OUTPUT 

VIN VIN LT1038 Vour!:------'VII'v__-------......- 5V 

AOJ 

251) 

121n 

3651) 

L------__ ..JV'>._ ........ --;--RETURf>L 
251) 

RETURN--------------~~--.J 

Temperature Compensated Lead Acid 
Battery Charger 

10AMP ~""""''''''''''''''''''''=''''"I 
DIODE 

25k 

-LOAD ON BATIERY =200pA WHEN NOT CHARGING 

LT1038 

II 
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TYPICAL APPLICATions 

Lamp Flasher Automatic Light Control 

Protected High Current Lamp Driver 
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SCHEmATIC DIAGRAm 

.,. 
a:: 
0 ... 
a::: 
.J 
:::» 
~ 
\II a:: 
\II 
~ a::: ... 
.J 
0 

01 > 6.3V 

II 
02 
6.3V 
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PACKAGE DESCRIPTion 

3-64 

K Package TO·3 Steel Metal Can 

0.116 t (2.946) 

0.325-0.350 MAX 

{8.255-8.890},...,_r-1 ______ .l..r-r-, ___ + 
-+--L-'--'----nr----.............. -----.-SEATING PLANE 

0.420-0.490 .f I 
{10.67-12.45} l-L ______ H 

.--(~9~~~=~Ol:~}---... 
.~. 

{16.76-17.02} 

0.490-0.510 
(12.45-12.95) 

R 

0.168-0.178 
(4.267-4.521) 

R TYP 

2 MOUNTING HOLES 
0.151 -0.161 

{3.835 - 4.089} 
OIA 



£7LlnFAr\ LTl17A/LT317A 
U \K LM 11 7/LM317 

TECHNOLOGY~---------Po-s-it-iv-e-A-d-j-u-st-a-b-Ie 

FEATURES 
• Guaranteed 1% Output Voltage Tolerance 
• Guaranteed max. 0.01%1V Line Regulation 
• Guaranteed max. 0.3% Load Regulation 
• Min. 1.5A Output Current 
• 100% Burn-in in Thermal Overload 

APPLICATions 
• Wide Range Power Supplies 
• Constant Current Supplies 
• Voltage Programmable Supplies 

Regulator with Reference 

5V 

12Hl 

121U 
2.5V 

LT1009 

Regulator 
DESCRIPTion 
The LT117 A Series are 3-terminal positive adjustable '" 
voltage regulators which offer improved performance a:: 
over earlier devices. A major feature of the LT117 A is g 
the output voltage tolerance is guaranteed at a maxi- :; 
mum of ± 1%, allowing an overall power supply toler- ::::» 
ance to be better than 3% using inexpensive 1% " 
resistors. Line and load regulation performance has = 
been improved as well. Additionally, the LT117A refer- \II 
ence voltage is guaranteed not to exceed 2% when op- " 
erating over the full load, line and power dissipation a: 
cond itions. The L T117 A adjustable regulators offer an ~ 
improved solution for all positive voltage regulator re- g 
quirements with load currents up to 1.5 amps. 

12 

11 

i 10 
!;! 9 
It B 
a: 
~ 7 

: 6 
j5 5 
§;! 4 

! ~ 
o 

II 

Output Voltage Error 

% RESISTORS LM317 

~ 1 % RESISTORS L~~ii 
2% RESISTORS LT317 A ' 

£ 'I'L -.l-.UJ..l 

" 1% RESISTO 3s·· lMH 
;I .. "'"" II .lJ.lli 

,1' II 1111 

II lill 
4 6 810 20 40 100 

OUTPUT VOLTAGE 
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LTl17A/LT317A 
LM 1 1 7 /LM31 7 

ABSOLUTE mAXimum RATinGS PACKAGE/ORDER InFORmATion 
Power Dissipation ............. Internally Limited BOTTOM VIEW ORDER BOTTOM VIEW ORDER Input to OutputVoltage Differential . . . . . . . . .. 40V 

~O PART NO. PART NO. 
Operating Junction Temperature Range 

ClPUT 1':; LT117AK 01 LT117AH LT117A1LM117 ............. -55°C to 150°C o ADJ 

LT317A/LM317 ................ O°C to 125°C ~ASE LT317 AK 03 2 OUTPUT LT317AH 

Storage Temperature Range o OUTPUT LM 117K LM117H K PACKAGE 
TO-3 METAL CAN LM317K H PACKAGE LM317H LT117A/LM117 ............. -65°Cto 150°C (STEEL) TO-39 METAL CAN 

LT317A/LM317 ............. -65°C to 150°C ORDER 
Lead Temperature (Soldering, 10 sec.). . . . .. 300°C 

1
0

1 I~ :_VIN PART NO. --VOUT 

LT317AT -AOJ 

PRECOnDITiOninG: t T PACKAGE LM317T 
CASE (S TO-220 PLASTIC 

100% THERMAL LIMIT BURN-IN OUTPUT 

ELECTRICAL CHARACTERISTICS (See note 1) lT 117A/lm 117 
SYMBOL PARAMETER 
VREF Reference Voltage 

to VOUT Line Regulation 
toVIN 

toVOUT Load Regulation 
tolouT 

toVOUT Temperature Stability 
to Temp 

to VOUT Long Term Stability 
toTime 

3-66 

lOrnA.;;; lOUT';;; Imax. (See Note 2) 
VOUT ';;; 5V 
Vour;;' 5V 

(VIN - VOUT) = 40V. TJ = 25°C 
K Package 
H 

-55°C.;;; TJ .;;; + 150°C 

TA = 125°C 

LMll7 
MIN TYP MAX UNITS 

V 

1.20 1.25 1.30 V 

0.3 0.4 A 
0.15 0.2 A 

% 

0.3 0.3 % 

12 15 12 15 °C/W 
2.3 3 2.3 3 °C/W 

.L7~lDYJR 



LTl17 A/LT317 A 
LM 117 /LM317 

ELECTRICAL CHARACTERISTICS (See note 1) LT317A/Lm317 
LT3l7A LM317 

SYMBOL PARAMETER CONDITIONS MIN TYP MAX MIN TVP MAX UNITS 
VREF Relerence Voltage lour ~ lOrnA TI ~ 25°C 1.238 1.250 1.262 V 

3V .. (VIN - Va) .. 40V • 1.225 1.250 1.270 1.20 1.25 1.30 V 
lOrnA .. lour .. Imax, P .. Pmax 

",Vour Line Regulation 3V .. (VIN - Your) .. 40V, (See 
",VIN Note 2) 0.005 0,01 0.01 0.04 %IV 

• 0.01 0.02 0.02 0.07 'lolV 

",Vour Load Regulation 1 OmA .. lour .. Ima" (See Note 2) 
",lour Va .. SV 

Va;;. 5V 

Vo" SV 
Vo;;' 5V 

Thermal Regulation TA ~ 2SoC, 20msec Pulse 
Ripple Rejection Vo ~ 10V, 1 ~ 120Hz 

CAOJ ~ 0 

CAOJ ~ 1O!LF 
IAOJ Adjust Pin Current 
",IAOJ Adjust Pin Current Change 10mA .. lour" Imax 

2.5V .. (VIN - Your) .. 40V 
Imin Minimum Load Current (VIN - Your) ~ 40V 

Current Limit (VIN - Your) .. 15V 
K and T Package 
H Package 

(VIN - Vour) ~ 40V, Tj ~ 25°C 
K and T Package 
H Package 

",Vour Temperature Stability O°C .. TI .. 125°C 
",Temp 

~ Long Term Stability TA ~ 125°C 
",Time .-

en RMS Output Noise TA ~ 25°C, 10Hz .. 1 .. 10kHz 
('10 01 Your) 

Elje Thermal Resistance H Package 
Junction to Case K Package 

T Package 

The. denotes the specifications which apply over the full operating 
temperature range. 
Nola 1: Unless otherwise specified, these specifications apply for VIN 
- VOUT = 5V; and lOUT = O.lA for the TO-39 and lOUT = O.5A for 
the TO-3 and TO-220 packages. Although power dissipation is 
internally limited, these speCifications are applicable for power 
dissipations of 2W for the TO-39, and 20W for the TO-3 and TO-220. 
IMAX is 1.5A for the TO-3 and TO-220 packages and O.5A for the TO-
39. 

S 25 S 2S mV 
0.1 O.S 0.1 O.S '10 

• 20 50 20 70 mV 
.1,,; , ,";O.~ ,';, 1',: .. 0.3 1.5 '10 

• ;; , 0.002 0.02 0.04 0.07 °/o/W 

65 65 dB 

66 80 66 80 dB 
50 100 SO 100 !LA 

• 0.2 5 0.2 S !LA 

• 3.5 10 3.5 10 rnA 

• 1.5 2.2 1.5 2.2 A 

• 0.5 0.8 0.5 0.8 A 

0.15 0.4 0.15 0.4 A 
0.075 0.2 0.075 0.2 A 

',·;;.·<,~~;~l~~,.;~$~:~ 1 '10 

0.3 1 0.3 1 '10 

0.001 0.001 '10 

12 15 12 15 °C/W 
2.3 3 2.3 3 °C/W 
4 5 4 °C/W 

Nola 2: Regulation is measured at constant junction temperature, using 
pulse testing with a low duty cycle. Changes in output voltage due to 
heating effects are covered under the speCification for thermal 
regulation. Load regulation is measured on the output pin at a point Va" 
below the base of the K and H package and at the junction of the wide 
and narrow portion of the lead on the T package. 
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LTl17 A/LT317 A 
LM 11 7 /LM31 7 

TYPICAL PERFORmAnCE CHARACTERISTICS 

0.1 

~ 
~ 0.1 

~ 0.2 
is 
~ 0.3 
!:j 
5! 

0.4 

0.5 

Load Regulation 

lOUT - lA ....... 

" 
VIN - 15V 
VOUT - 10V 

I' 1 1 
-75-50-25 0 25 50 75 100 125 150 

TEMPERATURE 

Dropout Voltage 

tl.Vour ~ 100 mV 

~ 2.5 f--'ooc--t--+--t--+-+-t-f---j 

I 
a 2.0 r-=t"'""j"''''-F9~=R 

~ 
~ 1.5 t--+--t--+-~o;;:I---+-t-t="'I 

1.0 L..-.L--'---'--'--.....l...--l.--'_'--"" 

-75-50-25 0 25 50 75 100 125 150 

TEMPERATURE (Oe) 

Current Limit 
(TO-3 and TO-220 Package) 

- Iv TI =1 250el,0 J5°C 

- r> ~ 
TJ .; ~500e"" ~ 

~ I"--.. -
a UJ 

. 0 10 20 30 40 

1.270 

~ 1.260 

t!j 
is 
51 w 1.250 

i 
II: 1.240 

1.230 

INPUT -OUTPUT DIFFERENTIAL (V) 

Temperature Stability 

v .."... :--.... 
~ 

-50 ~25 0 25 50 75 100 125 150 

TEMPERATURE 

Ripple Rejection Ripple Rejection (dB) 
100 

80 

~ 
z 

60 S 
~ 
II: 

40 
~ 
~ 

20 

C~= lLF 

...... 
.......... ~=Io 

VIN - Your ~ 5V 
lOUT ~ 500 mA 

- f~ 120Hz 

T( ~ 25
1
0e 

o 

80 ~DJ=10J-/' , 
eADJ=O' \. 

"\.\. 
'\ 

_VIN = 15V ... \. 
VOUT = 10V ~ 

-lOUT = 0.5A 

20 

a 
o 10 15 20 25 30 35 10 100 lk 10k lOOk 1M 

OUTPUT VOLTAGE (V) FREQUENCY (Hz) 
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65 

60 

~ 55 
as 
~ 50 
<> ! 45 

~ 40 

35 

30 

Adjustment Current 

~ 
.-

". 

,/ V' 

-/ 
)1' 

• If' 

-75 -25 25 75 125 

a 

80 

5' 
:s 70 
z 

§ 60 
II: 

~ 50 
II: 

40 

30 

TEMPERATURE (OC) 

Minimum Operating Current 

TJ=1500~ 

TJ =25°C /t:/" 
-;::-

~ v V 
.-:: ~ ./' V 

{-r:::: l- /" LTJ=-55°C 

o 5 W g ~ ~ ~ ~ ~ 

INPUT -OUTPUT DIFFERENTIAL (V) 

Ripple Rejection 

0.01 

VIN = 15V 
VOUT = 10V 

flm~~11 
0.1 

IIII 

OUTPUT CURRENT (A) 

10 



TYPICAL PERFORmAnCE CHARACTERISTICS 
Output Impedance 

I I 0.1 

5 0.01 t---+-----7"1--~ 

!5 
o 0.001 I--..~--t---+

VOUT - 10V 
lOUT - 500 rnA 

1.5 

-0.5 

-1 

Line Transient Response 

VOUT - 10V 

Cl l- 0,1 CAD] - d 
lOUT - 50 rnA 
TI - 25"C 

~ 
Cl - 1 ~F, c~J 110 1 F 1"1 

17 
~ 

w 1.5 

~~ 
~~ 
~~ 0.5 

!52l a 

1 

o 
-0.5 

1 

.~ 

-1.5 

1.5 g 
1 sz!z 

g~ 0.5 
=> 

LTl17 A/LT317 A 
LM 11 7 /LM31 7 

Load Transient Response 

Cl - 0, CAOJ - 0,.. 

1 I, J 1 1 II 
Cl - 1 ~F, CAOJ - 10 ~F -z: If 

/ 1 1 -- ~IN 1 15v_ 

:\ I-
VOUT - 10V 

\J PRELOAD ~ 1ci5mA 
TI - 25"C-1---;.. 

I 
1/ \ 

\ 

III a: e a: 
.J 
~ 

" 'II a: u a 
10 100 lk 10k lOOk 1M 10 20 30 40 10 20 30 40 'II 

" a: FREQUENCY (Hz) 

APPLICATions InFORmATion 
General: The LT117A develops a 1.2SV reference volt
age between the output and the adjustable terminal 
{see Figure 1}. By placing a reSistor, R1, between these 
two terminals, a constant current is caused to flow 
through R 1 and down through R2 to set the overall 
output voltage. Normally this current is the specified 
minimum load current of SmA or 10mA. 

LT317A 
VIN IN OUT VOIIT 

ADJ 
VREF Rl 

I IADJ \..:: VOUT - VREF ( 1 + :~ ) + IADJ R2 

50 ~A R2 

Figure 1 

Because IADJ is very small and constant when com
pared with the current through R 1, it represents a 
small error and can usually be ignored. 

It is easily seen from the above equation, that even if 
the resistors were of exact value, the accuracy of the 
output is limited by the accuracy of VREF. Earlier ad
justable regulators had a reference tolerance of ± 4%. 
This tolerance is dangerously close to the ± S% sup
ply tolerance required in many logic and analog sys
tems. Further, many 1% resistors can drift O.01%/ OC 
adding another 1% to the output voltage tolerance. 

TIME(~s) 

~ g 
For example, using 2% resistors and ±4% toler- III 
ance for VREF, calculations will show that the 
expected range of a SV regulator design would be 
4.66V.:;;; VOUT .:;;; S.36Vor approximately ± 7%. If the 
same example were used for a 1SV regulator, the ex-
pected tolerance would be ± 8%. With these results 
most applications require some method of trimming, 
usually a trim pot. This solution is both expensive and 
not conducive to volume production. 

One of the enhancements of Linear Technology's ad
justable regulators over existing devices is tightened 
initial tolerance. This allows relatively inexpensive 1% 
or 2% film resistors to be used for R1 and R2 while set
ting output voltage within an acceptable tolerance 
range. 

With a guaranteed 1% reference, a SV power supply 
design, using ± 2% reSistors, would have a worst 
case manufacturing tolerance of ± 4%. If 1 % resistors 
were used, the tolerance would drop to ± 2.S%. A plot 
of the worst case output voltage tolerance as a func
tion of resistor tolerance is shown on the front page. 
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For convenience, a table of standard 1% resistor val
ues is shown below. 

Table of %% and 1% Standard Resistance Values 

1.00 1.47 2.15 3.16 4.64 6.81 
1.02 1.50 2.21 3.24 4.75 6.98 
1.05 1.54 2.26 3.32 4.87 7.15 
1.07 1.58 2.32 3.40 4.99 7.32 
1.10 1.62 2.37 3.48 5.11 7.50 
1.13 1.65 2.43 3.57 5.23 7.68 
1.15 1.69 2.49 3.65 5.36 7.87 
1.18 1.74 2.55 3.74 5.49 8.06 
1.21 1.78 2.61 3.83 5.62 8.25 
1.24 1.82 2.67 3.92 5.76 8.45 
1.27 1.87 2.74 4.02 5.90 8.66 
1.30 1.91 2.80 4.12 6.04 8.87 
1.33 1.96 2.87 4.22 6.19 9.09 
1.37 2.00 2.94 4.32 6.34 9.31 
1.40 2.05 3.01 4.42 6.49 9.53 
1.43 2.10 3.09 4.53 6.65 9.76 

Standard Resistance Values are obtained from the Decade Table 
by multiplying by multiples of 10. As an example. 1.21 can repre
sent 1.21n. 12.1n. 121n. 1.21Kn etc. 

Bypass Capacitors: Input bypassing using a 1JlF tanta
lum or 25JlF electrolytic is recommended when the in
put filter capacitors are more than 5 inches from the 
device. Improved ripple rejection (80 dB) can be ac
complished by adding a 10JlF capacitor from the ad
just pin to ground. Increasing the size of the capacitor 
to 20JlF will help ripple rejection at low output voltage 
since the reactance of this capacitor should be small 
compared to the voltage setting resistor, R2. For im
proved AC transient response and to prevent the pos
sibility of oscillation due to unknown reactive load, a 
1JlF capacitor is also recommended at the output. Be
cause of their low impedance at high frequencies, the 
best type of capacitor to use is solid tantalum. 

Protection Diodes: The LT117A/317A do not require a 
protection diode from the adjustment terminal to the 
oiJtput (see Figure 2). Improved internal circuitry 

.... 
01 "IN4D02 

LT317A 
IN OUT 

ADJ 
R1 

I 
1O~F ±CAOJ R2 

Figure 2 
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~~ 
--- ~ 

V OUT 

l+10 1- Co 

O~F 

UT 

NOT NEEDED 

eliminates the need for this diode when the adjustment 
pin is bypassed with a capacitor to improve ripple 
rejection. 

If a very large output capacitor is used, such as a 
100JlF shown in Figure 2, the regulator could be dam
aged or destroyed if the input is aCCidentally shorted 
to ground or crowbarred. This is due to the output ca
paCitor discharging into the output terminal of the reg
ulator. To prevent damage a diode01 is recommended 
to safely discharge the capacitor. 

Load Regulation: Because the LT117A is a three-termi
nal device, it is not possible to provide true remote 
load sensing. Load regulation will be limited by the re
sistance of the wire connecting the regulator to the 
load. For the data sheet specification, regulation is 
measured at the bottom of the package. Negative side 
sensing is a true Kelvin connection, with the bottom of 
the output divider returned to the negative side of the 
load. Although it may not be immediately obvious, best 
load regulation is obtained when the top of the divider 
is connected direct/yto the case not to the load. This 
is illustrated in Figure 3. If R1 were connected to the 
load, the effective resistance between the regulator 
and the load would be 

( R2 + R1) .... Rp X R 1 ' Rp = Parasitic Lme ReSistance. 

Connected as shown, Rp is not multiplied by the divid
er ratio. Rp is about 0.004Q per foot using 16 guage 
wire. This translates to 4mV 1ft at 1A load current, so it 
important to keep the positive lead between regulator 
and load as short as possible. 

LT317A 

ADJ 

Rp 
PARASITIC 

LINE RESISTANCE 

CONNECT 
R1 TO CASE 

R1 

R2 

I~~----------~I~ 
...L CONNECT R2 

TO LOAD 

Connections for Besl Load Regulation 
Figure 3 



TYPICAL APPLICATions 
1.2V-25VAdjustable Regulator 

LT317A 
VIN Vour 

ADJ 
tRl 

+ C1' 
243n + 

C2t 

Your 

l~F 1 ~F 

VR2 
~ 5k 

J... 

Optional - improves transient 
response 

Your ~ 1.25V ( 1 + :~ ) 

... Needed if device is far from 
filler capactiors 

Remote Sensing 

LT317A Rp (MAX DROP 3DOmV) OUTPUT 
VIN VOU! 1<:---------""'-----------1>-5V 

AOJ 

RETURN 

2816 EEPROM Supply Programmer for Read/Write Control 

+24V --,.--l1N TO Vpp 

i5i' I Vpp 249n 
1% 

AEAD ov I 5V 

WRITE 
750n 

om 5V I 21V 1% 
CHIP 

12V I 21V ERASE 

READ 

39k 3.24k 
1% ~ 

TOilE 

BYI E ERASE 18k 

~ ALL GATES 7406 

CHIP ERASE lOOk 

LTl17 A/LT317 A 
LM 1 1 7 /LM31 7 

Improving Ripple Rejection 

LT317A 

1/± 
Y,N Your 

ADJ R1 

I 
121n 

+61 

5V 

Y,N 

TTL 

R2 
383n 10 

• C IIMPROYES RIPPLE REJECTION 
X, SHOULD BE SMALL 
COMPARED TO R2 

5V Regulator with Shut Down 

5Y 
VOU! 

+ 121n 

~F 

lk 

383n 

~F 

21V Programming Supply for UV PROM/EEROM 

+24V-_---l 

21V 

f 
5V 

750n 

1 % SELECT C FOR DESIRED RISE TIME 
7406Do-----+---, 

3k 
2% 

Temperature Compensated Lead Acid Battery Charger 

50k 
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LTl17 A/LT317 A 
LM 117 /LM317 

SCHEmATIC DIAGRAm LT117A/LT317A 

r---_.-------.----~~--~~--~--~_.------------------t_--_.----------,_~~~~ 

PACKAGE DESCRIPTiOn 
K Package TO-3 STEEL Metal Can 

0750-0.775 

~n~ 
"255~8.090~' ,:~:, 

. "AX 

0.42(1-0.490 ' . =*SEATWGPLAt£ 

~ 0038-0043 

117A 
117 

317A 
317 

3-72 

--! t- (0:965-':092) 

Tj max. 

150°C 

125°C 

~R 
(12.446-12.954) 

Bja Bjc 

35°CIW 3°CIW 

35°CIW 3°CIW 

T Package TO-220 Plastic 

I- 0.3115-0.420 

~I~ 
0.151:1;0.002 
~ .. 

0.110±0.010 

~ 

0.34O±0.010 

=.~. IT; ~ A\: 

I I ~r::;::::::.· 
~ 'YL 
!~~:t:'0 ~~ ~~~!~:) l 
~ ODI5~~: 
~ ~ 
(508±0254) 0381 -0051 

T-max. Bj. Bjc 

317A 
317 

125°C 50°CIW 5°CIW 

02 

160 

0.1 

Vour 

H Package 3-Lead Metal Can 

0.180±0.005 

~ 
O.o5O:t0.OO2 
~ 0.165-0.195 

~ 

n n n,,- 0.018-0.019 '" -' ____ U U U ~.'06-0.433) 

BJe 

117A 
150°C 

117 
150°CIW 15°CIW 

317A 
125°C 150°CIW 15°CIW 

317 



£.7LlnFAI) LTl17AHV/LT317AHV 
U\K LMl17HV/LM317HV 

TECHNOLOGY~------H-i-g-h-v-o-Ita-g-e--P-os-it-iv-e 

FEATURES 
• 6DV Operation 
• Guaranteed 1% Output Voltage Tolerance 
• Guaranteed max. D.01%1V Line Regulation 
• Guaranteed max. 0.3% Load Regulation 
• Min. 1.SA Output Current 
• 100% Burn-in in Thermal Overload 

APPLICATions 
• Wide Range Power Supplies 
• Constant Current Supplies 
iii Voltage Programmable Supplies 

Regulator with Reference 

5V 
Your 1---.--

12Hl 

12Hl 

Adjustable Regulators 
DESCRIPTion 
The LT117 AHV Series are 3-terminal positive adjustable ~ 
voltage regulators which offer improved performance a: 
over earlier devices. A major feature of the LT117AHV is e 
the output voltage tolerance is guaranteed at a maximum a::: 
of ±1 %, allowing an overall power supply tolerance to be =' 
better than 3% using inexpensive 1 % resistors. Line and " 
load regulation performance has been improved as well. \II 
Additionally, the L T117 AHV reference voltage is guaran- : 
teed not to exceed 2% when operating over the full load, " 
line and power dissipation conditions. The LT117AHV a::: 
adjustable regulators offer an improved solution for all !:i 
positive voltage regulator requirements with load cur- g 
rents up to 1.5 amps. For performance curves and ap
plications circuits see the LT117 A series data sheet. 

12 

11 

§ 10 

l 
a: 
~ 7 
ffi 
w 
~ 
!:; 
~ 
>-

~ 
6 2 

V' 

V 

Output Voltage Error 

2% RESISTORS 

i-'" 1 % RESISTORS 

f.- 2% RESISTORS - I TTl 
J..- 1 % RESISTORS 

I III 
II 

I III 

LM317HV 

LM317HV 

LT317AHV 

LT317AHV 

4 6 810 20 40 60 100 
OUTPUT VOLTAGE 

III 
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LTl17 AHV/LT317 AHV 
LMl17HV/LM317HV 

ABSOLUTE mAXimum RATinGS PACKAGE/ORDER InFORmATion 
Power Dissipation. . . . . . . . . . . . . .. Internally Limited 
I nput to Output Voltage Differential. . . . . . . . . . . . . 60V 
Operating Junction Temperature Range 

LT117 AHV I LM 117HV . . . . . . . . . .. -55°C to 150°C 
LT317AHV/LM317HV ............. DOC to 125°C 

Storage Temperature Range 
LT117 AHV I LM 117HV . . . . . . . . . .. -65°C to 150°C 
LT317 AHV I LM317HV . . . . . . . . . . . -65°C to 150°C 

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

PREconDITiOninG: 
100% THERMAL LIMIT BURN-IN 

BOTTOM VIEW ORDER 

ADJOVIN PART NO. 
~ ~ LT117AHVK 

CASE LT317AHVK 
o ~UTPUT LM 117HVK 

TOK/~~~tLG~AN L M 31 7 H V K 
(STEEL) 

ELECTRICAL CHARACTERISTICS (See Note 1) LT117AHV/LM117HV 

SYMBOL PARAMETER 
VAEF Reference Voltage 

t.VOUT Line Regulation 
-zv;;;-

t. Your Load Regulation 
t.IOUT 

t.VOUT Temperature Stability 
t.Temp 

t.Vour Long Term Stability 
t. Time 

3-74 

10mA ,.; 'OUT"; Imax. (See Note 2) 
Your ,.; 5V 
Your "'" 5V 

(V IN - Your) = 60V. Tj = 25°C 
K Package 
H 

0.3 

12 15 
2.3 3 

BOTTOM VIEW ORDER 
INPUT PART NO. el' ADJ LT117AHVH 

03 °2 LT317AHVH 
- OUTPUT LM 117HVH 

HPACKAGE LM317HVH 
TO-39 METAL CAN 

LM117HV 
MIN TYP MAX UNITS 

V 

1.20 1.25 1.30 V 

0.1 A 
0.03 A 

% 

0.3 % 

12 15 'C/W 
2.3 3 'G/W 

L7~lD~ 



LTl17AHV/LT317AHV 
LM 117HV/LM317HV 

ELECTRICAL CHARACTERISTICS (See Note 1) LT317AHV/LM317HV 

SYMBOL PARAMETER CONOITIONS 
VREF Reference Voltage louT = 10mA Ti = 25°C 

3V .. (VIN - yo) .. 60V 
10mA .. lOUT" Imax , P .. Pmax 

::,VOUT Line Regulation 3V .. (V IN - VOUT)" 60V (See 
~ Note 2) 

~ Load Regulation 10mA ,;; lOUT';; Imax, (See Note 2) 
::,louT Vo ,;; 5V 

Vo ;, 5V 

Vo ,;; 5V 
Vo ;, 5V 

Thermal Regulation TA = 25°C. 20msec Pulse 
Ripple Rejection Vo = 10V, f = 120Hz 

CADJ = 0 

CADJ = 10!,F 
IAOJ Adjust Pin Current 
::,IADJ Adjust Pin Current Change 10mA .. lOUT" Imax 

2.5V" (V IN - VOUT) .. 60V 
Imin Minimum Load Current (VIN - VOUT) - 60V 

Current Limit (VIN - VOUT)" 15V 
K Package 
H Package 

(VIN - VOUT) = 60V, TI = 25°C 
K Package 
H Package 

::,VOUT Temperature Stability O°C ,;; Ti ,;; 125°C 
::,Temp 

::,VOUT Long Term Stability TA = 125°C 
::,Time 

en RMS Output Noise TA = 25°C, 10Hz,;; f ,;; 10kHz 
(% of VOUT) 

(-lie Thermal Resistance H Package 
Junction to Case K Package 

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. 
Nots 1: Unless otherwise specified, these specifications apply for 
(VIN - VOUT) = 5V: and 10UT= O.lA for the TO-39 and 10UT= 0.5A for the 
TO-3 package. Although power dissipation is internally limited, these 
specifications are applicable for power dissipations of 2W for the TO-39, 
and 20W for the TO-3. I MAX is 1. 5A for the TO-3 package and O. 5A for 
the TO-39. 

LT317AHV LM317HV 
MIN TYP MAX MIN TYP MAX UNITS 
1.238 1,25Q 1.262 V 

• 1.225 1:250 1.270 . 1.20 1.25 1.30 V 
.... 

0.005 0.01 0.01 0.04 %IV 

• 0.01 0,02 0.02 0.07 %/V 

5 25 5 25 mV 
0.1 0.5 0.1 0.5 % 

• i .ij~ ...... ' ••••• ~O •. '.' •• "" •• 
20 70 mV 

• 0.3 1.5 % 
.. '. 0.002.' 0.02 0.04 0.07 %/W 

• 65 65 dB 

• 66 80 66 80 dB 

• 50 100 50 100 ~A 

• 0.2 5 0.2 5 ~A 

• 3.5 12 3.5 12 mA 

• 1.5 2.2 1.5 2.2 A 

• 0.5 0.8 0.5 0.8 A 

0.1 0.1 A 

~ 
0.03 A 

1 % 

0.3 1 0.3 1 % 

0.001 0.001 % 

12 15 12 15 °C/W 
2.3 3 2.3 3 °C/W 

Nots 2: Regulation is measured at constant junction temperature, using 
pulse testing with a low duty cycle. Changes in output voltage due to 
heating effects are covered under the specification for thermal regulation. 
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LTl17AHV/LT317AHV 
LM 117HV/LM317HV 

SCHEmATIC DIAGRAm 
r---.------.---_----.--.... - .... -.----------.... --.... -----~~ .... -_n V'N 

02 

160 

0.1 

L-_4--~----__ ~~_4-~-__ ~-~~~~-_+----4--~----------~-~-rl~UT 

PACKAGE DESCRIPTion 
K Package TO·3 STEEL Metal Can 

n 0750-Dn5 
(19050-19685) 

0325-0350 

(8255-8690) ~ 

L~~'SEAnNGPlANE 
0420-0490 .. 

(10658-12446) 

-< ~ I~'~~~=~:~:~) 

1.177-1.197 

(29.896-30.404) [fj 0.660-0,670 

0.210-0.220 (16.764-17,018) 
(5.334-5.588) 

~0 __ oi _ I _(~,;:~=~:~~~) RTYP 

~ -01 2 MOUNTING HOLES 
0.425-0.435 ' 0.151-0,161 

(10.795-11.049) (3.835-4.0S9) 

ljmax. 

117AHV 

117HV 
150°C 

317AHV 

317HV 
125°C 

DIA 

0.490-0.510 
----R 
(12_446-12.9541 

Bj. 

35°CIW 

35°CIW 

Bjc 

3°CIW 

3°CIW 

H Package 3·Lead Metal Can 

t-- I~:~~~=~:~;~) 1 I 01,1, 

--H 0.305-0.335 I 
0.165-0.195 (7.747-8.509) ----

,4.1"-4.953) DlA I 

DSOD~~ 
n~ll~ol (0:::) n n n,-~ DtA 

_ U U U (0.406-0.483) 

117AHV 

117HV 

317AHV 

317HV 

0.200 
(5.080) TYP 

Tj max. 

150°C 

125°C 

Bj. Bjc 

150°CIW 15°CIW 

150°C/W 15°C/W 



£7LlnFAr\ LT123A/LT323A 
U \K LM123/LM323 

TECHNOLOGY~----5-V-O-lt -3 A-m-p 

FEATURES 
• Guaranteed 1% Initial Tolerance of Output Voltage 
• 3 Amp Output Current 
• 30 Watt 
• Full Internal Overload Protection 
• 100% Burn-in in Thermal Limit 

APPLICATions 
• Local 5V Regulators 
• On Card Regulation 
• Lab Supplies 
• Instrumentation Supplies 

Voltage Regulator 

DESCRIPTiOn 
The LT123A1LT323A is an improved version of the 
popular LM123/LM323 5 Volt, 3 Amp Regulator. 
These new devices offer maximum initial output volt
age tolerance of 1% and maintain a maximum toler
ance of 3% over worst case operating conditions. Line 
and load regulation are also improved by a factor of 2. 
These tightened specifications ease design and appli
cation problems since safety margins are improved. 
Also, error budgets in other parts of the system can be 
expanded, and output voltages at the end of long sup
ply runs can be more accurately maintained. 

The LT123A/LT323A incorporates Linear Technol
ogy's advanced deSign, process and test techniques 
for improved quality and reliability over similar device 
types. Specifically, all devices are burned in by short
ing the output, thereby forcing the regulator into its 
current limit and eventually, thermal limit. This en
sures that all device protection features are function
al. A graph of the worst case output voltage, taking 
into account temperature, load and line variations, 
and power dissipation is shown below. For higher out
put current requirements, see the LT1003, 5V, 5A reg
ulator data sheet. 

Precision 5 Volt Regulator Worst Case Output Voltage 

5V ± 1% 
@3A 

+101'F 
SOLID I TANTALUM 

5.2 LT1Z3A1LT323A 

4.8 1--+-+--+-+-+--+-+---1 

-50 -25 0 25 50 75 100 125 150 

JUNCTION TEMPERATURE ('C) 
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LT 1 23A/LT323A 
LM 1 23/LM323 

ABSOLUTE mAXimum RATinGS 
Input Voltage. . . . . . . . . . . . . . . . . . . . . . .. 20 Volts 
Power Dissipation ............. Internally Limited 
Operating Junction Temperature Range 

LT123A1LM123 ............. -55°C to 150°C 
LT323A/LM323 ................ O°C to 125°C 

Storage Temperature Range 
LT123A1LM123 ............. -65°C to 150°C 
LT323A1LM323 ............. -65°C to 150°C 

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

PREconDITiOninG: 
Thermal limit burn-in for all devices. 

PACKAGE/ORDER InFORmATion 

BOTTOM VIEW 

. . 
1 2 

CASE 

VINOVOUT 

a ~ROUND 
K PACKAGE 

TO·3 METAL CAN 
(STEEL) 

CASE IS GND VO", 

loll' I~~I ~ 
T PACKAGE 

TO·220 PLAsnc 

v. 

ORDER PART NO. 

LT123AK 

LT323AK 

LM123K 

LM323K 

LT323AT 

LM323T 

ELECTRICAL CHARACTERISTICS (See note 1) 

SYMBOL PARAMETER 
Vour Output Voltage 

The. denotes the speCifications which apply over the full operating 
temperature range. 
Nola 1: Load and line regulation are tested with pulsed low duty 
cycle techniques where pulse width.,. lmsec and duty cycle.,. 5%. 
Nola 2: Tmln = -55°C for the LT123A/LM123 and O°C for LT323AI 
LM323. T max = 150°C for LT123A/LM123 and 125°C for LT323AI 
LM323. 
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LT 1 23A/LT323A 
LM 1 23/LM323 

ELECTRICAL CHARACTERISTICS (See note 1) 

SYMBOL PARAMETER CONDITIONS 
VOUT Output Voltage TI = 25'C, VIN = 7.5V, lOUT = 0 

7.5V .;; VIN .;; 15V, T MIN';; TI .;; 
TMAX 
o .;; lOUT';; 3A, P .;; 30W (Note 2) 

Ll.VOUT Line Regulation TS = 25'C, 7.5V .;; VIN .;; 15V 
Ll.VIN ( ee Note 1) 

Ll.VouT Load Regulation Tj = 25'C, VIN = 7.5V 
Ll.IOUT o .;; lOUT';; 3A (See Note 1) 

10 Quiescent Current 7.5V .;; VIN .;; 15V, 0 .;; lOUT';; 3A 

en Output Noise Voltage T = 25'C, 10Hz.;; 1 .;; 100kHz 

Isc Short Circuit Tj = 25'C, 
Current Limit VIN = 15V 

VIN = 7.5V 
Long Term Stability 01 Output 
Voltage 

OJC Thermal Resistance Junction to 
Case K Package 

T Package 

The. denotes the specifications which apply over the full operating 
temperature range. 
Nole 1: Load and line regulation are tested with pulsed low duty 
cycle techniques where pulse width,,; 1msec and duty cycle,,; 5%. 
Nole 2: T min = -55°G for the LT123A/LM123 and Q'G for LT323A1 
LM323. T max = + 15QoG for LT123A/LM 123 and + 125°G for 
L T323A/LM323. 

LT323A LM323 
MIN TYP MAX MIN TYP 
4.95 5.0 5.05 4.8 5.0 

• 4.85 5.0 5.15 4.75 5.0 

5 10 5 

25 50 25 

• 12 20 12 
40 40 

3 4.5 3 
4 6 4 

35 

}:Ti;:"d:s 2.5 1.8 
4.0 3.0 

TYPICAL PERFORmAnCE CHARACTERISTICS 

Dropout Voltage 

;s 2.0 ~:t:~H::l::f::t:j 
~ 
~ 1.5 r--'--t--t---... 

" >-

" [; 1.0 r--t--+-+--t---t--t--i 
9 
'3 
~ 0.5 r--t--+--I~+--t-,--+--r-' 

-re-w-~ 0 ~ w re 1001~1W 
JUNCTION TEMPERATURE 1°C) 

5.15 

5.10 
;s 
~ 5.05 
<0: 
':J 
~ 5.00 
>

" S 4.95 
o 

4.90 

4.85 

Output Voltage Temperature Drift 

I I I : : 
I [ I I 

I I 

I 

I 

I J I 

I : I I I 
I--

I I 
, 

-~ I I 
I I I I I I 

I I I I I I I 

1 : I [ 
I 

I I 

-50 -25 0 25 50 75 100 125 150 

TEMPERATURE lOCI 

MAX UNITS 
5.2 V 

5.25 V 

25 mV 

100 mV 
20 mA 

/JVrms 

4.5 A 
5 A 

35 mV 

'C/W 
'C/W 
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LT 1 23A/LT323A 
LM 123/LM323 

TYPICAL PERFORmAnCE CHARACTERISTICS 
Peak Available Output Current 

I - Ti ~ -55"C 

10° 

g 
t'j 10- 1 

Z 

"'" @ 

~ 
>-

~ 
:0 

10- 2 

0 

10-3 

7.5 

5> 5.0 

~;. 2.5 

§g~ 
~> 
ui!j 

~~ -2.5 

gS 5.0 

~? ~i= 1.0 
:0 
o 

0.5 

TJ ~ 25"C 

~ 
Ti - 150"C ~ --... 

I 
10 15 20 

INPUT VOLTAGE (V) 

Output Impedance 

lOUT lA 

Ti 25°C CL 1 "F-

I I r 
~VIN 15V . Ff (THERMAL EFFECT) ~ 

~ I /1 ~bLID 10"F 
TANTALUM 

I-VIN 7.5V 

I I 

10 100 lk 10k lOOk 1M 

FREQUENCY (Hz) 

Line Transient Response 

IL ~ 150 lmA 

1\ CL ~ O.l"F-

\ 
Ti ~ 25"C -

I 
'" 
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Suggested Heat 
Sink Thermal Resistance 

100 

50 
LT323A1LM323 

V 
TA 25'C ,t= 

" /TA 50'C I--

V X!A ~ 75'C I--

~ A ,N 
1 

o 10 15 20 25 30 35 

POWER DISSIPATION (WATTS) 

Output Noise Voltage 
100 

in 
iii' 
>' 

"" 

r-VIN 10V 

~IOUT - 0.5A 

r- COUT ~ l"F 
FLOW ~ 1 Hz V 

t5 10 
« 
>:0 _. 

§? 
w 

'" §:i 
1/ 

I I 
100 lk 10k lOOk 

BANDWIDTH (Hz) 1 POLE ROLLOFF 

Load Transient Response 

VIN ~ 10V 

Ti ~ 25'C ~ 
"-

~I''';' CL ~ 10"F 

[" 
SOLID TANTALUM 

'CL ~ O.l"F i> 

100 

50 

~ 
~ 
t'j 
z 
." 

~ 
10 

:;;' 
iii' 

5 

~ 

1 

14 

12 

o 

Suggested Heat 
Sink Thermal Resistance 

LT123A1LM123 

~ 

~ ~ V 
I--- TA ~ 25'C 

TA 50'C == 
=== TA 75°C = = 

TA 100°C= == 
X '" IX , ~ 

i,\ ", '" f"'. 
o 10 15 20 25 30 35 

POWER DISSIPATION (WATTS) 

Ripple Rejection 

10 100 lk 10k lOOk 1M 

FREQUENCY (Hz) 

Quiescent Current 
, 

/ 
I 

II 
o 

Ti'l 55'f~ 

r Ti ~ 25'C/ 

I I 
Ti ~ 125'C 

I 

12 

INPUT VOLTAGE (V) 

/ 

16 20 



APPLICATions InFoRmATion 
Bypass Capacitors: The LT123A does not require an 
output capacitor for resistive loads. For almost all ap
plications, however, a 1~F or larger solid tantalum ca
pacitor should be used at the output within 2" of the 
regulator to improve the output impedance at high fre
quencies. For applications where very low high fre
quency impedance is required, a 1O~F solid tantalum 
output capacitor is recommended. Total output ca
pacitance either local or distributed may be increased 
without limit. 

A 2~F or larger solid tantalum capacitor or a 25~F alu
minum capacitor, must be used at the input if the regu
lator is more than 4" away from the large rectifier 
capacitor. 

Avoiding Ground Loops: For best regulation, the ground 
pin of the LT123A should be tied directly to the load 
point as shown. This prevents excess drop in load 
voltage caused by load current flowing through the 
ground return lead. This is essentially a Kelvin con
nection for the low side of the regulator. A Kelvin con
nection cannot be made for the high output of 
regulator because only three pins are available on the 
package. Therefore, every attempt should be made to 
minimize the resistance between the output pin of the 
regulator and the load. #18 gauge hookup wire has a 
resistance of 0.006 ohms per foot. This translates to 
0.36% change in load voltage at full load current. The 
LT123A is specified at 1% maximum load regulation, 
so o.ne foot of wire represents a significant loss of reg
ulatIOn. If connectors are used, careful consideration 
must be given to contact resistance, especially if the 
connector is subjected to nasty ambients, vibration, or 
multiple insertions. 

LT123A/LT323A 
LM 123/LM323 

KEEP THIS RESISTANCE LOW 
( .. 0.005\1) 

+ 

RAW SUPPLY 

LT123A 
IN 

GND 
OUTf-----

12 mA -
THIS RESISTANCE DOES NOT 
CONTRIBUTE TO LOAD REGULATION 

/ 

LOAD 

" HI CURRENT PATH 

Raw Supply: Transformer, diode, and capacitor selec
tion for the raw supply to the L T123A is very important 
because of the conflicting requirements for reliability, 
efficiency, and resistance to "brown-out" conditions. 
High secondary voltage on the transformer will cause 
unnecessarily high power dissipation in the regulator. 
Too Iowa secondary voltage will cause the regulator 
output to drop out of regulation with only a small re
duction in AC mains voltage. The following formula 
gives a good starting pOint for transformer selection. 
This formula assumes a center tapped transformer, 
using two rectifier diodes. 
where: 

VOUT = 5V 
VDO = Minimum input-output differential of the 

regulator 
VRECT = Rectifier forward drop at 310UT 
VRIP = V, pop capacitor ripple voltage 

_ (5.3 x 10-3) (lOUT) 
- 2C 

VNDM = Rated line voltage for the transformer 
(RMS) 

VLOW = Lowest expected line voltage (RMS) 
lOUT = DC output current 

'1.1 is a nominal load regulation factor for the 
transformer 

3-81 

'" a: o ... 
a: 
..J 
::» 

" '" a: 

'" " a: 
~ o 
> 

BI 



LT123A/LT323A 
LM 123/LM323 

APPLICATions InFoRmATion 

Example: louT = 2.SA, VOUT = SV 
Assume: Voo = 2.SV, VRECT = UV, C = B,OOO!,F 

VNOM = 11SV, VLQW = O.BBV 

VRIP = (S.3 X 10-3) (2.S) = 0.B3V 
2 (B X 10 3) 

V = (S+2.S+1.1+0.B3) (~)(11) 
RMS V2 OS' 

= B.03 VRMS 

VRMS = (VOUT + VOO ~RECT:t- VRIP)) ( ~~~: ) (U*) 

IRMS = (lOUT) (1.2) 

TYPICAL APPLICATiOnS 

01 
..... 
~ 

LT123A 
r --

SA B.4V''*' 
FAST 
BLOW 

~, 02t 

-\ 
20 

INPUT CROWBAR 

VOUT 

t 02 AND D1 MUST WITHSTAND LARGE SURGE CURRENTS 
UNTIL THE 5A FUSE BLOWS. PEAK SURGE CURRENT IS 
LIMITED ONLY BY THE FUSE, WIRING, AND FILTER CAP 
RESISTANCE. 

tt TRIP POINT IS APPROXIMATELY 7.3V. 

3-82 

The filter capacitor should be at least2000f.,tF per amp 
of load current to minimize capacitor heating and rip
ple voltage. The diodes should be rated at 5-6 amps 
even though their average current is only 1.5A at full 
rated load current. The reason for this is that although 
the average current is 1.5A, the RMS current is typi
cally twice this value. In addition, the diode must with
stand very high surge currents during power turn-on. 
This surge can be 10-20 times the DC rating of the 
supply, depending on capacitor size and wiring resis
tance and inductance. 

LT123A I 
SA B.4V'i'---1 

FAST 

VOUT 

BLOW 
~, 01" 
7~ 

20 

OUTPUT CROWBAR 

, THE 6.4V ZENER IS INTERNAL TO THE LT123A. 

•• 01 MUST BE ABLE TO WITHSTAND CONTINUOUS CURRENTS 
OF 5A IF ADDITIONAL SYSTEM SHUTDOWN IS NOT USED. 



SCHEmATIC DIAGRAm 

05 

PACKAGE DESCRIPTion 
K Package STEEL METAL CAN 

0.750-0.775 

0325-0.350 n I19,3D4-,9.QB51 

(8255-8.090) 0.116 

~
(2:A:61 

. . : : ---L. SEATING PLANE 
0.420-0.490 ---r 

(12168-12.'92) 0038-0043 

--11-(0:965-':092) 

1.177-1.197 

(29.896-30.404) 

0.425-0.435 

(10785-11.049) 

LT123AK 

LM123K 

LT323AK 

LM323K 

Tj max. 

1S0°C 

12S'C 

0.490-0.510 

2 MOUNTING HOLES 
0.151-0,151 

(3835-4029) 
OIA 

----R 
(12446-12.954) 

6ja 6jc 

3SoC/W 1.8 'CIW 

3S'C/W 1.8'CIW 

LT 1 23A/LT323A 
LM 1 23/LM323 

20k 

~ 
0.11 

-,,-.79--
0:':0,010 

4:,:0.254) 

0±0.015 

1±0.381) 

1,02 
-"5-.9--

10k 

T Package TO-220 

(1003-1069) 
r0395-0420:t 0.151:<:0002 

(3835±0.051) 
OIA er 

Q.340:tD.Q1Q 

1
(8.536:tO'2~ 

AUl 
0.15 

(3.81 
---4 MIN j \.7" 

~540=O,015 I i3.72~0,3S11 

50 

0.41 

(10 

~L 
0.200±0,010 ---
(5.08±0.254) 0.381 : ~:~~; 

0.050 iEL l ('i27) TYP O,032:!:O.005 

O.100±O.010 I (O,S13=O.127) 

(2.54±0,254) 0015 ~~'~6~ 

I I lmax. I Oja I BjC I 
I LT323AT I 12S'C Isooc/w 12.S'CIW I 

LM323T 

1k 

0.03 

1k 

0,180=0_005 

(4.572::0.127) 

0,050=0,002 

(1.27::,:0,051) 

TA.PERED1°,2SIDES 

SEATING PLANE 

OUT 

6.4V 

GNO 
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L7LlnFAr\ LT137A/LM137 
U \K LT337 A/LM337 

TECHNOLOGY~-------N-e-g-a~t~iv-e-A~d~j~u~st-a~b~le 

FEATURES 
• Guaranteed 1% Initial Voltage Tolerance 
• GuaranteedO.01%1V Line Regulation 
• GuaranteedO.5% Load Regulation 
• GuaranteedO.02%/W Thermal Regulation 
• 100% Burn-in in Thermal Limit 

APPLICATions 
• Adjustable Power Supplies 
• System Power Supplies 
• Precision Voltage/Current Regulators 
• On-Card Regulators 

+ 
C2 
5~F 
SOLID 
TANTALUM 

Negative Regulator 

Regulator 
DESCRIPTion 
The LT137A1LT337A negative adjustable regulators '" 
will deliver up to 1.5Amps output current over an out- a: 
put voltage range of -1.2V to - 37V. Linear Technol- e 
ogy has made significant improvements in these a::: 
regulators compared to previous devices, such as bet- ~ 
ter line and load regulation, and a maximum output " 
voltage error of 1%. 'II 

C 

Every effort has been made to make these devices 
easy to use and difficult to damage. Internal current 
and power limiting coupled with true thermal limiting 
prevents device damage due to overloads or shorts, 
even if the regulator is not fastened to a heat sink. 

'II 

" a::: .... 
.J 

g 
Maximum reliability is attained with Linear Technol- II 
ogy's advanced processing techniques combined with 
a 100% burn-in in the thermal limit mode. This as-
sures that all device protection circuits are working 
and eliminates field failures experienced with other 
regulators that receive only standard electrical 
testing. 

12 

11 

~ 10 

ffi 9 
e,. 8 
a: 
o 
a: 
ffi 
~ 
;5 

Output Voltage Error 

2% RESIS]; aslL~m tr 
V 1% RESISTORSIL~~di 

/ :-- 2% RESISTORS' , , , , 
y Hr~ -U:337,4 g 

~ 
/ 1% RESISTORS I, i3')I~ 

Irf I" I 

-V,N---t'----I'ViN::IILT137P,lViil1t~---+-- -VOUT ~ 1.25V ( 1 + :~ ) 

.R2~R1 (' VOUTI_1) 
1.25V 

§ 2 
, 
~ 

I 
III II I 
III II I 

4 6 810 20 40 100 

OUTPUT VOLTAGE 
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LT137 A/LM 137 
LT337 A/LM337 

ABSOLUTE mAXimum RATinGS PACKAGE/ORDER InFORmATion 
Power Dissipation ............. Internally Limited 
Input to Output Voltage Differential . . . . . . . . .. 40V 
Operating Junction Temperature Range 

LT137A1LM137 ............. -55°C to 150°C 
LT337A1LM337 ................ O°C to 125°C 

Storage Temperature Range 
LT137A1LM137 ............. -65°C to 150°C 
LT337A1LM337 ............. -65°C to 150°C 

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

PREconDITiOninG 
100% THERMAL LIMIT BURN-IN 

BOTTOM VIEW ORDER "0. PART NO. J VOUT 

•• LT137AK 
1 2 LM137K 

o CASEISV LT337AK 
IN LM337K 

K PACKAGE 

FRONT VIEW 

loll I~ 
T PACKAGE 

ELECTRICAL CHARACTERISTICS (See note 1) 
SYMBOL PARAMETER 
VREF Reference Voltage 

~VOUT Load Regulation 
~louT 

~ VOUT Line Regulation 
~VIN 

Ripple Rejection 

Minimum Load Current 

3.0 

Isc Current Limit 
2.2 3.2 
0.8 1.5 

en 0.003 

0JC 12 15 
2.3 3.0 
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BOTTOM VIEW ORDER 
ADJ PART NO. 

VOUT LT137AH 
VIN LM137H 

CASE IS INPUT LT337AH 
LM337H 

H PACKAGE 

ORDER 

:=~~UT PART NO. 

LT337AT -AOJ 
LM337T 

LM137 
MIN TYP MAX UNITS 

-1.225 -1.250 -1.275 V 

-1.200 -1.250 -1.300 V 

15 25 mV 

0.3 0.5 % 

20 50 mV 

0.3 1.0 % 

0.01 0.02 %N 
0.02 0.05 %N 

2.5 5.0 

1.2 3.0 rnA 

1.5 2.2 A 
0.5 0.8 A 

0.24 0.4 A 
0.15 0.25 A 

0.6 % 

0.3 1.0 % 

0.003 % 

12 15 °C/W 
2.3 3.0 °C/W 

L7~lO~ 



LT137 A/LM 137 
LT337 A/LM337 

ELECTRICAL CHARACTERISTICS (See note 1) 
LT337A LM337 

SYMBOL PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 
VREF Reference Voltage IVIN-VOUTI = 5V, louT = lamA, 

Tj = 25"C -1.238 1.250 -1.262 -1.213 -1.250 -1.287 V 

3V ,,; IVIN - VOUT I ,,;40V 
lamA,,; louT"; IMAX, P ,,; PMAX • -1.220 -1.250 -1.280 -1.200 -1.250 -1.300 V 

tl.VOUT Load Regulation lamA,,; louT"; IMAX, (See Note 2 & 
tl.lauT 3) 

Tj = 25"C, IVOUT I,,; 5V 5 25 15 50 mV 

Tj = 25"C, IVOUT I;;, 5V 0.1 0.5 0.3 1.0 % 

IVOUTI,,; 5V • 10 50 20 70 mV 

IVOUTI;;, 5V • 0.2 1.0 0.3 1.5 % 

tl.VOUT Line Regulation 3V,,; IVIN-VOUTI,,; 40V, (See Note : 
tl.V IN 2) 

Tj = 25"C 

Ripple Rejection VOUT = -10V, f = 120Hz 
CAOJ = a 
CAOJ = 10!LF 

Thermal Regulation T = 25"C, 10msec Pulse 
IAOJ Adjust Pin Current 
tl.I AOJ Adjust Pin C~rrent Change lamA,,; lOUT ,,; I~x 

3V ,,; IVIN - VOUT ,,; 40V 
Minimum Load Current IVIN-VOUTI,,; 40V 

IVIN-VOUTI,,; 10V 
Isc Current Limit IVIN-VOUTI,,; 15V, 

K and T Package 
H Package 

I VIN - VauT I = 40V, 
K and T Package 

Tj = 25"C H Package 

tl.VauT Temperature Stability 01 Output 
tl.Temp Voltage (Note 4) 

tl.VauT Long Term Stability TA = 125"C, 1000 Hours 
tl.Time 

en RMS Output Noise TA = 25°C, 10Hz,,; 1 ,,; 10kHz 
(% 01 VOUT) 

0JC Thermal Resistance H Package 
Junction to Case K Package 

T Package 

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. 
Note 1: Unless otherwise indicated, these specifications apply: 
IV1N - VOUT 1= 5V; and lOUT = O.IA for the H package, lOUT = O.5A 
for the K and T packages. Power dissipation is internally limited. 
However, these specifications apply for power diSSipation up to 2W 
for the H package and 20W for the K and T packages. IMAX = 1.5A 
for the K and T packages, and O.2A for the H package. 

, 

0:Q05 0.01 0.01 0.04 %N 
• ..... Oi01 0.03 0.02 0.07 %N 

...... .... ~~; .....•....... 

60 ....... 60 dB 

• 70 . L 66 77 dB 
.: ./····.·0:002 0.02' 0.003 0.04 %/W 

..:.,65. .' .100;:. 65 100 !LA 

: .. :· .. :.·.·.i:'5~;~. . .• ~:{. 0.5 5 !LA 
2 5 !LA · .... :. 

>'~~::'i · .. 1:":' 2.5 10 mA 

• . ·.r 1 6 mA 

: '.:'" .,... ~:~:ji. 1.5 2.2 A 
..... . ....... {. 0.5 0.8 A 

'~:~: '~:~gi~:~ ::{i 0.15 0.4 A 
0.10 0.17 A 

• 
· ......... ···/I{S~.' 

". . ..•.. 0.6.'. , .. -i 0.6 % 

0.3 1.0 0.3 1.0 % 

0.003 0.003 % 

12 15 12 15 "C/W 
2.3 3,0 2.3 3.0 "C/W 
3 5 3 5 "C/W 

Note 2: Testing is done using a pulsed low duty cycle technique. See 
thermal regulation specifications for output changes due to heating 
effects. Load'regulation is measured on the output pin at a point 1/S" 
below the base of the K and H package and at the junction of the 
wide and narrow portion of the lead on the T package. 
Note 3: Load Regulation for the LT337AT is the same as for LM337T. 

Nole 4: Guaranteed on LT137A and LT337A, but not 100% tested in 
production. 
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LT137 A/LM 137 
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TYPICAL PERFORmAnCE CHARACTERISTICS 
Dropout Voltage 
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Temperature Stability 
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LT137 A/LM 137 
LT337 A/LM337 

TYPICAL PERFORmAnCE CHARACTERISTICS 
Load Regulation> Current Limit Adjustment Current 
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'The LT137A1337A has load regulation com· 
pensation which makes the typical unit read 
close to zero. This band represents the typi· 
cal production spread. 

APPLICATion InFORmATion 
Output Voltage: The output voltage is determined by 
two external resistors, R1 & R2 (see Figure 1). The ex
act formula for the output voltage is: 

VOUT = VRal ( 1 + :~ ) + IADJ (R2) 

Where: VRef = Reference Voltage, IADJ = Adjustment 
Pin Current. In most applications, the second term is 
small enough to be ignored, typically about 0.5% of 
VOUT• In more critical applications, the exact formula 
should be used, with IADJ equal to 65J,La. Solving for R2 
yields: 

R - VOUT - VRal 
2-

VRal + I - ADJ Rl 

Smaller values of R1 and R2 will reduce the influence of 
IADJ on the output voltage, but the no-load current 
drain on the regulator will be increased. Typical values 
for R1 are between 100n and 300n, giving 12.5mA 
and 4.2mA no-load current respectively. There is an 
additional consideration in selecting R1, the minimum 
load current specification of the regulator. The operat
ing current of the LT137 A flows from input to output. If 
this current is not absorbed by the load, the output of 
the regulator will rise above the regulated value. The 
current drawn by R1 and R2 is normally high enough to 

~ g 
absorb the current, but care must be taken in no-load II 
situations where R1 and R2 have high values. The 
maximum value for the operating current, which must 
be absorbed, is 5mA for the LT137 A. If input-output 
voltage differential is less than 10V, the operating cur-
rent that must be absorbed drops to 3mA. 

+ C1 R2 
+ 10~F 

C2 _IADJ 
5~F t R1 

VREF 

-Y'N 
~ r-----4>---_- -VOUT 

Figure 1 

EXAMPLES: 

1. A precision 10V regulator to supply up to 1Amp load current. 

a. Select Rl = 100(2 to minimize effect of IADJ 

b. Calculate R2 = VOUT - VRal = 10V - 1.25V = 704(2 
VRal I 1.25V 65 A 
~ - ADJ 100(2 - Jl 

2. A 15V regulator to run off batteries and supply 50mA. 
VIN MAX = 25V 

a. To minimize battery drain, select Rl as high as possible 

1.25V 
Rl = - = 417(2, use 404(2, 1% 

3mA 
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b. The high value for R, will exaggerate the error due to IAOJ, so 
the exact formula to calculate R2 should be used. 

15V - 1.25V = 45390 
1.25V _ 65 X 10-6 

4040 

Capacitors and Protection Diodes: An output capacitor, 
C3, is required to provide proper frequency compen
sation of the regulator feedback loop. A 1~F or larger 
solid tantalum capacitor is generally sufficient for this 
purpose if the 1 MHz impedance of the capacitor is 20 
or less. High Q capacitors, such as Mylar, are not rec
ommended because they tend to reduce the phase 
margin at light load currents. Aluminum electrolytic 
capacitors may also be used, but the minimum value 
should be 10~F to ensure a low impedance at 1MHz. 
The output capacitor should be located within a few 
inches of the regulator to keep lead impedance to a 
minimum. The following caution should be noted: if 
the output voltage is greater than 6Vand an output ca
pacitor greater than 20~F has been used, it is possible 
to damage the regulator if the input voltage becomes 
shorted, due to the output capacitor discharging into 
the regulator. This can be prevented by using diode DI 
(see Figure 2) between the input and the output. 

The input capacitor, C2, is only required if the regula
tor is more than 4 inches from the raw supply filter 
capacitor. 

Bypassing the Adjustment Pin: The adjustment pin of the 
LT137A may be bypassed with a capacitor to ground, 
C1, to reduce output ripple, noise, and impedance. 
These parameters scale directly with output voltage if 
the adjustment pin is not bypassed. A bypass capaci
tor reduces ripple, noise, and impedance to that of a 
1.25V regulator. In a 15V regulator for example, these 
parameters are improved by 15V/1.25V = 12 to 1. 
This improvement holds only for those frequencies 
where the impedance of the bypass capacitor is less 
than R1. Ten microfarads is generally sufficient for 
60Hz power line applications where the ripple fre
quency is 120Hz, since Xc = 1300. The capacitor 
should have a voltage rating at least as high as the 
output voltage of the regulator. Values larger than 
10~F may be used, but if the output is larger than 25V, 
a diode, D2, should be added between the output and 
adjustment pins (see Figure 2). 
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R2 

D2* • 
IN4002 

""'-----+--.e__ -VOUT 

• Ot protects the regulator Irom input shorts to •• 02 protects the adjust pin of the regulator 
ground. fils required only when CSls larger Irom output shorts ,I C2 Is larger than tO~F 
than 20~F and VOUT Is larger than 6V. andVOUT Is larger than -25V. 

Figure 2 

Proper Connection of Divider Resistors: The LT137A has 
an excellent load regulation specification of 0.5% and 
is measured at a point 1/8" from the bottom of the 
package. To prevent degradation of load regulation, 
the resistors which set output voltage, R1 and R2, 
must be connected as shown in Figure 3. Note that the 
positive side of the load has a true force and sense 
(Kelvin) connection, but the negative side of the load 
does not. 

Lead resistance here does not 
/ affect load regulation. 

" Lead resistance here degrades 
load regulation. Minimize 
the length 01 this lead. 

Figure 3 

R1 should be connected direct/yto the output lead of 
the regulator, as close as possible to the specified 
point 1/8" from the case. R2 should be connected to 
the positive side of the load separately from the posi
tive (ground) connection to the raw supply. With this 
arrangement, load regulation is degraded only by the 
resistance between the regulator output pin and the 
load. If R1 is connected to the load, regulation will be 
degraded. 



TYPICAL APPLICATions 
The output stability, load regulation, line regulation, 
thermal regulation, temperature drift, long term drift, 
and noise, can be improved by a factor of 6.6 over the 
standard regulator configuration. This assumes a 
zener whose drift and noise is considerably better 
than the regulator itself. The LM329B has 20PPM/oC 
maximum drift and about 10 times lower noise than 
the regulator. 

In the application shown below, regulators #2 to "N" 
will track regulator # 1 to within ± 24mV initially, and 
to ± 60mV over all load, line, and temperature condi
tions. If any regulator output is shorted to ground, all 
other outputs will drop to "'" -2V. Load regulation of 
regulators 2 to "N" will be improved by VouT/1.25V 
compared to a standard regulator, so regulator #1 
should be the one which has the lowest load current. 

Multiple Tracking Regulators 

IN4002 

1----+-+--- -Voun 

!-----+---- -VOUT2 

I 
I 
I 

r---~--J r:1 
I I ~,: 

r--..l..,--.., :& I SOLID 
I R:~N I I TANTALUM 

'----<t.------j VIN LT137A VOUT Ir--<'~----IO--- VOUT3 
I I L-' ____ ...l 

+VIN 

V,N 

LT137 A/LM137 
LT337 A/LM337 

High Stability Regulator 

7V R2* 
lM329B 

R1 
1k 
1% 

+ 
1.F 
SOLID 
TANTALUM 

tL--------+--- -VOUT 

• R2 ~ IVOUT I - 9081l 
9.08 X 10 3 

Dual Tracking Supply ± 1.25V to ± 20V 

Y,N LT317A VOUTk----__+-_-+VOUT 

ADJ 

* Solid Tantalum 

R1·· + 
1001l 2.2' 01 
1% "F IN4002 

2.2" 

"F 

02 
IN4002 

t337!tNmrrl"'-------'---- -VOUT 

*' *' Rl or Rs may be trimmed slightly to improve tracking 

Current Regulator 

RS -I 
1.25V 

,~ 65"A +
Rs 

(0.8!! ~ Rs~ 250111 
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SCHEmATIC DIAGRAm 

01 

60k 

013 

4k 

PACKAGE DESCRIPTiOn 
K Package TO-3 STEEL Metal Can 

0.760-0,775 n (19.304-19.685) 
0.325-0.350 

(8.255-8.890) ~ 

~
12:A:6) 

, , : : ----1...-SEATINGPlANE 
0.420-0.4BO -----r 

(10,688-12.192) 0038-0043 

--n-(O:96S-1:09Z) 
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(29.896-30A04) [:Fj 0,660-0.670 
0.210-0.220 (18.764-17.018) 
(5,334-5.588) G -0) 0.168-0.178 

T- -0-· _(4267-4521) RTYP 

- 01 2 MOUNTING HOLES 
0.425-0.435 0.151-0.161 

(10.795-11.049) (3.835-4.089) 

137A 
137 

337A 
337 
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OIA 

0.490-0.510 
(12.446-12.954) R 

TJMAX 0JC 

150'C 3'CIW 

125'C 3'CIW 

T Package TO-220 Plastic 
J.- 0.395 - 0.420 

~I~ 
Q.l1Q:!:Q,Ql0 

~ 

0.151±0.00Z 
(3.83S±0.OSl) 
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1 (8536±0.Z; 

1.020:!:0.015 I:::::;=;:;:::y:;:=;::::l i4 
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1:~4;IR:F L 
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(5.08±O,ZS4J 0.381 -0051 

TJMAX 0JC 

337A 125'C 4'CIW 
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Q.180::!:O,Q05 

~ 
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TAPERED 1 o. 2 SIDES 

SEATING PLANE 

0.105 ~~:~~~ 
2.657 ~g:~~i 

0,02 
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~ (~:~~~=~::~~) 1 l. DIA 
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(l~;~O) (0::;) n n n,---- 0.016-0.019 OIA 
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(~:~~~) TYP _ 
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~ 2'~ J 
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__ 
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1:.7LlnFAf\ LT137AHV/LT337AHV 
U \K LM137HV/LM337HV 

TECHNOLOGY~-----H-ig-h-V-o-I-ta-g-e-N-e-g-a-t-iv-e 

FEATURES 
• 50V Operation 
• Guaranteed 1% Initial Voltage Tolerance 
• GuaranteedO.01%IV Line Regulation 
• Guaranteed 0.5% Load Regulation 
• Guaranteed 0.02%/W Thermal Regulation 
• 100% Burn-in in Thermal Limit 

APPLICATions 
• Adjustable Power Supplies 
• System Power Supplies 
• Precision Voltage/Current Regulators 
• On-Card Regulators 

Negative Regulator 

Adjustable Regulators 

The LT137AHV/LM137HV negative high voltage ad
justable regulators will deliver up to 1.5 Amps output 
current over an output voltage range of -1.2V to 
-47V. Linear Technology has made significant im
provements in these regulators compared to previous 
devices, such as better line and load regulation, and a 
maxium output voltage error of 1 % for the LT137 AHV 
and L T337 AHV. 

Every effort has been made to make these devices easy to 
use and difficult to damage. Internal current and power 
limiting coupled with true thermal limiting prevents 
device damage due to overloads or shorts, even if the 
regulator is not fastened to a heat sink. 

Maximum reliability is attained with Linear Technology's 
advanced processing techniques combined with a 100% 
burn-in in the thermal limit mode. This assures that all 
device protection circuits are working and eliminates field 
failures experienced with other regulators that receive 
only standard electrical testing. For performance curves 
and applications circuits see the LT137A series data 
sheet. 

12 

11 
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51 7 
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~ 5 
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Worst Case Output Voltage 
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LT 137 AHV ILT33 7 AHV 
LM137HV/LM337HV 

ABSOLUTE mAXimum RATinGS PACKAGE/ORDER InFORmATion 
Power Dissipation . .............. Internally Limited 

BOTTOM VIEW ORDER I nput to Output Voltage Differential. . . . . . . . . . . .. 50V 
Operating Junction Temperature Range ADJ VOUT a PART NO. 

LT137AHV/LM137HV . .......... -55°C to 150°C 
LT337 AHV I LM337HV . . . . . . . . . . . . . O°C to 125°C 

Storage Temperature Range 
LT137AHV/LM137HV ........... -65°Cto150°C 
LT337AHV/LM337HV . .......... -65°C to 150°C 

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

PRECOnDITiOninG 
100% THERMAL LIMIT BURN-IN 

ELECTRICAL CHARACTERISTICS (See Note 1) 

PARAMETER 
VREF Reference Voltage 

.lVOUT Load Regulation 
.llouT 

.l VOUT Line Regulation 
.lV,N 

Ripple Rejection 

Minimum Load Current 

Isc Current Limit 

0JC 

3-94 

3V" IV ,N - VouTI" SOV 
10mA"loUT "IMAX, p" PMAX 

10mA ..;; lOUT";; IMAx, (See Note 2) 

TJ = 2s'c,lvoUT I..;; SV 

Tj = 25'C, I VOUT I ;;. SV 

IVOUTI..;; SV 
I;;. SV 

•• LT137AHVK 
1 2 LT337AHVK 

o CASE,SV,N LM137HVK 
K PACKAGE 

LM337HVK 

1.2 3.0 

2.2 3.2 
0.8 1.6 

0.4 0.8 

0.003 

12 IS 
2.3 3.0 

BOTTOM VIEW 

CASE IS INPUT 

H PACKAGE 

LM137HV 
MIN TVP 

ORDER 
ADJ PART NO. 
VOUT LT137AHVH 
V,N LT337AHVH 

LM137HVH 
LM337HVH 

MAX UNITS 

-1.225 -1.2S0 -1.275 V 

- 1.200 - 1.2S0 - 1.300 V 

15 25 mV 

0.3 O.S % 

20 50 mV 

0.3 1.0 % 

0.01 0.02 'ioN 
0.02 0.05 %N 

S.O 

1.2 3.0 rnA 

1.5 2.2 3.2 A 
0.5 0.8 1.6 A 

0.2 0.4 0.8 A 

0.1 0.17 O.S A 

0.6 % 

0.3 1.0 % 

0.003 % 

12 IS °C/W 
2.3 3.0 'C/W 

L7l!1~ 



ELECTRICAL CHARACTERISTICS (See Note 1) 

SYMBOL PARAMETER CONDITIONS 
Reference Voltage 

LT137AHV/LT337AHV 
LM137HV/LM337HV 

LT337AHV LM337HV 
MIN TYP MAX MIN TYP MAX UNITS 

-1.238 ,...1'250 -1.262 -1.213 -1.250 -1.287 V 

3V" !V,N - VOUT! " 50V' ~ 
______ -1 ____________________ ~l~o~mA~"~lo~U~T~"~I~MA~X~,P~"~P~MA~X~~.~--1~.2~2~O~-~1~.2~5~0---1~.2~8~O~-~1.~20~0~-~1.~25~0--~1.~30~0~----~V () 

~VOUT Load Regulation lamA" lOUT" IMAX (See Note ... 
~ 2) a:: 

Ti ~ 25°C, IVOUTI,,;; 5V 5 25 15 50 mV ~ 

Ti ~ 25°C, IVOUTI." 5V 0.1 0.5 0.3 1.0 % :::» 
IVOUTI,,;; 5V • 10 50 20 70 mV " \II 

______ ~~------------------~------~I~v~ou~TI~.,,~5V~----~.~--,...,...~~0.~2--~1.0~~ ______ ~0.~3 __ ~1.~5 __ ~----O~~ CC 
~VOUT Line Regulation 3V" !V,N - VOUT!" 50V (See . • ",,'f,c. \II 

--:w;- Note 2) . ······j!~:~r' " 

______ -+_Ri_pp_le_R_ej_ec_ti_on __________ ~v~~~~~;-~-;~~~:F~f-=-1_20_H_Z ____ ~~:~~~~~~'~~r.~ .. jj0~.;~~:;c~"--~-:~-'=;;;4~--6~6~~:~:_~ ___ ~_:~_i_+----~~:: ~ 
Thermal Regulation T ~ 25°C, T = 2ms to 12ms 0.002 0.04 0.003 0.04 %/W 
Adjust Pin Current lit 65 100 65 100 IlA II 

lamA" lOUT" IMAX • 0.2 2 2 5 IlA 
______ ~--------------------h2~.5~V-"~!V~IN~--V~O~UT~!-"~5~OV------~.~~~~~2--~6~~~----~3----~6---+----~Il~A 

Adjust Pin Current Change 

Minimum Load Current Iv,N-VOUTI,,;; 40V .!".'2.55k 2.5 10 mA 

______ -+ ________________ -+1...:1 V""'N_-""VO"'-UT""I-',,;;-'1..:..0V'----______ ---+-=.+f""''-.···_·· ;."""-••• ···"""" ••• ~·.~'-----=.3~~ '.'--____ --'1 ____ .:..6 _-+-_-""-'mA 
Isc Current Limit 

~VOUT Temperature Stability of Output 
~ Temp Voltage (Note 3) 

~VOUT Long Term Stability 
~Time 

RMS Output Noise 
(% of VOUT) 
Thermal Resistance 
Junction to Case 

!V,N - VOUT! " 13V 
K Package 
H Package 

!V ,N - VOUT! = 50V 
K Package 
H Package 

TA = 125°C, 1000 Hours 

H Package 
K Package 

The. denotes the specilications 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. 

Nota 1: Unless otherwise indicated, these specifications apply: 
IVIN - VouTI = 5V; and lOUT = O.lA for the H package, lOUT = 0.5A 
for the K package. Power diSSipation is internally limited. However, these 
specifications apply for power dissipation up to 2W for the H package 
and 20W for the K package. IMAX = 1.5A for the K package, and 0.2A 
for the H package. 

• 1.5 2.2 
• 0.5 0.8 

0.1 0.4 
0.05 0.17 

0.3 

0.003 

12 
2.3 

3.5 
1.8 

0.8 
0.5 

1.0 

15 
3.0 

1.5 
0.5 

0.1 
0.05 

2.2 
0.8 

0.4 
0.17 

0.6 

0.3 

0.003 

12 
2.3 

3.5 
1.8 

0.8 
0.5 

1.0 

15 
3.0 

A 
A 

A 
A 

% 

% 

% 

Nota 2: Testing is done using a pulsed low duty cycle technique. See 
thermal regulation specifications for output changes due to heating 
effects. Load regulation is measured on the output pin at a point 
1/8 inch below the base of the K and H package. 
Note 3: Guaranteed on the LT137AHV and LT337AHV, but not 100% 
tested in production. 
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LT137 AHV/LT337 AHV 
LM137HV/LM337HV 

SCHEmATIC DIAGRAm 

PACKAGE DESCRIPTion 

3-96 

K Package TO-3 STEEL Metal Can 

n 07S0-0nS 
~) 

0325-0350 
(8255-8890) ~ 

E~"~~EAT""PLANE 0420-0490 • 

~ 00380043 
~t-(O.965='.092) 

1.177-1.197 

(29.896-30.404) [fj 0.660-0,670 

~ (16.164-17.018) 
(5.334-5.588) 

0: 0.168-0178 
T- -0-- I _ I. _(4.267-4521) RTVP 

---,--01 2 MOONToNG HOLES 
0.425-0.435 • 0.151-0.161 

(10.795-11.049) ~ 

137AHV 
137HV 

337AHV 
337HV 

"' 
0.490-0.510 R 

(12.446-12,954) 

TJMAX 9JC 

lS0'C 3'CIW 

12S'C 3'CIW 

'OJ 

'20 

'00 

0.04 

100 
500 

v. 

H Package 3-Lead Metal Can 

1-- (~::~;A~:~~) -1 
1'· 0.305-0.335 III-I 0.165-0.195 ~I 

(4.191-4.953) CIA 

O'500~~ 
(1~~0) (a::) n n n,- 0.018-0.019 OIA 

i U U U (0.406-0.483) 

(~::) TYP 

TJMAX 9JC 

137AHV lS0'C lS'CIW 137HV 

337AHV 
12S'C lS'CIW 337HV 

.L7~lIJYJB 



1:.7LlnFAr\ LT138A/LT338A 
U \K LM 1 38/LM338 

TECHNOLOGY~--5-A-m-p-Po-s-it-iv-e-A~d~j~u~st-a~b~le 

FEATURES 
• Guaranteed 1% Initial Tolerance 
• Guaranteed 0.3% Load Regulation 
• Guaranteed 5 Amp Output Current 
• 100% Thermal Limit Burn-in 
• 12 Amp Transient Output Current 

APPLICATions 
• High Power Linear Regulator 
• Battery Chargers 
iii Power Driver 
• Constant Current Regulator 

* Parallel Regulators lor Higher Current 

LT350A •• 
0.01611 

'-- V,N Vour I--+-....... ~....J 
ADJ 

I 

• THIS CIRCUIT WILL NOT WORK 
WITH LM VERSION DEVICES 

•• CURRENT SHARING RESISTORS 
DEGRADE REGULATION TO 1 % 

12111 
1% 

36511 
1% 

Voltage Regulator 

DESCRIPTiOn 
The LT138A series of adjustable regulators provide 5 VI 
amps output current over an output voltage range of a:: 
1.2 volts to 32 volts. The internal voltage reference is e 
trimmed to less than 1 %, enabling a very tight output 5 
voltage. In addition to excellent line and load regula- ~ 
tion, with full overload protection, the LT138A incor- " 
porates new current limiting circuitry allowing large \II 
transient load currents to be handled for short peri- : 
ods. Transient load currents of up to 12 amps can be " 
supplied without limiting, eliminating the need for a a: 
large output capacitor. ~ o 

> The LT138A is an improved version of the popular 
LM138 with improved circuit design and advanced 
process techniques to provide superior performance 
and reliability. 

The graph below shows the significant improvement 
in output voltage tolerance achieved by using the 
LT138A or LT338A. 

Output Voltage Error 

12 .-,-~~rr--r~~~ 

11 ~--+-+++-+++++--+--+-++H+I-I 

§1D ~--+-++Hn++--+--+-++H~ 
~ 9 I---I-I-H'+H-lt--l-+-+-+++-ttl 
w 
~ 8 % RESISTORS LM33B 

W~ 1111 io-' 1 % RESISTORS LM:i:ia 

~ '2% RESISTORS '\'3131 I ~ 5,~ ~ L .8p, 
g 4 1-"~~-I-k+1''R--tt-II-l-++++t+tl 
~ 3 f.... 1% RESISTORS\iLU I 

§ 2 -I-- I I IIII 
,~ II IIIII11 

OL-~~llWll __ ~II~I~lillwlll 
4 6 810 20 40 100 

OUTPUT VOLTAGE 

3-97 



LT 1 38A/LT338A 
LM 1 38/LM338 

ABSOLUTE mAXimum RATinGS PACKAGE/ORDER InFORmATion 
Power Dissipation ............. Internally Limited 
Input to Output Voltage Differential . . . . . . . . .. 35V 
Operating Junction Temperature Range 

LT138A/LM138 ............. -55°C to 150°C 
LT338A1LM338 ................ O°C to 125°C 

Storage Temperature Range 
LT138A1LM138 ............. -65°C to 150°C 
LT338A1LM338 ............. -65°C to 150°C 

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

PREconDITiOninG 
100% THERMAL LIMIT BURN-IN 

BOTTOM VIEW 

K PACKAGE 
TO-3 METAL CAN 

(STEEL) 

ELECTRICAL CHARACTERISTICS (See note 1) 
SYMBOL PARAMETER 
VREF Reference Voltage 

AVOUT Line Regulation 
~ 

AVOUT Load Regulation 
AloUT 

Isc 

AVOUT Temperature Stability 
ATemp 

AVOUT Long Term Stability 
ATime 

en Noise 

3-98 

Thermal Resistance 
Junction to Case 

0.005 0.Q1 
0.02 0.04 

10mA .;; lOUT';; 5A, (See Note 2) 
TA = 25'C 

VOUT .;; 5V 5 15 
VOUT ;;. 5V 0.1 0.3 

TA = 125'C, 1000 Hours 0.3 

0.001 

K Package 

MIN 

1.19 

ORDER PART NUMBER 

LT138AK 

LT338AK 

LM138K 

LM338K 

LM138 
TYP MAX 

1.24 1.29 

0.005 0.01 
0.02 0.04 

5 15 
0.1 0.3 

0.3 

0.003 

UNITS 
V 

V 

%IV 
%IV 

mV 
% 

% 

% 

% 

'C/W 



ELECTRICAL CHARACTERISTICS (See note 1) 

SYMBOL PARAMETER CONDITIONS 
VREF Relerence Voltage louT = lOrnA TA = 25°C 

3V .;; (VIN - VOUT) .;; 35V 
lOrnA .;; louT .;; 5A, P .;; 50W 

Ll.VouT Line Regulation 3V .;; (VIN - VOUT) .;; 35V, (See 
Ll.V1N Note 2) 

TA = 25°C 

Ll.VOUT Load Regulation lOrnA .;; lOUT';; 5A, (See Note 2) 
Ll.louT TA = 25°C 

VOUT .;; 5V 
VOUT ;;. 5V 

VOUT .;; 5V 
VOUT ;;. 5V 

Thermal Regulation TA = 25°C, 20m sec Pulse 
Ripple Rejection VOUT = 10V, 1 = 120Hz 

CADJ = a 
CADJ = 10!LF 

IADJ Adjust Pin Current 
Ll.I ADJ Adjust Pin Current Change lOrnA .;; lOUT';; 5A, 

3V .;; (VIN-VOUT) .;; 35V 
Minimum Load Current (VIN - VOUT) = 35V 

Isc Current Limit (VIN - VOUT) .;; 10V 
DC 
0.5ms peak 

(VIN - VOUT) = 30V, TI = 25°C 
Ll.VOUT Temperature Stability 
Ll.Temp 

Ll.VouT Long Term Stability TA = 125'C, 1000 Hours 
Ll.Time 

en RMS Output Noise TA = 25'C, 10Hz.;; f .;; 10kHz 
(% 01 VOUT) 

0JC Thermal Resistance K Package 
Junction to Case 

The. denotes the specifications which apply over the full operating 
temperature range. 
Nola 1: Unless otherwise specified, these specifications apply: 
VIN - VOUT = 5Vand lOUT = 2.5A. These specifications are 
applicable for power dissipations up to 50W. 
Nola 2: See thermal regulation specifications for changes in output 
voltage due to heating effects. Load and line regulation are 
measured at a constant junction temperature by low duty cycle 
pulse testing. 

MIN 
t238 

• 1.225 

• 

• • 
• • 60 

• 
• • 
• 5 

• 7 

· .', .,. 
s:C.· .• 

LT338A 
TYP MAX 
1.250 1.262 

1.250 1.270 

0.005 0.01 
0.02 0.04 

5 15 
0.1 0.3 

20<, 30. 
0.3 . o.a 
0.002 0.02 

60 
75 
45 100 

0.2 5 
3.5 10 

8 
12 

,.1'2 ';<, 

•. ".lj~,:sjt;0;,';t~ 
0.3 1 

0.001 

1 

LT138A/LT338A 
LM 1 38/LM338 

LM338 
MIN TYP MAX UNITS 

V 

1.19 1.24 1.29 
V 

0.005 0.03 %N 
0.02 0.06 %/V 

5 25 mV 
0.1 0.5 % 

20 50 mV 
0.3 I % 
0.002 0.02 %/W 

60 dB 
60 75 dB 

45 100 !LA 

0.2 5 !LA 
3.5 10 rnA 

5 8 A 
7 12 A 

1 A 

1 % 

0.3 1 % 

0.003 % 

1 'C/W 
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LT 1 38A/LT338A 
LM 1 38/LM338 

TYPICAL PERFORmAnCE CHARACTERISTICS 

~ 

~ 
~ 

~ 

0.2 

0.1 

~ -0.1 
~ 
§i_ 
.... 0.2 

~ o -0.3 

-0.4 

Load Regulation 

-lOUT 3A 

lOUT 5A roo;:: ~ 
.... ~ 

VIN ~ 15V 
VOUT ~ 10V 
PRELOAD ~ 50 mA 

-75-50-25 0 25 50 75 100 125150 

TEMPERATURE (0G) 

Temperature Stability 
1.270 

I 
I 

~ 1.260 

I 
I 

~ 
....... ....... 

,/ 

~ 
;:l 
§? 

1.250 
t:J 
15 
ffi 
~ 1.240 

I I 1.230 
-50 -25 0 25 50 75 100 125 150 

TEMPERATURE (0G) 

Ripple Rejection 
100 

I , I 
CADJ ~ 10 ~F -80 

1D 

'" z 
60 S 

~ a: 
40 

~ 
~ 

..... ~ ~IO I 

I 
VIN - Your ~ 5V 
lOUT ~ 500 mA 

20 
c-- f ~ 120Hz I 

T' ~ 25°C 
l I 

10 15 20 25 30 35 

OUTPUT VOLTAGE (V) 

3-100 

Dropout Voltage 

~VOUT ~ 100 mV 

:~~ 10UT~ 5A ~ I-

~ Ii-_.!Q!.IT~ 3A 

IIOUT;~ -r-~ 
1 
-75-50-25 0 25 50 75 100 125 150 

10 

I 
t:J 0.1 
;§ 
$ 0.01 

~ 
0 0.001 

0.0001 

100 

80 

1D 

'" z 
60 0 

0= 

~ 
~ 40 

~ 
20 

o 

TEMPERATURE (OC) 

Output Impedance 

10 100 1k 

VOUT ~ lOV 
lOUT ~ 500 mA 

10k 100k 1M 

FREQUENCY (Hz) 

Ripple Rejection 

V ~DJ~lOJ-

- i\. 
CADJ~O' \. 

1\.\ 
\.: 

_ VIN ~ 15V ,,\. 
Your ~ lOV ~ 

-lOUT ~ 0.2A 

10 100 1k 10k 100k 1M 

FREQUENCY (Hz) 

Adjustment Current 
65 

60 .. 
~ 55 

~ 
50 a: 

;:) 
u 

ffi 45 
~ en 
;:) 40 Sjl 

35 

30 

I I 
I ::.::Fr 
-", I 

I 

/' I I 

~/ I 
j I 

1.1 I 
I j 

\ I 
-75 -25 25 75 125 

o 

80 

1D 70 

'" 
~ til 60 

~ 
a: 50 

40 

TEMPERATURE (OC) 

Minimum Operating Current 

TJ~1500~ 

TJ~25°C /P ~ 

~ 
;...-

V 
--:~ .......-./" 

? ~ - ./" I LTJ~-55°C 

o 5 10 15 20 25 30 35 40 

INPUT -OUTPUT DIFFERENTIAL (V) 

Ripple Rejection 

N~ 1O~F 

CAOJ ~ 0 

VIN ~ 15V 
VOUT ~ 10V 
f ~ 120Hz 
TeASE ~ ~5°C 

0.1 10 

OUTPUT CURRENT (A) 



TYPICAL PERFORmAnCE CHARACTERISTICS 
Current Limit Current Limit 

II IIIII 
-I"- ~ELOAD ~ a 

PRELOAD -~ .... 

16 14 
- PEAK CURRENT LIMIT 
~ DC CURRENT LIMIT _ 

- TCASE ~ 21C 
PRELOAD ~ a 

~, -" 

" 
, 

WRIELOA6 ~ dA \ 

12 

I .'" '\ 
I 1\.' ~~RELOAD ~ lA 

VIN ~ 10V 
Vour ~ 5V 

TCAISEIII~~;I? 
~ 

..... ... 
~ r--

14 

12 

g 10 

!z 
~ 8 a 
~ 6 
t-

is 4 

LT 1 38A/LT338A 
LM 1 38/LM338 

Current Limit 

PRELOAD CURRE1T ii 9 
TCASE ~ 25°C 

I- lUillI III 
' .... ~PUTlll~V 

" .... JI~ ~1~6uT = 15V 

....... JI~ liIJ~UT ~ 12bv 

-~ JI~ IIIJ~UT ~. 136v 

IIIIIII I II 

VI a:: e 
a::: 
.." 
::a 

" 'II 
C 

a 
a 10 20 30 40 

a 
0,1 10 

a 
100 0.1 1.0 10 100 'II 

" a:: INPUT·OUTPUT DIFFERENTIAL (V) 

Line Transient Response 
1.5 

1.0 
CL ~ 1 ~F; CL = 10 ~F\ 

~ 

w 

~~ 0.5 

~~ 
v<; 

VOUT = lDV COUT~ a 

~s !5 21 -0.5 
a 

I-IOUT ~ 5D mA i--CADJ=O - r---
Tj ~ 25°C 

-1.0 

10 20 30 40 

TIME (~s) 

APPLICATions InFORmATion 
General 

The LT138A develops a 1.25V reference voltage be
tween the output and the adjustable terminal (see Fig
ure 1). By placing a resistor, R1, between these two 
terminals, a constant current is caused to flow 
through R1 and down through R2 to set the overall 
output voltage. Normally this current is the specified 
minimum load current of 5mA or 10mA. Because IADJ 
is very small and constant when compared with the 
current through R 1, it represents a small error and can 
usually be ignored. It is easily seen from the output 
voltage equation, that even if the resistors were of ex
act value, the accuracy of the output is limited by the 
accuracy of VREF. Earlier adjustable regulators had a 
reference tolerance of ± 4% which is dangerously 

TIME (ms) 

-3 
:< 
~ 6 
~ 4 a 2 

~ a 

Load Transient Response 

CL - O;CADJ - a II \ 
-.. " VCL ~ 1 ~F; CADJ ~ 10 ~F 

I VIN ~ 15V -VOUT ~ 10V 

~~;~~~ 2s01Jl0 mA_ 

II 1\ 
II \ 

10 20 30 40 

TIME (~s) 

LT338A 

V~ IN OUT 

ADJ VREF 

1 IAOJ~ 
50~A 

TIME (ms) 

VOUT 

Rl 

R2 

VOUT = VREF ( 1 + ~~ ) + IADJ R2 

Basic Adjustable Regulator 
Figure 1 

close to the ± 5% supply tolerance required in many 
logic and analog systems. Further, even 1% resistors 
can drift O.01%I O C, adding additional error to the out
put voltage tolerance. 
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LT 138A/LT338A 
LM 138/LM338 

For example, using 2% resistors and ± 4% toler
ance for V REF , calculations will show that the 
expected range of a 5V regulator design would be 
4.66V ~ VOUT ~ 5.36Vor approximately ± 7%. If the 
same example were used for a 15V regulator, the ex
pected tolerance would be ± 8%. With these results 
most applications required some method of trimming, 
usually a trim pot. This solution is both expensive and 
not conducive to volume production. 

One of the enhancements of Linear Technology's ad
justable regulators over existing devices is the tight
ened initial tolerance of VREF. This allows relatively 
inexpensive 1% or 2% film resistors to be used for R1 
and R2 to set the output voltage within an acceptable 
tolerance. 

With a guaranteed 1% reference, a 5V power supply 
deSign, using ± 2% resistors, would have a worst 
case manufacturing tolerance of ± 4%. If 1% resistors 
are used, the tolerance will drop to ± 2.5%. A plot of 
the worst case output voltage tolerance as a function 
of resistor tolerance is shown on the front page. 

For convenience, a table of standard 1% resistor val
ues is shown below. 

Table of V2% and 1% Standard Resistance Values 

1.00 1.47 2.15 3.16 4.64 6.81 
1.02 1.50 2.21 3.24 4.75 6.98 
1.05 1.54 2.26 3.32 4.87 7.15 
1.07 1.58 2.32 3.40 4.99 7.32 
1.10 1.62 2.37 3.48 5.11 7.50 
1.13 1.65 2.43 3.57 5.23 7.68 
1.15 1.69 2.49 3.65 5.36 7.87 
1.18 1.74 2.55 3.74 5.49 8.06 
1.21 1.78 2.61 3.83 5.62 8.25 
1.24 1.82 2.67 3.92 5.76 8.45 
1.27 1.87 2.74 4.02 5.90 8.66 
1.30 1.91 2.80 4.12 6.04 8.87 
1.33 1.96 2.87 4.22 6.19 9.09 
1.37 2.00 2.94 4.32 6.34 9.31 
1.40 2.05 3.01 4.42 6.49 9.53 
1.43 2.10 3.09 4.53 6.65 9.76 

Standard ReSistance Values are obtained from the Oecade Table 
by multiplying by multiples of 10. As an example, 1.21 can repre· 
sent 1.21n, 12.m, 12m, 1.21Kn etc. 

Bypass Capacitors 
Input bypassing using a 1J,tF tantalum or 25J,tF electro
lytic is recommended when the input filter capacitors 
are more than 5 inches from the device. Improved rip
ple rejection (80 dB) can be accomplished by adding a 
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10J,tF capacitor from the adjust pin to ground.lncreas
ing the size of the capacitor to 20J,tF will help ripple 
rejection at low output voltage since the reactance of 
this capacitor should be small compared to the voltage 
setting resistor, R2. For improved AC transient re
sponse and to prevent the possibility of oscillation due 
to unknown reactive load, a 1J,tF capacitor is also rec
ommended at the output. Because of their low imped
ance at high frequencies, the best type of capacitor to 
use is solid tantalum. 
Protection Diodes 
The LT138A/338A do not require a protection diode 
from the adjustment terminal to the output (see figure 
2). Improved internal circuitry eliminates the need for 
this diode when the adjustment pin is bypassed with a 
capacitor to improve ripple rejection. 

.... 
01 ..... IN4D02 

LT338A V 
IN OUT 

1+ 10 ADJ 
R1 ~~ 

1 --- ~ 
I Co 

, J:CADJ 
lO~FI R2 NOT NEEDED 

OUT 

Figure 2 

If a very large output capacitor is used, such as a 
100J,tF shown in figure 2, the regulator could be dam
aged or destroyed if the input is accidentally shorted 
to ground or crowbarred, due to the output capacitor 
discharging into the output terminal of the regulator. 
To prevent this, a diode 01 as shown, is recommended 
to safely discharge the capacitor. 
Load Regulation 
Because the LT138A is a three-terminal device, it is 
not possible to provide true remote load sensing. Load 
regulation will be limited by the resistance of the wire 
connecting the regulator to the load. The data sheet 
specification for load regulation is measured at the 
bottom of the package. Negative side sensing is a true 
Kelvin connection, with the bottom of the output divid
er returned to the negative side of the load. Although it 
may not be immediately obvious, best load regulation 
is obtained when the top of the resistor divider, (R 1), is 
connected direct/yto the case not to the load. This is 
illustrated in Figure 3. If R1 were connected to the 



load, the effective resistance between the regulator 
and the load would be 

Rp x (R2 ~ R 1 ) , Rp = Parasitic Line Resistance. 

Connected as shown, Rp is not multiplied by the divid
er ratio. Rp is about O.004Q per foot using 16 gauge 
wire. This translates to 4mV 1ft at 1A load current, so it 
is important to keep the positive lead between regula
tor and load as short as possible, and use large wire or 
PC board traces. 

TYPICAL APPLICATiOnS 

V,N 
LT 33BA 

LT 1 38A/LT338A 
LM 1 38/LM338 

Rp 
PARASITIC 

LINE RESISTANCE 
V,N Vour 1:----'VI1v---1I~__, 

ADJ CONNECT 

Rno CASE 

R1 

R2 

~------------11~ 
J CONNECT R2 

TO LOAD 

Connections For Best Load Regulation 
Figure 3. 

Improving Ripple Rejection 1.2V-2SV Adjustable Regulator SV Regulator With Shut Down 

LT33BA Vo 
-----<~ V,N Vour. 

fR1 

V,N LT33BA 
V,N Your 1--t---5V V,N 

LT338A 
urt VINc----.-_--I Vour 1--_...--__ 5V 

V,N 

ADJ. 
240 

+ C1' + C2 
1~F 

~R2 
1~f 

~ 5k 

• C 1 IMPROVES RIPPLE REJECTION Xc SHOULD 

BE SMALL COMPARED TO R2 

* Needed if device is far fr om 

LT338A 

V,N 

AOJ 

t Optional-improves transient 
response 

Remote Sensing 

filter capacitors 

" Your ~ 1.25V ( 1 + :~ ) 

Rp (MAX DROP 300mV) OUTPUT 
~------~~------~5V 

1211l 

RET 
L-____ ~-~~--~---~ 

RETURN 

AOJ 

+ 
12m 
1% 

---l---'''''''--..-J:. 2N3904 36511 
1% 

Temperature Compensated Lead Acid 
Battery Charger 

-=- 12V 

2k 

50k 
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LT 138A/LT338A 
LM 138/LM338 

Lamp Flasher 

lSV 

12V 

OFF 

~ 
1k 

SCHEmATIC DIAGRAm 

PACKAGE DESCRIPTiOn 

138A 
138 

338A 
338 

3-104 

K Package To-3 
Steel Metal Can 

Tj max. 0Ja 

150°C 35°CIW 

125°C 35°C/W 

Ojc 

l°CIW 

l°CIW 

Automatic Light Control 

LT138A/LT338A 

Protected High Current Lamp Driver 
lSV 

0.750-0.775 

0.325-0.350 n (19.304 19.085) 

(8.255-8.090) 0.116 

~
(2M~~6) 

• : : : ----'- SEATING PLANE 
0.420-0.490 ---r 

(12.16B 12.192) 0038-0043 

--1 ~ (0:965-1:092) 

1.177-1.197 

(29.896 30,404) u:3 O.660-0.~70 
0.210-0.220 (16.764 17018) 
(5,334-5.588) 

~ -0: 0.168-0.178 RTYP 
I r- (-0-- I _ 1 __ (4.267-4.521) 

~ - 01 2 MOUNTING HOLES 
0.425-0.435 ' 0.151-0.161 

(10.785 11.049) (3.835-4.029) 

0.490-0.510 

(12.446 12,954) 

DIA 

12V 
SA 



I..7LlnFAI') LT150A/LT350A 
U \K LM150/LM350 

TECHNOLOGY~---3--A-m-p--p-o-Sit-iv-e--A-d-jU-s-ta-b-l-e 

FEATURES 
• Guaranteed 1% Initial Voltage Tolerance 
• Guaranteed 3A Output Current 
• Guaranteed 0.3% Load Regulation 
• Guaranteed 0.01%IV Line Regulation 
• 100% Thermal Limit Burn-in 

APPLICATions 
• Improved Linear Regulators 
• Adjustable Power Supplies 
• Constant Current Regulation 
• Battery Chargers 

Regulator With Reference 

VIN 
LT350AT 

5V 
V,N VOUT 

12Hl 

1211l 

2.5V 

Regulator 
DESCRIPTion 
The LT150A Series are 3-terminal positive adjustable III 
voltage regulators which offer improved performance CC 
over earlier devices. A major feature of the LT150AI 2 
350A is the output voltage tolerance is guaranteed at a a: 
maximum of ± 1%, allowing an overall power supply ~ 
tolerance to be better than 3% using inexpensive 1% " 
resistors. Line and load regulation performance has '" 
been improved as well. Additionally, the LT150AI :; 
350A reference voltage is guaranteed not to exceed " 
2% when operating over the full load, line and power a: 
dissipation conditions. The LT150A/350A adjustable ~ 
regulators offer an improved solution for all positive g 
voltage regulator requirements with load currents up 
to 3 amps. III 

Output Voltage Error 

12 

11 
>- 10 15 
'-' 

~ 
'" 0 

I 1 U!! 11 I 
! I ! I II 

I I 1 I U 
I 1 I 

LM1~6 ~% RESISTORS 
I 

a: 
ffi 
w 

'" "" ~ 
~ 
>-
:::J 
a. 
>-
:::J 
0 

I I-" 1 % RESISTORsj L~3ici 1 

~ .... 2% RESISTORS 1 , , , , , 

V "l'1'" ~jlr~t 
I-" I 10/, RESISTORS I L~i56~ ... IIIIHI 

£, 1 ill illlL 
I I I 'I I ~1 111 

4 6 810 20 40 100 

OUTPUT VOLTAGE 
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LT 150A/LT350A 
LM 150 /LM350 

ABSOLUTE mAXimum RATinGS PACKAGE/ORDER InFORmATion 
Power Dissipation ............. Internally Limited 
Input to Output Voltage Differential . . . . . . . . .. 35V 
Operating Junction Temperature Range 

LT150AlLM150 ............. -55°C to 150°C 
LT350A/LM350 ................ O°C to 125°C 

Storage Temperature Range 
LT150AlLM150 ............. -65°C to 150°C 
LT350AlLM350 ............. -65°C to 150°C 

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

PREconDITiOninG: 
100% THERMAL LIMIT BURN-IN 

. . 
1 2 

CASE 

BOTTOM VIEW 

AOJUSTMEvNO V. 

o ~UTPUT 
K PACKAGE 

TO-3 METAL CAN 
(STEEL) 

VOUT VIN 

I 

loll I~ 
T PACKAGE ADJ 

TO-220 PLASTIC 

ELECTRICAL CHARACTERISTICS (See note 1) 

SYMBOL PARAMETER 
VREF Reference Voltage 

.:l.VouT Line Regulation 
.:l.VIN 0.005 0.01 

0.02 0.05 

~ Load Regulation lOrnA.; louT'; 3A. (See Note 2) 
.:l.louT TA = 25°C 

VOUT .; 5V 5 15 
VOUT ;;. 5V 0.1 0.3 

.:l. VOUT Temperature Stability 
• .:l.Temp 

.:l. VOUT Long Term Stability 0.3 
.:l.Tlme 

_ en Noise 0.001 

K Package 1.5 
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ORDER PART NUMBER 

LT150AK 
LT350AK 
LM150K 
LM350K 

VOUT 

:J LT350AT 

LM350T 

LM150 
MIN TYP MAX UNITS 

V 

1.20 1.25 1.30 V 

0.005 0.01 %IV 
0.02 0.05 %IV 

5 15 mV 
0.1 0.3 % 

% 

0.3 % 

0.001 % 

1.5 



ELECTRICAL CHARACTERISTICS (See note 1) 

SYMBOL PARAMETER CONDITIONS 
VREF Reference Voltage louT = 10mA, TI = 25'C 

3V ,;; (VIN - VOUT) ,;; 35V 
10mA ,;; lOUT ,;; 3A, P ,;; 30W 

,:,VOUT Line Regulation 3V ,;; (VIN - VOUT) ,;; 35V, (See 
--;v;;;- Note 2) 

TA = 25'C 

':'VOUT Load Regulation lamA,;; louT';; 3A, (See Note 2) 
':'loUT TA = 25'C 

VOUT ,;; 5V 
VOUT ;;. 5V 

VOUT ,;; 5V 
VOUT ;;. 5V 

Thermal Regulation TA = 25'C, 20msec Pulse 
Ripple Rejection VOUT = 10V, f = 120Hz 

CAOJ = a 
CAOJ = 10)lF 

IAOJ Adjust Pin Current 
':'I AOJ Adjust Pin Current Change lamA,;; louT';; 3A 

3V ,;; (VIN - VOUT) ,;; 35V 
Minimum Load Current (VIN - VOUT) ,;; 35V 
Current Limit (VIN - VOUT) ,;; 10V 

(VIN - VOUT) = 30V, T = 25'C 

':'VOUT Temperature Stability 
':'Temp 

,:,VOUT Long Term Stability TA = 125'C 
.:,Time 

en RMS Output Noise TA = 25'C, 10Hz,;; f ,;; 10kHz 
(% of VOUT) 

ejC Thermal Resistance K Package 
Junction to Case T Package 

The. denotes the specifications which apply over the full operating 
temperature range. 
Nolo 1: Unless otherwise specified, these specifications apply for 
VIN - VOUT = 5V and lOUT = 1.5A. These specifications are 
applicable for power dissipations up to 30W for the K package and 
up to 25W for the T package. Power dissipation is guaranteed at 
these values up to 15 Volts input-output differential. Above 15 Volts 
input-output differential power dissipation is limited by device 
internal protection circuitry. 
Nolo 2: Regulation is measured at a constant Ti. Changes in output 
due to heating must be taken into account separately. Pulse testing 
with low duty cycle is used. 

LT350A 
MIN TYP MAX 
1.238 1.250 1.262 

, 

• 1.225 .1.2~O 1.27il 

(l;O(l50.01 

• Oi02Q.~ " 

II iL 
• "":;Q:O~~ i,i ".,.,~; • 

• 65 

• 66 86 

• 50 100 

• 0.2 5 

• 3.5 10 

• 3 4.5 

0.25 1 

• ,'.' '.' """?',~11iff[';~';' 
"."' ••• );,,< ,'.,.,. 

0.3 1 

0.001 

1.2 1.5 
3 4 

LT 150A/LT 350A 
LM 150/LM350 

LM350 
MIN TYP MAX UNITS 

V 

1.20 1.25 00 V 

-

0.005 0.03 %IV 
0.02 0.07 %IV 

5 25 mV 
0.1 0.5 % 

20 70 mV 
0.3 1.5 % 
0.002 0.03 %/W 

65 dB 
66 86 dB 

50 100 )lA 

0.2 5 )lA 
3.5 10 mA 

3 4.5 A 

0.25 1 A 

1 % 

0.3 1 % 

0.001 % 

1.2 1.5 'C/W 
3 4 'C/W 
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LT150A/LT350A 
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TYPICAL PERFORmAnCE CHARACTERISTICS 

0.1 

;::: 

~ _ 0.1 

~ 

~ 0.2 
i5 
~ 0.3 

~ 
0.4 

0.5 

Load Regulation 

lOUT ~ 3A ...... 
...... 

I-I--1---

--

-75-50-25 0 25 50 75 100 125 150 

TEMPERATURE ('G) 

Dropout Voltage 

.IV~UT ~ 10~ mV I 
....... ~ 

~:-L- lOUT ~ 3A .... 

. ......... J 10U~ ~ dA-1-0. 

t'- ....... 
10UT-LmI-i'-t'-~ ...... 

0.5 i 
-75 -25 25 75 125 

TEMPERATURE ('G) 

Ripple Rejection 
100 

GA~ = 16~F 
80 

1D 
E 
15 60 
F= 

.... 1'--Nk- 10 

~ 
'" 40 
~ 
~ 

Y,N - VOUT = 5V 
lOUT = 500 mA 

20 I-- f = 120Hz 

To = 25'G 
II o 

o 10 15 20 25 30 35 

OUTPUT VOLTAGE (V) 
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g4 

! 
~ 
5 2 
o 

1.270 

~ 1.260 
w 

'" r;f 

~ 
w 1.250 

I 1.240 

1.230 

Current Limit 

i== b\--T)';" -5boG 
I I 

n -Tj = 150'G 

./ 

" 
Tj = 25'G 

" i'... f""'-. 
10 15 20 25 30 35 

INPUT-OUTPUT DIFFERENTIAL (V) 

Temperature Stability 

v ...- ......... 
V 

-50 -25 0 25 50 75 100 125 150 

TEMPERATURE ('G) 

Ripple Rejection 
100 

80 

~ 
:z 

60 E? 

~ 
40 

~ 

~OJ=lOJ-r 
'\. 

GAOJ=O, \. 
1\.\ 

"-a: 
20 

Y,N = 15V I\..\. 
VOUT = 10V "' lOUT = 500 mA 

10 100 lk 10k 100k 1M 

FREQUENGY (Hz) 

65 

60 

~ 55 

ffi 
§ 50 
'-' 
f-as 45 

~ 40 

35 

Adjustment Current 

V V 

V 
/V 

If 

~ -./ 

30 
-75 -25 25 75 125 

<" 4 
S-
f
:z 

~ 3 
a 
5 
52 2 
~ 
~ 
::;; 1 

o 

80 

~ 70 

S 
~ 60 

i 
50 

40 

TEMPERATURE ('G) 

Minimum Operating Current 

TJ=150'~ 

TJ=25'G /1::/' 
-;::; 

¥-/' V/ 
~ ,,/ / 

rr:-::: -v LTJ= -55'G 

o 5 10 15 20 25 30 35 40 

INPUT -OUTPUT DIFFERENTIAL (V) 

Ripple Rejection 

~OJ 1O"F 
---I I ______ ....... _ .... ____ ..L 

: 

-H-~ :';+l 
I I, 'I 
GAOJ~ 

-fill :1 

Y,N = 15V I I III: 
Your = 10V 

J lL! I = 120Hz 

TeASE = 25'G I III 
0.1 10 

OUTPUT GURRENT (A) 



TYPICAl PERFORmAnCE CHARACTERISTICS 

<n 
5§ 
8 

~ 0.1 

OJ 

Output Impedance 

:;, 0 01 I-------+--~f__~ 
~ . 

0 0.001 r--... ....... -=--.f---

lOUT ~ 500 mA 

1.5 

-0.5 

-1 

Line Transient Response 

I I I I iVOUT ~ lOV 

~ I I 
lOUT ~ 50 mA 

COUT - 0, CADJ ~ 0 T, ~ 25"C 

~: I I I I 

I 1 I I I: COUT - 1 ,F, CAOJ ~ 10,F 

I 1 'I VI 

I I I 

I I 

I I 
I I I 

, 

1.5 

1 ~ 
is 
~ 0.5 

~ 0 

-0.5 

1 

-1.5 

1.5 g 
1 ~~ 

g~ 0.5 
13 

< 

LT150A/LT350A 
LM150/LM350 

Load Transient Response 
I COUT ~ 0, CADJ ~ 0", vi 
, I I .1 I JL I 

COUT ~ 1 ,F, CADJ ~ 10,F 
'/ ; ..1 Jr.:t I 

~ I I I tl: Y,N ~ 15V 

1 VOUT ~ 10V 
\,j PRELOAD ~ 100 mA 

~I ~ 25"t::t::; 

I i I I I I 

I I I It J 
I I I \ 1\ I 

va a: o 
ta: 
..J ::a 

" '" a: 
10 100 1k 10k 100k 1M 10 20 30 40 10 20 30 40 '" 

" a: FREQUENCY (Hz) 

APPliCATion InFORmATion 
General 

The LT1S0A develops a 1.25V reference voltage be
tween the output and the adjustable terminal (see Fig
ure 1). By placing a resistor, R1, between these two 
terminals, a constant current is caused to flow 
through R 1 and down through R2 to set the overall 
output voltage. Normally this current is the specified 
minimum load current of SmA or 10mA. 

LT150A 

Y,N IN OUT VOUT 

AOJ 
VREF R1 

I IADJ~ 
50 ~A 

R2 

VOUT = VREF ( 1 + :~ ) + IADJ R2 

Basic Adjustable Regulator 
Figure 1 

Because IADJ is very small and constant when com
pared with the current through R 1, it represents a 
small error and can usually be ignored. It is easily 
seen from the above equation, that even ifthe resistors 
were of exact value, the accuracy of the output is limit
ed by the accuracy of VREF . Earlier adjustable regula
tors had a reference tolerance of ± 4% which is 

TIME (~sl 

t
..J o 
> 

dangerously close to the ± S% supply tolerance re- Ell 
quired in many logic and analog systems. Further, 
even 1% resistors can drift 0.01%1 ae, adding addi-
tional error to the output voltage tolerance. 

For example, using 2% resistors and ± 4% tolerance 
for VREF, calculations will show that the expected 
range of a 5V regulator design would be 4.66V ,.;; VDUT 
,.;; S.36V or approximately ± 7%. If the same example 
were used for a 1SV regulator, the expected tolerance 
would be ± 8%. With these results most applications 
required some method of trimming, usually a trim pot. 
This solution is both expensive and not conducive to 
volume production. 

One of the enhancements of Linear Technology's ad
justable regulators over existing devices is the tight
ened initial tolerance of VREF• This allows relatively 
inexpensive 1% or 2% film resistors to be used for R1 
and R2 to set the output voltage within an acceptable 
tolerance. 

With a guaranteed 1% reference, a 5V power supply 
design, using ± 2% resistors, would have a worst 
case manufacturing tolerance of ± 4%. If 1% resistors 
were used, the tolerance would drop to ± 2.5%. A plot 
of the worst case output voltage tolerance as a func
tion of resistor tolerance is shown on the front page. 
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LT 150AjLT350A 
LM 150jLM350 

For convenience, a table of standard 1% resistor val
ues is shown below. 

Table of '12% and 1% Standard Resistance Values 

1.00 1.47 2.15 3.16 4.64 6.81 
1.02 1.50 2.21 3.24 4.75 6.98 
1.05 1.54 2.26 3.32 4.87 7.15 
1.07 1.58 2.32 3.40 4.99 7.32 
1.10 1.62 2.37 3.48 5.11 7.50 
1.13 1.65 2.43 3.57 5.23 7.68 
1.15 1.69 2.49 3.65 5.36 7.87 
1.18 1.74 2.55 3.74 5.49 8.06 
1.21 1.78 2.61 3.83 5.62 8.25 
1.24 1.82 2.67 3.92 5.76 8.45 
1.27 1.87 2.74 4.02 5.90 8.66 
1.30 1.91 2.80 4.12 6.04 8.87 
1.33 1.96 2.87 4.22 6.19 9.09 
1.37 2.00 2.94 4.32 6.34 9.31 
1.40 2.05 3.01 4.42 6.49 9.53 
1.43 2.10 3.09 4.53 6.65 9.76 

Standard Resistance Values are obtained from the Decade Table 
by multiplying by multiples of 10. As an example, 1.21 can repre
sent 1.21(J, 12.1(J, 121(J, 1.21K(J etc. 

Bypass Capacitors 

Input bypassing using a 1/-lF tantalum or 25/-lF electro
lytic is recommended when the input filter capacitors 
are more than 5 inches from the device. Improved rip
ple rejection (80 dB) can be accomplished by adding a 
10/-lF capacitor from the adjust pin to ground.lncreas
ing the size of the capacitor to 20/-lF will help ripple 
rejection at low output voltage since the reactance of 
this capacitor should be small compared to the voltage 
setting resistor, R2. For improved AC transient re
sponse and to prevent the possibility of oscillation due 
to unknown reactive load, a 1/-lF capacitor is also rec
ommended at the output. Because of their low imped
ance at high frequencies, the best type of capaCitor to 
use is solid tantalum. 

Protection Diodes 

The LT150A/350A do not require a protection diode 
from the adjustment terminal to the output (see Figure 
2). Improved internal circuitry eliminates the need for 
this diode when the adjustment pin is bypassed with a 
capaCitor to improve ripple rejection. 
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01 .... IN4002 

LT35DA V OUT 
IN OUT 

dt 10 ADJ 
R1 

1 ~.. 1- c 

--- ~ ~ , :LCADJ 
lO~FI R2 NOT NEEDED 

FOR LT150Al3 50A 

Figure 2 

If a very large output capaCitor is used, such as a 
100/-lF shown in Figure 2, the regulator could be dam
aged or destroyed if the input is accidentally shorted 
to ground or crowbarred, due to the output capaCitor 
discharging into the output terminal of the regulator. 
To prevent this, a diode D1 as shown, is recommended 
to safely discharge the capacitor. 

Load Regulation 

Because the LT150A is a three-terminal device, it is 
not possible to provide true remote load sensing. Load 
regulation will be limited by the resistance of the wire 
connecting the regulator to the load. The data sheet 
specification for load regulation is measured at the 
bottom of the package. Negative side sensing is a true 
Kelvin connection, with the bottom of the output divid
er returned to the negative side of the load. Although it 
may not be immediately obvious, best load regulation 
is obtained when the top of the resistor divider (R1) is 
connected directly to the case not to the load. This is 
illustrated in Figure 3. If R1 were connected to the 
load, the effective resistance between the regulator 
and the load would be 

( R2 + R1) R P 't' L' R . t Rp X R1 ,p = arasl IC Ine eSls ance. 

Connected as shown, Rp is not multiplied by the divid
er ratio. Rp is about 0.004Q per foot using 16 gauge 
wire. This translates to 4mV 1ft at 1 A load current, so it 



is important to keep the positive lead between regula
tor and load as short as possible, and use large wire or 
PC board traces. -

LT350A 

VIN 

ADJ 

LT 150AjLT 350A 
LM 150jLM350 

Rp 

PARASITIC 

LINE RESISTANCE 

VOUTI~ 
CONNECT 

Rl TO CASE 

Rl 
RL 

R2 

~----------~I~ 
1 CONNECT R2 

TYPICAL APPLICATIOnS 
1.2V-25V Adjustable Regulator 

LT350A 

t Optional-improves 
transient response 

... Needed If device is far from 
fliter capacitors 

R2 
t VOUT ~ 1.25V ( 1 + R1 ) 

Adjustable Current Limiter 

LT350A O.5r! 

Precision High Current Reference 

LT350A + 10V 
VIN Voor r------.---<p.--

2k 15k 

2k 
+ 3 

1% 

LT100l 

4.99k 
1% 

r-------~~-~~~ 

Improving Ripple Rejection 

LT350A 
VIN VOIIT f-+---5V 

+ 
CL 
10j.lf ... 

• C 1 IMPROVES RIPPLE REJECTION Xc SHOULD 

-=- BE SMAll COMPARED TO R2 

Automatic Light Control 

LT350A 

ollr 1--.-------, 
AOJ 12k 

TO LOAD 

Connections for Best Load Regulation 
Figure 3 

·Parallel Regulators for Higher Current 

Y,N LT 33BA 

-r- Y,N VOUT 

ADJ 

I 

miSOA 
... 

'-- VIN . Vour 
ADJ ........ 

I 

THIS CIRCUIT WILL NOT WORK 

WITH LM VERSION DEVICES 

BECAUSE Of WIDER 

REfERENCE VOLTAGE LIMITS 

• * CURRENT SHARING RESISTORS 

DEGRADE REGULATION TO 1% 

Remote Sensing 

.. 
Q,QHl 

.. 
O.OI6\) 

12W 
1% 

365Q 
1% 

Rp (MAX DROP 300mV) 

5V 
Bam ps 

~-------~~-------~~5V 

RL 

12W 

RET 
L-_____ ~-~~~~---~_ 

RETURN 
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SCHEmATIC DIAGRAm LT150A/LT350A 

r---~--------'-----~----~~---1~~--.-------------------~----t-----------t--1r--[]VIN 

01 

PACKAGE DESCRIPTion 

3-112 

K Package TO-3 STEEL Metal Can 

0750-0775 

032S-0350n(19304'19.08SJ 

(8255-80901 0116 

~"~A:5) 
, : : i ---.L SEATING PLANE 

0420-0490 -.--

(12.168-12.192) 0038-0043 

~r-(0965-1,092) 

1.177-1.HI7 

(29896-30404)~O'660_0670 
0.210-0.220 (16.764-17.018) 
(5.334-5.588) 8 -0 ' Olss-a.HaRTYP o I ' (4.267-4,521) 

T- - ~-=-::o1 - . - 2 MOUNTING HOLES 

0425-0.435 ' 0.151-0161 

(10785-11049) 

Tj max. 

LT150A 150'C LM150 

LT350A 125°C LM350 

(3.835-4029) 
DlA 

0490-0.510 
-------R 
(12446-12954) 

Oja O,e 

35°CIW 1.5°CIW 

35'C/W 1.5°CIW 

T Package TO-220 Plastic 

l.- 0395-0420,_ 0.151±0002 
I I (1003-1069) (3835±0051) 

~ YO(A 
0110::,:0010 r--------/7"'i -,---+--
~8j 

0.340:'::0010 

o,:::;::::;:;=;:;=r=ll "536±0 2(541 

1,020:'::0.Q15 14 
(2591±0.381) 0150 A ~o 

"i3""8i)MIN 

~540:!;OOI5 
I T,-372±0.381) 

1~04r:F L 
:,:;; rn j tilL 'Wo'~ l 0100±001O 11 (0813±0 1271 . 

(2.54:!:0254) 0015 ~~~~~ 
0.200±001O ~ 

15 08:!:0 2541 0381 -0051 

02 

160 

0.05 

0180::0005 
(4572::0127) 

0050±0002 

(127±0051) 

TAPERED 1', 2 SIDES 

SEATING PLANE 



SECTion 4-VOLTAGE REFEREnCES 

4-1 

III 
\II 
U 
C 
\II a:: 
\II 
u. 
\II a:: 
\II 

" a: 
!:i o 
> 



INDEX 

SECTION 4-VOLTAGE REFERENCES 
INDEX .............. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4-2 
SELECTION GUIDE. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4-3 
PROPRIETARY PRODUCTS 

LT1004, Precision MicropowerReference . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4-9 
LT1009, Precision 2.5 Volt Reference . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 4-17 
LT1019, High Accuracy Band Gap References ........................................... 4-21 
LT1021, 5 Volt, 7 Volt, 10 Volt 5ppm/oC Trimmed Reference. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 4-29 
LT1029, 5 V Reference. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 4-45 
L Tt031, 10 Volt, 3-Lead Trimmed Reference ........................................... 4-49 
LT1034, Micropower Dual Reference . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 4-61 
LTZ1000, Super-Zener . ........... ; .............................................. 10-25 

SECOND SOURCE PRODUCTS 

4-2 

AD580, 2. 5V Reference. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 4-65 
AD581 ,1 OV Reference . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 4-65 
LH0070, 10 Volt, 3-Lead Trimmed Reference . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 4-49 
LM129/329, 6.9V Precision Voltage Reference. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 4-69 
LM 134/234/334, Constant Current Source and Temperature Sensor. . . . . . . . . . . . . . . . . . . . . . . . .. 4-73 
LM 136-2.5/LM336-2.5, 2.5 Volt Voltage Reference. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 4-85 
LM 185-1 .2/385-1 .2, Precision Voltage Reference ....................................... 4-89 
LM 185-2.5/385-2.5, Precision Voltage Reference ............ . . . . . . . . . . . . . . . . . . . . . . . . . .. 4-93 
LM 199/399/199A/399A, Temperature Compensated Precision Reference ..................... 4-97 
REF-01 /REF-02, Precision Voltage References .......................................... 4-103 



~-Y--LlntI\Q VOLTAGE REFERENCE SELECTION GUIDE .....A...., TECHNOLOGy:--O---------------

mlLITRRY TEmPERRTURE RRnGE 
-55°C TO + 125°C 

VOLTAGE VOLTAGE DEVICE TEMPERATURE DRIFT, 
Vz TOLERANCE ppmf'C OR mV CHANGE 

(VOLTS) MAXIMUM 
TA=25'C 

1.235 ± 0.32% LT1004M-1.2 20ppm (typ) 
±1% LM185-1.2 20ppm (typ) 
±1% LT1034BM 20ppm(max) 

±1% L T1034M 40ppm(max) 

2.5 ±0.5% LT1 004M-2. 5 20ppm (typ) 
±0.2% LT1009M 18mV (max) 
±0.2% LT1019M-2.5 25ppm (max) 
±0.05% LT1019AM-2.5 10ppm (max) 
±2% LM136-2.5 18mV (max) 
±1% LM136A-2.5 18mV (max) 
±1.5% LM185-2.5 20ppm (tyP) 
±1% AD580S 55ppm(max) 

i±O.4% AD580T 25ppm(max) 
±0.4% AD580U 10ppm(max) 

5.0 ±0.2% LT1019M-5 25ppm (max) 
± 0.05% LT1019AM-5 10ppm (max) 
±1% LT1021BM-5 5ppm (max) 
±0.05% LT1021CM-5 20ppm (max) 
±1% LT1021DM-5 20ppm (max) 
±0.2% LT1029AM 20ppm (max) 
±1% L T1 029M 40ppm (max) 

6.9 ±3% LM129A 10ppm (max) 
±3% LM129B 20ppm (max) 
±3% LM129C 50ppm (max) 

6.95 ±2% LM199A 0.5ppm (max) - 55'C to + 85'C 
10ppm (max)+85'C to +125'C 

±2% LM199 1ppm (max)-55'C to +85'C 
15ppm (max) + 85'C to + 125'C 

7.0 ±0.7% LT1021BM-7 5ppm (max) 
±0.7% LT1021DM-7 20ppm (max) 

10.0 ±0.05% LT1019AM-10 10ppm (max) 
±0.2% LT1019M-10 25ppm (max) 
±0.5% LT1021BM-10 5ppm (max) 
±0.05% LT1021CM-10 20ppm (max) 
±O.5% LT1021DM-10 20ppm (max) 
±0.05% LT1031BM 5ppm (max) 
±0.1% LT1031CM 15ppm (max) 
±0.2% LT1031DM 25ppm (max) 
±0.3% AD581J 30ppm (max) 
±0.1% AD581T 15ppm (max) 
±0.05% AD581 U 10ppm (max) 
±0.05% LH0070-2 6.7ppm (max) 
±0.1% LH0070-1 17ppm (max) 
±0.1% LH0070-0 33ppm (max) 

OPERATING MAXIMUM MAJOR FEATURE 
CURRENT RANGE DYNAMIC 
(OR SUPPLY CURRENT) IMPEDANCE 

(0) 

1O~A to 20mA 1.5 Micropower 
1O~A to 20mA 1.5 Micropower 
20~A to 20mA 1.5 Low TC Micropower with 

7V Aux. Reference 
20~A to 20mA 1.5 Low TC Micropower with 

7V Aux. Reference 

20~A to 20mA 1.5 Micropower 
400~A to 1O~A 1.0 Precision 
1.2~A NfA Precision Bandgap 
1.0~A N/A Precision Bandgap 
400~A to 10mA 1.0 General Purpose 
400~A to 10mA 1.0 General Purpose 
20~A to 20mA 1.5 Micropower 
1.5mA NfA 3 Terminal Low Drift 
1.5mA NfA 3 Terminal Low Drift 
1.5mA N/A 3 Terminal Low Drift 

1.2mA NfA Precision Bandgap 
1.0mA N/A Precision Bandgap 
1.2mA 0.1 Very Low Drift 
1.2mA 0.1 Very Tight Initial Tolerance 
1.2mA 0.1 Low Cost, High Performance 
600~A to 10mA 0.6 Precision Bandgap 
600~A to 10mA 0.6 Precision Bandgap 

600~A to 15mA 0.8 (typ) Low Drift 
600~A to 15mA 0.8 (typ) Low Drift 
600~A to .15mA 0.8 (typ) Low Cost 

500~A to 10mA 1.0 Ullra Low Drift 

500~A to 10mA 1.0 Ultra Low Drift 

1.0mA 0.2 Low DriftfNoise, Exc. Stability 
1.0mA 0.2 Low Cost, High Performance 

1.0mA NfA Precision Bandgap 
1.2mA NfA Precision Bandgap 
1.7mA 0.25 Very Low Drift 
1.7mA 0.25 Very Tight Initial Tolerance 
1.7mA 0.25 Low Cost, High Pertormance 
1.7mA 0.25 Very Low Drift 
1.7mA 0.25 Very Tight Initial Tolerance 
1.7mA 0.25 Low Cost, High Pertormance 
10mA NfA 3 Terminal Low Drift 
1.0mA NfA 3 Terminal Low Drift 
1.0mA NfA 3 Terminal Low Drift 
50mA 0.6 Low Drift 
5.0mA 0.6 Good Initial Tolerance 
5.0mA 0.6 Low Cost, High Pertormance 
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VOLTAGE REFERENCE SELECTION GUIDE 

commERCIAL TEmPERATURE RAnGE 
aoe TO + 7aoe 

VOLTAGE VOLTAGE DEVICE TEMPERATURE DRIFT, 
Vz TOLERANCE ppm/'C DR mV CHANGE 

(VOLTS) MAXIMUM 
TA=25'C 

1,235 ±0,32% LT1004C-l,2 20ppm (typ) 
±1% L Tl 034BC 20ppm(max) 

±1% LT1034C 40ppm(max) 

±2% LM3B5-1,2 20ppm (typ) 
±1% LM3B5B-l,2 20ppm (typ) 

2,5 ±0,5% LT1004C-2,5 20ppm (Iyp) 
±0,2% LT1009C 6mV (max) 
±0,2% LT1019C-2,5 20ppm (max) 
±0,05% LT1019AC-2,5 5ppm (max) 
±4% LM336-2,5 6mV (max) 
±2% LM336B-2,5 6mV (max) 
±3% LM3B5-2,5 20ppm (typ) 
±1,5% LM3B5B-2,5 20ppm (typ) 
±3% AD5BOJ 85 (max) 
±1% AD5BOK 40 (max) 
±0.4% AD5BOL 25 (max) 
±0,4% AD5BOM 10 (max) 

5,0 ±0,2% LT1019C-5 20ppm (max) 
±0,05% LT1019AC-5 5ppm (max) 
±1% LTl021BC-5 5ppm (max) 
±0,05% LTl021CC-S 20ppm (max) 
±1% LTl021DC-5 20ppm (max) 
±0,2% LT1029AC 20ppm(max) 
±1% LTl029C 34ppm(max) 

6,9 ±3% LM329A 10ppm (max) 
±S% LM329B 20ppm (max) 
±5% LM329C 50ppm (max) 
±5% LM329D 100ppm (max) 

6,95 ±S% LM399 2ppm (max) 
±5% LM399A lppm (max) 

7,0 ±07% LT1021BC-7 5ppm (max) 
±07% LT1021DC-7 20ppm (max) 

10,0 ±0,2% LT1019C-10 20ppm (max) 
±O,OS% LT1019AC-10 5ppm (max) 
±O,S% LTt021BC-10 5ppm (max) 
±0,05% LTl021CC-10 20ppm (max) 
±0,5% LT1021DC-1O 20ppm (max) 
±0,5% LT1031BC 5ppm (max) 
±0,1% LT1031CC 15ppm (max) 
±0,2% LT1031DC 25ppm (max) 
±0,3% AD581J 30ppm (max) 
±0,1% AD5B1K 15ppm (max) 
±0,05% AD5B1L lOppm (max) 
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OPERATING 
CURRENT RANGE 
(OR SUPPLY CURRENT) 

10~A to 20mA 
20~A to 20mA 

20~A to 20mA 

15~ 10 20mA 
15~A 10 20mA 

20~ 10 20mA 
400~ to 10mA 
1,2mA 
1,0mA 
400~A to 10mA 
400~A to 10mA 
20~A to 20mA 
20~ to 20mA 
1,5mA 
1,5mA 
I,SmA 
1,5mA 

1,2mA 
1.0mA 
1,2mA 
1,2mA 
1,2mA 
600~A to lOrnA 
600~A to lOrnA 

600~A to 15mA 
600~A to 15mA 
600~A to 15mA 
600~A to 15mA 

500~A to lOrnA 
SOO~A to lOrnA 

1,0mA 
1,0mA 

1,2mA 
1,0mA 
1.7mA 
1.7mA 
1.7mA 
1.7mA 
1.7mA 
1.7mA 
1.0mA 
1.0mA 
1.0mA 

MAXIMUM MAJOR FEATURE 
DYNAMIC 
IMPEDANCE 
(Il) 

1,5 Micropower 
1,5 Low TC Micropower with 

7V Aux, Reference 
1,5 Low TC Micropower with 

7V Aux, Reference 
1.5 Micropower 
1,5 Micropower 

1.5 Micropower 
1.4 Precision 
N/A Precision Bandgap 
N/A Precision Bandgap 
1.4 General Purpose 
1.4 General Purpose 
1,5 Micropower 
1,5 Micropower 
N/A 3 Terminal Low Drift 
N/A 3 Terminal Low Drift 
N/A 3 Terminal Low Drift 
N/A 3 Terminal Low Drift 

N/A Precision Bandgap 
N/A Precision Bandgap 
0,1 Very Low Drift 
0,1 Very Tight Initial Tolerance 
0,1 Low Cost, High Performance 
0,6 Precision Bandgap 
0,6 Precision Bandgap 

1,0 (typ) Low Drift 
1.0 (typ) Low Drift 
1,0 (typ) General Purpose 
1.0 (typ) General Purpose 

1.5 Ultra Low Dnft 
1.S Ultra Low Drift 

0,2 Low Drift/Noise, Exc, Stability 
0,2 Low Cost, High Performance 

N/A Precision Bandgap 
N/A Precision Bandgap 
0,2S Very Low Drift 
0,25 Very Tight Initial Tolerance 
0,25 Low Cost, High Perlormance 
0,25 Very Low Drift 
0,25 Very Tight Initial Tolerance 
0,25 Low Cost, High Performance 
N/A 3 Terminal Low Drift 
N/A 3 Terminal Low Drift 
N/A 3 Terminal Low Drift 
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AD580 

AD581 

TO-52 

INPUT 

0"·'" GROUNO 

BOnOM VIEW 

TO-5 

INPUT 

0"",,· 
GROUNO 

BOnOM VIEW 

LM129/329 
TO·46 

,,; t t9.nw,rD 
LM199A/199 
LM399A/399 

BLOCK DIAGRAM 
TO-46 

D3~~' +~4-6.95V 
_ - 2 3 + 

4 2 

LTl004 
LM185/385 

TOP VIEW 

+t TO-92 8TO
_
46 

~~ 
BOTTOM VIEW 

- FEAl'URES -
• 2.5V Output 
• Direct Replacement for 

Analog Devices 
• Selected Parts with 

10ppm/oC TC 
• Low Quiescent Current 

- FEATURES-

• 10V Output 
• Direct Replacement for 

Analog Devices 
• Selected Parts with 

10ppm/oC TC 
• Low Quiescent Current 

- FEATURES-

• Low Noise 
• Low Cost 
• Max Temperature Drift 

Selections 10,20, 50 and 
100 ppm/oC 

• Wide Operating Current 
Range 

- FEATURES-

• Ultra Low Drift 
• Very Low Noise 
• Wide Operating Current 

Range 
• Provided with Thermal 

Shield 
• Excellent Long Term 

Stability 
• Low Hysteresis 
• Guaranteed Long Term 

Stability Available 

- FEATURES-

• Micropower 
• 1.235V and 2.5V 

Available 
• Low Dynamic Impedance 
• Wide Operating Current 

Range 
• Very Tight Tolerance 

- mini DESCRIPnon -
Alternate source for in
dustry standard 2.5V 
3 terminal reference 

- mini DESCRIPTion -
Alternate source for industry 
standard 10V 3-terminal 
reference. 

- mini DESCRIPTion -
Subsurface zener reference 
with wide operating current 
range from 600ILA to 15mA. 
Similar to LM199/399 with
out stabilizing heater on the 
die. 

- mini DESCRIPnon -
An on board stabilizing 
heater keeps the die at con
stant temperature. Refer
ence is a low noise 
subsurface zener. Excellent 
long term stability. 

- mml DESCRIPnon -

Bandgap reference with op
erating current range as 
low as 10ILA. Low noise 
and good long term 
stability. 
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VOLTAGE REFERENCE SELECTION GUIDE 
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LTl009 
LM136/336 

J~cw ~ 

LTl019 
TO-S 

NC' 

GND 

TOP VIEW 

BOTTOM VIEW 

PLASTIC VIP 

7 NC' '''0' NC' VIN 2 7 NC· 
6 Your 

-T5~; 3 6 Your 

5 TRIM GNO 4 5 TRIM 

lOP VIEW 

• DO NOT CONNECT EXTERNAL CIRCUITRY TO THESE PINS 

LTl021 
TO-S PLASTIC DIP 

- FEfII'URES -

• No Adjustment Needed 
on LT1009 

• Temperature Coefficient 
or Voltage Easily 
Adjusted on LM136 

• Wide Operating Current 
Range 

• Low Cost 
• 2.5V 
• Very Tight Tolerance 

- FEfII'URES -
• 2.5V, 5Vand 10V 

Versions 
• Plug-In Replacement for 

Many Devices 
• Series or Shunt Operation 
• Low Drift-3ppm/oC Typ. 
• 0.05% Initial Tolerance 
• 100% Noise Tested 
• Optional Chip Heater Can 

Be U sed for Lower Drift 
• Temperature Output 

- FEfII'URES -
• Ultra Low Drift 

NC' 
• Trimmed Output Voltage 

'NCO' NC' • Very Low Noise 
v" , 7 NC' • Operates in Series or 

'NC Shunt Mode 
J 6 VOUT. Replaces REF01, REF02, 

GND 4 5 TAiM LM368, MC1400 and 

TOP VIEW TOP VIEW 

• DO NOT CONNECT EXTERNAL CIRCUITRY TO THESE PINS 

•• NO TRIM PIN ON lTl0n7. DO NOT CONNECT 
EXTERNAL CIRCUITRY TO PIN 5 ON LT102H. 

MC1404 with Improved 
Stability, Noise and Drift 

- mini DESCRIPTion -

General purpose reference 
using bandgap circuit. Low 
cost, medium performance. 

- mini DESCRIPTion -
Curvature corrected 
bandgap design for very 
low drift and tight initial 
tolerance. Replaces and 
upgrades REF-01, 
REF-02, MC14XX and 
other popular series type 
references. 

- mini DESCRIPTiOn -
Trimmed voltage reference 
with ultra low drift. Refer
ence is a low noise subsur
face zener. Available in 5V, 
7Vand 10V versions. The 
7Vand 10V versions can be 
used as 2-terminal shunt 
regulators as well as series 
references. 



VOLTAGE REFERENCE SELECTION GUIDE 

LTl029 

TO-46 

+t rrJ;n ry 
ADJ ~~ 

_ BOTTOM VIEW 

LT1031/LH0070 

TO-5 

INPUT 

WOO'M 
GROUND 

BOTTOM VIEW 

LT1034 

10-46 

~(2) 
BOTTOM VIEW 

REF-0l/REF-02 

NC' 1 

TEMP :3 
OUT" 

TO-5 

NC' B 

4 

GNO 

TOP VIEW 

PLASTIC DIP 

?NC'.NCD'NC. 
\lIN 2 7 NC" 

6 'JOUT 
TEMP 

OUT" 3 6 VOUT 

5 TRIM GND 4 5 TRIM 

TOP VIEW 

'DO NOT CONNECT EHERNAl CIRCUITAY TO THESE PINS 
HREF'020NlY 

- FEAnJRES-
• 0.2% Output Tolerance 
• 0.50 Shunt Impedance 
• 600~ to 10mA Operating 

Current 
• Pin Compatible with 

LM136-5 
• 20ppm/oC Max. Drift 

Output Voltage Trim does 
not Affect Drift 

• Can be Used as Positive 
or Negative Reference 

- FEAI'URES -

• 10V Output 
• Ultra Low Drift 
• Very Low Noise 
• Trimmed Output Voltage 
• Operates in Series or 

Shunt Mode 
• Pin Compatible with 

AD581 
• LH0070 is a Direct 

Replacement for NSC 
LH0070 

- FEAnJRES-
• Guaranteed Drift (1. 2V) of 

20ppm/oC and 
40ppm/oC 

• 1. 2V and 7V Reference 
• 1.2V Reference operates 

20/1.4 to 20mA 
• 1 % Tolerance on 1.2V 

Reference 
• 7V Reference Operates 
100~ to 20mA 

• Compatible with the 
LM385 and LT1004 

- FEAI'URES -
• Direct Replacement for 

PMI Devices 
• Low Drift 
• High Line Rejection 
• Low Supply Current 
• Temperature Output on 

REF-02 

- mini DESCRIPTion -
Precision 3 terminal shunt 
5V bandgap reference. Very 
low drift and tight intial out
put tolerance. 

- mini DESCRIPTion -
Very low tempco is achieved 
without chip heater. The 
LT1031 can replace the' 
AD581 with better 
specifications. 

- mini DESCRIPTion -
The L T1 034 is a bandgap 
1.2V reference with low 
operating current and low 
temperature coefficient, 
combined with a 7V sub
surface zener reference 
on the same Chip. 

- mini DESCRIPTion -
Industry standard 5Vand 
10V bandgap voltage 
references. 
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L7~!O~!"'-----M-ic-r-o-p-o-w-e-r-V-~-I~-~-~-: 
FEATURES 
• Guaranteed ±4mV initial accuracy LT1004-1.2 
• Guaranteed± 20mV accuracy LT1004-2.5 
• Guaranteed 10,uA operating current 
• Guaranteed'temperature performance 
• Operates up to 20mA 
• Very low dynamic impedance 

APPLICATions 
• Portable meter references 
• Portable test instruments 
• Battery operated systems 
• Current loop instrumentation 

Micropower Cold Junction Compensation For Thermocouples 

3V 
LITHIUM 

LT 1004-1.2 

THERMOCOUPLE 
TYPE R, 

J 233k 
K 299k 
T 300k 
S 2.1M 

1684 

186 

+ 

5k AT 
25°C 

t 

+ 

1800 

• QUIESCENT CURRENT", 15"A 
t YELLOW SPRINGS INSl co. 

PART 1144007 

COMPENSATES WITHIN 
± 1°C FROM DOC TO 6DoC 

References 
DESCRIPTion 
The LT1004 Micropower Voltage References are two 
terminal bandgap reference diodes designed to pro
vide high accuracy and excellent temperature charac
teristics at very low operating currents. Optimization 
of the key parameters in the design, processing and 
testing of the device results in accuracy specifications 
previously attainable only with selected units. Below 
is a distribution plot of reference voltage for a typical 
lot of LT1004-1.2. Virtually all of the units fall well 
within the prescribed limits of ± 4mV. 

The LT1004is a pin for pin replacement for the 
LM185/385 series of references with improved accu
racy specifications. More important, the LT1004 is an 
attractive device for use in systems where accuracy 
was previously obtained at the expense of power con
sumption and trimming. 

For a low drift micropower reference with guaranteed 
temperature coefficient, see the LT1034 data sheet. 
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LT1004 

ABSOLUTE mAXimum RATinGS PACKAGE/ORDER InFORmATion 
Reverse Breakdown Current. . . . . . . . . . . . . . . 30mA 
Forward Current. . . . . . . . . . . . . . . . . . . . . . .. 10mA 
Operating Temperature Range 

LT1004M .................. -55°C to 125°C 
LT1004C ...................... O°C to 70°C 

Storage Temperature Range 
LT1004M .................. -65°C to 150°C 
LT1004C .................. -65°C to 150°C 

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

BOTTOM VIEW 

(3 
H PACKAGE 

TO·46 METAL CAN 

BOTTOM VIEW 

Z PACKAGE 
TO·92 PLASTIC 

ELECTRICAL CHARACTERISTICS (See note 1) 

SYMBOL PARAMETER CONDITIONS 

Vz Reverse Breakdown Voltage IR ~ 100llA 
LT1004M -55°C <;; TA <;; 125'C 
LT1004M/C O°C <;; TA <;; 70°C 

::"Vz Average Temperature Coefficient Im;n <;; IR <;; 20mA (Note 2) 
::" Temp 

Imin Minimum Operating Current 

::"Vz Reverse Breakdown Voltage Imin ~ IR :0::;; 1mA 
'3i; Change with Current 

lmA <;; IR <;; 20mA 

rz Reverse Dynamic Impedance IR ~ 100gA 

en Wide Band Noise (RMS) IR ~ 100gA 
10Hz <;; f <;; 10kHz 

::"Vz Long Term Stability IR ~ IOOIlA 
::" Time TA ~ 25'C :t O.tOC 

The. denotes the specifications which apply over the full operating 
temperature range. 
Nole 1: All specifications are for TA ~ 25'C unless otherwise noted. 
Nole 2: Selected devices with guaranteed maximum temperature 
coefficient are available upon request. 
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LT1 004·1.2 
MIN TYP 
1.231 1.235 

• 1.220 1.230 

• 1.225 1.235 

20 

• 8 

• 
• 

0.2 

• 
60 

20 

MAX 
1.239 
1.245 
1.245 

10 

1 
1.5 
10 
20 
0.6 
1.5 

LT1004MH 
LT1004CH 

LT1004CZ 

LTlO04·2.5 
MIN TYP MAX 
2.480 2.500 2.520 
2.460 2.500 2.535 
2.470 2.500 2.530 

20 

12 20 

1 
1.5 
10 
20 

0.2 0.6 
1.5 

120 

20 

UNITS 
V 
V 
V 

ppm/'C 

gA 

mV 
mV 
mV 
mV 

rl 
rl 

IlV 

ppm/kHr 



LT1004 

TYPICAL PERFORmAnCE CHARACTERISTICS 1.2 VOLT 

100 

:< 
.3 10 
!Z g; 
::> 
<.> 
w 
U> 

ffi 
il! 

0.1 

1.245 

1.240 

;S 
w 

'" 1.235 .. 
'=' 
52 
w 
U> 
DO 

~ 1.230 

Reverse Characteristics 

-5~'C TO 1+ 125,IC 

V -
./ 

V 

/ 
/ 

02 04 DB DB I~ 

REVERSE VOLTAGE {V} 

Temperature Drift 

v - r--
v 

1.2 

.......... 

14 

" 
1.225 1-+----1-+----1-+--+-+--+----l 

-55 -35 -15 .5 .25 .45 .65 .85 ·105 .125 

700 

600 

500 

~ 400 

S 
w 
i§ 300 
z 

200 

100 

TEMPERATURE {'C} 

Noise Voltage 

100 Ik 

FREQUENCY {Hz} 

lOOk 

l 
w 

~ 
<.> 

~ .. 
'=' 
52 
t:; 

~ 
'" 

§: 
1:: ::; 
~ 
<.> 

~ 
'" 

Reverse Voltage Change 
16 

12 

0.1 10 100 

REVERSE CURRENT {mAl 

Reverse Dynamic Impedance 
100 

10 

REVERSE CURRENT {mAl 

Filtered Output Noise 
70 ,----~--~"'-r-r,.,.TT111 

60 

50 

40 

30 

20 

Ik 10k lOOk 

FREQUENCY {Hz} 

10k 

Ik 

-
1:: z .. 
~ 
::;; 
<.> 
:;-

~ 

100 

10 

0.1 

1.5 

~ 1.0 

; 0.5 

52 

5V 

Forward Characteristics 

FORWARD CURRENT {mAl 

Reverse Dynamic Impedance 

TA ~ d5-c 

IR ~ 100pA 

./ 
V 

/ 
V 

/ 

10 100 Ik 10k lOOk 1M 

FREQUENCY (Hz) 

Response Time 

OUTPJ 

/ 
V 36k 

r-- I vav
; 

V" 

~ 

INPUT 

V 
100 500 600 
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LT1004 

TYPICAL PERFORmAnCE CHARACTERISTICS 2.5 VOLT 
Reverse Characteristics 

100 ,.---r---;,---;----,---,--., 

0.1 

-55 CTO +125 C 

I 

0.5 1.0 1.5 2.0 2.5 3.0 

REVERSE VOLTAGE (V) 

Forward Characteristics 
1.2 

TA ~ 25'C 

FORWARO CURRENT (mA) 

Temperature Drift Reverse Dynamic Impedance Reverse Dynamic Impedance 

2.515 

2.510 

ttl 2.505 
." 
§? 2.500 

~ 2.495 

12.490 

2.485 

2.480 

v ...... 

/ 

i 

£[ 
100 

w 
u z 
;3 

i'-, ~ 10 ;;; 

I" 
" 

u 

~ z 
>-c 

) 

10k 

TA ~ 25°C 

IR ~ 100"A 
1k 

e: 
w 
u 

100 z 
;3 
~ ;;; 

V V 

V 
u 10 
~ z 
>-c 

/ 
V 

I-' 

0.1 

L 

-55 -35 -15 5 25 45 65 85 105 125 10 100 1k 10k 100k 1M 

TEMPERATURE (OC) 

Noise Voltage 

10 
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100 1k 

FREQUENCY (Hz) 

10k 

REVERSE CURRENT (mA) 

Filtered Output Noise 

100k 100 1k 10k 

CUTOFF FREQUENCY (Hz) 

3.0 

2.0 

1.0 

5V 

100k 

FREQUENCY (Hz) 

Response Time 

V' "1,, 
24k 

VIN~VOUT 

NFJ:IT 

100 

TIME ("SEC) 

< 

500 



TYPICAL APPLICATions 

High Stability 5V Regulator 

V,,;,. BV-_--I t--~5V 

3001l 
1% 

1001l 
1% 

LT1004 

·Ground Referenced Current Source 

lOUT -5V 

• MAY BE INCREASED 
FOR SMALL OUTPUT CURRENTS 

R _ T2~V--;---,;;--. 
- lOUT + 10~A 

+15V 

LT1004·1.2 

1.235 
lOUT =-R-

D-1DDOC Linear Output Thermometer 

+15V RT NETWORK 
YSI44201 

2.7k 
5% 

10k 

LT1004·1.2 

-: 
-: 10k 

'0.1% 

2765 
• 

NETWORK DETAIL 
YSI44201 

r-----l BRN 

GRN I 

RED 

0-10VOUT 
0-100'C 
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LT1004 

TYPICAL APPLICATions 

Low Temperature Coefficient 
2 Terminal Current Source 

I 1.3V 
OUT=T 

6.ak 

R '" Sk 

Variable Output Supply 

V,,-_-I 1--1r---...... - VOUT 

V- - IV 
RT",""'lf.li15 
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+ 

lTl004-1.2 

2k 
R, 

2_SV Reference 

SV 

SOk 

2.S00 

lTl004-2.S 

200k 

Constant Gain Amplifier 
Over Temperature 

---------.---.-----------v+~SV 

2S0k 2S0k 

OUTPUT 

'----...... --- V- '" - SV 

Low Noise Reference 

v" ~ SV 

lTl004-1.2 

22f! 
~-'V''''''''' __ -OUTPUT 

+SO~f 

Micropower Reference 
from 9V Battery 1.2V Reference from 1.SV Battery 

+9V 

S10k 

1.23SV 

lTl004-1.2 

+l.SV· 

3k 

1.23SV 

lTl004-1.2 

• OUTPUT REGULATES 
DOWN TO 1.285V 
FOR lOUT - 0 



TYPICAL APPLICATions 

1M 
1% 

Micropower 5V Reference 

tR, 
1% 

133k 
1% 

LT1004 

Lead Acid Low Battery Detector 

1M 

LT 
1004-1.2 

t R, SETS TRIP POINT, SO.4k 
PER CELL FOR 1.8V I CELL 

10 MEG 

-=- 12V 

* La ~ BATTERY LOW 

Vpp Generator for Eproms - No Trim Required 

+24 

LT1004-1.2 

10k 

LJTILINPUT 

-5 

56k 

100 pi 

I05~1 '---------i> 

1.05k* 

* 1 % METAL fiLM RESISTORS 
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LT1004 

SCHEmATIC DIAGRAm 

LT1 004· 1.2 LT1oo4·2.5 

r---~--~----~----~~--~--~-----+ 

200k 

SDk 

500k 300k 

SOD 

60k 60k 

PACKAGE DESCRIPTion Dimensions in inches (millimeters) unless otherwise noted. 

H Package, 2 Lead TO·46 Metal Can Z Package, 3 Lead TO·92 Plastic 

0.178-0.195 
(4.521-4.953) f 0· . ·~1 (~:~~~=~:~6;) 

SEATING _ --I... (2.159-2.667) ~n
l 0085-0.105 

PLANE ~ MIN 

2lEAOS - D 0 (12.7001 

(~:~~~=~.~~~) DlA ~ ~ (~:~~~) MAX 
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0.175-0.185 0.175-0.185 

( •.•• 5p_ .. 699) I~ ___ ~I 1'.445 '.6991 

II 0.065 
(i:6siJ 

SEATING L J I ~. 
PLANE --- ----L 

t 
0.500 0.090 0.025 

Ii2ToI (2.286) ~ ~ ~ (0.635) 
MIN NOM MAX * LtlCONTROLlED LEADDIA 

J~I .018 
~(0.'57) 

0.045-0.055 TYP 
(1.143-1.397) 

50 
NOM 

~ 
~ 
11 0.0145-0.0155 

-----II-- (0.3683 0.3937) 
ryp 
BEFOFIElEAD 
FINISH 

0.090 
(2.286) 

SOOk 

0.045 - 0.055 
(1.143-1.397) 

0.135-0.145 
(3.429 - 3.683) 



~"'9'· .. tlnlt\Q LT1009 Series 
~~ TECHNOLOGY~---------2-.5--~-o-lt-Re-f-e-re-n-c-e 

FEATURES 
• 0.2% Initial Tolerance Max 
• Guaranteed Temperature Stability 
• Maximum 0.6n Dynamic Impedance 
• Wide Operating Current Range 
• Directly I nterchangeable with LM 136 for Improved 

Performance 
• No Adjustments Needed for Minimum Temperature 

Coefficient 

APPLICATions 
• Reference for 5V Systems 
• 8 Bit A / D and D / A Reference 
• Digital Voltmeters 
• Current Loop Measurement and Control Systems 
• Power Supply Monitor 

2.5 Volt Reference 

5V-35V 

3.6k 

t---_-OUTPUT 

~ t--' 10k' 
LT100g· ..... --"<TRIM 

'OOES NOT AFFECT 
TEMPERATURE COEFFICIENT. 
±5% TRIM RANGE 

DESCRIPTion 
The LT1009 is a precision trimmed 2.500 Volt shunt regu
lator diode featuring a maximum initial tolerance of only 
± 5mV. The low dynamic impedance and wide operating .,. 
current range enhances its versatility. The 0.2% refer- '" 
ence tolerance is achieved by on-chip trimming which not ~ 
only minimizes the initial voltage tolerance but also mini- '" 
mizes the temperature drift. ~ 
Even though no adjustments are needed with the LT1009, 
a third terminal allows the reference voltage to be ad
justed ±5% to calibrate out system errors. In many 
applications, the LT1009 can be used as a pin-to-pin 
replacement of the LM136H-2.5 and the external trim 
network eliminated. 

"" '" a: 

'" " a:: 
~ 
g 

For a lower drift 2.5V reference, see the LT1019 data .,. 
sheet. .. 

2.530 

2.520 

:;-
;;; 2.510 
'" ~ :..J 
o 
;:: 2.500 
c..> 
:z 
w 

~ 2.490 
w 
ex: 

2.480 

Output Voltage 

GUARANiEED MAX 

T'tPiGAL 

"......-jo'" :k// -r-..... 
./ ~ ""'" ~/, r--..... 

~ ~ GUARANTEED MINIMU~ ~ 

-00 -~ 0 ~ 00 H 100 1~ 

TEMPERATURE (oG) 
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LT1009 Series 

ABSOLUTE mAXimUm RATinGS PACKAGE/ORDER InFORmATiOn 

Reverse Current. . . . . . . . . . . . . . . . . . . . . . . . 20mA 
Forward Current. .................... : .. 10mA 
Operating Temperature Range 
. LT1009M .................. -55°C to 125°C 

LT100ge ...................... ooe to 70°C 
Storage Temperature Range 

LT1009M and e ............. -65°C to 150°C 
Lead Temperature (Soldering, 10 sec.) ...... 300°C 

ELECTRICAL CHARACTERISTICS 

SYMBOL PARAMETER CONDITIONS 

Vz Reverse Breakdown Voltage TA=25°C,IR=lmA 

c..Vz Reverse Breakdown Change with 400pAsIRsl0mA 
Ai; Current 

rz Reverse Dynamic Impedance IR=lmA 

c..Vz Temperature Stability TMINSTAsTMAX 
c..Temp Average Temperature Coefficient O°CsTAs 70°C 

-55°CsTAs 125°C (Note 1) 

c..Vz Long Term Stability TA=25°C:0.l°C,IR=lmA 
c.. Time 

The • denotes the specifications which apply over full operating 
temperature range. 
Nota 1: Average temperature coefficient Is defined as the total voltage 

change divided by the specified temperature range. 
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BOTTOM VIEW 

H PACKAGE 
TO·46 METAL CAN 

BOTTOM VIEW 

W 
Z PACKAGE 

TO·92 PLASTIC 

LT1009M 
MIN TYP 

2.495 2.500 

2.6 
3 

0.2 
0.4 

15 
25 

20 

MAX 

2.505 

6 
10 

0.6 
1 

15 

25 
35 

ORDER PART NUMBER 

MIN 

2.495 

LT1009MH 
LT1009CH 

LT1009CZ 

LT1009C 
TYP MAX 

2.500 2.505 

2.6 10 
3 12 

0.2 1.0 
0.4 1.4 

1.8 4 

15 25 

20 

UNITS 

V 

mV 
mV 

0 
0 

mV 

ppm/oC 
ppm/oC 

ppm/kHr 



TYPICAL PERFORmAnCE CHARACTERISTICS 
Reverse Characteristics 

10-1 

i 
~ 10-3 
w 
1:l 

l=125°C 
J I ,;- /-- i--"'" 

/1 V 
I 

ITJ= -55°C 

/ TI=25 0d! II 

ill 
a: 10-4 

10-5 

0.5 1.0 1.4 1.6 2.2 2.6 

S 
~ z co: 

it! 
l!! ..., 
iii! co: z 
>-co 

REVERSE VOLTAGE (V) 

Dynamic Impedance 
100 

10 

0.1 
10 

In lmA 
55°CsTj<125°C 

/ 

/ 

100 1k 10k 
FREQUENCY (Hz) 

100k 

SCHEmATIC DIAGRAm 

Forward Characteristics 
1.2 

TJ=25°C 

1.0 

./ 
/' 

v---- / 

----
;; 
;;; 0.6 
~ 
~ 
~ 0.6 
co 

~ f2 0.4 

0.2 

o 
0.001 0.01 0.1 1 

FORWARD CURRENT (rnA) 

Zener Noise Voltage 
250 

In=1mA 
Tj=25°C 

200 1"-

~ 
~ 150 
~ 
Ci z 

100 

50 
10 

\ 
\ 

"- ....... 

100 1k 10k 
FREQUENCY (Hz) 

/ 

10 

100k 

LT1009 Series 

Reverse Voltage Change 

/ 
/ 

/ 
!/ 

o / 
'" \II 
U 
C 
\II 
a:: 
\II 
u. 

o 6 H W 20 \II 
REVERSE CURRENT (rnA) 

Response Time 

2.5 HH+.f!t-,"'-~H-+++-H 
2.0 f-lf--\ll,-,,==,=::!=-I--l.--l--'-+-t--l 

E 1.5 
'" "" 1.0 
~ 0.5 
w 
~ 0 
~ 
~ 

10.0 hH-+-+-+:::l:=t-+++-H 
4.0 f-ll-+-I--+--+=FI-+-+-+-~ 

0~~~~~11--l.-~-'-~2~0~ 

TIME (~SEC) 

a:: 
\II 

" a: 
~ g 

r-------------------------~~------~--~-----+ 

6.6k 

500 

30k 
~+--+""""I'y- ADJ 

6.6k 
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LT1009 Series 

TYPICAL APPLICATiOnS 
Wide Supply Range, Adjustable Reference Low Temperature Coefficient Power Regulator 

+3.6V TO +40V 

I-.... - __ -VOUT. 

'--''T-..... 

621l 

", __ .~10k 

Swltchable ±1.25V Bipolar Reference 
5V Low Noise 2.5V Buffered Reference 

5k VIN:.:6V 

+ 5VJl 5k 10k LTlO09 1% 
-5V 

OUT 

lk 

9.76k 
1% 

50011 
LT1009 

5k 

-5V 

PACKAGE DESCRIPTiOn Dimensions in inches (millimeters) unless otherwise noted. 
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H Package Z Package 
Metal Can Plastic 

0.209-0.219 S I •. 300-•.• 03) 
0.178-0.195 n-I .. 521-•. 953) 

0.085-0.105 
SEATING_t.e:JJrl 12.159-2.667) 

PLANE "lIlflr" tJ 0.500 

ODD_I (1~~0) 

(~:~:=~::::) --II- (~:~~) 
OIA MAX 

0.100 
(2.5'0) 

~~ 5a NOM 
I I ('.445-'.699) =t 

r--II r ---, ~ 0.175-0.18' I I 0.065 
('.445-'.699) I 0 I 1 (1.651) =t 

SEATING -i-----.- L. - - - -' ----I DIA 

PLANEr.f. t 50 

~ ~ 0.025 NOM 

(1~'1~0) (~~:,s) ~ ~ ~ (OM~:) ~ 
I UNCONTROLLED 
~ LEAODIA 

J-lII--~ ---II- 0.0145 0.0155 
0.045-0.055 ~ (OT~~T) (0.368;y:.3937) 

(1.1'3-1.397) BEFORELEAO 

0.045-0.055 

(~:~:HO) - (1~'143-1'397) 
NOM -.-t 

1 2 3 

~ 
100NOM lJ (3.'29-3.683) 

100NOM 

FINISH 

2.5V 



L7UO~~----p-re-C-iS-io-n-Re-f-e-~:-~-o~-: 
FEATURES DESCRIPTion 
• Plug-In Replacement for Present References The LT1 019 is a third generation bandgap voltage refer

ence utilizing thin film technology and a greatly improved 
curvature correction technique. Wafer level trimming of 
both reference and output voltage combines to produce 
units with high yields to very low TC and tight initial 
tolerance of output voltage. 

• Ultra Low Drift-3ppm;oC Typical 
• Cu rvatu re Corrected 
• Series or Shunt Operation 
• Ultra High Line Rejection:=:: 1hppm/V 
• Low Output Impedance:=:: 0.020 
• Tight Initial Output Voltage <0.05% 
• Can be Heated for Drifts below 2ppm/oC 
• 100% Noise Tested 
• Temperature Output 

APPLICATions 
• A to D and D to A Converters 
• Precision Regulators 
• Constant Current Sources 
• V to F Converters 
• Bridge Excitation 

The L T1 019 can both sink and source up to 10mA and 
can be used in either the series or shunt mode. This 
allows the reference to be used for both positive and 
negative output voltages without external components. 
Minimum input-output voltage is less than 1V in the 
series mode, providing improved tolerance of low line 
conditions. 

The LT1019 is available in three voltages: 2.5V, 5V, and 
10V. It is a direct replacement for most bandgap refer
ences presently available including AD580, AD581 , 
REF-01, REF-02, MC1400, MC1404 and LM168. 

For ultra low drift applications ( < 2ppm/°C), the LT1019 
can be operated in a heated mode by driving an internal 
resistor with an external amplifier. Chip temperature can 
be externally set for minimum power consumption. 

For a 6.2V version of the LT1019, consult the factory. 

Ultralinear Strain Gauge * 
+15V 

L....-_____ ~_5V 

"ELIMINATES BRIDGE 
LOADING AND INSTRUMENTATION 
AMPLIFIER. 

35m" 

-15V 

R6 
2M"' 

R3 
2M 

"REDUCES REFERENCE AND AMPLIFIER 
LOADING TO ~O. 

""IF R6 = R3. BRIDGE IS NOT LOADED 
BY R2 AND R4. 

tA1 Vos AND DRIFT ARE NOT CRITICAL. 

GAIN = 100 

Output Voltage Drift 
1.003 

FUILL TE~~P~~~ "Bdx" 

€1.002 

~ 
~ 1.00 1 

I LT1019 
CURVE 

~ ,'" 1 ... 

~ ~5Plm/'cI0-70'1 "Boxi t-= 
l>, 

I--~"s~~;g::O~~~~~~~Apr ~ 

i 
~1.000 

~ 
§; 0.999 
>; 

~ 0.998 

0.997 
DRI,FT CU~VE I 

-~ -m 0 m ~ ~ WO 1m 
TEMPERATURE ('C) 
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LT1019 

ABSOLUTE mAXimum RATinGS 
Input Voltage ............................ 4DV 
Output Voltage (V,N ~ VOUT) (Note 1) . . . . . . . . . .. 16V 
Output Short Circuit Duration (Note 1) 

V,N ~ 20V ......................... Indefinite 
2DV :5 V,N :5 35V . . . . . . . . . . . . . . . . . . . . .. 10 sec 

Trim Pin Voltage . . . . . . . . . . . . . . . . . . . . . . .. ± 3DV 
Temp Pin Voltage .......................... 5V 
Heater Voltage 

(Continuous) .......................... 18V 
(Intermittent-3D sec.) ................... 32V 

PACKAGE/ORDER InFORmATion 
ORDER PART 

TOP VIEW NUMBER 
NC' 

...rn.. 
LT1019AMH-10 LT1019ACH-5 NC* W - ~ HEATER 

INPUT ~ ~ OUTPUT 
LT1019MH-10 LT1019CH-5 
LT1019ACH-10 LT1019AMH-2.5 

TEMP'tD... ,..., J:1 TRIM LT1019CH-10 LT1019MH-2.5 
G~E) LT1019AMH-5 LT1019ACH-2.5 

METAL CAN H PACKAGE LT1019MH-5 LT1019CH-2.5 
"INTERNALLY CONNECTED. 00 NOT 

CONNECT EXTERNAllY. 

TOP VIEW 

"·0' L T1 019ACN8-1 0 
INPUT 2 7 HEATER LT1019CN8-10 
TEMP 3 6 OUTPUT L T1 019ACN8-5 

GND 4 5 TRIM L T1 019CN8-5 
PLASTIC DIP N8 PACKAGE LT1019ACN8-2.5 

"INTERNALLY CONNECTED. DO NOT LT1019CN8-2.5 
CONNECT EXTERNALLY. 

ELECTRICAL CHARACTERISTICS V,N-VOUT=5V, 10UT=0, TJ=25°C unless otherwise noted 

SYMBOL PARAMETER CONDITIONS 
LT1019A lT1019 

UNITS 
MIN TYP MAX MIN TYP MAX 

Output Voltage Tolerance 0.002 0.05 0.02 0.2 % 

Tc Output Voltage LT1019C (O°C to WC) • 3 5 5 20 ppm/DC 
Temperature Coefficient LT1019M (-55°C to + 125°C) • 5 10 8 25 ppm/DC 
(Note 2) 

~VOUT Line Regulation (Note 3) (VOUT + 1.5V) :5VIN :540V 0.5 3 0.5 3 ppm/V 
~VIN • 1 5 1 5 ppm/V 

RR Ripple Rejection 50Hz :5 1:5 400Hz 90 110 90 110 dB 

• 84 84 dB 

~VOUT Load Regulation Series o :51 0UT :510mA' 0.02 0.05 0.02 0.05 mV/mA (12) 

~IOUT Mode (Notes 3 and 4) • 0.08 0.08 mV/mA (12) 

Load Regulation Sink I MIN :51 SINK:51 OmA 0.1 0.3 0.1 0.3 mV/mA (12) 
(Shunt Mode) (Notes 4 and 5) • 0.4 0.4 mV/mA (12) 
Thermal Regulation ~P=200mW 0.1 0.5 0.1 0.5 ppm/mW 
(Note 6) t=50ms 

10 Quiescent Current 0.65 1 0.65 1.2 mA 
Series Mode • 1.3 1.5 mA 
Minimum Shunt Current (Note 7) • 0.5 0.8 0.5 0.8 mA 
Minimum Input-Output lOUT :51mA • 0.9 1.1 0.9 1.1 V 
Voltage Differential IOUT= 10mA • 1.3 1.3 V 
Trim Range LT1019-2.5 ±4 ±6 ±4 ±6 % 

LT1019-5 ±4 +5. -13 ±4 +5. -13 % 
LT1019-10 ±4 +5, -27 ±4 +5. -27 % 

Heater Resistance 300 400 500 300 400 500 12 

Isc Short Circuit Current 2V :5VIN :535V 15 25 50 15 25 50 mA 
Output Connected to • 10 10 mA 
Ground 

en Output Voltage Noise 10Hz:5I:51 kHz 2.5 4 2.5 4 ppm (Rms) 
(Note 9) 0.1Hz:5I:510Hz 2.5 2.5 ppm (p-p) 
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The. denotes the specifications which apply over the full operating 
temperature range. 
Note 1: These are high power conditions and are therefore guaranteed 
only at temperatures equal to or below 35°C. 

Note 2: Output voltage drift is measured using the box method. Output 
voltage is recorded at T MIN, 25°C, and T MAX. The lowest of these three 
readings is subtracted from the highest and the resultant difference is 
divided by (T MAX - T MIN)' 
Note 3: Line regulation and load regulation are measured on a pulse 
basis with low duty cycle. Effects due to die heating must be taken into 
account separately. See thermal regulation and application section. 

Note 4: Load regulation is measured at a paint Va" below the base of the 
package with Kelvin contacts. 

Note 5: I MIN is equal to minimum shunt current when in the shunt mode 
(VIN disconnected). In sink mode, IMIN =0. 
Note 6: Thermal regulation is caused by die temperature gradients 
created by load current or input voltage changes. This effect must be 
added to normal line or load regulation. 

LT1019 

Note 7: Minimum shunt current is measured with shunt voltage held 
20mV below value measured at 1mA shunt current. 

Note 8: Minimum input-output voltage is measured by holding input 
voltage 0.5V above the nominal output voltage, while measuring 

VIN-VOUT· 
Note 9: RMS noise is measured with a single high pass filter at 10Hz 
and a 2-pole low pass filter at 1kHz. The resulting output is full wave 
rectified and then integrated for a fixed period, making the final reading 
an average as opposed to RMS. A correction factor of 1.1 is used to con
vert from average to RMS, and a second correction of 0.88 is used to 
correct for the non-ideal bandpass of the filters. 

Peak-to peak noise is measured with a single high pass filter at O.1Hz 
and a 2-pole low pass filter at 10Hz. The unit is enclosed in a still-air 
environment to eliminate thermocouple effects on the leads. Test time is 
10 seconds. 

TYPICAL PERFORmAnCE CHARACTERISTICS 

1.6 

1.4 

1.2 

'[10 
~ 0.8 
1:' a 0.6 

0.4 

0.2 

o 

Quiescent Current (LT1019-2,5) Quiescent Current (LT1019-5) Quiescent Current (L T1 019-1 0) 
1.6 

1.4 

1.2 

:!2{5'C -I-- 25'C -:-- 55'C 

'[ 1.0 
>-
~ 0.8 

a 0.6 

0.4 

/ 
/ 
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o 
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INPUT VOLTAGE (V) 

10 

l 
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>-
iii 
a: 
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~ 
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o 
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~ , 
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TJ= -55'C r-
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V 
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1.5 
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:r: 
'-' 
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o -1.0 

-1.5 
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INPUT VOLTAGE (V) 

Load Regulation 

TJ~25'~ 
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~Tl019-5 

LT1d19~ ~ !:lo... 
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SINKING SOURCING 

OUTPUT CURRENT (mA) 
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LT1019 

TYPICAL PERFORmAnCE CHARACTERISTICS 

Shunt Mode Characteristics 
(LT1D19·2.5V) 

Shunt Mode Characteristics 
(LT101 9·5) 

Shunt Mode Characteristics 
(LT1D19·1D) 

1.0 

0.9 

0.8 

0.7 

! 0.6 

~ 0.5 
r:: 
~ 0.4 
'-' 

0.3 

0.2 

0.1 

o 

INPUT OPEN 

TJ= + 125°G ..... 

y/. 
~ 

, 
~ TJ= +25°G 

V TJ =-55°G 

1.0 

0.9 

0.8 

0.7 

! 0.6 

~ 0.5 
g§ 
13 0.4 

0.3 

0.2 

0.1 

o 

INPUT OPEN 

~TJ=+25°G 

,/ 
TJ- +125 °V 

1J1i': J= -55°G 

A' 

1.0 

0.9 

0.8 

0.7 

! 0.6 
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I/' 
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OUTPUT TO GROUNO VOLTAGE (V) 
012345678 
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/' 
V 

V 
V 

/ 
./ 

....... v 
v 

-50 -25 0 25 50 75 100 125 
JUNGTION TEMPERATURE (OC) 

APPLICATions InFoRmATion 

LIne and Load Regulation 

Line regulation on the LT1019 is nearly perfect. A 10V 
change in input voltage causes a typical output shift of 
less than 5ppm. Load regulation (sourcing current) is 
nearly as good. A 5mA change in load current shifts out
put voltage by only 100,.N. These are electrical effects, 
measured with low duty cycle pulses to eliminate heating 
effects. In real world applications, the thermal effects of 
load and line changes must be considered. 
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Une Regulation 

lOUT 
TJ=25°C 

LT1019-17 
V-_ ~ 

LT1019·2.5 - LT1019-5 

o 5 10 15 20 25 30 35 40 
INPUT VOLTAGE (V) 

Two separate thermal effects are evident in monolithic cir
cuits. One is a gradient effect, where power dissipation 
on the die creates temperature gradients. These gradi
ents can cause output voltage shifts even if the overall 
temperature coefficient of the reference is zero. The 
L T1 019, unlike previous references, specifies thermal 
regulation caused by die temperature gradients. The 
specification is 0.5ppm/mW. To calculate the effect on 



APPLICATions InFoRmATion 
output voltage, simply multiply the change in device 
power dissipation by the thermal regulation specification. 
Example: a 10V device with a nominal input voltage of 
15V and load current of 5mA. Find the effect of an input 
voltage change of 1V and a load current change of 2mA. 

~P (line change) = (~VIN )(ILOAO) = (1V)(5mA) = 5mW 
~VOUT = (0.5ppm/mW)(5mW) =2.5ppm 

~P (load change)=(~ILOAD)(VIN -VOUT) 
=(2mA)(5V)=10mW 

~VOUT = (0. 5ppml mW)(1 OmW) = 5ppm 

Even though these effects are small, they should be taken 
into account in critical applications, especially where in
put voltage or load current is high. 

The second thermal effect is overall die temperature 
change. The magnitude of this change is the product of 
change in power dissipation times the thermal resistance 
(8JA) of the IC package=(100°C/W-150°C/W). The 
effect on reference output is calculated by multiplying die 
temperature change by the temperature drift specification 
of the reference. Example: same conditions as above with 
8JA=150°C/W and an LT1019 with 20ppm/oC drift 
specification. 

~P (line change)=5mW 
~VOUT = (5mW)(150°C/W)(20ppm/°C) 

=15ppm 
~P (load change) = 10mW 

~VOUT = (1 OmW)(150°C/W)(20ppm/°C) 
=30ppm 

These calculations show that thermally induced output 
voltage variations can easily exceed the electrical effects. 
In critical applications where shifts in power dissipation 
are expected, a small clip-on heat sink can significantly 
improve these effects by reducing overall die temperature 
change. Alternately, an LT1019A can be used with 4 
times lower TC. If warm-up drift is of concern, these 
measures will also help. With warm-up drift, total device 

LT1019 

power dissipation must be considered. In the example 
given, warm-up drift (worst-case) is equal to: 

Warm-up drift = [(VIN )(10) +(VIN - VOUT )(ILOAD)] 
[(8JA)(TC)] 

with 10 (quiescent current) =0.6mA, 
warm-up drift = [(15V)(0.6mA) + (5V)(5mA)] 

[(150°C/W)(25ppm/OC)] 
=127.5ppm 
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Note that 74% of the warm-up drift is due to load current :5 
times input-output differential. This emphasizes the im- :f; 
portance of keeping both these numbers low in critical a: 
applications. With heavy loads, warm-up drift can also be 'II 
improved using the technique described under" Driving ~ 
Loads Above 10mA", or by heat sinking. !:i 
Driving Loads Above 10mA 
The LT1019 is guaranteed to drive loads up to 10mA. 
Much higher load currents can be accommodated by 
adding an external PNP (see application circuits), butthis 
is often not necessary for relatively constant loads in the 
10mA-40mA range. Instead, a resistor is added from in
put to output with a value chosen to supply most of the 
load current. The LT1 019 can both sink and source cur
rent, so it maintains proper reference voltage as long as 
the difference between resistor current and load current 
does not exceed 10mA. The example shown in Figure 1 
assumes an input voltage of 14.5V to 15.5V, a reference 
voltage of 10V, and a load current of 25mA-35mA. The 
resistor is chosen to supply nominal load current at 
nominal input voltage. This causes the LT1 019 to operate 
in the source or sink mode, depending on load or line con
ditions. The resistor value may be modified in some cases 
to create all-source or all-sink conditions to minimize 
power dissipation in the reference or to keep power sup
ply current to a minimum. 

14.5V "VIN" 15.5V 

Figure 1 
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APPLICATions InFoRmATion 
Note that line regulation is now affected by reference out
put impedance. R1 should have a wattage rating high 
enough to withstand full input voltage if output shorts 
must be tolerated. Even with load currents below 10mA, 
R1 can be used to reduce power dissipation in the 
LT1019 for lower warm-up drift, etc. 

Output Trimming 

Output voltage trimming on the LT1 019 is nominally ac
complished with a potentiometer connected from output 
to ground with the wiper tied to the trim pin. The LT1 019 
was made compatible with existing references, so the 
trim range is large; +6%, -6% for the LT1019-2.5, 
+5%, -13%fortheLT1019-5,and +5%, -27%for 
the L T1 019-1 O. This large trim range makes precision 
trimming rather difficult. One solution is to insert resistors 
in series with both ends of the potentiometer. This has the 
disadvantage of potentially poor tracking between the 
fixed resistors and the potentiometer. A second method of 
reducing trim range is to insert a resistor in series with 
the wiper of the potentiometer. This works well only for 
very small trim range because of the mismatch in TCs 
between the series resistor and the internal thin film 
resistors. These film resistors can have a TC as high as 
500ppm/oC. That same TC is then transferred to the 
change in output voltage; a 1 % shift in output voltage 
causes a (500ppm) (1%)=5ppm/oC change in output 
voltage drift. The worst-case error in initial output voltage 
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Wide Range Trim ~ ± 5% 

VOUT 

R1 
25k 

Trimming LT1019-5 Output to 5.120V 
...-----VOUT 

41.2k 
1% 

5k' 
±1% TRIM 

4.02k 
1% 

for the LT1019 is 0.2%, so a series resistor is satisfac
tory if the output is simply trimmed to nominal value. 
1ppm/oC TC shift would be the maximum expected. 

Using the Temp Pin 

The LT1 019 has a TEMP pin like several other bandgap ref
erences. The voltage on this pin is directly proportional to 
absolute temperature (PTAT) with a slope of ~2.1mV/oC. 
Room temperature voltage is therefore ~(295°K) 
(2.1mV/oC)=620mV. Previous bandgap references have 
been very sensitive to any loading on the TEMP pin because 
it is an integral part of the reference "core" itself. The 
LT1 019 "taps" the core at a special point which has much 
less effect on the reference. The relationship between TEMP 
pin loading and a change in reference output voltage is less 
than 0.05%/pA, about 10 times improvement over previ
ous references. 

The TEMP pin can be used to sense chip temperature in 
applications where the chip is forced to constant temper
ature (see "Heated Mode") or to sense ambient temper
ature in applications where the temperature difference 
between chip and ambient is tolerable or can be cali
brated out. Typical chip temperature rise over ambient is 
=::: 2°C with no output load and 15V input voltage, but it 
could be as high as 6°C with a 5mA load and 5V input
output differential. A Centigrade thermometer is shown in 
the application circuits. This particular configuration has 

Narrow Trim Range (±O.2%) 

R2' 

lRIM,f---',,1.y,5M......-t.( ~60k 
"""'-'-"'f'-=-' 

'INCREASE TO 4.7MIl FOR LT1019A (±O.05%) ':' 

Trimming LT1019-10 Output to 10.240V 
",---""'-VOUT 

90.9k 
1% 

5k' 
~~lIt ... f±1%TRIM 

'LOW TC CERMET ':' 



APPLICATions InFoRmATion 
the advantage of trimming "zero" and "slope" simul
taneously. The PTAT nature of the TEMP pin output has a 
known predictable relationship between initial zero error 
and slope. This circuit takes advantage of that relation
ship by trimming at a point that corrects the zero and 
slope errors simultaneously. 

A simple over-temp circuit is also shown in the applica
tion section using an LT1011 comparator. This circuit is 
intended to be an ambient sensor, so temperature rise in 
the reference must be considered when setting trip level. 
R2B is adjusted by connecting a DVM across the inputs of 
the comparator and setting the DVM to read 2.1 mV for 
each degree above room temperature. A 70°C trip would 
require (2.1mV)(70°C-22°C)=101mV. R3 provides 
about 1°C hysteresis to prevent oscillations. 

Heated Mode 

The LT1 019 has an internal heater resistor which can be 
used to maintain constant chip temperature. The TEMP 

Heated Mode Reduces Temperature Drift to Less 
than 2ppml °C 

IN OUT 
Q1 LT1019·10 

HEAT 

TEMP GNO 

1k 
R3 

0.1~F 75k 

"SELECT FOR DESIRED TEMPERATURE. VALUES -= 
GIVEN SET CHIP TEMPERATURE TO ~ lO°C 
WITH VOUT~ 10V. 

OUTPUT 

R1" 
1MO 

R2" 
75k 

LT1019 

output is used to sense chip temperature and, in conjunc
tion with an external amplifier, forms a complete thermal 
control loop. Using the circuit shown in Figure 2, chip 
temperature is maintained extremely accurately. Residual 
refrence output voltage shift with ambient temperature 
changes is less than 2ppm;oC. This small residue is the 
result of chip temperature gradients and heater current 
flowing in the ground pin of the reference. Heater power 
required to maintain a chip temperature of 70°C is about 
300mW at 25°C ambient. With a heater resistance of 
4000 nominal, this requires a heater voltage of 11 V and 
heater current of 28mA. Lower ambient temperatures will 
require proportionately higher power levels. 

The amplifier used in this application is non-critical. For 
single supply operation, it must have a common-mode 
range down to O.6V. With a negative supply available, 
this restriction is removed. Higher supply voltages 
(> 15V) may require a small heat sink on Q1. 

5k" 

IOUT~1"A 
ZOUT,,1D1W 

Precision 1pA Current Source 

+15V 

VOUT 
± 11V COMPLIANCE 

"LOW TC CERMET, TRIM RANGE~ ± 1.5% 
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APPLICATions InFoRmATion 
Negative 10V Reference for CMOS DAC 

5.76k 
1% CMOS 

DAC 
t---..... ---1REF 

1.2k 

-15V 
'LOW TC CERMET, TRIM RANGE = ± 1.5% 

Output Current Boost with Current Limit 

v+~ 

(VOUT+2.8V) ........... - .... ---
GLOWS IN 

CURRENT LIMIT 
(DO NOT OMIT) 

PACKAGE DESCRIPTiOn 
H Package Metal Can 

1

1-1-:~~;};~:~', ~I 
0_040 01" 

P_016J~t-..0.0""50~~~-r' 
MAX (1.270) 0.155-0.185 

t L Mf ~ 
SEATING ~~!- GAUGE i 
PLANE-j-- --'--j-PLANE~ 

~ 00 0 DD (12.70;'9.05) 
(0.254-1.143) ___ II_~ 

("-. ,.000-0"" 
<5'TYP "-../> TYP~ 
I ~~/L (0.686-1.143) 

(0.686-0,864) 
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Over Temperature Alarm 

- ..... REFER£:NCE OUT 
+5V 

R4 
4.7k 

>---4~OUT 

VOUT 

, VREF-O.6V 
R1 = 200~ 

"SET VB-VA=2.1mV/'C (TALARM- TAMBIENT) 
tLM311 MAY BE SUBSTITUTED. 

Negative Series Reference 

V+ 

N8 Package 8 Lead Plastic 

CJ'~ 0.240-0.280 

, , =r-,,:rml 

II 0.040 AX 0,060 
- -(1.016)M p.524) 

so 
0,310-0.400 

~1"""'-(9'400-10_16J-1 

-,---
0.155-0.115 

(3.931-4.445) 

";ij':"~'I'-':':I~1 

O.125~O'130 t O.115~O,145 (3,175-3.3021~~ II (2.92't 3.683) 

j JJ II 0.030-0."0 !1!!!!. - -IO.762;r~·524J 

(iXi~J - -(~:~~:=~:~~!) 
. TVP 

NOTl:OIMENSIOHSIN1NCHE$UHLESSD7HERWISENOTED 
"lEAflSWITIIIN 0.001 OF TRUE POSITION jTP) ,\T GAUGEJ'l.AHf 

"HI" 
WHEN 

TRIPPED 
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FEATURES 
• Pin Compatible with Most Bandgap Reference 

Applications, Including Ref 01, Ref 02, LM368, 
MC1400, and MC1404, with Greatly Improved 
Stability, Noise, and Drift 

• Ultra Low Drift-5ppm/oC Max Slope 
• Trimmed Output Voltage 
• Operates in Series or Shunt Mode 
• Output Sinks and Sources in Series Mode 
• Very Low Noise < 1 ppm p-p (0.1 Hz to 10Hz) 
• > 100dB Ripple Rejection 
• Minimum Input-Output Differential of 1V 
• 2ppm/oC Max Drift Available on Request 
• 100% Noise Tested 

APPLICATions 
• A to D and D to A Converters 
• Precision Regulators 
• Digital Voltmeters 
• Inertial Navigation Systems 
• Precision Scales 
• Portable Reference Standard 

Basic Positive and 
Negative Connections 

VOUT NC 

R1= VOUT- (V-) 
iLOAO+1.5mA 

R1 

-15V 
(V-) 

-VOUT 

DESCRIPTion 
The LT1021 is a precision reference with ultra low drift 
and noise, extremely good long term stability, and almost 
total immunity to input voltage variations. The reference 
output will both source and sink up to 10mA. Three volt
ages are available; 5V, 7Vand 10V. The 7Vand 10V units 
can be used as shunt regulators (two terminal zeners) 
with the same precision characteristics as the three ter
minal connection. Special care has been taken to mini
mize thermal regulation effects and temperature induced 
hysteresis. 

The L T1 021 references are based on a buried zener diode 
structure which eliminates noise and stability problems 
associated with surface breakdown devices. Further, a 
subsurface zener exhibits better temperature drift and 
time stability than even the best band-gap references. 

Unique circuit design makes the LT1 021 the first IC refer
ence to offer ultra low drift without the use of high power 
on-chip heaters. 

The LT1 021-7 uses no resistive divider to set output volt
age, and therefore exhibits the best long term stability and 
temperature hysteresis. The LT1 021-5 and LT1021-10 are 
intended for systems requiring a precise 5V or 10V refer
ence, with an initial tolerance as low as ±0.05%. 

~ 

Typical Distribution of 
Temperature Drift-L T1 021 

15 LU-lJ:~~LLU 

o 
-5 -4 -3 -2 -1 0 1 2 3 4 5 

OUTPUT DRIFT (ppm/°C) 
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LT1021 

A8S0LUTE mAXimum RATinGS 
Input Voltage ............................ 40V 
Input-Output Voltage Differential .............. 35V 
Output to Ground Voltage (Shunt Mode Current Limit) 

LT1021-5 ............................. 10V 
LT1021-7 ............................. 10V 
LT1021-10 ............................ 16V 

Trim Pin to Ground Voltage 
Positive ....................... Equal to VOUT 
Negative. . . . . . . . . . . . . . . . . . . . . . . . . . .. - 20V 

Output Short Circuit Duration 
VIN =35V ........................... 10sec 
VIN::S 20V ......................... Indefinite 

Operating Temperature Range 
LT1021 Mil. . . . . . . . . . .. . . . . .. - 55°C to 125°C 
LT1021 Comm ................... 0°Cto70°C 

Storage Temperature Range 
All Devices .................. -65°Cto150°C 

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

ELECTRICAL CHARACTERISTICS LT1021-5 

PACKAGE/ORDER InFORmATiOn 

TOP VIEW 
NC' ...rn... 

NC'~ -l:Z:;NC' 

VIN~ ~VOUT 
NC'm., ,... ~ TRIM" 

Yo 
METAL CAN H PACKAGE 

'CONNECTED INTERNAllY. DO 
NOT CONNECT EXTERNAL CIRCUITRY 
TO THESE PINS. 

"NO TRIM PIN ON lT102H 00 NOT 
CONNECT EXTERNAL CIRCUITRY TO 
PIN 5 ON lT1021-7. 

TOP VIEW 

NC'08NC' 
Y,N 2 7 NC· 

NC· 3 6 Vour 

GND 4 5 TRIM" 

PlASTIC DIP N8 PACKAGE 

'CONNECTED INTERNAllY. 00 
NOT CONNECT EXTERNAL CIRCUITRY 
TO THESE PINS. 

UNO TRIM PIN ON LT1021-7. 00 NOT 
CONNECT EXTERNAL CIRCUITRY TO 
PIN 5 ON LTl021-7. 

ORDER PART NUMBER 

LT1021BMH-5 LT1021BMH-10 
LT1021CMH-5 LT1021CMH-10 
LT1021DMH-5 LT1021DMH-10 
LT1021BCH-5 LT1021BCH-10 
LT1 021 CCH-5 L T1 021 CCH-1 0 
LT1021DCH-5 LT1021DCH-10 

LT1021BMH-7 
LT1021DMH-7 
LT1021 BCH-7 
LT1021 DCH-7 

LT1 021 BCN8-5 
L T1 021 CCN8-5 
LT1021 DCN8-5 

LT1021 BCN8-7 
L T1 021 DCNB-7 

L T1 021 BCNB-1 0 
LT1021CCN8-10 
LT1021DCN8-10 

VIN=10V, IOUT=O, TA=25°C, Mil or Comm version, unless otherwise noted 

PARAMETER CONDITIONS 
MIN 

LT1021-5 

TYP MAX 
UNITS 

Output Voltage (Note 1) LT1021C-5 4.9975 5.000 5.0025 V 
LT1021B-5.0-5 4.95 5.00 5.05 V 

Output Voltage Temperature T MIN sTJ sT MAX 
Coefficient (Note 2) LT1021B-5 2 5 ppm/oC 

LT1021C-5,0-5 3 20 ppm/oC 

line Regulation (Note 3) 7.2V sVIN s 10V 4 12 ppm/V 

• 20 ppm/V 
10VSVINS40V 2 6 ppm/V 

• 10 ppm/V 

Load Regulation (Sourcing Current) Os IOUT:510mA 10 20 ppm/rnA 
(Note 3) • 35 ppm/rnA 

Load Regulation (Sinking Current) OSlOUTsl0mA 60 100 ppm/rnA 
(Note 3) • 150 ppm/rnA 

Supply Current 0.8 1.2 rnA 

• 1.5 rnA 
Output Voltage Noise (Note 5) 0.IHzsf:510Hz 3 INp-p 

10Hzsfs 1kHz 2.2 3.5 "Vrms 
Long Term Stability of .:It= 1000 Hrs 15 ppm 

Output Voltage (Note 6) Non-Cumulative 
Temperature Hysteresis of Output .:IT=±25°C 10 ppm 
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ELECTRICAL CHARACTERISTICS LT1021-7 

VIN=12V, IOUT=O, TA=25°C, Mil or Comm version, unless otherwise noted 

LT1021-7 
PARAMETER CONDITIONS UNITS 

MIN TYP MAX 
Output Voltage (Note 1) 6.95 7.00 7.05 V 

Output Voltage Temperature T MIN ::5TJ::5T MAX 
Coefficient (Note 2) LT1021B-7 2 5 ppm/DC 

LT10210-7 3 20 ppm/DC 

Line Regulation (Note 3) B.5V ::5V IN ::512V 1 4 ppm/V 

• 2 B ppm/V 
12V::5VIN ::540V 0.5 2 ppm/V 

• 1 4 ppm/V 
Load Regulation (Sourcing Current) o ::5 lOUT ::510mA 12 25 ppm/mA 

(Note 3) • 40 ppm/mA 
Load Regulation (Shunt Mode) 1.2mA ::5ISHUNT ::510mA 50 100 ppm/mA 

(Notes 3, 4) • 150 ppm/mA 
Supply Current (Series Mode) 0.75 1.2 mA 

• 1.5 mA 
Minimum Current (Shunt Mode) VIN is Open 0.7 1.0 mA 

• 1.2 mA 

Output Voltage Noise (Note 5) 0.1Hz::5f::510Hz 4 JLVp-p 
10Hz::5f::51kHz 2.5 4 JLVrms 

Long Term Stability of ~t= 1000 Hrs 7 ppm 
Output Voltage (Note 6) Non-Cumulative 

Temperature Hysteresis of Output ~T= ±25°C 3 ppm 

ELECTRICAL CHARACTERISTICS LT1021-10 

VIN = 15V, lOUT = 0, TA = 25°C, Mil or Comm version, unless otherwise noted 

PARAMETER CONDITIONS 
LT1021-10 

UNITS 
MIN TYP MAX 

Output Voltage (Note 1) LT1021C-10 9.995 10.00 10.005 V 
LT1021B-10, 0-10 995 10.00 10.05 V 

Output Voltage Temperature T MIN ::5TJ::5T MAX 
Coefficient (Note 2) LT1021B-10 2 5 ppm/DC 

LT1021C-10, 0-10 5 20 ppm/DC 

Line Regulation (Note 3) 11.5V ::5VIN ::514.5V 1 4 ppm/V 

• 6 ppm/V 
14.5V ::5VIN ::540V 0.5 2 ppm/V 

• 4 ppm/V 

Load Regulation (Sourcing Current) o ::5 louT ::510mA 12 25 ppm/mA 
(Note 3) • 40 ppm/mA 

Load Regulation (Shunt Mode) 1. 7mA ::5ISHUNT ::510mA 50 100 ppm/mA 
(Notes 3, 4) • 150 ppm/mA 

Series Mode Supply Current 1.2 1.7 mA 

• 2.0 mA 

Shunt Mode Minimum Current VIN is Open 1.1 1.5 mA 

• 1.7 mA 

Output Voltage Noise (Note 5) 0.1Hz::5f::510Hz 6 !,Vp-p 
0.1Hz::5f::51kHz 3.5 6 JLVrms 

Long Term Stability of ~t= 1000 Hrs 15 ppm 
Output Voltage (Note 6) Non-Cumulative 

Temperature Hysteresis of Output ~T= ±25°C 5 ppm 
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The. denotes the specifications which apply over the full operating 
temperature range. 

Note 1: Output voltage is measured immediately after turn-on. Changes 
due to chip warm-up are typically less than 0.005%. 
Note 2: Temperature coefficient is measured by dividing the change in 
output voltage over the temperature range by the change in temperature. 
Separate tests are done for hot and cold; T MIN to 25°C, and 25°C to 
T MAX. fncremental slope is also measured at 25°C. 
Note 3: Line and load regulation are measured on a pulse basis. Output 
changes due to die temperature change must be taken into account 
separately. Package thermal resistance is 150°C/W for TO-5 (H), and 
130°C/W for N. 

Note 4: Shunt mode regulation is measured with the input open. With 
the input connected, shunt mode current can be reduced to OmA. Load 
regulation will remain the same. 

Note 5: RMS noise is measured with a single high pass filter at 10Hz 
and a 2-pole low pass filter at 1 kHz. The resulting output is full wave 
rectified and then integrated for a fixed period, making the final reading 
an average as opposed to RMS. A correction factor of 1.1 is used to con
vert from average to RMS, and a second correction of 0.88 is used to 
correct for the non-ideal bandpass of the filters. 
Peak-to-peak nOise is measured with a single high pass filter at O.IHz 
and a 2-pole low pass filter at 10Hz. The unit is enclosed in a still-air 
environment to eliminate thermocouple effects on the leads. Test time is 
10 seconds. 
Note 6: Consult factory for units with long term stability data. 

TYPICAL PERFORmAnCE CHARACTERISTICS 
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Ripple Rejection 
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Ripple Rejection 
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TYPICAL PERFORmAnCE CHARACTERISTICS 
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INPUT VOLTAGE (V) 

Load Transient Response 
LT1021-5, C LOAD = 0 
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ISOURCE=O f\" ISINK=O f \ 
./1" II ,I Til 
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Sink Mode* Current Limit 
LT1021-5 

VIN=8V 
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OUTPUT VOLTAGE (V) 

'NOTE THAT AN INPUT VOLTAGE IS REOUIREO 
FOR 5V UNITS. 

Load Transient Response 
LT1021-5, CLOAD=1000pF 

I I ~ 11~'NKLo t r-ISOUR;':~O 1\ -nl. 
III 1 v II II v 
W 20mV U 20mV 

I t ~ ,..1 t J\ 
ISOURCE=0.2mA ~ ISINK=0.2mA 

I IlsINK~2-JomAI-
I I-I l I 

ISOURCE=2-10mA r I I 
t.1 SOURCE = 100"Ap-p • t.ISINK=100"Ap-p 

o 5 10 15 20 0 5 10 15 20 
TIME (p) 

LT1021 

Load Regulation L T1 021-5 

V1N=8V 

/1' 
,/ 

,/ 

-3 

-4 

-5 
-10 -8 -6 -4 -2 0 2 4 6 8 10 

! 
w 
§i1 
:2 -0.5 
'-' 
>-
~-1.0 
>-
'" o 

SOURCING SINKING 
OUTPUT CURRENT (mA) 

Thermal Regulation 
LT1021-5 

VIN=25V 
t.POWER = 200mW 

I-~O~D I 
R!GU~I0t!... 

<ERMAL -....... -r-- REGULATION 

ILOAO=10mA 

t----

20 40 60 80 100 120 140 
TIME (ms) 

Output Noise 0.1Hz to 10Hz 
LT1021-5 

FILTERING=1 ZERO AT 0.1Hz 
2 POLES AT 10Hz 

r----L (1PJ) 

! 
~ .. 

1 

.... ~ 

2 3 4 
TIME (MINUTES) 
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TYPICAL PERFORmAnCE CHARACTERISTICS 
Output Voltage Temperature 
Drift L T1 021-7 

7.003 r----r---r-,---,--,--,..---, 

7.002 f--t--+-+-I--t-+----l 

~ 7.001 t------t--j---t---t---+---t------j 

~ " ~ 7.000 f---"!--t-+-t--t--t-""'9 
to; 

~ 6.999 f--t--+-+-I--t-+----l o 

6.998 t------t--j---t---t---+---t------j 

6.997 L.----'_--'-_.L-_L.--'-_--'--.....J 
-~ -~ 0 ~ ~ ~ 100 1~ 

TEMPERATURE ('C) 

1.2 

1.0 

! 
~ 0.8 
:= 
=> o 
~ 0.6 
;;:0 
>z f4 

0.2 

o 

Shunt Characteristics 
LT1021-7 

INPUT PIN OPEN 

T'~ -55'C 

II d:::: 
( ~ 
V ~ .; 

) Il J 

,... 
)( 
,; 

./ 

01234567 
OUTPUT TO GROUND VOLTAGE (V) 

Load Transient Response 
LTl021-7, CLOAO=o 

I 
IllINKlO.8L 

ISOURCE~O 

I I .r 1 .1 
IISINKiYt 5mV 

I t 50mV 

ISOURCE~0.5mA I If" 

-

-

I lLfslNK ~ 14mA 

I l. I L J .... 
ISOURCE~2-10mA ViSINK~2-10mA 

III SOURCE~ 100pAp-p III SINK ~ 1 OOpAp-p 

013401234 
TIME ("s) 

NOTE VERTICAL SCALE CHANGE 
BETWEEN SOURCING AND SINKING 
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Load Regulation 
LT1021-7,lo 

VIN~12V 

-I---

.L 
1/ 

V 
./ 

-10 -8 -6 -4 -2 0 2 4 6 8 10 

60 

50 

40 

30 

20 

10 

o 

SOURCING SINKING 
OUTPUT CURRENT (mA) 

Shunt Mode Current Limit 
LT1021-7 

INPUT PIN OPEN 

II 
/ 

v 

o 6 8 10 12 14 16 18 
OUTPUT VOLTAGE (V) 

Load Transient Response 
LT1021-7, CLOAO = looopF 

III SOURCE ~ 100pAp-p III SINK~ 1 OOpAp-p 

ISOURCEtl I IISINK~0.6mA 
'1 I • 

r---

5mV 20mV. 

t I\W\ 
l 1/1+~1Yml-

ISOURCE~0.5mA 

!~ 

Isrti-

ISINK~2-10mA 

ISO~RCEI2m~-1UTA 
I I 

o 5 10 15 20 0 5 10 15 20 
5"s/DIV 

NOTE VERTICAL SCALE CHANGE 
BETWEEN SOURCING AND SINKING 

1.8 

1.6 

14 

~12 
>-
~ 1.0 

~ 0.8 
>-
~ 0.6 
;;:0 

! 
w 

'" z 

04 

0.2 

o 

~ -0.5 
'-" 

~ -1.0 
=> o 

-1.5 

Quiescent Current 
LT1021-7 

IOUT~O 

Tj- -55'C 

r Tj~25'C 

~ Tj~125'C 

(/1 

V 
U 
o 10 15 20 25 30 35 40 

INPUT VOLTAGE (V) 

Thermal Regulation 
LT1021-7 

VIN~27V 

IlPOWER~1200mi 

~~LOAD - REGULATION 
THERMAL' 

1""- -- ) REGULATIDN_ 

ILOAO~10mA 

f--

20 40 60 80 100 120 140 
TIME (ms) 

'INDEPENDENT DF TEMPERATURE COEFFICIENT 

Output Noise 0.1 Hz to 10Hz 
LTlo21-7 

FILTERING ~ 1 ZERO AT O.lHz 
2 POLES AT 10Hz 

5lv(OtJm) 

1 

2 3 4 
TIME (MINUTES) 

oj 



TYPICAL PERFORmAnCE CHARACTERISTICS 

10.006 

10.004 

~ 10.002 
~ 
i:!i §! 10.000 
I-

0: 
5 9.998 
o 

9.996 

9.994 

Output Voltage Temperature 
Drift LT1021-10 

r-..... ./'" 

-50 -25 0 25 50 75 
TEMPERATURE ('C) 

100 125 

1.8 

1.6 

~1.4 

~ 1.2 
eo 
5 1.0 

~ O.B 
Iz 
~ 0.6 

'" 0.4 

0.2 

o 

Shunt Characteristics 
LT1021-10 

INPUT PIN OPEN 

Tj= -55'C 

1/ f-' 

4/ ........ 
./'\~/ V 
/-' 4,c 
lV 1 

j 
o 2 4 6 8 10 12 

OUTPUT TO GROUND VOLTAGE (V) 

Load Transient Response 
LT1021-10, CLOAD=O 
alsOURCE-100~p·p aISINK-100~p·p 

'lsINK7°i6~ r--
ISOURCE=O 

rl I 50mV 

10mV J 1/\ 
J t I l!lsINK=0.8mA 

rl JI\ 
ISOURCE=0.2mA ISINK=1.0mA 

I I l I l 
r 1 .l ISINK=2-10mA 

ISOURCE=2-10mA 
I I Til 

0123401234 
TIME (~s) 

NOTE VERTICAL SCALE CHANGE 
BETWEEN SOURCING AND SINKING 

:;; 2 
.§. 
~ 1 
~ 
:I: 

'" ~ -1 

5 -2 

-3 

-4 

-5 

Load Regulation 
LT1021-7, 10 

VIN=12V 

-I--r-

/ 

V 
V 

-10 -8 -6 -4 -2 0 2 4 6 8 10 

60 

50 

1 
I- 40 0: 
I-

'" 0 

~ 30 
~ 
l-

rE 20 
~ 
'" '" 10 

o 

SOURCING SINKING 
OUTPUT CURRENT (mA) 

Shunt Mode Current Limit 
LT1021-10 

INPUT PIN IS OPEN 

,I 

~ -V 

o 2 4 6 8 10 12 14 16 18 
OUTPUT VOLTAGE (V) 

Load Transient 
Response LT1 021-1 0, 
CLOAD = 1000pF 
al SOURCE= 1 OO~p·p al SINK = 1 OO~p·p 

ISOURCE=O "'" ISINK=0.8mA I 

I I I 20mV 

5mV' ISINK=1.2mA t 
I t l 1/ 

1'1. 

ISOURCE=0.5mA 
, 

ISOURCEl2-1~mA L ISINK= 1.4mA 

'1' 1 ~ IV iJ\ 
11 J VISINK=2-10mA 

I I 
0246802468 

TIME (~s) 

NOTE VERTICAL SCALE CHANGE 
8ETWEEN SOURCING AND SINKING 

1.8 

1.6 

1.4 

11.2 
l-

rE 1.0 
~ 
B O.S 
5 
~ 0.6 

~ 
w 

0.4 

0.2 

o 

~ -0.5 
~ 
'" ~ -1.0 

§ -1.5 

LT1021 

Input Supply Current 
LT1021-10 

IOUT=O TI= ~55'd 

T1J5'C 

( Tj-125'C 

VI 
11// 
rv 
V 

J 
o 10 15 20 25 30 35 40 

INPUT VOLTAGE (V) 

Thermal Regulation 
LT1021-10 

VIN=30V 
apOWER =1200mr 

~LO~D I ~ - ~GU~TIO~ 
11 THERMAL' -- REGULATION -

ILOAO=10mA 

r--

20 40 60 80 100 120 140 
TIME (ms) 

'INOEPENDENT OF TEMPERATURE COEFFICIENT 

Output Noise O.1Hz to 10Hz 
LT1021-10 

FILTERING=1 ZERO AT 0.1Hz 
2 POLES AT 10Hz 

c-LI1Ppl) 

I 

2 3 4 
TIME (MINUTES) 
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APPLICATions InFoRmATion 
Effect of Reference Drift on System Accuracy 

A large portion of the temperature drift error budget in 
many systems is the system reference voltage. This 
graph indicates the maximum temperature coefficient 
allowable if the reference is to contribute no more than 
lhLSB error to the overall system performance. The ex
ample shown is a 12-bit system designed to operate over 
a temperature range from 25°C to 65°C. Assuming the 
system calibration is performed at 25°C, the temperature 
span is 40°C. It can be seen from the graph that the 
temperature coefficient of the reference must be no worse 
than 3ppml °C if it is to contribute less than 1f2 LSB error. 
For this reason, the L T1021 family has been optimized for 
low drift. 

100 

1.0 

Maximum Allowable Reference 
Drift 

r-..... -....!tBIT 
'\. 

\ r--\ " ~10-BITI 
~2-BIT 

\'14-BIT ........ r--..... 

~ r-l-t--

10 20 30 40 50 60 70 80 90 100 
TEMPERATURE SPAN (OC) 

Trimming Output Voltage 

LT1021-10 

The L T1 021-1 0 has a trim pin for adjusting output volt
age. The impedance of the trim pin is about 12kO with a 
nominal open circuit voltage of 5V. It is designed to be 
driven from a source impedance of 3kO or less to mini
mize changes in the LT1021 TC with output trimming. 
Attenuation between the trim pin and the output is 70:1. 
This allows ± 70mV trim range when the trim pin is tied 
to the wiper of a potentiometer connected between the 
output and ground. A 10kO potentiometer is recom
mended, preferably a 20 tu rn cermet type with stable 
characteristics over time and temperature. 

4-36 

The LT1021-10 "C" version is pre-trimmed to ±5mV 
and therefore can utilize a restricted trim range. A 75kO 
resistor in series with a 20kO potentiometer will give 
± 10mV trim range. Effect on output TC will be only 
1 ppm I 0 C for the ± 5mV trim needed to set the "C" 
device to 10.000V. 

LT1021-5 

The L T1 021-5 does have an output voltage trim pin, but 
the TC of the nominal4V open circuit voltage at this pin is 
about -1. 7mV;CC. For the voltage trimming not to af
fect reference output TC, the external trim voltage must 
track the voltage on the trim pin. Input impedance of the 
trim pin is about 1 OOkO and attenuation to the output is 
13: 1. The technique shown below is suggested for trim
ming the output of the LT1 021-5 while maintaining mini
mum shift in output temperature coefficient. The R1 IR2 
ratio is chosen to minimize interaction of trimming and TC 
shifts, so the exact values shown should be used. 

LT1021-7 

tT.I-__ -~~ VOUT 

Rl 
27k 

lN4148 

The 7V version of the LT1 021 has no trim pin because the 
internal architecture does not have a point which could be 
driven conveniently from the output. Trimming must 
therefore be done externally, as is the case with ordinary 
reference diodes. Unlike these diodes, however, the out
put of the L T1 021 can be loaded with a trim potentiom
eter. The following trim techniques are suggested; one 
for voltage output, and one for current output. The volt
age output is trimmed for 6.95V. Current output is 1 mA, 
as shown, into a summing junction, but all resistors may 
be scaled for currents up to 10mA. 



APPLICATions InFoRmATion 
Both of these circuits use the trimmers in a true poten
tiometric mode to reduce the effects of trimmer TC. The 
voltage output has a 2000 impedance, so loading must 
be minimized. In the current output circuit, R1 deter
mines output current. It should have a TC commensurate 
with the LT1021 or track closely with the feedback 
resistor around the op amp. 

-IN 

LT102H.·. 

-IN OUT 

GND 

LT1021-7 

OUT 

GND 

R3 
50k 

.J 

R2 
14k· 

R3 
1% 

10k 

Rl 
200n 
1% 

VOUT 
=6.950V 

- . ":' TC TRACKING TO 50ppm/oC 

R2·· 
182k 

Rl· 
7.15k 

I 11.000mA 

~~~i 
+ OP AMP 

r 

* ·RESISTOR TC DETERMINES lOUT TC 
··TC" 10 x Rl TC. R2 AND R3 SCALE 

WITH R1 FOR DIFFERENT OUTPUT CURRENTS. 

Capacitive Loading and Transient Response 

The LT1021 is stable with all capacitive loads, but for opti
mum settling with load transients, output capacitance 
should be under 1000pF. The output stage of the reference 
is class AB with a fairly low idling current. This makes tran
sient response worst-case at light load currents. Because of 

LT1021 

internal current drain on the output, actual worst-case oc
curs at ILOAO =0 on LT1021-5, ILOAD = -0.8mA (sinking) 
on LT1021-7, and ILOAD = 1.4mA (sinking) on LT1021-10. 
Significantly better load transient response is obtained by 
moving slightly away from these pOints. See Load Transient 
Response curves for details. In general, best transient 
response is obtained when the output is sourcing current. In 
critical applications, a 10p.F solid tantalum capacitor with 
several ohms in series provides optimum output bypass. 

Kelvin Connections 

Although the LT1021 does not have true force/ sense 
capability at its outputs, significant improvements in 
ground loop and line loss problems can be achieved 
with proper hook-up. In series mode operation, the 
ground pin of the LT1021 carries only"", 1 mA and can 
be used as a sense line, greatly reducing ground loop 
and loss problems on the low side of the reference. The 
high side supplies load current so line resistance must 
be kept low. Twelve feet of # 22 gauge hook up wire or 
1 foot of 0.025 inch printed circuit trace will create 2mV 
loss at 1 OmA output current. This is equivalent to 1 LSB 
in a 10V, 12-bit system. 

The circuits below show proper hook up to minimize 
errors due to ground loops and line losses. Losses in the 
output lead can be greatly reduced by adding a PNP boost 
transistor if load currents are 5mA or higher. R2 can be 
added to further reduce current in the output sense lead. 

Standard Series Mode 

INPUT 
KEEP THIS LINE RESISTANCE LOW 

~~~~~----------~ 
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LT1021 

APPLICATions InFoRmATion 

Series Mode with Boost Transistor 

INPUT -t-----, 

~~~~~~-----------
·OPTIONAL -REOUCES CURRENT IN OUTPUT SENSE LEAD 
R2=2.4k (LT1021-5), 3k (LT1021-7), 5.6k (LT1021-10) 

Effects of Air Movement on Low Frequency Noise 

The LT1021 has very low noise because of the buried 
zener used in its design. In the 0.1Hz to 10Hz band, 
peak-to-peak noise is about 0.5ppm of the DC output. To 
achieve this low nOise, however, care must be taken to 
shield the reference from ambient air turbulence. Air 
movement can create noise because of thermoelectric dif
ferences between IC package leads (especially kovar 
lead TO-5) and printed circuit board materials and / or 
sockets. Power dissipation in the reference, even though 
it rarely exceeds 20mW, is enough to cause small tem
perature gradients in the package leads. Variations in 
thermal resistance, caused by uneven air flow, create dif
ferentiallead temperatures, thereby causing thermoelec
tric voltage noise at the output of the reference. The XV 
plotter trace shown below dramatically illustrates this ef
fect. The first half of the plot was done with the LT1021 

4-38 

shielded from ambient air with a small foam cup. The cup 
was then removed for the second half of the trace. Ambi
ent in both cases was a lab environment with no exces
sive air turbulence from air conditioners, opening/ 
closing doors, etc. Removing the foam cup increases the 
output noise by almost an order of magnitude in the 
0.01 Hz to 1 Hz band! The kovar leads of the TO-5 (H) 
package are the primary culprit. Alloy 42 and copper lead 
frames used on dual-in-line packages are not nearly as 
sensitive to thermally generated noise because they are 
intrinsically matched. 

There is nothing magical about foam cups-any enclo
sure which blocks air flow from the reference will do. 
Smaller enclosures are better since they do not allow the 
build-up of internally generated air movement. Naturally, 
heat generating components external to the reference 
itself should not be included inside the enclosure. 

Noise Induced by Air 
Turbulence (TO-5 Package) 

LT1021-7 (TO-5 PACKAGE) 
f=0.01Hz TO 10Hz 

20"V 
- FOAM CUP REMOVED I 

1\ {\ .It 

1 V 1'f¥-'\j 

4 6 8 fO 12 
TIME (MINUTES) 



APPLICATion CIRCUITS 

LT1021-10 Full Trim Range (±O.7%) 

LTl02HO 

VIN IN OUT VOUT 

R1' 
10k 

'CAN BE RAISED TO 
20k[l FOR LESS 
CRITICAL APPLICATIONS 

Boosted Output Current With No Current Limit 

V+ 2o(VOUT+1.8V)_--...., 

R1 
220[1 

2N2905 

10V 
~OUlG.I-"'- @100mA 

2~F 
SOLID 
TANT 

Negative Series Reference 

+15V 

-15V_--J 

Boosted Output Current With Current Limit 

V+ 2oVOUT+2.8V -..--...----, 

01' 
LED 

R1 
220[1 

'GLOWS IN CURRENT LIMIT. 
DO NOT OMIT. 

8.2[1 

10V 
@100mA 

2~F 
SOLID 
TANT 

LT1021 
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APPLICATion CIRCUITS 

Ultra Precise Current Source 

+15V 

"LOW TC 

17.4k 
1% 

6.9ak" 
0.1% 

IOUT=1mA 
REGULATION < 1 ppm/V 

COMPLIANCE=-13VTO +7V 

Handling Higher Load Currents 

+15V 

R1" 
169!l 

--.... -VOUT10V 

"SELECT R1 TO DELIVER TYPICAL LOAD CURRENT. 
LT1021 WILL THEN SOURCE OR SINK AS NECESSARY 
TO MAINTAIN PROPER OUTPUT. DO NOT REMOVE LOAD 
AS OUTPUT WILL BE DRIVEN UNREGULATED HIGH. LINE 
REGULATION IS DEGRADED IN THIS APPLICATION. 

Strain Gauge Conditioner for 3500 Bridge 

4-40 

+15V 

R1 
357!l 
1/2W 

"THIS RESISTOR PROVIDES POSITIVE FEEDBACK TO 
THE BRIDGE TO ELIMINATE LOADING EFFECT OF 
THE AMPLIFIER. EFFECTIVE liN OF AMPLIFIER 
STAGE IS", 1Mll. IF R2-R5 ARE CHANGED, 
SET R6=R3. 

"BRIDGE IS UlT-RA LINEAR WHEN ALL LEGS ARE 

VOUT 
X100 

ACTIVE, TWO IN COMPRESSION AND TWO IN TENSION, 
OR WHEN ONE SIDE IS ACTIVE WITH ONE COMPRESSED 
AND ONE TENSIONED LEG, 

tOFFSET AND DRIFT OF LM3D1A ARE VIRTUALLY 
ELIMINATED BY DIFFERENTIAL CONNECTION OF LT1012C. 



APPLICATion CIRCUITS 

Ultra Linear Platinum Temperature Sensor* 

R9 
lOOk 

LTt021-10 

our 
'M, GNO" 

R2' ~ 5k 

Rl" 
253k 

RIO 
182k 
1% 

R8 
10M 

':' 

~, 
R3" R4 
5k --, 4J5k r 1% 

h 

Rst I" I 
1000 

~, 
I @O"CI 

R~' L --1 
392k 
1% ~~ 

-15V 

Restricted Trim Range for Improved 
Resolution, 10V, "C" Version Only 

LTt021C-l0 

i--_-l0,000V 

R2 
"-''VV' ........ +< 50k 

TRIM RANGE ~ ± 10mV 

IN I- +20V 

R5 
200k 
1% 

R6 
619k 
1% 

.!.RI4 5k 

Rll 
6,65M R15 
1% 10k 

Rt' 
654k "=" 

.!t2 lk 

R13 

~ 243k 2 ' _ 7 

~6':' VOUT=100mV/"C 
50"C:;;T:;;150"C 

3 ' 
+ 4 

-15V 

tSTANDARD INDUSTRIAL 1000 PLATINUM 4-WIRE SENSOR, 
LENT, 0:=0,00385 ROSEMOUNT 78S, OR EQUIVA 

TRIM R9 FOR VOur=0 @ O"C 
TRIM R12 FORVOUT=tOV @ 1 OO"C 
TRIM R14 FOR VOUT=5V @ 50"C 
USE TRIM SEQUENCE AS SHOWN, TRIMS ARE NON-INTERACTIVE 
SO THAT ONLY ONE TRIM SEQUENCE IS NORMALLY REQUIRED, 

'FEEDBACK LINEARIZES OUTPUT TO ±0,005"C FROM 
-50"CTO +150"C 

"WIREWOUND RESISTORS WITH LOW TC 

Trimming 10V Units to 10.24V 

U2k 

L-__ ~5k 

V-=-15V' 

'MUST BE WELL REGULATEO 
dVOUT 15mV -.w=-=-v 

LT1021 
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APPLICATion CIRCUITS 

4-42 

2-Pole Low Pass Filtered Reference 

TOTAL NOISE 
s2~Vrms 
lHzsfsl0kHz 

------------..... ---~ -VREF 

Negative Shunt Reference Driven 
by Current Source 

-llVTO -40V 

CMOS OAC with Low-Drift Full Scale Trimming** 

1.2k 

-15V 

R2 
40,20 
1% 

REF 

R3 
4,02k 

1% 
R4' 

fB't--_-----+~ ~~~~SCALE 
CMOS 
DAC 

7520, ETC, 

'TC LESS THAN 200ppm/'C 
"NO ZERO ADJUST REQUIRED 

WITH LT1007 (Voss60~V) 

ADJUST 

10V 
F,S, 



APPLICATion CIRCUITS 

+15V 

Operating 5V Reference from 5V Supply 

1""""----1---------- +5V LOGIC SUPPLY 

+5V 
REFERENCE 

"FOR HIGHER FREQUENCIES C1 ANO C2 MAY BE OECREASEO. 
"PARALLEL GATES FOR HIGHER REFERENCE CURRENT LOAOING. 

Precision DAC Reference with System TC Trim 

8.87k 
1% 

50k 
1.24k TC TRIM" 

1% 
10k 
1% 

"TRIMS 1mA REFERENCE CURRENT 
TC BY ± 40ppm/'C. THIS TRIM 

10k 
1% 

02 
1N457 

SCHEME HAS VERY lITILE EFFECT ON ROOM 
TEMPERATURE CURRENT TO MINIMIZE ITERATIVE 
TRIMMING. 

50k 
ROOM TEMP 
TRIM 

10.36k 
1% 

200k 
1% 

OAC 

LT1021 

8.45k 
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EQUIVALEnT SCHEmATIC 

r-------1-+-...... ---t- OUTPUT 

Rl 

R2 

-1~-----4-~~--~>-GND 

PACKAGE DESCRIPTion 

H Package 
Metal Can 

~ 
(~:~~~D~A~:;~~I---' 

1
+ 0.305-0.335 .. 

(7.747-8.509) 1 
0.040 DlA 

MAX (1.270) 0.165-0.185 
11.016) ~1-cc0'~05~0----'. 
~ MAX (4.191-4.699) 

SEATING ---t-- 'GAUGE: 
PLANE t - - --t-PLANE 0.500-0.750 

0.010-0.045 00 0 OU (12.70,19.05) 

(0.254-1.143) II 0.016-0.-02-'-------'. 

I~- -- (0.40~y~.5331 

WTY' ./ > A 0027-0045 

/ 

~/~/~(0686-'1431 
(0686-0864) a10 2 mo GLASS 

7 3 L--____ ++'o 0 

4-44 

6 I 
o 50 4° 

~~2~:~OI 
BSC' 

.- RAD TYP 

NOTE: DIMENSIONS IN INCHES (MILLIMETERS) 

NB Package 
B Lead Plastic 

~ • 0.1401..2BO 

~_r~71121 

II 0.040 0.060 
---. _('1.ii16jMAX (1.524) 

sa 

~ ---(9.400-10.16) 1 0.370-0.400 -I 
-.---0.155-0.175 1 

MIN 

(3.937 - 4.445) 

t - --. 
0.125-0.130 t ~ 

, , 
" I II \1 

10~1~81 m1--I:~:;1 

i3.i75=3To2i r 1 I 12.921.3.6831 

t J I~ 11-- 0.030-0.060 a 100 (0.762-'.5141 
-._. ~ TYP 
(~·~t~) --. _~ 

TY, (0.35~y:.5841 

:Ar"" 
-I t 0'-15" 11~~ - (0.203-0.381) 

TY, 
0.290-0.310 
(1.366-7.8741 

NOTE: OIMENSIONS IN INCHES UNLESS OTHERWISE NOTEO 
'LEAOS WITHIN 0.007 OF TRUE POSITION (TP) AT GAUGE PLANE 



1'-.. · ... tlnlJ\R LTl029/LT1029A 
~~ TECHNOLOGY~-----5-V--Ba-n-d-g-a-p--Re-f-e-re-n-c-e 

FEATURES 
• 0.2% Output Tolerance 
• 0.50 Shunt Impedance 
• 600llA to 10mA Operating Current 
• Pin Compatible with LM136-5 
• 20ppm/oC Max. Drift 
• Output Voltage Trim does not Affect Drift 
• Can be Used as Positive or Negative Reference 

APPLICATions 
• A-to-D and D-to-A Converters 
• Precision Regulators 
• Precision Current Sources 
1:1 V to F and F to V Converters 

TYPICAL APPLICATiOn 

+15V 

R1 
10k 

+5V 

LT1029 

LT1029 

-5V 

R2 
10k 

-15V 

DESCRIPTion 
The L T1 029 is a 5V bandgap reference intended for use 
in the shunt or "zener" mode, allowing it to be used as 
either a positive or negative reference. The output is 
pretrimmed to ±0.2% accuracy with 20ppm/oC max
imum temperature drift. A trim pin allows additional out
put adjustment for even more precise output voltage. 

Operating current range for the LT1029 is 600pA to 10mA. 
Extremely low dynamic impedance allows excellent output 
regulation even with fluctuating operating current. 

The LT1029 will replace an LM136-5 or LM336-5 and 
simplify circuits using the' 'minimum temperature coeffi
cient" trim network. The LT1029 does not require this 
special network to meet its temperature drift specification 
and these application network components are simply 
removed. If output trimming is required for initial ac
curacy, the diodes in the trim network should be replaced 
with jumpers. 

5.015 

5.010 

§ 5.005 

~ 
!:i 
§; 5.000 

~ 
§ 4.995 

4.990 

4.895 

Output Voltage Drift 

", 

V 

-~ -~ 0 ~ ~ ~ 100 1~ 
TEMPERATURE (OC) 
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LT1029/LT1029A 

ABSOLUTE mAXimum RATinGS PACKAGE/ORDER InFORmATion 
Reverse Current ........................ 15mA 
Forward Current ........................ 10mA 
Operating Temperature Range 

LT1029M/LT1029AM ....... -55°Cto +125°C 
LT1029C/LT1029AC ............ O°Cto + 70°C 

Storage Temperature. . . . . . . . . .. - 65°C to + 150°C 
Lead Temperature (Soldering, 10 sec.) ........ 300°C 

ELECTRICAL CHARACTERISTICS 

PARAMETER CONDITIONS 
Reverse Breakdown Voltage IR=1mA L T1 029AM, L T1 029AC 

LT1029M, LT1029C 
Reverse Breakdown Change with Current 600!'i\ :5IR :510mA 

Reverse Dynamic Impedance IR=1mA 

Temperature Stability IR=1mA LT1029AC 
LT1029C 

LT1029AM 
LT1029M 

Equivalent Temperature Drift L T1 029AM, LT1029AC 
LT1029C 
LT1029M 

Long Term Stability 

Trim Range 

The. denotes the specifications which apply over the full operating 
temperature range. 
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H PACKAGE 
TO'46 METAL CAN 

BOTTOM VIEW 

Z PACKAGE 
TO'92 PLASTIC 
BOTTOM VIEW 

• 
• 
• • • • 
• • • 

MIN 

4.99 
4.95 

±3 

TYP 

5.00 
5.00 

2 
3 

0.2 
0.3 

3 
5 
7 
10 
8 
12 
15 
20 

ORDER PART 
NUMBER 

LT1029AMH 
LT1029MH 
LT1029ACH 
LT1029CH 

LT1029ACZ 
LT1029CZ 

MAX 

5.01 
5.05 

5 
8 
0.6 
1.0 

7 
12 
18 
36 

20 
34 
40 

UNITS 

V 
V 

mV 
mV 

!] 

!] 

mV 
mV 
mV 
mV 

ppm/DC 
ppm/DC 
ppm/DC 

ppm/kHr 

+5, -13 % 



LT1029/LT1029A 

TYPICAL PERFORmAnCE CHARACTERISTICS 

Reverse Characteristics 
1.0 

0.9 

0.8 

0.7 

0.3 
TJ=+125,¥ 

~TJ=+25°C 

/ 
0.2 

0.1 

o 

IY1l!J= -55°C 

./f' 
012345678 

OUTPUT TO GROUND VOLTAGE (V) 

APPLICATions InFORmATion 
Output Trimming 

Output voltage trimming on the LT1029 is nominally ac
complished with a potentiometer connected from output to 
ground with the wiper tied to the trim pin. The LT1029 was 
made compatible with existing references, so the trim range 
is large; + 5%, -13%. This large trim range makes preci
sion trimming rather difficult. One solution is to insert 
resistors in series with both ends of the potentiometer. This 
has the disadvantage of potentially poor tracking between 
the fixed resistors and the potentiometer. A second method 
of reducing trim range is to insert a resistor in series with the 
wiper of the potentiometer. This works well only for a very 

Wide Trim Range (+5%, -13%) 

V+ 

ll;,o800pA 

+---__ ... VREF 

r; ... ",.-----+< 25k 

small trim range because of the mismatch in TCs between 
the series resistor and the internal thin film resistors. These 
film resistors can have a TC as high as 500ppm/oC. That 
same TC is then transferred to the change in output voltage; 
a 1% shift in output voltage causes a (500ppm) (1%)= 
5ppm / ° C change in output voltage drift. The worst-case er
ror in initial output voltage for the LT1029A is 0.2% and for 
the L T1 029 is 1 %, so a series resistor is satisfactory if the 
output is simply trimmed to nominal value. 1 ppm/oC TC 
shift would be the maximum expected for the L T1 029A and 
5ppm/oC for the LT1029. 

Narrow Trim Range 

11;,o700pA 

~--__ .... VREF=5.000V 

100kQ 

TRIM RANGE 
0.4% - LT1029A, R1 =750k 
1.2% - LT1029, R1 = 250k 
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LT1029/LT1029A 

APPLICATions InFoRmATion 
Shunt Capacitance 

The LT1 029 is stable with all values of shunt capacitance, 
but values between 300pF and 0.01/-tF are not recom
mended because they cause longer settling following a 

Trimming Output to 5.120V 
V+ 

11" 700J<A 

+----.-+ VREF=5.120V 

Rl 
41.2k 

R3 
4.02k 

transient in operating current. A 1/-tF solid tantalum 
capacitor is suggested for most situations where bypass
ing is desirable. 

Split ± 2.5V References 

....---+------_-+ +2.5V 

LT1029 

Rl 
25k 

+5V 

'----+--------+ -2.5V 
R3 
lk 
5% 

-5V 

PACKAGE DESCRIPTiOn Dimensions in inches (millimeters) unless otherwise noted. 
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H Package 
TO-46 Metal Can 

0.209-0.230 

(5.309-5.842) 1 r 
J r(:7~:';';;~~7-~=--':i~:":;~;S~) 

0.085-0.105 
0.015 (2.159-2.667) 

0.500 (0.381) 
(12.70) MAX I III I 

MIN Le;nn?--L C:o 0 0 I_(~~"'-~~-) ~ 
0.016-0.019'7 MAX 
(0.406-0.483) 

DIA 

0.050 
(1.270) 

TYP 

0.175~0.185 t 
(4.445-4.699) 

Z Package 
TO-92 Plastic 

SEATING -rt-----.-"TT'1T.:;:,=" 
PLANE t t 

0.500 0.090 0.025 

(1~'i~O) (~~~) n n n UNC:~:!LLEO 
t U U U LEADDIA 

J-W~~ o 045 _ 0 055 I (0.457) 

(1:143-1:397) -- TYP 

0.090 
(2.286) 

R 
NOM 

0.045-0.055 - (15~ 

~
~M 

--t 
5° 

NOM 

~ 
-Ik 0.0145-0.0155 

(0.3683-0.3937) 
TYP 

BEFORE LEAD 
FINISH 

100 NOM 

~23~ 
\ j t 0.135-0.145 
.- __ (3.429-3.683) 

WNOM 



~"",,· .. tlnlJ\l2 LTl031/LH0070 
~~ TECHNOLOGY~---P-re-c-i-sio-n--10-V-o-l-tR-e-f-e-re-n-c-e 

FEATURES 
• Pin Compatible with LH0070 and AD581 * 
• Ultra Low Drift-5ppml °C Max Slope 
• Trimmed Output Voltage 
• Operates in Series or Shunt Mode 
• Output Sinks and Sources in Series Mode 
• Very Low Noise < 1ppm p-p 0.1 Hz to 10Hz 
• >100dB Ripple Rejection 
• Minimum Input Voltage of 11V 

APPLICATions 
• A to D and D to A Converters 
• Precision Regulators 
• Digital Voltmeters 
• Inertial Navigation Systems 
• Precision Scales 
• Portable Reference Standard 

·See LH0070 Electrical Characteristics table and AD581 cross reference 
guide. 

, .", "."" 

LT1031: ..... ,-' 

Basic Positive and 
Negative Connections 

VOUT 

DESCRIPTion 
The L T1 031 is a precision 10V reference with ultra low 
drift and noise, extremely good long term stability, and 
almost total immunity to input voltage variations. The 
reference output will both source and sink up to 10mA va 
and can be used as a shunt regulator (two terminal zener) ~ 
with the same precision characteristics as the three ter- C 
minal connection. Special care has been taken to mini- = 
mize thermal regulation effects and temperature induced 'II 
hysteresis. ~ 

The LT1031 reference is based on a buried zener diode 
structure which eliminates noise and stability problems 
associated with surface breakdown devices. Further, a 
subsurface zener exhibits better temperature drift and 
time stability than even the best band-gap references. 

a:: 
'II 

" ~ ~ g 
Unique circuit design makes the LT1031 the first three .. 
terminal IC reference to offer ultra low drift without the .. 
use of high power on-chip heaters. Output voltage is pre-
trimmed to 0.05% accuracy. 

The LT1 031 can be used as a plug-in replacement for the 
AD581 and LH0070*, with improved electrical and ther
mal performance. 

Distribution of Output Accuracy 

35 

_ 30~~-+-r-rd-+-r-~ 
~ 
~ 25~~-+~~M-+-r-~ 
z 
:::0 

is 20~~-+-
>-
15 151-+-+-
~ 10 

-0.06 -0.02 0 0.02 0.06 0.10 
OUTPUT ACCURACY (\'oj 
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LT1031/LH0070 

ABSOLUTE mAXimum RATinGS PACKAGE/ORDER InFORmATion 
I nput Voltage . . . . . . . . . . . . . . . . . . . . . . . . . . . . 40V 
Input-Output Voltage Differential .............. 35V 
Output to Ground Voltage 

(Shunt Mode Current Limit) ................ 16V 
Trim Pin to Ground Voltage 

Positive ....................... Equal to VOUT 
Negative. . . . . . . . . . . . . . . . . . . . . . . . . . .. - 20V 

Output Short Circuit Duration 
VIN =35V ........................... 10sec 
VIN :5 20V . . . . . . . . . . . . . . . . . . . . . . . .. Indefinite 

Operating Temperature Range 
LT1031 (Mil) ................ -55°Ct0125°C 
LT1031 (Comm) .................. O°C to 70°C 

Storage Temperature Range ....... - 65°C to 150°C 
Lead Temperature (Soldering, 10 sec.) ........ 300°C 

ELECTRICAL CHARACTERISTICS LT1031 

BonOM VIEW 

INPUT 

DouTP~ 
GROUND 

H PACKAGE 
TO·5 METAL CAN 

VIN=15V, IOUT=O, TA=25°C, Mil or Comm version, unless otherwise noted 

SYMBOL PARAMETER CONDITIONS 
LT1031 

MIN TYP 

VR Output Voltage (Note 1) LT1031 B 9.995 10.000 
LT1031C 9.990 10.000 
LT1031D 9.9ao 10.000 

AVR Output Voltage Temperature T MIN ,,;TJ,,;T MAX 
~ Coefficient (Note 2) LT1031B • 3 

LT1031C • 6 
LT1031D • 10 

AVR Line Regulation (Note 3) 11.5V,,;VIN ,,;14.5V 1 
AVIN • 14.5V ,,;VIN ,,;40V 0.5 

• 
AVR Load Regulation (Sourcing Current) 0,,; lOUT"; 10mA 12 

--:ilQ (Note 3) • 
AVR Load Regulation (Shunt Mode) 1. 7mA,,; ISHUNT"; 10mA 50 

--:ilQ (Notes 3, 4) • 
10 Series Mode Supply Current 1.2 

• 
IMIN Shunt Mode Minimum Current VIN is Open 1.1 

• 
Output Short Circuit Current 11V,,;VIN ,,;35V 30 
Minimum Input Voltage (Note 6) IOUT,,;lmA 10.a 

en Output Voltage Noise 0.IHz,,;f,,;10Hz 6 
O.IHz ,,;f,,; 10kHz 11 

AVR Long Term Stability of At=1000 Hrs 15 
Alime Output Voltage Non-Cumulative 

Temperature Hysteresis of Output AT=50°C 5 
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ORDER PART 
NUMBER 

LH0070-0H 
LH0070-1H 
LH0070-2H 

LT1031BMH 
LT1031CMH 
LT1031DMH 
LT1031BCH 
LT1031CCH 
LT1031DCH 

MAX 
UNITS 

10.005 V 
10.010 V 
10.020 V 

5 ppm/DC 
15 ppmfOC 
25 ppm/DC 

4 ppm/V 
6 ppm/V 
2 ppm/V 
4 ppm/V 

25 ppm/mA 
40 ppm/mA 

100 ppm/mA 
150 ppm/mA 

1.7 mA 
2.0 mA 

1.5 mA 
1.7 mA 

mA 
11.0 V 

I'Vp-p 
I'Vrms 

ppm 

ppm 



LT1031/LH0070 

ELECTRICAL CHARACTERISTICS LH0070 

SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS 

VR Output Voltage TA = 25°C 10.000 V 

IlVR Output Accuracy TA = 25°C 
-0, -1 ±0.03 ±0.1 % 
-2 ±0.O2 ±0.O5 % 

IlVR Output Accuracy TA= -55°C, 125°C 
-0, -1 • ±0.3 % 
-2 ±O.2 % 

IlVR Output Voltage Change Note 5 
~ with Temperature 

-0 • ±O.2 % 
-1 • ±0.02 ±O.1 % 
-2 • ±0.01 ±0.04 % 

IlVR Line Regulation 13V:5VIN :533V, TA=25°C 

INiN -0, -1 0.006 0.1 % 
-2 0.006 0.03 % 

Input Voltage Range • 11.4 40 V 

IlVR Load Regulation OmA :5 lOUT :5 5mA • 0.01 0.03 % 

~ 
la Quiescent Current 13V :5VIN :533V • 1.2 5 mA 

ilia Change in Quiescent Current IlVIN = 20V from 13V to 33V • 0.1 1.5 mA 

INiN 
en Output Noise Voltage 

Ripple Rejection f=120Hz 

ro Output Resistance 
IlVz Long Term Stability T A = 25°C (Note 7) 

IlTime -0, -1 
-2 

The. denotes the specifications which apply over the full operating 
temperature range. 
Note 1: Output voltage is measured immediately after turn-on. Changes 
due to chip warm-up are typically less than 0.005%. 
Note 2: Temperature coefficient is measured by dividing the change in 
output voltage over the temperature range by the change in temperature. 
Separate tests are done for hot and cold; T MIN to 25°C, and 25°C to 
TMAX ' Incremental slope is also measured at 25°C. For LT1031BMH, the 
5ppm/oC drift specification is for -25°C to 85°C. Drift over the full 
-55°C to +125°C range is guaranteed to 7ppm/oC. 

CROSS REFEREnCE 
The following cross reference guide may be used to select 
LT1031 grades which meet or exceed output voltage, 
temperature drift, load and line regulation, and output 
current specifications of the AD581 reference. 
Parameters such as nOise, hysteresis, and long term 
stability will be significantly better for all LT1031 grades 
compared to the AD581. 

6 I'Vp-p 

• 0.001 %/Vp-p 

• 0.2 0.6 (j 

±0.2 %/Yr 
±0.05 %/Yr 

Note 3: Line and load regulation are measured on a pulse basis. Output 
changes due to die temperature change must be taken into account 
separately. Package thermal resistance is 150°C/W. 
Note 4: Shunt mode regulation is measured with the input open. With 
the input connected, shunt mode current can be reduced to OmA. Load 
regulation will remain the same. 

Note 5: Temperature drift is guaranteed from - 25°C to +85°C on 
LH0070. 

Note 6: See curve for guaranteed minimum VIN versus lOUT' 

Note 7: Guaranteed by design. 

Cross Reference Guide-LT1031 to AD581 

AD581J 
AD581K 
AD581L 
AD581S 
AD581T 
AD581U 

order 
order 
order 
order 
order 
order 

LT1031DCH 
LT1031CCH 
LT1031BCH 
LT1031DMH 
LT1031CMH 
LT1031BMH 
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LT1031/LH0070 

TYPICAL PERFORmAnCE CHARACTERISTICS 

115 

110 

_ 105 

~ 
z 
S! 100 
frl 
~ 
'" 95 

90 

85 

13 

12 

11 

~ 10 

gj 9 
§ 
§! 8 
f--
1i' 7 
f--

is 6 

16 

14 

12 

:; 10 
w 
<J) 

o 8 z 
<J) 

~ 6 

o 

Ripple Rejection 

f=150Hz 

/".....-
I---

o 10 15 20 25 30 35 40 
INPUT VOLTAGE (V) 

Start-Up (Series Mode) 

VIN=O TO 12V 

" 

4 6 8 10 12 14 
TIME (pS) 

Output Voltage Noise 

COUT=O ,llWl 
FILTER = 1 POLE 
fLOW=O.lHz 

V 

..,.." 
~f-

10 100 lk 10k 
BANDWIDTH (Hz) 
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Ripple Rejection 
130 

V1N=15V 

120 COUT=O 

110 

~ 100 
z 
0 
>= <.:> 

~ 
90 

80 

70 

60 

50 
10 100 lk 

FREQUENCY (Hz) 

Start-Up (Shunt Mode) 

i'-

10k 

llr--,-,--r--r-,--,-, 

/~ 
10r--+-I1--~-+--+-~--~ 

/ h:' o'~ I,,", ~ OUT -

~ NC IN GND 

§! 8 t---+-t-- ~-

~ 
§ 7 f--+--j--t---t---t---j----j 

:;; 2 
.s 
w 

'" z 
:2 
'-' 
~ -1 
~ 
25 -2 

-3 

-4 

-5 

4 6 
TIME (pS) 

Load Regulation 

VIN=12V 

./ -f---r--

10 12 

L 
V 

V 

-10 -8 -6 -4 -2 0 2 4 6 8 10 
SOURCING SINKING 

OUTPUT CURRENT (mA) 

11.6 

11.4 

11.2 

~11.0 
:l' 
~ 10.8 
> 
~ 10.6 
~ 

10.4 

10.2 

10.0 

Minimum Input Voltage 
GUARANTEED ,/ / Tj=125°C 

CURVE-ALL Tj='_ 55IoC 
TEV V -/" 

r- './ ./' i-"'" .t Vrj =25°C 

V /" ~ 
f--- -

IL 
V V 

o 2 4 6 8 10 12 14 16 18 20 
OUTPUT CURRENT (mA) 

Output Voltage Noise Spectrum 
400 r-r-rTTlmrr-;rrrrrmr---,--,rm111 

350 f-t-t-t-tl'tttt--lH-t-t+tttt---+--+-f-ttI-ttl 

~300 

~250f-t-t-t-tl'tttt--lH-t-t+tttt---+--+-f-ttI-ttl 

~200r-r+~~--IH-~ffir--+--+-~~ § 
~150r~~++~~--+-++~t---t-rH~ 
o 
z100f-t-t-t-tl'tttt--lH-t-t+tttt---+--+-f-ttI-ttl 

10.006 

10.004 

100 lk 
FREQUENCY (Hz) 

Output Voltage Temperature 
Drift 

10k 

~ 10.002 
w 

i'-- V '" ~ g 10.000 
f--

1i' 
~ 9.998 
o 

9.996 

9.994 
-50 -25 0 25 50 75 100 125 

TEMPERATURE (OC) 



TYPICAL PERFORmAnCE CHARACTERISTICS 

1.8 

1.6 

1.4 

112 
e-as 1.0 
'" '" a 0.8 
5 
~ 0.6 

! 
<.U 

0.4 

0.2 

o 

~-O.5 

"" :z: 
'-' 
~-1.0 

5-1.5 

Input Supply Current 

'OUT=O Tj= ~55od 

Tj=15 0 c 

( Tj=125°C 

VI 
1I11 
YV 
v 

J 
o 10 15 20 25 30 35 40 

INPUT VOLTAGE IV) 

Thermal Regulation 

V,N=30V 

L>POWER =120Oi 

~LO~O I ",. 
I-- ~~~TlO~ 

I) THERMAL" --- REGULATION -

' LoAO=10mA 

20 40 60 80 100 120 140 
TIMElms) 

"INDEPENDENT OF TEMPERATURE COEFFICIENT 

1.8 

1.6 

~1.4 
E 

~ 1.2 

5 1.0 

~ 0.8 
e-
~ 0.6 
'" a 0.4 

0.2 

o 

Shunt Characteristics 

INPUT PIN OPEN 

Tj= -55°C 

1/ "..... 

4,.,... ~ 
./'\{'~ ...... ~ 
/'" ~5OC 
t/ I 

.J 
o 2 4 6 8 10 

OUTPUT TO GROUNO VOLTAGE (V) 

Load Transient Response 
CLOAD=O 

L>I SOURCE-100pAp-p L>ISINK-100pAp-p 

12 

>ISlNK=0.6mA--
'SOURCE=O In. 

rll 50mV 

10mV J 11\ 
J f 1 J'sINK=0.8mA 

rl J _1\ 
'SOURCE=0.2mA V"ls":K=1.0mA 

I I l I- k 
r I .L 'SINK=2-10mA 

'SOURCE=2-10mA 
I I 'T I I 

0123401234 
TIME l"s) 

NOTE VERTICAL SCALE CHANGE 
BETWEEN SOURCING AND SINKING 

Output Noise 0.1 Hz to 10Hz 

FILTERING =1 ZERO AT 0.1Hz 
2 POLES AT 10Hz 

r--1Lv (1Ppl) 
~ 

1 

2 3 4 
TIME (MINUTES) 

60 

50 
~ .s 
~ 40 

5 
0 
0 30 e-
;;; 
e-
rE 20 
~ 
=> 
'-' 

10 

o 

LT1031/LH0070 

Shunt Mode Current Limit 

INPUT PIN IS OPEN 

I 

,.-l-V 

o 6 8 10 12 14 16 18 
OUTPUT VOLTAGE IV) 

Load Transient Response 
CLOAD = 1000pF 

L>ISOURCE-100pAp-p L>ISINK-100pAp-p 

'SOURCE=O ~ ISINK=0.8mAI 

I ! I r 20mV 

5mV 'SINK=1.2mA I 
III VI 11\ 

'SOURCE=0.5mA L , 
I .L fl SINK = 1.4mA 

ISOURCE=2-10mA IV 1 11\ TI ~ 

JlJ V'SINK=2-10mA 

I I I 
024680246 

TIME I~s) 

NOTE VERTICAL SCALE CHANGE 
BETWEEN SOURCING AND SINKING 
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LT1031/LH0070 

APPLICATions InFoRmATion 
Trimming Output Voltage 

The LT1 031 output can be trimmed by driving the ground 
pin. The suggested method is shown in the accompany
ing figure. A 50 resistor is inserted in series with the 
ground pin and the top of the resistor is supplied current 
from a trim potentiometer. This technique requires fairly 
high trim current-up to 1.5mA from the LT1031 or 
3.5mA from the -15V supply, but it is necessary to 
maintain low drift in the reference. Ground pin current 
changes in the LT1031 (with temperature) could be as 
high as 4pA/oC. This, coupled with the 50 external 
resistor, creates up to 2ppm / °C drift in the reference 
(50 x 4pA/oC =20flV/oC =2ppm/°C). If induced drift 
higher than this can be tolerated, all resistor values in the 
trim circuit can be raised proportionately to reduce cur
rent drain. 

Output Voltage Trimming 

f---+_VOUT 

'CAN BE INCREASED TO 5.6k FOR 
LT1031B AND LH0070'2 

"INCREASE TO 100 FOR LT1031D 

Effect of Reference Drift on System Accuracy 

A large portion of the temperatu re d rift error budget in 
many systems is the system reference voltage. This 
graph indicates the maximum temperature coefficient 
allowable if the reference is to contribute no more than 
lhLSB error to the overall system performance. The ex
ample shown is a 12-bit system designed to operate over 
a temperature range from 25°C to 65°C. Assuming the 
system calibration is performed at 25 ° C, the temperatu re 
span is 40°C. It can be seen from the graph that the 
temperature coefficient of the reference must be no worse 
than 3ppm/ °C if it is to contribute less than lhLSB error. 
For this reason, the L T1 031 has been optimized for low 
drift. 
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100 

1.0 

Maximum Allowable Reference 
Drift 

1'0 ~BIT 
I\. 
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\ ......... ",",lO.BIT' 

~2-BIT 

\ 14-BIT ....... ...... 

~ l""-I-t-

10 20 30 40 50 60 70 80 90 100 
TEMPERATURE SPAN 1°C) 

Capacitive Loading and Transient Response 

The LT1031 is stable with all capacitive loads, but for opti
mum settling with load transients, output capacitance 
should be under 1000pF. The output stage of the reference 
is class AB with a fairly low idling current. This makes tran
sient response worst-case at light load currents. Because of 
internal current drain on the output, actual worst-case oc
curs at ILOAD = 1.4mA (sinking). Significantly better load 
transient response is obtained by moving slightly away from 
these pOints. See Load Transient Response curves for 
details. In general, best transient response is obtained 
when the output is sourcing current. In critical applications, 
a 10flF solid tantalum capacitor with several ohms in series 
provides optimum output bypass. 

Kelvin Connections 

Although the LT1031 does not have true force/sense 
capability at its outputs, significant improvements in 
ground loop and line loss problems can be achieved 
with proper hook-up. In series mode operation, the 
ground pin of the LT1031 carries only"" 1 mA and can 
be used as a sense line, greatly reducing ground loop 
and loss problems on the low side of the reference. The 
high side supplies load current so line resistance must 
be kept low. Twelve feet of # 22 gauge hook up wire or 
1 foot of 0.025 inch printed circuit trace will create 2mV 
loss at 1 OmA output current. This is equivalent to 1 LSB 
in a 10V, 12-bit system. 



APPLICATions InFoRmATion 

The circuits below show proper hook up to minimize 
errors due to ground loops and line losses. Losses in the 
output lead can be greatly reduced by adding a PNP boost 
transistor if load currents are 5mA or higher. R2 can be 
added to further reduce current in the output sense lead. 

Standard Series Mode 

LT1031 

INPUT IN 
OUT KEEP THIS LINE RESISTANCE LOW 

UNO 

~~~~~~-----------

Series Mode with Boost Transistor 

INPUT -...-----, 

IN 

LT1031 OUT 1--...-----/ 

~~~~~~ -----+------~ 

'OPTIONAL -REDUCES CURRENT IN OUTPUT SENSE LEAD 

Effects of Air Movement on Low Frequency Noise 

The LT1031 has very low noise because of the buried 
zener used in its design. In the 0.1Hz to 10Hz band, 
peak-to-peak noise is about 0.5ppm of the DC output. To 
achieve this low noise, however, care must be taken to 
shield the reference from ambient air turbulence. Air 

LT1031/LH0070 

movement can create noise because of thermoelectric dif
ferences between IC package leads (especially kovar 
lead TO-5) and printed circuit board materials and / or 
sockets. Power dissipation in the reference, even though 
it rarely exceeds 20mW, is enough to cause small tem
perature gradients in the package leads. Variations in 
thermal resistance, caused by uneven airflow, create dif- ~ 
ferentiallead temperatures, thereby causing thermoelec- u 
tric voltage noise at the output of the reference. The XV ~ 
plotter trace shown below dramatically illustrates this ef- a: 
fect. The first half of the plot was done with the LT1 031 ~ 
shielded from ambient air with a small foam cup. The cup = 
was then removed for the second half of the trace. Ambi- 'II 
ent in both cases was a lab environment with no exces- " 
sive air turbulence from air conditioners, opening/ :: 
closing doors, etc. Removing the foam cup increases the _ 
output noise by almost an order of magnitude in the g 
0.01 Hz to 1 Hz band! The kovar leads of the TO-5 (H) 
package are the primary culprit. Alloy 42 and copper lead .. 
frames used on dual-in-line packages are not nearly as .. 
sensitive to thermally generated noise because they are 
intrinsically matched. 

There is nothing magical about foam cups-any enclo
sure which blocks air flow from the reference will do. 
Smaller enclosures are better since they do not allow the 
build-up of internally generated air movement. Naturally, 
heat generating components external to the reference 
itself should not be included inside the enclosure. 

Noise Induced by Air 
Turbulence (TO-5 Package) 

(TO'5 PACKAGE) 
f=O.OlHz to 10Hz 

20~V 

i 1+ FOAM CUP REMOVED 

1\ ~ -' 
t IV ~vy-'\j 

4 6 8 10 12 
TIME (MINUTES) 
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LT1031/LH0070 

APPLICATion CIRCUITS 

Negative Series Reference 

+15V 

-15V-+---J 

Boosted Output Current With No Current limit 

4-56 

Boosted Output Current With Current limit 

V+"'12.8V __ -~"---....., 

D1· 
LED 

·GLOWS IN CURRENT LIMIT. 
DO NOT OMIT. 



LT1031/LH0070 

APPLICATion CIRCUITS 

+15V 

R1 
3570 
1/2W 

m031 

Handling Higher Load Currents 

+15V 

IN 

30mA 

R1' 
1690 

LT1031 OUT I---+--VOUT 10V 

r 
I 
L 

'SELECT R1 TO DELIVER TYPICAL LOAD CURRENT. 
LT1031 WILL THEN SOURCE OR SINK AS NECESSARY 
TO MAINTAIN PROPER OUTPUT. DO NOT REMOVE LOAD 
AS OUTPUT WILL BE DRIVEN UNREGULATED HIGH. LINE 
REGULATION IS DEGRADED IN THIS APPLICATION. 

Strain Gauge Conditioner for 350{l Bridge 

i2BmA 

• 2B.5mA 

IN OUT 1-4---~----, 5V 

GNO r .. ~~~~~~~~6~E" 

L-_______ -+ -5V 

3570 
1/2W 

-15V 

R3 
2MO 

"BRIDGE IS ULTRA LINEAR WHEN ALL LEGS ARE 

VOUT 
X100 

'THIS RESISTOR PROVIDES POSITIVE FEEDBACK TO 
THE BRIDGE TO ELIMINATE LOADING EFFECT OF 
THE AMPLIFIER. EFFECTIVE liN OF AMPLIFIER 
STAGE IS" 1MO. IF R2-R5 ARE CHANGED, 
SEn6=R3. 

ACTIVE, TWO IN COMPRESSION AND TWO IN TENSION, 
OR WHEN ONE SIDE IS ACTIVE WITH ONE COMPRESSED 
AND ONE TENSIONED LEG. 

tOFFSET AND DRIFT OF LM301A ARE VIRTUALLY 
ELIMINATED BY DIFFERENTIAL CONNECTION OF LT1012C. 
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LT1031/LH0070 

APPLICATion CIRCUITS 

4-58 

R8 

Rl" 
253k 

Ultra Linear Platinum Temperature Sensor* 

R2' 
5k 

+20V 

~------~R~10~----~~------------'RI4 

18a ~ 
1% Rll 

6.65M 
1% 

R15 
10k 

10~~~ __ ~I~OM~~ ________ t-________________ ~ ____ ~~ ____ -, 

R3" 
5k r 

I 
I 

R7 L 
392k 
1% 

-15V 

R5 
R4 200k 

4.75k 1% 
1% 

R6 
619k 
1% tSTANDARD INDUSTRIAL lOon PLATINUM 4-WIRE SENSOR, 

ROSEMOUNT 78S, OR EQUIVALENT. 0!=O.00385 

TRIM R9 FOR Vour=O @O'C 
TRIM R12 FOR Vour=10V @ 100'C 
TRIM R14 FOR Vour=5V @ 50'C 
USE TRIM SEQUENCE AS SHOWN. TRIMS ARE NON-INTERACTIVE 
SO THAT ONLY ONE TRIM SEQUENCE IS NORMALLY REQUIRED. 

'FEEDBACK LINEARIZES OUTPUT TO ±O.005'C FROM 
-50'G TO +150'C 

"WIREWOUND RESISTORS WITH LOW TG 

2-Pole Low Pass Filtered Reference 

TOTAL NOISE 
s2tNrms 
lHz:5f:510kHz 

--------------.... ----4:> -VREF 



APPLICATion CIRCUITS 

+15V 

1.24k 
1% 

.". 

Negative Shunt Reference Driven 
by Current Source 

m031 

LM334 

-10V (ILOAO"lmA) 

t 2.5mA 

270 

-llV TO -40V 

Precision DAC Reference with System TC Trim 

8.87k 
1% 

50k 
ROOM TEMP 

01 10k 
TRIM 

10.3Sk 
lN457 50k 1% 1% 

TC TRIM" 

10k 02 200k 
1% lN457 1% 

50k 

~ lmA 

"TRIMS lmA REFERENCE CURRENT 
TC BY ±40ppm/oC. THIS TRIM 
SCHEME HAS VERY LITTLE EFFECT ON ROOM 
TEMPERATURE CURRENT TO MINIMIZE ITERATIVE 
TRIMMING. 

LT1031/LH0070 

B,45k 

OAC 
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LT1031/LH0070 

EQUIVALEnT SCHEmATIC 

r------....... -+-..-......... ~ OUTPUT 

R1 

R2 

-+----___ ~_--__ GND 

PACKAGE DESCRIPTion TO-5 
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0.165-0.195 
(4.191-4.953) 

r 0.350-0.370 

(8.890-9.398)1 
DIA 

DlA 

0.305-0.335 

(7.747-8.509) r 
+---,~ 

0.500 ~ 
MIN 0.016-0.019 (12.70) ~ ~ ~ 
...Lt ____ , (0.406D1A0.483) 

0.200 
(5.080) ~-·I 

TYP 

Timax SiA SiC 

LH0070 I 150°C 150°C/W 45°C/W 

LT1031M I 150°C 150°C/W WC/W 
LT1031C WC 150°C/W WC/W 
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FEATURES 
• Guaranteed 20 ppm/oC Drift 
• 1.2V 1 % Initial Tolerance 
• 20p.A to 20mA Operation 
• 10 Dynamic Impedance 
• 7V, 100p.A Reference 

APPLICATions 
• Portable Meters 
II Precision Regulators 
• Calibrators 

TYPICAL APPLICATiOn 

DESCRIPTion 
The LT1034 is a micropower, precision 1.2V reference 
combined with a 7V auxiliary reference. The 1.2V reference 
is a trimmed, thin-film, band-gap voltage reference with 
1 % initial tolerance and guaranteed 20ppm/oC tempera
ture drift. Operating on only 20p.A, the LT1034 offers guar
anteed drift, low temperature cycling hysteresis and good 
long term stability. The low dynamic impedance makes the 
LT1034 easy to use from unregulated supplies. The 7V 
reference is a subsurface zener device for less demanding 
applications. 

The LT1034 1.2V reference can be used as a high perfor
mance upgrade of the LM385 or LT1004. 

Temperature Drilt 
2.5 

IZ=100pA 
2.0 

:;;-
;fr 1.5 

~ 1.0 
:I: 

/ ~ 
V " -- I-""'"' 

~ 0.5 

'" ~ a 
o 
~-0.5 

'" ffi-1.0 
> w . 
a: -1.5 

-2.0 

-2.5 
-50 -25 0 25 50 75 100 125 

TEMPERATURE(OC) 
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LT1034 

ABSOLUTE mAXimum RATinGS PACKAGE/ORDER InFORmATion 
Operating Current. ................................ 20mA 
Forward Current (Note 1) .......................... 20mA 
Operating Temperature Range 

L T1 034BM, M ....................... - 55°C to 125°C 
LT1034BC, C .............................. OOC to 70°C 

Storage Temperature ................... - 65°C to 150°C 
@ 

ORDER PART NUMBER 

LT1034BMH, LT1034MH 
LT1034BCH, LT1034CH 

Lead Temperature (Soldering, 10 sec.) ............. 300°C fl PACKAGE 
TO-46 METAL CAN 

BOTTOM VIEW 

~ 
LT1034BCZ 
LT1034CZ 

Z PACKAGE 
TO-92 PLASTIC 
BOTTOM VIEW 

ELECTRICAL CHARACTERISTICS 1.2VReference 

PARAMETER CONDITIONS MIN TYP MAX UNITS 
Reverse Breakdown Voltage IR= 100pA 25°C 1.210 1.225 1.240 V 

• 1.205 1.225 1.245 V 
Reverse Breakdown Change 20pAsIRs2mA 25°C .5 2.0 mV 

with Current • 1.0 4.0 mV 
2mAsIRs20mA 25°C 4 8.0 mV 

• 6.0 15.0 mV 

Minimum Operating Current • 10 20 pA 

Temperature Coefficient IR = 100pA, LT1034BM/BC • 10 20 ppm/oC 
LT1034M/C 20 40 ppm/oC 

Reverse Dynamic Impedance (Note 2) IR= 100pA 25°C 0.25 1.0 n 
• 0.50 2.0 n 

Low Frequency Noise IR = 100pA, 0.1HzsFs 10Hz • 4 pVp-p 

Long Term Stability IR = 100pA, T= 25°C 25°C 20 ppm 

ELECTRICAL CHARACTERISTICS 7V Reference 

PARAMETER CONDITIONS 
Reverse Breakdown Voltage IR= 100pA 

Reverse Breakdown Change 100pAsIRs1mA 
with Current 100pAsIRs1mA 

1mAsIRs20mA 
1mAs IRs20mA 

Temperature Coefficient IR= 100pA 
Long Term Stability IR= 100pA 

The. denotes specifications that apply over the operating temperature 
range. 

Note 1: Forward biasing either diode will affect the operation of the other 
diode. 
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MIN TYP MAX UNITS 
25°C 6.8 7.0 7.3 V 

• 6.75 7.0 7.4 V 
25°C 90 140 mV 

• 100 190 mV 
25°C 160 250 mV 

• 200 350 mV 

• 40 ppm/oC 

25°C 20 ppm 

Note 2: This parameter guaranteed by "reverse breakdown change with 
current" test. 



LT1034 

TYPICAL PERFORmAnCE CHARACTERISTICS 

Reverse Voltage Change 

T;J 0~~~c ~o 11~~lj~1 

/ 

-2 
0.01 0.1 1 10 100 

REVERSE CURRENT(mA) 

Reverse Dynamic Impedance 
100 

TA 25'C 
f 25Hz 

& 

0.4 

~ 0.3 

z « 
~ 0.2 

~ 
o 
> 0.1 
w 

'" '" w 
> 
Ii' 0 

-0.1 

Reverse Voltage Change 

T l=12J,Ic 

/ 

"" 
1/ 

0.1 1 10 100 
REVERSE CURRENT(mA) 

Reverse Dynamic Impedance 

100~_. T A 25'C 
Iz 100"A 

O.1Hzto 10Hz Noise 

TA= -55'C TO 125'C 
Iz=100"A 

::;-
15 

~ 
w 

~ 
>::; -1 0 
> -2 w 

'" 6 -3 
z 

-4 
-5 
-6 
-7 

0 10 20 30 

TIME(SECONOS) 

Forward Characteristics 
1.2 

TIA~~I~l~ 

~ 10 L ::;-
ffi' 0.8 

~ ~ 
;:;; 
u 

'" « z 
is 

0.1 
0.01 

o 
> 
~ 

~ 0.4 
5: 

-
..... 

I-

0.1 LJ....LlillJJ"------LLl.llllll-.LLllilllL...LLllillll o 
0.01 0.1 10 100 

REVERSE CURRENT(mA) 

Reverse Characteristics 
16 

TA= -55'C TO 125'C 

// 

/ 
/ 

/ 
~ 

o 
o 0.4 8.8 1.2 

REVERSE VOLTAGE(V) 

10 

1.6 

100 lk 10k 100k 
FREQUENCY(Hz) 

Reverse Characteristics 

TA= -55'C TO 125'C 

~ 

0.1 1 10 
FORWARD CURRENT(mA) 

>= 
fE 60 I-+--+-I--I-I-+--+-I--I-l 
~ 
=:> 
u 

~ 40 1-4-~-+~-+-4-~-+~~ 
2:'; 
'" 

20 1-+--+---+---+-l-hl+---+---+---1 

4 6 10 
REVERSE VOLT AGE(V) 

100 
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LT1034 

TYPICAL PERFORmAnCE CHARACTERISTICS 
Response Time 

LPJT 

L 
82k{J 

t-- - VINpVOUT 
7V 

t-- -

I 

15 
IN~UT 
I 

20 40 
TIMEI~S) 

SCHEmATIC DIAGRAm 

r- -

\: 
-

50 80 

40k 

1.5 

_ 1.0 

5r 
~ 0.5 

§; 

Response Time 

I 

OU)PUT 

/ 
35k{J 

t--- V,NfVOUT 
1.2V 

I---
IN~UT 

I 
100 200 

TIMEI"s) 

PACKAGE DESCRIPTion Dimensions in inches (millimeters) unless otherwise noted. 

t-- -
I---

300 400 

H Package Metal Can Z Package Plastic 
0.209-0.219 fl=] ls.3Do_s.503) 
0.178-0.195 ir -(4.521-4.953) -g 0.085-0.105 

SEATING_LC:I!- (2.1S9-2.667) 

PLANE -u-rr ~ 450 \':::_~I 
o 0 0_ 11~:~01 ~ ~ -

0.016-0.019 -II.-.!!!l! 10.91.-1.185IV7 ~ 
(0.406 - 0.483) (D. 762) ~ J' 

DlA MAX 
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0.045-0.055 
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NOM 1 2 3 

0.135-0.145 
lQcNDM lJ (3.429-3.683) 
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~""""'-LlnLA12 AD580/AD581 
~~ TECHNOLOG~~~~-------P-r-e-c-is-iO-n-R-e-f-e-re-n-c-e-s 

FEATURES 
• Direct Replacement for Present References 
• Ultra Low Drift -3ppm/oC Typ. 
• Curvature Corrected 
• Series or Shunt Operation 
• Ultra High Line Rejection", % ppmIV 
• Low Output Impedance", 0.020 
• Tight Initial Output Voltage 
• 100% Noise Tested 

APPLICATions 
iii A to D and D to A Converters 
• Precision Regulators 
• Constant Current Sources 
• V to F Converters 
• Bridge Excitation 

Negative 10V Reference for CMOS DAC 

A0581 

GNO 
lB 

C(;l~S lOUT 

REF 

1.2k 

-15V 
-LOW TC CERMET, TRIM RANGE= ± 1.5% 

VOUT 

DESCRIPTion 
The AD580/AD581 are bandgap voltage references utiliz
ing thin film technology and a greatly improved curvature 
correction technique. Wafer level trimming of both refer
ence and output voltage combines to produce units with 
high yields to very low TC and tight initial tolerance of out
put voltage. 

The AD580/AD581 can both sink and source up to 10mA 
and can be used in either the series or shunt mode. This 
allows the reference to be used for both positive and nega
tive output voltages without external components. Mini
mum input-output voltage is less than 1V in the series 
mode, providing improved tolerance of low line conditions. 

For voltage references with improved specifications, 
please see the LT1019, LT1021, and LT1031 data sheets. 

1.003 

_1.002 
r§ 
~ 1.001 
o z 
~ 1.000 

!:i 
~ 0.999 
~ 
>-
i5 0.998 

0.997 

Output Voltage Drift 

~ 

V 

-50 -25 0 25 50 75 100 125 
TEMPERATURE (OC) 
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AD580/ AD581 

ABSOLUTE mAXimum RATinGS PACKAGE/ORDER InFORmATion 
Input Voltage .................................. 40V 
Storage Temperature Range ........... - 65°C to 175°C 
Lead Temperature (Soldering, 10 sec.) ............ 300°C 
Operating Temperature Range 

J, K, L, M Grades ...................... ooe to 70°C 
S, T, U Grades ..................... - 55°C to 125°C 

ORDER PART 
BOTTOM VIEW NUMBER 

INPUT 

WomM AD580JH 
AD580KH 
AD580LH 
AD580MH 

GROUND AD580SH 
H PACKAGE AD580TH TO·52 METAL CAN 

AD580UH 

BOTTOM VIEW 
INPUT AD581JH 

Cjom~' AD581KH 
AD581LH 
AD581 SH 
AD581TH 

GROUND AD581UH 
H PACKAGE 

TO·39 METAL CAN 

AD580 ELECTRICAL CHARACTERISTICS V'N= +15V,TA=25°Cunlessotherwisenoted 

SYMBOL PARAMETER CONDITIONS AD580 UNITS MIN TYP MAX 
VR Output Voltage AD580J 2.425 2.500 2.575 V 

AD580K,S 2.475 2.500 2.525 V 
AD580L, M, T, U 2.490 2.500 2.510 V 

TC Output Voltage Change AD580J (O°C to 70°C) • 15 (85) mV (ppm/OC) 
OverTemperature in AD580K (O°C to 70°C) • 7 (40) mV (ppm/°C) 
mV and (ppm/°C) AD580L (O°C to 70°C) • 4.3 (25) mV (ppm/°C) 

AD580M (O°C to 70°C) • 1.75(10) mV (ppm/°C) 
AD580S (- 55°C to + 125°C) • 25 (55) mV (ppm/°C) 
AD580T (- 55°C to + 125°C) • 11 (25) mV (ppm/°C) 
AD580U (- 55°C to + 125°C) • 4.5 (10) mV (ppm/°C) 

/lVOUT Line Regulation 7V",V,N ",30V AD580J, S 0.5 6 mV 
/lV,N AD580K 0.5 4 mV 

AD580L, M, T, U 0.5 2 mV 
4.5V",V,N ",7V AD580J, S 0.1 3 mV 

AD580K 0.1 2 mV 
AD580L, M, T, U 0.1 1 mV 

/lVOUT Load Regulation (Sourcing) 0",IOUT ",10mA 1 10 mV 
/lIOUT Shunt Mode 1.5mA",lsHUNT",10mA 2 10 mV 

'0 Quiescent Current 0.75 1.5 mA 

en Output Noise (Note 1) O.lHz to 10Hz 10 ~Vp·p 

Output Voltage Per Month 25 ~V 
Stability with Time Long Term 250 ~V 
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AD580/ AD581 

ADS81 ELECTRICAL CHARACTERISTICS VIN = + 15V, TA = 25°C unless otherwise noted 

SYMBOL PARAMETER CONDITIONS AD581 UNITS MIN TYP MAX 
VR Output Voltage AD581S, J 9.970 10.000 10.030 V 

AD581T, K 9.990 10.000 10.010 V 
AD581U, L 9.995 10.000 10.005 V 

TC Output Voltage AD581J (O°C to 7QOC) • 13.5 (30) mV (ppm/oC) 
Change, Maximum AD581 K (O°C to 7QOC) • 6.75 (15) mV(ppm/oC) 
Deviation from 25°C AD581 L (OOC to 70°C) • 2.25(5) mV(ppm/°C) 
in mV and (ppm/°C) AD581S (- WC to + 125°C) • 30 (30) mV(ppm/°C) 

AD581T (- 55°C to + 125°C) • 15 (15) mV(ppm/°C) 
AD581U (-55°C to + 125°C) • 10 (10) mV(ppm/°C) 

AVOUT Line Regulation 15V~VIN~30V 0.5 3 mV 

AVIN 13V~VIN~15V 0.1 1 mV 

AVOUT Load Regulation (Sourcing) 0~IOUT~5mA 50 500 ~V/mA 

AIOUT Shunt Mode 1 mA ~ ISHUNT ~ 5mA 100 500 ~V/mA 

10 Quiescent Current 0.75 1.0 mA 

en Output Noise (Note 1) O.IHzto 10Hz 30 ~Vp·p 

Long Term Stability Non·Cumulative 25 ppm/kHr 

Isc Short Circuit 30 mA 
Current 

lOUT Output Current Sourcing 10 25 mA 
Sourcing • 5 mA 
Sinking • 5 mA 

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

Nole 1: Although 0.1 Hz to 10Hz noise is not a standard production test, 
Linear Technology does 100% test 10Hz to 1 kHz noise. Consult factory 
for details. 

TYPICAL APPLICATiOnS 

High Current Precision Supply 

-, 
I 

: 2N6040 

I 
oJ 

VOUT 
+10VAT 4A ':' 

Suggested Output Trim 

R2 R3 
AD580J 

20k AD580K. S 
AD580L. M, T, U 

Rl AD581S. J 
AD581T. K 

-15V AD581U. L 

Rl 
47IJ 
151l 
6.81l 
181l 
6.81l 
3.31l 

Output Current Boost with Current Limit 

V+" (VOUT+2.8V) ....... - ...... --...... -

R2 
2k 
2k 
2k 
5k 
5k 
5k 

GLOWS IN 
CURRENT LIMIT 
(DO NOT OMIT) 

Rl 
2200 

8.W 

I LOAD" 1 OOmA 

2~F SOLID TANTALUM 
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AD580/ AD581 

TYPICAL APPLICATions 
Two·Terminal Negative Reference 

Negative Series Reference 
V+ 

V-_--J "'---.... --- -VREF@ ILOAO"SOmA 

• V+-SV IV-I-VREF 
R1 ="2iiiA, R2=--1m-A-' 01 =VREF+SV 

PACKAGE DESCRIPTiOn 
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0.036-0.046 
(0.914-1.168) 

AD580 
TO·52 

0.050 
(1.270) 

TVP 

12V Supply Connection 

·NOT REQUIRED ON LTC ADS80 OR AOS81 

Optional Trim Configuration 

+ 

TRIM 
RANGE 

22!l ±30mV 
12!l ±10mV 
3.90 

0.500 
i'i'iTo) 
~N 

±5mV 

MAX 
£>TCR 

3.Sppm/'C 
2.0ppm/'C 
0,6ppm/'C 

AD581 
TO·39 



'''''-LTEClnHNe/\O' IOG_~~...-____ L~M~12~9/_LMIII!IIII!I3_29 ~, w IT 6.9V Precision 

FEATURES 
• Guaranteed 10 ppml °C temperature coefficient 
• Guaranteed 1.0n max. dynamic impedance 
• Guaranteed 20f.LV max. wideband noise 
• Wide operating current range O.6mA to 15mA 

APPLICATions 
• Transducers 
• AID and DI A Converters 
• Calibration Standards 
• Instrumentation Reference 

20mA Positive Current Source 

+20V --___ --_+__-----.----

20k 
174" 
0.1% 

0.1% 
.---r---~~ 

LM 
329 

6.95V 

4.3k 

+--_--"13 + 

20k 
0.1% 

LT1001 

10k 

Voltage Reference 

DESCRIPTiOn 
The LM129 temperature compensated 6.9 Volt zener 
references provide excellent stability over time and 
temperature, very low dynamic impedance and a wide 
operating current range. The device achieves low dy
namic impedance by incorporating a high gain shunt 
regulator around the zener. The excellent noise perfor
mance of the device is achieved by using a "buried 
zener" deSign which eliminates surface noise phe
nomenon associated. with ordinary zeners. To serve a 
wide variety of applications, the LM129 is available in 
several temperature coefficient grades and two pack
age styles. A 20mA positive current source applica
tion is shown below. 

OUT -20mA 

o 

Reverse Voltage Change 

t--- T, ~ 25'C 

~ 

~ 
L 

/ 
./ ~ 

V 
V 
o 10 

REVERSE CURRENT (mA) 
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LM 1 29/LM329 

ABSOLUTE mAXimum RATinGS 
Reverse Breakdown Current. . . . . . . . . . . . . . . 30mA 
Forward Current. . . . . . . . . . . . . . . . . . . . . . . . . 2mA 
Operating Temperature Range 

LM129 .................... -55°C to 125°C 
LM329 ........................ O°C to 70°C 

Storage Temperature Range 
LM129 .................... -65°C to 150°C 
LM329 .................... -65°C to 150°C 

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

PACKAGE/ORDER InFORmATion 
BOTTOM VIEW LM 129AH LM329AH 

S LM129BH LM329BH 

LM129CH LM329CH 

H PACKAGE LM329DH 
TO-46 METAL CAN 

BOTTOM VIEW LM329AZ 

~ LM329BZ 

LM329CZ 
Z PACKAGE LM329DZ TO-92 PLASTIC 

ELECTRICAL CHARACTERISTICS (See note 1) 

SYMBOL PARAMETER CONDITIONS 

Vz Reverse Breakdown Voltage TA ~ 25°C 
0.6mA ,,; IR ,,; 15mA 

!lVz Reverse Breakdown Voltage Change 
LIT;" with Current TA ~ 25°C 

0.6mA ,,; IR ,,; 15mA 

!lVz Reverse Breakdown Voltage Change 
LIT;" with Current lmA ,,; IR ,,; 15mA 

Temperature Coefficient IR ~ lmA 

!lVz 
LM 129A/LM329A 

!l Temp LM 129B/LM329B 
LM 129C/LM329C 
LM329D 

Change in Temperature Coefficient lmA ,,; IR ,,; 15mA 

rz Dynamic Impedance TA ~ 25°C, IR ~ lmA 

rz Dynamic Impedance lmA ,,; IR ,,; 15mA 

en RMS Noise TA ~ 25°C, 
10Hz,,; f ,,; 10kHz 

!lVz Long Term Stability TA ~ 45°C ± O.l°C 
!l Time IR ~ lmA ± 0.3% 

The. denotes the specifications which apply over full operating 
temperature range_ 
Note 1: These specifications apply over the full operating 
temperature range unless otherwise noted. To determine the junction 
temperature as a function of the ambient temperature, see OJA for 
each package_ 
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LM129A.B.C LM329A.B.C.D 
TYP MAX MIN TYP MAX UNITS 

6.9 7.2 6.6 6.9 7.25 V 

9 14 9 20 mV 

12 12 mV 

6 10 6 10 ppmrC 
15 20 15 20 ppmrC 
30 50 30 50 ppmrc 

50 100 ppm/oC 

1 1 ppmrC 

0_6 1 0_8 2 n 
0.8 1 n 

7 20 7 100 p.V 

20 20 ppm/kHr 



TYPICAL APPLICATions 
Common Reference Buffered Reference Using a Single Supply 

9V TO 40V 

Rs 

~ IM'N ~ 0.6mA 

LM329 

+15V 

LM329 

6.9V 

7.5k 

20k 
1% 

9k 

+ 

LT100l 10V 

TYPICAL PERFORmAnCE CHARACTERISTICS 

" §. 

§ 
a: 

13 
'" 
~ 

~ 
til 
>3 
§< 

'" a: 

~ 
~ 

Reverse Characteristics 

10 

1.0 Tj ~ 25'C 

0.1 

0.01 '------'-----''--'---''---'-'L--'--_'----' 
6.45 6.55 6.65 6.75 6.85 6.95 7.05 

REVERSE VOLTAGE (V) 

Forward Characteristics 
1.2 

1.0 - T,J25'C 

0.8 

0.6 

0.4 

0.2 

o 
0.001 

l..--" V" ---
0.01 0.1 

FORWARD CURRENT (mA) 

V 

10 

Dynamic Impedance 
100 

=T, 25'C 

10 
'-' 

~ 
;;; 
'-' 

~ 1.0 
i5 

/ 
~ 

0.1 
10 100 lk 10k 

FREQUENCY (Hz) 

Noise Voltage 
150 

~-

~ 

I~ 
50 

10 100 lk 10k 

FREQUENCY (Hz) 

+15V 

7.5k 

LM329 

14V 

lOOk 

~ 

lOOk 

LM 1 29/LM329 

Precision Clamp 

INPUT 

Rs 

.-------...-- OUTPUT 

IN914 

LM301AH 

IN914 

Response Time 

OUTPU 

,/ 6.8k 
- f- v, 

i 
YOUT I----

- r r--

~ 

IN UT 

o 100"S 200"S 300"S 400"S 

TIME ("SEC) 

Low Frequency Noise Voltage 

~ 

I I I I I 
0.01 Hz TO 1 Hz 

~ ~ kt'M :~ ~ ~I w.. 1M I~ 

50 100 150 200 250 

TIME SECONDS 
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LM 129 /LM329 

SCHEmATIC DIAGRAm 

50 1k 
02 D1 06 

6.2V 
05 

15pF 
30pF 

2k 
10k 

01 

2k 

30k 

PACKAGE DESCRIPTion 

H Package, 2 Lead TO-46 Metal Can 

r 01 0.209-0.219 (5.300-5.503) 

0.178-0.195 
(4.521-4.953) ITnl 0085-0.105 

SEATING _ .......I.. (2.159-2,667) 
PLANE 

~MIN 
2l"05-D U 112.700) 

(~:~~~=~:~;~) DIA ~ ~ (~:~~~) MAX 
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Z Package, 3 Lead TO-92 Plastic 

0.175-0.185 0.175-0.185 

'"~~'.' I~---L':M::~~' 
PLANE ---

1 
0.500 0,090 0.025 

11~i;Oi 12N~~6) n n n UNC:~¢~:llEO 
i U U U LEADDIA 

J~~1~04~7) 
0.045-0.055 TYP 
(1.143-1.397) 

5" 
NOM 

~ 
~ 
II 0.0145-0.0155 

-----+j ~ (0.3683 0.3937) 

TYP 
BEFORE LEAD 
FINISH 

0.090 

(2.286) 

07 

2.6k 

1 
+ 

0.045-0.055 
(1.143-1.397) 



L'-Y'"llnet\12 LM134 Series 
~~ TBCHNOLOGY~----C--o-ns-ta-n-t-C-u-r-re-n-t-S-o-u-rc-e 

FEATURES 
• 1 ttA to 10mA Operation 
• 0.02% IV Regulation 
• O.BV to 40V Operating Voltage 
• Can be Used as Linear Temperature Sensor 
• Draws No Reverse Current 
• Supplied in Standard Transistor Packages 

APPLICATions 
• Current Mode Temperature Sensing 
• Constant Current Source for Shunt References 
• Cold Junction Compensation 
• Constant-Gain Bias for Bipolar Differential Stage 
• Micropower Bias Networks 
• Buffer for Photoconductive Cell 
• Cu rrent Limiter 

RSET 
226n 

Remote Temperature Sensor 
with Voltage Output 

10mV/'K 

and Temperature Sensor 

DESCRIPTiOn 
The LM134 is a three-terminal current source designed to 
operate at current levels from 1 ttA to 10mA, as set by an 
external resistor. The device operates as a true two
terminal current source, requiring no extra power con
nections or input signals. Regulation is typically 
0.02% IV and terminal-to-terminal voltage can range 
from BOOmV to 40V. 

Because the operating current is directly proportional to 
absolute temperature in degrees Kelvin, the device will 
also find wide applications as a temperature sensor. The 
temperature dependence of the operating current is 
+0.336%IOC at room temperature. For example, a 
device operating at 29BttA will have a temperature coeffi
cient of + 1ttAi DC. The temperature dependence is ex
tremely accurate and repeatable. Devices specified as 
temperature sensors in the 1 OOJLA to 1 mA range are the 
LM134-3, LM234-3 and the LM134-6, LM234-6, with 
the dash numbers indicating ± 3°C and ± 6°C ac
curacies, respectively. 

If a zero temperature coefficient current source is re
quired, this is easily achieved by adding a diode and a 
resistor. 

500 

400 

Q' 

~ 300 

~ 
~ 200 
ill 
f-

100 , , 
;' 

Operating Current vs 
Temperature 

/ 

RSET=226n 

/ 
V 

V 
V 

, , 
;' , 

225 

125 

~ 
25 § 

~ 
-75 ~ 

~ 
-175 

o -m 
o 100 200 300 400 500 

OPERATING CURRENT ("A) 
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LM134 Series 

ABSOLUTE mAXimum RATinGS PACKAGE/ORDER InFORmATiOn 
v+ to V- Forward Voltage 

LM134 ............................... 40V 
LM134-3/ LM134-6/LM234-3/ 
LM234-6/LM~34 ....................... 30V 

V+ to V- Reverse Voltage .................. 20V 
R Pin to V- Voltage ......................... 5V 
Set Current. . . . . . . . . . . . . . . . . . . . . . . . . . .. 10mA 
Power Dissipation . . . . . . . . . . . . . . . . . . . . .. 200mW 
Operating Temperature Range 

LM134/LM134-3/LM134-6 .... -55°Cto 125°C 
LM234-3/ LM234-6 . . . . . . . . . .. - 25°C to 100°C 
LM334 ......................... O°C to 70°C 

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

BOTTOM VIEW 

m 
H PACKAGE 

TO·46 METAL CAN 

BOTTOM VIEW 

\@J 
Z PACKAGE 

TO'92 PLASTIC 

ELECTRICAL CHARACTERISTICS CURRENT SOURCE (Note 1) 

SYMBOL PARAMETER CONDITIONS 
LM134 

MIN TYP MAX 

AlsET Set Current Error. V+ = 2.5V 10~ :sISET :s1mA 3 
(Note 2) 1mA<ISET :s5mA 5 

2~:sISET<10~ 8 
Ratio of Set Current to 10~ :sISET:s1 mA 14 18 23 
V- Current 1mA :sISET :s5mA 14 

2~:sISET:s10~ 18 23 
VMIN Minimum Operating Voltage 2~ :sl SET:s1 OOIlA 0.8 

100~<lsET:s1mA 0.9 
1mA < I SET :s5mA 1.0 

AlsET Average Change in Set Current 1.5V:sV+ :s5V 0.02 0.05 
AVIN with Input Voltage 2~:sISET:s1mA 

5V:sV+:sVMAX (Note 4) 0.01 0.03 
1.5V:sV:s5V 0.03 
1mA<lsET :s5mA 
5V:sV :sVMAX (Note 4) 0.02 

Temperature Dependence of 25~ :sISET:s1mA 0.96T T 1.04T 
Set Current (Note 3) 

Cs Effective Shunt Capacitance 15 
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ORDER PART NUMBER 

CURRENT TEMP 
SOURCE SENSOR 

LM134H LM134H-3 
LM334H LM234H-3 

LM134H-6 
LM234H-6 

LM334Z LM234Z-3 
LM234Z-6 

LM334 
UNITS 

MIN TYP MAX 

6 % 
8 % 
12 % 

14 18 26 
14 
18 26 
0.8 V 
0.9 V 
1.0 V 
0.02 0.1 %/V 

0.01 0.05 %/V 
0.03 %/V 

0.02 %/V 
0.96T T 1.04T 

15 pF 



LM 134 Series 

ELECTRICAL CHARACTERISTICS TEMPERATURE SENSOR (Note 1) 

SYMBOL PARAMETER CONDITIONS 

Ll.ISET Set Current Error, V+ =2.5V 1 00tu\ ,;; I SET';; 1 mA 
(Note 2) Ti=25°C 
Equivalent Temperature Error 

Ratio of Set Current to 100tu\,;; I SET ,;; lmA 
V- Current 

VM1N Minimum Operating Voltage 100tu\,;; I SET ,;; lmA 

Ll.ISET Average Change in Set Current 1.5V,;;V+ ,;;5V 

Ll.V1N with I nput Voltage 100tu\,;;lsET ,;;lmA 
5V,;;V+ ,;;30V 

Temperature Dependence of 100tu\,;; I SET ,;; lmA 
Set Current (Note 3) 

Equivalent Slope Error 

Cs Effective Shunt Capacitance 

Note 1: Unless otherwise specified, tests are performed at Ti = 25°C 
with pulse testing so that junction temperature does not change during 
test. 

Note 2: Set current is the current flowing into the V + pin. It is deter
mined by the following formula: ISET=6?.7mV/RsET (@25°C). Set cur
rent error is expressed as a percent deviation from this amount. ISET 
increases at 0.336%/OC@Ti=25°C. 

LM134-3, LM234-3 LM134-6, LM234-6 
UNITS 

MIN TYP MAX MIN TYP MAX 

±1 ±2 % 

±3 ±6 °C 

14 18 26 14 18 26 

0.9 0.9 V 

0.02 0.05 0.02 0.1 %/V 

0.01 0.03 0.01 0.05 %IV 

0.98T T 1.02T 0.9?T T 1.03T 

±2 ±3 % 
15 15 pF 

Note 3: ISET is directly proportional to absolute temperature (OK). ISET at 
any temperature can be calculated from: ISET=lo (T/To) where 10 is ISET 
measured at To (OK). 

Note 4: VMAX =40V for LM134 and 30V for other grades. 
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LM134 Series 

TYPICAL PERFORmAnCE CHARACTERISTICS 

Output Impedance 
109 

t--

I-

106 
10 

~ 1=10pA 

........ 

1=100C:' 

I 

I 1mA -, 
" 100 1k 

FREQUENCY (Hz) 

Transient Response 

-1 
_ 5 

'" 

1& -
r\ 
V 

lit 

r--2J'S I I 
f\ ISET=1mA 

II V:TO~_=15V 
~V=O.4V 

-"- tr (=500ns 

/\ ':'1 1 1 

10k 

8i 0 
<i -5 

10 

1OJ'S~ '--- r-- II fI 
ISETtOOr-

, I 

It I I 
~ ISET=10pA 

50J'S- r- I I 
-10 

TIME (Note scale changes for each current level) 

Turn-On Voltage 
10mA 

Tj 25°C 

/' RSET 141l-

1mA I 
RSET 681l-

I I 
I I 

RSET 6801l= 

YI I 
I 

RSET 6.8kll = 10pA 

Jl I 
1pA f 

0.4 0.6 0.8 1.0 1.2 1.4 
V+ TO V- VOLTAGE 
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10 

1.0 

0.01 

Maximum Slew Rate for 
Linear Operation 
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5V 
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1k 
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APPLICATions InFoRmATion 
Basic Theory of Operation 

The equivalent circuit of the LM 134 is shown in Figure 1. 
A reference voltage of 64mV is applied to the minus input 
of Ai with respect to the V- pin. Ai serves the drive to 
02 to keep the R pin at 64mV, independent of the value of 
RSET. Transistor 01 is matched to 02 at a 17:1 ratio so 
that the current flowing out of the V- pin is always 1/18 
of the total current into the V+ pin. This total current is 
called ISET and is equal to 

( 64mv) (:!§) = 67. 7mV . 
RSET 17 RSET 

64mV :::: 

'-------+--0 v-

Figure 1 

The 67. 7mV equivalent reference voltage is directly pro
portional to absolute temperature in degrees Kelvin (see 
curve, "Operating Current vs Temperature"). This 
means that the reference voltage can be plotted as a 
straight line going from OmV at absolute zero temperature 
to 67.7mV at 298°K (25°C). The slope of this line is 
67.7mV/298 = 227""V 1°C. 

The accuracy of the device is specified as a percent error 
at room temperature, or in the case of the -3 and -6 de
vices, as both a percent error and an equivalent tempera
ture error. The LM 134 operating current changes at a 
percent rate equal to (100) (227""V/OC)/(67.7mV)= 
0.336% 1°C at 25°C, so each 1 % operating current error 
is equivalent to z 3°C temperature error when the device 
is used as a temperature sensor. The slope accuracy 
(temperature coefficient) of the LM 134 is expressed as a 

LM134 Series 

ratio compared to unity. The LM134-3, for instance, is 
specified at 0.98T to 1.02T, indicating that the maximum 
slope error of the device is ± 2% when the room temper
ature current is set to the exact desired value. 

'" ~ 
Supply Voltage Slew Rate C 

\II 
At slew rates above a given threshold (see curve), the Ii 
LM134 may exhibit non-linear current shifts. The slewing ~ 
rate at which this occurs is directly proportional to ISET. At CIC 
ISET=10p.,A, maximumdv/dtisO.OW/p.,S; at ISET =1 mA, \II 
the limit is 1 V I p.,S. Slew rates above the limit do not harm the " 
LM134, or cause large currents to flow. :: 

Thermal Effects 

Internal heating can have a significant effect on current 
regulation for ISET greater than 100p.,A. For example, 
each 1 V increase across the LM 134 at ISET = 1 mA will in
crease junction temperature by z 0.4 °C in still air. Out
put current (ISET) has a temperature coefficient of 
zO.33%/OC, so the change in current due to tempera
ture rise will be (0.4) (0.33)=0.132%. This is a 10:1 
degradation in regulation compared to true electrical ef
fects. Thermal effects, therefore, must be taken into ac
count when DC regulation is critical and ISET exceeds 
100p.,A. Heat sinking of the TO-46 package or the TO-92 
leads can reduce this effect by more than 3: 1. 

Shunt Capacitance 

In certain applications, the 15pF shunt capacitance of the 
LM134 may have to be reduced, either because of loading 
problems or because it limits the AC output impedance of 
the current source. This can be easily accomplished by buf
fering the LM134 with an FET, as shown in the applications. 
This can reduce capacitance to less than 3pF and improve 
regulation by at least an order of magnitude. DC characteris
tics (with the exception of minimum input voltage) are not 
affected. 
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LM134 Series 

APPLICATions InFoRmATion 
Noise 

Current noise generated by the LM 134 is approximately 4 
times the shot noise of a transistor. If the LM 134 is used 
as an active load for a transistor amplifier, input referred 
noise will be increased by about 12dB. In many cases, 
this is acceptable and a single stage amplifier can be built 
with a voltage gain exceeding 2000. 

Lead Resistance 

The sense voltage which determines the operating cur
rent of the LM 134 is less than 1 OOmV. At this level, 
thermocouple or lead resistance effects should be 
minimized by locating the current setting resistor 
physically close to the device. Sockets should be avoided 
if possible. It takes only 0.7n contact resistance to 
reduce output current by 1 % at the 1 mA level. 

Start-Up Time 

The LM 134 is designed to operate at currents as low as 
1~. This requires that internal biasing current be well 
below that level because the device achieves its wide 
operating current range by using part of the operating 
current as bias current for the internal circuitry. To ensure 
start-up, however, a fixed trickle current must be pro
vided internally. This is typically in the range of 
20nA-200nA and is provided by the special ultra-low 
loss FETs shown in the Schematic Diagram as Q7 and 
Q8. The start-up time of the LM 134 is determined by the 
loss of these FETs and the capacitor C1. This capacitor 
must charge to approximately 500mV before Q3 turns on 
to start normal circuit operation. This takes as long as 
(500mV) (50pF)/(20nA) = 1.25ms for very low loss 
values. 

Using the LM134 as a Temperature Sensor 

Because it has a highly linear output characteristic, the 
LM 134 makes a good temperature sensor. It is particu
larly useful in remote sensing applications because it is a 
cu rrent output device and is therefore not affected by long 
wire runs. It is easy to calibrate, has good long term 
stability, and can be interfaced directly with most data ac
quisition systems, eliminating the expensive preampli
fiers required for thermocouples and platinum sensors. 
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A typical temperature sensor application is shown in 
Figure 2. The LM134 operating current at 25°C is set at 
298~ by the 2260 resistor, giving an output of 1~/oK. 
The current flows through the twisted pair sensor leads to 
the 1 OkO termination resistor, which converts the current 
output to a voltage of 10mV/oK referred to ground. The 
voltage across the 10kO resistor will be 2.98V at 25°C, 
with a slope of 10mV/oC. The simplest way to convert 
this signal to a Centigrade scale is to subtract a constant 
2.73V in software. Alternately, a hardware conversion 
can be used, as shown in Figure 3, using an LT1 009 as a 
level shifter to offset the output to a Centigrade scale. 

The resistor (RSET) used to set the operating current of the 
LM134 in temperature sensing applications should have 
low temperature coefficient and good long term stability. 

r---Ir-. LM234-3 

TO 

DATA ACQ~I$~~~~ _--t 
10mVI"K 9.53k 

1k 
CALIBRATE 

Figure 2. Kelvin Temperature Sensor 

r-+-..., LM134-3 

OUTPUT 
10mV/oC 

10k 

-15V 10k 
ZERO '::' 
ADJ 

RSET 
226{! 

Figure 3. Centigrade Temperature Sensor 

RSET 
226{! 



APPLICATions InFoRmATion 

30ppm;oC drift in the resistor will change the slope of the 
temperature sensor by 1 %, assuming that the resistor is at 
the same temperature as the sensor, which is usually the 
case since the resistor should be located physically close to 
the LM134 to prevent errors due to wire resistance. A long 
term shift of 0.3% in the resistor will create a 1°C 
temperature error. The long term drift of the LM134 is 
typically much better than this, so stable resistors must be 
used·for best long term performance. 

Calibration of the LM 134 as a temperature sensor is ex
tremely easy. Referring to Figure 2, calibration is achieved 
by trimming the termination resistor .. This theoretically trims 
both zero and slope simultaneously for Centigrade and 
Fahrenheit applications. The initial errors in the LM134 are 
directly proportional to absolute temperature, just like the 
actual output. This allows the sensor to be trimmed at any 
temperature and have the slope error be corrected at the 
same time. Residual slope error is typically less than 1 % 
after this single trim is completed. 

LM134·3 ......-+-.... 

22611' 

'LOW TC. STABLE RESISTOR 

LM134 Series 

The two trims shown in Figure 3 are still intended to be a 
"one point" temperature calibration, where the zero and 
the slope are trimmed at a single temperature. The 
L T1 009 reference is adjusted to give 2. 700V at node" a" 
at TSENSOR = 25°C. The 1 k trimmer then adjusts the out
put for 0.25V, completing the calibration. If the calibra
tion is to be done at a temperature other than 25°C, trim 
the LT1009 for 2.7025-(1J.tA)[TsENSOR (OC)](1000) at 
node' 'a", then adjust the 1 k trimmer for proper output. 

'" \II 
U 
C 
\II a: 
\II 
~ If higher accuracy is required, a two point calibration \II 

technique can be used. In Figure 4, separate zero and a: 
slope trims are provided. Residual non-linearity is now \II 
the limitation on accuracy. Non-linearity of the LM 134 in a ~ 
100°C span is typically less than 0.5°C. This particular !:i 
method of trimming has the advantage that the slope trim 0 
does not interact with the zero trim. Trim procedure is to > 
adjust for zero output with TSENSOR =O°C, then trim .. 
slope for proper output at some convenient second .. 
temperature. No further trimming is required. 

OUTPUT 
10mV/OC 

332k 11k' 
1% 1% 

15k ZERO 
LT1009 TRIM 

10k 

-15V 
.". .". 

Figure 4. Centigrade Temperature Sensor with 2 Point Trim 
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LM 134 Series 

TYPICAL APPLICATiOnS 

Basic 2· Terminal Currant Source 

RSET 

Zero Temperature Coefficient Current Source 
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LM334 L.-+.--J 

RSET Rl' 
~ 10 RSET 

'-__ ..J 

'SELECT RATIO OF Rl TO RSETTO OBTAIN 
ZERO DRIFT. I + ~2ISET. 

Low Output Impedance 
Thermometer (Kelvin Output) 

R3' 
600 VOUT=10mV/oK 

Rl 
ZOUTS 1000 

LM334 230 
1% 

Cl R2 

O.l~F 
10k 
1% 

'OUTPUT IMPEDANCE OF THE LM134 AT THE "R" PIN IS 

-RO 
APPROXIMATELY -16-0, WHERE RO IS THE EQUIVALENT 

EXTERNAL RESISTANCE CONNECTED TO THE V- PIN. THIS 
NEGATIVE RESISTANCE CAN BE REDUCED BY A FACTOR OF 5 OR 
MORE BY INSERTING AN EQUIVALENT RESISTOR IN SERIES 
WITH THE OUTPUT. 

Higher Output Current 

Rl' 

V+ Cl' 

LM334 "--10--' RSET 

'SELECT Rl AND Cl FOR OPTIMUM STABILITY 



TYPICAL APPLICATiOnS 

C1 
0.0022 

Low Output Impedance 
Thermometer 

R2 
300 

~i+-F--4~ VOUT= 10mV/oK 
ZOUT,,20 

R3 
100 

R4 
4.5k 

Micropower Bias 

LM334 L-.-I-".-.J 

LM 134 Series 

Low Input Voltage Reference Driver 

+VIN2: V REF +200mV-_-----, 

C1 
0.1 

R1 
1.5k 

LM334 L....-4,.,.....J 

LT1009 

VOUT=VZ+ 64mV@25°C 
IOup;3mA 

1.2V Regulator with 1.BV Minimum Input 

I--'IM~ ....... _VOUT = 1. 2V 
IOUT"200~ 

1N457" 

1% 

R2' 
680 
1% 

'SELECT RATIO OF R1 TO R2 FOR ZERO TEMPERATURE ORIFT 
. "LM134 AND DIODE SHOULD BE ISOTHERMAL 

Zener Biasing 

LM334 '---/---' RSET 

.... --...... -VOUT 
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LM134 Series 

TYPICAL APPLICATiOnS 

Alternate Trimming Technique Buffer for Photoconductive Cell High Precision Low Te Current Source 

LM334 L--r.,~ 
1.SV 

RSET 

'FOR ± 10% ADJUSTMENT, SELECT RSET 
10% HIGH AND MAKE R1 ~3RsET 

4-82 

R4 
100M!) 

Precision 1 DnA Current Source 

LM134 

R2 
226k 

R3 
1M 

+15V 

+15V 

-15V 

10= 10nA 

R1 
2.7k 

BUFFERED 
VOLTAGE 
OUTPUT 

ZO,,'0 '2!) 
COMPLIANCE=-14VTO +12.5V 

LM334 

(+) 

~ISET"50"" 
V+ 

("). R 

~/ 
LM334 

V 

LT100 
(1.2 

4-1.2 ~ 
35V) • 

R1 
~ 6.8k 

(-) 

'ISET=~+10"" 
R2 

R2' 

I SET TC=O.016%/oC +33nA/oC 
REGULATION =0.001 %/V 

M icropower 5V Reference 

.-------.... -VIN=6.5V TO 15V 

'>::.... ..... --_-VOUT =5V 

3.01M 
150pF 1% 



TYPICAL APPLICATions 

FET Cascoding for Low Capacitance and/or 
Ultra High Output Impedance 

RSET 

RSET 

'SELECT Q1 OR Q2TO ENSURE AT LEAST 1V ACROSS THE LM134. Vp (1-ISET I 10SS)2: 1.2V. 

Generating Negative Output Impedance 

V+ 
R1' 

() R 

V 
LM334 V 

RSET 

'ZOUT~ -16' R1 (R1/VIN MUST NOT EXCEED ISET). 

SCHEmATIC DIAGRAm 

LM134 Series 

In-Line Current Limiter 

RSET 

C1' 
LM334 '-----' T 

'USE MINIMUM VALUE REQUIRED TO ENSURE STABILITY OF PRDTECTED 
DEVICE. THIS MINIMIZES INRUSH CURRENT TO A DIRECT SHORT. 

Ground Referred Fahrenheit Thermometer 

V+ 

LM334 '--+V--.... 

V+ 

R1 
B.2Sk 
1% 

R2 
100 
1% 

R3' 

RS" 

LT1009 
2.SV' 

"::" "::" 'SELECT R3=VREFIS83"A. 
"SELECT FOR 1.2mA 

L--r---+----~-~-R 

'----~-------V-
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LM134 Series 

PACKAGE DESCRIPTiOn 

4-84 

H Package 
Metal Can 

0.209-0.219 

I r (4.521-4.953) a (5.300-5.503) 
__ 0.178-0.195 

SEATING_u===rJrl (2.159-2.667) 
- 0.085-0.105 

PLANE TIT tJ 0.500 

o 0 0_1 (1~7oo) 
0.016-0.019 II 0.030 IN 
(0.406-0.483)-' - (0.762) 

DlA MAX 

Z Package 
Plastic 

0.175-0.185 5° NOM 

.. --r_-_-lO_:+1 (4.445-4.699) ~~ 
0.175-0.185 t I 0 I 0.065 + 

(4.445-4.699) I I 1 (1.651) J. 
SEATING t L. ___ ...l --.l. DlA ~ 

PLANE t t -+ 
0.500 0.090 0025 5° 
(12.70) (2.286) (0:635) NOM 

MIN NOM ~ ~ ~ MAX ~ I UNCONTROLLED 
t LEAO DlA 

1

-lII- 018 _11_ 0.0145-0.0155 
0045-0055 1 (0.457) (0.3683-0.3937) . . _ __ TYP TYP 

(1.143-1.397) 8EFORE LEAD 
FINISH 

0.045 - 0.055 

(~:~:~)a(1=U'143r'397) 
NOM --

3 1 2 

t 0.135-0.145 
WNOM_lJt (3.429-3.683) 

100 NOM 



L7L1nll\D LM136-2.5/LM336-2.5 
TECHNO' 'OG-~V~---------L..l IT 2.5 Volt Reference 

FEATURES 
• Guaranteed Temperature Stability 
• Maximum 0.6Q Dynamic Impedance 
• Adjustable for Minimum Temperature Coefficient 
• Wide Operating Current Range 

APPLICATions , 

• Reference for 5V Systems 
• 8 Bit AID and 01 A Reference 
• Digital Voltmeters 
• Current Loop Measurement and Control Systems 
• Power Supply Monitor 

2.5 Vall Reference 

5-35 Volls 

3.6k 

+-----__ - OUTPUT 

LM336-2.5'k-rV ____ ~ 10k" 
TRIM 

"DOES NOT AFFECT 
TEMPERATURE COEFFICIENT 

DESCRIPTion 
The LM136-2.5 is a general purpose shunt regulator 
diode designed to operate over a wide current range 
while maintaining good stability with time and tem
perature. The third terminal allows either the tempera
ture coefficient to be minimized or the reference 
voltage to be adjusted without changing the tempera
ture coefficient. Because it operates as a shunt regula
tor it can be used equally well as a positive or negative 
reference. 

The LM136-2.5 is available with initial tolerances as 
low as 1% in either a TO-46 metal can for hermetic re
quirements or a low cost TO-92 plastic package. 

Linear's advanced deSign, test and process tech
niques have optimized the LM136-2.5 to achieve su
perior performance and reliability over previous 
deSigns. For more demanding precision reference ap
plications requiring very low initial tolerance and tem
perature coefficients, consult the LT1009 data sheet. 
A typical 2.5 Volt reference with trim is shown below. 

Reverse Voltage Change 

3.5 
T, ~ 2~oC 

3.0 

~ 

/' 
V 

V 
V 

./ 

~ 
w 2.5 

~ _ 2.0 

~ a 1.5 
> 
tlj 

~ 1.0 

0.5 

o 
o 1D 

REVERSE CURRENT (mA) 
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LM 136-2.5jLM336-2.5 

ABSOLUTE mAXimum RATinGS PACKAGE/ORDER InFORmATiOn 
Reverse Current. . . . . . . . . . . . . . . . . . . . . . .. 15mA 
Forward Current. . . . . . . . . . . . . . . . . . . . . . .. 10mA 
Operating Temperature Range 

LM136-2.5. . . . . . . . . . . . . . . -55°C to 125°C 
LM336-2.5. . . . . . . . . . . . . . . . . .. O°C to 70°C 

Storage Temperature Range 
LM136-2.5. . . . . . . . . . . . . . . -65°C to 150°C 
LM336-2.5. . . . . . . . . . . . . . . -65°C to 150°C 

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

BOTTOM VIEW 

H PACKAGE T0-46 METAL CAN 

BOTTOM VIEW 

Z PACKAGE TO·92 PLASTIC 

LM136H-2.5 
LM136AH-2.5 
LM336H-2.5 
LM3368H-2.5 
'SEE NOTE 1 

LM336Z-2.5 

LM3368Z-2.5 

'SEE NOTE 1 

ELECTRICAL CHARACTERISTICS (See note 1) 
LM136A/LM136 LM336B/LM336 

SYMBOL PARAMETER CONDITIONS MIN TVP MAX MIN TVP MAX UNITS 

Vz Reverse Breakdown Voltage TA ~ 25°C, IR ~ 1mA 
LM 136/LM336 2.440 2.490 2.540 2.390 2.490 2.590 V 
LM 136A1LM336B 2.465 2.490 2.515 2.440 2.490 2.540 V 

tJ.Vz Reverse Breakdown Change with 
di;;" Current 400ILA ,;; IR ,;; 10mA 

TA ~ 25°C 2.6 6 2.6 10 mV 
Tmin ~ TA ~ Tmax • 3 10 3 12 mV 

rz Reverse Dynamic Impedance IR ~ 1mA 
TA ~ 25°C 0.2 0.6 0.2 1.0 Il 
Tmin ~ TA ~ Tmax • 0.4 1 0.4 1.4 Il 

tJ.Vz Temperature Stability VR adjusted to 2.490V, IR ~ 1mA 
tJ.Temp Tmin ~ TA ~ Tmax 

LM136A1LM136 • 12 18 mV 
LM336B/LM336 • 1.8 6 mV 

(See Figure 1.) 

tJ.Vz Long Term Stability TA ~ 25°C ± 0.1°C, IR ~ 1mA 20 20 ppm/kHr 
tJ. Time 

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

Adjusting the LM336 for minimum temperature coefficient 

Nota 1: The LT1009 is an improved, low cost, pin for pin replacement 
for the "A" and "S" versions. For further information consult the 
LT1009 data sheet. 
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t-----_._- 2.490V 

1 * ~ D1 t 

1mA ~ ... .-":-----.. 5k 

* Adjust to 2.490 

t Any silicon signal diode 

Figure 1 



TYPICAL PERFORmAnCE CHARACTERISTICS 

~ 
r z 

'" 3 10- 3 
iij 

~ 

Reverse Characteristics 

I 
I 

T· ~ -55'C 

T: ~ 25'C ,'\ 

I\. Tj ~ 125~ ~ 
~ .... 

" 
, 

V 
V 

II 
y I ~ 

Forward Characteristics 
1.2 

Tj ~ 25°C 

1.0 

:;;: 0.8 w 
<0 « 
>:J 
§? 0.6 
C> 

! 
0.4 s:' 

J 
./ 

/ 
~ ~ ---

0.2 

LM136-2.5jLM336-2.5 

2.590 

2.570 

2.550 

2.530 :;;: 
~ 2.510 

~ 2.490 

~ 2.470 

~ 2.450 

'" 2.430 

2.410 

2.390 

Temperature Drill 

,. ~ 
1""'" .... ,. I""'" 
i..oo" ",.... 

~ -i"""" 
I""" 

f-IR~1mA 

r--r--"--:-. -i"""- i""'ooo --r-io-. l"""---
'" 'II 
U 
C 
'II 
a: 

10- 5 I 
0.5 1.0 1.4 1.8 2.2 2.6 

o 
0.001 10 

I I i'.. 
0.01 0.1 5 25 45 65 85 105 125 ~ 

2.370 
-55 -35 -15 

100 

g 
10 

'-' z 

~ 
;;;; 
'-' 

! 

0.1 

REVERSE VOLTAGE (VI 

Dynamic Impedance 

='R 1rpA =. 55'C Tj' + 125'C 

10 100 1k 

FREOUENCY (Hzl 

f 

/ 

10k 100k 

SCHEmATIC DIAGRAm 

250 

200 

I~ 
'> 
i 150 
w 

'" §? 

100 

50 

FORWARD CURRENT (mAl 

Zener Noise Voltage 

'R ~ 1mA 

\ 
Tj ~ 25°C-

\ 
\ 

" 
10 100 1k 

FREOUENCY (Hzl 

10k 100k 

2.5 

2.0 

~ 1.5 

~ 1.0 

'" ~ 0.5 

; 0 
§? 

100 

40 

o 

TEMPERATURE (OCI 

Response Time 

1-" tOUTlpUTI 

~~t[51~ [ 

INPUT no r' ~OUTPUT 
I 

IN~UT 

I 

r-------------------------~----~----------------~--~----+ 

50k 

24k 

24k 
6.6k 

500 

::r-----t---~t_'VV'<-ADJ 
30k 

6.6k 

2k Uk 

I 

I 

\. 

20 
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LM 1 36-2.5/LM336-2.5 

TYPICAL APPLICATions 
Wide Supply Rangs, Reference 

+ 3,6V TO +40V 

62Q 

Switchable ± 1.25V Bipolar Reference 
5V 

5k 

+5 

11 5k 
~' 

-5 

10k LM336-2,5 

~ 1% 

9,76k 

1% 

2N3906 500n 

5k 

-5V 

PACKAGE DESCRIPTiOn 
H Package, 3 Lead TO-46 Metal Can 

0178-0,195 
(4,521-4,953) 

0,209-0.219 

~1(5'30o-5'503) 

SEATING _ -I... (2,159-2.667) m:fi' 0,085-0,105 

PLANE ~ MIN 

2lEAOS-O 00 (12,700) 

(~.~~:=~:~~~) OIA -l f- (~.~~~) MAX 

4-88 

OUT 

IN4148 

10k 

IN4148 

Low Temperature Coefficient Power Regulator 

ADJUST R2 
FOR 3,15V 
ACROSS R1 

J---,-----1r- vouT 

1.2k 

LM336 

Low Noise 2.5V Buffered Reference 

10k 

1k 

OP-OICH 

r---~---~~~~---~A---+ 
10k 1k 

Z Package. 3 Lead TO-92 Plastic 

50 0,Q90 

2,5V 

~ F~ '13, --~r' 1 ~ 123 

5' NOM \, 1~135-0,145 
V"-./ (3.429-3.683) 

~ 10' NOM 10' NOM 

II 0.0145-0.0155 
------1~(03683 0.3937) 

TYP 
BEFORE LEAD 
FINISH 



~"""LTElcnHNfJ\O' 'OG_~~-.-. ___ LM_18_5_-1_'2_/L_M_3_8_5-_1_'2 ~, L..,; IT MicropowerVoltage 
Reference 

FEATURES 
• 10,uA to 20mA operating range 
• Guaranteed 1% initial voltage tolerance 
• Guaranteed 1 rl dynamic impedance 
• Very low power consumption 

APPLICATions 
• Portable meter references 
• Portable test instruments 
• Battery operated systems 
• Current loop instrumentation 

Micro-power 5V Reference 

V,N 

r--------t------=7Vto 15V 

V+ LM334 

V- 5.6k 

LM385· 
1.2 

~--------'--'+ 

1M 
1% 

4250 

22M 

150pF 

3.01M 
1% 

DESCRIPTion 
The LM185-1.2 is a two terminal band gap reference 
diode that has been deSigned for applications which 
require precision performance with micropower oper
ation. The device provides guaranteed operating 
specifications at currents as low as 10,uA. The nomi- ~ 
nal voltage is 1.235V with both 1 % and 2% tolerances ~ 
available. Some additional features are: maximum dy- 'II 
namic impedance of W, low noise and excellent sta- ffi 
bility over time and temperature. Advanced design, u. 
processing and testing techniques make Linear's I 
LM 185-1.2 a superior choice over previous deSigns. A 'II 
micro-power 5V reference application is shown below. ~ 
For guaranteed TC, micropower references, see the e 
LT1034 data sheet. ..J o 

> 

t 
tlJ z 
~ 
'-' 
w 
~ c:; 
<;< 
to; 
g: 

5V ::> 
0 

10 

Reverse Voltage Change 
with Current 

tl~11IJ~c 

V 
i-'" 

0.01 0.1 10 

REVERSE CURRENT (mA) 

100 
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LM185-1.2/LM385-1.2 

ABSOLUTE mAXimum RATinGS PACKAGE/ORDER InFORmATion 
Reverse Breakdown Current. . . . . . . . . . . . . . . 30mA 
Forward Current ...................... " 10mA 
Operating Temperature Range 

LM185-1.2 ................. -55°Cto 125°C 
LM385-1.2 ..................... O°Cto70°C 

Storage Temperature Range 

BOTTOM VIEW ORDER PART NUMBER 

(3 LM185H-1.2 
LM385H-1.2 
LM385BH-1.2 

H PACKAGE (NOTE 3) TO-46 METAL CAN 

LM185-1.2 ................. -65°Cto150°C BOTTOM VIEW 

LM385-1.2 ................. -65°Cto150°C 
lead Temperature (Soldering, 10 sec.) ...... 300°C (g) LM385Z-1.2 

LM385BZ -1.2 
Z PACKAGE (NOTE 3) TO-92 PLASTIC 

ELECTRICAL CHARACTERISTICS (See note 1) 
LM185-1.2 LM385-1.21385B-1.2 

SYMBOL PARAMETER CONOITIONS MIN TYP MAX MIN TYP MAX UNITS 

Vz Reverse Breakdown Voltage TA = 25°C, Imln ". IR ". 20mA 
LM185-1.2 1.223 1.235 1-247 V 
LM385-1.2 1.205 1.235 1.260 V 
LM385B-1.2 (Note 3) 1.223 1.235 1.247 V 

!;Vz Average Temperature Coefficient Imln ". IR ". 20mA (Note 2 and Note 3) 20 20 ppm/oC 
!; Temp 

Imln Minimum Operating Current Tmln ~ TA.::s;;; Tmax 

Reverse Breakdown Voltage 
Change with Current Imln ". IR ". lmA 

TA = 25°C 
!;Vz 
~ 

Tm!n::S;; TA ~ Tmax 

lmA ". IR ". 20mA 
TA = 25°C 
Tmin ~ TA ~ Tmax 

rz Reverse Dynamic Impedance IR = 100j1A 
TA = 25°C 
Tmin:s;;:TA~Tmax 

en Wide Band Noise (RMS) IR = 100j1A 
10Hz". f ". 10kHz 

!;Vz long Term Stability IR = 100j1A 
!; Time TA = 25°C ± O.l°C 

The. denotes the specifications which apply over full operating 
temperature range. 
Nole 1: All specifications are for TA = 25°e unless otherwise noted. 
For the LM185-1.2 T min = -55°e and T max = + 125°e. For LM385-
1.2 T min = Doe and T max = + 7Doe. 

4-90 

• 8 10 8 15 j1A 

1 1 mV 

• 1.5 1.5 mV 

10 20 mV 

• 20 25 mV 

0.2 0.6 0.4 1 {l 

• 1.5 1.5 {l 

60 60 j1V 

20 20 ppm/kHr 

Nole 2: Selected devices with guaranteed maximum temperature 
coefficient are available upon request. 
Nole 3: For applications requiring low initial tolerance guaranteed over 
temperature consult LT10D4 data sheet. The LTlD04 is a low cost pin 
for pin substitution device 



LM185-1.2/LM385-1.2 

TYPICAL PERFORmAnCE CHARACTERISTICS 
Reverse Characteristics Forward Characteristics 

100 1.2 

T~ ~' k'J!'b -55'CTO +125°'C 

~ 0.8 ~ 
tjj 
"" 

"'" 
':J 
§: ~ 10-

1.245 

~ 

~ 1.240 

~ 
iQ 
~ 1.235 

1.230 

./ 
".". 

0.1 II 
V 

o 0.2 0.4 0.6 0.8 1.0 

REVERSE VOLTAGE (V) 

Temperature Drift 

LI 
1.,...0- ~i"'" 

-55 -35 -15 .5 .25 .45 .65 .85 .105.125 

TEMPERATURE (OC) 

Noise Voltage 
700 

IR ~ 100 ~A 

600 

in 
500 '" cc 

L¥ 400 
~ 

100. 3 
w 
~ 

B z 
~ 300 
B z ~ 

200 

\ ~ 
100 

I o 
10 100 Ik 10k lOOk 

FREQUENCY (Hz) 

'" cc 

~ s: 

1.2 1.4 

I-
0.4 

o 
0.01 

",.. 

0.1 10 100 

FORWARD CURRENT (mA) 

Reverse Dynamic Impedance 
100 

~ 

0.1 
0.01 

-SSdC'~O + 12S'C 

f ~ 2SHz 

1\. 

~ 
I-

0.1 10 

REVERSE CURRENT (mA) 

Filtered Output Noise 

100 

70 

60 
IR ~ 100"~111 

RC ~ol i~s~1 
SO 

40 

30 

20 
6~ 

/ 
'r 

10 

'" o 
100 Ik 10k 

CUTOFF FREQUENCY (Hz) 

lOOk 

Reverse Dynamic Impedance 
10k 

T. ~ 2S'C 

I,~IOO"A 

L V 
Ik 

L 
j;" 

V 
10" 

0.1 
10 100 Ik 10k lOOk 1M 

FREQUENCY (Hz) 

Response Time 

1.5 OUTPU) 

1.0 / 
/ 36k 

-
V'"I

VOUT 

-
5V 

INPUT 

100 200 300 400 SOD 

TIME ("SEC) 
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LM 185-1 .2/LM385-1 .2 

TYPICAL APPLICATions Micropower Reference for 9V Battery 
+9V 

1.2V Reference from 1.5V Battery 
+1.5V 

510k 3k 

1.23V 1.23V 

LM385 - 1.2 LM385 - 1.2 

SCHEmATIC DIAGRAm 
+ 

200k 

07'"1-----.----+--; 

20pf 
50k 

05~---"" 

300k 

100k 500 

60k 

PACKAGE DESCRIPTion 
H Package, 2 Lead TO-46 Metal Can Z Package, 3 Lead TO-92 Plastic 

0.178-0.195 
(4.521-4.953) 

0,209-0,219 

~1 (5.300-5.503) 

SEATING _ (2.159-2.667) n=fi...1 0085-0105 

PLANE 0500 
-' -MIN 

'lEAOS-0 0 (12.l00) 

(~:~~~=~:~~~) DIA ~ ~ , (~:~~~) MAX 

4-92 

0.175-0.185 0.175-0,185 

~~'l'~~' I~-~jl~'::~~' 
PLANE 

~ 
(~:.~~) (~:~:~) ~ ~ ~ (~:~~~) 

MIN NOM MAX 
I UNCONTROLLED i lEADDlA 

J -W ~ (~04~7) 
0.045-0.055 ~ TYP 

(1.143-1.397) 

50 0.090 

~ F~ H(::~ 1 ~ 123 

5" NOM \ I ~ V '-../ (3.429 - 3.683) 

~ 10" NOM 10" NOM 

II 0,0145-0.0155 

-----1 ~ (0.3683 0.3937) 

TVP 
BEFORE LEAD 
FINISH 



~"""'--LlnLJ\Q LM185-2.5/LM385-2.5 
~)r TECHNOLOGY~------~M~i~c-ro-p-o-w-e-r~V~o~lt~a-g-e 

FEATURES 
• 20,uA to 20mA operating range 
• Guaranteed 1 % initial voltage tolerance 
• Guaranteed 1Q dynamic impedance 
• Very low power consumption 

APPLICATions 
• Portable meter references 
• Portable test instruments 
• Battery operated systems 
• Panel meters 
• Current loop instrumentation 

Thermocouple Cold Junction Compensator 

IQ~ 50"A 
VIN 

16k 

1M 
LM334 

_.=- 2 ~~~~~RY 
;! lOOk W.W. 

2.6V 
~ ~M385-2.5 ) ZERO V 

>--

950n 450n 

+ 
TYPEK<==" 

METER-

Reference 
DESCRIPTion 
The LM185-2.5 is a two terminal band gap reference 
diode that has been designed for applications which 
require precision performance with micropower oper
ation. The device provides guaranteed operating 
specifications at currents as low as 20,uA. The nomi
nal voltage is 2.5V with both 1% and 2% tolerances 
available. Some additional features are: maximum dy
namic impedance of W, low noise and excellent sta
bility over time and temperature. The advanced 
design, processing and testing techniques make lin
ear's LM185-2.5 a superior choice over previous de
signs. A circuit for cold junction compensation of a 
thermocouple is show below. 

RSET 
-

~Ok 
r ADJUST 

FOR 
12.17m 

16 

l 
12 

2k i 8 
w 

'" i5 
~ 4 

~ 
5 v 0 0 

AT 25 0 C 
ACROS S 
450n -4 

Reverse Voltage Change 

~~~~~I~ T; ~ ~1I125!CI 

J 

1/ 

".; 
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REVERSE CURRENT (mA) 
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LM 185-2 .5/LM385-2.5 

ABSOLUTE mAXimum RATinGS PACKAGE/ORDER InFORmATion 
Reverse Breakdown Current. . . . . . .. . . . . . . . 30mA 
Forward Current ........................ 10mA 
Operating Temperature Range 

LM185-2.5 ................. -55°C to 125°C 
LM385-2.5 ..................... O°C to 70°C 

Storage Temperature Range 

BOTTOM VIEW ORDER PART NUMBER 

8 LM185H-2.5 
LM385H-2.5 

LM385BH-2.5 
H PACKAGE (NOTE 3) TO·46 METAL CAN 

LM185-2.5 ................. -65°C to 150°C BOTTOM VIEW 

LM385-2.5 ................. -65°C to 150°C 
Lead Temperature (Soldering, 10 sec.). . . . .. 300°C (g) LM385Z-2.5 

LM385BZ-2.5 

Z PACKAGE (NOTE 3) 
TO·92 PLASTIC 

ELECTRICAL CHARACTERISTICS (See note 1) 
LM185-2.5 LM385-2.5/385B-2.5 

SYMBOL PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

Vz Reverse Breakdown Voltage TA = 25°C, 20!,A .;; IR .;; 20mA 
LM185-2.5 2.462 2.5 2.538 V 
LM385-2.5 2.425 2.5 2.575 V 
LM385B-2.5 (Note 3) 2.462 2.5 2.538 V 

':'Vz Average Temperature Coellicient 20!,A .;; IR .;; 20m A (Note 2 and Note 3) 20 20 ppm/oC 
,:, Temp 

Imin Minimum Operating Current T min ~ TA ~ T max • 8 20 8 20 !'A 

Reverse Breakdown Voltage 
Change with Current 20!,A .;; IR .;; lmA 

TA = 25°C 1 2 mV 
':'Vz T min ~ T A ~ T max • 1.5 2.5 mV 
~ 

lmA .;; IR .;; 20mA 
TA = 25°C 10 20 mV 
Tmin~TA~Tmax • 20 25 mV 

rz Reverse Dynamic Impedance IR = 100!,A 
TA = 25°C 0.2 0.6 0.4 1 !l 
Tmin ~ TA ~Tmax • 1.5 1.5 !l 

en Wide Band Noise (RMS) 10Hz.;; I .;; 10kHz, IR = 100!,A 120 120 !'V 

':'Vz Long Term Stability TA = 25°C ± O.l°C, IR = 100!,A 20 20 ppm/kHr 
,:, Time 

The. denotes the specifications which apply over full operating 
temperature range. 
Note 1: All specifications are for TA = 2soG unless otherwise noted. 
For the LM18S-2.S Tmin = -SsoG and Tmax = +12soG. For LM38S-
2.S T min = OOG and T max = + 70oG. 
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Note 2: Selected devices with guaranteed maximum temperature 
coefficient are available as a special order. 
Note 3: For guaranteed TG and very low initial tolerance, consult 
LT1004 data sheet. The LT1004 is a low cost, pin for pin substitution 
device. 
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TYPICAL PERFORmAnCE CHARACTERISTICS 
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LM 185-2 .5/LM385-2.5 

SCHEmATIC DIAGRAm 
.---------~----~------~------~~~--~------~--~+ 

100k 500 

TYPICAL APPLICATions 

PACKAGE DESCRIPTion 

9Y 

220k 

2.5Y 

LM385·2.5 

REFERENCE FROM A 
9Y BATTERY 

LM334 

200k 

50k 500k 

300k 

014 

500k 

y+ 

2.7k 

t-----2.5Y 

OPERATION OYER A 
WIDE SUPPLY RANGE 

H Package, 2 Lead TO-46 Metal Can Z Package, 3 Lead TO-92 Plastic 
0.209-0.219 S (5.300-5.503) 

0.178-0.195 
(4.521-4.953) TInl 0.085-0.105 

SEATING _ ~ (2.'.59-2.667) 

PLANE 0500 

2LEADs-D U (12.700) MIN 

(~:~~:=~:~~~I DIA ~ ~ (~:~~~) MAX 

0,175-0.185 0175-0185 

(4445P_46991 I~ ___ ~I 14445-46991 

I I 0065 

(1651) 
SEATING L J I DIA 

PLANE --- ~ 

---r 
0.500 0.090 0.025 

('i'2.7O) (2.286) (D.6'35) 

"iN NOM n n n UNCO~:OLlEO 
! U U U lEADDIA 
-'----

J Jj ~ 1004~71 
0.045-0.055 ~ TYP 
(1.143-1.397) 
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5' 0.090 

~
NOM 12!861 I::::=:~~:) 

J NOM 

~ 123 .~ ~~'" J~~ 13429-3.683) 

~ 10' NOM 10' NOM 

II 0.0145-0.0155 
~ ~ (0.3683 0.3937) 

TYP 
BEFORE LEAD 
FINISH 



£7LlnFAI') LM199/LM399 
U \K LM199A/LM399A 

TECHNOLOGY~---------P-re-c-is-io-n-R-e-f-e-re-n-c-e 

FEATURES 
• Guaranteed 0.5 ppm/ °C temperature coefficient 
• Guaranteed 1.0 Q max. dynamic impedance 
• Guaranteed 20/-LV RMS max. noise 
• Guaranteed initial tolerance of 2% 
• Wide operating current range 

APPLICATions 
• Precision voltage reference for multimeters 
• Calibration equipment voltage standards 
• Laboratory measurement equipment 
• Industrial monitor/control instruments 
• High accuracy data converters 

10 Voll Buffered Reference 

+ 15V---.------.---------, 

7.5k 9k 
5% 

0.1% 

LT1001 

20k 
0.1% 

DESCRIPTion 
The LM199/399 precision reference features excel
lent temperature stability over a wide range of voltage, 
temperature, and operating current conditions. A sta
bilizing heater is incorporated with the active zener on 
a monolithic substrate which nearly eliminates 
changes in voltage with temperature. The subsurface 
zener operates over a current range of 0.5mA to 10mA, 
and offers minimal noise and excellent long term 
stability. 

Ideal applications for the LM199/399 include digital 
voltmeters, precision calibration equipment, current 
sources and a variety of other precision low cost refer
ences. A 10 volt buffered reference application is 
shown below. 

Reverse Voltage Change 
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LM199/LM399 
LM199 A/LM399 A 

ABSOLUTE mAXimum RATinGS 
Temperature Stabilizer. . . . . . . . . . . . . . . . . . .. 40V 
Reverse Breakdown Current. . . . . . . . . . . . . . . 20mA 
Forward Current. . . . . . . . . . . . . . . . . . . . . . . .. 1 rnA 
Reference to Substrate Voltage V(RS), (Note 1). -0.1V 
Operating Temperature Range 

LM199/199A ............... -55°C to 125°C 
LM399/399A ................... O°C to 70°C 

Storage Temperature Range 
LM199/199A ............... -65°C to 150°C 
LM399/399A ............... -65°C to 150°C 

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

PACKAGE/ORDER InFORmATion 
TOP VIEW 

+~
-0+ 

H PKG. 
TO·46 METAL CAN INSIDE THERMAL SHIELD 

+~'+ r- --- I 
I H I 
I I 

~----- d 
4 2 

ORDER PART NO. 
LM199H, LM199AH 
LM399H, LM399AH 
LM199AH-20,LM399AH-50 

FUNCTIONAL BLOCK 
DIAGRAM 

ELECTR~CAL CHARACTERISTICS (See note 2) 
LM199/199A LM399/399A 

SYMBOL PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 
Vz Reverse Breakdown Voltage O.5mA .. IR .. lOrnA • 6.8 6.95 7.1 6.75 6.95 7.3 V 
!:.Vz Reverse Breakdown Voltage 

Change with Current 0.5mA .. IR .. lOrnA • 6 9 6 12 mV 
rz Reverse Dynamic Impedance IR ~ lmA • 0.5 1 0.5 1.5 n 

Temperature Coefficient 
LM 199/LM399 -55'C .. TA .. 85'C 0.3 1 ppm/'C 

+85'C .. TA .. 125'C 5 15 ppm/'C 
!:.Vz O'C .. TA .. 70'C 0.3 2 ppm/'C 

!:. Temp 
LM 199A/LM399A -55'C .. TA .. 85'C 0.2 0.5 ppm/'C 

+85'C .. TA .. 125'C 5 10 ppm/'C 
O'C .. TA .. 70'C 0.3 1 ppml'C 

en RMS Noise 10Hz .. f .. 10kHz • 7 20 7 50 !LV 
!:.Vz Long Term Stability Stabilized, 22'C .. TA .. 28'C 8 Note 3 8 Note 3 ppm/Y'kH 

!:. Time 1000 Hours, IR ~ lmA ±0.1% 

IH Temperature Stabilizer TA ~ +25'C, Still Air, VH ~ +30V 8.5 14 8.5 15 rnA 
Supply Current TA ~ -55'C (Note 4) 22 28 

VH Temperature Stabilizer Supply Voltage 
• 9 

40 9 40 V 
Warm-up Time to ± 0.05% Vz VH ~ 30V, TA ~ 25'C 3 3 Seconds 
Initial Turn-on Current 9V .. VH .. 40V, TA ~ 25'C, (See Note 4) 140 200 140 200 rnA 

The. denotes the specifications which apply over full operating 
temperature range. 
Nola 1: The substrate is electrically connected to the negative 
terminal of the temperature stabilizer. The voltage that can be 
applied to either terminal of the reference is 40V more positive or 
O.1V more negative than the substrate. 
Nola 2: These specifications apply for 30V applied to the temperature 
stabilizer and -55'e .. TA.;;; 125'e for the LM199; and O'C .;;; TA 
.;;; 70 0 e for the LM399. 

4-98 

Note 3: Devices with maximum guaranteed long term stability of 
20 ppm/.JkH are available. Drift decreases with time. 

Nola 4: This initial current can be reduced by adding an appropriate 
resistor and capacitor to the heater circuit. See the performance 
characteristic graphs to determine values. 



TYPICAL PERFORmAnCE CHARACTERISTICS 
Reverse Characteristics 
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LM199/LM399 
LM199A/LM399A 

TYPICAL PERFORmAnCE CHARACTERISTICS 

12 

10 

o 

long Term Reference Performance 
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TYPICAL APPLICATiOnS 

Low Frequency Noise Voltage 
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50 100 150 200 250 

TIME (SEC.) 

Single Supply Operation Split Supply Operation 
Negative Heater Supply with 
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SCHEmATIC DIAGRAmS 

Temperature Stabilizer 

Q1 

2k 

4.2 1k 

4 -

PACKAGE DESCRIPTion 

H Package, 4 Lead 
TO-46 Metal Can 

0.178-0.195 
(4.521 - 4.953) 8 g~~~-~:~!~) 

SEATING _c=lJt ~ "","~:0~1~;:;-~---';~;-;:;::~~"'~') 
PLANE ~ 0.500 

D a 0 (12.700) MIN 

0.016-0.019 II 0.040 
(0.406-0.483) ---J t-- (1.016) MAX 

Reference 

50 

012 
15pF 

011 

30k 

LM199/LM399 
LM199A/LM399A 

03 
6.3V 

30pF 

10k 

2k 

Thermal Shield * 
For TO-46, H Package 

0.224 - 0.234 
(5.690-5.943) 

016 

2.6k 

2 -

SEATING PLANE t--
0.400 

(10.160) 
0.016-0.019 DIA TYP 

(0.406 - 0.483) 

~ I L 0.100 
(2.540) 

L 0.050 
(1.270) 

'Thermal Shield Malerial is Valox'· 
Valox is a registered trademark of General Electric 
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~"'''r''llnll\Q REF-0l/REF-02 ...A.., TECHNOLOGY~-P-re-C-iS-io-n-V-O-I-ta-g-e-Re-f-e-re-n-c-e-S 

FEATURES 
• Trimmed Output ±O.3% 
• Low Drift-5ppm/oC Typical 
• Low NOise-3ppm (p-p) 
• High Line Rejection 
• Temperature Output-REF-02 
• Low Supply Current 1.4mA Max. 

APPLICATions 
• A to 0 and 0 to A Converters 
• Precision Regulators 
• Constant Current Sources 
• V to F Converters 
• Bridge Excitation 

DESCRIPTion 
The REF-01 / REF-02 are precision 10V and 5V bandgap 
references which provide stable output voltages over a 
wide range of operating conditions. Output voltage is accu
rate to ± 0.3% with a low 5ppm/oC typical temperature 
coefficient. The REF-01 and REF-02 are excellent choices 
for applications where low drift, moderate accuracy, low 
power consumption and low cost are considerations. 

The REF-02 includes a temperature output pin which pro
vides a linear voltage proportional to absolute temperature. 

For lower drift and higher accuracy references, please 
see the LT1019 and LT1021 data sheets. 

Ultra Linear Strain Gauge Amplifier 

+15V 
357n* lhW 5V 

R3 
2M 

'--------+-5V R6 
2M"" 

35m" 
'1,W "REDUCES REfERENCE AND AMPLIfiER 

LOADING TO =0_ 
-15V ""If R6=R3, BRIDGE IS NOTLOADED 

BY R2 AND R4. 
tA1 Vos AND DRifT ARE NOT CRITICAL. 

GAIN = 100 

Output Voltage Temperature 
Drift 

Ei' 1.002 f---t---t----t--f---t---t----i 
~ O°C TO moc BOX GUARANTEED fOR 

REf-01 E AND REf-02E (8_5ppm! 0c) i 1.001 

~ 1.000 bf~ij~~~~~ 
~ 
~ 0.999 

o 0.998 

0.997 '---'--~~-'--~~~ 
-50 -25 0 25 50 75 100 125 

TEMPERATURE (OC) 
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REF-Ol/ REF-02 

ABSOLUTE mAXimum RATinGS 
REF-01 102, A, E, H ....................... 40V 
REF-01 C 102C ........................... 30V 
Power Dissipation ...................... 500mW 
Output Short Circuit Duration 

To Ground ......................... Indefinite 
To VIN ::;; 16V ....................•.. Indefinite 
To VIN > 16V . . . . . . . . . . . . . . . . . . . .. Not Allowed 

Storage Temperature ............. - 65°C to 150°C 
Operating Temperature 

REF-01/02, REF-01A/02A ...... -55°Ct0125°C 
REF-01 E/02E, REF-01 H 102H, 
REF-01C/02C, REF-01D/02D ....... O°Cto 70°C 

ELECTRICAL CHARACTERISTICS 
VIN= +15V, TA=25°C unless otherwise noted 

SYMBOL PARAMETER CONDITIONS 
MIN 

Vo Output Voltage IL =0 REF-01 9.97 
REF-02 4.985 

Output Adjustment Rp=10k!l REF-01 ±3.0 
Range REF-02 ±3.0 

enp_p Output Voltage 0.1Hz to 10Hz (Note 6) REF-01 -
Noise REF-02 -

VIN Input Voltage Range REF-01 12 
REF-02 7 

IlVOUT Line Regulation (VOUT+ 3V) :sVIN:s 33V -

~ (Note 1) 

IlVOUT Load Regulation IL=OmA to 10mA REF-01 -
IlIOUT (Note 1) REF-02 -

10 Quiescent Supply No Load -
Current 

lOUT Load Current 10 
Sink Current -0.3 

Isc Short Circuit Vo=O -
Current 

VT Temperature Voltage (Note 2) REF-02 Only -

Output 

4-104 

PACKAGE/ORDER InFORmATiOn 
TOP VIEW 

NC' 

GND (CASE) 

METAL CAN H PACKAGE 
'INTERNALLY CONNECTED. DO NOT 

CONNECT EXTERNALLY. 
"DO NOT CONNECT ON REF-01. 

TOP VIEW 

NC'08NC' 
INPUT 2 7 NC' 

TEMP" 3 6 OUTPUT 

GND 4 5 TRIM 

PLASTIC DIP N8 PACKAGE 
8 PIN HERMETIC DIP 

'INTERNALLY CONNECTED. 00 NOT 
CONNECT EXTERNALLY. 

"DO NOT CONNECT ON REF-01. 

REF-01A/E 
REF-02A/E 

TYP MAX MIN 

10.00 10.03 9.95 
5.000 5.015 4.975 

+5, -27 - ±3.0 
+5, -13 - ±3.0 

20 - -
10 - -
- 40 12 
- 40 7 
0.0001 0.010 -

0.0005 0.008 -
0.0010 0.010 -

0.65 1.4 -

20 - 10 
-20 - -0.3 

25 - -

620 - -

ORDER PART 
NUMBER 

REF-01AH 
REF-01 H 
REF-01 EH 
REF-01HH 
REF-01 CH 

REF-02AH 
REF-02H 
REF-02EH 
REF-02HH 
REF-02CH 
REF-02DH 

REF-01 EJ8 REF-02EJ8 
REF-01 HJ8 REF-02HJ8 
REF-01 CJ8 REF-02CJ8 
REF-01 EN8 REF-02DJ8 
REF-01 H N8 REF-02EN8 
REF-01 CN8 REF-02HN8 

REF-OllH 
REF-02lH 

TYP 

10.00 
5.000 

+5. -27 
+5. -13 

20 
10 

-
-
0.0001 

0.0005 
0.001 

0.65 

20 
-20 

25 

620 

REF-02CN8 
REF-02DN8 

UNITS 
MAX 

10.05 V 
5025 V 

- % 
- % 

- !,Vp-p 
- !,Vp-p 

40 V 
40 V 

0.010 %/V 

0.010 %/mA 
0.010 %/mA 

1.4 mA 

- mA 
- mA 

- mA 

- mV 



REF-Ol / REF-02 

ELECTRICAL CHARACTERISTICS 
VIN= +15V, TA=25°C unless otherwise noted 

REF-01C REF-02D SYMBOL PARAMETER CONDITIONS REF-02C UNITS 
MIN TYP MAX MIN TYP MAX 

Va Output Voltage IL=OmA REF-01 9.90 10.00 10.10 V 
REF-02 4.950 5.000 5.050 4.900 5.000 5.100 V 

Output Adjustment Rp= 10kfl REF-01 + 5, - 27 - - - - % 
Range REF-02 ±2.7 +5, -13 - ±2.0 +5, -13 - % 

enp_p Output Voltage 0.1 Hz to 10Hz (Note 6) REF-01 30 - !,Vp-p 
Noise REF-02 - 12 - - 12 - !,Vp-p 

LlVoUT Line Regulation (VOUT + 3V) :;:;V IN :;:;33V - 0.0001 0.015 - 0.0001 0.04 %/V 
---=w;- (Note 1) 

LlVOUT Load Regulation IL =OmA to BmA - 0.0005 0.015 - - - %/mA 
LlloUT (Note 1) IL =OmA to 4mA - - - - 0.001 0.04 %/mA 

10 Quiescent Supply No Load - 0.65 1.6 - 0.65 2.0 mA 
Current 

lOUT Load Current B 20 - B 20 - mA 

Sink Current -0.2 20 - -0.2 20 - mA 

Isc Short Circuit Vo=O - 25 - - 25 - mA 
Current 

VT Temperature Voltage (Note 2) REF-02 Only - 620 - - 620 - mV 
Output 

ELECTRICAL CHARACTERISTICS 
VIN= +15V, -55°C~TA~ ±125°C for REF-01A/02A and REF-01/REF-02, O°C~TA~ + 70°C for REF-01E/02E and 
REF-01 H/02H, IL= OmA unless otherwise noted 

SYMBOL PARAMETER CONDITIONS 

LlV Output Voltage Change with O°C:;:;TA :;:; + 70°C 
AT" Temperature -55°C:;:;TA:;:; +125°C 

(Notes 3 and 4) 
TC Output Voltage Temperature (Note 5) 

Coefficient 

Change in Va Temperature Rp= 10k\] 
Coefficient with Output 
Adjustment 

LlVOUT Line Regulation 0°C:;:;TA:;:;+70°C 
---=w;- (V IN = BV to 33V) (Note 1) -55°C:;:;TA:;:; +125°C 

LlVOUT Load Regulation O°C:;:;TA :;:; + 70°C 
LlloUT (IL =OmA to BmA) (Note 1) -55°C:;:;TA:;:; +125°C 

Temperature Voltage Output (Note 2) REF-02 
Temperature Coefficient 

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

MIN 

• -

• -

• -

• -

• -

• -

• -

• -

• -

REF-01A/E REF-01/H 
REF-02A/E REF-02lH UNITS 

TYP MAX MIN TYP MAX 

0.02 0.06 - 0.035 0.17 % 
0.09 0.15 - 0.144 0.45 % 

5 B.5 - B 25 ppm/DC 

0.5 - - 0.5 - ppm/% 

0.0001 0.012 - 0.0001 0.012 %/V 
0.0001 0.015 - 0.0001 0.015 %/V 

0.002 0.010 - 0.002 0.012 %/mA 
0.002 0.012 - 0.002 0.015 %/mA 

2.1 - - 2.1 - mY/DC 
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REF-Ol/ REF-02 

ELECTRICAL CHARACTERISTICS 
V'N= +15V, O°CSTAS + 70°C and IL=OmA unless otherwise noted 

REF-01C REF-02D SYMBOL PARAMETER CONDITIONS REF-02C UNITS 
MIN TYP MAX MIN TYP MAX 

t::.V Output Voltage Change with (Notes 3 and 4) • - 0.45 - 1.7 % --;:rr- Temperature 

TC Output Voltage Temperature (Note 5) • - 8 65 - 8 250 ppm/DC 
Coefficient 

Change in Vo Temperature Rp=10kf! • - 0.5 - - 0.5 - ppm/% 
Coefficient with Output 
Adjustment 

t::.VOUT Line Regulation V1N = 8V to 30V • - 0.0001 0.018 - 0.0001 0.05 %/V 

~ (Note 1) 

t::.VOUT Load Regulation 'L =OmA to 5mA • - 0.002 0.018 - 0.002 0.05 %/mA 
t::.I OUT (Note 1) 

Temperature Voltage Output (Note 2) REF-02 • - 2.1 - - 2.1 - mV/oC 
Temperature Coefficient 

Nate 4: t::.V specification applies trimmed or untrimmed. Nate 1: Line and load regulation specifications include the effect of self 
heating. Nate 5: TC is defined as t::.V divided by the temperature range, i.e., 
Nate 2: Limit current in or out of pin 3 to 50nA and capacitance on pin 3 
to 30pF. TC=~ 

TMAX - TMIN 
Nate 3: .:.V is defined as the absolute difference between the maximum 
output voltage and the minimum output voltage over the specified 
temperature range expressed as a percentage of nominal output. 

Nate 6: O.lHz to 10Hz noise cannot be 100% tested on modern high 
speed test equipment, so Linear Technology does not put a guaranteed 
maximum specification on this parameter for standard units. 100% 
bench testing of 0.1Hz to 10Hz noise is available on special request. To 
ensure low output noise, Linear Technology does 100% test 10Hz to .:.V = I VMAX - VM1N I x 100 

VOUT 
1 kHz noise. Consult factory for details. 

PACKAGE DESCRIPTiOn Dimensions in inches (millimeters) unless otherwise noted. 

H Package 
Metal Can 

DO. ~
(~:~~~=~:~!~) ---

I 0.305-0,335. 
-(7.747-8.509) I 

~ CIA 
(1.0161~ho.~",o.--~~., 

MAX 11.270) 0.165-0,185 

Li:: Mt ~ 
SfATI~G t GAUGE ... 
PLANE-j-- - ~PLANE~ 
~ ~O 0 O~ (12.70,19.05) 

(0,254-1.143) _11_ (~:~~:=::~~~I 
TYP 

4-106 

J8 Package 
8 Lead Hermetic DIP 

0 '-1 
0.220-0.310 

(5.588-1,874) 

.' . --.l 
II_o~, 

- (1.397) 
MAX 

(~::~~) ~1~-(~:~)1 0,005 

MAX (0'381 __ 1'_'''_'' I ~ ,R, 
~J IJIIUo03o_oo70I:~l:I/f'~oo'-ODO'_ll~ 

'(0.762-1.778) (0.203-0:>81) !J.2! _ TYP TYP 

(2.540) 0014~0023 I 0290-0320 
BSC· - -(O:356-D:~1 (7:366-8:12Bj-

TYP ___ I r--O'.lS' 

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

N8 Package 
8 Lead Plastic 

~--.to, .. !..~ 
bnJ~_::rm' 
II 0_040 0,050 

- --- (1.016) MAX (1.524) 
so 

0,370-0,400_ 

!E! 1-19,400-10.,61 I 

-,---(O:t':"ffin_"-':'~:' 
0.155-0.115 

(3937-4.445) __ 

~I • 
Q.125.=.!ill..t I ~ 
(3.175-3.302) II 12.921.3.683) 

r---J I II 0.030-0.060 --- -10,762-1.524) .!!2! _ TYP 

(2,540) I 0014-0023 

'ROW

-
I
-

, , , , 
" , 

(0.203-0.381) 

TYP J 0.290-0.310 
17,366-7.874) BTSyCp• - - (0:3S~vi584) 

1~~'008_0'" _lli~ 
---I 0'·15' 

-LEADS WITHIN D.D07 DF TRUE POSITION (TP) AT GAUGE PLANE 
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~~Llnet\Q COMPARATOR SELECTION GUIDE ....A., TECHNOLOGY~---------------
mR.I1RRY 

Plrt NUllblr Rllpaall VOl t. Drive Blln laumy ImPLY Pichi" Impartlnt Fllturls 
Tlml MIx MIx Clplbility Min PositivI Nilltive 1IIIIIIIbii 
MIX (IIVI (nAI (mAl IV/mVI IIIAI (IIAI 
(nsl 

LT1011AM 250 0.5 25 50 200 4.0 2.5 H, JB Low Vos, Low Ie, 
High Oulput Drive, 

LT10llM 250 1.5 50 50 200 4.0 2.5 H, JB 12 Bit Acc. 
LT1016M 12 =2.5 10000 10 2 35 5 H, J8 Ultra High Speed, 

TIL Outputs, True 
Output Latch, 
Stable In Active 
Region, Pin/Pin 
Replacement lor 
AM686. 

LT1017M - 1 15 30 1000 0.060 - H, J8 LT1017 Has 
LT1018M - 1 75 35 1000 0.250 - H, J8 Lowest Supply 

Current, LT1018 is 
Faster. Both are 
Dual Comparators 
with Same Pin-Out 
as 193 Types. 

LTlllA 250 1.0 100 50 200 4.0 2.5 H, Ja Low Ves, High 
Gain 

LMlll - 3.0 100 50 40 6.0 5.0 H. Ja Gen. Purpose 
LT119A ao (typ) 1.0 500 25 20 11.5 4.5 H. J Dual, Low Vos. Hi 

CMRR 
LM119 BO (typ) 4.0 500 25 10 11.5 4.5 H. J Dual, Gen. Purp. 
LTC1040M 100~s 0.5 3 " 00 300nA"" InA J CMOS Sampling 

Comparator 

commERCIAL 

Part Number Response Vas I. Drive Gain IsuPPLY IsuPPLy Packages Important Faaturls 
Tlml Max Max Capability Min POSitiVI Negativi Available 
Max (mVI (nAI ImAI IV/mVI (mAl (mAl 
(nsl 

LT1011AC 250 0.5 25 50 200 4.0 2.5 H, Ja, NB Low Vos, Low la, 
High Output Drive, 

LT1011C 250 0.5 50 50 200 4.0 2.5 H, JB, Na 12 Bit Acc. 
LT1016C 12 =2.5 10000 10 2 35 5 H, JB Ultra High Speed, 

TTL Outputs, True 
Output Latch, 
Stable In Active 
Region, Pin/Pin 
Replacement lor 
AM6a6. 

LT1017C - 1 15 30 1000 0.060 - H LT1017 Has 

LT101aC - 1 75 35 1000 0.250 - H Lowest Supply 
Current, LT1018 is 
Faster. Both are 
Dual Comparators 
with Same Pin-Out 
as 193 Types. 

LT311A 250 1.0 100 50 200 4.0 2.5 H, Ja Low Vos, High 
Gain 

LM311 - 7.5 250 50 40 7.5 5.0 H, Ja Gen. Purpose 
LT319A ao (typ) 1.0 500 25 20 12.5 5.0 H, J, N Dual, Low Vos, Hi 

CMRR 

LM319 ao (typ) a.o 1000 25 a 12.5 5.0 H, J, N Dual, Gen. Purp. 

LTC1040C 100~s 0.5 3 " 00 300nA •• InA J CMOS Sampling 
Comparator 

., Std. TTL Load ··Supply Current Depends on Clock Rate 
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~""""'LlnlJ\12 LTlOll/LTlOllA 
~~ TECHNOLOGY~------V-o-I-ta-g-e--C-o-m-p-a-r-a-to-r 
FEATURES 
• Pin-Compatible with LM111 Series Devices 
• Guaranteed Max. 0.5mV Input Offset Voltage 
• Guaranteed Max. 25nA Input Bias Current 
• Guaranteed Max. 3nA Input Offset Current 
• Guaranteed Max. 250ns Response Time 
• Guaranteed Min. 200,000 Voltage Gain 
• 50mA Output Current Source or Sink 
• ± 30V Differential I nput Voltage 
• Fully Specified for Single + 5V Operation 

APPLICATions 
• SAR A to D Converters 
• Voltage to Frequency Converters 
• Precision RIC Oscillator 
• Peak Detector 
• Motor Speed Control 
• Pulse Generator 
• Relay I Lamp Driver 

10~s 12-Bit A-O Converter 

+15V 

-

3.9k 

Rl .----......... LM""329-+ 15V 

FULL-SCA~~ IV 

13 

TRIM 

R2' 
649k 

20 14 

R3 
6.98k 

15 
0.001 

601212-81T 
01 A CONVERTER 

-15V 

! 12 II 10 9 8 7 6 5 4 3 2 1 

P;~¢~~i~ 0--+-+-+ 

4 5 6 7 8 9 16 17 18 19 20 21 

+5V 24 

AM2504 
SAR REGISTER ccl-----.... 

'--r;-;;---r-------'i'-----'T--' 'R2 AND R4 SHOULD TC TRACK 

START CLOCKf~I.4MHz 

DESCRIPTion 
The LT1011 is a general purpose comparator with signifi-
cantly better input characteristics than the LM 111. 
Although pin-compatible with the LM111, it offers four 
times lower bias current, six times lower offset voltage, 
and five times higher voltage gain. Offset voltage drift-a 
previously unspecified parameter-is guaranteed at 
15/LV 1°C. Additionally, the supply current is lower by a 
factor of two with no loss in speed. The LT1 011 is several 
times faster than the LM 111 when subjected to large 
overdrive conditions. It is also fully specified for DC 
parameters and response time when operating on a 
single + 5V supply. These parametric improvements til 
allow the LT1 011 to be used in high accuracy ( ~ 12-bit) a: 
systems without trimming. In a 12-bit A to D application, e 
for instance, using a 2mA DAC, the offset error intro- ~ 
duced by the LT1011 is less than 1 I 2 LSB. The LT1011 a: 
retains all the versatile features of the LM111, including f 
single 3V to ± 18V supply operation, and a floating tran- e 
sistor output with 50mA sourcel sink capability. It can 0 
drive loads referenced to ground, negative supply or U 
positive supply, and is specified up to 50V between V- n 
and the collector output. A differential input voltage up to ... 
the full supply voltage is allowed, even with ± 18V sup-
plies, enabling the inputs to be clamped to the supplies 
with simple diode clamps. 

Response Time vs Overdrive 

INPUT 
OV-IOV 

500 

450 

400 

j350 

~300 
::;; 

FALLING OUTPUT 

IIXIIIII 
IIINlI ~ 250 

~ 200 

~ 150 r-~ISI~ci b~~~ 
TTI~ 100 

50 

o 
0.1 

1111111 

1111111 

1.0 10 
OVERDRIVE (mV) 

100 
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LT10ll/LT10llA 

ABSOLUTE mAXimum RATinGS 
Supply Voltage (pin 8 to pin 4) ................ 36V 
Output to Negative Supply (pin 7 to pin 4) 

LT1011AM, LT1011M .................... 50V 
LT1011AC, LT1011C ..................... 40V 

Ground to Negative Supply 
(pin 1 to pin 4) ......................... 30V 

Differential I nput Voltage. . . . . . . . . . . . . . . . .. ± 36V 
Voltage at Strobe Pin (pin 6 to pin 8) . . . . . . . . . . . .. 5V 
Input Voltage (Note 1) ............ Equal to Supplies 
Output Short Circuit Duration .............. 10 sec. 
Operating Temperature Range (Note 2) 

LT1011AM/LT1011M .......... -55°Ct0125°C 
LT1011AC/LT1011C .............. O°Ct070°C 

Storage Temperature Range ....... - 65°C to 150°C 
Lead Temperature (Soldering, 10 sec.) ........ 300°C 

PACKAGE/ORDER InFORmATiOn 
TOP VIEW 

v+ 

H PACKAGE 
TO·S METAL CAN 

TOP VIEW 

6 BALANCE/ 
STROBE 

NOTE: PIN 4 CONNECTED TO CASE. 

J8 PACKAGE 8 PIN CERDIP 
N8 PACKAGE 8 PIN PLASTIC 

ORDER PART 
NUMBER 

LT1011AMH 
LT1011MH 
LT1011ACH 
LT1011CH 

LT1011AMJ8 
LT1011MJ8 
LT1011ACJ8 
LT1011CJ8 
LT1011ACN8 
LT1011CN8 

ELECTRICAL CHARACTERISTICS Vs= ±15V, VCM=OV, Rs=O, TJ=25°C, VI= -15V, 
output at pin 7 unless otherwise noted. 

SYMBOL PARAMETER CONDITIONS 
LT1011AM/LT1011AC LT1011 M ILT1011 C UNITS 

MIN TYP MAX MIN TYP MAX 

Vas Input Offset Voltage Note 3 0.3 0.5 0.6 1.5 mV 

• 1.0 3.0 mV 

Vas * Input Offset Voltage Rss50k{J (Note 4) 0.75 2.0 mV 

• 1.5 3.0 mV 

los * I nput Offset Current Note 4 0.2 3 0.2 4 nA 

• 5 6 nA 

Ib Input Bias Current Note 3 15 25 20 50 nA 

Ib * Input Bias Current Note 4 20 35 25 65 nA 

• 50 80 nA 

AVos Input Offset Voltage Orift T MIN sT sT MAX • 4 15 4 25 ",vrc 
~ (Note 5) 

AVOL * Large Signal Voltage Gain RL =lk{Jto +15V, 
-10V sVOUT s 14.5V 

200 500 200 500 V/mV 

RL = 500{J to + 5V, 50 300 50 300 V/mV 
0.5V sVOUT s4.5V 

CMRR Common-Mode Rejection Ratio 94 115 90 115 dB 
* Input Voltage Range Vs= ±15V • -14.5 13 -14.5 13 V 

(Note 8) Vs=Single +5V • 0.5 3.0 0.5 3.0 V 

Td .. Response Time Note 6 150 250 150 250 ns 

VOL * Output Saturation Voltage VIN=5 mY, ISINK =8mA • 0.25 0.4 0.25 0.4 V 
VI=O, ISINK =50 mA • 0.7 1.5 0.7 1.5 V 

* Output Leakage Current VIN =5mV,Vl=-15V 0.2 10 0.2 10 nA 
VouT =35V (25V lor LT10llC) • 500 500 nA 

* Positive Supply Current 3.2 4.0 3.2 4.0 mA 
* Negative Supply Current 1.7 2.5 1.7 2.5 mA 
*Strobe Current Minimum to Ensure Output 500 500 ,.,A 

Transistor is Off 

Input Capacitance 6 6 pF 

*indicates parameters which are guaranteed for all supply voltages, including a single 5V supply. See Note 4. 
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The. denotes the specifications which apply over the full operating 
temperature range. 

Note 1: Inputs may be clamped to supplies with diodes so that max
imum input voltage actually exceeds supply voltage by one diode drop. 
See Input Protection in applications section. 

Note 2: TJ max=150°C for the LT1011AM/LT1011M and 95°C for 
the LT1011AC/LT1011C. 

Note 3: Output is sinking 1.5mAwith VOUT=OV. 

Note 4: These specifications apply for all supply voltages from a single 
+5V to ± 15V, the entire input voltage range, and for both high and 
low output states. The high state is ISINK 2:100pA, VOUT 2:(V+ -1V) 
and the low state is ISINK :58mA, VouT:50.8V. Therefore, this 
specification defines a worst-case error band that includes effects due 
to common-mode signals, voltage gain, and output load. 

LT10ll/LT10llA 

Note 5: Drilt is calculated by dividing the offset voltage difference 
measured at min and max temperatures by the temperature difference. 

Note 6: Response time is measured with a 100mV step and 5mV over
drive. The output load is a 500n resistor tied to +5V. Time measure
ment is taken when the output crosses 1.4V. 

Note 7: Do not short the strobe pin to ground. It should be current 
driven at 3mA to 5mA for the shortest strobe time. Currents as low as 
500pA will strobe the LT111 A if speed is not important. External 
leakage on the strobe pin in excess of O.2pA when the strobe is "off" 
can cause offset voltage shilts. 

Note 8: See graph, Input Offset Voltage vs Common-Mode Voltage. 

TYPICAL PERFORmAnCE CHARACTERISTICS 

Input Bias Current 
45 

40 

35 Ib IFLOW~ OUT 10F 
I-- INPUTS 
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...... V 
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Transfer Function (Gain) 
50 

C~LL~CTJR -
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30 
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I I 
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LT10ll/LT10llA 

TYPICAL PERFORmAnCE CHARACTERISTICS 

Response Time
Collector Output 

100mV ~+-+-+---I-

o 

o 50 100 150 200 250 300 350 400 450 
TIME (ns) 

Response Time Using GNO Pin 
as Output 

Supply Current vs Supply 
Voltage 

I I 
I 
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COLLECTOR OUTPUT "LO" 

'I 
I 

I I I 
I I I 

I----
POSITIVE AND NEGATIVE SUPPLY 

COLTTOR rTPUI "HI" I 

o 10 15 20 25 30 

SUPPLY VOLTAGE (V) 
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TYPICAL PERFORmAnCE CHARACTERISTICS 

Output Saturation
Ground Output Output Saturation Voltage 

Response Time vs Input Step 
Size 

10 

0.6 

1\ 
1 .1 

ISINK=BmA 

l\\ l 
l~ 

....... TJ=125°C 

TJ=~ 

0.5 

~ 
gj 0.4 

~ 

1000 rVc:-S..,.=-±....,1::5V7"'""~-r-,--r.,--,-. 

RL = 50011 TO +5V +5V 

OVERDRIVE=5mV ;t>1 
BOO INPUT 3 _ 5000 

~ 7 

:5 600 t--t--t--T- ' + 1 
~ ":" ':' 

§; 0.3 
z 
o "" t--I- r-

~5OC 
is 
~ 400 t--t--t--T-j-b;o!""'T-T-j--j 

20 30 40 50 
OUTPUT CURRENT (mA) 

~ 
~ 0.2 
~ 
<J) 

0.1 

o 
o 

Input Offset Voltage vs Common
Mode Voltage 

2.5 

2.0 

_ 1.5 

TJ=25°C 

g 
w 1.0 

UPPER COMMON·MODE_ 
lIMIT=V+-(1.5V) 

; 0.5 

~ J'-.,. 
.t;; 
~ -0.5 
o 

V 
I"" 

~ -1.0 

~ -1.5 1= V-lOR GND WITH 
SINGLE SUPPLY) 

-2.0 

-2.5 
V- 0.1 0.2 0.3 0.4 0.5 0.6 0.7 

COMMON·MODE VOLTAGE (V) 
V+ 

;t 

rf 

2 3 4 5 6 3 4 5 6 7 
INPUT OVERDRIVE (mV) INPUT STEP (V) 

Offset Pin Characteristics 

j....oo-" 

I---" r- ,...-
1: O.B 

~ 0.6 

~ 0.4 .. 
~ 0.2 ~~ IN Vas FOR CURRENT INTO PIN 5 OR 6 
<C 

5 0 

-150mV 

-100mV )-- t--VOLTAGE ON PINS 5 AND 6-t= 
-50mV 

WITH RESPECT TO V + 

o 
-50 -25 0 25 50 75 100 125 150 

TEMPERATURE (OC) 

8 9 10 
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APPLICATions InFoRmATion 

Preventing Oscillation Problems 

Oscillation problems in comparators are nearly always 
caused by stray capacitance between the output and in
puts or between the output and other sensitive pi ns on the 
comparator. This is especially true with high gain-band
width comparators like the LT1011, which are designed for 
fast s~itching with millivolt input signal levels. The gain
bandwidth product of the LT1011 is over 10GHz. Oscilla
tion problems tend to occur at frequencies around 5M Hz, 
where the LT1011 has a gain of "'" 2000. This implies that 
attenuation of output signals must be at least 2000:1 at 
5MHz as measured at the inputs. If the source imped
ance is 1 kO, the effective stray capacitance between 
output and input must have a reactance of more than 
(2000) (1 kO) = 2MO, or less thanO.02pF. The actual in
terlead capacitance between input and output pins on the 
LT1011 is less than 0.002pF when cut to printed circuit 
mount length. Additional stray capacitance due to printed 
circuit traces must be minimized by routing the output 
trace directly away from input lines and, if possible, run
ning ground traces next to input traces to provide shield
ing. Additional steps to ensure oscillation-free operation 
are: 

1. Bypass the strobe/balance pins with a 0.01p.F 
capacitor connected from pin 5 to pin 6. This elimi
nates stray capacitive feedback from the output to the 
balance pins, which are nearly as sensitive as the 
inputs. 

2. Bypass the negative supply (pin 4) with a 0.1p.F 
ceramic capacitor close to the comparator. 0.1p.F can 
also be used for the positive supply (pin 8) if the pull
up load is tied to a separate supply. When the pull-up 
load is tied directly to pin 8, use a 2p.F solid tantalum 
bypass capacitor. 

3. Bypass any slow moving or DC input with a capacitor 
(~0.01p.F) close to the comparator to reduce high 
frequency source impedance. 

4. Keep resistive source impedance as low as possible. 
If a resistor is added in series with one input to bal
ance source impedances for DC accuracy, bypass it 
with a capacitor. The low input bias current of the 
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LT1 011 usually eliminates any need for source resist
ance balancing. A 5kO imbalance, for instance, will 
create only 0.25mV DC offset. 

5. Use hysteresis. This consists of shifting the input off
set voltage of the comparator when the output 
changes state. Hysteresis forces the comparator to 
move quickly through its linear region, eliminating 
oscillations by "overdriving" the comparator under 
all input conditions. Hysteresis may be either AC or 
DC. AC techniques do not shift the apparent offset 
voltage of the comparator, but require a minimum in
put signal slew rate to be effective. DC hysteresis 
works for all input slew rates, but creates a shift in off
set voltage dependent on the previous condition of the 
input signal. The circuit shown below is an excellent 
compromise between AC and DC hysteresis. 

Comparator with Hysteresis 

To.1 

This circuit is especially useful for general purpose 
comparator applications because it does not force any 
signals directly back onto the input signal source. In
stead, it takes advantage of the unique properties of 
the balance pins to provide extremely fast, clean out
put switching even with low frequency input signals 
in the millivolt range. The 0.003p.F capacitor from pin 
6 to pin 8 generates AC hysteresis because the volt
age on the balance pins shifts slightly, depending on 
the state of the output. Both pins move about 4mV. If 
one pin (6) is bypassed, AC hysteresis is created. It is 
only a few millivolts referred to the inputs, but is suffi
cient to switch the output at nearly the maximum 
speed of which the comparator is capable. To prevent 
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problems from low values of input slew rate, a slight 
amount of DC hysteresis is also used. The sensitivity 
of the balance pins to current is about 0.5mV input 
referred offset for each microampere of balance pin 
current. The 15mO resistor tied from output to pin 5 
generates 0.5mV DC hysteresis. The combination of 
AC and DC hysteresis creates clean oscillation-free 
switching with very small input errors. The curve 
below plots input referred error versus switching fre
quency for the circuit as shown. 

-1 

-2 

Input Offset Voltage vs Time to 
Last Transition 

\ 
\ C8_6=0.003~F 

~ II IIIII 

" bu+p'uV ,'.I~b" TO "HI" 

OUTPUT "m" TO "LO" 

(50kHz) II (5kHz) III 
1i<S 10i<S 100i<S 

TIME/FREQUENCY 
1m, 

Note that at low frequencies, the error is simply the DC 
hysteresis, while at high frequencies, an additional 
error is created by the AC hysteresis. The high fre
quency error can be reduced by reducing CH, but 
lower values may not provide clean switching with 
very low slew rate input signals. 

Input Protection 

The inputs to the LT1 011 are particularly suited to general 
purpose comparator applications because large differen
tial and / or common-mode voltages can be tolerated with
out damage to the comparator. Either or both inputs can 
be raised 40V above the negative supply, independent of 
the positive supply voltage. Internal forward biased 
diodes will conduct when the inputs are taken below the 

LT10ll/LT10llA 

negative supply. In this condition, input current must be 
limited to 1 mAo If very large (fault) input voltages must be 
accommodated, series resistors and clamp diodes should 
be used (see drawing below). 

Limiting Fault Input Currents 

R1·· 

INPUTS [--'II...,.,..-+--+----''I/IIIio~ R2·· 

01-D41N4148 
·MAY BE ELIMINATED FOR 
I fAULT "1mA 

··SELECT ACCORDING TO ALLOWABLE 
FAULT CURRENT AND POWER 
DISSIPATION 

v+ 

v-

The input resistors should limit fault current to a 
reasonable value (0.1mA to 20mA). Power dissipation in 
the resistors must be considered for continuous faults, 
especially when the LT1011 supplies are off. And one 
final caution: lightly loaded supplies may be forced to 
higher voltages by large fault currents flowing through 
D1-D4. 

R3 and R4 limit input current to the LT1 011 to less than 
1mA when the input signals are held below V-. They 
may be eliminated if R1 and R2 are large enough to limit 
fault current to less than 1mA. 

Input Slew Rate Limitations 

The response time of a comparator is typically measured 
with a 100mV step and a 5mV-10mV overdrive. Unfor
tunately, this does not simulate many real-world situa
tions where the step size is typically much larger and 
overdrive can be significantly less. In the case of the 
LT1 011, step size is important because the slew rate of 
internal nodes will limit response time for input step sizes 
larger than 1V. At 5V step size, for instance, response 
time increases from 150ns to 360ns. See the curve la
beled Response Time vs Input Step Size for more detail. 
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APPLICATions InFoRmATion 
If response time is critical and large input signals are 
expected, clamp diodes across the inputs are recom
mended. The slew rate limitation can also affect perform
ance when differential input voltage is low, but both 
inputs must slew quickly. Maximum suggested common
mode slew rate is 1 OV IpS. 

Strobing 

The LT1011 can be strobed by pulling current out of the 
strobe pin. The output transistor is forced to an "off" 
state, giving a "hi" output at the collector (pin 7). Cur
rents as low as 250pA will cause strobing, but at low 
strobe currents strobe delay will be 200ns-300ns. If 
strobe current is increased to 3mA, strobe delay drops to 
about 60ns. The voltage at the strobe pin is about 150mV 
below V+ at zero strobe current and about 2V below V+ 
for 3mA strobe current. Do not ground the strobe pin. It 
must be current driven. The drawing below shows a 
typical strobe circuit. 

Typical Strobe Circuit 
+15V + 

":"4-- OUTPUT 

TIL OR 
CMOS DRIVE (5V SUPPLY) 

Note that there is no bypass capacitor between pins 5 
and 6. This maximizes strobe speed, but leaves the com
parator more sensitive to oscillation problems for slow, 
low level inputs. A 1 pF capacitor between the output and 
pin 5 will greatly reduce oscillation problems without 
reducing strobe speed. 

DC hysteresis can also be added by placing a resistor 
from output to pin 5. See step number 5 under" Prevent
ing Oscillation Problems". 

The pin (6) used for strobing is also one of the offset ad
just pins. Current flow into or out of pin 6 must be kept 
very low «0.2pA) when not strobing to prevent input 
offset voltage shifts. 
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Output Transistor 

The LT1 011 output transistor is truly floating in the sense 
that no current flows into or out of either the collector or 
emitter when the transistor is in the "off" state. The 
equivalent circuit is shown in the drawing below. 

Output Transistor Circuitry 

V+ 

H*",,~~-+-_-COLLECTOR (OUTPUT) 

OUTPUT 
TRANSISTOR 

~---j~ EMITIER (GND PIN) 

In the "off" state, 11 is switched off and both Q1 and Q2 
turn off. The collector of Q2 can be now held at any volt
age above V- without conducting current, including volt
ages above the positive supply level. Maximum voltage 
above V- is 50V for the LT1011 and 40V for the 
LT1011C. The emitter can be held at any voltage between 
V+ and V- as long as it is negative with respect to the 
collector. 

In the "on" state, i1 is connected, turning on Q1 and Q2. 
Diodes D1 and D2 prevent deep saturation of Q2 to im
prove speed and also limit the drive current of Q1. The 
R1 IR2 divider sets the saturation voltage of Q2 and pro
vides turn-off drive. Either the collector or emitter pin can 
be held at a voltage between V+ and V-. This allows the 
remaining pin to drive the load. In typical applications, 
the emitter is connected to V- or ground and the collector 
drives a load tied to V+ or a separate positive supply. 
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When the emitter is used as the output, the collector is 
typically tied to V+ and the load is connected to ground or 
V- . Note that the emitter output is phase reversed with 
respect to the collector output so that the •• + " and 
" -" input designations must be reversed. When the 
collector is tied to V+, the voltage at the emitter in the 
"on" state is about 2V below V+ (see curves). 

Input Signal Range 

The common-mode input voltage range of the LT1011 is 
about 300mV above the negative supply and 1.5V below 

TYPICAL APPLICATiOnS 
Offset Balancing 

R2 
3.0k 

Driving Load Referenced 
to Positive Supply 

v-

v + + CAN BE GREATER OR LESS THAN V + 

LT10ll/LT10llA 

the positive supply, independent of the actual supply 
voltages (see curve in typical performance characteris
tics). This is the voltage range over which the output will 
respond correctly when the common-mode voltage is 
applied to one input and a higher or lower signal is applied 
to the remaining input. If one input is inside the common
mode range and one is outside, the output will be correct. 
If the inputs are outside the common-mode range in op
posite directions, the output will still be correct. If both in
puts are outside the common-mode range in the same 
direction, the output will not respond to the differential in
put; it will remain unconditionally high (collector output). 

Strobing 

TIL 
STROBE 

NOTE: DO NOT GROUND STROBE PIN. 

Driving Load Referenced 
to Negative Supply 

V+ v 

INPUTS' 

• INPUT POLARITY IS REVERSED WHEN 
USING PIN 1 AS OUTPUT 
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TYPICAL APPLICATions 

Driving Ground Referred Load Window Detector 

5 .. 14 

• INPUT POLARITY IS REVERSED WHEN USING 
PIN 1 AS OUTPUT 

~V++ MAY BE ANY VOLTAGE 
ABOVE V - . PIN 1 SWINGS 
TO WITHIN -2V OF V++. 

HIGH 
LIMIT 

LOW 
LIMIT 

Using Clamp Diodes to Improve Frequency Response* 

CURRENT MODE INPUT_-_-...... ---=-
(OAC, ETC) 

85 
KHz 

D, D, 

R, 
GROUND OR 

'---4 ...... __ LOW IMPEOANCE 
REFERENCE 

·SEE CURVE, "RESPONSE TIME VS INPUT STEP SIZE" 

Crystal Oscillator 

10k 

SOk 

1k 

~~+----+--- OUT 

10k 

10k 

OUTPUT 

OUTPUT HIGH 
INSIDE "WINDOW" 
AND LOW 
ABOVE HIGH 
LIMIT OR 
BELOW LOW 
LIMIT 



TYPICAL APPLICATions 

2V-25V R1' 

Noise Immune 60Hz Line Sync** 

R2 
75k 

+5V 

+5V 

R3 
1k 

rms 330k 

I~~~~ -+4I-WII-+-.....:..t 

R6 
27k 

R4 
27k 

+5V-....,.._+------..... 
R5 
10k 

'INCREASE R1 FOR LARGER INPUT 
VOLTAGES 

"LT1011 SELF OSCILLATES AT =60Hz, 
CAUSING IT TO "LOCK" ON TO INCOM
ING LINE SIGNAL. 

Combining Offset Adjust and Strobe 

V+ 

10k 

TIL OR CMOS 
5V 

C1 

50~F'J 

LT10ll/LT10llA 

High Efficiency**Motor Speed Controller 

R1 
1k 

R2 R3' 
4700 10k 

+15V 

-5VTO 
-15V OV-10V 

INPUT 

+15V 

-------..., 
MOTOR-TACH I 

GLOBE 397A120-2 I 

R6 
2k 

R7 
1k 

'R3/C2 OETERMINES OSCILLATION 
FREQUENCY OF CONTROLLER 

'" c e 
a::: c 
a::: 
Q. 

e o u 
"Q1 OPERATES IN SWITCH MODE • 

Direct Strobe Drive when CMOS* Logic 
Uses Same V+ Supply as LT1011 

V+ 

'NOT APPLICABLE FOR TIL LOGIC 

Combining Offset Adjustment and Hysteresis 

5k 
V+ 

'HYSTERESIS IS = 0.45mV / ~ OF 
CURRENT CHANGE IN RH 

"THIS RESISTOR CAUSES HYSTERESIS 
TO BE CENTEREO AROUND Vas 
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TYPICAL APPLICATions 

5-16 

2.0k 

Low Drift R / C Dscillator t 

10k· 
10k· 

BUFFERED 
OUTPUT 

~----------------------~~~+15 

10k· 

·1% METAL FILM 
•• ~ TRW TYPE MTR-5/ + 120ppm/-C. 
C, ~ .015 ~ POLYSTYRENE -120ppmrC±30ppm WESCO TYPE 32-P 
NOTE: COMPARATOR CONTRIBUTES", 10ppml -C DRIFT FOR 

FREQUENCIES BELOW 10kHz. 
tLOW DRIFT AND ACCURATE FREQUENCY ARE 

OBTAINED BECAUSE THIS CONFIGURATION 
REJECTS EFFECTS DUE TO INPUT OFFSET 
VOLTAGE AND BIAS CURRENT OF THE 
COMPARATOR. 

Positive Peak Detector 

+15V 

INPUT-_IIw--"";' 

100pi 

·MYLAR 
··SELECT FOR REQUIRED RESET TIME CONSTANT 

Negative Peak Detector 

• MYLAR 
··SELECT FOR REQUIRED RESET TIME CONSTANT 



TYPICAL APPLICATions 
+15V 

R3 -15V 
3.9k 

4-Digit (10,000 Count) A-D Converter 

INPUT 
OV-10V +15V 

R11 

+5V 

R6 
4.7k 

M 6_ 
5.6k 

C6 
50pF 

START 

o<12ms-fi--

ALL DIODES IN4148 
·POLYSTYRENE 

··NPO 

Capacitance to Pulse Width Converter 

n n THO< [CMAX (pF)] [1,.s/pF] 
.J . LJ L TLO< 10· CMAX • (1,.s/pF) 

TIL OR 01 
CMOS 

(OPERATING """'1r11*" ..... --"""'1r-, 
ON +5V) 

02 

RI 
5k 

0.01 R5 n 
4.7k..J L 

~_ ..... _OUTPUT 
1,.s/pF 

R4 
10k 

C-

~ 
·PW =(R2 + R3) (C) (RI ~ R4) , INPUT CAPACITANCE OF 

LTI011 IS =6pF. THIS IS AN OFFSET TERM. 
hHESE COMPONENTS MAY BE ELIMINATED IF NEGATIVE SUPPLY 

IS AVAILABLE (-IVTO -15V). 
··TYPICAL 2 SECTIONS OF 365pF VARIABLE 

CAPACITOR WHEN USEO AS SHAFT ANGLE 
INDICATION. 

LT10ll/LT10llA 

OUTPUT = 1 COUNT 
PER mV, f=IMHz 
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TYPICAL APPLICATions 
Fast Settling* Filter 

loopF 

+15 

OUTPUT 
4.7k 

VIN - .... -----'\M----4-_+. 

INPUT 
oV-l0V 

5-18 

4.7k 

1.5k 

5k 
THRESHOLD 'CoMPARAToRS DRIVE oPTD-CoUPLED FET 

"ON" WHEN DIFFERENCE BETWEEN OUTPUT 
AND INPUT EXCEEDS THRESHOLD. WHEN 
OUTPUT APPROACHES INPUT, THE FET TURNS 
"OFF" AND LOW PASS FILTERING OCCURS. 

t FROM THETA-J CORP., WOBURN, MASS. 

10Hz to 100kHz Voltage to Frequency Converter 

+15V 

R1 
5k 

FULL-SCALE R3 
TRIM B.06k "::" 

+15V 
Rl7t 

10Hz R16 
11M 

TRIM 50k 

-15V 

ALL DIODES lN414B 
TRANSISTORS 2N3904 

'USED oNLVTo 
GUARANTEE START-UP 

tMAY BE INCREASED FOR 
BEDER 10Hz TRIM 
RESOLUTION 

Rl 
4.7k 

C1 

O.6B"FT 

R4 
1M 

Cl 
0.001 

POLYSTYRENE 

+15V 

+15V 

RB 
4.7k 

-15V 

1.5", 

-Ir---lnnr+4AV 

U U U -15V 

Rll 
20k 

R12 
lOOk 

+15V 

R9 
5k 

LlNEARITY~O.Ol% 



TYPICAL APPLICATions 

0.033 

AC INPUT---<.....,IM ...... _"'I 

SCHEmATIC DIAGRAm 

RI 
1.3k 

-5V 

R2 
1.3k 

100kHz Precision Rectifier 

R3 
300 

+5V 

-5V 

LT10ll/LT10llA 

1k 

RECTIFIED 
OUTPUT 

1---+"""'MlJ OUTPUT 

1 GND 
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PACKAGE DESCRIPTion 

H Package 
Metal Can 

~ 
(::~~~D~A~:;~~) -. 
0.305-0.335 .. 

1
"-(7.741-8.509) 1 

0.040 OIA 

(1T16) ~f-..-O';;;05,"O----T. 
MAX (1.270) 0.165-0.185 t MAX (4.191-4.699) 

,-- ~'~---~: ,--t~ - - ---t-~~~~ 0.500-0.750 

.010-0045 00 0 ~G (12.70.19.05) 

(02~4-1143) II 0.016-0.-:-02-,-------'-

I~- ~IO'406TY~'533) 

450TYP ./ //,-- 0027-0045 

(0686-0864) a10 2 

J8 Package 
8 Lead Hermetic DIP D 5-t 

0.220-0.310 
(5.588-7.874) 

.1 4 __ ~ 

II 0.055 
---+- -(1.397) MAX 

1'-1:04::)~1 0.200 MAX 
(5.080)~ 0.005 

~ j3"iiO"i 
(3.175-5.080) MIN 

I I 
II 1\ 

1/ \l 
/I It / 

0027-0034/~/.?4 10686-1143) mo GLASS 
7 3 

'---------++0 0 
61 I 

0 50 4° 

j'''r'~-<-IOM11~7) .+ 

1 -t I~ -0.150 

t J I-II ~t .!:.!!!!!.....-.. (O.762Ty~·778) 

(2.540) 0014-0023 
asc· --(0:356-0:584) 

,A, 
-/1-<-0'-15' -III~ O.OOH-0015 (0203-0.381) 

TYP 

.- (~:;:~=~:~~~) .. 

~(3.048-4.064) 
INSULATING 
STANDOFF 

.-~ 1'·540) asc· 
.- RADTYP 

TY' 

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

NOTE: DIMENSIONS IN INCHES 
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N8 Package 
8 Lead Plastic 

F9 + 0.240L.'80 

~_r~:r12J 
J 1-<-~MAx !£ 

(1.016) (1.524) 
SO 

I 0.370-0.400----....

1 . I:Jl:~-;~ 
0.155-0.175 

(3.937-4.445) ,-- --. 
0.125-0.130 t r I I 0.115-0.145 
~ ~ 1,.921.3.683) 

t 0100 J I 11-<-1::::=::::) _._ ~ TYP 

(~;~~) -......-~ 
TVP (0.356-0.584) 

TYP 

,AI-<-7.±5. 

, I 
, I 

" I 
" II 

-I ro.-w _'II~ 0.OOH-0.015 (O.Z03-0381) 
TYP 

(~:~:~=~:~~~) .. 
NOTE: DIMENSIONS IN INCHES UNLESS OTHERWISE NOTED 

-LEADS WITHIN 0.007 OF TRUE POSITION (TP) AT GAUGE PLANE 
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FEATURES 
• Ultra Fast (10ns typ) 
• Operates Off Single + 5V Supply, or ± 5V 
• Complementary Output to TTL 
• Low Offset Voltage 
• No Minimum Input Slew Rate Requirement 
• No Power Supply Current Spiking 
• Output Latch Capability 

APPLICATions 
• High Speed A to D Converters 
• High Speed Sampling Circuits 
• Line Receiver 
• Extended Range V to F Converters 
• Fast Pulse Height/Width Discriminators 

10-25MHz Crystal Oscillator 
+5V 

22!l 

2k 10-25MHz 
(AT CUT) 

'I 820pF 

T200PF 

OUTPUT 

DESCRIPTion 
The LT1 016 is an ultra fast (10ns) comparator specifi
cally designed to interface directly to TTL logic while 
operating off either a dual ± 5V supply or a single + 5V 
supply. Tight offset voltage specifications and high gain 
allow the LT1016 to be used in precision applications. 
Matched complementary outputs further extend the ver
satility of this new comparator. 

A unique output stage is featured on the LT1 016. It pro
vides active drive in both directions for maximum speed 
into TTL logic or passive loads, yet does not exhibit the 
large current spikes normally found in "totem pole" 
output stages. This eliminates the need for a minimum 
input slew rate typical of other very fast comparators. 
The ability of the LT1 016 to remain stable with the out
puts in the active region greatly reduces the problem of 
output "glitching" when the input signal is slow mov
ing or is low level. 

The L T1 016 has a true latch pin for retaining input data 
at the outputs. The outputs will remain latched as long 
as the latch pin is held high. Quiescent negative power 
supply current is only 3mA-about ten times lower than 
competitive units. This reduces die temperature and 
allows the negative supply pin to be driven from virtually 
any supply voltage with a simple resistive divider. 
Device performance is not affected by variations in nega
tive supply voltage. 

VIN 
100mV STEP 

5mV OVERDRIVE 

VOUT 
lV/DIV 

Response Time 

, /;rHRESHO LD'--"i -

J( J 

\ 
\ 

It- ---u 
20 0 

TIME(n,) 

/ 

20 
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ABSOLUTE mAXimum RATinGS 
Positive Supply Voltage (Note 4) ............... 7V 
Negative Supply Voltage ..................... 7V 
Differential Input Voltage ................... oJ::. 5V 
Input Voltage (Either Input) ........ Equal to Supplies 
Latch Pin Voltage ................ Equal to Supplies 
Output Current (Continuous) .............. oJ::. 20mA 
Operating Temperature Range 

LT1016M ................. -55°Cto +125°C 
LT1016C ...................... O°Cto +70°C 

Storage Temperaure Range ...... - 65°C to + 150°C 
Lead Temperature (Soldering, 10 sec) ........ 300°C 

ELECTRICAL CHARACTERISTICS 

PACKAGE/ORDER InFORmATiOn 
TOP VIEW 

LATCH 
ENABLE 

METAL CAN H PACKAGE 

TOP VIEW 

HERMETIC OIP J8 PACKAGE 
PLASTIC OIP N8 PACKAGE 

ORDER PART NUMBER 

LT1016MH 
LT1016CH 

LT1016MJ 
LT1016CJ 
LT1016CN 

v+ =5V, v- =5V, VouT(O)=1.4V, VLATCH=OV, TA=25°C, unless otherwise noted. 

LT1016M LT1016C 
SYMBOL PARAMETERS CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

Vos Input Offset Voltage Rs:s;1000 (Note 1) 0.8 ±2 1.0 ±3 mV 

• 3 3.5 mV 

.:lVos Input Offset Voltage Drift • 4 4 /LV/oC 

.:IT 

los Input Offset Current (Note 1) 0.3 1 0.3 1 /LA 

• 1.3 0.3 1.3 p.A 

18 Input Bias Current (Note 2) 5 10 5 10 /LA 

• 13 13 p.A 
Input Voltage Range (Note 5) • -3.75 +3.5 -3.75 +3.5 V 

Single + 5V Supply • +1.25 +3.5 +1.25 +3.5 V 
CMRR Common·Mode Rejection -3. 75V :S;VCM:S; +3.5V • 80 96 80 96 dB 
PSRR Supply Voltage Rejection Positive Supply 4.6V :s;V+ :s;5.4V • 70 85 70 85 dB 

Negative Supply 2V :s;V- :s; 7V • 80 100 80 100 dB 

Av Small Signal Voltage Gain W:s;VouT :s;2V 1400 3000 1400 3000 V/V 
VOH Output High Voltage V+ :s;4.6V, 10UT=lmA • 3.0 3.4 3.0 3.4 V 

IOUT=10mA • 2.4 3.0 2.4 3.0 V 

VOL Output Low Voltage ISINK =4mA • 0.3 0.5 0.3 0.5 V 
ISINK =10mA 0.4 0.4 V 

1+ Positive Supply Current • 25 35 25 35 mA 
I Negative Supply Current • 3 5 3 5 mA 
VIH Latch Pin Hi Input Voltage • 2.0 2.0 V 

VI Latch Pin Lo Input Voltage • 0.8 0.8 V 

IlL Latch Pin Current VLATCH =OV • 500 500 /LA 
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ELECTRICAL CHARACTERISTICS 
v + = 5V, V - = 5V, VOUT(O) = 1.4V, VLATCH = OV, T A = 25°C, unless otherwise noted. 

LT1016M LT1016C 
SYMBOL PARAMETERS CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

tpD Propagation Delay ~VIN=100mV, OD=5mV 10 14 10 14 ns 

(Note 3) • 16 16 ns 

~VIN=100mV, OD=;20mV 9 12 9 12 ns 

• 15 15 ns 

~tpD Differential PropagatiDn 
Delay 

(Note 3) ~VIN=100mV, OD=5mV 3 3 ns 

Latch Setup Time 2 2 ns 

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

Note 3: Propagation delay is measured with the overdrive added to actual 
Vos. Units are sample tested only. 

Note 1: Input offset voltage is defined as the average of the two voltages 
measured by forcing first one output, then the other to I.4V. Input offset 
current is defined in the same way. 

Note 4: Electrical specifications apply only up to 5.4V. 

Note 5: See text for discussion of input voltage range for supplies other 
than ± 5V, or + 5V. 

. Note 2: Input bias current (I B) is defined as the average of the two input cur
rents. 

TYPICAL PERFORmAnCE CHARACTERISTICS 
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TYPICAL PERFORmAnCE CHARACTERISTICS 
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TYPICAL PERFORmAnCE CHARACTERISTICS 
Latch Pin Threshold 
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APPLICATions InFORmATion 
Gommon-Mode Considerations 

The LT1016 is specified for a common-mode range of 
-3.75V to +3.5V with supply voltages of ± 5V. A more 
general consideration is that the common-mode range is 
1.25V above the negative supply and 1.5V below the 
positive supply, independent of the actual supply voltage. 
The criteria for common-mode limit is that the output still 
responds correctly to a small differential input signal. 
Either input may be outside the common-mode limit (up to 
the supply voltage) as long as the remaining input is 
within the specified limit, and the output will still respond 
correctly. There is one consideration, however, for inputs 
which exceed the positive common-mode limit. Propaga
tion delay will be increased by up to 1 Ons if the signal in
put is more positive than the upper common-mode limit 
and then switches back to within the common-mode 
range. This effect is not seen for signals more negative 
than the lower common-mode limit. 

Input Impedance and Bias Current 

Input bias current is measured with the output held at 
1.4V. As with any simple NPN differential input stage, the 
LT1 016 bias current will go to zero on an input which is 
low and double on the input which is high. If both inputs 
are less than 0.8V above V- , both input bias currents 
will go to zero. If either input exceeds the positive 

Latch Pin Current* 
300 

VS=I±5V 

250 

200 

1 -I--
~ 150 

~ 
100 

50 
'CURRENT COMES OUT Of LATCH PIN 

BELOW THRESHOLD 
o 
-~ -~ 0 ~ ~ ~ 100 1~ 

JUNCTION TEMPERATUREI'C) 

common-mode limit, input bias current will increase 
rapidly, approaching several milliamperes at VIN = V+ . 

Differential input resistance at zero differential input 
voltage is about 10kO, rapidly increasing as larger DC dif
ferential input signals are applied. Common-mode input 
resistance is about 4MO with zero differential input 
voltage. With large differential input signals, the high in
put will have an input resistance of about 2MO and the 
low input, greater than 20MO. 

Input capacitance is typically 3.5pF. This is measured by 
inserting a 1 kO resistor in series with the input and 
measuring the resultant change in propagation delay. 

Latch Pin Dynamics 

The latch pin is intended to retain input data (output 
latched) when the latch pin goes high. This pin will float 
to a high state when disconnected, so a flow-through 
condition requires that the latch pin be grounded. To 
guarantee data retention, the input signal must be valid at 
least 5ns before the latch goes high (set-up time) and 
must remain valid at least 3ns after the latch goes high 
(hold time). When the latch goes low, new data will ap
pear at the output in approximately 8-1 Ons. The latch pin 
is designed to be driven with TTL or CMOS gates. It has 
no built-in hysteresis. 
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APPLICATions InFoRmATion 
Measuring Response Time 

The L T1 016 is able to respond quickly to fast low level 
signals because it has a very high gain-bandwidth 
product (:::::50GHz), even at very high frequencies. To 
properly measure the response of the LT1 016 requires an 
input signal source with very fast rise times and excep
tionally clean settling characteristics. This last require
ment comes about because the standard comparator test 
calls for an input step size that is large compared to the 
overdrive amplitude. Typical test conditions are 100mV 
step size with only 5mV overdrive. This requires an input 
signal that settles to within 1 % (1 mV) of final value in on
ly a few nanoseconds with no ringing or "long tailing". 
Ordinary high speed pulse generators are not capable of 
generating such a signal, and in any case, no ordinary 
oscilloscope is capable of diplaying the waveform to 
check its fidelity. Some means must be used to inherently 
generate a fast, clean edge with known final value. 

The circuit shown in Figure 1 is the best electronic means 
of generating a known fast, clean step to test com
parators. It uses a very fast transistor in a common base 
configuration. The transistor is switched "off" with a 
fast edge from the generator and the collector voltage set
ties to exactly OV in just a few nanoseconds. The most im
portant feature of this circuit is the lack of feedthrough 
from the generator to the comparator input. This prevents 
overshoot on the comparator input which would give a 
false fast reading on comparator response time. 

To adjust this circuit for exactly 5mV overdrive, V1 is ad
justed so that the L T1 016 output under test settles to 

7500 

- 5V 

1.4V (in the linear region). Then V1 is changed 5V to set 
overdrive at 5mV. 

The test circuit shown measures low to high transition on 
the" +" input. For opposite polarity transitions on the 
output, simplyreverse the inputs of the LT1016. 

High Speed Design Techniques 

A substantial amount of design effort has made the 
L T1 016 relatively easy to use. It is much less prone to 
oscillation and other vagaries than some slower com
parators, even with slow input signals. In particular, the 
LT1016 is stable in its linear region, a feature no other 
high speed comparator has. Additionally, output stage 
switching does not appreciably change power supply 
current, further enhancing stability. These features make 
the application of the 50GHz gain-bandwidth LT1016 
considerably easier than other fast comparators. Unfor
tunately, laws of physics dictate that the circuit 
environment the LT1016 works in must be properly 
prepared. The performance limits of high speed circuitry 
are often determined by parasitics such as stray 
capacitance, ground impedance, and layout. Some of 
these considerations are present in digital systems where 
designers are comfortable describing bit patterns and 
memory access times in terms of nanoseconds. The 
LT1016 can be used in such fast digital systems and 
Figure 2 shows just how fast the device is. The simple 
test circuit allows us to see that the LT1016's (Trace 8) 

+5V 0.01" 

101) 

~ 
-10X SCOPE PROBE 
(C'N~10pF) 

ii·'Ii.iiiJ __ 10X SCOPE PROBE 
(C'N~10pF) 

0.01 

~ 
-5V 

'SEE TEXT FOR CIRCUIT EXPLANATION 
"TOTAL LEAD LENGTH INCLUDING DEVICE PIN, 

SOCKET AND CAPACITOR LEADS SHOULD BE 
LESS THAN 0.5 IN. USE GROUND PLANE 

t(Vos+OVERDRIVE) x 1000 

Figure 1. Response Time Test Circuit 
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APPU(AT~OdlS InFORmATion 
response to the pulse generator (Trace A) is as fast as a 
TIL inverter (Trace C) even when the L T1 016 has only 
millivolts of input signal! Linear circuits operating with 
this kind of speed make many engineers justifiably wary. 
Nanosecond domain linear circuits are widely associated 
with oscillations, mysterious shifts in circuit characteris
tics, unintended modes of operation and outright failure 
to fu nction. 

Other common problems include different measurement 
results using various pieces of test equipment, inability to 
make measurement connections to the circuit without 
inducing spurious responses and dissimilar operation be
tween two "identical" circuits. If the components used 
in the circuit are good and the design is sound, all of the 
above problems can usually be traced to failure to provide 
a proper circuit "environment." To learn how to do this 
requires studying the causes of the aforementioned 
difficulties. 

By far the most common error involves power supply 
bypassing. Bypassing is necessary to maintain low sup
ply impedance. DC resistance and inductance in supply 
wires and PC traces can quickly build up to unacceptable 
levels. This allows the supply line to move as internal cur-

PULSE 
GENERATOR 

LT1016 

rent levels of the devices connected to it change. This will 
almost always cause unruly operation. In addition, 
several devices connected to an unbypassed supply can 
"communicate" through the finite supply impedances, 
causing erratic modes. Bypass capacitors furnish a sim-
ple way to eliminate this problem by providing a local 
reservoir of energy at the device. The bypass capaCitor 
acts like an electrical flywheel to keep supply impedance 
low at high frequencies. The choice of what type of 
capaCitors to use for bypassing is a critical issue and 
should be approached carefully. An unbypassed LT1016 
is shown responding to a pulse input in Figure 3. The 
power supply the LT1 016 sees at its terminals has high 
impedance at high frequency. This impedance forms a va 
voltage di.vider WI ith thd~' L T1 ~16t'haIiOWing the SUhPPIY to ~ 
move as Interna con Itions In e comparator c ange. ... 
This causes local feedback and oscillation occurs. :5 
Although the LT1 016 responds to the input pulse, its out- cz: 
put is a blur of 100M Hz oscillation. Always use bypass Q. 

capaCitors. ~ 
In Figure 4 the LT1 016's supplies are bypassed, but it U 
still oscillates. In this case, the bypass units are either too n 
far from the device or are lossy capacitors. Use capacitors g 
with good high frequency characteristics and mount 

Figure 2. LT1016 vs a TTL Gate 

A=2V/OIV A=2V/DIV 

HORIZONTAL= 100ns/DIV HORIZONTAL= 100ns/DIV 

Figure 3. Unbypassed L T1 016 Response Figure 4. L T1 016 Response with Poor Bypassing 
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APPLICATions InFoRmATion 
them as close as possible to the LT1016. An inch of wire 
between the capacitor and the LT1016 can cause prob
lems. If operation in the linear region is desired, the 
LT1 016 must be over a ground plate with good RF bypass 
capacitors (?:. 0.01 {tF) having lead lengths less than 0.2 
inches. Do not use sockets. 

In Figure 5 the device is properly bypassed but a new 
problem pops up. This photo shows both outputs of the 
comparator. Trace A appears normal, but Trace B shows an 
excursion of almost 8V - quite a trick for a device running 
from a + 5V supply. This is a commonly reported problem 
in high speed circuits and can be quite confusing. It is not 
due to suspension of natural law, but is traceable to a 
grossly miscompensated or improperly selected oscil
loscope probe. Use probes which match your oscillo
scope's input characteristics and compensate them pro
perly. Figure 6 shows another probe-induced problem. 
Here, the amplitude seems correct but the 10ns response 
time LT1016 appears to have 50ns edges! In this case, the 

A=2V/DIV 

B=2V/DIV 

probe used is too heavily compensated or slow for the os
cilloscope. Never use 1 X or" straight" probes. Their band
width is 20MHz or less and capacitive loading is high. 
Check probe bandwidth to ensure it is adequate for 
the measurement. Similarly, use an oscilloscope 
with adequate bandwidth. 

In Figure 7 the probes are properly selected and applied 
but the L T1 016' s output rings and distorts badly. In this 
case, the probe ground lead is too long. For general pur
pose work most probes come with ground leads about 6 
inches long. At low frequencies this is fine. At high 
speed, the long ground lead looks inductive, causing the 
ringing shown. High quality probes are always supplied 
with some short ground straps to deal with this problem. 
Some come with very short spring clips which fix directly 
to the probe tip to facilitate a low impedance ground con
nection. For fast work, the ground connection to the 
probe should not exceed 1 inch in length. Keep the 

probe ground connection as short as possible. 

HDRIZDNTAL= 1Dns/DIV 

Figure 5. Improper Probe Compensation Causes 
Seemingly Unexplainable Amplitude Error 

VERTICAL = 1 V I DIV 

HORIZONTAL = 50ns/DIV 

Figure 6. Overcompensated or Slow Probes Make Edges 
Look Too Slow 

5-28 

VERTICAL= 1V IDIV 

HORIZONTAL = 2Dns/DIV 

Figure 7. Typical Results Due to Poor Probe Grounding 



APPLICATions InFORmATion 
Figure 8 shows the LT1016's output (Trace B) oscillating 
near 40MHz as it responds to an input (Trace A). Note 
that the input signal shows artifacts of the oscillation. 
This example is caused by improper grounding of the 
comparator. In this case, the LT1016's ground pin con
nection is 1 inch long. The ground lead of the LT1016 
must be as short as possible and connected directly to a 
low impedance ground point. Any sUbstantial impedance 
in the LT1016's ground path will generate effects like 
this. The reason for this is related to the necessity of 
bypassing the power supplies. The inductance created 
by a long device ground lead permits mixing of ground 
currents, causing undesired effects in the device. The 
solution here is simple. Keep the LT1016's ground pin 
connection as short (typically 1f4 inch) as possible and run 
it directly to a low impedance ground. Do not use sockets. 

Figure 9 addresses the issue of the "low impedance 
ground," referred to previously. In this example, the out
put is clean except for chattering around the edges. This 
photograph was generated by running the LT1 016 with
out a' 'ground plane." A ground plane is formed by using 
a continuous conductive plane over the surface of the cir-

LT1016 

cuit board. The only breaks in this plane are for the cir
cuit's necessary current paths. The ground plane serves 
two functions. Because it is flat (AC currents travel along 
the surface of a conductor) and covers the entire area of 
the board, it provides a way to access a low inductance 
ground from anywhere on the board. Also, it minimizes 
the effects of stray capacitance in the circuit by referring 
them to ground. This breaks up potential unintended and 
harmful feedback paths. Always use a ground plane with 
the LT1016, when input signal levels are low or slow 
moving. 

"Fuzz" on the edges is the difficulty in Figure 10. This 
condition appears similar to Figure 10, but the oscillation 
is more stubborn and persists well after the output has 
gone low. This condition is due to stray capacitive feed
back from the outputs to the inputs. A 3kQ input source 
impedance and 3pF of stray feedback allowed this oscilla
tion. The solution for this condition is not too difficult. 
Keep source impedances as low as possible, preferably 
1 kQ or less. Route output and input pins and components 
away from each other. 

HORIZONTAL = 100ns/DlV 

VERTICAL = 2V 1 DIV 

Figure 8. Excessive L T1 016 Ground Path Resistance 
Causes Oscillation 

VERTICAL = 2V 1 DIV 

HORIZONTAL= 100nsl DIV HORIZONTAL = 50ns/DlV 

Figure 9. Transition Instabilities Due to No Ground Plane Figure 10. 3pF Stray Capacitive Feedback with 3kfl 
Source Can Cause Oscillation 
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APPLICATions InFoRmATion 
The opposite of stray-caused oscillations appears in 
Figure 11. Here, the output response (Trace 8) badly lags 
the input (Trace A). This is due to some combination of 
high source impedance and stray capacitance to ground 
at the input. The resulting RC forces a lagged response at 
the input, and output delay occurs. An RC combination of 
2kO source resistance and 1 OpF to ground gives a 20ns 
time constant - significantly longer than the L T1 016's 
response time. Keep source impedances low and mini
mize stray input capacitance to ground. 

Figure 12 shows another capacitance-related problem. 
Here the output does not oscillate, but the transitions are 
discontinuous and relatively slow. The villain of this situa
tion is a large output load capacitance. This could be 
caused by cable driving, excessive output lead length or 
the input characteristics of the circuit being driven. In 
most situations this is undesirable and may be eliminated 
by buffering heavy capacitive loads. In a few cir-

A=2V/DIV 

VERTICAL 

B=2V/DIV 

cumstances it may not affect overall circuit operation and 
is tolerable. Consider the comparator's output load 
characteristics and their potential effect on the circuit. If 
necessary, buffer the load. 

Another output-caused fault is shown in Figure 13. The 
output transitions are initially correct but end in a ringing 
condition. The key to the solution here is the ringing. 
What is happening is caused by an output lead which is 
too long. The output lead looks like an unterminated 
transmission line at high frequencies and reflections oc
cur. This accounts for the abrupt reversal of direction on 
the leading edge and the ringing. If the comparator is 
driving TTL this may be acceptable, but other loads may 
not tolerate it. In this instance, the direction reversal on 
the leading edge might cause trouble in a fast TTL load. 
Keep output lead lengths short. If they get much longer 
than a few inches, terminate with a resistor (typically 
2500-4000). 

HORIZONTAL = 10ns/DIV 

Figure 11. Stray 5pF Capacitance from Input to Ground 
Causes Delay 

A=2V/DIV 

HORIZONTAL = 1 OOnsl OIV 

Figure 12. Excessive Load Capacitance Forces 
Edge Distortion 
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APPLICATions InFoRmATion 
200n8-0.01 % Sample-and-Hold Circuit 

Figure 14's circuit uses the LT1016's high speed to 
improve upon a standard circuit function. The 200ns ac
quisition time is well beyond monolithic sample-and-hold 
capabilities. Other specifications exceed the best com
mercial unit's performance. This circuit also gets around 
many of the problems associated with standard sample
and-hold approaches, including FET switch errors and 
amplifier settling time. To achieve this, the LT1 016's high 
speed is used in a circuit which completely abandons 
traditional sample-and-hold methods. 
Important specifications for this circuit include: 

Acquisition Time < 200ns 
Common-Mode Input Range ± 3V 
Droop 1 p.V I P.s 
Hold Step 2mV 
Hold Settling Time 15ns 
Feedthrough Rejection > > 100dB 

When the sample-hold line goes low, a linear ramp starts 
just below the input level and ramps upward. When the 
ramp voltage reaches the input voltage, A 1 shuts off the 
ramp, latches itself off, and sends out a signal indicating 
sampling is complete. 

LT1016 

4p.8, 12-Bit A-O Converter 

The LT1 016's high speed is used to implement a very fast 
12-bit A-D converter in Figure 15. The circuit is a modified 
form of the standard successive approximation approach 
and is faster than most commercial SAR 12-bit units. In 
this arrangement the 2504 successive approximation 
register (SAR), A 1 and C1 test each bit, beginning with the 
MSB, and produce a digital word representing VIN 's value. 
To get faster conversion time, the clock is sped up after the 
third MSB is converted. This takes advantage of the 
segmented DAC used, which has significantly faster set
tling time for the lower 9 bits. 

1Hz-10MHz V-F Converter 

The LT1 016 and the LT1 012 low drift amplifier combine 
to form a high speed V- F converter in Figure 16. A 
variety of circuit techniques is used to achieve a 1 Hz to 
10MHz output. Overrange to 12MHz (VIN =12V) is 
provided. This circuit has a wider dynamic range (140dB, 
or 7 decades) than any commercially available unit. The 
10MHz full-scale frequency is 10 times faster than 
currently available monolithic V- F's. The theory of 
operation is based on the identity Q = CV. 

+5V-9---_-r__.-_--+------1>"---. 

5.1k 

0.1 

INPUT ...... .I\I2""20 -l 
±3V 

1.5k 

390n 470 1001l 1 k 
100 

10011 300 

-15V - 5V 

Figure 14. 200n5 Sample-and Hold 
OUTPUT SAMPLE-HOLD 

COMMAND (TTL) 
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LT1016 

APPLICATions InFoRmATion 
Each time the circuit produces an output pulse, it feeds 
back a fixed quantity of charge (0) to a summing node 
(1:). The circuit's input furnishes a comparison current at 
the summing node. The difference signal at the node is 
integrated in a monitoring amplifier's feedback capacitor. 
The amplifier controls the circuit's output pulse 
generator, completing a feedback loop around the 
integrating amplifier. To maintain the summing node at 
zero, the pulse generator runs at a frequency which 

VIN 0.01 
+15V -15V 0-10V.f1 

permits enough charge pumping to offset the input 
signal. Thus, the output frequency will be linearly related 
to the input voltage. A 1 is the integrating amplifier. 

To trim this circuit, ground the input and adjust the 1 k pot 
for 1 Hz output. Next, apply 1 O.OOOV and set the 2kO unit 
for 1 O.OOOM Hz output. The transfer linearity of the circuit 
is 0.06%. Full-scale drift is typically 50ppm/oC and zero 
point error about 0.2J1V/oC (0.2Hz/°G). 

+5V 

2.5k 

+5V -5V 

NC 

L--~--------------4""'STATUS 

CLOCK 
(4MHz) 

CONVERT 
COMMAND 

t04 AND 05 PROVIDE BIAS CURRENT 
COMPENSATION FOR 01 

'1% FILM RESISTOR 
"PRECISION 0.01 %; VISHAY S-102 

--f HP50B2-2810 

Figure 15. 4~s*, 12-Bit SAR Converter. Clock is Sped up after the Third Bit, Shortening Overall Conversion Time. 

*Consult Factory For Improved Version of This Circuit With 2.5~s Conversion Time. 
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APPLICATions InFoRmATion 
1.Bk 

+ 15V --'\IIIY-.............. *-.. +-...., 

INPUT 6.19k' l: 
OV-10V 

2k 
GAIN TRIM 

+15V 

9.1k 

1 k 10M 

1Hz TRIM 

9.1k 

-15V 

.". 

-+I- =1N414B 

2N4393(2) 

33pF POLYSTYRENE 

-15V 
100 

36k 200k 
I--+--W"""" + 15V 

+15V 0.1 

1 k 

.". 

Figure 16. 1Hz-10MHz V to F Converter 

Voltage Controlled Pulse Width Generator 

~,.... .... ....., FULL SCALE 
CALIBRATION 
500n 

VIN=OTO 2.5V-----+-I 

1Hz-10MHz 
OUTPUT 
60", WIDE PULSES 

OT02.5", 
(MINIMUM WIDTH =0.05",) 

1--~----....fL 

-5V 

LT1016 

1500 

150 
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LT1016 

APPLICATions InFoRmATion 
Single Supply Precision RC 1 MHz Oscillator 

~6.2kW 

'SELECT OR TRIM FOR f= 1.00MHz 

APPEnDIX A 
About Level Shifts 

-, 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

~-i-+) OUTPUTS 

The TTL output of the L T1 016 will interface with many 
circuits directly. Many applications, however, require 
some form of level shifting of the output swing. With 
LT1 016-based circuits this is not trivial because it is desir
able to maintain very low delay in the level shifting stage. 
When designing level shifters, keep in mind that the TTL 
output of the LT1 016 is a sink-source pair (Figure A 1) with 
good ability to drive capacitance (such as feedforward 
capacitors) . 

Figure A2 shows a non-inverting voltage gain stage with a 
15Voutput. When the LT1016 switches, the base-emitter 
voltages at the 2N2369 reverse, causing it to switch very 
quickly. The 2N3866 emitter-follower gives a low im-

LT1016 OUTPUT 

Figure A1 

5-34 

1-1 OM Hz Crystal Oscillator 

+5V 

2k 
HOMHz CRYSTAL 

OUTPUT 

TO
.
OB8 

pedance output and the Schottky diode aids current sink 
capability. 

Figure A3 is a very versatile stage. It features a bipolar 
swing which may be programmed by varying the output 
transistor's supplies. This 3ns delay stage is ideal for 
driving FET switch gates. 01, a gated current source, 
switches the Baker-clamped output transistor, 02. The 
heavy feed forward capacitor from the LT1 016 is the key to 
low delay, providing 02's base with nearly ideal drive. This 
capacitor loads the LT1 016's output transition (Trace A, 
Figure A4), but 02'sswitching is clean (Trace B, FigureA4) 
with 3ns delay on the rise and fall of the pulse. 

+15V 

L...--+4I---+---0UT 

NON-INVERTING VOLTAGE GAIN 12pF 
IRISE~4ns 

1FALL ~5ns Figure A2 



APPEnDIX A 
Figure A5 is similar to A2 except that a sink transistor has 
replaced the Schottky diode. The two emitter-followers 
drive a power MOSFET which switches 1A at 15V. Most 
of the 7ns-9ns delay in this stage occurs in the MOSFET 
and the 2N2369. 

INPUT [ 
4301l 

LT1016 

When designing level shifters, remember to use tran
sistors with fast switching times and high fT 's. To get the 
kind of results shown, switching times in the ns range 
and fT'S approaching 1GHz are required. 

+ 5V (TYP) 

3301l 
+ 5V OUTPUT TRANSISTOR SUPPLIES 

820!J r--__ +----1~-OUTPUT (SHOWN IN HEAVY LINES) 

-10V C:~5~EA~~~~~~ED ANYWHERE BETWEEN 

INVERTING VOLTAGE GAIN - BIPOLAR SWING 
tRISE~3ns 

tFALL ~ 3ns 

B~10V/DIV 

(INVERTED) 

02 
2N2369 
HP5082-2810 

-10V (TYP) 

Figure A3 

HUHILUN IAL ~ 5ns/DIV 

Figure A4. Figure A3's Waveforms 

iRISE ~ 7ns 
IFALL =9ns 
NON-INVERTING VOLTAGE GAIN 

+ 15V 

Figure A5 
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LT1016 

SCHEmATIC DIAGRAm 
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50 50 ~~:: a15~kl~ 
75 150 150 ~ 11000F 

800 

~Q3 ...... all 150 150 ":' 

'----....,..-+--I-ll'" a4 .... V a12 I'" a22 
.... ........ 1---
~ 05 a5 ~ ~ a13 t--t-t-+-+-1rl. .... a23 

~a7a82... a14 

INPUT 
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1.3k 1.8k 1.8k 
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- INPUT 
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~ 
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PACKAGE DESCRIPTiOn Dimensions in inches (millimeters) unless otherwise noted. 

10 Lead TO-5 Metal Can (H) 

TI MAX 9,. ",0 
LT119AH 150°C lS0"C/W 45"C/W 
LM'1gH 

LT319AH 85"C 150"C/W 4S"CtW LM319H 
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J8 Package 
8 Lead Hermetic Dip 

N8 Package 
8 Lead Plastic 



~~LlnlJ\Q LTlOlliLTl0l8 
~, TECHNOLOGY!"--M-j-C-rO-p-o-w-e-r-O-u-a-I-C-o-m-p-a-r-a-to-r 

FEATURES 
\I Maximum Offset Voltage 1mV 
\I Maximum Bias Current 15nA 
\I Typical Output Drive 70mA 
\I Operates from 1.1V to 40V 
\I Internal Pull-Up Current 
\I Output Can Drive Loads Above V + 
\I 30jlA Supply Current (LT1017) 

110jlA Supply Current (LT1018) 

APPLICATions 
ID Power Supply Monitors 
l!! Relay Driving 
\I Oscillators 

1.5V Powered Refrigerator Alarm 

V+ ....... __ ---. 

1.5V 

665k-

665k- 52.3k-

YSI44011 
258.3k@5°C 
333.1k@0°C 

-1% RESISTOR 

1 OUTPUT HIGH FOR 
0°CsTs5°C 

DESCRIPTion 
The LT1017 and LT1018 are general purpose micropower 
comparators. The LT1017 is optimized for lowest operat
ing power while the LT1018 operates at higher power and 
higher speed. Both devices can operate from a single 1.1V 
cell up to 40V. The output stage includes a class "B" pull· 
up current source, eliminating the need for an external reo 
sistive pull·up and saving power. The output stage is also 
designed to allow driving loads connected to a supply 
more positive than the device, as can comparators with 
open collector output stages. 

Input specifications are also excellent. On·chip trimming 
minimizes offset voltage, while high gain and common· 
mode rejection ratio keep other input·referred errors low. 
Common·mode voltage range includes ground. Special cir· 
cuitry prevents false output states even if the input is 
overdriven. 

The LT1017 and LT1018 are pin compatible with older dual 
comparators such as 393 type devices. 

160 

140 

'i 120 

;::- 100 

~ a 80 

>-& 60 

'" on 
40 

20 

o 

-

1 

Supply Current 

LT1018 
OUTPUTS 

J1W11 

~ IIII 
LT1018 

OUTPUTS 
LT1017 HIGH 

OUTPUTS 

~II LOW 

LT1017 
OUTPUTS 

IHlfHI I 

4 10 20 40 
TOTAL SUPPLv'VOLTAGE (VI 
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LT1017/LT1018 

ABSOLUTE mAXimum RATinGS 
Supply Voltage ..................................... 40V 
Differential Input Voltage ........................... 40V 
Input Voltage ............................. - 0.3V to 40V 
Short Circuit Duration ......................... Indefinite 
Operating Temperature Range 

LT1017M, LT1018M ................... - 55°C to 125°C 
L T1 017C, L T1 018C ........................ OOC to 70°C 

Storage Temperature Range ............ - 65°C to 150°C 
Lead Temperature (Soldering, 10 sec) .............. 300°C 

ELECTRICAL CHARACTERISTICS 

PARAMETER CONDITIONS 

Offset Voltage ±0.75V,,;,Vs";' ±20V 
(Note 1) 

Bias Current ± 0.75V ,,;,Vs";' ± 20V 

Offset Current ±0.75V,,;,Vs";' ±20V 

Common·Mode Rejection Ratio Vs= ±20V, -20V,,;,VCM,,;,19.1V 

Power Supply Rejection Ratio ±0.75V,,;,Vs";' ±20V 

Gain No Load, VOUT= ± 19.9V (Note 2) 

RL =4k, VOUT= ± 19V 

Output Sink Current V+ =4.5V, V- =0 
Overdrive>30mV 

Output Source Current V+ =40V, V- =0 
VIN = 5mV, VOUT= OAV 

Output Source Current V+ = 1.2V, V- =0 
VIN = 5mV, VOUT = OAV 

5-38 

PACKAGE/ORDER InFORmATion 
TOP VIEW 

v+ 

ORDER PART NUMBER 

METAL CAN H PACKAGE 

LT1017MH, LT1017CH 
LT1018MH, LT1018CH 

f-------------lL T1 017CN8 
LT1018CN8 

PLASTIC DIP NB PACKAGE 

LT1017 LT1018 
UNITS 

MIN TYP MAX MIN TYP MAX 
25°C 0.4 1 004 1 mV 

• 0.5 104 0.5 104 mV 
125°C 1.5 0.7 1.5 mV 
25°C 5 15 15 75 nA 

• 7 25 18 100 nA 
125°C 10 40 110 nA 
25°C 0.4 2 1 8 nA 

• 0.5 3 1.6 12 nA 
125°C 5 20 nA 
25°C 105 115 105 115 dB 

• 100 115 100 115 dB 
125°C 86 100 95 110 dB 
25°C 96 110 96 110 dB 

• 95 105 95 105 dB 
125°C 86 86 100 dB 
25°C 110 115 110 125 dB 

• 105 115 105 120 dB 
125°C 100 100 dB 
25°C 100 110 100 110 dB 

• 94 94 dB 
25°C 30 65 35 70 mA 

• 25 50 25 50 mA 
125°C 10 20 10 30 mA 
25°C 30 75 75 250 ~A 

• 25 70 50 220 ~A 
125°C 25 75 50 200 ~A 

25'C 25 35 70 140 ~A 

• 15 20 45 120 ~A 
125'C 25 40 40 110 ~A 



LT1017/LT1018 

ELECTRICAL CHARACTERISTICS 
PARAMETER CONDITIONS 

LT1017 LT1018 
UNITS 

MIN TYP MAX MIN TYP MAX 
Negative Output Saturation 10UT= 0 V+ =4.5V, V =0 25°C 5 20 5 15 mV 

=O.lmA VIN = -10mV 25°C 35 60 35 60 mV 
=lmA 25°C 60 120 60 120 mV 
=10mA 25°C 120 200 120 250 mV 
=30mA 25°C 350 600 350 700 mV 

lOUT = 0 • 5 20 8 20 mV 
=O.lmA 1\1 40 75 35 70 mV 
=lmA 1\1 75 150 70 150 mV 
=10mA • 150 300 150 300 mV 
=30mA III 600 900 500 900 mV 

lOUT = 0 125°C 25 50 10 40 mV 
=O.lmA 125°C 60 100 60 100 mV 
=lmA 125°C 100 200 110 200 mV 
=10mA 125°C 300 600 300 400 mV 
=30mA 125°C 900 mV 

Positive Output Saturation 10UT= a 25°C 40 80 35 80 mV 
= 10pA 25°C 175 250 175 250 mV 
=0 0 45 90 45 90 mV 
=10pA C!I 190 300 190 300 mV 
=0 125°C 50 100 50 100 mV 
= 10pA 125°C 300 300 mV 

Leakage Current Vs = 5V, VOUT = 40V 25°C 0.5 3 1 8 ~A 
VIN ,,100mV 0 0.6 3 1.8 10 ~A 

125°C 5 15 pA 
Supply Current Vs=5V 25°C 30 60 110 250 pA 

0 40 80 110 250 pA 
125°C 80 300 pA 

Vs = 40V 25°C 40 90 130 250 pA 
0 55 100 140 270 pA 

125°C 100 300 pA 
Minimum Operating Voltage lOUT = lmA 25°C 1.15 1.2 V 

• 1.15 1.2 V 
125°C 1.15 1.2 V 

The 1\1 denotes specifications which apply over operating temperature 
range 01 - 55°C to 85°C for M grade parts and O°C to 70°C for C grade 
parts. 

Nole 1: Offset voltage is guaranteed over a common·mode voltage range of 
V- SVIN s(V+ - 0.9V). 

Nole 2: No load gain is guaranteed but not tested (LT1017 only). 

TYPICAL PERFORmAnCE CHARACTERISTICS 
Input Bias Current 

100 

I 

_LT1018 VCM v- I 

::::LT\018 JCM lv+) 1V 
/ 

~m",""" " fi!fJ -
REVERSES -

- POLARITY -
LTlo17icM=iV +) i 1V 

1 
-50 -25 0 25 50 75 100 125 150 

TEMPERATURE (OC) 

Input Offset Current 
3.0 

2.5 

;J 
XI 

II 
~ / 
~ - I "I 

:[ 
§ 2.0 

~ 
'-' 1 5 m . 
~ 1.0 

;;;; 
0.5 

o 
-50 -25 0 25 50 75 100 125 

TEMPERATURE (OC) 

:[ 
~ 

20 

15 

g§ 10 
:> 
'-' 
U> 

"" "' 

o 

Bias Current vs Differential Input 
--< I-

LT1018 +IB :\ I LT1018 -IB 

\ / 
\ / 
\/ 

LT1017 +IB / \ LT1017 -IB 

" (\ ---I 
1/ ~ '/-

-20 -0.2 -0.1 0 0.1 0.2 20 
DIFFERENTIAL INPUT VOLTAGE (V) 
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LT1017/LT1018 

TYPICAL PERFORmAnCE CHARACTERISTICS 

::( 
S ... ,. 
::J ... 
I 
'-' ... 
~ 

~ 

100 

0.01 

Input Bias Current with Inputs 
Driven Below the Supply 

V/ /' 

125'C VI-- -/85'C 

25'C 

I I I 

/ I 
0.2 V- -0.2 -0.4 -0.6 -0.8 -1.0 

COMMON·MODE VOLTAGE (V) 

Positive Supply Current 
10k 

~ 
.T p11 

~\10, 

- " 

10 
0.1 1 10 

OUTPUT SINK CURRENT mA 

Output Sinking Current limit 
100 

OUTPUT SHORTED TO V + 

LT1018 
80 Vs 5V 

60 - LT1017 J -~ ~ 
Vs=5V LT1018 "- I\. 

40 

Vs=40V 
.~ 

100 

LT1017 ~~ 

20 
Vs=40V ~ ,\ 

I \~ 
o I ~ 
-50 -25 0 25 50 75 100 125 150 

TEMPERATURE ('C) 

5-40 

V+ Common·Mode limits 

i:::ffi¥±H 1 
~ -1.0 mmf--~-1I--+--+-+--+-l=I1-+-1 
§: 
~ v-
a 
:;; 
1§ -0.2 
:;; 

~ -0.4 
'-' 

-0.6 

-0.8 

L 

T T 

) LO~ .....-.....-
k~ 

VI, 
AVOS=0.5mV 
VOLTAGES ARE REFERRED TO SUPPLIES 

-50 -25 0 25 50 75 100 125 150 
TEMPERATURE ('C) 

NPN Output Saturation Voltage 
1000 

rJ 

V 
/ ~ 

125'C 
./ 

55'C-I--I--

./ 25'C/ /' 

10 
;1/ 

1"A 10tu\ 100tu\ 1mA 10mA 100mA 
SINK CURRENT (mA) 

Total Switching Time 
100 

RdLT1018) 47kU 
RdLT1017) 200kU_ 

LT1017 VOUT 90% VFINAL -
FAJ:.:..... ./ VOVERORIVE = 5mV -

LT1~18 
LT1017 

RISE 
FALL I--

LT1018 
RISE 

I 

1 I 
-50 -25 0 25 50 75 100 125 150 

TEMPERATURE ('C) 

160 

140 

_ 120 
-a 
;:: 100 

~ => 80 
'-' 

~ 60 
=> 
on 40 

20 

o 

Supply Current 

V SUPPLY = 20V !. .l 
LT1018 

OUTPUTS LOW 

1--- LT1018 
OUTPUTS HIGH 

f-"" I I 
lT101~ 

r--::::: ;:::-. ~SlOW --LT1017 -
OUTrUTS ilGH 

-50 -25 0 25 50 75 100 125 150 
TEMPERATURE ('C) 

Output Sinking Currenllimit 
100 ,---,--,--r-rTT"TTT"--'--'-TTTTTTl 

OUTPUT SHORTED TO V + 

LT1018 

OL-~~-L~~_-L-L~~~ 

1 5 10 20 3040 
TOTAL SUPPLY VOLTAGE (V) 

Output Delay 

100 ~~;II~~~~~ml =LT1017 VOUT 10%VFINAL 
_ RISE 

LT1017 
",'I\. FALL 

1L-~~UW_~~~~-LUll~ 

0.1 1 10 100 
OVERDRIVE (mV) 



TYPICAL PERFORmAnCE CHARACTERISTICS 

100 

~ 
::g 
;:: 
z 10 
0 
;:: 
in z « 
'" f-

1 

Transition Time 

o 

10% VFINAL <VOUT<90% VFINAL 
VOVERORIVE 10mV 

/. 
/ 

LT1b17 
RISE 

L T1 017 FALL/ 
LT1018 RISE -/' -LTl018 

,/ FALL 

I 
10 20 30 
TOTAL SUPPLY VOLTAGE (V) 

LT1017 Response Time 

-

40 

~33~~~~ti4. V+=5V;V-=OV 

z 
;> 

z 
;> 

o 5 10 15 20 25 30 35 
TIME (.5) 

L T1 018 Response Time 

o 2 4 6 8 10 12 
TIME ("5) 

APPLICATions 
Driving Relays 

+12V 

V IN = 1 OOmV WITH 
1 OmV OVERDRIVE 

V+=5V; v-=ov 
V IN = 1 OOmV WITH 
10mV OVERDRIVE 

Increasing Positive Output Current 
v+ 

LT1017/LT1018 

Positive Transition Time 
10 

I--

/ 

~ 
0.1 

lk 

'> 
] 
> 

z 
;> 

z 
;> 

LTlOl? 
Vsup 40V 

V /' -;:r,01~ 
LT1017 1..1 [/ V~40V 

Vsup=2Y, 

~ V LTlO18 
VSUp=2V 

r 
'/ 

10% VFINAL:5VOUT:=:;;90% VFINAL 
VOVERORIVE = 10mV 

10k lOOk 
PULL-UP RESISTOR (a) 

L T1017 Response Time 

o 5 10 15 20 25 30 35 
TIME (.51 

L T1 018 Response Time 

o 2 4 6 8 10 12 
TIME ("51 

1M 

V+=5V; v-=ov 
V IN = 1 OOmV WITH 
10mV OVERDRIVE 

V+=5V; v-=ov 
V IN = 100mV WITH 
10mV OVERDRIVE 

Delay On Power Up 
v+ 

lOOk 

>+-.f4 ..... -VOUT s 
lk 20k 
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LT1017/LT1018 

APPLICATions 

LT1004 
2.5V 

100kll 

5-42 

LT1018 Op Amp, Av = 100 

10kll 

5V 

-5V 
1MIl 

1511 
RL=100k 
BANDWIDTH = 30Hz 
-SLEW=320V/ms 
+SLEW=0.93V/ms 
'WITH R1 =1k 

BANDWIDTH ,,200Hz 

Negative Voltage Regulator 

510kO ':' 

1l.1:~~-+ ___ VOUT 
-5V@50mA 

1kll 

L-----.... -------=~I~VTO -40V 

5V Power Supply Monitor 

L T1 034 
1.235V 

'1 % RESISTOR 

V+ 

OUTPUT HIGH FOR 
4.5V"V1N,,5.5V 

OUTPUT VALID 
FORV+",1.1V 

3kll 

LT1009 
2.5V 

LT1017 Op Amp, Av= 100 

-SLEW= 
+SLEW=O.01/v/ms 
BANDWIDTH =D.3Hz@R L=220k 

1011 

2·Wire Comparator 
4.7k 

~SUPPLY 

L-OUTPUT 

3V"VSUPPLy,,40V 

4.7k 
~SUPPLY 

~OUTPUT 

Precise Tri·Wave Generator 
...-_________ T~,R,IANGLEWAVE 

...----+--+--'f----. (0.5V TO 2.5V) 

100kll 

47kll 



APPLICATions 

LT1004 
1.2V 

tVOUT=12 (1 +f}) 
'DALE TE-5/Q3/400mH 

Power Supply Monitor 

6V 
160k 33011 

100k 

VIN 
6.00V 
5.25V 
5.00V 
4.75V 

Regulated Up Converter 

5V 

1N414B 

OFF 
FLASH AT 1Hz 
FLASH AT 3Hz 
FLASH AT 5Hz 

R2t 
120k 

2M 1M 

110k 

LT1004 
1.2V 

LT1017/LT1018 

1.5V Input F1yback Regulator 

1.5V 

100k 
220pF 

1N414B 

HP50B2-2B10 

.... ---"M.--..... -OUTPUT 5V 
355k' 

55.2k' 

'1% FILM RESISTOR 
L1=RL1123-4.7-RENCO, INC. 
BO% EFFICIENCY AT 2mA OUTPUT 

120k 1N414B 

Low Power' V to F Converter 

3M 

1N414B 
OkHz-1kHz 

':' 

IN414B 

10k 

'10: 350,,11 
11% RESISTOR 

47k 

OUTPUT 
0.001~F 

9V POLYSTYRENE 

220pF 

330k 
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LT1017/LT1018 

APPLICATions 

Fully Isolated Limit Comparator 

INPUT 

INTERROGATE 1k 
PULSE ~."-.AAA.-'" 
500~s L....L-/ 

PACKAGE DESCRIPTiOn 
H Package 
Metal Can 

I
~ (~:~;;o~}:;~~)--

0.305 -0.335 

1
..- (7.747 - 8.509)l 

0.040 DlA 

MAX (1.270) 0.165-0.185 
I t MAX (4.191-4.699) 

(1.016) ~1-n0.n.05",0----T' . - ,. 
SEATING t- ---''---GA-U-GE--+' 
PLANE t - - ----PLANE 0.500-0.750 

00 0 0 0 t (12.70-19.05) 
0.010 - 0.045 • 
(0.254-1.143) II 0016-0-02-1-------'-

I~-- -(0:40;vi533) 

45'TVP / >/'-- 0.027-0.045 

/ 

0.027-0.034 /"::::'--~ (0.686 1.143) 

(0.686-0.864) 810 2 mo _GLASS 
7 3 

-'-------H-o 0 Cl 

6 I 
o 50 4° 

5-44 

5V 

4.7k 

INTERROGATE PULSE ~ 

OUTPUT PULSE -D
V,N>VTR,P 
NO OUTPUT PULSE FOR V IN < VTRIP 

ALL GATES 74C02 

N8 Package 
8 Lead Plastic 

o-Q)o- OUTPUT 

~-.1 0240L80 

bud-j "~j"" 
II 0.040 0.060 

-- -(1.016) MAX (1.524) 
SO 

~ - (9.400-10.16) 
(0.508) 0.005 1 0.370-0.400 -I 

_. _MI~~_(OM11~7) 7'±5'-~I-
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t J I III-~ J·b·008-0.015_lli-(0.762-1.524) (0.203 - 0.381) 
.QJ.!!!!. _ TYP TVP 

(~.;~?) ___ 0.014-0.023 0.290-0.310 .. 
TVP (0.356-0.584) (7.366-7.874) 

TVP 0'_15' 
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~, TECHNOLOGY~-D-u-a-I -M-ic-r-o-p-o-w-e-r -C-o-m-p-a-r-a-to-r 

FEATURES 
• Micropower 

1.5p,W (1 Sample/Second) 
• Power Supply Flexibility 

Single Supply + 2. SV to + 16V 
Split Supply ± 2.SV to ± SV 

• Guaranteed Max. Offset 0.5mV 
• Guaranteed Max. Tracking Error between Input 

Pairs±0.1% 
• Input Common-Mode Range to Both Supply Rails 
• TIll CMOS Compatible with ± 5V or Single + 5V 

Supply 
• Input Errors are Stable with Time and Temperature 

APPLICATIOnS 
• Battery Powered Systems 
• Remote Sensing 
• Window Comparator 
• BANG-BANG Controllers 

Window Comparator with Symmetric Window Limits 

r -- -"-"- ~ 

LTC1040 j 

,,--++---1 
.,.. I 

L. .. _._.....:~_."_::;U 

LTCMOS™ IS a trademark olUnear TechrlOlogy Corporation. 

DESCRIPTion 
The L TC1 040 is a monolithic CMOS dual comparator manu
factured using Linear Technology's enhanced LTCMOSTM 
silicon gate process. Extremely low operating power levels 
are achieved by internally switching the comparator ON for 
short periods of time. The CMOS output logic holds the out
put information continuously while not consuming any 
power. 

In addition to switching power ON, a switched output is 
provided to drive external loads during the comparator's 
active time. This allows not only low comparator power, 
but low total system power. III 

a:: 
Sampling is controlled by an external strobe input or an e 
internal oscillator. The oscillator frequency is set by an ex- a: 
ternal RC network. a: a: 
Each comparator has a unique input structure, giving two 
differential inputs. The output of the comparator will be 
high if the algebraic sum of the inputs is positive and low 
if the algebraic sum of the inputs is negative. 

~ 
"' 

Typical L TC1 040 Supply Current 
vs Sampling Frequency 

1000 ,----,---r--,----,--71 

100 I----f---+--t----Jf'------j 

~~ 10 

a: 

'" '-' 
:'J 
it 
'" <J) 

0.10 

1 10 100 1,000 10,000 
SAMPLING FREQUENCY, f S (Hz) 
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ABSOLUTE mAXimum RATinGS PACKAGE/ORDER InFORmATion 
Total Supply Voltage (V+ to v- ) . . . . . . . . . . . . .. 18V 
InputVoltage .......... (V+ +O.3V)to(V- -O.3V) 

TEMPERATURE ORDER 
RANGE PART NUMBER 

Operating Temperature Range 
LTC1040C ................... -40°Ct085°C -55°C to 125°C LTC1040MJ 

LTC1040M .................. -55°Ct0125°C - 40°C to 85°C LTC1040CN 

Storage Temperature Range ....... - 55°C to 150°C LTC1040CJ 

Lead Temperature (Soldering, 10 sec.) ........ 300°C 
Output Short Circuit Duration ........... Continuous 

ELECTRICAL CHARACTERISTICS 
Test conditions: V + = 5V, V - = - 5V, T MIN;S; TA ;S;TMAX unless otherwise specified. 

SYMBOL PARAMETER CONDITIONS LTC1040M /LTC1040C UNITS MIN TYP MAX 

Vas Offset Voltage (Note 1) Split Supplies ± 2. SV to ± 6V • ±0.3 ±O.S mV 
Single Supply (V- =GND) +2.SV to 6V 

Split Supplies ± 6V to ± SV • ±1 ±3 mV 
Single Supply (V - = GND) + 6V to + 1SV 

Tracking Error Split Supplies ± 2.SV to ±8V • O.OS 0.1 % 
between Input Pairs Single Supplies (V - = G~D) + 2.S to + 16V 
(Notes 1 and 2) 

ISlAS Input Bias Current T A = 2Soc, OSC = GND ±0.3 nA 

RIN Average Input fs= 1kHz (Note 3) • 20 30 MQ 
Resistance 

CMR Common· Mode Range • V- V+ V 
PSR Power Supply Range Split Supplies • ±2.S ±8 V 

Single Supplies (V =GND) • +2.S +16 V 

IS(ON) Power Supply ON 
Current (Note 4) 

V+ = SV, Vpp On • 1.2 3 mA 

IS(OFF) Power Supply OFF V+ = SV,Vpp Off LTC1040C • 0.001 O.S ",A 
Current (Note 4) LTC1040M • 0.001 S ",A 

to Response Time TA=25°C 60 SO 100 "'s 
(Note 5) 

A,B,A+Band 
ON/OFF Outputs (Note 6) 

VOH Logic" 1 " Output Voltage V + = 4.75V, 10UF - 360",A • 2.4 4.4 V 

VOL Logic "0" Output Voltage V + = 4. 75V, 10UT= 1.6mA • 0.25 0.4 V 
STROBE Input (Note 6) 

VIH Logic" 1" Input Voltage V+ = 5.25V • 2.0 1.6 V 
VIL Logic "0" Input Voltage V+ =4.75V 1.0 0.8 V 
REXT External Timing Resistor Tied between V+ and OSC Pin • 100 10,000 kQ 

Resistor 

fs Sampling Frequency TA=25°C, REXT =1Mn, CEXT=O.I",F 5 Hz 
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The. denotes the specifications which apply over the full operating 
temperature range, 

Note 4: Average supply current=toxIS(ON)xfS+(1-tOxfS)x 
IS(OFF), 

Note 1: Applies over input voltage range limit and includes gain 
uncertainty, 

Note 5: Response time is set by an internal oscillator and is independent 
of overdrive voltage, 

Note 2: Tracking error = (VIN1- VIN2)/VIN1, 
Note 3: RIN is guaranteed by design and is not tested, 
RIN=1/(fsx33pF), 

Note 6: Inputs and outputs also capable of meeting EIAI JEOEC B series 
CMOS specifications, 

TYPICAL PERFORmAnCE CHARACTERISTICS 
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TYPICAL PERFORmAnCE CHARACTERISTICS 
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Quick Hookup Guide 

Self-Oscillating External Strobe 

VINW-:V+(lS) 

: OUTPUT 

GND (9) 

.". v- (10) 

ALL INPUTS ON OPPOSITE COMPARATOR AT GROUND 

V+ 

1m 

L--_ .... POWER ON I 
TL 

I--SO"5--1 

III EQ] 
GND V-

EXTERNAL 
STROBE 

INPUT 



APPLICATions InFoRmATion 

The LTC1040 uses sampled data techniques to achieve 
its unique characteristics. Some of the experience ac
quired using classic linear comparators does not apply to 
this circuit, so a brief description of internal operation is 
essential to proper application. 

The most obvious difference between the L TC1 040 and 
other comparators is the dual differential input structure. 
Functionally, when the sum of inputs is positive, the com
parator output is high and when the sum of the inputs is 
negative, the output is low. This unique input structure is 
achieved with CMOS switches and a precision capacitor 
array. Because of the switching nature of the inputs, the 
concept of input current and input impedance needs to be 
examined. 

The equivalent input circuit is shown in Figure 1. Here, 
the input is being driven by a resistive source, Rs, with a 
bypass capacitor, Cs. The bypass capacitor mayor may 
not be needed, depending on the size of the source re
sistance and the magnitude of the input voltage, VIN. 

1"7·.7-:·....,...., ...•.. ··.i~,N. -7"] 

~s .+ .•..••....•.....•........•.•.........•...•..••.....•.. · •. • .... · ••.•• ··tJ ...... · .....•.•.•.. s ....... l ...•..........•.....•.•.......•...........•..............•.. ~ .......•••..... ( ...••....• "' .....•...•.......... 1 ......... 3 ....•.........•. 

p 

•...... F .••.•..••. l .....••.•..••........•....••....•..........•..•.•..•.•...•...••.•.•...•.••. '. 
··································81 

-=- V1N Cs '.':>':52:" .... ·:···.:';:).··1 
11M· ..•...... · ........•.....•.. v~i .• : .•. :.; •.• 1 
";:" ";:" ";:" L_~TCj~!~IFFERENTI~LI~ppr.:J 

Figure 1. Equivalent Input Circuit 

For Rs < 10kO 

Assuming Cs is zero, the input capacitor, CIN , charges to 
VIN with a time constant of Rs GIN. When Rs is too large, 
CIN does not have a chance to fully charge during the 
sampling interval (",,80~s) and errors will result. If Rs 
exceeds 10kO a bypass capacitor is necessary to mini
mize errors. 

For Rs >10kO 

For Rs greater than 10kO, GIN cannot fully charge and a 
bypass capacitor, Cs, is needed. When switch S1 closes, 

LTC1040 

charge is shared between Cs and GIN. The change in 
voltage on Cs because of this charge sharing is: 

This represents an error and can be made arbitrarily small 
by increasing Cs. 

With the addition of Cs a second error term caused by the 
finite input resistance of the LTG1040 must be con
sidered. Switches S1 and S2 alternately open and close, 
charging and discharging GIN between VIN and ground. 
The alternate charge and discharge of CIN causes a cur
rent to flow into the positive input and out of the negative 
input. The magnitude of this current is: 

IIN=qxfs=VIN GIN fs 

where fs is the sampling frequency. Because the input 
current is directly proportional to input voltage, the 
LTG1 040 can be said to have an average input resistance 
of: 

R _~ __ 1__ 1 
IN - liN - fs CIN - fs x33pF 

(see typical curve of RIN vs fs). A voltage divider is set up 
between Rs and RIN causing error. 

The input voltage error caused by these two effects is: 

l GIN Rs \ 
VERROR = VIN \ GIN + Gs + Rs + RIN t 

Example: fs = 10Hz, Rs = 1 MO, 
Gs = 1~F, VIN = 1V 

( 33X10- 12 106 ) 
VERROR = 1 V 1 x 10- 6 + 106 + 3 x 109 

= 33~V + 330~V = 363~V. 

Notice that most of the error is caused by RIN. If the 
sampling frequency is reduced to 1 Hz, the voltage error 
is reduced to 66~V. 
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APPLICATions InFoRmATion 
Minimizing Comparison Errors 

The two differential input voltages, V1 and V2, are con
verted to charge by the input capacitors C'N1 and C'N2 
(see Figure 2). The charge is summed at the virtual 
ground point and if the net charge is positive, the com
parator output is high and if negative, it is low. There is an 
optimum way to connect these inputs, in a specific appli
cation, to minimize error. 

Figure 2. Dual Differential Equivalent Input Circuit 

Ignoring internal offset, the LTC1040 will be at its switch
ing pOint when: 

V1 x C'N1 + V2 x C'N2 =0. 

Optimum error will be achieved when the differential 
voltages, V1 and V2, are individually minimized. Figure 3 
shows two ways to connect the LTC1040 to compare an 
input voltage, V,N , to a reference voltage, VREF. Using the 
above equation, each method will be at null when: 

(a) (VREF-OV) CIN1-(OV-VIN) C'N2=0 
or V,N =VREF (C'N1 /C,N2) 

(b) (VREF-V,N) C'N1- (OV-OV) C'N2=0 
or V,N = VREF . 

Notice that in method (a) the null point depends on the 
ratio of C'N1 /C'N2, but method (b) is independent of this 
ratio. Also, because method (b) has zero differential input 
voltage, the errors due to finite input resistance are 
negligible. The LTC1040 has a high accuracy capacitor 
array and even the non-optimum connection will only 
result in ± 0.1 % more error worst-case compared to the 
optimum connection. 
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Tracking Error 

Tracking error is caused by the ratio error between C'N1 
and C'N2 and is expressed as a percentage. For example, 
consider Figure 3(a) with VREF = 1V. Then at nUll, 

C'N1 
V,N =VREF C'N2 =1V± 1mV 

because C'N1 is guaranteed to equal C'N2 to within 0.1 %. 

(a) OK (b) Optimum 

Figure 3. Two Ways to Do It 

Common-Mode Range 

The input switches of the LTC1 040 are capable of switch
ing to either the V+ or V- supply. This means that the in
put common-mode range includes both supply rails. 
Many applications, not feasible with conventional com
parators, are possible with the LTC1 040. In the load cur
rent detector shown in Figu re 4, a 0.1 n resistor is used to 
sense the current in the V+ supply. This application re
quires the dual differential input and common-mode 
capabilities of the LTC1040. 

Vs -=-
J. 

OUT = HI IF I L> 1A 
OUT =LO IF IL < 1A 

Figure 4. Load Current Detector 



APPLICATions InFoRmATion 
Offset Voltage Error 

The errors due to offset, common-mode, power supply 
variation, gain and temperature are all included in the off
set voltage specification. This makes it easy to compute 
the error when using the LTC1040. 

Example: error computation for Figure 4. 
Assume: 2.8VsVss6V. 
Then total worst-case error is: 

I L(ERROR)= ± (100mV x 0.~01 + 0.5;V) x 106~v = ± 6mA 

Tracking Error Vos 

I 6mA L(ERROR)% = 17\ x 100 = ± 0.6%. 

Note: If source resistance exceeds 10kQ, bypass 
capacitors should be used and the associated errors 
must be included. 

Pulsed Power (Vpp) Output 

It is often desirable to use comparators with resistive net
works such as bridges. Because of the extremely low 
power consumption of the LTC1040, the power con
sumed by these resistive networks can far exceed that of 
the device itself. 

At low sample rates the LTC1 040 spends most of its time 
off. To take advantage of this, a pulsed power (Vpp) out
put is provided. Vpp is switched to V+ when the com
parator is on and to a high impedance (open circuit) when 
the comparator is off. The ON time is nominally 80Jls. 
Figure 5 shows the Vpp output circuit. 

LJ 
/-so"s-j 

COMPARATOR ON TIME 

Vpp 

Figure 5. V pp Output Switch 

LTC1040 

The Vpp output voltage is not precise (see Vpp Output 
Voltage versus Load Current curve). There are two ways 
Vpp can be used to power external networks without ex
cessive errors: (1) ratiometric networks and (2) fast set
tling references. 

In a ratiometric network (see Figure 6), the inputs are all 
proportional to VPP. Consequently, for small changes, the 
absolute value of Vpp does not affect accuracy. 

k-----.-------<vpp OUTPUT 

~ ... -...j+WUC10~>--OUTPUT 

Figure 6. Ratiometric Network Driven by Vpp 

It is critical that the inputs to the LTC1040 completely 
settle within 4Jls of the start of the comparison cycle and 
that they do not change during the 80Jls ON time. When 
driving resistive networks with Vpp , capacitive loading on 
the network should be minimized to meet the 4Jls settling 
time requirement. It is not recommended that Vpp be 
used to drive networks with source impedances, as seen 
by the inputs, of greater than 1 OkQ. 

In applications where an absolute reference is required, 
the Vpp output can be used to d rive a fast settli ng 
reference. The LT1009 2.5V reference, ideal in this ap
plication, settles in approximately 2Jls (see Figure 7). The 
current through R1 must be large enough to supply the 
LT1 009 minimum bias current ( =:: 1 mAl and the load cur
rent, IL. 

Vpp OUTPUT 

Figure 7. Driving Reference with Vpp Output 
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APPLICATions InFoRmATion 
Output Logic 

In addition to the normal outputs (AOUT and BOUT), two 
additional outputs, A + B and ON / OFF, are provided (see 
Figure 8 and Table I). All logic is powered from V+ and 
ground, thus input and output logic levels are independ
ent of the V- supply. The LTC1040 is directly com
patible with CMOS logic and is TTL compatible for 
4. 75V :5,V+ :5, 5.25V. No external pull-up resistors are 
required. 

Table I. Output Logic Truth Table 

l:A INPUTS l:B INPUTS AOUT BOUT A+B ON/OFF 

+ + H H L L 

+ H L L L 

+ L H L H 
L H I" 

"I = indeterminate. When both A and B outputs are low, the ON/OFF output 
remains in the state it was in prior to entering AOUT = BOUT = L. 

Using External Strobe 

A positive pulse on the strobe input, with the OSC input 
tied to ground, will initiate a comparison cycle. The 
STROBE input is edge-sensitive and pulse widths of 50ns 
will typically trigger the device. 

COMPARATOR A 
OUTPUT 

COMPARATOR B 
OUTPUT 

STROB.:.r-

Figure 8. LTC1040 Logic Diagram 
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ON/OFF 
(2) 

AOUT 
(4) 

A+B 
(3) 

BOUT 
(15) 

Because of the sampling nature of the LTC1040, some 
sensitivity exists between the offset voltage and the fail
ing edge of the input strobe. When the falling edge of the 
strobe signal falls within the comparator's active time 
(80{ts after rising edge), offset changes of as much as 
2mV can occur. To eliminate this problem, make sure the 
strobe pulse width is greater than the response time, to. 

Using Internal Strobe 

An internal oscillator allows the LTC1 040 to strobe itself. 
The frequency of oscillation, and hence sampling rate, is 
set by an external RC network (see typical curve of fre
quency versus REXT, CEXT). 

For self-oscillation, the STROBE pin must be tied to 
ground. The external RC network is connected as shown 
in Figure 9. 

To assure oscillation, REXT must be between 100k and 
10M. There is no limit to the size of CEXT . 

REXT is very important in determining the power con
sumption. The average voltage at the oscillator pin is ap
proximately V+ /2. The power consumed by REXT is 
then: PREXT = (V+ /2)2/ REXT . 

Figure 9. External RC Connection 



APPLICATions InFoRmATion 
Example: REXT=1M, V+=5V, PREXT=(2.5)2/106 = 
6.25x10- 6W. 

This is about four times the power consumed by the 
LTC 1040 at V + = 5V and fs = 1 sample / second. Where 

TYPICAL APPLICATiOnS 

LTC1040 

power is a premium REXT should be made as large as 
possible. Note that the power consumed by REXT is not a 
fu nction of fs or CEXT . 

Complete Heating / Cooling Automatic Thermostat 

4.32k 4.99k 

5k 
TEMP 

ADJUST 

6.81k 

82k* 

SEPARATION 
(20mV) 

t THERMISTOR # 44007 
YELLOW SPRINGS INSTRUMENT CO. INC. 

'HYSTERESIS ~ 5V x Mrlj. ~ 20mV 

5V AT 0.85,,1\ 

)C>-"'---+-_ HEAT 

·:>-...... ----'r"--+_+COOL 

10M 

O.1ItF 

20M 

28 C C --x---~---------r AIRCONDITIDNING ON 

HYSTERESIS 

SEPARATION 

27" C -'----c----;.--;.-.;----'f----i-¥---i---L HEATER ON 

HEAT 

COOL 

TIME 
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TYPICAL APPLICATions 

Window Comparator with Independent Window Limits and 
Fu"y Floating Differential Input 

The LTC1040 as a Linear Amplifier 

AOUT= "1" WHEN 
VIN > Vu 

A+B= "1 'WHEN 
VU;::VIN~Vl 

BOUT= "1' WHEN 
VIN<VL 

With a simple RC filter the LTC 1040 can be made to fu nc
tion as a linear amplifier. By filtering the logic output and 
feeding it back to the negative input, the loop forces the 
output duty cycle [tON I (tON + tOFF)] so that VOUT equals 
VIN (Figure 10). 

The RC time constant is set to keep the ripple on the output 
small. The maximum output ripple is: 1::.V = V+ IfsRC and 

V+ 

Hysteresis Comparator with Fu"y Floating Differential Input 

VIN[ ___ _ 

V TRIP ....JVo>lv-<p--
R1 

10kQ 

V+ 

OUT 

R2 
2.49MI! 

OUT = "0" WHEN VIN > Vu = VTRIP R~2: gV) R1 = 0,996 VTRIP+ 20mV 

OUT = "1 'WHEN VIN < V1 = ~~R::i =O,996VTRIP 

-TO CENTER HYSTERESIS ABOUT VTRIP FORCE THIS INPUT TO HYSTERESIS/2 (10mV) 

should be set to O. 5mV to 1 mV for best results. Notice that 
the higher the sampling frequency, fs, the lower RC can 
be. This is important because the RC filter also sets the 
loop response. A convenient way to keep fs as high as 
possible under all conditions is to connect a 100k resistor 
to pin 16 (OSC) with no capacitance to ground. 

Figure 10. The LTC1040 as a Linear Amplifier 
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TYPICAL APPLICATions 
2-Wire DOC to 1DDoC Temperature Transducer with 4mA to 2DmA Output 

r----, 
I 

3200 

6 I 6250 r -'1 
LT1019-51 I I 

L ...11 
4 I 18k 

I 

L ___ ...1 
tYELLOW SPRINGS INSTRUMENT 

PART NO. 44201 

ACCURACY = ±0.1'C 
CIRCUIT ERROR 

AT 25'C 

Analog Multiplier/Divider 

5V 

100k 

V1 
V2 -::'H'0''''?!f2' 
VA ,.,,----, 

V (VA+V1--V2) xVc 
OUT= VB 

ACCURACY = ± 10mV NO TRIM 
'VB MUST BE > VA+ (V1- V2) 

+ 

12V TO 40V 
0'C=4mA 

IR 
100'C=20mA 

LM134 I 
L ...1 

430 

1N914 430n 

50n 

182n 

RETURN 
FULL-SCALE 

ADJUST 

±D.2'C = ±D.3'C 
TRANSDUCER 

ERROR 

Single + 5V Voltage-to-Frequency Converter 

VREF (5V) 

tOUT 

L--------<fIN 

VIN 
fOUT (AVERAGE)=fIN VREF ±0.1% FS 
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PACKAGE DESCRIPTion Dimensions in inches (millimeters) unless otherwise noted. 
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0.290-0.320 ~ 
1(7366-8128)U4) 

Ie . j1j 
I 0.385± 0.025 --l 
!+- (9.779 ± 0.635) 

0.008-0.012 
(0.203-0.306) 

0.009-0.011 jl_ 
(0.229-0.279) 

0325 +0.025 
.. ' -0.015 

(8255 +0.635) 
~ . -0.381 

J Package 
18 Lead Hermetic DIP 

0.915 I 1-------(23.24)------..... 

MAX 10 

r 
0.290 
(7.366) 

MAX 

0.025 
(0.635) 

RAD 

~~~~~~~rr~ 
0.056±0.003 
(1.422±0.076)1 r-ffim'·_·" (0.508-1.778) 

~ 
900±4~1 TYP'-~ 

~j ~ W ---.J/.- 0.018±0.003 
(1.524) 0.100±0.010 (0.457±0.076) 

MAX (2.540±0.254) 

t 
0.250 
(6.350) 

t 

N Package 
18 Lead Plastic DIP 

~(0.889) 
RAO 

0.200 
(5.080) 

MAX 

0.125 
(3.175) 

MIN 



~"'Y"·llnl,l\Q LTC1041 
~, TECHNOLOGY~---B-A-N-G--B-A-N-G-C-o-n-tr-o-lIe-r 
FEATURES DESCRIPTion 
• Micropower 1.5p.,W (1 Sample/ Second) The LTC1041 is a monolithic CMOS BANG-BANG controller 
• Wide Supply Range 2.8V to 16V manufactured using Linear Technology's enhanced 
• High Accuracy LTCMOSTM silicon gate process. BANG-BANG loops are 

Guaranteed SET POINT Error ± 0.5mV Max. characterized by turning the control element fully ON or 
Guaranteed Deadband ± 0.1 % of Value Max. fully OFF to regulate the average value of the parameter to 

• Wide Input Voltage Range V+ to Ground be controlled. The SET POINT input determines the aver-
• TTL Outputs with 5V Supply age control value and the DELTA input sets the deadband. 
• Two Independent Ground-Referred Control Inputs The dead band is always 2 x DELTA and is centered around 
• Small Size 8-Pin MiniDIP the SET POINT. Independent control of the SET POINT and 

deadband, with no interaction, is made possible by the 
unique sampling input structure of the LTC1041. 

APPLICATions 
• Temperature Control (Thermostats) 
• Motor Speed Control 
• Battery Charger 
• Any ON-OFF Control Loop 

Ultra Low Power 50°F to 100°F (2.4JtW) Thermostat 
26VAC 2 WIRE 
THERMOSTAT 

49.90 

ALL RESISTORS 1%. 
tYELLOW SPRINGS INSTRUMENT CO., INC. PIN 44007 

DRIVING THERMISTOR WITH Vpp ELIMINATES 3.8°F 
ERROR DUE TO SELF-HEATING. 

An external RC connected to the OSC pin sets the sam
pling rate. At the start of each sample, internal power to 
the analog section is switched on for"", 801ls. During this 
time the analog inputs are sampled and compared. After 
the comparison is complete, power is switched off. This 
achieves extremely low average power consumption at 
low sampling rates. CMOS logic holds the output con-
tinuously while consuming virtually no power. 

To keep system power at an absolute minimum, a switched 
power output (Vpp) is provided. External loads, such as 
bridge networks and resistive dividers, can be driven by 
this switched output. 

The output logic sense (i.e., ON = V+ ) can be reversed 
(i.e., ON = GND) by interchanging the VIN and SET 
POINT inputs. This has no other effect on the operation of 
the LTC1041. 

Supply Current vs Sampling Frequency 

10000 r----,..--,--,----r--
VS=6V 

1000 f----+--\--+---t-z~ 

! 100 f----+--\---t--:;6'j----j 

~ 
g§ 10 1---+--\-7/-+---+--1 
::> 
'-' 

~ 11---+~~-+---+--1 
::> 
<I> 

0.1 I---.A---t--t----t--j 

1 10 100 1000 10000 
SAMPLING FREQUENCY. Is (Hz) 

LTCMQS ™ is a trademark of Unear Technology Corporation. 
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LTC1041 

ABSOLUTE mAXimum RATinGS PACKAGE/ORDER InFORmATion 
Total Supply Voltage (V+ to v- ) . . . . . . . . . . . . .. 18V 
Input Voltage .......... (V+ + O.3V) to (V- - O.3V) 
Operating Temperature Range 

TEMPERATURE ORDER PART 
RANGE NUMBER 

LTC1041C ................... -40°C to 85°C -55°C to 125°C LTC1041MJ8 
LTC1041M .................. -55°Cto125°C -40°C to 85°C LTC1041CNB 

Storage Temperature Range ....... - 55°C to 150°C 
Lead Temperature (Soldering, 10 sec.) ........ 300°C 

JB PACKAGE N8 PACKAGE 
HERMETIC DIP PLASTIC DIP 

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

ELECTRICAL CHARACTERISTICS 
Test Conditions: V + = 5V, T MIN:S TA:S T MAX unless otherwise specified. 

SYMBOL PARAMETER CONDITIONS LTC1041M/LTC1041C UNITS MIN TYP MAX 

SET PO I NT Error (Note 2) v+ =2.BV to 6V (Note 1) ±0.3 ±0.5 mV 

• + + 
±0.05 ±0.1 % of DELTA 

V+ =6V to 15V (Note 1) ±1 ±3 mV 

• + + 
±0.05 ±0.1 % of DELTA 

Deadband Error (Note 3) V+ =2.8V to 6V (Note 1) ±0.6 ±1 mV 

• + + 
±0.1 ±0.2 % of DELTA 

V+ =6V to 15V (Note I) ±2 ±6 mV 

• + + 
±0.1 ±0.2 % of DELTA 

los Input Current V+ =5V, TA=25°C, DSC=GND ±0.3 nA 
(VIN' SET PDINT and DELTA Inputs) 

RIN Equivalent Input Resistance fs= 1kHz (Note 4) • 10 15 MG 
Input Voltage Range • GND V+ V 

PSR Power Supply Range • 2.B 16 V 

IS(ON) Power Supply ON 
Current (Note 5) 

V+ = 5V, Vpp ON • 1.2 3 mA 

IS(OFF) Power Supply OFF V+=5V, VppOFF LTC1041C • 0.001 0.5 IlA 
Current (Note 5) LTC1041M • 0.001 5 IlA 

to Response Time (Note 6) V+=5V 60 BO 100 IlS 

ON/OFF Output (Note 7) 
VOH Logical" 1" Output Voltage V+ =4.75V, 10UT= -3601lA • 2.4 4.4 V 
VOL Logical "0" Output Voltage V+=4.75V,l oUT =I.6mA 0.25 0.4 V 

REXT External Timing Resistor Resistor Connected between V + and DSC Pin • 100 10,000 kG 

fs Sampling Frequency V+ =5V, TA=25°C, 
REXT=IM CEXT=O.IIlF 

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. 

Note 1: Applies over input voltage range limit and includes gain 
uncertainty. 

Note 2: SET POINTerror= (VU;VL) -SET POINT 

where Vu = upper band limit and VL = lower band limit. 
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5 Hz 

Note 3: Deadband error= (Vu- VL) - 2 x DELTA where Vu = upper band 
limit and VL = lower band limit. 

Note 4: RIN is guaranteed by design and is not tested. 
RIN=I/(fsx66pF). 
Note 5: Average supply current=tox IS(ON)xfs+(I-toxfs) IS(OFF)' 
Note 6: Response time is set by an internal oscillator and is independent 
of overdrive voltage. to=Vpp pulse width. 
Note 7: Output also capable of meeting EIA/ JEDEC standard B series 
CMOS drive specifications. 



LTC1041 

TYPICAL PERFORmAnCE CHARACTERISTICS 
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LTC1041 

APPLICATIOnS InFORmATion 
The LTG1041 uses sampled data techniques to achieve 
its unique characteristics. It consists of two comparators, 
each of which has two differential inputs (Figure 1). 
When the sum of the voltages on a comparator's inputs is 
positive, the output is high and when the sum is negative, 
the output is low. The inputs are interconnected such that 
the RS flip-flop is reset (ON /OFF = GND) when 
VIN > (SET POINT + DELTA) and is set (ON /OFF = V+) 
when VIN < (SET POINT - DELTA). This makes a very 
precise hysteresis loop of 2 x DELTA centered around the 
SET POINT. See Figure 1(b). 

SET 
POINT 

(3) 

OELTA 
(5) 1m, '~.~ 

OSG 
(6) 

I GEXT 

TIMING 
GENERATOR 1----........ 

"~""'y-{ 
1-80"5-1 

(a) 

O V+ 
(8) 

ON/OFF 
(1) 

Vpp 
(7) 

For Rs <10kO 

The dual differential input structure is made with GMOS 
switches and a precision capacitor array. Input imped
ance characteristics of the LTG1041 can be determined 
from the equivalent circuit shown in Figure 2. The input 
capacitance will charge with a time constant of Rs x GIN. 
The ability to fully charge GIN from the signal source dur
ing the controller's active time is critical in determining 
errors caused by the input charging current. For source 
resistances less than 10kO, GIN fully charges and no er
ror is caused by the charging current. 

I-SET POINT ~ 

L-OELTA +OELTA-! 

~v+~--41----+---~ 
<; I 
o 

I~ -OEAO~ANO-
z I 
o I 

I 
I 

GNO '--_--.J....._----I.1 __ .L-__ 
OV Vu 

INPUT VOLTAGE, VIN 

(b) 

Figure 1. LTC1041 Block Diagram 

Figure 2. Equivalent Input Circuit 
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APPLICATions InFoRmATion 
For Rs >10kO 

For source resistances greater than 10kO, CIN cannot fully 
charge, causing voltage errors. To minimize these errors, an 
input bypass capacitor, Cs, should be used. Charge is 
shared between CIN and Cs, causing a small voltage error. 
The magnitude of this error is eN = VIN x CIN / (CIN + Cs). 
This error can be made arbitrarily small by increasing Cs. 

The averaging effect of the bypass capacitor, Cs, causes 
another error term. Each time the input switches cycle 
between the plus and minus inputs, CIN is charged and 
discharged. The average input current due to this is 
IAVG = VIN x CIN x fs, where fs is the sampling fre
quency. Because the input current is directly proportional 
to the differential input voltage, the LTC1 041 can be said 
to have an average input resistance of RIN = VIN / IAVG = 
1/(fsxCIN). 

Since two comparator inputs are connected in parallel, 
RIN is one half of this value (see typical curve of RIN ver
sus fs). This finite input resistance causes an error due to 
the voltage divider between Rs and RIN . 

The input voltage error caused by both of these effects is 
VERROR = VIN [2CIN / (2CIN + Cs) + Rs / (Rs + RIN )]. 

Example: assume fs=10Hz, Rs=1M, Cs=1/tF, 
VIN = 1V, VERROR = 1 V(66/tV + 660/tV) = 726/tV. Notice 
that most of the error is caused by RIN. If the sampling 
frequency is reduced to 1 Hz, the voltage error from the 
input impedance effects is reduced to 136/tV. 

Input Voltage Range 

The input switches of the LTC1 041 are capable of switch
ing either to the V+ supply or ground. Consequently, the 
input voltage range includes both supply rails. This is a 
further benefit of the sampling input structure. 

Error Specifications 

The only measurable errors on the LTC1 041 are the devi
ations from "ideal" of the upper and lower switching 
levels [Figure 1 (b)]. From a control standpoint, the error 

LTC1041 

in the SET POINT and dead band is critical. These errors 
may be defined in terms of Vu and VL. 

( Vu +VL\ 
SET POINT error= -2-) -SET POINT 

dead band error=(Vu -VL)-2x DELTA 

The specified error limits (see electrical characteristics) 
include error due to offset, power supply variation, gain, 
time and temperature. 

Pulsed Power (Vpp) Output 

It is often desirable to use the LTC1 041 with resistive net
works such as bridges and voltage dividers. The power 
consumed by these resistive networks can far exceed 
that of the LTC1041 itself. 

At low sample rates the LTC1 041 spends most of its time 
off. A switched power output, Vpp, is provided to drive 
the input network, reducing its average power as well. 
Vpp is switched to V+ during the controller's active time 
(:=:; 80/ts) and to a high impedance (open circuit) when in
ternal power is switched off. 

Figure 3 shows the Vpp output circuit. The Vpp output 
voltage is not preCisely controlled when driving a load 
(see typical curve of Vpp output voltage versus load cur
rent). In spite of this, high precision can be achieved in 
two ways: (1) driving ratiometric networks and (2) driv
ing fast settling references. 

Figure 3. Vpp Output Switch 
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LTC1041 

APPLICATions InFoRmATion 
In ratiometric networks (Figure 4) all the inputs are pro
portional to VPP. Consequently, the absolute value of Vpp 
does not affect accuracy. 

Figure 4. Ratiometric Network Driven by Vpp 

If the best possible performance is needed, the inputs to 
the L TC1 041 must completely settle within 4",s of the 
start of the comparison cycle (Vpp high impedance to V+ 
transition). Also, it is critical that the input voltages do not 
change during the 80",s active time. When driving resis
tive input networks with Vpp, capacitive loading should 
be minimized to meet the 4",s settling time requirement. 
Further, care should be exercised in layout when driving 
networks with source impedances, as seen by the 
LTC1 041, of greater than 10kO (see For Rs > 10kO). 

In applications where an absolute reference is required, 
the Vpp output can be used to drive a fast settling 
reference. The LTC1009 2.5V reference settles in ",=,2",s 
and is ideal for this application (Figure 5). The current 
through R1 must be large enough to supply the LT1009 
minimum bias current ("" 1 mAl and the load current, IL. 

LTl 

Figure 5. Driving Reference with Vpp Output 
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Internal Oscillator 

An internal oscillator allows the L TC1 041 to strobe itself. 
The frequency of the oscillation, and hence the sampling 
rate, is set with an external RC network (see typical 
curve, OSC frequency versus REXT, CEXT). REXT and 
CEXT are connected as shown in Figure 1. To assure oscil
lation, REXT must be between 1 OOkO and 1 OMO. There is 
no limit to the size of CEXT . 

At low sampling rates, REXT is very important in deter
mining the power consumption. REXT consumes power 
continuously. The average voltage at the OSC pin is ap
proximately V+ /2, giving a power dissipation of 
PREXT = (V+ /2)2/ REXT . 

Example: assume REXT=1MO, V+ =5V, PREXT= 
(2.5)2/106 = 6. 25",W. This is approximately four times 
the power consumed by the LTC1041 at V+ = 5V and 
fs = 1 sample/second. Where power is a premium, REXT 
should be made as large as possible. Note that the power 
disSipated by REXT is not a function of fs or CEXT . 

If high sampling rates are needed and power consumption 
is of secondary importance, a convenient way to get the 
maximum possible sampling rate is to make REXT = 100kO 
and CEXT = O. The sampling rate, set by the controller's ac
tive time, will nominally be "'=' 10kHz. 

To synchronize the sampling of the LTC1 041 to an exter
nal frequency source, the OSC pin can be driven by a 
CMOS gate. A CMOS gate is necessary because the input 
trip pOints of the oscillator are close to the supply rails and 
TTL does not have enough output swing. Externally 
driven, there will be a delay from the rising edge of the 
OSC input and the start of the sampling cycle of approx
imately 5",s. 



TYPICAL APPLICATions 

lN4002 

MOTOR' 

GE 105Bt 

12V 
LEAD-=-

ACID * 

V+ 

·CANNON CKT26-T5-3SAE 

V+ 

35.5ka 40ka 

2kO >~I---+------I 

2.21kl! lOkI! 

13a 

Motor Speed Controller 

LT1009 

24k 

500a 
'---------+< DEADBAND 

Battery Charger 

3k 
SPEED 

DEMAND 

LTC1041 

20k 

115VAC 
':' 50 Hz 

100ka 

1 N4002 

lN4002 

t SCR FIRES AT ZERO CROSSING. 
·SET BATTERY VOLTAGE. BATTERY IS 

MEASURED WITH ZERO CHARGE CURRENT. 
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LTC1041 

PACKAGE DESCRIPTion Dimensions in inches (millimeters) unless otherwise noted. 
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J8 Package 
8 Lead Hermetic DIP 

O't 
0.220-0.310 

(5.588-7.874) 

.1 4 --± 
I L005' 

- (1.397) 
MAX 

,fl , 
':~ , 1/ 1\ 

1/ II 

Ju ~'OOS_0'D15 j~ (D.203TV:·3B1) 

0.Z90-0.320 
(7.366-8,128) 

0'.15° 

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

N8 Package 
8 Lead Plastic 

~-.-! 0.",10."0 

~iI609T"'J 

JLo.D4o 0.060 
(1.016) MAX (1.524) 

sa 
~ (9400-1016) 

1

+-0370_040°1 
(0508) 0005 

a 155~t'~Ir-=>=""'-+-->I- (OM~~7) 
~ , , , 

" J"b'OOS
_

O
'''' j~ (O.203Ty~·38'1 

0.Z90-0.310 

~ 
0°_15' 

'LEADS WITHIN 0.007 OF TRUE POSITION ITP) AT GAUGE PLANE 



LYLlnFAI) LTlllA/LT311A 
U \K LMlll/LM311 

TECHNOLOGY~-------V-o-It-a-g-e-C-o-m--p-a-ra-t-o-r 

FEATURES 
• Guaranteed Max Input Offset Voltage 1.0mV 
• Guaranteed Max Input Offset Current 5nA 
• Guaranteed Max Response Time 250nS 
• Guaranteed Min. Voltage Gain 200,000 
• ± 30V Differential Input Voltage 
• Drives 50mA Loads At Up To 50V. 
• 1/2 The Power Dissipation For LT111A/LT311A 

APPLICATions 
• General Purpose Comparator 
• Zero Crossing Detector 
• Voltage To Frequency Converter 

Low Drift RIC Oscillator 

.. 
25k '" Rs '" 200kQ +15V 

r. _ c, 
- 0.015 

. 
10k 

DESCRIPTion 
The LT111A is an improved version of the LM111 gen
eral purpose comparator. These new devices offer 
maximum input offset voltage of 1.0mV and input off
set current of 5.0nA with a maximum response time of 
250ns. The LT111A operate from a single 5V supply to 
± 15V supplies and can drive up to 50mA loads re
ferred to ground or either supply. A separate output 
ground pin allows output signals to be isolated from 
analog ground. 

The versatility of the LT111A is enhanced by an input 
stage design which allows differential input signals of 
up to ± 30V. Offset balancing, strobe capability and 
the ability to "OR" the output is also included. These 
features plus Linear Technology Corporation's ad
vanced processing and reliability enhancements make 
the LT111A an ideal choice for most comparator appli
cations. For higher performance requirements, see the 
LT1011. 

Transfer Function 
50 

I I I 
C~~Li~J~R -

v 
40 

RL ~ 1kQ -
I 

TA 25'C I 
\ I I I 

EMITTER _ 

10 k 
V OUTPUT 

'----------+-"Nv-+15V \ RL ~ BOOr! -. 
10k 

• 1 % METAL FILM 
•• ~ TRW TYPE MTR·51 + 120ppm;oC. 
C, ~ .015 ~ POLYSTYRENE -120ppm;oC", 30ppm WESCO TYPE 32·P 
NOTE: COMPARATOR CONTRIBUTES", 10ppmi 'c ORIFT FOR 

FREQUENCIES BELOW 10kHz. 

I I I 
-0.5 -0.3 -0.1 0 0.1 0.3 0.5 

DIFFERENTIAL INPUT VOLTAGE (mV) 
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LTlllA/LT311A 
LM 1 1 1/LM311 

ABSOLUTE mAXimum RATinGS 
Supply Voltage 

(pin 8 to pin 4) . . . . . . . . . . . . . . . . . . . . . . .. 36V 
Output to Negative Supply 

(pin 7 to pin 4) 
LT111A/LM111 ....................... 50V 
LT311A/LM311 ....................... 40V 

Ground to Negative Supply 
(pin 1 to pin 4) . . . . . . . . . . . . . . . . . . . . . . .. 30V 

Differential Input Voltage. . . . . . . . . . . . . . .. ± 30V 
Voltage at Strobe Pin (pin 6 to pin 8) . . . . . . . . .. 5V 
Input Voltage (Note 1). . . . . . . . . . . . . . . . . .. ± 15V 
Output Short Circuit Duration ............. 10 sec. 
Operating Temperature Range (Note 2) 

LT111A/LM111 ............. -55°C to 125°C 
LT311A/LM311 ................. 0°Cto70°C 

Storage Temperature Range ...... -65°C to 150°C 
Lead Temperature (Soldering, 10 sec.). . . . .. 300°C 

PACKAGE/ORDER InFORmATiOn 

v+ 

6 BALANCE! 
STROBE 

H PACKAGE 
TO·5 METAL CAN 

TOP VIEW 

GROUNO 1 88 v+ 
INPUT 2 + 7 OUTPUT 
INPUT 3 - 6 BALANCE! STROBE 

v- 4 5 BALANCE 

NOTE: PIN 4 CONNECTED TO CASE. 
J8 PACKAGE 8 PIN CERDIP 

N8 PACKAGE 8 PIN PLASTIC 

ORDER PART 
NUMBER 

LT111AH 
LM111H 
LT311AH 
LM311H 

LT111AJ8 
LM111J8 
LT311AJ8 
LM311J8 
LT311AN8 
LM311N8 

ELECTRICAL CHARACTERISTICS VS = ± 15V, TA = 25°C unless otherwise noted. 

SYMBOL PARAMETER 

Vos Input Offset Voltage 

los Input Offset Current 

IB Input Bias Current 

CONDITIONS 

Rs'" 50k 
{Note 3,4) 

{Note 3,4) 

Note 3 

Y'N "" 5mV, VOUT = 35V 
ISTROBE = 3mA 

V+ = 15V, V- = 15V 
Pin 7 Pull up may go to 5V 

Shading of a specification highlights those items which offer key 
improvements in parametric performance or guaranteed test limits 
provided for the first time. 
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LT111A/LT311A 
LM 111 /LM311 

ELECTRICAL CHARACTERISTICS VS = ± 15V, TA = 25°C unlass otharwlsa nolad. 

SYMBOL PARAMETER CONDITIONS 

Vas Input Offset Voltage Rs": SOk 
(Note 3, 4) 

los Input Offset Current 
(Note3,.q 

18 Input Bias Current 
Note 3 

AvoL Large Signal Voltage Gain 

Response Time NoteS 

Saturation Voltage V,N ..: -10mV, lOUT = SOmA 
V + "'4.5V, V- = 0 
V,N ..: -10mV, ISINK ": 8mA 

Strobe ON Current Note 6 

Output Leakage Current V,N'" 10mV, VOUT = 3SV 
ISTR08E = 3mA 

Input Voltage Range 

Positive Supply Current 

Negative Supply Current 

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

Nola 1: Applicable for ± 15V supplies. The positive input voltage limit 
is 30V above the negative supply. The negative input voltage limit is 
the negative supply. 
Nola 2: Ti max. = 150°C for the LT111A and 95°C for the LT311A. 
Nola 3: Offset voltage, offset current and bias current specifications 
apply for any supply voltage from a single 5V up to ± 15V supplies. 

LT 311A LM311 
MIN TYP MAX MIN TYP MAX UNITS 

0.5 1.0 2.0 7.S mV 

• 2.0 10 

2.0 10 6.0 SO nA 

• 20 70 

60 100 100 2S0 nA 

• 150 300 

200 500 40 200 V/mV 

•••••• 
200 2S0 200 nS 

0.75 1.5 0.75 1.5 V 

• 0.23 0.4 0.23 0.4 V 

3.0 4.0 3.0 rnA 

0.2 50 0.2 50 nA 

• 0.1 0.5 /LA 

• -14.5 { 13.8 } 13.0 -14.5 { 13.8 } 13.0 V 
-14.7 -14.7 

I , •. 3.0 .' .. " > 4.01:" 5.1 7.5 rnA 

1,<>:<,1.5 ·'·'·2.5>i 4.1 5.0 rnA 

Nola 4: Offset voltages and offset currents shown are the maximum 
values required to drive the output within a volt of either supply with 
a 1mA load. These parameters define an error band and take into 
account the worst case effects of voltage gain and input impedance. 

Nola 5: Response time is specified for a 100mV input step with 5mV 
overdrive with the collector output terminated with a 500n pullup 
resistor tied to 5V. 
Nola 6: Do not short the strobe pin to ground. It should be current 
driven at 3 to 5mA for the shortest strobe time. Currents as low as 
500/lA will strobe the LT111A if speed is not important. External 
leakage on the strobe pin in excess of O.2/lA when the strobe is "off" 
can cause offset voltage shifts. 
Note 7: RL=1kQ, -10V,;;VOUT ,;;14.5V 
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LTlllA/LT311A 
LMlll/LM311 

TYPICAL PERFORmAnCE CHARACTERISTICS 
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Vs ~ ±15V-
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'" f'O g 4 
l
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~ 2 

'[1 
~ 0 
~ 100 o 
;:: 50 
=> 
~ 0 

DIFFERENTIAL INPUT VOLTAGE (V) 

Response Time for Various 
Input Overdrives 

J I 
I 

2dmv I II Vs~ ±15V_ 
I "I II TA ~ 25'C 

-5mV 
~ I J ISV I 

1 

-2mV, 
11 II 
lj ~' VIN -

VOUT 

~ + \ f--

I I \ 

i 

0.2 0.4 0.6 0.8 
TIME(~S) 
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Input Offset Current 
30 

Vs ~ ±15V-

" 
" 
~ ELEVATED 

........ (SHORT PINS~ 
............ 5,6, AND 8) 

~ ~AL ........,.... 
r-.. 

-55-35-155 25456585105125 

V+ 

-0.5 

-1.0 

-1.5 

-2.0 

0.4 

0.3 

0.2 

0.1 

V-

TEMPERATURE ('C) 

Common Mode Limits 

REFERRED TO SUPPLY VOLTAGES 

\ ~ 
:,......-r 

I 1 
\ \ 

-50 -25 25 50 75 100 125 
TEMPERATURE ('C) 

Response Time for Various 
Input Overdrives 

1 I ! 1 __ 1 SV' 

\'~ 
-201mv1 1\+ SOD!!' VI~ -

1- VCUT 

-5mV - -L_ 

2mV I-- \1 ~ I I 
r--t--II I I I 

I I I 
I 1 ,l, 

1 I 
Vs ~ ± 15V_ 
TA ~ 25'C 

I I I 1 1 

0.2 0.4 0.6 0.8 
TIME(~S) 

Offset Error 

lOOk 1M 10M 
INPUT RESISTANCE (Q) 

Transfer Function 
50 

40 

I 
TA 25'C 

I \ 

I ,\ 
\ 

10 
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DIFFERENTIAL INPUT VOLTAGE (mV) 

Collector Output Saturation Voltage 
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TYPICAL PERFORmAnCE CHARACTERISTICS 
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-15 '" ~ 0 §; 
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Response Time Using GND 
Pin as Output 
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o 

I 
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'/ VOCT 
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I 
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I 
I 
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COLTTOR rTPUI "HI" I 
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SUPPLY VOLTAGE (V) 

TYPICAL APPLICATiOnS 
Offset Balancing 

R2 
3.0k 

Note: Pin Connections Shown 
are for TO-5 package 

~ 
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Response Time Using GND 
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I I 

TIME(,.S) 
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vs 

Temperature 

-50 -25 0 25 50 75 100 125 
TEMPERATURE eC) 

Strobing 

1k 

Note: 00 Not Ground 
Strobe Pin. 

140 

LT111A/LT311A 
LM 111 /LM31 1 

Output Limiting Characteristics 

_ 120 r 
TA:~_~5;;Z 

I ~~r----

0.7 

0.6 
<C 
.§. 
t-
:z w 
a: a: 
:::> 
u 
i-
S 
u 
a: 
C3 
t-a: 
0 
:c en 

100 

80 

1\ ~f'l 
\ ~~"/ 
'\../ 

60 / 
1/ ~ 'fir 

40 / CIRCUIT CURRENT 

20 I 

0 
0 

~Vs 

1 

10 
OUTPUT VOLTAGE (V) 

Leakage Current 
vs 

Temperature 

1 

+15V_ ====t==f-E 
.A 

'" 
<,I)'i L 

'i ~, 

. T~ ~~'\" 
-I)~"'./ ',<,'i~ ' .. c = 

'" . (\'i"'~:-- .-

~~ 
=.' 

-

,./ 
45 65 85 105 125 

TEMPERATURE (0C) 

Increasing Input 
Stage Current 

Increases typical 
common mode slew 
rate from 7.0 V I"S 
to 18V/"S. 

0.5 

0.4 

0.3 

0.2 

0.1 

o 
15 

'" C o 
l
CC 
a:::: 
CC 
Q. 

e o u 

D 

5-69 



LT111 A/LT311A 
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TYPICAL APPLICATions 

Driving Load Referenced 

To Positive Supply 

V+ . v++ 

Driving Load Referenced 

To Negative Supply 

Driving Ground Referred Load 

.----........ -v-

INPUTS' INPUTS' 

V-

v + + CAN BE GREATER OR LESS THAN V+ 

HIGH 
LIMIT 

VIN 

lOW 
LIMIT 

Window Detector 

RL 

OUTPUT HIGH 
INSIDE "WINDOW" 
AND LOW 
ABOVE HIGH 
LIMIT OR 
BELOW LOW 
LIMIT 

Detector For Magnetic Transducer 

+ 

• NOTE THAT INPUT 
POLARITY IS REVERSED 
WHEN USING PIN 1 AS 
OUTPUT 

+ 

V-

• NOTE THAT INPUT 
POLARITY IS REVERSED 
WHEN USING PIN 1 AS 
OUTPUT 

Using Clamp Diodes To Improve Frequency Response' 

FROM 
lADDER----<_---1~--.=..j 

NETWORK 

0, 

R, 

'-_ .......... _-- ANALOG INPUT 
, RESPONSE TIME 

INCREASES TO .500nS 
IF INPUT MUST SLEW 5V 
TO REACH THRESHOLD. 

Crystal OSCillator 

10k 
+5V 

OUTPUT 

.----------~----.---V-~5V 50k 

5-70 

4.5k 

tOk 

MAGNETIC 
PICKUP 

2.3k 

TIL 
OUTPUT 

85 = 1_ 100pt 
KHZJ 

lk 

r------+-- OUT 

10k 

10k 



Low Drift RIC Oscillator 

25k ,,; Rs ,,; 200k~ 
+15V 

rC, 
- 0.015 

. 
10k 

'---------------+---"Nv- +15V . 
10k 

• 1% METAL FILM 
.. ~ TRW TYPE MTR-5/ + 120ppmj'C. 
C, ~ .015 ~ POLYSTYRENE -120ppmrC±30ppm WESCO TYPE 32-P 
NOTE: COMPARATOR CONTRIBUTES"" 10ppm/"C DRIFT FOR 

FREQUENCIES BELOW 10kHz. 

LT111A/LT311A 
LM 111 /LM311 

Strobing 011 Both Input> And Output Stages 

ANALOG 
INPUT 

FROM 01 A NETWORK 

• TYPICAL INPUT CURRENT IS 50pA 
WITH INPUTS STROBED OFF. 
DO NOT GROUND STROBE PIN 

1.Ok 

TTL/CMOS (5V) 
STROBE 

Positive Peak Detector 

+15V 

2.0k 
INPUT--'\I'>I'r---=-! 

>'--tl---OUTPUT 

100p! 

• SOLID TANTALUM 

Negative Peak Detector 

+15V 

100M 
LT100S "">'--+- OUTPUT 

2.0k 
INPUT-_Nv-=-! 

100p! 

-15V 'SOLID TANTALUM 
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LT111A/LT311A 
LM 1 11 /LM311 

SCHEmATIC DIAGRAm 
BALANCE BALANCE STROBE 

300 

940 

250 200 
4.8k 

v-

PACKAGE DESCRIPTion 

5-72 

H Package 
Metal Can 

NOTE DIMENSIONS IN INCflES 

J8 Package 
8 Lead Hermetic Dip 

D 5 J 
.1 4JO 

-rL0055MAX 
0405MAX~ 

~TYP 1+-1-___ -1-H
1
- 0005MIN 

, 
0150 

-,~ 
JL~TYP 

0014 

NOTE DIMEN$IONS IN INCHES UNLESS OTHERWISE NOTED 

°LEADSWITi-lINO 007 QF TRUE POSITION ITP) AT GAUGf PLANE 

Q20 

4k 

600 

N8 Package 
8 Lead Plastic 

NOTE: DIMEN$IONS IN INCHES UNLESS OTHERWISE NOTED 

• LEADS WITHIN 0 007 OF TRUE POSITION ITP! AT GAUGE P~ANE 

GND 



£7LlnFAr\ LTl19A/LT319A 
U \K LMl19/LM319 

TECHNOLOGY~----------D-ua--IC-O--m-p-a-ra-t-o-r 

FEATURES 
• Guaranteed max 0.5 mV input offset voltage 
• Input Protection Diodes 
• Operates from single 5V supply 
• 25mA drive capability 
• 80nS response time 

APPLICATions 
• Window detectors 
• High speed one shot 
• Relay Ilamp drivers 
• Voltage controlled oscillators 

Window Detector' 

.-----.--5.0V 

VUl 500r! 

~~----TTLOUTPUT 

Voer ~ 5.0V for 
VLT ~ VIN ~ VUT 

VOUT = o far 
VIN "s;: VLT or VIN :;;-:. VUT 

* Allowed window for single + 5V supply is 1.2V to 3.SV 

DESCRIPTion 
The LT119A is an improved version of the LM119 dual 
comparator. It features lower input offset voltage and 
offset current, higher voltage gain, guaranteed com
mon mode rejection, and input protection diodes. 

The LT119A is capable of operation over a supply 
range from 5 Volts to ± 15 Volts and can drive 25mA 
loads from each open collector output. A separate 
ground pin allows the LT119A to isolate system 
grounds. 

Linear Technology Corporation's advanced process
ing, design techniques and reliability make the 
LT119A/LT319A an ideal choice over previous de
vices in most comparator applications. 

Response Time for Various 
Input Overdrives 

6.0 ,-,-,----;,----;,----;--,--c--, 

5.0 

f--~ 40 - 1 
:=>L.U Vs = ±15V 
g::i 3.0 - - -- -r ~ RL, ~ _500~1 
6 ~ 2.0 - - -+- - V - 5.0V 

o -
~ 100 ,...-

~~ 50 
~~ 

6 0 
> 

l-:~~ro' 
--1- 1 

o 50 100 150 200 250 300 350 
TIME (ns) 
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LTl19A/LT319A 
LMl19/LM319 

ABSOLUTE mAXimum RATinGS 
Supply Voltage. . . . . . . . . . . . . . . . . . . . . . . . .. 36V 
Output to Negative Supply Voltage. . . . . . . . . .. 36V 
Ground to Negative Supply Voltage . . . . . . . . .. 25V 
Ground to Positive Supply Voltage. . . . . . . . . .. 18V 
Differential Input Voltage. . . . . . . . . . . . . . . .. ± 5V 
Differential Input Current. . . . . . . . . . . . . . .. ± 5mA 
Input Voltage (See Note 1) 
Output Short Circuit Duration. . . . . . . . . . . .. 10 Sec 
Operating Temperature Range 

LT119A, LM119 ............. -55°C to 125°C 
LT319A, LM319 ................. O°C to 70°C 

Storage Temperature Range ...... -65°C to 150°C 
Lead Temperature 

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

PACKAGE ORDER InFORmATion 

ORDER PART 
TOP VIEW NUMBER 

v+ 
10 

-~-~" LT119AH 
GND 1 2 ~~ B + INPUT 2 

LM119H 
+INPUT 1 3 7 GND 2 

LT319AH 
-INPUT 1 4 0 6 OUTPUT 2 

5 LM319H v-

H PACKAGE 
METAL CAN 

.'~"" LT119AJ 
NC 2 13NC 

LM119J GND 1 3 12 OUTPUT 1 

+ INPUT 1 4 11 V' LT319AN 
-INPUT 1 5 10 -INPUT2 

V- 6 9 +INPUT2 LM319N 
OUTPUT 2 7 B GND 2 LT319AJ 

J PACKAGE NPACKAGE LM319J 
14·PIN HERMETIC 14 PIN PLASTIC 

ELECTRICAL CHARACTERISTICS (See note 2) 

VSAT VIN "" -5mV, 10 = 25mA 

V+ "'4.5V, V- =OV 

VIN "" -6mV, IsINK ""3.2mA 

TA ", OOC 0.23 0.4 0.23 0.4 V 

TA""O·C 0.6 0.6 V 

Output Leakage Current V IN ",5mV, Voor = 35V 0.2 2 0.2 2 !LA 
1 10 1 10 !LA 

Vs = ±15V -12 ±13 

V+ = 5V, V- = 0 1 
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LTl19A/LT319A 
LM 119 /LM319 

ELECTRICAL CHARACTERISTICS (See note 2) 
LT 3l9A LM3l9 

SYMBOL PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 
Vos Input Offset Voltage Vs = ± 15V VCM = 0 0.3 0.5 8.0 mV 

Vos Input Offset Voltage Rs"'5k 0.5 1 2.0 8.0 mV 
(See Note 3) • '. . 10 mV 

CMRR Common Mode Rejection Ratio 90 106 dB 

los Input Offset Current (See Note 3) ....• 30 4.0 80 200 nA 

• 300 nA 

Ie Input Bias Current (See Note 3) ·.>1!iO . 500 250 1000 nA 

• .:.+ .... 1000 1200 nA 

Av Voltage Gain . ······ .. ·ZO?40 8 40 V/mV 

Response Time (See Note 4) 80 80 nS 

VSAT Saturation Voltage VIN '" -10mV, ISINK = 25mA 
TA = 25'C 0.75 1.5 0.75 1.5 V 

V+ ;,,4.5V, V- = 0 
VIN'" - lOmV, ISINK '" 3.2mA • 0.3 0.4 0.3 0.4 V 

Output Leakage Current VIN ;" 10mV, VOUT = 35V 

Input Voltage Range Vs=±15V 
V+ = 5V, V-=OV 

Differential Input Voltage 

Is Supply Current V+ = 5V, V-= OV 

Is Positive Supply Current Vs"; ±15V 

Is Negative Supply Current Vs = ±15V 

The. denoles 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. 

Note 1: For supply voltages less than ± l5V, the maximum input 
voltage is equal to the supply voltage. 

0.2 10 

• ±13 

• 1 3 

• ±5 

4.3 

8 12.5 

3 5 

0.2 10 

±13 
1 3 

±5 

4.3 

8 12.5 

3 5 

pA 

V 
V 

V 

mA 

mA 

mA 

lit a: e a:: 
a: 
a:: 
CL e 
o u 

Note 2: Unless otherwise noted, supply voltage equals ± l5V and ... 
TA = 25°C. The ground pin is grounded. Note that the maximum ~ 
voltage allowed between the ground pin and V+ is l8V. Do not tie the 
ground pin to V - when the power supply voltage exceeds ± 9V. The 
offset voltage, offset current and bias current specifications apply for 
all supply voltages between ± l5V and + 5V unless otherwise 
specified. 
Note 3: The offset voltages and currents given are the maximum values 
required to drive the output within 1 volt of either supply with almA 
load - thus, these parameters define an error band and take into 
account the worst case effects of voltage gain and input impedance. 
Note 4: Response time specified is for a 100mV input step with 5mV 
overdrive. 
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TYPICAL PERFORmAnCE CHARACTERISTICS 
Transfer Function 
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Response Time for Various 
Input Overdrives 
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I 
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0 
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Input Characteristics 
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LT 119A/LT319A 
LMl19/LM319 

TYPICAL PERFORmAnCE CHARACTERISTICS 
Common Mode Limits 

REFERRED TD SUPPLY VOLTAGES 

z 

~ 1.2 1--'----'----'----'-----'-----'----'1 
o 
'-' 

V-~L---~~------~~ 

-55-35-155.0 25 45 65 85 105 125 
TEMPERATURE (OC) 

TYPICAL APPLICATiOnS 
Relay Driver 

+5.0V 28V 

Supply Current 

~ 

~ 8.0 --i---+--=c-""'" 
z 

::; 
& 4.0 1--+-+-+--+="""1--...=1--+---1 
=> en 

2.0 - NEGATIVE SUPPLY ~ -15V 
I I i I I 

o I J I 

-55-35-155.0 25 45 65 85 105 125 
TEMPERATURE rc) 

High Noise Immunity 60Hz 
Sync Circuit 

+5V 

68k 

I~~~~ IN4148 20k 

(10V pp) 

3.3k 

(TYP) >'--+-_-- OUTPUT 

AT CUT 
18pf 

MV' 
1405 

INPUT~100k 10~kHZ 
0-5V 

1000pf 

• VARACTOR DIODE 

Voltage Controlled Crystal Oscillator 
With 100PPM Trim Range 

10k 

+5 

1k 

1 

39k 20k 

20k 

2k 

10k 

10k 

5V 

1k 

~""""'-OUTPUT 

5V 
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LTl19A/LT319A 
LM 119 /LM319 

TYPICAL APPLICATions 

Voltage Controlled High Speed One Shot 

5-78 

* 1%FILM 

5V 
INPUT 
PULSE 

+5 

t POLYSTYRENE, MOUNT 
CAPS CLOSE TOGETHER 

-5V 

+5V 

10 Bit Serial Output A/D Converter 

CONVERT COMMAND 
INPUT (TTL) 

t .J 1000pt 

lN4148 

15k 
lk 

+5V 

74C04 

CONVERSION TIME ~ 10mS 
*= 1% 
CAPACITORS ARE POLYSTYRENE-MOUNT 
IN CLOSE PROXIMITY 

DATA 
OUT 

5 Microsecond Sample and Hold with Zero Hold Step 
+15V 

3k 

• TRIM FOR ZERO VOLTS OUT 
WITH ZERO VOLTS IN 

t POLYSTYRENE CAPACITOR 

-15V 

lN4148 

t---.---.---.----------+-VOUT 

lk 
lk 

9k 
INPUT---'v'>t.----' 

lN4148 



TYPICAL APPLICATions 

+5V 

3.3k 

20k 
IN~wr;~--"Mr-+--"-l 

0-10V 2kt 
.01 :J 

220 

SCHEmATIC DIAGRAm 

R24k 

INPUTS {: 

R25 
600 

R13.5k 

R24 
250 

5kHz to 2MHz V ~ F Converter 

TO OTHER 
SIDE 

LT119A 

50p! POLYSTYRENE 

+5 t 470 10k 

470 

22p! 

10k 

-5V 

ALL DIODES IN4148 
t SET SCALE FACTOR 

R8 
2k 

R9 
18k 

R22 R20 R18 
60 3.6k 1.9k 

+5V 

330 

10 

R12 
13k 

-5V 

LTl19A/LT319A 
LMl19/LM319 

TIL 
OUT 
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LTl19A/LT319A 
LMl19/LM319 

PACKAGE DESCRIPTion 

10 Lead TO-5 Metal Can (H) 

TjMAX ElJA ElJC 

LT119AH 
f-

LMl19H 150'C 150'C/W 45'C/W 

LT319AH 85'C 150'C/W 45'C/W LM319H 

5-80 

14-Lead Cavity DIP (J) 

TjMAX 0JA 

LTl19AJ 150'C 100'C/W 

LMl19J 150'C 100'C/W 

LT319AJ 85'C 100'C/W 

LM319J 85'C 100'C/W 

14-Lead Molded DIP (N) 

t 
o 2~O , 0 005 

L,-,-~~~~--.--J ~Olffi 
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Switched Capacitor Universal Filter 

FEATURES 
• All Fi Iter Parameters Guaranteed over Temperature 
II Wide Center Frequency Range (0.1 Hz to 40kHz) 
• Low Noise Wide Dynamic Range 
• Guaranteed Operation for ± 2.37V and ± 5V Supply 
• Low Power Consumption 
• Guaranteed Clock to Center Frequency Accuracy of 

0.3% (LTC1059A) 
• Guaranteed Low Offset Voltages overTemperature 
II Very Low Center Frequency and Q Tempco 
II Clock Input T2L or CMOS Compatible 
II Separate Highpass (or Notch or Allpass), Bandpass, 

Lowpass Outputs 

APPLICATions 
• Sinewave Oscillators 
II Sweepable Bandpass/Notch Filters 
II Full Audio Frequency Filters 
II Tracking Filters 

TYPICAL APPLICATiOn 
Wide Range 2nd Order Bandpass/Notch Filler with a = 10 

50k ,....----+ NOTCH OUT 

7.15k 

V'N 50k 
DC-200kHz ---"II"IV-+----"'""'i 

+8V 

T2 L CLOCK IN -;;2MHz ----------1 

DESCRIPTion 
The LTC1059 consists of a general purpose, high perfor
mance, active filter building block and an uncommitted op 
amp. The filter building block together with an external 
clock and 2 to 5 resistors can produce various second or
der functions which are available at its three output pins. 
Two out of three always provide lowpass and bandpass 
functions while the third output pin can produce notch or 
highpass or allpass. The center frequency of these func
tions can be tuned from 0.1 Hz to 40kHz and it is dependent 
on an external clock or an external clock and a resistor ra
tio. The filter can handle input frequencies up to 100kHz. 
The uncommitted op amp can be used to obtain additional 
allpass and notch functions, for gain adjustment or for 
cascading techniques. 

Higher than second order filter functions can be obtained 
by cascading the LTC1059 with the LTC1060 dual univer
sal filter or LTC1061 triple universal filter. Any classical fil
ter realization (such as Butterworth, Cauer, Bessel and 
Chebyshev) can be formed. 

The LTC1059 can be operated with single or dual supplies 
ranging from ± 2.37V to ± 8V (or 4.7 4V to 16V single sup
ply) and is pinout compatible with MF5. 

The LTC1059 is manufactured by using Linear Technol
ogy's enhanced LTCMOSTM silicon gate process. 
LTCMOS TM ls a trademark of lInearTechnology Corp. 

Center Frequency and a Error 

TA=25°C I I .1 
CLOCK ~ 

CENTER FREQUENCY 1 

r-- - CENTER FREQUENCY ERROr r--

./ 
/ lL 

v v 0.2 

00 
!;!:l 
~ 

20 ~ 
~ 

" 00 
s: 

15 i 
10 ~ 

o 

Y V o a 
o 5 10 15 20 25 30 35 40 45 

IDEAL CENTER FREQUENCY (kHz) 
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LTC1059 

ABSOLUTE mAXimum RATinGS PACKAGE/ORDER InFORmATion 

Supply Voltage ..................................... 18V 
Power Dissipation .............................. 500mW 
Operating Temperature Range 

LTC1059AC, LTC1059C ............ -40oC:5TA:585°C 
LTC1059AM, LTC1059M ........... -55°C:5TA:5125°C 

Storage Temperature Range ............ - 65°C to 150°C 
Lead Temperature (Soldering, 10sec) .............. 300°C 

ELECTRICAL CHARACTERISTICS 
(Complete Filter) Vs = ± 5V, T A = 25°C, T2L clock input level unless otherwise specified. 

PARAMETER CONDITIONS 

Center Frequency Range, 10 lox 0:;;400kHz, Mode 1 
loxO:;;1.6MHz, Mode 1 
10 X 0:;;250kHz, Mode 3, Vs = ± 7.5V 
10 X 0:;;1MHz, Mode3, Vs= ± 7.5V 

Input Frequency Range 

Clock to Center Frequency Ratio 
LTC1059A Mode 1,50:1, IClK = 250kHz, 0 = 10 • 
LTC1059 Mode 1, 50:1, IClK = 250kHz, 0= 10 • 
LTC1059A Mode 1, 100:1, IClK = 500kHz, 0 = 10 • 
LTC1059 Mode 1, 100:1, IClK = 500kHz, 0 = 10 • 

o Accuracy 
LTC1059A Mode 1,50:1 or100:1, 10=5kHz • 
LTC1059 0=10 • 

10 Temperature Coefficient Mode 1, IClK < 500kHz 
o Temperature Coefficient Mode 1, IClK <500kHz, 0= 10 

DC Offset VOSI • 
VOS2 IClK = 250kHz, 50:1, SAiB High • 
VOS2 IClK = 500kHz, 100:1, SAiB High • 
VOS2 IClK = 250kHz, 50:1, SAiB Low • 
VOS2 IClK = 500kHz, 100:1, SAiB Low • 
VOS3 IClK = 250kHz, 50:1 • 
VOS3 IClK = 500kHz, 100:1 • 

DC Low Pass Gain Accuracy Mode 1, R1 = R2 =50kO • 
BP Gain Accuracy at 10 Mode 1, 0= 10, 10=5kHz 
Clock Feedthrough IClK :;;1MHz 
Max. Clock Frequency Mode 1, 0<5, Vs~ ±5V 

Power Supply Current 

• 

6-4 

MIN TYP 

0.1-40k 
0.1-18k 
0.1-20k 
0.1-16k 

0-200k 

±0.5 
±0.5 

5 
15 

2 
3 
6 
2 
4 
2 
4 

±0.1 
±0.1 

10 
2 

3.5 

ORDER PART NUMBER 

LTC1059ACN 
LTC1059ACJ 
LTC1059AMJ 
LTC1059CN 
LTC1059CJ 
LTC1059MJ 

MAX UNITS 

Hz 
Hz 
Hz 
Hz 

Hz 

50±0.3% 
50±0.8% 
100±0.3% 
100±0.8% 

3 % 
5 % 

ppm/DC 
ppm/DC 

15 mV 
30 mV 
60 mV 
20 mV 
40 mV 
20 mV 
40 mV 

2 % 
% 

mV 
MHz 

5.5 mA 
7 mA 



LTC1059 

ELECTRICAL CHARACTERISTICS (Complete Filter)Vs= ±2.37V, TA=25°Cunlessotherwisespecified 

PARAMETER CONDITIONS MIN TYP MAX 

Center Frequency Range fo x Q 5120kHz, Mode 1, 50:1 0.1-12k 
fo x Q5120kHz, Mode 3, 50:1 0.1-10k 

Input Frequency Range 60k 

Clock to Center Frequency Ratio 
LTC1059A Mode 1, 50:1, fClK = 250kHz, Q= 10 • 50±0.5% 
LTC1059 Mode 1, 50:1, fClK = 250kHz, Q= 10 50±0.B% 
LTC1059A Mode 1,100:1, fClK = 250kHz, Q = 10 • 100±0.5% 
LTC1059 Mode 1,100:1, fClK = 250kHz, Q = 10 100±0.B% 

Q Accuracy 
LTC1059A Mode 1, fClK = 250kHz, Q = 10 ±1 
LTC1059 50:1 and 100:1 ±2 

Max. Clock Frequency 700k 
Power Supply Current 1.5 2.5 

ELECTRICAL CHARACTERISTICS (InternaIOpAmps)TA=25°Cunlessotherwisespecified 

PARAMETER CONDITIONS 

Supply Voltage Range 

Voltage Swings 
LTC1059A Vs= ±5V, Rl=5k(Pins 1, 14) 
LTC1059 Rl = 3.5k (Pins 2, 13) 
L TC1059, L TC1059A 

Input Offset Voltage 
Input Bias Current 
Output Short Circuit Current Vs= ±5V 

Source/Sink 
DC Open Loop Gain Vs = ± 5V 

GBW Vs = ± 5V 
Slew Rate Vs= ±5V 

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

MIN TYP MAX 

±2.375 ±B 

4 ±4.2 
3.B ±4.2 

• 3.6 

• 1 15 
3 
40/3 

BO 

2 
7 

UNITS 

Hz 
Hz 

Hz 

% 
% 

Hz 
mA 

UNITS 

V 

V 
V 
V 

mV 
pA 
mA 

dB 

MHz 
V/~s 
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LTC1059 

BlOCK DIAGRAm 

N/AP/HP SI BP LP 

INV2~2 -
13 V02 

AGND + 

TYPICAl PERFORmAnCE CHARACTERISTICS 

0.4 

~ -0.4 
';< 
~ -0.8 

~ -1.2 

~ -1.6 
~ 
;F. -2.0 

-2.4 
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Graph 1. Mode 1: 
(IClK/'al Deviation vs Q 

Vs= ±5V "" 
TA=25'C 
fClK=250 kHz 

1\ 
\ 

/ 
~ = 50 (TEST POI NT) 

0.1 10 
IDEAL a 

100 

Graph 2. Mode 1: 
(I ClK/I 0) Deviation vs Q 

~;:2~~~ t- LIKIIIIII 11111111. 
0.1 fClK =500kHz _ 10=100 (TEST POI~T) 

/..... <3 
";; 
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Graph 3. Mode 1: Q Error vs Clock 
Frequency 
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" 
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TYPICAL PERFORmAnCE CHARACTERISTICS 
Graph 4. Mode 1: Q Errorvs Clock 
Frequency 

TA=2S'C 
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Graph 7. Mode 1: (fClK"olvs fClK 
andQ 

1 ,I 

1/ Vs= ±5V 
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Graph 10. Mode 1: (fClK"ol VS fClK 
andQ 

VS=I±2.s0 
TA=25'C 
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II 
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Graph 5. Mode 1: Measured Q vs 
fClK and Temperature 

Vs= ±SV b,d 851,C J J/ 0=10 I 1/ _ TA=2S'C 

1CLK = 100'1 
1, . ~V //fss,b 
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Graph 8. Mode 1: (fClK/fol vs fClK 
and Temperature 
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Graph 11. Mode 1: (felK/fol vs felK 
andQ 

VS=I±2.5~ I TA=25'C 

~=50'1 f' 1, . 

0=5~ ~ If/ 
0=20 ~ 

~ o=lb V 
r V 

0=51' 

o 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 
1CLK (MHz) 

0.8 

0.6 

§ 0.4 

'" E 0.2 
z 
o 
~ a 
~ 
c 

-0.2 

0.8 

"" :; 0.6 
ill 

'" EE 0.4 

i5 
~ 0.2 

~ 

-0.2 

LTC1059 

Graph 6. Mode 1: (fClK/folvs fClK 
andQ 

VS=I±5V I t TA=2S'C 

1CLK =100:1 ;' 1, 

VI 
O-SO 

,,- I(J 
0=10 -~ ::::. -~ ..-- ~ 
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Graph 9. Mode 1: (fClK/fol vs fClK 
and Temperature 
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Graph 12. Mode 1: (felK/fol vs felK 
and Temperature 
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LTC1059 

TYPICAL PERFORmAnCE CHARACTERISTICS 
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Graph 13. Mode 1: (fClK"o) vs fClK 
and Temperature 
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Graph 16. Mode 3: Q Errorvs Clock 
Frequency 
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Graph 19. Mode 3 (R2 = R4): 
fClK"o) vs fClK and Q 
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Graph 14. Mode 1: Notch Depth v.s 
Clock Frequency 
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Graph 17. Mode 3 (R2 = R4): Q 
Error vs Clock Frequency 
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Graph 20. Mode 3 (R2 = R4): 
('ClK/fo) vs fClK and Q 
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Graph 15. Mode 3: Deviation of 
(fClK/fo) with Respect to Q = 10 
Measurement 
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Graph 18. Mode 3 (R2 = R4): 
Measured Q vs fClK and 
Temperature 
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Graph 21. Mode 3 (R2 = R4): 
('ClK/fo) vs fClK and Temperature 
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LTC1059 

TYPICAL PERFORmAnCE CHARACTERISTICS 

Graph 22. Mode 3 (R2 = R4): 
(fCLK/fo)vs fClK and Temperature 

Graph 23. Mode 3 (R2 = R4): 
(fClK/fo) vs fClK and Temperature 

Graph 24. Mode 3 (R2 = R4): 
(fClK/fo) vs fClK and Temperature 
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Graph 25. Mode 1c (R5 = 0), 
Mode 2 (R2 = R4) Q Error vs Clock 
Frequency 

20 f---t--+-+ 
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CLOCK FREQUENCY (MHz) 

APPLICATions InFORmATion 
The LTC10S9 is compatible with the LTC1060. All the 
LTC10S9 pins are functionally equivalent to the LTC1060 
pins bearing the same title. For a detailed pin description 
and definition of various modes of operation refer to the 
LTC1060 data sheet. The LTC10S9 is typically "faster" 
than the LTC1060 especially under single SV (or ±2.SV) 

fCLK(MHz) 

Graph 26. Supply Current vs 
Supply Voltage 

TA=25'C / 

fCLK (MHz) 

~FI-551'j7 V lIr~=2;'C r--

V / 
/ / V 

/I / / ~=125'C t---
~ V 

I. IJ. V/ 
/fA / 

±2 ±3 ±4 ±5 ±6 ±7 ±8 ±9 +10 
POWER SUPPLY VOLTAGE (± V) 

supply operation. This becomes apparent through the typo 
ical performance characteristics of the part. All the graphs 
shown in this data sheet have been drawn under the same 
test conditions as in the LTC1060 data sheet; they are also 
numbered in the same order. For a complete discussion of 
the filter characteristics see the L TC1 060 data sheet. 
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LTC1059 

PACKAGE DESCRIPTion Dimensions in inches (millimeters) unless otherwise noted. 
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J Package 
14 Lead Hermetic DIP 

0.310 
(7.874) 

MAX 
GLASS 

t 
t 

0.291 
i7T9ii 

MAX 

+ 

0.160 0.200 
(4.064) (5.080) 

0.290-0.320 MAX MAX 

FTi"', y- "'" ~~{±~~~~~~~~~~~~ ~ 
T _ MIN 

L 0.008-0.012jl.- 00.1 J I'j----------,-t 
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0.385::1:0.025 0.100::1:0.010 

(9.779::1:0.635) (2.S40±O.2S4) 

0.300-0.320 

U
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~!.D ~ 

N Package 
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1i 
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-+ -~~~=r.=rT~~ 
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7" TVP (2 PLS)-I/-

.QJ.12. (::::) -t--rt-+t-----------n 
(3.175) MIN 0.130::1:0.005 hri-+-'--r-,-,--,c--r-'--r-'-r-Ff--~ 

MIN t (3,302±0.127) \ 

t 

l~jl..-t (0.228 -0,381) 

0.325 ~~:~~~ 
(8.255 ~~:~~~) 

0.075::1:0.015 ----. 
(1.905::1:0.381) 

1

_11..- 0.018±.0003 
(0.457 ::1:0.076) 

....... 0.100±0.01O 
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~"'Y"llnll\R LTC1060 
~)r TECHNOLOGY~--------U-n-iv-e-r-sa--ID--ua--IF-il-te-r 

FEATURES 
• Guaranteed Filter Specification for ± 2.37V and 

±5V Supply 
• Operates up to 30kHz 
• Low Power and 88dB Dynamic Range at ± 2.5V Supply 
• Center Frequency Q Product up to 1.6MHz 
• Guaranteed Offset Voltages 
• Guaranteed Clock to Center Frequency Accuracy over 

Temperature 
0.3% forLTC1060A 
0.8% for LTC1 060 

• Guaranteed Q Accuracy over Temperature 
• Low Temperature Coefficient of Q and Center 

Frequency 
II Low Crosstalk, 70dB 
• Clock Inputs TTL and CMOS Compatible 

APPLICATions 
• Single 5V Supply Medium Frequency Filters 
• Very High Q and High Dynamic Range Bandpass, 

Notch Fi Iters 
• Tracking Filters 
• Telecom Filters 

Single 5V, Gain of 1000 4th Order Bandpass Filter 

3.16k 

Building Block 
DESCRIPTion 
The LTC1060 consists of two high performance, switched 
capacitor filters. Each filter, together with 2 to 5 resistors, 
can produce various 2nd order filter functions such as low
pass, bandpass, highpass notch and all pass. The center 
frequency of these functions can be tuned by an external 
clock, or by an external clock and resistor ratio. Up to 4th 
order full biquadratic functions can be achieved by cas· 
cading the two filter blocks. Any of the classical filter con
figurations (like Butterworth, Chebyshev, Bessel, Cauer) 
can be formed. 

The LTC1060 operates with either a single or dual supply 
from ± 2.37V to ± 8V. When used with low supply (Le. 
single 5V supply), the filter typically consumes 12mW and 
can operate with center frequencies up to 10kHz. With 
± 5V supply, the frequency range extends to 30kHz and 
very high Q values can also be obtained. 

The LTC1060 is manufactured by using Linear Tech- lit 
nology's enhanced LTCMOSTM silicon gate process. Be- CC 
cause of this, low offsets, high dynamic range, high center ~ 
frequency Q product and excellent temperature stability ;;; 
are obtained. 

The LTC1060 is pinout compatible with MF10. D 
LTCMOSTM is a trademark of LinearTechnology Corp. 

Amplitude Response 

70 
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LTC1060 

ABSOLUTE mAXimum RATinGS 
Supply Voltage ..................................... 18V 
Power Dissipation .............................. 500mW 
Operating Temperature Range 

LTC1060AC, LTC1060C ............ -40oC~TA~85°C 
LTC1060AM, LTC1060M .......... -55°C~TA~125°C 

Storage Temperature Range ............ - 65°C to 150°C 
Lead Temperature (Soldering, 10sec.) .............. 300°C 

PACKAGE/ORDER InFORmATion 

J PACKAGE 
CERDIP 

N PACKAGE 
MOLDED DIP 

ORDER PART 
NUMBER 

LTC1060ACJ 
LTC106oMJ 
LTC106oACN 
LTC1060AMJ 
LTC106oCN 
LTC106oCJ 

ELECTRICAL CHARACTERISTICS (Complete Filter) Vs= ± 5V, TA =25°C unless otherwise specified. 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

Center Frequency Range fa X 0 S 400kHz, Mode 1, Figure 4 0.1-20K Hz 
:see Applications Information) fax Os 106M Hz, Mode 1, Figure4 0.1-16K Hz 

Clock to Center Frequency Ratio 
LTC1060A Mode 1, 50:1, fCLK = 250kHz, 0= 10 • 50±0.3% 
LTC1060 Mode 1, 50:1, fCLK= 250kHz, 0= 10 • 50±0.8% 
LTC1060A Mode 1, 100:1, fCLK =500kHz, 0= 10 • 100±0.3% 
LTC1060 Mode 1, 100:1, fCLK =500kHz, 0= 10 • 100±0.8% 

o accuracy 
LTC1060A Mode 1, 50:1 or 100:1, fo=5kHz • ±0.5 3 % 
LTC1060 0=10 • ±0.5 5 % 

fa Temperature Coefficient Mode 1, fCLK <500kHz -10 ppm/oC 
o Temperature Coefficient Mode 1, fCLK <500kHz, 0= 10 +20 ppm/oC 

DC Offset VOSl • 2 15 mV 
VOS2 fCLK = 250kHz, 50:1, SA/B High • 3 30 mV 
VOS2 fCLK = 500kHz, 100:1, SA/B High • 6 60 mV 
VOS2 fCLK = 250kHz, 50:1, SA/B Low • 2 20 mV 
VOS2 fCLK = 500kHz, 100:1, SA/B Low • 4 40 mV 
VOS3 fCLK = 250kHz, 50:1, SA/B Low • 2 20 mV 
VOS3 fCLK = 500kHz, 100:1, SA/B Low • 4 40 mV 

DC Low Pass Gain Accuracy Mode1, R1 = R2=50k ±0.1 2 % 
BP Gain Accuracy at fa Mode 1, 0= 10, fo= 5kHz ±0.1 % 
Clock Feedthrough fCLK S1MHz 10 mV(p·p) 
Max. Clock Frequency 1.5 MHz 
Power Supply Current 3 5 8 mA 

• 10 mA 
Crosstalk 70 dB 
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ELECTRICAL CHARACTERISTICS (CompleleFiller)Vs= ±2.37V,TA=25°C 

PARAMETER CONDITIONS MIN TYP 

Center Frequency Range foxOs100kHz 0.1-10k 

Clock to Center Frequency Ratio 
LTC1060A Mode 1,50:1, fCLK = 250kHz, 0 = 10 • 
LTC1060 Mode 1, 50:1, fCLK =250kHz, 0= 10 50±0.8% 
LTC1060A Mode 1, 100:1, fCLK = 250kHz, 0 = 10 • 100±0.5% 
LTC1060 Mode 1, 100:1, fCLK= 250kHz, 0 = 10 100±0.8% 

o Accuracy 
LTC1060A Mode 1, fo = 2.5kHz, 0 = 10 ±2 
LTC1060 ±4 

Max Clock Frequency 500 
Power Supply Current 2.5 

ELECTRICAL CH ARACTERISTICS (Inlernal Op Amps) TA = 25°C 

PARAMETER CONDITIONS 

Supply Voltage Range 
Voltage Swings 

LTC1060A 
LTC1060 Vs = ± 5V, RL = 5k(Pins 1, 2,19,20) 
LTC1060, LTC1060A RL = 3.5k (Pins 3, 18) 

Output Short Circuit Current Vs= ±5V 
Source 
Sink 

Op Amp GBW Product Vs= ±5V 
Op Amp Slew Rate Vs= ±5V 
Op Amp DC Open Loop Gain RL = 10k, Vs = ± 5V 

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

BLOCK DIAGRAm 

TOAGND _-=:;:::~==~ 

N/AP/HPS SlB 

MIN TYP 

±2.37 

4 4 
3.8 4 

• 3.6 4 

25 
3 
2 
7 
85 

SPS LPS 

LTC1060 

MAX UNITS 

Hz 

50±0.5% 

% 
% 

kHz 
4 rnA 

MAX UNITS 

±8 V 

V 
V 
V 

rnA 
rnA 

MHz 
V/~s 

dB 
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LTC1060 

TYPICAL PERFORmAnCE CHARACTERISTICS 
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TYPICAL PERFORmAnCE CHARACTERISTICS 
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TYPICAL PERFORmAnCE CHARACTERISTICS 
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LTC1060 

Pin DESCRIPTions AnD APPLICATions InFoRmATion 
Power Supplies 

The VAand VO(pins 7 and 8} and the VA, Vo(pins 14 and 13} 
are, respectively, the analog and digital positive and nega
tive supply pins. For most cases, pins 7 and 8 should be 
tied together and bypassed by a 0.1JlF disc ceramic 
capacitor. The same holds for pins 14 and 13. If the 
LTC1060 operates in high digital noise environment, the 
supply pins can be bypassed separately. Pins 7 and 8 are 
internally connected through the IC substrate and should 
be biased from the same DC source. Pins 14 and 13 should 
also be biased from the same DC source. 

The LTC1060 is designed to operate with ± 2.5V supply (or 
single 5V) and with ± 5V to ± 8V supplies. The minimum 
supply, where the filter operates reliably, is ± 2.37V. With 
low supply operation, the maximum input clock frequency 
is about 500kHz. Beyond this, the device exhibits exces
sive Q enhancement and center frequency errors. 

Clock Input Pins and Level Shift 

The level shift (LSh) pin 9 is used to accommodate T2L or 
CMOS clock levels. With dual supplies equal or higher to 
± 4.5V, pin 9 should be -connected to ground (same poten
tial as the AGND pin). Under these conditions the clock 
levels can be T2L or CMOS. With single supply operation, 
the negative supply pins and the LSh pin should be tied to 
the system ground. The AGND, pin 15, should be biased at 
1/2 supplies, as shown in the "Single 5V Gain of 1000 4th 
Order Bandpass Filter" circuit. Again, under these condi
tions, the clock levels can be T2L or CMOS. The input 
clock pins (10, 11) share the same level shift pin. The clock 
logic threshold level over temperature is typically 
1.5V ± 0.1V above the LSh pin potential. The duty cycle of 
the input clock should be close to 50%. For clock frequen
cies below 1 MHz, the (fCLK/fo) ratio is independent from 
the clock input levels and from its rise and fall times. Fast 
rising clock edges, however, improve the filter DC offsets. 
For clock frequencies above 1 MHz, T2L level clocks are 
recommended. 

50/1 OOIHold (Pin 12) 

By tying pin 12 to (VA, Vb), the filter operates in the 50:1 
mode. With ± 5V supplies pin 12 can be typically 1V below 
the positive supply without affecting the 50:1 operation of 

the device. By tying pin 12 to 1/2 supplies (which should be 
the AGND potential), the LTC1060 operates in the 100:1 
mode. The 1/2 supply bias of pin 12 can vary around the 1/2 
supply potential without affecting the 100:1 filter opera
tion. This is shown in Table 1. 

When pin 12 is shorted to the negative supply pin, the filter 
operation is stopped and the bandpass and lowpass out
puts act as a S/H circuit holding the last sample. The hold 
step is 20mV and the droop rate is 150JlV/second! 

Table 1 

Voltage Range of Pin 12 
Total Power Supply for 100:1 Operation 

+5V 2.5V±D.5V 
+IDV +5V ± tv 
+15V + 7.5V ± 1.5V 

S1 A, S1 B (Pins 5 and 16) 

These are voltage signal input pins and, if used, they 
should be driven with a source impedance below 5kn. The '" 
S1A, S1 S pins can be used to alter the CLK to center fre- a:: 
quency ratio (fCLK/fo) of the filter (see Modes 1b, 1c, 2a, 2b) ~ 
or to feedforward the input signal for all pass filter con- _ 
figurations (see Modes 4 and 5). When these pins are not u. 
used, they should be tied to the AGND pin. • 

SAiB (Pin 6) 

When SA/S is high, the S2 input of the filter's voltage sum
mer (see Block Diagram) is tied to the lowpass output. This 
frees the S1 pin to realize various modes of operation for 
improved applications flexibility. When the SA/S pin is con
nected to the negative supply, the S2 input switches to 
ground and internally becomes inactive. This improves the 
filter noise performance and typically lowers the value of 
the offset VOS2. 

AGND(Pin15) 

This should be connected to the system ground for dual 
supply operation. When the LTC1060 operates with a 
single positive supply, the analog ground pin should be 
tied to 1/2 supply and bypassed with a 0.1JlF capacitor, as 
shown in the application, "Single 5V, Gain of 1000 4th Or
der Bandpass Filter". The positive inputs of all the internal 
op amps, as well as the reference pOint of all the internal 
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LTC1060 

APPLICATions InFoRmATion 
switches are connected to the AGND pin. Because of this, 
a "clean" ground is recommended. 

fCLKlfo Ratio 

The (fCLK/fo) reference of 100:1 or 50:1 is derived from the 
filter center frequency measured in mode 1, with a 0=10 
and Vs = ± 5V. The clock frequencies are, respectively, 
500kHz/250kHz for the 100:1/50:1 measurement. All the 
curves shown in the Typical Performance Characteristics 
section are normalized to the above references. 

Graphs 1 and 2 in the Typical Performance Characteristics 
show the (fCLK/fo) variation versus values of ideal a. The 
LTC1060 is a sampled data filter and it only approximates 
continuous time filters. In this data sheet, the LTC1060 is 
treated in the frequency domain because this approxima
tion is good enough for most filter applications. The 
LTC1060 deviates from its ideal continuous filter model 
when the (fCLK/fo) ratio decreases and when the a's are 
low. Since Iowa filters are not selective, the frequency 
domain approximation is well justified. In graph 15 the 
LTC1060 is connected in mode 3 and its (fCLK/fo) ratio is 
adjusted to 200:1 and 500:1. Under these conditions, the 
filter is over-sampled and the (fCLK/fo) curves are nearly in
dependent of the a values. In mode 3, the (fCLK/fo) ratio 
typically deviates from the tested one in mode 1 
by ±0.1%. 

fo x Q Product Ratio 

This is a figure of merit of general purpose active filter 
building blocks. The fo x a product of the LTC1060 
depends on the clock frequency, the power supply volt
ages, the junction temperature and the mode of operation. 

At 25°C ambient temperature for ± 5V supplies, and for 
clock frequencies below 1MHz, in mode 1 and its deriva
tives, the fo x a product is mainly limited by the desired fo 
and a accuracy. For instance, from graph 4 at 50:1 and for 
fCLK below 800kHz a predictable ideal a of 400 can be 
obtained. Under this condition, a respectable fo x a prod
uct of 6.4MHz is achieved. The 16kHz center frequency will 
be about 0.22% off from the tested value at 250kHz clock 
(see graph 1). For the same clock frequency of 800kHz and 
for the same a value of 400, the fo x a product can be fur
ther increased if the clock to center frequency ratio is low-

6-18 

ered below 50:1. In mode 1c with R5=0 and R6= 00, the 
(fCLK/fo) ratio is 50/v'2. The fax a product can now be in
creased to 9MHz since, with the same clock frequency and 
same a value, the filter can handle a center frequency of 
16kHz xv'2. 
For clock frequencies above 1 MHz, the fax a product is 
limited by the clock frequency itself. From graph 4 at 
± 7.5V supply, 50:1, and 1.4MHz clock, a a of 5 has about 
8% error; the measured 28kHz center frequency was 
skewed by 0.8% with respect to the guaranteed value at 
250kHz clock. Under these conditions, the fax a product 
is only 140kHz, but the filter can handle higher input signal 
frequencies than the 800kHz clock frequency-very high a 
case described above. 

Mode 3, Figure 11, and the modes of operation where R4 is 
finite, are "slower" than the basic mode 1. This is shown 
in graph 16 and 17. The resistor R4 places the input op 
amp inside the resonant loop. The finite GBW of this op 
amp creates an additional phase shift and enhances the a 
value at high clock frequencies. Graph 16 was drawn with 
a small capacitor, Cc, placed across R4 and as such, at 
Vs = ± 5V, the (1/21l'R4Cc) = 2MHz. With Vs = ± 2.5V the 
(1/21l'R4Cc) should be equal to 1.4M Hz. This allows the a 
curve to be slightly "flatter" over a wider range of clock 
frequencies. If, at ± 5V supply, the clock is below 900kHz 
(or 400kHz for Vs = ± 2.5V), this capacitor, Cc, is not 
needed. 
For graph 25, the clock to center frequency ratios are al
tered to 70.7:1 and 35.35:1. This is done by using mode 1 c 
with R5 = 0, Figure 7, or mode 2 with R2 = R4 = 10k!1 The 
mode 1c, where the inputop amp is outside the main loop, 
is much faster. Mode 2, however, is more versatile. At 50:1, 
and for T A = 25°C the mode 1 c can be tuned for center fre
quencies up to 30kHz. 

Output Noise 
The wideband rms noise of the LTC1060 outputs is 
nearly independent from the clock frequency provided that 
the clock itself does not become part of the noise. The 
LTC1060 noise slightly decreases with ± 2.5V supply. The 
noise at the BP and LP outputs increases for high a's. 
Table 2 shows typical values of wideband rms noise. The 
numbers in parentheses are the noise measurement in 
mode 1 with the SA/B pin shorted to V- as shown in 
Figure 25. 
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APPLICATions InFoRmATion 
Table 2. Wide band rms Noise 

feLK NotchlHP BP LP 

V, 10 fJ,Vrms) fJ,Vrms) fJ,Vrms) CONDITIONS 

±5V 50:1 49 (42) 52(43) 75(65) Mode1,R1=R2=R3 
±5V 100:1 70(55) 80(58) 90(88) 0=1 

±2.5V 50:1 33 (31) 36(32) 48(43) 
±2.5V 100:1 48(40) 52(40) 66(55) 

±5V 50:1 20(18) 150(125) 186 (155) Mode 1, 0= 10 
±5V 100:1 25 (21) 220 (160) 240 (180) R1 = R3 for BP out 

±2.5V 50:1 16(15) 100(80) 106(87) R1 = R2 for LP out 
±2.5V 100:1 20 (17) 150(105) 150(119) 

±5V 50:1 57 57 62 Mode3, R1 = R2= R3= R4 
±5V 100:1 72 72 80 0=1 

±2.5V 50:1 40 40 42 
±2.5V 100:1 50 50 53 

±5V 50:1 135 120 140 Mode3, R2= R4, 0= 10 
±5V 100:1 170 160 185 R3 = R1 for BP out 

±2.5V 50:1 100 88 100 R4= R1 for LP and HP out 
±2.5V 100:1 125 115 130 

Short Circuit Currents 

Short circuits to ground, positive or negative power supply 
are allowed as long as the power supplies do not exceed 
± 5V and the ambient temperature stays below 85°C. 
Above ± 5V and at elevated temperatures, continuous 

short circuits to the negative power supply will cause ex· 
cessive currents to flow. Under these conditions, the de· 
vice will get damaged if the short circuit current is allowed 
to exceed 80mA. 

DEFinITiOn OF FILTER FunCTions 
Each building block of the LTC1060, together with an ex· 
ternal clock and a few resistors, closely approximates 2nd 
order filter functions. These are tabulated below in the fre· 
quency domain. 

1. Bandpass function: available at the bandpass output 
pins (2,19), Figure 1. 

Swo/Q 
G(s) = HOBP 2 ( /Q) 2 s t SWo two 

HOBP = Gain at w = Wo 

fo = wo/27r; fo is the center frequency of the complex 
pole pair. At this frequency, the phase shift be· 
tween input and output is -180°. 

Q = Quality factor of the complex pole pair. It is the 
ratio of fo to the - 3dB bandwidth of the 2nd or
der bandpass function. The Q is always mea· 
sured at the filter BP output. 

2. Lowpass function: available at the LP output pins 
(1,20), Figure 2. 

G(s) = HOlP 
S2 + s(wo/Q) t w~ 

HOlP = DC gain of the LP output. 
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DEFiniTion OF FILTER FunCTions 
3. Highpass function: available only in mode 3 at the out· 

put pins (3,18), Figure 3. 
5. Allpass function: available at pins 3(18) for mode 4, 4a. 

G( \ H [s2 - s(wo/Q) + w~l 
Sl = OAP 2 

s2 + s(wo/Q) + Wo 
s2 

G(s) = HOHP 
s2 + s(wo/Q) + w~ 

. fCLK 
HOHP= gain of the HP output for f-2 

H . ~~ 
OAP = gain of the ali pass output for 0 < f < -2-

4. Notch function: available at pins 3 (18) for several 
modes of operation. 

For allpass functions, the center frequency and the Q of 
the numerator complex zero pair is the same as the 
denominator. Under these conditions, the magnitude re
sponse is a straight line. In mode 5, the center frequency 
fz, of the numerator complex zero pair, is different than fo. 
For high numerator Q's, the magnitude response will have 
a notch at fz. 

G(s) = (HON21 (s2 + w2n) 2 
s2 + s(wo/Q) + Wo 

H' fCLK ON2 = gain of the notch output for f-2 
HON1 = gain of the notch output for f-O 

fn = wn/27r; fn is the frequency of the notch occur
rence. 

BANDPASS OUTPUT 

:> H OBPI---------" ... 

~ 0.707 HOBPi---++-\' 

~ 

I(LOG SCALE) 

Figure 1 

mODES OF OPERATion 

LOWPASS OUTPUT 

HOp I::==:::::~ 
~ H OlP I"'" 
Z 0.707 H OLP 1--------1----". 

~ I 
Ip Ie 

I(LOG SCALE) 

(1-~) + J(1-~)2 +1 202 202 

HOp=HOLPX __ 1 _ 

1\/1_~ o 4Q2 

Figure 2 

HIGHPASS OUTPUT 

~ H~~:I==;Z:---
~ 0.707 HOHP 
~ 

I(LOG SCALE) 

HOp=HOfiPX _1_ 

1C1 uV ' - 402 
Figure 3 

Table 3. Modes 01 Operation: 1 st Order Functions 

Mode Pin 2(19) Pin3(18) Ie Iz 

6a LP HP fCLK R2 --x-
100(50) R3 

6b LP LP fCLK R2 --x-
100(50) R3 

7 LP AP fCLK R2 fCLK R2 --x- --x-
100(50) R3 100(50) R3 
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Mode 

1 

1a 

1b 

1c 

2 

2a 

2b 

3 

3a 

4 

4a 

5 

v+ 

Pin1 (20) 

LP 

LP 

LP 

LP 

LP 

LP 

LP 

LP 

LP 

LP 

LP 

LP 

R3 

Table 4. Modes of Operation: 2nd Order Functions 

Pin 2(19) 

BP 

BP 

BP 

BP 

BP 

BP 

BP 

BP 

BP 

BP 

BP 

BP 

Pin 3(18) 

Notch 

BP 

Notch 

Notch 

Notch 

Notch 

Notch 

HP 

Notch 

AP 

AP 

CoZ 

LP 
(20) 

10 

fCLK 

100(50) 

fCLK 

100(50) 

fCLK ~ 
100(50) x R5 + R6 

fCLK V R6 
100(50) x + R5 + R6 

feLK ~ 
100(50) x + R4 

fCLK 1+~+~ --x 
100(50) R4 R5+ R6 

fCLK R2 R6 
--x -+--
100(50) R4 R5+R6 

feLK VfJ 
100(50) x R4 

feLK Vf§ 
100(50) x R4 

feLK 

100(50) 

feLK Vf§ 
100(50) x R4 

fCLK v:fI 
100(50) x + R4 

f - fCLK 0 f -f . H - R2. H - .!U °H ll2. a R3 
0- 100(50) 0 n- 00 OLP- -A1' OBP- - RIo ON1= - Rl =RT 

LTC 1 060 

IN 

fo 

fCLK ~ 
100(50) x R5 + R6 

fCLK --x 1+~ 
100(50) R5+R6 

feLK 

100(50) 

feLK V1 R6 
100(50) x + R5 + R6 

feLK ~ 
100(50) x R5 + R6 

feLK ~ 
100(50) x R;-

feLK ~ 
100(50) x - R4 

LP 
(20) 

Figure 4. Mode 1: 2nd Order Filter Providing Notch, Bandpass, 
Lowpass 

Figure 5. Mode 1 a: 2nd Order Filter Providing Bandpass, Lowpass 
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mODES OF OPERATion 

R6 R5 

v-
1- IClK CJlL'I -I 'a_R3.~, 
0- 100(SO) Vl!5+R6' n- 0, -ll2VRs+M' 

lP 
(20) 

Figure 6. Mode 1 b: 2nd Order Filler Providing Notch, Bandpass, 
Lowpass 

R4 

R3 

R2 lP 
(20) 

V1N 

SAiB 

~.". 
v+ 

I - fCLK .~, f - ICLK 'a-R3~, H -R2IR1 
0- 100(SO) V' +R4' n- 100(50)' -1l2V' +R4' OLP= 1 +(R2/R4) 

HOBP= -R3/R1; HON1(f-0)= 1 :;:rR2{rR~) ; HON2 ~- fCL;) = -R2/R1 

Figure 8. Mode 2: 2nd Order Filler Providing Notch, Bandpass, 
Lowpass 
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VIN 

R6 RS 

I ICLK ~1_I'a_R3 ~ 
0= 100(SO) V'TA5-i=R6' n- 0, -ll2V"1l5+'R6, 

H (I -O)-H 1.1- ICLK\ - R2 'H P- R3, H - -R2/R1 'RS<SkO ONI - ON2 \ 2/ --Rf' OB --Rf' OLP-'+R6/(R5+R6), 

Figure 7. Mode 1c: 2nd Order Filter Providing Notch, Bandpass, 
Lowpass 

R4 

R6 RS 

R3 .". 

R2 

VIN 

lP 
(20) 

ICLK' ,I R2 R6, ICLK. ~ R3 R2 R6 
10= 100(50) V 1 +R4+ R5+R6' In= 100(50) V 1 + R5+R6' a=1l2 1+R4+ R5+R6 

- - R2 ( 1 +R6/(R5+R6) 1, H 11- 1.9J<) - -R2IR1 
HON1(1 0)_ -Rf 1+(R2/R4)+[R6/(R5+R6)] , ON2 \ 2 -

HOBP= -R3/R1; HOLP 1 +(R2/R4)~1~~j(R5+R6)] 

Figure 9. Mode 2a: 2nd Order Filter Providing Notch, Bandpass, 
Lowpass 
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mODES OF OPERATion 

R4 

R6 R5 

v

LP 
(20) 

I ; ~ ill.+----.!lL. I ;~ ~ R6 . Q_ID !l£ ----.!lL 
a 100(50) R4 R5+R6' n 100(50) R5+R6' -R2 R4 +R5+R6 

H (1-0)- - R2 [ R6/(R5+R5) }. H ~ ICLK\_ R2/R1 
ONI - Iff (R2!R4)+[R6/(R5+R61l ' ON2S- 2;--

HOBP; -R3/R1; HOlP (R2!R4)~rlt/~~5+R61l 

Figure 10. Mode 2b: 2nd Order Filter Providing Notch, Bandpass, 
Lowpass 

R4 

R4 

v-

Figure 11. Mode 3: 2nd Order Filter Providing Highpass, 
Bandpass, Lowpass 

LP 
(20) 

NOTCH 

Figure 12. Mode 3a: 2nd Order Filter Providing Highpass, 
Bandpass, Lowpass, Notch 

LP 
(20) 
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RI =R2 
Y,N 

SAiB 

~: 
V+ 

LP 
(20) 

10= ,b~i~O); 0=1; HOAP= -*-; HOLP= -2 HOBP= -2 (I) 

Figure 13. Mode 4: 2nd Order Filter Providing AI/pass, Bandpass, 
Lowpass 

RI 
V,N--NV-I 

R4 

R3 

R2 LP 
(20) 

Figure 15. Mode 5: 2nd Order Filter Providing Numerator Complex 
Zeros, Bandpass, Lowpass 
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R4 

1 ICLK ifi2, _R3 lRi'H _R5, _ R2'H _ R3'H _ R4 
0=1OO(5OJV~, O-mVl\4' OAP-2I(' HOHP- - RI' OBP- - RI' OLP- - Rl 

Figure 14. Mode 4a: 2nd Order Filter Providing Highpass, 
Bandpass, Lowpass, AI/pass 

Y,N 

V-
IC= ,65iM~3 ; HOLP= -R3/RI; HOHP= -R2/RI 

Figure 16. Mode 6a: 1st Order Filter Providing Highpass, Lowpass 
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v - _ ICLK RL __ ICkKBL . _ < < ICLK 
Ip-100(50) R3' 1'-100(50) R3 ,GAIN AT AP OUTPUT-I FOR LI_2 

Figure 17. Mode 6b: 1 sl Order Filler Providing Lowpass Figure 18. Mode 7: 1s1 Order Filter Providing Allpass, Lowpass 

commEnTS on THE mODES OF OPERATion 
There are basically three modes of operation: mode 1, 
mode 2, mode 3.ln the mode 1, Figure 4, the input amplifi· 
er is outside the resonant loop. Because of this, mode 1 
and its derivatives (mode 1 a, 1 b, 1 c) are faster than modes 
2 and 3.ln mode 1, for instance, the a errors are becoming 
noticeable above 1 MHz clock frequency. 

Mode 1a, (Figure 5), represents the most simple hook·up of 
the LTC1060. Mode 1a is useful when voltage gain at the 
bandpass output is required. The bandpass voltage gain, 
however, is equal to the value of a; if this is acceptable, a 
second order, clock tunable, BP resonator can be 
achieved with only 2 resistors. The filter center frequency 
directly depends on the external clock frequency. For high 
order filters, mode 1a is not practical since it may require 
several clock frequencies to tune the overall filter 
response. 

Mode 1, Figure 4, provides a clock tunable notch; the 
depth is shown in graph 14. Mode 1 is a practical can· 
figuration for second order clock tunable bandpass/notch 
filters. In mode 1, a bandpass output with a very high a, to· 
gether with unity gain, can be obtained without creating 
problems with the dynamics of the remaining notch and 
lowpass outputs. 

Modes 1b and 1c, Figures 6,7 are similar. They both pro
duce a notch with a frequency which is always equal to 
the filter building block center frequency. The notch and 
the center frequency, however, can be adjusted with an ex
ternal resistor ratio. 

The practical clock to center frequency ratio range is: 

500;:: fCLK;:: 1 00 for 50) ; mode 1 b 
1 fo 1 \ 1 

100 or 50 ;::fCLK;:: 100 or~ ;mode1c 
1 1 fo .J2 .J2 

The input impedance of the S1 pin is clock dependent, and 
in general R5 should not be larger than 5k. Mode 1b can be 
used to increase the clock to center frequency ratio be
yond 100:1. For this mode, a practical limit for the (fCLKlfo) 
ratio is 500:1. Beyond this, the filter will exhibit large out
put offsets. Mode 1c is the fastest mode of operation: In 
the 50:1 mode and with (R5 = 0, R6 = 00) the clock to center 
frequency ratio becomes (50/.J2) and center frequencies 
beyond 20kHz can easily be achieved as shown in graph 
25. Figure 19, illustrates how to cascade the two sections 
of the LTC1060 connected in mode 1c to obtain a sharp 
fourth order, 1dB ripple, BP Chebyshev filter. Note that the 
center frequency to the BW ratio for this fourth order 
bandpass filter is 20/1. By varying the clock frequency to 
sweep the filter, the center frequency of the overall filter 
will increase proportionally and, so will the BW to main
tain the 20:1 ratio constant. All the modes of operation 
yield constant a's; with any filter realization the BW's will 
vary when the filter is swept. This is shown in Figure 19, 
where the BP filter is swept from 1 kHz to 20kHz center 
frequency. 

6-25 



LTC1060 

commEnTS on THE mODES OF OPERATion 
Modes 2, 2a, and 2b have a notch output which frequency, 
fn, can be tuned independently from the center frequency, 
fo. For all cases, however, fn do. These modes are useful 
when cascading second order functions to create an over· 

Your 

RI2 

PRECISE RESISTOR VALUES 
RII ~149 21k RI2~4S.14k 

R21 ~4.99k R22~S.OOlk 
R31 ~149 12k R32~142.64k 

RSI ~2.SSk RS~2.49k 

R61~2.49k R62~4.29k 

all elliptiC highpass, bandpass or notch response. The in· 
put amplifier and its feedback resistors (R2/R4l are now 
part of the resonant loop. Because of this, mode 2 and its 
derivatives are slower than mode 1 'so 

OdB 

SOHz ICLK 40kHz 
-5dB 

-IOdB 

-15dB 

-20dB 

-2SdB 

O.9kHz 1kHz 1.lkHz 

OdB 

-SdB 
1kHz 

ICLK BOOkHz 

-IOdB 

-ISdB 

-20dB 

-2SdB 

18kHz 19kHz 20kHz 21kHz 22kHz 

Figure 19. Cascading the 2 sections of the LTC1060 connected in mode 1c to obtain a clock tunable 4th order 
1 d B ripple bandpass Chebyshev filter with (center frequency) 1 (Ripple Bw) = 20/1. 

In mode 3, Figure 11, a single resistor ratio (R2/R4) can 
tune the center frequency below or above the fClK/100 (or 
fClK/50) ratio. Mode 3 is a state variable configuration 
since it provides a high pass, bandpass, lowpass output 
through progressive integration; notches are obtained by 
summing the highpass and lowpass outputs (mode 3a, 
Figure 12). The notch frequency can be tuned below or 
above the center frequency through the resistor ratio (Rh/ 
RI). Because of this, modes 3 and 3a are the most versatile 
and useful modes for cascading second order sections to 
obtain high order elliptic filters. Figure 20, shows the 2 
sections of an LTC1060 connected in mode 3a to obtain a 
clock tunable 4th order sharp elliptic bandpass filter. The 
first notch is created by summing directly the HP and LP 
outputs of the first section into the inverting input of the 
second section op amp. The individual Q's are 29.6 and the 
filter maintains its shape and performance up to 20kHz 
center frequency, Figure 21. For this circuit an external op 
amp is required to obtain the 2nd notch. The dynamics of 

6-26 

Figure 24 are excellent because the amplitude response at 
each output pin does not exceed OdB. The gain in the 
passband depends on the ratio of (Rg/Rh2l x (R22/Rh1) x 
(R21/R11). Any gain value can be obtained by acting on the 
(Rg/Rh2) ratio of the external op amp, meanwhile the 
remaining ratios are adjusted for optimum dynamics of 
the LTC1060 output nodes. The external op amp of Figure 
20 is not always required. In Figure 22, one section of the 
LTC1060 in mode 3a is cascaded with the other section in 
mode 2b to obtain a 4th order, 1dB ripple, elliptic bandre· 
ject filter. This configuration is interesting because a 4th 
order function with two different notches is realized with· 
out requiring an external op amp. The clock to center fre· 
quency ratio is adjusted to 200:1; this is done in order to 
better approximate a linear R,C notch filter. The amplitude 
response of the filter is shown in Figure 23 with up to 
1 MHz clock frequency. The OdB bandwidth to the stop 
bandwidth ratio is 8/1. When the filter is centered at 1 kHz, 
it should theoretically have a 44dB rejection with a 50Hz 
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commEnTS on THE mODES OF OPERATion 
stop bandwidth. For a more narrow filter than the above, 
the unused BP output of the mode 2b section, Figure 22, 
has a gain exceeding unity which limits the dynamic range 
of the overall filter. For very selective bandpasslbandre· 

ject filters, the mode 3a approach as in Figure 12, yields 
better dynamic range since the external op amp helps to 
optimize the dynamics of the output nodes of the 
LTC1060. 

Rll 

R41 

R31 

R21 

-7.5V 

V+=7.5V-~";+ 

T2L OR CMOS -+ _____ ....J 
CLOCK IN 

RESISTOR VALUES 
R"=155.93k R21=5k R31=152k R41=5.27k 
Rh1 = 13.2k RI1 = 10.74k R22 = 5.26k R32 = 151.8k 
R42=5k Rll=6.11k Rhl=5k Rg=37.3k 

NOTE: FOR CLOCK FREQUENCIES ABOVE 700kHz A 12pF CAPACITOR ACROSS R41 AND A 20pF 
CAPACITOR ACROSS R42 WERE USED TO PREVENT THE PASSBAND RIPPLE FROM ANY 
ADDITIONAL PEAKING. 

Figure 20. Combining mode 3 with mode 3a to make the 4th order BP filter of Figure 21 with improved 
dynamics. The gain at each output node is ::;OdB for all input frequencies. 

fCLK 100kHz fCLK lMHz 

-10dB -10dB 

-20dB -20dB 

-30dB 
-30dB 

-40dB 
-40dB 

-50dB -50dB 

1.5kHz 1.75kHz 2kHz 2.25kHz 2.5kHz 1.5kHz 1.75kHz 20kHz 22.5kHz 25kHz 

Figure 21. The BP filter of Figure 20, when swept from a 2kHz to 20kHz center frequency. 
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Rll 
V"N" -"N ....... -----'-

T2L OR CMOS _------' 
CLOCK IN 

RESISTOR VALUES 
Rll =60k R21 =5k R31 =54.75k 
R41 =28.84k Rh1 =5k RI1= 19.3k 
R52=5k R62=1.59k R22=60k 
R32 =455.75k R42 =503.85k 

~ -20 
z 

> 
~ 
~ -30 

-40 

-50 

-60 
0.7 0.8 0.9 10=1.0 1.1 1.2 1.3 

INPUT FREQUENCY NORMALIZED TO FILTER CENTER FREQUENCY 

Figure 22. Combining mode 3 with mode 2b to create a 4th order Figure 23. Amplitude Response of the notch filter of Figure 22. 
BR elliptic filter with 1dB ripple and a ratio of OdB to stop 
bandwidth equal to 9/1. 

LTC1060 OFFSETS 
Switched capacitor integrators generally exhibit higher 
input offsets than discrete R,C integrators. 

These offsets are mainly due to the charge injection of the 
CMOS switches into the integrating capacitors and they 
are temperature independent. The internal op amp offsets 
also add to the overall offset budget and they are typically 
a couple of millivolts. 

Because of this, the DC output offsets of switched capac
itor filters are usually higher than the offsets of discrete 
active filters. 
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Figure 24 shows half of an LTC1060 filter building block 
with its equivalent input offsets VOS1, VOS2, VOS3. All three 
are 100% tested for both sides of the LTC1060. VOS2 is 
generally the larger offset. When the SA/B, pin 6, of the 
LTC 1060 is shorted to the negative supply (i.e., mode 3), 
the value of the VOS2 decreases. Additionally, with SA/B 
low, a 20%-30% noise reduction is observed. Mode 1 can 
still be achieved, if desired, by shorting the S1 pin to the 
lowpass output, Figure 25. 



l T(1060 OFFSETS 
(18) (16) (19) 

Figure 24. Equivalent Input Offsets of 1/2 LTC1060 Filter Building 
Block 

Output Offsets 

The DC offset at the filter bandpass output is always equal 
to VOS3. The DC offsets at the remaining two outputs 
(Notch and LP) depend on the mode of operation and ex· 
ternal resistor ratios. Table 5 illustrates this. 

It is important to know the value of the DC output offsets, 

LTC1060 

(20) 

v-

Figure 25. Mode 1(LN): Same Operation as Mode 1 but Lower 
VOS2 Offset and Lower Noise 

especially when the filter handles input signals with large 
dynamic range. As a rule of thumb, the output DC offsets 
increase when: 

1. The Q's decrease 
2. The ratio (fCLK/fo) increases beyond 100:1. This is 

done by decreasing either the (R2/R4) or the R61 
(R5 + R6) resistor ratios. 

Table5 

VOSN VOSBP VOSLP 
Mode Pin 3 (18) Pin 2(19) Pin 1 (20) 

1,4 Vos1[(lIQ) + 1 + IIHoLpll]- VOS3/Q VOS3 VOSN - VOS2 

1a Vos1 [1 + (1/0)]- VOS3/O VOS3 VOSN - VOS2 

1b Vos1 [(1/0) + 1 + R2/R1]- VOS3/Q VOS3 -(VOSN - VOS2) (1 + R5/R6) 

1c Vos1 [(1/0) + 1 + R2/R1]- VOS3/Q VOS3 (V V) (R5+ R6) 
- OSN - OS2 (R5 + 2R6) 

2,5 IVos1(1 + R2/R1 + R2/R3 + R2/R4) - Vos3(R21R3)] x VOS3 VOSN - Vos2 
x [R4/(R2 + R4)] + Vos2[R2/(R2 + R4)] 

2a [Vos1(1 + R2/R1 + R2/R3 + R2/R4) - VOS3 (R21 R3)] x VOS3 (V V) (R5 + R6) 

x b R4(1 + k) j + V D R2 ~ 'k _ R6 
- OSN - OS2 (R5 + 2R6) 

R2 + R4(1 + k) OS2 R2 + R4(1 + k) , - R5 + R6 

2b [Vos1 (1 + R2/R1 + R2/R3+ R2/R4) - Vos3(R2/R3)] x 

x ~~J + V t R2 j 'k=~ VOS3 -(VOSN - Vos2)(1 + R5/R6) 
R2 + R4k OS2 R2 + R4k ' R5 + R6 

3,4a VOS2 VOS3 ~ R4 R4 R4J ~R~) VOS1 1 +-+-+- - VOS2 -
R1 R2 R3 R2 

-VOS3 (~) 
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f 
0.300 

(7.620) 
MAX 

+ 
0.160 

J Package 
20 Lead CERDIP 

1.060-----

1 

-------(26.924) 

MAX 

rc.2B§..-1 GLASS (~~~4) 
(8255) I jSEALANT ~ -.l 

MAX ~ (~~~~)! ~ """ TYP __ 
I (5080) 
• MAX tTll -t 

0008-0012jl t--+ 1_ 0080 _ 0060 I 1 0 100±0 010 
(0203-0305)-- 0125 - (2032) -(1524) - -(2540±0254) 

(3.175) MAX TYP 
__ 0 385±0 025 MIN 

(9.779±0.635) 

0.300-0.320 -I (7620 8.128) 1-

Fi 
0.009-0.015 II 
(0229-0381)- -

0.325 ~~~i; - -/8255 +0.635) 
V -0381 

N Package 
20 Lead Molded DIP 

1.033 1--------(26.238)-------

MAX 

-t 
0.250±0.005 

(6.350±0.127) 

_t_~~~~~~~~~ 
0.130 ± 0.005 

(3.302 ± 0.127) 

~L 
fOrl n--~--------' 

I _ _ 0.060 __ I ~ 0.100±0.010 
0.125 (1.524) (2.540±0.254) 

(3.175) TYP 
MIN 

0.018 
- -(0457) 



~-Y·llnlJ\R LTC1062 
~)r TECHNOLOGY~-----5-t-h-O-r-d-e-r-Lo-w--P-a-ss-F-i-lte-r 

FEATURES 
• Lowpass Filter with No DC Error 
• Low Passband Noise 
• Operates DC to 20kHz 
• Operates on a Single 5V Supply or Up to ± 8V 
• 5th Order Fi Iter 
• Maximally Flat Response 
• Internal or External Clock 
• Cascadable for Faster Rolloff 
• Buffer Available 
• 8 Pin DIP Package 

APPLICATions 
• 60Hz Lowpass Filters 
• Anti·Aliasing Filter 
• Low Level Filtering 
• Rolling Off AC Signals from High DC Voltages 
• Digital Voltmeters 
• Scales 
II! Strain Gauges 

TYPICAL APPLICATiOn 
10Hz 5th Order Butterworth Lowpass Filter 

V,N ---.25'\1\.8k,....... _____ --. __ ~~¢r~~URATE 

nf~~9Il-4--_BUFFERED 
DUTPUT 

TCose 

'-------_+_ V+ = +5V 

NOTE: TO ADJUST OSCILLATOR FREQUENCY, 
USE A 6800pF CAPACITOR IN SERIES 
WITH A 50K POT FROM PIN 5 TO GROUND. 

DESCRIPTion 
The LTC1062 is a 5th order all pole maximally flat lowpass 
filter with no DC error. Its unusual architecture puts the fil· 
ter outside the DC path so DC offset and low frequency 
noise problems are eliminated. This makes the LTC1062 
very useful for lowpass filters where DC accuracy is 
important. 

The filter input and output are simultaneously taken 
across an external resistor. The LTC1062 is coupled to the 
signal through an external capacitor. This R,C reacts with 
the internal switched capacitor network to form a 5th or· 
der rolloff at the output. 

The filter cutoff frequency is set by an internal clock which 
can be externally driven. The clock to cutoff frequency ra· 
tio is typically 100:1, allowing the clock ripple to be easily 
removed. 

Two LTC1062s can be cascaded to form a 10th order quasi 
max flat lowpass filter. The device can be operated with 
single or dual supplies ranging from ± 2.5V to ± 9V. 

The LTC1062 is manufactured using Linear Technology's 
enhanced LTCMOSTM silicon gate process. 

LTCMOS ™ is a trademark 01 Linear Technology Corp. 

Filter Amplitude Response and Noise 
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LTC1062 

ABSOLUTE mAXimum RATinGS 
TotaISupplyVoltage(V+ toV-) ..................... 1SV 
Input Voltage at Any Pin ...... V- - 0.3V~VIN~V+ + 0.3V 
Operating Temperature Range 

LTC1062M ........................ -55°C~TA~125°C 
LTC1062C ......................... -40oC~TA~85°C 

Storage Temperature Range ............. - 65°C to 150°C 
Lead Temperature Range (Soldering, 10 sec.) ....... 300°C 

ELECTRICAL CHARACTERISTICS 

PACKAGE/ORDER InFORmATion 

DI~~~~ 4 
'-----' 

J8 PACKAGE N8 PACKAGE 
HERMETIC DIP PLASTIC DIP 

ORDER 
PART NUMBER 

LTC1062MJ8 
LTC1062CJ8 
LTC1062CNS 

Test Conditions: V+ = + 5V, V- = -5V, TA = 25°C unless otherwise specified, AC output measured at pin 7, Figure 1 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

Power Supply Current Cosc (Pin 5 to V-) = 100 pF 4.5 7 mA 

• 10 mA 

Input Frequency Range 0-20k Hz 

Filter Gain at fiN = 0 fCLK = 100kHz, Pin 4 at V+ 0 dB 
fiN = 0.5fc (Note 1) C=O.Q1~F, R=25.78k -0.02 -0.3 dB 
fIN=fC • -2 -3 dB 
flN=2fc • -28 -30 dB 
flN=4fc • -54 -60 dB 

Clock to Cutoff Frequency Ratio, fCLK/fc Same as above 100± 1 % 

Filter Gain at fiN = 16kHz fCLK = 400kHz, Pin 4 at V+ • -48 -52 dB 
C = O.Q1~F, R = 6.5k 

fCLK/fc Tempco Same as above 10 ppm/DC 

Filter Output (Pin 7) DC Swing Pin 7 bufffered with an external op amp • ±3.5 ±3.8 V 
Clock Feedthrough 
Internal Buffer 
Bias Current 
Bias Current 

Offset Voltage 
Voltage Swing Rl = 20kO 
Short Circuit Current Source/Sink 
Clock (Note 3) 

Internal Oscillator Frequency Cosc (pin 5 to V ) = 100pF 
Cosc (pin 5 to V-) = 100pF 

Max Clock Frequency 

Pin 5 Source or Sink Current 

The • denotes the specifications which apply over the full operating tem
perature range. 

Note 1: fc is the frequency where the gain is - 3dB with respect to the in
put signal. 

6-32 

10 mVp·p 

2 50 pA 

• 170 1000 pA 
2 20 mV 

• ±3.5 ±3.8 V 
40/3 mA 

25 32 50 kHz 

• 15 65 kHz 
4 MHz 

• 40 80 ~A 

Note 2: The LTC1062M operates from -55°CsTAs125°C, the LTC1062C 
operates from -40oCsTAs85°C. 
Note 3: The external or driven clock frequency is divided by either 1,2, or 4 
depending upon the voltage at pin 4. When pin 4 = V +, ratio = 1; when 
pin 4 = GND, ratio =2; when pin 4 = V-, ratio= 4. 



BLOCK DIAGRAm 

LTC1062 

BY CONNECTING PIN 4 TO V +, AGND, OR 
V -, THE OUTPUT FREQUENCY OF THE IN
TERNAL CLOCK GENERATOR IS THE OSCIL
LATOR FREQUENCY DIVIDED BY 1,2,4. THE 
(feLK/fe) RATIO OF 100:1 IS WITH RESPECT 
TO THE INTERNAL CLOCK GENERATOR OUT
PUT FREQUENCY. PIN 5 CAN BE DRIVEN 
WITH AN EXTERNAL CMOS LEVEL CLOCK. 
THE LTC1062 CAN ALSO BE SELF-CLOCKED 
BY CONNECTING AN EXTERNAL CAPACITOR 
(Case) TO GROUND (OR TO V- IF Case IS 
POLARIZED). UNDER THIS CONDITION AND 
WITH ± 5V SUPPLIES, THE INTERNAL OS
CILLATOR FREQUENCY IS: 

fose= 140kHz [33pF/(33pF + Cosell· 

For Adjusting Oscillator Frequency, Insert a SOK Pot in Series with Cose. Use Two Times Calculated Cose. 

25.8k 

+5V 
15l-+--_n 0.1"F 

L.-"";';""";,;,,.....I - 5V =.i L 
'-------..... -+5V ICLK=100kHz -5V 

Figure 1. AC Test Circuit 

MEASURED 
OUTPUT 

TYPICAL PERFORmAnCE CHARACTERISTICS 
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Amplitude Response Normalized to 
the Cutoff Frequency 

Vs= ±5V r\ 
TA=25°e \ 1 Ic . 
2~RC =u" \ 
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'c-lOkHz 

I CLK - 500kHz\ 

I C = 5~HZ,I, '\ 
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I I 
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Amplitude Response Normalized to 
the Cutoff Frequency 

Vs= ± 2.5V 1\ 
TA=25°C \ 1 IC 
2~Re 1.62 \ 
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I I IIIII I 
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Passband Gain vs Input Frequency 

Vs-±5V I Vi\ TA=25"e _1_= ~ 
ICLK=100kHz- 2~Re 1.~ VI\ I /./ 

,/ 
1\ _~=l/ 

I-- 2~RC 1.62 1 = -'"- i-" 
'2~Re 1.64 

-1.0 
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LTC1062 

TYPICAL PERFORmAnCE CHARACTERISTICS 
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Passband Gain vs Input Frequency 
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Normalized Oscillator Frequency, 
losc vs Supply Voltage 

v ~ 
I t\.. 
I .......... 

4 6 8 10 12 14 16 18 20 
VSUPPLY (V) 

260 

240 

N 220 
:I: 

;- 200 
~ 
~ 180 
o 
~ 160 

6 140 
'< 
::l 120 
5l 
'" 100 

80 

60 

Oscillator Frequency, losc vs 
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APPLICATions InFORmATion 

Filter Input Voltage Range 

80 
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Filter Noise Spectral Density 
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1 
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CUTOFF FREQUENCY (Hz) 

Power Supply Current vs Power 
Supply Voltage 

TA= -55'C / 

V 
~A=25'C 

V 
r--

A / 
./ vy 

L-- / ~ V TA= 125'C ...-
'-'. ~ ::;;..--, 

4 6 8 10 12 14 16 18 20 
POWER SUPPLY VOLTAGE (V) 

Every node of the LTC1062 typically swings within 1V of 
either voltage supply, positive or negative. With the appro
priate external (R,C) values, the amplitude response of all 
the internal or external nodes does not exceed a gain of 
o dB with the exception of pin 1. The amplitude response 
of the feedback node (pin 1) is shown in Figure 2. For an in
put frequency around 0.8 x fe, the gain is 1.7 V/V and, with 

± 5V supplies, the peak-to-peak input voltage should not 
exceed 4.7V. If the input voltage goes beyond this value, 
clipping and distortion of the output waveform occur, but 
the filter will not get damaged nor will it oscillate. Also, 
the absolute maximum input voltage should not exceed 
the power supplies. 
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APPLICATions InFoRmATion 

VS~~5V II 

1 te 
2~RC =1:62 

i-'" :\ 
\ 
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~ -2 
z 
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-14 
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tlN/te 

Figure 2. Amplitude Response of Pin 1 

Internal Buffer 

The internal buffer out (pin 8) and pin 1 are part of the 
signal AC path. Excessive capacitive loading will cause 
gain errors in the passband, especially around the cutoff 
frequency. The internal buffer gain at DC is typically 
0.006dB. The internal buffer output can be used as a filter 
output, however it has a few millivolts of DC offset. The 
temperature coefficient of the internal buffer is typically 
1p,V/oC. 

Filter Attenuation 

The LTC1062 rolloff is typically 30dB/octave. When the 
clock, and the cutoff frequencies increase, the filter's 
maximum attenuation decreases. This is shown in the 
Typical Performance Characteristics. The decrease of the 
maximum attenuation, is due to the roll off at higher fre· 
quencies of the loop gains of the various internal feedback 
paths and not to the increase of the noise floor. For in· 
stance, for a 100kHz clock and 1kHz cutoff frequency, the 
maximum attenuation is about 64dB. A 4kHz, 1Vrms input 
signal will be predictably attenuated by 60dB at the 
output. A 6kHz, 1Vrms input signal will be attenuated by 
64dB and not by ndB as an ideal 5th order maximum flat 
filter would have dictated. The LTC1062 output at 6kHz will 
be about 630p,Vrms. The measured rms noise from DC to 
17kHz was 100p,Vrms which is 16dB below the filter output. 

Case, Pin 5 

The Case, pin 5, can be used with an external capacitor, 
Case, connected from pin 5 to ground. If Case is polarized 
it should be connected from pin 5 to the negative supply, 
pin 3. Case lowers the internal oscillator frequency. If pin 5 
is floating, an internal 33pF capacitor plus the external 
interpin capacitance set the oscillator frequency around 
140kHz with ± 5V supply. An external Case will bring the 
oscillator frequency down by the ratio (33pF)/(33pF + 
Casel. The typical performance characteristics curves pro· 
vide the necessary information to get the internal oscilla· 
tor frequency for various power supply ranges. Pin 5 can 
also be driven with an external CMOS clock to override the 
internal oscillator. Although standard 7400 series CMOS 
gates do not guarantee CMOS levels with the current 
source and sink requirements of pin 5, they will, in reality, 
drive the Case pin. CMOS gates conforming to standard B 
series output drive have the appropriate voltage levels and 
more than enough output current to simultaneously drive 
several LTC1062 Case pins. The typical trip levels of the in· 
ternal Schmitt trigger which input is pin 5, are given below. 

POWER SUPPLY TRIP LEVELS 

V+ = +5V V- =OV VH=3.4V vL = 1.35V 
V+ = + 10V V- =ov VH=6.5V vL =2.BV 
v+= +15V V- =OV vH =9.5V VL=4.1V 
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LTC1062 

APPLICATIOnS InFORmATion 

Divide By 1,2,4 (Pin 4) 

By connecting pin 4 to V+, to mid supplies or to V-, the 
clock frequency driving the internal switched capacitor 
network is the oscillator frequency divided by 1, 2, 4, 
respectively. Note that the felK/fe ratio of 100:1 is with 
respect to the internal clock generator output frequency. 
The internal divider is useful for applications where octave 
tuning is required. The + 2 threshold is typically ± 1V from 
the mid supply voltage. 

Transient Response 

Figure 3 shows the LTC1062 response to a 1V input step. 
The settling time approximates that of an ideal 5th order 
maximally flat filter. 

Filter Noise 

The filter wideband rms noise is typically 100/lVrms for 
± 5V supply and it is nearly independent from the value of 
the cutoff frequency. For single 5V supply the rms noise is 
BO/lVrms. Sixty-two percent of the wideband noise is in the 
passband, that is from DC to fe. The noise spectral 
density, unlike conventional active filters, is nearly zero 
for frequencies below 0.1 x fe. This is shown in the typical 
performance characteristics section. Table 1 shows the 
LTC1062 rms noise for different noise bandwidths. 

1ms/DIV (fc=1kHz) 
10ms/DIV (fc=100Hz) 

100ms/DIV (fc=10Hz) 

Figure 3. LTC1062Transient Response 

Table 1 

rmsNOISE 
NOISEBW vs= :!:5V 

DC-O.1 xfc 2~V 

DC-O.25xfc 8~V 

DC-O.5xfc 20~V 

DC- 1xfc 62~V 

DC- 2xfc 100~V 
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TYPICAL APPLICATions 

Filtering AC Signals from High DC Voltages 

R 
25.8k 

VIN ~.,..:t: ..... -c----------~",,--+~ DC OUTPUT 
....Lc 

~ 0.011'F 

HIGH DC INPUT = 100V 

J.. 

0.2 

-0.2 
co 
;- -0.4 
« 
'" Cl -0.6 
'" « 
c:J 
~ -0.8 
;;: 

-1.0 

-1.2 

-1.4 

V+ = +5V 

EX fCLK=100kHz, fc=1kHz. THE FILTER 
ACCURATELY PASSES THE HIGH DC INPUT 
AND ACTS AS 5th ORDER LP FILTER FOR THE 
AC SIGNALS RIDING ON THE DC. THE AMPLI
TUDE RESPONSE IN THE PASSBAND IS 
SHOWN BELOW. 

Passband Amplitude Response for 
the High DC Accurate 5th Order Filter 

r0-
t--

Vs= ±5V 
-fCLK=100kHz 

-1- I I II 

I 
0.01 0.02 0.05 0.1 0.2 0.3 0.5 

fiNite 

LTC1062 
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TYPICAL APPLICATions 

6-38 

Octave Tuning with a Single Input Clock 

R 
VIN ....... """ ..... --------...... ---+VOUT1 

i-+-..... SUFFERED VOUT1 

400kHz 
CMOS CLOCK IN --------,------. 

VIN --'\""" ...... --------..... -f-+ VOUT2 

...-+-i-+SUFFERED VOUT2 

VIN -Jl1M-+--------..... -+-+VOUT3 
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Amplitude Response for the Octave 
Tuning Circuit 
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TYPICAL APPLICATions 
Simple Cascading Technique 

412k 
VIN --'W~p-------",,-J\III'It--.-------..... -......:::..j 

10Hz, 10th ORDER DC ACCURATE LOW PASS FILTER 
60dB/OCTAVE ROLLOFF 
0.5dB PASSBAND ERROR, OdB DC GAIN 
MAXIMUM ATTENUATION 110dB (fClK=10kHz) 

100dB (f ClK = 1 kHz) 
95dB (fClK=1MHz) 

100Hz, 50Hz, 25Hz 5th Order DC Accurate LP Filter 

25.8k 
VIN-.l\Aftv-..... ----... ---...--..... VOUT 

100k 
+5V 

TO PIN 5 OF CD4016 

CONTROL 
(HIGH, GROUND, LOW) .... -'\I'I/I;......-! 

+5V 

-5V BY CONNECTING PIN 4 OF THE LTC1062 HIGH/ 
GROUND/LOW THE FILTER CUTOFF FREQUENCY 

+5V IS 100Hz/50Hz/25Hz. 

100k 

TO PIN 13 OF CD4016 

100k 

-5V 

LTC1062 

DC ACCURATE 
OUTPUT 
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TYPICAL APPLICATions 
7th Order 100Hz Lowpass Filter with Continuous Output Filtering, Output Buffering and Gain Adjustment 

6-40 

2.6k 

DC GAIN 

10 
101 

R3 

Rl 

THE LTC1052 IS CONNECTED AS A 2nd ORDER 
SALLEN AND KEY LOWPASS FILTER WITH A 
CUTOFF FREQUENCY EQUAL TO THE LTC1062. 
THE ADDITIONAL FILTERING ELIMINATES ANY 
10kHz CLOCK FEED THROUGH PLUS DECREASES 
THE WIDEBAND NOISE OF THE FILTER. 

DC OUTPUT OFFSET (REFERRED TO A DC GAIN OF 
UNITY)=5/<V MAX. 

WIDEBAND NOISE (REFERRED TO A DC GAIN OF 
UNITY)::: 60l'Vrms 

OUTPUT FILTER COMPONENT VALUES 
R3 R4 Rl R2 Cl 
00 14.3k 53.6k O.I/<F 

3.57k 32.4k 4.6k 27.4 O.I/<F 
0.324 32.4k 0.31k 16.9k 0.471'F 

Single 5V Supply 5th Order LP Filter 
R 

R4 

.>'-+-·VOUT 

C2 
0.0331'F 

0.2/<F 
II'F 

+5V 

VIN ~\/'"-l.----------:::t-'-DC ACCURATE OUTPUT 

C C 
IOI'F 

SOLID 25k 
TANTALUM 

~ 
25k 

12R 

FOR A 10Hz FILTER R=29.4k, C=II'F, fCLK=lkHz 

THE FILTER IS MAXIMALLY FLAT FOR 2:RC = /§4 



TYPICAL APPLICATions 

43.2k 
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Figure 4 

1\ 
1\ 
~ 

100 1000 

5th Order Lowpass Filter with a 60Hz Notch 

23.2k 

7.1kHz 
CMOS CLOCK >-..... ---------------......... 

OUTPUT DC OFFSET IS 2 TIMES THE EXTERNAL 
OP AMP OFFSET VOLTAGE. THE LTC1062(A) 
FORMS A NOTCH WITH fCLKifNOTCH:::118.3 
AMPLITUDE RESPONSE IS SHOWN IN FIGURE 4. 

LTC1062 

BUFFERED VOUT 
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LTC1062 

PACKAGE DESCRIPTion Dimensions in inches (millimeters) unless otherwise noted. 
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J8 Package 
8 Lead Hermetic DIP 

D 5-t 
0.220-0.310 

(5.588-7.874) 

.1 4 ~ 

-11_0.055 

(10.29) 

(1.397) 
MAX 

0.200 MAX I-~-~ (5.080)..!hill..::::.! 0.005 

'"'''E~~ t-I-[ I U 0.150 ~ (3.810) 
(3.175-5.080) MIN 

t Iljt~t !J..!!!-----+..-. (O.76~y~.778J 

(2;540) 0.014-0.023 
sc (0.356-0.58') 

TYP 

N8 Package 
8 Lead Plastic 

~~ 0.24010.280 brrJi (6.09T"') 

JI O.040 0.060 
-(1.016)MAX (1.524) 

so 
0.370-0.400 

~1-(9"00-10"6)1 

.-------- -t, MIN 
(OM~~8) ffin-(:~::) 

0.155-0.175 
(3.937-4.445) 

t ~ 
0.125-0.130 t ~ ~ rll(2.921.3.683) 

t JJ~lt~ ~ (O,76~y~.524) 

(~~~) ---. ~ 
TYP (0.35~y~.58') 

,A, I , 

1/ I' 
1/ II 

J~ ~'008_0'015 J~ (0.203-0.381) 
TYP 

0.290-0.320 
(7.366-8.128) 

0°_15° 

,RO

±5
0

----

I , 
I , 

" , 
u II J" 5·008_0.015 11:-(0.203-0.381) 

TYP 
0.290-0.310 
(7.366-7.874) 

0°_15° 
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L7LlnFAI't LT1524/LT3524 
U \K SG1524/SG3524 

TECHNOLOGY~------R-eg-u-Ia-t-in-g-p-u-Is-e-W-i-d-th 
Modulator 

FEATURES DESCRIPTion 
• Guaranteed ± 2% Reference Tolerance 
• Guaranteed ± 6% Oscillator Tolerance 
• Guaranteed 1 OmV /1000 H rs Long Term Stability 
• Interchangeable with all SG1524 or LM1524 Devices 

The LT1524 PWM switching regulator control circuit con
tains all the essential circuitry to implement single-ended 
or push-pull switching regulators. Included on the circuit 
are oscillator, voltage reference, a pulse width modulator, 
error amplifier, overload protection circuitry and output 
drivers. 

• Operates Above 100kHz 

APPLICATions 
• Switching Power Supplies 
• Motor Speed Control 
• Off-Line Power Converters 

1O,F 

01 =2N6191 
02=2N3906 

5k 

0.1,F 

5k 

5k 

6.5k 

0.01,F 

30k 
O.Olj.1F 

5V, 1 Amp Regulator 

5k 

600 

15 

16 VREF 
V,N 

C1 12 

1 NI E1 
11 

2 INV 13 
C2 

LT3524 
6 14 

R] E1 

7 C] Cl + 4 

9 COMP CL -
GNO 

510 

Although pin-for-pin and functionally compatible with 
industry standard 1524 and 3524 devices, Linear 
Technology has incorporated several improvements in the 
design of the LT1524. A subsurface zener reference has 
been used to provide excellent stability with time and the 
reference is trimmed at the wafer level to provide an initial 
accuracy of 2%. Additionally, the oscillator is trimmed to 
provide a maximum tolerance of 6%. 

Linear Technology Corporation's advanced processing, 
design and passivation techniques make the L T1524 and 
L T3524 a superior and more reliable choice over previous 
devices. 

Distribution of Reference 
Output Voltage 

180 r--t--t--t--t--i~-t--t-t--I 

160 1-+---I----I--t!?±~---I----I-_t____1 

1401-+-I-t-f 

120 f---t--t---t----F 

O.1rrF 

1 00 1-+---I----I--t!?±~4,+--I-_t____1 

80 1-t-+---I'o-~l4'i'f~--t-+-I 

60 1-+---I---+-~~4,+-+-_t____1 

40 1-+---I---+-~~---I---+-_t____1 

20 1-t-+---I'o-~l4'i'f-+--t-+--l 
O~~~~~~~~ 

01 
MR850 

4.95 4.97 4.99 5.01 5.03 5.05 
REFERENCE OUTPUT VOLTAGE (V) 

0.15 
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LT1524/LT3524 
SG1524/SG3524 

ABSOLUTE mAXimum RATinGS 
I nput Voltage . . . . . . . . . . . . . . . . . . . . . . . . . . . . 40V 
Reference Output Current .................. 50mA 
Output Current (Each Output) . . . . . . . . . . . . .. 100mA 
Oscillator Charging Current (Pin 6 or 7) ......... 5mA 
Internal Power Dissipation (Note 1) . . . . . . . . . . . . . 1 W 
Operating Temperature Range 

LT1524/SG1524 ........... -55°Cto +125°C 
LT3524/SG3524 ............... O°Cto + 70°C 

Storage Temperature Range. . . . .. - 65°C to + 150°C 
Lead Temperature (Soldering, 10 sec.) ........ 300°C 

ELECTRICAL CHARACTERISTICS (Note 2) 

PARAMETER CONOITIONS 

Reference Section: 

Output Voltage • 
Line Regulation VIN = BV to 40V • 
Load Regulation IL =OmA to 20mA • 
Ripple Rejection f=120Hz 
Short Circuit Current Limit VREF=O 
Temperature Stability • 
Long Term Stability Tr 125°C 

Oscillator Section: 

Maximum Frequency CT=0.001I'F, RT=2kf! • 
Initial Accuracy RT and CT Constant 
Voltage Stability VIN = BV to 40V 
Temperature Stability Note 3 • 
Output Amplitude Pin 3 

Output Pulse Width CT=0.01I'F, TA = 25°C 
Error Amplifier Section: 

Input Offset Voltage VCM=2.5V • 
Input Bias Current VCM=2.5V • 
Open Loop Voltage Gain • 
Common-Mode Voltage 

Common-Mode Rejection Ratio 

Small Signal Bandwidth Av=OdB 
Output Voltage 

7-4 

PACKAGE/ORDER InFORmATion 

TOP VIEW 

J PACKAGE 
16 PIN HERMETIC 

N PACKAGE 
16 PIN PLASTIC 

LT1524 
MIN TYP MAX MIN 

;: 

4.B 

BO 

100 

0.3 1 

1;:\"7lt".:2;r:;~·fii;:10 .;' 

300 

I :··;':"";:'.hv, .;.: .. ::;,:.9, ;';,; 
1 

2 
3.5 

0.5 

0.5 5 

Iri~i:t;H:;;.;i;'··' 0 i;5:;;;~:;'i!;@;;,:·.:. 
72 BO 72 
l.B 3.4 l.B 

:S,t:Fr,' 
3 

0.5 3.B 0.5 

S61524 
TYP MAX 

5.0 5.2 

10 20 
20 50 
66 
100 

0.3 1 

20 

300 

5 
1 

2 
3.5 

0.5 

0.5 5 
2 10 

BO 
3.4 

70 

3 
3.B 

ORDER PART 
NUMBER 

LT1524J 
LT3524J 
LT3524N 
SG1524J 
SG3524J 
SG3524N 

UNITS 

V 

mV 
mV 
dB 

mA 

% 

mV/'./khr 

kHz 

% 
% 
% 
V 

I's 

mV 

~ 
dB 
V 

dB 

MHz 

V 



ELECTRICAL CHARACTERISTICS 
PARAMETER CONDITIONS LT1524 

MIN TYP 

Comparator Section: 
Duty Cycle (Max) % Each Oulput On • 45 

Input Threshold Zero Duly Cycle • 1 

Input Threshold Max Duty Cycle • 3.5 

Input Bias Current • 0.2 

Current limHing Section: 
Sense Voltage Pin 9 = 2V with Error Amplifier 190 200 

Sellor Max Out 

Sense Voltage lC. • 0.2 

Common-Mode Voltage • -0.7 

Output Section: (Each Output) 

Collector-Emitter Voltage • 40 

Colleclor Leakage Current VcE =40V • 0.1 

Saluration Voltage Ic=50mA • 1 

Emitler Output Voltage V1N =20V • 17 18 

Rise Time Rc=2kfl 0.2 

Fall Time Rc=2kfl 0.1 

Total Standby Current: V1N =40V (Note 4) • 8 

ELECTRICAL CHARACTERISTICS (Note 2) 

PARAMETER CONDITIONS LT3524 
MIN TYP 

Reference Section: 
1 ....• 4 .9 Output Voltage • 5.0 

Line Regulation V1N =8V to 40V • 3 
Load Regulation IL =OmA to 20mA • 10. 

Ripple Rejection f= 120Hz 80 

Short Circuit Current Limit VREF=O 100 

Temperature Stability • 0.3 
Long Term Stability 2 

Oscillator Section: 

Maximum Frequency CT=O.OOlmfd. RT=2kfl • 300 
Initial Accuracy RT and CT Constant i .' 3 
Voltage Stability V1N =8V to 40V 
Temperature Stability Note 3 • 2 
Output Amplitude Pin 3 3.5 

Output Pulse Width CT=O.Olp.F, TA=25°C 0.5 
Error Amplifier Section: . , ........ 

Input Offset Voltage VcM =2.5V • , 1 
Input Bias Current VCM=2.5V • '.' ·.··.·0.5 
Open Loop Voltage Gain • .72i80 
Common-Mode Voltage 1.8 

Common-Mode Rejection Ratio .~0...i~6 
Small Signal Bandwidth Av=OdB 3 
Output Voltage 0.5 

MAX 

45 

2 

210 

1 

50 

2 

10 

MAX 

5.1 
10 

20 

1 
10 

6 
.. 

1 

5;1"1;, 

2 "73 
. i.D',:i, 
3.4 

.. •· .• ·,.;:,t· 

3.8 

LT1524/LT3524 
SG1524/SG3524 

SG1524 UNITS MIN TYP MAX 

45 45 % 
1 V 

3.5 V 

1 pA 

190 200 210 mV 

0.2 mV/OC 

-0.7 1 V 

40 V 

0.1 50 pA 

1 2 V 

17 18 V 

0.2 P.s 

0.1 p's 

8 10 mA 

SG3524 UNITS MIN TYP MAX 

4.6 5.0 5.4 V 
10 30 mV 

20 50 mV 

66 dB 
100 mA 
0.3 1 % 
20 mV/khr 

300 kHz 

5 % 
1 % 

2 % 
3.5 V 
0.5 iJ.S 

2 10 mV 

2 10 pA 

60 80 dB 

1.8 3.4 V 
70 dB 

3 MHz 
0.5 3.8 V 
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LT1524/LT3524 
SG1524/SG3524 

ELECTRICAL CH ARACTERISTICS 
PARAMETER 

Sense Voltage 

CONDITIONS 

Pin 9 = 2V with Error Amplifier 
Set for Max Out 

The. denotes specifications that 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. 
Note 1: For operating at elevated temperatures, the device in the J 
package must be derated at 100°C/W to a maximum junction 
temperature of 150°C, while the device in the N package is derated at 
150°C/W to a maximum junction temperature of 115°C. 
Note 2: These specifications apply for VIN =20V, f=20kHz. TA=25°C 
unless otherwise noted. 

TEST CIRCUIT 

t 15 VIN 

• 

UNITS SG3524 
MIN TYP MAX 

LT3524 
MIN TYP MAX 

o 45 o 

Note 3: Although many manufacturers specify a maximum specification 
of 2%, Linear Technology's experience is that this specification is not 
being presently met by other manufacturers. Linear Technology's basic 
design, although improved, is essentially identical to other manufac
turers' devices. Linear Technology is, however, unwilling to place a 
maximum specification on its data sheet which cannot be met or 
guaranteed. 
Note 4: Standby current does not include the oscillator charging current, 
error and current limit dividers, and the outputs are open circuit. 

2k 2k 
1W 1W 

C2 13 

C1 12 lOUTPUTS 
-1 osc OUT lT1524/3524 

E21!., 

~ VREF INV SHUT +C L -C L E1 t1!-. 
NI INPUT INPUT caMP DOWN SENSE SENSE RT CT GNO 

2 l:......J9 10 4 5 6 7 8 

2k 2k 
10k RT : ~CT 

=~O.1~F~ 10k 

L ~ 
2k 

GNO 
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TYPICAL PERFORmAnCE CHARACTERISTICS 
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LT1524/LT3524 
SG1524/SG3524 

APPLICATions InFoRmATion 
FUNCTIONAL DESCRIPTION AND PIN FUNCTIONS 

Voltage Regulator 

The internal 5V regulator (input pin 15, output pin 16) 
supplies a regulated 5V to all internal circuitry, as well as 
up to 50mA for external circuitry. For operation below BV 
input, pins 15 and 16 may be tied together and 5V to 6V 
externally applied. 

Oscillator 

The internal oscillator circuitry sets the frequency of 
operation forthe switching regulator. The oscillator wave
form is a ramp from about 1V to 3.5V (pin 7). Frequency 
is set by a timing resistor from pin 6 to ground and a 
capacitor from pin 7 to ground. The oscillator period is ap
proximately RC for the recommended range of 1.Bk to 
100k for Rand 0.001/-tF to 0.1/-tF for C. 

The fall time of the ramp sets the blanking or dead time 
where both outputs are off in push-pull regulators. This is 
controlled by the value of the capacitor alone. 

Output Transistors 

The two output transistors have both the emitters (pins 11 
and 14) and the collectors available (pins 12 and 13). Inter
nal current limiting for both of these transistors is about 
1 OOmA. The two transistors are driven 1BO° out of phase by 
the flip-flop. For single-ended operation they should be con
nected in parallel. 

Error Amplifier 

The differential input (pins 1 and 2) single-ended output 
(pin 9) transconductance amplifier provides about BOdB 
of gain, as well as providing a point for loop frequency 
compensation or electronic shutdown. 

DC gain of the loop can be controlled by resistive loading, 
while AC compensation is usually accomplished with a 
series R-C connected from pin 9 to ground. The output 
impedance at pin 9 is about 5MO and current is about 
200~, so external op-amps or voltage sources can easily 
drive the comparator input. Normally, the 5V reference is 
divided down to generate a voltage within the common
mode range of the error amplifier. 

7-8 

Synchronous Operation 

When an external clock is desired, a clock pulse of ap
proximately 3V can be applied directly to the oscillator 
output, pin 3. The impedance to ground at this point is 
approximately 2kO. In this configuration, RT CT must be 
selected for a clock period slightly greater than that of the 
external clock. 

If two or more LT1524 regulators are to be operated syn
chronously, all oscillator output terminals should be tied 
together. The oscillator programmed for the minimum 
clock period will be the master from which all the other 
LT1524s operate. I n this application, the CT RT values of 
the slaved regulators must be set for a period approx
imately 10% longer than that of the master regulator. In 
addition, CT (master) =2 CT (slave) to ensure that the 
master output pulse, which occurs first, has a wider 
pulse width and will subsequently reset the slave 
regulators. 

Shutdown 

A logic high at pin 10 will shut down the regulator and 
cause both output transistors to turn off. 

Current Limit 

Current limiting is activated when the voltage between 
pins 4 and 5 exceeds 200mV. The output of the current 
limit amplifier internally sums with the error amplifier to 
shorten the output pulse width. The gain of the current 
limit circuitry is relatively low, so current control in limit is 
typically about 5%. Two areas of caution should be 
observed with current limiting. First, the response time of 
the current limit is set by the loop roll-off on pin 9. Fast 
current limiting requires external circuitry. Second, the 
common-mode range of the current limit amplifier is lim
ited. Even fast spikes outside this range can disrupt 
operation. 



~ 
~c: 
~=z. 
~ 

"""-I 
cO 

INI151-1 ....... ----1>--.... --..... - ..... ----------<P-.... --~----------__1--+-----__1>---<p-----, 

rY'Jn~ , 
1f)LJ 

01..L ~R1 
6.3'A, )10k 

NO [8}-

r--
R2 
770 

6°i-i' 

~ I 
R5 
13.1k 

R3 I 
3k C1, 

50pF 

R22 
20k 

R19 
6400 ~ 

o~J--~~---. 

R20 
13BOO 

R21 I 
1800 

IR38 IR39 
30k 30k 

IR37 
R34 8k 
8140 

L......----I[066 

O~' R63 
4BO 

R61 R62 
500 50 

-r 

067 

EMITIE 
T 

;.w 

~I\t R41 
40k I V:~~ J ttl (-IR40 

M~ E~~Oh3 ~ 
~I I~ L. L. 

I I 1 B.6k 060 I H Imj j j ~ "~II 
I I Q~3 R49 

2k 

tJJ J.5 
~4 

046 

U57 

r' o;rr R31 
~ 

R4B 
1.Bk 052 1-4-1 053 

R29 
16k R30 

260 

R2B R46 
16k 1k 

3 4 
OSC INV NI COMP Cl Cl 

OUTPUT INPUT INPUT SENSE SENSE 
(-) (+) 

II PULSE-WIDTH mODULATORS 

'" n 
::z:: 
'" a 
! 
i=\ 
$2 
::D 
Q 
:I) 
::D a 

(f) 

~~ 
()1-' 
1\.)()1 
~I\.) 
........... ~ 
(f) ........... 

G)~ 
0.) 0.) 
()1()1 
I\.) I\.) 

~~ 



LT1524/LT3524 
SG1524/SG3524 

BLOCK DIAGRAm 
V" .;.;15'--_______ --<~--__1 1-___ -1_-----'1:!.6 ~CEF 

INV INPUT 1 _ 

NIINPUT 2 + 

COMPENSATION .;.9 _____ -+_-1 

+CL SENSE 4 _ 

-CL SENSE 5 + 

SHUTDOWN .:.:10Jy.~ .... _-I 

V\I\IV 
CT~7 ______ ~ 
RT~6 ______ ---I 

PACKAGE DESCRIPTion 

TJ MAX 8JA 8JC 

LT1524J 
150'C 100'C/W 30'C/W 

SG1524J 

LT3524J 
150'C 100'C/W 30'C/W 

SG3524J 

7-10 

GND 

J Package 
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LYLlnFAr\ LT/SG1525A, LT/SG3525A 
U \I( LT/SG1527A, LT/SG3527A 

TBCHNOLOGY~------R-e-g-u-Ia-ti-n-g-P-u-Ise--W-id-t-h 

FEATURES 
• Undervoltage Lockout with Hysteresis 
• Guaranteed 1 % 5.1 V Reference 
• Guaranteed 1 OmV /1000 H r Long Term Stability 
• Latching PWM 
• 8V to 35V Operation 
.100Hz to 400kHz Oscillator 
.400mA Source and Sink Current 

APPLICATions 
• Switching Power Supplies 
• Motor Speed Control 
I!I Power Converters 

BLOCK DIAGRAm 

+VIN 15 

GROUND 12:--~ 

SYNC 31------. 

RT 6 

CT 5 
DISCHARGE 7 

COMPENSATION 91---_-1 

INV INPUT 1 

NIINPUT 2 

SOFT-START 8------i--t 

SHUTDOWN 10.......,.~~ 

I 

Modulators 
DESCRIPTion 
The LT1525A and LT1527A are improved general pur
pose switching regulator control circuits. Included on the 
chip are a trimmed 1 % voltage subsurface zener refer
ence, oscillator, comparator and high current class B 
totem pole output drivers. Included in the design of the 
LT1525A are easy synchronization to an external clock, 
soft-start and adjustable deadtime control. A shutdown 
pin allows instantaneous shutdown. 

The LT1525A and LT1527A differ only in their output 
logic phaSing. The LT1525A has a low output during the 
"off" state, while·the LT1527A has a high output during ~ 
the "off" state. Both devices have undervoltage lockout e 
with about 0.5V hysteresis, giving reliable operation even a::: 
with slowly varying supplies. 5 
The combination of improved features and advanced 
processing for high reliability make Linear Technology's 
switching regulators a supreme choice. 

LT1525A Start-Up 
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e 
::IC 
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:::» 
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10 D 
t---t--+--t-t-t VOLTAGE--t--t-i 

4 6 10 
VIN (V) 

I ':' SG1527A 
L ___ O~P~Sl!!!E ~ 
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LT /SG1525A, LT /SG3525A 
LT /SG1527 A, LT /SG3527 A 

ABSOLUTE mAXimum RATinGS 
(Nota 1) 

Supply Voltage ( +VIN) .................. +40V 
Logic Inputs. . . . . . . . . . . . . . . . .. -0.3Vto +5.5V 
Analog Inputs. . . . . . . . . . . . . . . . .. -0.3Vto +VIN 
Output Current, Source or Sink ............ 500mA 
Reference Output Current ..... . . . . . . . . . . .. 50mA 
Oscillator Charging Current . . . . . . . . . . . . . . . .. 5mA 
Power Dissipation atTA = +25°C (Note 2). .. 1000mW 
Thermal Resistance: Junction to Ambient ... 100°C/W 
Power Dissipation atTc = + 25°C (Note 3) ... 2000mW 
Thermal Resistance: Junction to Case ...... 60°C/W 
Operating Temperature Range 

1525A, 1527A . . . . . . . . . . . . . .. -55°Cto 150°C 
3525A, 3527A ................... O°C to 70°C 

Storage Temperature Range. . . . . .. - 65°C to 150°C 
Lead Temperature (Soldering, 10sec.) ..... +300°C 

PACKAGE/ORDER InFORmATiOn 

TOP VIEW 

INV INPUT 1 

OSC OUTPUT 4 

DISCHARGE 7 

SOFT-START 8 9 COMPENSATION 

J PACKAGE N PACKAGE 
16 PIN HERMETIC 16 PIN PLASTIC 

ORDER PART 
NUMBER 

LT1525AJ 
LT1527AJ 
LT3525AJ 
LT3527AJ 
LT3525AN 
LT3527AN 

SG1525AJ 
SG1527AJ 
SG3525AJ 
SG3527AJ 
SG3525AN 
SG3527AN 

REcommEnDED OPERATinG conDITions 
(Nota 4) 

Input Voltage ( +VIN) .............. +8Vto +35V 
Collector Supply Voltage (Vc) ...... +4.5Vto +35V 
Sink/Source Load Current 

(Steady State) ............ ___ . _ OmA to 100mA 
Sink/Source Load Current (Peak) ..... OmA t0400mA 

Reference Load Current . . . . . . . . . . . .. OmA to 20mA 
OSCillator Frequency Range. . . . . . .. 100Hz to 400kHz 
Oscillator Timing Resistor. . . . . . . . . . .. 2knto 150kO 
Oscillator Timing Capacitor. . . . . . .. 0.001/LF to 0.1/LF 
Deadtime Resistor Range . . . . . . . . . . . . .. Onto 5000 

ELECTRICAL CHARACTERISTICS VIN = +2DV unless otherwise noted 

PARAMETER CONDITIONS 

REFERENCE SECTION 
Output Voltage Tj=25°C 
Line Regulatjon VIN - 8V to 35V 
Load Regulatjon IL =OmA to 20mA 
Temperature Stability 
Total Output Variation Line. Load. and Temperature 
Short Circuit Current VREF=O, Tj=25°C 
Output NOise Voltage 10Hz:s; f:s; 10kHz, Tj _25°C 
Long Term Stability Tj=125°C 
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LT1525A 
LT1527A 

MIN TYP MAX 

5.05 5.10 5.15 
5 10 
20 50 
20 50 

5.0 5.1 5.2 
80 100 
40 200 
1 10 

SG1525A 
SG1527A 

MIN TYP MAX 

5.05 5.10 5.15 
10 20 
20 50 
20 50 

5.0 5.1 5.2 
80 100 
40 200 
20 50 

UNITS 

V 
mV 
mV 
mV 

V 
mA 

/LVrms 

mV/.JRlir 



ELECTRICAL CHARACTERISTICS 

PARAMETER CONDITIONS 

OSCILLATOR SECTION (Note 6) 
Initial Accuracy Tj = 25°C (Note 6) 
Voltage Stability VIN =8Vt035V • 
Temperature Stability • 
Minimum Frequency RT=150kO, CT=O.lI'F • 
Maximum Frequency RT = 2kO, CT= 1 nF • 
Current Mirror IRT=2mA • 
Clock Amplitude • 
Clock Width Ti=25°C 
Sync Threshold • 
Sync Input Current Sync Voltage=3.5V • 
ERROR AMPLIFIER SECTION (VCM =5.1V) 
Input Offset Voltage • 
Input Bias Current • 
Input Otfset Current • 
DC Open Loop Gain RL~ 10MO • 
Gain Bandwidth Product Av = OdB, Ti = 25°C (Note 5) 
Output Low Level • 
Output High Level • 
Common Mode Rejection VCM=1.5Vto 5.2V 41 

Supply Voltage Rejection VIN = 8V to 35V • 
PWM COMPARATOR 
Minimum Duty Cycle • 
Maximum Duty Cycle • 
Input Threshold Zero Duty Cycle (Note 6) • 
Input Threshold Max Duty Cycle (Note 6) • 
Input Bias Current • 
SOFT-START SECTION 
Soft-Start Current VSHUTDOWN = OV • 
Soft-Start Voltage VSHUTDOWN = 2V • 
Shutdown Input Current VSHUTDOWN = 2.5V • 
OUTPUT DRIVERS (Each Output) (Vc =2DV) 
Undervoltage Lockout Hysteresis 
Output Low Level ISINK=20mA • 

ISINK=100mA • 
Output High Level ISOURCE = 20m A • 

ISOURCE = 100mA • 
Undervoltage Lockout VCOMP and Vss = High • 
Collector Leakage Vc = 35V (Note 7) • 
Rise Time CL = 1 nF, Tj = 25°C (Note 5) 
Fall Time Cl =lnF, Ti=25°C (Note 5) 
Shutdown Delay Vso =3V, Cs=O, Tj=25°C (Note 5) 
TOTAL STANDBY CURRENT 
Supply Current 

LT /SG1525A, LT /SG3525A 
LT /SG1527 A, LT /SG3527 A 

LT1525A 
LT1527A 

MIN TYP MAX 

2 6 
0.5 1 
3 6 

100 
400 
1.7 2.0 2.2 
3.0 3.5 
0.3 0.5 1 
1.2 2.0 2.8 

1.0 2.5 

0.5 5 
0.2 3 

0.5 
70 80 
1 2 

0.2 0.5 
3.8 5.6 
75 90 
75 90 

0 
45 49 
0.6 0.9 

3.3 3.6 
0.05 1.0 

25 50 80 
0.4 0.6 
0.4 1.0 

0.2 0.6 1 
0.2 0.4 
1.0 2.0 

18 19 
17 18 
6 7 8 

200 
100 600 
50 300 
0.2 0.5 

14 20 

SG1525A 
SG1527A 

MIN TYP MAX 

2 6 
0.3 1 
3 6 

100 
400 

1.7 2.0 2.2 
3.0 3.5 
0.3 0.5 1 
1.2 2.0 2.8 

1.0 2.5 

0.5 5 
1 10 

1 
60 75 
1 2 

0.2 0.5 
3.8 5.6 
60 75 
50 60 

0 
45 49 
0.6 0.9 

3.3 3.6 
0.05 1.0 

25 50 80 
0.4 0.6 
0.4 1.0 

0.2 0.6 1 
0.2 0.4 
1.0 2.0 

18 19 
17 18 
6 7 8 

200 
100 600 
50 300 
0.2 0.5 

14 20 

UNITS 

% 

% 

% 

Hz 
kHz 

mA 
V 

I'S 
V 

mA 

mV 

!LA 
!LA 
dB 

MHz 
V 
V 

dB 
dB 

% 
% 
V 
V 

I'A 

/LA 
V 

mA 

V 
V 
V 
V 
V 
V 

I'A 
ns 
ns 

!'5 

mA 
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LT /SG1525A, LT /SG3525A 
LT /SG1527 A, LT /SG3527 A 

ELECTRICAL CHARACTERISTICS 

PARAMETER CONDITIONS 

REFERENCE SECTION 
Output Voltage Tj=25°C 
line Regulation VIN-BVt035V 
Load Regulation IL = OmA to 20mA 
Temperature Stability 
Total Output Variation Line, Load, and Temperature 
Short Circuit Current VREF=O, Tj=25°C 
Output Noise Voltage 10Hz:s;f:s; 10kHz, Ti-25°C 
Long Term Stability Tj -125°C 
OSCILLATOR SECTION (Note 6) 
Initial Accuracy TI = 25°C (Note 6) 
Voltage Stability VIN = BV to 35V 
Temperature Stability 
Minimum Frequency RT=150kO, CT=0.1J.<F 
Maximum Frequency RT=2kO, CT= 1nF 
Current Mirror IRT= 2mA 
Clock Amplitude 
Clock Width Tj=25°C 
Sync Threshold 
Sync Input Current Sync Voltage = 3.5V 
ERROR AMPLIFIER SECTION (VCM =5.1V) 
Input Offset Voltage 
Input Bias Current 
Input Offset Current 
DC Open Loop Gain RL~ 10MO 
Gain Bandwidth Product Av=OdB, Tj=25°C (Note 5) 
Output Low Level 
Output High Level 
Common Mode Rejection VCM = 1.5V to 5.2V 
Supply Voltage Rejection VIN = BV to 35V 
PWM COMPARATOR 
Minimum Duty Cycle 
Maximum Duty Cycle 
Input Threshold Zero Duty Cycle (Note 6) 
Input Threshold Max Duty Cycle (Note 6) 
Input Bias Current 
SOFT-START SECTION 
Soft-Start Current VSHUTDOWN =OV 
Soft-Start Voltage VSHUTDOWN = 2V 
Shutdown Input Current VSHUTDOWN = 2.5V 
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• 
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• 

LT3525A 
LT3527A 

MIN TYP MAX 

5.05 5.10 5.15 
5 10 
20 50 
20 50 

4.95 5.1 5.25 
BO 100 
40 100 
1 10 

2 6 
0.5 2 
3 6 

100 
400 
1.7 2.0 2.2 
3.0 3.5 
0.3 0.5 1.0 
1.2 2.0 2.8 

1.0 2.5 

2 5 
1 3 

0.5 
70 BO 
1 2 

0.2 0.5 

3.B 5.6 
75 90 
75 90 

0 
45 49 
0.6 0.9 

3.3 3.6 
0.05 1.0 

25 50 BO 
0.4 0.6 
0.4 1.0 

SG3525A 
SG3527A 

MIN TYP MAX 

5.00 5.10 5.20 
10 20 
20 50 
20 50 

4.95 5.25 
BO 100 
40 200 
20 50 

2 6 
1 2 
3 6 

100 
400 
1.7 2.0 2.2 
3.0 3.5 
0.3 0.5 1.0 
1.2 2.0 2.B 

1.0 2.5 

2 10 
1 10 

1 
60 75 
1 2 

0.2 0.5 

3.B 5.6 
60 75 
50 60 

0 
45 49 
0.6 0.9 

3.3 3.6 
0.05 1.0 

25 50 BO 
0.4 0.6 
0.4 1.0 

UNITS 

V 
mV 
mV 
mV 

V 
mA 

J.<Vrms 
mV/khr 

% 

% 
% 
Hz 

kHz 
mA 

V 

J.<s 
V 

mA 

mV 

J.<A 

J.<A 
dB 

MHz 
V 
V 

dB 
dB 

% 
% 
V 
V 

J.<A 

J.<A 
V 

mA 



LT /SG1525A, LT /SG3525A 
LT /SG1527 A, LT /SG3527 A 

ELECTRICAL CHARACTERISTICS 
LT3525A SG3525A 

PARAMETER CONDITIONS LT3527A SG3527A UNITS 
MIN TYP MAX MIN TYP MAX 

OUTPUT DRIVERS (Each Output) (Vc =20V) 
Undervoltage Lockout Hysteresis 0.2 0.6 0.2 0.6 V 
Output Low Level ISINK=20mA • 0.2 0.4 0.2 0.4 V 

ISINK = 100mA • 1.0 2.0 1.0 2.0 V 
Output High Level ISOURCE = 20mA • 18 19 18 19 V 

ISOURCE = 100mA • 17 18 17 18 V 
Undervoltage Lockout VCOMP and Vss = High • 6 7 8 6 7 8 V 
Collector Leakage Vc = 35V (Note 7) • 200 200 p.A 

Rise Time CL=lnF, Ti=25°C (Note 5) 100 600 100 600 ns 
Fall Time CL=lnF, Ti=25°C (Note 5) 50 300 50 300 ns 
Shutdown Delay VsD =3V, Cs=O, Ti=25°C (Note 5) 0.2 0.5 0.2 0.5 IJ.S 
TOTAL STANDBY CURRENT 
Supply Current 14 20 14 20 mA 

The. denotes the specifications which apply of the full operating 
temperature range. 

Note 5: These parameters, although guaranteed over the recommended 
operating conditions, are not 100% tested in production. 

Note 1: Values beyond which damage may occur. 
Note 2: Derate at 10mW/oC for ambient temperatures above +50°C. 
Note 3: Derate at 16mW/oC for case temperatures above +25°C. 
Note 4: Range over which the device is functional and parameter limits 
are guaranteed. 

Note 6: Tested at fosc =40kHz (RT=3.6kO, CT=O.OlJLF, Ro=OO). 
Note 7: Applies to 1525A/3525A only, due to polarity of output pulses. 

TYPICAL PERFORmAnCE CHARACTERISTICS 

1000 

500 

~ ~~~ a: 
o 
~ 50 

~ 
'" 20 z 

~ 10 

d: 5.0 

2.0 

1.0 

Oscillator Charge Time vs RT 

fl 
I 

~T~0.61~F J £f.: Rl "RosOD / J/ 
~ T e, V V 
i CT ,- 5jonF/': ro V/ VV 

rCT =2.0nF 
cT'=1.0nF/ / V 

V / / V ICT 10.02~F 

l-V V 0 r ~ ~ =:0.0.5~F CT =O.l~F 

1.02.0 5.0 10 20 50100200500 lk 2k 5k 10k 
CHARGE TIME (1'5) 

Oscillator Discharge Time 

S400r+~~~rH~hrhH++-+~ 

a: 
~ 
~300r+~~H+~~~~-+-+~ 
w 

'" F200~-+-*~~~HL~-+-+~ 
~ 
o 

& 100 r+~-+'f1H'-+--tf-V-H-+-+~ 

O~~LU~~~~~~~~ 

0.10.2 0.51.02.0 5.0 10 20 50100200 500 lk 
DISCHARGE TIME (1'5) 

Error Amplifier Open Loop 
Frequency Response 

100 .---,--,--,--,--,--.---. 

-20L--L_L--L_L--L~L-~ 

1.0 10 100 1.0k 10k lOOk 1.0M 10M 

f. FREQUENCY (Hz) 
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LT /SG1525A, LT /SG3525A 
LT /SG1527 A, LT /SG3527 A 

TYPICAL PERFORmAnCE CHARACTERISTICS 

o 

1525A Output Saturation 
Characteristics 

I "I, 
r- V1N =20V 

TA=25'C 
I I 

SOU~CE ~ATURATION, VV c- VC-Iv~ V 
fIttr 

SINK SATURATION, VOL 

--",- IIII I 
0.01 0.02 0.05 0.10 0.2 0.5 1 

OUTPUT CURRENT, SOURCE OR SINK (A) 

1525A/1527A 
CL=1kpF, 

=5kpF, 
= 10kpF 

V =2.5V/DIV 
H =100ns/DlV 

OUTPUT CURRENT 
100mA/DIV 
100ns/DIV 

APPLICATions InFORmATion 
Shutdown Options 

1, An external open collector comparator or transistor 
can be used to pull down the compensation pin (9). 
This will set the PWM latch and turn off both outputs. 
Pulse-by-pulse protection can be accomplished if the 
shutdown signal is momentary, since the PWM latch 
will be reset with each clock pulse. 

7-16 

LT1527A Start-Up 

4 6 
V1N (V) 

10 

1525A/1527A 
CL =1kpF, 

=5kpF, 
=10kpF 

V =2.5V/DIV 
H = 100ns/DIV 

OUTPUT CURRENT 
100mA/DIV 
100ns/DIV 

2. Shutdown can also be accomplished by pulling down 
on the soft-start pin (8). When using this approach, 
shutdown will not affect the amplifier compensation 
network; however, if a soft-start capacitor is used, it 
must be discharged, possibly slowing shutdown 
response. 



APPLICATions InFoRmATion 
3. Applying a positive-going signal to the shutdown pin 

(10) will provide the most rapid shutdown of the out
puts if a soft-start capacitor is not used at pin 8. An 
external soft-start capacitor at pin 8 will slow shut
down response due to the discharge time of the soft
start capacitor. Discharge current is approximately 
twice the charging current. 

TYPICAL APPLICATiOnS 

Single Ended Supply 

~-....... .rnrn.~OUTPUT 

GND 
12 

FOR SINGLE ENDED SUPPLIES, THE DRIVER 
OUTPUTS ARE GROUNDED. THE +Vc TERMINAL 
IS SWITCHED TO GROUND BY THE TOTEM-
POLE SOURCE TRANSISTORS ON EVERY 
OSCILLATOR CYCLE. 

Power FETs Push-Pull Supply 

V+, 

THE LOW SOURCE IMPEDANCE OF THE 
OUTPUT DRIVERS PROVIDES RAPID CHARGING 
OF POWER FET INPUT CAPACITANCE, 
WHILE MINIMIZING EXTERNAL COMPONENTS. 

LT /SG1525A, LT /SG3525A 
LT /SG1527 A, LT /SG3527 A 

4. The shutdown terminal can be used to set the PWM 
latch on a pulse-by-pulse basis if there is no external 
capacitance on pin 8. Soft-start characteristics may 
still be achieved by applying an external capacitor, 
blocking diode and charging resistor to the compen
sation pin (9). 

V+ 

Bipolar Push·Pull Supply 

V+ 

C1 

IN CONVENTIONAL PUSH-PULL BIPOLAR 
DESIGNS, FORWARD BASE DRIVE IS 
CONTROLLED BY R1-R3. RAPID TURN-OFF 
TIMES FOR THE POWER DEVICES ARE 
ACHIEVED WITH SPEED-UP CAPACITORS C1 
AND C2. 

Driving Transformers Directly 

LOW POWER TRANSFORMERS CAN BE DRIVEN 
DIRECTLY BY THE 1525A. AUTOMATIC RESET 
OCCURS DURING DEADTIME, WHEN BOTH 
ENDS OF THE PRIMARY WINDING ARE 
SWITCHED TO GROUND. 

C1 

C2 
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LT /SG1525A, LT /SG3525A 
LT /SG1527 A, LT /SG3527 A 

TEST CIRCUIT 

PWM 
ADJ 

PACKAGE DESCRIPTion 
16 Pin Cavity DIP (J) 

0160 
(4.064) 

"" 

I L j 0008_0",' 
I0203-D305)~ 

(3.175) 

(~;~~:~ ~i;)--

LT /SG1525AJ 
LT ISG1527AJ 

LT /SG3525AJ 
LT ISG3527AJ 

7-18 

0310 
(7874) 

MAX >--___ 0785 ___ ----, 
GLASSi 11994) 

j--l-"'-""-~~'--""-1 
0291 

(7.391) Mt 
'-m-TI"n"ITTl;rrnrT"ITTIrr.r' 

Ti max SiA siC 

1SOOC 100"C/W 60"C/W 

150"C 100"C/W 6O"C/W 

J 

16 Pin Molded DIP (N) 

0065 
1"'i'6'5i'i 

-l----rr----------,-l 



~ .. y, .. tlnlJ\R LT1526/LT3526 
~~ TECHNOLOGY~------R-e-g-u-Ia-ti-ng--P-ul-se--W-id-t-h 

Modulator 
FEATURES 
• 8V to 35V Operation 
• Guaranteed ± 1 % 5V Reference 
• Guaranteed 10mV/1000 Hrs. Long Term Stability 
• Guaranteed ± 3% Oscillator Temperature Stability 
• Undervoltage Lockout 
• 100mA Source/Sink Outputs 

APPLICATions 
• Switching Power Supplies 
• Motor Speed Control 
• Power Converters 

BLOCK DIAGRAm 

RESET ~ 
CSOFTSTART 

COMPENSATION 3 

+CURRENT 7 
SENSE 

-CURRENT 6 
SENSE 

SYNC 
12 

DESCRIPTion 
The L T1526 is an improved general purpose switching 
regulator control ciruit.lncluded on the chip are a 1 % volt
age reference, oscillator, error amplifier, pulse width 
modulator and low impedance output drivers. Also in
cluded are protective features such as a current limit com
parator, undervoltage lockout, soft-start circuitry, and 
adjustable deadtime. This versatile device can be used to 
implement single-ended or push·pull switching regulators 
of either polarity, both transformerless and transformer
coupled. 

III 
Although pin-for·pin and functionally compatible with in- a: 
dustry standard 1526 and 3526 devices, Linear Technology e 
has incorporated several improvements in the design of a: 
the LT1526. A subsurface zener has been used to provide ~ 
excellent reference voltage stability and the reference of· 0 
fers improved line regulation and load regulation. The cur· 0 
rent limit comparator sense voltage initial accuracy and E 
temperature stability have been greatly improved. :c 

~ The combination of improved features and advanced lin· -
ear processing for high reliability make Linear Technol- :P 
ogy's switching regulators a superior choice. :x 

Reference Line Regulation 

"- -
-1 

-2 

-3 

-4 

-5 
0 10 20 30 40 

+VIN (V) 
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LT1526/LT 3526 

ABSOLUTE mAXimum RATinGS 
(Note 1) 

Input Voltage (+ VIN) ............................. + 40V 
Collector Supply Voltage (+ Vc) ................... + 40V 
Logic Inputs ........................... - O.3V to + 5.5V 
Analog Inputs ........................... - O.3V to + VIN 
Source/Sink Load Current (each output) ........... 200mA 
Reference Load Current ........................... 50mA 
Logic Sink Current ................................ 15mA 
Operating Junction Temperature Range 

LT1526 ............................ -55°Cto +150oC 
LT3526 ............................... ooC to + 125°C 

Storage Temperature Range .......... - 65°C to + 150°C 
Lead Temperature (Soldering, 10sec) .. " ........ + 300°C 

PACKAGE/ORDER InFORmATion 

+ ERROR 1 

COMPENSATION 3 

C SDFTST ART 4 

-CURRENT SENSE 6 

+CURRENT SENSE 7 

SHUTDOWN 8 

TOP VIEW 

J PACKAGE N PACKAGE 
18 PIN HERMETIC 18 PIN PLASTIC 

ORDER PART 
NUMBER 

LT1526J 
LT3526J 
LT3526N 

REcommEnDED OPERATinG conDITions (Note2) 

Input Voltage ............................. + BV to + 35V Oscillator Frequency Range ............... 1 Hz to 400kHz 
Collector Supply Voltage ............... + 4.5V to + 35V Oscillator Timing Resistor .................. 2kfl to 150kfl 
Sink/Source Load Current (each output) ... OmA to 100mA Oscillator Timing Capacitor ................. 1 nF to 20jlF 
Reference Load Current ................. - 5mA to 20mA Available Deadtime Range at 40kHz .......... 3% to 50% 

ELECTRICAL CHARACTERISTICS 
(+ VIN = 15V, and over operating junction temperature, unless otherwise specified.) 

PARAMETER UNITS 

RESET Output Voltage 0.2 0.4 V 
RESET Output Voltage 4.B V 

OSCILLATOR SECTION (Note 4) 

Initial Accuracy Tj= +25°C ±3 ±B ±3 ±B % 

Voltage Stability + VIN = BV to 35V • 0.5 1 0.5 1 % 

Temperature Stability • l~~~il$" ",c:. ;.",,,, • .•. \3.' ,'. % 
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LT1526/LT 3526 

ELECTRICAL CHARACTERISTICS 
(+ VIN = 15V, and over operating junction temperature, unless otherwise specified.) 

PARAMETER CONDITIONS 

OSCILLATOR SECTION (Nole 4) 
Minimum Frequency RT= 150kO, CT= 20~F 
Maximum Frequency RT=2kO,CT=1.0nF 
Sawtooth Peak Voltage +VIN=35V 
Sawtooth Valley Voltage +VIN=8V 
ERROR AMPLIFIER SECTION (Nole 5) 

Input Offset Voltage Rs,;2kO 

Input Bias Current 
Input Offset Current 
DC Open Loop Gain RL,,10MO 

High Output Voltage Vpin1- Vpin2,,150mV, lsource= 100~A 
Low Output Voltage Vpin2 - Vpin1 ,,150mV, ISink= 100~A 
Common·Mode Rejection Rs,;2kO 
Supply Voltage Rejection + VIN = 12V to 18V 
PWM COMPARATOR (Nole 4) 
Minimum Duty Cycle Vcomp,nsation = + O.4V 
Maximum Duty Cycle Vcompensation = + 3.6V 
DIGITAL PORTS (SYNC, SHUTDOWN, and RESET) 
HIGH Output Voltage Isource = 40~A 
LOW Output Voltage Isink = 3.6mA 
HIGH Input Current VIH= +2.4V 
LOW Input Current VIL= +O.4V 
CURRENT LIMIT COMPARATOR (Nole 6) 

Sense Voltage Rs,;500 

Input Bias Current 
SOFT·START SECTION 
Error Clamp Voltage RESET = + O.4V 
Cs Charging Current RESET = + 2.4V 
OUTPUT DRIVERS (Each Oulpul) (Nole 7) 

Isourc, = 20mA 
HIGH Output Voltage 

Isourc,= 100mA 
Isink=20mA 

LOW Output Voltage 
Isink = 100mA 

Collector Leakage Vc=40V 
RiseTime CL= 1000pF 
Fall Time CL= 1000pF 
POWER CONSUMPTION (Nole 8) 

Standby Current I SHUTDOWN = + O.4V 

The. denotes specifications that apply overthe full operating tempera· 
ture range. 

• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 

GIl 

• 
• 
• 

• 
• 
• 
• 
• 
• 
• 

The shaded electrical specifications indicate those parameters which have 
been improved or guaranteed test limits provided for the first time. 

Nole 1: Values beyond which damage may occur. 
Nole 2: Range over which the device is functional and parameter limits are 
guaranteed. 

MIN 

0.5 

64 
3.6 

70 
66 

45 

2.4 

90 

50 

12.5 
12 

LT1526 

TYP 

400 

3.0 
1.0 

2 
-350 

35 
72 
4.2 

0.2 
94 

80 

49 

4.0 
0.2 

-125 
-225 

100 
-3 

0.1 
100 

13.5 
13 
0.2 
1.2 
50 

0.3 
0.1 

18 

Nole 3: IL = OmA. 

MAX MIN 

1 

3.5 
0.5 

5 
-1000 

100 
60 
3.6 

0.4 
70 
66 

45 

2.4 
0.4 

-200 
-360 

110 80 

-10 

0.4 
150 50 

12.5 
12 

0.3 
2.0 
150 
0.6 
0.2 

30 

LT3526 
TYP 

400 
3.0 
1.0 

2 
-350 

35 
72 
4.2 
0.2 
94 

80 

49 

4.0 

0.2 
-125 
-225 

100 
-3 

0.1 
100 

13.5 
13 

0.2 
1.2 
50 
0.3 
0.1 

18 

MAX 

1 

3.5 

10 
-2000 

200 

0.4 

o 

0.4 
-200 
-360 

120 
-10 

0.4 
150 

0.3 
2.0 
150 

0.6 
0.2 

30 

Nole 4: fosc= 40kHz (RT= 4.12kO ± 1 %, CT= O.D1~F ± 1 %, RD = 00). 
Nole 5: VCM = OV to + 5.2V. 

UNITS 

Hz 
kHz 

V 
V 

mV 
nA 

nA 
dB 
V 
V 

dB 
dB 

% 

% 

V 
V 

~A 

~A 

mV 

~A 

V 
V 

V 
V 

~A 

~s 

~s 

mA 

Nole 6: VCM = 0 to VIN - 3V. The current limit sense voltage for the LT1526 is 
80mV ,;VSENSE'; 120mV for temperatures less than O°C or greater than 125°C. 

Nole 7: Vc = + 15V. 
Nole 8: + VIN = + 35V, RT = 4.12kn. 
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TYPICAL PERFORmAnCE CHARACTERISTICS 
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APPLICATions InFoRmATion 
FUNCTIONAL DESCRIPTION AND PIN FUNCTION 

Voltage Reference 

The reference regulator (pin 18) supplies a regulated 5.0V 
to all internal circuitry, as well as up to 20mA for external 
circuitry. It is fully active at supply voltages (pin 17) of 8V 
and greater. 

The LT1526 can operate from a 5V supply by connecting 
+ VIN to VREF (pin 18 to pin 17) and maintaining the supply 
between 4.8V and 5.2V. 

Undervoltage Lockout 

The undervoltage lockout circuitry protects both the 
switching regulator and the power devices it controls from 
inadequate supply voltage, which can result in unstable 
control circuitry. If + VIN is too low, the circuit turns off 
the output drivers, holds RESET (pin 5) low and the soft
start capacitor in a discharged state. 

Soft·Start 

The soft·start circuitry protects the power devices from 
high surge currents during power supply turn-on by limit
ing the available PWM duty cycle. 

When + VIN reaches a sufficient voltage to allow RESET to 
go high, a 100/tA current source charges the external Cs 
capacitor (pin 4) linearly to 5V. The ERROR AMPLIFIER 
output is clamped to 600mV above the Cs voltage, and the 
available duty cycle of the PWM increases linearly. Maxi
mum duty cycle is available when the Cs voltage reaches 
about 3V. 

Digital Control Ports 

The three digital control ports are bidirectional. Each port 
can drive TTL and 5V CMOS logic directly. They can also 
be driven by open·collector TTL, open·drain CMOS, and 
open·collector voltage comparators. 

Driving SYNC (pin 12) low causes a discharge cycle in the 
oscillator. Driving SHUTDOWN (pin 8) low causes the out· 
puts to turn off. Driving RESET (pin 5) low causes the out
puts to turn off and discharges the Cs capacitor. 

7-24 

Oscillator 

The internal oscillator circuitry sets the frequency of 
operation for the switching regulator. Frequency is set by 
RT (pin 9), CT (pin 10), and Ro (pin 11). With Ro = 00, the 
values for RT and CT may be chosen from the oscillator 
period graph. If the desired deadtime is increased, the 
value of RT may need to be decreased to maintain the de
sired frequency. 

The frequency at either output is half that of the oscillator, 
and the frequency at + Vc (pin 14) is equal to the 
oscillator. 

Synchronous Operation 

Two or more switching regulators may be synchronized by 
setting the master to the desired frequency and sharing 
the oscillator Signals with the slave units. Slave CT pins 
are tied to the master CT pin, and slave SYNC pins are tied 
to the master SYNC pin. Slave RT and Ro pins are left 
open. 

External logic synchronization can be used by setting the 
oscillator period to be 10% longer than the external clock 
period, and connecting the external clock to the SYNC pin. 
A periodic low of about 0.5/ts wide will lock the oscillator 
to the external frequency. 

Error Amplifier 

The differential input (pins 1 and 2), single'ended output 
(pin 3) transconductance amplifier provides about 70dS of 
gain. The output has an impedance of 2MO, and since all 
voltage gain occurs at the output, the gain characteristics 
can be controlled with shunt reactance to ground. 

Output Drivers 

The totem-pole output drivers can source and sink 100mA 
continuously and 200mA peak. The outputs are driven 
1800 out of phase by the flip-flop. Loads can be driven ei
ther from the outputs or the + Vc pin. Since large transient 
currents occur within the output stages during switching, 
a resistor is recommended in series with + Vc (pin 14) to 
limit the peak current. The resistor value should be 
+ Vc/200mA. 
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APPLICATions InFoRmATion 
Current Limit 
The current limit comparator turns off the outputs when 
the input voltage (pin 7 to pin 6) exceeds 100mV. Hystere' 

sis is built into the trip point, of about 10mV, to prevent 
oscillations. 

TYPICAL APPLICATiOnS 
Single Ended Supply Bipolar Push·PuliSupply Driving Transformers Directly 

V+ + V+ 

~-"""1p-t-y"/"""""",-OUTPUT 

FOR SINGLE ENDED SUPPLIES, THE DRIVER 
OUTPUTS ARE GROUNDED. THE +Vc TER
MINAL IS SWITCHED TO GROUND BY THE 
TOTEM POLE SOURCE TRANSISTORS ON 
EVERY OSCILLATOR CYCLE. 

Power FETs Push·PuliSupply 
V+ 

R1 

THE LOW SOURCE IMPEDANCE OF THE 
OUTPUT DRIVERS PROVIDES RAPID CHARG
ING OF POWER FET INPUT CAPACITANCE, 
WHILE MINIMIZING EXTERNAL COM
PONENTS. 

IN CONVENTIONAL BIPOLAR PUSH-PULL DESIGNS, 
FORWARD BASE DRIVE IS CONTROLLED BY R1-R3. 
RAPID TURN-OFF TIMES FOR THE POWER DEVICES 
ARE ACHIEVED WITH SPEED-UP CAPACITORS C1 
AND C2, 

Extending Reference Output Current 

R1 

14 

LT15~\ 

-= ~~~:~~I~~gt~~~O:H~E~,sl~~~ BE 
AUTOMATIC RESET OCCURS DURING DEAD
TIME, WHEN BOTH ENDS OF THE PRIMARY 
WINDING ARE SWITCHED TO GROUND. 

Oscillator Connections 

Rx' 

V + _--'102/112°"","_1;,;",7 V"",'lo'o'lB __ ~~~O 1A 

;';:;';;"":::~----I lO"F 

'MAY BE REQUIRED WITH SOME TYPES OF 
TRANSISTORS. -= 

Error Amplifier Connections 

R1 NEGATIVE ..--"""'01.--. OUTPUT 
VOLTAGE 

VOUT=VREF~) 

R3= (....!!1Rt..) 
R1+R2 

POSITIVE ..... _"""'01.--. OUTPUT 

VOUT=VREF ( R1~R2 ) 
VOLTAGE 

R3- (....!!1Rt..) - R1 +R2 

C1 

C2 
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TYPICAL APPLICATions LT1526 Lab Test Fixture 
+VrN 
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PACKAGE DESCRIPTiOn J Package 
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rc'-'·~ 'T 
~0'008-0012 

r950.50+10.203_0.30fi1 

I--(~:;~:~:~~~)--l 

LO.009-0.011t 
(0.229-0.279) 

0.325 ~~.~~~ 
(8.255~~:~~) 
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~lll 

~-" ~.778) 

9Oo'4~r Typl-~ 

0.060 J ~ W -.II-- 0.018.0.003 
(~~4) ~ (0.457±O.076) 

(2.540±O.254) 

N Package 
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(1]51j 

o~1="'·-----------"" 
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G12~ 
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TVP 
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! 
2N2369 
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MAX 

Vc 
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r- SHUTDOWN 
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~"""""-LlneJ\R UC1846/1847, UC3846/3847 
~, TECHNOLOGY~-C-u-rr-e-nt-M-o-d-e-P-W-M-C-o-n-tr-o-lIe-r 
FEATURES 
II Automatic Feed·Forward Compensation 
II Programmable Pulse·by·Pulse Current Limiting 
II ± 1 % Bandgap Reference 
II Undervoltage Lockout 
II External Shutdown 
II Dual200mA Totem Pole Outputs 
II Double Pulse Suppression 
II Soft·Start Capability 

APPLICATions 
II Switching Power Supplies 
II Motor Speed Control 
II Power Converters 

CDMP 7 1-------' 

CURRENT 
LIMIT 11------~ 

ADJUST 

DESCRIPTion 
The UC1846 family of controllCs contains all necessary 
circuitry to implement fixed frequency, fixed output volt· 
age, current mode control schemes. Current mode control 
loops are easy to design and compensate, and provide 
superior transient line regulation, inherent pulse·by·pulse 
current limiting, and automatic symmetry correction for 
push·pull converters. In addition, the UC1846 has built·in 
undervoltage lockout with hysteresis to prevent oscilla· 
tions near the threshold, soft·start capability, and can be 
shut down instantaneously by an external logic level. In· 
ternallogic prevents double·pulsing and output overlap. 

The oscillator circuitry of the UC1846 allows the user to 
adjust output deadtime as well as frequency and also pro· 
vides a bidirectional sync pin to allow paralleling power 
modules. 

Both the internal error amplifier and current sense ampli· 
fiers operate over a wide common·mode range to allow de· 
sign flexibility. The dual outputs provide active pull up/pull 
down, ideal for driving bipolar or FET switches. The in· 
ternal reference regulator provides excellent stability for 
changes in line, load, and temperature. The UC1846 out· 
puts are low in the off state while the UC1847 outputs are 
high in the off state. 

1--------;2 VREF 

I 
11 AOUT JlI 

UC1846 I 
OUTPUT STAGE I 

( UC1847 ) I 
OUTPUTS INVERTEO I 
14 BOUT JlI 

I 
I I L ___ ~ _____ ..J 
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ABSOLUTE mAXimum RATinGS 
(Nole 1) 

Supply Voltage (Pin 1S) ............................ + 40V 
Collector Supply Voltage (Pin 13) ................... + 40V 
Output Current, Source or Sink (Pins 11,14) ..... , .. SOOmA 
Analog Inputs (Pins 3, 4, S, 6,16) ........... - 0.3V to + VIN 
Reference Output Current (Pin 2) ................. - 30mA 
Sync Output Current (Pin 10) ...................... - SmA 
Error Amplifier Output Current (Pin 7) ............. - SmA 
Soft Start Sink Current (Pin 1) ...................... SOmA 
Oscillator Charging Current (Pin 9) .................. SmA 
Operating Temperature Range 

UC1846/1847 ............ ........... - SsoC to + 12SoC 
UC3846/3847 .............................. OOC to 70°C 

Power Dissipation at TA = 2SoC (Note 2) ......... 1000mW 
Power Dissipation at T c = 2SoC (Note 3) ......... 2000mW 
Thermal Resistance, Junction to Ambient ....... 100°C/W 
Thermal Resistance, Junction to Case ............ 60°C/W 
Storage Temperature Range ........... - 6SoC to + 1S0°C 
Lead Temperature (Soldering, 10sec) ............ + 300°C 

ELECTRICAL CHARACTERISTICS (Nole4) 

PARAMETER CONDITIONS 

Reference Voltage 
Output Voltage Ti = 25°C, 10 = 1mA 
Line Regulation VIN = BV to 40V • 
Load Regulation IL = 1mA to 10mA • 
Temperature Stability Over Operating Range, (Note 5) • 
Total Output Variation Line, Load, and Temperature (Note 5) • 
Output Noise Voltage 10Hz s f s 10kHz, Ti = 25°C (Note5) 
Long Term Stability Ti = 125°C, 1000Hrs., (Note 5) 
Short Circuit Output Current VREF = OV • 
Oscillator Section 
Initial Accuracy Ti = 25°C 
Voltage Accuracy VIN = BV to 40V • 
Temperature Stability Over Operating Range (Note 5) • 
Sync Output High Level • 
Sync Output Low Level • 
Sync Input High Level Pin B = OV • 
Sync Input Low Level Pin B = OV • 
Sync Input Current Sync Voltage = 5.25V, Pin B = OV • 
Error Amp Section 
Input Offset Voltage • 
Input Bias Current • 
Input Offset Current • 
Common-Mode Range VIN = BV to 40V • 
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PACKAGE/ORDER InFORmATiOn 

CURRi~~~~~~; 1 

VREF 2 

(-) CURRENT SENSE 3 

( +) CURRENT SENSE 4 

( +) ERROR AMP 5 

(-)ERRORAMP 6 

COMPENSATION 7 

TOP VIEW 

J PACKAGE N PACKAGE 
16 PIN HERMETIC 16 PIN PLASTIC 

ORDER PART 
NUMBER 

UC1846J 
UC1847J 
UC3846J 
UC3847J 
UC3846N 
UC3847N 

UC1846/UC1847 U C3846/U C384 7 
UNITS 

MIN TYP MAX MIN TYP MAX 

5.05 5.10 5.15 5.00 5.10 5.20 V 
5 20 5 20 mV 
3 15 3 15 mV 
0.4 0.4 mV/oC 

5.00 5.20 4.95 5.25 V 
100 100 ~V 

5 5 mV 
-10 -45 -10 -45 mA 

39 43 47 39 43 47 kHz 
-1 ±2 -1 ±2 % 
-1 -1 % 

3.9 4.35 3.9 4.35 V 
2.5 2.7 2.5 2.7 V 

3.9 3.0 3.9 3.0 V 
3.0 2.7 3.0 2.7 V 
0.7 1.5 0.7 1.5 mA 

0.5 5 0.5 10 mV 
-0.6 -1 -0.6 -2 ~A 

40 250 40 250 nA 
0 VIN -2V 0 VIN-2V V 



ELECTRICAL CHARACTERISTICS (Note4) 

PARAMETER CONDITIONS 

Error Amp Section (Cont ) 
Open Loop Voltage Gain !1Vo = 1.2V to 3V • 
Unity Gain Bandwidth • 
CMRR VCM = OV to 3BV, VIN = 40V • 
PSRR VIN = 8V to 40V .. 
Output Sink Current VID = -15mV to - 5V, VPin 7 = 1V • 
Output Source Current VID = 15mVt05V, VPin7 = 2.5V • 
High Level Output Voltage RL (Pin 7) = 15kn • 
Low Level Output Voltage RL (Pin 7) = 15kn • 
Current Sense Amplifier Section 
Amplifier Gain VPin 3 = OV, Pin 1 Open (Notes 6 & 7) • 
Maximum Differential Pin 1 Open (Note 6) • 
Input Signal (VPin4 - Vpin3) R[{Pin 7) = 15kn 
Input Offset Voltage VPin 1 = 0.5V • 

Pin 7 Open (Note 6) 
CMRR VCM = 1V to 12V • 
PSRR VIN = 8V to 40V • 
Input Bias Current VPin 1 = 0.5V, Pin 7 Open (Note 6) • 
Input Offset Current VPin 1 = 0.5V, Pin 7 Open (Note 6) • 
Input Common·Mode Range e 
Delay to Outputs Ti = 25°C, (Note 5) 
Current Limit Adjust Section 
Current Limit Offset VPin3 = OV .. 

VPin 4 = OV, Pin 7 Open (Note 6) 
Input Bias Current VPinS = VREF, VPin6 = OV • 
Shutdown Terminal Section 
Threshold Voltage • 
Input Voltage Range • 
Minimum Latching Current (Note 8) .. 
(IPin 1) 
Maximum Non·Latching (Note9) • 
(IPin 1) 
Delay to Outputs (Note 5), Ti = 25°C 
Output Section 
Collector· Emitter Voltage • 
Collector Leakage Current Vc = 40V (Note 10) • 
Output Low Level ISINK = 20mA • 

ISINK = 100mA • 
Output High Level ISOURCE = 20mA • 

ISOURCE = 100mA • 
RiseTime (Note 5), CL = 1nF, Ti = 25°C 
Fall Time (Note 5), CL = 1nF, Ti = 25°C 
Undervoltage Lockout Section 
Start·Up Threshold 
Threshold Hysteresis 
Total Standby Current 
Supply Current I (Note11) 1·1 

.L/UO~ 

UC1846/1847, UC3846/3847 

UC1846/UC1847 UC3846/UC3847 
UNITS 

MIN TYP MAX MIN TYP MAX 

BO 105 BO 105 dB 
0.7 1.0 0.7 1.0 MHz 
75 100 75 100 dB 
BO 105 BO 105 dB 
2 6 2 6 mA 

-0.4 -0.5 -0.4 -0.5 mA 
4.3 4.6 4.3 4.6 V 

0.7 1 0.7 1 V 

2.5 3.0 3.15 2.5 3.0 3.15 V 
1.1 1.2 1.1 1.2 V 

5 25 5 25 mV 

60 83 60 83 dB 
60 84 60 84 dB 

-2.5 -10 -2.5 -10 ~A 

0.08 1 O.OB 1 ~A 

0 VIN-3 0 VIN -3 V 
200 500 200 500 ns 

0.4 0.5 0.55 0.4 0.5 0.55 V 

-10 -30 -10 -30 ~A 

250 350 400 250 350 400 mV 
0 VIN 0 VIN V 
3.0 1.5 3.0 1.5 mA 

1.5 O.B 1.5 O.B mA 

300 600 300 600 ns 

40 40 V 
200 200 ~A 

0.1 0.4 0.1 0.4 V 
0.4 2.1 0.4 2.1 

13 13.5 13 13.5 V 
12 13.5 12 13.5 

50 300 50 300 ns 

50 300 50 300 ns 

7.7 8.0 7.7 B.O V 
0.75 0.75 V 

17 21 17 21 mA 
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Note 7: Amplifier gain defined as The. denotes the specifications that apply over the full operating tem· 
perature range. 
Note 1: All voltages are with respect to Ground, pin 12. Currents are posi· 
tive into, negative out of the specified terminal. 

G = .!IVPin7;t.vPin4 = OVto1.0V 
.!IVPin4 

Note 2: Derate at 10mW/oC for TA above 50°C. 
Note 3: Derate at 16mW/OC for Tc above 25°C. 

Note 8: Current into pin 1 guaranteed to latch circuit in shutdown state. 
Note 9. Current into pin 1 guaranteed not to latch circuit in shutdown state. 
Note 10: Applies to UC1846/3846 only due to polarity of outputs. 

Note 4: Unless otherwise stated VIN = 15V, RT = 10k, CT = 4.7nF. 
Note 5: These parameters, although guaranteed over the recommended 
operating conditions are not 100% tested in production. 

Note 11: Standby currrent does not include oscillator charging current, er· 
ror and current limit dividers, and the outputs are open circuit. 

Note 6: Parameter measured attrip point of latch with VPinS = VREF, 
VPin6 = OV. 

TYPICAL PERFORmAnCE CHARACTERISTICS 
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TYPICAL PERFORmAnCE CHARACTERISTICS 
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APPLICATions InFORmATion 
Current Mode Control 

Current mode controllers directly control peak inductor 
current with the error signal rather than controlling the 
duty cycle of the PWM as conventional controllers do. 
There are several inherent advantages in this type of 
control, 

Current mode controllers are easier to frequency compen· 
sate. Peak inductor current is forced to follow the error 
Signal and can change only if the error signal changes. 
This forces the inductor to act like a constant current 
source at mid frequencies and the order of the system can 
be reduced by one, eliminating 90° of phase shift. 
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Peak current on a pulse·by·pulse basis can be limited by 
simply limiting the positive swing of the error amplifier. 

Transient line regulation is greatly improved. A change in 
the line voltage causes a change in the slope of the induc· 
tor current. This means that the time it takes for the induc· 
tor current to reach the peak control value automatically 
changes, and requires very little change in the output of 
the error amp. Since transient response is limited by the 
integrator response of the error amplifier, excellent line 
transient response is obtained if the error amplifier output 
does not have to change. 
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APPLICATions InFoRmATion 
With current mode control, some amount of slope com· 
pensation is required to prevent oscillations for duty cy· 
cles greater than 50%. Slope compensation can also be 
used to decrease noise sensitivity for low values of induc· 
tor current ripple, and to prevent subharmonic oscillations 
in the inductor current. 

Shutdown/Soft Start 

A logic high at pin 16 will initiate a shutdown cycle. During 
a shutdown cycle, both outputs are held off and pins 1 and 
7 are pulled low. If pin 1 current (I Pin 1 = VREFfR1) is less 
than the latch threshold current, typically 1.5mA (see Elec· 
trical Characteristics), the device will restart at the end of 
the shutdown pulse. If pin 1 current is greater than the 
latch threshold current, the device will latch off until 
power is recycled. 

c· R1 

t_ ~_~1 fl~~~ENT 
R2 

'::" 16 SHUTDOWN 

Jl 
Soft start is accomplished by the addition of a capacitor 
from pin 1 to ground. This forces the peak value of the 
switch current to come up slowly. Pin 16 can be left float· 
ing if the shutdown function is not used. 

Undervoltage Lockout 

The purpose of the undervoltage lockout is to prevent the 
device from switching until the internal circuitry is operat· 
ing properly. Built·in hysteresis prevents the circuit from 
oscillating at the threshold point. Pin 1 (current limit ad· 
just) and pin 7 (comp) are held low during undervoltage 
lockout, and outputs are low (UC1846) or high (UC1847). 

Output Switches 

~t !: I 
6 7 
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Oscillator Section 

The frequency of the oscillator is set by an external resis· 
tor (Rr) from pin 9 to ground, and an external capacitor (Cr) 
from pin 8 to ground. Cr is charged by a constant current 
IRT = VPin 9 (",,3.6V)fRr, and is discharged by a constant 
current 8mA - IRr Upper and lower trip levels are 
determined by the internal circuitry, such that the oscilla· 
tor frequency is approximated by the formula 

f 2.2 
r""---

Rr(D)Cr(F) 

In addition, output deadtime, which is equal to the capaci· 
tor discharge time, is a function of the size of Cr and can 
be calculated according to the formula: 

Td = 145Cr ~ 8mA ) 
8mA _ 3.6V 

Rr 

For large values of Rr (smaIlIRr): T d "" 145Cr. 

Current Limit 

Peak switch current on a pulse·by·pulse basis is a function 
of the voltage level set at pin 1 and the current sense reo 
sistor Rs, and can be determined by the formula: 

Is = R2 VREF _ 0.5V 
R1 + R2 

G-Rs 
G = If A GAIN = 2.75 TYP 

2 
VREF 

R1 

IliM 

R2 

'::" 

+Is 
4 

-IS 



APPLICATions InFoRmATion 
Current Sensing 
The current sense amplifier is a differential' amplifier with 
a gain of 3 and a common·mode range of 0 to VIN - 3V. 
Maximum differential input signal is 1.2V. Several sensing 
schemes are possible. Direct resistive sensing is the 
simplest, but power losses in the resistor may not be 
acceptable. The use of a current sense transformer will 
increase efficiency for higher current levels, but will 
increase circuit complexity. In configurations where 
switch current is sensed, a small RC may be necessary 
to keep switch turn on transients from tripping the current 
sense latch. Without this filter, erratic operation will result 
especially at lower values of output current. Minimum on· 
time of the output switch during a short circuit is equal to 
the delay from the current sense amplifier to the output, 
typically 200ns. This delay will be longer if a filter for 
switch transients is added. For best noise immunity, the 
Signal at the current sense amplifier inputs should be as 
large as possible. 

Resistive Sensing of Switch Current with RC Filter 

SWITCH YL 
TRANSIENT/ 

SPIKE 

FILTERED Jl~ OUTPUT 
CURRENT SWITCH 

WAVEFORM \ 

+ 4 

Transformer Sensing Gives Isolation and Improved Efficiency 

UC1846/1847, UC3846/3847 

Error Amplifier 
The error amplifier of the UC1846 can operate over a com· 
mon·mode range of 0 to VIN - 2V. The output stage con· 
sists of an NPN Darlington pull·down and a O.5mA current 
source pull·up. See Typical Performance Characteristics 
for gain and phase characteristics. 

Reference Regulator 
The reference regulator provides a fixed 5.1 V for internal 
circuitry as well as up to 20mA of output current for ex· 
ternal circuitry such as the current limit divider. A small 
bypass capacitor (O.1-1.0/LF) from the reference pin (pin 2) 
to the ground pin (pin 12) is recommended. This capacitor 
should be located as close as possible to the device. 

Slope Compensation 
Slope compensation can be accomplished by summing a 
triangle wave derived from the oscillator waveform, with 
the inductor current waveform at the current sense am· 
plifier input or the summing node of the error amplifier as 
shown below. Slope compensation should be greater than 
1/2 of the downslope of the inductor current waveform. 

E/A I/A 

~ SLOPE 
COMPENSATION 7 AT CURRENT 

I SENSE AMP 

I 
I Is 
I 

RS 

INDUCTOR CURRENT I DOWNSLOPE 

Jtr1 
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TYPICAL APPLICATions CIRCUIT 
Push-Pull Forward Converter 

100pF 

10 
SYNC 

4700pF 

CT 

10k 
RT 

25k 
COMP 

2000pF 
6 

E/A-

18k E/A+ 

O.l}iF 18k 

1-+-""VREf 

10k 

13 

+ISENSE 

-ISENSE 3 

11 
AOUT 

60k 

5.6k 

100 
lW 

100 
lW 

lN4148 

400 

":;' 

B OUTI".:.4_ .......... --t 

Q1. Q2-IRF520 

V'N 
(25V-35V) 

II 
PULSE ENG. 
PE 51719 
(200:1) 

+ 

SOOliFT 

200llH 

~~'T~iN:~~~~~3:ECTlF'ER) ,....---~~ VOUT (5.1V@0-10A) 
f"-+-_''l~W~T :~J 16 

40k GNO '-__ ..... ___ -.'2 TRANSFORMER CORE
EC52·3ca 
(FERROXCUBE) 

PACKAGE DESCRIPTiOn Dimensions in inches (millimeters) unless otherwise noted. 

16 Pin Cavity DIP (J) 
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0.160 0.200 

0.290-0.320 __ (~~~) 15M~~O) 

rI7366-B1281 I 0.020-0070 ~ 1 F9 10508-1.778' I GLASS_~ + SEALANT 

:R II-I -!---(~:~~~=~:~~~) ~ -.. I-(~:~~~) I I -II ~(~'~~~:~'~~;) 
(3.175) MAX 

--(~:~~~:~:~;;)- (~:~~~~~:~;~)- - - -(~'~~~:~-~~~) 

T)max SjA 

UC1846 150°C 100°C/W 
UC184? 

UC3846 105°C 100°C/W 
UC384? 

0,020 
16 Pin Molded DIP (N) 

(0.508) 0.130 
MAX (3.302) 0,065 

: I :'f' t-~I' 
J~±50 --III'.'':}:;: J L --I111-~8±0003 

" 
-(0.229-0279) ~ (0.63,51 -I L10.,457±00761 

+0025 (3.175) 

0325_ 0015 - ..2...!.2Q.. - ~ 
(8.255 ~~:~~~) (2.540) (1,016) 

SjC 

WC/W 

60°C/W 

t 
0.250",0,005 

{6,350±O.127) 

t 

~----(~976~J-----J 
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FEATURES 
• Instrumentation Front End with 120dB CMRR 
• Precise, Charge-Balanced Switching 
• Operates from 3V to 18V 
• Internal or External Clock 
• Operates up to 5MHz Clock Rate 
• Low Power 
• Two Independent Sections with One Clock 

APPLICATIons 
• Precision Instrumentation Amplifiers 
• Ultra Precision Voltage Inverters, Multipliers and 

Dividers 
• V-F and F-V Converters 
• Sample and Hold 
• SWitched-Capacitor Filters 

Instrumentation Amplifier 

+5V 

CMRR> 120dB AT DC 
CMRR> 120dB AT 60Hz 
DUAL SUPPLY DR SINGLE 5V 
GAIN=1 +R2/R1 
Vas = 150~V 

~Vos =2.V/'C 
~T 

Switched-Capacitor Building Block 

DES(R~PTIOn 
The LTC1043 is a monolithic, charge-balanced, dual 
switched-capacitor instrumentation building block. A 
pair of switches alternately connects an external capaci
tor to an input voltage and then connects the charged ca
paCitor across an output port. The internal switches have 
a break-before-make action. An internal clock is provided 
and its frequency can be adjusted with an external capac
itor. The LTC1043 can also be driven with an external 
CMOS clock. 

The LTC1043, when used with low clock frequencies, 
provides ultra precision DC functions without requiring 
precise external components. Such functions are dif
ferential voltage to single-ended conversion, voltage in
version, voltage multiplication and division by 2, 3, 4, 5, 
etc. The LTC1043 can also be used for precise V-F and 
F-V circuits without trimming, and it is also a building 
block for switched-capacitor filters, oscillators and 
modulators. 

The LTC1043 is manufactured using Linear Technology's 
enhanced LTCMOS™ silicon gate process. 

VOUT 

CMRR vs Frequency 

100 1--t-t++ttttt--lH--t-++tt1It--t-HH-ItHl 

~ 801--t-t++ttttt--lH--t-++tt1It--t-HH-ItHl 

'" u 

20~~~~~~~~UUW 

100 1k 10k 100k 
FREQUENCY OF COMMON· MODE SIGNAL 

LTCMOS ™ is a trademark of linear Technology Corporation 
COMMON-MODE INPUT VOLTAGE INCLUDES THE SUPPLIES 
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LTC1043 

ABSOLUTE mAXimum RATinGS PACKAGE/ORDER InFORmATiOn 

Supply Voltage . . . . . . . . . . . . . . . . . . . . . . . . . .. 18V 
Input Voltage 

atAnyPin ............. -0.3V:5VIN:5V++0.3V 
Operating Temperature Range 

LTC1043C ............... -40°C:5TA:585°C 
LTC1043M . . . . . . . . . . . . .. - 55°C:5 T A:5 125°C 

Storage Temperature Range ....... - 65°C to 150°C 
Lead Temperature (Soldering, 10 sec.) . ...... . 300°C 

ORDER PART 
NUMBER 

LTC1043CN 
LTC1043MD 

ELECTRICAL CHARACTERISTICS v+ =10V, v- =ov, TA=25°C unless otherwise specified. 

SYMBOL PARAMETER CONOITIONS 
LTC1043M LTC1043C 

UNITS 
MIN TYP MAX MIN TYP MAX 

Is Power Supply Current Pin (16) Connected High or Low 0.25 0.4 0.25 0.4 mA 

• 0.7 0.7 mA 

Cosc (Pin 16 to V ) = 100pF 0.4 0.65 0.4 0.65 mA 

• 1 1 mA 

II OFF leakage Current Any Switch, Test Circuit 1 (Note 1) 6 100 6 100 pA 

• 6 500 6 nA 

RON ON Resistance Test Circuit 2, VIN =7V, 1=±0.5mA 240 400 240 400 n 
V+=10V, V-=OV • 700 700 n 

RON ON Resistance Test Circuit 2, VIN=3.1V, 1= ±0.5mA 400 700 400 700 n 
V+ =5V, V- =OV • 1 1 kn 

fosc Internal Oscillator Frequency Cosc (Pin 16 to V )=OpF 185 185 kHz 
Cosc (Pin 16 to V-) = 100pF 20 34 50 20 34 50 kHz 
Test Circuit 3 

• 15 
75 15 75 kHz 

losc Pin Source or Sink Current Pin 16atV+ orV 40 70 40 70 p.A 

• 100 100 ",A 
Break-Before-Make Time 25 25 ns 

Clock to Switching Delay Cosc Pin Externally Driven 75 75 ns 

fM Maximum External ClK Frequency Cosc Pin Externally Driven with CMOS 5 5 MHz 
levels 

CMRR Common-Mode Rejection Ratio V+ =5V, V- = - 5V, - 5V <VCM <5V, DC 120 120 dB 
to 400Hz 

The. denotes the specifications which apply over the full operating 
temperature range: l TC1 043M operates from - 55°C s T A s 125°C; 
lTC1043C operates from -40°CsTAs85°C. 

Note 1: OFF leakage current is guaranteed but not tested at 25°C. 
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TYPICAL PERFORmAnCE CHARACTERISTICS (Test Circuits 2 through 4) 
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LTC1043 

TYPICAL PERFORmAnCE CHARACTERISTICS (Test Circuits 2 through 4) 
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THE CHARGE BALANCING CIRCUITRY SAMPLES THE VOLTAGE 
AT S3 WITH RESPECT TO S4 (PIN 16 HIGH) AND INJECTS A 
SMALL CHARGE AT THE C + PIN (PIN 16 LOW), 
THIS BOOSTS THE CMRR WHEN THE LTC1043 IS USED AS AN 
INSTRUMENTATION AMPLIFIER FRONT END. 
FOR MINIMUM CHARGE INJECTION IN OTHER TYPES OF 
APPLICATIONS, S3Ai AND S3B SHOULD BE GROUNDED. 



TEST CIRCUITS 

NOTE: TO OPEN SWITCHES 
S1 AND S3 
SHOULD BE CONNECTED 
to V - TO OPEN S2, S4, 
Cosc PIN SHOULD BE 
TO V+ Cosc 

Test Circuit 1. Leakage Current Test 

Test Circuit 3. Oscillator Frequency, fosc 

APPLICATions InFoRmATion 
Common-Mode Rejection Ratio (CMRR) 

The LTC1043, when used as a differential to single-ended 
converter (Figure 1) rejects common-mode signals and 
preserves differential voltages. Unlike other techniques, 
the LTC1043's CMRR does not degrade with increasing 
common-mode voltage frequency. During the sampling 
mode, the impedance of pins 2, 3 (and 11, 12) should be 
reasonably balanced, otherwise, common-mode signals 
will appear differentially. The value of the CMRR depends 
on the value of the sampling and holding capacitors (Cs, 
CH) and on the sampling frequency. Since the common
mode voltages are not sampled, the common-mode signal 
frequency can well exceed the sampling frequency without 
experiencing aliasing phenomena. The CMRR of Figure 1 

LTC1043 

Test Circuit 2. RON Test 

":" CMRR=20 LOG (VCM) 
VOUT 

NOTE: FOR OPTIMUM CMRR, THE Cosc SHOULD 
BE LARGER THAN O,0047~F, AND 
THE SAMPLING CAPACITOR ACROSS 
PINS 11 AND 12 SHOULD BE PLACED 
OVER A SHIELD TIED TO PIN 10. 

Test Circuit 4. CMRR Test 

Cs, CH ARE MYLAR OR POLYSTYRENE 

Figure 1. Differential to Single-Ended Converter 

8-7 



LTC 1 043 

APPLICATions InFoRmATion 
is measured by shorting pins 7 and 13 and by observing, 
with a precision DVM, the change of the voltage across CH 
with respect to an input CM voltage variation. During the 
sampling and holding mode, charges are being transferred 
and minute voltage transients will appear across the 
holding capacitor. Although the RON on the switches is low 
enough to allow fast settling, as the sampling frequency in
creases, the rate of charge transfer increases and the 
average voltage measured with a DVM across it will in
crease proportionally; this causes the CMRR of the sam
pled data system, as seen by a "continuous" instrument 
(DVM), to decrease, Figure 2. 

Switch Charge Injection 

Figure 3 shows one out of the eight switches of the 
LTC 1 043, configured as a basic sample and hold circuit. 
When the switch opens, a "hold step" is observed and its 
magnitude depends on the value of the input voltage. 
Figure 4 shows charge injected into the hold capacitor. For 
instance, a 2pCb of charge injected into a 0.01j.tF capacitor 
causes a 200j.tV hold step. As shown in Figure 4, there is a 
predictable and repeatable charge injection cancellation 
when the input voltage is close to half the supply voltage of 
the LTC 1 043. This is a unique feature of this product, con
taining charge-balanced switches fabricated with a self
aligning gate CMOS process. Any switch of the LTC1 043, 
when powered with symmetrical dual supplies, will 
sample and hold small signals around ground without any 
significant error. 

8-8 

140 

120 

100 

60 

40 

20 
100 

cW!~t IIIIIII II 
~ Ic~~IE~, ch~~UI 

8-

lk 10k 
lose (Hz) 

Figure 2. CMRR vs Sampling 
Frequency 

lOOk 

Shielding the Sampling Capacitor for Very High CMRR 

Internal or external parasitic capacitors from the C+ pints) 
to ground affect the CMRR of the LTC1043, (Figure 1). 
The common-mode error due to the internal junction ca
pacitances of the C+ pints) 2 and 11 is cancelled through 
internal circuitry. The C+ pin, therefore, should be used 
as the top plate of the sampling capacitor. The interpin 
capacitance between pin 2 and dummy pin 1 (11 and 10) 
appears in parallel with the sampling capacitor so it does 
not degrade the CMRR. A shield placed underneath the 
sampling capacitor (Figure 5) and connected to either pin 1 
or 3 helps to boost the CMRR in excess of 120dB. 

Excessive external parasitic capacitance between the C
pins and ground indirectly degrades CMRR; this 
becomes visible especially when the LTC1043 is used 
with clock frequencies above 2kHz. Because of this, if a 
shield is used, the parasitic capacitance between the 
shield and circuit ground should be minimized. 

It is recommended that the outer plate of the sampling 
capacitor be connected to the C- pints). 

Input Pins, SCR Sensitivity 

An internal 600 resistor is connected in series with the in
put of the switches (pins 5,6, 7, 8, 13, 14, 15, 18) and it 
is included in the RON specification. When the input 
voltage exceeds the power supply by a diode drop, cur
rent will flow into the input pints). The LTC1043 will not 

VOUT 

SAMPLE 
V+~ HOLD TO PIN 16 

OV-' --

Figure 3 



APPLICATions InFoRmATion 
latch until the input current reaches 2mA-3mA. The 
device will recover from the latch mode when the input 
drops 3V-4V below the voltage value which caused the 
latch. For instance, if an external resistor of 2000 is con
nected in series with an input pin, the input can be taken 
1.3V above the supply without latching the IC. The same 
applies for the C+ and C- pins. 

Cose Pin (16), Figure 6 

LTC1043 

quency for various power supply ranges. Pin 16 can also 
be driven with an external clock to override the internal 
oscillator. Although standard 7400 series CMOS gates do 
not guarantee CMOS levels with the current source and 
sink requirements of pin 16, they will in reality drive the 
Case pin. CMOS gates conforming to standard B series 
output drive have the appropriate voltage levels and more 
than enough output current to simultaneously drive sev
eral LTC1043 Case pins. The typical trip levels of the 
Schmitt trigger, Figure 6, are given below. 

SUPPLY TRIP LEVELS 
\II 
U 
CC 

The Case pin can be used with an external capacitor, 
Case, connected from pin 16 to pin 17, to modify the in
ternal oscillator frequency. If pin 16 is floating, the inter
nal 24pF capacitor plus any external interpin capacitance 
set the oscillator frequency around 190kHz with ± 5V 
supply. The typical performance characteristics curves 
provide the necessary information to set the oscillator fre-

V+ =5V, V- =OV 

V+ =10V, V- =OV 

V+ =15V, V- =OV 

VH =3.4V 

VH =6.5V 

VH =9.5V 

VL=1.35V ~ 

'" '-' 

12 r-r--r-,---,--,---,--,--., 

10 

~ 8 k-f---tT-+--+--+-Tt---+--l 
o 

~ 6r-ft-+-+-+-1r-+--+--l 
;;: 
w 

'" ~ 4~r;+-~-+-~-+--+--l 
§. 

2 4 6 8 10 12 14 16 
VIN (V) 

Figure 4. Individual Switch 
Charge Injection vs Input 
Voltage 

Cose 
(EXTERNAL) 

VL =2.8V 

r------------- -~ 
11 I 
I I 
I I 
I I 
I 2 I 
I :1 
I ·1 
I I 

: 3 : 

~-------------- -~ PRINTED CIRCUIT 'LTC1043 I 
BOARD AREA t ........... '" ..... ,.1 

Figure 5. Printed Circuit Board Layout Showing Shielding 
the Sampling Capacitor 

V+ 

')oOo.".....;.r;~++ TO ClK GEN ERATOR 

f _ 9 (24pF) 
ose-l OkHz x (24pF +Cose) 

Figure 6. Internal Oscillator 
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LTC1043 

APPLICATions 
Divide by 2 

vour=VIN/2±1ppm 
OSVINSV+ 
3sV+ s1BV 

Precision Multiply by 3 
VIN--..... ---------. 

8-10 

Vour=3VIN±10ppm 
O<VIN<V+/3 
3V<V+ <1BV 

1pF 

Vour ..... -+---li 

Multiply by 2 

Vour=2VIN±5ppm 
OSVIN<V+/2 
3sV+s1BV 

Precision Multiply by 4 

Vour=4VIN±40ppm 
OSVINSV+/4 
3V<V+<1BV 

r 

Ultra Precision Voltage Inverter 

Vour= -VIN±2ppm 
V-<VIN<V+ 
V+ = +5V, V- = -5V 

Divide by 3 

Vour=VIN/3±3ppm 
OSVINSV+ 



APPLICATions 
Divide by 4 

O:$VIN:$V+ 
VOUT=V,N/4±5ppm 

75k' 
VINPUT_""",...., __ +-_1J 

2N2907A 
(FOR START-UP) 

-5V 

22k 

':' 

LTC1043 

0.005%V-F Converter 

V,N 6.19k 
OV-3V -,\NY-~~.,....-...... _JJ 

-5V 

0.01 % Analog Multiplier 

r---
V,LTC1;;-' 

1k 
-5V 

1~F 

*O.OO1~Ft 
':' 

-5V 

30pF 
330k 

T1~F 

LT1009 
2.5V 

fOUr: OkHz TO 15kHz 

20k 
OUTPUT 

80.6k' TRIM 

OUTPUT = 
XV ±O.01% 
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LTC1043 

APPLICATions 

Single 5V Supply, Ultra Precision Instrumentation Amplifier 

INPUT 

V+=SV -M-_ol 

= -O.SV 

OUTPUT 
~:'---Av=1000 

10k 

INPUT AND OUTPUT VOLTAGE RANGE INCLUDES GROUND. 
INPUT REFERRED OFFSET ERROR IS TYPICALLY 3~V WITH 
1~V OF NOISE 
CMRR~ 120dB 

Voltage Controlled Current Source with 
Ground Referred Input and Output 

+SV 

OPERATES FROM A SINGLE SV SUPPLY 

Precision Instrumentation Amplifier 

+SV 

AC AMPLIFIER 

+INPUT 

100n 

-INPUT 

8-12 

OFFSET=10.V 
DRIFT=0.1.VI'C 
FULL DIFFERENTIAL INPUT 
CMRR=140dB 
OPEN LOOP GAIN> 1()8 
GAIN=R2/R1 +1 
IBIAS = 1nA 

OUTPUT 

R2 
100k 

R1 
1000 



APPLICATions 
Lock-In Amplifier ( = Extremely Narrow-Band Amplifier) 

THERMISTOR BRIDGE 
IS THE SIGNAL SOURCE 

50k 

10k 

PHASE TRIM 

-5V 

1000 

+5V 

1k 

10k" 

SYNCHRONOUS 
DEMODULATOR 

10k" 

ZERO CROSSING DETECTOR 

+5V 

30k" 30k" 

10k 

"1 % RESISTOR 

50MHz Thermal rms -- DC Converter 

+5V 
CALIBRATION ADJUST 

100k" 

30W" 

2% ACCURACY-DC-50MHz 
100:1 CREST FACTOR CAPABILITY 
T1-T2=YELLOW SPRINGS INST. CO. THERMISTOR COMPOSITE 
ENCLOSE T1 AND T2 IN STYROFOAM 

LTC1043 

-5V 

VOUT=1000xDC 
BRIDGE SIGNAL 

T1 =TF5SX17ZZ, TOROTEL 
RT=YSI THERMISTOR 44006 

=6.19k AT 37.5°C 
"MATCH 0.05% 
6.19k=VISHAY S-102 
OPERATE LTC1043 WITH 
± 5V SUPPLIES 

LOCK-IN AMPLIFIER TECHNIQUE 
USED TO EXTRACT VERY SMALL SIGNALS 
BURIED INTO NOISE. 

10k 

10k 
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LTC1043 

APPLICATions 

8-14 

Quad Single 5V Supply, Low Hold Step, Sample and Hold 

OUTPUT 
NC 

HOLD 

SA~ -""11111-

OUTPUT 

FOR 1V,;VIN,;4V, THE HOLD STEP IS ,;300"V. 
ACQUISITION TIME -8 x RON CH FOR 10-81T ACCURACY. 

Single Supply Precision Linearized Platinum RTD Signal Conditioner 
250k' 

10k' +5V 
2.4k 

(LINEARITY CORRECTION 

Rp=ROSEMOUNT 118MFRTD 
'1% FILM RESISTOR 

TRIM SEQUENCE: 
SET SENSOR TO o.oC VALUE. ADJUST ZERO 
FOR OV OUT. SET SENSOR TO 100°C VALUE. 
ADJUST GAIN FOR 1 ,OOOV OUT. SET SENSOR 
TO 400°C VALUE. ADJUST LINEARITY FOR 4.000V OUT. 
REPEAT AS REOUIRED. 



APPLICATions 

lk 
- 5V ---'\N'v' ...... - ....... --1 

LTl004 
1.2C 

O.005%F - V Converter 

10k 
75k' GAIN TRIM 

lpF 

OV-3V OUTPUT 

'75k= TRW #MTR-51 + 120ppm 

High Frequency Clock Tunable Bandpass Filter 

10k 
RIN 

Rl 
10k 

R2 
10k 

~~~~~---I--------I 1000pF 

RQ=10k 

BANDPASS CENTER FREQUENCY to=~X~ 
BANDPASS GAIN AT to IS: RO/RIN 

Q Ro!R2 
=I\2VRl 

to MAX" 100kHz 
QMAX AT 100kHz to IS ,,10 
(!OxQ) MAX"IMHz 
teLK MAX,,3MHz, Q<2 

LTC1043 
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LTC1043 

APPLICATions Frequency-Controlled Gain Amplifier 

FOR OIFFERENTIAL INPUT, GROUND PIN 8A AND USE PINS 13A AND 7A FOR INPUTS. 
IINXO.OI,F 

GAIN = 1kHz x 100jjF": GAIN IS NEGATIVE AS SHOWN. 

FOR SINGLE-ENDED INPUT AND POSITIVE GAIN, GROUND PIN 8A AND USE PIN 7A FOR INPUT. 
USE ±5V SUPPLIES FOR LTCI043. 

O. 

>---..... -VOUT 

Relative Humidity Sensor Signal Conditioner 

-5V 

8-16 

470 
1k' 

500 
90% ~I-<~-IJ 

RH TRIM 

'=1% FILM RESISTOR 

33k 

10k 

SENSOR = PANAM ETRICS # RHS 
= 500pF AT RH = 76% 
1.7 pF/%RH 



APPLICATions 
Linear Variable Differential Trans/ormer (LVDT), Signal Conditioner 

AMPLITUDE STABLE 
SINE WAVE SOURCE 

Q1 
2N4338 

1.2k 

10k 

LVDT ~SCHAEVITZ E·100 

1N914 

LT1004 
1.2V 

7.5k 

100k 

+5V 

1k 

>," ___ TO PIN 16, LTC1043 

-5V 

Precision Current Sensing in Supply Rails 

LTC1043 

OUTPUT 
OV- ±2.5V 
OM-2.50M 
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LTC1043 

PRCKRGE DESCRIPTion Dimensions in inches (millimeters) unless otherwise noted. 

8-18 

D Package 
18 Lead Side Brazed 

0.910 
1-+------(23.114)------+1 

P9 

t 
0.298 

(7.569) 
MAX 

! 

0.125 
(3.175) 

MIN 

L j- 0.008-0.015 
(0.203 -0.381) 

0.030 
(7.620) 

REF 

0.165 
(4.191) 

MAX 

LTC1043MD 

LTC1043CD 

Tjmax 9ja 

150"C 100"C/W 

150"C 100"C/W 

N Package 
18 Lead Plastic DIP 

0.009-0.011 j'_ 
(0.229-0.279) 

0325 +0.025 
... ' -0.015 

(8255 +0.635) 
. -0.381 

t 
0.250 

(6.350) 

! 
0.035 ---(0.889) 
RAD 

0.065 

o.L (1'r) 
(3.302) b 
t 0.125 t 

(3.175) 
MIN 

MAX 
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~~ TECHNOLOGY~--------S-w-it-c-h-e-d-C-a-p-a-C-i-to-r 

FEATURES 
• Plug-In Compatible with 7660 with These Additional 

Features: 
• Guaranteed Operation to 9V, with No External 

Diode, Over Full Temperature Range 
• Boost Pin (Pin 1) for Higher Switching Frequency 
• Lower Quiescent Power 
• Efficient Voltage Doubler 

• 200pA Max. No Load Supply Current at 5V 
• 97% Min. Open Circuit Voltage Conversion 

Efficiency 
• 95% Min. Power Conversion Efficiency 
• Wide Operating Supply Voltage Range, 1. 5V to 9V 
• Easy to Use 
• Commercial Device Guaranteed Over - 40°C to 

85°C Temperature Range 

APPLICATions 
• Conversion of + 5V to ± 5V Supplies 
• Precise Voltage Division, VOUT = VIN 12 ± 20ppm 
• Voltage Multiplication, VOUT = ± nVIN 
• Supply Splitter, VOUT = ± Vs 1 2 

Voltage Converter 
DESCRIPTiOn 
The LTC1044 is a monolithic CMOS switched capacitor 
voltage converter which is manufactured using Linear 
Technology's enhanced LTCMOS™ silicon gate process. 
The LTC1044 provides several voltage conversion func
tions: the input voltage can be inverted (VOUT = - VIN), 
doubled (VOUT =2VIN), divided (VOUT =VIN 12) or multi
plied (VOUT = ± nVIN ). 

Designed to be pin-for-pin and functionally compatible ~ 
with the popular 7660, the LTC1044 provides significant ~ 
features and improvements over earlier 7660 designs. a:: 
These improvements include: full 1. 5V to 9V supply op- = 
eration over the entire operating temperature range, with- C -out the need for external protection diodes; 21/2 times ........ 
lower quiescent current for greater power conversion effi- C 
ciency; and a' 'boost" function which is available to raise ~ 
the internal oscillator frequency to optimize performance a::: 
in specific applications. ~ 

Although the LTC1044 provides significant design and 8 
performance advantages over the earlier 7660 device, it u 
still maintains its compatibility with existing 7660 designs. a::: .... a::: 
LTCMOS™ is a trademark of Linear Technology Corp. 0 

........ 
lin o e 
u 

Generating CMOS Logic Supply from 2 Mercury Batteries 
Supply Current vs Supply 

Voltage 

2-1.2V _ 
CELLS-

C1 + 
1O~F 

SUPPLY CURRENT Is ~3"A ':' 

400 

360 

1 320 
VOUT ~ 280 

~ 240 

'" G 200 
>-

~ 160 

~ 120 
S 
~ 80 

40 

RL = 00 

/ 
/ 

V II 
GUARANTEED 

IrlCIAL - -
rNr 1- I--

A 
.....t--1 

o 1 2 3 4 5 6 7 8 9 10 
SUPPLY VOLTAGE. V + (V) 

.L7U!J~ 8-19 



LTC1044/7660 

ABSOLUTE mAXimum RATinGS 
(Notes 1 and 2) 

Supply Voltage .......................... 9.5V 
Input Voltage on Pins 1, 6 and 7 

(Note 2) ............. -O.3V SVIN sV+ +O.3V 
Current into Pin 6 ........................ 20pA 
Output Short Circuit Duration 

(V+ s5.5V) ..................... Continuous 
Operating Temperature Range 

LTC1044C ............... -40°CsTAS85°C 
LTC1044M .............. -55°CsTAS125°C 

Storage Temperature Range. . . . .. - 65°C to + 150°C 
Lead Temperature (Soldering, 10 sec.) ........ 300°C 

PACKAGE/ORDER InFORmATiOn 
TOP VIEW 

CAP-

METAL CAN H PACKAGE 

TOP VIEW 

BOOST 08 v+ 
CAP+ 2 7 OSC 

GROUNO 3 6 LV 

CAP- 4 5 VOUT 

HERMETIC OIP J8 PACKAGE 
PLASTIC DIP N8 PACKAGE 

ORDER PART NUMBER 

LTC1044CH 
LTC1044MH 

LTC1044CJ8 
LTC1044CN8 
LTC1044MJ8 

ELECTRICAL CHARACTERISTICS v+ =5V, TA=25°C, Test Circuit Figure 1, unless otherwise specified. 

SYMBOL PARAMETER CONDITIONS 

Is Supply Current RL = 00, Pins 1 and 7 No Connection 
R L = 00, Pi ns 1 and 7 V + = 3V 

V+ L Minimum Supply Voltage RL = 10k 
V+ H Maximum Supply Voltage RL = 10k (Note 3) 

ROUT Output Resistance IL =20mA, fosc=5kHz 

V+=2V, IL=3mA, fosc=lkHz 

fosc Oscillator Frequency Cosc= lpF (Note 4) 
V+ =5V 
V+ =2V 

PEFF Power Efficiency RL =5kn, fosc=5kH'z 

VOUTEFF Voltage Conversion RL = 00 

Efficiency 

losc Oscillator Sink or Source Vosc=OV or V+ 
Current Pin 1 =OV 

Pinl=V+ 

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

Note 1: Absolute Maximum Ratings are those values beyond which the 
life ofthe device may be impaired. 

Note 2: Connecting any input terminal to voltages greater than V + or 
less than ground may cause destructive latch-up. It is recommended that 
no inputs from sources operating from external supplies be applied prior 
to power-up ofthe lTC1044. 

8-20 

lTC1044M lTC1044C UNITS MIN TYP MAX MIN TYP MAX 

60 200 60 200 I'A 
20 20 ~ 

• 1.5 1.5 V 

• 9 9 V 

100 100 n 

• 150 130 n 

• 400 325 n 

• 5 5 kHz 

• 1 1 kHz 

95 98 95 98 % 

97 99.9 97 999 % 

• 3 3 I'A 

• 20 20 I'A 

Note 3: The LTC1044 is guaranteed to operate with alkaline, mercury or 
NiCad 9V batteries, even though the initial battery voltage may be slightly 
higher than 9.0V. 

Note 4: f osc is tested with Cosc = 1 OOpF to minimize the effects of test 
fixture capacitance loading. The 1 pF frequency is correlated to this 
100pF test point, and is'intended to simulate the capacitance at pin 7 
when the device is plugged into a test socket and no external capacitor is 
used. 



LTC1044/7660 

TYPICAL PERFORmAnCE CHARACTERISTICS (Using Test Circuit Shown in Figure 1) 
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Operating Voltage Range vs 
Temperature 
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AMBIENT TEMPERATURE, TA ('C) 

Power Conversion Efficiency vs 
Load Current for V+ =2V 

/"' 

V 
/ 

/ 
o 

1_ V+=2V 
r-TA=25'C 

,-!,EFF C1=C2=10~F 

'>< lose= 1kHz 

/ 
I 1\ 

/Is \ 
/ \ 

2 3 4 5 
LOAD CURRENT, I L (rnA) 

Output Voltage vs Load Current 
for V+ =2V 

TA=25'C 
V+=2V , lose=1kHz 

, , 
\ 

) 

/sLOPE = 2500_ - -
./ 

./ 
,,/ 

10 

o 
7 

o 1 2 3 4 5 6 7 8 9 10 
LOAD CURRENT, IL (rnA) 

100 

98 

-96 

'" ~94 
~92 

a:i 90 
13 

~ 88 
co 
~ 86 
o 
~ 84 

82 

80 

Power Efficiency vs Oscillator 
Frequency 

j I IIIII V+ -5V 
TA=25'C 

'" 100~F IlUr'" " C1 =C2 

10~F IL-1~' 
1~F I 

1111 
1111 

r-!- 100~F -j 
r 
10~F 

I I 
IL= 15m. 

II V ; 
i 1/ .I\"~F 

I Villi 
100 1k 1~ 100k 

100 

~90 

~80 
G 70 
z 
G 60 
u: 
tb 50 
z 
§5 40 
co 

~ 30 
8 
ffi 20 

~ 10 

OSCILLATOR FREOUENCY, lose (Hz) 

Power Conversion Efficiency vs 
Load Current for V + = 5V 

/'"' V+=5V 

......... PEFF TA=25'C 
C1 =C2=10~F 

....... / losc=5kHz 

A 
j \ 

Vis 
, 

/ 
/ 

/ 

100 

90 

80 

70 '[ 

60 ~ 
w 
co 

50 ~ 
'-' 

40~ 
30 ~ 

20 

10 

V o 0 

-3 

-4 

-5 

o 10 20 30 40 50 60 70 
LOAD CURRENT, I L (rnA) 

Output Voltage vs Load Current 
for V+ =5V 

TA= 25'C 

\ v+ =5V 

\ 
losc=5kHz 

Ii 
~ 

/SlOPE=800 

/ 
/ 

/ 
o 10 20 30 40 50 60 70 80 90 100 

LOAD CURRENT, I L (rnA) 

o 
co 

500 

~- 300 

~ us 
~ 200 
>
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~ 

t; 
0100 
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Output Resistance vs Oscillator 
Frequency 

TA=25'C 
V+=5V 
IL=10mA 

C1 =C2=10~F 

C1 =C2=1~F 

1\ !\ \ 
\ '\ \ 

r-Ctn 11\~~iF 
100 1k 10k 100k 

1000 

§: 
0 

co 
uI 
~ 
~ 100 

~ 
>-
=> 
~ 

t; 
0 

10 

400 

360 

§: 320 

~ 280 
« tn 240 
us 
~ 200 
>-
~ 160 
=> 
0120 

80 

40 

o 

OSCILLATOR FREOUENCY, lose (Hz) 

Output Resistance vs Supply 
Voltage 

IL~3mA 
TA 25'C , 

....... Cose- 100pF 

'" Ii-r-
Cose 0 

o 1 2 3 4 5 6 7 B 9 10 
SUPPLY VOLTAGE, V + (V) 

Output Resistance vs 
Temperature 

C1 =C2= 10~F 

I, I I I V _V+=2V losc=1kHz -,...----
-V+=5V losc=5kHz -

-~ -~ 0 ~ ~ ~ 100 1~ 
AMBIENT TEMPERATURE ('C) 
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LTC1044/7660 

TYPICAL PERFORmAnCE CHARACTERISTICS (Using Test Circuit Shown in Figure 1) 

100k 

~10k 

>' 
'-' 

~ 
~ 1k 

'" 
~ 
~.100 
o 

10 

Oscillator Frequency as a 
Function of Case 

~:=~;~C 
I I.I~ +~ 

== IPIN 0=.' 

100k 

0.1k 

Oscillator Frequency vs Supply 
Voltage 

Cose OpF 
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APPLICATions InFORmATion 
Theory of Operation 

AMBIENT TEMPERATURE (0C) 

To understand the theory of operation of the LTC1 044, a 
review of a basic switched capacitor building block is 
helpful. 

If the switch is cycled f times per second, the charge 
transfer per unit time (i.e., current) is: 

In Figure 2, when the switch is in the left position, 
capacitor C1 will charge to voltage V1 , The total charge on 
C1 will be q1 = C1 V1 , The switch then moves to the right, 
discharging C1 to voltage V2. After this discharge time, 
the charge on C1 is q2=C1V2, Note that charge has 
been transferred from the source, V1, to the output, V2, 
The amount of charge transferred is: 

Llq=q1-q2=C1(V1-V2), 
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I =f xLlq=f xC1(V1-V2), 

Figure 2, Switched Capacitor Building Block 



APPLICATions InFoRmATion 
Rewriting in terms of voltage and impedance 
equivalence, 

I=V1-V2 = V1-V2. 
(1 IfC1) REQUIV 

A new variable, REQUIV, has been defined such that 
REQUIV = 1IfC1. Thus, the equivalent circuit for the 
switched capacitor network is as shown in Figure 3. 

REQUIV=_1-
fC1 

Figure 3. Switched Capacitor Equivalent Circuit 

Examination of Figure 4 shows that the LTC1 044 has the 
same switching action as the basic switched capacitor 
building block. With the addition of finite switch on
resistance and output voltage ripple, the simple theory, 
although 'not exact, provides an intuitive feel for how the 
device works. 

BOOST 

LTC1044/7660 

For example, if you examine power conversion efficiency 
as a fu nction of frequency (see typical cu rve), this simple 
theory will explain how the LTC1044 behaves. The loss, 
and hence the efficiency, is set by the output impedance. 
As frequency is decreased, the output impedance will 
eventually be dominated by the 1/fC1 term and power 
efficiency will drop. The typical curves for power effi
ciency versus frequency show this effect for various 
capacitor values. 

Note also that power efficiency decreases as frequency 
goes up. This is caused by internal switching losses 
which occur due to some finite charge being lost on each 
switching cycle. This charge loss per unit cycle, when 
multiplied by the switching frequency, becomes a current 
loss. At high frequency this loss becomes significant and 
the power efficiency starts to decrease. 

LV (Pin 6) 

\II 
U a: 
u. a:: 
\II .... 
C -........ 
C o 
iii a:: 

The internal logic of the LTC1044 runs between V+ and ~ 
LV (pin 6). For V+ greater than or equal to 3V, an internal C 
switch shorts LV to GND (pin 3). For V+ less than 3V, the S 
LV pin should be tied to GND. For V+ greater than or a: 
equal to 3V, the LV pin can be tied to GND or left floating. .... a: o 

........ 
III o e u 

Figure 4. LTC1044 Switched Capacitor Voltage Converter Block Diagram 
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APPLICATions InFoRmATion 

OSC (Pin 7) and Boost (Pin 1) 

The switching frequency can be raised, lowered or driven 
from an external source. Figure 5 shows a functional 
diagram of the oscillator circuit. 

By connecting the boost pin (pin 1) to V+ , the charge and 
discharge current is increased and, hence, the frequency 
is increased by approximately 7 times. I ncreasing the fre
quency will decrease output impedance and ripple for 
higher load currents. 

Loading pin 7 with more capacitance will lower the fre
quency. Using the boost (pin 1) in conjunction with ex
ternal capacitance on pin 7 allows user selection of the 
frequency over a wide range. 

Driving the LTC1044 from an external frequency source 
can be easily achieved by driving pin 7 and leaving the 
boost pin open, as shown in Figure 6. The output current 
from pin 7 is small, typically 0.5pA, so a logic gate is 
capable of driving this current. The choice of using a 
CMOS logic gate is best because it can operate over a 
wide supply voltage range (3V to 15V) and has enough 
voltage swing to drive the internal Schmitt trigger shown 

v+ 

Figure 5. Oscillator 
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in Figure 5. For 5V applications, a TTL logiC gate can be 
used by simply adding an external pull-up resistor (see 
Figure 6). 

External Diode (Dx) 

Previous circuits of this type have required a diode be
tween VOUT (pin 5) and the external capacitor, C2, for 
voltages above 6.5V (5V for military temperature range). 
Because of improvements which have been made in the 
LTC1044 circuit design and Linear Technology's silicon 
gate CMOS process, this diode is no longer required. The 
LTC1 044 will operate from 1.5V to 9V, without the protec
tion diode, over all temperature ranges. 
It should, however, be noted that the LTC1044 will 
operate without any problems in existing 7660 designs 
which use the protection diode, as long as the maximum 
operating voltage (y+) of 9Y is not exceeded. 

Capacitor Selection 

External capacitors C1 and C2 are not critical. Matching is 
not required, nor do they have to be high quality or tight 
tolerance. Aluminum or tantalum electrolytics are excellent 
choices, with cost and size being the only consideration. 

v+ 

C1 

Figure 6. External Clocking 



TYPICAL APPLICATions 

Negative Voltage Converter 

Figure 7 shows a typical connection which will provide a 
negative supply from an available positive supply. This cir
cuit operates overfull temperature and power supply ranges 
without the need of any external diodes. The LV pin (pin 6) 
is shown grounded, but for V+ ::?3V it may be "floated", 
since LV is internally switched to ground (pin 3) for 
V+ ::?3V. 

The output voltage (pin 5) characteristics of the circuit are 
those of a nearly ideal voltage source in series with an 
800 resistor. The 800 output impedance is composed of 
two terms: 1) the equivalent switched capacitor resist
ance (see Theory of Operation) and 2) a term related to the 
on-resistance of the MOS switches. 

At an oscillator frequency of 10kHz and Ci = 1 O{tF, the 
first term is: 

1 
REQUIV = (fosc I 2) xCi 

1 
=200. 

Notice that the above equation for REQUIV is not a 
capacitive reactance equation (Xc = 1 I WC) and does not 
contain a 27r term. 

LTC1044/7660 

The exact expression for output impedance is extremely 
complex, but the dominant effect of the capacitor is clearly 
shown on the typical curves of output impedance and power 
efficiency versus frequency. For Ci = C2 = 1 O{tF, the out
put impedance goes from 600 at fosc = 10kHz to 2000 at 
fosc = 1 kHz. As the 1 IfC term becomes large compared to 
the switch on-resistance term, the output resistance is de
termined by 1 IfC only. 

Voltage Doubling 
'II Figure 8 shows two methods of voltage doubling. In u 

Figure 8a doubling is achieved by simply rearranging 3: 
the connection of the two external capacitors. When the a:: 
input voltage is less than 3V, an external 1 MO resistor is = 
required to ensure the oscillator will start. It is not re- 5: 
quired for higher input voltages. c: 
In this application the ground input (pin 3) is taken 0 ;;; above V+ (pin 8) during turn-on, making it prone to a:: 
latch-up. The latch-up is not destructive but simply 'II 
prevents the circuit from doubling. Resistor R 1 is added ~ 
to eliminate the problem. In most cases 2000 is suffi- 0 
cient. It may be necessary in a particular application to u 
increase this value to guarantee start-up. :: 

The voltage drop across Ri is : VR1 = 2 X lOUT x Ri. If ~ 
this voltage exceeds two diode drops (1.4V for silicon, ........ 
0.8V for Schottky), the circuit in Figure 8a is recom- cg 
mended. This circuit will never have a start-up problem. e 
V+ (1.5VT09.0V) U 

6 -~EQUIREO FORV+<3V 

~ VOUT=-V+ 

"¥ 10"F 

Figure 7. Negative Voltage Converter 
Y,N (1.5V TO 9V) 

1N914 

f---+-....-.... 2V,N (3.0V TO 18V) 

(a) Figure 8. Voltage Doubler (b) 

Y,N 
(1.5V TO 9.0V) 
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TYPICAL APPLICATions 

Ultra Precision Voltage Divider 

An ultra precision voltage divider is shown in Figure 9. To 
achieve the 0.0002% accuracy indicated, the load cur
rent should be kept below 100nA. However, with a slight 
loss in accuracy, the load current can be increased. 

Battery Splitter 

A common need in many systems is to obtain ( + ) and 
( - ) supplies from a single battery or single power supply 
system. Where current requirements are small, the cir
cuit shown in Figure 10 is a simple solution. It provides 
symmetrical ± output voltages, both equal to one half 
the input voltage. The output voltages are both refer
enced to pin 3 (output common). If the input voltage be
tween pin 8 and pin 5 is less than 6V, pin 6 should also be 
connected to pin 3, as shown by the dashed line. 

Paralleling for Lower Output Resistance 

Additional flexibility of the LTC 1 044 is shown in Figures 11, 
12 and 13. 

~ ±O.002% 
2 

TMINSTASTMAX 
ILsl00nA 

V+ (3V TO l8V) 

Figure 9. Ultra Precision Voltage Divider 
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Figure 11 shows two LTC1044s connected in parallel to 
provide a lower effective output resistance. If, however, 
the output resistance is dominated by 1 /fC1, increasing 
the capacitor size (C1) or increasing the frequency will be 
of more benefit than the paralleling circuit shown. 

Figures 12 and 13 make use of "stacking" two 
LTC1044s to provide even higher voltages. In Figure 12, 
a negative voltage doubler or tripler can be achieved, 
depending upon how pin 8 of the second LTC1 044 is con
nected, as shown schematically by the switch. Figure 13 
indicates a similar circuit which can be used to obtain 
positive tripling, or even quadrupling (the doubler circuit 
appears in Figure 8a. In both of these circuits, the 
available output current will be dictated/decreased by 
the product of the individual power conversion efficien
cies and the voltage step-up ratio. 

VB +_ 

(9V) :- Cl + 

10~F -

J--_-++VB/2 (4.5V) 

LTC1044 

Figure 10. Battery Splitter 

OUTPUT 
COMMON 
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TYPICAL APPLICATions 

C1 
10eF 

(V+) 

H-..... VOUT= -(V+) 

'THE EXCLUSIVE NOR GATE SYNCHRONIZES BOTH LTC1044s TO MINIMIZE RIPPLE 

Figure 11. Paralleling for Lower Output Resistance 

V+ 
FOR VOUT= -3V+- - FOR VOUT= -2V+ 

Figure 12. Stacking for Higher Voltage 

1N914 

V+ (+5V) 
1N914 

t----+-+ VOUT 

FOR VouT=3V+ FORVoUT=4V+ 
(+15V)- - (+20V) 

~----------------~~ ! 
'REQUIREO F8R V+ <3.0V 

Figure 13. Voltage Tripier IQuadrupler 
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TYPICAL APPLICATions 

VINe: I-VOUTI +0.5V 
LOAD REGULATION ±0.02%, OmA TO 15mA 

200k 

r---+-OUTPUT 

*10PF 

Figure 14. Low Output Impedance Voltage Converter 

220n 

12V REFERENCE TO @ 
AID CONVERTER FOR -+---<_--..... ----. 

RATIOMETRIC OPERATION (1mA MAX) 

LT1004 
1.2V 

"1 % FILM RESISTOR 

z~~~ ~-'V...,..,.~--~~---I 
TRIM 

PRESSURE TRANSDUCER BLH/DHF-350 
(CIRCLED LETTER IS PIN NUMBER) 

t----.. +5V 

8 ..., 
I 

OUTPUT 
>--'1~:--"",,-OV TO 3.5V 

Opsi TO 350psi 

100n" 

Figure 15. Single 5V Strain Gauge Bridge Signal Conditioner 
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TYPICAL APPLICATions 
3V 

H-+---+----..... -+ 5V OUTPUT 

LTC1044 

4.BM 

1 k 

EVEREADY EXp·30 -=-

330k 
1 k 

1N914 

100k 

Figure 16. Regulated Output + 3V to + 5V Converter 

...-___ ~------_..----------""""'2N22 .. 19c_T. ___ , VOUF5V 

100k 

4 EVEREADY E·91 CELLS -=- BV 

O.OH) 

LT1004 
1.2V 

1M 

W-+--...,+12V 

SHORT CIRCUIT 
PROTECTION 

r - - - V+ 

21 
1 

31 
1 
L _ V- __ 

4 1 

1.2k 

LT1013 

1N914 

1000 

5 FEEDBACK AMP -----, 
1 
17 
1 
1 

____ ...1 
6 

30k 

50k 
OUTPUT 
ADJUST 

Figure 17. Low Dropout 5V Regulator 

120k 

LOAD 

VDROPOUT AT 1mA= 1mV 
V DROPOUT AT 1 OmA = 15mV 
VDROPOUTAT 100mA=95mV 

8-29 

\II 
U 
CC 
u. 
a:: 

= c 
::::: c o 
iii 
a:: 
~ c o 
u 
CC 
l
CC 
C 
........ 
lit o e u 



LTC1044/7660 

PACKAGE DESCRIPTion 
H Package 
Metal Can 

0.165-0.185 
1'·191-'.699) 

I 
0.500-0.750 

112.70-19.05) 
t 

J8 Package 
8 lead Hermetic DIP 

D5 f 
0.220-0.310 

15.588-7.87') 

.1 4 ~ 

J Lo.055 

110.29) 

11.397) 
MAX 

0.200 MAX I--~+ (5.080) ~ 0.005 ····f ~ 
0.125-0.200 
iWH.DiDj 

, I 
, I 

/I 1\ 
1/ II 

" ~ -l t oo -15' ____ ~ 
10.203-0.381) 

TY, 

I::::=::::j"· 
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NOTE: DIMENSIONS IN INCHES (MILLIMETERS) 

N8 Package 
8 lead Plastic 

F9-.l 0.24010.280 bJi 16•
OT"') 

J L 0.040 0.060 
(1.016) MAX (1.524) 

SO 
0.370-0.400 

~ rI9 .• 00-10.,6)+ 

0.155!0.175 (OMt~~~ I:M~~~) 
~ 

t ~~ 0.125-0.130 t ~ i3.i15=3To2i 12.921.3.683) 

t ~JJ j t I:::~~J:::) 
I~.;~) 0.014-0.023 

TY' 10.35~y~.58') 

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

'R~70±50 
, , 
I I 
/I I 

II " 
" u --I too -15' J~ 0.008-0.015 (0.203-0.381) 

TYP 
0.290-0.310 
(7.366-7.874) 

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



L.7LlnFAI't' LF198A/LF398A 
U \K LF198/LF398 

TECHNOLOGY~----P-r-eC-i-Si-o-n-S-a-m-p-le-a-n-d--H-o-ld 

FEATURES 
• Guaranteed 6¢i Max. Acquisition Time 
• Guaranteed 0.005% Max. Gain Error 
• Guaranteed 1 mV Max. Offset Voltage 
• Guaranteed 1mV Max. Hold Step 
• Very Low Feedthrough 86dB Min. 
• High Input Impedance under All Conditions 
• Logic Inputs Compatible with All Logic Families 

APPLICATions 
• 12-Bit Data Acquisition Systems 
!II Ramp Generators 
• Analog Switches 
• Staircase Generators 
• Sample and Difference Circuits 

Basic Sample and Hold 

V+ 

ANALOG INPUT_"".,QR 

Amplifier 

DESCRIPTion 
The LF198 is a precision sample and hold amplifier which 
uses a combination of bipolar and junction FET transis
tors to provide precision, high speed, and long hold 
times. A typical offset voltage of 1mV and gain error of 
0.002% allow this sample and hold amplifier to be used in 
12-bit systems. Dynamic performance can be optimized 
by proper selection of the external hold capacitor. Acqui
sition times can be as low as 4¢i for small capacitors 
while hold step and droop errors can be held below 
0.1mV and 30lLV/sec respectively when using larger 
capacitors. 

\&I 
U a:: 
u. a::: 
~ c -"" c: o ;;; 
a::: 
\&I 
> 
C o u 
a:: 
l
e!: 
Q 

"" In 

The LF198 is fixed at unity gain with 101°0 input im
pedance independent of sample / hold mode. The logic in
puts are high impedance differential to allow easy inter
facing to any logic family without ground loop problems. 
A separate offset adjust pin can be used to zero the offset 
voltage in either the sample or hold mode. Additionally, 
the hold capacitor can be driven with an external signal to 
provide precision level shifting or "differencing" opera
tion. The device will operate over a wide supply voltage 
range from ± 5V to ± 18V with very little change in per
formance, and key parameters are specified over this full 
supply range. o 
The LF198A version offers tightened electrical specifica- e 
tions for key parameters. U 

Acquisition Time 

V,N=OV TO ±10V 
Tj=25'C 

10 
irl 
~ 
w 
:E 
0= 

100 

1000 
0.001 

0.1~ 

0.01% t\.. 

" 

0.01 
HOLD CAPACITOR (~F) 

1.0 
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LF198AI LF398A 
LF198/LF398 

ABSOLUTE mAXimum RATinGS 
Input Voltage .............. Equal to Supply Voltage 
Logic to Logic Reference Differential 

Voltage (Note 2) . ................ +30V, -30V 
Output Short Circuit Duration ............. Indefinite 
Hold Capacitor Short Circuit Duration . . . . . . . . . 10 sec 
Lead Temperature (Soldering, 10 seconds) . .... 300°C 
Supply Voltage . . . . . . . . . . . . . . . . . . . . . . . .. :I:: 18V 
Power Dissipation (Package Limitation) 

(Note 1) ........................... 500mW 
Operating Temperature Range 

LF198/LF198A .............. -55°Cto 125°C 
LF398/LF398A .................. 0°Cto70°C 

Storage Temperature Range ....... - 65°C to 150°C 

ELECTRICAL CHARACTERISTICS (Note 3) 

PARAMETER CONDITIONS 

Input Offset Voltage (Note 6) 

• 
Input Bias Current (Note 6) 

• 
Input Impedance 
Gain Error RL = 10k 

• 
Feedthrough Attenuation Ratio Ch =0.01I'F 
at 1kHz 
Output Impedance "HOLD" Mode 

• 
"HOLD" Step (Note 4) Ch=0.01I'F, VOUT=O 
Supply Current (Note 6) Ti~25°C 

Logic and Logic Reference Input 
Current 
Leakage Current into Hold "HOLD" Mode (Note 5) 
Capacitor (Note 6) 
Acquisition Time to 0.1 % AVOUT =10V, Ch=1000pF 

Ch =0.01I'F 
Hold Capacitor Charging Current VIN-VOUT -2V 
Supply Voltage Rejection Ratio VOUT=O 
Differential Logic Threshold 
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PACKAGE/ORDER InFORmATiOn 

MIN 

86 

90 
0.8 

TOP VIEW 

H PACKAGE 
METAL CAN 

TOP VIEW 

V+08 LOGIC 
OFFSET LOGIC 
A~JUST 2 7 REFERENCE 

INPUT 3 6 Cn 

V - 4 5 OUTPUT 

J8 PACKAGE HERMETIC DIP 
NB PACKAGE 

PLASTIC DUAL IN LINE 

LF198A 
TYP MAX 

0.5 1 
2 

5 25 
75 

1010 

0.001 0.005 
0.01 

96 

0.5 1 
4 

0.25 1 

4.5 5.5 
2 10 

10 100 

4 6 
16 25 
5 
110 
1.4 2.4 

MIN 

86 

90 
0.8 

ORDER 
PART NUMBER 

LF198AH 
LF198H 
LF398AH 
LF398H 

LF398J8 
LF398AN8 
LF398N8 

LF398A 
UNITS 

TYP MAX 

1 2 mV 
3 mV 

10 25 nA 
50 nA 

1010 n 
0.001 0.005 % 

0.01 % 

96 dB 

0.5 1 n 
6 n 

0.25 1 mV 

4.5 6.5 mA 
2 10 ~ 

10 100 pA 

4 6 !'5 
16 25 !'5 
5 mA 
110 dB 
1.4 2.4 V 



ELECTRICAL CHARACTERISTICS (Note 3) 

PARAMETER CONDITIONS 

Input Offset Voltage (Note 6) 
• 

Input Bias Current (Note 6) 
• 

Input Impedance 
Gain Error RL =10k 

• 
Feedthrough Attenuation Ratio Ch =0.01I'F 
at 1kHz 
Output Impedance "HOLD" Mode 

• 
"HOLD" Step (Note 4) Ch=0.01I'F, VOUT=O 
Supply Current (Note 6) Ti 2:25°C 
Logic and Logic Reference Input 
Current 
Leakage Current into Hold "HOLD" Mode (Note 5) 
Capacitor (Note 6) 
Acquisition Time to 0.1% aVouT=10V, Ch=1000pF 

Ch=0.01I'F 
Hold Capacitor Charging Current V1N -VOUT=2V 
Supply Voltage Rejection Ratio VOUT=O 
Differential Logic Threshold 

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

Note 1: Tj max for the LF198/LF198A is 150°C; Tj max for the 
LF39B/LF39BA is 100°C. 
Note 2: The logic inputs are protected to ± 30V differential as long as the 
voltage on both pins does not exceed the supply voltage. For proper opera
tion, however, both logic and logic reference pins must be at least 2V below 
the positive supply and one of these pins must be at least 3V above the 
negative supply. 
Note 3: Unless otherwise noted, Vs= ± 15V, Tj =25°C, -11.5V SV1N S 
+ 11.5V, Ch =0.01I'F, RL = 10kOand unit is in "sample" mode. Logic ref
erence = OV and logic voltage = 2. 5V. 

FunCTionAL DIAGRAm OFFSET 
2 

LF198 
MIN TYP MAX 

1 3 
5 

5 25 
75 

1010 

0.002 0.005 
0.02 

86 96 

0.5 2 
4 

0.5 2.0 

4.5 5.5 
2 10 

30 100 

4 
16 
5 

80 110 
0.8 1.4 2.4 

LF198A/ LF398A 
LF198/ LF398 

LF398 
MIN TYP MAX 

UNITS 

2 7 mV 
10 mV 

10 50 nA 
100 nA 

1010 0 

0.004 0.01 % 
0.02 % 

80 96 dB 

0.5 4 0 
6 0 

0.5 2.5 mV 

4.5 6.5 mA 
2 10 ~ 

30 200 pA 

4 J'S 
16 J'S 
5 mA 

80 110 dB 
0.8 1.4 2.4 V 

Note 4: The hold step is sensitive to stray capacitance coupling between in
put logic Signals and the hold capacitor. 1 pF, for instance, will create an ad
ditional 0.5mV step with a 5V logic swing and a 0.011'F hold capacitor. 
Magnitude of the hold step is inversely proportional to hold capacitor value. 
Note 5: Leakage current is measured at a junction temperature of 25°C. 
The effects of junction temperature rise due to power dissipation or elevated 
ambient can be calculated by doubling the 25°C value for each 11°C in
crease in chip temperature. Leakage is guaranteed over full input signal 
range. 
Note 6: These parameters are guaranteed over a supply voltage range of 
±5V to ± 1BV. 

----;;-------, 

INPUT 

LOGIC 8 / 

LOGIC 71 
C1 J 

/ 
I 

I 

I 
I 

OUTPUT 

1500 16 HOLO 
L---'V\N---""'::- CAPACITOR W / 

REFERENCE I 
L ______________ -1 
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LF198AI LF398A 
LF198/LF398 

TYPICAL PERFORmAnCE CHARACTERISTICS 

500 

450 

400 

350 

_ 300 

~ 250 
:Ii; 

1= 200 

150 

100 

50 

o 

Aperture Time· 

V+=V-=15V 
AVOUTSl mV 
AVIN=10V 

NEGATIVE .....-V 
INPUT STE,!:.--

/ 1--1-
.....-pOSITIVE 

V / 
V INPUT STEP 

./ ""I--""" 
V 

-50 -25 0 25 50 75 100 125 150 
JUNCTION TEMPERATURE I'C) 

'See Definition of Terms 

Hold Step 
100 

VIN OV 
Tj 25'C 

10 

~ 
"-
~ 1.0 

~ 
c 
-' c 

'" 
0.1 

0.01 
100pF 1000pF O.Ol~F O.l~F 

HOLD CAPACITOR 

Input Bias Current 
25 

20 

15 

"r-.... 
I'--- ......... 

............ 
i'---5 

-10 

-15 

'-

-50 -25 0 25 50 75 100 125 150 
JUNCTION TEMPERATURE I'C) 
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100 

10 

:;;-
.§. 

'" 
~ 

-10 

-100 

1.6 

1.2 

0.8 

~ 0.4 

"w 

Dynamic Sampling Error· 
V+ V- 15V 
T' 25'C 
I 1111 I' 

1111 I 

~ HOLD - 1000pF 

~ CAPACITOR 
O.Ol~F 

I=':s l~F P'< O.l~F 
~~~opr 

0.1 1 10 100 1000 
INPUT SLEW RATE IV/mSEC) 

'See Definition of Terms 

Hold Step vs Input Voltage 

Ch=O.Ol~F· 
Tj=25'C 

Tj- ~; 

-I---::-~5'C-
1\ ./ 

t;; 
c 

~-O.4 ...-

V'\ 
Tj_25'C 

-0.8 

-1.2 

-1.6 I 

-15 -10 -5 0 5 10 15 
INPUT VOLTAGE IV) 

• Amplitude of hold step scales 
inversely with hold capacitor value 

Capacitor Pin Leakage 
lOOk 

10k 

; 1k / 
w 

'" ;2 
~ 100 

10 

1 

./ 

-50 -25 0 25 50 75 100 125 150 
JUNCTION TEMPERATURE I'C) 

"Hold" Settling Time· 

1.8 

1.6 

1.4 

]; 1.2 

w 
:Ii; 

1= 0.8 

0.6 

0.4 

0.2 

o 

V+=V-=15V 
SETTLING TO 1 mV 

,./ 
/ 

I--.-

./ 

./ V 

-50 -25 0 25 50 75 100 125 150 
JUNCTION TEMPERATURE I'C) 

'See Definition of Terms 

Hold Step vs Logic Slew Rate 
3.5 

Ch=O.Ol~F 

3.0 f"\ 
T·=25'C 
JIN=OV 

2.5 

'\ ~ 2.0 

"-
~ 1.5 
c 

~ 1.0 

" 0.5 

-0.5 
0.01 0.1 1.0 10 

LOGIC SLEW RATE IV/~S) 

Output Droop Rate 
100 

10-1 
,\1 "d.u 

" }i';" " j=: 
~ 
;;: 10-2 

~T<i 

== ~ 
10-3 

10-4 111111 I, 
100pF 1000pF O.Ol~F O.l~F 

HOLD CAPACITOR 

100 



TYPICAL PERFORmAnCE CHARACTERISTICS 
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Output Short Circuit Current 

r--... 

" "' SOURCING 

~ 
t.... r--... 

........ NINKING .......r--..... 
r--r-

Output Noise 
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140 
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111111 

n~~~" 
~1OO 
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w 
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40 SAMPLE 
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20 

II 
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'" 
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!5 
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I -0.1 

~ 
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Gain Error 

TI=25°C 
RL =1okO 

I ............ r-

/ ,~-- --~ -- "-
LSLiPE=0'fo07% 

-50 -25 0 25 50 75 100 125 150 
o 

10 100 1k 10k 100k -15 -10 -5 0 5 10 15 

! -5 
!5 

JUNCTION TEMPERATURE (OC) 

Phase and Gain (Input to 
Output, Small Signal) 
r-r-r-n1TTTT'--r'ITTrmr-,-..,.--;:--rr-rrrTTTl 80 130 

11,111111 Ch- O ..... 

Ch 1_ 11~blri"Pi.F/ 70 Z 
>""'i"Hf1fffi1--II-frullH 60 ~ Ch2:D.D1~F a 0; 110 

120 

~ -10 H-ttrttttt--t-I+ttItttCh=1ooopF 50 S ;; 100 
"'D ~ co 

co 
l-
I-

~ 
z 
T z 
~ 

40=i ~90 
~ -

Ch=0.01~F::l--mlrW-+HtltHl30 Ia ~ 80 
co Ul 

H++t#tlt--++++Httt-~tfFH1ItI---+-IHtlH1l 20 ~ = 70 

V 
Crhl f, ~II:~F kH+iiJllF-lMi1Hl#-1+l-H1Illl 10 - 60 

L...J....J..J..J IILllIIII!.ll...-III..LLllUJJ!:V:...L.LC""h,""=~o --LLilllllJ 0 50 

FREQUENCY (Hz) 

Feedthrough Rejection Ratio 

111111111 
V+=V-=15V 
V,N=1oVp-p 

Ch";O:~~F TI=25°C 

Ch-~'I~,1~F I"'-
Ch-1ooopF 

~ 

OUTPUT VOLTAGE (V) 

Power Supply Rejection 
160 

140 ~;!S;:=15V 
VDUT=oV 

120 
= ~ 
;; 100 

....... 

~ = 80 z 
co 
>= 
!;l 60 

..... 
POSITIVE 

NEGATIVE ~PPLY 

- SUPPLY 
Ul = 

40 
~ 

20 

o 
1k 10k 100k 1M 10M 10 100 1k 10k 10Dk 1M 100 1k 10k 100k 1M 

FREQUENCY (Hz) 

Capacitor Dielectric Absorption 
0.001 

§:0.01 

~ 
z 
co 
t: = 
;l 
~ 0.1 

t.V-10V 

~~~LO~ MEASURED 1m. AFTER -
START ~f,,~oLO MO~~" 

pbt~HWlkNEI F PO LYPROPYLENE 

r-
MICA 

~ 

1.0 
1~ 10~ 1oo~ 1m. 

SAMPLE TIME 
10m. 

FREQUENCY (Hz) FREQUENCY (Hz) 

Capacitor Dielectric Absorption 
0.001 

~ :FLI 

~YP ~ 
~ 

§: 0.01 

~ 
z 

~ = 
;l ::i! 0.1 

I~~;PLE 11m. 
1.0 
1~ 10~ 1oo~ 1m. 

TIME IN HOLD MODE 
10m. 
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TYPICAL PERFORmAnCE CHARACTERISTICS 

+5mV 

Output Transient at Start of Hold 
Mode 

ALL VALUES OF Ch 

II""'. 1\ 
\ V ~0.01% (lmV) 

SETTLING =O.B~s 

o 0.2 0.4 0.6 O.B 1.0 1.2 1.4 1.6 
TIME (~s) 

APPLICATions InFORmATion 
Hold Capacitor 
For fast sample and hold applications, the size of the hold 
capacitor is critical. A low value will give fast acquisition, 
but will also increase errors due to hold step, and droop 
caused by amplifier bias current. The capacitor should be 
made as large as possible, consistent with acquisition 
time and dynamic sampling error requirements. Capaci
tors larger than O.1p.F have an additional problem. They 
are generally not available in the low loss dielectrics like 
Teflon, Polystyrene, and NPO, at least not at a reasonable 
price and size. Mylar, even with its poor dielectric 
absorption properties, may be a reasonable choice where 
very long sample times are used and low droop rates are 
needed. 

Dielectric absorption in the hold capacitor can often be the 
major source of error in a sample and hold. The equivalent 
"circuit" of a typical capacitor is shown below with 
parallel RC networks used to model dielectric absorption. 

8-36 

Output Transient at Start of 
Sample Period 

0.4 1-A--+.,----:+C::-:c-:::---±-:-=c:c±::--.,.....,--1 
0.2 

~ -0.2 f---\f----:,...q....--t---t----l 
~ -0.4 f---~tF== 
i2 ::E 0.4 

"" 0.2 1-I-+-+-I--!---+--+_----1 

-0.2 1----+-'<-
-0.4 L-.-----l----"C::.:.:...:::::=.e="'--_---' 

o 2 3 
TIME (/LS) 

Typical Hold Capacitor 
Equivalent Circuit 

Ca. Cb~O.Ol TO 0.1 Ch 
Ra. Rb GENERATE TIME CONSTANTS 
OF 0.1-50 MILLISECONDS WITH Ca. Cb 

One can see that rapid changes in capacitor voltage will 
not be tracked by the internal parasitic capacitors 
because of the resistance in series with them. This leads 
to a "sag" effect in the hold capacitor after a sudden 
change in voltage followed by rapid switch to the hold 
mode. The capacitor remembers its previous state via the 
charge on the internal parasitic capacitance and sags 



APPLICATions InFoRmATion 
back slightly toward the previous voltage. The magnitude 
of the sag depends on the voltage change and the time 
spent sampling the new voltage. Several time constants 
are typically evident in the sag, although some capacitors 
tend to exhibit a single time constant, while others show a 
sag that indicates a blending of many time constants. The 
curves labeled CAPACITOR DIELECTRIC ABSORPTION 
show the amount of sag found after a 10V step with sam
ple time at the new voltage and hold time at the new 
voltage as variables. It is obvious that sag problems are 
minimized by long sample times and short hold times. 
This is often in conflict with basic sampling requirements, 
but one point should be made: if at all possible, keep the 
sample and hold amplifier in the "tracking", or sam
piing, mode as much as possible to maximize the time the 
hold capacitor spends near the voltage at which it wfll 
eventually "hold". 

The best capacitor for sample and hold applications is 
Teflon. It is clearly superior with regard to dielectric ab
sorption and operates over the full -55°C to 125°C 
temperature range. If size or price becomes a problem, 
the second choice for full temperature range operation is 
"NPO", or "COG" ceramic units. Some care must be 
used here-not all NPO capacitors use the low dielectric 
constant ceramic necessary for low dielectric absorption. 
For lower temperatures (~70°C), Polystyrene has tradi
tionally been the best hold capacitor. The best units are 
cylindrical and fairly large-there seems to be a strong 
correlation between small size and poorer dielectric per
formance. Polypropylene has nearly the same absorption 
properties as polystyrene and offers 85°C operation. It 
also tends to be smaller. Again, stay with cylindrically 
wrapped units. Other standard dielectrics such as mica, 
glass, mylar, and ordinary ceramic are much worse with 
regard to dielectric absorption. Mylar is sometimes used 
for large values when the ratio of sample to hold time is 
large and extremely low droop is required. 

Dynamic Sampling Error 
A significant sampling error can occur in any sample and 
hold if the input is moving when the unit is put into the hold 
mode. The two major causes for this error are digital delay in 
switch opening and analog delay across the hold capaCitor. 

LF198A/ LF398A 
LF198/ LF398 

The switch opening delay is obvious and leads to a "held" 
output error of (dv / dt) x (T d), where dv / dt is the slew rate 
of the input signal and T d is switch delay. I n the case of the 
LF198, Td is approximately 150ns, giving a 4.5mV error 
when sampling the zero crossing of a 5V (peak) sine wave 
at 1kHz (dv/dt =A-27rt = 5-271'-103). The analog delay is 
the difference between input signal and capaCitor voltage. It 
is determined by the RC product of the hold capacitor and 
the effective series resistance, which in the case of the 
LF198 is about 1500. This analog delay with a 0.01fLF hold 'II 
capaCitor is R-C=150 x 10-8=1.5fLS, or about ten times ~ 
the delay of the switch. The sign of the analog delay is u. 
negative-the held output is related in time to the input Si 
voltage before the hold command was given. The overall ~ 

dynamic sampling error is the sum of the digital and analog ~ 
errors. The curve labeled Dynamic Sampling Error will be C 
helpful in estimating these errors as a function of input slew 0 
rate and hold capaCitor size. ;;; 

a:: 
Dynamic sampling error can be reduced by a factor of ten 
or more by inserting a delay in the logic input so that the 
"hold" command is delayed by an amount equal to the 
RC time constant of the LF198 and external hold capaci
tor. For a 0.01 fLF hold capaCitor and the 1500 resistor in
ternal to the LF198, this is 1.5fLS. A simple RC network 
can be used in front of the logic input for delays up to 
= 1fLS. Longer delays require the addition of a logic gate 
to speed up the rise time of the delayed signal. See LOGIC 
RISE TIME in this section for further details. 

Hold Stap 
Hold step is the small voltage step (after settling) seen at 
the output of a sample and hold amplifier when it is 
switched from the sample mode to the hold mode with a 
steady DC input. Hold step is typically the result of, or can 
be modeled as, a fixed quantity of charge transferred to 
the hold capaCitor as a result of the internal switching that 
occurs during the hold command. In the case of the 
LF198, that charge is about 5 picocoulombs, giving a 
hold step of 0.5mV for a 0.01fLF hold capaCitor and 5mV 
for a 1000pF hold capacitor. (V =Q/C.) Hold step is 
reasonably independent of logiC amplitude if care is taken 
to minimize the stray capacitance between the logic input 
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APPLICATions InFoRmATion 
and the hold capacitor. With thoughtful layout, including 
the guarding technique shown below, stray capacitance 
should be under 0.3pF, limiting charge variations to less 
than 0.3 picocoulombs per volt. 

LOGIC 
REFERENCE 

Guarding Technique 

V+ 

BOTTOM VIEW 

Use 10-pin layout. Guard around Ch Is tied to output. 

Hold step varies slightly with analog input voltage (see 
curves). A typical unit will change at 0.4 picocoulombs per 
volt. This manifests itself as a gain error when the amplifier 
is switched to the hold mode. With a 0.011'F capacitor, the 
resulting gain error will be (0.4 PC/V)/0.01I'F =0.004%. 
This gain error is in the opposite direction of DC (sample 
mode) gain error. At high values of hold capacitor, DC gain 
error will dominate and gain will be slightly below unity 
(0.002%). For low value capacitors « 0.01I'F), hold step 
induced gain error will dominate and hold mode gain will 
be slightly above unity. Zeroing out hold step does not 
change the variation of hold step with regard to input 
voltage. 
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Offset laroing 
A sample and hold amplifier has two distinct offset volt
ages. The first is just the DC offset of the amplifier while in 
the sample or "tracking" mode. It is identical to the input 
offset of any operational amplifier. The second offset 
voltage is the sum of the DC offset plus a dynamic term 
called hold step. Hold step is a change in output voltage 
when the amplifier is switched from sample mode to hold 
mode, with the input held steady. This second offset is 
often called hold mode offset. It can be less than or much 
greater than the DC offset, depending on the magnitude 
and sign of hold step. 

A fairly accurate model for hold step is a fixed charge 
injected into the hold capacitor by the switch turn-off cir
cuitry. The magnitude of the charge is reasonably inde
pendent of logic input amplitude. The resulting change in 
hold capacitor voltage is Q/Ch. The charge, Q, is typically 
S picocoulombs, giving a O.SmV hold step with a 0.011'F 
hold capacitor. Since most sample and hold amplifiers are 
"used," i.e., have their outputs read by an A to D con
verter, etc., during the hold mode, hold mode offset is 
arguably much more important than sample mode DC 
offset. 

DC offset adjustment is accomplished with a 1 k low TC 
cermet potentiometer tied to V+ with 0.6mA flowing 
through it and the wiper tied to pin 2. This allows pin 2 to 
be moved ± 300mV around its nominal voltage (0.3V 
below V+). Offset adjustment range is ±9mV, and the 
adjustment procedure nominally improves offset drift 
when the DC offset is reduced to zero. This offset 
method can be used to zero out hold mode offset, but at 
the expense of some induced offset drift. Each millivolt of 
hold step offset that is corrected by this method intro
duces 3.31'V/oC drift. For 0.0021'F or larger hold 
capacitors where hold step is a few millivolts or less, this 
is a practical solution to hold mode offset. In precision 
wide temperature range applications, or where Ch is less 
than 0.0021'F, a separate hold mode zeroing method 
should be used. The circuit shown in the application sec
tion using a logiC inverter and a SpF capacitor is recom
mended (DC AND AC ZEROING). 



APPLICATions InFoRmATion 
Logic Fall Time 

LF198AI LF398A 
LF198/LF398 

Hold step is independent of logic input fall time only for 
fall times faster than 10V I~. For instance, as logic fall 
time changes from 1 OV I ~ to 1V I~, hold step with a 
0.01 ttF hold capacitor will typically increase from O. 25mV 
to 1.0mV. See the curve labeled HOLD STEP vs LOGIC 
SLEW RATE for further data pOints. If logic slew rate is not 
constant, use the value at the threshold point (1.5V with 
respect to logic reference). An RC network will have a 
discharge slew rate of VL/RC, where VL is the logic 
threshold of the LF198. The delay generated by the net
work will be RCeln(V+ IVL), where V+ is logic ampli
tude. For a 1~ delay, with 5V logic, an RC time constant 
of 0.8~ is needed. This has a slew rate of 2V/~ at 
threshold, which will Slightly degrade hold step. It is ob
vious that an RC delay network significantly longer then 

1~ will have a large effect on hold step. If longer delays 
are required, they should be followed by several inverter 
stages or a Schmitt trigger to increase slew rate. 

LOGIC InpUT COnFIGURATiOns * 
TTL and CMOS 

3V:s; VL (Hi State):s; 10V 

THRESHOLD = 1.4V 

V+ 

n HOLD 7 

--1 LSAMPLE 

THRESHOLD = 1.4V 
"SELECT FOR 2.BV AT PIN B 

R1" 

2.BV 

RB 
5.6k 

CMOS 
7V:s; VL (Hi State):s; l5V 

V+ 

20k 

THRESHOLO=O.6 (V+)+1.4V 

V+ 

20k 

n HOLD 7 

.J LSAMPLE 
30k 

THRESflOLD=O.6 (V+)-1.4V 

Adding Delay to Logic Input 

V+ 

ANALOG 3 
INPUT 

I C "INVERTERS MAY BE ELIMINATEO 
FOR RCs3!" 

Op Amp Drive 

B.2k -'VV\,_ 
13VRSAMPLE 

-13V HOLO 4.7k 

THRESHOLD = +4V 

13V-HOLD "::' 
B.2k 

-13V SAMPLE 

THRESHOLD = -4V 

'The logic input signal high state must be at least 2V below the positive supply voltage of the LF198. 

4.7k 
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TYPICAL APPLICATions 

15V 
R2 
2M 

X1000 Sample and Hold 

R3 
1M, 
1% 

l°~~f OFFSET +-'VIII~~R-4-~ 
ADJUST 1k 

-15V 1% 

"FOR LOWER GAINS, THE LT100B MUST BE FREQUENCY COMPENSATED 

USE ~~PF FROM CDMP 2 TD GROUND 
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Ramp Generator with Variable Reset Level 

-15V 15V R1 
B.2k 

D1 
LTlOD4 
1.2V RESET 

LEVEL 
INPUT 

?il;~>-::"-'-I-""'-DUTPUT 

RESET 
5V-n. 

DV.J L 
RAMP 

"SELECT FDR RAMP RATE ~ = (R1i)2~ ) 
R>o10k h 

VOUT 

Sample and Difference Circuit 
(Output Follows Input in Hold Mode 
and Resets to VB in Sample Mode) 

VOUT=VB+~V'N (HOLD MOOE) 

nRESET 

.J LTRACK 

"THIS RESISTOR PROTECTS INPUT 
FROM SURGE CURRENTS, BUT INCREASES 
SAMPLE TIME. IT CAN BE ELIMINATED 
IF INPUT IS OTHERWISE PROTECTEO. 

Integrator with Programmable Reset Level 

RESET VR 
LEVEL 
INPUT I 

"4-
RESET-n 

INTEGRATE.J L 

V+ 

.,_,." • .",.-OUTPUT 

1% 

R2 
200k 
1% 

15V 

DIFFERENTIAL { C 
INTEGRATING ~_ h 

INPUT -"'V\I\r--..-....:.j 
R3 
1M 
1% -15V 

R4 
200k 
1% 



TYPICAL APPLICATions 

LF198AI LF398A 
LF198/LF398 

Output Holds at Average of 
Sampled Input Fast Acquisition, Low Droop Sample and Hold 

15V 

V+ 

INPUT 

OUTPUT 

1DJ'S---1 L 
SAMPLEn :V 

OC and AC Zeroing 

OC 
Vos 15V 

24k 1k ZERO 

5pF 

AC (HOLD STEP) ZERO 

10k 

INV 

15V 

OUTPUT 

r--~+5V 

JL 
5ms--j I-

2-Channel Switch 

15V 

"A" SELE~~-n 

OV.J L 
"8" SELECT 

Gain 
ZIN 
8W 
Crosstalk 
@lkHz 
Offset 

A 
1 ±0.02% 
10'00 
=lMHz 
-90d8 

=:::;6mV 

"8" INPUT 

1 ±0.2% 
47kO 
=400kHz 
-90d8 

s:75mV 
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TYPICAL APPLICATions 

RESET 5V-n 
DV-.-J L 

CLOCK 

Staircase Generator 

.. / 
5V-n n ------<~-~~N'v-.. 
DV.-l U L 

RS· 
5Dk 

8-42 

02 
1N914 

C4 
T3DOPF 

Capacitor Hysteresis Compensation 

+ 

R1 
2DOk 

C1· 

JO.2#F 

·SELECT FOR TIME CONSTANT C1 = l:Ok 

··ADJUST FOR AMPLITUDE 

C2 
T3DDPF 

R8 
12k 

R5 

R4 
8.2k 

·SELECT FOR STEP HEIGHT 
5Dk- "lV STEP 

Differential Hold 
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TYPICAL APPLICATions 

lN914 

Cl 
0.1 ~FT 

R2 C2 
3k 1000pF 

POLY
STYRENE 

INPUT 

REF 

";:" 

15V 

-5V 

Isolated Temperature Sensor 

RB 

.----'11°/1°1\0 • ...-..... _--;7 T1 6 

Rl 
";:" 

120k 

R2 D3 
lN914 

·OLMI35 
~~k 2 10mV/'K 

1.5M 

15V 

-15V 

R3 
R4 33k 
2.7k 

C5 
D.0047 ~FT 

R5 
2.4k 

R6 
4.7k 

C2 
470pF 

Dl 
lN914 

'CDMPENSATES FOR TRANSFORMER RESISTANCE. 
SELECT FOR FLAT OUTPUT FROM LF19B WHILE 
IN SAMPLE MODE. 

TI ~ TRW PC-SSO-32 
15V 

5 OUTPUT 1~~V 

-15V 

Pulse Width to Voltage Converter 

D4 

D5 

R3 
12k 

-5V 

r----.- 5V 

R4 
lk 

D2 D3 

5V 

a 
3.4 

R5 
lk 

1 5,14 

74L121 

R6 5V 
lk 

R7 
10k 

'READ «II" AFTER 
Q GOES LOW 

D2-D5 lN914 C4 
1000pF 

t FOR REPETITIVE PULSES 
DNLY. INCREASE C5 FOR 
1,,10kHz 
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TYPICAL APPLICATions 

Motor Speed Controller Needs No Tachometer* 

-:r-:LC2 
- + 1# 

Dlt 
lN914 

Rl 
6k 

15 

LT3524 
14 

R12 
6.2k 

Rl0 
5k 

Rll 
6BOO 

-= R9 

R7 
7.5k 

3.9k 

15V 

R13 
lk 

-= 
03 
lN4001 

R8 
10k lN4148 

"BACK EMF OF MOTOR IS SAMPLED 
AND USED TO CONTROL SPEED. 

""SELECT FOR OPTIMUM LOOP STABILITY. 

tDl IS USED FOR START·UP. IT 
LIMITS DUTY CYCLE TO ~ 75% 

C3 IS NON POLARIZED 

DEFiniTion OF TERms 
Hold Step: The voltage step at the output of the amplifier 
when switching from sample mode to hold mode with a 
constant analog input voltage and a logic swing of 5V. 

Acquisition Time: The time required to acquire, within a 
defined error, a new analog input voltage with an output 
change of 10V. Acquisition time includes output settling 
time and includes the time required for all internal nodes 
to settle so that the output is at the proper value when 
switched to the hold mode. 

Gain Error: The ratio of output voltage swing to input 
voltage swing in the sample mode expressed as a percent 
difference. 

8-44 

Hold Settling Time: The time required for the output to 
settle within 1mV of final value after a hold command is 
initiated. 

Dynamic Sampling Error: The error introduced into the 
held output voltage due to a changing analog input at the 
time the hold command is given. Error is expressed in mV 
with a given hold capacitor value and input slew rate. 
Note that this error term occurs even for long sample 
times. 

Aperture Time: The delay required between "Hold" 
command and an input analog transition, so that the tran
sition does not affect the held output. 
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PACKAGE DESCRIPTion Dimensions in inches (millimeters) unless otherwise noted. 

H Package 
Metal Can 

If 
(~:~~~D~A~:;~~)-----

r 0.305-0.335 .. 
(7.747-8.509) I 

0.040 DlA 

iiT16i ~~0''''05'''0-----r. 
MAX {1.27U} 0.165-0.185 

I L MAX (4.191-4.699) 

L-- •• 
SEATING ---t-- GAUGE' 

PLANE t - - --t-PLANE 0.500-0.750 
~ 00 0 O~ (12.70.19.05) 

(0.254-1.143) -.11_ 0.016_0.-02-,------'-

.l~~iU"I~ 

J8 Package 
8 Lead Hermetic DIP 

0 5-t 
0.220-0,310 
(5.588-7.874) 

.1 4 ~ 

--II_~ 
(10.29) 

0.200 MAX 

(1.397) 
MAX 

1-~1 (5.080) ~ 0005 

0.'25~ (3.810) 
(3.175-5.080) MIN 

I , 

1/ II 
1/ \1 
// ,I / ,:::::::::,A ttl 

L-_____ ++o 0 

6 I 
o 50 4 0 

GLASS 

-"'rW'm=:1 t-I-[ I ~ 0.150 

t J I-II ~t 0100 (0.762-1.778) 
-'- ....-. TYP 
(2.540) .-.- 0.014-0.023 

BSC -. (0.356-0.584) 

,A, 
-I" too_15' jk.- 0.008-0.015 

(0.203-0.381) 
TY' 

0.290-0.320 
(7.366-8.128) 

Tjmax 

LF1981 LF198A 150'C 

LF398/LF398A 100'C 
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-~2~~~D) 
asc· 

..- RADTYP 

Oja 

150'C/W 

150'C/W 

8jc 

45'C/W 

45'C/W N8 Package 
8 Lead Plastic 

F=1~ 0.24010.280 

~1(609T112) 

J I 0.040 0.060 
- (1.016) MAX (1.524) 

SO 
1..- 0.370-0,400 =t-

.!C!!.!!!.I (9.400-10.16) 

(0~~8) ~ (:::;) 

0'155~t MIN 

~ 

t ~ I -:---::T 
0.125-0.130 t 0.115-0.145 

t JJ It 00::~2:t:683) 
!1!!.Q.. (0.76;Y~.524) 

(~·:t~) -. ~ 
TYP (0.356-0.584) 

TY' 

TYP 

-LEADS WITHIN 0,007 OF TRUE POSITION ITP) AT GAUGE PLANE 

'R-70

±5

0 

I , 
I , 

" I 
II I' 

-I tOO- 15' JI~~ (0.203 - 0.381) 
TY' 

0.290-0.310 
(7.366- 7.874) 

-LEADS WITHIN 0.007 OF TRUE POSITION (TP) AT GAUGE PLANE 
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FEATURES 
• Low Operating Voltage ± 5V to ± 15V 
• 500ftA Supply Current 
• Zero Supply Current when Shut Down 
• Outputs Can Be Driven ± 30V 
• Thermal Limiting 
• Output "Open" when Off 
• 10mA Output Drive 
• Pin Compatible with 1488 

APPLICATions 
• RS232 Driver 
.Power Supply Inverter 
• Micropower Interface 
• Level Translator 

TYPICAL APPLICATiOn 

-6V 

INPUT 

OUTPUT 
ON-OFF 

(OV-5V)t 
INPUT 

OUTPUT 

RS232 Line Driver 

+6V 

STROBE" 

INPUT 

OUTPUT 
RESPONSE TIME 
CONTROL" 
INPUT 

OUTPUT 

"NO CONNECTION NEEDED WHEN NOT USED. 
t5V=ON. 

DESCRIPTion 
The LT1 032 is a RS232 and RS423 line driver that operates 
over a ± 5V to ± 15V range on low supply current and can 
be shut down to zero supply current. Outputs are fully pro
tected from externally applied voltages of ± 30V by both 
current and thermal limiting. Since the output swings to 
within 200mV of the positive supply and 600mV of the neg
ative supply, power supply needs are minimized. 

Also included is a strobe pin to force all outputs low inde
pendent of input or shutdown conditions. Further, slew 
rate can be adjusted with a resistor connected to the 
supply. 

A major advantage of the LT1032 is the high impedance 
output state when off or powered down. 

V+ 

~ 
[il 0.2 

~ 0.4 
Co 
=> 
UJ 

~ 
Cl 
u.J 
0: 

~ 1.0 
u.J 

~ 0.8 

'" !3 0.6 
o 
;:: 0.4 
=> 
Co 

~ 0.2 
o 

V-

Output Swing vs Output Current 

r-t-

VOUT HIGH r-

VOUT LOW 
........-r-I-ro-

"..., I"'" 

/ 

o 4 6 8 10 
OUTPUT CURRENT (mA) 
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LT1032 

ABSOLUTE mAXimum RATinGS 

Supply Voltage. . . . . . . . . . . . . . . . . . . . . . . .. ± 15V 
Logic Input Pins ..................... V- to 25V 
On-Off Pin ......................... GNDto 15V 
Output(Forced) ............. V- +30V, V+ -30V 
Response Pin. . . . . . . . . . . . . . . . . . . . . . . . . .. ± 6V 
Short Circuit Duration (to ± 30V) .......... Indefinite 
Operating Temperature Range 

LT1032M .................... -55°Cto 125°C 
LT1032C ........................ O°Ct070°C 
Guaranteed Functional by Design. .. - 25°C to 85°C 

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

ELECTRICAL CHARACTERISTICS 
(Supply Voltage = ± 5V to ± 15V) 

PARAMETER CONDITIONS 

PACKAGE/ORDER InFORmATion 

J PACKAGE N PACKAGE 
14·PIN HERMETIC 14'PIN PLASTIC 

MIN TYP MAX 

ORDER PART 
NUMBER 

LT1032MJ 
LT1032CJ 
LT1032CN 

UNITS 
Supply Current VON/OFF2:2.4V, 10UT=0, All Outputs Low • 500 1000 pA 

Power Supply Leakage Current VON·OFF:s0.4V 
VON.OFF:s0.1V, TA= 125'C 

Output Voltage Swing Load = 2mA I Positive 

I Negative 

Output Current VSUPPLY ± 5V to ± 15V 
Output Overload Voltage (Forced) Operating or Shutdown 

Output Current Shutdown VOUT= ±30V 
Input Overload Voltage (Forced) Operating or Shutdown 

Logic Input Levels Low Input (VOUT= High) 
High Input (VouT=Low) 

Logic Input Current VIN>2.0V 
VIN <0.8V 

On-Off Pin Current o :sVIN:s 5V 
Slew Rate I RESPONSE = 0 
Change in Slew Rate (Note 2) I RESPONSE = + 50pA 

I RESPONSE = - 50p.A 
Response Pin Leakage VSUPPLY = ±6V, VON/OFF:SO.4V, 

V RESPONSE = ± 6V 

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

Note 1: 3V applied to the strobe pin will force all outputs low. Strobe pin 
input impedance is about 2k to ground. Leave open when not used. 
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1 10 pA 

• 10 50 pA 

V+ -0.3V V+-0.1V V 

V +0.9V V +0.7V V 

10 22 mA 

• V+-30V V +30V V 

2 100 pA 

• V 30V V 

• 1.4 0.8 V 

• 2 1.4 V 

2 20 pA 
10 20 pA 

• -10 3 50 pA 

4 15 30 V/p.S 

+50 % 
-50 % 

1 pA 

Note 2: Response can be changed by connecting a resistor to the 
supply. For supplies less than ± 6V this current is disconnected when 
shut down. Leave open when not used. 



TYPICAL PERFORmAnCE CHARACTERISTICS 
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Off Supply Current vs 
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LT1032 

TYPICAL PERFORmAnCE CHARACTERISTICS 
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5V 
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BV 

VOUT 0 
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TEMPERATURE ('C) 

On-Off Response Time 

o 200"s 400"s 600", 1 ms 

Output Waveform 

Output Waveform Driving 
Capacitive Load 

OUTPUT HIGH 

OUTPUT LOW 

INPUT 

20 

18 

16 

14 

~ 12 

~ 10 

~ 
'" 

o 

Slew Rate vs Temperature 

RISING 

....- ..... ~ 
/' FALLING ",""'" ...... 

"' 
Vs= ± 12V 

-RL=3kO 
-9L =51pF 

VSLEW= ±8V 

-~ -~ 0 ~ ~ ro 100 1~ 

TEMPERATURE ('C) 

5V/DIV 

{ 
10V 

VOUT 5~ 

VOUT{ -5~ 
-10V 

ON-OFF { 5V 
INPUT 0 

VOUT! ~~ 
-2V 
-4V 

LOGIC { 5V 
INPUT 0 

{
5V/DIV 

OUTPUT 
o 

STROBE {5V 
INPUT 0 

On-Off Response Time 

OUTPUT HIGH 

OUTPUT LOW 

200"s 400", 600"s 1 ms 

Output Waveform 

Strobe Pin Response 



APPLICATions InFoRmATion 
Application Hints 

The L T1 032 is exceptionally easy to use when compared 
to older drivers. Operating supply voltage can be as low 
as ± 3V or as high as ± 15V. I nput levels are referred to 
ground. 

The logic inputs are internally set at TTL levels. Outputs 
are valid for input voltages from 1 V above V- to 25V. 
Driving the logic inputs to V- turns off the output stage. 
The' 'on-off" control completely turns off all supply cur
rent of the LT1 032. The levels required to drive the device 
on or off are set by internal emitter-base voltages. Since 
the current into the' 'on-off" pin is so low, TTL or CMOS 
drivers have no problem controlling the device. 

The strobe pin is not fully logic compatible. The imped
ance of the strobe pin is about 2kQ to ground. Driving the 
strobe pin positive forces the output stages low-even if 
the device is shut off. Under worst-case conditions, 3V 
minimum at 2mA are needed driving the strobe pin to in
sure strobing. 

Pin FunCTion 

PIN FUNCTION 

Minus Supply 

2,5,9,12 Logic Input 

3,6,8,11 Output 

4 On-Off 

Ground 

10 Response Control 

13 Strobe 

LT1032 

The response pin can be used to make some adjustment 
in slew rate. A resistor can be connected between the 
response pin and the power supplies to drive 50J1-A to 
1 OOJ1-A into the pin. The response pin is a low impedance 
point operating at about O. 75V above ground. For supply 
voltage up to ± 6V, current is turned off when the device 
is turned off. For higher supply voltages, a zener should 
be connected in series with the resistor to limit the voltage 
applied to the response pin to 6V. Also, for temperatures \II 
above 100°C, using the response pin is not recom- ~ 
mended. The leakage current into the response pin at "" 
high temperatures is excessive. ~ 

Outputs are well protected against shorts or externally 
applied votlage. Tested limits are ± 30V, but the device 
can withstand external voltages up to the breakdown of 
the transistors (typically about 50V). The LT1032 is 
usually immune to ESD up to 2500V on the outputs with 
no damage (limit of LTC tester). 

COMMENT 

Operates - 2V to -15V 

Operates properly on TTL or CMOS levels, 
Output valid from (V - + 2V) :5 V1N :515V, 
Connect to ground when not used, 

Line drive output. 

Shuts down entire circuit. Cannot be left 
open, For "normally on" operation, con-
nect to V+, 
Ground must be more positive than V-

Allows limited change of slew rate, Leave 
open when not used, 

Forces all outputs low, Drive with 
3V, 
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LT1032 

TYPICAL APPLICATions 

Protecting Against More than ± aov Output Overload 

8-52 

V+ 

INPUT •• :>-+-JVII,,"""" TO LINE 

V-

FET Driver 

INPUT 

TTL/CMOS Compatible Strobe 

TTL INPUT 

10k 

TO LT1032 
STROBE 

INPUT 

Slew Rate Adjustment* 

+5VfJ10Vt +15V j 80k 80k . , Q 50 A INCREASES 

~ " SLEW RATE 

PIN1°"l12Bk OR120k~50"A DECREASES f ~ ~ SLEW RATE 

-5V -15V 
10vt 

• ABOUT 4V I", CHANGE 
tZENERS PREVENT LEAKAGE 

DURING SHUT DOWN 

Strobing with CMOS 

TTL INPUT 



TYPICAL APPLICATions 

fCLOCK=lkHz 
5V -1""1 
OV...J L-

j 

± 5V to ± 15V Voltage Multiplier 

+5V 

VOUT 
1"-+ ............ 13.7V AT NO LOAD 

+ 12.0V AT lOrnA 
47M r 

.,.. -VOUT 
,......---+...-:1 ................... -13. 7V AT NO LOAD 

-12.0V AT lOrnA 
470~F"I 

L:" _ ~_~;;~ 

-5V 

Phase Shift Oscillator 

Operating from a Single 5V Supply 

'LEVEL SHIFTING RESISTORS NEEDED FOR EACH INPUT 

LT1032 
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LT1032 

SimPLIFIED SCHEmATIC 

v-

LOGIC 
INPUT 

C1 
10pF 

OUTPUT 

R16 
30 

RESPONSE TIME ADJ STROBE 

PACKAGE DESCRIPTion 

0290-0320 

~17,366-8128)--1 

fE\ L OOOS-0012jl-
(0.203-0304) 

0385±0025 
(9 779±0 6351 
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J Package 
14-Lead Hermetic DIP 

0.310 0785 

i7B'74')~119'94)= MAX MAX 
GLASS -1--- 14 13 12 11 10 9 8 I 

029' 
i7T9'ii~_ 

MAX (0635) 

~~rT~rT~rT~rT~r.T~ 

0160 0.200 
iT054j {SOBOl 

~r Mt 0.020 -0,070 

E~~~~~~~~:Fi3 (0.508-1.778) 

_I 

LT1032MJ 

LT1032CJ 

LT1032CN 

0,125 

mTsi 
"j' 

Timax 
150'C 

85'C 

85'C 

N Package 
14-Lead Plastic 

0,280 

1

- (~:~~~ = ~ ~;~I-I r TYP (2 PLS1-1 Fi ri7:1i2i1 
MIN ~ I~:~~~I -I-i!-++-------_..." H 13.175) MIN 0.130"'0,0051-',---1-+--,-",--,,-,-,---,,-,--/--_-'-

MIN • ~I 

:::1s 1 I Ii 

l~jl- t o 075±001iI -(0.228-0.381) (1 905~0381) 

0.325 ~~'~~; 
(8 m ~~'~i~) 

8iA 8iC 
100'C/W 60'C/W 

100'C/W 60'C/W 

1000C/W 60'C/W 

1

_11_001s.0003 
(0,457±0.076) 

- {~:~~~:~,~~~J 
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~"""LlntI\Q MILITARY PRODUCTS 
~, TECHNOLOGY~--------------

LINEAR TECHNOLOGY MIL/JAN PRODUCTS 

Linear Technology Corporation offers a comprehensive se
lection of precision voltage references, operational ampli
fiers, voltage regulators, comparators, and CMOS circuits 
designed specifically to serve the rigorous requirements of 
the military marketplace. 

The company's specification system and quality proce
dures and policies were set up from the beginning to meet 
the exacting demands of MIL-Q-9858 (Quality Program 
Requirements), MIL-I-45208 (Inspection System Require
ments), MIL-M-38510 (General Specification For Microcir
cuits) and MIL-STD-883 (Test Methods and Procedures For 
Microelectronics). 

Compliance to these specifications is a statutory require
ment for all employees at Linear Technology. The programs 
now in place that serve the varied requirements for ground, 
sea, air, and space applications include: 

• JAN 
• DESC Drawings 
• Hi-Rei (SCD) 
• 883 

Linear Technology JAN 

At the end of 1969, the Solid State Applications Branch of 
the Rome Air Development Center (RADC) issued the first 
copy of MIL-M-38510. This general specification for micro
circuits established the procedures that a manufacturer 
must follow to have his products listed on the Qualified 
Parts List (QPL). 

One major problem faced by defense contractors using 
semiconductor devices was the inability to interchange de
vices caused by a proliferation of non-standard electrical 
specifications. The 38510 (JAN) program addressed this 
p,roblem by publishing detailed electrical specifications 
(slash sheets) for each component to be listed on the QPL. 

JAN devices are completely processed in the United States 
or its territories and all wafer fabrication, wafer sort, assem
bly, testing, and conformance testing are performed 
onshore. 

In early 1985, Linear Technology Corporation joined the 
ranks of the eighteen existing QPL suppliers. Of these eight
een, only a handful of suppliers participate in the linear mil
itary JAN market. Linear Technology believes its analog 
design experience and manufacturing strength can con
tribute significantly to this market. 

In August 1984, Linear Technology Corporation was visited 
by a team of DESC (Defense Electronics and Supply Center) 
personnel. This team spent almost four days on their audit 
and at the end of the visit they awarded the company "line 
certification". This was a first for any company to receive 
this distinction on a first audit! 

Linear Technology's first QPL listing was achieved in Febru
ary, 1985, one year after the company made JAN Class B a 
corporate goal. Other companies have typically taken 2 to 3 
years to achieve this status. The line certification and QPL 
approvals were awarded to the new MIL-38510 Rev. F and 
MIL-STD-883 Rev. Cspecifications. 

Linear Technology's policy of providing JAN Class B linear 
components supports the United States Government's posi- '" 
tion of standardization to decrease the number of active ti 
part types maintained by DESC. This number is currently in ::a 
excess of 70,000 for all types of components (contrasted to 0 
approximately 5,000 industry standard components). Stand- 2 
ardization will clearly decrease costs and assist in the main- Q. 
tenance of military weapon systems and equipment now in ::t
the field. By the end of 1985, the company plans to have at I 
least 6 devices on the Qualified Parts List and we have an t:: 
active program to pursue more qualifications in the future. i 

EXAMPLES OF LINEAR TECHNOLOGY 
MILITARY PROGRAM PARTICIPATION 

AMRAAM SPARROW PERSHING II 

PHOENIX HARPOON MINUTEMAN 

PHALANX HARM B-1B 

F·15 COPPERHEAD B·52 

F·16 GPS TOW 

F-18 HTTB MAVERICK 

DRAGON SEAHAWK ACTS 

STD. MISSILE FLEET SATCOM M·1TANK 
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MILITARY PRODUCTS 

Linear Technology DESC Drawings 

DESC drawings were initiated in 1976 to standardize the 
electrical requirements for full temperature·tested military 
components. These DESC drawings (or minispecs) were ini· 
tially issued for low power Schottky devices (54LS) used by 
defense subcontractors on the Air Force's F16. The pro· 
gram accomplished standardization of testing, without the 
delays associated with the qualification process for JAN 
components. 

The DESC drawing was viewed as a preliminary specifica· 
tion prior to JAN approval, and it ranks second in the order 
of purchasing hierarchy to JAN. This order is defined in Re· 
quirement 64 of MIL·STD·454.lf a JAN part is available, it is 
still preferred, however, there are many types of devices 
where the volume is such that the cost of a full JAN quali· 
fication may not be justified, but where a need exists for 
electrical standardization. 

CMOS and analog circuits were added to the DESC Drawing 
Program in 1977, 1978 and 1979, but widespread acceptance 
of these parts was not achieved. Today with more emphasis 
being placed on standardization, the interest level in DESC 
drawings has accelerated. This category of product can be 
built offshore with 883·level processing and the electrical 
parameters are tested specifically to the DESC drawing. 

To provide parts to a DESC drawing, a manufacturer has to 
have at least one part on the 38510 Qualified Parts List. He 
must also provide DESC with a certificate of compliance 
agreeing to the tests and conditions listed on the drawing. 

Linear Technology has a number of devices listed on DESC 
drawings, and we are actively supporting this program by 
having parts available off the shelf from Linear Technology 
Corporation and from distribution outlets. 

Linear Technology Hi-Rei 

Linear Technology Corporation recognizes the need for 
source controlled drawings (SCD's) and the company's 
DESC·certified line is well equipped to handle these reo 
quirements for hi·rel applications. The company has a com· 
prehensive review procedure and emphasis is placed on 
compliance to test methods and procedures. Over 1,200 
specifications have been reviewed to date with fast feed· 
back to our customers. 

9-4 

Linear Technology has serviced source controlled drawing 
orders including "S" level specifications with a variety of 
source inspection and conformance test requirements. 
Each source controlled drawing requires dedicated flows, 
software and hardware, and as a result, certain minimum reo 
quirements have to be fulfilled. Linear Technology's Prod· 
uct Marketing group can provide you with more details on a 
case·by·case basis. 

Linear Technology MIL-STD-883 Product 

The semiconductor industry 883 designation on military 
semiconductor components established a de facto stand· 
ard in response to a significant demand from the military 
defense contractors. The Government recognized the exis· 
tence of 883 components in the recent revisions of MIL· 
STD·883C and MIL·M·38510F, and the requirements for com· 
pliant 883 components are now defined very specifically in 
these documents. 

MIL·STD-883 is a test procedures and methods document 
and the lastest revision (Rev. C) became effective on June 1, 
1984. Twenty-seven test methods were modified extensively 
and four new test methods were added. Class C product 
was eliminated leaving Class B and Class S. Class B is in· 
tended for applications where maintenance is difficult or 
expensive and where reliability is vital. Class S is intended 
for space and critical applications where replacement is ex· 
tremely difficult or impossible and where reliability is im· 
perative. The Class B PDA (Percent Defective Allowable) 
was tightened from 10% to 5% following burn·in and the 
Group A electrical sampling plans (LTPD levels) also were 
tightened. In addition, a critical paragraph was added to 
MIL·STD-883 to alleviate any misinterpretation; a factor that 
had previously created vastly different 883 programs 
throughout the semiconductor industry. 

On December 31, 1984, another key clause was added to 
MIL·STD·883 Rev. C, "paragraph 1.2.1." This states that if a 
manufacturer advertises, certifies, or marks parts as com· 
pliant with MIL·STD·883 those parts must meet all of the 
provisions of MIL·STD·883, a practice consistent with 
"Truth in Advertising". 



According to the Defense Electronics Supply Center (a 
branch of the Defense Department's Logistics Agency), the 
intent of paragraph 1.2.1 was to link MIL-STD-883 with the 
controls and details contained in MIL-M-38510. 

Linear Technology Corporation can state unequivocally 
that all of its 883 products are in full compliance with the 
new MIL-STD-883 Rev. C requirements. We have over 150 
versions of our 883 products listed in our current catalog, in
cluding operational amplifiers, voltage regulators, voltage 
references, comparators, and our advanced line of propri
etary CMOS circuits. 

MILITARY PRODUCTS 

All products manufactured by Linear Technology are de
signed to meet the full requirements of the military, from 
- 55°C to 125°C. 

Military Market Commitment 

Linear Technology Corporation is a focused, dedicated 
company servicing the needs of the linear military market
place. We are shipping to the top U. S. defense electronics 
contractors who have qualified and approved our products. 
Linear Technology Corporation is committed to being the 
best and most proficient high quality supplier of analog mil
itary components. 
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MILITARY PRODUCTS 

883 PRODUCT FLOW - CLASS B 

Continued Continued 

WAFER FABRICATION 
I J 

AND 
DEVICE ASSEMBLY CONSTANT ACCELERATION BURN IN 

I MIL-STD 883, METHOD 2001 
CONDITION E (Yl only 100%) 

160 HOURS AT 12S'C 
(OR EQUIVALENT) 100% 

PRESEAL INTERNAL VISUAL I I 
MIL-STD 883, METHOD 2010 
CONDITION B 100% FINE LEAK TEST ELECTRICAL TEST 

I 
MIL-STD 883, METHOD 1014 
CONDITION B 100% 

2S'C, + 12S'C, - SS'C 100% 

SEAL 100'10 I I 

I GROSS LEAK TEST 
LOT QUALIFICATION 

STABILIZATION BAKE 
MIL-STD 883, METHOD 1014 
CONDITION C 100% 

MIL-STD 883, METHOD SODS 
GROUP A, B, C & D 

MIL-STD 883, METHOD 1008 
CONDITION C 100% I I 

I 2S'C ELECTRICAL TEST 100% EXTERNAL VISUAL 

TEMPERATURE CYCLING 
I 

Continued 

MIL-STD 883, METHOD 2009 
100% 

MIL-STD 883, METHOD 1010 
CONDITIONC 100% I 

I BOX STOCK 
Continued 
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1.0 
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0 

Test 

DC Parametric 

DC Parametric 

AC Parametric 

MILITARY PRODUCTS 

OC CURVES - TIGHTENED SAMPLING PLANS 

Ace. No. = 0 

2 4 6 

% Defecfive 

LINEAR TECHNOLOGY 883 GROUP A SAMPLING PLAN 

Condition 
Linear Technology 883C (Class BI 

Sample Size AOL LTPD Sample Size LTPD 

TA = 25°C 125 .04% 1.8% 116 2.0% 

TA = -55°C 125 .04% 1.8% 45 5.0% 
+ 125°C 76 3.0% 

TA = 25°C 125 .04% 1.8% 116 2.0% 

.n 
~ u :::» o o 
ee 
~ 
:::t
ee 
a::: 

Linear Technology Corporation uses a Group A sampling plan which exceeds the LTPD requirements of the present 883 specification. This ~ 
ensures an even higher outgoing quality level of Linear Technology product, as is shown in the graph and table above. :::; 

Note (1) AQL defined at a 'Probability of Acceptance' of 95%. e 
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MILITARY PRODUCTS 

9-8 

883 CERTIFICATE OF CONFORMANCE 

LTC Part Number _________________ _ 

QUALITY ASSURANCE ACCEPTANCE 
Customer ID __________________ _ 

DATE I QA STAMP 
Purchase Order No. ________________ _ I 
Lot Traceability No. ________________ _ 

Date Code(s) _________________ _ 

LINEAR TECHNOLOGY CORPORATION HEREBY DECLARES THAT THE COMPONENTS SPECIFIED ON THE ABOVE 
PURCHASE ORDER COMPLY WITH THE PROVISIONS AND SPECIFICATIONS DEFINED BY THE LTC 883C 
PROGRAM. ALL SUPPORTING DOCUMENTATION AND RECORDS ARE RETAINED ON FILE BY LTC AND ARE 
AVAILABLE FOR INSPECTION. THE MAJOR ELEMENTS OF THE 883C PROGRAM ARE SHOWN BELOW: 

Operation 

Internal Visual 
Stabilization Bake 
Temperature Cycling 
Constant Acceleration 
Fine Leak 
Gross Leak 
Burn-in 
Final Electrical 

QA Acceptance 
Quality Conformance 

External Visual 

Screening Procedure MIL-STO-883C Method 5004 

Method 2010 Condition B 
Method 1008 Condition C 24 hrs at 150°C 
Method 1010 Condition C 10 cycles - 65°C to 150°C 
Method 2001 Condition E 30K G's Y, axis (TO-3 PKG at 20K G's) 
Method 1014 Condition B5x 10- 6 

Method 1014 Condition C 
Method 1015160 hrs at 125°C (or equivalent) 

+ 25°C DC per LTC Data Sheet 
PDA = 5% 
+ 125°C DC 
-55°CDC 
+25°CAC 

Method 5005 Group A (sample/lot) 
Group B (sample/lot) 

Method 2009 

Group C (sample every 3 months/Generic Group) 
Group D (sample every 6 months/Package Type) 

NOTE: Each operation is performed on a 100% basis unless otherwise stated. 



MILITARY PRODUCTS 

GROUP A DATA 
Mil-Std 883, METHOD 5005 

LTC PIN: ___________ _ LOT#: ______ _ 

GENERIC TYPE: _________ _ PKG: ______ _ 

ASSEMBLY LOC: _________ _ 

AQL= ACC SIS 
# 

SUBGROUP 1 .1% 
Static test at 25°C 

SUBGROUP 2 .1% 
Static tests at maximum rated operating 
temperature 

SUBGROUP 3 .1% 
Static tests at minimum rated operating 
temperature 

SUBGROUP 4 .1% 
Dynamic tests at 25°C 

SUBGROUP 5 .1% 
Dynamic tests at maximum rated operating 
temperature 

SUBGROUP 6 .1% 
Dynamic tests at minimum rated operating G,"4 temperature 

SUBGROUP 7 SAME AS V 
Functional tests at 25°C SUBGROUP 

#1 

SUBGROUP 8 SAME AS 
Functional tests at maximum and minimum SUBGROUPS 
operating temperature 2&3 

SUBGROUP 9 .1% 
Switching tests at 25°C 

SUBGROUP 10 .1% 
Switching tests at maximum rated operating 
temperature 

SUBGROUP 11 .1% 
Switching tests at minimum rated operating 
temperature 

DATE CODE: ______ _ 

# DATE OPER 
FAILED TEST NUMBER 

.,,\ ~ 
~"'~ 

QA APPROVAL: _____ DATE: ___ _ 

FORM No. 00-03-6037 
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MILITARY PRODUCTS 

GROUP B DATA 
Mil-Std 883, METHOD 5005 

LTC PIN: ___________ _ LOT#: _____ _ 
GENERIC TYPE: _________ _ PKG: ______ _ 
ASSEMBLY LOC: ________ _ 

TEST METHOD CONDITION LTPD ACC 
# 

SUBGROUP 1 
Physical Dimensions 2016 0 

SUBGROUP 2 
Resistance to Solvents 2015 0 

SUBGROUP 3 
Solderability 2003 Soldering Temp. of 15 

245 ± 5'C i 
SUBGROUP 4 0 

Internal Visual/Mechanical 2014 design and construction 
requirements 

SUBGROUPS 
Bond Strength 2011 CorD 15 

SUBGROUP 7 
Fine Leak 1014 5 
Gross Leak 

DATE CODE: ______ _ 

SIS # DATE OPER 
FAILED TESTED # 

2 

4 .. O~ ~ 

:-iJ ~'~ 
..... 1 

QA APPROVAL: _____ DATE: __ _ 

GROUpe DATA 
Mil-Std 883, METHOD 5005 

LTCP/N: ___________ _ LOT# _____ _ 
GENERIC TYPE: _________ _ PKG: ______ _ 
C~GROUP: __________ _ 

TEST METHOD CONDITION LTPD ACC 
# 

SUBGROUP 1 5 
Steady State 1005 TA = 125'C 
Life Test (1000 Hours or Equiv.) 

Electrical Endpoints Test # 

SUBGROUP 2 15 
Temperature Cycling 1010 C ~ Constant Acceleration 2001 E Ylonly 
Fine Leak 1014 
Gross Leak 1014 
Visual Examination 1010 

1011 
Electrical Endpoints Test # 

FORM No. 00-03-6006 

DATE CODE: ______ _ 

SIS # DATE OPER 
FAILED TESTED # 

.~~~ ~" ~ 
~jJ 

~,. 

~' 

QA APPROVAL: _____ DATE: --

FORM No. 00-03-6007 
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GROUP D DATA 
Mil-Std 883, METHOD 5005 

LTC PIN: ____________ _ LOT#: ______ _ 
GENERIC TYPE: _________ _ PKG: ______ __ 

ASSEMBLY LOC: _________ _ 

MILITARY PRODUCTS 

DATE CODE: ___________ _ 

TEST METHOD CONDITION LTPD ACC SIS # DATE OPER 
# FAILED TESTED # 

SUBGROUP 1 15 
Physical Dimensions 2016 

SUBGROUP 2 15 
Lead Integrity 2004 B2 (lead fatigue) 

Fine Leak 1014 
Gross Leak 1014 

SUBGROUP 3 15 
Thermal Shock 1011 B 15cycles 
Temperature Cycle 1010 C 100cycles 
Moisture Resistance 1004 
Fine Leak 1014 
Gross Leak 1014 
Visual Examination 10041 

~~ 1010 
Electrical Endpoints Test # ." SUBGROUP 4 15 

~~' 
.. 

Mechanical Shock 2002 B 

~ Vibration Variables- 2007 A 
Frequency 

Constant Acceleration 2001 E Y10nly 
Fine Leak 1014 
Gross Leak 1014 
Visual Examination 10101 

1011 
Electrical Endpoints Test # 

SUBGROUPS 15 
Salt Atmosphere 1009 A 
Fine Leak 101'4 
Gross Leak 1014 
Visual Examination 1009 Visual Criteria 

SUBGROUP 6 0 3 
Internal Water-Vapor 1018 5000ppm 

Max water content @ 
100°C 

SUBGROUP 7 15 
Adhesion of Lead Finish 2025 

SUBGROUP 8 0 5 
Lid Torque 2024 Glass Frit Seal only 

QAAPPROVAL: __ _ DATE: ___ _ 

FORM No. 00-03-6008 
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MILITARY PRODUCTS 

MILITARY PARTS LIST 

JAN QPLt 
JM385101101048GA JM38510/101078GC JM38510/114058GA' JM38510/13501 8PA' 

JM38510/101048GC JM38510/101078PA' JM38510/114058GC' JM38510/135028GA' 
JM38510/101048PA' JM385101114028GA' JM38510/13501 8GA' JM38510/13502BGC' 
JM38510/101068EA' JM38510/114028GC' JM38510/135018GC' JM38510/13502BPA' 
JM38510/101068EC' 

JM38510/101078GA 

DESC Drawings 
n03401XA n03401YA n03402XX 7802801EA 
n03401XC n03401YX n03402YA 7802801 EX 

n03401XX 

883 Operational 
Amplifiers LF155AH/8838 LM118J8/8838 LT1022AMH/883B OP-07 AJ8/8838 

LF155H/8838 LT118AH/8838 LT1022MH/8838 OP-07H/8838 

LF156AH/8838 LT118AJ8/8838 LT1023MH/8838 OP-07J8/8838 

LF156H/8838 LT1001AMH/8838 L T1023MJ8/8838 OP-15AH/8838 

LF198AH/8838 LT1001AMJ8/8838 LT1024AMD/8838 OP-158H/8838 

LF198H/8838 LT1001MH/8838 L T1 024M D/8838 OP-15CH/8838 

LH0070-0H/883B LT1001MJ8/883B LT1037AMH/8838 OP-16AH/8838 

LH0070-1 H/8838 L T1002AMJ/883B L T1 037 AMJ8/8838 OP-168H/8838 

LHOO70-2H/8838 L T1002MJ/8838 L T1037MH/883B OP-16CH/8838 

LH2108AD/8838 LT1007AMH/8838 L T1 037MJ8/8838 OP-27AH/8838 

LH2108D/8838 LT1007AMJ8/8838 LT1055AMH/8838 OP-27 AJ8/8838 

LM10H/8838 L T1 007M H/8838 LT1055MH/8838 OP-27CH/8838 

LM10J8/8838 L T1007MJ8/8838 L T1056AMH/883B OP-27CJ8/883B 

LM101AH/8838 L T1008MH/8838 L T1056MH/883B OP-37AH/8838 

LM101AJ8/8838 LT1012MD/8838 LTC1052MH/8838 OP-37 AJ8/8838 

LM107H/8838 L T1012MH/8838 L TC1052MJ/8838 OP-37CH/8838 

LM107J8/8838 LT1013AMH/8838 L TC1052MJ8/8838 OP-37CJ8/8838 

LM108AH/8838 LT1013AMJ8/8838 OP-05AH/8838 OP-227 AJ/8838 

LM108H/8838 LT1013MH/8838 OP-05AJ8/8838 OP-227CJ/8838 

LM 1 08AJ8/8838 LT1013MJ8/8838 OP-05H/883B OP-237 AJ/8838 

LM108J8/8838 L T1 014AMJ/883B OP-05J8/8838 OP-237CJ/883B 

LM118H/8838 L T1014MJ/8838 OP-07AH/8838 

883 Regulators 
LM117H/8838 LM137HVKl883B LT117AKl883B LT150AK/8838 

LM117HVH/8838 LM137K18838 L T123AKl8838 LT1003MK/8838 

LM117HVKl8838 LM 138K18838 L T137 AH/883B L T1 005M Kl8838 

LM 117K18838 LM150Kl8838 L T137 AHVH/8838 L T1 033M Kl8838 

LM123K18838 L T117 AH/883B LT137AHVKl8838 LT1035MK/883B 

LM137H/8838 LT117AHVH/8838 L T137 AKl8838 LT1036MKl8838 

LM137HVH/8838 LT117AHVKl8838 L T138AKl8838 LT1038MKl8838 
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MILITARY PRODUCTS 

883 References 
AD580SH/883B LM185H-1.2/883B LT1019AMH·10/883B LT1021 DMH-10/883B 

AD580TH/883B LM 185H-2.5/883B LT1019MH·2.5/883B LT1029AMH/8838 

AD580UH/8838 LM199AH/8838 L T1 019M H·5.0/8838 LT1029MH/8838 

AD581 SH/8838 LM199AH·20/883B LT1019MH·6.2/883B LT10318MH/8838 

AD581 TH/883B LM199AH·50/8838 LT1019MH·10/883B L T1 031 CM H/8838 

AD581 UH/883B LM199H/883B LT10218MH-5/883B LT1031 DMH/8838 

LM129AH/8838 LT1004MH·1.2/883B LT1021CMH·5/8838 LT1034BMH/8838 

LM129BH/8838 LT1004MH·2.5/8838 L T1 021 DM H·5/8838 L T1 034M H/8838 

LM 129CH/883B LT1009MH/883B LT10218MH·7/883B REF-01AH/883B 

LM134H/8838 L T1 019AM H-2.5/8838 LT1021 DMH·7/8838 REF-01 H/8838 

LM136AH·2.5/883B LT1019AMH·5.0/883B LT10218MH·10/883B REF-02AH/883B 

LM136H·2.5/8838 LT1019AMH-6.2/883B LT1021CMH·10/8838 REF·02H/8838 

883 Comparators 
LM 111 H/8838 L T111 AJ8/883B LT1011 MH/883B L T1 017MJ8/883B 

LM111J8/883B LT119AH/883B LT1011 MJ8/883B LT1018MH/883B 

LM 119H/8838 LT119AJ/883B LT1016MH/883B LT1018MJ8/883B 

LM119J/883B LT1011AMH/883B LT1016MJ8/883B 

L T111 AH/883B LT1011AMJ8/8838 LT1017MH/883B 

Other 883 
LF198AH/8838 L T1525AJ/8838 LTC1044MJ8/883B SG1524J/883B 

LF198H/883B L T1526J/883B LTC1059AMJ/883B SG1525AJ/883B 

L T1 01 OM H/8838 L T1527 AJ/8838 L TC1 059MJ/8838 SG1527 AJ/8838 

LT1010MK/8838 L TC1040MJ/883B L TC1 060AMJ/883B UC1846J/883B 

L T1 020MJ/883B L TC1 041 MJ8/8838 L TC1 060MJ/8838 UC1847J/883B 

L T1 032MJ/8838 LTC1043MD/8838 LTC1061MJ/8838 

L T1524J/8838 L TC1 044M H/8838 L TC1 062MJ8/8838 

• JAN QPL qualification expected to be completed by December 31,1985. 
tparts may be ordered using an "X" lead finish suffix. These parts will be supplied with either gold plate or solder·dip lead finish, at Linear Technology 

Corporation's discretion. 
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LTt023, DACAmplifier .. . . . . . . .. .. . . . . . . . . . . .. .. . . . .. . . . . . . . . .. . . . . . . . . .. . . . .. . .. 10-7 
L Tt 025, Thermocouple Cold Junction Compensator. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 10-8 
L Tt 028, Ultra-Low Noise, High Speed Op Amp .......................... . . . . . . . . . . . . . .. 10-9 
LT1030, Quad Low Power Line Driver ................................................ 10-10 
L Tt 039, Triple RS232 Line Driver and Receiver. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 10-12 
LTt051, Dual, JFET Input, Precision High Speed OpAmp . ................................. 10-13 
LT1058, Quad, JFET Input, Precision High SpeedOpAmp ................................. 10-13 
LT1010, 5A High Efficiency Switching Regulator. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 10-14 
LT1011, 2.5A High Efficiency Switching Regulator . .................................... , 10-17 
LTC1045, Hex Universal Level Translator (ULTTM )IRS232 Receiver. . . . . . . . . . . . . . . . . . . . . . . . .. 10-18 
LTC1 061, High Performance Triple Universal Filter Building Block . . . . . . . . . . . . . . . . . . . . . . . . . .. 10-19 
LTC 1 090, 1 O-Bit AID with Serial/IO and 8-Channel MUX .............. . . . . . . . . . . . . . . . . . .. 10-23 
LTC1091, 10-Bit AID with Serial/lOand 2-Channel MUX ................................. 10~24 
LTZ1000, Super-Zener . .......................................................... 10-25 
Surface Mount Small Outline (SO) Device Packaging ..................................... 10-27 
Extended Temperature Range Linear ICs (200°C) ....................................... 10-28 
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FEATURES 
• 40JLA Supply Current 
• 125mA Output Current 
• 2.5V Reference Voltage 
• Reference Output Sources 1 mA and Sinks 0.5mA 
• Dual Output Comparator 
• Comparator Sinks 10mA 
• Dropout Detector 
• 0.2V Dropout Voltage 
II Thermal Limiting 

APPUCAY;OnS 

• Battery Systems 
II Battery Backup System 
II Portable Terminals 
II Portable Instruments 

TYPICAL APPLICATiOnS 
5V Regulator 

VIN205.2V V+ 
10=40,", LT1020 VOUT 1--..--...-.....- 5V 

GND fB 

'A 10~f OR GREATER OUTPUT CAPACITOR 
IS NEEDED fOR fREQUENCY COMPENSATION 

and Comparator 

DESCRIPTion 
The LT1020 is a combination micropower positive regula· 
tor and free collector comparator on a single monolithic 
chip. With only 40JLA supply current, the LT1 020 can supply 
over 125mA of output current. Input voltage range is from 
5V to over 36V and dropout voltage is 0.6V at 125mA. Drop· 
out decreases with lower load currents. Also included on 
the chip is a class B output 2.5V reference that can either 
source or sink current. A dropout detector provides an out· 
put current to indicate when the regulator is about to drop 
out of regulation. 

The dual output comparator can be used as a comparator 
for system or battery monitoring. For example, the com· 
parator can be used to warn of low system voltage while 
the dropout detector shuts down the system to prevent 
abnormal operation. Frequency compensation of the com· 
parator for amplifier applications can be obtained by add· 
ing external output capacitance. Dual output or positive 
and negative regulators can also be made. 

1.00 

i/ 

0.0 1 

Dropout Voltage and 
Supply Current 

DROPOUT 
VompV 

SUPPLY 
CURRENT 

V 

0.0001' 0.001 0.01 0.1 
OUTPUT CURRENT (AI 

10mA 

100,", 
1.0 
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LT1020 

ABSOLUTE mAXimum RATinGS 
Input Voltage ............... " ..................... 36V 
NPN Collector Voltage .............................. 36V 
PNP Collector Voltage ............. Positive Supply - 36V 
Output Short Circuit Duration .................. Indefinite 
Power Dissipation .................... Internally Limited 
Operating Temperature Range 

LT1020C ................. '" ., .......... O°C to 100°C 
LT1020M ............................ -55°Cto 125°C 

Storage Temperature Range 
LT1020C,M .......................... -65°Cto 150°C 

ELECTRICAL CHARACTERISTICS 
PARAMETER CONDITIONS 

Reference 

Reference Voltage VIN = 10V 

Line Regulation 7VSVINS36V 

Load Regulation lour= lmA 
Output Source Current VIN ",5V 

Output Sink Current 

Temperature Stability 

Regulator 

Supply Current VIN = 10V, lours 100~A 
Output Current (Vour-VIN)",IV 
Load Regulation (Vour-VIN)"'1V 
Line Regulation 6VsVIN s36V 

Dropout Voltage lour= 100~A 
lour= 125mA 

Feedback Sense Voltage VIN = 10V, lour = 100~A 
I Dropout Detector lour = 100~A, VOIFF = O.03V 
Feedback Bias Current 

Minimum Load Current TJ = 125°C 

Short Circuit Current 
Pin 9 and Pin 10 Shorted 

Comparator 

Offset Voltage VCM = 2.5V 

Bias Current VCM = 2.5V 
Offset Current 

Gain·NPN Pulldown lour= lmA 
Output Current Sink 

Output Current Source 

Input Voltage Range 

Response Time 

10-4 

PACKAGE/ORDER InFORmATiOn 

MIN TYP MAX 

2.5 

0.01 

0.3 

5 

2 

1 

40 

125 

0.2 

0.01 

0.02 
0.5 

2.5 

5 

15 

30 

250 
40 

3 

40 

4 

10000 

10 

80 

0 V+ -1 

5 

ORDER PART 
NUMBER 

LT1020MJ 
LT1020CJ 
LT1020CN 

UNIT 

V 

%N 

% 

rnA 

rnA 

% 

~A 

rnA 

% 

% 

V 
V 

V 

~A 

nA 

~A 

rnA 
rnA 

mV 

nA 

nA 

VN 

rnA 

~A 

V 

~s 



BLOCK DtAGRAm 

CURRENT LIMIT 

L--------i11 FEEDBACK 

L---____ ..... _-+ ______ -/9 GROUND 

REFERENCE OUTPUT 

TYPICAL APPLICATions 

Battery Backup Regulator 

5VOUT 

1-=--_-.... --+-....... t-=-t2 VOUT 

BATIERY INPUT 3 VIN LT1020 LT1020 

GND GND 
50k 

1M 

LT1020 
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LT1020 

Dual Output Regulator 

V+>5V 

9 

GND V+ 

CaMP IN 
.,.. 

TO REF OUT lOOk 6 
PIN 4 CaMP NPN LT1020 

CaMP PNP 

CaMP NI REF OUT 

1M 500k 

.... ------;o~~ REG 

Compensating the Comparator as an Op·Amp 

1M 

C2 Rl 
R2 

.,.. "J Cl 

Av Rl Cl C2 R2 
1 3311 O.l~F O.OO1~F 

10 10011 O.047~F lOOk 
100 10k O.OO2~F 10k 

10-6 

TO REF OUT 
PIN 4 

Dual Output 150mA Regulator 

GND 

CaMP IN 

lOOk 6 CaMP NPN 

CaMP PNP 

LT1020 

V+ 

CaMP NI REF OUT 

lOOk 

4.7k 

L----_ ..... --.... -VIN 
"FOR TEMPERATURES GREATER THAN 
70'C REDUCE 51k RESISTORS TO 
15k. la WILL INCREASE. 

1 Amp Low Dropout Regulator 
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FEATURES 
• 3ILS Settling Time 
• 1mV Offset Voltage 
• 100nA Bias Current 
• 18V/ILS Slew Rate 
• 3M Hz Gain Bandwidth 

APPLICATions 
• DAC Output Amplifier 
• Fast Inverting Amplifier 

Pin connECTions 

INVERTING 2 

DESCRIPTion 
The LT1023 is a fast inverting op amp with 18V/ILS slew 
rate as well as good DC characteristics. Designed as a 
DAC output amplifier, the LT1023 settles to 0.1 % of a 10V 
step in a maximum of 31LS, The low offset voltage and drift 
eliminate the need for adjustments in most applications. 

Other applications for the LT1023 are fast inverters, oscil
lators, or audio. Available in packages or dice for hybrids 
the LT1 023 is compatible with the OP-01. 

NC 

V-
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Compensator 

FEATURES 
• 1 °C Accuracy 
• Compensates for E, J, K, R, 

S, T Thermocouples 
• 50ltA Operating Current 
• Operates from 3.5V to 40V 

APPLICATions 
• Temperature Measurement 
• Controllers 
• Sensing 

10-8 

TEMP OUT 3 

DESCRIPTion 
The LT1025 is a monolithic temperature sensor de· 
signed to cold-junction compensate a variety of thermo
couples. Accuracy is better than 1°C. A 10mVoC output is 
provided from the sensing circuitry to a precision thin film 
divider network. High output accuracy is maintained over 
a OOC to 60°C range. 

5 COMMON 
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FEATURES 

• Voltage Noise @ 1kHz 
• Voltage Noise @ 10Hz 
• Slew Rate 
• Offset Voltage 
• Bias Current 
• Voltage Gain 

0.9nV/{RZtyp. 
1.1nV/{RZtyp. 

15V/p.s typo 
15p.V typo 
15nA typo 

5 million typo 

Voltage Noise vs Frequency 

10 
Vs= ± 15V 

~ 
TA=25°C 

" , 
0.1 

0.1 10 100 1000 
FREQUENCY (Hz) 

High Speed Op Amp 

DESCRIPTion 
The LT1028 achieves a new low in noise performance with 
0.9nV/{RZ 1kHz noise, and 35nV peak·to-peak noise from 
0.1 Hz to 10Hz. This ultra-low noise is combined with 
excellent high speed specifications (gain bandwidth 
product is 65MHz), distortion free output, and true 
precision parameters (0.2p.V/oC drift). Although the LT1028 
input stage operates at 1mA of collector currents to 
achieve low noise, input bias current is only 15nA. 

The LT1028's voltage noise is less than the noise of a 50Q 
resistor. Therefore, even in very low source impedance 
transducer or audio amplifier applications, the LT1028's 
contribution to total system noise will be negligible. 

TOP VIEW 

4 

V -(CASE) 

METAL CAN H PACKAGE 

TOP VIEW 

HERMETIC DIP J8 PACKAGE 
PLASTIC DIP N8 PACKAGE 
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FEATURES 
• Low Operating Voltage ± 5V to ± 15V 
• 500/lA Supply Current 
• Zero Supply Current when Shut Down 
• Outputs Can Be Driven ± 30V 
• Thermal Limiting 
• Output "Open" when Off 
• 10mA Output Drive 
• Pin Compatible with 1488 

APPLICATions 
• RS232 Driver 
• Power Supply Inverter 
• Micropower Interface 
• Level Translator 

TYPICAL APPLICATiOn 

RS232 Line Driver 

-6V +6V 

INPUT STROBE' 

OUTPUT 
ON-OFF 

(OV-5V)t OUTPUT 

INPUT 

OUTPUT INPUT 

OUTPUT 

'NO CONNECTION NEEDED WHEN NOT USED. 
t5V=ON. 
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DESCRIPTion 
The L T1 030 is an RS232 line driver that operates over a 
± 5V to ± 15V range on low supply current and can be 
shut down to zero supply current. Outputs are fully pro
tected from externally applied voltages of ± 30V by cur
rent limiting, Since the output swings to within 200mVof 
the positive supply and 1V of the negative supply, power 
supply needs are minimized, 

A major advantage of the LT1030 is the high impedance 
output state when off or powered down, 

Output Swing vs Output Current 
v+ 

~ 0.2 en 
UJ 

r- I-- I 
VOUT HIGH r-

:::; 0.4 c. 
c. 
=> 
en 
0 
f-
0 
UJ 
c:: 
c:: 1.0 UJ u. 
UJ 
c:: 0.8 
UJ 
C.!J 

;:3 0.6 
0 
> 0.4 f-

VOUT~r--~ r-

~ ~ 

L 
=> c. 
f- 0.2 => 
0 

V-
o 4 6 10 

OUTPUT CURRENT (rnA) 



ABSOLUTE mAXimum RATinGS 
Supply Voltage . . . . . . . . . . . . . . . . . . . . . . . .. ± 15V 
Logic Input Pins ..................... V- to 25V 
On-Off Pin ......................... GNDt012V 
Output(Forced) ............. V- + 30V, V+ - 30V 
Short Circuit Duration (to ± 30V) .......... Indefinite 
Operating Temperature Range 

LT1030M .................... -55°Ct0125°C 
LT1030C ........................ O°Ct070°C 
Guaranteed Functional by Design. .. - 25°C to 85°C 

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

LT1030 

PACKAGE/ORDER InFORmATiOn 
VEE 

(-15VTO -5V) 1 

J PACKAGE N PACKAGE 
14-PIN HERMETIC 14-PIN PLASTIC 

ORDER PART 
NUMBER 

LT1030MJ 
LT1030CJ 
LT1030CN 

ELECTRICAL CHARACTERISTICS (Supply Voltage = ±5V to ±15V) 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

Supply Current VON/OFF~2.4V. IOUT=O, All Outputs Low • 500 1000 I'A 
Power Supply Leakage Current VON-OFF";O.4V 

VON-OFF";O.1V, TA=125'C 
Output Voltage Swing Load = 2mA I Positive 

I Negative 

Output Current VSUPPLY ± 5V to ± 15V 
Output Overload Voltage (Forced) Operating or Shutdown 
Output Current Shutdown VOUT= ± 30V 
Input Overload Voltage (Forced) Operating or Shutdown 

Logic I nput Levels Low Input (VOUT = High) 
High Input (VOUT= Low) 

Logic Input Current VIN>2.0V 
VIN<O.BV 

On-Off Pin Current 0,,;VIN <5V 
Slew Rate I RESPONSE = 0 

The. denotes specifications which apply over the operating 
temperature range. 
Nole 1: 3V applied to the strobe pin will force all outputs low. Strobe pin 
input impedance is about 2k to ground. Leave open when not used. 

Pin FunCTions PIN 

2,5,9,12 

3,6,B,11 

4 

7 
13 

FUNCTION 
Minus Supply 

Logic Input 

Output 
On-Off 

Ground 

Strobe 

1 10 jtA 

• 10 100 jtA 

V+ -0.3V V+-O.1V V 

V +0.7V V 

5 12 mA 

• V+ -30V V +30V V 

2 100 jtA 

• V 30V V 

• 1.4 O.B V 

• 2 1.4 V 

2 20 jtA 
10 20 jtA 

• -10 3 50 jtA 

4 15 30 VII'S 

Note 2: Response can be changed by connecting a resistor to the 
supply. For supplies less than ± 6V this current is disconnected when 
shut down. Leave open when not used. 

COMMENT 
Operates - 2V to -15V 
Operates properly on TTL or CMOS levels. 
Output valid from (V- +2V),,;VIN ,,;15V. 
Connect to ground when not used. 
Line drive output. 

Shuts down entire circuit. Cannot be left 
open. For "normally on" operation, con
nect 5V to 10V. 
Ground must be more positive than V

Forces all outputs low. Drive with 
3V. 
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and Receiver 

FEATURES 

• Three Drivers and Receivers 
• Low Power 
• Shuts Down to Zero Power 
• High Impedance Output When Off 
• Operates ± 5V to ± 15V 
• Wide Output Swing 
• "Keep·Alive" Bias Point 
• Overload Protected 

10-12 

APPLICATions 

The LT1039 is a triple RS232 line driver and line receiver 
featuring low supply current and shutdown. Operating 
from ± 5V to ± 15V, the LT1039 has wide output swing 
minimizing the supply requirements. Outputs can be over· 
driven up to ± 30V. The receiver accepts standard RS232 
levels up to ± 30V input. The receiver output is compatible 
with CMOS or TTL. 

Two unique features available on the LT1039 make it more 
useful. The shutdown completely turns off the LT1039 de· 
creasing supply current to zero. Also, the output goes to a 
high impedance state allowing devices to be paralleled. A 
bias pin allows one of the receivers to be powered up while 
the rest of the LT1039 is shut down. This receiver could 
then be used to power up the rest of the LT1039 in reo 
sponse to an external control. 
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FEATURES 

• 13V//LS Slew Rate 
• 5MHz Gain Bandwidth Product 
• 250/LV Offset Voltage (LT1 073) 
• 500/LV Offset Voltage (LT1074) 
• 2/LV/oC Drift 
• 80pA Bias Current at 70°C 

High Speed Op Amp 
Quad, JFET Input, Precision 

High Speed Op Amp 

DESCRIPTion 

The LT1057 is a matched JFET input dual op amp in the 
industry standard 8 pin DIP configuration, featuring a 
combination of outstanding high speed and precision 
specifications. It replaces all the popular bipolar and JFET 
input dual op amps. In particular, the LT1057 upgrades the 
performance of systems using the LF412A and OP·215 
JFET input duals. 

The LT1058 is the first precision quad JFET input opera
tional amplifier in the standard 14 pin DIP configuration. It 
offers significant accuracy improvements over presently 
available JFET input quad operational amplifiers. 
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FEATURES 
• Wide Input Voltage Range 3V-SOV 
• Low Quiescent Current-SmA 
• Internal5A Switch 
• Very Few External Parts Required 
• Self·Protected Against Overloads 
• Operates in Nearly All Switching Topologies 
• Shutdown Mode Draws Only 50/lA Supply Current 
• Flyback·Regulated Mode has Fully Floating Outputs 
• Comes in Standard 5·Pin Packages 

APPLICATions 
• Logic Supply 5V @ 10A 
• + 5V Logic to ± 15V Op Amp Supply 
• Offline Converter up to 200W 
• Battery Upconverter 
• Power Inverter (+ to - ) or (- to +) 
• Fully Floating Multiple Outputs 

TYPICAL APPLICATiOn 
Up Converter (5V to + 12V) 

m070 

GNO 
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+12V 
1A 

10.7k 

1.24k 

Switching Regulator 
DESCRIPTion 
The LT1070 is a monolithic high power switching regulator. 
It can be operated in all standard switching configurations 
including buck, boost, flyback, forward, inverting and 
"Cuk". A 5 amp high efficiency switch is included on the 
die along with all oscillator, control, and protection cir· 
cuitry. Integration of all functions allows the LT1070 to be 
built in a standard 5·pin TO·3 or TO·220 power package. 
This makes it extremely easy to use and provides "bust 
proof" operation similar to that obtained with 3·pin linear 
regulators. 
The LT1070 operates with supply voltages from 3V to SOV, 
and draws only SmA quiescent current. It can deliver load 
power up to 100 watts with no external power devices. By 
utilizing current·mode switching techniques, it provides 
excellent AC and DC load and line regulation. 
The LT1070 has many unique features not found even on 
the vastly more difficult to use low power control chips 
presently available. It uses adaptive anti·sat switch drive 
to allow very wide ranging load currents with no loss in 
efficiency. An externally activated shutdown mode reo 
duces total supply current to 50/lA for standby operation. 
Totally isolated and regulated outputs can be generated 
by using the optional "flyback regulation mode" built into 
the LT1070, without the need for opto·couplers or extra 
transformer windings. 
The LT1070 can also be used as an off·line converter by 
driving an external MOSFET, with power levels up to 300W. 

Maximum Output Power 

100 
/ 

V .L I 
BUCK, VOUT-20V_ 80 

L 
BUCK'BObsT-/ ./ Vo=30V,_ 

/ V I 
BOOST! ./ - !!;YBACK'-

IV/' ISOLATEO_ ~ 

~ 60 

'" ~ 
~ 40 

/# ..-~ "-

f)v BUCK·BOOST 
20 

'" Vo =5V 

o 
o 10 20 30 40 50 

INPUT VOLTAGE (VI 



ABSOLUTE mAXimum RATinGS 
Supply Voltage 

L T1 070HV ....................................... 60V 
LT1070 ........................ , ................. 40V 

Switch Output Voltage 
LT1070HV ....................................... 75V 
LT1070 .......................................... 65V 

Feedback Pin Voltage (Transient, 1 ms) ............. ± 15V 
Operating Junction Temperature Range 

LT1070MHV, LT1070M ............. - 55°C to + 150°C 
LT1070CHV, LT1070C ................. OOC to + 100°C 

Storage Temperature Range 
LT1070MHV, LT1070M ............. - 65°C to + 150°C 
L T1 070CHV, L T1 070C .............. - 65°C to + 150°C 

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

LT1070 

PACKAGE/ORDER InFORmATiOn 

Vc 

BOTTOM 
VIEW 

4 LEAD TO·3 

FRONT 
VIEW 

o 

5 LEAD TO-220 

Vc 

CASE IS GND 

ORDER PART 
NUMBER 

LT1070MHVK 
LT1070MK 

LT1070CHVK 
LT1070CK 

LT1070CHVT 
LT1070CT 

ELECTRICAL CHARACTERISTICS VIN = 15V, Tj = 25°C unless noled. 

PARAMETER CONDITIONS MIN TYP MAX UNITS 
Supply Voltage Range LT1070HV 3 60 V 

LT1070 3 40 V 
Quiescent Supply Current 3V$VIN$VMAX 6 9 mA 
Switch Breakdown Voltage LT1070HV 75 90 V 

LT1070 65 80 V 
Peak Switch Current (Internally Limited) Duty Cycle $ 50 % 6 9 A 

Duty Cycle = 80% 5 8 A 
Switch On Resistance ISWITCH=5A 0.13 0.2 Il 
Switch Duty Cycle 0 95 % 
Load Regulation 0.1 0.3 % 
Line Regulation 0.02 0.05 %N 
Switching Frequency 36 40 44 kHz 
Operating Efficiency Buck or Boost Mode 90 % 
Reference Voltage 1.220 1.244 1.268 V 
Feedback Pin Bias Current 200 500 nA 
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LT1070 

BLOCK DIAGRAm 

LT1070 OPERATion 
The LT1070 is a current mode switcher. This means that 
switch duty cycle is directly controlled by switch current 
rather than by output voltage. Referring to the block diagram, 
the switch is turned "ON" at the start of each oscillator cycle. 
It .is turned "OFF" when switch current reaches a predeter· 
mined level. Control of output voltage is obtained by using 
the output of a voltage sensing error amplifier to set current 
~rip lev~1. This technique has several advantages. First, it has 
Immedl~te response to input voltage variations, unlike ordi· 
nary sWltchers which have notoriously poor line transient 
response. Second, it eliminates the 90° phase shift at midfre
q~~ncies in the energy storage inductor. This greatly sim
pllfl~s c.losed loop frequency compensation under widely 
varying ~nput voltage or output load conditions. Finally, it 
allows simple pulse·by-pulse current limiting to provide maxi· 
mum switch protection under output overload or short condi
tions. A low·dropout internal regulator provides a 2.3V supply 
for all internal circuitry on the LT1070. This low·dropout de
sign allows input voltage to vary from 2.5V to 60V with virtu· 
ally no change in device performance. A 40kHz oscillator is 
the basic clock for all internal timing. It turns "ON" the output 
switch via the logic and driver circuitry. Special adaptive anti· 
sat circuitry detects onset of saturation in the power switch 

10-16 

O.15V 

0.030 

and adjusts driver current instantaneously to limit switch 
saturation. This minimizes driver dissipation and provides 
very rapid turn·off of the switch. . 

A 1.2V bandgap reference biases the positive input of the er
ror amplifier. The negative input is brought out for output 
voltage sensing. This feedback pin has a second function; 
when pulled low with an external resistor, it programs the 
LT1070 to disconnect the main error amplifier output and 
connects the output of the flyback amplifier to the compara· 
tor input. The LT1070 will then regulate the value of the fly· 
back pulse with respect to the supply voltage. This flyback 
pulse is directly proportional to output voltage in the tradi
tional transformer coupled flyback topology regulator. By 
regulating the amplitude of the flyback pulse, the output 
voltage can be regulated with no direct connection between 
input and output. The output is fully floating up to the break· 
down voltage of the transformer windings. Multiple floating 
outputs are easily obtained with additional windings. A spe
?ial delay net~ork inside the LT1070 ignores the leakage 
!nductance spike at the leading edge of the flyback pulse to 
Improve output regulation. 



l Tl070 OPERATion 
The error signal developed at the comparator input is brought 
out externally. This pin Nd has four different functions. It is 
used for frequency compensation, current limit adjustment, 
soft starting, and total regulator shutdown. During normal 
regulator operation this pin sits at a voltage between 0.9V 
(low output current) and 2.0V (high output current). The error 
amplifiers are current output (Gm) types, so this voltage can 

LT1070 

be externally clamped for adjusting current limit. Likewise, a 
capacitor coupled external clamp will provide soft start. 
Switch duty cycle goes to zero if the Vc pin is pulled to ground 
through a diode, placing the LT1070 in an idle mode. Pulling 
the Vc pin below 0.15V causes total regulator shutdown, with 
only 50jlA supply current for shutdown circuitry biasing. 

~ """"1 ~ffil~[1J][i¥i]O[fi]&ffilW 
..A.., JJ~~~~----2-.5-A-H-ig-h-E-ff-iC-~:-~-~-; 
FEATURES 
• Wide Input Voltage Range 3V-60V 
• Low Quiescent Current-6mA 
• Internal2.5A Switch 
• Very Few External Parts Required 
• Self-Protected Against Overloads 
• Operates in Nearly All Switching Topologies 
• Shutdown Mode Draws Only 50jlA Supply Current 
• Flyback-Regulated Mode has Fully Floating Outputs 
• Comes in Standard 5-Pin Packages 

APPLICATions 
• Logic Supply 5V @ 5A 
• + 5V Logic to ± 15V Op Amp Supply 
• Offline Converter up to 100W 
• Battery Upconverter 
• Power Inverter (+ to -) or (- to +) 
• Fully Floating Multiple Outputs 

Switching Regulator 

DESCRIPTiOn 
The LT1071 is a monolithic high power switching regulator. 
It can be operated in all standard switching configurations 
including buck, boost, flyback, forward, inverting and 
"Cuk". A 2.5 amp high efficiency switch is included on the 
die along with all oscillator, control, and protection cir
cuitry.lntegration of all functions allows the LT1071 to be 
built in a standard 5-pin TO-3 or TO-220 power package. 
This makes it extremely easy to use and provides "bust 
proof" operation similar to that obtained with 3·pin linear 
regulators. 

The LT1071 operates with supply voltages from 3V to 60V, ~ 
and draws only 6mA quiescent current. It can deliver load u 
power up to 50 watts with no external power devices. By :::::) 
utilizing current-mode switching techniques, it provides 8 
excellent AC and DC load and line regulation. CIC 

The LT1071 has many unique features not found even on 
the vastly more difficult to use low power control chips 
presently available. It uses adaptive anti-sat switch drive 
to allow very wide ranging load currents with no loss in 
efficiency. An externally activated shutdown mode re
duces total supply current to 50jlA for standby operation. 
Totally isolated and regulated outputs can be generated 
by using the optional "flyback regulation mode" built into 
the LT1071, without the need for opto-couplers or extra 
transformer windings. 

The LT1071 can also be used as an off-line converter by 
driving an external MOSFET, with power levels up to 150W. 
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FEATURES 
• Programmable Power/Speed 
• Translate Any Input Voltage to 

Any Output Voltage 
• Power Can Be Completely Shut Off 
• Three-State Outputs 
• Output Latch Included 

10-18 

Translator (UL l'M)/ RS232 Receiver 

DESCRIPTion 
The LTC1045 is a CMOS circuit consisting of six high 
speed comparators with output latches and three-state 
capability. The comparator's bias current can be easily 
programmed, with an external resistor, to trade off power 
consumption and speed. When power is shut off the out
puts are latched and continuously available. 

With external current limit resistors the inputs can be driv
en above and below the power supplies making the 
LTC1045 ideal for us as an RS232 line receiver. 

ULT™ is a trademark of Linear Technoiogy Corp. 
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FEATURES 
• Up to 6th Order Filter Functions with a Single 20 Pin 

0.3" Wide Package 
• Center Frequency Range up to 35kHz 
• faxQ Product Upto 1 MHz 
• Guaranteed Center Frequency and Q Accuracy Over 

Temperature 
• Guaranteed Low Offset Voltages Over Temperature 
• 90dB Dynamic Range 
• Filter Operates From Single 4.7V Supply and Up to 

± 8V Supplies 
• Guaranteed Filter Specifications with ± 5V Supply and 

± 2.37V Supply 
• Low Power 
• Clock Inputs T2L and CMOS Compatible 

APPLICATIons 
iii High Order, Wide Frequency Range Bandpass, 

Lowpass, Notch Filters 
• Low Power Consumption, Single 5V Supply Clock 

Tunable Filters 
• Tracking Filters 

TYPICAL APPLICATiOn 

6th Order, Clock Tunable, O.5dB Ripple Chebyshev BP Filter 

23.7k 

49.9k 

4.99k 

165k 

5.49k 

VO UT 

Universal Filter Building Block 
DESCRIPTion 
The LTC1061 consists of three high performance, univer
sal filter building blocks. Each filter building block to
gether with an external clock and 2 to 5 resistors can pro
duce various second order functions which are available 
at its three output pins. Two out of three always provide 
lowpass and bandpass functions while the third output 
pin can produce highpass or notch or all pass. The center 
frequency of these functions can be tuned from 0.1 Hz to 
35kHz and is dependent on an external clock or an ex
ternal clock and a resistor ratio. 
The LTC1061 can be used with single or dual supplies 
ranging from ± 2.37V to ± 8V (or 4.74V to 16V). When the 
filter operates with supplies of ± 5V and above, it can han
dle input frequencies up to 100kHz. 
The LTC1061 is compatible with the LTC1059 single uni
versal filter and the LTC1060 dual. Higher than 6th order 
functions can be obtained by cascading the LTC1061 with 
the LTC1059 or LTC1060. Any classical filter realization 
(such as Butterworth, Cauer, Bessel and Chebyshev) can 
be obtained by the appropriate choice of the external 
resistors. 
The LTC1059 is manufactured by using Linear Technol
ogy's enhanced LTCMOSTM silicon gate process. 
LTCMOS TMis a trademark of Linear Technology Corp. 

Amplitude Response 

2kHz 

IClK 1MHz 

-60 

-80 

-100 
10 20 30 40 50 60 

INPUT FREQUENCY (kHz) 
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LTC1061 

ABSOLUTE mAXimum RATinGS 
Supply Voltage ..................................... 18V 
Power Dissipation .............................. 500mW 
Operating Temperature Range 

LTC1061AC, LTC1061C ............ -40oCsTAS85°C 
LTC1061AM, LTC1061M ........... -55°CsTAS125°C 

Storage Temperature Range ............ - 65°C to 150°C 
Lead Temperature (Soldering, 10sec) .............. 300°C 

ELECTRICAL CHARACTERISTICS 

PACKAGE/ORDER InFORmATion 
ORDER PART NUMBER 

LTC1061AMJ, LTC1061MJ 
LTC1061ACJ,LTC1061CJ 
LTC1061ACN, LTC1061CN 

(Complete Filter) Vs = :!: 5V, TA = 25°C, T2L clock input level, unless otherwise specified 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

Center Frequency Range, fo fox 0 s 250kHz, Mode 1 0.1-30k Hz 
fo xOs1.6MHz, Mode 1 0.1-18k Hz 
foxOs250kHz, Mode3, Vs= ± 7.5V 0.1-20k Hz 
foxOslMHz,Mode3,Vs= ±7.5V 0.1-16k Hz 
(Note 1) 

Input Frequency Range 0-100k Hz 

Clock to Center Frequency Ratio, 
fClK/fo 

LTC1061A Sides A, B: Mode 1, R1 = R3 = 50kll • 50±0.4% 
LTC1061 R2 = 5kll, 0 = 10, f ClK = 250kHz • 50±1% 

Pin 7 High. 
Side C: Mode 3, R1 = R3 = 50k 
R2 = R4 = 5k, fClK = 250kHz 

LTC1061A Same as Above, Pin 7 at • 100±0.4% 
LTC1061 Mid·Supplies, fClK = 500kHz • tOO±1% 

o Accuracy 
LTC1061A Sides A, B, Mode 1 • ±2 3 % 
LTC1061 Side C, Mode 3 • ±3 5 % 

foxOs50kHz, fos5kHz 

fo Temperature Coefficient Mode1,50:1, fClK<300kHz -1 ppm/oC 
o Temperature Coefficient Mode 1,100:1, fClK<500kHz -5 ppm/oC 

Mode 1, fClK <500kHz +5 ppm/oC 

DC Offset Voltage 
Vos1, Figure 1 • 2 15 mV 
VOS2 fClK = 250kHz, 50:1 • 3 20 mV 
VOS2 fClK = 500kHz, 100:1 • 6 40 mV 
VOS3 fClK = 250kHz, 50:1 • 3 20 mV 
VOS3 fClK = 500kHz, 100:1 • 6 40 mV 

Clock Feedthrough fClK<1MHz 10 mV 
Max. Clock Frequency Mode 1, 0<5, Vs~ ±5V 2 MHz 
Power Supply Current 6 8 10 rnA 

• 13 rnA 
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LTC1061 

E LECTAICAL CHAAACTE AISTICS (Complete Filter) Vs = :!: 2.37V, TA = 25°C unless otherwise specified 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

Center Frequency Range, fo foxQs120kHz, Mode 1, 50:1 0.1-12k Hz 
fox Qs120kHz, Mode 3, 50:1 0.1-10k Hz 

Input Frequency Range 0-20k Hz 

Clock to Center Frequency Ratio 50:1, fCLK = 250kHz, Q = 10 
LTC1061A Sides A, B: Mode 1 • SO±0.6% 
LTC1061 Side C: Mode 3 50±1% 
LTC1061A 100:1, fCLK =500kHz,Q=10 • 100±0.6% 
LTC1061 Sides A, B: Mode 1 100±1% 

Side C: Mode 3 

QAccuracy 
LTC1061A Same as Above ±2 % 
LTC1061 ±3 % 

Max. Clock Frequency 700k Hz 
Power Supply Current 4.S 6 mA 

ELECTRiCAL CHARACTERISTICS (Internal Op Amps)TA=25°C unless otherwise specified 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

Supply Voltage Range ±2.375 ±9 V 

Voltage Swings 
LTC1061A Vs= ±5V, RL =5k(Pins 1, 2,13,14,19,20) ±4 ±4.2 V 
LTC1061 RL = 3.5k (Pins 3,12, lB) ±3.B ±4.2 V 
LTC1061, LTC1061A • ±3.6 V 

Output Short Circuit Current 
Source/Sink Vs= ±SV 40/3 mA 

DC Open Loop Gain Vs= ±SV, RL=5k BO dB 

GBW Product Vs= ±5V 2.5 MHz 

Slew Rate Vs= ±5V 7 V/~s 

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

Note 1: For a complete description of the various modes of operation 
and application hints, refer to the LTC1060 data sheet. 

(12.18) (13.19) (14,20) 

Figure 1. Equivalent Input Offsets of 1/3 LTC1061 Filter Building Block 
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LTC1061 

BLOCK DIAGRAm 

ClK 
(8) 

lEVEL SHIFT 
(9) 

TO FilTER A 

TO FilTER B 

ro FilTER C 

INVA 
(4) 

INVs 
(17) 

INVc 
(11) 

NA 
(3) 

BPA 
(2) 

lPA 
(1) 

PACKAGE DESCRIPTion Dimensions in inches (millimeters) unless otherwise noted. 

J Package 20 Lead CERDIP 
0160 

~_ GLASS (t~~4) 

~
(~~~I I s~~: ~ ~. 

Ie 1(1~:611~~ ~ ~ 

nI' II f 
0008-0012 r=:I-- 0.080 0.060 01oo±0010 l (0203-0.30sj---"- 0,.'25 - 1.-(2,032) jt(t'524l -I 1.-(2,540±0254) 

(3"'i'75i MAX TYP 
0.385,,0.025 MIN 0,018,,0002 
(9.779,,0535) (0.457±0.051) 

8i' 
100 

8ic 
60 

Timax 
150 

t 
0.300 

(7.620) 
MAX 

t 

0025 
(0635) 
RTYP 

0.130±0005 
(3302±0.127) 

N Package 20 Lead Molded DIP 

t-
0.250±0005 
(6.350±0,127) 

1+----- 1.060 ------+i'j 

~-----(2'5~i;8)-------J 
MAX 

~~~~~~~~~ 
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~""-LlnLAQ LTC1090 
~~ TECHNOLOGY~----1-0--B-it-A-/-D-w-i-th-S-e-ri-a-II-/O-

FEATURES 

• 10-Bit Unipolar, or 9-Bit Plus Sign Bipolar 
• 2's Complement Output Coding on Bipolar Conversion 
• 8-Channel MUX with Address Logic 
• Built in Sample and Hold 
• + 5V or ± 5V Operation 
• Reference and Analog Inputs Common-Mode to 

Both Supply Rails 
• Compatible with Industry Standard Full Duplex 

Serial I nterface 
• User Selectable MSB or LSB First Data 
• 20-Pin 0_3" Wide DIP Package 

and 8-Channel MUX 

DESCRIPTion 

The LTC1090 is a serial 1/0 successive approximation AID 
converter with the capability of performing either 10-bit 
unipolar, or 9-bit plus sign bipolar, conversions on any in
put selected from the 8-channel input multiplexer. The 
serial 1/0 is designed to be compatible with the industry 
standard full duplex serial interface and provides either 
MSB or LSB first data with 2's complement output coding 
automatically provided in the bipolar mode. An on chip 
sample and hold is also included. 

A single input address configures the AID for channel 
assignment of the 8-channel MUX, single ended or dif
ferential inputs, conversion mode (unipolar vs bipolar) and 
output data format. 
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L7L1nF A" [P[FJ~[1D~DOO&[FJW 
U \K LTC1091 

TECHNOLOGY~-lO---Bi-t A-/D-w-it-h-S-er-ia-I-I/-O-a-n-d 

FEATURES 

• 10-Bit Resolution 
• 2-Channel MUX with Address Logic 
• Built in Sample and Hold 
• a-Pin Mini-Dip 
• Compatible with Industry Standard Half Duplex 

Serial Interface 
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2-Channel MUX 

DESCRIPTion 
The LTC1091 is a 10-bit successive approximation AID 
converter with serial 110, 2-channel input multiplexer and 
built in sample and hold all in an a-pin mini-dip. The serial 
110 is designed to be compatible with the industry stand
ard half duplex serial interface. 

The 2-channel multiplexer is software configurable for 
single ended or differential inputs, and the input common
mode range includes both supply rails. 

A sample and hold is provided to allow easy, accurate con
version of time varying signals. 



LlnlAQ LTZ1000 LY ~~~[LDO¥tJDOO&[~n7 

TECHNOLOGY~-------------S-u-p-e-r--Ze-n-e-r 

FEATURES 
• 1J.Np·p Noise 
• 2ppm Stability 
• Low Hysteresis 
• Temperature Stabilized 
• 0.3ppm/oC Drift 

APPLICATions 
III 7-1/2 Digit Meters 
• Scales . 
• Calibrators 
• References 

Long Term Stability 

DAYS 

LONG TERM STABILITY OF A TYPICAL DEVICE FROM TIME=O 
WITH NO PRECONDITIONING OR AGING 

DESCRIPTion 
The Super·Zener is a monolithic IC voltage reference 
designed for exceptionally low temperature drift (0.1 ppml 
0C), about 1/N peak·to·peak noise, and less than 5ppm 
long term stability. It offers superior performance to the 
199 family at the expense of increased circuit complexity 
and thermal layout considerations. 

Included on the die is the reference with temperature 
compensating transistor, heater for temperature stabiliz· 
ing and a temperature sensing transistor. All the control 
and biasing circuitry is external to allow maximum 
flexibility and best long term stabilty. 

Typical stabilized temperature is about 60°C for best 
performance although both higher and lower tempera· 
tures can be set. 

7V Reference Circuit 

CONNECTOR 

...---------/22 ...,~:~~~+ OUTPUT 

,-------------4----_-----410 Iv+ :~30V 
lN4148 

13k 70k 70k 

I GNO 

II:~:!~~ }OUTPUT 

SENSE 

I ~r,J~: ,. 
L---------111 ..JTP 
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LTZ1000 

ABSOLUTE mAXimum RATinGS 
Heater to Substrate (Pin 4) .......................... 40V 
Collector-Emitter Breakdown (01) ................... 15V 
Collector-Emitter Breakdown (02) ................... 25V 
Emitter-Base Reverse Bias ........................... 2V 
Operating Temperature Range .......... - 55°C to 125°C 
Storage Temperature Range ............ - 65°C to 150°C 
Substrate Diode Forward Bias ...................... 0.1V 

PACKAGE/ORDER InFORmATion 

2 6 4 7 
·SUBSTRATE DIODES-DO NOT FORWAO BIAS 

ORDER PART 
NUMBER 

LTZ1000 
FACTORY 
ORDER 

TYPICAL ELECTRICAL CHARACTERISTICS 
Reference Voltage (Iz = 5mA) ....................... 7.2V Long Term Stability ...................... <2ppm/month 
Drift ......................................... 0.1 ppm/oC (This Measurement Test Equipment Limited) 
Operating Current ................................. 5mA Transistor Current Gain ................. ; ........... 150 
Voltage Noise (0.1 Hz to 10Hz) .................... 1JNp-p Transistor VSE ................................... 620mV 
Heater Resistance ................................. 6000 Zener Impedance (Iz = 5mA) ........................ 0.200 
Device must be shielded from air currents. More thermal insulation around the LTZ1000 improves performance. 

Negative Voltage Reference 

....-------- ZENER+SENSE 

....--------------t-------1-- V+20V 

r---_+_------....... -~~t-....... _+_--.._-+_-- GND 

70k 

1N4148 
1k 120 

L...--+----4--;--4_--;r-__ ZENER-FORCE 

L...---t---- ZENER-SENSE 

V--10V 
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L7L1nF A" ~~~[LD[MJDOO&~Yr 
U \K Surface Mount 

TBCHNOLOGY~---------S-m-a-II-O-u-tli-ne--(S-O-) 

Linear Technology now offers a continually increasing 
number of high performance CMOS and bipolar linear de
vices in surface mount packages. At the time of this data
book printing, the following device types were available 

OpAmps: 
LT1001 Precision Op Amp 
L T1008 Low Bias Current, Low Noise, Op Amp 
LT1012 Low Bias Current, Low Offset, Low Noise Op Amp 
LT1013 Precision, Low Offset Dual Op Amp 
LT1056 Precision, High Speed JFET Op Amp 
OP-07 Precision Op Amp 

Device Packaging 

from LTC packaged in the SO-8 (Small Outline Package) 
per the JEDEC standard outline. For pin out configuration 
and electrical specification limits consult either your LTC 
sales representative or the factory. 

8 7 6 5 O t 1 
B C 

I j 
1 2 3 4 

MIN MAX 
A 0.188 0.197 
8 0.150 0.158 
C 0.228 0.244 
0 0.053 0.069 
E 0.050 TYP 
F 0.014 0.018 
G 0.004 0.008 
H 0.010 0.020 
J 0.007 0.009 NOTES: 
K 0.020 0.045 1. PKG MArl: PLASTIC 
<X 00 80 2. LEAD MArl: A-42. TIN PLATED. 

Voltage References: 
LT1004 Precision Micropower Reference 
LT1009 Precision 2.5 Volt Reference 
LT1019 Precision Bandgap Voltage Reference 
LT1021 Ultra Low Drift Precision Reference 
LM385 Micropower Voltage Reference 

CMOS Products: 
LTC1044 Switched Capacitor Voltage Converter 

Note: By the time you read this list, it will most likely be incomplete. Contact LTC for additional products being offered in the Small Outline Package. 
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,"'-lIrllnlAQ ~~[go"D~DOO&~)J 
~, TECHNOLOGY!"""'--Ex-t-e-n-de-d-Te-m-p-e-ra-t-ur-e-R-a-n-g-e 

Linear ICs (2000C) 

Linear Technology now offers a number of its high per· 
formance products fully characterized, tested, and with 
specification limits guaranteed over an extended operat· 
ing temperature range of from - 55°C to + 200°C. 

The list of extended temperature range products being of· 
fered by Linear Technology continues to grow. At the time 
this catalog was printed, the company offered for sale the 
following products. 

OpAmps: 
LT1001XH Precision Op Amp 
LT1007XH Low Noise, High Speed Precision Op Amp 
LM101AXH Uncompensated General Purpose Op Amp 
LM118XH High Slew Rate Op Amp 
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Precision References: 
LM129XH 6.9V Precision Voltage Reference 

Comparators: 
LM119XH High Speed Dual Comparator 

Complete specifications on Linear Technology's 200°C 
product offerings can be obtained directly from your local 
LTC sales representative or directly from the factory. 
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L'--rLlneI\R INTRODUCTION 
....... , TECHNOLOGY,...------------

Quality and Reliability Assurance Programs 

Linear Technology Corporation has a wide ranging program 
integrating vendor participation, design engineering, and 
manufacturing to produce the most reliable and highest 
quality linear integrated circuits available on the. ma~k~t. 
Our modern manufacturing facility in Milpitas, California IS 

DESC line certified and we have successfully completed 
over 30 major OEM quality system surveys to MIL-Q-9858 
and MIL-I-45208. Our Quality and Reliability Assurance Pro
grams are summarized below: 

o Wafer Fabrication-A modern class 100 area, modular 
clean room construction with full environmental moni
tors. Emphasis is placed on statistical quality control, CV 
plots, SEM monitors and on our proprietary dual layer 
passivation system. 

• Assembly & End of Line-Incoming inspection of all 
materials and piece-parts, line surveillance and process 
control monitors. 

o Testing-Incoming inspection and acceptance of all off
shore lots prior to release to test. Ultra modern LTX 
testers, multipass testing with closed loop binning to re
duce outgoing electrical defective levels. Many "beyond 
data sheet" tests and full temperature QA lot buy-offs are 
performed as standard processing. 

• Traceability-A backside or side mark is placed on all 
units, where space permits, to give information on a unit
by-unit basis tracing back to the wafer fab lot, assembly, 
end of line (e.o.l.) and test lots. We consider traceability 
to be essential for good engineering control and addition
al insurance for our customers. The information provided 
exceeds the seal week control required by MIL-STD-883. 

• ESD (Electro Static Discharge)-A full program is in 
place from design through manufacturing. Products are 
fully characterized to MIL·STD-883C (Method 3015) and 
strict controls on handling and packaging are observed. 

• Training and Certification-Operator training has been 
established for all operations and certification is per
formed on a 6 monthly basis. 

• Major Change Control-Major change controls are in 
place to notify our customers in accordance with MIL-M-
38510F, LTC internal specifications, or specific customer 
specifications as required. 

o Quality Assurance-Full monitoring and reporting of 
quality data with emphasis on statistical process control 
charts. Refer to our Quality Assurance Program. 

o Failure Analysis and Reporting-A formal program ex
ists to record, analyze and take appropriate corrective ac
tion on all returns. A report is generated and sent to the 
customer stating our findings and action. 

o Reliability Flows-Linear Technology reliability flows in
clude JAN-38510, DESC Drawings, 883 (to the new Rev. C) 
R-Flow, and Hi-Rei (Source Controlled Drawings). In addi
tion, specialized processing such ~s SEM, PIND and 
other tests can be performed as required. 

o Reliability Monitor-LTC has a unique reliability struc
ture built into each wafer that is used to obtain rapid 
feedback on reliability. This data is obtained in less than 
1 week, versus 40 weeks for a typical reliability audit. See 
the LTC Reliability Program for more details. 

o Reliability Audit-Data is gathered on a monthly basis II1'II 
for selected package/product combinations. This data is 'II 
summarized each quarter and published in a Data Pak zs 
showing Operating Life, 85/85, Autoclave, 883 Group C, C 
and 883 Group D summary data. Copies of Data Pak sum- 'II 
maries are available by writing or calling Linear t 
Technology, 1630 McCarthy Blvd., Milpitas, CA 95035, a: 
(408) 942-0810. 

III 
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~""""'-LlneJ\R RELIABILITY ASSURANCE 
~, TECHNOLOGY~-----
Introduction 

In the early 1960's the study of reliability was mainly the 
province of mathematicians and statisticians. In the late 
1960's and throughout the 1970's it was realized that an 
understanding of the physical phenomena was necessary 
to identify the various failure mechanisms and consider· 
able progress was made in this area. Sophisticated 
diagnostic techniques were devised and this knowledge 
complemented the earlier theoretical work to form a very 
sound foundation. 

At Linear Technology Corporation we have a firm appre· 
ciation for the impact of Reliability on our products and 
we have made every effort to integrate this knowledge into 
our device designs and manufacturing processes. We be
lieve that "LINEAR" should be "THE MOST RELIABLE 
COMPONENTS" and it is our intention to supply "TOMOR
ROW'S RELIABILITY-TODAY"! 

All areas that impact reliability have received consider
able attention and achieving our goal of "THE NUMBER 
ONE" Reliability Supplier of Analog Circuits has impacted 
the DESIGN, FABRICATION, PACKAGING AND TESTING 
of our products. 

"RELIABILITY" requires a total systems approach involv
ing all parties; from the raw material vendor, to the de
signer, to manufacturing. 

Cooperative Interface 

Design 

At the DESIGN stage the reliability of the circuit is heavily 
dependent on layout considerations. The thickness and 
width of the metallization has been defined to minimize 
the current density and avoid electromigration problems 
at elevated temperatures. The routing of the metal pattern 
is designed to eliminate potential inversion, or leakage 
failures and guard ring structures are used where appro
priate. The positions of the bonding pads are carefully 
selected to optimize device performance and also to fit 
easily into a variety of packages without creating potential 
bond loop problems that could result in shorted wires. In 
all of our voltage regulators, thermal limiting is included 
in the circuitry to shut down the device if the temperature 
exceeds a threshold value. Additional insurance is pro
vided by employing short circuit current protection to 
safeguard catastrophic failure. The philosophy of incor
porating fault tolerant designs with innovative circuit con
cepts is a fundamental design rule at Linear Technology 

5 Amp Positive Adjustable Regulator 

SAFE AREA 

Large Ballasted Power Transistor 
ensures equal current sharing. 

THERMAL LIMIT CIRCUIT 

ISOLATING RESISTOR 

Prevents destruction from high transient 
current in 'Adjust' Pin. 
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RELIABILITY ASSURANCE 

Corporation. The design rules used by Linear Technology 
are conservative to avoid compromising reliability, and 
safe operation regions are chosen to prolong device life in 
the field. Input protection is provided and the ability of our 
devices to withstand transient voltage spikes is better 
than average. We focus on reducing lead count of our de· 
vice designs since there is generally a strong correlation 
between the number of leads in a package and the mean 
time between failures for a device. The thermal layout of 
our circuits is also a major consideration to minimize 
parameter drift and optimize performance. The designs at 
Linear Technology Corporation cover a diverse technolog· 
ical base ranging from Bipolar to CMOS. In the case of 
CMOS, design techniques are used to minimize SCR and 
latch·up phenomena. Many integrated circuit designs are 
susceptible to electrostatic discharge effects (ESD) and 
electrical overstress (EOS) with generally catastrophic reo 
suits. In the designs at Linear Technology Corporation, 
care is taken to ensure that a high degree of protection is 
built into our products to minimize this effect. 

Diverse Range of Processes 

1. Super Beta Structure 

2. Bi-fet Structure 

3. Silicon Gate CMOS Structure 
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Prior to release, new devices are thorougly characterized 
and subjected to rigorous mechanical and electrical 
stress testing to exercise all facets of the design, process, 
and package combination. Linear Technology Corporation 
has an active in·house ESD (Electrostatic Discharge) pro· 
gram to prevent yield loss and the potential weakening on 
devices. 

Wafer Fabrication 

In the WAFER FABRICATION area the key to a reliable 
process is consistency and repeatability. Linear Technol· 
ogy has a brand new ultramodern wafer fabrication facility 
and wafer handling has been kept to a minimum. Cassette 
to cassette transfer is used extensively and proximity 
mode aligners are utilized in masking to significantly reo 
duce photomasking defects. Microprocessor controlled 
furnaces are used to eliminate the impact of operator 
error. 

Cassette to Cassette Transfer 

Canon Proximity Aligner 



Stringent incoming inspection checks are made on the 
raw silicon wafers and masks used in the process. Envi
ronmental monitoring of the gases, clean air, particle 
count, deionized water, and furnace temperature and 
flows are done on a routine basis to avoid any sudden 
changes that could impact device reliability. 

Quality Control checks at various points in the process en
sure consistency and control charting is used extensively 
throughout the fabrication area. The qual ity of the oxide is 
checked regularly usingC-V plots to check for contamina
tion and surface state anomolies and processes are not 
operational until minimum requirements are met. Each 
wafer contains diagnostic structures in addition to the de
vice structures and these test vehicles are used to inves
tigate and detect potential yield and reliability hazards in 
advance. Scanning electron microscope pictures are 
taken periodically to check the integrity of the metalliza
tion system. Emphasis is given to the early detection of 
step coverage or misalignment problems. A proprietary 
passivation system has been developed that will enable 

Microprocessor Controlled Furnaces 

Control Chart 
X CHART 

I~-~--~~~~-
~'iI" )(li1( 
--- ---

RCHART 

~ - --,;;:;:;;..-;, ~ 
';'\7-;<1- - ... 

-------_.-

RELIABILITY ASSURANCE 

our die to operate in a variety of plastic packages and the 
nature of this unique multilayer system will make the die 
virtually impervious to the packaging medium. 

The strategy of Linear Technology in developing its proc
ess is to make the chip as impervious as possible to mois
ture and ionic contaminants. This approach assures 
reliable operation even in marginal environments. The Lin
ear Technology process offers several layers of protec
tion. 1) Extensive CV monitoring of ali diffusion tubes and 
deposition systems assure underlying oxides with low 
levels of positive ionic contamination. Phosphorous get
tering ties up these ions in an inactive state. 2) A propri
etary deposited oxide gives conformal coverage of metal 
and oxide steps, and is free of cracks. 3) A plasma nitride 
overcoat protects the die from external ionic contamina
tion during handling, testing and assembly. The dual ni
tride/oxide layer is completely free of cracks and pinholes 
which enhance corrosion protection against moisture 
contamination. 

Passivation Process 

1. Contamination Free Passivation 
Oxide 

2. Conformal Oxide Underlayer 

3. Plasma Nitride Top Layer ___ ....J 
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RELIABILITY ASSURANCE 

Packaging 

The impact of new equipment, techniques and materials 
have had a tremendous impact on device reliability. In the 
area of wafer scribing, sawing of the wafers has de· 
creased device chipping and cracking significantly. The 
handling of dice at second optical inspection and die at· 
tach is now mainly semi·automatic, removing the need to 
use tweezers and the resultant damage due to this opera· 
tion. Semi·automatic lead bonding machines have pro· 
duced tremendous gains in productivity but as importantly 
more consistent lead bonds have resulted from this new 
innovation. Die attach materials have improved and mod· 
ern low temperature glass ceramic seals have dramati· 
cally increased product reliability. At Linear Technology 
we are using the latest state·of·the·art assembly equip· 
ment and materials. Our epoxy material has the lowest 
sodium and chlorine content of any molding compound 
available and the data on operating life, power cycling and 
pressure pot is outstanding. All materials are inspected to 
better than industry standards prior to use and strict QC 

Wafer Saw 

-
Die Attached and Wire Bonded Unit 

Encapsulated and Finished Unit 
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checks are performed on·line to assure control and con· 
formance to specifications. At LTC traceability to a fab· 
rication lot is considered to be of primary importance. On 
all packages where space allows a side mark or a back· 
side mark is used to give this key information. We are able 
to track the country of origin, assembly location, die type, 
wafer fablot, exact seal dated and also identify non stand· 
ard processing if required on a special flow. This unique 
benefit is offered as a standard feature at no additional 
cost and adds immensely to the level of control and trace· 
ability on Linear Technology products. 

MII·Standard 883 Method 2010 Condition B visual criteria 
are applied to all Linear Technology products and a thor· 
ough inspection of all lots received from our assembly 
operations in Southeast Asia is performed prior to testing. 
A system of effective and rapid communications exist be· 
tween our operation in Milpitas, California and Southeast 
Asia to analyze and correct any assembly or process reo 
lated problems before the product is shipped to the cus· 
tomer. Precautions are taken throughout the assembly 
process to minimize the impact of ESD (Electrostatic Dis· 
charge) on our devices. 

Side/Backside Mark on Unit 



Test 

The testing of analog circuits is a science in its own right 
and requires very special technical skills to overcome the 
challenges that are presented. At Linear Technology we 
have invested in the very latest "state-of-the·art" com
puter controlled testers and our device designs exercise 
the limits of these excellent testers. All Military 883 prod
ucts receive a 150°C burn-in prior to test and full tempera· 
ture testing is performed. Regulator products are put on 
"rack burn·in" and the devices are exercised in the ther· 
mal shutdown mode prior to testing. This pretest burn-in 
contributes to the removal of infant mortality failures and 
enhances product reliability. Other tests check the ther
mal regulation and verify the integrity of the die attach as 
the presence of voids under the die for a regulator affects 
device performance adversely. Often, tests additional to 
the data sheet tests are added to a test flow to detect po· 
tential flaws that could impact reliability. 

LTXlLlNEAR Tester with Environmental Handler 

RELIABILITY ASSURANCE 

At Linear Technology we believe that the thorough and 
complete testing of our components is an essential ele· 
ment in our plan to provide 'premier' reliable products. 
Precautions are taken throughout test to safeguard our 
devices from the insidious effects of ESD (Electrostatic 
Discharge). As an example, all chip capacitors are pre
stressed with voltages (in excess of the device maximum 
voltage ratings) to induce failure in substandard lots. 

Rack 'Burn·in' of TO·3 Regulators 

Burn·in Operation 
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RELIABILITY ASSURANCE 

Reliability Flow 

Reliability failure rate can be broken out into three main 
categories: 1) Infant Mortality, 2) Freak Failures and 3) 
Long Term Failures. Short term burn·in screening as de
scribed in the previous section address the first cate
gory-infant mortality. The long term failures represent a 
significant number of hours in terms of the mean time be
tween failures and so the major area of concern is a suffi
cient pre-screen conditioning to eliminate the bulk of the 
infant mortality and freak failures. 

These early life failures impact customer warranty costs 
and reputation severely and the replacement costs are 

Typical Representation of IC Lot Failure 
Rates at 50·C Operation 

FAILURE RATES (FITS) 
10' 

10' 

10' 

10' 

10' -=====-=--<---~-~ 
100 10' 102 103 104 105 106 107 

OPERATING LIFE (HOURS) 

1. Infant mortality population which could be 

0.5% of the lot. Its mean life could be as low as 

50 hrs. 

2. The freak population could represent up to 5% 

of the lot. Its mean life could be 5 yrs. 

3. Main population whose mean life could be 

hundreds of years. 

4. The dramatic impact on total lot reliability that 

is achieved by weeding out early failures via 

100% burn-in. 
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clearly several orders of magnitude greater than the initial 
component costs. The Linear Technology 883 program ad
dresses this requirement and offers a cost effective in
house flow. The flow is defined in our MIL-STD 883 
brochure and the essential elements of the program in
clude visual inspection at second and third optical inspec
tion to Condition B (Mil-Standard 883, Method 2010, 
stabilization bake at 150°C, temperature cycling from 
- 65°C to 150°C, constant acceleration, fine and gross 
leak, followed by a 125°C burn-in for 160 hours or equiva
lent. Assuming an active energy of 1.0ev, this burn-in is 
equivalent to 80,000 hours or approximately 9 years at a 
normal operating temperature of around 55°C. 
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Wafer Fab Reliability Audit 

As an additional reliability control, Linear Technology has 
innovated a periodic reliability audit of the wafer fab proc
ess, using a specifically designed reliability structure 
which is stepped into all wafers. 

This structure is optimized to accelerate, under tempera
ture and bias, the two most common failure mechanisms 
in linear circuits, namely mobile positive ions and surface 
charged-induced inversions. The three-terminal structure 
is scribed from a run and assembled in a hermetic pack
age. These devices are burned-in for a predetermined tem
perature and time. The same structure becomes sensitive 
to either failure mechanism depending upon the bias 
scheme used during burn-in. A limit is defined for the leak
age current change during burn-in; a failure indicates a 

RELIABILITY ASSURANCE 

wafer fab problem which will be addressed by the process 
engineering group. The use of a test pattern allows any de
vice to be monitored and also gives faster unambiguous 
feedback than is normally achieved by performing reliabil
ity testing on assembled product. Reliability data is 
generated in less than one week giving immediate feed
back on device reliability. The standard industry monitor
ing schemes typically take a minimum of 22 weeks to 
obtain this feedback and it is not uncommon for the cycle 
time to be up to 40 weeks before fab is alerted of a 
problem. 

Linear Technology utilizes this new control technique in 
addition to the conventional reliability audit on randomly 
pulled finished product. 

Process Reliability Monitor 

STANDARD INDUSTRY RELIABILITY AUDIT 
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RELIABILITY ASSURANCE 

Conclusion 

At Linear Technology Corporation we are addressing relia
bility and quality with the same priority to produce the 
best possible product in the analog world. We believe that 
the combination of our extensive design skills, and excit
ing innovations in the wafer fabrication process, coupled 
with the most modern assembly techniques, has produced 
the "MOST RELIABLE" linear products available in the 
market today. Our standard product flows include thermal 
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limit rack burn-in (for all regulators) and 150°C burn-in for 
Military 883 products to significantly reduce the infant 
mortality failures. In addition, our 883 flow is designed to 
further enhance product reliability. We fully realize that 
the cost of fa'ilure in the field is many orders of magnitude 
more than the initial component cost. By purchasing Lin
ear Technology Corporation's products, worthwhile insur
ance can be gained. 
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QUALITY ASSURANCE PROGRAM 

At Linear Technology Corporation our overriding commit
ment is to achieve Excellence in Quality, Reliability and Ser
vice (QRS). We interpret the word "excellence" to mean 
delivering products that consistently exceed all the require
ments and expectations of our customers. The commitment 
to QRS extends from the President to every employee, from 
design to product qualification, and from manufacturing to 
shipping. To meet this commitment, Linear Technology has 
established a comprehensive program called "Quality for 
the Eighties." 

This program is divided into four separate, but highly in
terrelated programs, namely Quality Environment, Total 
Quality Control, Vendor Participation, and Focus for the 
Eighties. 

Quality Environment 

This first program, Quality Environment, serves as the build
ing block for three other programs. It entails establishing an 
environment that is conducive to the participation of each 
and every employee in helping to build quality into our prod
ucts. This program encourages every employee to identify 
any quality problem and participate in recommending 
solutions. 

Quality for the '80's 

An operator training and certification program has been 
established that covers every area of manufacturing from 
incoming raw material inspection, wafer fabrication, as
sembly, and test to shipping. Emphasis is placed on compli
ance with specifications, performance to quality goals, 
electrostatic discharge damage (ESD) awareness and con
trols, encouraging operators to think quality and recom
mend quality improvement ideas. 

To ensure compliance with specifications, a Quality Audit 
Team performs a systems audit of key manufacturing areas 
at periodic intervals. Compliance with process specifica
tions and the detailed programs of the Corporate Quality 
Assurance Policy are verified, and discrepancies reported 
for quick resolution with special emphasis to eliminate re
curring problems. The performance of each area is then 
rated, providing a strong incentive for each area to excel. 

With the philosophy that each department, starting from 
incoming raw materials, is considered a customer of the 
preceding department, every effort is made by working 
closely together to meet or exceed our end-customer re
quirements and goals. 

Systems Quality Audit-Tracking Recurring Problems 
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QUALITY ASSURANCE PROGRAM 

Total Quality Control 

The second program starts with the incorporation of innova
tive, but conservative, design and layout rules to achieve 
the best performance without sacrificing quality and relia
bility. During the design and development cycle, Design, 
Product, Package, Manufacturing, Quality and Reliabilty 
Engineering groups participate in design reviews to ensure 
that all program aspects are covered; ranging from product 
performance objectives to ensuring reproducibility and re
peatability in wafer fabrication and assembly. Special em
phasis is placed on devising input protection circuitry to 
minimize susceptibility to voltage spikes and ESD, optimiz
ing thermal layout to minimize parametric drift, and 
optimizing bond pad layout to maximize assembly and elec
trical test yields, at the same time allowing the die to be 
assembled in a wide selection of packages. 

Once the design is approved, a stringent manufacturing 
qualification test plan is conducted on the initial engineer
ing runs. The test plan is selected to bring out any weak
nesses in the design and any manufacturability problems, 
and includes reliability stress tests such as high tempera
ture operational life and high temperature humidity bias 
85°C/85% RH for plastic packages, and MIL-STD-883C 
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Raw Material Controls 

VENDDR QUALIFICATION
MINIMUM 3 MANUFACTURING LOTS 

QUALIFIED VENDOR LlST-
ADDITION OF NEWLY QUALIFIED VENDOR TO LIST 

STRINGENT INCOMING INSPECTION ON EVERY LOT: 
• DIMENSIONAL 
• VISUAL EXAMINATION 
• FUNCTIONAL TESTING TO SIMULATE ACTUAL 

MANUFACTURING CONDITIONS 
• PLATING THICKNESS MEASUREMENTS 
• COMPOSITIONAL ANALYSIS 
• CHEMICAL ANALYSIS FOR CONTAMINANTS 

VENDOR PERFORMANCE TRACKING
TO DETERMINE VENDOR QUALIFICATION! 

DISQUALIFICATION STATUS 

method 5005 qualification testing for hermetic packages. 
Product performance on these tests must be equal to or bet
ter than similar products within the same generic group to 
be considered qualified. Major design, package, material 
and process changes are also subjected to these same 
stringent qualification requirements. In addition to achiev
ing the required reliability performance, an engineering 
change must also achieve manufacturing yield and quality 
performance levels equal to or better than the original prod
uct to be considered qualified. 

In manufacturing, process controls start with vendor quali
fication on raw material piece parts. A Qualified Vendor List 
is maintained and performance of each vendor is continu
ously monitored on a Vendor Rating Program. A dimen
sional, visual, functional and, where applicable, composi
tional analysis is performed on each direct raw material lot. 
Automated state-of-the-art wafer fabrication, assembly and 
test equipment, cassette-to-cassette handling in wafer fab
rication and automated handling in assembly are utilized, 
where possible, to maintain manufacturing consistency 
and quality. Only fully trained and certified operators are al
lowed to work on production material. 

SEM Monitor of Metallization Quality 



QUALITY ASSURANCE PROGRAM 

Stringent process controls, typically beyond industry stand· 
ards, are established for each critical manufacturing step in 
wafer fabrication, wafer test, assembly, package finishing, 
mark and pack and shipping as depicted in the Quality Con· 
trol Flow Diagram. The process controls include monitors of 
critical assembly processes at a minimum frequency of four 
times per shift, and lot acceptance inspection for operations 
requiring 100% production inspection. Initial die inspection 
and preseal visual inspection are performed per MIL·STD·883 
Method 2010 Test Condition B. Statistical quality control 
techniques are employed in optimizing process parameters, 
and monitoring process performance through the use of con· 
trol charts with action limits and upper and lower control lim· 
its, and in parametric distribution analysis at electrical test. 

Electrical quality is guaranteed by conservative guard· 
banding on production test programs of a minimum of three 
machine guardbands, by using state·of·the·art test equip· 
ment and 0.04 % AQL for lot acceptance testing at 25°C for all 
military and commercial lots. All lots also receive a QA AQL 
lot acceptance test at the high and low temperature extremes 
of the specification. Additional tests, like rack burn·in, be· 
yond the data sheet specifications on regulator products are 
performed by exercising the parts in a thermal shutdown 
mode. These tests are incorporated into the test flow to im· 
prove reliability and weed out infant mortality failures. Visual 
and mechanical quality is optimized by minimizing handling 
of parts in assembly, test and end of line operations. Lead fin· 
ish processes have been selected that mimimize solderability 

X and R Control Chart for One Variable 
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problems and all lots are subjected to a stringent major 
visual/mechanical inspection. Administrative errors due to 
mixed and wrong parts are minimized by strictly adhering to a 
one lot per station policy, and double checking orders at or· 
der entry and shipping. Before shipment of a lot to the cus· 
tomer each lot is inspected to ensure that it meets internal 
and customer specifications and purchase order require· 
ments. The level of attention paid to each unit is demon· 
strated by the fact that each unit is traceable to the wafer 
fabrication lot number via a side or back mark on both 883 
and commercial products on all packages, except where 
there is a physical constraint. 

Through the use of automated equipment, strict process 
controls (utilizing proven statistical quality control tech· 
niques), periodic systems and quality audits (conducted by 
the Quality Audit Team), stringent facilities and environ· 
mental controls and monitors, Linear Technology is able to 
ensure quality is built into the product and to guarantee a 
consistently high quality level. 

The manufacturing quality controls are complimented by a 
reliability audit program designed to weed out design, fab' 
rication, packaging and assembly deficiencies. Addition· 
ally, controls are supported by a comprehensive failure 
analysis and corrective action program designed to provide 
timely feedback of findings to all operating groups for reso· 
lution. The analysis of customer returns, and corrective ac· 
tion taken, completes the closed loop of our Total Quality 
Control program. 

Military and Commercial Products Share 
the Same Stringent Inspections and Controls 

o WAFER FABRICATION PROCESS CONTROLS & CLASS 100 PROCESSING. 
• REGULAR SEM MONITORS. 
o DICE INSPECTION PER MIL-STD-883C METHOD. 2010 TEST CONDITION B. 
o PRE-SEAL VISUAL INSPECTION PER MIL-STD-883C METHOD 2010. TEST 

CONDITION B. 
o DIE SHEAR TEST PER MIL-STD-883C METHOD 2019. 
o BOND PULL TEST PER MIL-STD-883C METHOD 2011. 
o SOLDERABILITY TEST PER MIL-STD'883C METHOD 2003. 
o MARK PERMANENCY TEST PER MIL-STD-883C METHOD 2015. 
o HERMETICITY TESTING PER MIL-STD-883C METHOD 1014. 
o OA ELECTRICAL TEST TO 0.04% AOL AT 25'C. AND TEMPERATURE TESTING. 
o EXTERNAL VISUAL PER MIL-STD-883C METHOD 2009. 
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QUALITY ASSURANCE PROGRAM 

Bond Strength Histogram 
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QUALITY ASSURANCE PROGRAM 

Vendor Participation 

The requirements of high quality raw materials for Inte· 
grated circuit manufacture range from ppb (parts per billion) 
impurity levels for electronic grade chemicals to ppm (parts 
per million) defective levels for lead frame packaging 
materials. It is not only essential, but critical for the semi· 
conductor manufacturer to work closely with their vendors 
to attain the high quality levels needed in raw materials. At 
Linear Technology, a program has been established and 1m· 
plemented to allow vendor participation In formulating 
specifications and establishing percentage defective and 
lot rejection rate goals. This vendor participation ensures 
that the direct and raw material quality levels received are 
consistent with our manufacturing and end·product quality 
goals. Clearly, achieving optimum quality product requires 
the use of the best possible materials available and with 
continuous communication and feedback from our vendors 
to Improve in this key area. 

Focus For the 80's 

The following key quality improvements programs have 
been established to meet the quality requirements of the 
80's. 

25°C Electrical Average Outgoing Quality (AOQ) 
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PPM Goals 

As demand for quality semiconductor components be· 
comes increasingly more stringent, the percentage goals 
from the 1970's have given way to ppm goals in the 1980's. 
At Linear Technology, ppm quality goals are established for 
every major operation, from incoming inspection to cus· 
tomer returns. Performance to goals is reviewed quarterly 
and, where goals are not met, quality improvement pro· 
grams are defined and implemented. Quality goals are 
updated and tightened on an annual basis, and quality pro· 
grams are redefined to achieve the new goals established. 
One of the early benefits of this program is demonstrated by 
the excellent average outgoing electrical quality (AOQ). 

Statistical ac 
The increased reliance on automated manufacturing and 
test equipment underlines the need for strict process con· 
trol techniques. Statistical QC is a valuable tool and, at 
Linear Technology, we realize the importance of these 
methods. Engineering analysis is performed regularly, 
using SQC techniques to establish the process capability. 
Control charts showing X and R points are tracked to ensure 
the process is within normal limits and action and shut· 
down limits are established for critical operations. 

X and R Control Chart lor Two Variables 
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QUALITY ASSURANCE PROGRAM 

ESDControl 

A comprehensive ESD control program has been estab· 
lished which encompasses design, handling, testing, stor· 
age, and final packaging for shipment. The program 
includes the use of grounded table tops, floor mats, wrist 
straps and heel straps, topical antistatic treatment of floor 
coverings, banning of static bearing materials from the 
manufacturing environment, ionizers, and use of conduc· 
tive or antistatic materials for handling and final packaging. 
Areas where ESD control must be enforced are designated 
as ESD Protected areas. ESD awareness training programs 
help to increase the operator's awareness for successful 
implementation of this program. Every effort is made to 
stamp out this silent chip killer. The benefits of this pro· 
gram are improved quality and reliability to the customer. 

auality System Surveys MIL·a·9858 and MIL.J.45208 Approval 
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Based on the foregoing quality programs, Linear 
Technology CoJporation is positioned to con· 
tinuously improve our product quality and ex· 
ceed the demands of our customers in the 80's 
and beyond. 
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Customer Ship·To·Stock Program 

Linear Technology is working hand·in·hand with customers 
to supply consistently high quality·level products to help 
achieve a ship·to·stock program by eliminating the need to 
do an incoming inspection. We recognize the benefits to our 
customers of a ship·to·stock program, namely savings in 
the need to purchase and maintain incoming test equip· 
ment, savings in the need to maintain a safety stock in case 
of incoming lot rejections, and reduction in board failures 
and re·work costs because of higher component quality. 

IF 
FAILURE 
RATE IS 

EXCEEDED 

Ship·To·Stock Program Flow 

100% INCOMING INSPECTION 

ESTABLISH PPM GOAL WITH CUSTOMER . 

CUSTOMER MEASURES AIQ 
(AVERAGE INCOMING QUALITY) 

ELIMINATE 100% INCOMING INSPECTION AND 
START SHIP-TO-STOCK WHEN AIQ ",PPM GOAL. 

LTC PROVIDES CUSTOMER WITH AOQ 
(AVERAGE OUTGOING QUALITY) DATA. 

CUSTOMER TRACKS BOARD/SUBSYSTEM/SYSTEM 
TEST DATA ON SHIP-TO-STOCK PARTS. 

CUSTOMER TO RETURN FAILED PARTS 
TO LTC FOR FAILURE ANALYSIS. 



INCOMING RAW MATERIAL 
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INSPECTION (3rd OPTICAL) 

QUALITY ASSURANCE PROGRAM 

Quality Control Flow Diagram 
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Linear Technology R·Flow 

Reliability has been a key focal point at Linear Technology 
Corporation since our inception in 1981. Our standard prod· 
uct reliability is monitored closely and we have generated 
an extensive reliability data base for both hermetic and 
plastic devices. This data is published on a quarterly basis 
and we are seeing very low reliability failure rates in the 1 to 
3 FIT range at 55°C. * 

In response to customer requests, we have added an even 
higher level of reliability screening for commercial hermetic 
and plastic components. LTC's R·Flow adds an equivalent 
160 hours 125°C burn·in to the standard commercial pro· 
cess flow. Following burn·in, a 100% room temperature test 
is performed and a 10% PDA (Percent Defective Allowed) is 
applied. This PDA limit affords an additional level of insur· 
ance on a lot·by·lot basis and prevents the occasional dis· 
parate lot from being shipped for critical applications. The 
additional room temperature insertion also decreases the 
probability of any electrical defectives in the R·Flow lot. -Note: 1 FIT = 1 failure in 109 device hours. 

R·Flow for TO·5 and CERDIP Packages 

OUTGOING QA IN PROC. QA 
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TEST 
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R·Flow lor Plastic Dual·ln·Line Packages 
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Introduction 

As integrated circuit technologies achieve higher speed, 
smaller geometries, lower power and lower voltage, there 
is a tendency toward greater ESD (Electrostatic Damage) 
susceptibility. State-of-the-art CMOS ICs can be suscept
ible to as little as 50V, a static level that is way below the 
500V to 15,000V commonly found in an ESD unprotected 
work environment. As these state-of-the-art ICs get 
designed into systems, the ESD susceptibility of system 
hardware also increases proportionately. Industry esti
mates of losses due to ESD are in the range of a few billion 
dollars annually. 

It has become increasingly important for semiconductor 
manufacturers and users of semiconductor and other 
electronic components to fully understand the nature of 
ESD, the sources of ESD, and the impact on quality and 
reliability to effectively deal with this silent chip killer. 

Linear Technology Corporation has successfully under
taken a simple but effective ESD Protection Program as 
part of an overall program designed to enhance product 
quality and reliability. 
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ESD PROTECTION PROGRAM 

The objective of this tutorial is to provide increased ESD 
awareness by identifying the sources of ESD in the work 
environment and recommending keypoints for the suc
cessful implementation of an ESD program in your 
company. 

The end result of a successful ESD program is the reduc
tion of line failures, final inspection failures and field 
failures, improved manufacturing yields, improved prod
uct quality and reliability and lower warranty costs. We 
believe that an ESD Protection Program must be an 
important integral part of every electronic company's 
product quality and reliability program. 

A copy of the Linear Technology ESD Protection Program 
Brochure can be obtained on request by writing directly to: 

Linear Technology Corporation 
1630 McCarthy Blvd. 
Milpitas, CA 95035-7487 



~~Llnll\Q APPLICATION NOTES 
....... , TECHNOLOGY~---------------

AN1 Understanding and Applying the LT1005 
Multifunction Regulator 

This application note describes the unique operat
ing characteristics of the LT1005 and describes a 
number of useful applications which take advan
tage of the regulator's ability to control the output 
with a logic control signal. 

AN2 Performance Enhancement Techniques for 
3-Terminal Regulators 

This application note describes a number of 
enhancement circuit techniques used with existing 
3-terminal regulators which extend current capa
bility, limit power dissipation, provide high voltage 
output, operate from 110VAC or 220VAC without 
the need to switch transformer windings, and 
many other useful application ideas. 

AN3 Applications for a Switched-Capacitor 
Instrumentation Building Block 

This application note describes a wide range of 
useful applications for the LTC1 043 dual precision 
instrumentation sWitched-capacitor building 
block. Some of the applications described are ultra 
high performance instrumentation amplifier, lock
in amplifier, wide range digitally controlled variable 
gain amplifier, relative humidity sensor signal con
ditioner, LVDT Signal conditioner, charge pump 
F to V and V to F converters, 12-bit A to D con
verter and more. 

AN4 Applications for a New Power Buffer 

The LT1 01 0 150J.tA power buffer is described in a 
number of useful applications such as a boosted op 
amp, a feed-forward, wideband DC stabilized buff
er, a video line driver amplifier, a fast sample-hold 
with hold step compensation, an overload protected 
motor speed controller, and a piezoelectric fan 
servo. 

AN5 Thermal Techniques in Measurement and 
Control Circuitry 

6 applications utilizing thermally based circuits are 
detailed. Included are a 50MHz RMS to DC con
verter, an anemometer, a liquid flowmeter and 
others. A general discussion of thermodynamic 
considerations involved in circuitry is also 
presented. 

AN6 Applications of New Precision Op Amps 

Application considerations and circuits for the 
L T1 001 and LT1002 single and dual precision 
amplifiers are illustrated in a number of circuits, 
including strain gauge signal conditioners, 
linearized platinum RTD circuits, an ultra precision 
dead zone circuit for motor servos and other 
examples. 

AN7 Some Techniques for Direct Digitization of 
Transducer Outputs 

Analog-to-digital conversion circuits which directly 
digitize low level transducer outputs, without DC 
preamplification, are presented. Covered are cir
cuits which operate with thermocouples, strain 
gauges, humidity sensors, level transducers and 
other sensors. 

AN8 Power Conditioning Techniques for Batteries '" 'II 
U 

is 
A variety of approaches for power conditioning C 
batteries is given. Switching and linear regulators ~ 
and converters are shown, with attention to effi- Go 
ciency and low power operation. 14 circuits are a: 
presented with performance data. iii 
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APPLICATION NOTES 

AN9 Application Considerations and Circuits for a 
New Chopper-Stabilized Op Amp 

A discussion of circuit, layout and construction con
siderations for low level DC circuits includes error 
analysis of solder, wire and connector junctions. 
Applications include sub-microvolt instrumentation 
and isolation amplifiers, stabilized bufters and com
parators and precision data converters. 

3rd atr '85 

AN11 Designing Linear Circuits for 5V Operation 

This note covers the considerations for designing 
precision linear circuits which must operate from a 
single 5V supply. Applications include various 
transducer signal conditioners, instrumentation 
amplifiers, controllers and isolated data converters. 

4th atr '85 

AN12 Circuit Techniques for Clock Sources 

Circuits for clock sources are presented. Special 
attention is given to crystal-based designs in
cluding TXCOs and VXCOs. 

3rd atr '85 

AN13 High Speed Comparator Techniques 

The AN 13 is an extensive discussion of the causes 
and cures of problems in very high speed compar
ator circuits. A separate applications section 
presents circuits, including a 0.025% accurate 
1Hz-30MHz V to F converter, a 200ns 0.01% 
sample-hold and a 10MHz fiber optic receiver. Five 
appendices covering related topics complete this 
note. 
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AN14 Designs for High Frequency Voltage-To
Frequency Converters 

4th atr '85 

A variety of high performance V to F circuits are 
presented. Included are a 1Hz to 100MHz 
deSign, a quartz stabilized type and a 0.0007% 
linear unit. Other circuits feature 1.5Voperation, 
sine wave output and non-linear transfer func
tions. A separate section examines the trade-ofts 
and advantages of various approaches to V to F 
conversion. 

AN15 Circuitry for Single Cell Operation 

1.5V powered circuits for complex linear func
tions are detailed. DeSigns include a V to F con
verter, a 10 bit A-D, sample-hold amplifiers, a 
switching regulator and other circuits. Also 
included is a section on component considera
tions for 1.5V powered linear circuits. 

AN16 Unique IC Buffer Enhances Op Amp Designs, 
Tames Fast Amplifiers 

This note describes some of the unique IC design 
techniques incorporated into a fast, monolithic 
power buffer, the LT1010. Also, some applica
tion ideas are described such as capacitive load 
driving, boosting fast op amp output current and 
power supply circuits. 
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