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€XCLUSIVELY COMMITTED TO LINEAR

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

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

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

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

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

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

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

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

LIFE SUPPORT POLICY

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

a. Life support devices or systems are devices or systems which (1) are intended for surgical implant into the body, or (2) support or sustain life and

whose failure to perform when properly used in accordance with instructions for use provided in the labeling can be reasonably expected to result
in a significant injury to the user.

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

Information furnished herein by Linear Technology Corporation is believed to be accurate and reliable. However, no responsibility is assumed for its

use. Linear Technology Corporation makes no representation that the interconnection of its circuits, as described herein, will not infringe on existing
patent rights.

Linear Technology Corporation © 1630 McCarthy Bivd. ¢ Milpitas, CA95035 e (408)432-1900  © Linear Technology Corporation 1987  Printed in USA
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LT1524, Regulating Pulse Width Modulator .. ... ... ... .. ... . . . . 7-3
LT1525A, Regulating Pulse Width Modulator NORQUE . . ... ... ..o e 7-11
LT1526, Regulating Pulse Width Modulator .. ... ... ... .. .. . 7-19
LT1527A, Regulating Pulse Width Modulator ORQut . ... .. ... e 7-11
LT3524, Regulating Pulse Width Modulator ... ... .. ... .. . e 7-3
LT3525A, Regulating Pulse Width ModulatorNORQut . .. ... ... . 7-11
LT3526, Regulating Pulse Width Modulator . ... ......... . ... e 7-19
LT3527A, Regulating Pulse WidthModulatorORQut .. . ... ... e 7-11
LTC1040C, Dual Micropower Comparator . . . ....................c.... {‘?{, .............................. 5-45
LTC1040M, Dual Micropower Comparator . .......................... S 5-45
LTC1041C, Bang-Bang Controller . . .. .. ...ttt 5-57
LTC1041M, Bang-Bang Controller . . ... ... 5-57
LTC1042C, Window Comparator .. ... ... ... ... ... $5-5
LTC1042M, Window Comparator . . . ... ... ... . $5-5
LTC1043C, Dual Instrumentation Switched-Capacitor BuildingBlock . . ............ ... .. i, 8-3
LTC1043M, Dual Instrumentation Switched-Capacitor BuildingBlock .......... ... ... ... .. o iiiiiinn... 8-3
LTC1044C, Switched Capacitor Voltage Converter . ... ... ... ... .ot iiieeas 8-19
LTC1044M, Switched Capacitor Voltage Converter . .. ... ... ... ... ... . 8-19
LTC1045C, » Power Hex Translator/Receiver/Driver . . .. ... ... . ... ... ... ... . . . §5-13
LTC1045M, . Power Hex Translator/Receiver/Driver .. ..................oiiiiiir iy $5-13
LTC1052C, Chopper Stabilized Op Amp (CSOA) . .. ... e 2-123
LTC1052M, Chopper Stabilized Op Amp (CSOA) . . . .. .. e 2-123
LTC1059AC, Switched Capacitor Filter BuildingBlock . . . . ... ... ... . .. . . 6-3
LTC1059AM, Switched Capacitor Filter BuildingBlock . .......... ... 6-3
LTC1059C, Switched Capacitor Filter BuildingBlock . . .. ... .. ... .. . . 6-3
LTC1059M, Switched Capacitor Filter Building Block ... ........ ... ... . .. . . . . 6-3
LTC1060AC, Dual Switched Capacitor Filter Building Block . ........... ... ... ... ... . . .. . . i 6-11
LTC1060AM, Dual Switched Capacitor Filter BuildingBlock . . . ....... ... ... ... 6-11
LTC1060C, Dual Switched Capacitor Filter BuildingBlock . .. ........ ... ... .. .. 6-11
LTC1060M, Dual Switched Capacitor Filter Building Block . . . . ............... ... . ... . ... .. ... ... 6-11
LTC1061C, Triple Switched Capacitor Filter BuildingBlock . ............ ... ... . ... ... ... ... ... ... ... S6-3
LTC1061M, Triple Switched Capacitor Filter BuildingBlock . . . ........... ... ... . ... . ... ... .. ... ... ... $6-3
LTC1062C, Precision Fifth Order Low Pass Filter . .. ... ... ... . . . . e .. 631
LTC1062M, Precision FifthOrder Low Pass Filter ... ... . s 6-31
LTC1090C, 10-BitA/D with Serial /0 and 8-Channel MUX . . . .......... ... ... ... .. .. .. i, $8-47
LTC1090M, 10-BitA/D with Serial /0 and 8-Channel MUX . ......... ... ... .. ... .. ... ... ... .ccooinn.. $8-47
LTC1091C, 10-BitA/D with Serial I/0and 2-Channel MUX . . . ... ... ... ... ... ... ... ... ... ... ..... $8-71
LTC1091M, 10-BitA/D with Serial /0 and 2-Channel MUX . .......... .. ... .. ... ... .. .. ... ..., $8-71
LTC1092, 10-Bit, 8-PinA/Dwith Serial Qutput . . . . ... ... .. ... ... . $10-26
LTC1099, High Speed 8-Bit A/D Converter with Built-In Sample-and-Hold . .. ............................... $10-30
LTC7652C, Chopper Stabilized Op Amp (CSOA) . .. ... e e 2-123

LY R s17



ALPHANUMERIC INDEX

LTZ1000C, Ultra Precision Reference . . . . ... ... . . i e $4-9
LTZ1000AC, Ultra Precision Reference . . .. ... . ot $4-9
0PO05, Operational Amplifier . . .. ... e 2-199
OPO5A, Operational AmpPIIfier . . . .. .. 2-199
OPOSC, Operational AMpPIIIEr . . . ... 2-199
OPOSE, Operational AmMplifier . . ... ... 2-199
OP07, PreCiSiON O AMID ..ottt e et e e e 2-207
OPO7A, PreCiSion DD AMID . . oo ettt e e e e 2-207
OPO7C, PreCision O AMID . . oot e e 2-207
OPO7D, PreCiSiOn QD AMID . ..ttt e e e 2-207
OPOT7E, PreCision QD AMID . . ottt e 2-207
OP15A, Precision High Speed JFET-INPUtOp AMID . . . oot e e e 2-215
OP15B, Precision High Speed JFET-Input Op Amp . . . . ... 2-215
OP15C, Precision High Speed JFET-Input Op AmD . . . ... 2-215
OP15E, Precision High Speed JFET-INpUt Op AMD . . . . ..o 2-215
OP15F, Precision High Speed JFET-INpUt Op AMD . . . ..ot e e 2-215
OP15G, Precision High Speed JFET-INPUtOpAMID . . . ...ttt e e 2-215
OP16A, Precision High Speed JFET-Input Op AmMp . . . ... e 2-215
0P16B, Precision High Speed JFET-Input Op Amp . . . ... 2-215
OP16C, Precision High Speed JFET-INPUtOp AMD . . .. ..ottt e e e 2-215
OP16E, Precision High Speed JFET-INpUut Op AMD . . . .. ..o e 2-215
OP16F, Precision High Speed JFET-INpUut Op Amp . . . . e e e e 2-215
OP16G, Precision High Speed JFET-Input Op AMID . . . ... o e e 2-215
0P27A, Low Noise, High Speed Precision Op AMID . . . ... e 2-219
0P27C, Low Noise, High Speed Precision Op AMD . . . . ... e 2-219
OP27E, Low Noise, High Speed Precision Op AMD . . . ...ttt e e e e e 2-219
0P27G, Low Noise, High Speed PreCision Op AMID . . . ...ttt e e e e e 2-219
OP37A, Low Noise, High Speed Precision Op AMD . . . ... i e e 2-219
0P37C, Low Noise, High Speed Precision Op AMp . . . .. ..o e e 2-219
OP37E, Low Noise, High Speed Precision Op AmD . . . ... ..o e 2-219
0P37G, Low Noise, High Speed Precision Op AMD . . . ...ttt e e 2-219
OP215A, Dual Precision JFETINputOp AMp . ... ... . e $2-49
0P215C, Dual Precision JFETInputOp AMp . .. ... $2-49
OP215E, Dual Precision JFETINpUt Op AMIP . . . ... ... L $2-49
0P215G, Dual Precision JFET Input Op A . .. ... ... e §2-49
0P227A, Dual Matched Low Noise Precision Op Amp . . . ... oottt e e 2-231
0P227C, Dual Matched Low NoiSe Precision Op AMD . . . . ..ottt 2-231
0P227E, Dual Matched Low NOise Precision Op AMp . . . .. ..ot 2-231
0P227G, Dual Matched Low NoiSe Precision Op Amp . . .. ...t e 2-231
0P237A, Dual High Speed Low Noise Precision Op Amp . . . .. oottt e e 2-231
0P237C, Dual High Speed Low Noise PreCision Op AMpD . . . .. vttt e e e 2-231
0P237E, Dual High Speed Low Noise PreCision Op AmMp . . . .. ...t e e e e e 2-231
0P237G, Dual High Speed Low Noise Precision Op AmMp . . . .. ..ot 2-231
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REFO01, Precision Voltage Reference 10V .................
REFO1A, Precision Voltage Reference 10V ................
REF01C, Precision Voltage Reference 10V ................
REFO1E, Precision Voltage Reference 10V ................
REFO1H, Precision Voltage Reference 10V ................
REFO02, Precision Voltage Reference 5V . .................
REF02A, Precision Voltage Reference5V .................
REF02C, Precision Voltage Reference5V .................
REF02D, Precision Voltage Reference5V .................
REFQ2E, Precision Voltage Reference5V .................
REFO2H, Precision Voltage Reference5V .................
SG1524, Regulating Pulse Width Modulator ...............
SG1525A, Regulating Pulse Width Modulator NOR Out
SG1527A, Regulating Pulse Width Modulator OR Qut
SG3524, Regulating Pulse Width Modulator ...............
SG3525A, Regulating Pulse Width Modulator NOR Qut
SG3527A, Regulating Pulse Width Modulator OR Qut

Surface Mount (Small Outline—S0) Products

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

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

7L|”EAD INFORMATION

TECHNOLOGY

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

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

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

A. JAN QPL devices.

B. DESCdrawings.

C. MIL-STD-883, Level B, Revision C for all military temperature range devices.

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

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

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

M for Military

C for Commercial
X for 200°C Extended Range*

Letter indicates electrical grade of part

Generic or Product Part Number

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

*Contact Factory for further information.

V. PACKAGE SUFFIX EXPLANATION
Letter Designator  Description

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

H Multi Lead Metal Can

J 14,16, 18 and 20 Pin Ceramic DIP

J8 8 Pin Ceramic DIP

K TO-3 Metal Can (Steel)

N 14,16, 18 and 20 Pin Molded DIP

N8 8 Pin Molded DIP

P TO-247 Molded (3 lead)

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

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

z TO-92 Molded (3 lead)

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

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

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

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

HARRIS P/N LTC DIRECT REPL
HAOPOQ7 OPO07
LT1001AM*
HAOPO07C OP07C
LT1001C*
HAOPO7E OPO7E
LT1001C*
HA5135-2 OPQ7
LT1001M*
HA5130-2 OPO7A
LT1001AM*
HA5135-5 OPQ7C
LT1001C*
HA5130-5 OPO7E
LT1001C*
HA2510 LT118A**
LM118**
HA2512 LT118A**
LM118A**
HA2515 LT318A**
LM318**
INTERSIL
INTERSIL P/IN LTC DIRECT REPL
ICL7650 8-Pin LTC1052*
ICL7652 8-Pin LTC7652
ICL7660 LTC1044*
ICL8069C LM385-1.2
LT1004C-1.2*
ICL8069M LM185-1.2
LT1004M-1.2*
LF155A LF155A
LF155 LF155
LF156A LF156A
LF156 LF156
LF355A LF355A
LF356A LF356A
LH2108A LH2108A
LH2108 LH2108
LM101A LM101A
LM107 LM107
LM108 LM108
LT1008M*
LM108A LM108A
LT1008M*
LM111 LM111
LT111A*
LT1011M*
LM124 LT1014M*
MOTOROLA
MOTO PIN LTC DIRECT REPL
LM101A LM101A
LM107 LM107
LM108 LM108
LT1008M*
LM108A LM108A
LT1008M*

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

MOTO P/N LTC DIRECT REPL
LM111 LM111
LT111A*
LT1011M*
LM117 LM117
LT117A*
LM123 LM123
LT123A*
LT1003M**
LM137 LM137
LT137A*
LT1033M**
LM150 LM150
LT150A*
LM158 LT1013M*
LM308A LM308A
LT1008C*
LM311 LM311
LT311A*
LT1011C*
LM317 LM317
LT317A*
LM323 LM323
LT323A*
LT1003C**
LM337 LM337
LT337A*
LT1033C**
LM350 LM350
LT350A*
MC1558 LT1013M*
MC78T05 LM323T
LT323AT*
MC145406 LT1039**
SG1524 SG1524
LT1524*
SG1525A SG1525A
LT1525A*
SG1527A SG1527A
LT1527A*
SG3524 SG3524
LT3524*
SG3525A SG3525A
LT3525A*
SG3527A SG3527A
LT3527A*
LF355A LF355A
LF356A LF356A
LM148 LT1014M*
LM124 LT1014M*
MC1400U2 LT1019CN8-2.5*
MC1400AU2 LT1019ACN8-2.5*
MC1400U5 LT1019CN8-5*
MC1400AU5 LT1019ACN8-5*
MC1400U10 LT1019CN8-10*
MC1400AU10 LT1019ACN8-10*
LF155A LF155A
LT1055AM

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

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

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

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

NATIONAL SEMICONDUCTOR

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

TEXAS INSTRUMENTS

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

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

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

S1-10

LTI



ALTERNATE SOURCE CROSS REFERENCE GUIDE

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

*LTC Improved Replacement: 100% Pin-for-pin compatible with better electrical specifications.
**Similar Device: Please consult the data sheet to determine the suitability of the replacement for specific applications.
tConsult factory for guaranteed TC devices.
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SECTION 2—OPERATIONAL AMPLIFIERS

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

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

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

SINGLE

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

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

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

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

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

LT100TM 60 10 55 5000 17 45 H,J8 Drift

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

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

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

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

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

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

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

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

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

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

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

LT1056AM 180 4 005 150 12 50 H Speed and Precision

LT1056M 450 8 005 120 9 60 H

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

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

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

LF156A 2000 5 005 75 10 151+ H TCVosonal Grades

LF156 3500 15 0.10 50 9 15t H

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

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

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

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

LM108 2000 15 3 % 01 3ot H Supply Current

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

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

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

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

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

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

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

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

OP-15 3000 15 02 50 5 20t H

OP-16A 500 5 05 100 18 20t H Precision JFET Input, High

OP-168 1000 10 0.1 75 12 20t H Speed, No Phase Reversal

OP-16C 3000 15 02 50 9 20t H

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

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

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

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

DUAL

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

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

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

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

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

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

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

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

LH2108 2000 15.0 2 % [ 3ot D Brazed Package

LY R

S2-3



OP AMP SELECTION GUIDE

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

COMMERCIAL
ELECTRICAL CHARACTERISTICS
Vos C s AvoL SLEW RATE NOISE
MAX Vos MAX MIN MIN MAX 10Hz PACKAGES
PART NUMBER ) (uVI°C) (NA) (VimV) (Viis) (nVIHz) AVAILABLE IMPORTANT FEATURES
| SINGLE
0P-07C 150 1.8 7 120 0.1 20 H,J8, N8, S8 Low Initial Offset, Low Noise,
OP7E 75 13 4 200 0.1 18 H, J8,N8 Low Drift
OP-15E 500 5 0.05 100 10 20t H,N8 Precision JFET Input, Low |
OP-15F 1000 10 0.1 75 5 20t H,N8 Bias, No Phase Reversal
OP-15G 3000 15 02 50 5 20t H,N8
OP-16E 500 5 005 100 18 20t H,Ng Precision JFET Input, High
OP-16F 1000 10 04 75 12 20t H,N8 Speed, No Phase Reversal
OP-16G 3000 15 02 50 9 20t H,N8
OP-27E 25 0.6 40 1000 1.7 55 H,J8,N8 Very Low Noise, Unity Gain
0P-27G 100 18 80 700 17 80 H,N8 Stable
OP-37E 25 0.6 40 1000 1 55 H,J8, N8 Very Low Noise, Stable for
OP37G 100 18 80 700 11 80 H, N8 Gains 25
DUAL
LT1002AC 60 09 30 400 0.15 20 IN Dual, Matched LT1001 High
LT1002C 100 13 45 350 0.15 20 IN CMRR, PSRR Matching
LT1013AC 150 20 2 1500 0.2 ut H,J8 Precision Dual Op Amp
LT1013C 300 25 30 1200 0.2 ut H,J8, N8 in8Pin Package
LT1013D 800 50 30 1200 0.2 ut N8, S8
LT1057AC 450 7 005 150 10 75 H,J8 Low Offset JFET Input
LT1057ACN8 450 10 005 150 10 75 N8 Multiple Op Amps Combine
LT1057C 80 12 0075 100 8 80 H,J8 ;ge’;ss"eed and Excellent DC
LT1057CN8 800 16 0075 100 8 80 N8
LF412AC 1000 10 0.1 100 10 20t H,J8, N8 High Performance Dual JFET
OP-215E 1000 10 0.1 150 10 20t H,J8,N8 Input Op Amp
OP-215G 3000 2 02 50 8 20t H,J8, N8
OP-227E 80 10 40 3000 17 6 JN Dual Matched OP-27
OP-227G 180 18 80 2000 17 9 4N
OP-237E 80 10 40 3000 10 6 IN Dual Matched OP-37
0P-237G 180 18 80 2000 10 9 N
QUAD
LT1014AC 180 20 2 1500 0.2 ut J Precision Quad Op Amp
LT1014C 300 25 30 1200 0.2 ut N in 14-Pin Package
LT1014D 800 50 K| 1200 0.2 ut N
LT1058AC 600 10 005 150 10 5 J Low Offset JFET Input
LT1058ACN 600 15 005 150 10 5 N Multiple Op Amps Combine
LT1056C 1000 1 0075 100 8 80 J :if‘e’; :"eed and Excellent DG
LT1058CN 1000 2 0075 100 8 80 N

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

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

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

SELECTION BY DESIGN PARAMETER
Typ Equivalent Input Noise Voltage

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

LTI
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LT1006

TECHNOLOGY

FEATURES

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

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

= Supply Current can be Reduced by a Factor of 4

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

APPLICATIONS

= | ow Power Sample and Hold Circuits

= Battery Powered Precision Instrumentation
Strain Gauge Signal Conditioners
Thermocouple Amplifiers

= 4mA-20mA Current Loop Transmitters

m Active Filters

Precision, Single Supply
Op Amp
DESCRIPTION

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

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

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

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

LT1006 Single Supply, Micropower Sample and Hold

+9V

>
30k UCDAOBE 1CD4066 :

I
3900 S3

o] \] 3900 |
SN

360k

Distribution of Input Offset Voltage

; ; 2C04066

N g

S-H OFFSET

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

LOW=HOLD

\\

8
] 6
/51 3%
A4

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

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

INPUT OFFSET VOLTAGE (V)

2045
10
my
2504A
5.0mA
800pA
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LT1006

ABSOLUTE MAXIMUM RATINGS

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

PACKAGE/ORDER INFORMATION

TOP VIEW
Iy SET
(NOTE 2)

ORDER PART
NUMBER

LT1006AMH
LT1006MH
LT1006ACH
LT1006CH

(CASE)
H8 PACKAGE T0-5 METAL CAN

TOP VIEW
v I

SEH 8] sir

-n[Z] [7]v+

+INn[E] 6] our
_ v

v-[a] 5] 1R vote 4

J8 PACKAGE N8 PACKAGE
HERMETIC DIP PLASTIC DIP

LT1006AMJ8
LT1006MJ8
LT1006ACJ8
LT1006CJ8
LT1006CN8

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

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



LT1006

ELECTRICAL CHARACTERISTICS

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

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

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

perature range.

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

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

Rser

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

LY WIER
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LT1006

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

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

$2-12 LT LNEAR



LT1006

TYPICAL PERFORMANCE CHARACTERISTICS

Offset Voltage Drift with
Temperature of Representative

Offset Voltage vs Balanced

Vos vs Common-Mode Voltage vs

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



LT1006

TYPICAL PERFORMANCE CHARACTERISTICS

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

TYPICAL PERFORMANCE CHARACTERISTICS

Power Supply Rejection Ratio vs

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

Ay=1

10ps/DIV

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

5V/DIV

50us/DIV
Ay=1 Ay=1

R =4.7k T0 GROUND

INPUT=0V TO 3.8V

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

20mV/DIV

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

LY N8
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LT1006

APPLICATIONS INFORMATION

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

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

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

b) When the input is more than 400mV below ground (at
25°C), the input stage saturates (transistors Q3 and Q4)

and phase reversal occurs at the output. This can cause
lock-up in servo systems. Due to a unique phase reversal
protection circuitry (Q21, Q22, Q27, Q28), the LT1006's out-
put does not reverse, as illustrated below, even when the
inputs are at - 1.5V.

At the output, the aforementioned single supply designs
either cannot swing to within 600mV of ground (OP-20) or
cannot sink more than a few microamperes while swing-
ing to ground (LM124, LM158). The LT1006’s all-NPN out-
put stage maintains its low output resistance and high
gain characteristics until the output is saturated.

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

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

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

v

6Vp-p INPUT, —1.5V T0 4.5V

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

2v

ov

LT1006
NO PHASE REVERSAL

REVERSAL

Gain 100 Amplifier

5V

N SR
- p—100mV
>
my S 6000

Voltage Follower

OUTPUT

imV

S2-16
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LT1006

APPLICATIONS INFORMATION

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

Test Circuit for Offset Voltage and
Offset Drift with Temperature

50k*

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

*RESISTORS MUST HAVE LOW
THERMOELECTRIC POTENTIAL.

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

Vo=1000Vpg

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

| INPUT (mV)  OUTPUT (V)

50us/DIV

Vg=5V, 0V

Low Supply Operation

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

Noise Testing

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

Supply Current Programming

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

Comparator Applications

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

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

INPUT (mV)  OUTPUT (V)

50ps/DIV

Vg=5V, OV
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TYPICAL APPLICATIONS

Platinum RTD Signal Conditioner with Curvature Correction

+V  V=56V—-10V

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

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

Voltage Controlled Current Source with Ground
Referred Input and OQutput

Micropower 1MHz V—F Converter

VOLTAGE

CONTROLLED

& CURRENT
 SOURCE

TRIGGER

2 LTC1043

0.0014F

4 v
:rllomrﬁ%

OPERATES FROM A SINGLE 5V SUPPLY

9V

LM334

100Hz
TRIM
220k**TYP

INPUT
ov-5v

1000pF (POLYSTYRENE)
11

o STRAY
CAPACITANCE
£

H
=2N3904

*  =1% METAL FiLM CHARGE PUMP

++ =1% METAL FILM, SELECTED

To-=mcn4

03  REFERENCE

T1004-2.5

LT1004-1.2

 outpur

OMHz —1MHz

REFERENCE

SWITCH

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

Micropower Thermocouple Signal Conditioner with Cold Junction Compensation

4.5V
(3AA CELLS)

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

51.1k

o 5000
> 100°C

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

+ 5V Precision Instrumentation Amplifier

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

AVos o6
aT
COMMON-MODE INPUT VOLTAGE INCLUDES THE SUPPLIES
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LT1006 SCHEMATIC DIRGRAM
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as B
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v l E:
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016) 0050
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150°C | 150°CW | 4°CW 150°C T 100°CW 100°C © 130°CW |
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TECHNOLOGY
FEATURES
= Voltage Noise 1.1nV/Hz Max. at 1kHz

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

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

= Low Noise Frequency Synthesizers
= High Quality Audio

= |nfrared Detectors

= Accelerometer and Gyro Amplifiers
® 3500 Bridge Signal Conditioning

m Magnetic Search Coil Amplifiers

= Hydrophone Amplifiers

Ultra-Low Noise Precision
High Speed Op Amp

DESCRIPTION

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

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

Flux Gate Amplifier

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

Voltage Noise vs Frequency

10 =

S Vg= £ 15V]
D m——
MAXIMU
N\ T

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

—

/1 CORNER =3.5Hz

VOLTAGE NOISE DENSITY (nV/vHz)
o

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

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

PACKAGE/ORDER INFORMATION

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

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

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



LT1028

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

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

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

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

Note 2: Long Term Input Offset Voltage Stability refers to the average trend
line of Offset Voltage vs. Time over extended periods after the first 30 days
of operation. Excluding the initial hour of operation, changes in Vg during
the first 30 days are typically 2.54V.

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

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

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

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

Note 7: This parameter is not 100% tested.

Note 8: The inputs are protected by back-to-back diodes. Current limiting
resistors are not used in order to achieve low noise. If differential input volt-
age exceeds * 1.8V, the input current should be limited to 25mA.

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

LY IR
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TYPICAL PERFORMANCE CHRRACTERISTICS

10Hz Voltage Noise Distribution

Wideband Noise, DC to 20kHz

Wideband Voltage Noise
(0.1Hz to Frequency Indicated)

10

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

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

Gain Error vs Frequency

Voltage Gain vs Frequency Gain, Phase vs Frequency Closed Loop Gain = 1000
160 — 70— 70 10
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A\ s o N I
_ \ _ AY \J = L I
& 100 I N 0 R o< 01 = =
z \ = g
Z w0 5 \ e
s N\ i %0 \ NE g
g o N . Y B = .
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TYPICAL PERFORMANCE CHARACTERISTICS

Total Harmonic Distortion vs Closed

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

Voltage Noise vs Current Noise

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

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

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

where Req is the total equivalent source resistance at the
twoinputs

and y=V4kTReq=0.13VReq innVivHzat25°C

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

1002 100k

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

output noise = 1000 ey = 2.04uVIVHz

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

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

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

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

Best Op Amp for Lowest Total Noise

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

Note 1: Source resistance is defined as matched or unmatched, e.g.,
Rs = 1k means: 1kQ at each input, or 1kQ at one input and zero at the other.
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LT1028

APPLICATIONS INFORMATION
—NOIS€E

Noise Testing—Voltage Noise

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

The 0.1Hz to 10Hz peak-to-peak noise of the LT1028 is
measured in the test circuit shown. The frequency re-
sponse of this noise tester indicates that the 0.1Hz corner
is defined by only one zero. The test time to measure 0.1Hz
to 10Hz noise should not exceed 10 seconds, as this time
limit acts as an additional zero to eliminate noise con-
tributions from the frequency band below 0.1Hz.

0.1Hz to 10Hz Noise Test Circuit

0.1u4F

100kQ
A'A'A'

VOLTAGE GAIN

=50,000 0.14F

*DEVICE UNDER TEST

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

110k
I o

\
22 SCOPE 60
x1
Riy=1MQ 50 w

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

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

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

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

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

0.1Hzto 10Hz p-p Noise
Tester Frequency Response

AR
AT

100

N

70

GAIN (dB)

=====—

: i

0.01 0.1 1.0 10 100
FREQUENCY (Hz)

LY R
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LT1028

APPLICATIONS INFORMATION
—NOIS€E

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

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

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

100% Noise Testing

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

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

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

Automated Tester Noise Filter

Z 7
=
=

~

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

7l \
\\

100 1k 10k 100k
FREQUENCY (Hz)

NOISE FILTER LOSS (dB)

APPLICATIONS INFORMATION

General

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

Offset Voltage Adjustment

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

15V

INPUT

—15v

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

Offset Voltage and Drift

Thermocouple effects, caused by temperature gradients
across dissimilar metals at the contacts to the input
terminals, can exceed the inherent drift of the amplifier
unless proper care is exercised. Air currents should be
minimized, package leads should be short, the two input
leads should be close together and maintained at the
same temperature.
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LT1028

APPLICATIONS INFORMATION

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

Test Circuit for Offset Voltage
and Offset Voltage Drift with Temperature

10k*

AAA
VWV

15V

:: —15v

> Vo=100Vqg

JL *RESISTORS MUST HAVE LOW
= THERMOELECTRIC POTENTIAL

Frequency Response

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

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

to Rgp is 40%. ¢
als

Ri

AAA

VW

“{T1028

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

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

Over-Compensation

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

LTI
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LT1028
TYPICAL APPLICATIONS

Paralleling Amplifiers to Reduce Voltage Noise Low Noise Voltage Regulator

1.5
1210
LTSWE—[—“NVj-

Sk T

10 < PROVIDES PRE-REG

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

b— OUTPUT

2N6387

— 1000pF 20 OUTPUT

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

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

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

Strain Gauge Signal Conditioner with Bridge Excitation

15V

$ 3300
LT1021-5 b

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

> 5k

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

>
S 3300

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

TYPICAL APPLICATIONS

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

©

1k

E

>
g 1000

I 1

LT 5239




LT1028
TYPICAL APPLICATIONS

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

INFRA RED ASSQCIATES, INC.
HgCdTe IR DETECTOR p:
130@77°K 1

-

".
2
"l
II|-—l
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LT1028

PHCKHGG DGSC“IPT'O“S Dimensions in inches (millimeters) unless otherwise noted.

0.290 -0.320
(7.37-8.13)

0.008-0.018

(0.203-0.460)

0°-15°

0.38540.025
(9.779£0.635)

I 2:300-0.320

(7.620~8.128)

0.280
7o)
MIN

gy

ol 00090015

(0.229-0.381)

+0025
0325 25015

[ |
+0.635
ie 2550 331)

0.027 -0.045
(0.686 - 1.143)

0.200-0.230

0.110-0.160
(2.794~4.064)
INSULATING
STANDOFF

NOTE: LEAD DIAMETER IS UNCONTROLLED BETWEEN
THE REFERENCE PLANE AND SEATING PLANE.

(5.080 - 5.842)
BSC

J8 Package

A
Ceramic DIP
0.005
o120 ™ "‘ s
MIN X
0.200 T fo2en
(5.080) 0,025 MAX
e o655 W] [7] [¢] 3]
0.015-0.060 RADTYP
o 0220-0310
(5.588-7.874)
LTI
0.014-0.026 0.055
0360 0.660) “'(; b ot
MAX
MIN
T 0.100+0.010
{2 510=0250
Timax B,
165°C 100°CW
N8 Package
Molded DIP
0.400
(10.160)
0040  0.13040.005 MAX
0.065 le Q040 0130+0.005
{Tesh) *’1 (1.016) (3.302£0.127) 00 olaiaio
& = {0.508)
MIN
+ ) 0.250+0.005
f 1 (6:35020.127)
w0, }
" ngagago
004520015 | 0.018
(1.143£0.381) (0.457) . 0125
0.100£0.010 TvP 3.175)
(254020.254) MIN
Tymax Bia
115°C 130°CW
H8 Package
TO-5Metal Can
0.335-0.370
[ 8509-9.398) "
0IA
0.305-0.335
[~ 7747-8.509)
0.040
(1.016) 0.050
e voy oo
MAX (4.191-4.699)
SEATING ¥ REFERENCE
Py — L) PLANE
PLANE t UU=U=UU—FECESE 0.50020.750
0.010-0.045 DU [] [”] {12.70- 19.05)
(0.254 -1.143)
o] l< 0016-0021
0406-0533)
TYP

Tmax
175°C

140°CW 40°CW
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TECHNOLOGY

FEATURES

= 14V/us Slew Rate
= 5MHz Gain-Bandwidth Product

10V/us Min.

® Fast Settling Time 1.3u5 10 0.02%

m 150V Offset Voltage (LT1057) 4504V Max.

= 180,V Offset Voltage (LT1058) 600,V Max.

m 24V/°C Vog Drift 7uVI°C Max.

= 50pA Bias Current at 70°C

= Low Voltage Noise 13nVIVHz @ 1kHz
26nViVHz @ 10Hz

APPLICATIONS

= Precision, High Speed Instrumentation
m Fast, Precision Sample and Hold

m Logarithmic Amplifiers

= D/A Output Amplifiers

= Photodiode Amplifiers

= oltage to Frequency Converters

= Frequency to Voltage Converters

LT1057/1LT1058

Dual and Quad, JFET Input
Precision High Speed Op Amps

DESCRIPTION

The LT1057 is a matched JFET input dual op amp in the
industry standard 8 pin configuration, featuring a com-
bination of outstanding high speed and precision speci-
fications. 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 lowest offset quad JFET input opera-
tional amplifier in the standard 14 pin configuration. It of-
fers significant accuracy improvement over presently
available JFET input quad operational amplifiers. It can re-
place four single precision JFET input op amps, while sav-
ing board space, power dissipation and cost.

Both the LT1057 and LT1058 are available in all standard
packages: plastic and hermetic DIP and (LT1057 only)
metal can.

Current Output, High Speed, High Input Impedance
Instrumentation Amplifier

V23+

W 1 7.5k
2 71058 vy

lout

_2v1-v2)
Rx

lout

*GAIN ADJUST
**COMMON-MODE REJECTION ADJUST
BANDWIDTH =2MHz

Distribution of Offset Voltage
(All Packages, LT1057 and LT1058)

25

Vg= 15V LT1057: 610 OP AMPS

Ta=25°C LT1058: 520 OP AMPS

20 1130 OP AMPS
ESTED

PERCENT OF UNITS

Lo
_,JH%"'!

0
-10 -06 =02 0 0.2 0.6 1.0

INPUT OFFSET VOLTAGE (mV)
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LT1057/LT1058

ABSOLUTE MAXIMUM RATINGS PACKAGE/ORDER INFORMATION

SUpPIY VOItAge ... «.vvvvvveeeeiiiieee e, +20V o ORDER PART NO.
Differential Input Voltage ....................... 40V
InputVoltage........coovviviii s 20V LT1057AMH
Output Short Circuit Duration.................. Indefinite LT1057MH
Operating Temperature Range o LT1057ACH
LT1057AMILT1057M/ S LT1057CH
LT1058AMILT1058M .................. ~55°C 10 125°C —
LT1057AC/LT1057C/ outpuT A [T] g 8lv+ ETr} gg;ﬁﬂh‘fg 8
LT1058ACILT1058C ... ....evvvve. . 0°C to 70°C Ak [ —ourre LT1057ACJ8
Storage Temperature Range *‘“;‘_‘E - % e LT1057CJ8
AllDevices.......oooviviiiininns -65°C to 150°C et LT1057ACN8
Lead Temperature (Soldering, 10 seC.). ........... 300°C PLASTIC DIP NG PACKAGE LT1057CN8
TOP VIEW
vl LT1058AMJ
Al LT1058MJ
v+[3] LT1058ACJ
+in8[E] LT1058CJ
-wa[g] LT1058ACN
ot ] LT1058CN
"oAST O i PAKOCE

GLGC'H“C‘“. CHﬂﬂﬂCTEﬂISTICS Vs = £ 15V, Ty =25°C, Vom =0V unless otherwise noted. (Note 1)

LT1057AM/LT1058AM LT1057M/LT1058M

LT1057AC/LT1058AC LT1057C/LT1058C
SYMBOL | PARAMETER CONDITIONS MIN TYP  MAX MIN TYP  MAX UNITS
Vos Input Offset Voltage LT1057 150 450 200 800 wv
LT1058 180 600 250 1000 uv
los Input Offset Current Fully Warmed Up 3 40 4 50 pA
Iy Input Bias Current Fully Warmed Up +5 +50 x7 £75 pA
Input Resistance-Differential 102 1012 0
-Common-Mode | Vey= -11Vto8V 10" 102 0
Veu=8Vto 11V 10" 10" Q
Input Capacitance 4 4 pF
€, Input Noise Voltage 0.1Hz to 10Hz LT1057 20 21 uwVp-p
LT1058 24 2.5 uwVp-p
ey Input Noise Voltage Density fo=10Hz % 8 nVivHz
fo=1kHz (Note 2) 13 2 14 24 nViWHz
in Input Noise Current Density fo=10Hz, 1kHz(Note 3) 15 4 1.8 6 fAWHz
AvoL Large Signal Voltage Gain Vo= %10V,R =2k 150 350 100 300 VimV
Vo= +10V,R =1k 120 250 80 220 VimV
Input Voltage Range +10.5 143 +10.5 14.3 v

-115 -15

CMRR Common-Mode Rejection Ratio LT1057 86 100 82 98 dB
LT1058 84 98 80 9% dB
PSRR Power Supply Rejection Ratio Vg=+10Vto £18V 88 108 86 102 dB
Vour Output Voltage Swing R =2k 12 +13 12 +13 v
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LT10567/LT1058

ELECTRICAL CHRRACTERISTICS v- = 15v, Ty=25°C, Vg =0V unless otherwise noted. (Note 1)

LT1057AMILT1058AM LT1057MILT1058M
LT1057ACILT1058AC LT1057CILT1058C

SYMBOL | PARAMETER CONDITIONS MIN TYP  MAX MIN TYP  MAX UNITS
SR Slew Rate 10 14 8 13 Vius
GBW Gain-Bandwidth Product f=1MHz (Note 5) 35 5 3 5 MHz
ls Supply Current Per Amplifier 1.6 25 1.7 28 mA
Channel Separation DC to 5kHz, Viy= £ 10V 132 130 dB

ELGCTI“CH'. CHARACTERISTICS Vg= %15V, Voy =0V, 0°C <Tp <70°C, unless otherwise noted.

LT1057AC LT1057C
LT1058AC LT1058C

SYMBOL | PARAMETER CONDITIONS MIN TYP  MAX MIN TYP  MAX UNITS
Vos Input Offset Voltage LT1057 ° 250 800 330 1400 v
LT1058 o 300 1200 400 1800 w
Average Temperature LT1057 H/J8 Package ° 18 7 2.3 12 pVI°C
Coefficient of Input N8 Package ° 3 10 4 16 wVI°C
Offset Voltage LT1058 J Package (Note 4) | @ 25 10 3 15 pvi°C
N Package (Note 4) | ® 4 15 5 22 wI°G
los Input Offset Current Warmed Up, Tp=70°C 18 150 20 250 pA
Iy Input Bias Current Warmed Up, T, =70°C +50 %250 +60  +350 pA
AvoL Large Signal Voltage Gain Vo= =10V, R =2k L] 70 220 50 200 VimV
CMRR Common-Mode Rejection Ratio Veu= =104V ° 85 98 80 96 dB
PSRR Power Supply Rejection Ratio Vg= =10V to 18V ° 87 102 84 100 dB
Vour Output Voltage Swing R =2k @ | +12 +12.8 *+12 +12.8 \
[ Supply Current Per Amplifier ° 28 3.2 mA
To=70°C 1.4 1.5 mA

€I.€CTHICHL CHHRHCTGBISTICS Vg= +15V,Vop =0V, - 55°C <Tp <125°C, unless otherwise noted.

LT1057AM LT1057M

LT1058AM LT1058M
SYMBOL | PARAMETER CONDITIONS MIN TYP  MAX MIN TYP  MAX UNITS
Vos Input Offset Voltage LT1057 ° 300 1100 400 2000 v
LT1058 o 380 1600 550 2500 wV
Average Temperature Coefficient | LT1057 o 2.0 7 2.5 12 wI°C
of Input Offset Voltage LT1058 (Note 4) ° 25 10 3 15 wVI°C
los Input Offset Current Warmed Up, Ty =125°C 015 2 0.2 3 nA
Iy Input Bias Current Warmed Up, Ty = 125°C +06 45 +07 6 nA
AvoL Large Signal Voltage Gain Vo= x10V,R =2k o 40 120 30 110 VimV
CMRR Common-Mode Rejection Ratio Vou= =104V ° 84 97 80 95 dB
PSRR Power Supply Rejection Ratio Vg=+10Vto 17V L] 86 100 83 98 dB
Vour Output Voltage Swing R =2k o +12 +12.7 +12 +126 v
I Supply Current Per Amplifier Ta=125°C 125 19 1.3 2.2 mA

The ® denotes the specifications which apply over the full operating tem-
perature range.
Note 1: Typical parameters are defined as the 60% yield of distributions of
individual amplifiers; i.e., out of 100 LT1058s or (100 LT1057s), typically

240 op amps (or 120 for the LT1057) will be better than the indicated
specification.
Note 2: This parameter is tested on a sample basis only.

Note 3: Current noise is calculated from the formula:
in=(2qlp)"2

where q=1.6 x 10~ coulomb. The noise of source resistors up to 1G2

swamps the contribution of current noise.

Note 4: This parameter is not 100% tested.

Note 5: Gain-bandwidth product is not tested. It is guaranteed by design

and by inference from the slew rate measurement.

LT HIER
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LT1057/LT1058

TYPICAL PERFORMANCE CHARACTERISTICS

Input Bias and Offset Currents Input Bias Current Over
vs Temperature the Common-Mode Range Warm-Up Drift
16 . Q 100
1000 Vg= %15V Vg= =15V 160 = Vg= =15V
= 2 oo
g [t A /A - R
= 300 / o 1.2 120 a 3 80
w wn w
=4 o // 2 g
& / 10 weg 8
100 = o8 Ta=125°C TA=70C] go Z 2 60 LT1058 N PACKAGE
£ BIAS CURRENT / / = &
5 g P / = 2 el
= / £ 06 1 0T E ]
= V4 3 04 AT _~ / 0 3= 7 LTIOT N, LT1058 J PACKAGE
] OFFSET CURRENT| & o, x S 2 w
S 10 Ay 5 0. AN ) LT1057 H PACKAGE
a S T
= / / 20 p—— 02 LT1057 J PACKAGE
3 -0.2 -20% 0
0 25 50 75 100 125 -15 =10 -5 0 5 10 15 0 1 2 3 4 5
AMBIENT TEMPERATURE (°C) COMMON-MODE INPUT VOLTAGE (V) TIME AFTER POWER ON (MINUTES)
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Drift with Temperature Drift with Temperature Long Term Drift of
(Hand J Package) (Plastic N Package) Representative Units
120 ——r 50—
Vg= 15V 11211 71057H: 102 OP AMPS 120 Vg= %15V LT1057N: 180 OP AMPS Vg= = 15V
T LT1057J: 130 OP AMPS LT1058N: 176 OP AMPS 40 mTy=25°C_ T
100 4 LT1058J: 136 OP AMPS 100 356 OP AMPS - - 30 —
b 1 I U =
| 368 OF AMPS 1 1 UNIT EACH AT 2
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LT1057/LT1058

TYPICAL PERFORMANCE CHARACTERISTICS

Slew Rate, Gain-Bandwidth Undistorted Output Swing vs
Large Signal Response Product vs Temperature Frequency
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LT1057/LT1058

TYPICAL PERFORMANCE CHARRCTERISTICS

Common-Mode and Power
Common-Mode Rejection Ratio Common-Mode Range vs Supply Rejections vs
vs Frequency Temperature Temperature
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APPLICATIONS INFORMATION

The LT1057 may be inserted directly into LF353, LF412,
LF442, TLO72, TL082 and OP-215 sockets. The LT1058
plugs into LF347, LF444, TLO74, TL084 sockets. Of course,
all standard dual and quad bipolar op amps can also be re-
placed by these devices.

High Speed Operation

When the feedback around the op amp is resistive (Rr), a
pole will be created with Rr, the source resistance and
capacitance (Rs, Cs), and the amplifier input capacitance
(Cin=4pF). In low closed loop gain configurations and
with Rs and Rr in the kilohm range, this pole can create ex-
cess phase shift and even oscillation. A small capacitor

(C) in parallel with Rr eliminates this problem. With
Rs(Cs + Cin) = RrCr, the effect of the feedback pole is
completely removed.

o
TN e—p—T

>
>
>

<
<
<

% Rs I Cs — OUTPUT
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LT1057/LT1058

APPLICATIONS INFORMATION

Settling time is measured in a test circuit which can
be found in the LT1055/LT1056 data sheet and in Applica-
tion Note 10.

Achieving Picoampere/Microvolt Performance

In order to realize the picoampere/microvolt level accuracy
of the LT1057/LT1058, proper care must be exercised. For
example, leakage currents in circuitry external o 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 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 connections
to the inverting input. Guarding both sides of the printed
circuit board is required. Bulk leakage reduction depends
on the guard ring width.

The LT1057/LT1058 have the lowest offset voltage of any
dual and quad JFET input op amps 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 con-
siderably lower than that of bipolar transistors. Converse-
ly, this lower transconductance is the main cause of the
significantly faster speed performance of FET input op
amps.

Teflon™ is a trademark of DuPont.

Offset voltage also changes somewhat with temperature
cycling. The AM grades show a typical 40uV hysteresis
(50uV on the M grades) when cycled over the -55°C to
125°C temperature range. Temperature cycling from 0°C
t0 70°C has a negligible (less than 204V) hysteresis effect.

The offset voltage and drift performance are also affected
by packaging. In the plastic N package the molding com-
pound is in direct contact with the chip, exerting pressure
on the surface. While NPN input transistors are largely
unaffected by this pressure, JFET device drift is degraded.
Consequently, for best drift performance, as shown in the
typical performance distribution plots, the J or H pack-
ages are recommended.

In applications where speed and picoampere bias currents
are not necessary, Linear Technology offers the bipolar in-
put, pin compatible LT1013 and LT1014 dual and quad op
amps. These devices have significantly better DC speci-
fications than any JFET input device.

Phase Reversal Protection

Most industry standard JFET input single, dual and quad
op amps (e.g., LF156, LF351, LF353, LF411, LF412, OP-15,
OP-16, OP-215, TL084) exhibit phase reversal at the output
when the negative common-mode limit at the input is ex-
ceeded (i.e., below —12V with + 15V supplies). The photos
show a x16V sine wave input (A), the response of an

"LF412A in the unity gain follower mode (B), and the re-

sponse of the LT1057/LT1058 (C).

The phase reversal of photo (B) can cause lock-up in servo
systems. The LT1057/LT1058 does not phase-reverse due
to a unique phase reversal protection circuit.

i»
4

A B

(A) 16V Sine Wave Input

(B) LF412A Output

c
(C) LT4057ILT1058 Output

All Photos 5V/IDiv Vertical Scale, 50,s/Div Horizontal Scale
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LT1057/LT1058
APPLICATIONS

Low Noise, Wideband, Gain = 100 Amplifier with High Input Impedance

AAA
VVv

4.3k 2.4k
AAA~ —ANA

—3dB BANDWIDTH = 350kHz

GAIN-BANDWIDTH PRODUCT = 35MHz

WIDEBAND NOISE = 130V/VHzZ _7 s50v/VHz
REFERRED TO INPUT

RMS NOISE DC TO FULL BANDWIDTH =7,V

Wideband, High Input Impedance, Gain = 1000 Amplifier

4.7k

4.7k 1k

—3dB BANDWIDTH =400kHz
GAIN-BANDWIDTH PRODUCT =400MHz
WIDEBAND NOISE = 13nV/+/Hz REFERRED TO INPUT

Low Distortion, Crystal Stabilized Oscillator

CRYSTAL
20kHz

COMMON-MODE
SUPPRESSION

1VRms OUT
| 20kHz

0.005%

DISTORTION

OSCILLATOR

LY IR
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LT1057/LT1058

APPLICATIONS

Fast, Precision Bridge Amplifier
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LT1057/LT1058

APPLICATIONS

Bipolar Input (AC) V—F Converter

LTC1043
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LT1057/LT1058

APPLICATIONS

Instrumentation Amplifier with Shield Driver

A

—15V

10k

—> OUTPUT
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LINEAR

TECHNOLOGY
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LT10567/LT1058

PHCHHGG DGSCBIPTIO!‘I Dimensions in inches (millimeters) unless otherwise noted.
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LF412A/OP-215

TECHNOLOGY

FEATURES
= |nternally Trimmed Offset Voltage 1mV Max.
m Offset Voltage Drift 10uV/°C Max.
= High Slew Rate 10V/us Min.
= Wide Bandwidth 3.5MHz Min.
= [ow Supply Current per Amplifier 1.8mA Typ.
= Low Input Bias Current 10pA Typ.
= Standard 8-Pin Configuration
m All Packages Available: Metal Can
Hermetic DIP
Plastic DIP

APPLICATIONS

= Sample and Hold Amplifiers

= Qutput Amplifier for Dual Current Output DACs

= High Speed Integrators

= Photocell Amplifiers

® High Input Impedance Instrumentation Amplifiers

Dual Precision JFET Input
Operational Amplifiers

DESCRIPTION

Linear Technology's LF412A and OP-215 series of dual
JFET input op amps feature several improvements com-
pared to similar types from other manufacturers.

Both devices have lower input bias and offset currents
over the entire temperature range, and are available in all
standard 8-pin packages.

In addition, Linear's LF412A has lower voltage noise and
higher voltage gain. Linear's OP-215 supply currents are
nearly halved.

Please see the LT1057/LT1058 data sheet for applications
requiring higher performance. The LT1057 is a pin com-
patible JFET input dual, the LT1058 is a JFET input quad
op amp in the standard 14-pin DIP configuration.
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LF412A/OP-215

ABSOLUTE MAXIMUM RATINGS PACKAGE/ORDER INFORMATION

ORDER PART

NUMBER

LF412AMH OP-215AH
LF412MH  OP-215CH
LF412ACH OP-215EH
LF412CH OP-215GH

-

[T]ourput s

5] e

5]+ B

LF412AMJ8 OP-215AJ8
LF412MJ8  OP-215CJ8
LF412ACJ8 OP-215EJ8
LF412CJ8  OP-215GJ8
LF412ACN8 OP-215EN8
LF412CN8  OP-215GN8

Supply Voltage TOP VIEW
LF412AM/AC, OP-215AE. ........ccvvvnvnnn, 22V v
LF412MIC,0P-215CIG ..., +18V

Internal Power Dissipation....................... 670mW

Operating Temperature Range
LF412AMIM, OP-215AIC. .............. -55°Ct0125°C
LF412ACIC,OP-215E/G ............. cvee 0°Cto70°C V- o)

Differential Input Voltage H PACKAGE METAL CAN
LF412AMIAC, OP-215AIE. ..., 40V o Ve
LF412MIC,0P-215CIG..........ceeienennes +30V 1 O

Input Voltage (Note A) A
LF412AMIAC, OP-21BAIE. .............ovennens i 1> E
LFA12MIC, OP-215CIG ..., 16V = <

Output Short Circuit Duration.................. Indefinite

Storage Temperature Range. ........... - 65°C t0 150°C o,

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

Note A: Maximum negative input voltage is equal to the negative supply

voltage.

ELECTRICAL CHRRACTERISTICS

Vg = +20V for LF412A, Vg = + 15V for all other grades.
Vem =0V, To=25°C unless otherwise noted.

OP-215A/E LF412AM/AC LF412, OP-215CIG
SYMBOL | PARAMETER CONDITIONS MIN TYP MAX MIN  TYP TYP  MAX
Vos Input Offset Voltage — 02 10 30
los Input Offset Current | T;=25°C (Note 1) - 6 50
Warmed-Up — 10 100
Vs = +15V
lg Input Bias Current T;=25°C (Note 1) — 10 100
Warmed-Up — 15 300
Vs= +15V
Riy Input Resistance - 107 —
AvoL Large Signal R, 22kQ, Vo= £ 10V 150 400 -—
Voltage Gain Vg= 15V
Vo Output Voltage R_=10k0, V= £15V +12 13
Swing R, =2kQ, Vg = £ 15V
I Supply Current
SR Slew Rate Vg= +15V
GBW Gain Bandwidth Vg= 15V (Note 2)
Product
Settling Time 100.01%
100.10%
Input Voltage Range
CMRR Common-Mode Vom= =16V
Rejection Ratio Vem= 11V
Ven= 105V
PSRR Power Supply Vg=£10Vto +20V
Rejection Ratio Vg=+10Vto +18V
[N Input Noise fo=100Hz
Voltage Density f, = 1000Hz
in Input Noise fo=100Hz - 001 — - 001 — - 001 — pAINHz
Current Density = 1000Hz - 001 -— - 001 -— — 001 — | pAWHz
Channel Separation | f=1Hzto 20kHz - 120 — - 120 — — 120 — dB



LF412A/OP-215

ELECTRICAL CHARACTERISTICS

Vg = £20V for LF412A, Vs = + 15V for all other grades.
Vem =0V, —55°C <Tp <125°C unless otherwise noted.

OP-215A LF412AM LF412M, OP-215C
SYMBOL | PARAMETER CONDITIONS MIN TYP MAX| MIN TYP MAX| MIN TYP MAX| UNITS
Vos Input Offset Voltage | — 05 20 - 07 20 - 10 50 mV
Average Input Offset o — 3 10 - 4 10 - 5 20 pvI°C
Voltage Drift (Note 3) (Note 3)
los Input Offset Current T;=125°C (Note 1) e — 08 8 - 08 8 - 1.0 12 nA
Ta=125°C,Warmed-Up | ® | — 12 14 - 12 14 - 15 22 nA
Vs=£15V
lg Input Bias Current Tj=125°C(Note 1) | — =15 =10 - 15 10 - x18 %15 nA
Tp=125°C,Warmed-Up | ® | — 22 =18 — %22 =18 - 27 28 nA
Vg= 15V
Input Voltage Range OP-215 e | +103 f }‘112 - - - - +10.3 t 1‘1‘2 - \
+195 +145
LF412 o — - = &6 Ty — (=M iy - v
CMRR Common-Mode Rejection | Vgy= =16V o — - - 80 100 - - - - dB
Ratio Veu=£11V o — - - - - - 70 10 - dB
Vou= £10.3V e| 8 100 -— — — 80 100 — dB
I Supply Current ®| — 42 68 — 40 56 — 42 88 mA
PSRR Power Supply Rejection V= +10Vto +20V o — - - 80 100 -— - == dB
Ratio Vg= +10Vto =16V ®| 8 100 — - — — 78 100 - dB
AvoL Large Signal Voltage Gain | R =2k, Vo= 10V ®| 3 150 — 30 150 — 25 150 — Vimv
Vg= 15V
Vo Output Voltage Swing R =10kQ, Vg= = 15V ®| 12 13 — +12 +13 — +12 +13 — v
GLECTBICﬂL CHHRHCTG nISTlcs Vs = +20Vfor LF412A, Vs =z 15V for a" Other grades.
Vem =0V, 0°C<Ta <70°C unless otherwise noted.
OP-215E LF412AC LF412C, OP-215G
SYMBOL | PARAMETER CONDITIONS MIN TYP MAX| MIN TYP MAX| MIN TYP MAX| UNITS
Vos Input Offset Voltage | — 04 165 = 05 145 - 07 -38 mV
Average Input Offset o — 3 15 - 4 10 - 5 20 uvI°C
Voltage Drift (Note 3) (Note 3)
los Input Offset Current T;=70°C (Note 1) o — 0.06 0.45 — 006 0457 — 008 085 nA
Ta=70°C, Warmed-Up °| -— 0.08 08 - 008 08 - 010 12 nA
Vg= =15V ) :
Ig Input Bias Current Tj=70°C(Note 1) e — =x012 £07 — 2012 207 1~ £0.14.£09 nA
Tp=70°C, Warmed-Up ®| — x016 14 - #016.- %14 | — 2019 £18 nA
Vg= =15V G
Input Voltage Range OP-215 ol=03 FH2 — | - - - [s103 My v
BRI CNEIA \105 T
LF412 o - — = (#16 Zs = =M Ty - v
CMRR | Common-Mode Rejection | Voy= + 16V o - - - 80 100 — - - - dB
Ratio V=11V o — - - - - = 70 100 - dB
Ve = +10.3V e | 80 100 - - 7% 100 — dB
Is Supply Current ®| — ' 40 68 — 38 56 — 40 .68 mA
PSRR | Power Supply Rejection | V5= +10Vto £20V o — - - 80 100 -— =TT 8
Ratio Vg=+10Vto + 16V ®| 80 100 -— - - = 76 100 — dB
AvoL Large Signal Voltage Gain | R_ 22k®, Vo= + 10V ®| 5 180 -— 50 180 = 35 180 — Vimv
Vs= 15V i o
Vo Output Voltage Swing R 210kQ, Vg= £ 15V ® |12 =13 — +12 13 — +12  +13 — v

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

perature range. The shaded electrical specifications indicate those pa-

rameters which have been improved or guaranteed test limits provided for

the first time.

Note 1: Input bias and offset currents are specified for two different condi-
tions. The T; specification is with the junction at ambient temperature; the

warmed-up specification is with the device operating in a warmed-up condi-
tion at the ambient temperature specified.

Note 2: Gain-bandwidth product is not tested. It is guaranteed by design
and by inference from the slew rate measurement.

are sample tested.

Note3: The LF412Ais 100% tested to this specification. All other grades

LY W%
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LF412A/OP-215

TYPICAL PERFORMANCE CHRRACTERISTICS

Open-Loop Frequency

Common-Mode Rejection Ratio

Power Supply Rejection Ratio

Response vs Frequency vs Frequency
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PHCHHGG DGSC"“PT'O“S Dimensions in inches (millimeters) unless otherwise noted.
H Package
T0-5 Metal Can
03%5-0370
{8:509-9.338)
DIA
0.305-0.335 027
{7747-8.509) 495 T 43.%;—?2:3)
000 Lo
(1.016) 0.050 )
1270 0.165-0.185 0.200-0.230
MAX (4.191-4.699) (5.080 - 5.842)
SEATING ¥ %—;ﬁi?”“ Bec
PLANE A T—U{Hhﬂﬂ—f—ﬁfﬁﬁg 0.500-0.750
0.010- 0.045 m] ” m] (12.70-13.05)
(0254 1.143) H o ms-o—_——!om
>~ 6053 0.110-0.160
‘0405W;> 533) e l—
INSULATING
STANDOFF
NOTE: LEAD DIAMETER IS UNCONTROLLED BETWEEN
THE REFERENCE PLANE AND SEATING PLANE.
Tmax ba bie
165°C 140°CW 40°CW
J Package N Package
8 Lead Cerdip 8 Lead Molded Dip
0.410 0.400
| e
063 \NJ[E] [7] [6] [5] [s] 71 [¢1[5]
RADTYP
0.220-0.310 ) 0.250£0.005
(5.588-7.874) (6.3500.127)
. 000-0.520
&22' T T 0200 (7620-8.128) |
{825 0200 0
MAX 0055 — (5.080) 0010 0.280 u l_, LIt
{1.397) Max 024 [ @y 0065 Thos 013020005
1 MAX 0.015—0.060 MIN uTm _‘l I‘_“me)\ (3.3020.127) 0020
| [ H (0.381—1.526) —f_ (OTW
0.008-0.015 — T [}
T~ 0203-0.381) f T
0.009-0.015 @ ~ ?
A {0229-0.381)
038540005 | 0.018+0.003 P
©.7792063) | © 457*0076)_'“<_ 2—@% °325+ggfg 0.045+0.015 00l 1~
MIN [~ Tp.255 70635 (114320.381) 1 045 1 LD.125
0.0600.020 ) 0.1000.010 5-036!) 0.1000.010 TP (3.175)
(1524.20.508) (25402 0.254) (25402 0.254) M
Tjmax Ba Timax b
155°C 100°CW 115°C 130°CW
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LT1086-12, 1.5A Low Dropout Positive Fixed 12V Regulator . . ............................ $10-20
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LM117HV/317HV, 60 Volt Positive Adjustable Regulator . . ... ............ .. ... ... ... .... 3-73
LT117AHV/317AHV, Improved LMT17HV . ... i 3-73
LM123/323,5Volt, 3Amp Regulator . ........ ... 3-77
LT123A/823A, Improved LM123 . . ... .. 3-77
LM137/337, Negative Adjustable Regulator ........... ... ..., 3-85
LT137A/337A, Improved LM137 . . . ... 3-85
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LT137AHV/337AHY, Improved LM137HV .. ... . e 3-93
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LM150/350, 3 Amp Positive Adjustable Regulator . . ............ ... ... . ... .. ... 3-105
LT150A/350A, Improved LM150 . . . . ... e e 3-105
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TECHNOLOGY
MILITARY
lo POSITIVE Vo
OUTPUT OR Vi NOMINAL REGULATED
CURRENT NEGATIVE PACKAGE MAX OUTPUT VOLTAGE
(AMPS)* ourPuT* PARTNUMBER TYPE wm U] FEATURES/ICOMMENTS
100 Pos. Ad. LT1038MK Steel T03 % 121033 0.8% Vour Tol, Plug In Compatible with 117, 150, 138.
15 Pos. Adj. LT1083MK Steel TO-3 3 12034 Low Dropout (1.2V), 1% Vaer Tol. Pin Compatible with 117, 150, 138 Types
50 Pos. Fixed LT1003MK Steel TO3 20 § 2% Vour Tol.
Pos. Adj. LT138AK  LM138K Steel 703 3 121033 LT138A Has 1% Vaer Tol.
LT1084MK Steel TO-3 35 121034 Low Dropout (1.2V), 1% Vagr Tol. Pin Compatible with 117, 150, 138 Types
Switching LT1070MK Steel TO-3 40 . Self Contained PWM and 5 Amp Switch in a5-Pin Package
LT1070HVMK Steel T0-3 60 .
30 Pos. Fixed LT123AK LM123K Steel TO3 2 5 LT123A Has 1% Vour Tol.
Pos. Adj. LT150AK LM150K Steel T0-3 3% 121033 LT150A Has 1% Vper Tol.
LT1085MK Steel TO-3 35 121034 Low Dropout (1.2V), 1% Vaer Tol. Pin Compatible with 138 Types [
Neg. Adj. LT1033MK Steel T0-3 40 -12to =37 2% Vage Tol.
Dual Pos. Fixed LT1035MK Steel T0-3 2 Two 5V Qutputs Logic Controlied Main Qutput Voltage, 75mA
Positive LT1036MK Steel TO3 30 12,8 Logic Controlled 12V, 3A Output, 5V, 75mA Auxiliary Output
25 Switching LT1071MK Steel TO-3 40 . Self Contained PWM and 2.5 Amp Switch in a 5-Pin Package
LT1071HVMK Steel T0-3 60 *
05t01.5 Pos. Adj. LTHTAK  LMI17K Steel TO-3 40 12t037 LT117A Has 1% Vier Tol.
LT17AH LMIT7H 1039 40
Neg. Adj. LT137AK  LMI3TK Steel TO3 40 -12t0 =37 LT137A Has 1% Vger Tol.
LT137AH_ LM137H T0-39 40
Pos. Adj. LT17AHVK  LM117HVK Steel TO3 60 12t057 LT117AHV Has 1% Vaer Tol.
High Voltage LT17AHVH LM117HVH T0-39 60
Neg. Adj. LT137AHVK  LM13THVK Steel TO-3 50 -12to -47 LT137AHV Has 1% Vaer Tol.
High Voltage LT137AHVH LM137HVH 1039 50
125 Switching LT1072MK Steel TO-3 40 . Self Contained PWM and 1.25 Amp Switch in a 5-Pin Package
LT1072HVMK Steel T0-3 60 *
1.0 Dual Pos. Fixed LT1005MK Steel T0-3 2 Two 5V Qutputs Logic Controlled 1 Amp Main Output Voltage, 35mA Auxiliary Output
125mA Positive LT1020MJ 14 Pin CERDIP 36 41030 Dropout Voltage =0.5V, 404A |, Reference and Comparator
COmMmMeRCIAL
lo POSITIVE Vo
OUTPUT OR Vi NOMINAL REGULATED
CURRENT NEGATIVE PACKAGE MAX QUTPUT VOLTAGE
(AMPS)* OuTPUT* PART NUMBER TYPE ] U] FEATURESICOMMENTS
100 Pos. Adj. LT1038CK Steel T0-3 35 121033 2% Vour Tol., Plug In Compatible with 117, 150, 138.
15 Pos. Adj. LT1083CK Steel T0-3 30 121028 Low Dropout (1.2V) Pin Compatible with 317, 350, 338 Types
LT1083CP Plastic T0-247 30 1.21028
50 Pos. Fixed LT1003CK Steel T0-3 20 5 2% Vour Tol.
Pos. Adj. LT338AK  LM338K Steel 703 B 121033 LT338A Has 1% Vaer Tol.
LT1084CK Steel TO-3 30 121029 Low Dropout (1.2V) Pin Compatible with 317, 350, 338 Types
LT1084CP Plastic T0-247 30 1.21029 Low Dropout (1.2) Pin Compatible with 317, 350, 338 Types
Switching LT1070CK Steel TO-3 40 . Self Contained PWM and 5 Amp Switchin a 5-Pin Package.
LT1070CT T0-220 40 .
LT1070HVCK Steel T0-3 60 N
LT1070HVCT 10220 60 .
30 Pos. Fixed LT323AK  LM3Z3K Steel 103 2 5 LT323A Has 1% Vour Tol.
LT323AT T0-220 2
Pos. Adj. LT350AK  LM350K Steel TO-3 3% 121033 LT350A Has 1% Vier Tol.
LT350AT  LM35S0T T0-220 3% 121033
LT1085CK Steel TO-3 30 121029 Low Dropout (1.2V) Pin Compatible with 338 Types
LT1058CT Plastic T0-220 30 121029
Neg. Adj. LT1033CK Steel T0-3 40 -1210-37 2% Vier Tol.
LT1033CT 70-220 40
Dual Pos. Fixed LT1035CK Steel TO-3 20 Two 5V Outputs Logic Controlled Main Qutput Voltage, 75mA Auxiliary Output
LT1035CT 10220 20
Positive LT1036CK Steei 703 30 12,5 Logic Controlled 12V, 3A Qutput, 5V, 75mA Auxiliary Output
LT1036CT T0-220 30 12,5
25 Switching LT1071CK Steel TO-3 40 M Self Contained PWM and 2.5 Amp Switch in a 5-Pin Package
LT1071CT 10-220 40 .
LT1071HVCK Steel T0-3 60 .
LT1071HVCT 70220 60 *
051015 Pos. Adj. LT317AK  LM317K Steel T03 40 121037 LT317A Has 1% Vage Tol.
LT317AH  LM317TH T0-39 40
LT37AT LMAITT T0-220 40
Neg. Adj. LT337AK  LM337K Steel TO3 40 -12to -37 LT337A Has 1% Vpgr Tol.
LTI37AH  LM33TH 7033 40
LT337AT _LM337TH 10220 40
Pos. Adj. LT317AHVK  LM317HVK Steel TO-3 60 1.2t057 LT317HV Has 1% Vger Tol.
High Voltage LT317ARVH LM317THVH T0-39 60
Neg. Adj. LT337AHVK  LM337HVK Steel TO-3 50 -12to =47 LT337HV Has 1% Vger Tol.
High Voltage LT337AHVH  LM33THVH 7039 50
125 Switching LT1072CK Steel TO-3 40 . Self Contained PWM and 1.25 Amp Switch in a 5-Pin Package
LT1072CT Plastic 70-220 40 .
LT1072HVCK Steel T0-3 60 .
LT1072HVCT Plastic T0-220 60 .
1.0 Dual Pos. Fixed LT1005CK Steel TO-3 20 Two 5V Outputs Logic Controlied Main Qutput Voltage
LT1005CT 70220 20
125mA Positive LT1020CJ 14 Pin CERDIP % 41030 Dropout Voltage = 0.5V, 404A lq, Reference and Comparator
LT1020CN 14 Pin Plastic 41030

*The lg values for the LT1070 and LT1071 are switch current values. Actual output current, voltage and polarity depends on the type of switching regulator employed.
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REGULATOR SELECTION GUIDE

MILITARY COMMERCIAL FEATURES
SWITCHING REGULATORS LT1070MK LT1070CK Current Mode PWM with Self-Protected 5 Amp Switch on the Same Chip, Capable of
5 %o S LT1070HVMK LT1070HVCK Operation in Flyback, Boost, Buck-Boost, and'CUK Converters.
00 °° LT1071IMK LT1071CK Current Mode PWM with Self-Protected 2.5 Amp Switch on the Same Chip, Capable of
LT1071HVMK LT1071HVCK Operation in Flyback, Boost, Buck-Boost, and 'CUK Converters.
LT1072MK LT1072CK Current Mode PWM with Self-Protected 1.25 Amp Switch on the Same Chip, Capable of
LT1072HVMK LT1072HVCK Operation in Flyback, Boost, Buck-Boost, and 'CUK Converters.
LT1070CT Current Mode PWM with Self-Protected 5 Amp Switch on the Same Chip, Capable of
LT1070HVCT Operation in Flyback, Boost, Buck-Boost, and 'CUK Converters.
LT1071CT Current Mode PWM with Self-Protected 2.5 Amp Switch on the Same Chip, Capable of
LT1071HVCT Operation in Flyback, Boost, Buck-Boost, and 'CUK Converters.
LT1072CT Current Mode PWM with Self-Protected 1.25 Amp Switch on the Same Chip, Capable of
LT1072HVCT Operation in Flyback, Boost, Buck-Boost, and 'CUK Converters.
POSITIVE FIXED A LT1003MK LT1003CK 5V£2%,5Amp
% 5 D LT123AK LT323AK 5V:£1%,3Amp
0 ° LM123K LT323K 5V +3%,3Amp
LT1005MK LT1005CK Dual Output Regulator with 5V 1 Amp Logic Switchable Output and Auxiliary 5V
T 35mA Output
00 ° LT1035MK LT1035CK Dual Output Regulator with 5V 3 Amp Logic Switchable Output and Auxiliary 5
75mA Output
LT1036MK LT1036CK Dual Output Regulator with 12V 3 Amp Logic Switchable Output and Auxiliary 5V
75mA Output
LT1005CT Dual Output Regulator with 5V 1 Amp Logic Switchable Output and Auxiliary 5V
L LT1035CT Dual Output Regulator with 5V 3 Amp Logic Switchable Output and Auxiliary 5V
75mA Output
LT1036CT Dual Output Regulator with 12V 3 Amp Logic Switchable Output and Auxiliary 5V
75mA Output
) LT1003CP 5V£2%,5Amp
LT323AP 5V£1%,3Amp
T ° M3z 5V+3%, 3Amp
LT323AT 5V£1%,3Amp
POSITIVE ADJUSTABLES LT1038MK LT1038CK ToAmp
% N LT1083MK LT1083CK 7.5 Amp Low Dropout
0 o, 9 LT1084MK LT1084CK 5 Amp Low Dropout
LT138AK LT338AK 5Amp 1% Reference
LM138K LM338K 5Amp
LT1085MK LT1085CK 3 Amp Low Dropout
LT150AK LT350AK 3Amp 1% Reference
LM150K LM350K Amp
LM117AK LT317AK 1.5Amp 1% Reference
LM117K LM317K 15Amp
LT117AHVK LT317AHVK 1.5Amp 1% Reference, Hi Voltage
LM117AHVK LM317AHVK 1.5 Amp, Hi Voltage
LT117AH LT317AH 0.5Amp 1% Reference
% LM1TH LM317H 0.5Amp
000 LM117AHVH LT317AHVH 0.5 Amp 1% Reference, Hi Voltage
LM117HVH LM317HVH 0.5 Amp, Hi Voltage
> LT1083CP 7.5 Amp Low Dropout
e o° LT1084CP 5Amp Low Dropout
LT338AP 5Amp 1% Reference
LM338P mp
LT350AP 3Amp 1% Reference
LM350P 3Amp
LT1020MJ LT1020C) Very Low Dropout Voltage, 404A Supply Current, 2.5V Independent Reference, and
W LT1020CN Voltage Comparator on Same Chip.
LT1085CT 3 Amp Low Dropout
£_ — LT350AT 3Amp 1% Reference
— LM350T 3Amp
LT317AT 1.5Amp 1% Reference
LM317T 1.5Amp
NEGATIVE ADJUSTABLES LT137AK LT337K 1.5Amp 1% Reference
% 50y LMI3TK LMag7K 15Amp
0 o LT137AHVK LT337AHVK 1.5Amp 1% Reference, Hi Voltage
LM137THVK LT337HVK 1.5 Amp, Hi Voltage
LT1033MK LT1033CK 3Amp 2% Reference
LT137AH LT337AH 05Amp 1% Reference
% LM137H LM337TH 05Amp
LT137AHVH LT337AHVH 0.5Amp 1% Reference, Hi Voltage
000 LM137HVH LM337HVH 0.5 Amp, HiVoltage
= LT1033CP 3Amp 2% Reference
G | o
LT337AT 1.5Amp 1% Reference
_ LM337T 15Amp
— LT1033CT 3Amp 2% Reference
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TECHNOLOGY

FEATURES

= 40,A Supply Current

® 125mA Output Current

m 2.5V Reference Voltage

m Reference Output Sources 1mA and Sinks 0.5mA
= Dual Output Comparator

= Comparator Sinks 10mA

= Dropout Detector

= .2V Dropout Voltage

® Thermal Limiting

= Available in SO Package

APPLICATIONS

s Battery Systems

= Battery Backup System
= Portable Terminals

m Portable Instruments

LT1020

Micropower Regulator
and Comparator

DESCRIPTION

The LT1020 is a combination micropower positive regula-
tor and free collector comparator on a single monolithic
chip. With only 40xA supply current, the LT1020 can supply
over 125mA of output current. Input voltage range is from
4.5V to 36V and dropout voltage is 0.6V at 125mA. Dropout
voltage decreases with lower load currents. Also included
on the chip is a class B output 2.5V reference that can ei-
ther source or sink current. A dropout detector provides an
output 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.

The 2.5V reference will source or sink current. This allows
it to be used as a supply splitter or auxiliary output.

5V Regulator
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LT1020

ABSOLUTE MAXIMUM RATINGS

PACKAGE/ORDER INFORMATION

InputVoltage.......oovvvevviii e 36V TOP VIEW
NPN Collector Voltage...........coevvviviveinnnnnn. 36V wil & e ORNDUE,SBFE/;RT
PNP Collector Voltage ..........cvvvvvnnne. Supply - 36V Vo 2 73] oRorour DETECTOR
Output Short Circuit Duration.................. Indefinite v [E] 2] 00 NoT usE
Power Dissipation.................... Internally Limited ReFOUT[Z] Lri020  [T7] FeeDBACK LT1020MJ
Operating Temperature Range comp PP 5] [10] CURRENT LIMIT LT1020CJ
LTI020C.....oovi i 0°Cto 100°C comp NeN [E] [5] oo LT1020CN
LTI020M ... -55°Ct0 125°C +INeUT 7 8] - INPUT
Storage Temperature Range JMEPACKAGE HERMET?W (ALSO AVAILABLE
IN SO PACKAGE)
LT1I020CM.. .o, -65°Cto 150°C IV14 PACKAGE PLASTIC DIP
€ELECTRICAL CHARACTERISTICS 7= 25c
PARAMETER | conpimions | mn v | max UNITS
Reference
Reference Voltage 4.5V <V)y<36V 2.46 2.50 2.54 \
Line Regulation 45V<Vy=<36V 0.01 0.015 %N
Load Regulation —-0.5mA<lger<1mA, Viy=12V 0.2 0.3 %
Output Source Current Vin=5V 1 4 mA
Output Sink Current ViN=5V 0.5 2 mA
Temperature Stability 1 %
Regulator
Supply Current Vin=6V, loyr<100xA 45 80 wA
Viy=36V, loyr <100 2A 75 120 A
Vin=12V, |0UT= 125mA 11 20 mA
Output Current (Vin=Voun =1V, Vin=6V 125 mA
Load Regulation (Vin=Vour) =1V, Viy =6V 0.2 0.5 %
Line Regulation 6V<V)y<36V 0.01 0.015 %N
Dropout Voltage lour = 1004A 0.02 0.05 \
loyr=125mA 0.4 0.65 \
Feedback Sense Voltage Viy=12V 2.44 2.5 2.56 ]
Dropout Detector Current AVgyr= -0.05V 3 20 pA
Feedback Bias Current 15 40 nA
Minimum Load Current ViN=236V 1 5 uA
Short Circuit Current Vin=36V 250 360 mA
Pin 9 and Pin 10 shorted, Vjy= 4.5V 3 30 mA
Comparator
Offset Voltage 0V<Vey=<35V, V=36V 3 7 mv
Bias Current 0V<Vey<35V, Viy=36V 15 40 nA
Offset Current 0V<Vey<35V,Viy=36V 4 15 nA
Gain-NPN Pulldown AVoyr =29V, R = 20k 2000 10000 VIV
Common Mode Rejection 0V<Vey=<35V, Vjy=36V 80 94 dB
536 LT NEAR



LT1020

€LECTRICAL CHARACTERISTICS

PARAMETER ] CONDITIONS MIN TYP MAX UNITS
Comparator
Power Supply Rejection 4.5V <Vs=<36V 80 96 dB
Output Sink Current Viy=4.5V 10 18 mA
NPN Saturation Voltage loyr=1mA 0.4 0.6 \
Output Source Current 60 200 wA
Input Voltage Range 0 Vin-1 ]
Response Time 5 I
Leakage Current (NPN) 2 pA
ELECTRICAL CHARACTERISTICS
PARAMETER [ CONDITIONS MIN TYP MAX UNITS
Reference
Reference Voltage 45V <V)y=<36V ) 2.40 2.50 2.55 v
Line Regulation 4.5V<V)y=<36V o 0.01 0.02 %IV
Load Regulation —0.5mA<lger<1mA, Viy=12V o 0.3 0.4 %
Output Source Current Vin=5V [-) 1 mA
Output Sink Current Vin=5V [} 05 mA
Regulator
Supply Current Vin=6V, loyr=<100,A ° 65 95 pA
Vin=36V, loyr<1004A <) 85 120 wA
Vin=12V, loyr = 125mA [ 11 20 mA
Output Current (Vin=Vou) =1V, Viy=6V [} 125 mA
Load Regulation (Vin=Vour) =1V, Vin=6V [ 1 %
Line Regulation BV<V)y<36V °© 0.02 %N
Dropout Voltage loyr=1004A 0 0.06 \
IOUT= 125mA @ 0.85 \
Feedback Sense Voltage Vin=12V [} 2.38 2.5 2.57 \
Dropout Detector Current AVgyr= -0.05V [ 3 pA
Feedback Bias Current L) 50 nA
Minimum Load Current Vin=36V ° 50 sA
Short Circuit Current ViN=36V ° 240 360 mA
Pin 9 and Pin 10 shorted, Vi = 4.5V ° 25 30 mA
Comparator
Offset Voltage 0V<=Vgy=<35V,Vy=36V [ 10 mV
Bias Current 0V<Vey =35V, Viy=236V (Note 1) [ 15 60 nA
Offset Current 0V<Vey=35V, V) =236V [ 20 nA
Gain-NPN Pulldown AVour=29V, R, =20k [ 1000 VIV
Common Mode Rejection 0V<Vey=<35V, Viy=36V ° 80 dB
Power Supply Rejection 4.5V <Vg<36V ° 80 dB
Output Sink Current Vin=4.5V (Note 2) [ 5 10 mA
Output Source Current o 40 120 pA
Input Voltage Range [ 0 Viy-1 \
Leakage Current (NPN) Viy=236V [ 8 pA
The ® denotes the specifications which apply over full operating tempera- Note 1: For 0V <V <0.1V and T>85°C | bias max is 100nA.
ture range. Note 2: For Ty < - 40°C output sink current min is 2.5mA.
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LT1020

PIA FUNCTIONS

Pins 1,12, 14—No internal connection.

Pin 2—Regulator Output. Main output, requires 10uF out-
put capacitor. Can be shorted to Viy or ground without
damaging device.

Pin 3—Input Supply. Bypass with 10xF cap. Must always
be more positive than ground.

Pin 4—Reference. 2.5V can source or sink current. May be
shorted to ground or up to 5V. Voltages in excess of 5V
can damage the device.

Pin 5—Comparator PNP Output. Pull up current source for
the comparator. May be connected to any voltage from Viy
to 36V more negative than V) (operates below ground).
Short circuit protected. For example, if V| is 6V then pin 5
will operate to ~ 30V.

Pin 6—Comparator NPN Output. May be connected to any
voltage from ground to 36V more positive than ground
(operates above V|y). Short circuit protected.

Pins 7,8—Comparator Inputs. Operates from ground to
VN = 1V. Comparator inputs will withstand 36V even with
V)N of OV,

Pin 9—Ground.

Pin 10—Current Limit. Connecting this pin to ground de-
creases the regulator current limit to 3mA min. Leave open
when not used.

Pin 11—Feedback. This is the feedback point of the reg-
ulator. When operating, it is nominally at 2.5V. Optimum
source resistance is 200k to 500k. The feedback pin should
not be driven below ground or more positive than 5V.

Pin 13—Dropout Detector. This pin acts like a current
source from Vjy which turns on when the output transistor
goes into saturation. The magnitude of the current
depends on the magnitude of the output current and the
input-output voltage differential.Pin current ranges from
5uA to about 3004A.

TYPICAL PERFORMANCE CHARACTERISTICS
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LT1020

TYPICAL PERFORMANCE CHARACTERISTICS
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LT1020

TYPICAL PERFORMANCE CHARACTERISTICS
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Reference Regulation Comparator Input Bias Current Feedback Pin Current
4 100 \ 40
< 3 AN 90 ‘ \ : N
E 80 Ty=125° .
w2 \\ z . \ 11 ] Y T)=—55°C
-~ =
. \ = o T 1= Zssec 2 |
B = T 2 L1
g o 3 50 = JRPL I = 2
g ~ 2w 5
-1 @ S 15 T)=25°C T 7T
g \\ 2 0 \ \ \ 2 -
g -2 = w10
[ w
2 e s T,=125°C
] h LU
-4 0 0
-15 -1.0 -05 0 0.5 1.0 1.5 -1 —-06 —0.2GNDO0.2 0.6 1 0.1 1 10 100
REFERENCE OUTPUT CURRENT (mA) COMMON-MODE VOLTAGE (V) REGULATOR OUTPUT CURRENT (mA)
REFERRED TO PIN 9 (GND)
_ Regulator Thermal Regulation LT1020 Turn-On Characteristic
xX
& 01 T 5.5 —
= V=15V ! Vo=t ||
3 |~ Vour=5V 1 5.0 0 LOAI 7
<2 0
5 N . 45 /
= N Z 40 RL=5000
= -0.1 g
3 235
_ g 30
g 3
= 50 2.5
=
g | 2.0 Ry =500
: T
g 0 20 40 60 80 100 120 140 160 180 0 1 2 3 4 5 6 7 8
=) TIME (ms) INPUT VOLTAGE (V)

The LT1020 is especially suited for micropower system ap-
plications. For example, the comparator section of the
LT1020 may be used as a battery checker to provide an in-
dication of low battery. The dropout detector can shut-
down the system when the battery voltage becomes too
low to regulate. Another type of system application for the
LT1020 would be to generate the equivalent of split sup-
plies off of a single power input. The regulator section pro-
vides regulated output voltage and the reference, which
can both source and sink current is then an artificial sys-
tem ground providing a split supply for the system.

For many applications the comparator can be frequency
compensated to operate as an amplifier. Compensation

values for various gains are given in the datasheet. The
comparator gain is purposely low to make it easier to fre-
quency compensate as an amplifier. Two outputs are
available on the comparator, the NPN output is capable of
sinking 10mA and can drive loads connected to voltages in
excess of the positive power supply. This is useful for driv-
ing switches or linear regulators off of a higher input volt-
age. The PNP output, which is capable of sourcing 100xA
can drive loads below ground. It can be used to make
negative regulators with the addition of an external pass

transistor. Both outputs can be tied together to provide an
output that swings from rail-to-raif for comparator or am-

plifier applications. Although it is not specified, the gain
for the PNP output is about 500-1000.

S3-10
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LT1020

APPLICATION HINTS

{if the PNP output is being used, to maximize the gain, a
1-5uA load should be placed upon the NPN output collec-
tor. This is easily done by connecting a resistor between
the NPN collector and the reference output. {Providing this
operating current to the NPN side increases the internal
emitter base voltages and maximizes the gain of the PNP
stage.) Without this loading on the NPN collector, at tem-
peratures in excess of 75°C, the gain of the PNP collector
can decrease by a factorof 2 or 3.

Reference

Internal to the LT1020 is a 2.5V trimmed class B output
reference. The reference was designed to be able to
source or sink current so it could be used in supply split-
ting applications as well as a general purpose reference
for external circuitry. The design of the reference allows it
to source typically 4 or 5mA and sink 2mA. The available
source and sink current decreases as temperature in-
creases. It is sometimes desirable to decrease the AC out-
put impedance by placing an output capacitor on them.
The reference in the LT1020 becomes unstable with large
capacitive loads placed directly on it. When using an out-
put capacitor, about 202 should be used to isolate the
capacitor from the reference pin. This 20 resistor can be
placed directly in series with the capacitor or alternatively
the reference line can have 200 placed in series with it and
then a capacitor to ground. This is shown in Figure 1.
Other than placing large capacitive loads on the
reference, no other precautions are necessary and the
reference is stable with nominal stray capacitances.

REF REF
)
QUTPUT "
200 0R UTPUT
+ +
T 10uF T 104F

Figure 1. Bypassing Reference

Overload Protection

The main regulator in the LT1020 is current limited at ap-
proximately 250mA. The current limit is stable with both
input voltage and temperature. A current limit pin, when
strapped to ground, decreases the output current. This al-
lows the output current to be set to a lower value than
250mA. The output current available with the current limit
pin strapped to ground is not well controlled so if precise
current limiting is desired it should be provided externally
as is shown in some of the application circuits.

If the device is overloaded for long periods of time, ther-
mal shutdown turns the output off. In thermal shutdown,
there may be some oscillations which can disturb external
circuitry. A diode connected between the reference and
feedback terminal provides hysteresis under thermal shut-
down, so that the device turns on and off with about a 5
second period and there are no higher frequency oscilla-
tions. This is shown in Figure 2. This diode is recom-
mended for most applications. Thermal shutdown tem-
perature is set at approximately 145°.

Like most other IC regulators, a minimum load is required
on the output of the LT1020 to maintain regulation. For
most standard regulators this is normally specified at
5mA. Of course, for a micropower regulator this would be
a tremendously large current. The output current must be
large enough to absorb all the leakage current of the pass
transistor at the maximum operating temperature. It also
affects the transient response; low output currents have
long recovery times from load transients. At high operat-
ing temperatures the minimum load current increases and

N B 2
S OUTPUT 2 ¢

S mieen oot 320001 S

10uF
<
i T

:*;
1—AAA
IV

*DIODE ADDS FEEDBACK

Figure 2. Minimizing Oscillation In Thermal Shutdown

LY IR
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LT1020

APPLICATION HIATS

having too low of a load current may cause the output to
go unregulated. Devices are tested for minimum load cur-
rent at high temperature. The output voltage setting resis-
tors to the feedback terminal can usually be used to pro-
vide the minimum load current.

Frequency Compensation

The LT1020 is frequency compensated by a dominant pole
on the output. An output capacitor of 10xF is usually large
enough to provide good stability. Increasing the output
capacitor above 10yF further improves stability. In order to
insure stability, a feedback capacitor is needed between
the output pin and the feedback pin. This is because stray
capacitance can form another pole with the large value of
feedback resistors used with the LT1020. Also, a feedback
capacitor minimizes noise pickup and improves ripple
rejection.

With the large dynamic operating range of the output cur-
rent, 10000:1, frequency response changes widely. Low AC
impedance capacitors are needed to insure stability.
While solid tantalum are best, aluminum electrolytics can
be used but larger capacitor values may be needed.

The CURRENT LIMIT pin allows one of the internal nodes
to be rolled off with a 0.054F capacitor to ground. With this
capacitor, lower values of regulator output capacitance
can be used (down to 14F) for low (<20mA) output
currents. Values of capacitance greater than 0.05uF
degrade the transient response, so are not recommended.

If the CURRENT LIMIT pin is connected to GND, the cur-
rent limit is decreased and only a 1uF output capacitor is
needed.

When bypassing the reference, a 209 resistor must be con-
nected in series with the capacitor.

TYPICAL APPLICATIONS

Regulator With Output Voltage Monitor

LOGIC 500k 5

LOGIC OUTPUT

LOGIC OUTPUT GOES LOW WHEN
Vur DROPS BY 100mV

QUTPUT

100 II10;4F

0,001 ¢ b3

1—AAA
lﬁvvv
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LT1020

TYPICAL APPLICATIONS

Compensating the Comparator as an Op Amp

1 Amp Low Dropout Regulator

7 Vin
5
>
< 32
B
AT Av=100, 3
SLEW RATE= +0.05V/ 2
+
0 S LT1020 10k* S 100k To‘oowFTzzﬂuF*
11
c2 Jl_m g0 G B ‘ =
<
I o ﬂomF 1500+ $100k
= = T _]L *FOR CURRENT LIMIT
Av R c1 2 R2 = = = = =1.5A
1 332 0.1xF  0.001u4F - tMUST HAVE LOW
10 1009 0.047uF - 100k ESR. SEVERAL 1004F
100 10k  0.002uF - 10k CAPACITORS CAN BE
PARALLELED.
5V Regulator Regulator with Improved Transient Response
Vin> 5.2V 3 2
:2 —40A v Vour Vi>5.2V == Viy Vour I v
LT1020 ]_OAOOWF 3 I LT1020 . T 0.0014F 2 ‘ |
11 Al
10uF aND FB [— 104F GND FB 10,
) i |
5 jEM 3 go 001qu=
Dual Output Regulator
Viy>5.2V
9 13
GND Vin
8 2
~INPUT out 1
= ; LT1020 :>500k 0. om,LF|
5| comp I
PP REF - coMP FB 104F
FINPUTOUT NPN P ¥
7 3 B ;I5°°‘<
0-001kF . 4 500k 100k +
VWA VWA VWA :J\ 104F =
—5V REG 10mA
! 2N3904
51k
~Vin
L LINEAR 8313



LT1020

TYPICAL APPLICATIONS

Dual Output 150mA Regulator Maintaining Lowest Ig at Dropout
Viy>5.2v

5 REG 150mA *TRANSISTOR USED BECAUSE OF LOW LEAKAGE CHARACTERISTICS

2N3904
< -
47k g 51k* S kﬂ v *FOR TEMPERATURES GREATER THAN 70°C
- 2N3904 REDUCE 51k RESISTORS TO 15k. g WILL
Q
$sike j INCREASE.
_I |__1 Vg

Dual Output Positive Regulator

22907 , ' ’ v
12Vour / —0.0014F 1M
v <
< ¢ +

0.014F
+ ! | / 2 . ; BEE
10uF g 50k i &
T 1 -

s

HE—AAA
|

Battery Backup Regulator

BATTERY _3}5,
INPUT

S AAA

INTERNAL PAR/:SI_TIC
DIODES OF LT1020 >

i
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LT1020

TYPICAL APPLICATIONS

5V Regulator with Shutdown

Viy>52V__ 3 2 ) A 5V

la=40a 1V Vour UTPUT
171020 Jt . NC
0.001,F S 1M 104F
w w | T3 T
T = nN3oo4* LOGIC INPUT

*TRANSISTOR USED BECAUSE OF LOW LEAKAGE CHARACTERISTICS.
T0 TURN OFF THE OUTPUT OF THE LT1020
FORCE FB (PIN 11) > 2.5V.

z

1H—AAA
VW

Turn Off at Dropout
R1 R2
v 1.5M ™
IN _‘VVVj
8 -
2 Vin ourf? —— [ OUTPUT
‘L +
LT1020 0.00F 5= QM 104F
<
1 I
9 b L
I DROPOUT _ REF S
= 516 J B ] jEM
M 1.5M i
AN AW\ QUTPUT TURNS OFF
- AT DROPOUT. OUTPUT
IO‘W"F TURNS ON WHEN:
= YinxR2_, 5y
R1+R2
Current Limited 1 Amp Regulator
2.2k 0.50*
A "J A N—¢ Vin
- 1\MJszsss I—[:szeos
Ve’ . o— Vour
) V@1A
> = t
, 0.224F s:mw TZZO"F
Vour |2 -
111020 = pgl1q *SETS CURRENT
. LIMIT BUT INCREASES
L )8 DROPOUT VOLTAGE BY
32r 3 100k 0.5V.
L 1 TMUST HAVE LOW
n A4 ESR. SEVERAL 100F
= = CAPACITORS CAN BE
PARALLELED.
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LT1020
TYPICAL APPLICATIONS

1 Amp Regulator with Current Limit

< - Vour
:: 100k l SV@1A
>
' T 100k 2= pog, Ft
]: SR
< -
31 b3
S
3 100k
<
1SC
SENSE
\ AA
MA—Y
L o030 tMUST HAVE LOW
- ESR. SEVERAL 1004F
CAPACITORS CAN BE
PARALLELED.
Logic Output on Dropout
Vin
° . Vour
I 5V
S
10uF

VWV

l

- Vin
“‘DROPOUT"’ __I— TTL COMPATIBLE
ov
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LT1020

TYPICAL APPLICATIONS

Charge-Pump Negative Voltage Generator

Vi

0.00334F

L
I

g 22k

2N3904

H—=AAA
o

Vour (NL)= —(Viy—1V)
Vour (5mA) = —(Viy—3V)
19=3004A

Vour
(=)
- 1N5819 20,F

OR EQUIVALENT + |

Charge-Pump Voltage Doubler

Vin

1N5819

OR EQUIVALENT

0.00334F =

I

g 22k

2N3904

Vour (NL) =2V —1V
Vout (5mA) =2V -3V
1g=300pA

LT HNER
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LT1020
TYPICAL RPPLICATIONS

50mA Battery Charger and Regulator

| I VN
FST 104 = stk
"T T _}
= 2N2905

—: T
S +| =
5:1M ::O.OOIMF]?1UMF" BATTERY
4
L Y
>
%:1M
= 3a
Vy MUST BE GREATER THAN THE W
BATTERY VOLTAGE PLUS 1.3V =
Switching Preregulator for Wide Input Voltage Range
7.5V 70 30V
VIN L 4
A J¢
100uF J33m S 30k
<
= 2N3906
N — e ——— —— —— . ——
2N3904 swreane T POST REG. |
0 1.8M REGULATOR OUTPUT | |
VRer 2N3904 q 2N2222 4mH | |
(PIN4) ! s 10k = 13 Vour |
S | o0k VWA~ i T5V@100mA |
1 » ! :
LT1020 ::QM I 22uF |
= COMPARATOR 4 $
s T ' = !
- VWA T | |
6 Ra S
. 1.5 | 3 220k |
+ A A A4 l '
11 | s |
I} S
0.0014F | 3 220k |
SRe
MAINTAINS LOW I g ( < 100pA) S |
FOR ALL INPUT VOLTAGES s
SWITCHER EFFIC. =85% IR 1004F
POST REG. EFFIC. =82% Wv
OVERALL EFFIC. =70% S
SWITCHING REGULATOR OUTPUT = S 30k
2.5 % (1+Rp/Rp). FOR A CLEAN OUTPUT |
FROM THE LINEAR REGULATOR SET TO Vqur+1.2V = =
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LT1020

SCHEMATIC DIRGRAM
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LT1020

BLOCHK DIAGRAM
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LT1070/LT1071

TECHNOLOGY

FERTURES

= Wide Input Voltage Range 3V-60V

m | ow Quiescent Current—6mA

® [nternal 5A Switch (2.5A for LT1071)

m Very Few External Parts Required

= Self-Protected Against Overloads

= Qperates in Nearly All Switching Topologies

= Shutdown Mode Draws Only 50A Supply Current

m Flyback-Regulated Mode has Fully Floating Outputs
= Comes in Standard 5-Pin Packages

® Can be Externally Synchronized (Consult Factory)

APPLICATIONS

= | ogic Supply5V @ 10A

m 5V Logic to + 15V Op Amp Supply
m Offline Converter up to 200W

= Battery Upconverter

= Power Inverter (+ to —)or(- to +)
= Fuylly Floating Multiple Outputs

USER NOTE:

This data sheet is only intended to provide specifications, graphs, and a general functional description of
the LT1070/LT1071. Application circuits are included to show the capability of the LT1070/LT1071. A com-
plete design manual (AN-19) should be obtained to assist in developing new designs. This manual con-
tains a comprehensive discussion of both the LT1070 and the external components used with it, as well as
complete formulas for calculating the values of these components. The manual can also be used for the
LT1071 by factoring in the lower switch current rating.

5A and 2.5A High Efficiency
Switching Regulators

DESCRIPTION

The LT1070 and LT1071 are monolithic high power switch-
ing regulators. They can be operated in all standard
switching configurations including buck, boost, flyback,
forward, inverting and “Cuk”. A high current, high effi-
ciency switch is included on the die along with all oscilla-
tor, control, and protection circuitry. Integration of all
functions allows the LT1070/LT1071 to be built in a stand-
ard 5-pin TO-3 or TO-220 power package. This makes it ex-
tremely easy to use and provides “bust proof” operation
similar to that obtained with 3-pin linear regulators.

The LT1070/LT1071 operates with supply voltages from 3V
to 60V, and draws only 6mA quiescent current. It can de-
liver load power up to 100 watts with no external power de-
vices. By utilizing current-mode switching techniques, it
provides excellent AC and DC load and line regulation.

The LT1070/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 50uA typical for standby
operation. Totally isolated and regulated outputs can be
generated by using the optional “flyback regulation
mode” built into the LT1070/LT1071, without the need for
opto-couplers or extra transformer windings.

TYPICAL APPLICATION

Boost Converter (5V to 12V)

sV

| 150H

120, 1A
(LT1071, 0.54)

<
3 10.7
3

N
T a0F

Pd
1.2k
S

Maximum Output Power*
100 7
80
BUCK-BOOST ]
L e / AVo=30V
g Z FLYBACK
£, [ [ELIBAcH
z ISOLAlED/.>\\
2 el
A BUCK-BOOST
7 Vg =5V
0 1
0 0 2 2 4 50

INPUT VOLTAGE (V)

*ROUGH GUIDE ONLY. BUCK MODE
Pour=5AXVqur. SPECIAL TOPOLOGIES
DELIVER MORE POWER.

**DIVIDE VERTICAL POWER SCALE
BY 2 FOR LT1071
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LT1070/LT1071

ABSOLUTE MAXIMUM RATINGS

Supply Voltage

LT1070/71HV (See Note 1) .....vvvvnvvenennnen, 60V

LT1070/71(SeeNote ) ....ovvvvneeninn i, 40V
Switch Output Voltage

LT1070/71HV(Note2) ..o v, 75V

L1070/ . 65v
Feedback Pin Voltage (Transient, Ims)............. + 15V
Operating Junction Temperature Range

LT1070/71HVM, LT1070/71M.......... -55°Cto +150°C

LT1070/71HVC, LT1070/71C (Oper)..... 0°Cto +100°C
LT1070/71HVC, LT1070/71C (Sh. Ckt,)...0°C to +125°C
Storage Temperature Range.......... -65°Cto +150°C
Lead Temperature (Soldering, 10s€¢)............. 300°C

Note 1: Minimum switch “on” time for the LT1070/LT1071 in current limit is
=~1.0usec. This limits the maximum input voltage during short circuit
conditions, in the buck and inverting modes only, to =35V. Normal
(unshorted) conditions are not affected. Mask changes are being imple-
mented which will reduce minimum “on” time to < 1usec, increasing
maximum short circuit input voltage above 40V. If the present LT1070/
LT1071 (contact factory for package date code) is being operated in the
buck or inverting mode at high input voltages and short circuit conditions
are expected, a resistor must be placed in series with the inductor, as
follows:

PRCKAGE/ORDER INFORMATION

BOTTOM VIEW ORDER PART NUMBER
LT1070/LT1071HVMK
LT1070/LT1071MK
LT1070/LT1071HVCK
4LEADTO-3 LT1070/LT1071CK
FRONT VIEW
©)
ol LT1070/LT1071HVCT
“ “ LT1070/LT1071CT
Ve VN
FB—> e—Vgy
GND
5 LEAD T0-220
The value of the resistor is given by:
R= tefeVy-Vf -R,
lumm

t=Minimum “on"” time of LT1070/LT1071 in current limit, = 1us
= Operating frequency (40kHz)

Vf=Forward voltage of external catch diode at I )

liumm = Current limit of LT1070 (=8A), LT1071 (=~ 4A)

Ry =Internal series resistance of inductor

Note 2: Consult factory for availability of LT1070HV and LT1071HV units
rated at 90V maximum switch voltage.

ELECTRICAL CHARACTERISTICS

Unless otherwise specified, Viy = 15V, Vo = 0.5V, Ve = VREr, output pin open.

SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS
Veer Reference Voltage Measured at Feedback Pin 1.224 1.244 1.264 Vv
) 1.214 1.244 1.274
lg Feedback Input Current Veg=Vrer 350 750 nA
® 1100
gm Error Amplifier Alg= +£25pA 3000 4400 6000 umho
Transconductance ° 2400 7000
Error Amplifier Source or Ve=15V 150 200 350 sA
Sink Current , ° 120 400 wA
Error Amplifier Clamp Hi Clamp, Vgg=1V 1.8 2.3 v
Voltage Lo Clamp, Vgg=1.5V 0.25 0.38 0.52 1
Reference Voltage Line 3V<Vin=Vuax ° 0.03 %V
Regulation
Ay Error Amplifier Voltage 0.7VsVgs14V 500 800 2000 ViV
Gain .
Minimum Input Voltage ) 26 3.0 \
lg Supply Current 3V<ViysVyax, Ve =06V 6 9 mA
Control Pin Threshold Duty Cycle=0 08 0.9 1.08 "
° 0.6 1.25
Normal/Flyback Threshold 04 0.45 0.54 v
on Feedback Pin
5322 L7Iee



LT1070/LT1071

ELECTRICAL CHARACTERISTICS

Unless otherwise specified, Vi =15V, V¢ = 0.5V, Vrg = VRer, output pin open.

SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS
Veg Flyback Reference Voltage lrg =50pA 15 16.3 176 v
° 14 18
Change in Flyback 0.05<l;g<1mA 45 6.8 8.5 \
Reference Voltage
Flyback Reference Voltage lpg =50pA 0.01 0.03 %IN
Line Regulation 3V<Vin=Viax
Flyback Amplifier Alg= £104A 150 300 500 gmho
Transconductance (gm)
Flyback Amplifier Source Vg=1.5V  Source ] 15 32 50 wA
and Sink Current l;g=50pA Sink [ 25 40 70 pA
BV Output Switch Breakdown V<Vin=Vyuax LT1070/LT1071 ® 65 90 \
Voltage (Note 2) lgw=5mA LT1070HVILT1071HV | ® 75 90 \
Vst Output Switch (Note 1) lsw=5A  LT1070 0.15 0.24 Q
“On” Resistance lgw=2.5A LT1071 0.3 0.5 Q
Control Voltage to Switch LT1070 8 ANV
Current Transconductance LT1071 4 ANV
Tum Switch Current Limit Duty Cycle =50% LT1070 [ ] 5 13 A
Duty Cycle=80% [ 4 10 A
Duty Cycle=50% LT1071 ° 25 7 A
Duty Cycle =80% [ 2 6 A
Al Supply Current Increase 25 35 mAJ/A
Ngw During Switch On-Time
f Switching Frequency 35 40 45 kHz
° 33 47
DC (max) Maximum Switch Duty Cycle 90 92 97 %
Flyback Sense Delay Time 15 i
Shutdown Mode 3V<Viy<Vyax 100 250 pA
Supply Current Ve=0.05V
Shutdown Mode 3V<VinsVyax 100 150 250 mV
Threshold Voltage [ 50 300 mV
The ® denotes the specifications which apply over the full operating temperature range.
Note 1: Measured with Vg in hi clamp, Vgg=0.8V.
Note 2: Consult factory for availability of LT1070HV and LT1071HV units rated at 90V maximum switch voltage.
Switch Current Limit vs Duty Cycle Maximum Duty Cycle Flyback Blanking Time
16 ] 96 2.2
14 T y,
=55°C 9% 2.0
zn /
= ~— O‘IC \\ 3 % // 18 ,/
Z 10 g %5°C £ 7 _
g 8 ’\Kﬁb\ §93 // 316 va
= L [} g Vv
5 ~ |~ T z L~ = Ve
; 6 t— 3 -l P
= T 92 1.4
s . L~
91 1.2
2
0 90 1.0
0 10 20 30 40 50 60 70 80 90 100 —75-50-25 0 25 50 75 100 125 150 —75-50-25 0 25 50 75 100 125 150

DUTY CYCLE (%)

*DIVIDE CURRENT BY 2 FOR LT1071

JUNCTION TEMPERATURE (°C)

JUNCTION TEMPERATURE (°C)

LT
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LT1070/LT1071

TYPICAL PERFORMANCE CHARACTERISTICS

Minimum Input Voltage
2.9
‘1\
2.8
=) SWITCH CURRENT =54
g o7 L \\
3 \\ \\
>
5 26 I~ AN
T < N
= SWITCH CURRENT = 0A TN \
=
225 N
S2
=
=
24
23
—75-50-25 0 25 50 75 100 125 150
TEMPERATURE (°C)
Line Regulation
5
4
E 3 TF"‘,‘,V
§ 2 "&7‘500'
z e
5 ==
£ 0 —Ti=—55°c7
S /,// o
§ -2 / /
& 7V
& -3
&
&
L
[4
-5

0 10 20 30 40 50 60
INPUT VOLTAGE (V)

Driver Current* vs Switch Current

@
o

I~
o

~
o

g
S 100 /' va
w
£ 80 A |/
3 T,=—5s°c//
& 60 v 7/
g / Tjz 25°C

40 v

20 o

0

0 1 2 3 4 5
SWITCH CURRENT (A)

*AVERAGE LT1070 POWER SUPPLY CURRENT IS
FOUND BY MULTIPLYING DRIVER CURRENT BY
DUTY CYCLE, THEN ADDING QUIESCENT
CURRENT.

0.8

0.6

0.4

SWITCH SATURATION VOLTAGE (V)

0.2
0

1.250
1.248
1.246
1.244
1.242

1.240

REFERENCE VOLTAGE (V)

1.238
1.236

1.234

Switch Saturation Voltage

150°C
100°C A4
s
77 | “-55¢C
///
////
"

o 1 2 3 4 5 6 7 8
SWITCH CURRENT (A)*
*DIVIDE CURRENT BY 2 FOR LT1071

Reference Voltage vs Temperature

L~ N
(/ N
™.
N
—-75-50-25 0 25 50 75 100 125 150
TEMPERATURE (°C)

INPUT CURRENT (mA)

Supply Current vs Input Voltage*

[
| Tj=25°C__ | Pl
0% DUTY CYCLE r
|
// IswircH = 10MA.
0% DUTY CYCLE__ ]
E—
10% DlIJTV CYCLE -
— S
,0% DUTY CYCLE
I [ [

0 10 20 30 40 50 60
INPUT VOLTAGE (V)
*UNDER VERY LOW OUTPUT CURRENT
CONDITIONS, DUTY CYCLE FOR MOST
CIRCUITS WILL APPROACH 10% OR LESS.

FLYBACK VOLTAGE (V)

FEEDBACK BIAS CURRENT (nA)

INPUT CURRENT (gA)

Isolated Mode Flyback Reference
Voltage

23
22
2 R E ACK = 5000
2 -~
19 FEEDBACK =-1K@
18
17 R reepBack = 10KQ
16
15
—-75 -50—-25 0 25 50 75 100 125 150
TEMPERATURE (°C)
Feedback Bias Current vs
Temperature
800
700
600
500 ‘\
400 '\‘\
I
300
200
100
0
—75-50-25 0 25 50 75 100 125 150
TEMPERATURE (°C)
Supply Current vs Input Voltage
Shutdown Mode
140
130
120
110 e /
=30m'
100 =
) 1
o _
- Ve=0V_L—
60 D
50 7
40

0 10 20 30 40 50 60
INPUT VOLTAGE (V)
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LT1070/LT1071

TYPICAL PERFORMANCE CHARACTERISTICS

Normal/Flyback Mode Threshold

on Feedback Pin Shutdown Mode Supply Current Error Amplifier Transconductance
500 —24 200 5000 ——T—
6 = Al vcPm
490 -2 180 4500 ™= AV (FBPIN)T]
180\ 2 160 a0
B \ [ A T = 1% £ Pl -y
= 470 \ FEEDBACK PIN VOLTAGE— —18 3 = 140 T | £ 3500
e AT THRESHOLD) z 3 e
é 460 N ‘( —lﬁg S 120 = 55°C<T:<125°C £ 3000
<) \ - @ 1 = | =
> N =z £ 1 5
Z 450 N —14Z = 100 g 2500
= N N g © L1
% 440 N -123 > 80 Z 2000
g \\ \\ Z & 1 2
& 430 < < —105 3 60 b z 1500
420 ~] \\ 8 = 40 = 1000
FEEDBACK PIN CURRENT L % 500
410 r (AT THRESHOLD) ~ -6
400 — -4 0 0
—50 =25 0 25 50 75 100 125 150 0 10 20 30 40 50 60 70 80 90 100 -75-50-25 0 25 50 75 100 125 150
TEMPERATURE (°C) V¢ PIN VOLTAGE (mV) TEMPERATURE (°C)
Idle Supply Current vs
Shutdown Thresholds Temperature Feedback Pin Clamp Voltage
400 —400 10 550 T T T T 77
350 - CURRENT (0UT OF Vg Ph)— _350 9 500 ——r-CJRRENTOUTOIF FEEDBACK PIN ——
] i Ve =06V 0 1
300 — —w_ o c=0 N g
E , < E = N -
oy 250 %02 = 6 VsyppLy = 60V £ 350 P T| = 25°C—
] Pl / o & I = \\ I~
g 200 -205 £ 5 - _—_\EUPPL v oy S 300 \\ i
z VOLTAGE_4—"T] 22, 5 0 N | ~~—
%150 —— - 8 \&?i
< 1 23 3 & 200 P——
100 -100~ & ) ® s 150°C |l
o iy
0 |- Vg VOLTAGE IS REDUCED UNTIL | _o0 = ]
REGULATOR CURRENT DROPS BELOW 300y:A. 1 100
Ll 11, 0 50
—75-50-25 0 25 50 75 100 125 150 —75-50-25 0 25 50 75 100 125 150 0 0102 03040506 070809 1.0
TEMPERATURE (°C) TEMPERATURE (°C) FEEDBACK CURRENT (mA)
Switch “Off” Characteristics V¢ Pin Characteristics
1000 300
T T T T T T 17
900 Veg = 1.5V (CURRENT INTO V¢ PIN)
200 >
800 /
§ 700 VSUPPLV[= ssv | z 100 //
= 600 VsuppLy = 40V =
| = 25°C
£ 500 VsuppLy = 15V_L, T & 0 !
3 VsuppLy = SV/ 3 /
z P —100
5 400 - = |
e \ / =
= o /
3 300 > 200 ==
20 Veg = 0.8V (CURRENT OUT OF Vg PIN) ___|
—300
100
—400

0
0 10 20 30 40 50 60 70 80 90 100
SWITCH VOLTAGE (V)

0.5 1.0 15 2.0 25
V¢ PIN VOLTAGE (V)

LY IR
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LT1070/LT1071

BLOCK DIRGRAM

SWITCH
16V out

! }

FLYBACK
ERROR
A AMP

LOGIC

DRIVER 5A, 75V

SWITCH

1

ANTI-
SAT

SHUTDOWN
CIRCUIT

1.24v

REF ]:— 0.15v

S 0.020
$ (0.042LT1071)

LT1070/LT1071 OPERATION

The LT1070/LT1071 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
trip level. This technique has several advantages. First, it has
immediate response to input voltage variations, unlike or-
dinary switchers which have notoriously poor line transient
response. Second, it reduces the 90° phase shift at midfre-
quencies in the energy storage inductor. This greatly sim-
plifies closed loop frequency compensation under widely
varying input 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/LT1071. This low-
dropout design allows input voltage to vary from 3V to 60V
with virtually no change in device performance. A 40kHz os-
cillator 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 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/LT1071 to disconnect the main error amplifier output

S3-26
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LT1070/LT1071

LT1070/LT1071 OPERATION

and connects the output of the flyback amplifier to the com-
parator input. The LT1070/LT1071 will then regulate the value
of the flyback pulse with respect to the supply voltage. This
flyback pulse is directly proportional to output voltage in the
traditional transformer coupled fiyback 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-
cial delay network inside the LT1070/LT1071 ignores the leak-
age inductance spike at the leading edge of the flyback pulse
to improve output regulation.

The error signal developed at the comparator input is brought
out externally. This pin (V¢) 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
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 V¢ pinis pulled to ground
through a diode, placing the LT1070/LT1071 in an idle mode.
Pulling the V¢ pin below 0.15V causes total regulator shut-
down, with only 50xA supply current for shutdown circuitry
biasing. See AN-19 for full application details.

TYPICALA PPUCG“O"S (Note that maximum output currents are divided by 2 for LT1071,)

Driving High Voltage FET

{ [t
I ot |S

Vin

Vow

10-20V = moro/LTion

|

- GND

Negative to Positive Buck-Boost Converter

L2

OPTIONAL I

outeuT =°

FITER =

Ch— L1070

OPTIONAL
INPUT

FILTER D v BB
Y Y Ny
3 R3 Sh2
2.2k > 1.24k
o ]
Vi < 022~

—1v

*REQUIRED IF INPUT LEADS =2~
**PULSE ENGINEERING 92113

External Current Limit

LT1070/LT1071
R2

v GND Ve

R1 D1
5002 I ‘ [
i
T

External Current Limit

Vin Y
. LT070/LT1074
= GND v B[
=
[
>
Ri :: R2
1k 1
ai b
o ——c2
| 1000pF | NOTE THAT THE LT1070/LT1071
—AA &~ GND PIN IS NO LONGER COMMON
Rs TOViN(—)

LY R
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LT1070/LT1071

TYPICAL APPLICATIONS

Totally Isolated Converter

OPTIONAL
QUTPUT FILTER

L1

N D1 15v_10uH
A . }
| tC1 < I"‘ c5
R4 c3 0 P4
N 5004F — 200,F
1.5k 0.47uF | 1 lcom
N _L* I < 2 .06
5004F @ 10 = 2004F
- W
. I 15V
Vy—=— 51X
T N=0.875=7:8
FOR Voyr= 15V
50002
c2 R2
0.014F
| *REQUIRED IF INPUT LEADS > 2"
~fov
v ~ SWITCH VOLTAGE
5 TorF _Ton
Vour +V{ (Vy=DIODE FORWARD VOLTAGE)
ov l I i I I | SECONDARY VOLTAGE
A pay e— — —
NeViy
Flyback Converter
7 CLAMP TURN-ON
o VTE SPIKE
c4 S———
2004F v }- PRIMARY FLYBACK VOLTAGE = YOUT ¥ V1t
OPTIONAL™ N LT1070/LT1071 SWITCH VOLTAGE
FILTER AREA “a” = AREA “b’ TO MAINTAIN
ZERO DC VOLTS ACROSS PRIMARY
Vin Vour
5V
20-30V T I p SECONDARY VOLTAGE
Sk 3 ef1 N AREA "'c"" = AREA “d" TO MAINTAIN
S 0.474F ‘o ZERO DC VOLTS ACROSS SECONDARY
L—d 20004F
D2 |
g PRIMARY CURRENT
) ;. 3.74k
c4dz
1004F* T~ PRI SECONDARY CURRENT
LT1070 SWITCH CURRENT
SR2 0
$ 124k e
3
SNUBBER DIODE CURRENT
0
*REQUIRED IF INPUT LEADS 22" = _.) I._;=M

Vsnug
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LT1070/LT1071

TYPICAL APPLICATIONS

Positive to Negative Buck-Boost Converter

1N28J1 rs t “REQUIRED IF INPUT LEADS = 2"
o 47001W Vi **PULSE ENGINEERING 92113
WA~ N
I o5 L 1o ¥ 10 AVOID START-UP PROBLEMS
= 1004 FOR INPUT VOLTAGES BELOW 10V,
Ty I CONNECT ANODE OF D3 TO V.,
W = AND REMOVE RS, C1 MAY BE
REDUCED FOR LOWER OUTPUT
st CURRENTS. C1 =(5004F)(Iou7)
LT1070 FOR 5V OUTPUTS, REDUCE R3
Suf 70 1.5k, INCREASE C2 TO 0.3,F,
R1 ngZ‘ . M AND REDUCE R6 TO 1002,
10A.AI( _ 470
GND Vo FB WA ) v—]
RS QR2 _L c3 ot 36
5K i» 1.24k —l—z,f Tmoow i» 4700
c2
D1
= i< Vour
‘ 1 ‘ —1V@2A
L=
200pH
Voltage Boosted Boost Converter
4
6800 &
W9
TOTAL INDUCTANCE = 4mH
Vi v INTERLEAVE PRIMARY AND
b SECONDARY FOR LOW LEAKAGE
INDUCTANCE.
N
Vin =2
18V 7 L1070
Vour
100V@300mA

GND- Ve 8 VWV
R3 QR2 _I_’ C1

0k S1.24k 2004F
c2
0047~

Vour
28V
4A
Y Vw
i <SRi
Vi — o 5 ok
16-24V o= - AT1070 .
A —_—ct
GND vp B
R3 R2Q
1.4k 2
c2 w
T

LY NTR
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LT1070/LT1071

TYPICAL APPLICATIONS

Negative Buck Converter
+ =
B C2dt
D1
10004F A1
agak | L0AD
—5.2V@4.5A
L1 @
2004H
catl af
1004F*=T— 2N3906
OPTIONAL T -
INPUT
FILTER
0PTIONAL'E= L
c OUTPUT 4
1 FILTER T~ 200F
S R2
R Sk &
Viy
—av T ¢

*REQUIRED IF INPUT LEADS = 2"
**PULSE ENGINEERING 92113

Negative Current Boosted Buck Converter

r___/_']_ =
+ S MINIA
} ¢t :,MlNlMUM

> | 0AD =10mA
=Vour

R4 SV@10A

12k

)]
2N3906

Vour—0.6V
1mA

R1=

S R2

S1.24k

Vin

N
c5* =
1004F =

L2

OPTIONAL
OUTPUT =
FILTER

R1
3.74k D2
1Ng14
g Ccedt QR4
> 1uF - 00
o | 00,4 1
W TN v 5, 4.5A

1# L—td
D1

oo e 4;‘100mA
1000 == SIMNIMUM

*REQUIRED IF INPUT LEADS =2"
**PULSE ENGINEERING 92112 =
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LT1070/LT1071

TYPICAL APPLICATIONS

Negative Boost Regulator Driving High Voltage NPN
' c1
L L I
—3 D2 —
1 D2
— Vsw Vin T i<
SR2
:& R1 < R1*
L1070 P ] R LR + AN at
1 ::‘CS,lF‘t%ucB (MINIMUM I Ao k]
+ LOAD) m
C4 =l 1] vV
A704F* = “oND - ve FBl— W
L <L
i 5, el
8] c2 .
200:H 01
Vin fYIY\ T 022 1d Vour
—15V L) —28V@1A GND
*REQUIRED IF INPUT LEADS = 2" “SETS 15 (ON)
**SETS |g (OFF)
Negative Input-Negative Output Flyback Converter
1 =
: A2 -
< R3
T3 bR
® =
Uiy 203906
R1*
- A=
T T LT1070/LT1071
¢ —Vour
aND v R1=Vour| =16V
20044
RS S R4
i» 1.24K
c2
=Viy
Forward Converter
b3l Tcz .
A
in Vsw
2030 = Ti070
GND Vg B 76
o 330
S R2
1.2k
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LT1070/LT1071

TYPICAL APPLICATIONS

Positive Current Boosted Buck Converter

Viy o .
28V
4700 3 R6 o
2w 0.474F 4700
C6
02 o.oozT w e
N=0.25
R2 R2
1k 1.24k 1
5 Z
Vi
c5 -1t 7 2
100pF* =T V+
R3 c4 6
LM308 RS
6800 =T 0.014F y-
[~ 00 NCoM?, |3 A
= 8
C1 200pF R4
0.33 T 1.24k
Vour
5V@10A
Sh L)
< ——
<“— 5000uF

*REQUIRED IF INPUT LEADS =2"

1

PﬂCKﬂGG DESCanTlon Dimensions in inches (millimeters) unless otherwise noted.

TO-3 Type Metal Can (Steel) K Package T0-220 Type Plastic
1,531 = 1.551
(38.89-39.39) T Package
0.273-0.293 “(?—9723%97% 0.330 ~0.410
(6.934=7.442) {8.906-10.41) 0.170-0.
| 0.100-0.120 m;ﬁ% “
0.570-0.610 0.147-0.151 _ (2.540~3.048) 0.045-0.055
i r ] l (14.48-15.49) (3.736-3.835) _" 1143-1.397)
T SEATING
f T PLANE F
4 0.067 * T
0.420 038 0. (1.701)
G T aln [ |
DIA (11.68-12.70) 0620 0.110
1.177-1.197) 0.880-0.910 (1875)  (ig.03)
(29.89~-30.40) (22.35-23.11)
0.655-0.675 0970-1.050
(16.64-17.14) 0.355-0.370 (24.64-26.67) l
0.220-0235 (8.017-9.388) 11
{5,568 -5.869) HH =
2HOLES
0.445-0.465 0.151-0.161
{T1.30-11.81) (3.835-4.089) .,l
0.177 0.062-0.072 0090
s (1574 -1.328) - 0030-0.040 0013-0.025 T [ e
‘%) 2PLACES ™ ™ (0.762-1.016) (0.330-0,635) T 700155
DIA PIN (4.318 -4.699)
CIRCLE 0327-0.335
(8.306-8.509)
0325
(13.33)
MAX
TIMAX 8y¢ LT TIMAX 4¢ 27
LT1070MK, LT1070HVMK 150°C 2°CW 35°CW LT1070CT, LT1070HVCT 100°C 2°CW 75°CIW
LT1070CK, LT1070HVCK 100°C 2°CW 35°CW LT1071CT, LT1071HVCT 100°C 4°CW 75°CW
LT1071MK, LT1071HVMK 150°C 4°CW 35°CW
LT1071CK, LT1071HVCK 100°C 4°CW 35°CW
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LT1083/LT1084/LT1085

TECHNOLOGY

FEATURES

= Three Terminal Adjustable

= Qutput Current of 3A, 5A or 7.5A

m Qperates Down to 1V Dropout

m Guaranteed Dropout Voltage at Multiple Current Levels
= (,015% Line Regulation

= (.01% Load Regulation

m 100% Thermal Limit Burn-In

APPLICATIONS

= High Efficiency Linear Regulators

= Post Regulators for Switching Supplies
= Constant Current Regulators

= Battery Chargers

7.5A, 5A, 3A Low Dropout
Positive Adjustable Regulators

DESCRIPTION

The LT1083 series of positive adjustable regulators are de-
signed to provide 7.5A, 5A and 3A with higher efficiency
than currently available devices. All internal circuitry is de-
signed to operate down to 1V input to output differential
and the dropout voltage is fully specified as a function of
load current. Dropout is guaranteed at a maximum of 1.5V
at maximum output current, decreasing at lower load cur-
rents. On-chip trimming adjusts the reference voltage to
1%. Current limit is also trimmed, minimizing the stress
on both the regulator and power source circuitry under
overload conditions.

The LT1083/84/85 series devices are pin compatible with
older 3 terminal regulators. A 10F output capacitor is re-
quired on these new devices; however, this is usually in-
cluded in most regulator designs.

Unlike PNP regulators, where up to 10% of the output cur-
rent is wasted as quiescent current, the LT1083 quiescent
current flows into the load, increasing efficiency.

5V, 7.5A Regulator

5V AT 7.5A

ViNz6.5V LT1083
+ S 121Q

<
31 -L.m,f-
104 I l Wt 1% ’-l-\ TANTALUM
= 33 T
S1%
*REQUIRED FOR STABILITY JL

LT1083 Dropout Voltage vs
Output Current

~

» INDICATES GUARANTEED TEST POINT
[ =se=T =m0t

=

.

2

z 0°C=T,=125°C

i slj -
w

&

= — —

2 4 T | |
§ N1 NTi=150C
2 "1 j=25°C

E t "q

z T)= —55°C

=2

=

H

=

0
0 1 2 3 4 5 6 7 8 9 10
QUTPUT CURRENT (A)
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LT1083/L71084/LT1085

ABSOLUTE MAXIMUM RAATIANGS

PRCKAGE/ORDER INFORMATION

Power Dissipation..................... Internally Limited SOTTON ViEW ORDER
Input to Output Voltage Ditferential Vin CASETS PART NUMBER
M Grades. v e 35V OUTRUT
“C" Grades....... e e 3ov
: , LT1083MK LT1084CK
Op‘e"r\zllt,lggr aJduensctlon Temperature Range b [T1083CK_LT1085MK
Control Section ................... ~55°Ct0150°C o AgKAGE LT1084MK LT10830K
Power Transistor .................. -55°Ct0200°C
“C" Grades FRONT VIEW
Control Section. . ....vvevveeeeenennnn. 0°Cto 125°C LT1083CP
POWE! TranSIStOr. ...+ veeeevereenens, 0°C to 150°C ————" LT1084CP
Storage Temperature ................... ~65°C to 150°C o [ ————Vor
Lead Temperature (Soldering, 10s€¢) .............. 300°C — Y
N P PACKAGE
T0-247 PLASTIC
PRECONDITIONING —
100% Thermal Limit Burn-In
W LT1085CT
@) I —R
[ T——>
T PACKAGE
T0-220 PLASTIC
ELECTRICAL CHARARCTERISTICTS (seeNote 1)
PARAMETER CONDITIONS MIN TYP MAX UNITS
Reference Voltage loyr=10mA, T;=25°C,
(Vin—Vour) =3V (K Package Only) 1238 1250  1.262 v
10mA <loyr <lryLL Loap
1.5V=(Vjy - Vour) =25V (Note 3) ° 1205 1250 1270 v
Line Regulation ILoap=10mA, 1.5V <(Viy - Vour) < 15V, Tj=25°C 0.015 0.2 %
° 0035 02 %
M Grade .
15V<(Viy - Vour) <35V ° 0.05 05 %
CGrade
15V <(Viy = Vour) <30V [ 0.05 0.5 %
(Notes 1,2)
Load Regulation (Vin=Vour) =3V
10mA < loyr<lryiL LoaD
Tj=25°C (Notes 1,2,3) 0.1 03 %
° 0.2 04 %
Dropout Voltage AVper=1%, lour = lruLL Loap, (Note 4) ® 1.3 1.5 \
Current Limit
LT1083 (Viy=Vour) =5V ° 80 95 A
(Vin=Voun =25V ° 0.4 1.0 A
LT1084 (Vin=Vour) =5V [ ] 55 6.5 A
(Vin=Vour) =25V ° 03 06 A
LT1085 (Vin=Vour) =5V ° 32 4 A
(Vin=Vour)=25V [ 0.2 05 A
53-34 LY R



LT1083/LT1084/LT1085

ELECTRICAL CHRARACTERISTICS (sce Note 1)

PARAMETER CONDITIONS MIN TYP MAX UNITS
Minimum Load Current (Vin—Vour) =25V [ ] 5 10 mA
Thermal Regulation Ta=25°C, 30ms pulse
LT1083 0.002 0.01 %IW
LT1084 0.003 0.15 %IW
LT1085 0.004 0.02 %IW
Ripple Rejection f=120Hz
Capy = 25¢F, Coyr = 25¢F Tantalum
lour = lFuLL LoD, (Vin—Vour) = 3V d 60 7% d8
Adjust Pin Current Tj=25°C 55 wA
° 120 wA
Adjust Pin Current Change 10mA <loyr<IryLLL0AD
1.5V <(Vjy = Vour) <25V [ ] 0.2 5 pA
Temperature Stability [ 05 %
Long Term Stability Ta=125°C, 1000 Hrs. 0.3 1 %
RMS Output Noise (% of Voyr) Tp=25°C
10Hz = <f<10kHz 0.003 %
Thermal Resistance
Junction to Case
LT1083 K Package: Control Circuitry/Power Transistor 0.6/1.6 °CIW
P Package: Control Circuitry/Power Transistor 0.5/1.6 °CIW
LT1084 K Package: Control Circuitry/Power Transistor 0.75/2.3 °CIW
P Package: Control Circuitry/Power Transistor 0.65/2.3 °CIW
LT1085 K Package: Control Circuitry/Power Transistor 0.9/3.0 °CIW
T Package: Control Circuitry/Power Transistor 0.7/3.0 °CIW

The ® denotes the specifications which apply over the full operating
temperature range.
Note 1: See thermal regulation specifications for changes in output volt-
age due to heating effects. Load and line regulation are measured at a con-
stant junction temperature by low duty cycle pulse testing.

Note 2: Line and load regulation are guaranteed up to the maximum power
dissipation (60W for the LT1083, 45W for the LT1084, 30W for the LT1085).
Power dissipation is determined by the input/output differential and the
output current. Guaranteed maximum power dissipation will not be avail-
able over the full input/output voltage range.

Note 3: Igy L Loap IS defined in the current limit curves. lgyy oap CUTVE is
defined as the minimum value of current limit as a function of input to out-
put voltage. Note that the 60W power dissipation for the LT1083 (45W for
the LT1084 or 30W for the LT1085) is only achievable over a limited range of

input to output voltage.

Note 4: Dropout voltage is specified over the full output current range of
the device. Test points and limits are shown on the Dropout Voltage curve.

TYPICAL PERFORMANCE CHARACTERISTICS

LT1083 Dropout Voltage LT1083 Short Circuit Current LT1083 Load Regulation
2 T T T T T T T T 12 0.10 T
s © INDICATES GUARANTEED TEST POINT Al=75A
2 55 =T =150°C —~ I
2 r N l._ _ 10 [ \\ 2550 I3 0.05
] °C=Tj=125°C Le = NN 1s0°C =
& £ NN &
e N | g 8 NS E 0
a < =
5 o] ~ 3 \\ fov)
g 1 = | E 6 N 20,05
2 AT =150 3 AR S L
= o % -5 r \ 3 \\
2 j=25°C e 4 Z-0.10 P~
= 5o S IFULL LOAD 5 T~
= Tj= —55°C 2 E
S @« =
E 2 S-0.15
=
=
0 0 — -0.20
01 2 3 4 5 6 7 8 9 10 0 5 10 15 2 25 30 35 —50 -25 0 25 50 75 100 125 150
OUTPUT CURRENT (A) INPUT/QUTPUT DIFFERENTIAL (V) TEMPERATURE (°C)
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LT1083/LT1084/LT1085

TYPICAL PERFORMANCE CHARACTERISTICS

LT1084 Dropout Voltage LT1084 Short Circuit Current LT1084 Load Regulation
2 - . 10 0.10 T
s © INDICATES GUARANTEED TEST POINT 9 Al=5A
2 —55°C=<Tj=150°C e < 005
z n = g
g2 0°C<T}=125°C 7 = g
I N S =]
s M Za\ v s
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= = — 5 —55° &
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z I E 3 5 N
= Tj=150°C g, \\ £ N
s IFULL LOAD--—\ ﬁ' ©-0.15
= 1 }
= ! =
0 0 ! —-0.20
0 1 2 3 4 5 6 0 5 1 1B 2 25 3 3 —50 —25 0 25 50 75 100 125 150
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LT1085 Dropout Voltage LT1085 Short Circuit Current LT1085 Load Regulation
2 e 6 0.10
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LT1083/LT1084/LT1085

TYPICAL PERFORMANCE CHARACTERISTICS

LT1083 Ripple Rejection
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LT1083/LT1084/LT1085

TYPICAL PERFORMANCE CHARACTERISTICS

LT1083 Load Transient Response
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LT1084 Load Transient Response

LT1085 Load Transient Response
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The LT1083 family of three terminal adjustable regulators  Stability

is easy to use and has all the protection features that are
expected in high performance voltage regulators. They are
short circuit protected, have safe area protection as well
as thermal shutdown to turn off the regulator should the
temperature exceed about 165°C.

These regulators are pin compatible with older three
terminal adjustable devices, offer lower dropout voltage
and more precise reference tolerance. Further, the refer-
ence stability with temperature is improved over older
types of regulators. The only circuit difference between
using the LT1083 family and older regulators is that they
require an output capacitor for stability.

The circuit design used in the LT1083 family requires the
use of an output capacitor as part of the device frequency
compensation. For all operating conditions, the addition
of 150xF aluminum electrolytic or a 22xF solid tantalum on
the output will ensure stability. Normally, capacitors
much smaller than this can be used with the LT1083. Many
different types of capacitors with widely varying charac-
teristics are available. These capacitors differ in capacitor
tolerance (sometimes ranging up to +100%), equivalent
series resistance, and capacitance temperature coeffi-
cient.The 150uF or 22uF values given will ensure stability.

S3-38
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LT1083/LT1084/LT1085

APPLICATION HINTS

When the adjustment terminal is bypassed to improve the
ripple rejection, the requirement for an output capacitor
increases. The values of 22F tantalum or 150uF aluminum
cover all cases of bypassing the adjustment terminal.
Without bypassing the adjustment terminal, smaller
capacitors can be used with equally good results and the
table below shows approximately what size capacitors are
needed to ensure stability.

Recommended Capacitor Values

Input Output Adjustment
10pF 10xF Tantalum, 50xF Aluminum None
104F 22y F Tantalum, 1504F Aluminum 20uF

Normally, capacitor values on the order of 100xF are used
in the output of many regulators to ensure good transient
response with heavy load current changes. Output capaci-
tance can be increased without limit and larger values of
output capacitor further improve stability and transient re-
sponse of the LT1083 regulators.

Another possible stability problem that can occur in
monolithic IC regulators is current limit oscillations.
These can occur because, in current limit, the safe area
protection exhibits a negative impedance. The safe area
protection decreases the current limit as the input-to-
output voltage increases. That is the equivalent of having
anegative resistance since increasing voltage causes cur-
rent to decrease. Negative resistance during current limit
is not unique to the LT1083 series and has been present on
all power IC regulators. The value of the negative re-
sistance is a function of how fast the current limit is
folded back as input-to-output voltage increases. This
negative resistance can react with capacitors or inductors
on the input to cause oscillation during current limiting.
Depending on the value of series resistance, the overall
circuitry may end up unstable. Since this is a system prob-
lem, it is not necessarily easy to solve; however it does not
cause any problems with the IC regulator and can usually
be ignored.

Protection Diodes

In normal operation, the LT1083 family does not need any
protection diodes. Older adjustable regulators required

protection diodes between the adjustment pin and the out-
put and from the output to the input to prevent overstress-
ing the die. The internal current paths on the LT1083
adjustment pin are limited by internal resistors. Therefore,
even with capacitors on the adjustment pin, no protection
diode is needed to ensure device safety under short circuit
conditions.

Diodes between input and output are usually not needed.
The internal diode between the input and the output pins
of the LT1083 family can handle microsecond surge cur-
rents of 50A to 100A. Even with large output capacitances,
it is very difficult to get those values of surge currents in
normal operations. Only with high value of output capaci-
tors, such as 1000F to 5000xF and with the input pin in-
stantaneously shorted to ground, can damage occur. A
crowbar circuit at the input of the LT1083 can generate
those kinds of currents, and a diode from output to input is
then recommended. Normal power supply cycling or even
plugging and unplugging in the system will not generate
current large enough to do any damage.

The adjustment pin can be driven on a transient basis
+£25V, with respect to the output without any device
degradation. Of course; as with any IC regulator, exceed-
ing the maximum input to output voltage differential
causes the internal transistors to break down and none of
the protection circuitry is functional.

D1

1N4002
(OPTIONAL)
1

Vin N me 0UT Vour
P IR  Gon
=4 R1S T150,‘F
2 e $re
T10,,¢F <
Overload Recovery

Like any of the IC power regulators, the LT1083 has safe
area protection. The safe area protection decreases the
current limit as input-to-output voltage increases and

LTI
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LT1083/LT1084/LT1085

APPLICATION HINTS

keeps the power transistor inside a safe operating region
forall values of input-to-output voltage. The LT1083 protec-
tion is designed to provide some output current at all val-
ues of input-to-output voltage up to the device breakdown.

When power is first turned on, as the input voltage rises,
the output follows the input, allowing the regulator to start
up into very heavy loads. During the start-up, as the input
voltage is rising, the input-to-output voltage differential
remains small, allowing the regulator to supply large out-
put currents. With high input voltage, a problem can occur
wherein removal of an output short will not allow the out-
put voltage to recover. Older regulators, such as the 7800
series, also exhibited this phenomenon, so it is not unique
to the LT1083.

The problem occurs with a heavy output load when the in-
put voltage is high and the output voltage is low, such as
immediately after a removal of a short. The load line for
such a load may intersect the output current curve at two
points. If this happens, there are two stable output operat-
ing points for the regulator. With this double intersection,
the power supply may need to be cycled down to zero and
brought up again to make the output recover.

Ripple Rejection

The typical curves for ripple rejection reflect values for a
bypassed adjustment pin. This curve will be true for all val-
ues of output voltage. For proper bypassing, and ripple
rejection approaching the values shown, the impedance of
the adjust pin capacitor, at the ripple frequency should
equal the value of R1, (normally 1000-1209). The size of the
required adjust pin capacitor is a function of the input rip-
ple frequency. At 120Hz the adjust pin capacitor should be
13pF if R1=1000. At 10kHz only 0.164F is needed.

For circuits without an adjust pin bypass capacitor, the
ripple rejection will be a function of output voltage. The
output ripple will increase directly as a ratio of the output
voltage to the reference voltage (Vout/VRer). For example,
with the output voltage equal to 5V, and no adjust pin
capacitor, the output ripple will be higher by the ratio of
5V/1.25V or 4 times larger. Ripple rejection will be de-
graded by 12dB from the value shown on the typical curve.

Output Voltage

The LT1083 develops a 1.25V reference voltage between
the output and the adjust terminal (see Figure 1). By plac-
ing 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 10mA. Because
lapy is very small and constant when compared with the
current through R1, it represents a small error and can
usually be ignored.

g m—
- 3 R2

<
R2 <

Vour=V 14+ 2%) +lapyR2
OUT=VREF < + R1> ADJ JL

Figure 1. Basic Adjustable Regulator

Load Regulation

Because the LT1083 is a three-terminal device, it is not
possible to provide true remote load sensing. Load regula-
tion will be limited by the resistance of the wire connect-
ing the regulator to the load. The data sheet specification
for load regulation is measured at the bottom of the pack-
age. Negative side sensing is a true Kelvin connection,
with the bottom of the output divider returned to the nega-
tived 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 2. If R1 were
connected to the load, the effective resistance between
the regulator and the load would be

Rp X <R2FJ;1 R1>, Rp = Parasitic Line Resistance.

Connected as shown, Ry is not multiplied by the divider ra-
tio. Rp is about 0.0040 per foot using 16 gauge wire. This
translates to 4mV/ft at 1A load current, so it is important to
keep the positive lead between regulator and load as short
as possible, and use large wire or PC board traces.
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APPLICATION HINTS

Rp
PARASITIC

LINE RESISTANCE
LT1083 Vgyr AAN

Am'\L

Sqy CONNECT

> R17T0 CASE

ViN—Vin

—
J:_ CONNECT R2

- TO LOAD

Figure 2. Connections for Best Load Regulation

Thermal Considerations

The LT1083 series of regulators have internal power and
thermal limiting circuitry designed to protect the device
under overload conditions. For continuous normal load
conditions however, maximum junction temperature rat-
ings must not be exceeded. It is important to give careful
consideration to all sources of thermal resistance from
junction to ambient. This includes junction to case, case
to heat sink interface, and heat sink resistance itself. New
thermal resistance specifications have been developed to
more accurately reflect device temperature and ensure
safe operating temperatures. The data section for these
new regulators provides a separate thermal resistance
and maximum junction temperature for both the Contro/
Section and the Power Transistor. Previous regulators,
with a single junction to case thermal resistance speci-
fication, used an average of the two values provided here
and therefore could allow excessive junction tempera-
tures under certain conditions of ambient temperature
and heat sink resistance. To avoid this possibility, calcula-
tions should be made for both sections to ensure that both
thermal limits are met.

Junction-to-case thermal resistance is specified from the
IC junction to the bottom of the case directly below the
die. This is the lowest resistance path for heat flow. Proper
mounting is required to ensure the best possible thermal
flow from this area of the package to the heat sink. Ther-
mal compound at the case-to-heat-sink interface is
strongly recommended. If the case of the device must be
electrically isolated, a thermally conductive spacer can be
used, as long as its added contribution to thermal re-
sistance is considered. Note that the case of all devices in
this series is electrically connected to the output.

For example, using a LT1083CK (TO-3, Commercial) and
assuming:

V|N (max continuous) =9V, Voyr =5V, lour = 6A,
TAMBIENT =75°C, OHEAT SINK = 1°CIW,
0cASE-TO-HEAT-SINK = 0.2°C/W for K package with
thermal compound.

Power dissipation under these conditions is equal to:
Pp=(Vin-Vour) (lout) = 24W

Junction temperature will be equal to:

Tj=TAMBIENT + Pp (BHEAT-SINK +
HCASE-TO-HEAT-SINK + fic)

For the Control Section:

Tj=75°C + 24W (1°C/W + 0.2°C/W +0.6°C/W) = 118°C
118°C <125°C = Timax (Control Section
Commercial Range)

For the Power Transistor:

Tj=75°C+ 24W (1°C/W + 0.2°C/W + 1.6°C/W) = 142°C
142°C <150°C = Tjmax (Power Transistor
Commercial Range)

In both cases the junction temperature is below the maxi-
mum rating for the respective sections, ensuring reliable
operation.

LT IR
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TYPICAL APPLICATIONS

Paralleling Regulators
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TYPICAL APPLICATIONS

High Efficiency Regulator
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BLOCK DIRGRAM
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it
o

0.780-0.820
(19.812-20.828)

0.040-0.060
(1.016-1.524)

0.200

-

(5.080)
BSC

0.110-0.130
(2.794-3.302)

0.190-0210
(4.826-5.334)

15° TYP. l._,_
15° TYP

-

7°TYP

4|
4

0.070-0.090
(1.778-2.286)

0.025-0.035
{0.635-0.889)

(25.908+0.381)

0,655-0.675
{664 —17.15)

T Packag

0.152-0.161
(3.86-4.09)

RTYP

01670477
wa—aag "

T0-220 Plastic

briaaon + L0040
279420254
|
t N\ 0.147-0.151
_/ (3734-3835)
DA

0.355-0.370
{8.017-9.398)

0.570-0.610
{14.478-15.493)

1.02020.015

0.540+0.040
(137161016

0.050

T ST
TYP

.I"I L‘ 081320.127)

0.032+0.005

01000010
(2.540%0.254)

0.170-0.180
@318-a572)

0.045-0.055
0.25040.020

(1.143-1.387)
(6350 0.508)

e

0013-0.025
(0:330-0.635)
0.090-0.125
2.286-3.175)
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VOLTAGE REFERENCE SELECTION GUIDE

MILITARY TEMPERATURE RANGE

-55°Cto +125°C
VOLTAGE MAXIMUM
VOLTAGE TOLERANCE OPERATING DYNAMIC
Vz MAXIMUM TEMPERATURE DRIFT, CURRENT RANGE IMPEDANCE
(VOLTS) Ta=25°C DEVICE ppmi/°C OR mV CHANGE (OR SUPPLY CURRENT) @ MAJOR FEATURE
1.235 +0.32% LT1004M-1.2 20ppm (typ) 10uA to 20mA 15 Micropower
+1% LM185-1.2 20ppm (typ) 104A to 20mA 15 Micropower
*1% LT1034BM-1.2 20ppm (max) 204A to 20mA 15 Low TC Micropower with
7V Aux. Reference
+1% LT1034M-1.2 40ppm (max) 20uA to 20mA 15 Low TC Micropower with
7V Aux. Reference
25 +0.5% LT1004M-2.5 20ppm (typ) 20pA to 20mA 15 Micropower
+0.2% LT1009M 18mV (max) 4001A to 10mA 1.0 Precision
+0.2% LT1019M-2.5 25ppm (max) 1.2mA N/A Precision Bandgap
+2% LM136-2.5 18mV (max) 400pA to 10mA 1.0 General Purpose
+1% LM136A-2.5 18mV (max) 400xA to 10mA 1.0 General Purpose
+1.5% LM185-2.5 20ppm (typ) 20A 0 20mA 1.5 Micropower
+1% AD580S 55ppm (max) 1.5mA N/A 3 Terminal Low Drift
+0.4% AD580T 25ppm (max) 1.5mA N/A 3 Terminal Low Drift
+0.4% AD580U 10ppm (max) 1.5mA N/A 3 Terminal Low Drift
5.0 +0.2% LT1019M-5 25ppm (max) 1.2mA N/A Precision Bandgap
+1% LT1021BM-5 Sppm (max) 1.2mA 0.1 Very Low Drift
+0.05% LT1021CM-5 20ppm (max) 1.2mA 0.1 Very Tight Inital Tolerance
+1 LT1021DM-5 20ppm (max) 1.2mA 0.1 Low Cost, High Performance
+0.2% LT1029AM 20ppm (max) 6004A to 10mA 06 Precision Bandgap
+1% LT1029M 40ppm (max) 6004A to 10mA 0.6 Precision Bandgap
+0.3% REF02A 8.5ppm (max) 1.4mA N/A Precision Bandgap
+0.5% REF02 25ppm (max) 1.4mA NIA Precision Bandgap
69 +3% LM129A 10ppm (max) 6004A to 15mA 0.8 (typ) Low Drift
+3% LM1298 20ppm (max) 6004A to 15mA 0.8(typ) Low Drift
+3% LM129C 50ppm (max) 600.A to 15mA 0.8 (typ) Low Cost
6.95 +2% LM199A 0.5ppm (max) - 55°C to +85°C 5004A to 10mA 10 Ultra Low Drift
10ppm (max) + 85°Cto +125°C
+2% LM199 1ppm (max)-55°Cto +85°C 5004A to 10mA 1.0 Ultra Low Drift
15ppm (max) +85°Cto +125°C
70 +0.7% LT1021BM-7 5ppm (max) 1.0mA 0.2 Low Drift/Noise, Exc.
Stability
+0.7% LT1021DM-7 20ppm (max) 1.0mA 0.2 Low Cost, High Performance
10.0 +0.2% LT1019M-10 25ppm (max) 1.2mA NIA Precision Bandgap
+05% LT1021BM-10 5ppm (max) 1.7mA 0.25 Very Low Drift
+0.05% LT1021CM-10 20ppm (max) 1.7mA 0.25 Very Tight Initial Tolerance
+0.5% LT021DM-10 20ppm (max) 1.7mA 0.25 Low Cost, High Performance
+0.05% LT1031BM 5ppm (max) 1.7mA 0.25 Very Low Drift
+0.1% LT1031CM 15ppm (max) 1.7mA 0.25 Very Tight Initial Tolerance
+£0.2% LT10310M 25ppm (max) 1.7mA 0.25 Low Cost, High Performance
+0.3% AD581J 30ppm (max) 1.0mA NIA 3 Terminal Low Drift
+0.1% ADS8IT 15ppm (max) 1.0mA N/A 3 Terminal Low Drift
+0.05% LH0070-2 6.7ppm (max) 5.0mA 0.6 Low Drift
+0.1% LH0070-1 17ppm (max) 5.0mA 06 Good Initial Tolerance
+0.1% LH0070-0 33ppm (max) 5.0mA 0.6 Low Cost, High Performance
+0.3% REF01A 8.5ppm (max) 1.4mA NIA Precision Bandgap
+05% REF01 25ppm (max) 1.4mA N/A Precision Bandgap

LT AR
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VOLTAGE REFERENCE SELECTION GUIDE

COMMERCIAL TEMPERATURE RANGE

0°Cto +70°C
VOLTAGE MAXIMUM
VOLTAGE TOLERANCE OPERATING DYNAMIC
Vy MAXIMUM TEMPERATURE DRIFT, CURRENT RANGE IMPEDANCE
(VOLTS) To=25°C DEVICE ppm/°C OR mV CHANGE (OR SUPPLY CURRENT) (] MAJOR FEATURE
1.235 +0.32% LT1004C-1.2 20ppm (typ) 104A to 20mA 15 Micropower
+1% LT1034BC-1.2 20ppm (max) 204A to 20mA 15 Low TC Micropower with
7V Aux. Reference
+1% LT1034C-1.2 40ppm (max) 20pA to 20mA 15 Low TC Micropower with
7V Aux. Reference
+2% LM385-1.2 20ppm (typ) 154A to 20mA 15 Micropower
*1% LM385B-1.2 20ppm (typ) 154A to 20mA 15 Micropower
25 10.5% LT1004C-2.5 20ppm (typ) 204A to 20mA 15 Micropower
+0.2% LT1009C 6mV (max) 400¢A to 10mA 14 Precision
+02% LT1019C-2.5 20ppm (max) 1.2mA N/A Precision Bandgap
+4% LM336-2.5 6mV (max) 400uA to 10mA 14 General Purpose
+2% LM336B-2.5 6mV (max) 400uA to 10mA 14 General Purpose
+3% LM385-2.5 20ppm (typ) 20uA to 20mA 15 Micropower
£15% LM385B-2.5 20ppm (typ) 204A to 20mA 15 Micropower
+3% AD580J 85 (max) 1.5mA N/A 3 Terminal Low Drift
+1% AD580K 40(max) 1.5mA NIA 3 Terminal Low Drift
+04% ADS580L 25 (max) 1.5mA NIA 3 Terminal Low Drift
+04% AD580M 10(max) 1.5mA N/A 3 Terminal Low Drift
5.0 +0.2% LT1019C-5 20ppm (max) 1.2mA NIA Precision Bandgap
+1% LT1021BC5 5ppm (max) 1.2mA 0.1 Very Low Drift
+0.05% LT1021CC-5 20ppm (max) 1.2mA 0.1 Very Tight Inital Tolerance
+1 LT1021DC-5 20ppm (max) 1.2mA 0.1 Low Cost, High Performance
+0.2% LT1029AC 20ppm (max) 6004A to 10mA 0.6 Precision Bandgap
+1% LT1029C 34ppm (max) 6004A to 10mA 0.6 Precision Bandgap
+0.3% REF02E 8.5ppm (max) 1.4mA N/A Precision Bandgap
+0.5% REF02H 25ppm (max) 1.4mA N/A Precision Bandgap
+1% REF02C 65ppm (max) 1.6mA N/A Precision Bandgap
+2% REF02D 250ppm (max) 2.0mA N/A Bandgap
6.9 +3% LM329A 10ppm (max) 600xA to 15mA 1.0(typ) Low Drift
+5% LM3298 20ppm (max) 600uA to 15mA 1.0(typ) Low Drift
+5% LM329C 50ppm (max) 6004A to 15mA 1.0(typ) General Purpose
+5% LM329D 100ppm (max) 6004A to 15mA 1.0(typ) General Purpose
+4% LTZ1000 0.1ppm/°C 4mA 20.0 Ultra Low Drift,
' 2ppm Long Term Stability*
6.95 5% LM399 2ppm (max) 5004A to 10mA 15 Ultra Low Drift
+5% LM329A 1ppm (max) 5004A to 10mA 1.5 Ultra Low Drift
70 +0.7% LT1021BC-7 5ppm (max) 1.0mA 0.2 Low Drift/Noise, Exc.
Stability
+0.7% LT1021DC-7 20ppm (max) 1.0mA 0.2 Low Cost, High Performance
10.0 +0.2% LT1019C-10 20ppm (max) 1.2mA N/A Precision Bandgap
+0.5% LT1021BC-10 5ppm (max) 1.7mA 0.25 Very Low Drift
+0.05% LT1021CC-10 20ppm (max) 1.7mA 0.25 Very Tight Initial Tolerance
+0.5% LT021DC-10 20ppm (max) 1.7mA 0.25 Low Cost, High Performance
+0.5% LT1031BC 5ppm (max) 1.7mA 0.25 Very Low Drift
+0.1% LT1031CC 15ppm (max) 1.7mA 0.25 Very Tight Initial Tolerance
+0.2% LT10310C 25ppm (max) 1.7mA 0.25 Low Cost, High Performance
+0.3% AD581J 30ppm (max) 1.0mA NIA 3 Terminal Low Drift
+0.1% ADS81K 15ppm (max) 1.0mA N/A 3 Terminal Low Drift
+0.3% REFO1E 8.5ppm (max) 1.4mA NIA Precision Bandgap
+0.5% REFO1H 25ppm (max) 1.4mA N/A Precision Bandgap
+1% REF01C 65ppm (max) 1.6mA N/A Precision Bandgap

*LTZ1000 requires external control and biasing circuits.
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VOLTAGE REFERENCE SELECTION GUIDE

ADS80 1052 - FEATURES - - MINI DESCRIPTION -
INPUT m 2.5V Output Alternate source for industry
m Direct Replacement for standard 2.5V 3 terminal
Analog Devices reference.
ouTPuT m Selected Parts with
10ppm/°CTC
GROUND m Low Quiescent Current
BOTTOM VIEW
ADS8I - FEATURES - - MINI DESCRIPTION -
‘:"‘juf’T m 10V Output Alternate source for industry
m Direct Replacement for standard 10V 3-terminal
Analog Devices reference.
ouTPUT m Low Quiescent Current
GROUND
BOTTOM VIEW
LM129/329 - FEATURES - - MINI DESCRIPTION -
10-46 = LowNoise Subsurface zener reference with
@ Low Cost wide operating current range

T0-92
+
6.9v

m MaxTemperature Drift
Selections 10, 20,50 and

from 600A to 15mA. Similar to
LM199/399 without stabilizing

100ppm/°C heater on the die.
- BOTTOM VIEW m Wide Operating Current
Range
LM1 %%A/ 199 - FEATURES - - MINI DESCRIPTION -
LM399A/399 m UltraLow Drift An on board stabilizing heater
@ Very Low Noise keeps the die at constant
BLOCK DIAGRAM

T0-46

TOP VIEW

|1 [ 1
+ + -
"‘
6.95V)
2

m Wide Operating Current
Range

& Provided with Thermal
Shield

m Excellent Long Term
Stability

m Low Hysteresis

® Guaranteed Long Term
Stability Available

temperature. Reference is a low
noise subsurface zener. Excel-
lent long term stability.

LT1004
LM185/385

T0-46

SMALL QUTLINE

08
o7 NC
(D6

2 5 NC (D0 NOT
USE)

+ T0-92
NC 10
NC 2 o
‘NC3og
ER-=

BOTTOM VIEW

- FEATURES -

m Micropower

m 1.235V and 2.5V Available

m Low Dynamic Impedance

m Wide Operating Current
Range

m Very Tight Tolerance

- MiNl DESCRIPTION -
Bandgap reference with oper-
ating current range as low as
10A. Low noise and good long
term stability.

LT\IER
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VOLTAGE REFERENCE SELECTION GUIDE

LT1009
LM136/336

+

- FEATURES -
= No Adjustment Needed on
LT1009

- MINI DESCRIPTION -
General purpose reference
using bandgap circuit. Low cost,

PLASTIC DIP

et
= Vour

— TRIM**

GND
TOP VIEW

TOP VIEW
SMALL QUTLINE

* DO NOT CONNECT EXTERNAL CIRCUITRY TO THESE PINS

NC* 1o =LA

weell e e ek
Ne* 30 6 Vour )
GND 4 @ FO5TRIM "

1092 104 SMALL OUTLINE m Temperature Coefficientor ~ medium performance.
1125 e Voltage Easily Adjusted on
ADJ T_E—T NG 3 o 6 LM138
40 Fsaen m Wide Operating Current
_ Range
BOTTOM VIEW m Low Cost
m 25V
m Very Tight Tolerance
LT1019 - FEATURES - - MINI DESCRIPTION -
PLASTIC OFP m 2.5V,5V and 10V Versions Curvature corrected bandgap
m Plug-In Replacement for design for very low drift and
we ~ 8l—net Many Devices tight initial tolerance. Replaces
v 2 LNC. m Series or Shunt Operation and upgrades REF01, REF02,
Vour e m Low Drift—3ppm/°C Typ. MC14XX and other popular
our=|? " m 100% Noise Tested series type references.
GNo {4 S| TAM m Optional Chip Heater Can
oo Be Used for Lower Drift
TOP VIEW TOP ViEw m Temperature Output
*DO NOT CONNECT EXTERNAL CIRCUITRY TO THESE PINS
LT1021 - FEATURES - - MINI DESCRIPTION -

m Ultra Low Drift

m Trimmed Output Voltage

m Very Low Noise

m Operates in Series or Shunt
Mode

m Replaces REFO01, REF02,
LM368, MC1400 and MC1404
with Improved Stability,
Noise and Drift

Trimmed voltage reference with
ultra low drift, Reference is a
low noise subsurface zener.
Availablein 5V, 7V and 10V
versions. The 7V and 10V ver-
sions can be used as 2-terminal
shunt regulators as well as
series references.

S4-6
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VOLTAGE REFERENCE SELECTION GUIDE

LT1029

T0-46

BOTTOM VIEW

+
ADJ

i ’

- FEATURES -

m 0.2% Output Tolerance

m 0.050 Shunt Impedance

m 600A to 10mA Operating
Current

m Pin Compatible with
LM136-5

m 20ppm/°C Max. Drift Output
Voltage Trim does not Affect
Drift

m Can be Used as Positive or
Negative Reference

- MINI DESCRIPTION -
Precision 3 terminal shunt 5V
bandgap reference. Very low
drift and tight initial output
tolerance.

LT1031/LHO070

T0-5
INPUT

QUTPUT

GROUND
BOTTOM VIEW

- FEATURES -

m 10V Output

Ultra Low Drift

Very Low Noise

Trimmed Output Voltage

Operates in Series or Shunt

Mode

m Pin Compatible with AD581

m LHO0070is a Direct
Replacement for NSC
LH0070

- MINI DESCRIPTION -
Very low tempco is achieved:
without chip heater. The LT1031
can replace the AD581 with
better specifications.

LT1034

+

T0-46

T0-92
+

ﬂmwz,sv

BOTTOM VIEW

1.2v/72.5V

- FEATURES -

m 1.2Vand 25 Versions

m Guaranteed Drift of
20ppm/°C and 40ppm/°C

m 1.2Vand 7V Reference

m 1.2V Reference Operates
20uA to 20mA

m 1% Toleranceon 1.2V
Reference

m 7V Reference Operates
100xA to 20mA

m Compatible with the LM385
and LT1004

- MINI DESCRIPTION -
The LT1034 is a bandgap 1.2V or
2.5V reference with low operat-
ing current and low temperature
coefficient, combined witha 7V
subsurface zener reference on
the same chip.

REFO1/REFO2

10-5 PLASTIC DIP

S
*NC 1

Vin— 2
Vour

TEMP
outs—13

GND —(4

— ne*

—

[ Vour

— TRIM

GND
TOP VIEW

TOP VIEW

*DO NOT CONNECT EXTERNAL CIRCUITRY TO THESE PINS
““REF02 ONLY.

- FEATURES -

m Direct Replacement for PMI
Devices

m Low Drift

m High Line Rejection

m Low Supply Current

m Temperature Output on
REF02

- MINI DESCRIPTION -
Industry standard 5V and 10V
bandgap voltage references.

LY IR
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TECHNOLOGY

FEATURES

® 1.2uVp-p Noise

u 2,V Long Term Stability
= Very Low Hysteresis

= (.05ppm/°C Drift

® Temperature Stabilized

APPLICATIONS

m Voltmeters

= Calibrators

m Standard Cells

= Scales

m | ow Noise RF Oscillators

LTZ1000/LTZ1000A
Ultra Precision Reference

DESCRIPTION

The LTZ1000 and LTZ1000A are ultra stable temperature
controllable references. They are designed to provide 7V
outputs with temperature drifts of 0.05ppm/°C, about
1.2uVp-p of noise and long term stabilities of 2uV per
month.

Included on the chip is a subsurface zener reference,
heater resistor for temperature stabilization, and a tem-
perature sensing transistor. External circuitry is used to
set operating currents and to temperature stabilize the
reference. This allows maximum flexibility and best long
term stability and noise.

The LTZ1000 and LTZ1000A references can provide supe-
rior performance to older references such as the LM199 at
the expense of increased circuit complexity and thermal
layout considerations. The LTZ1000 is packaged in a
standard TO-99 package while the LTZ1000A utilizes a
proprietary high thermal resistance die attach which
eases thermally insulating the reference.

TYPICAL APPLICATION

Low Noise Reference

LTZ1000 ViNz 10V

|
|
—_———d

AAA

QUTPUT

3 30k
1N4148

A

r
|
I
(I ¢
|
|
L

Yy \_r

——0.02

"
] -

T LT
I

4

1

>
12 I;I
1

L—4d

Long Term Stability

(ppm)
o

w
V\/_\/
0 10 20 30

DAYS

LONG TERM STABILITY OF A TYPICAL DEVICE FROM TIME=0
WITH NO PRECONDITIONING OR AGING

LY IR
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LTZ1000/LTZ1000A

ABSOLUTE MAXIMUM RATINGS

PACKAGE/ORDER INFORMATION

HeatertoSubstrate ..............ccoovvviiiinns 35V
Collector Emitter Breakdown Q1..................... 15V BOTTOM VIEW ORDER
Collector Emitter Breakdown Q2..................... 35V PART NUMBER
Emitter Base ReverseBias............c.coovvvinnnns 2V
Operating Temperature Range ....... -55°C<Ta<125°C
Storage Temperature Range ......... -65°C<Tp<150°C LTZ1000
Substrate Forward Bias...................coivenn, 0.1V LTZ1000A
H8 PACKAGE
PﬂECOﬂDlTlOﬂ"‘G METAL CAN
150°C Burn-In
€LECTRICAL CHARACTERISTICS (Note 1)
PARAMETER CONDITIONS MIN TYP MAX UNITS
Zener Voltage Iz=5mA, (V7 + VBEqs) lgs = 1004A 7.0 7.2 75 v
Iz=1mA, (Vz + VBEqy) lgs = 1004A 6.9 7.15 7.45 v
Zener Change with Current 1mA<lz;<5mA 80 240 mV
Zener Leakage Current Vz=5V 20 200 )
Zener Noise Iz=5mA, 0.1Hz < f<10Hz 1.2 2 uVp-p
lgy=100pA
Heater Resistance 1.<100xA 200 300 420 Q
Heater Breakdown Voltage 35 v
Transistor Q1 Breakdown lg=10pA, LVCEO 15 20 \
Transistor Q2 Breakdown Ic=10pA, LVCEO 35 50 v
Q1, Q2 Current Gain lg=1004A 80 200 450
Thermal Resistance LTZ1000  Time=5Minutes 80 °CIW
LTZ1000A Time =5 Minutes 400 °C/W
Long Term Stability T=65°C 2 WVWKhr

Note 1: All testing is done at 25°C. Pulse testing is used for LTZ1000A to
minimize temperature rise during testing. LTZ1000 and LTZ1000A devices
are QA tested at -55°C and 125°C.

S4-10
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LTZ1000/LTZ1000A

PIN FUNCTIONS

Pin 1: Heater positive. Must be more positive than Pin 4
and less than 40V.

Pin 2: Heater negative. Must be more positive than Pin 4
and less than 40V.
Pin 3: Zener positive. Must be more positive than Pin 4.

Pin 4: Substrate and Zener negative. Must be more posi-
tive than pin 7. If Q1 is Zenered (about 7V) a permanent
degradation in beta will result.

Pin5: Temperature compensating transistor collector.

Pin 6: Temperature sensing transistor base. If the base
emitter junction is Zenered (about 7V) the transistor will
suffer permanent beta degradation.

Pin7: Emitter of sensing and compensating transistors.
Pin8: Collector of sensing transistor.

TYPICAL PERFORMANCE CHARACTERISTICS

Zener Voltage vs Current Zener Voltage Noise Spectrum Zener Noise
100 500 -
1z=4mA
%0 ~ 450
= 80 \’%‘ 400 8
E ZENER ALONE / Z g
o 70 a = 350 &
pr Z S
Z 60 / & 300 ]
] /| =] \ E
w 50 4 = 250 w
g / g N \ g
5 40 — = 200 5
= Y| ZENER WITH KELVIN 3 \ \[ZENER CURRENT =0.5mA g
z % Al LSENSED 01 = 150 N+ =
g / 2 N R g
o 20 & 100 N, Imusue Tt o]
Yy ’ N NJ Tt T 111t N
" / 5 NML.__ ZENER CURRENT =4mA |||
o LA o [ IO
0 05 1.0 1.5 2.0 25 3.0 3.5 4.0 45 50 0.1 1 10 100 0 10 20 3 4 S0 60
ZENER CURRENT (mA) FREQUENCY (Hz) TIME (SECONDS)
Die Temperature Rise vs Heater
Power Die Temperature Rise vs Time Die Temperature Rise vs Time
0.8 125 = 125
L__I TTTTI T Ll [T /--‘r'fq
07 LTZ1000A v 1721000
: / (AT P ~
L 100 [— HEATER PO ER=0.3" 2 100
0.6 7 e Ly L w
£ s 21000} & /| ) e Tl
e v E 75 g 7 HEATER POWER =0. 71
2 04 A s = z L
& L & o rHEATER POWER =0.2w| | ||| £ | HEATER FOWER=0.0 it
< 03 /4 = [ ’ | ‘ J‘H‘P L= 3 \
= LTZ1000A_—+"] = =TT S b
0.2 — w “A 11 Ly P
L1 25 JHHEATER POWER =0.1W 25 A 1r
01 L U A LAHEATER POWER =0.3W
1 /'I
0 0 0
25 35 45 55 65 75 85 95 105 115 125 0.1 1 10 100 1000 0.1 1 10 100 1000
DIE TEMPERATURE ABOVE AMBIENT (°C) TIME (SECONDS) TIME (SECONDS)

LR
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LTZ1000/LTZ1000A

APPLICATION HINTS

LTZ1000 and LTZ1000A are capable of providing ultimate
voltage reference performance. Temperature drifts of bet-
ter than 0.03ppm/°C and long term stability on the order of
14V per month can be achieved. Noise of about 0.15ppm
can also be obtained. This performance is at the expense
of circuit complexity, since external influences can easily
cause output voltage shifts of more than 1ppm.

Thermocouple effects are one of the worst problems and
can give apparent drifts of many ppm/°C as well as cause
low frequency noise. The kovar input leads of the TO-5
package form thermocouples when connected to copper
PC boards. These thermocouples generate outputs of
354V/°C. It is mandatory to keep the zener and transistor
leads at the same temperature, otherwise 1to 5ppm shifts
in the output voltage can easily be expected from these
thermocouples.

Air currents blowing across the leads can also cause
small temperature variations, especially since the pack-
age is heated. This will look like 1 to 5ppm of low fre-
quency noise occurring over a several minute period. For
best results, the device should be located in an enclosed
area and well shielded from air currents.

Certainly, any temperature gradient externally generated,
say from a power supply, should not appear across the
critical circuitry. The leads to the transistor and zener
should be connected to equal size PC traces to equalize
the heat loss and maintain them at similar temperatures.
The bottom portion of the PC board should be shielded
against air currents as well.

Resistors, as well as having resistance temperature coeffi-
cients, can generate thermocouple effects. Some types of
resistors can generate hundreds of microvolts of thermo-
couple voltage. These thermocouple effects in the resistor
can also interfere with the output voltage. Wire wound re-
sistors usually have the lowest thermocouple voltage,
while tin oxide type resistors have very high thermocouple
voltage. Film resistors, especially Vishay precision film re-
sistors, can have low thermocouple voltage.

Ordinary breadboarding techniques are not good enough
to give stable output voltage with the LTZ1000 family de-
vices. For breadboarding, it is suggested that a small
printed circuit board be made up using the reference, the
amplifier, and wire wound resistors. Care must be taken to
ensure that heater current does not flow through the same
ground lead as the negative side of the reference (emitter
of Q1). Current changes in the heater could add to or sub-
tract from the reference voltage causing errors with tem-
perature. Single point grounding using low resistance
wiring is suggested.

Setting Control Temperature

The emitter-base voltage of the control transistor sets the
stabilization temperature for the LTZ1000. With the values
given in the applications, temperature is normally 60°C.
Production variations in emitter-base voltage will typically
cause about +10°C variation. Since the emitter-base volt-
age changes about 2mV/°C and is very predictable, other
temperatures are easily set.

The lowest temperature consistent with the operating
environment should be used. Higher temperatures ac-
celerate aging and decrease long term stability. The
LTZ1000A should be set about 10°C higher than the
LTZ1000. This is because normal operating power dissipa-
tion in the LTZ1000A causes a temperature rise of about
10°C. Of course both types of devices should be insulated
from ambient. Several minutes of warm-up is usual.

For applications not requiring the extreme precision or the
low noise of the LTZ1000, Linear Technology makes a
broad line of voltage references. Devices like the LT1021
can provide drifts as low as 2ppm/°C and devices such as
the LM399A can provide drifts of 1ppm/°C. Only applica-
tions requiring the very low noise or low drift with time of
the LTZ1000 should use this device. Application help is
available from Linear Technology.

S4-12

LTI



LTZ1000/LTZ1000A

TYPICAL APPLICATIONS

Negative Voltage Reference

ZENER+ SENSE

V+15V
GND
_L R4 < <R3 < R2
1 °““FT 1S S0k $70k
1sd 8 W 5]
1K 7 ﬁ ,
2N3904 |—ovw— LT1013
10k A
VWv .
3 kﬂ ! 2 8
2 1 -
¢ R \ .
0.14F LT1013
400k* 3
MV M4
SRS ‘&m A 1N4148
< < ’,
> 1k > 120 T0v022uF
— ZENER - FORCE
*PROVIDE TEMPERATURE COMPENSATION, DELETE FOR LTZ1000A. ZENER— SENSE

APPROXIMATE CHANGE IN REFERENCE VOLTAGE FOR A 100ppm CHANGE IN

RESISTOR VALUES:
100ppm = AR(Q) AVz
R1 0.012Q 1ppm
R2 70 0.3ppm
R3 1Y 0.2ppm
R4/R5 RATIO AR=0.01% 1ppm

BOTH A1 AND A2 CONTRIBUTE LESS THAN 2,V OF OUTPUT DRIFT OVER A 50°C RANGE.

Averaging Reference Voltages for Lower Noise and Better Stability

V—=10V

Vourt

50Q

>
3 150

Vi 15V Vi 3K
0.01% 15V
6k 316
4
S
< . < .
S0 g0
"“v = o 4“"7
Vo p
OUTPUT )
150 150 =
= RKT 1)
g e

Vour2

Improving Supply Rejection

SUPPLY REJECTION
AT Vgury=20mV/V

SUPPLY REJECTION AT
Vourz=3mV/V

LTI
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LTZ1000/LTZ1000A

TYPICAL APPLICATIONS

Adjusting Temperature Coefficient in Unstabilized Applications

1MIN

Vour+
R S
. 70k
2000 b3 N4148 TV
g HEATER
S
i: 120 _
T 1N4148
*PULSE HEATER ON AND OFF TO HEAT AND COOL THE
REFERENCE. ADJUST R1 FOR MINIMUM VOLTAGE
CHANGE THROUGH A TEMPERATURE CYCLE.
7V Positive Reference Circuit
ZENER+
SENSE
v+
- 15V
Rig :,r;ak she
13k$ S0 > 70k
. 5 < < < 3 L\ 8 1N4148
1k 7 A1 8 A2
5
2N3904 wriots | 10 M o] Lot
- AAA- 1 & & - A
7
™ 4 ‘\l
0.1 N ZENER-
e ulll B/ sens
1 S s
e RS R1 < -
0.14F b3 3 0.0224F
[ gk 10 ] GROUND
ZENER—
FORCE
2 1N4148 gg«a%':‘
T (TIED TO
GROUND)

*PROVIDES TC COMPENSATION, DELETE FOR LTZ1000A.

APPROXIMATE CHANGE IN REFERENCE VOLTAGE FOR A 100ppm (0.01%) CHANGE IN

RESISTOR VALUES:

-R4/R5 RATIO

BOTH A1 AND A2 CONTRIBUTE LESS THAN 2,V OF OUTPUT DRIFT OVER A 50°C RANGE.

AR(Q)
0.012Q
79
Y
AR=0.01%

AVz
1ppm
0.3ppm
0.2ppm
1ppm
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LTZ1000/LTZ1000A

BLOCK DIRGRAM

e

*SUBSTRATE DIODES-DO NOT FORWARD BIAS

PHCKHGE DGSC“'PT'O“ Dimensions in inches (millimeters) unless otherwise noted.

H8 Package
Metal Can
0.335-0.370
{8:509—9.398)
DIA
0.305-0.335
(7.747 —8.509)
0.040
(1.016) 0.050 )
MAX 1270 0.165-0.185
MAX (4.191-4.699)
\ REFERENCE

SEATING =
PLANETT—MU—T ‘,if,'f,ﬁé 0.500 A 0.750 PLANE
0.010—0.045 []ﬂ n [“'I (1270;19‘05)

0.016-0.021
(0.406 —0.533)
TYp

0.0270.045
457 TYP <}/L {0,686 —1.143)

0.027-0.034 AN
{0.686—0.864)

(0.254 —1.143)

0.200-0.230
(5.080—5.842)
BSC

0.110—-0.160
(2.794—-4.064)
INSULATING
STANDOFF

NOTE: LEAD DIAMETER IS UNCONTROLLED BETWEEN
THE REFERENCE PLANE AND SEATING PLANE.

6,a
LTZ1000 80°CW
LTZ1000A 400°CW
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COMPARATOR SELECTION GUIDE
LY IR

MILITARY
RESPONSE
TIME Vos Ig DRIVE GAIN IsuppLy IsuppLy
MAX MAX MAX | CAPABILITY MIN POSITIVE | NEGATIVE | PACKAGES
PART NUMBER (ns) (mV) (nA) (mA) (VimV) (mA) (mA) AVAILABLE IMPORTANT FEATURES
LT1011AM 250 0.5 25 50 200 40 25 H,J8 Low Vg, Low Ig, High Output Drive,
LT1011M 250 15 50 50 200 40 25 H,J8 128Bit Acc.
LT1016M 12 +25 10000 10 2 35 5 H,J8 Ultra High Speed, TTL Outputs, True
Output Latch, Stable in Active Region,
Pin/Pin Replacement for AM686.
LT1017M - 1 15 30 1000 0.060 - H,J8 LT1017 Has Lowest Supply Current,
T1018M _ 1 1250 _ H J8 LT1018 is Faster. Both are Dual
Lo & % 1000 02 ' Comparators with Same Pin-Out as 193
Types.
LT111A 250 1.0 100 50 200 40 25 H,J8 Low Vg, High Gain
LM111 - 3.0 100 50 40 6.0 5.0 H,J8 General Purpose
LT119A 80(typ) 1.0 500 25 20 1.5 45 H,J Dual, Low Vs, Hi CMRR
LM119 80 (typ) 4.0 500 25 10 15 45 H,J Dual, General Purpose
LTC1040M 10048 0.5 3 * t 300nA** 1A J CMOS Sampling Comparator
LTC1042M 1008 1.0 3 * 1 300nA** 1A J CMOS Window Comparator
COMMERCIAL
RESPONSE
TIME Vos Ig DRIVE GAIN lsuppLY IsuppLy
MAX MAX MAX | CAPABILITY MIN POSITIVE | NEGATIVE | PACKAGES
PART NUMBER (ns) (mV) (nA) (mA) (Vimv) (mA) (mA) AVAILABLE IMPORTANT FEATURES
LT1011AC 250 0.5 25 50 200 40 25 H, J8,N8 Low Vg, Low I, High Output Drive, 12
LT1011C 250 05 50 50 200 40 25 H,J8,Ng | BitAcc.
LT1016C 12 +25 10000 10 2 35 5 H,J8 Ultra High Speed, TTL Outputs, True
Output Latch, Stable in Active Region,
Pin/Pin Replacement for AM686.
LT1017C - 1 15 30 1000 0.060 — H LT1017 Has Lowest Supply Current,
T _ ] . _ H LT1018 is Faster. Both are Dual
LTI0EC 7 % 1000 0250 Comparators with Same Pin-Out as 193
Types.
LT3NA 250 1.0 100 50 200 40 25 H,J8 Low Vg, High Gain
LM311 - 7.5 250 50 40 15 5.0 H,J8 General Purpose
LT319A 80(typ) 1.0 500 25 20 125 5.0 H,J,N Dual, Low Vg, Hi CMRR
LM319 80(typ) 8.0 1000 25 8 125 5.0 H,J,N Dual, General Purpose
LTC1040C 100us 0.5 3 * t 300nA* * 1nA N CMOS Sampling Comparator
LTC1042C 100us 1.0 3 * t 300nA** 1nA 3N CMOS Window Comparator

*15td. TTLLoad **Supply Current Depends on Clock Rate  tGain errors are included in Vg spec.
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LTC1042

TECHNOLOGY

FEATURES

= Micropower 1.5.W (1 Sample/Second)
= Wide Supply Range— + 2.8V o + 16V
= High Accuracy
Center Error £ 1mV Max
Width Error +0.15% Max
= Wide Input Voltage Range
V+ to Ground
w TTL Qutputs with 5V Supply
= Two Independent Ground-Referred Control Inputs
® Small Size 8-Pin MiniDIP

APPLICATIONS

= Fault Detectors
® Go/No-Go Testing
= Microprocessor Power Supply Monitor

LTCMOSTM is atrademark of Linear Technology Corp.

Window Comparator

DESCRIPTION

The LTC1042 is a monolithic CMOS window comparator
manufactured using Linear Technology’s enhanced
LTCMOS™ silicon gate process. Two high impedance
voltage inputs, CENTER and WIDTH/2, define the middle
and width of the comparison window. Whenever the input
voltage, Vi, is inside the window the WITHIN WINDOW
output is high. The ABOVE WINDOW output is high
whenever V)y is above the window. By interchanging Vin
and CENTER the ABOVE WINDOW output becomes
BELOW WINDOW and is high if Vjy is below the window.

Sampling techniques provide high impedance voltage in-
puts that can common-mode to both supply rails (V* and
GND). An important feature of the inputs is their non-
interaction. Also the device is effectively “chopper
stabilized”, giving it extremely high accuracy over all
conditions of temperature, power supply and input voltage
range.

Another benefit of the sampling techniques used to de-
sign the LTC1042 is the extremely low power consump-
tion. When the device is strobed, it internally turns on the
power to the comparators, samples the inputs, stores the
outputs in CMOS latches and then turns off power to the
comparators. This all happens in about 80us. Average
power can be made small, aimost arbitrarily, by lowering
the strobe rate. The device can be self-strobed using an
external RC network or strobed externally by driving the
0SC pin with a CMOS gate.

Battery Powered Remote Freezer Alarm

Total Supply Current vs Sampling

vt Frequency
G’ { » “HI" =TEMPERATURE 10000 |
< < - < BETWEEN V+ =6V
Sk s LE SO D 3rer - p
ot +1°F =
—a z \ /
N -~ T
1Tc =
1 V3 R > “HI" = TEMPERATURE = 100 L /
=w-ev [ 5 ' ABOVE 31°F = /
T s () «1F £ A
> 2 3 10
L s /
r°-°5l‘F g e surey
$ 370 3 CURRENT ]
< g}
$s760 g ,1/ l
= od F\FOR THIS APPLICATION
= / fg=1Hz
0.01 L 1

T=YELLOW SPRINGS INSTRUMENT CO., INC. P/N 44007.
ALL RESISTORS 1% UNLESS OTHERWISE SPECIFIED.

*0THER TEMPERATURE BANDS MAY BE SELECTED BY CHOOSING APPROPRIATE VALUES FOR R1 AND R2.

o

10 100 1000 10000
SAMPLING FREQUENCY, tg (Hz)

LY IR
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LTC1042

ABSOLUTE MAXIMUM RATINGS

PACKAGE/ORDER INFORMATION

Total Supply Voltage (V* toGND).................es 18V — ORDER
Input Voltage..............oevennnns Vt40.3Vio ~0.3V o . PART NUMBER
Operating Temperature Range v oo [1 %"

LTCI042C ... - 40°C1085°C Bl e @

LTCI042M ... 559G 10 125°C o || LTC1042M48
Storage Temperature Range............. -55°C to 150°C Pl LTC1042CN8
Lead Temperature (Soldering, 10sec) .............. 300°C HERMETIC PLASTIC
Output Short Circuit Duration ................ Continuous

GLGCTI“CHL CHARACTERISTICS 7est conditions: Tmin<Ta <Tmax unless otherwise specified

SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX UNITS
Center Error (Note 2) V*=28Vto6V(Note 1) +0.3 +1 mV
L] + +
+0.05 +0.15 % WIDTH/2
V+=6Vto 15V (Note 1) +1 +3 mvV
° + +
+0.05 +0.15 % WIDTH/2
Width Error (Note 3) V+=28Vto6V(Note 1) +06 +2 mV
o + +
+0.1 +0.3 % WIDTH/2
V+=6Vto15V (Note 1) +2 +6 mv
® + +
+0.1 +0.3 % WIDTH/2
Igias Input Bias Current V+=5V,T,=25°C,0SC=GND 03 nA
V)y, CENTER and WIDTH/2 Inputs
Riy Average Input Resistance fs = 1kHz (Note 4) [ 10 15 MQ
Input Voltage Range ) GND v+ v
PSR Power Supply Range [ 28 16 \
Ision) Power Supply ON V+ =5V ] 1.2 3 mA
Current (Note 5)
IsorR) Power Supply OFF V+ =5V LTC1042C ° 0.001 0.5 wA
Current (Note 5) LTC1042M [ 0.001 5.0 .
To Response Time (Note 6) V=5V 80 100 us
Output Levels
Vo Logic 1 Output V* =475V, loyr = — 360pA o 24 44 v
VoL Logical 0 Qutput V+ =475V, lgy=1.6mA [ 0.25 0.45 \
Rexr External Timing Resistor Resistor Connected between V* [ 100 10,000 ko
and 0SC Pin
fs Sampling Frequency V+=5V,Tp=25°C 5 Hz
Rexr = IMQ, Cexr = 0.14F

The ® denotes the specfications which apply over the full operating
temperature range.

Note 1: Applies over input voltage range limit and includes gain
uncertainty.

Note 2: Centererror=[(Vy + V|)/l2- CENTER] (where Vy = upper band limit
and V| = lower band limit).

Note 3: Width error = (Vy - V| -2 x WIDTH/2) (where V|y = upper band limit
and V| = lower band limit).

Note4: Ry is guaranteed by design and is not tested. Ry = 1/(fs X 66pF).

“Note 5: Average supply current=Tp X Igon X fs + (1 = Tp fs) IgiorF)-

Note 6: Response time is set by an internal oscillator and is independent of
overdrive voltage. Tp is guaranteed by correlation test and is not directly
measured.

S5-6
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LTC1042

TYPICAL PERFORMANCE CHARACTERISTICS

Normalized Sampling Frequency

Isonyvs V¥ vs V*, Temperature Sampling Rate vs Rexr, Cext
20 2.2 T T T 103
/ \ R=1M, C=0.14F =
18 / .20 ~ ~ I‘&" T |L_i_
' s [
16 2 \ S
/r E 18 102 N 1i— 0005/-‘
g 12 25°C o 16 \ » i e N[5 07,7
g 7 28 \ . N,
g0 -55°C £3 14 g 10 === Y=
Z g v 3= \ g = P
22 12 I1,=250C = N 11, ~
6 r/ / / g ’ \\\\ g \\0\\ I \‘\ ™
4 VA4 R AN 1 =t 3>
V. E W — 2
2 A g s < —F e~
Ta= —55° ~
o L= 06 1 L 04 [ N
2 4 6 8 10 12 14 16 0 2 4 6 8 10 12 14 16 100k M 10M
SUPPLY VOLTAGE, V+ (V) SUPPLY VOLTAGE, V+ (V) Rext (Q)
Response Time vs Supply Voltage Response Time vs Temperature Rin vs Sampling Frequency
110 T T 130 T & 11t H
=959 V+=5V =
Ta=25°C 120 I i
100 4 1
_ 1o 4 21910 I I %
2 210 / < £ £
o o =
- // e 3
u N L —1 4 % o
= 80 = 2 109 :
= w80 E H
% = B |
e % 70 4] i
= = 60 5 108
60 E i
50 ] il
&
50 40 Z 107
2 4 6 8 10 12 14 16 -5 -25 0 25 50 75 100 125 1 10 102 103 104
SUPPLY VOLTAGE, V+ (V) AMBIENT TEMPERATURE, Tp (°C) SAMPLING FREQUENCY, fg (Hz)

APPLICATIONS INFORMATION

The LTC1042 uses sampled data techniques to achieveits ~ when (CENTER-WIDTH/2) < Viy < (CENTER + WIDTH/2)
unique characteristics. It consists of two comparators,  both comparator outputs are low. In this condition V| is
each of which has two differential inputs (Figure 1). When  within the window and the WITHIN WINDOW output is
the sum of the voltages on a comparator’s inputs is posi-  high. When Vjy>CENTER + WIDTH/2, V| is above the win-
tive, the output is high; when the sum is negative, the out-  dow and the ABOVE WINDOW output is high.

put is low. The inputs are interconnected such that
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LTC1042

APPLICATIONS INFORMATION

An important feature of the LTC1042 is the non-interaction
of the inputs. This means the center and width of the win-
dow can be changed without one affecting the other. Also
note that the width of the window is set by a ground re-
ferred signal (WIDTH/2).

Strobing

An external oscillator allows the LTC1042 to strobe itself.
The frequency of oscillation sets the sampling rate and is
set with an external RC network (see typical curve, 0SC
frequency vs Rext, Cexr). To assure oscillation, under all
conditions, Rext must be between 100k2 and 10MQ. There
is no limit to the size of CgxT.

A sampling cycle is initiated on the positive going transi-
tion of the voltage on the OSC pin. When this voltage is
near the positive supply, a Schmitt trigger trips and ini-
tiates the sampling cycle. A sampling cycle consists of ap-
plying power to both comparators, sampling the inputs,
storing the results in CMOS output latches and turning
power off. This whole process takes approximately 80us.
During the 80us “active” time, the LTC1042 draws typically
1.2mA (Ison) at V* =5V. Because power is consumed
only during the “active” time, extremely low average
power consumption can be achieved at low sample rates.
For example at a sample rate of 1 sample/second the aver-
age power consumption is:

Power=(V*) (Isjavg) = 5V x 1.2mA x 80us/1sec
=0.48,W
WINDOW

cenTer [2]
Vi)

[ v+

Vin
(WINDOW { 3
CENTER)

wioTh/2 51—
TIMING |8
osc [7} GENERATOR

6

e

(A)

WITHIN WINDOW

ABOVE WINDOW
(BELOW WINDOW)

POWER OFF

Figure 1. LTC1042 Block Diagram

At low sampling rates, Rexr dominates the power con-
sumption. Rexy consumes power continuously. The aver-
age voltage at the OSC pin is approximately V*/2. The
power consumed by Rexr is:

P(Rexn)=(V *12Rext

EXAMPLE: Assume Rgxr = IM@and V+ =5V. Then:
P(RexT) = (2.5)211MQ = 6.25,W

This is more than ten times the typical power consumed
by the LTC1042 at V*+ =5V and 1 sample/second. Where
power is a premium, Rexr should be made as large as
possible. Note that the power dissipated by Rexr is not a
function of the sampling frequency or Cexr.

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 Rexr = 100kQ
and Cgx7=0. The sampling rate, set by the LTC1042’s ac-
tive time, will nominally be ~10kHz.

To synchronize the sampling of the LTG1042 to an external
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 approximately 5ps.

WINDOW WITHIN ABOVE

" CENTER /’: WINDOW /wmuow
| L
! i

Vb=

'
—~WIDTH/2 : WIDTH/2

I
o - ;
s : Vy

INPUT VOLTAGE, Viy

OUTPUT VOLTAGE (V)

®)
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LTC1042

APPLICATIONS INFORMATION

Input Impedance

The input impedance of the LTC1042 does not look like a
classic linear comparator. CMOS switches and a precision
capacitor array form the dual differential input structure.
Input impedance characteristics can be determined from
the equivalent circuit shown in Figure 2. The input capaci-
tance will charge with a time constant of Rg x Gi. It is crit-
ical, in determining errors caused by the input charging
current, that Cyy be fully charged during the “active” time.

For Rg<10kQ

For Rg less than or equal to 10k@, Cyy fully charges and no
error is caused by the charging current.

ForRg>10kQ

For source resistances greater than 10k, Cjy cannot fully
charge, causing voltage errors. To minimize these errors
an input bypass capacitor, Cs, should be used. Charge is
shared between Cjy and Cs, causing a voltage error. The
magnitude of this error is AV =ViN X Cin/(Cin + Cg). 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 be-
tween the plus and minus inputs, Gy is charged and dis-
charged. The average input current due to this is
Iavg = Vi X Gin x fs, where fg is the sampling frequency.
Because the input current is directly proportional to the
differential input voltage, the LTC1042 can be said to have
an average input resistance of Riy = Vinflavg = 1/(fs X Cin).

Since two comparator inputs are connected in parallel, Ry
is one half this value (see typical curve of Ryy vs Sampling
Frequency). This finite input resistance causes an error
due to voltage divider between Rg and Rin.

The input error caused by both of these effects is
VerROR = VIN[2CIN/2CN + Cs) + Rsf(Rs + Rin)].

EXAMPLE: Assume fs=10Hz, Rg=1MQ, Cg=1uF and
Vin=1V. Then Vegror=1V(66uV +660uV)=T726,V. If the
sampling frequency is reduced to 1Hz, the voltage error
from input impedance effects is reduced to 136pV.

Input Voltage Range

The input switches of the LTC1042 are capable of
switching either to the V* supply or ground. Conse-
quently, the input voltage range includes both supply rails.
This is a further benefit of the input sampling structure.

Error Specifications

The only measurable errors on the LTC1042 are the devia-
tions from “ideal” of the upper and lower window limits
[Figure 1(B)]. The critical parameters for a window com-
parator are the width and center of the window. These er-
rors may be expressed in terms of Vyand V.

centererror=[(Vy + V()/2]- CENTER
width error = (Vy - Vi) -2 x (WIDTH/2)

The specified error limits (see Electrical Characteristics)
include error due to offset, power supply variation, gain,
time and temperature.

o 1

[ LTC1042 DIFFERENTIAL INPUT

O -1

(=33pF) .

Figure 2. Equivalent Input Circuit

LY NIER
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LTC1042

APPLICATIONS INFORMATION

TTL Power Supply Monitor

TTL SUPPLY
v+

«Emk
> 0.

P

AAA,
\4

25%

E1Dk
> +0.

moo4-2ls’$'

<

25%

> >
< <
3 100k ::IOOK

S R2
> 10k

L

ALL RESISTORS 5% UNLESS OTHERWISE NOTED.
*SUPPLY TOLERANCE EQUALS R2 IN kQ. |.E., 10k=%10%.

~» “‘HI"" =SUPPLY IN
RANGE

(4.5<V+<5.5)

f——> ""HI'' =ABOVE RANGE

(V+>5.5V)

Single 5V Thermocouple Over Temperature Alarm

.|

A
R VWA
Vr

e —————— e e
| COLD JUNCTION COMPENSATOR -: &
l 3 36k£5% I
| 1 |
| 1
I 2 Ra |
| sk @25°ct | !
- - SR+
L Lot (3) Dol 3 e
LT1034-1.2 %LTC1043
| O-E | 3 \ 7 VT(H—%E) |
I
| 18703 $ 18200 | lJmos%3 ’ ‘
| b3 | 2 8 100k=+5% _ TEMPERATURE
4 3 HIGH
| | , o]
| | 0,1,.F_I____J__o,1m "l' :;n .
| |
| —[:I- | 1 - 4
| 1 | > b3l 1.235 x (R2+R3)
T Pl < Vi =1

| HERRE S | e ‘ ‘ -4 | 4 < TR S R +R2+R3

0.00474F = WIDTH=2x_1:235 XR3
| p o I R1+R2+R3
I K k| |
I : A I YELLOW SPRINGS INST. CO. P/N 44007

*CHOOSE C TO FILTER NOISE

**CHOOSE Rg, R}, R1, R2 AND R3 TO SET WINDOW
ALL RESISTORS +1% UNLESS OTHERWISE NOTED
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LTC1042

APPLICATIONS INFORMATION
Wind Powered Battery Charger

A simple wind powered battery charger can be con-
structed using the new LTC1042, a 12V DC permanent
magnet motor, and low cost power FET transistor.

The DC motor is used as a generator with the voltage out-
put being proportional to its RPM. The LTC1042 monitors
the voltage output and provides the following control
functions.

1) If generator voltage output is below 13.8V, the control
circuit is active and the NiCad battery is charging
through the LM334 current source. The lead acid bat-
tery is not being charged.

2) If the generator voltage output is between 13.8V and
15.1V, the 12V lead acid battery is being charged at
about a 1amp/hour rate (limited by the power FET).

J) If generator voltage exceeds 15.1V (a condition caused
by excessive wind speed or 12V battery being fully
charged) then a fixed load is connected thus limiting
the generator RPM to prevent damage.

This charger can be used as a remote source of power
where wind energy is plentiful such as on sailboats or re-
mote radio repeater sites. Unlike solar powered panels,
this system will function in bad weather and at night.

—
— 12V
WIND ‘
—_ GENERATOR )
J7 3107k
— 1N4001
P4 _L
10k 0.14F
RN :
7 Y
=" LEAD ACID
LM334 '—]L | $ 360
g 680 0.14F 5w
I WITHIN
WINDOW
IBAVTOISIV b oo
>
215k 100k
W e b2 i Oy 2 1o
NICAD —=~ 4 roioe T—
BATTERY = 1 — .
r {3] , By { fq MTPBNOS
! 2L oo | oveRvoumae
10k LT1004-1 2% ”r;E , A I S (>15.1)
3 .
), ,I
77 77
—r
LY e S5-11



LTC1042

PﬂCHﬂGE DGSCIIIPTIOI’I Dimensions in inches (millimeters) unless otherwise noted.

J8 Package
8 Lead Hermetic DIP
0.005
o2 |
MIN 0.405
{10.287)
0.025 ]
{0.635) 8] [7] 6] [5]
RAD TYP
0.220-0.310
) (5.588—7.874)
0.290-0.320 |
(7.37-8.13) L 2] 18] 4] 0.200
0.055 (5.080)
a7 MAX
MAX | 0.015-0.060
H ] H (0.381-1.524)
0.008-0.018 ko
> (0.203-0.460) 0°-18 f
—|
0.385:+0.026 _ 0.014-0026 __ L]|L 0.125
(9.779+0.635) (0.360-0.660) “‘ 375
MIN
0.030-0.073 0.100:£0.010
(0.762—1.854) ‘ (2.540=0.254)
T]m:-ix eiA
150°C 100°CIW
N8 Package
8 Lead Plastic
0.400
(10.160)
MAX
[s] [7] [6] [5]

) 0.2500.005

(6.3500.127)
. 0.300-0.320
{7.620-8.128) |
0.010 0.280 L L
0By [~ 7 0.040 0.130:+0.005
MIN w ™ fgow G0
vl (1657) (1.016) 0.020
& - {0.508)
‘ M+IN
0.009-0.015 ‘\ ?
™" 0.229-0.381) e
0,325 +0.025 r
325 _0.015 0.045:+0.015 0.018
™ To2ss 7063 {T143=0.381) & I o1
%Y -0.381 0.100£0.010 TYP 13';1175)
(2.5400.254) IN
Timax Oja
110°C 150°CW
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LTC1045

TECHNOLOGY  programmable Micropower Hex

FEATURES

n Efficiently Translate Voltage Levels

= |nternal Hysteresis for Noise Immunity

= Qutput Latches included

= Three-State Outputs

= Programmable Power/Speed

= Power can be Completely Shut Off

= +50V on Inputs with External 100kQ Limit Resistor
= 1.2u5 Response at 100zA Supply Current

APPLICATIONS

m TTL/CMOS to 5V Analog Switch Drive
m TTLto CMOS (3V to 15V Veg)

m ECL to CMOS (3V to 15V V)

= Ground Isolation Buffer

m | ow Power RS232 Line Receiver

Translator /Receiver/Driver

DESCRIPTION

The LTC1045 is a hex level translator manufactured using
Linear Technology’s enhanced LTCMOS™ silicon gate
process. It consists of six high speed comparators with
output latches and three-state capability. Each compara-
tor's plus input is brought out separately. The minus in-
puts of comparators 1-4 are tied to Vrgipt and 5-6 are tied
to VrRip2.

The Isgt pin has several functions. When taken to V* the
outputs are latched and power is completely shut off.

Power/speed can be programmed by connecting Iset to
V- through an external resistor.

LTCMOS™ is a trademark of Linear Technology Corp.

Flat Ribbon Cable Driver/Receiver

1
N XMTOUT  §
\ 27

66 FT FLAT RIBBON CABLE ___RCVIN

oL,
Zo=1500

RCV OUT TTLouT

XMIT IN (5V/DIV)
XMT OUT (1V/DIV)
RCV IN (1V/DIV)

RCV QUT (5V/DIV)

ADJACENT CONDUCTORS

100ns/DIV

LT

S5-13



LTC1045

ABSOLUTE MAXIMUM RATINGS

PACKAGE/ORDER INFORMATION

(Notes 1and 2)
TOP VIEW ORDER PART
Total Supply Voltage (V*, VortoV=,VoL). ... ...... 18V wi] @ NUMBER
Output High Voltage (VOR) .+ vvvvovvvevreviinnnnne, vt eyt 1[Z] [15] outpuT 1
InputVoltage ...........coovvnviininnn, 18Vto V- -0.3V eyt 2 [3] 18] ourpur 2 LTC1045MJ
Operating Temperature Range et 3 [2] [17] outPuT 3 LTC1045CJ
LTC1045C.......ovviviiiineniiinnn, -40°Ct085°C wera[5} o pElourur LTC1045CN
LTCI045M ..o -55°Cto125°C | meurs[E] 5] oureur 5
Storage Temperature Range............. -55°Cto 150°C iweu 5 [7] [id] outeu 6
Lead Temperature (Soldering, 10sec) .............. 300°C Vraee [E] 1] oisseLe
Output Short Circuit Duration Vrwe: (2] 1] iser
(VoH=VoL=STOV).evviviviiiiias Continuous v- [ 1] vou
ESD (MIL-STD-883, Method 3015.1)................. 2000V OPACKAGE N20 PACKAGE
HERMETIC DIP  PLASTIC DIP
(Note 3)V+ =Voy =5V, V~ = VoL =0V, Tp =25°C unless otherwise specified.
) LTC1045M LTC1045C
SYMBOL | PARAMETER CONDITIONS MIN TYP  MAX MIN TYP  MAX UNITS
I Input Bias Current V- sVysvt *1 £1 nA
° 1.0 0.5 pA
Trip Voltage Range ° V- vt-2 ' vt-2 v
(Pin8andPin9)
I V*toV~ SupplyCurrent | DISABLE=V*, Rger =10k 25 35 25 35 mA
° 5.0 4.5 mA
lorr V* toV~ Supply Current | DISABLE = lggr=V* 10 10 nA
in Shutdown ° 5 1 pA
VREF Voltage on ISET (Pln 12) RSET =10k 0.9 0.9 v
° 05 1.4 0.6 1.25 v
Vou TTL Output High Voltage |loyr= —3604A,V* =45V | @ 24 4.4 2.4 4.4 \
Voo TTL Output Low Voltage |loyr=16mA,V* =45V | @ 0.2 0.4 0.2 0.4 v
lgn | Output Short Circuit Vix=Vrmp~100mY, 85 15 75 15 mA
Sink Current Vour=V [ 5.5 5.5 mA
Isource | Output Short Circuit Vi = Vrgip + 100mV, 45 8.0 40 8.0 mA
Source Current Vour=V~ ° 32 3.2 mA
loz Three-State Leakage DISABLE=V* 0.005 0.005 wA
Current VoL <Vour<Vox [ 1 1 uA
Rox Output Resistance to Voy | [loyr| <100xA 260 400 260 475 0
° 600 600 ]
RoL Output Resistance to Vo | |loyr| <100pA 100 150 100 180 Q
° 250 250 ]
Ise Voltage for Shutdown ®| V*-05 vt-05 v
DISABLE Input Logic
Viy Levels Vt=45V,V =0V [ 20 20 v
ViL Vt=55V,V- =0V [ 0.8 0.8 \i
Input Supply Differential ° 45 15 45 15 \
(V* -V~)(Note 3)
Output Supply Differential [ 3 15 3 15 \
(Von—Voy) (Note 3)
s5-14 LY IR



LTC1045

AC ELECTRICAL CHARACTERISTICS

V+ =Vou=5V,V~ =VoL =0V, Ta=25°C unless otherwise specified.

LTC1045M LTC1045C
SYMBOL PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX UNITS
tq Response Time Test Circuit Figure 1 200 250 ns
Rser =10k, +100mV Drive [ 350 350 ns

tseTup Time Before Rising Edge of Iggr that Test Circuit Figure 2 80 80 ns
Data Must be Present

thoLo Time After Rising Edge of Iy that Test Circuit Figure 2 0 0 ns
Data Must be Present

tace Falling Edge of DISABLE to Logic Test Circuit Figure 3 165 165 ns
Level (from Hi-Z State)

tin, ton Rising Edge of DISABLE to Hi-Z Test Circuit Figure 3 200 200 ns
State

The ® denotes the specifications which apply over the full operating Note 3: During operation near the maximum supply voltage limit, care

temperature range. should be taken to avoid or suppress power supply turn-on and turn-off

Note 1: Absolute Maximum Ratings are those values beyond which the life
of the device may be impaired.

Note 2: The maximum differential voltage between any two power pins
(V*,V~, Vonand Vg, ) must not exceed 18V. The maximum recommended
operating differential is 15V.

transients, power supply ripple, or ground noise; any of these conditions
must not cause a supply differential to exceed the absolute maximum
rating.

TEST CIRCUITS

5V sV

Vin

__.I |.-—1,s10ns

QUTPUT v+

Vipp=1.2V 50pF

DISABLE:

v
OUTPUT [22: I
Figure 1. Response Time Test Circuit

Viy—]+

Vigp=1.2V=—1-

]

150%

T

DISABLE:

10k

Vou

OQUTPUT
50pF

tiH v o7
DIsHBLE s0%
.
oy 2%
oureuT .

sV
QUTPUTS

90%

-5V

DISABLE

QUTPUTS

JY Y

DISABLE

OUTPUTS

-5

Figure 2. Latch Test Circuit

Figure 3. Three-State Output Test Circuit,
Conditions: V¥ =5V,V~ =0V, Vo =5V, VoL =0V

LTI
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LTC1045

TYPICAL PERFORMANCE CHARACTERISTICS

I* vs Temperature I* vs Rger Delay Time vs Rsgr
5 L s T T T el L
b o R
g 4 g4 | v_=ﬁ°L=°JV _ m:\\;%.:ﬂmmv
: : L
5 3 £ 3 f
g ser=0 % Jhtr {hL g 0s
? 2 | 2 N 3
b= { — 3 \ B o4
': Tt Rser=10k ': N
> 1 =1 0.2
R{sg:LM , \N il h . ‘\"
0—50 -25 0 23 50 75 100 125 100 1k 10k 100k M 100 1k 10k 100k M
AMBIENT TEMPERATURE, Ta (°C) RseT () Rser (9)
VRer vs Temperature Hysteresis vs Rggr
28 Ty ?Z N v osy
_ 20 s Iy
= 1.5 E 12 \
& £ 10
z 10 = Rser=10k S s N
§ 0.5 8 4
2
0.1 0
-50 -25 0 25 50 75 100 125 100 10k 100k ™M
AMBIENT TEMPERATURE, Ty (°C) Rser ()
PIN DESCRIPTION
Pin  Name  Description Pin  Name Description
1 VoH High level to which the output 1 VoL Comparator negative supply
switches 12 lser This pin has three functions
2-7 INPUT  Six comparator inputs; voltage 1) RgeT from this pin to V- sets bias
range=V~ toV- +18V current
8 Virpt  Trip point for first four comparators 2) V\g\en fOTICidIfO V* poweris shut
inputs 1-4); vol range=V~ off complete
Srlpg ;V #ioliagereng N 3)When foprced 'ro V+ outputs are
9 Virpa  Trip point for last two comparators lat(?hed .
(inputs 5-6); voltage range =V~ to 13 DISABLE V\{hen.hlgh outputs are Hi-Z
- 14-19 OUTPUT  Six driver outputs
10 V- Low level to which the output switches 20 vt Comparator positive supply

S5-16
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LTC1045

BLOCK DIAGRAM

— — — — V+ ————— ——— —— — — — o— — VOH e — —
- @) [ (1) |
| |
| e ———————————— |
|
N ! I
IN1 L
@ *
| LEVEL ouT 1
. SHIFT (19)
l 1 T
| |VBIAS |
| I |
| I |
A 0—‘7+ V;L 1
':‘3)2 I 1 ougz
1
{- DIS | (I )
| Vaias LE} |
I Sy = |
HT*' Vo.HLt !
N3 I+ 1 ouT 3
) | (17)
T ois ¢ .
| | Vaias LE} I
I V- Vou
—— e e e — |
L Ve Vorlo 1
N4 1+ 1 ouT 4
(6) (16)
|- DIS j—{—¢ '
| {Veus LE I
| L = |
—L o y+ V;lﬂ L
W % i G
(
I ——- ois 19 -
I 1Vens LE} I
V- Vou
| S | |
1 LI Vor L
IN6 1. ouT 6
ul (14)
- — - ois — T
I { Veias LE} I
| —L!.— vo_"l |
1 |
Vper=1.6V
V1Rip1 DISABLE
® Vaias BIAS S —8k@ (13)
T GENERATOR 2 1
I SHUT- LATCH |
| DOWN ENABLE
] |
ks |
|
| I V- —_—— e —— [ S vao Lo
o [ =1 @ = an
R
| Lz 1

VW

LTI
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LTC1045

APPLICATIONS INFORMATION

The LTC1045 consists of six voltage translators and asso-
ciated control circuitry, see Block Diagram. Each transla-
tor has a linear comparator input stage with the positive
input brought out separately. The negative inputs of the
first four comparators are tied in common to Vrrip1 and
the negative inputs of the last two comparators are tied in
common to Vyrpo. With these inputs the switching point
of the comparators can be set anywhere within the com-
mon-mode range of V= to V*+-2V. To improve noise
immunity each comparator has a small built-in hysteresis.
Hysteresis varies with bias current from 7mV at low bias
current to 20mV at high bias current (see typical curve of
Hysteresis vs Rggr).

Setting the Bias Current

Unlike CMOS logic, any linear CMOS circuit must draw
some quiescent current. The bias generator (Block Dia-
gram) allows the quiescent current of the comparators to
be varied. Bias current is programmed with an external re-
sistor (see typical curve of I* vs Rggr). As the bias current
is decreased, the LTC1045 slows down (see typical curve
of Delay Time vs Rggr).

Shutting Power Off and Latching the Outputs

In addition to setting the bias current, the Iser pin shuts
power completely off and latches the translator outputs.
To do this, the IgeT pin must be forced to V* - 0.5V. As
shown in Figure 4, a CMOS gate or a TTL gate with a resis-
tor pull-up does this quite nicely. Even though power is

V+ (4.5VT0 15V)

b3
100k

turned off to the linear circuitry, the CMOS output logic is
powered and maintains the output state. With no DC load
on the output, power dissipation, for all practical pur-
poses, is zero.

Latching the output is fast—typically 80ns from the rising
edge of Iser. Going from the latched to flow through state
is much slower—typically 1.54s from the falling edge of
Iser. This time is set by the comparator’s power up time.
During the power up time, the output can assume false
states. To avoid problems, the output should not be con-
sidered valid until 2us to 5us after the falling edge of Iser.

Putting the Outputs in Hi-Z State

A DISABLE input sets the six outputs to a high impedance
state. This allows the LTC1045 to be interfaced to a data
bus. When DISABLE = “1” the outputs are high impedance
and when DISABLE ="0" they are active. With TTL sup-
plies, V* =4.5V to 5.5V and V-~ = GND, the DISABLE input
is TTL compatible.

Power Supplies

There are four power supplies on the LTC1045: V*, V-,
VoH and VoL. They can be connected almost arbitrarily,
but there are a few restrictions. A minimum differential
must exist between V* and V- and Vg and VL. The V+
to V- differential must be at least 4.5V and the Vou to VoL
differential must be at least 3.0V. Another restriction is
caused by the internal parasitic diode D1 (see Figure 5).

V+ (4.5VT05.5V)

Vou V¥
D1

DISABLE P1

Vo
DATA OUJIZUT

DISABLE

Vou

pe
(A)CMOS =
Figure 4. Driving the Isgy Pin with Logic

(B)TTL

1|}

Figure 5. Output Driver

S5-18
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LTC1045

APPLICATIONS INFORMATION

Because of this diode, Vo must not be greater than V+,
Lastly the maximum voltage between any two power sup-
ply pins must not exceed 15V operating or 18V absolute
maximum. For example, if V* =5V, V- or VoL should be
no more negative than - 10V. Note that Vg should not be
more negative than - 10V even if the Vo to Vo differen-
tial does not exceed the 15V maximum. In this case the V*
to VoL differential sets the limit.

Input Voltage

The LTC1045 has no upper clamp diodes as do convention-
al CMOS circuits. This allows the inputs to exceed the V*
supply. The inputs will break down approximately 30V
above the V- supply. If the input current is limited with
100k, the input voltage can be driven to at least +50V
with no adverse effects for any combination of allowed

Von—VoL =374

L~

=0\
ot
£

g
o

5V AND (V+ —Vgp) =0V]

1
A

- Vor—VoL=4V

~
o

Vor—VoL=5
oH—VoL=5V,

"1

|
SPECIFIED POINT

=}

Ron/[Ron@(Vor—Vou)

et |
Vor—VoL=10V
0 o

4 6 8 10 12 14 1
V+=Voy (V)

Figure 6. Relative Output Sourcing
Resistance (Ron) vs V* - VoH

0 2

power supply voltages. Output levels will be correct even
under these conditions (i.e., if the input voltage is above
the trip point, the output will be high and if it is below, the
output will be low).

Output Drive

Output drive characteristics of the LTG1045 will vary with
the power supply voltages that are chosen. Output
impedance is affected by V*, Vo and VoL. V- has no ef-
fect on output impedance. Guaranteed drive characteris-
tics are specified in the table of electrical characteristics
for V¥ =Voy=5V and V- =Vo_=0V. Figures 6 and 7
show relative output impedance for other supply combina-
tions. In general, output impedance is minimized if V* to
Vo is minimized and Vou to VoL is maximized.

20

\
\

5V]

SPECIFIED POINT

N

Rov/[Ror@(Von—Vou)

—r—

SRR

0
456 8 10 12 14 16

Von-Vou (V)
Figure 7. Relative Output Sinking
Resistance (Ro) vs Vor - VoL

0 2

TYPICAL APPLICATIONS

ECL to CMOS/TLL Logic

CMOS/TTL
(Vee=5V)

TTLICMOS (V¢ = 5V) to High Voltage CMOS (Ve = 15V)

15V

TIL/CMOS
(Vee=5V)

S5-19



LTC1045

TYPICAL APPLICATIONS

High Voltage CMOS (V¢ = 15V) to TTLICMOS (Vo = 5V)

—

THREE STATE

cmos __|
(Veg=15V)

LATCH TTL/CMOS

(Vee=5V)
~2.5V

THREE-STATE
BUFFER

LATCH

TTLICMOS Logic Levels to + 5V Analog Switch Driver

Sv

i

r=LF----fb--n ran
|
|

:17

d:5V +5V
ol | o
TIL/CMOS THREE-STATE
| Neur BUFFER l"LI | |
Veo=5) LATCH out -+ |
I L s ]
I CMOSANALOG
(cu4o1s|=on
Iser Vou EXAMPLE)
~1.4V
20k l
= =5 =

S5-20
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LTC1045

TYPICAL APPLICATIONS

TTLICMOS (Vge =5V) to +10V/ -5V Clock Driver

10V

—{F - - - - ol -
< |
TTL/CMOS THREE-STATE
(Vee=5Y) BUFFER

+10VT0 -5V

LATCH | CLOCK DRIVER

Logic Ground Isolation when Two Grounds are within LTC1045 Common-Mode Range

SYSTEM A SYSTEM B

1 T e T

Veoa=5V I —_ —_—— ——

I TTL/CMOS LOGIC |
I 2.7k P

LATCH

V=135V

«S SETS LOGIC
> | THRESHOLD REFERRED
T

0 GNDA

GNDA = |

|_ T
(GNDB—V - +VT)sGNDAs(GNDB+Vccg—2V-VT)/

LT IER S5:21



LTC1045
TYPICAL APPLICATIONS

* 5V Analog Switch Driver

5V
CD4016 &
r 14
1' 2
SWA 5V
( 13
} |
3 SWB By
5] |
BI swc |9 +5V
o [
m | |
OR CMOS 10 11
LOGIC INPUTS SwD 5V
12
} |
z |
| I
-5V
L
~1.5V
%WOK
sv Coax Cable Driver/Receiver
20
XMTIN | V¥
mm)—J'r 1 30 FTRG 174
Vou> XMT OUT D—0 COAXCABLE  ~ RCV IN
VoL 7/ A\ X
1.4V— 1 g g 5o
o.va

RCV OUT (5V/DIV)
RCV IN (1v/DIV)

XMIT OUT (1V/DIV)

XMIT IN (5V/DIV)

L 5 200ns

200ns/DIV
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LTC1045

TYPICAL APPLICATIONS

Logic Systems DC Isolation

SYSTEM A SYSTEM B
SYSTEM B
POWER SUPPLY
1 0
L Vou v+ %J
LTC1045
(> LILLY ouT 119
—)
> SIN2 > out 218
> IS > out 3]t
TTL OR CMOS s CMOS R TTL
> 1 0UT 4}16
> SINSL our 515
> e i L]
SYSTEMA . V1)) gfvr2 13
POWER SUPPLY Vv I " : DlSk p=—— THREE-STATE CONTROL
1uF
S olvii} 12
b4 AR Iser (1) SET V1 TO HALFWAY BETWEEN
1uF SRS L SR Vou AND Vg OF SYSTEM A.
(2) RS (2) SHUNTS COMMON-MODE SIGNAL.
| gy Y 11 (3) PROVIDES LEAKAGE PATH FOR TOTALLY
100k L e Ve "1 ISOLATED SYSTEMS.
L 3
SYSTEM A GND = ASA_).'
/77 SYSTEM B GND
RS232 Receiver
i
3v—
—30v—
T *INPUTS HAVE NO INTERNAL
\4 PULL-DOWN.

Yo lis 5523



LTC1045

TYPICAL APPLICATIONS

24V Relay Supply from +12V/ + 15V Supply LED Driver

V+ (5V T0 15V)

LOW TURNS LED ON

N4148
N8y

TO LEDs

s
100K

10k —e

VW

-

1000pF

<H|

(USE HEAT SINK)

REGULATES

LED CURRENT
R (ADJUSTS LED CURRENT)

.
I
2N2905 |
I
I
l
I
I

\V/

—_——— e ]

r——---"
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LTC1045

TYPICAL APPLICATIONS

Multi-Window Comparator and Display

v+ 5V
1
Yor oy L
LTC1045
v 2]IN1
Veer '_\oun 19 TR
3R
v
H 3]iN2 o2 s
310k v
mal NG ourali
S0k v
SINs \oum 16
<
< 10k /
6]ms
[ ~l>ou15 19 Gl MV 57164°
1ok BAR GRAPH DISPLAY
b
7|ms -['>)UT 614 s
g ois B .
1
9 VTt ]
Vin Isgr 12 T
f
10 11
V- VoL }
i ‘
1
Yon e :
3
Sk LTC1045 :
3
2|1
\oun 19 1
10k v
szl N oura|is
P4 /
1ok
b )
LK \0uT3 17
S0k v
b .
SINg ouT 416
!
i;wk o el
{ £ W’ —INours)s
10k : —{/ ‘
4 PN ours)ie T
W ‘ ._l/
s nsP
1
tser 1—24
VsV -2
32100 (Vage = Vi) A1
= Vou FOR LED CURRENT CONTROL SEE
EACH WINDOW BETWEEN Vi AND V| LTC1045 LED DRIVER

EQUALS 1/10 (Vy—Vy)

(Vy=V)z0.5V

LT

S5-25



LTC1045

TYPICAL APPLICATIONS

ECL to CMOS from Single + 5V Supply

ECLIN

CMOS OUT
ECLIN
18_ cmos out
ECL IN 17 cvos out
ECLIN 18 cwos out
—_—— —_——
I 5V. 15 | 1N4148
< 1
I 10k 10k I
<
14
1N4148 -
I 10 l
I : |
I Le |
| 11 Sk I
| i |
_l = -3.3V
I %7 251k I
I ~—1.20V ® l
AA— 0.014F 333k
I i - 10k I

I 5 NEGATIVE SUPPLY GENERATOR
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LTC1045

TYPICAL APPLICATIONS

Power MOSFET Driver Low Power Consumption Stepper Motor Driver

+Vm

=0, Elsuzm Shy
LTC1045 3
For2p N our ihis
/ 4 PHASE BIFILAR
STEPPERMOTOR _ |
F—ne \ourz 18 r
TTL STEPPER MOTOR v |
PHASE SIGNALS
pr—N31 PN oura]ir
Fra L >qu4 16
5\{ ;
[ [ N
sk ~F_1>0UT SHs R
| - -
" 7]iN6 »-i>\om 6}14
st ® 8|viz s f
CLOCK—| I
c MOTOR GND
9§VT1 st 2‘
Rp
0.1 ; FULL STEP DRIVER (+5V<Vy < +15V)
101y~ Vo P ® ton=3ReC
, ReC=L/R L IS WINDING INDUCTANCE,
=~0.2V F=wa\llum/sﬁ+fos (ON)P+rps (ON) N
- t t HOLD = VM/RH
¢ w *VARISTOR GE V24ZA50
Sk **FOR V)4 =10V ADD 4702 IN SERIES
> WITH LTC1045 OUTPUTS.

LT AR
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LTC1045

PHCKHGG DGSCRIPTIO(‘I Dimensions in inches (millimeters) unless otherwise noted.

0.325
(8.255)
MAX

0.008-0. 012
{0.203-0.305) 305)

0.385+0.025 025
(9 779+0. 635)

0.300-0.320
(7.620—-8.128)
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LTC1061

TECHNOLOGY

FEATURES

m Up to 6th Order Filter Functions with a Single 20 Pin
0.3" Wide Package

= Center Frequency Range up to 35kHz

m fy x Q Product Up to 1 MHz

m Guaranteed Center Frequency and Q Accuracy Over
Temperature

w Guaranteed Low Offset Voltages Over Temperature

= 90dB Signal to Noise Ratio

= Filter Operates From Single 4.7V Supply and Up to
+8V Supplies

m Guaranteed Filter Specifications with 5V Supply and
+2.37V Supply

= Low Power Consumption with Single 5V Supply

= Clock Inputs T2L and CMOS Compatible

APPLICATIONS

= High Order, Wide Frequency Range Bandpass,
Lowpass, Notch Filters

m Low Power Consumption, Single 5V Supply Clock
Tunable Filters

m Tracking Filters

m Antialiasing Filters

LTCMOS™ is a trademark of Linear Technology Corp.

High Performance Triple
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 allpass. The center
frequency of these functions can be tuned with an ex-
ternal clock or an external clock and a resistor ratio. For
Q<35, the center frequency ranges from 0.1Hz to 35kHz.
For Q’s of 10 or above, the center frequency ranges from
0.1Hz to 28kHz.

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
can be obtained.

The LTC1061 is manufactured by using Linear Technol-
ogy’s enhanced LTCMOS™ silicon gate process.

6th Order, Clock Tunable, 0.5dB Ripple Chebyshev BP Filter
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LTC1061

ABSOLUTE MAXIMUM RATINGS

PACKAGE/ORDER INFORMATION

gupplys{olt.ag?_ ---------------------------------- 56618\X1 Topview ORDER PART NUMBER
OOWrert. IS§|!pa ion .t. .. R ........................ m s 3] L iy
perating femperature Range AR 73] e
LTC1061AC, LTC1061C............ -40°C<Tp<85°C na 3] 78] s
LTC1061AM, LTC1061M............ ~-55°C<Tp<125°C s [4] 7] wvs | LTG1061AMJ, LTC1061MJ
Storage Temperature Range.............. -65°Cto 150°C Wl e ES's | LTC1081ACY, LTC1061CJ
Lead Temperature (Soldering, 10sec).............. 300°C Ao [E] Elv- | LTC1061ACN, LTC1061CN
50/100/HOLD [7] 4] LP¢
ok E] (73] BP¢
wh[E] . | (ALSOAVAILABLEIN
v+ [} [17] nve SO PACKAGE)
J20 PACKAGE N20 PACKAGE
HERMETIC PLASTIC
(Complete Filter) Vs = % 5V, Ta = 25°C, T2L clock input level, unless otherwise specified
PARAMETER CONDITIONS MIN TYP MAX UNITS
Center Frequency Range, f, fo X Q<175kHz, Mode 1, Vg= 7.5V 0.1-35k Hz
fox Q<1.6MHz, Mode 1, Vg = +7.5V 0.1-25k Hz
fo X Q=75kHz,Mode 3, Vg = £ 7.5V 0.1-25k Hz
fo X Q=1MHz, Mode 3, Vg = 7.5V 0.1-17k Hz
(Note 1)
Input Frequency Range 0-200k Hz
Clock to Center Frequency Ratio,
fokfo
LTC1061A Sides A, B: Mode 1, R1=R3=50kQ ] 50+0.6%
LTC1061 R2=5kQ, Q=10, fc = 250kHz ° 50+1.2%
Pin 7 High.
Side C: Mode 3, R1 = R3 =50k
R2= Ré = 5k, gy = 250kHz
LTC1061A Same as Above, Pin 7 at ® 100£0.6%
LTC1061 Mid-Supplies, f k= 500kHz o 100+1.2%
Clock to Center Frequency Ratio,
Side to Side Matching
LTC1061A ° 0.6%
LTC1061 ° 1.2%
QAccuracy
LTC1061A Sides A, B, Mode 1 ° +2 3 %
LTC1061 Side C, Mode 3 ° +3 5 %
fo X Q<50kHz, f,<5kHz
f, Temperature Coefficient Mode 1,50:1, fo x < 300kHz +1 ppm/°C
Q Temperature Coefficient Mode 1,100:1, ¢ x < 500kHz +5 ppm/°C
Mode 3, ¢« <500kHz +5 ppm/°C
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LTC1061

E€LECTRICAL CHARACTERISTICS

(Complete Filter) Vg = £ 5V, Ty =25°C, T2L clock input level, unless otherwise specified

PARAMETER CONDITIONS MIN TYP MAX UNITS

DC Offset Voltage
Vos1, Figure 23 ° 2 15 mV
Vos2 fok = 250kHz, 50:1 [ ] 3 20 mV
Vos2 foLk = 500kHz, 100:1 [ ] 6 40 mV
Voss foLk = 250kHz, 50:1 [ ] 3 20 mV
Voss foLk =500kHz, 100:1 [ 6 40 mv
Clock Feedthrough fork < IMHz 0.4 mVgys
Max. Clock Frequency Mode 1,Q<5, Vg= 5V 25 MHz
Power Supply Current 6 8 12 mA
° 16 mA

€ELECTRICAL CHARACTERISTICS (complete Filter) Vs = = 2.37V, T = 25°C unless otherwise specified

PARAMETER CONDITIONS MIN TYP MAX UNITS
Center Frequency Range, f, fo X Q=120kHz, Mode 1, 50:1 0.1-12k Hz
fox Q=120kHz, Mode 3, 50:1 0.1-10k Hz
Input Frequency Range 0-20k Hz
Clock to Center Frequency Ratio 50:1, fo k= 250kHz, Q=10
LTC1061A Sides A, B: Mode 1 ° 50+0.6%
LTC1061 Side C:Mode 3 50£1%
LTC1061A 100: 1, fo x =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 45 6 mA
GLGCTI“CﬂL CH ﬂﬂﬂCTG ﬂISTICS (Internal Op Amps) Tp =25°C unless otherwise specified
PARAMETER CONDITIONS MIN TYP MAX UNITS
Supply Voltage Range +2.37 +9 v
Voltage Swings
LTC1061A Vg = +5V, R =5k (Pins 1,2, 13, 14, 19, 20) +4 *42 \
LTC1061 R =3.5k (Pins 3, 12, 18) +38 *4.2 \
LTC1061, LTC1061A o +36 v
Output Short Circuit Current
Source/Sink Vg= 5V 4013 mA
DC Open Loop Gain Vg=+5V,R =5k 80 dB
GBW Product Vg=£5V 3 MHz
Slew Rate Vg= x5V 7 Vius

The ® denotes the specifications which apply over the full operating temperature range.
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LTC1061

BLOCK DIRGRAM
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TYPICAL PERFORMANCE CHARACTERISTICS
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LTC1061

TYPICAL PERFORMANCE CHARACTERISTICS

Graph 4. Mode 1: (foLk/fo)=50:1

Graph 5. Mode 1: (fcLx/fo)=100:1
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PIN DESCRIPTION AND APPLICATION HINTS

Power Supplies (Pins 10, 15)

They should be bypassed with 0.14F disc ceramic. Low
noise, non-switching, power supplies are recommended.
The device operates with a single 5V supply, Figure 1, and
with dual supplies. The absolute maximum operating

power supply voltage is +9V.
Clock and Level Shift (Pins 8, 9)

When the LTC1061 operates with symmetrical dual sup-
plies the level shift Pin 9 should be tied to analog ground.

For single 5V supply operation the level shift pin should be
tied to Pin 15 which will be the system ground. The typical

logic threshold levels of the clock pin are as follows: 1.65V
above the level shift pin for +5V supply operation, 1.75V
for £7.5V and above, and 1.4V for single 5V supply opera-
tion. The logic threshold levels vary +100mV over the full

military temperature range. The recommended duty cycle
of the input clock is 50% although for clock frequencies
below 500kHz the clock “on” time can be as low as 300ns.

The maximum clock frequency for +5V supplies and
above is 2.4MHz.

LY IR
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LTC1061

PIN DESCRIPTION AND APPLICATION HINTS

S$1a, S1g (Pins 5, 16)

These are voltage input pins. If used, they should be driven
with a source impedance below 5kQ. When they are not
used, they should be tied to the analog ground Pin 6.

AGND (Pin6)

When the LTC1061 operates with dual supplies, Pin 6
should be tied to system ground. When the LTC1061 oper-
ates with a single positive supply, the analog ground pin
should be tied to 1/2 supply, Figure 1. The positive input of
all the internal op amps, as well as the common reference
of all the internal switches, are internally tied to the ana-
log ground pin. Because of this, a “clean” ground is
recommended.

50/100/Hold (Pin7)

By tying Pin 7 to V*, the filter operates with a clock to cen-
ter frequency internally set at 50:1. When Pin 7 is at mid-
supplies, the filter operates with a 100:1 clock to center
frequency ratio. Table 1 shows the allowable variation of
the potential at Pin 7 when the 100:1 mode is sought.

When Pin 7 is shorted to the negative supply pin, the filter
operation is stopped and the bandpass and lowpass out-
put act as a sample and hold circuit holding the last sam-
ple of the input voltage. The hold step is around 2mV and
the droop rate is 150V/sec.

Table 1
Voltage Range of Pin 7
Total Power Supply for100:1 Operation
5V 25V+0.5V
10V 5V+1V
15V 7.5V+1.5V

Clock Feedthrough

This is defined as the amplitude of the clock frequency ap-
pearing at the output pins of the device, Figure 2. Clock
feedthrough is measured with all three sides of the
LTC1061 connected as filters. The clock feedthrough
mainly depends on the magnitude of the power supplies
and it is independent from the input clock levels, clock fre-
quency and modes of operation.

BN

1uF S
T $Soum
<

5V >
0.1uF Z =
I

T2L CLOCK =
IN

folk<1MHz

> Vour

AA
WA~
Bl

Ciy

S

Vin

Figure 1. The 6th order LP Butterworth Filter of Figure 5
Operating with a Single 5V Supply.

S6-8

LY W%



LTC1061

PIN DESCRIPTION AND APPLICATION HINTS

A=2V/DNV
i

L {

B=10mV/DIV | [= T o - !

T e
HORIZONTAL = 10us/DIV

Figure 2. Typical Clock Feedthrough of the LTC1061
Operating with = 5V Supplies. Top Trace is the Input Clock
Swinging 0-5V and Bottom Trace is One of the Lowpass
Outputs with Zero or DC Input Signals.

Table 2 illustrates the typical clock feedthrough numbers
for various power supplies.

Table 2
Power Supply Clock Feedthrough
+2.5V 0.2mVays
*5V 0.4mVpys
=8V 0.8mVpus

Definition of Filter Functions
Refer to LTC1060 datashest.

MODES OF OPERATION

Description and Applications

1. Primary Modes: There are two basic modes of operation,
Mode 1 and Mode 3. In Mode 1, the ratio of the external
clock frequency to the center frequency of each 2nd order
section is internally fixed at 50:1 or 100:1. In Mode 3, this
ratio can be adjusted above or below 50:1 or 100:1. The
side C of the LTC1061 can be connected only in Mode 3.
Figure 3 illustrates Mode 1 providing 2nd order notch, low-
pass, and bandpass outputs (for definition of filter func-

1/3 LTC1061

I;EAGND
R2. L] B -8

[ 1 P, - o
fo= 1’0-0(—56) i fn=fo; Hop= - RT" Hogp=— R1 Hong= - R1 2

Figure 3. Mode 1: 2nd Order Filter Providing Notch, Bandpass,
Lowpass.

tions refer to the LTC1060 datasheet). Mode 1 can be used
to make high order Butterworth lowpass filters; it can also
be used to make low Q notches and for cascading 2nd
order bandpass functions tuned at the same center fre-
quency and with unity gain. Mode 3, Figure 4, is the classi-
cal state variable configuration providing highpass,
bandpass and lowpass second order filter functions.

Cc

1/3 LTC1061

AGND  NOTE: ADD C¢ FOR 05
AND fgk> 1MHz SUCH AS

C¢=0.16/(R4 x 1.2MHz)

LK [R2.q_R3 [R2. 4o —Ro/RY; Hogp= —R3/R1; Houp= —R4/R1

fo=_1CLK [R2. o _R3
°=100(50)\/ R+ O=R2 \/Re"

Figure 4. Mode 3: 2nd Order Filter Providing Highpass,
Bandpass, Lowpass.

LTINS
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LTC1061

MODES OF OPERATION

Since the input amplifier is within the resonant loop, its
phase shift affects the high frequency operation of the fil-
ter and therefore, Mode 3 is slower than Mode 1. Mode 3
can be used to make high order all-pole bandpass, low-
ppass, highpass and notch filters. Mode 3 as well as Mode 1
is a straightforward mode to use and the filter's dynamics
can easily be optimized. Figure 5 illustrates a 6th order
lowpass Butterworth filter operating with up to 40kHz cut-
off frequency and with up to 200kHz input frequency.
Sides A, B are connected in Mode 1 while side C is con-
nected in Mode 3. The lower Q section was placed in side
C, Mode 3, to eliminate any early Q enhancement. This
could happen when the clock approaches 2MHz. The mea-
sured frequency response is shown in Figure 6. The at-
tenuation floor is limited by the crosstalk between the
three different sections operating with a clock frequency
above 1MHz. The measured wideband noise was
150uVRuMs. For limited temperature range the filter of
Figure 5 works up to 2.5MHz clock frequency thus yielding
a50kHz cutoff.

2. Secondary Modes: Mode 1b—1t is derived from Mode 1.
In Mode 1b, Figure 7, two additional resistors, R5 and RS,
are added to attenuate the amount of voltage fed back
from the lowpass output into the input of the Sp (Sg)

R13 > Vour
J 20
el fel
vE el
41 a7
e
5 16 |
[ v- S Ri12
=1 I\
8 R31
T2L CLOCK < 2.5MHz == :
9 R21
V+ Dt =10
R11
Viy > ~AMA
HARMONIC DISTORTION WITH fg =2MHz STANDARD 1% RESISTOR VALUES
fiN 2ND HARMONIC R11=20k
10KHZ, Vams —74dB R31=11k
20kHz, Vpys | . —62dB R12.=20k
30kHz, 1VRMs —62d8B R32=14k
40kHz, 1V pys —62dB R13=10k

Figure 5. 6th Order Butterworth Lowpass Filter with
Cutoff Frequency up to 45kHz.

R21=20k
R41=20k
R22 =20k
R23=10k
R33=17.8k

switched capacitor summer. This allows the filter clock to
center frequency ratio to be adjusted beyond 50:1 (or
100:1). Mode 1b still maintains the speed advantages of
Mode 1. Figure 8 shows the 3 lowpass sections of the
LTC1061 in cascade resulting in a Chebyshev lowpass fil-
ter. The side A of the IC is connected in Mode 1b to provide
the first resonant frequency below the cutoft frequency of
the filter. The practical ripple, obtained by using a non-A
version of the LTC1061 and 1% standard resistor values,
was 0.15dB. For this 6th order lowpass, the textbook Q’s
and center frequencies normalized to the ripple bandwidth
are: Q1=0.85, fo1=0.71, Q2=1.03, 1,2=0.969, Q3=234,
fo3=1.17. The design was done with speed in mind. The
higher (Q3, fo3) section was in Mode 1 and placed in the
side B of the LTC1061. The remaining two center frequen-
cies were then normalized with respect to the center fre-
quency of side B; this changes the ratio of clock to cutoff
frequency from 50:1 to 50x1.17=58.5:1. As shown in
Figure 9, the maximum cutoff frequency is about 33kHz.
The total wideband output noise is 220uVrms and the
measured output DC offset voltage is 60mV. Another
example of Mode 1b is illustrated on the front page of
the datasheet. The cascading sequence of this 6th
order bandpass filter is shown in block diagram form,
Figure 10A. The filter is geometrically centered around the

TTTTTT
Vg=£5V
0 Ta=25°C
\\ Vin=1VRums
-10
oLk =2MHz
=20 fo=40KHz
g \
= =30 X
3 \
—40 Ffok=1MHz
o= 20kHz \
~-50 \ \
-60 ‘v’
=70
10k 20k 40k 100k 200k M
fin (Hz)

Figure 6. Measures Frequency
Response of the Lowpass
Butterworth Filter of Figure 3.

S6-10

LT IR



LTC1061

MODES OF OPERATION

side B of the LTC1061 connected in Mode 1. This dictates
a clock to center frequency ratio of 50:1 or 100:1. The side
A of the IC operates in Mode 1b to provide the lower center
frequency of 0.95 and still share the same clock with the
rest of the filter. With this approach the bandpass filter

f = _fok R6 . _f.q=R3 [ R6 .
0= 700(50) \/ R6+R6" "~ "~ R2Z\/R5+R6"

foLk <2MHz D

can operate with center frequencies up to 24kHz. The
speed of the filter could be further improved by using
Mode 1 to lock the higher resonant frequency of 1.05 and
higher Q of 31.9 to the clock, Figure 10B, thus changing
the clock to center frequency ratio to 52.6:1.

1 U 20 SR12
e =] g
<
R51Q R 3 18| P2
s Vs AFoA
Vin S—AA 4 17
a6 5 16§ A3
VYV VVA
L of wewst s
= e — V-
=<, 1o [T Vour
W
8 858
9 12 R33
[ VWA
< =10 11 R23
V o+ D

STANDARD 1% RESISTOR VALUES

t _
Honi(f—0)=Honz (f—»%) =-2 H0L9=ﬁ%; Hoge=—23; (R//R6) <5kQ

R11=235.7k R33=13k
R31=11.5k R21=12.1k
R51=5.49 R61=2.87k
R12=11k R22=11k
R32=36.5k R23=10.5k
R13=15.8k R43=15.8k

Figure 7. Mode 1b: 2nd Order Filter Providing Notch, Bandpass,
Lowpass.

[ TTTI
0 Vg>+5V ]|
\ Ta=25°C
—10 Vin=1Vpws |l|
folk=1.9MHz
8 -2
\
=-30
5 \
= 40
-50
—60 ™
10k 30k 100k ™
TN (Hz)

Figure 9. Amplitude Response of the 6th Order Chebyshev
Lowpass Filter of Figure 8.

Figure 8. 6th Order Chebyshev, Lowpass Filter using 3 Different
Modes of Operation for Speed Optimization.

SIDEA SIDE B SIDEC
V|N—>I MODE 1BH MODE 1H MODE 3 I—V Vour
fo1=0.95 fo2=1 f3=1.05
Q1=31.9 Q=159 Q3=31.9

Figure 10A. Cascading Sequence of the Bandpass Filter Shown
on the Front Page, with (fo k/fo) = 50:1 or 100:1.

SIDE A SIDEB SIDE C
vm—>| MODE 18 I—-»r MODE 1 |-—>r MODE 3 I—» Vour
fo1=0.95 fp2=1.05 fo3=1
01=31.9 =319 03=15.9

Figure 10B. Cascading Sequence of the Same Filter for Speed
Optimization, and with (fcp k/fo) = 52.6:1.
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LTC1061

MODES OF OPERATION

Mode 3a—This is an extension of Mode 3 where the
highpass and lowpass outputs are summed through two
external resistors Ry and R to create a notch, Figure 11.
Mode 3a is very versatile because the notch frequency can
be higher or lower than the center frequency of the 2nd or-
der section. The external op amp of Figure 11 is not always
required. When cascading the sections of the LTC1061,
the highpass and lowpass outputs can be summed di-
rectly into the inverting input of the next section. Figure 12

Cc

shows an LTC1061 providing a 6th order elliptic bandpass
or notch response. Sides C and B are connected in
Mode 3a while side A is connected in Mode 1 and uses
only two resistors. The resulting filter response is then
geometrically symmetrical around either the center fre-
quency of side A (for bandpass responses) or the notch
frequency of side A (for notch responses). Figure 13 shows
the measured frequency response of the circuit Figure 12
configured to provide a notch function. The filter output is
taken out of pin 3. The resistor values are standard 1%.

Vin

Rg

il
AA
VVv—

NOTCH

NOTE: FOR Q>5 AND fg ¢ > 1MHz
ADD C¢ SUCH AS C¢=0.16/(Rd x 1.2MHz)

_ ok R2.

fo=_f0k . /R2.
100(50) VR4

"~ 700(50)V R,

Rg, R4 f R
H0N1('—'0)=7?XR—1: Honz <f-'%) =FT:

AA AL +

EXTERNAL OP AMP OR
INPUT OP AMP OF THE
LTC1061, SIDEA, B, C

fa=_1CK . [Rn. Houo= —R2/R1; Hogp= —R3/R1, HoLp= —R4/R1

R2. —ty=q (R y, ,—Re Q= R3 [R2
xq7 Honf=fo) =0 <ﬁ Hoe—q, HOHP> 0= 5 \/Re

Figure 11. Mode 3a: 2nd Order Filter Providing Highpass, Bandpass, Lowpass, Notch.

NOTE: FOR NOTCH RESPONSES,

PIN 7 SHOULD BE PREFERABLY
CONNECTED TO GROUND AND

THE FILTER OUTPUT IS PIN 3.
) 3 FOR BANDPASS OR LOWPASS
3Rl RESPONSES PIN 7 CAN BE EITHER
AT GROUND OR POSITIVE SUPPLY,
R4t AND THE FILTER OUTPUT IS PIN 2

T2L, CMOS

‘k‘3'1 ORPIN 1.

CLOCK INPUT <

Vin >=

Figure 12. 6th Order Elliptic Bandpass, Lowpass or Notch Topology.
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LTC1061

MODES OF OPERATION

The ratio of the 0dB width, BW1, to the notch width BW2,  f,2=1.187,f,3=1,Q3=26.2). The output of the filter is the
is 5:1 and matches the theoretical design value. The mea-  BP output of Side A, Pin 2,
sured notch depth was —53dB versus —56dB theoretical

and the clock to center notch frequency ratio is 100:1. Lowpass filters with stopband notches can also be
Figure 14 shows the measured frequency response of the  realized by using Figure 12 provided that 6th order low-
circuit topology, Figure 12, but with pole/zero locations  pass filter approximations with 2 stopband notches can
configured to provide a high Q, 6th order elliptic bandpass ~ be synthesized. Literature describing elliptic double
filter operating with a clock to center frequency ratio of ~ terminated (RLC) passive ladder filters provide enough
50:1 or 100:1. The theoretical passband ripple, stopband  data to synthesize the above filters. The measured ampli-
attenuation and stopband to ripple bandwidth ratio are  tude response of such a lowpass is shown in Figure 15
0.5dB, 56dB, 5:1 respectively. The obtained results with ~ where the filter output is taken out of side A’s Pin 1,
1% standard resistor values closely match the theoretical ~ Figure 12. The clock to center frequency ratio can be ei-
frequency response. For this application, the normalized ~ ther 50:1 or 100:1 because the last stage of the LTC1061
center frequencies, Q’s, and notch frequencies are  operates in Mode 1 with a center frequency very close to
(fo1=0.969, Q1=54.3, f,1=0.84, f,2=1.031, Q2=54.3, the overall cutoff frequency of the lowpass filter.

T T T
IBW1| 0 Vg= x5V [)
0 STANDARD 1% RESISTOR VALUES foLk= 130kHz STANDARD 1% RESISTOR VALUES
-10 R11=576k R21=10k
=10 R11 =165k R21 =10k % R31 =562k R41=10.7k
_ Vg w5V \ / R31 =143k RaT=13k Rpt1=28.7k  Ri1=40.2
B~ 1 = 260kHz Ryl =10k RI=105k & _30 R22=10.7k R32=562K
= R22 =20k RR2=221k = / \ R42 =10k Rp2 =14k
-3 R2=15.4k  RpR=10.5k = —40 Ri2 =10k R23=2.94k
5 Ri2=10k R3=845k 5 _o / \ R33=75k
o o -
> —40 R33 =169k > —
I —60 TN \ NOTE: FOR CLOCK FREQUENCIES
_50 ! NOTES: USE A 15pF CAPACITOR T ABOVE 500kHz CONNECT A
BW2 Y BETWEEN PINS 17 AND 18. —70 5pF IN PARALLEL WITH R41 AND
—60 t PIN 7 1S GROUNDED —80 R42
2.6kHz
-7 L -9
1 15 2 25 3 35 1 15 2 25 30 35
fin (kHz) fin (kHz)
Figure 13. Resistor Values and Amplitude Response Figure 14. Resistor Values and Amplitude Response of Figure 12
of Figure 12 Topology. The Notch is Centered at 2600Hz. Topology. The Bandpass Filter is Centered Around
2600Hz when Operating with a 130kHz Clock.
STANDARD 1% RESISTOR VALUES
0 R11=39.2k  R21=10k
-10 RII=13.7k  R41=39.2k
\ Rpy1=20.5k Ri1=12.4k
-20 R22 =10k R32=26.7k
@ _ R42=14k Rp2 =32.4k
= 30 \ R2=11.8k R23=10k
> —40 ‘ R33=100k
3 -50 N — NOTES: USE A 10pF ACROSS
60 \ R42 FOR fo x> 1MHz.
\ THE ELLIPTIC LOWPASS FILTER
-70 i HAS ONLY TWO NOTCHES IN THE
& STOPBAND, AND IT OPERATES
- v WITH A CLOCK TO CUTOFF
—90 FREQUENCY RATIO OF 50:1.
001 2 3 4 5 6 7 8 9 10
fiy (kHz)

Figure 15. Resistor Values and Amplitude Response of the Topology of Figure 12.
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LTC1061

MODES OF OPERATION

In Figure 16, all three sides of the LTC1061 are connected
in Mode 3a. This topology is useful for elliptic highpass
and notch filters with clock to cutoff (or notch) frequency
ratio higher than 100:1. This is often required to extend the
allowed input signal frequency range and to avoid prema-
ture aliasing. Figure 16 is also a versatile, general purpose
architecture providing 3 notches and 3 pole pairs, and
there is no restriction on the location of the poles with re-
spect to the notch frequencies. The drawbacks, when

compared to Figure 12, are the use of an external op amp
and the increased number of the required external resis-
tors. Figure 17 shows the measured frequency of a 6th or-
der highpass elliptic filter operating with 250:1 clock to
cutoff frequency ratio. With a 1MHz clock, for instance,
the filter yields a 4kHz cutoff frequency, thus allowing an
input frequency range beyond 100kHz. Band limiting can
be easily added by placing a capacitor across the feed-
back resistor of the external op amp of Figure 16.
Ryt

R11
ViN D>=AA—4

T2L, CMOS
CLOCK INPUT

v+

LT1056

+

—> Vour

EXTERNAL OP AMP

Figure 16. Using an External Op Amp to Connect all 3 Sides of the LTC1061 in Mode 3a.

0 STANDARD 1% RESISTOR VALUES
-10 / foLk=250kHz ——— R11=105k R21=10k
2 / R31 =47.5k R41 =45.3k
g~ I Ryt =10k Ryt =1.07M
S gy R22=32.4k R32=28.7k
s [ R42=52.3k Rn2=42.2k
T -0 R2 =750k R23=10k
g o R33 = 255k R43=63.4k
- Rpd=10k R3=110k
_so VLN Rg= 140Kk
-7 \ NOTE: FOR CLOCK FREQUENCIES BELOW
\ 500kHz, USE A CAPACITOR IN PARALLEL
—80 WITH R21 SUCH AS (1/27R21C)=fg /3
-9
0 0.5 1 15 2 25

fin (kHz)

Figure 17. Measured Amplitude Response of the Topology of Figure 16, Configured to Provide
a 6th Order Elliptic Highpass Filter Operating with a Clock to Cutoff Frequency Ratio of 250:1.
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LTC1061

MODES OF OPERATION

Figure 18 shows the plotted amplitude responses of a 6th
order notch filter operating again with a clock to center
notch frequency ratio of 250:1. The theoretical notch depth
is 70dB and when the notch is centered at 1kHz its width is
50Hz. Two small, noncritical capacitors were used across
the R21 and R22 resistors of Figure 16, to bandlimit the
first two highpass outputs such that the practical notch
depth will approach the theoretical value. With these two
fixed capacitors, the notch frequency can be swept within
ad:1range.

When the circuit of Figure 16 is used to realize lowpass el-
liptic filters, a capacitor across Ry raises the order of the
filter and at the same time eliminates any small clock

feedthrough. This is shown in Figure 19 where the ampli-
tude response of the filter is plotted for 3 different cutoff
frequencies. When the clock frequency equals or exceeds
1MHz, the stopband notches lose their depth due to the fi-
nite bandwidth of the internal op amps and to the small
crosstalk between the different sides of the LTC1061. The
lowpasss filter, however, does not lose its passband
accuracy and it maintains nearly all of its attenuation
slope. The theoretical performance of the 7th order low-
pass filter of Figure 19 is 0.2dB passband ripple, 1.5:1
stopband to cutoff frequency ratio, and 73dB stopband
attenuation. Without any tuning, the obtained results
closely approximate the textbook response.

/ foLk="250kHz

STANDARD 1% RESISTOR VALUES

1
o
S
—
|t

Vout/Vin (dB)
&

R11=84.5k R21=10.2k
R31=31.6k R41=63.4k
Rpl =48.7k Rj1 =287k
R22=10k R32 =232k
R42 =97.6k Rp2=10.2k
R12=66.5k R23 =20k
R33 =300k R43=80.6k
Rp3=10.2k R13=63.4k
Rg=210k

NOTE: CONNECT 39pF AND 100pF
ACROSS R21 AND R22 RESPECTIVELY.

fin (kHz)

0
0 0204060810 121416 1.8 2.0

Figure 18. 6th Order Band Reject Filter Operating with a Clock to Center
Notch Frequency Ratio of 250:1. The Ratio of 0dB to the — 65dB Notch Width is 8:1.

0 STANDARD 1% RESISTOR VALUES
1
—10 { L R11=30.9k R21=10k
\ \ [ R31=16.2k R41=26.7k
-20 L AN \ i Rl =45.3k Ry1=19.6k
& _a | fokl fo 1 foik R22=10.5k R32=100K
g-w 200kHz | soom\ iz R42=10K Ry2=52.3K
S - : R2=15.8k R23=10K
= \ i R33=28.7k R43=12.7k
S-% \ y Rp3=95.3k R3=10K
_ Rg=28k
60 N 9
-70 y ¥ S NOTE: ADD A CAPACITOR C ACROSS Rg
y AT 7O CREATE A 7TH ORDER LOWPASS SUCH AS
—80 ﬁ' \7 (1/27RC) = (CUTOFF FREQUENCY) x 0.38
% i N/
1 4 10 100
fin (kHz)

Figure 19. Frequency Responses of a 7th Order Lowpass
Elliptic Filter Realized with Figure 16 Topology.
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LTC1061

MODES OF OPERATION

Mode 2—This is a combination of Mode 1 and Mode 3,
Figure 20. With Mode 2, the clock to center frequency
ratio, foLk/fo, is always less than 50:1 or 100:1. When com:-
pared to Mode 3 and for applications requiring 2nd order
sections with foLk/fo slightly less than 100 or 50:1, Mode 2
provides less sensitivity to resistor tolerances. As in
Mode 1, Mode 2 has a notch output which directly depends
on the clock frequency and therefore the notch frequency
is always less than the center frequency, fo, of the 2nd or-
der section. Figure 21 shows the side A of the LTC1061
connected in Mode 2 while sides B and C are in Mode 3a.
This topology can be used to synthesize elliptic bandpass,
highpass and notch filters. The . elliptic highpass of

R4

AAA
VVV—

i

__fok R2.q __ fok .o_R3 R2. __—R2/R1
fo=o050) '+ Ra* =007+ O=R2\/' + B¢* How =13 (R2/Ra)

_ f
Hogp= —R3/R1; Hoyy(f—0)= % Hone <—~ %) =—R2/R1

Figure 20. Mode 2: 2nd Order Filter Providing Notch, Bandpass,
Lowpass.

: ]

Tl
oL k=300kHz 4—]

Vour/Vin (dB)
5

[
fiN (kHz)

2 3 4 5 6 7 8 9 10

Figure 17 is synthesized again, Figure 22, but the clock is
now locked onto the higher frequency notch provided by
the side A of the LTC1061. As shown in Figure 22, the high-
pass corner frequency is 3.93kHz and the higher notch fre-
quency is 3kHz while the filter operates with a 300kHz
clock. The center frequencies, Q’s, and notches of
Figure 22, when normalized to the highpass cutoff fre-
quency, are (fo1=1.17, Q1=2.24, f;1=0.242, f,2=1.96,
02=07, f,2=06, f,.3=0.987, f,3=0.753, Q=10). When
compared with the topology of Figure 16, this approach
uses lower and more restricted clock frequencies. The
obtained notch in Mode 2 is shallower; however, this
topology is more efficient.

» Vour

T2L, CMOS
CLocK

v+

S
Vi D AAA

Figure 21. LTC1061 with Side A is Connected in Mode 2 while
Sides B, C are in Mode 3a. Topology is Useful for Elliptic
Highpass, Notch and Bandpass Filters.

STANDARD 1% RESISTOR VALUES

R11=54.0k R21=24.3k
R31=234.8k R41=10k
Rp1=28.7k Ri1=280k
R22=68.1k R32=18.2k
R42=10k Rh2=10.2k
Ri2=16.2k R23=10k
R33=75k R43 =14k

NOTE: FOR CLOCK FREQUENCIES
ABOVE 300kHz ADD A CAPACITOR, C,
ACROSS R21 AND R22 SUCH AS (1/27R21C) =fg

Figure 22. 6th Order Elliptic Highpass Filter Operating with a Clock to Cutoff Frequency
Ratio of 75:1, and Using the Topology of Figure 21.
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LTC1061

MODES OF OPERATION
Output Noise

The wideband RMS noise of the LTC1061 outputs is
nearly independent from the clock frequency. The
LTC1061 noise when operating with +£2.5V supply is
lower, as Table 3 indicates. The noise at the bandpass and
lowpass outputs increases roughly as the vQ. Also the
noise increases when the clock to center frequency ratio
is altered with external resistors to exceed the internally
set 100:1 or 50:1 ratios. Under this condition, the noise in-
creases square root-wise.

Output Offsets

The equivalent input offsets of the LTG1061 are shown in
Figure 23. The DC offset at the filter bandpass output is al-

ways equal to Voga. The DC offsets at the remaining two
outputs (Notch and LP) depend on the mode of operation
and external resistor ratios. Table 4 illustrates this.

It is important to know the value of the DC output offsets,
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 (fgk/fo) increases beyond 100:1. This is
done by decreasing either the (R2/R4) or the R6/
(R5 + Re) resistor ratios.

Table 3. Wideband RMS Noise

fork Notch/HP LP

1A fy (:Veus) (:Vams) (Vems) CONDITIONS

+5V 50:1 45 70 Mode 1,R1=R2=R3
+5V 100:1 65 85 Q=1
+25V 50:1 30 45
+25V 100:1 40 60

+5V 50:1 18 150 Mode 1,Q=10

+5V 100:1 20 200 R1=R3 for BP out
+25V 50:1 15 100 R1=R2for LP out
+25V 100:1 17 140

+5V 50:1 57 62 Mode 3,R1=R2=R3=R4
+5V 100:1 72 80 Q=1
+2.5V 50:1 40 42
+2.5V 100:1 50 53

+5V 50:1 135 140 Mode 3,R2=R4,Q=10
+5V 100:1 170 185 R3=R1 for BP out
+2.5V 50:1 100 100 R4=R1 for LP and HP out
+2.5V 100:1 125 130

(12,18) (13.19) (14,20)
]
(11,17
[4 {(Vosy)=

Figure 23. Equivalent Input Offsets of 1/3 LTC1061 Filter Building Block.
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LTC1061

MODES OF OPERATION

Table 4
Vosn Vosap Vosip
Mode Pin3(18) Pin2(19) Pin1(20)
1 Vostl(1/Q) + 1+ IHoLpl] - Voss/Q Voss Vosn—Vos2
1b Vosi[(1/Q) + 1+ R2/R1] = Vs3/Q Voss ~(Vosn = Vos2) (1 + R5/R6)
2 [Vosi(1 + R2/R1 + R2/R3 + R2/R4) - Vos3(R2/R3)] X Vos3 Vosn = Vos2
X [RUI(R2 + Ré)] + Vs, [R2(R2 + R4)]
3 Vos2 Voss [ R4, R4 R4 (R4 )
V 1+— =Vosa{ —
Sl BT AT B
R4
s ()
o5 25

PHCKHGE DESC“'PT'O“ Dimensions in inches (millimeters) unless otherwise noted.

|

.
J20 Package Ceramic DIP
0.160 1.080
0160 {.920)
a2 s i’ [
MAX 0.040 & [20] [1s] [16] [17] [16] [1s] [14] [3a] [re] [a
(1.016)
l w o
y 0300 0.025
: WX e 06%)
1 ——{ MAX  RADTYP
L2] 18] 10
oooon ], oo __’ lv“ﬁ“ o e ometon I Ll L] L] 7] L8] [o] [of
{0.203-0.305) 0.125 (z oaz; u 524) {2.540=0.254)
@75)
0.38540.025 MIN 0. 0‘3&0 002
(9.779+:0.635) (0.457 £0.051)
T]max e]a
125°C 100°CW
N20 Package Molded DIP
0.130:£0,005 1.033
2.223::3;2 - (3.3020.127) (z&ga)
‘.1 " ) e . (0 (0 071 (6 (51 (01 (330 071 (1)
TYP
0.250+0.005
— (6.350+0.127)
[@LIRL:
H T oo I 10040010 | 20 N 0 0 O 0 0 X
-
00;9.1:1?07; 1. 0125 it 524) - {254020.254)
029-0381) 1 Bare)
0325 +0:0%5
-0.015 e 0018
(p2ss 1055 [
T]max 9]1
100°C 100°CW
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SECTION 7—PULSE WIDTH
MODULATORS

H PULSE-WIDTH MODULATORS
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SECTION 7—PULSE-WIDTH MODULATORS

LT1070, 5A High Efficiency Switching Regulator . . . . ...............
LT1071, 2.5A High Efficiency Switching Regulator . . ...............
LT1072, 1.25A High Efficiency Switching Regulator . . . . . . ... .. S
SG1524/3524, Regulating Pulse Width Modulators . . ...............
LT1524/3524, Regulating Pulse Width Modulators . ................

SG1525A/3525A, Regulating Pulse Width Modulators

LT1525/3525A, Regulating Pulse Width Modulators . ...............
LT1526/3526, Regulating Pulse Width Modulators . ................

SG1527A/3527A, Regulating Pulse Width Modulators
LT1527A/3527A, Regulating Pulse Width Modulators

UC1846/1847, Current Mode PWM Controller . . ...................
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SECTION 8 —CMOS/
DATA CONVERSION/
INTERFACE

n CMOS/DATA CONVERSION/INTERFACE
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SECTION 8—CMOS/DATA CONVERSION/INTERFACE

LTC1040, Low Power, Low Offset Comparator . . ..............uuee e,
LTC1041, Bang Bang Controller .. ......... ... .. ... . . . . . i,
LTC1042, Window Comparator . . . . ........... ... .. ... i,
LTC1043, Dual Instrumentation Switched-Capacitor Building Block . ... .....................
LTC1044/7660, Switched-Capacitor Voltage Converter. . . ... .
LTC1045, nPowerHex Translator/Receiver/Driver . ............ .. ... .. .. .. cccoiiiennn.
LTC1052/7652, Precision, Chopper Stabilized CMOSOpAmp . ... ... ... oo,
LTC1058, Universal Monolithic Switched-Capacitor Filter ............. ... ... ... ..........
LTC1060, Universal Monolithic Dual Switched-Capacitor Filter. . . ..........................
LTC1061, Universal Monolithic Triple Switched-CapacitorFilter . . . . . .................... ...
LTC1062, DC Accurate Low-Pass Filter .. .............. .o e,
LTC1090, 10-Bit A/D with Serial /0 and 8-Channel MUX . ................ ... ............
LTC1091, 10-Bit A/D with Serial /0 and 2-Channel MUX . . . .............................
LTC1092, 10-Bit, 8-Pin A/D with Serial Output . . ........... ... ... .. . . . . c'eeiuiiennn.
LTC1099, High Speed 8-Bit A/D Converter with Built-In Sample-and-Hold . . . . . ...............
DATA CONVERSION
LF198A/LF398A, Precision Sample and Hold Amplifier ............... ... .. ... ... ... ...,
LF198/LF398, Precision Sampleand Hold Amplifier ................ .. ... ... ... . ... .....
LTC1090, 10-Bit A/D with Serial 1/0 and 8-Channel MUX . .. .............................
LTC1091, 10-Bit A/D with Serial 1/0 and 2-Channel MUX . ... ............................
INTERFACE
LT1030, Quad Low PowerLine Driver . .............. ... .. . . ... i iiiiiiiiiaiiiaiii.,
LT1032, Micropower RS232Line DriVer . ... ... ... ...t
LT1039, Triple RS232 Line Driverand Receiver . . . .. ............ ... .. .c.couieiernnnnn.
LT1080, 5V Powered RS232 Driver/Receiver with Shutdown . . . . . .........................
LT1081, 5V Powered RS232 Driver/Receiver without Shutdown . .. ........................
LTC1045, nPowerHex Translator/Receiver/Driver . ................. .. ..cccccuuiiian...
LTC1092, 10-Bit, 8-Pin A/Dwith Serial Qutput . . ........ ... ... ... . ... ... cciiiiiei...
LTC1099, High Speed 8-Bit A/D Converter with Built-In Sample-and-Hold . . . . . ...............
SPECIAL FUNCTION
LT1025, Micropower Thermocouple Cold Junction Compensator . . .........................
LT1026, Dual Output Switched Capacitor Voltage Generator . . . .. ..........................
LT1054, Switched Capacitor Voltage Converter . . . .......... ... ... ... ieeeernnnnn.
LT1088, Wideband RMS-DC Converter Building Block . . ... ..............................
LT1089, High Side Switch . ... ... .. .. ... .. . . . e
LTC1043, Dual Instrumentation Switched-Capacitor Building Block . . .......................
LTC1044, Swifched-Capacitor Voltage Converter. . .. ......... ... i
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TECHNOLOGY

FEATURES

= | ow Operating Voltage =5V to +15V

= 5004A Supply Current

m Zero Supply Current when Shut Down

= Qutputs Can Be Driven +30V

m Qutput “‘Open’” when Off (3-State)

= 10mA Output Drive

= Pinout Similar to 1488

m Qutput of Several Devices can be Paralleled

APPLICATIONS

m RS232 Driver
= Micropower Interface
= | evel Translator

* Check compatibility, some pins different

LT1030

Quad Low Power Line Driver

DESCRIPTION

The LT1030 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 current
limiting. Since the output swings to within 200mV of 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, which allows
several different drivers on the same bus.

Our RS232 product line includes other high-performance
devices. The LT1039 is a triple low-power driver/
receiver with shutdown that can be powered from a 5V
supply. The LT1080 is a 5V powered dual driver/ receiver
with on-chip +9V power generator, and shutdown.

TYPICAL APPLICATION

RS232 Line Driver

—ov—{T] im0 [@—+ov
INPUT —E% [13}— strose
ouTPUT —{3] [12}— inpuT
s L
o
"M} input

NPT —{5 H !
w6 V
ano [7] | l {8} oureur

*NO CONNECTION NEEDED WHEN NOT USED.
t5v=0N.

Output Swing vs Output Current
l |

OUTPUT HIGH

<
+

(V)

| |
e 2
Y

1.2
1.0
0.8
0.6
0.4
0.2

LT OUTPUT LOW

OUTPUT VOLTAGE REFERRED TO SUPPLIES

0 1 2 3 4 5
OUTPUT CURRENT (mA)
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LT1030

ABSOLUTE MAXIMUM RATINGS PACKAGE/ORDER INFORMATION

SupplyVoltage . . ....................... +15V - - -
LogicInputPins ..................... V™ to25V (~15VT0 —5) ; ﬂ%%ggsw ORDER PART
On-OffPin ................... EEERE GNDto 12V E o NUMBER
Output (Forced) ............. V= +30V,V+ =30V N T—EI
Short Circuit Duration (to £30V).......... Indefinite ovTo = @ LT1030CJ
Operating Temperature Range 5 J% 5'_3 LT1030CN
LT1030C ... 0°Ct070°C wil] (L FOR MILITARY
Guaranteed Functional by Design . . . —25°Ct085°C L PACKAGE N PACKAGE APPLICATIONS
Storage Temperature. . ........... —65°Ct0150°C 14-PIN HERMETIC  14-PIN PLASTIC USE LT1032MJ
Lead Temperature (Soldering, 10sec) . .. ... .. 300°C (ALSO AVAILABLE IN S0 PACKAGE)
GLGC'"“CHL CHARACTERISTICS (Supply Voltage = + 5V to +15V)
PARAMETER CONDITIONS MIN TYP MAX UNITS
Supply Current Von-oFF= 2.4V, loyr=0, All Outputs Low ° 500 1000 pA
Power Supply Leakage Current Von-ore<0.4V 1 10 pA
Von-grr=<0.1V ° 10 150 A
Output Voltage Swing Load =2mA Positive vVt —0.3vV VT —0.1V v
Negative V= +0.9V V™ +1.4V v
Output Current Vsuppy =5V to =15V 5 12 mA
Output Overload Voltage (Forced) Operating or Shutdown ° v+ —-30v V™ +30v \Y
Output Current Shutdown Vour= =30V 2 100 uA
Input Overload Volitage (Forced) Operating or Shutdown ° vV~ 15 Y
Logic Input Levels Low Input (Voyr =High) ° 1.4 0.8 v
High Input (Vgyr=_Low) [ 2 1.4 v
Logic Input Current Viy>2.0V 2 20 pA
Vin<0.8V 10 20 uA
0n-Off Pin Current 0=V=<5V e| -10 30 65 uA
Slew Rate 4 15 30 V/uS

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.

PIN FUNCTION COMMENT 14 3
1 Minus Supply Operates —2V to —15V
2,5,9,12 Logic Input Operates properly on TTL or CMOS levels. Lr10s0
Output valid from (V= +2V) <V jy<15V. .
Connect to 5V when not used. 4
3,6,8,11 Output Line drive output. L >} l
4 On-0f Shuts down entire circuit. Cannot be left 1N4001
open. For “*normally on’’ operation, con-
nect between 5V-10V. Note: As with other bipolar ICs, forward biasing the substrate
7 Ground Ground must be more positive than V= diode can cause prpblems._Thg L.T1030 WI.|| drgw high current
o fromV* to ground if the V= pin is open circuited or pulled
13 Strobe Forces all outputs low. Drive with above ground. If this is possible, connecting a diode from V=
av. to ground will prevent the high current state. Any low cost diode
14 Positive supply 5V to 15V. can be used.
584 LY NS



LT1030

TYPICAL PERFORMANCE CHARACTERISTICS

On Supply Current vs On Supply Current vs Supply Off Supply Current vs
Temperature Voltage Temperature
5.0 T T T 5.0 100
VsyppLy= =12V ——t
45 4.5 F VsuppLy = + 12V
4.0 4.0
z ALL OUTPUTS HIG — | z © =
E 35 LL OUTPUTS HIGH z35 ALL OUTPUTS HIGH T— < >
= LT = L ~
£ 30 =30 = = V4
£ 5 | g £
El / = 2.5 5 1
> 20 [—1 3 20 > A~
s 15 g 1.5 g //
B o B =2
7 3 0 0t
05 ALL OU fPUTSI LowW (/ 0.5 ALL QUTPUTS LOW /’
0 11 0 L[] 001 /
-75 -=50 —25 0 25 50 75 100 125 10 15 20 25 30 25 50 75 100 125
TEMPERATURE (°C) TOTAL SUPPLY VOLTAGE (V) TEMPERATURE (°C)
Off Output Leakage vs _ Shutdown Voltage vs
Temperature On-0ff Pin Current vs Voltage Temperature
100 140 2.4 T T
— 7 2.2 Ry =3kQ2 —]
[ VsuppLy= =12V 120 2.0 |\
) g 10 2 < 18— \\\
= === 2 IR
Z OUTPUT FORCED—7% S w / g 16 NN MIN ON VOLTAGE
g T0 —25V & /’ 5 14 NCN
w1 3 60 g i, N\
S = 4 z N
7 — z
3 7 OTERGED | 40 // I o \/\\\
= : S 0.
2 o 3w Vi B (.6 | MAX OFF vOLTAGE \ ™
3 7 7 0 // 04 __(louTTZOO;uI‘\)
0.2 MAX OFF VOLTAGE 7] N
0.01 -2 oD | tour <204) ~_
25 50 75 100 125 GND 5 10 15 -75 =50 =25 0 25 50 75 100 125
TEMPERATURE (°C) ON-OFF PIN VOLTAGE (V) TEMPERATURE (°C)
Current Limit vs Temperature Output Swing vs Temperature Slew Rate vs Temperature
35 VH —T— T 25 —
= Vg=+12V
. ey - - '_5|A 23 R =30
30 o |_loyr=1mA ouT=om C_=51pF
\ = —04 4 4 21
SINKING g | | Vstew= =8V
Z % \ 2 14— — 19 N 7
= = —om FALLING
= \ E 12 ~— ouT ;‘g ” L
g g — lour= —1mA rrf
2 g 10 il g ® RISING
2 SOURCING 2 s I~ < T
=3 w - @
g 15 S 8 — E
2 5 0.6 1" 7
S
10 £ 0.4 9
£ 02 7
o
5 A 5
—-75 -5 -25 0 25 50 75 100 125 —-75 -50 -25 0 25 50 75 100 125 -75 -50-25 0 25 50 75 100 125
TEMPERATURE (°C) TEMPERATURE (°C) TEMPERATURE (°C)



LT1030

TYPICAL PERFORMANCE CHARACTERISTICS

0n-Off Response Time On-Off Response Time

10v OUTPUT
OUTPUT | 4y =
(V|N=0V){ 3\/ Viy OVJ( 2
o
VOUIPUT _sv QUTPUT f—
Vin=5) | _1ov Vm=5v) |-
-6V
ON-OFF [ sv ON-OFF
INPUT o INPUT
H=100ps/DIV H=100ps/DIV
Output Waveform Driving
Output Waveform Capacitive Load
5V
ouTPUT
vs= d:SV){ o
10V OUTPUT
ouTPUT ) gy
Vs==120) | _ oy
INPUT{ v INPUT{ b

H=2us/DIV

H=10us/DIV
Strobe Pin Response Time

10v
5V
outPUT{ OV
Y
—10v
STROBE [ 5V
INPUT L ov

H=2us/DIV

PACKRGE DESCRIPTIOH Dimensions in inches (millimeters) unless otherwise noted.

J Package N Package
14-Lead Hermetic DIP 14-Lead Plastic
0785 0710
2.0% 9.558)
e = ] 5
0025
[T 7 3] 7 [ 6] [5] 5 mlﬂmmmﬂﬂ
RADTYP i
025020005
) 0.220-0310 635020.127) [}
55887 870) |
ooss /L0 [T BT LT BT TET T
T2 &) ] &) L) 0,829
o | TEH T )
0290-0.320 24%0) 020 m v
(7.37-8.13) MAX = o
= 70 TYP (2 PLS)—>] o oo
Max [*=a mﬁ) 0.065
oors 0w o fresn
0381 - 1528) (:ms) MIN 0'30:0005 1 3 ]
o il el ;
0008-0018 894" \3e (2 7LS)
10203-0.4601 | v
038520025 0014-0026 010020010 T 00090015 007520015 | 001820003
l—wmoes 10.36-066) - -~ I"u 54020250) (g = {0228-0381) e L- (u 45720,076)
0030-0073 0025
{0760-1854) i 03 L501s 0.10040010
) 25020250
Tjmax ja Tjmax SjA
150°C 80°C/W 110°C 130°C/W
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LT1039

TECHNOLOGY

FEATURES

= QOperates from +5V to 15V Supplies

m Fully Protected Against Overload

= Qutputs can be Driven +30V without Damage
= Three-State Outputs; Outputs Open when Off
= Bipolar Circuit—No Latch Up

= +30V Input Range

= Triple Driver/Receiver

= No Supply Current in Shutdown

= 30kQ Input Impedance

u Meets All RS232 Specifications

m 16 Pin Version

RS232 Driver/Receiver
with Shutdown

DESCRIPTION

The LT1039 is a triple RS232 driver/receiver which includes
SHUTDOWN. Each receiver will accept up to +30V input
and can drive either TTL or CMOS logic. The RS232 drivers
accept TTL logic inputs and output RS232 voltage levels.
The outputs are fully protected against overload and can
be shorted to ground or up to +30V without damage to the
drivers. Additionally, when the system is shut down or
power is off, the outputs are in a high impedance state al-
lowing data line sharing. Bipolar circuitry makes this
driver/receiver exceptionally rugged against overloads or
ESD damage.

APPLICATIONS A bias pin allows one receiver to be kept on while the rest
of the part is shut down.
= RS232 Interface
= Terminals
= Modems
TYPICAL APPLICATION
vt T voktsy Driver Output Swing
(71039
BIAS* = 7 on-0FF
v+ —
AS232 IN 15 loaic s —————|
-0.5
ourpot =—Lo6c g 15
g ]
RS232 IN X osic 2 10 < \EGATIVE
S o0
Ve
12 0 2 4 6 8 10

RS232 IN LOGIC

RS232
OUTPUT

—12v

LOGIC

d o

*BIAS PIN USED TO KEEP
THE RECEIVER ON WHILE
IN SHUTDOWN.

QUTPUT CURRENT (mA)

Ly R
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LT1039

ABSOLUTE MAXIMUM RATINGS

PACKAGE/ORDER INFORMATION

Supply Voltage o - ORDER PART
. * cc
DI’IVGF(V"’,V‘) ................................ * 16V REC1 mE EREC1 out NUMBER
ReCeIVEI (VGE) v e evve et A% i our [} [32] a1
LOgiC Inputg V- 1025V Rec2iN[@] Lrioae6  [13] REC2 0UT LT1039CN16
Receiver Inout +30V TRz Ut [} [7z] T2 LT1039CJ16
ECEIVErINPUTS .. + eca v [} 7] fecs out LT1030MJ16
OnOfflnput....oovii i GNDto 12v T Ut [7] m
Driver Qutputs................... V—430VtoV+ -30V V-5 Elow
Short Circuit Duration...........vveeenennnnn. Indefinite 16 7 KERMETC 16PN PLASTIC
Operating Temperature Range p—
LT1030M .o —-55°Ct0 125°C vl e LT1039CN
LT1039C. ... 0°C to 70°C s [ i LT1039CJ
Guaranteed Functional by Design . . ... - 25°C to 85°C T":C(‘)U":E %ﬁfz;’“‘ LT1030MJ
. 1 4 1
Lead Temperature (Soldering, 10 sec.)............ 300°C om0 i recoour
TR2 0UT 5] [13] TR2 N
Reca N [T} [12] Rec3 our
Th3 ouT [E] [11] TRIIN
v-[] 0] eno
J PACKAGE N PACKAGE
18 PIN HERMETIC 18 PIN PLASTIC
PARAMETER | CONDITIONS MIN TYP MAX UNITS
Driver V+=12V;V~ = —12V; Voporp=2.5V
Output Voltage Swing Load =3k Positive ° V+-04 V+-01 v
to Ground Negative ® V= +15 V- 41 v
Logic Input Voltage Input Low Level (Voyr = High) ° 14 0.8 v
Levels Input High Level (Voyr = Low) L] 20 1.4 v
Logic Input Current ViNz2.0V 1 20 2A
V<08V 5 20 pA
Output Short Circuit Sourcing Current, Voyr =0V 5 15 mA
Current Sinking Current, Voyr =0V -5 -15 mA
Output Leakage Current SHUTDOWN (Notes 1 and 2); Voyr= =18V, V|y=0{ @ 10(25°C) 200 pA
Supply Leakage Current SHUTDOWN (Note 1) [ ] 1(25°C) 100 wA
Slew Rate R =3k®; C_ =51pF 4 15 30 Vips
Supply Current Vour=Low 4 8 mA
Receiver Vgo=5V; Von.opp =25V
Input Voltage Thresholds Input Low (Voyr = High) [ ] 05 13 v
Input High (Voyr = Low) ° 1.7 2.8 v
Hysteresis [ ] 0.1 0.4 1.0 \
Input Resistance [ ] 30 kQ
Output Voltage Output Low, lpyr= - 1.6mA o 0.4 0.5 v
Output High, loyr = 160xA L] 35 48 v
Output Short Circuit Sinking Current, Voyr = Voo L] -10 mA
Current Sourcing Current, Voyr =0V (Note 3) o 05 1 mA
Output Leakage Current SHUTDOWN (Note 1); 0V <Vqyr<Vgg, Vin=0 o 1 10 wA
Supply Current [ 4 7 mA
s88 LT



LT1039

ELECTRICAL CHARACTERISTICS

PARAMETER CONDITIONS MIN TYP MAX UNITS
Supply Leakage Current SHUTDOWN (Note 1) ° 1(25°C) 100 pA
On-Off Pin Current 0V<Von.ore <5V ° -15 80 ph

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

Note 1: Voy.opr = 0.4V for —55°C <T, <100°C, and Voy.ore = 0.2V for
100°C<T,<125°C. Does not apply to LT1039-16 part.

Note 2: For T, >100°C, leakage current is 350uA max.
Note 3: For Tp < — 25°C, output source current is 0.4 mA.

PiN FUNCTIONS

V+, V- (Pins 1, 9): Driver supply pins. Supply current
drops to zero in SHUTDOWN mode. Driver outputs are in a
high impedance state whenV + andV — =0V.

Vee (Pin 18): 5V power for receivers.
GND (Pin 10): Ground pin.

TR IN (Pins 11, 13, 15): RS232 driver input pins. Inputs are
TTL/CMOS compatible. Inputs should not be allowed to
float. Tie unused inputs to Vcc.

TR OUT (Pins 4, 6, 8): Driver outputs with RS232 voltage
levels. Outputs are in a high impedance state when in the
SHUTDOWN mode or when power is off (V+ and
V—=0V) to allow data line sharing. Outputs are fully
short circuit protected from V— +30Vto V+ -30V with
power on, off, or in the SHUTDOWN mode. Typical output
breakdowns are greater than +45V and higher applied
voltages will not damage the device if moderately current
limited.

REC IN (Pins 3, 5, 7): Receiver input pins. Accepts RS232
voltage levels (+ 30V) and has 0.4V of hysteresis to provide
noise immunity. Input impedance is nominally 30kQ.

REC OUT (Pins 12, 14, 16): Receiver outputs with TTL/
CMOS voltage levels. Outputs are in a high impedance
state when in the SHUTDOWN mode to allow data line
sharing. Outputs are fully short circuit protected to ground
or Ve with power on, off, or in the SHUTDOWN mode.

ON-OFF (Pin 17): Controls the operation mode of the
LT1039 and is TTL/CMOS compatible. A logic low puts the
device in the SHUTDOWN mode which reduces input sup-
ply current to zero and places both driver and receiver out-
puts in a high impedance state.

BIAS (Pin 2): Keeps receiver 1 on while the LT1039 is in the
SHUTDOWN mode. Leave BIAS pin open when not in use.
See Application Hints for proper use.

TYPICAL PERFORMANCE CHARACTERISTICS

Driver Output Short _
Circuit Current Receiver Input Thresholds On-Off Pin Thresholds
50 3.00 5.0
45 2.75 45
4 2.50 4.0
z =225 235
= % o 2.00 INPUT HIGH 2 30
£ N SINKING = g,
£ 25 ~3 g 175 S 25
(=] > =
5 2 5150 o 20
£ \ g PUT oW " [T~ MINIMUM ON VOLTAGE
a3 "® SOURCING ~ 1.25 S 15
° T~ =] T
—
10 1.00 1.0 —~——]
VOLTAGE |
5 075 05 MAXIMUM OFF
0 0.50 0
-5 —25 0 25 5 75 100 125 -5 —25 0 25 50 75 100 125 -5 -25 0 25 50 75 100 125
TEMPERATURE (°C) TEMPERATURE (°C) TEMPERATURE (°C)

LY IR
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LT1039

TYPICAL PERFORMANCE CHRRACTERISTICS

1000

—
o
S

3

SUPPLY CURRENT (nA)

0 ims  2ms 3ms  4ms

Driver Output Leakage Receiver Output Short
Supply Current in SHUTDOWN in SHUTDOWN Circuit Current
1000 p===p=———r—m; 100 T = =
ESUPPLY CURRENT MEASURED ——
[FINTO Voo AND V+ -/ . OUTPUT SINKING
/ 3 —
£ 10 y g 10
7 = pa =
v o /—7 g
(&) / =2
§ o
3 Vour=-30vV /' 5 OUTPUT SOURCING
, = 10 - E 1
va = f =
7 2 7 B
3 / ll
o
/ / f Vour=30v
ouT=
1 / 1 A 0.1
=55 =25 0 25 50 75 100 125 -55 =25 0 25 50 75 100 125 -5 =25 0 25 50 75 100
TEMPERATURE (°C) TEMPERATURE (°C) TEMPERATURE (°C)
On-Off Pin Current
vs Voltage Driver Output Swing vs Current
40 v+
s [ ]
b )% @02 OUTPUT HIGH
30 7 & 0.4
= 2 /| H :
< y
= 2 / g 12 OUTPUT LOW —
E‘ /, § //.——4
& 15 v & 10
=) Z o //
£ 10 v E 0.8
£l / £ 05 |4
4 5 Uoy
o
0 / > 04
=2
_5 £ 02
o
-10 -
0 1 2 3 4 5 0 0.5 1.0 1.5 20 2.5 3.0 3.5 4.0 45 5.0
INPUT VOLTAGE (V) OUTPUT CURRENT (mA)
Output Waveforms SHUTDOWN to Driver Output
10v 10V
DRIVER DRIVER
ooty ourrur] ¥
-10V ov
ov
RECEIVER |5V 0”{,}'!5’; -
OUTPUT Y gv —10V
5V ; ON-OFF 5V
INPUT{OV WUt Loy

125
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LT1039

TYPICAL PERFORMANCE CHARACTERISTICS

Bias Pin Response Time

SHUTDOWN to Receiver Output

1 ‘W%ﬂ%‘ — :
f v L1
ov T 6V | DU T OO PO O DO
RECEIVER J 4V RECEVER 1 } 4V i
OUTPUT 1 5y OUTPUT | 2v
ov ov
ON-OFF J 5V BIAS INPUT f 5V 1+
INPUT | oy (THRU 25Kk) gy |1 ] |
aEnE L (RN
0 ims  2ms  3ms  4ms 0 0.2us 0.4ps  0.6ps  0.8us

TYPICAL APPLICATION

LT1080 (Driver/Receiver with Power Supply) Driving an LT1039

SHUTDOWN —@

I_ v J
o — <] oy
ON-OFF Voo P l Bl 7 onoFF P
(71080 111039
TTL INPUT > RS232 OUT TTL INPUT > RS232 OUT
TTL INPUT ——RS232 OUT TTL INPUT > RS232 OUT
TTL INPUT >c RS232 OUT
TIL OUT < ’ RS232 IN TTL OUT < ' RS232 IN
isk i éaok
TTL OUT < ' RS232 IN TTL OUT - < " RS232 IN
) 5k 30K
S
+ - -
W-u TTL OUT < ' RS232 IN
c1- TN 30k
5 .
L™ v hee
1uF S
T8],- - Lol
2~ ow VY 1 1 v GND -
[® Y Y ]
i L

LTI




LT1039

APPLICATION HINTS

The driver output stage of the LT1039 offers significantly
improved protection over older bipolar and CMOS designs.
In addition to current limiting, the driver output can be ex-
ternally forced to + 30V with no damage or excessive cur-
rent flow, and will not disrupt the supplies. Some drivers
have diodes connected between the outputs and the sup-
plies, so externally applied voltages can cause excessive
supply voltage to develop.

Placing the LT1039 in the SHUTDOWN mode (Pin 17 low)
puts both the driver and receiver outputs in a high

LT1039 Driver

B 30V
>0
QUTPUT CAN -—I |-- —30v

BE FORCED
EXTERNALLY

Older RS232 Drivers and Other CMOS Drivers
v+

WITH SOME DRIVERS,
EXTERNALLY APPLIED
VOLTAGE CAN FORCE
THE SUPPLIES

Sharing a Transmitter Line

LT1039 #1
DRIVER

LOGIC
INPUT A

LT1039 #2
DRIVER

RS232
TRANSMISSION
LINE

LOGIC
INPUT B

LOGIC
INVERTER

ON-OFF
(CHANNEL
SELECT)
INPUT

impedance state. This allows data line sharing and
transceiver applications.

The SHUTDOWN mode also drops all supply currents
(Vgc, V*, V™) to zero for power-conscious systems.

When driving CMOS logic from a receiver that will be used
in the SHUTDOWN mode and there is no other active re-
ceiver on the line, a 51k resistor can be placed from the
logic input to Vg to force a definite logic level when the
receiver output is in a high impedance state.

Sharing a Receiver Line

LT1039 #1
RECEIVER

RS232

INPUT A
171039 #2
RECEIVER
RS232 i LOGIC
INPUT B OUTPUT
LOGIC
ON-OFF INVERTER
(CHANNEL °
SELECT)
INPUT
Transceiver
1T1039 #1
DRIVER
LOGIC RS232
TRANSMIT/RECEIVE == TRANSMIT/RECEIVE
LINE LINE
171039 #2
RECEIVER
LOGIC
ON-OFF INVERTER
(TRANSMIT/
RECEIVE)

INPUT

S8-12
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LT1039

APPLICATION HINTS

To protect against receiver input overloads in excess of
+30V, a voltage clamp can be placed on the data line and
still maintain RS232 compatibility.

The receiver input impedance of the LT1039 is nominally
30kQ. For applications requiring a 5k@ input impedance, a
5.6kq resistor can be connected from the receiver input to
ground.

Driver inputs should not be allowed to float. Any unused
inputs should be tied to Vg

Vee

LT1039
RECEIVER

AA ey

3 51k* | CMos

RS232 WOBC | ogic

INPUT OUTPUT

“FORCES LOGIC INPUT STATE
ON-OFF WHEN V oy.07F IS LOW

INPUT

RECEIVER

RS232 1k
INPUT % o LOGIC
v OUTPUT

5.6kQ
30V

RECEIVER
RS232 INPUT '
5.6k9%

LOBIC
SUG>O=qutpuT

The bias pin is used to “keep alive” one receiver while in
the SHUTDOWN mode (all other circuitry being inactive).
This allows a system to be in SHUTDOWN and still have
one active receiver for transferring data. It can also be
used to make an RS232 compatible SHUTDOWN control
line. Driving the bias pin low through a resistance of 24kQ
to 30kQ keeps the receiver active. Do not drive the bias pin
directly from a logic output without the series resistor. An
unused bias pin should be left open.

Keeping Alive One
Receiver while in
SHUTDOWN

LOGIC SHUTDOWN
INPUT

25kQ

2] BIAS 17

1 ON-OFF
16_LOGIC
INPUT OUTPUT

RS232 __ 3

©T1039

RS232 Compatible
SHUTDOWN Control Line

25kQ

VWA
17
280 =1 ON-OFF uss
RS232
SHUTDOWN—2 {;>c 16
INPUT ;

o

LTI
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LT1039

PﬂC“ﬂGG DGSCBIPTIO!‘I Dimensions in inches (millimeters) unless otherwise noted.

J16 Package Geramic DIP

0.840
0.160 0.200
0.290-0.320 L.160, P 1.3%)
(4.064) (5.080) 0.005
7378,
737819 o o = 13)*\ ~ WAX
. [15] [12)
0.015-0.060
038-1.52) ssﬁﬁﬁ? : -
[} 0.025 0.220-0.310
— .63 (5.568—7.847)
0°-15°—p L4 D *®
[IjERUEnEERGED|
0.008-0.018 0.080 0.030-0073
1 {0203-0.460) (g:_g:) - l"(zosm ©76-1.850)
038520025 __| MIN 0.100£0.010 0.014-0.026
{9.77920.635) {25402 0.250) (0.35-0.66)
Timax Oja Bjc
LT1039MJ16 150°C 100°CW 30°CW
LT1039CJ16 150°C 100°CW 30°CW
J18 Package Ceramic DIP -
0.160 0.200 ; {
290-0.320 0200 24,359
(g 32&8.128; “ 05“’ e S 5.080) Girk '
Rk i (7 (7 [ [ 6 6
11 ] 0.015-0.060 1
0.3801.
[T \ 1 (0380 1.520) 0.025 . .
0.635) 50— 7.870)
0.008-0.018 90;;:’3\ 1 o &
e Lo om=oi@) oo |10 Tl Gl el BT Tl T Te] 1
0.385:40025 00% | L_ 0014—04026 0125 o <=
{9.77920,6%) ) omso0n om (0 300,660 L
(254010254) MiN
ijax eja ejc
LT1039MJ 150°C 100°CW 40°CW
LT1039CJ 150°C 100°CW 40°CIW
o 0310 N16 Package Plastic DIP
0020 | (7874
(0-508) 020 (g_;gg_) 0.750
MAX : : 0.065 19.05
L‘—(mz)'” 0020 = {15.05)
{0-508) 73] [(fa] (M3
r;:\:lj vP T }
! 2020005 0035 |
7‘f 635020.127) {0889)
950450 1 S0 v D
« L- l T WA ™ e
0.009-0.011 0.025 0.0180.003
e 029 o {0:635) T 0sT=0.075)
0,325 40025 @.175)
_H ~0015 | 0.100 0.040
) 535) {@540) TTo16)
( 25 20 381,
Timax 6ja Ok
LT1039CN16 85°C 140°CW 50°CW
20
& N18 Package Plastic DIP -
0.300-0.320 | 0.040 22.098)
7.620-8.128) | 0.065 "] I“(v.me) MAX
i b e o O O W s
f 0.1300.005 Y X
oo (3.302+0.127) | 02504005 1)
025 r‘(m_r p— {635020.127)
@i
MIN
O G T T 18] e [ er fed
0.009-0015 f _4 L_ 010040010
0229-0381) 12.540+0.254)
40,025 002520015 | e 0018
0325-0015 {0.63520.381) 07
+0.635' TYP
(pss05)
T‘mnx ela e]c
LT1039CN 85°C 120°CW 50°CIW
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TECHNOLOGY

FEATURES

= 100mA Output Current

= [ow Loss—1.1V at 100mA

w QOperating Range 3.5V to 15V

m Reference and Error Amplifier for Regulation
m External Shutdown

m External Oscillator Sync

= Can be Paralleled

= Pin Compatible with the LTC1044/7660

APPLICATIONS

= Voltage Inverter

= Negative Voltage Doubler
= Voltage Regulator

= Positive Voltage Doubler

LT1054

Switched Capacitor Voltage
Converter with Regulator
DESCRIPTION

The LT1054 is a monolithic, bipolar, switched capacitor
voltage converter and regulator. The LT1054 provides
higher output current than previously available converters
with significantly lower voltage losses. An adaptive switch
drive scheme optimizes efficiency over a wide range of
output currents. Total voltage loss at 100mA output cur-
rent is typically 1.1V. This holds true over the full supply
voltage range of 3.5V to 15V. Quiescent current is typically
2.5mA.

The LT1054 also provides regulation, a feature not previ-
ously available in switched capacitor voltage converters.
By adding an external resistive divider, a requlated output
can be obtained. This output will be regulated against
changes in both input voltage and output current. The
LT1054 can also be shut down by grounding the feedback
pin. Supply current in shut down is less than 100uA.

The internal oscillator of the LT1054 runs at a nominal fre-
quency of 25kHz. The oscillator pin can be used to adjust
the switching frequency, or to externally synchronize the
LT1054.

The LT1054 is pin compatible with previous converters
such as the LTC1044/7660.

BLOCK DIRGRAM

Vaer

2.5V

FEEDBACK/ |

SHUTDOWN 0sc
!
RS
3

0sc

3] GND

*EXTERNAL CAPACITORS Cour*

~Vour

DRIVE

Voltage Loss

T T T T
3.5V =V =15V
Cin=Coyr=1004F ]

P

7

Tj=125°C e

"\

]

4//
/ = LA~
N A< Y= |
L 1 [
L~ Tj=—55°C__|
4 INDICATES GUARANTEED TEST POINT

0
0 10 20 30 40 50 60 70 80 90 100
OUTPUT CURRENT (mA)

VOLTAGE LOSS (V)

LY\ )

Ly e
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LT1054

ABSOLUTE MAXIMUM RATINGS

PACKAGE/ORDER INFORMATION

Supply Voltage (Note 1) ...ovvvvvviviiiiieienn, 16V IOy ORDER PART
Input Voltage (Pin1). ..o OV<Vpi<V* ra/so ] 2] v+ NUMBER
Input Voltage (Pin7) .........ccevennnnn 0V <VpiN7<VRer o+ 2] s A0S
Operating Temperature Range oo [3] (6] veer LT1054MJ
LT1054C ... 0°Ct070°C o[ 5] Vour LT1054CJ
LTI054M .o -55°C 0 125°C JBPACKIGE N8 PACKAGE LT1054CN
Junction Temperature (Note 2) IEETEOr ST OP
LT1054C. .. eveveeeeeeee e 125°C TOP W LT1054MH
0 150°C LT1054CH
Storage Temperature Range............. -55°C to 150°C
Lead Temperature (Soldering, 10sec.).............. 300°C
CAP=
CASE IS Vour
€LECTRICAL CHARACTERISTICS
PARAMETER CONDITIONS MIN TYP MAX UNITS
Supply Current lLoap=0mA
Viy=35V ° 25 35 mA
Viy=15V [ 3.0 45 mA
Supply Voltage Range ) 35 15 \i
Voltage Loss (Viy - |Vour|) Cin=Coyr = 1004F Tantalum
(Note 3)
lour=10mA ° 0.35 0.5 v
lour= 100mA ° 1.10 1.60 v
Output Resistance Algyr=10mA to 100mA
(Note 4) [ 10 15 Q
Oscillator Frequency 3.5V<Vy<15V ) 15 25 35 kHz
Reference Voltage lper = 604A
Tj=25°C 2.35 250 265 v
[ 2.25 2.75 v
Regulated Voltage ViN=7V,Tj=25°C
(Note5) -470 -5.00 -5.20 v
Line Regulation VsVys12v ° 5 25 mv
(Note 5)
Load Regulation Vin=7v
500<R; <1000
(Note5) ° 10 50 mv
Maximum Switch Current 300 mA
Supply Current In Shutdown Vpinyy =0V [ 100 150 pA

The ® denotes specifications which apply over the full operating tempera-
ture range. For C grade parts these specifications also apply up to a junc-
tion temperature of 100°C.

Note 1: The absolute maximum supply voltage rating of 16V is for unregu-
lated circuits. For regulation mode circuits with Voyr< 15V at Pin 5, this rat-
ing may be increased to 20V.

Note 2: The devices are guaranteed by design to be functional up to the
absolute maximum junction temperature.

Note 3: Forvoltage loss tests, the device is connected as a voltage

inverter, with Pins 1, 6, and 7 unconnected. The voltage losses may be
higher in other configurations.

Note 4: Output resistance is defined as the slope of the curve, (AVoyr vs
Algyr), for output currents of 10 to 100 mA. This represents the linear por-
tion of the curve. The incremental slope of the curve will be higher at cur-
rents <10mA due to the characteristics of the switch transistors.

Note 5: All regulation specifications are for a device connected as a posi-
tive to negative converter/regulator with R1 = 20k, R2 = 102.5k, C1=0.054F,
Cyy = 10¢F tantalum, Coyy = 100xF tantalum.
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TYPICAL PERFORMANCE CHARACTERISTICS
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TYPICAL PERFORMANCE CHRRACTERISTICS

Regulated Output Voltage
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L
>

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

Reference Voltage Temperature

Coefficient

100

80
€ 60
L
€ 40
)
8 =
E 0
E'QO = VRer@0 =2.500V

eF@0=2.

Z-40 ,/
&
E—SO

—80

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

APPLICATIONS INFORMATION
Theory of Operation

To understand the theory of operation of the LT1054, a
review of a basic switched capacitor building block is
helpful.

In Figure 1, when the switch is in the left position, capaci-
tor C1 will charge to voltage V1. The total charge on C1 will
be q1=C1V1. The switch then moves to the right, dis-
charging 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:

AqQ=q1-g2=C1(Vi-V2).

If the switch is cycled f times per second, the charge
transfer per unit time (i.e., current) is:

I=fxAq=fx CI(V1=V2).

To obtain an equivalent resistance for the switched-
capacitor network we can rewrite this equation in terms of
voltage and impedance equivalence:
[=V1=V2_Vi-V2
(11fC1) ~ Requw

i V2
f
Ry

I T

Figure 1. Swi;ched C;pacitor Building Block

A new variable, Requyy, is defined such that Requy = 1/fC1.
Thus, the equivalent circuit for the switched capacitor net-
work is as shown in Figure 2. The LT1054 has the same
switching action as the basic switched capacitor building
block. Even though this simplification doesn’t include fi-
nite switch on-resistance and output voltage ripple, it pro-
vides an intuitive feel for how the device works.

These simplified circuits explain voltage loss as a func-
tion of frequency (see typical curve). As frequency is
decreased, the output impedance will eventually be domi-
nated by the 1/fC1 term and voltage losses will rise.

Note that losses also rise as frequency increases. 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 fre-
quency this loss becomes significant and voltage losses
again rise.

The oscillator of the LT1054 is designed to run in the fre-
quency band where voltage losses are at a minimum.

Reauv
Vi V2

Reauv =5 |

c2 SR,

Figure 2. Switched Capacitor Equivalent Circuit

S8-18

LT IR



LT1054

APPLICATIONS INFORMATION

Pin Functions

V* (Pin 8): Input supply pin. The LT1054 alternately
charges Gy to the input voltage when Cyy is switched in
parallel with the input supply, and then transfers charge to
Cout When Cyy is switched in parallel with Coyr. Switching
occurs at the oscillator frequency. During the time that Cjy
is charging, the peak supply current will be approximately
equal to 2.2 times the output current. During the time that
Ci\ is delivering charge to Coyrt the supply current drops
to approximately 0.2 times the output current. An input
supply bypass capacitor will supply part of the peak input
current drawn by the LT1054, and average out the current
drawn from the supply. A minimum input supply bypass
capacitor of 2uF, preferably tantalum or some other low
ESR type is recommended. A larger capacitor may be de-
sirable in some cases, for example when the actual input
supply is connected to the LT1054 through long leads, or
when the pulse currents drawn by the LT1054 might affect
other circuitry through supply coupling.

Vour (Pin 5): In addition to being the output pin, the pin is
also tied to the substrate of the device. Special care must
be taken in LT1054 circuits to avoid pulling this pin posi-
tive with respect to any of the other pins. For circuits with
the output load connected from V+ (Pin 8) to Vour (Pin 5),
or from some external positive supply to Voyr (Pin 5), an
external transistor must be added as shown in Figure 3.
This will prevent Voyr (Pin 5) from being pulled above the
ground pin (Pin 3) during start-up. Any small, general pur-
pose transistor such as 2N2222 or 2N2219 can be used. Ry
should be chosen to provide enough base drive to the ex-
ternal transistor, so that it is saturated under nominal out-
put voltage and maximum output current conditions.

(IVour|-V*)B

Rx<
lout

Figure 3

Vrer (Pin 6): Reference output pin. This pin provides a 2.5V
reference point for use in LT1054 based regulator circuits.
The temperature coefficient of the reference voltage has
been adjusted so that the temperature coefficient of the
regulated output voltage is close to zero. This requires the
reference output to have a positive temperature coeffi-
cient as can be seen in the typical performance curves.
This non-zero drift is necessary to offset a drift term inher-
ent in the internal reference divider and comparator net-
work tied to the feedback pin. The overall result of these
drift terms is a regulated output which has a slight posi-
tive temperature coefficient at output voltages below 5V
and a slight negative TC at output voltages above 5V. Ref-
erence output current should be limited, for regulator feed-
back networks, to approximately 60uA. The reference pin
will draw =100uA when shorted to ground, and will not af-
fect the internal reference/regulator, so that this pin can
also be used as a pull-up for LT1054 circuits that require
synchronization.

CAP*[CAP~ (Pin 2/Pin 4): Pin 2, the positive side of the in-
put capacitor (Cjy) is alternately driven between V* and
ground. When driven to V*, Pin 2 sources current from
V*. When driven to ground, Pin 2 sinks current to ground.
Pin 4, the negative side of the input capacitor is driven al-
ternately between ground and Vour. When driven to
ground, Pin 4 sinks current to ground. When driven to
Vour, Pin 4 sources current from Coyr. In all cases current
flow in the switches is unidirectional, as should be ex-
pected using bipolar switches.

0SC (Pin 7): Oscillator pin. This pin can be used to raise or
lower the oscillator frequency, or to synchronize the de-
vice to an external clock. Internally, Pin 7 is connected to
the oscillator timing capacitor (Cy~150pF) which is al-
ternately charged and discharged by current sources of
*T7yuA, so that the duty cycle is =50%. The LT1054 oscilla-
tor is designed to run in the frequency band where
switching losses are minimized. However, the frequency
can be raised, lowered or synchronized to an external sys-
tem clock if necessary.

LT IR
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APPLICATIONS INFORMATION

The frequency can be lowered by adding an external
capacitor (C1 Figure 4) from Pin 7 to ground. This will in-
crease the charge and discharge times, which lowers the
oscillator frequency. The frequency can be increased by
adding an external capacitor (C2 Figure 4, in the range of
5pF-20pF) from Pin 2 to Pin 7. This capacitor will couple
charge into Ct at the switch transitions, which will shorten
the charge and discharge time, raising the oscillator fre-
quency. Synchronization can be accomplished by adding
an external resistive pull-up from Pin 7 to the reference pin
(Pin 6). A 20k pull-up is recommended. An open collector
gate or an NPN transistor can then be used to drive the os-
cillator pin at the external clock frequency as shown in
Figure 4.

Figure 4

Feedback/Shutdown (Pin 1): This pin has two functions.
Pulling Pin 1 below the shutdown threshold (~0.45V) puts
the device into shutdown. In shutdown, the reference/
regulator is turned off and switching stops. The switches
are set such that both Cjy and Coyr are discharged
through the output load. Quiescent current in shutdown
drops to approximately 100uA (see typical curves). Any
open-collector gate can be used to put the LT1054 into
shutdown. For normal (unregulated) operation the device
will start back up when the external gate is shut off. In
LT1054 circuits that use the regulation feature, the ex-
ternal resistor divider can provide enough pull-down to
keep the device in shutdown until the output capacitor
(Cour) has fully discharged. For most applications where

the LT1054 would be run intermittently, this does not pre-
sent a problem because the discharge time of the output
capacitor will be short compared to the off time of the de-
vice. In applications where the device has to start-up be-
fore the output capacitor (Coyr) has fully discharged, a
restart pulse must be applied to Pin 1 of the LT1054. Using
the circuit of Figure 5, the restart signal can be either a
pulse (tp > 100s) or a logic high. Diode coupling the restart
signal into Pin 1 will allow the output voltage to come up
and regulate without overshoot. The resistor divider R3/R4
in Figure 5 should be chosen to provide a signal level at
Pin10f0.7V-1.1V.

Pin 1 s also the inverting input of the LT1054’s error am-
plifier, and as such can be used to obtain a regulated out-
put voltage.

Regulation

The error amplifier of the LT1054 servoes the drive to the
PNP switch to control the voltage across the input capaci-
tor (Cin), which in turn will determine the output voltage.
Using the reference and error amplifier of the LT1054, an
external resistive divider is all that is needed to set the
regulated output voltage. Figure 5 shows the basic regula-
tor configuration and the formula for calculating the ap-
propriate resistor values. The recommended value for R1
is 20k for all output voltages. Frequency compensation is
accomplished by adjusting the ratio of Cn/Cour.

For best results, this ratio should be ~1/10. C1, required
for good load regulation, should be 0.054F for all output
voltages.

It can be seen from the circuit block diagram that the
maximum regulated output voltage is limited by the sup-
ply voltage. For the basic configuration, |Voyr| referred to
the ground pin of the LT1054 must be less than the total of
the supply voltage minus the voltage loss due to the
switches. The voltage loss versus output current due to
the switches can be found in the typical performance
curves. Other configurations such as the negative doubler
can provide higher output voltages at reduced output cur-
rents (see typical applications).
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APPLICATIONS INFORMATION

j

_l_’|
2 - ’
| LT1054 R1
6
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4
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po=R1 [ _Nourl 44
% —40mv
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1
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== 1004F
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*CHOOSE THE CLOSEST 1% VALUE

Figure 5

Capacitor Selection

While the exact values of Gy and Coyr are non-critical,
good quality, low ESR capacitors such as solid tantalum
are necessary to minimize voltage losses at high currents.
For Cyy the effect of the ESR of the capacitor will be multi-
plied by four, due to the fact that switch currents are ap-
proximately two times higher than output current, and
losses will occur on both the charge and discharge cycle.
This means that using a capacitor with 12 of ESR for Ciy
will have the same effect as increasing the output
impedance of the LT1054 by 4Q. This represents a signif-
icant increase in the voltage losses. For Coyr the affect of
ESR is less dramatic. Coyr is alternately charged and dis-
charged at a current approximately equal to the output
current, and the ESR of the capacitor will cause a step
function to occur, in the output ripple, at the switch transi-
tions. This step function will degrade the output regula-
tion for changes in output load current, and should be
avoided. Realizing that large value tantalum capacitors
can be expensive, a technique that can be used is to paral-
lel a smaller tantalum capacitor with a large aluminum
electrolytic capacitor to gain both low ESR and reason-
able cost.

Output Ripple
The peak-to-peak output ripple is determined by the value

of the output capacitor and the output current. Peak-to-
peak output ripple may be approximated by the formula:

_lour
2fCout

where dV =p-pripple
f=oscillator frequency

For output capacitors with significant ESR, a second term
must be added to account for the voltage step at the
switch transitions. This step is, approximately equal to:

(2lout)(ESR of Cour)

Power Dissipation

The power dissipation of any LT1054 circuit must be lim-
ited such that the junction temperature of the device does
not exceed the maximum junction temperature ratings.
The total power dissipation must be calculated from two
components, the power loss due to voltage drops in the
switches, and the power loss due to drive current losses.
The total power dissipated by the LT1054 can be calcu-
lated from:

=(ViN=|Vour|) (lour) + (ViN) (lour) (0.2)

where both Viy and Vouyr are referred to the ground pin
(Pin 3) of the LT1054. For LT1054 regulator circuits, the
power dissipation will be equivalent to that of a linear
regulator. Due to the limited power handling capability of
the LT1054 packages, the user will have to limit output cur-
rent requirements or take steps to dissipate some power
external to the LT1054 for large inputfoutput differentials.

LTI
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This can be accomplished by placing a resistor in series
with Cyy as shown in Figure 6. A portion of the input volt-
age will then be dropped across this resistor, without af-
fecting the output regulation. Because switch current is
approximately 2.2 times the output current, and the resis-
tor will cause a voltage drop when Cyy is both charging
and discharging, the resistor should be chosen as:

Rx = Vx/(4.4 lou)
where
Vx=ViN-[(LT1054 voltage loss) (1.3) + | Vour|]

and loyr =maximum required output current. The factor of
1.3 will allow some operating margin for the LT1054.

For example: assume a + 12V to -5V converter at 100mA
output current. First calculate the power dissipation with-
out an external resistor:

P=(12V-| -5V|)(100mA) + (12V) (100mA) (0.2)
P=700mW + 240mW = 940mW

At 644 of 130°C/W for a commercial plastic device this
would cause a junction temperature rise of 122°C, so that
the device would exceed the maximum junction tempera-
ture at an ambient temperature of 25°C. Now calculate the
power dissipation with an external-resistor (Ry). First find
how much voltage can be dropped across Ry. The maxi-
mum voltage loss of the LT1054 in the standard regulator
configuration at 100mA output current is 1.6V, so

Vx=12V=[(1.6V)(1.3)+ | -5V|]=4.9V and
Ry = 4.9V/(4.4) (100mA) = 119.

This resistor will reduce the power dissipated by the LT1054
by (4.9V) (100mA) =490mW. The total power dissipated by
the LT1054 would then be =(940mW - 490mW)=450mW.
The junction temperature rise would now be only 58°C.
Although commercial devices are guaranteed to be func-
tional up to a junction temperature of 125°C, the specifica-
tions are only guaranteed up to a junction temperature of
100°C, so ideally you should limit the junction tempera-
ture to 100°C. For the above example this would mean
limiting the ambient temperature to 42°C. Other steps can
be taken, however, to allow higher ambient temperatures.
The thermal resistance numbers for the LT1054 packages
represent worst-case numbers with no heat-sinking and
still air. Small clip-on type heat sinks can be used to lower
the thermal resistance of the LT1054 package. In some
systems there may be some available airflow which will
help to lower the thermal resistance. Wide PC board

Vour il traces from the LT1054 leads can also help to remove heat
Comf ct from the device. This is especially true for plastic
Figure6 packages.
TYPICAL APPLICATIONS
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TYPICAL APPLICATIONS
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TYPICAL APPLICATIONS
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3.5V to 5V Regulator
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TECHNOLOGY

FEATURES

m Operates on Single 5V Power Supply

m Generates + 9V Supplies with Only 14F Capacitors
» Fully Protected Against Output Overloads

m RS232 Outputs can be Forced + 30V without Damage
m Three-state Outputs are High Impedance when Off
m Bipolar Circuitry; No Latch Up

m + 30V Receiver Input Range

= Can Power Additional RS232 Drivers such as LT1039
= No Supply Current in Shutdown

= Meets All RS232 Specifications

= 16 Pin Version without Shutdown Available

m Available in SO Package

APPLICATIONS

m Portable Computers

= Battery Powered RS232 Systems
= Power Supply Generator

= Terminals

m Modems

LT1080/LT1081

5V Powered RS232 Driver/
Receiver with Shutdown

DESCRIPTION

The LT1080 is a dual RS232 driverireceiver which includes
a capacitive voltage generator to supply RS232 voltage
levels from a single 5V supply. Each receiver will accept
up to £30V input and can drive either TTL or CMOS logic.
The RS232 drivers accept logic inputs and output RS232
voltage levels. The driver outputs are fully protected
against overload and can be shorted to ground or up to
+30V without damage. Additionally, when the system is
in the SHUTDOWN mode the driver and receiver outputs
are at a high impedance allowing data line sharing. Bipo-
lar circuitry makes this driverireceiver exceptionally
rugged against overloads or ESD damage.

The power supply generator doubles the 5V input supply
to obtain 9V, and then inverts the 9V to obtain - 8.5V. Up
to 15mA of external current is available to power additonal
RS232 drivers or other external circuitry. The SHUTDOWN
mode disables the supply generators and reduces input
supply current to zero. A version of the LT1080, the LT1081,
is available without shutdown for 16 pin applications.

TYPICAL APPLICATION

[ LL—T

s T K
it ,,vT—DQVOUT
o 1uF

5

T
: —-"r> —9v ouT

1pF

s RS232 QUTPUT

LOGIC "
INPUTS

S —————Rs232 OUTPUT
4
- RS232 INPUT

LOGIC (
OUTPUTS

RS232 INPUT

ON-OFF

Supply Generator Outputs

. v+ OUTPUT
e ——
- L
6 RLTOV R, T0 GND —]
S 4
w
g 2
pa )
2 0 |—Vee=5V
z
52
5
e RLTO BN
_6 RLTOV* L
T T
-8 V= OUTPUT
10 L 1]

0 2 4 6 8 10 12 14 16 18 20
OUTPUT CURRENT (mA)
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LT1080/LT1081

ABSOLUTE MAXIMUM RATINGS

PACKAGE/ORDER INFORMATION

Sli pply Voltage (Vog) .o vvvvveeneiie i, 6v P ORDER PART
V_ ............................................... 1§\Vl NCE \ EOMWF NUMBER
.............................................. - c1+ E E Veo
Input Voltage v+ 3] ] oo
Driver. ... V- toV+ o E tri0e0 %gﬂf LT1080MJ
Recﬂer: ............................. -30V to 30V -] 2] ot our LT1080CJ
On-OffPin. .o GND to 12V - [12] a1 v LT1080CN
output VO"age TR2 0uT [E] 1] TR2 N
DAIVET. ... V- +30V to V+ =30V reoen 5 ez o
Receiver. .....oovvveeeennnn.. -0.3Vto Vgo+0.3V emenc. RSO
Short Circuit Duration
v+ 30 Seconds e
........................................ ]
Ve 30 Seconds ok o LT1081MJ
Driver Qutput. ... Indefinite G- 5 ) i our LT1081CJ
Receiver Output.................oeuiee. Indefinite eeld o Eeow LT1081CN
Operating Temperature Range " % %‘ e
_RRO 0
ﬂ]gggg" """""""""""""" 5%0%‘:’ 2 g e s AVAILABLE
........ A 0 R recz I [E] (9] Recz out IN SO PACKAGE
Guaranteed Functional ............... -25°C 0 85°C 1B PACKAGE N1g&As(§rlngE
Lead Temperature (Soldering, 10 sec.)............ 300°C
€ELECTRICAL CHARACTERISTICS (Note 1)
PARAMETER —I CONDITIONS | MIN TYP MAX UNITS
Driver
Output Voltage Swing Load =3k to GND Positive [ 5.0 73 v
Both Outputs. Negative ° -50 -85 v
Logic Input Voltage Input Low Level (Voyr = High) [ ] 14 0.8 v
Level Input High Level (Voyr = Low) [ 20 14 \
Logic Input Current Vinz2.0V ° 5 20 uA
ViN=<08V [ ] 5 20 pA
Output Short Circuit Sourcing Current, Voyr =0V 7 12 mA
Current Sinking Current, Voyr =0V -7 -12 mA
Output Leakage Current SHUTDOWN (Note 2), Voyr= +30V ° 10 100 uA
Slew Rate RL=3k0, C_ =51pF 4 15 30 Vigs
- Receiver
Input Voltage Thresholds Input Low Threshold, (Voyr = High) [ ] 0.2 1.3 \
Input High Threshold, (Voyr = Low) [ 1.7 3.0 v
Hysteresis [ ] 0.1 0.4 1.0 \
Input Resistance 5 7 kQ
Output Voltage Output Low, lgyr= - 1.6mA [ ] 0.2 0.4 v
Output High, lgyr = 1604A (Voo =5V) [ ] 35 48 \
Output Short Circuit Sinking Current, Voyr = Ve -10 -2 mA
Current Sourcing Current, Voyr =0V 0.6 1 mA
Output Leakage Current SHUTDOWN (Note 2), 0V <Voyr<Veg o 1 10 #A
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LT1080/LT108]1

ELECTRICAL CHARACTERISTICS (Note 1)

PARAMETER { CONDITIONS J MIN TYP MAX } UNITS

Power Supply Generator (Note 3)

V+ Output Voltage loyr=0mA 8 9 \
loyr=10mA 7 8 v
lour=15mA 6.5 7.5 \

V-~ Output Voltage lour=0mA -75 -85 \
loyr= —10mA -55 -65 \
lour= —15mA -5 -6 \

Supply Current ) 10 22 mA

Supply Leakage Current (V) SHUTDOWN (Note2) (LT1080 Only) [ 1 100 pA

On-Off Pin Current 0V<Vongre<5V (LT1080 Only) ° -15 80 pA

Supply Rise Time (Note 4) (LT1080 Only) 1 ms

The ® denotes specifications which apply over the operating temperature
range (0°C<T,<70°C for commercial grade or - 55°C <T,<125°C for mil-
itary grade devices). The LT1080/LT1081 is guaranteed functional by design
for —-25°C<T,<85°C.

Note 1: These parameters apply for 4.5V <V <5.5V and Voy.grr =3V,
unless otherwise specified.

Note 2: Von.grF = 0.4V for —55°C <T,<100°C, and Voy.geF = 0.2V for
100°C<T,<125°C. (LT1080 only)

Note 3: Unless otherwise specified, V¢ =5V, external loading of V+ and
V= equals zero and the driver outputs are low (inputs high).

Note 4: Time from either SHUTDOWN high or power on until V+ >6V and
V— < -6V. All external capacitors are 1uF.

PIN FUNCTIONS

Vee (Pin 17): Input supply pin. Supply current drops to zero
in the SHUTDOWN mode.

GND (Pin 16): Ground pin.

On-Off (Pin 18): Controls the operation mode of the LT1080
and is TTL/CMOS compatible. A logic low puts the device
in the SHUTDOWN mode which reduces input supply cur-
rent to zero and places both driver and receiver outputs
in a high impedance state. A logic high fully enables the
device.

V+(Pin 3): Positive supply for RS232 drivers. V+ =
2Vec—1.5V. Requires an external capacitor (=1xF) for
charge storage. May be loaded (up to 15mA) for external
system use. Loading does reduce V+ voltage (see
graphs.) Capacitor may be tied to ground or +5V input
supply.

V= (Pin 7): Negative supply for RS232 drivers. V— =
- (2Vge-2.5V). Requires an external capacitor (>1,F) for
charge storage. May be loaded (up to - 15mA) for external
system use. Loading does reduce V— voltage (see
graphs).

TR1IN; TR2IN (Pins 12, 11): RS232 driver input pins. Inputs
are TTL/CMOS compatible. Inputs should not be allowed
to float. Tie unused inputs to Vec.

TR1 OUT; TR2 OUT (Pins 15, 8): Driver outputs with RS232
voltage levels. Outputs are in a high impedance state
when in the SHUTDOWN mode or when power is off
(Vog=0V) to allow data line sharing. Outputs are fully
short circuit protected from V— +30V to V+ -30V with
power on, off, or in the SHUTDOWN mode. Typical output
breakdowns are greater than =45V and higher applied
voltages will not damage the device if moderately current
limited.

REC1 IN; REC2 IN (Pins 14, 9): Receiver inputs. Accepts
RS232 voltage levels (£ 30V) and has 0.4V of hysteresis to
provide noise immunity. Input impedance is nominally
5kQ.

REC1 OUT; REC2 OUT (Pins 13, 10): Receiver outputs with
TTL/ICMOS voltage levels. Outputs are in a high
impedance state when in the SHUTDOWN mode to allow
data line sharing. Outputs are fully short circuit protected
to ground or Vg with power on, off, or in the SHUTDOWN
mode.

C1+;C1—;C2+;C2— (Pins 2, 4, 5, 6): No user applica-
tions. Requires an external capacitor (>14F) from C1 + to
C1-— and another fromC2+ to C2 —.

LT WIR
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LT1080/LT1081

TYPICAL PERFORMANCE CHARACTERISTICS

Supply Generation from Ve

Driver Output Voltage Supply Generator Outputs or Shutdown
10 10 10
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8 — 8 8 L
— T — 1 1 1
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LT1080/LT1081

TYPICAL PERFORMANCE CHARACTERISTICS

Output Waveforms
sv = I
DRIVER { o
oureut | o BT
RECEIVER [ 5V M1,4'
outeut U ov -t -
5v ol
INPUT | oy |

0 2us 4dps 6us 8us

Shutdown to Driver Output

ON-OFF [
INPUT

0

ims 2ms 3ms 4ms

Shutdown to Receiver
Output

ov [
RECEIVER | 4V

OUTPUT | 2v
[0

5V

INPUT | OV

ON-OFF [

0 1ms 2ms 3ms 4ms

TYPICAL APPLICATION

SHUTDOWN —@-

Supporting an LT1039 (Triple Driver/Receiver)

5V
| PR o a—
1 on-oFF Voo P l By 7 onar
(T1080 - 171039
TTL INPUT , > RS232 0UT TTL INPUT De RS232 OUT
TTL INPUT > RS232 OUT TTL INPUT DF RS232 OUT
' T INPUT——Do——-RSﬁZ out
TTLOUT RS232 IN TTL OUT < . RS232 IN
30k
TTL OUT ~0< RS232 IN TTL OUT :-< - RS232IN
ol 30k
+ y =
1uF U ; TTL OUT —— l——RS232 IN
A 30k
5 . 4
+EJ« il N
14F ,
Tl ]
§ F—; 2 | GND
T KF 10
T T |
L
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LT1080/LT1081

APPLICATION HINTS

The driver output stage of the LT1080 offers significantly
improved protection over older bipolar and CMOS designs.
In addition to current limiting, the driver output can be ex-
ternally forced to + 30V with no damage or excessive cur-
rent flow, and will not disrupt the supplies. Some drivers
have diodes connected between the outputs and the sup-
plies, so externally applied voltages can cause excessive

Placing the LT1080 in the SHUTDOWN mode (Pin 18 low)
puts both the driver and receiver outputs in a high
impedance state. This allows data line sharing and
transceiver applications.

The SHUTDOWN mode also drops input supply current
(Vce; Pin 17) to zero for power-conscious systems.

supply voltage to develop.
LT1080/LT1081 Driver Transceiver
LT1080 #1
o I I DRIVER
OUTPUT CAN LOGIC RS232
BE FORCED TRANSMIT/RECEIVE TRANSMIT/RECEIVE
EXTERNALLY LINE LINE
LT1080 #2
. N RECEIVER
Older RS232 Drivers and CMOS Drivers
v+
WITH SOME DRIVERS,
EXTERNALLY APPLIED
VOLTAGE CAN FORCE
THE SUPPLIES LOGIC
ON-OFF INVERTER
V- (TRANSMIT/
RECEIVE)
INPUT
Sharing a Receiver Line Sharing a Transmitter Line
LT1080 #1 1 1
RECEIVER LTDSIHVOE:
RS232 LOGIC
INPUT A INPUT A
LT1080 #2 LT1080 #2
RECEIVER DRIVER
RS232 LOGIC LOGIC RS232
INPUT B OUTPUT INPUT B ImENSMISSION

LOGIC
ON-OFF INVERTER

(CHANNEL
SELECT)

INPUT

ON-OFF
(CHANNEL

LOGIC
INVERTER

SELECT)
INPUT
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LT1080/LT1081

APPLICATION HINTS

When driving CMOS logic from a receiver that will be used
in the SHUTDOWN mode and there is no other active re-
ceiver on the line, a 51k resistor can be placed from the
logic input to Vg to force a definite logic level when the
receiver output is in a high impedance state.

Vee
LT1080
FECEVER  Ssie | omos
RS232 L8C  ogic
INPUT O qutPUT

*FORCES LOGIC INPUT STATE

ON-OFF WHEN Vgy.gFF IS LOW

INPUT
To protect against receiver input overloads in excess of
+30V, a voltage clamp can be placed on the data line and
still maintain RS232 compatibility.

RECEIVER

RS232 1ka*
INPUT LOGIC

OuTPUT

*A PTC THERMISTOR WILL
ALLOW CONTINUOUS OVERLOAD
OF GREATER THAN 100V

The generated driver supplies (V+ and V —) may be used
to power external circuitry such as other RS232 drivers or
op amps. They should be loaded with care, since exces-
sive loading can cause the generated supply voltages to
drop causing the RS232 driver output voltages to fall be-
low RS232 requirements. See the graph “Supply Generator
Outputs” for a comparison of generated supply voltage
versus supply current.

LT1080 EXTERNAL OP AMP
A
1uF 3
I e
= DRIVER
N X
16 l/‘>¢ -
] GND V-
= V-
7
= 1uF
I

TYPICAL APPLICATION

RS232 Compatible 10-Bit A-D Converter

o L1080

FULL-SCALE

LT1009

2.5V
45kQ* I'— +

%1T1017

2N4250 2N4250

TV (PIN 3)

LT1080
RECEIVER

2k 71080
DRIVER

LT1080
RECEIVER

RS232
CONVERT

74C906

*TRW MTR-5

Yy9vvy=

COMMAND

CONVERSION TIME =50ms 15ms
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LT1080/LT1081

PHCHHGG DGSCB'PT'O“ Dimensions in inches (millimeters) unless otherwise noted.

J16 Package Ceramic DIP

0325 0.160 0200
~ s | 4.066) 5.080)
2% MAx MAX
0.040 :
(1.016)
auass_, 1
TYP —] -
0.220-0.310 seaLwT
(5.588—7.847) -
0.008-0015 L_o.oso ‘] Lonsogn,oos
(0.203—0.381) 0.125 (1.270) (2.032%0.127)
@175 AX
Timax 6 Ojc 0.38540.025 N 010060010 0.018:£0.002
LT1081MJ 150°C 100°CW 40°CW (8.779:+0.65) (2540=0254) (0457+0051)
LT1081CJ 150°C 100°CW 40°CW
.
N16 Package Plastic DIP
0310
000 [~ e
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y T 0020 {5
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r i | P o \
025040005 0035 N
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o 950 a5 f 0
SR VAREI e R R ] ” L_ _.“
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Tlmu ela elc
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LT1088

TECHNOLOGY  \wideband RMS-DC Converter

FEATURES

= 300MHz 3dB Bandwidth

= 1% Accuracy DC-50MHz

= 2% to 100MHz

» Bandwidth Flat Over Input Voltage Range
= 50:1 Crest Factor

= 20:1 Dynamic Range

= 35V Peak Input

= Thermally Based Operation

= Fully Specified Thermal and Electrical Parameters
m Standard IC Package

® Resistive Inputs

APPLICATIONS

» Wideband RMS Voltmeters

= RF Leveling Loops

= Wideband AGC

® High Crest Factor Measurements
= SCR Power M<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>